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CKD EVIDENCE TABLES - ALL CHAPTERS 
 
 

CHAPTER 3-CKD GUIDELINE 
 

CONTENTS: 
 
3.1. INVESTIGATION OF CKD 
 
3.2. FACTORS AFFECTING THE BIOLOGICAL AND ANALYTICAL VARIABILITY OF GFR ESTIMATED FROM MEASUREMENT OF 
SERUM CREATININE 
 
3.3. DETECTION OF BLOOD AND PROTEIN IN THE URINE 
 
3.4. URINARY ALBUMIN:CREATININE AND PROTEIN:CREATININE RATIOS, AND THEIR RELATIONSHIP TO 24 HOUR URINARY 
PROTEIN 
 
3.5. INDICATIONS FOR RENAL ULTRASOUND IN THE EVALUATION OF CKD 
 
 
3.1. INVESTIGATION OF CKD 
What is the best diagnostic test to measure renal function in routine clinical practice? 
 
Ref ID: 4148         
Reference Study 

type 
Evidence 
level 

Numb
er of 
patient
s 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Froissart M, Rossert 
J, Jacquot C et al. 
Predictive 
performance of the 
modification of diet 
in renal disease and 
Cockcroft-Gault 
equations for 
estimating renal 

Cross-
sectional 
study 
 
Diagnosti
c test  
1b + 
 
1 centre, 

N= 
2095 
 
 

Inclusion criteria 
Patients referred to Dept. of 
Physiology. None stated. 
 
Exclusion criteria  
Renal replacement patients, patients 
< 18 years old. Black patients 
(N=83) were excluded to ensure 
statistical relevance. 

2 equations for 
estimating GFR:  

 

4 variable MDRD study 
equation GFR = 186 X 

Gold 
Standard: 
51Cr-EDTA 
GFR 
 

No. of 
patients 

Not 
applica
ble 

Test 
correlation 
 
Bias  
 
Precision  
( 1 SD of 
the mean 
difference) 

Not 
stated 
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function. J Am Soc 
Nephrol. 2005; 
16:763-773. 

 

France 
 

 
Population baseline 
characteristics: 

N total 2095 
N CKD 1933 
N kidney donors 162 
% male 58.5 
Mean age 52.8 
Mean weight, kg 70.7 
Mean height, cm 167 
Mean BSA, m2 1.79 
Mean BMI, kg/m2 25.2 
Mean plasma 
creatinine, mg/dL 

1.69 

Mean GFR, 
ml/min/1.73m2 

61.1 

 
 

Scr –1.154 

X age-0.203  X 0.742 (if 
female) 

 

Cockcroft-Gault = [140 
– age] X weight/ Scr X 
72 (X 0.85 if female) 
and corrected for BSA. 

 

No. of patients 
2095 
 
Procedure:  
Blood samples for 
determination of 
creatinine concentration 
were obtained at the 
same time as the GFR 
measurement (Cr-
EDTA). Serum 
creatinine was 
determined by a 
modified kinetic Jaffe 
colorimetric method 
(Bayer RA-XT and 
Konelab 20). 5 point 
calibration for creatinine 
was used by 
supplementing the 
sample with precise 
amounts of creatinine 
hydrochloride.  

2095 
 
Procedure: 
Patients were 
i.v. injected 
with 3.5 MBq   
51Cr-EDTA 
(1.8 MBq if 
GFR < 30 
ml/min or 
weight < 40 
kg). Timed 
blood and 
urine 
samples 
were 
collected and 
radioactivity 
was 
determined 
(Packard 
Cobra 
gamma 
counter). 

 
Accuracy 
(percentag
e of 
estimates 
with 30% of 
the 
measured 
GFR) 
 
Sensitivity 
 
Specificity 
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Effect size 
Test Correlation 
The MDRD (r=0.910) and Cockcroft-Gault equation (r=0.894) correlated highly with the measured Cr-EDTA GFR.  
 
Bias 
In the whole study group (N=2095), the MDRD equation underestimated the measured GFR (-0.99 ml/min per 1.73 m2, p=0.001)- a significant, but not clinically 
important bias. The Cockcroft-Gault equation overestimated the GFR (1.94 ml/min per 1.73 m2, p<0.0001)-statistically significant, but not clinically important.  
 
Bias was greater for the MDRD equation (-6.2 ml/min per 1.73 m2) than the Cockcroft-Gault equation (-0.3 ml/min per 1.73 m2) in patients with a measured GFR 
> 90 ml/min per 1.73 m2. The MDRD equation was less biased than the Cockcroft-Gault equation in patients with Stage 3, 4, or 5 CKD.  
 
The MDRD equation was significantly less biased than the Cockcroft-Gault equation when patients were analyzed by age (< or > 65 years) and gender 
(p<0.0001)  
 
Accuracy 
The MDRD equation was more accurate than the Cockcroft-Gault equation (92% versus 88%) in people with GFR > 60 ml/min per 1.73 m2). The trend continued 
in people with GFR < 60 ml/min per 1.73 m2. (82% MDRD versus 69% Cockcroft-Gault). 
 
Precision 
Neither equation was very precise (MDRD 13.7 versus Cockcroft-Gault 15.4 ml/min per 1.73 m2) in the overall study. However, the MDRD was consistently more 
precise than the Cockcroft-Gault in kidney donors and also in patients stratified by GFR range (Stage 1-5 CKD). 
 
Sensitivity 
Sensitivity for the MDRD equation was similar to the Cockcroft-Gault equation, except in people with Stages 4 and 5 CKD.  The MDRD equation (78.9%) was 
more sensitive than the Cockcroft-Gault equation (67.6%) in stage 4 CKD patients. The MDRD equation (64.8%) was more sensitive than the Cockcroft-Gault 
equation (43%) in stage 5 CKD patients.  
 
Specificity 
Both MDRD and Cockcroft-Gault equations had similar specificities across the 5 stages of CKD (approx. 90%). 
Ref ID: 190         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Hallan S, Asberg 
A, Lindberg M et 
al. Validation of 
the Modification of 
Diet in Renal 
Disease formula 
for estimating 
GFR with special 

cross –
sectional 
study 
 
Diagnostic 
test  
Ib + 
 

Total 
N=219 
 
 
 

Inclusion criteria 
219 patients referred for Cr-EDTA 
plasma clearance between May, 1996 
and May, 2003.  Reasons for referral: 
evaluation of CKD, evaluation of 
potential kidney donors, evaluation of 
patients scheduled for nephrotoxic 
chemotherapy. 

8 
interventions, 
but only results 
reported for 
MDRD and 
Cockcroft-
Gault 

51Cr-EDTA 
plasma 
clearance. 
 

No. of 
patients 

n/a Bias 
 
Accuracy 
 
Precision 
(the width 
between 
the 95% 

Not 
stated 
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emphasis on 
calibration of the 
serum creatinine 
assay. American 
Journal of Kidney 
Diseases. 2004; 
44(1):84-93. 

 

1 centre in 
Norway 

 
Exclusion criteria  
Not stated 
 
Population characteristics  

N 219 
Mean age (SD) 56.3 (17.2) 
% Female  51.1 
% Caucasian  99.5 
Mean  Weight (SD), 
kg 

71.0 (15.4) 

Mean  Height (SD), m 1.699 
(0.104) 

Mean serum 
creatinine (SD) mg/dL 

2.569 
(1.899) 

Mean measured Cr-
EDTA clearance (SD), 
ml/min per 1.73 m2 

49.8 (42.4) 

Mean eGFR MDRD 
(ml/min per 1.73 m2) 

31 

Mean eGFR 
Cockcroft-Gault 
(ml/min per 1.73 m2) 

37 

 

 

MDRD study 
equation GFR 
= 186 X Scr –
1.154 

X age-0.203 X 
0.742 (if 
female) 

 

Cockcroft-
Gault equation 
= (140 – age) 
X weight  / [72 
X Scr X BSA X 
0.85 (if 
female)]  
 

No. of patients 
219 
 
Procedure 
Serum  
creatinine was 
measured by 
the kinetic 
Jaffe method 
using a Hitachi 
917 
instrument. 
Three tests 
were carried 
out to ensure 
creatinine was 
calibrated 
equally with 

219 
 
Procedure: 
51 Cr –EDTA 
was injected 
intravenously 
and three 
timed blood 
samples 
were 
obtained 3, 
4, 5 h post-
injection.   

limits of 
agreement
. A large 
width 
means a 
low 
precision.) 
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the original 
MDRD study. 

Effect size 
Bias 
The MDRD equation was the most biased (2275 arbitrary units), while the Cockcroft-Gault equation was the least biased (630 arbitrary units) of all eight 
equations tested. 
 
Re-calibration of the MDRD equation (calibration II) for calibrated serum creatinine decreased the bias to 320 arbitrary units. 
 
Precision 
The MDRD equation was the most precise (58 ml/min per 1.73 m2 width between the 95% limits of agreement) while the Cockcroft-Gault equation was the least 
precise (95 ml/min per 1.73 m2 width between the 95% limits of agreement) of all 8 equations. 
 
Re-calibration of the MDRD equation (calibration II) for calibrated serum creatinine resulted in lower precision (73 ml/min per 1.73 m2 width between the 95% 
limits of agreement) than the uncalibrated MDRD equation. 
 
Accuracy 
Neither the MDRD nor the Cockcroft-Gault equation had very high accuracy.  However, the MDRD equation was significantly more accurate (62% accurate within 
30% of the measured Cr-EDTA GFR) than the Cockcroft-Gault equation (48.8 % accurate within 30% of the measured iGFR , p < 0.01).  
Ref ID: 36         
Reference Study 

type 
Evidence 
level 

Numb
er of 
patient
s 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Levey AS, Coresh J, 
Greene T et al. 
Using standardized 
serum creatinine 
values in the 
modification of diet 
in renal disease 
study equation for 
estimating 
glomerular filtration 
rate. Annals of 
Internal Medicine. 
2006; 145(4):247-
254. 

Analysis 
of RCT  
 
Diagnosti
c test  
1b + 
 
15 
centres, 
country 
not 
stated 
 

N= 
1628 
 
15 
centre
s, 
countr
y not 
stated 
 

Inclusion criteria 
Adults with CKD participating in the 
MDRD trial 
(No inclusion criteria stated) 
 
Exclusion criteria  
Not stated 
 
Population baseline 
characteristics: 
60% male 
12% African American 
Mean age: 50.6 yrs  
Mean weight: 79.6 kg 

4 equations for 
estimating GFR:  

 

Re-expressed 4 
variable MDRD study 
equation GFR = 175 X 
standardized Scr –1.154 

X age-0.203 X 1.212 (if 
black) X 0.742 (if 

Gold 
Standard: 
GFR as 
determined 
from the 
urinary 
clearance of 
125I-
iothalamate 
after 
subcutaneou
s infusion 
 

Not 
applica
ble 

Bias ( 
median 
difference 
of 
measured 
minus 
estimated 
GFR) 
 
Precision ( 
R2 value 
from 
regression 
model) 

Grants 
from 
National 
Institute 
of 
Diabetes 
and 
Digestive 
and 
Kidney 
Diseases 
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Mean body surface area: 1.91 m2 

Mean arterial pressure: 99.4 mm Hg 
Mean dietary protein intake 0.99 
g/kg per day 
Mean GFR: 39.8 ml/min per 1.73m2 
Mean creatinine clearance 48.6 
ml/min per 1.73m2 
Mean standardized serum creatinine 
concentration 189.2 micromol/L or 
2.14 mg/dL 
Subgroup Analysis by GFR range 
Overall study 
> 90 ml/min per 1.73m2 : 2%  
60-89 ml/min per 1.73m2: 13.9% 
30-59 ml/min per 1.73m2: 45.9% 
15-29 ml/min per 1.73m2: 28.6%  
< 15 ml/min per 1.73m2: 9.6% 
 
Causes of CKD: 
6% diabetes 
32% glomerular disease 
22% polycystic kidney disease 
7% tubulointerstitial disease 
40% unknown cause  

female) 

 

Re-expressed 6 
variable MDRD study  
equation GFR = 161.5 
X standardized Scr -0.999 
X age -0.176 x SUN -0.17 X 
albumin 0.318 X 1.18 (if 
black) X 0.762 (if 
female) 

 

Cockcroft-Gault 
equation adjusted for 
body surface area GFR 
= [140 – age] X weight 
X 0.85 (if female) X 
1.73/72 standardized 
Scr X BSA  
 

Cockcroft-Gault 
equation adjusted for 
bias and body surface 
area GFR = 0.8 X [140 
– age] X weight X 0.85 
(if female) X 1.73/72 
standardized Scr X BSA 

 

N= 1628 
 
Caveats  
Serum creatinine 
samples from the 

No. of 
patients 
1628 
 
Caveat: 
Investigators 
do not state if 
urine 125I-
iothalamate 
was re-
assayed in 
2004 (when 
serum 
creatinine 
was re-
assayed and 
standardized.  
If not, the 
gold standard 
results are 10 
years older 
than the 
serum 
creatinine 
measurement
s. 

 
Accuracy ( 
the 
percentage 
of 
estimates 
with 30% of 
the 
measured 
GFR) 
 
Sensitivity 
 
Specificity 
 
Positive 
predictive 
value 
 
Negative 
predictive 
value 
 
Area 
under the 
ROC curve 
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MDRD study were re-
assayed on the same 
instrument (Beckman 
Synchron CX3) in a 
central laboratory in 
2004 (ten years after 
the MDRD trial ended).  
The Beckman assay 
was calibrated to the 
Roche/Hitachi P 
module Creatinase Plus 
enzymatic asay, 
traceable to an isotope-
dilution MS assay. The 
4 and 6 variable MDRD 
equations were re-
expressed for use with 
this standardized serum 
creatinine assay, but 
the Cockcroft-Gault 
equation was not re-
expressed because the 
original serum 
creatinine samples 
were not available for 
calibration. 

Effect size 
 
Bias 
In the overall study, both the 4 and 6 variable MDRD equations were less biased than the Cockcroft-Gault equation adjusted for body surface area (0.2 vs. -7.3 
ml/min per 1.73m2 ).  
 
In subgroup analysis, both the 4 variable MDRD and the Cockcroft-Gault equations underestimated the GFR in people with a GFR > 90 ml/min per 1.73m2 (-3.0 
vs. -21.8 ml/min per 1.73m2 ). The 6 variable MDRD did not underestimate the GFR in this subgroup (0.4 ml/min per 1.73m2 ). 
 
Accuracy 
In the overall study, both the 4 and 6 variable MDRD equations were more accurate than the Cockcroft-Gault equation adjusted for body surface area [90% 
accuracy  (95% CI 89 to 91) vs 60% accuracy (95% CI 58 to 62)].  
 
Accuracy decreased for all equations in subgroup analysis of people with a GFR > 90 ml/min per 1.73m2. The  4 variable MDRD (78% accuracy; 95% CI 59 to 
97), 6 variable MDRD (73%; 95% CI 51 to 95), Cockcroft-Gault equation adjusted for body surface area (56%; 95% CI 44 to 68), and the Cockcroft-Gault 
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equation adjusted for bias and body surface area (83%; 95% 51 to 98) 
 
Precision 
Both the 4 and 6 variable MDRD equations were more precise than the two Cockcroft-Gault equations adjusted for body surface area or body surface area and 
bias. 4 variable MDRD equation [R2 = 0.882 (95% CI 0.870 to 0.893)]; 6 variable MDRD equation [R2 = 0.879 (95% CI 0.879 to 0.901)]; Cockcroft-Gault equation 
adjusted for body surface area [R2 = 0.831 (95% CI 0.816 to 0.849)]; Cockcroft-Gault equation adjusted for body surface area and bias [R2 = 0.831 (95% CI 0.816 
to 0.849)] 
 
 

GFR Equation Sensitivity  Specificity Positive 
Predictive Value 

Negative Predictive Value Area under ROC curve * 

4-variable MDRD  0.97 0.67 0.94 0.80 0.961 
6-variable MDRD  0.97 0.70 0.94 0.79 0.961 
Cockcroft-Gault  0.85 0.88 0.97 0.53 0.942 p<0.001  
Cockcroft-Gault adjusted for 
bias 

0.97 0.53 0.92 0.78 0.942 p< 0.001 

* Cutoff value for a measured GFR < 60 ml/min per 1.73m2:  
 
Both the 4 and 6 variable MDRD equations had greater sensitivity (97%) than the Cockcroft-Gault equation (85%).  
 
All four equations had similar positive predictive values (94%) 
 
Both the 4 and 6 variable MDRD equations had better negative predictive values (80%) than the Cockcroft-Gault equation (53%). 
 
Both the 4 and 6 variable MDRD equations were significantly better tests than the Cockcroft Gault equations (Area under the ROC curve 0.961 vs. 0.942, p < 
0.001) 
 
4 variable MDRD is simpler to use than the 6-variable MDRD equation 
 
Ref ID: 154         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Poggio ED, Wang 
X, Greene T et al. 
Performance of 
the modification of 
diet in renal 
disease and 
Cockcroft-Gault 
equations in the 

Cross-
sectional 
study 
 
Diagnostic 
test  
Ib + 
 

Total 
N=1285 
 
CKD N 
= 828 
 
Kidney 
Donor 

Inclusion criteria 
1285 outpatients (18 years or older) 
with or without CKD who had SCr 
values measured between Jan., 1996 
and Dec., 2002. 
  
Exclusion criteria  
Not stated 

2 interventions 
 

MDRD study 
equation GFR 
= 186 X Scr –
1.154 

iGFR 
measured 
from renal 
clearance of 
125 I –
iothalamate. 
 

n/a Bias 
 
Test 
Correlation 
 
Accuracy 

Not 
stated 
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estimation of GFR 
in health and in 
chronic kidney 
disease. Journal 
of the American 
Society of 
Nephrology. 2005; 
16(2):459-466. 

No. centres 
not stated 

Group 
N=457 
 
 
 
 

 
Population characteristics  

 Tota
l 
CKD

Nond
iabeti
c 
CKD 

Diab
etic 
CKD 

Kidn
ey 
Dono
rs 

N 828 579 249 457 
Mean 
age 

56 55 58 42 

% 
Fema
le  

41.9 44.7 35.3 61.3 

% 
Nonbl
ack 
race 

82.5 86.9 72.3 86.2 

Mean  
Weig
ht 
(Kg) 

81.0 79.4 84.8 76.6 

Mean  
BSA 
(m2) 

1.91 1.89 1.94 1.85 

Mean 
seru
m 
creati
nine 
(mg/d
L) 

3.37 3.15 3.89 0.83 

Mean 
meas
ured 
iGFR 
(ml/mi
n per 
1.73 
m2) 

32 36 24 106 

Mean 
eGFR 
MDR

31 35 23 97 

X age-0.203 X 
0.742 (if 
female) X 
1.212 (if black) 

 

Cockcroft-
Gault equation 
GFR = (140 – 
age) X weight  
/ [72 X Scr X 
BSA X 0.85 (if 
female)]  

 

No. of patients 
1285 
 
Procedure 
Serum  
creatinine was 
measured by 
the Jaffe 
method using 
a Hitachi 747 
or 2400.  

No. of 
patients 

1285 
 
Procedure: 
125 I –
iothalamate 
was injected 
subcutaneou
sly and two 
timed urine 
collections 
were 
obtained. 
Blood 
samples 
were drawn 
before and 
after each 
urine 
collection. 
Mean GFR 
was 
calculated 
from two 
consecutive 
clearance 
values and 
corrected to 
standard 
BSA.    
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D 
(ml/mi
n per 
1.73 
m2) 
Mean 
eGFR 
Cock
croft-
Gault 
(ml/mi
n per 
1.73 
m2) 

37 40 28 109 

 
Effect size 
Bias 
In the whole CKD group (N=828), the MDRD equation was superior to the Cockcroft-Gault equation in terms of bias.  The MDRD equation slightly underestimated 
the measured iGFR, while the Cockcroft–Gault equation significantly overestimated the GFR (-0.5 vs. 3.5 ml/min per 1.73 m2 , p < 0.001). The MDRD equation 
was also significantly less biased than the Cockcroft-Gault equation in the nondiabetic CKD (N=579) subgroup, the diabetic CKD (N=249) subgroup, and in 
people with a measured GFR < 30 ml/min per 1.73 m2 (N=546) (p < 0.001 in each group). 
 
The MDRD and Cockcroft-Gault equations were significantly more biased in people with GFR > 60 ml/min per 1.73 m2 (N=117).  The MDRD equation 
underestimated the measured iGFR, while the Cockcroft–Gault equation significantly overestimated the GFR (-3.5 vs. 7.9 ml/min per 1.73 m2, p < 0.001). The 
equations were also biased, but to a lesser extent in patients with GFR 30-60 ml/min per 1.73 m2.  
 
In the kidney donor control group (N=459), the Cockcroft-Gault equation was superior to the MDRD equation in terms of bias (1.9 vs. -9.0 ml/min per 1.73 m2 , p < 
0.001).  
  
Test Correlation 
In the CKD population, both the MDRD (R=0.90) and Cockcroft-Gault equations (R=0.89 ) correlated highly with measured 125 I –iothalamate GFR .  In the kidney 
donor control group, neither the MDRD equation (R=0.36) nor the Cockcroft-Gault equation (R=0.41 ) correlated highly with measured 125 I –iothalamate GFR. 
 
Accuracy 
In the whole CKD group (N=828), the MDRD equation was significantly more accurate (71% accurate within 30% of the measured iGFR) than the Cockcroft-Gault 
equation (60% accurate within 30% of the measured iGFR , p < 0.001). The MDRD equation was also significantly more accurate than the Cockcroft-Gault 
equation in the nondiabetic CKD (74% vs. 63%, p<0.001) subgroup, the diabetic CKD (63% vs,. 53%, p<0.05) subgroup, and in people with a measured GFR < 
30 ml/min per 1.73 m2 (68% vs. 54%, p < 0.001). 
 
There was no statistically significant difference in accuracy between the MDRD and Cockcroft-Gault equations in people with GFR 30-60 ml/min per 1.73 m2 , 
GFR > 60 ml/min per 1.73 m2 , or in  the kidney donor control group. 
Ref ID: 145         
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Reference Study type 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Ibrahim H, 
Mondress M, Tello 
A et al. An 
alternative formula 
to the Cockcroft-
Gault and the 
modification of 
diet in renal 
diseases formulas 
in predicting GFR 
in individuals with 
type 1 diabetes. 
Journal of the 
American Society 
of Nephrology. 
2005; 16(4):1051-
1060. 

 

Retrospective 
analysis of 
the Diabetes 
Control and 
Complications 
randomised 
controlled trial 
(DCCT) 
 
Diagnostic 
test  
II + 
 
Retrospective 
analysis 

Total N 
= 1286 
 
 

Inclusion criteria 
Patients (13 to 39 years old) with Type I 
diabetes enrolled in the DCCT with a 
serum creatinine < 1.2 mg/dl, blood 
pressure < 140/90 mm Hg 
(normotensive). 
 
Exclusion criteria  
Patients with < 2 year study 
participation and patients with GFR < 
60 ml/min per 1.73 m2 or GFR > 350 
ml/min per 1.73 m2.  
 
Population characteristics at closeout of 
the DCCT: 
N = 1286 
Years from baseline analysis to 
closeout: 6.3 ± 1.7 
Mean age: 33.5 ± 7 
% male: 55 
% white: 97 
Duration of diabetes: 12 years ± 4.8 
Mean Albumin: 3.9 g/dl ± 0.3 
Mean Albumin excretion rate: 50.1 
mg/d ± 346 
% hypertension: 11.3 
% haemoglobin A1c: 8.3 ± 1.6 
% current smoker: 24.8 
Mean Serum creatinine: 0.85 mg/dl ± 
0.14 
Mean iothalamate GFR: 122 ml/min per 
1.73 m2 ± 23 
Mean Cockcroft-Gault creatinine 
clearance: 116 ml/min per 1.73 m2  ± 21 
Mean MDRD estimated GFR: 110 
ml/min per 1.73 m2  ± 19 
 
Subgroup analysis by sex and GFR 

2 interventions 
 

MDRD study 
equation GFR 
= 186 X Scr –
1.154 

X age-0.203 X 
0.742 (if 
female) X 
1.210 (if black) 

 

Cockcroft-
Gault equation 
GFR = [1.73 X 
(140 – age) X 
weight X (0.85 
if female)] / [72 
X Scr X BSA]  

 

No. of patients 
1286 
 
Procedure 
Serum  
creatinine was 
measured by 
the Jaffe 
method using 
a Beckman 

iGFR 
measured 
from renal 
clearance of 
125 I –
iothalamate. 
 

No. of 
patients 

1286 
 
Procedure: 
Renal 
clearance of 
125 I –
iothalamate 
was 
measured 
from four 
consecutively 
timed urine 
collections 
and five 
serum 
samples 
bracketing 
these urine 
collections. 
CV among 
the four 
clearance 
periods was 
11.7%. 
 
 

Analysis of 
the DCCT 
participants  
at closeout 

Bias 
 
Precision 
 
Accuracy 

Not 
stated 
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range. CXR. The CV 
for 
measurement 
was 2% and 
the calibration 
of creatinine 
was identical 
to the 
calibration of 
creatinine by 
the NHANES 
III and very 
similar 
(correlation 
coefficient 
0.9965) to that 
of the MDRD 
study. 

Effect size 
Bias 
In the whole study group, both the Cockcroft-Gault and MDRD equations underestimated the GFR.  The Cockcroft-Gault equation was less biased than the 
MDRD equation (-6 versus -22 ml/min per 1.73 m2). 
 
In subgroup analysis of men with GFR < 120 ml/min per 1.73 m2 , the Cockcroft-Gault equation was less biased than the MDRD equation (-12 versus -22 ml/min 
per 1.73 m2). Similarly, in women with GFR < 120 ml/min per 1.73 m2 , the Cockcroft-Gault equation was less biased than the MDRD equation (-17 versus -30 
ml/min per 1.73 m2). This underestimation of the GFR means that these formulas are less likely to miss people with early impairments in renal function. 
 
In subgroup analysis of men and women with GFR > 120 ml/min per 1.73 m2 , both the Cockcroft-Gault and MDRD equations overrestimated the GFR.  In men 
with GFR > 120 ml/min per 1.73 m2 , the MDRD equation was less biased than the Cockcroft-Gault equation  (± 2 versus ± 5 ml/min per 1.73 m2). Similarly, in 
women with GFR > 120 ml/min per 1.73 m2 , the MDRD equation was less biased than the Cockcroft-Gault equation (+3 versus +10 ml/min per 1.73 m2). This 
overestimation of GFR means that some people will be erroneously labelled as “hyperfilterers” , a risk factor for initiation of CKD. 
 
Precision 
In the whole study group and in the subgroup analyses, the MDRD equation was generally more precise than the Cockcroft-Gault equation. (R2 =0.17 vs. 0.09; 
men with GFR < 120 ml/min per 1.73 m2). 
 
Accuracy 
In men with a GFR < 120 ml/min per 1.73 m2, the Cockcroft-Gault equation was significantly more accurate than the MDRD equation (92% of estimates falling 
within 30% of iGFR vs 82% of estimates falling within 30% of iGFR, p<0.0001) 
 
In women with a GFR < 120 ml/min per 1.73 m2, the Cockcroft-Gault equation was significantly more accurate than the MDRD equation (87% of estimates falling 
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within 30% of iGFR vs 70% of estimates falling within 30% of iGFR, p<0.0001) 
 
In men with a GFR > 120 ml/min per 1.73 m2, the MDRD equation was significantly more accurate than the Cockcroft-Gault equation (97% of estimates falling 
within 30% of iGFR vs 87% of estimates falling within 30% of iGFR, p<0.0001) 
 
In women with a GFR > 120 ml/min per 1.73 m2, the MDRD equation was significantly more accurate than the Cockcroft-Gault equation (92% of estimates falling 
within 30% of iGFR vs 83% of estimates falling within 30% of iGFR, p=0.0007) 
Ref ID: 884         
Reference Study 

type 
Evidence 
level 

Numb
er of 
patient
s 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Burkhardt H, Hahn 
T, Gretz N et al. 
Bedside estimation 
of the glomerular 
filtration rate in 
hospitalized elderly 
patients. Nephron 
Clinical Practice. 
2005; 101(1):c1-c8. 

 

 

Cross-
sectional 
study 
 
Diagnosti
c test  
1b – (no 
creatinin
e 
calibratio
n) 
 
1 centre, 
Germany 
 

N= 61 
 
 

Inclusion criteria 
Elderly (60 years +) patients in an 
acute care geriatric ward with no 
advanced impairment of renal 
function (serum creatinine > 177 
micromol/l). Stable condition. 
 
Exclusion criteria  
Urinary incontinence, mental illness, 
serum creatinine increase on the 
day of the test. 
 
Population baseline 
characteristics: 
52 % male 
Mean age: 74.6 yrs  
Mean BMI: 24.3 kg/m2 
Mean inulin clearance: 96.3 ml/min 
Mean serum creatinine: 93.2 
micromol/L 
% non-insulin-dependent diabetes: 
45.9 
% hypertensive: 52.4 
 
Reasons for treatment: CVD (n=42), 
pulmonary disorders (n= 17), 
infectious disease (n=12), 
malignomas (n=11), musculoskeletal 
disorder and falls (n=11), 

5 equations for 
estimating GFR:  

 

6 variable MDRD study  
equation GFR = 170 X 
Scr -0.999 X age -0.176 x 
serum urea -0.293 X 
albumin 0.318 X 
BSA/1.73 X  0.762 (if 
female). Note: authors 
de-normalised the 
equation for BSA to 
facilitate comparison 
with other equations 

 

Cockcroft-Gault 
equation = [140 – age] 
X weight/ Scr X 72 X  
(0.85 if female) 
 

Baracskay = 88 + 

Gold 
Standard: 
inulin 
clearance 
 

N= 61 
 
Procedure: 
5 g of inulin 
was iv 
injected and 
five timed 
blood 
samples 
were 
measured 
using a 
modified 
beta-
fructosidase 
method.  

Not 
applica
ble 

Bias 
defined as 
the mean 
difference 
between 
two 
methods 
(Bland 
Altman) 
 
Precision 
defined as 
the range 
of the limits 
of 
agreement 
(mean 
difference ± 
2 SD of 
differences
) 
 
Area under 
the ROC 
curve 
 
Subgroup 
analysis by 
GFR and 

Not 
stated 
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neurological disorders (n=20), and 
depression (n=6) 

(54/Scr) – (1.06 X age) 

 

Geriatric Centre 
Mannheim formula 
(GCM) = 88/Scr + (1.5 
x weight) -117 

  

Creatinine clearance 
 

No. of patients 
61 
Procedure:  
Serum creatinine was 
determined by the 
kinetic Jaffe method on 
a Crea plus, Hitachi 
717 system. 

diabetes 

Effect size 
Bias 
In an elderly population with no advanced renal impairment (N=61), all 5 equations underestimated the measured GFR. The 6 variable MDRD equation was the 
least biased (19.8 ml/min (95% CI 12.4-27.2), while the Cockcroft Gault equation significantly underestimated the GFR (39.7 ml/min (95% CI 32.6-46.9). In 
subgroup analysis of elderly patients with a measured GFR < 90 ml/min (n=30), all 5 equations had less bias, again the 6 variable MDRD equation was the least 
biased (3.7 ml/min (95% CI -2.9 -10.3). In subgroup analysis of elderly diabetic patients (n=28), all 5 equations had more bias, and performed poorly in predicting 
GFR. 
 
Precision 
The GCM (111.8 (95% CI 107.1-116.5), Cockcroft-Gault (112 (95% CI 107.3 -116.7), and the 6-variable MDRD equations (115.3 (95% CI 110.5-120.0) all had 
similar precision. In subgroup analysis of elderly patients with a measured GFR < 90 ml/min (n=30), precision improved for all 5 equations. In subgroup analysis 
of elderly diabetic patients (n=28), all 5 equations had poor precision. 
 
Area under the ROC 
At a cutoff limit of 90 ml/min, the Cockcroft-Gault (area under the ROC = 0.894), MDRD (0.851) and GCM (0.871) equations all had good diagnostic accuracy. 
Both the Baracskay equation and creatinine concentration had significantly poorer diagnostic accuracy (0.778 and 0.739, respectively) 
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At a cutoff limit of 60 ml/min, the MDRD had the highest diagnostic accuracy (0.976) and this was significantly higher than creatinine clearance (0.852, p=0.021) 
or the Baracskay equation (AUC=0.761, p=0.034). The Cockcroft-Gault equation had a lower diagnostic accuracy (AUC = 0.866) than the MDRD (no p value 
given).   

Ref ID: 166         
Reference Study 

type 
Evidence 
level 

Numb
er of 
patient
s 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Christensson AG, 
Grubb AO, Nilsson 
JA et al. Serum 
cystatin C 
advantageous 
compared with 
serum creatinine in 
the detection of mild 
but not severe 
diabetic 
nephropathy. 
Journal of Internal 
Medicine. 2004; 
256(6):510-518. 

. 

 

cross-
sectional 
study 
 
Diagnosti
c test  
1b – 
 
1 centre, 
Sweden 

N = 
123 
 
 
 

Inclusion criteria: Type 1 and Type 2 
diabetics. No other inclusion data stated. 
 
Exclusion criteria  
Not stated 
 
Population baseline characteristics: 

Type of 
Diabetes 

Type 1 Type 2 p-
value 

N 41 82  
Median Age, 
years 

45 (30-
76) 

61 (48-
72) 

< 
0.000
1 

Males/females 27/14 56/26 0.839 
NS 

Median 
disease 
duration, years 

25 (13-
42) 

9 (5-
33) 

< 
0.000
1 

Median 51Cr-
EDTA 
clearance 
(ml/min per 
1.73 m2) 

102 
(26-
153) 

97 (18-
134) 

0.279 
NS 

Median S-
cystatin C 
(mg/L) 

0.95 
(0.79-
1.92) 

1.03 
(0.87-
3.69) 

0.076 
NS 

Median S-
creatinine 
(micromole/L) 

86 (69-
179) 

81 (52-
280) 

0.566 
NS 

Median urinary 20 (3- 11 (0- 0.918 

2 interventions: 

Cystatin C 
concentration 
 
Creatinine 
concentration 
 

N= 123 
 
Procedure 
Serum cystatin 
C was 
measured by 
an automated 
particle-
enhanced  
turbidimetric 
assay on 
undiluted 
samples on a 
Cobra Mira 
Plus 
instrument.  
 
Serum 
creatinine was 
measured 

Gold 
Standard: 
GFR as 
determined 
from 51Cr-
EDTA 
clearance 
 

N= 123 
 
Procedure 
3.7 MBq of  
51Cr-EDTA 
was injected 
intravenously 
and four 
blood 
samples 
were 
withdrawn at 
180-240 min 
post-
injection. 
Plasma was 
measured for 
activity and  
clearance 
was 
normalised to 

Not 
applica
ble 

Test 
correlation 
 
Area under 
the ROC 
curve 

Swedish 
Medical 
Research 
Council, 
Lund 
Universit
y Faculty 
of 
Medicine, 
Research 
Funds of 
Region 
Skane, 
Swedish 
Heart 
Lung 
Foundati
on, and 
the 
Research 
Fund and 
the 
Cancer 
Research 
Fund of 
Malmo 
Universit
y 
Hospital 
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albumin 
(microgram/,mi
n) 

3175) 2892) NS 

 

enzymatically. 1.73 m2 body 
surface area. 

Effect size 
Test Correlation 
No age adjustment: 
In type 1 and 2 diabetics (N=123), cystatin C correlated significantly higher with 51Cr-EDTA clearance compared to serum creatinine concentration (r=0.817 vs. 
r=0.678, p=0.0132).  
 
Age adjustment 
When the estimations were performed with age adjustment, there was no statistical difference between cystatin C and creatinine concentration correlation with 
51Cr-EDTA clearance (r= 0.691 and 0.680, respectively). In subgroup analysis of type 1 diabetics, there was no statistical difference between cystatin C and 
creatinine concentration correlation with 51Cr-EDTA clearance (r=0.43 vs. 0.38, p=0.783). In subgroup analysis of type 2 diabetics, there was no statistical 
difference between cystatin C and creatinine concentration correlation with 51Cr-EDTA clearance (r=0.59 vs. 0.63, p=0.372).   
 
ROC Analysis 

Test Area under ROC curve   
Cystatin C concentration * 0.930 
Creatinine concentration * 0.683 
Cystatin C concentration ** 0.957 
Creatinine concentration ** 0.956 

* Cutoff value for a measured 51Cr-EDTA clearance < 80 ml/min per 1.73m2 

** Cutoff value for a measured 51Cr-EDTA clearance < 60 ml/min per 1.73m2 

 
At a cut-off value of < 60 ml/min per 1.73 m2 The diagnostic accuracy of cystatin C was significantly greater than creatinine concentration (0.9728 vs. 0.9316, 
p=0.042). In subgroup analysis of 34 individuals with  51Cr-EDTA clearance > 40 ml/min per 1.73 m2, the diagnostic accuracy of cystatin C was statistically greater 
than creatinine concentration (0.8812 vs. 0.7063, p=0.035).  
Ref ID: 267         
Reference Study 

type 
Evidence 
level 

Numb
er of 
patient
s 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Harmoinen A, 
Lehtimaki T, Korpela 
M et al. Diagnostic 
accuracies of 
plasma creatinine, 
cystatin C, and 

Study 
type 
Cross-
sectional  
 
Diagnosti

N = 
112 
 
 

Inclusion criteria 
Adults referred for 51Cr-EDTA 
clearance. No other criteria stated. 
 
Exclusion criteria  
Not stated 

4 interventions:  

 

Cystatin C 

Gold 
Standard: 
GFR as 
determined 
from 51Cr-
EDTA 

Not 
applica
ble 

Test 
correlation 
 
Area under 
the ROC 
curve 

Not 
stated 
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glomerular filtration 
rate calculated by 
the Cockcroft-Gault 
and Levey (MDRD) 
formulas. Clinical 
Chemistry. 2003; 
49(7):1223-1225. 

 

c test  
1b - (no 
creatinin
e 
calibratio
n) 
  
 1 centre, 
Finland 

 
Population baseline characteristics: 
49.1% male 
Mean age: 57.0 yrs  
BMI range: 15.2 to 42.4 kg/m2 
51Cr-EDTA clearance range: 5 to 
109 ml/min per 1.73m2 
 
Causes of CKD: 
24.1% diabetic nephropathy 
17.9% rheumatoid arthritis-related 
disease 
17.9% chronic glomerulonephritis 
 

concentration 
 
Creatinine 
concentration 
 

MDRD study equation 
GFR = 186 X Scr –1.154 

X age-0.203 X 0.742 (if 
female) 

 

Cockcroft-Gault 
equation GFR = [140 – 
age] X weight / [a X Scr 
]  

where a = 0.8 for men 
and 0.85 for women 

 

No. of patients 
112 
 
Procedure 
Serum cystatin C was 
measured 
turbidimetrically on a 
Hitachi 704 instrument. 
Serum creatinine was 
measured 
enzymatically on the 
same instrument. 

clearance 
 

No. of 
patients 
112 
 
Procedure 
Plasma 51Cr-
EDTA 
clearance 
was 
assessed by 
the single 
injection 
method. 
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Effect size 
Test Correlation 
All tests correlated well with the measured 51Cr-EDTA clearance and the correlation coefficients did not differ statistically from one another. 

Test Correlation coefficient (r) 
Cystatin C concentration 0.917 
Creatinine concentration 0.884 
4-variable MDRD equation 0.914 
Cockcroft-Gault equation 0.935 

 
ROC Analysis 

Test Area under ROC curve (SE) * 
Cystatin C concentration 0.9728 (0.0173) 
Creatinine concentration 0.9316 (0.0246), p=0.042 
4-variable MDRD equation 0.9786 (0.0105) 
Cockcroft-Gault equation 0.9908 (0.0071) 

* Cutoff value for a measured 51Cr-EDTA clearance < 80 ml/min per 1.73m2 

 
Cystatin C, the 4-variable MDRD equation and the Cockcroft-Gault equation all had high diagnostic accuracies (AUC) and were not statistically different from 
each other.  
 
The diagnostic accuracy of cystatin C was significantly greater than creatinine concentration (0.9728 vs. 0.9316, p=0.042). In subgroup analysis of 34 individuals 
with  51Cr-EDTA clearance > 40 ml/min per 1.73 m2, the diagnostic accuracy of cystatin C was statistically greater than creatinine concentration (0.8812 vs. 
0.7063, p=0.035).  
Ref ID: 1082         
Reference Study 

type 
Evidence 
level 

Numb
er of 
patient
s 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Hojs R, Bevc S, 
Ekart R et al. Serum 
cystatin C as an 
endogenous marker 
of renal function in 
patients with mild to 
moderate 
impairment of kidney 
function. Nephrology 
Dialysis 
Transplantation. 
2006; 21(7):1855-

Cross-
sectional 
study 
 
Diagnosti
c test  
1b - (no 
creatinin
e 
calibratio
n) 
 
1 centre, 

N = 
164 
 
No.  
ITT 
164 
 
 

Inclusion criteria 
Adults with CKD stages 2-3 (GFR 
30-89 ml/min per 1.73m2) referred 
for 51Cr EDTA clearance because of 
suspected/established renal disease 
 
Exclusion criteria  
Patients with CKD Stages 1, 4, or 5 
 
Population baseline 
characteristics: 
52.4% male 
Age range: 14 to 86 years 

4 interventions: 
 
Serum cystatin C 
concentration 
 
Serum creatinine 
concentration 

 

4 variable MDRD study 
equation GFR = 186 X  

Gold 
Standard: 
GFR  
determined 
from 51Cr 
EDTA 
clearance  
 

No. of 
patients 
164  

Not 
applica
ble 

Bias defined 
as the mean 
difference 
between 
estimated 
and 
measured 
GFR. 
 
Test 
Correlation 
 
Precision 

Not 
stated 
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1862. 

 

Slovenia Mean age: 57.5 yrs 
Mean weight: 77.5 kg 
Mean height: 168 cm 
Mean 51Cr EDTA clearance: 57 
ml/min/1.73 m2 (SD ± 18) 
Mean serum cystatin C 
concentration: 1.74 mg/l (SD ± 0.81) 
Mean serum creatinine 
concentration: 149 micromol/l (SD ± 
64) 
 
 
 
 

Scr –1.154 

X age-0.203 X 0.742 (if 
female) 

 

Cockcroft-Gault 
equation adjusted for 
body surface area GFR 
= [140 – age] X weight/ 
[0.815 X  Scr] 
Correction factor 0.85 
for females 

 

No. of patients 
164 
 
Procedure  
Serum creatinine was 
measured according to 
Jaffe without 
deproteinization. Serum 
cystatin C was 
measured by the 
particle-enhanced 
immunonephelometric 
method. 
 
Subgroup analysis by 
sex 

 
Procedure 
GFR 
estimated 
from a single 
51Cr EDTA 
injection and 
three blood 
samples 
taken after 
parenteral 
application of 
the marker.  
 

defined as 
the width of 
the standard 
deviation of 
the mean 
difference 
 
Sensitivity 
 
Specificity 
 
Area under 
the ROC 
curve 

Effect size 
Test Correlation 
In the overall study, serum cystatin C concentration had the highest statistically significant correlation with 51Cr EDTA clearance (R = 0.753, p<0.0001), and this 
correlation was upheld in the male population subset (R=0.732, p < 0.0001) or the female population subset (R=0.793, p < 0.0001). 
 
The 4 variable MDRD equation was also highly correlated with 51Cr EDTA clearance (R = 0.716, p<0.0001), and this correlation was upheld in the male 
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population subset (R=0.705, p < 0.0001) or the female population subset (R=0.724, p < 0.0001). 
 
Serum creatinine concentration (R = 0.628, p<0.0001) and the Cockcroft-Gault equation (R = 0.515, p<0.0001) had lower correlations with 51Cr EDTA clearance.  
 
Bias 
The Cockcroft-Gault equation was less biased than the MDRD equation (0.6 ml/min per 1.73m2, p=0.79  vs. -12.4 ml/min per 1.73m2, p<0.001). The MDRD 
equation significantly underestimated the GFR. 
 
Precision 
The MDRD equation (SD of the mean difference = 13.01 ml/min/1.73 m2 ) was significantly more precise than the Cockcroft-Gault equation  (SD of the mean 
difference = 22.09 ml/min/1.73 m2 ), p < 0.001. 
 

Test Sensitivity (%) Specificity (%) Area under ROC curve * 
Cystatin C 94.6 76.7 0.916 ± 0.022 
Creatinine concentration 70.0 91.9 0.850 ± 0.030, p = 0.029 
4-variable MDRD equation 84.4 86.5 0.902 ± 0.026, p=0.574 
Cockcroft-Gault equation 67.8 77.0 0.753 ± 0.039, p=0.0001 

* Cutoff value for a measured GFR < 60 ml/min per 1.73m2 and p value relative to cystatin C 

In the overall study, serum cystatin C had significantly higher diagnostic accuracy (AUC = 0.916 ± 0.022) than creatinine concentration (0.850 ± 0.030, p = 0.029) 
or the Cockcroft-Gault equation (0.753 ± 0.039, p=0.0001). Cystatin C had the highest sensitivity (94.6%).   

The MDRD equation was also a good test and the diagnostic accuracy of the MDRD equation (AUC = 0.902 ± 0.026, p=0.574) was not significantly different from 
cystatin C. 

In male patients, the Cockcroft and Gault equation (AUC = 0.791 ± 0.05, p=0.03) had significantly lower diagnostic accuracy than cystatin C, MDRD equation, or 
creatine concentration. 

In female patients, the Cockcroft and Gault equation (AUC = 0.720 ± 0.06, p=0.001) and creatine concentration (AUC = 0.839 ± 0.044, p=0.04) both had 
significantly lower diagnostic accuracies than cystatin C (AUC = 0.915 ± 0.032) or the  MDRD equation (AUC = 0.857 ± 0.046, p=0.115).  
Ref ID: 263         
Reference Study 

type 
Evidence 
level 

Numb
er of 
patient
s 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Lamb EJ, Webb MC, 
Simpson DE et al. 
Estimation of 
glomerular filtration 
rate in older patients 
with chronic renal 

Study 
type  
cross-
sectional 
 
Diagnosti

N = 52 
 
No.  
ITT 52 
 
No. 

Inclusion criteria 
Caucasians aged 68 and older with 
CKD (mild or moderate renal 
insufficiency GFR < 80 ml/min per 
1.73 m2 ). 
 

6 interventions: all 
normalised to BSA 
 
Creatinine clearance 

Gold 
Standard: 
GFR as 
determined 
from 51Cr-
EDTA 

Not 
applica
ble 

Test 
correlation 
 
Bias 
 
Precision 

South-
east 
Regional 
NHS 
Project 
Grant 
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insufficiency: is the 
modification of diet 
in renal disease 
formula an 
improvement? 
Journal of the 
American Geriatrics 
Society. 2003; 
51(7):1012-1017. 

 

c test  
1b – (no 
creatinin
e 
calibratio
n) 

centre
s  
 1 
centre, 
Kent, 
UK 

Exclusion criteria  
Renal replacement therapy, renal 
transplant recipients, people unable 
to give informed consent due to 
cognitive impairment. 
 
Population baseline characteristics: 

Characteristic N Mean 
(SD) 

Age 52 79.7 (4.9) 
Weight, kg 52 72.2 

(15.3) 
BSA, m2 52 1.77 

(0.24) 
Serum 
creatinine, 
micromol/L 

52 121 (78) 

51Cr-EDTA 
clearance, 
ml/min per 
1.73 m2 

52 53.3 
(17.8) 

Cockcroft-
Gault 
clearance, 
ml/min per 
1.73 m2 

52 48.1 
(16.3) 

MDRD 
clearance, 
ml/min per 
1.73 m2 

52 59.6 
(22.9) 

Abbreviated 
MDRD 
clearance, 
ml/min per 
1.73 m2 

52 59.7 
(23.3) 

Jelliffe bedside 
clearance, 
ml/min per 
1.73 m2 

52 43.2 
(15.7) 

Creatinine 
clearance, 

47 56.5 
(26.2) 

 
Baracskay clearance = 
88.0 + 0.54[9091/Scr] – 
1.06[age] 
 
Jelliffe bedside 
clearance = {98 – 
16[(age-20)/20]/(Scr X 
0.011)} X [0.90 if 
female] 
 

MDRD equation GFR = 
170 X [Scr X 0.011] –0.999 

X age-0.176 X [Sur X 
2.801] -0.170 X [SAlb X 
0.1]0.318 X [0.762 if 
female] X [1.180 if 
black] 

 

Abbreviated MDRD 
study equation GFR = 
186 X [Scr X 0.011] –1.154 

X age-0.203 X 0.742 (if 
female) X [1.210 if 
black] 
 

Cockcroft-Gault 
equation GFR = [140 – 
age] X weight / [Scr  X 
0.792] X [0.85 if female] 

 

clearance 
 

No. of 
patients 
52 
 
Procedure 
Plasma 51Cr-
EDTA 
clearance 
was 
assessed by 
the single 
injection 
method and 
three blood 
samples. 
 
 

 Scheme 
and the 
East 
Kent 
Hospitals 
NHS 
Trust 
Internal 
Project 
Grant 
Scheme 
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ml/min per 
1.73 m2  
Baracskay 
clearance, 
ml/min per 
1.73 m2 

52 52.8 
(22.7) 

 

No. of patients 
52 
 
Procedure 
Patients provided blood 
samples and 24-h urine 
collections. Serum and 
urinary creatinine and 
serum urea were 
measured 
enzymatically on a 
Vitros analyzer. 
Creatinine assay was 
calibrated with values 
traceable to the HPLC 
reference procedure. 

Effect size 
Test Correlation 
From log-log regression analysis, Cockcroft-Gault (R2=0.84), MDRD (R2 =0.84), abbreviated MDRD (R2 =0.83) and Jelliffe (R2 =0.81) were highly correlated to the 
measured 51Cr-EDTA clearance. Creatinine clearance (R2 =0.73) and the Baracskay formula (R2 =0.56) were poorly correlated to the measured 51Cr-EDTA 
clearance. 
 
Bias 
Only creatinine clearance and the Baracskay formula were unbiased in estimating GFR. Both MDRD equations overestimated the GFR, while the Cockcroft-Gault 
and Jelliffe equations significantly underestimated GFR.  
 
Mean bias compared with 51Cr-EDTA clearance was lowest for creatinine clearance [-1.2% ml/min/1.73 m2, (95% CI -9.2 -7.6), NS], followed by the Baracskay 
equation [-3.9% ml/min/1.73 m2, (95% CI -11.9 -4.5), NS], MDRD [8.0% ml/min/1.73 m2, (95% CI 1.6-14.7), p<0.001], abbreviated MDRD [8.1% ml/min/1.73 m2, 
(95% CI 1.8-14.9), p<0.001], Cockcroft-Gault [-10.4% ml/min/1.73 m2, (95% CI -14.5 to -6.1), p<0.001], and Jelliffe [-20.2% ml/min/1.73 m2, (95% CI -24.3 to -
15.9), p<0.001]equations.  
 
Precision 
Precision (defined as the standard deviation of differences between the measured 51Cr-EDTA clearance and the formulaic estimate) was highest for the 
Cockcroft-Gault equation (7.9 ml/min per 1.73 m2).  The MDRD (9.8 ml/min per 1.73 m2) and Jelliffe  (9.0 ml/min per 1.73 m2) equations were also relatively 
precise. 
Ref ID: 1551         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome measures Source  
of  
funding 
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Rigalleau V, Lasseur 
C, Perlemoine C et 
al. Estimation of 
glomerular filtration 
rate in diabetic 
subjects: Cockcroft 
formula or 
modification of diet 
in renal disease 
study equation? 
Diabetes Care. 
2005; 28(4):838-843.

Cross-
sectional 
study 
 
1b - (no 
creatinin
e 
calibratio
n) 

N=160 
diabetic 
participants 
 
(N=50 T1D, 
N=110 
T2D) 

Inclusion: diabetic 
patients attending 
clinical unit, both 
male and female and 
T1D or T2D 

GFR as 
calculated by: 
Cockcroft-
Gault 
compared 
with GFR 
calculated by 
MDRD  

GFR measured 
by an isotope 
method (Cr-
EDTA) 

N/A Correlation with isotopic 
GFR, sensitivity, specificity, 
bias, accuracy 

Not 
stated  

Effect size 
*GFR estimation 
Mean isotopic GFR was overestimated by Cockcroft-Gault (p<0.05 vs. isotopic GFR) and the mean MDRD equation underestimated GFR (p<0.001 vs. isotopic 
GFR) 
 
*Correlation 
Both estimations were well correlated to isotopic GFR; Cockcroft-Gault formula r=0.74 (p<0.0001); MDRD equation r=0.81 (p<0.0001), NS between r values. 
 
*Bias (the Bland-Altman procedure) 
The bias for the MDRD equation was the estimation minus GFR, this was negatively correlated to the mean (r=-0.54, p<0.001). 
For the Cockcroft-Gault this was not the case (r=0.04, NS). 
 
*Accuracy (ROC curve analysis) 
The ROC curve analysis showed that the maximum diagnostic accuracy of the Cockcroft-Gault formula for the diagnosis of moderate renal failure (< 60 ml/min 
per 1.73 m2)  was lower than the MDRD equation (Cockcroft-Gault formula AUC 0.868, cutoff limit 56.5; MDRD equation AUC 0.927, cutoff limit 54.7; p<0.05).  
This was mainly due to a better sensitivity of the MDRD equation estimation (Cockcroft-Gault formula sensitivity 77.9% and specificity 78.4%; MDRD equation 
sensitivity 91.9% and specificity 78.4%). 
 
Severe renal failure: 
For the diagnosis of severe renal failure (< 30 ml/min per 1.73 m2)   the maximum diagnostic accuracy of the Cockcroft-Gault formula was lower than that of the 
MDRD equation (Cockcroft-Gault formula AUC 0.883, cutoff limit 43.9; MDRD equation AUC 0.962, cutoff limit 42.4; p<0.0001), because of improved sensitivity 
and specificity (Cockcroft-Gault formula sensitivity 78.9% and specificity 84.4%; MDRD equation sensitivity 94.7% and specificity 90.2%). 
 
Renal insufficiency: 
For the renal insufficient participants (N=87) both the formulas overestimated GFR (both p<0.0001 vs. isotopic GFR), the overestimation was more pronounced 
with the Cockcroft-Gault formula (p<0.0001 vs. the MDRD equation).   For the renal insufficiency participants the correlation with isotopic GFR was lower for the 
Cockcroft-Gault formula (Cockcroft-Gault formula r=0.57, p<0.001; MDRD equation r=0.78, p<0.0001; p<0.01 between r values). 
The Cockcroft-Gault formula over estimated high values of GFR (according to the Bland Altman procedure), r=0.38, p<0.001.  For the MDRD equation this was 
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not the case (r=0.07, NS). 
Ref ID: 1327         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Rigalleau V, 
Lasseur C, 
Perlemoine C et 
al. A simplified 
Cockcroft-Gault 
formula to 
improve the 
prediction of the 
glomerular 
filtration rate in 
diabetic patients. 
Diabetes & 
Metabolism. 2006; 
32(1):56-62. 

 

Cross-
sectional 
study 
 
Diagnostic 
test  
Ib - (no 
creatinine 
calibration) 
 
1 centre,  
France 
 
 

Total 
N=200 
 
 
No.  
ITT  
200 
 
 

Inclusion criteria 
adult diabetic patients studied between 
Jan., 2001 and Jan., 2005.  Kidney 
failure or damage defined by an 
isotopic GFR < 90 ml/min/1.73m2 and 
microalbuminuria above 30 mg/24 h.   
 
Exclusion criteria  
Dialysis patients, nephrotic proteinuria 
(> 3g/24 h), or clinical edema 
 
Population characteristics  

N 200 
Mean age (SD) 63.0 (13.6) 
% Female  60 
% Type 1 Diabetes  31 
Mean  Weight (SD), 
kg 

76.5 (14.2) 

Mean  Height (SD), 
cm 

166 (8) 

Mean BMI (SD) 27.5 (4.7) 
% HbA1c  (SD) 8.6 (1.6) 
Mean serum 
creatinine (SD) 
micromole/L 

146 (79) 

Mean measured Cr-
EDTA clearance (SD), 
ml/min per 1.73 m2 

56.5 (34.9) 

Mean eGFR MDRD 
(SD), ml/min per 1.73 
m2 

51.0 (24.3) 

Mean eGFR 
Cockcroft-Gault (SD), 
ml/min per 1.73 m2 

61.2 (35.6) 

Mean eGFR Modified 
Cockcroft-Gault (SD), 

60.0 (29.9) 

3 interventions 
 

MDRD study 
equation GFR 
= 186 X Scr –
1.154 

X age-0.203 X 
0.742 (if 
female) X 
1.210 (if black) 

 

Cockcroft-
Gault equation 
= (140 – age) 
X weight X K  / 
[Scr ] ;where 
K=1.23 for 
men and 1.04 
for women 
 

Modified 
Cockcroft-
Gault equation 
= (140 – age) 
X 76 X K  / [Scr 
] ;where 
K=1.23 for 
men and 1.04 
for women 

51Cr-EDTA 
renal 
clearance. 
 

No. of 
patients 

200 
 

n/a Bias 
 
Accuracy 
 
AUC 
 
Test 
correlation 

Not 
stated 
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ml/min per 1.73 m2  
 

No. of patients 
200 
 
Procedure 
All patients 
were studied in 
the morning 
after a light 
breakfast.  
Serum  
creatinine was 
measured by 
the Jaffe 
method using 
an Olympus 
AU 640 
instrument. 

Effect size 
Bias 
In the diabetic patient population (N=200), the MDRD equation underestimated the measured GFR (-1.2 ml/min/1.73 m2), while both the Cockcroft-Gault (+4.5) 
and modified Cockcroft-Gault (+4.6) equations overestimated the GFR.  
 
Test Correlation 
The modified Cockcroft-Gault equation was significantly more highly correlation with measured Cr-EDTA GFR than the original Cockcroft-Gault equation (r=0.83 
vs. 0.75, p<0.05).  The MDRD was also highly correlated with measured Cr-EDTA GFR (r=0.82, p=0.068 vs. CG). 
 
AUC 
In diabetic patients with a measured Cr-EDTA GFR between 30-60 ml/min/1.73 m2 (n=119), the MDRD equation had a significantly higher diagnostic accuracy 
(AUC =0.920) than the Cockcroft-Gault equation (AUC=0.866, p<0.05 vs MDRD). The modified Cockcroft-Gault equation also had significantly higher diagnostic 
accuracy (AUC=0.921) than the original Cockcroft-Gault equation (AUC=0.866, p<0.05 vs CG ) 
 
In diabetic patients with a measured Cr-EDTA GFR between 15-30 ml/min/1.73 m2 (n=52), the MDRD equation had a significantly higher diagnostic accuracy 
(AUC =0.930) than the Cockcroft-Gault equation (AUC=0.891, p<0.05 vs MDRD). The modified Cockcroft-Gault equation also had significantly higher diagnostic 
accuracy (AUC=0.942) than the original Cockcroft-Gault equation (AUC=0.891, p<0.05 vs CG ) 
 
Accuracy 
The 50-75th-90th percentiles of percentage absolute differences between predicted and measured GFR were lower for the MDRD than for the Cockcroft-Gault, 
with the modified Cockcroft-Gault being intermediate. Thus, MDRD was more accurate. 
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Ref ID: 110         
Reference Study 

type 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Bicik Z, 
Bahcebasi T, 
Kulaksizoglu 
S et al. The 
efficacy of 
cystatin C 
assay in the 
prediction of 
glomerular 
filtration rate. 
Is it a more 
reliable 
marker for 
renal failure? 
Clinical 
Chemistry & 
Laboratory 
Medicine. 
2005; 
43(8):855-
861 

Study 
type  
Cross-
sectional 
 
Diagnostic 
test  
II -  
24 h 
creatinine 
as 
reference  
 
1 centre in 
Turkey 

Total N 
= 244 
 
No.  
ITT 244 
 
 

Inclusion criteria 
Healthy adults (controls) and adults with 
hypertension (average blood pressure higher than 
140/90 mm Hg on two occasions) or type II 
diabetes. 
 
Exclusion criteria  
11 subjects excluded for inaccurate urine 
collections. Patients undergoing dialysis.  
 
Population baseline characteristics: 

 Type II 
Diabetes

Hypertension Control

N 84 84 76 
Mean Age  45.3 ± 

6.7 
42.9 ± 3.6 46.3 ± 

6.4 
Sex (F/M) 44/40 48/36 45/39 
Median 
Creatinine 
(range), 
micromole/L

106 
(61.6 -
176.8) 

106 (79.5 – 
132.6) 

79.5 
(53 – 
106) 

Median 
Cystatin C 
(range), 
mg/L 

1.2 (0.4 
– 2.7) 

1.1 (0.7 – 
1.5) 

0.7 
(0.4 – 
1.4) 

Median 
Creatinine 
clearance 
(range), 
ml/min 

81.5 
(67.1 – 
148.3) 

84.9 (55.2 – 
164.2) 

100.3 
(80.1 – 
122.6) 

Mean 
Fasting  
Blood 
sugar, 
mmol/L 

5.9 ± 1.2 4.6 ± 0.4 4.7 ± 
0.3 

 

Cystatin C 
concentration 
 
Creatinine 
concentration 

 

No. of 
patients 
244 
 
Procedure 
Serum 
cystatin C 
concentration 
was 
measured 
with a 
particle-
enhanced  
turbidimetric 
immunoassay 
(DACO-Cys-
C) on a 
Cobas Mira 
Plus 
instrument.  
 
Serum  
creatinine 
was 
measured 
enzymatically 

24-h urinary 
creatinine 
clearance = 
urine 
creatinine x 
24-h urine 
volume/[serum 
creatinine  
1440 min] 
 

No. of patients 
244 
 
Caveat: 
authors 
discuss the 
value of inulin 
clearance or 
radioisotopic 
measures of 
GFR and state 
that these 
tests give 
better results 
than 24-h 
creatinine 
clearance. No 
explanation as 
to why they 
chose 24 h 
creatinine 
clearance 
 
 
 

Not 
applicable

Test 
correlation 
 
Sensitivity 
 
Specificity 
 
Positive 
predictive 
value 
 
Negative 
predictive 
value 
 
Area 
under the 
ROC 
curve 

Not 
stated 
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All diabetics were on moderately restrictive protein 
diets and received insulin (N=16) or oral 
antidiabetic medication (remainder). None received 
anticoagulants or NSAIDS. Incipient nephropathy 
with microalbuminuria (N=72) and overt 
nephropathy with overt proteinuria (N=12). 
 
Most hypertensive patients (N=63) were newly 
diagnosed and did not take antihypertensive 
medication. ACE inhibitors (N=3), calcium 
antagonists (N=2), indapamide diuretics (N=8). 
Microalbuminuria (N=82), overt proteinuria (N=2) 

on a Hitachi 
747 
instrument. 

 

Effect size 
Test Correlation 
Hypertensive Group:  
Cystatin C and creatinine concentration were highly correlated (0.92, p<0.05). Cystatin C concentration and 24-h creatinine clearance were significantly 
correlated (-0.87, p< 0.05). 
 
Diabetic Group: 
Cystatin C and creatinine concentration were highly correlated (0.97, p<0.05). Cystatin C concentration and 24-h creatinine clearance were significantly 
correlated (-0.90, p< 0.05). 
 
Healthy Controls: 
Cystatin C and creatinine concentration were highly correlated (0.94, p<0.05). The correlation between cystatin C concentration and 24-h creatinine clearance 
was significantly weak (-0.61, p< 0.05). 
 
ROC Analysis 
Whole Study Group 

Test Sensitivity (%) Specificity (%) Positive predictive 
value (%) 

Negative predictive 
value (%) 

Area under ROC 
curve   

Cystatin C 
concentration 

* 91 * 90 * 70 * 96 * 0.945 

Creatinine 
concentration 

* 91 * 91 * 72 * 94 * 0.949, NS 

Cystatin C 
concentration 

** 80 ** 96 ** 100 ** 86 ** 0.813 

Creatinine 
concentration 

** 68 ** 82 ** 86 ** 75 ** 0.626, p=0.01 

* Cutoff value for a measured  24 –h creatinine clearance < 60 ml/min 
** Cutoff value for a measured  24 –h creatinine clearance < 80 ml/min  
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In the whole study group, cystatin C (AUC = 0.813) had a statistically significant higher diagnostic accuracy than creatinine concentration (AUC = 0.626) in 
patients with a 24 h creatinine clearance between 60-80 ml/min. There was no statistical difference between the diagnostic accuracies of cystatin C and 
creatinine concentration in patients with a 24 h creatinine clearance < 60 ml/min. 
 
Mild Diabetic Nephropathy Subgroup (microalbuminuria) 

Test Sensitivity (%) Specificity (%) Positive predictive 
value (%) 

Negative predictive 
value (%) 

Cystatin C 
concentration 

* 90 * 90 * 87 * 92 

Creatinine 
concentration 

* 94 * 90 * 86 * 88 

Cystatin C 
concentration 

** 92 ** 94 ** 94 ** 88 

Creatinine 
concentration 

** 72 ** 76 ** 76 ** 75 

* Cutoff value for a measured  24 –h creatinine clearance < 60 ml/min 
** Cutoff value for a measured  24 –h creatinine clearance < 80 ml/min  
 
The sensitivity, specificity, positive predictive values, and negative predictive values of cystatin C were significantly higher than creatinine concentration in 
patients with diabetic nephropathy and microalbuminuria with a 24 hour creatinine clearance between 60-80 ml/min. 
 
Hypertension with microalbuminuria 

Test Sensitivity (%) Specificity (%) Positive predictive 
value (%) 

Negative predictive 
value (%) 

Cystatin C 
concentration 

* 40 * 96 * 85 * 80 

Creatinine 
concentration 

* 100 * 93 * 90 * 86 

Cystatin C 
concentration 

** 81 ** 96 ** 82 ** 86 

Creatinine 
concentration 

** 50 ** 93 ** 78 ** 75 

* Cutoff value for a measured  24 –h creatinine clearance < 60 ml/min 
** Cutoff value for a measured  24 –h creatinine clearance < 80 ml/min  
 
The sensitivity, specificity, positive predictive values, and negative predictive values of cystatin C were significantly higher than creatinine concentration in 
patients with hypertension and microalbuminuria with a 24 hour creatinine clearance between 60-80 ml/min. 
Ref ID: 872         
Reference Study 

type 
Evidence 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 
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level 
Bostom AG, 
Kronenberg F, Ritz 
E. Predictive 
performance of renal 
function equations 
for patients with 
chronic kidney 
disease and normal 
serum creatinine 
levels. Journal of the 
American Society of 
Nephrology. 2002; 
13(8):2140-2144. 

 

cross-
sectional 
study 
 
II - (no 
creatinin
e 
calibratio
n) 
 
8 centres 
in 
Germany
/Austria/
South 
Tyrol  
 

N=109  
 
(N=64 
glomerulon
ephritis; 
N=9 
polycystic 
kidney; 
N=6 
pyelonephri
tis; N=19 
other; 
N=11 
unknown), 
 
 
 
 

Inclusion: 19-65 
years, Caucasian, 
normal serum 
creatinine levels ≤ 1.5 
mg/dl, primary CKD 
diagnosis 
 
Exclusion: diabetes 
mellitus, 
malignancies, liver, 
thyroid, or infectious 
diseases at the time 
of recruitment, organ 
transplantation, 
allergies against ionic 
contrast media, 
pregnancy 

GFR 
prediction 
equations 
(N=8) 
previously 
published 
equations 
used to 
calculate 
predicted 
renal 
function, 
using serum 
creatinine 
levels 
Cockcroft-
Gault, 
MDRD1, 
MDRD2, 
Jelliffe1, 
Jelliffe2, 
Mawer, 
Bjornsson,  
Gates  

Iohexol GFR N/A Precision, 
bias, accuracy 

US 
Departmen
t of 
Agriculture  

Effect size 
 
*Precision (as reflected by R2): 
Precision was greatest for the MDRD1 (0.31), MDRD2 (0.29), Jelliffe1 (0.28) and Jelliffe2 (0.26) equations 
 
*Bias (as indicated by the mean prediction error)  
All the predictive equations underestimated the iohexol GFR.  The Mawer (-15.2 ml/min/1.73m2) and Cockcroft-Gault (-26.5 ml/min/1.73m2  ) equations were the 
least biased of the equations. Bias was greatest for MDRD1 (-46.0), MDRD2 (-41.7), Jelliffe1 (-43.3), Jelliffe2 (-39.8) and Gates (-38.6) equations 
 
*Accuracy 
 The most accurate results were obtained with Bjornsson and Cockcroft-Gault equations with results which were within 30% of the iohexol GFR in 62% and 59% 
of the cases. The MDRD equations (1 and 2) were less accurate and were only within 30% of the iohexol GFR in 24% and 28% of the cases. 
Ref ID: 1074         
Reference Study 

type 
Evidence 

Numb
er of 
patient

Patient characteristics Intervention Comparison Length 
of 
follow-

Outcome 
measures 

Source  
of  
funding 
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level s up 
Hayashi T, Nitta K, 
Uchida K et al. 
Clinical assessment 
of serum cystatin C 
as a marker of 
glomerular filtration 
rate in patients with 
various renal 
diseases. Clinical & 
Experimental 
Nephrology. 2000; 
4(2):133-136. 

 

cross-
sectional 
 
Diagnosti
c test  
II – 
 
1 centre 
in Tokyo, 
Japan 

N = 
152 
 
No.  
ITT 
152 
 
 

Inclusion criteria 
Adults with renal disease. Other 
criteria not stated. 
 
Exclusion criteria  
Not stated 
 
Population baseline characteristics: 
48.7% male 
Mean age: 45 yrs  
 
Causes of CKD: 
7.9% diabetic nephropathy 
9.9% hypertensive nephrosclerosis 
48.7% chronic glomerulonephritis 
8.6% polycystic kidney disease 
3.9% chronic pyelonephritis 
9.2% lupus nephritis 
4.6% Henoch-Schonlein nephritic 
syndrome 
7.2% asymptomatic hematuria 

Cystatin C 
concentration 
 
Serum creatinine 
concentration 
 

No. of patients 
152 
 
Procedure 
Serum cystatin C was 
measured using particle 
enhanced 
immunonephelometry 
(Dade Behring). Serum 
creatinine was 
measured using the 
Autosera Cre Kit with 
the Toshiba TBA-80FR 
system. 

2-hour 
creatinine 
clearance 
 

No. of 
patients 
152 
 
Procedure 
A standard 
clearance 
technique 
was used to 
measure 
intrinsic 
creatinine 
clearance 
 
Caveat 
2-h creatinine 
clearance is 
not a robust 
reference 
standard. 
Authors do 
not state why 
they use this 
as the 
comparator 
and they 
state in 
discussion 
that inulin  
clearance is 
a better 
predictor of 
GFR. 

Not 
applica
ble 

Test 
correlation 
 
Sensitivity 
 
Specificity 

Not 
stated 
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Effect size 
Test Correlation 
Both cystatin C concentration and creatinine concentration were highly correlated with 2-h creatinine clearance (r = 0.834 vs. 0.825, NS). In subgroup analysis of 
63 patients with a 2-h creatinine clearance < 70 ml/min per 1.48 m2, cystatin C and 2-h creatinine clearance were significantly correlated (r = 0.668, p<0.05).  
There was no significant correlation between creatinine concentration and 2-h creatinine clearance (r=0.321). 
 
Sensitivity and Specificity 
Cystatin C had statistically greater sensitivity (74.5%) and specificity (100%) than creatinine concentration (63.3% sensitivity, 98.9% specificity), p <0.05.  
Ref ID: 123         
Reference Study 

type 
Evidence 
level 

Numb
er of 
patient
s 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Mahajan S, Mukhiya 
GK, Singh R et al. 
Assessing 
glomerular filtration 
rate in healthy Indian 
adults: a comparison 
of various prediction 
equations. Journal of 
Nephrology. 2005; 
18(3):257-261. 

 

Cross-
sectional 
study 
 
Diagnosti
c test  
II –  
(no 
creatinin
e 
calibratio
n) 
 
1 centre, 
New 
Delhi, 
India 
 

N= 
122 
 
No.  
ITT 
122 
 
 

Inclusion criteria 
Consecutive Indian renal donors 
attending a clinic. 
(No further inclusion criteria stated) 
 
Exclusion criteria  
Not stated 
 
Population baseline 
characteristics: 
28.7% male 
Mean age: 44.2 yrs  
Mean weight: 59 kg 
Mean body surface area: 1.58 m2 

Mean DTPA GFR: 83.4 ml/min per 
1.73m2 
Mean serum creatinine: 0.8 mg/dL 
 

5 equations for 
estimating GFR:  

 

4 variable MDRD study 
equation GFR = 186 X 
Scr –1.154 

X age-0.203  X 0.742 (if 
female) 

 

6 variable MDRD study  
equation GFR = 170 X 
Scr -0.999 X age -0.176 x 
BUN -0.17 X albumin 0.318 
X 0.762 (if female) 

 

Cockcroft-Gault 
equation for creatinine 
clearance = [140 – age] 

Gold 
Standard: 
99Tc-DTPA 
GFR 
 

No. of 
patients 
122 
 
Procedure: 
Patients were 
orally 
hydrated and 
i.v. injected 
with 50 
microCi/kg of  
99Tc-DTPA. 
Blood was 
sampled at 
60 and 180 
min. The two 
GFR 
measurement
s were 
averaged and 
standardized 
to 1.73 m2 

Not 
applica
ble 

Test 
correlation 
 
Bias 
defined as 
the mean 
prediction 
error. 
 
Precision 
defined as 
R2 value 
from 
regression 
model 
 
Accuracy 
defined as 
the 
percentage 
of 
estimates 
with 30% of 
the 
measured 
GFR 

Not 
stated 
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X weight/ Scr X 72 X  
BSA /1.73 m2 
 

Cockcroft-Gault-GFR = 
0.84 X  Cockcroft-Gault 
equation for creatinine 
clearance 

 

Urine creatinine 
clearance = U 
creatinine x urine 
volume x BSA x Scr x 
1.73 m2  

 

No. of patients 
122 
 
Procedure:  
Serum creatinine was 
determined by the 
kinetic Jaffe method on 
an echoautoanalyzer 
system. 

BSA.  

Effect size 
 
Test Correlation 
In a healthy Indian population (N=122), all 5 equations correlated poorly with measured DTPA GFR.  The 4 and 6 variable MDRD equations had the highest 
Pearson’s correlation (r= 0.27 for both, p< 0.05), while both Cockcroft Gault equations (r=0.24) and urine Cr-Cl (0.09) correlated even less with measured GFR. 
 
Bias 
In a healthy Indian population (N=122), both the 6 and 4 variable MDRD equations were biased and significantly overestimated the measured DPTA GFR (11.89 
and 17.70, respectively). The Cockcroft-Gault-GFR equation was the least biased (1.46).  
 
Accuracy 
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The 6 variable MDRD equation was more accurate than the 4 variable MDRD equation (86% versus 76% accurate, no p value given). The Cockcroft-Gault-GFR 
equation (85% accuracy) had similar accuracy as the 6 variable MDRD equation. Urine-CrCl and the Cockcroft-Gault-CcCl equations (69% and 71% accurate, 
respectively) were less accurate than the MDRD equations.  
 
Precision 
Both the 4 and 6 variable MDRD equations (R2 = 0.06 for both the 4 and 6 variable MDRD equations, no p value stated) were more precise than the two 
Cockcroft-Gault equations (R2 = 0.05 for both CG-CrCl and CG-GFR). Urine creatinine clearance was the least precise (R2 = 0.01) 
 
Authors explain poor correlation of all the equations with DPTA GFR by the patient population (healthy Indians).  The estimating equations were derived in mostly 
Caucasian populations with moderate to mild renal insufficiency with high percentages of males. 4 variable MDRD is simpler to use than the 6-variable MDRD 
equation. They conclude that although the 6 variable MDRD equation had the best correlation, accuracy, and precision, none of the equations were clinically 
useful in a healthy Indian population.  
Ref ID: 418         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Spinler SA, 
Nawarskas JJ, 
Boyce EG et al. 
Predictive 
performance of ten 
equations for 
estimating creatinine 
clearance in cardiac 
patients. Iohexol 
Cooperative Study 
Group. [Review] [40 
refs]. Annals of 
Pharmacotherapy. 
1998; 32(12):1275-
1283. 

 

Retrospe
ctive data 
analysis 
 
II - 
 
 
 
 
  

N=420 
(subgroup 
of the 
Iohexol 
Cooperativ
e Study) 

See Iohexel 
Cooperative Study 
 
Inclusion: fitted into 
one or more the 
following 6 
subgroups; elderly 
(N=222), 
hypoalbuminaemic 
(N=25), chronic renal 
insufficiency 
(M=128), low serum 
creatinine (N=115), 
obese (N=208), 
diabetic (N=191) and 
had baseline urine 
collections of at least 
24 hours. 
 
 

10 equations 
used to 
estimate 
creatinine 
clearance  
(Clcr): 
Cockcroft-
Gault, 
Modified 
Cockcroft-
Gault 
  
(Also 
included 
were Jelliffe1, 
Jelliffe2, 
Mawer, 
Gates, Hull, 
Bjornsson, 
Salazar-
Corcoran, 
Davis-
Chandler) 

Measured CrCl 24-h 
urine 
 
A poor reference test 

N/A Bias, precision, 
correlations 

Sanofi-
Winthrop 
Pharmaceu
ticals  

Effect size 
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*Bias  
The mean bias of most equations was low (<10ml/min), bias was also not consistent between subgroups.   
 
*Entire population (N=420) 
Correlations were made between the measured Clcr and the Clcr estimated for the entire group by the Cockcroft-Gault (r=0.75)and Salazar-Corcoran methods 
(r=0.79).  The Salazar-Corcoran was the only unbiased equation-1.58 (-3.61 to 0.45) and was also the most precise (Cockcroft-Gault -3.18 (-5.42 to -0.94).     
ANOVA performed on bias assessments showed the Salazar-Cocoran and the Cockcroft-Gault equations to be of similar bias and both were significantly less 
biased than the other equations (p=0.0001).   
*Elderly  
The correlations were made as above, Cockcroft-Gault (r=0.75) and Salazar-Corcoran (r=0.77).  Both equations were unbiased, with the Cockcroft-Gault being 
the least biased.  The Salazar-Corcoran equation was the most precise.   
ANOVA demonstrated that the Cockcroft-Gault did not differ significantly from the Mawer, Hull and Salazar-Corcoran, and was significantly less biased that the 
remaining equations (p=0.0001). 
 
*Low albumin 
All the equations except the Jelliffe1973 were unbiased.  Mawer was the most precise.   
ANOVA showed NS difference between all the equations except the Jelliffe 1973 which was significantly more biased than all the other equations (p=0.001) 
except the modified Cockcroft-Gault. 
 
*Chronic renal insufficiency  
The Salazar-Corcoran, Gates, Cockcroft-Gault and Davis-Chandler equations were all unbiased.  The Salazar-Corcoran had the lowest bias and highest 
precision. 
ANOVA did not show the Cockcroft-Gault equation to differ significantly from the Mawer, Hull, Salazar-Corcoran, Gates and Jelliffe 1971, these were all 
significantly less biased than the remaining equations (p=0.0001). 
 
*Low serum creatinine 
All the equations except the Davis-Chandler were biased.  The Salazar-Corcoran had the highest precision.   
ANOVA showed the Cockcroft-Gault was shown to be significantly more biased (p=0.0001) than the Davis-Chandler and significantly less biased than the Jelliffe 
1971 (p=0.0001) and had similar bias to the remaining equations. 
 
*Obesity 
The Salazar-Corcoran was the only unbiased and also the most precise method. 
ANOVA showed the Cockcroft-Gault to be significantly less biased than all the other equations, except Salazar-Corcoran, Gates and Jelliffe1973.  Bias did not 
differ between the Cockcroft-Gault, Salazar-Corcoran, Gates and Jelliffe 1973. 
 
*Diabetes mellitus  
The Salazar-Corcoran equation was the only unbiased method and also the most precise.   
ANOVA showed the Cockcroft-Gault and Salazar-Corcoran to be of similar bias and they were significantly less biased than the other equations (p=0.0001). 
 
*Linear regression 
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In the entire population and all subgroups, except the low serum creatinine, correlation coefficients ranged from 0.63 to 0.79 and were fairly consistent between 
subgroups.   The low serum creatinine subgroup had the poorest correlations in the subgroups (ranging from 0.35 to 0.64).   
 
 
3.2 FACTORS AFFECTING THE BIOLOGICAL AND ANALYTICAL VARIABILITY OF GFR ESTIMATED FROM MEASUREMENT 
OF SERUM CREATININE 
 
In adults with CKD, what is the biological and analytical variability in eGFR testing and what factors (including fasting) affect it? 
 
Ref ID: 4124         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of follow-up Outcome 
measures 

Source  
of  
funding 

Ford L, Berg 
J. Delay in 
separating 
blood samples 
affects 
creatinine 
measurement 
using the 
Roche kinetic 
Jaffe method.  
2008.  

 

Case 
series  
 
3 
 
1 centre, 
UK 

N 
volunteers 
= 10 
 
N 
outpatients 
= 113 
 
 

Inclusion criteria: 
volunteers and 
outpatients  
 
Exclusion criteria:  
not stated 
 
Population 
baseline 
characteristics: 
Volunteers (N=10) 
age 27-55 years; 
90% Caucasian, 
10% Asian, 50% 
male 
 
Outpatients 
(N=113): age 18-
88 years, 52% 
Caucasian, 39% 
Asian, 8% Afro-
Caribbean, 44% 
male 

Effect of delay in 
centrifugation of blood 
samples on creatinine 
concentration 
determined by  
Kinetic Jaffe reaction 
(Roche kit).  
  
N=10 volunteers 
N=113 outpatients 
 
Procedure:  

1. Un-separated 
Blood 
experiment: 10 
volunteers each 
provided 7 
blood samples 
(clotted). 
Samples were 
kept at RT 
exposed to light 
until 
centrifugation at 
0.5 h, 4 h, 8 h, 
16 h, 24 h, 36, 

Timely centrifugation of 
blood samples on 
creatinine 
concentration  
 
N=10 volunteers 
N=113 outpatients 
 
 

Not applicable Change in 
creatinine 
concentration 
with delay in 
centrifugation of 
blood sample  
 
Change in GFR 
with delay in 
centrifugation of 
blood sample 
 
 
 
 
 

Not 
stated 
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and 48 h-post 
collection. All 
samples were 
assayed for 
creatinine with 
the kinetic Jaffe 
Roche method 
standardised 
against IDMS.  

2. Separated 
Serum 
experiment: 10 
outpatients 
each provided a 
blood sample 
that was 
allowed to clot 
and then 
centrifuged after 
0.5h. The 
separated 
(centrifuged) 
serum was then 
left at RT 
exposed to light 
and aliquots 
were taken for 
analysis (kinetic 
Jaffe, Roche) at 
0.5, 4, 8, 16, 24, 
36, and 48 h.  

3. 24-h Delay 
Study: Clotted 
blood samples 
were collected 
in duplicate 
from N=113 
outpatients. The 
first sample was 
centrifuged at 
0.5h, while the 
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second clotted 
sample was left 
un-separated 
for 24-h at RT, 
then centrifuged 
and analysed 
by kinetic Jaffe 
(Roche).   

4. Creatinine 
Enzymatic 
methods: 10 
duplicate 
samples from 
the 24-h study 
with the largest 
difference 
between 
creatinine 
concentration 
for samples 
separated after 
0.5 h and a 
delay of 24-h 
were analysed 
with an 
enzymatic 
creatinine assay 
(VITROS 5) 

Effect size 
Baseline = 0.5 h delay in centrifugation of clotted blood. 
 
Effect of delayed centrifugation of blood samples on creatinine concentration (determined by kinetic Jaffe, Roche): 
Delayed centrifugation of clotted blood samples (N=10 volunteers) resulted in a significant increase in creatinine concentration after 16 h (p<0.001). By 48-h, creatinine 
concentrations had increased above the baseline (centrifugation after 0.5h) by mean 29% (range 21-63%). Mean CV for the seven measures for each volunteer was 
11.3% (range 8.1-16.2%) 
 
There was NS change in creatinine concentrations in centrifuged (separated) serum samples left at RT for 0.5, 4, 8, 16, 24, 36, and 48 h. Mean CV for each sample 
was 4.87% (range 2.38-7.81%) 
 
From the 24-h delay experiment (N=113 outpatients), creatinine concentration significantly increased from baseline (mean 85 micromol/l) to 24-h delay (mean 95 
micromol/l, 11% increase, p<0.0004 ) in centrifugation of blood samples. Similar results were seen for males, females, and different ethnicities. 
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Effect of delayed centrifugation of blood samples on the eGFR (MDRD) 
With a 16 h delay in centrifugation, 4/7 volunteers with  baseline Stage 1 CKD had changed to Stage 2.  By 36 h delay in centrifugation, 7/7 volunteers had changed 
from Stage 1 to Stage 2 CKD. Three volunteers with baseline Stage 2 CKD did not fall to Stage 3 regardless of length of delay in centrifugation.  
 
From the 24-h delay experiment (N=113 outpatients), eGFR significantly decreased from baseline (mean eGFR 85 ml/min/1.73m2) to 24-h delay (mean eGFR 75 
ml/min/1.73m2, 13% decrease, p<0.0001 ) in centrifugation of blood samples. Similar results were seen for males, females, and different ethnicities. 
 
From the 24-h delay experiment (N=113 outpatients), the CKD staging of 32% of the participants changed after a 24-h delay in centrifugation of blood samples. 26% 
went from Stage 1 CKD to Stage 2 and 6% went from Stage 2 to Stage 3 CKD.   
 
Effect of delayed centrifugation of blood samples on creatinine concentration (determined by Enzymatic method, VITROS): 
In contrast to the kinetic Jaffe method (N=10 outpatient samples; mean 29.4% increase in creatinine concentration after 24-h delay in centrifugation, range 19.7 – 
86.6%), there was little change in creatinine concentration using the enzymatic method  (mean decrease 2.7%, range –13.8 to +8.6%) 
Ref ID: 3967         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of follow-up Outcome measures Source  
of  
funding 

Fraser CG, 
Williams P. 
Short-term 
biological 
variation of 
plasma 
analytes in 
renal disease. 
Clin Chem. 
1983; 
29(3):508-
510. Ref ID: 
3967 

Case 
series 
 
3 
 
 

N = 9 
patients 
with CKD 
(3 mild, 3 
moderate, 
3 severe 
CKD) 
  
 
1 centre, 
Australia 

Inclusion criteria: 
sequentially 
recruited adults 
with CKD 
 
Exclusion criteria : 
none stated 
 
Population 
baseline 
characteristics: 
Not stated 

Biological variability 
of serum creatinine 
in adults with CKD 
N=9 
 
Procedure: Blood 
samples were 
collected at 0, 0.25, 
0.5, 1, 2, 4, 6, 8, 
10, 12, 16, 24, 36, 
and 48 h after 
administration of 
150 mg oral dose 
or ranitidine. 
Samples were 
promptly 
centrifuged, 
aliquoted into 3 
separate aliquots 
and frozen in liquid 
nitrogen. Serum 
creatinine 

n/a Not applicable Biological variation in serum 
creatinine measurements 
 

Not 
stated 
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concentration 
determined in an 
Astra discrete 
analyser in a single 
day (calibrated 
twice). The first 
aliquot of all 
samples from a 
single subject were 
placed in random 
order and analysed 
in a single batch 
containing quality-
control materials 
(Wellcomtrol 
Unassayed and 
Monitrol II.X 
Control). The Astra 
was recalibrated 
and the second 
aliquot of all 
samples from a 
single subject was 
analysed the same 
way. 

Effect size 
The CV for serum creatinine for all nine subjects with CKD on all occasions was 61.9% (mean 190.4 micromol/l; SD 117.8 micromol/l).  
Biological Variation in serum creatinine concentration  
The average analytical variation was 0.1% of the total variance. 
The average intra-individual biological variation of creatinine measurements was 1.1% of the total variance. 
The average inter-individual variation for serum creatinine was 98.8% of the total variance.  
Ref ID: 3971         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of follow-up Outcome measures Source  
of  
funding 

Holzel WG. 
Intra-
individual 
variation of 
some analytes 

Case 
series 
 
3 
 

N = 24 
healthy 
volunteers 
 
N=17 

Inclusion criteria: 
sequentially recruited 
healthy adults or 
adults with CKD. 
 

Biological 
variability of 
serum creatinine 
in adults with 
CKD 

Biological 
variability of 
serum 
creatinine in 
healthy 

Not applicable Biological variation in 
creatinine measurements 
 

Not 
stated 
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in serum of 
patients with 
chronic renal 
failure. Clin 
Chem. 1987; 
33(5):670-
673. Ref ID: 
3971 

 

 patients 
with CKD 
 
1 centre, 
Germany 

Exclusion criteria : 
none stated 
 
Population baseline 
characteristics: 
Healthy adults: Age 
range 20-50 years, 
mean age 33.5 years 
(female) and 41.8 
years (male), CKD 
group: 65% 
glomerulonephritis, 
29% chronic 
pyelonephritis, 6% 
gouty CKD; serum 
creatinine range: 
255-1125 micromol/l. 

N=17 
 
Procedure: Blood 
samples were 
taken from 
healthy subjects 
once a week for 
8 weeks. Blood 
was taken from 
CKD patients 8 
times during 3 
weeks and at 4, 
8, and 12 weeks 
after the first 
collection. Blood 
samples were 
drawn after an 
o/n fast from 
resting subjects, 
and samples 
were centrifuged 
within 1 hour, 
and the serum 
was aliquoted 
and frozen. 
Serum creatinine 
concentration 
determined with 
Jaffe method on 
a continuous flow 
analyzer. 
Samples were 
analysed in 
duplicate within a 
single run, in 
random order. 
Every tenth 
sample was a 
control sample. 
Analyses of 
blood samples 

adults  
N=24 
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for people with 
CKD were 
restricted to 
blood samples 
taken within first 
3 weeks as CKD 
process was 
stable at that 
time. 

Effect size 
Within-run analytical coefficient of variation for creatinine was 3.3% (in a concentration range of 40-110 micromol/l). 
Biological Variation in creatinine concentration  
The intra-individual biological variation of creatinine measurements was significantly higher in people with CKD (N=17, CV=5.3%) than in healthy subjects (N=24, 
CV=2.7%, p<0.01). The ratios of CV for CKD to healthy patients was 1.93 (p<0.01). 

Ref ID: 3970         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of follow-up Outcome measures Source  
of  
funding 

Holzel WG. 
Intra-
individual 
variation of 
some analytes 
in serum of 
patients with 
insulin-
dependent 
diabetes 
mellitus. Clin 
Chem. 1987; 
33(1):57-61. 
Ref ID: 3970 

 

Case 
series 
 
3 
 
 

N = 24 
healthy 
volunteers 
 
N=27 
patients 
with 
insulin-
dependent 
diabetes 
 
1 centre, 
Germany 

Inclusion criteria: 
sequentially 
recruited healthy 
adults or adults with 
insulin-dependent 
diabetes 
 
Exclusion criteria : 
none stated 
 
Population baseline 
characteristics: 
Healthy adults: Age 
range 20-50 years, 
mean age 33.5 years 
(female) and 41.8 
years (male), IDDM 
group: Age range 
18-52 years, mean 
age 31.8 years 
(females) and 38.7 
years (males) 

Biological 
variability of 
serum creatinine 
in adults with 
IDDM 
N=27 
 
Procedure: Blood 
samples were 
taken from 
subjects once a 
week for 8 weeks 
after an o/n fast 
from resting 
subjects, and 
samples were 
centrifuged 
within 1 hour, 
and the serum 
was aliquoted 
and frozen in 
liquid nitrogen. 

Biological 
variability of 
serum 
creatinine in 
healthy 
adults  
N=24 
 

Not applicable Biological variation in 
creatinine measurements 
 

Not 
stated 
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Serum creatinine 
concentration 
determined with 
Jaffe method on 
a continuous flow 
analyzer. 
Samples were 
analysed in 
duplicate within a 
single run, in 
random order. 
Every tenth 
sample was a 
control sample. 

Effect size 
Within-run analytical coefficient of variation for creatinine was 3.3% (in a concentration range of 40-110 micromol/l). 
Biological Variation in creatinine concentration  
The intra-individual biological variation of creatinine measurements was significantly higher in women with insulin-dependent diabetes (N=11, CV=6.53%) than in 
healthy women (N=14, CV=2.81%, p<0.01). The ratios of CV for IDDM to healthy women was 2.32 (p<0.01). 
The intra-individual biological variation of creatinine measurements was significantly higher in men with insulin-dependent diabetes (N=16, CV=5.88%) than in 
healthy men (N=10, CV=2.64%, p<0.01). The ratios of CV for IDDM to healthy men was 2.23 (p<0.01). 
Ref ID: 697         
Reference Study 

type 
Evidence 
level 

Number 
of patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Jacobsen FK, 
Christensen 
CK, Mogensen 
CE et al. 
Postprandial 
serum 
creatinine 
increase in 
normal 
subjects after 
eating cooked 
meat. 
Proceedings 
of the 
European 

Case 
series 
 
3 
 
 

N = 6 
 
1 centre 
in 
Denmark 

Inclusion criteria: 
sequentially 
recruited healthy 
medical students. 
 
Exclusion criteria : 
not stated 
 
Population 
baseline 
characteristics: 
Not stated 

Experiment 1: Meat meal 
N=6 
 
Experiment 2: Raw beef 
meal 

N=6 
 
Procedure: Experiment 1: 
After o/n fasting, participants 
were given a light, non-meat 
containing breakfast. 
Participants had a meat-
containing lunch containing 
500 g goulash (250-300 g 

Experiment 1: 
Non-meat meal 
N = 6 
 
Experiment 2: 
Cooked Beef 
meals 

N=6 
 

Not 
applicable 

Change in 
creatinine 
concentration 
 
 

Not stated 
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Dialysis & 
Transplant 
Association.  
1979; 16:506-
12, 1979.:506-
512. Ref ID: 
697 

beef) and 5 hours later a 
non-meat supper. Blood 
samples were taken before 
and after breakfast, before 
lunch, and then every hour 
after lunch until 10 pm. 
Several days later 
Experiment 1 was repeated 
and all 6 participants were 
given a non-meat lunch. 
 
Experiment 2: Participants 
were given one of the 
following meals: 300g raw 
beef, 300g friend beef, 300g 
boiled beef ingested with the 
cooking water, 500g goulash 
(250-300g beef), 500g stew 
(250-300g pork). Blood 
samples were taken before 
ingestion of the meal and 3 
hours after the meal. 
 
Serum creatinine 
concentration determined by 
Jaffe reaction on an 
autoanalyser. 39 samples 
also assayed for creatinine 
concentration with ion 
exchange method (“true 
creatinine”).  

Effect size 
Change in creatinine concentration (kinetic Jaffe method) 
Experiment 1: Following a cooked meat goulash lunch (N=6), the mean serum creatinine concentration significantly increased from baseline (86 micromol/L, 
preprandial) to 175 micromol/L, 3 hours postprandially, p< 0.001). By contrast, following a non-meat lunch, a small increase in serum creatinine was observed 1 
hour postprandially, but the serum creatinine concentration was relatively unchanged throughout the time course. 
 
A high correlation between serum creatinine determined by autoanalyser and by ion exchange was observed (N=39 samples). 
 
Experiment 2:  
Ingestion of a raw beef meal did NS affect serum creatinine levels. 
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By contrast ingestion of any type of cooked beef meal (fried, boiled, goulash beef, or stew pork) resulted in a significant increase in serum creatinine. For example, 
ingestion of fried beef resulted in an increase from baseline serum creatinine 84 micromol/L  to 110 micromol/L 3 hours postprandially (p<0.01). Ingestion of boiled 
beef + cooking water resulted in a significant elevation in serum creatinine from 87 micromol/L to 163 micromol/L postprandially (p<0.001). 
 
Note: Authors suggest serum creatinine measured after fasting or to instruct patient to avoid meat meals prior to creatinine measurements. 

Ref ID: 3920         
Reference Study 

type 
Evidence 
level 

Number 
of patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Mayersohn M, 
Conrad KA, 
Achari R. The 
influence of a 
cooked meat 
meal on 
creatinine 
plasma 
concentration 
and creatinine 
clearance. 
British Journal 
of Clinical 
Pharmacology. 
1983; 
15(2):227-230. 
Ref ID: 3920 

Case 
series 
 
3 
 
 

N = 6 
 
1 centre, 
USA 

Inclusion criteria: 
sequentially 
recruited healthy 
male adults. 
 
Exclusion criteria : 
not stated 
 
Population 
baseline 
characteristics: 
Age range 26-38 
years, mean age 
31, mean weight 
73 kg, weight 
range 65-82 kg 

Meat breakfast 
N=6 
Procedure: Day 1: 
All participants were given a 
light, non-meat containing 
breakfast: 3 participants had 
a breakfast containing high 
amounts of non-meat protein 
(62g) and 3 subjects had a 
breakfast of low non-meat 
protein (11.5g). Subjects had 
non-meat protein lunch and 
dinner. Day 2: Each subject 
ate a breakfast containing 
225g of boiled beef. Lunch 
and dinner the same as Day 
1. Fluids were ad libitum. On 
days 1 and 2, blood samples 
were taken before and at 
several time intervals after 
breakfast. Serum creatinine 
concentration determined by 
HPLC (daily calibration 
curves determined). 
Creatinine clearance 
determined from timed urine 
collections. 

Non-meat 
breakfast 
N = 6 
 

 

Not 
applicable 

Change in 
creatinine 
concentration 
 
 

Not stated 
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Effect size 
Change in creatinine concentration (HPLC method) 
Following a cooked meat breakfast (N=6), the mean serum creatinine concentration significantly increased from baseline (52% increase, range 36-65%). By 
contrast, following either a high or low non-meat protein breakfast (control), serum creatinine remained stable (%coefficient of variation: 2.2 to 4.3%).  
 
CrCl did NS change in response to a cooked meat breakfast. 
 
Note: Authors suggest serum creatinine measured after fasting or to instruct patient to avoid meat meals prior to creatinine measurements. 
Ref ID: 3965         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of follow-
up 

Outcome 
measures 

Source  
of  
funding 

Pasternack A, 
Kuhlback B. 
Diurnal 
variations of 
serum and 
urine creatine 
and 
creatinine. 
Scand J Clin 
Lab Invest. 
1971; 27(1):1-
7. Ref ID: 
3965 

Case 
series 
 
3 
 
 

N healthy 
volunteers 
= 9  
 
N 
paralysed 
volunteers 
= 4 
 
1 centre in 
Finland 

Inclusion criteria: 
sequentially 
recruited healthy 
volunteers or 
paralysed (for 
greater than 3 years, 
breathing with 
respirators and 
severe muscular 
atrophy)  
 
Exclusion criteria : 
not stated 
 
Population baseline 
characteristics: 
Age range 22-45 
years 

non-fasting over 24 hours 
 
N=9 
 
Procedure: Participants 
fasted for 10 hours prior to 
the first blood sample taken. 
Blood samples and urine 
collections were taken at 
7:00, 13:00, 19:00, and at 
7:00 the following morning.  
Meals (cooked meat, potatos, 
vegetables, bread) were 
eaten at 11:00 and 16:00, 
water and other beverages 
freely taken throughout. 
Normal activity was allowed 
from 8:00 to 22:00. In the 
control experiment, the same 
participants (excluding 
paralysed subjects) fasted for 
34 hours and blood and urine 
samples taken as before. 
During this time, normal 
activity and water intake was 
allowed. Serum creatinine 
concentration determined 
using picrate method and 

Fasting over 34 
hours 
 
N = 9 
 

 

Not applicable Change in 
creatinine 
concentration 
 
 

Not 
stated 
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Lloyd’s reagent (103% 
recovery). Duplicate 
creatinine determinations 
differed by 1.12%. 

Effect size 
Change in creatinine concentration  
In non-fasting healthy subjects (N=9) or in paralysed subjects (N=4), the creatinine concentration increased significantly during the day, peaking at 19:00 
(p<0.001). The creatinine concentration then decreased after 19:00 to 7:00 the next morning.   
 
In fasting subjects (N=9), there was a small but significant decrease in creatinine concentration between 7:00 and 13:00 (p<0.02) and there was no increase in 
serum creatinine during the rest of the time course. Fasting abolished the diurnal variation in creatinine concentration.  
 
Ref ID: 423         
Reference Study 

type 
Evidence 
level 

Number 
of patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Pinto JR, 
Bending JJ, 
Dodds RA et 
al. Effect of 
low protein 
diet on the 
renal response 
to meat 
ingestion in 
diabetic 
nephropathy. 
European 
Journal of 
Clinical 
Investigation. 
1991; 
21(2):175-183. 
Ref ID: 423 

Case 
series 
 
3 
 
 

N = 10 
 
1 centre, 
Guy’s 
Hospital, 
London, 
UK 

Inclusion criteria: 
proteinuric (protein 
excretion > 
0.5g/24-h 
persistent for at 
elast 1 year) 
insulin-dependent 
diabetic adults with 
diabetic 
retinopathy. None 
were taking ACE 
inhibitors. 7 were 
taking 
antihypertensive 
drugs 
 
Exclusion criteria : 
cardiac failure, 
clinical/biochemical 
sign of non-
diabetic 
nephropathy 
 

Meat meal on low protein 
diet 

N=10 
 
Procedure: Participants were 
randomly allocated to a 3-
week period on a normal 
protein diet or a low protein 
diet (isocaloric with normal 
protein diet and containing 
0.5g/kg body weight per day 
of protein; half from animal 
and half from vegetable 
sources) . At the end of 3 
weeks, all patients returned 
to normal protein diets for 1 
week and then switched over 
to the alternative protein diet 
for another 3 weeks. Diet 
assessment from a detailed 

Meat meal on 
normal protein 
diet  
  
N = 10 
 

 

Not 
applicable 

Change in 
serum 
creatinine 
concentration 
 
 

Not stated 
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Population 
baseline 
characteristics: 
Age range 26-38 
years, mean age 
31, mean weight 
73 kg, weight 
range 65-82 kg 

dietary history and 3-day 
weighted food record. At the 
end of each diet period, 
patients’ GFR measured by 
inulin clearance before and 
after a protein meal, 
consisting of 80g animal 
protein provided as lean 
cooked beef. Serum 
creatinine measurements 
made at baseline, at the end 
of each diet period, and 
before and after a meat meal 
given at the end of each diet 
period. Serum creatinine 
determined on multichannel 
autoanalyser. 

Effect size 
Protein intake was 45% lower on low protein diet compared with the normal protein diet (p<0.001). 
 
Change in creatinine concentration  
Following a cooked meat meal (N=10), the mean serum creatinine concentration significantly increased from baseline (167 micromol/L) to 180 micromol/L in 2 
hours (p<0.001) in people on a normal protein diet.  
 
Following a cooked meat meal (N=10), the mean serum creatinine concentration significantly increased from baseline (152 micromol/L) to 161 micromol/L in 2 
hours (p<0.02) in people on a low protein diet.  
Ref ID: 3921         
Reference Study 

type 
Evidence 
level 

Number 
of 
patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Preiss DJ, 
Godber IM, 
Lamb EJ et al. 
The influence 
of a cooked-
meat meal on 
estimated 
glomerular 
filtration rate. 
Ann Clin 

Case 
series 
 
3 
 
 

Total N = 
32 
 
No.  ITT  
 
1 centre 
in UK 

Inclusion criteria: 
sequentially recruited 
Caucasian volunteers 
(healthy and 
outpatients) age > 18 
years. 
 
Exclusion criteria : 
vegetarianism, any 
reason for not eating 

Meat meal 

 

N=32 
 
Procedure: A 
preprandial blood 

Vegetarian meal 
N = 23 
 
 

Not 
applicable

Change in 
eGFR 
 
Change in 
creatinine 
concentration
 
Change in 
cystatin C 
concentration

Not required 



 

        Page 48 of 377  

Biochem. 
2007; 44(Pt 
1):35-42. Ref 
ID: 3921 

a meat diet, renal 
dialysis, renal 
transplantation 
receipients, 
 
Population baseline 
characteristics: 
Age range 18-86 
years, median age 
54.5, 47% male 

sample was taken 4 
hours after a light, non-
cooked meat containing 
breakfast. Participants 
had either a meat-
containing meal (normal 
helping)or a vegetarian 
meal. Blood samples 
were taken after ( 1-2 
hours postprandially and 
3-4 hours 
postprandially). 3 
determinations of 
creatinine concentration 
by kinetic Jaffe 
(Beckman Coulter LX20) 
, ID-MS chromatograghy 
, and enzymatic method 
(Roche Integra 
Analyser). eGFR 
determined from kinetic 
Jaffe creatinine 
concentration with IDMS 
version of MDRD 
equation. Serum 
cystatin C concentration 
was also determined 
(nephelometric 
immunoassay). 

Effect size 
Change in creatinine concentration (kinetic Jaffe method) 
Following a cooked meat lunch (N=32), the median serum creatinine concentration significantly increased from baseline (preprandial) by 20.5 micromol/L 1-2 
hours postprandially (p< 0.0001) and by 18.5 micromol/L 3-4 hours postprandially (p<0.0001). Similar results were seen when serum creatinine was measured by 
ID-MS, and enzymatic methods.  
 
Maximal postprandial serum creatinine concentrations were reached by 18 people at the 1-2 h time and by 12 people at the 3-4 hour time.  
 
By contrast, following a vegetarian lunch (N=23), there was a NS change in median serum creatinine concentration from baseline (preprandial) to 1-2 hours 
postprandially or 3-4 hours post prandially. Similar results were seen when serum creatinine was measured enzymatically.  
 
Change in eGFR (determined from kinetic Jaffe serum creatinine concentration and MDRD equation) 
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Following a cooked meat lunch (N=32), the median eGFR significantly decreased from baseline (preprandial) by 24.5 ml/min/1.73 m2 1-2 hours postprandially (p< 
0.0001) and by 20 ml/min/1.73 m2 3-4 hours postprandially (p<0.0001).  
 
By contrast, following a vegetarian lunch (N=23), there was a small but significant increase in eGFR from baseline (preprandial) to 1-2 hours postprandially (1.0 
ml/min/1.73 m2 , p=0.009) or 3-4 hours postprandially (3.5 ml/min/1.73 m2 , p=0.006). 
 
Following a meat meal, 11 people changed from a pre-prandial eGFR > 59 ml/min/1.73 m2 to a post prandial eGFR of < 60 ml/min/1.73 m2 . Effectively, 
erroneously placing them in Stage 3 CKD. 
Change in cystatin C concentration 
Following a cooked meat lunch (N=32), there was NS change in median serum cystatin C before and after a meat lunch..  
Following a vegetarian lunch (N=23), there was NS change in median serum cystatin C concentration from baseline (preprandial) to 3-4 hours post prandially.  
 
Note: did not sample past 4 hours, no quantification of the amount of meat eaten (although a “normal” portion size), did not evaluate all the dietary constituents of 
the meals. Authors suggest eGFR measured after fasting or to instruct patient to avoid meat meals prior to eGFR measure.  
Ref ID: 3976         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Rapoport A, 
Husdan H. 
Endogenous 
creatinine 
clearance and 
serum creatinine 
in the clinical 
assessment of 
kidney function. 
Can Med Assoc J. 
1968; 99(9):149-
156. Ref ID: 3976 

 

Case 
series 
 
3 
 
 

N patients 
admitted for 
investigation 
of kidney 
disease, 
hypertension 
or kidney 
stones = 89  
 
1 centre in 
Canada 

Inclusion criteria: 
patients admitted for 
investigation of 
kidney disease, 
hypertension or 
kidney stones 
 
Exclusion criteria 
:heart failure, 
hyperglycemia,  
glycosuria, ketonuria 
 
Population baseline 
characteristics: 55% 
male,  
Age range 14-58 
years 

Creatinine concentration 
following fasting in the 
morning  
N=72 
 
Procedure: Blood specimens 
were drawn in the morning 
after an o/n fast and again at 
4 pm. Participants ate their 
normal meals and pursued 
normal hospital activities, 
while avoiding strenuous 
exercise. Serum creatinine 
concentration determined 
using the Jaffe method.  

Creatinine 
concentration 
following 
usual meals 
in the late 
afternoon 
N = 72 
 

 

Not 
applicable

Change in 
creatinine 
concentration
 
 

Ontario heart 
foundation, 
Toronto Western 
Hospital Medical 
Research Fund 

Effect size 
Change in creatinine concentration  
In patients with inulin clearance ≥ 90 ml/min (N=38), the serum creatinine concentration was significantly greater in the afternoon than in the morning (after an o/n fast) 
(mean difference 0.087 mg/100ml, p<0.001). Similarly, patients with baseline serum creatinine concentration ≤ 1.4 mg/100ml (N=49) had a significantly greater serum 
creatinine concentration in the afternoon than in the morning (mean difference 0.092 mg/100ml, p<0.001). 
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By contrast, there was NS difference in serum creatinine concentration between morning and afternoon in patients with inulin clearance < 90 ml/min (N=34, mean 
difference 0.035 mg/100ml). Similarly, there was NS difference in serum creatinine concentration between morning and afternoon in patients with baseline serum 
creatinine concentration > 1.4 mg/100ml (N=23, mean difference 0.000 mg/100ml). 

Ref ID: 3922         
Reference Study 

type 
Evidence 
level 

Number 
of patients

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Shepherd J, 
Warner M, 
Kilpatrick E. 
Stabilty of 
creatinine with 
delayed separation 
of whole blood and 
implications for 
eGFR. Ann Clin 
Biochem. 2007; 
44:1-4. Ref ID: 
3922 

 
 

N healthy 
volunteers 
= 5 
 
N patients 
= 24 
 
1 centre 
in UK 

Inclusion criteria: 
sequentially recruited 
non-fasting volunteers 
(healthy and 
outpatients) age 27-
64 years. 
 
Exclusion criteria : not 
stated 
 
Population baseline 
characteristics: 
Not stated 

Effect of delay in centrifugation 
of blood samples on creatinine 
concentration determined by  
Kinetic Jaffe reaction.  
  
N=5  
N=24 
 
Procedure: Each subject 
provided six blood samples. 
Samples were kept at RT until 
centrifugation at 15 min, 4 h, 8 
h, 14 h, 24 h, and 31 h-post 
collection. All samples were 
assayed for creatinine with 3 
different kinetic Jaffe methods: 
Beckman DXC 800, Bayer 
Advia, Roche Modular P-800. 
The samples were also 
assayed for creatinine with 2 
enzymatic assays: Roche- 
Modular P-800 enzymatic assay 
and Vitros 5.1 enzymatic assay. 
The between batch CV for each 
method was < 2% at a level of 
100 micromol/L. 24 patients 
provided two blood samples 
each. One sample of each pair 
was promptly centrifuged and 
assayed for creatinine (within 1 
hour of receipt) by the kinetic 

Effect of 
delay in 
centrifugation 
of blood 
samples on 
creatinine 
concentration 
determined 
by enzymatic 
methods 
 
N=5  
N=24 
 
 

Not 
applicable

Change in 
eGFR with 
delay in 
centrifugation 
of blood 
sample 
 
Change in 
creatinine 
concentration 
with delay in 
centrifugation 
of blood 
sample 
 
 
 

Not stated 
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Jaffe (DXC 800 autoanalyser). 
The other sample was left at RT 
and centrifuged up to 28 h later. 
eGFR was determined on each 
sample.  

Effect size 
Effect of delayed centrifugation of blood samples on creatinine concentration: 
Using 3 different kinetic Jaffe methods (Beckman, Bayer Advia, Roche), the creatinine concentration remained stable in blood (N=5 healthy volunteers, 30 samples 
total) up to 14 hours before centrifugation. A 24-h delay in centrifugation resulted in significant increases in creatinine concentration (mean difference Beckman DXC + 
19.7 micromol/l ; Roche + 10.2 micromol/l ; Bayer Advia + 6.2 micromol/l, p<0.025). 
 
Analysis of 24 pairs of blood samples taken from 24 patients showed NS difference in creatinine concentration before 10 h delay in centrifugation (p=0.46). Significant 
increases in creatinine concentration were seen after 10-24 h delay in centrifugation (P<0.001) (Beckman kinetic Jaffe method). 
 
By contrast, the creatinine concentration remained stable, regardless of the delay in centrifugation, when assayed with enzymatic methods (N=5 healthy volunteers, 30 
samples total; Roche, Vitros enzymatic methods). 
 
Effect of delayed centrifugation of blood samples on the eGFR (determined from kinetic Jaffe Beckman DXC 800) 
In 21 patients where the delay in centrifugation exceeded 10 h, the eGFR significantly decreased (p<0.001). This resulted in a change in CKD classification in 4 of 
these cases.  
 
Note: authors recommend centrifugation of blood samples within 10 hours of receipt. Enzymatic methods show less variation, indicating that the instability of creatinine 
observed with the Jaffe method is not due to creatinine itself but to some other interfering factor (non-creatinine chromogen??) 
 
3.3. Detection of blood and protein in the urine  
What is the sensitivity and specificity of reagent strips for detecting protein and blood in the urine of patients? 

Ref ID: 309         
Reference Study type/ 

Evidence level 
Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Agarwal R, 
Panesar A, 
Lewis RR. 
Dipstick 
proteinuria: 
Can it guide 
hypertension 
managemen

Cross-sectional 
 
Diagnostic test: 
1b + 
 
Single site 
renal clinic 
Indianapolis, 

 N =332  
 
 
 

Inclusions: adults 
attending the renal 
clinic at the R.L. 
Roudebush Veterans 
Administration Hospital 
 
Exclusion: not stated  
 

Multistix 10 SG 
(Bayer) reagent strip   
  
N= 332 
 
Protocol: spot urine 
samples tested with  
Multistix 10 SG 

Protein:creatinine 
ratio (PCR) of spot 
urine sample 
 
N= 332 
 
Protocol: Total 
protein measured by 

N/A Sensitivity 
 
Specificity 
 
Area under 
ROC 

Not 
stated  
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t? American 
Journal of 
Kidney 
Diseases. 
2002; 
39(6):1190-
1195. Ref 
ID: 309 

USA 
 

Baseline population:  
Mean age: 66 years, 
5% females, 39% 
hypertensive 
nephrosclerosis, 34% 
diabetic nephropathy, 
10% 
glomerulonephritis, 3% 
renal obstruction, 3% 
unknown, 11% other 
causes of renal 
disease, average 
serum creatinine 2.7 
mg/dl, CrCl (CG) 48 
ml/min, mean BP 
141/73 mm Hg, 56% 
taking ACEi or ARB 

reagent strip 
(recorded as 0 to + 4)   
or quantitative 
method. Specific 
gravity was also 
recorded. Reagent 
strips were read on 
Clinitek 200+ 
automated reader.  

a turbidometric assay 
using benzethonium 
chloride at 550 nm 
with a Hitachi 
analyzer. Creatinine 
measured by 
modified Jaffe 
reaction (Boehringer 
Mannheim). Urine 
protein:creatinine 
ratios were 
calculated. 
 

Effect size 
Increasing specific gravity of urine predicted a decreasing protein:creatinine ratio.  
Sensitivity 
At a cutoff of protein:creatinine ratio ≥ 1g/g creatinine, a Multistix reagent strip result of +1 gave a sensitivity of 96%.  
At a cutoff of protein:creatinine ratio ≥ 1g/g creatinine, a Multistix reagent strip result of +3 gave a sensitivity of 100%.  
At a cutoff of protein:creatinine ratio ≥ 3g/g creatinine, a Multistix reagent strip result of +1 gave a sensitivity of 100%.  
At a cutoff of protein:creatinine ratio ≥ 3g/g creatinine, a Multistix reagent strip result of +4 gave a sensitivity of 94%.  
 
Specificity  
At a cutoff of protein:creatinine ratio ≥ 1g/g creatinine, a Multistix reagent strip result of +1 gave a specificity of 60%.  
At a cutoff of protein:creatinine ratio ≥ 1g/g creatinine, a Multistix reagent strip result of +3 gave a specificity of 87%. 
At a cutoff of protein:creatinine ratio ≥ 3 g/g creatinine, a Multistix reagent strip result of +1 gave a specificity of 46%.  
At a cutoff of protein:creatinine ratio ≥ 3 g/g creatinine, a Multistix reagent strip result of +4 gave a specificity of 83%.  
 
 Area under ROC 
At a cutoff of protein:creatinine ratio ≥ 1g/g creatinine, Multistix reagent strips had a significantly high diagnostic accuracy [AUC=0.945 (95% CI 0.922 to 0.966)] 
At a cutoff of protein:creatinine ratio ≥ 3g/g creatinine, Multistix reagent strips had a significantly high diagnostic accuracy [AUC=0.905 (95% CI 0.874 to 0.935)] 
 
Note: population was mostly older males, reagent strips were read by an automated reader, and visual interpretation of reagent strip could change 
sensitivity/specificity. 
Ref ID: 341         
Reference Study 

type 
Evidence 

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 
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level 
Arm JP, Peile EB, 
Rainford DJ et al. 
Significance of 
dipstick 
haematuria. 1. 
Correlation with 
microscopy of the 
urine. Br J Urol. 
1986; 58(2):211-
217. Ref ID: 3903   

Study 
type  
Cross-
sectional 
 
Diagnostic 
test  
1b+ 
 

N 
participants 
= 100 
 
Total N 
samples = 
900 
 
No.  ITT 
825 
 
1 centre in 
UK 

Inclusion criteria: adults 
admitted to hospital (not 
consecutively) with suspicion of 
hematuria 
 
Exclusion criteria : people 
unable to remain on the 
hospital ward for several days 
 
Population baseline 
characteristics: 
None stated 

N-Multistix-SG reagent 
strip 
 

N samples = 
825 
 
Procedure: patients 
provided 3 urine 
samples/day for three 
days (9 
samples/patient). Each 
sample was tested 
with N-Multistix-SG 
reagent strip and an 
aliquot was examined 
by phase contrast 
microscopy. Abnormal 
RBC count was 
defined as  ≥ 10 
RBC/microL 

phase-
contrast 
microscopy 
of un-spun 
urine 
 

N samples= 
825 
 
 

Not 
applicable

Sensitivity 
Specificity 
PPV 
NPV 
(Calculated 
by EC) 
 

Not stated 

Effect size 
 
When the reagent strip gave a negative result, 24.4% of the samples were found to be positive by microscopy (≥ 10 RBC/microL)  
PPV: When the reagent strip registered a “trace” result, 81.7% of the samples were found to be positive by microscopy (≥ 10 RBC/microL) 
PPV: When the reagent strip registered a “+” result, 100% of the samples were found to be positive by microscopy (≥ 10 RBC/microL) 
  
Calculated by EC: 
Sensitivity: 84.1% 
Specificity: 84.5% 
PPV = 90% 
NPV = 75.6% 
  
Ref ID: 158         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 
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Brown MA, 
Buddle ML. 
Inadequacy of 
dipatick 
proteinuria in 
hypertensive 
pregnancy. Aust 
and NZ Journal of 
Obstetrics and 
Gynaecology 
1995; 35: 366-369 

Cross 
sectional 
study 
 
Diagnostic 
test 
1b+ 

N=230 
 
Consec
utive 
patients 

Inclusion criteria: pregnant women with 
hypertension, admitted to hospital for 
management of their hypertensive 
disorder.  
 
Exclusion criteria: not mentioned 
 
No baseline criteria reported.  
 
True proteinuria considered as ≥ 300 
mg/day 
 

Urinalysis 
using Multistix 
10SG (Bayer 
Diagnostics) 
 
Three were 
done on a 
morning 
midstream 
urine sample 
before and 
after the 24 
hour urine 
collection and 
on a well 
mixed aliquot 
of the 24 hour 
urine sample.  
 
‘Nil’ and ‘trace’ 
proteinuria 
were 
considered to 
be negative.  

24 hour urine 
protein  
measured by 
a 
benzethoniu
m chloride 
turbidometric 
method 
(protein 
excretion 
≥300mg/day 
considered 
proteinuria) 
 
Urine 
creatinine 
measured by 
the Jaffe 
method, 
Hitachi 911 
autoanalyser 
(Boerhinger 
Mannheim) 

n/a PPV 
NPV 

Division of 
Medicine, St 
Georges 
Hospital, 
Australia 

Effect size: 
Positive and negative predictive values of the three urine dipstick analyses compared with the 24 hour urine protein estimation in pregnant women with hypertensive 
disorders: 

 PPV (%) NPV (%) 
Before 24 hour urine collection 86 38 
After 24 hour urine collection 46 88 
On aliquot from 24 hour urine collection 60 87 

Number of true positives 70/230 (30.4%) 
 
Conclusions: ‘Nil’ or ‘trace’ proteinuria misses significant proteinuria in 1 of 8 hypertensive pregnant women. A 24-hour collection should follow a ‘1+’ or ‘2+’ finding to 
be certain about the presence or absence of proteinuria.  
 
Assessment of potential bias: do not mention if the assessments were blinded to each other. Assessment of dipstick done by midwifery staff or by one of the 
investigators (on the aliquot of the 24 hour collection).  
Ref ID: 385         
Reference Study 

type 
Number 
of 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
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Evidence 
level 

patients funding 

Chan RWY, Chow 
KM, Tam LS et al. 
Can the urine 
dipstick test reduce 
the need for 
microscopy for 
assessment of 
systemic lupus 
erythematosus 
disease activity? 
Journal of 
Rheumatology. 
2005; 32(5):828-
831. Ref ID: 385 

Study 
type  
Cross-
sectional 
 
Diagnostic 
test  
1b+ 

Total N 
= 269 
 
No.  
ITT 269 
 
No. 
centres 
 1 
centre 
in Hong 
Kong, 
China 

Inclusion criteria: adults with 
systemic lupus erythematosus 
(SLE) 
 
Exclusion criteria : not stated 
 
Population baseline 
characteristics: 

 SLE 
N 269 
Mean Age, years 
(range) 

37.6 
(17-
80) 

% Female 96% 
Mean SLE Activity 
Index score 

6.1 
 

Hemastix reagent strip 

 

N samples = 
269 
 
Procedure: Patients 
were assessed for SLE 
Activity Index by an 
independent clinician. 
Spot urine sample 
collected and 
immediately tested with 
Hemastix (Bayer) and 
the result was scored 
as negative, 
nonhemolysed trace, 
nonhemolysed 
moderate, trace, small, 
moderate, or large for 
RBC. An aliquot of the 
same sample was 
removed for phase-
contrast microscopy 
(400 x magnification) of 
the urinary sediment by 
an independent 
examiner blinded to the 
Hematsix test result.  

phase-
contrast 
microscopy of 
urinary 
sediment 
 

N samples= 
269 
 
Hematuria 
defined as ≥ 
5 RBC/high 
power field. 
Urinary casts 
defined as 
the presence 
of heme-
granular or 
RBC casts at 
100X 
magnification.

Not 
applicable

Sensitivity 
 
Specificity 
 
Positive 
predictive value 
 
Negative 
predictive value 
 
Area under the 
ROC curve 

Chinese 
Universit
y of Hong 
Kong 
research 
grants 

Effect size 
Microscopic examination: 63/269 = 23% had hematuria and 21/269 = 8% had urinary casts 
 
Hematuria Detection: 
Hemastix reagent strip identified 159/269 (59%) as having trace or more RBC. 
Sensitivity: 98% 
Specificity: 53% 
Positive Predictive Value: 39% 
Negative Predictive Value: 99% 
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Area Under the ROC (when trace RBC was defined as the cut-off): 0.97 
 
Urinary cast detection 
When a positive Hemastix reagent strip result was defined as trace or more RBC, 
Sensitivity for detection or urinary casts: 91% 
Specificity for detection or urinary casts: 44% 
Positive Predictive Value: 12% 
Negative Predictive Value: 98% 
Area Under the ROC (when trace RBC was defined as the cut-off): 0.89 
 
Note: High sensitivity for RBC detection but low specificity (high false positive rate). 
Ref ID: 392         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Cortes-Sanabria 
L, Martinez-
Ramirez HR, 
Hernandez JL, 
Rojas-Campos E, 
Canales-Munoz 
JL, Cueto-
Manzano AM. 
Utility of the 
Dipstick Micraltest 
II in the screening 
of 
microalbuminuria 
of diabetes 
mellitus type 2 
and essential 
hypertension. 
Revisita de 
Investigacion 
Clinica 2006; 
58(3): 190-197 

Cross-
sectional 
study 
 
Diagnostic 
test 1b + 
 
3 health care 
units, Mexico 

N=245 Mexican patients attending 3 primary 
health care units were randomly 
selected.  
 
Inclusion criteria: patients with type 2 
diabetes with or without hypertension, 
patients with essential hypertension 
without diabetes type 2, of any age, sex 
and time since diagnosis.  
 
Exclusion criteria: cardiac failure, renal 
tract disease, acute febrile illnesses, 
urinary tract infection, hematuria, 
abnormal urinary sediment, any level of 
proteinuria in urinalysis and transitory 
albuminuria, secondary hypertension, 
serum creatinine ≥ 2 mg/dl.  
 

Micraltest II 
dipstick 
(Roche 
diagnostics 
GmbH, 
Germany) 
performed on 
a first morning 
urine sample, 
ready by one 
investigator  

24-h 
Nephelometr
y (Behring 
Nephelomete
r Analyzer II, 
Behring 
diagnostics 
GmbH, 
Germany) 
performed on 
a 24 hr urine 
collection, to 
which had 
been added 
the 
remainder of 
the first 
morning 
sample on 
which the 
Micraltest II 
had been 
performed.  

n/a Sensitivity 
 
Specificity 
 
PPV 
 
NPV 
 
Area under 
ROC 

Not stated 
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Effect size 
Performance of Micraltest II in compared with 24-h nephelometry in diabetic and hypertensive patients: 

 Type 2 Diabetics 
(N=166) 

Hypertensives 
(N=79) 

Prevalence of albuminuria 42% 5% 
Sensitivity 83% 75% 
Specificity 96% 95% 
PPV 95% 43% 
NPV 88% 99% 
Pearson correlation coefficient 0.81 (p<0.0001) 0.43 (p<0.0001) 
Mean area under ROC curve (95% CI) 0.91 (0.85-0.96) 0.85 (0.60-1.10) 
Best cut-off point value 30.5 mg/L 28.2 mg/L 

Sensitivity and PPV of the test increased with duration of diabetes and hypertension, as this increases the prevalence of albuminuria.  
 
Assessment of bias 
Blind comparison of test with reference standard. 
Patients apparently selected randomly but no mention of methods used for this.  
Ref ID: 3859         
Reference Study type/ 

Evidence level 
Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Gai M, Motta 
D, Giunti S 
et al. 
Comparison 
between 24-
h 
proteinuria, 
urinary 
protein/creat
inine ratio 
and dipstick 
test in 
patients with 
nephropathy
: Patterns of 
proteinuria 
in dipstick-
negative 
patients. 

Cross-sectional 
 
Diagnostic test: 
1b+ 
 
Single 
nephrology 
laboratory, Italy 

 N = 297  
 
 
 

Inclusions: consecutive patients 
with different kidney diseases 
referred to nephrology lab from 
outpatient department between 
Jan.-April, 2003. 
 
Exclusion: not stated  
 
Baseline population:  

N 297 
Mean age, years 
(range) 

51.7 
(14-89) 

median plasma 
creatinine, 
micromol/l (range) 

106 
(44-
946) 

% chronic 
nephropathy 

38 

% 23 

Multistix 10 SG 
(Bayer) reagent strip   
 
 
Protein:Creatinine 
Ratio (PCR) 
  
N= 297 
 
Protocol: second 
midstream morning 
urine samples were 
collected and tested 
with Multistix reagent 
strip. Multistix detects 
albumin at 0, 15, 30, 
100, and ≥ 300 mg/dl; 
sensitivity range 15-
30 mg/dl. Reagent 

24-hour 
protein 
excretion  
 
N= 297 
 
Protocol: 
patients 
submitted a 
24-h timed 
urine 
collection and 
protein was 
measured 
using the 
pyrogallol 
red-
molybdate  
method 

N/A Test correlation 
 
Sensitivity 
 
Specificity 
 
Area under 
ROC 
 
 

Not 
stated  
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Scandinavia
n Journal of 
Clinical & 
Laboratory 
Investigation
. 2006; 
66(4):299-
308. Ref ID: 
3859 

glomerulonephritis/v
asculitis 
% nephrolithiasis 8.5 
% hypertensive 
nephropathy 

8 

% acute 
pyelonephritis 

7.5 

% chronic 
pyelonephritis 

6.5 

% other 8.5  

strips were read on 
Clinitek 200. 
Protein:creatinine 
ratio of the urine 
sample was 
determined on the 
Synchron CX9 ALX 
by measuring protein 
concentration 
(pyrogallol red-
molybdate  method) 
and creatinine by the 
Jaffe method (picric 
acid under alkaline 
conditions) 

  
 

Effect size 
The overall prevalence of proteinuria was 62.3% (median 0.56 g/24-h; range 0.010-16.99 g/24-h) 
0.150 g/24-h was the cut-off used to discriminate between physiological and pathological proteinuria.  
 
Test correlation: 
Compared to the reference test (24-h protein), there was a significantly high correlation with protein:creatinine ratio (R=0.82, p<0.0001). 
Compared to the reference test (24-h protein), there was a significantly high correlation (but lower than that of PCR) with Multistix reagent strip testing (R=0.75, 
p<0.0001) 
The correlation between PCR and Multistix reagent strip testing was R=0.72, p<0.0001. 
 
Sensitivity 
Compared with 24-h protein (cut-off 0.150 g/24-h), Multistix reagent strip testing had a sensitivity of 49.2%. 
Compared with 24-h protein (cut-off 0.150 g/24-h), protein:creatinine ratio  had a sensitivity of 91.4%. 
 
Specificity 
Compared with 24-h protein (cut-off 0.150 g/24-h) , Multistix reagent strip testing had a specificity of 93.8%. 
Compared with 24-h protein (cut-off 0.150 g/24-h), protein:creatinine ratio  had a specificity of 75%. 
 
Area under ROC 
Using the 24-h protein as a reference, the protein:creatinine ratio had significantly higher diagnostic accuracy [AUC=0.840 (95% CI 0.791 to 0.889)] compared with 
Multistix reagent strip testing [AUC=0.778 (95% CI 0.722 to 0.834), p<0.0001].  
 
Note: authors favour PCR over reagent strips. 
Ref ID: 3864         
Reference Study type 

Evidence 
Number 
of 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
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level patients funding 
Gilbert RE, 
Akdeniz A, 
Jerums G. 
Detection of 
microalbuminuria 
in diabetic 
patients by urinary 
dipstick. Diabetes 
Research and 
Clinical Practice 
1997; 35: 57-60 

Cross-
sectional 
 
Diagnostic 
test 1b+ 
 
1 centre: 
Australia 

N=411 Consecutive diabetic outpatients 
recruited for the study, at an 
endocrinology unit in Australia.  
 
No further detail given on the patient 
population.  
 
No exclusion criteria mentioned.  

Micral-Test II 
(Boehringer-
Mannheim, 
Mannheim, 
Germany) 
 
Both tests 
performed on 
a 24-hr urine 
specimen 
collected from 
each patient.  

Urinary 
albumin 
concentration 
as 
determined 
by 
radioimmuno
assay (using 
a double 
antibody 
method with 
a detection 
limit of 16 
µg/l and 
intra- and 
inter assay 
coefficients 
of variation of 
1.8 and 7.6% 
respectively, 
for a 
concentration 
of 20 mg/l). 

n/a Sensitivity 
Specificity 
PPV 
False 
positives 
False 
negatives 

Boehringer 
Mannheim 

Effect size 
 
Performance of Micral-Test II in detecting UAC>20 mg/l compared with radioimmunoassay detection in diabetic patients: 

Sensitivity 93% 
Specificity 93% 
PPV 89% 
False positives 7% 
False negatives 7% 
Area under ROC curve 0.95 

In this study prevalence of microalbuminuria 28% and abnormal albuminuria (micro-and macroalbuminuria) 39%. 
Change in the prevalence of abnormal albuminuria to ~20% would decrease the PPV of the Micral-Test II to 81%. 
 
Assessment of potential bias: 
Each Micral-Test II strip read by two scientists independently with 99% agreement.  
Do not mention if comparison between test and reference is blind.  
Ref ID: 3937         
Reference Study type Number Patient characteristics Intervention Comparison Length of Outcome Source  
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Evidence 
level 

of 
patients 

follow-up measures of  
funding 

Higby K, Suiter 
CR, Siler-Khodr T. 
A comparison 
between two 
screening 
methods for 
detection of 
microproteinuria. 
American Journal 
of Obstetrics and 
Gynaecology 
1995; 173: 1111-
1114 

Cross 
sectional 
study 
 
Diagnostic 
test 
1b+ 
 
2 teaching 
institutions 
in Texas, 
USA 

N=401 
given 
N=690 
specimen
s 
 
 

Inclusion criteria: low and high risk 
patients seen for prenatal care 
 
Exclusion criteria: not mentioned 
 
Baseline characteristics: not mentioned 

Multistix 10SG 
(minimum 
threshold 15 
mg/dl) 
 
Micro-
bumintest 
(Miles 
Diagnostic 
Division) 
(minimum 
threshold 4 
mg/dl) 

24 hour urine 
protein 
(measured 
with a 
pyrogallol 
red-
molybdate 
complex 
reaction) 

n/a Sensitivity 
Specificity 
PPV 
NPV 

Not 
mentioned.  

Effect size: 
Validation of thresholds for both tests (N=690) 

 Micro-bumintest (≥4 mg/dl) Multistix 10SG (≥15 mg/dl)
Sensitivity 87 36 
Specificity 99 97 
PPV 81 68 
NPV 99 88 

 
Likelihood ratios for both tests: 

 LR for a positive result LR for a negative result 
Micro-bumintest 66.6 0.134 
Multistix 10SG 10.42 0.658 

 
Assessment of potential bias: 
Dipstick tests were done in a blinded manner by the same investigator to eliminate interobserver variability. Do not mention if dipstick and 24 hour urine sample were 
blinded.  
Ref ID: 173         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 
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Meyer NI, Mercer 
BM, Friedman SA, 
Sibai BM. Urinary 
dipstick protein: a 
poor predictor of 
absent or severe 
protein. American 
Journal of 
Obstetrics and 
Gynaecology 
1994; 170: 137-
141 

Cross-
sectional 
study, 
retrospective 
record review.  
 
Diagnostic 
test. 1b+ 
 
Recruited 
from hospital 
admissions in 
USA 

N=300 
 
 

Inclusion criteria: pregnant women with 
hypertensive disease in pregnancy who 
had a minimum of 2 urine dipstick 
protein determinations at least 6 hours 
apart as well as a 24 hour urine 
collection.  
 
Exclusion criteria: if samples were 
collected postpartum.  
 
Baseline characteristics: 
Mean age 23.2 (SD 6.3) years 

Urine dipstick 
(not specified 
which) 

24 hour total 
urinary 
protein 
excretion 

n/a Sensitivity 
Specificity 
PPV 
NPV 
Accuracy 

Not 
mentioned 

Effect size: 
 

Result Urine dipstick ≥ 1+ 
Protein excretion ≥ 300 mg/24hr 

Urinary dipstick ≥ 3+ 
Protein excretion ≥ 300 mg/24hr 

Sensitivity 67 75 
Specificity 74 81 
PPV 92 36 
NPV 34 96 

 
Conclusions: A dipstick of negative to trace should not be used to rule out significant proteinuria (NPV 34%). Urine dipstick values of 3+ to 4+ should not be used to 
diagnose severe pre-eclampsia as their PPV is only 36% 
 
Assessment of potential bias: 
Not mentioned whether the assessments were blinded to each other. Selection bias in record review.  
Ref ID: 3936         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Paruk F, Moodley 
J, Daya PKS, 
Meineke K. 
Screening for 
proteinuria in 
hypertensive 
disorders of 
pregnancy. 
Journal of 

Cross-
sectional 
study 
 
Diagnostic 
test  
1b + 
 
Inpatients 

N=150 
 
 

Inclusion criteria: pregnant patients with 
hypertensive disorder (defined as a 
diastolic blood pressure ≥90 mmHg 
documented on 2 separate occasions 
at least 4 hours apart).  
 
Exclusion criteria: not mentioned 
 
Baseline characteristics:  

Dipstix 
analysis 
(Multistix-
AMES) 
performed at 
random and at 
6 and 12 hours 
into the 24 
hour urine 

24 hour urine 
protein 
(Beckman 
Synchron) 

n/a Sensitivity 
Specificity 
PPV 
NPV 
Accuracy 

Not 
mentioned 
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Obstetrics and 
Gynaecology 
1997; 17 (6): 528-
530 

recruited from 
a tertiary 
public sector 
hospital 

Mean age 26.6 (SD 6.6) years 
Systolic BP 143 (SD 12) mmHg 
Diastolic BP 95 (SD 5) mmHg 
Gestation 30 (SD 5) weeks 

collection a 
5ml aliquot 
was collected  

Effect size: 
Urine dipstick compared with 24 hour urine analysis (%) 

Result Random dipstick Hour 6 dipstick 
Sensitivity 84 84.5 
Specificity 61 90.1 
PPV 57 84.5 
NPV 86 90.0 
Accuracy 69 87.9 

Number of true positives: 84/150 (56%) 
 
Conclusions: random urinary dipstick is unreliable in screening for proteinuria in hypertensive disorders of pregnancy. A 6-hr collection is much more accurate.  
 
Assessment of potential bias: 
Do not report if comparison between test and reference is blind, or if random and 6 hour test were blinded or independent of each other.  
Ref ID: 523         
Reference Study type/ 

Evidence level 
Number 
of 
patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Pugia MJ, 
Wallace JF, 
Lott JA et al. 
Albuminuria 
and 
proteinuria 
in 
hospitalized 
patients as 
measured 
by 
quantitative 
and dipstick 
methods. 
Journal of 
Clinical 

Cross-sectional 
 
Diagnostic test: 
1b+ 
 
4 hospital 
study:  USA 
 

 N total 
=666  
 
 
 

Inclusions: 
hospitalised 
patients or 
healthy 
volunteers 
 
Exclusion: not 
stated  
 
Baseline 
population: Not 
stated 

Multistix PRO (Bayer) 
reagent strip   
  
N= 666 
 
Protocol: urine samples 
were collected and tested 
within 1 hour (or frozen if 
analysis was delayed) with 
reagent strip or quantitative 
method. Specimens were 
measured in duplicate with 
Multistix PRO. Multistix 
PRO detects ≥ 80 mg/l 
albumin and ≥ 300 mg/l 
protein and ACR ≥ 80 mg/g 

Immunonephelometri
c measure of albumin 
 
Total protein 
measured by 
pyrogallol red method 
 
Creatinine measured 
by rate-Jaffe 
 
N= 666 
 
 

N/A Positive 
Predictive 
Value (PPV) 
 
Negative 
Predictive 
Value (NPV) 

Not 
stated  
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Laboratory 
Analysis. 
2001; 
15(5):295-
300. Ref ID: 
523 

creatinine or PCR ≥ 300 
mg/g creatinine. Dipsticks 
were read on Clinitek 50 
reflectometer. 

Effect size 
Cut-off values albumin ≤ 80 mg/l 
Cut-off values protein ≤ 300 mg/l 
Cut-off values ACR ≤ 80 mg/g creatinine 
Cut-off values PCR ≤ 300 mg/g creatinine 
 
Diagnostic Accuracy of Multistix PRO compared to quantitative analysis for albumin, protein, ACR, and PCR 

Population N PPV 
(albumin) 

NPV 
(albumin) 

PPV 
(ACR) 

NPV 
(ACR) 

PPV (protein) NPV (protein) PPV (PCR) NPV (PCR) 

Healthy 
volunteers 

129 - 100 - 100 - 100 - 100 

General 
Hospital 
population 

310 82 99 84 89 67 95 84 87 

Kidney 
disease  

113 84 97 86 100 72 91 92 93 

Diabetics 80 75 100 83 100 46 100 83 98 
Cardiovascul
ar Disease 

48 82 100 85 87 79 95 96 91 

Cancer 31 43 100 43 100 57 89 71 94 
 
84 samples were dilute (creatinine ≤ 250 mg/l)  and assay of albumin or protein in dilute urine samples is unreliable, even when the ratio to creatinine is used. More 
dilute samples were identified by Multistix PRO than by quantitative methods.  
Ref ID: 135         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Saudan PJ, 
Brown MA, Farrell 
T, Shaw L. 
Improved 
methods of 
assessing 
proteinuria in 

Cross-
sectional 
study 
 
Diagnostic 
test 
1b+ 

N=103 
sample
s 

Inclusion criteria: pregnant women 
admitted to hospital or pregnancy day 
assessment unit 
 
Exclusion criteria: not mentioned 
 
Baseline characteristics: not mentioned 

Multistix 10SG 
(Bayer 
Diagnostics, 
Australia) 
 
Automated 
urinalysis 

Urine protein 
concentration
 
Urine protein 
creatinine 
ratio 
 

n/a Sensitivity 
Specificity 
PPV 
NPV 

Division of 
Medicine 
and South 
path 
Pathology 
services, St 
Georges 
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hypertensive 
pregnancy. British 
Journal of 
Obstetrics and 
Gynaecology 
1997; 1.4: 1159-
1164 

(Clinitek 100 
Ames) 

hospital.  

Effect size: 
Visual dipstick urinalysis compared with urine protein concentration measurement 

 Negative/trace 1+ (0.3g/L) 2+ (1g/L) 3+/4+ (≥3g/L) Overall 
Sensitivity  100 100 100 100 
Specificity  62 85 98 55 
PPV  24 53 93  
NPV 100     

Other analyses in this study were of the automated urinalysis compared with the urine protein concentration and urine protein concentration compared with a 24 hour 
urine collection, but these results are not presented here.  
 
Assessment of bias: do not mention if recruitment was random or consecutive. Also no mention of whether assessments of samples were blinded.  
Ref ID: 3881         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Waugh J, Bell SC, 
Kilby M, Lambert 
P, Shennan A, 
Halligan A. Effect 
of concentration 
and biochemical 
assay on the 
accuracy of urine 
dipsticks in 
hypertensive 
pregnancies. 
Hypertension in 
Pregnancy 2001; 
20(2): 205-217 

Cross 
sectional 
 
Diagnostic 
test 1b+ 
 
1 centre, 
Leicester, UK 

N=197 Pregnant women presenting for 
assessment of hypertension in 
pregnancy or as referrals to a 
hypertension clinic, > 20 weeks 
gestation, hypertension defined as SBP 
> 140 mm Hg DBP > 90 mm Hg on two 
occasions or DBP > 110 mm Hg on one 
occasion   
 
No exclusion criteria reported 
 
Baseline data: mean age was 27 years 
(range 18-36 years), 36 weeks 
gestation, 87% Caucasian, Median 
SBP 145 mm Hg, median DBP 90 mm 
Hg 

BM-Test-5L 
test strips 
(Boehringer 
Mannheim UK, 
East Sussex) 
applied to a 10 
ml aliquot of 
thoroughly 
mixed 24-hr 
urine collection 

Benzethonium 
Chloride assay
 
Bradford assay
 
Both 
performed on 
an aliquot of 
thoroughly 
mixed 24-hr 
urine 
collection 

n/a Sensitivity 
Specificity 
PPV 
NPV 
Prevalence 
of 
proteinuria 

Not stated 
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Effect size 
Using the dipstick, proteinuria is defined as ≥1+ where the threshold of sensitivity is set as 0.3 mg/mL. 
In the assays, the definition of significant proteinuria based on total protein excretion in 24h is most commonly accepted as ≥ 0.3g/24h. 
 
Prevalence of proteinuria: 

 ≥0.3mg/mL (95% CI) ≥0.3g/24h (95% 
CI) 

Dipstick 16.2% (11.4-22.2)  
Benzethonium 
Chloride1 

54.3% (47.1-61.4) 70.1% (63.1-76.4) 

Bradford assay1 21.8% (16.3-28.3) 24.9% (19.0-31.5) 
1Using both definitions of a true positive result for proteinuria, these prevalences were significantly different from that generated by the dipstick test.  
 
Comparison of performance of dipstick urine analysis with Benzethonium Chloride and Bradford assay based on the definition of a true positive result for proteinuria 
used in the assays: 

 ≥0.3 g/24h ≥0.3 mg/mL 
 Benzethonium 

Chloride 
Bradford assay Benzethonium 

Chloride 
Bradford assay 

Sensitivity 22.5% (15.8-30.3) 57.1% (42.2-
71.2) 

29.0% (20.6-38.5) 69.8% (53.9-
82.8) 

Specificity 98.3% (90.9-99.9) 97.3% (93.2-
99.3) 

98.9% (94.0-99.9) 98.7% (95.4-
99.8) 

NPV 35.2% (27.9-43.0) 87.3% (81.2-
91.9) 

53.9% (46.0-61.7) 92.1% (86.9-
95.7) 

PPV 96.9% (83.8-99.9) 87.5% (71.0-
96.5) 

96.9% (83.8-99.9) 93.8% (79.2-
99.2) 

 
Assessment of bias: 
Dipstick test performed by one trained observer. 
Not mentioned if reference test was blinded to dipstick result.  
 
Ref ID: 459         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Konta T, Hao Z, 
Takasaki S, Abiko 
H, Ishikawa M, 
Takahashi T, 
Ikeda A, Ichikawa 
K, Kato T, Kawata 

Cross 
sectional 
study 
 
Diagnostic 
test  II + 

N=2321 
 
N=2401 
in 
original 
study,  

Patients recruited from the general 
population of Takahata, Japan. 
Sampling and recruitment methods, 
inclusion criteria not described in this 
paper.  
 

Urinalysis by 
dipstick (Ames 
Multistix, 
Bayer 
Diagnostic, 
Victoria, 

Urinary 
albumin:creat
inine ratio 
(ACR) 
 
Urine 

n/a Prevalence 
of 
microalbu
minuria in 
dipstick 
trace 

Japanes
e society 
for the 
Promotio
n of 
Science 
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S, Kubota I. 
Clinical utility of 
trace proteinuria 
for 
microalbuminuria 
screening in the 
general 
population. Clin 
Exp Nephrology 
2007; 11: 51-55 

 
Japanese 
cross-
sectional 
health survey 

N=80 
exclude
d for 
incompl
ete 
data 
 
 

Exclusion criteria: patients with 
incomplete data, women menstruating.  
 
Baseline characteristics 
Men 44.5% 
Mean age 64 years 
Range (40-87 years) 
 
 

Australia) 
 
Reagent strip 
and reference 
test (ACR) 
determined on 
an early 
morning spot 
urine 
specimen, 
collected after 
an overnight 
fast. Results of 
reagent strip 
recorded as -, 
trace, 1+, 2+, 
3+. 

albumin 
determined 
by 
immunoturbi
dometry 
Serum 
creatinine 
measured by 
an enzymatic 
method.  

proteinuria 
 
Sensitivity 
Specificity 
PPV 
NPV 
 
Analysis 
by 
subgroups: 
gender, 
age, 
presence 
of co-
morbid 
conditions 

and the 
Ministry 
of 
Educatio
n, 
Science, 
Sports 
and 
Culture, 
Japan.  

Effect size 
Albuminuria defined as ACR ≥ 30 mg/g creatinine 
Overall dipstick diagnostic performance  

 Dipstick test 
Trace proteinuria defined 
as positive for albuminuria 

Dipstick test 
Conventional definition for 

albuminuria of ≥ 1+ 
Sensitivity % 37.1 23.3 
Specificity % 97.3 98.9 
PPV % 71.4 79.8 
NPV % 89.5 87.7 

 
Dipstick diagnostic performance: Subgroup analyses. Values are performance calculated by new definition “trace proteinuria”  (conventional definition ≥ 1+ on 
reagent strip ) 

 Men Women 40-59 years >60 years Diabetes 
(N=201) 

Hypertension 
(N=1323) 

Sensitivity % 53.2 (34.5) 22.2 (13.0) 43.7 (28.2) 33.1 (19.3) 45.1 (33.8) 37.0 (24.1) 
Specificity % 98.4 (99.5) 96.5 (98.5) 95.6 (98.2) 98.3 (99.4) 97.9 (98.5) 97.7 (99.1) 
PPV % 86.7 (93.7) 51.3 (58.5) 50.0 (60.6) 80.5 (86.9) 91.4 (92.3) 80.6 (87.8) 
NPV % 91.4 (88.5) 88.1 (87.1) 94.4 (93.1) 87.1 (84.9) 76.5 (73.1) 85.8 (83.6) 

 
Potential sources of bias: 
Not mentioned if there was blinding of in comparison of dipstick and reference standard. 
Ref ID: 341         
Reference Study type Number Patient characteristics Intervention Comparison Length of Outcome Source  
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Evidence level of 
patients 

follow-up measures of  
funding 

Chandhoke PS, 
McAninch JW. 
Detection and 
significance of 
microscopic 
hematuria in 
patients with 
blunt renal 
trauma. Journal 
of Urology. 1988; 
140(1):16-18. 

Study type  
Cross-sectional 
 
Diagnostic test  
1b- 
Poor methodology 
No detail on 
blinding, or when 
the two tests were 
done, or in what 
order. No 
presentation of 
sensitivity/specificity 
in the results 
section (only in the 
abstract) 

Total N = 
339 
 
No.  ITT 
339 
 
No. 
centres  
 1 centre 
in 
California, 
USA 

Inclusion criteria: adults with 
blunt renal trauma who 
underwent subsequent renal 
imaging (excretory 
urography or CT and/or 
angiography) 
 
Exclusion criteria : not 
stated 
 
Population baseline 
characteristics: 
None stated 

Chemstrip 8 reagent 
strip 

 

N samples = 
339 
 
Procedure: Urine 
sample obtained by 
voiding or Foley 
catheterisation was 
tested with 
Chemstrip 8 reagent 
strip for presence of 
RBC.   

phase-
contrast 
microscopy 
of urinary 
sediment 
 

N samples= 
339 
 
 

Not 
applicable

Sensitivity 
 
Specificity 
 
 

Not 
stated 

Effect size 
Chemstrip 8 reagent strip for detecting microscopic hematuria: 

 > 97.5% Sensitivity 
 > 97.5% specificity 

  
 
Ref ID: 174         
Reference Study type/ 

Evidence level 
Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Gleeson MJ, 
Connolly J, 
Grainger R 
et al. 
Comparison 
of reagent 
strip 
(dipstick) 
and 
microscopic 
haematuria 

Cross-sectional 
 
Diagnostic test: II – 
 
(no gold standard 
test comparison: 
not phase contrast 
but light 
microscopy, poor 
methodology, no 
detail on blinding, 

 N =1000 
 
 
 

Inclusions: 
urological 
outpatient urine 
samples 
between July-
Nov., 1990 
 
Exclusion: not 
stated  
 
Baseline 

B.M. dipstick 
(Boehringer 
Mannheim GmbH)  
  
N= 1000 
 
Protocol: midstream 
urine samples 
collected and tested 
with BM reagent strip 
for red blood cells 

Light microscopy for 
RBC to detect 
haematuria 
 
N= 1000 
 
Protocol: Light 
microscopy of un-
spun urine sample. 
Haematuria defined 
as ≥ 5 RBC/microL 

N/A Sensitivity 
 
Specificity 

Not 
stated  
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in urological 
out-patients. 
British 
Journal of 
Urology. 
1993; 
72(5:Pt 1):t-
6. Ref ID: 
174 

when the 2 tests 
were performed, 
little detail on test 
population) 
 
Single center study: 
Dublin, Ireland  
 

population: No 
detail given 
only that 570 
males and 258 
females (mean 
age 50 years) 
provided urine 
samples 

(RBC) with results 
reported as negative, 
trace, +1, +2, +3, or 
+4.  
  
 

on a Kova Glasstic 
Slide. 

Effect size 
 
Sensitivity of reagent strip to detect haematuria: 86% 
Specificity of reagent strip to detect haematuria: 85% 
Note: authors acknowledge that they did not use phase contrast microscopy as the gold standard. Standard light microscopy can miss RBC, but they note that phase 
contrast microscopy is not readily available (1993).  
 
 
3.4. URINARY ALBUMIN:CREATININE AND PROTEIN:CREATININE RATIOS, AND THEIR RELATIONSHIP TO 24 HOUR URINARY 
PROTEIN 
 
What are the benefits in terms of accuracy and cost in measuring albumin:creatinine ratio versus protein:creatinine ratio to quantify proteinuria in adults with 
CKD? 

Ref ID: 269         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Chaiken RL, 
Khawaja R, Bard 
M et al. Utility of 
untimed urinary 
albumin 
measurements in 
assessing 
albuminuria in 
black NIDDM 
subjects. Diabetes 
Care. 1997; 
20(5):709-713. 

Study type  
Cross-
sectional 
 
Diagnostic 
test  
1b + 
 
No. centres: 
 1 Chicago, 
USA 

Total N = 
123 
 
No. ITT 123 
 
 

Inclusion criteria 
Black patients with NIDDM 
attending the diabetic clinic at Kings 
County Hospital, Chicago, USA, 
from Sept. 1993 to May 1995. 
Patients were normotensive or 
hypertensive (≥140/90 mm Hg or 
mean arterial pressure ≥ 106)) 
  
Exclusion criteria  
None stated. 
 

Random urinary 
albumin:creatinine 
ratio 
  
No. of patients 
123 
 
Procedure 
The random urine 
sample was 
provided on the 
day that the 24-h 

24-h urinary 
albumin 
excretion  
 
No. of patients 
123 
 
Procedure 
123 patients 
provided a 24-
h urine 
collection. 

Not 
applicable

Test 
correlation 

Not 
stated 
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Population baseline characteristics: 
Provided for the whole study (218, 
but not for the 123 patients that 
provided both a 24-h and random 
urine sample). 

urine collection 
was brought to 
the clinic.  Urinary 
creatinine was 
measured by a 
modified Jaffe 
reaction (by Slot). 
Urinary albumin 
concentration was 
assayed with the 
Diagnostics 
Products double-
antibody albumin 
kit. 

Effect size 
Test Correlation 
In the total population (N=123), there was a significantly high correlation between random urine albumin:creatinine ratio and 24-h albumin excretion rate (r=0.96, 
p =0.0001). In subgroup analysis of patients with clinical proteinuria (albumin:creatinine ratio >300 microgram/mg) (N=7), the correlation between random urine 
albumin:creatinine ratio and 24-h albumin excretion rate was significantly high (r=0.92, p=0.003). In subgroup analysis of patients with microalbuminuria 
(albumin:creatinine ratio 30 to 300 microgram/mg) (N=26), the correlation was much lower (r=0.55, p=0.005). In patients with an albumin:creatinine ratio < 30 
microgram/mg (normal range) (N=90), the correlation between random urine albumin:creatinine ratio and 24-h albumin excretion rate was lower (r=0.59, 
p<0.0001). 
Ref ID:48         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Gansevoort RT, 
Verhave JC, 
Hillege HL et al. 
The validity of 
screening based 
on spot morning 
urine samples to 
detect subjects 
with 
microalbuminuria 
in the general 
population. Kidney 
International - 
Supplement. 
2005;(94):S28-

Study type  
Cross-
sectional 
 
Diagnostic 
test  
1b + 
 
No. centres  
 1, 
Netherlands 

Total N = 
2527 
 
No.  ITT 
2527 
 
 

Inclusion criteria 
A representative population of 
Netherlands recruited for the 
PREVEND trial (Prevention of 
Renal and Vascular End-stage 
Disease).   
 
Exclusion criteria  
Urinary tract infection, Type 1 
diabetes, pregnancy, proteinuria 
 
Population baseline characteristics: 

N total 2527 
% Male 47.1 
Mean age, 48.8 

Spot morning 
urinary 
albumin:creatinine 
ratio 
  

No. of patients 
2527 
 
Procedure 
Patients provided 
a spot morning 
urine sample. 
Urinary creatinine 

24-h urinary 
albumin 
excretion  
 

No. of patients 
2527 
 
Procedure 
On average 
77 days after 
providing the 
spot morning 
urine sample, 
subjects were 

Not 
applicable

Sensitivity 
 
Specificity 
 
Area 
under the 
ROC  
 
 
 
 

Not 
stated. 
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S35. years  
Mean weight, 
kg 

77.2 

% Caucasian 95.4 
% CVD 
history 

11.4 

% Type 2 
diabetics 

2.6 

Median spot 
morning 
albumin:creati
nine ratio, 
mg/g 

4.9 

Median 24-h 
urinary 
albumin 
excretion rate, 
mg/24-h 

7.0 

 

was measured by 
an automatic 
enzymatic method 
(Kodak Ektachem 
dry chemistry).    

instructed to 
collect 24-h 
urine on two 
consecutive 
days. 
Measurements 
of urinary 
volume, 
albumin, and 
creatinine 
were 
performed on 
each 
collection.  
Urinary 
albumin 
excretion was 
determined by 
nephelometry. 
Urinary 
albumin 
excretion rate 
was calculated 
as the 
average of the 
two 
consecutive 
24-h urine 
collections.  

Effect size 
 

Urine test to identify albumin 
excretion rate > 30 mg/24-h 

% Sensitivity (95% CI) % Specificity (95% CI) Area under the Curve 

Spot morning urine 
albumin:creatinine ratio > 30 
mg/g 

49.0 (71.1 -56.9) 98.7 (98.2-99.1) Not stated 

Spot morning urine 
albumin:creatinine ratio > 9.9 
mg/g (discriminator value) 

87.6 (82.4 – 92.8) 87.5 (86.2 -88.9) 0.93 

A spot morning albumin:creatinine ratio > 30 mg/g had a low sensitivity and high specificity (49% and 98.7%, respectively) of predicting an albumin excretion rate 
of > 30 mg/24-h. Furthermore, by dropping the cutoff to 9.9 mg/g (the value on the ROC curve that intersects the 100% sensitivity, 100% specificity diagonal), the 
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sensitivity increased but the specificity decreased (87.6% and 87.5%, respectively).   
 

Ref ID: 486         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Gatling W, Knight 
C, Mullee MA et al. 
Microalbuminuria 
in diabetes: A 
population study of 
the prevalence and 
an assessment of 
three screening 
tests. Diabetic 
Medicine. 1988; 
5(4):343-347. 

Study type  
Cross-
sectional 
 
Diagnostic 
test  
1b + 
 
No. centres  
 Not stated; 
Poole, UK 

Total N 
= 842 
 
No.  
ITT 311 
 
 

Inclusion criteria 
842 diabetic patients registered at 
40 local GPs were interviewed by a 
single observer (WG). Patients 
were classified as insulin 
dependent diabetics if they had 
documented ketoacidosis or been 
continuously treated with insulin, 
except for a break of 1 month. All 
other diabetics were classified as 
non-insulin dependent diabetics.  
 
Exclusion criteria  
Urinary tract infection, proteinuria 
 
Population baseline characteristics: 

N total 842 
N Insulin 
dependent 
diabetics 

202 

N Insulin 
dependent 
diabetics 

640 

Age range, 
years 

5 -98 

Duration of 
diabetes, 
years 

0-58 

 

2 interventions 
 

Random urinary 
albumin:creatinine 
ratio 
 

Overnight urinary 
albumin:creatinine 
ratio 
  

No. of patients 
311 
 
Procedure 
Patients provided 
freshly voided 
midstream 
random urine 
samples. These 
were assayed for 
proteinuria 
(excluded) and 
UTI (excluded). 
An aliquot of each 
sample was 
frozen for later (3 
months) 

Timed 
overnight 
urinary 
albumin 
excretion  
 

No. of 
patients 
311 
 
Procedure 
Patients 
provided 
timed  
overnight 
urine 
collections 
within 2 
weeks of the 
interview 
with WG. 
Urinary 
albumin was 
measured by 
a micro-
ELISA 
technique  

Not 
applicable

Test 
correlation 
 
Sensitivity 
 
Specificity 
 
Predictive 
value 
 
 
 
 

Wessex 
Regional 
Health 
Authority 
Research 
Fund, the 
Bournemouth 
Lions, 
Wellcome 
Foundation, 
and Bayer 
UK Limited. 
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measurement of 
albumin and 
creatinine. Urinary 
albumin was 
measured by a 
micro-ELISA 
technique and 
creatinine was 
measured by a 
modified Jaffe 
method.  
 
Caveat: 
Compliance with 
submitting 
overnight timed 
urine sample was 
poor (59%) and 
after exclusions 
for UTI and 
proteinuria, this 
gave data for only 
311/842 patients.  

Effect size 
Test Correlation 
In 311 patients, there was a significant correlation between random urine albumin:creatinine ratio and overnight albumin excretion rate (Kendall’s correlation 
coefficient tau-b, r=0.32, p < 0.001).  Kendall’s tau-b (a non-parametric assessment of the correlation) was used because the distribution of results was not 
normal.  
 
Comparing the overnight albumin excretion rate to overnight albumin:creatinine ratio (N=446), there was a significantly higher correlation (Kendall’s correlation 
coefficient tau-b, r=0.71, p < 0.001).  
 

Urine test to identify albumin 
excretion rate > 30 
microgram/min 

Number of samples Sensitivity (%) Specificity (%) Predictive Value (%) 

Random albumin:creatinine 
ratio > 3.0 mg/mmol 

311 80 81 12 

Overnight albumin:creatinine 
ratio > 3.5 mg/mmol  

441 88 99 72 

Overnight albumin:creatinine 
ratio > 2.0 mg/mmol 

441 96 100 35 
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A random albumin:creatinine ratio > 3.0 mg/mmol had a sensitivity and specificity (80% and 81%, respectively) of predicting an albumin excretion rate of > 30 
microgram/min. It had a poor predictive value of only 12%. 
 
An overnight albumin:creatinine ratio > 3.5 mg/mmol had a sensitivity and specificity (88% and 99%, respectively) of predicting an albumin excretion rate of > 30 
microgram/min. It had a better predictive value of 72%. Furthermore, by dropping the cutoff to 2.0 mg/mmol, the sensitivity and specificity increases (96% and 
100%, respectively), but the predictive value is lower (35%).   
 
The authors favour the use of measuring the albumin:creatinine ratio in an early morning urine sample. They are equating overnight with early morning.  
 
Ref ID: 516         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Hutchison AS, 
O'Reilly DSJ, 
MacCuish AC. 
Albumin excretion 
rate, albumin 
concentration, and 
albumin/creatinine 
ratio compared for 
screening diabetics 
for slight 
albuminuria. 
Clinical Chemistry. 
1988; 34(10):2019-
2021. 

Study type  
Cross-
sectional 
 
Diagnostic 
test  
1b + 
 
No. centres  
 1 Glasgow, 
Scotland 

Total N = 
261 
 
No.  ITT 
261 
 
 

Inclusion criteria 
Diabetic patients attending the 
diabetic clinic at Glasgow Royal 
Infirmary. No deliberate selection 
process used.  
 
Exclusion criteria  
Clinical nephropathy (persistent 
proteinuria defined as Albustix-
positive, urine protein excretion > 
500 mg/24 h) 
 
Population baseline characteristics: 
Not stated. 
 

Overnight (First 
morning) urinary 
albumin:creatinine 
ratio 
  

No. of patients 
261 
 
Procedure 
Patients were 
asked to note the 
time of their last 
micturition before 
retiring and then to 
collect all of the 
next urine sample 
passed, again 
noting the time. An 
aliquot of this was 
considered 
equivalent to the 
first morning urine 
specimen. 
Specimens were 
stored at 4ºC and 

Timed 
overnight 
urinary 
albumin 
excretion  
 

No. of 
patients 
261 
 
Procedure 
Same as for 
intervention.  

Not 
applicable

Test 
correlation 
 
Sensitivity 
 
Specificity 
 
Positive 
Predictive 
value 
 
Negative 
Predictive 
value 
 
 
 
 
 

Not 
stated 
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were analysed 
within 4 weeks.   
Urinary creatinine 
was measured by a 
modified Jaffe 
reaction on an 
AutoAnalyzer II. 
Between batch CV 
was < 4%.  Urinary 
albumin 
concentration was 
measured with a 
competitive binding 
radioimmunoassay.

Effect size 
Test Correlation 
In 261 patients, there was a high correlation between first morning urine albumin:creatinine ratio and overnight albumin excretion rate (r=0.921, p not given). 
 

Urine test to identify albumin 
excretion rate > 30 
microgram/min 

Sensitivity (%) Specificity (%) Positive Predictive Value 
(%) 

Negative Predictive Value 
(%) 

First morning 
albumin:creatinine ratio > 3.0 
mg/mmol  

96.8 93.9 68.2 99.5 

 
Sensitivity is the proportion of AERs > 30 correctly identified by the screening test. 
Specificity is the proportion of AERs < 30 correctly excluded by the test. 
Positive predictive vale is the proportion of true positives in the sample. 
Negative predictive value is the proportion of true negatives in the sample. 
 
The authors favour the use of measuring the albumin:creatinine ratio in an early morning urine sample. They are equating overnight with early morning.  
 
Ref ID: 4121         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Jafar TH, 
Chaturvedi N, 
Hatcher J et al. 
Use of albumin 
creatinine ratio and 

Study type  
Cross-
sectional 
 
Diagnostic 

Total N 
= 577 
 
 

Inclusion criteria: adults ≥ 40 years 
old sampled from  four randomly 
selected communities in Karachi 
 
Exclusion criteria : pregnancy, heavy 

Random urinary 
albumin:creatinine 
ratio 
  

24-h urinary 
albumin 
excretion 
(UAE) 
 

Not 
applicable

Sensitivity 
Specificity 
AUC 
P30 
 

Wellcome 
Trust UK 
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urine albumin 
concentration as a 
screening test for 
albuminuria in an 
Indo-Asian 
population.[see 
comment]. Nephrol 
Dial Transplant. 
2007; 22(8):2194-
2200. Ref ID: 4121 

. 

test  
1b + 
 
multicentre: 
  Pakistan 

exercise (> 1h on the day of the urine 
collection), mentally incompetent, 
bed-ridden people 
 
Population baseline characteristics: 
Median AER = 4.8 mg/day 
Median ACR = 5.0 mg/g 
N=314 women 
N=263 men 
 

No. of patients 
577 
 
Procedure 
The spot morning 
urine sample was 
collected within 2 
days of the 24-h 
urine collection.  
Laboratory tests 
(fasting blood 
glucose, serum 
and 24-h urine 
creatinine, urine 
albumin), BP, and 
health 
questionnaire 
given to each 
subject. 

No. of 
patients 
577 
 
 

Effect size 
Albuminuria defined as UAE ≥ 30 mg/24-h. Prevalence of albuminuria in the Indo-Asian sample was 11.8% 
P30: 
The proportion of estimates of ACR within 30% of the UAE was 33% 
 
Area Under the ROC:  
For men, the AUC for ACR to detect albuminuria was 0.90 (95% CI 0.86 to 0.93) 
For women, the AUC for ACR to detect albuminuria was 0.86 (95% CI 0.82 to 0.89) 
 
Sensitivity 
For men, the sensitivity for ACR (at a cut-off of 30 mg/g) to detect albuminuria was 60%  
For women, the sensitivity for ACR (at a cut-off of 30 mg/g) to detect albuminuria was 46% 
 
Specificity: 
For men, the specificity for ACR (at a cut-off of 30 mg/g)  to detect albuminuria was 97% 
For women, the specificity for ACR (at a cut-off of 30 mg/g) to detect albuminuria was 95% 
 
The positive predictive value for albuminuria in those with high ACR (≥ 30 mg/g) was 72% 
The negative predictive value for albuminuria in those with high ACR (≥ 30 mg/g) was 95% 
 
Ref ID: 957         
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Reference Study type 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Rodby RA RRS. 
The urine protein 
to creatinine ratio 
as a predictor of 
24-hour urine 
protein excretion 
in type 1 diabetic 
patients with 
nephropathy. 
The 
Collaborative 
Study Group. 
American journal 
of kidney 
diseases : the 
official journal of 
the National 
Kidney 
Foundation. 
1995; 26(6):904-
909. 

Study type  
Cross-
sectional 
 
Diagnostic 
test  
1b + 

Total N 
= 229 
 
No.  ITT 
229 
 
No. 
centres  
 Not 
stated; 
US. 

Inclusion criteria 
229 Type I diabetic adults with 
overt nephropathy and clinical 
proteinuria screened for 
participation in the Collaborative 
Study Group’s clinical trial of 
“Angiotensin-Converting Enzyme 
Inhibition in Type I Diabetic 
Nephropathy”  
 
Exclusion criteria  
Not stated 
 
Population baseline characteristics: 
Mostly stated elsewhere (Bain et 
al., 1992) 

N  229 
Mean duration of 
insulin 
dependence, 
years 

21  
 

Mean urinary 
protein excretion 
(SD), g/24 

2.3 (2.5) 

Mean serum 
creatinine (SD) 
mg/dL 

1.6 (1.0) 

Mean age (SD), 
years 

37 (8) 

% men 52  

Urinary 
protein:creatinine 
ratio 

 

No. of patients 
229 
 
Procedure 
Patients provided 
random urine 
samples at the 
clinic. Protein 
concentration 
was determined 
using the 
Ponceau 
S/trichlororoacetic 
acid method 
calibrated against 
a human serum 
albumin standard. 
Creatinine 
concentration 
was measured by 
the modified Jaffe 
rate method on a 
Beckman 
Creatinine 
Analyzer II.  
The urine 
protein:creatinine 
ratio was 
obtained by 
dividing the 

24-h urinary 
protein 
excretion  
 

No. of 
patients 
229 
 
Procedure 
177 patients 
provided 24 
hour urine 
collections 
the day 
before the 
scheduled 
clinic visit. 
Urine 
collection 
began 
immediately 
after 
completion 
of the first 
morning void 
and urine 
samples 
were then 
collected for 
24 h, 
including the 
final void at 
the 
completion 
of the 24 h 
period.   

Not 
applicable

Test 
correlation 
 
Precision 
 
 

US Public 
Health Service 
and Bristol-
Myers Squibb 
Pharmaceutical 
Research 
Institute 
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urinary protein 
concentration by 
the urine 
creatinine 
concentration.  

Effect size 
Test Correlation 
In 229 patients, log-log transformation of the data showed a high correlation between random urine protein:creatinine ratio and 24 h urinary protein excretion rate 
(r=0.90, p not reported).  The slope of the regression line (m=0.9) was almost identical to the line of unity (m=1), therefore protein:creatinine ratio was an 
excellent estimate of 24 h urinary protein excretion. 
 
Precision 
Standard deviation around the regression line increased as the protein:creatinine ratio increased. The confidence intervals are large and increase as the 
protein:creatinine ratio increases. This means that the protein:creatinine ratio becomes a less precise predictor of 24 h urinary protein excretion in the higher 
ranges of urinary protein excretion. 
Ref ID: 655         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Ruggenenti P, 
Gaspari F, Perna 
A et al. Cross 
sectional 
longitudinal study 
of spot morning 
urine protein: 
Creatinine ratio, 24 
hour urine protein 
excretion rate, 
glomerular filtration 
rate, and end 
stage renal failure 
in chronic renal 
disease in patients 
without diabetes. 
British Medical 
Journal. 1998; 
316(7130):504-
509. Ref ID: 655 

 

Study type  
Cross-
sectional 
 
Diagnostic 
test  
1b + 
 
No. centres  
 1 centre in 
Italy 

Total N 
= 177 
 
No.  
ITT 177 
 
 

Inclusion criteria 
177 non-diabetic adults with CKD and 
persistent clinical proteinuria ( > 1 g/24 
h for at least 3 months) screened for 
participation in the Ramipril Efficacy in 
Nephrology (REIN) study.  
 
Exclusion criteria  
Overt heart failure, urinary tract 
infection 
 
Population baseline characteristics: 
 

N (entered REIN) 98  
Mean 
protein:creatinine 
ratio (SD) 

2.5 (1.7) 
 

Mean urinary 
protein excretion 
(SD), g/24 

2.8 (1.9) 

% glomerular 
disease 

20.4 

Urinary 
protein:creatinine 
ratio 

 

No. of patients 
177 
 
Procedure 
177 patients 
provided spot 
morning urine 
samples at the 
clinic. Protein 
concentration 
was determined 
with a Synchron 
CX5 Beckman 
Analyzer. 

24-h urinary 
protein 
excretion  
 

No. of 
patients 
177 
 
Procedure 
177 patients 
provided 24 
hour urine 
collections 
the day 
before the 
scheduled 
clinic visit. 
Urine 
collection 
began 

Not 
applicable

Test 
correlation 
 
 

Hoechst 
Marion 
Roussel 
supported 
the REIN 
trial 
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% APKD or 
interstitial 
nephritis 

3.1 

% other/unknown 
cause CKD 

76.5 

Mean age (SD), 
years 

51.5 (14.1) 

% men 80.6  

Creatinine 
concentration 
was measured 
by the Jaffe 
method on a 
Beckman 
Creatinine 
Analyzer II.  
The urine 
protein:creatinine 
ratio was 
obtained by 
dividing the 
urinary protein 
concentration by 
the urine 
creatinine 
concentration.  

immediately 
after 
completion 
of the first 
morning void 
and urine 
samples 
were then 
collected for 
24 h, 
including the 
final void at 
the 
completion 
of the 24 h 
period.  

Effect size 
Test Correlation 
In 177 patients, the correlation between spot morning urine protein:creatinine ratio and 24 h urinary protein excretion rates was highly significant (p=0.0001). Log-
log transformation of the data showed a high correlation between spot morning urine protein:creatinine ratio and 24 h urinary protein excretion rate (r=0.932, p < 
0.0001).  The slope of the regression line (m=0.948) was almost identical to the line of unity (m=1), therefore protein:creatinine ratio is an excellent estimate of 24 
h urinary protein excretion. 
Ref ID: 590         
Reference Study type 

Evidence 
level 

Number 
of patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Marshall SM, 
Alberti KGMM. 
Screening for 
early diabetic 
nephropathy. 
Annals of Clinical 
Biochemistry. 
1986; 23(2):195-
197. 

Study type  
Cross-
sectional 
 
Diagnostic 
test  
II + 
 
No. centres  
 Not stated; 
Newcastle 
upon Tyne, 
UK 

Total N = 
129 
 
No.  ITT= 
129 
 
 

Inclusion criteria 
Diabetic patients with urine 
negative to Albustix (proteinuria).  
 
Exclusion criteria  
Not stated. 
 
Population baseline characteristics: 
Very little detail provided. 

N total 129 
N Insulin 
dependent 
diabetics 

67 

First morning 
urinary 
albumin:creatinine 
ratio 
 

No. of patients 
129 
 
Procedure 
Patients provided 
first morning urine 

Timed 
overnight 
urinary 
albumin 
excretion  
 

No. of 
patients 
129 
 
Procedure 
Timed  

Not 
applicable

Sensitivity 
 
Specificity 
 
 
 
 
 

Northern 
Counties 
Kidney 
Research 
Fund and  
Novo 
Laboratories 
Limited. 
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N Insulin 
dependent 
diabetics 

62 

 

samples which 
were frozen until 
assayed. Urinary 
albumin was 
measured 
bysensitive 
raioimmunoassay 
and creatinine 
was measured by 
a modified Jaffe 
method on a 
Beckman Astra 
multichannel 
analyzer.   

overnight 
urine 
collections 
were 
collected 
and frozen 
until 
assayed. 
Albumin 
excretion 
rate was 
calculated 
from the 
volume and 
duration of 
the urine 
sample. 

Effect size 
 

Urine test to identify albumin 
excretion rate > 30 
microgram/min 

Sensitivity (%) Specificity (%) 

Overnight albumin:creatinine 
ratio ≥ 3.5 mg/mmol  

98 63 

Overnight albumin:creatinine 
ratio ≥ 4.5 mg/mmol 

96 72 

 
An overnight albumin:creatinine ratio > 3.5 mg/mmol had a sensitivity and specificity (98% and 63%, respectively) of predicting an albumin excretion rate of > 30 
microgram/min. Furthermore, by raising the cutoff to 4.5 mg/mmol for the albumin:creatinine ratio, the sensitivity decreased , while the specificity increased (96% 
and 72%, respectively).  
 
The authors favour the use of measuring the albumin:creatinine ratio in an early morning urine sample and using a cutoff of > 3.5 mg/mmol to predict and albumin 
excretion rate > 30 microgram/min.  This was due to the better sensitivity at this cutoff value than at 4.5 mg/mmol.  However, there are more false positives 
generated with a cut-off > 3.5 and this could put an extra burden on lab staff.  
 
Call for Evidence: What is the equivalence between urinary albumin:creatinine ratios and 24 hour urinary protein excretion and urinary 
protein:creatinine ratio? 
Ref ID: 3996         
Reference Study type 

Evidence level 
Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-

Outcome 
measures 

Source  
of  
funding 



 

        Page 80 of 377  

up 
MacGregor 
MS, Traynor 
JP, O'Reilly 
DSJ et al. 
Assessing 
proteinuria in 
chronic 
kidney 
disease: 
protein-
creatinine 
ratio versus 
albumin-
creatinine 
ratio.  2007. 
Ref ID: 3996 

Study type  
Retrospective 
analysis of 
laboratory database 
 
Diagnostic Test 1b 
+ 
 
Scotland 
 
Aim: To compare 
ACR and PCR from 
same urine sample 
 
 
 

N = 
6761 
 
 
 
 
 

Inclusion criteria: Adults > 18 
years old with CKD attending a 
hospital kidney clinic.  
 
Exclusion criteria: data on urine 
samples prior to Nov. 1999, 
children < 18 years old 
 
Population baseline 
characteristics: 

N  6761 
Median eGFR, 
ml/min/1.73m2 

40  
 

Mean age 
(SD), years 

60 
(17) 

% men 50.7 
% unknown 
cause 

26.8 
 

Urinary protein:creatinine ratio 
(PCR) 
 
Urinary albumin:creatinine ratio 
(ACR) 

 
N= 6761 
Procedure 
Database (Proton, UK) searched 
for patients who had an ACR 
and PCR measured on the 
same date. The most recent 
paired results were used. Urine 
albumin was assayed with an 
anti-human albumin antiserum 
immunoturbidometric assay. 
Urine total protein was assayed 
on the same analyser using 
pyrogallol red. Urine creatinine 
concentration was determined 
with reaction rate Jaffe. 

24-h urinary 
protein 
excretion 
 
also ACR vs 
PCR  
 
N= 6761 
 
 
 

N/A Test 
correlation 
 
AUC 
 
Sensitivity 
 
Specificity 
 
 

Not 
stated 

Effect size 
Data missing to ensure confidentiality of unpublished results 
Ref ID: 3995         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length 
of follow-
up 

Outcome measures Source  
of  
funding 

Atkins RC, 
Briganti EM, 
Zimmet PZ et 
al. 
Association 
between 
albuminuria 
and 
proteinuria in 

Study 
type  
Cross-
sectional 
study  
 
Diagnostic 
test II + 
(no gold 

N = 10596 
 
 
 
 
 

Inclusion criteria: 
a representative 
sample of non-
institutionalised 
people 25 years 
of age or older in 
Australia was 
drawn from 42 
randomly 

Urinary 
albumin:creatinine 
ratio (ACR) 

 
N= 10596 
 
Procedure:  
Participants 

Urinary 
protein:creatinine 
ratio (PCR) 
 
N= 10596 
 
 
 

N/A Test correlation 
 
Sensitivity 
 
Specificity 
 
PPV 
 
NPV 

Commonwealth 
Dept. of Health 
and Aged Care, 
Australian State 
Govts., Eli Lilly, 
Roche, Merck, 
Knoll, Smithkline 
Beecham, 
Pharmacia and 
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the general 
population: 
the AusDiab 
Study. 
Nephrol Dial 
Transplant. 
2003; 
18(10):2170-
2174. Ref ID: 
3995 

standard, 
unable to 
assess 
blinding)   
 
Australia 
 
Aim: To 
compare 
ACR and 
PCR from 
same 
urine 
sample 
 
 
 

selected urban 
and non-urban 
areas.  
 
Exclusion criteria: 
not stated 
 
 
Population 
baseline 
characteristics: 
Albuminuria was 
seen in 6.8% of 
the sample. 
Proteinuria was 
seen in 2.4% of 
the samples. Of 
people with 
proteinuria, 91% 
had albuminuria 
and 9% had a 
normal ACR. Of 
people with 
albuminuria, 32% 
had proteinuria 
and 68% had a 
normal PCR. 
People with 
proteinuria or 
albuminuria were 
significantly older, 
had higher 
prevalences of 
diabetes and 
hypertension 
compared with 
those with neither 
proteinuria nor 
albuminuria. 
 
 

completed a health 
questionnaire, had a 
clinical exam, and 
laboratory tests to 
examine diabetes 
status, CV risk, and 
renal function. 
Random urine 
samples were 
analysed at a 
central laboratory 
and measured for 
urine albumin (rate 
nephrelometry, 
Beckman array, CV 
< 3.1%) and urine 
protein (pyrogallol 
red molybdate , 
Olympus AU600 
autoanalyser, CV < 
4.1%). Urine 
creatinine was 
measured (modified 
kinetic Jaffe, 
Olympus AU600 
autoanalyser, CV < 
1.1%). Proteinuria 
was defined as 
protein:creatinine 
ratio ≥ 0.20 mg/mg 
or a protein 
excretion rate ≥  250 
mg/day. Albuminuria 
was defined as a 
urine 
albumin:creatinine 
ratio ≥ 30mg/g.   
.  

 
 

Upjohn, BioRad, 
Quantas 
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Effect size 
Test Correlation 
Albuminuria was significantly correlated with proteinuria [ log ACR versus log PCR: beta = 1.21 (95% CI 1.18 to 1.26), p <0.001, R2 = 72.1%, N samples =10596]. The 
graph showed convergence to the line of unity between ACR and PCR with increasing PCR, suggesting increased proportion of albumin at higher levels of total protein 
excretion. However, there was scatter of ACR (below the line of unity) at lower levels of PCR.  
 
The ratio of urine albumin: total protein significantly increased with increasing degrees of proteinuria from 0.21 for those with PCR 0-0.20 mg/mg up to 0.73 for people with 
PCR > 0.80 mg/mg (p < 0.001). 
 
The correlation between albuminuria and proteinuria was significantly greater in people > 60 years compared with people < 60 years; diabetics versus non-diabeteics; 
hypertensives vs non-hypertensives, BMI > 30 vs BMI < 30 and GFR < 60 versus GFR > 60. 
 
Sensitivity and specificity 
To detect proteinuria (a PCR ≥ 0.20 mg/mg), albuminuria (ACR ≥ 30 mg/g) had a sensitivity of 91.7% (95% CI 87.7 to 94.5%) and a specificity of 95.3% (95% CI 94.9 to 
95.7%).  
 
Positive and Negative Predictive Values: 
To detect proteinuria (a PCR ≥ 0.20 mg/mg), albuminuria (ACR ≥ 30 mg/g) had a PPV of 32.4% (95% CI 29.0 to 35.8%) and a NPV of 99.8% (95% CI 99.7 to 99.9%).  
 
Authors conclude that testing for albuminuria rather than proteinuria is supported. However, among people with known renal disease, total protein measures may provide 
better diagnostic/prognostic information (as among people with proteinuria, 9% tested negative for albuminuria). 
 
Ref ID: 3988         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Ballantyne FC, 
Gibbons J, O'Reilly 
DS. Urine albumin 
should replace total 
protein for the 
assessment of 
glomerular 
proteinuria. Ann 
Clin Biochem. 1993; 
30 ( Pt 1):101-103. 
Ref ID: 3988 

Diagnostic 
Study II + 
 
1 centre, 
UK 
 
Aim: To 
compare 
albumin to 
protein 
from the 
same 24-
h urine 
sample 

N = 235 
 
 
 
 
 

Inclusion 
criteria: all 24-
h urine 
samples 
referred to 
Institute of 
Biochemistry, 
Royal 
Infirmary, 
Glasgow, for 
urinary protein 
analysis.   
 
Exclusion 

urinary albumin  (mg/l) in a 24-h urine 
sample 

 
N= 235 
 
Procedure 
24-h urine samples were assayed for 
protein with salicylsulphonic acid 
precipitation (to estimate the dilution 
factor for quantitative protein or albumin 
measurements). Urine albumin 
concentration (immunoturbidometric 

urinary total 
protein in a 
24-h urine 
sample (mg/l) 
 
 
N= 235 
 
 
 

N/A Test 
correlation 
 
 

Not stated  
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criteria: not 
stated 
 
Population 
baseline 
characteristics: 
most samples 
came from a 
specialist renal 
unit   
 

assay using human albumin 
antiserum/PEG, Encore centrifugal 
analyser) and urine total protein 
(Ponceau S, trichloroacetic acid 
precipitation, NaOH resolubilisation, read 
on a spectrophotometer at A560 nm) 
were assayed from each urine sample.  

Effect size 
Within-run CV for total protein assay (N=10)  was 3.0% at 0.22g/l and 2.4% at 0.5 g/l. Between day CV for total protein was 6.2% at 0.24 g/l and 2.8% at 0.66 g/l. 
Within-run CV for albumin assay (N=18) was 3.4% at 10 mg/l and 2.4% at 75 mg/l. Between day CV for albumin was 5.1% at 17 mg/l and 5.1% at 103 mg/l.  
N=235 urine samples screened positive for protein with salicylsulphonic acid. 
 
Test Correlation 
Albumin was plotted against total protein (log-log transformed) and the regression equation was albumin = 0.537 (total protein) - 9.472. The coefficient of correlation was 
high (r=0.924, p<0.001), indicating good agreement between total protein and albumin. 
  
Albumin was also estimated in urines which tested negative for protein by salicylsulphonic acid precipitation. In all these samples, albumin concentration was < 100 mg/l 
and in most cases it was < 20 mg/l.  
 
Authors conclude that there is good agreement between total protein and albumin overall and suggest replacing total protein measurements with albumin. measurements.  
 
Note: no indication of blinding. Little description of the source of the urine samples. 
Ref ID: 7         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Newman DJ, 
Thakkar H, 
Medcalf EA 
et al. Use of 
urine albumin 
measurement 
as a 
replacement 
for total 
protein. Clin 

Diagnostic 
Study II +  
 
1 centre, UK 
 
Aim: To 
compare 
albumin to 
protein from 
the same 24-

N = 167 
 
 
 
 
 

Inclusion criteria: all 24-h urine 
samples referred to Dept. of 
Clinical Biochemistry for 
urinary protein analysis over a 
4 month period.   
 
Exclusion criteria: not stated 
 
Population baseline 
characteristics: Source of 

24-h urinary albumin excretion 
(AER) 

 
N= 167 
 
Procedure 
24-h urine samples were 
centrifuged, and assessed with 

24-h urinary 
total protein 
excretion 
(TPER) 
 
 
N= 167 
 
 
 

N/A Test correlation 
 
 

Du Pont de 
Nemours 
International 
SA, Geneva 
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Nephrol. 
1995; 
43(2):104-
109. Ref ID: 
7 

h urine 
sample 
 
 
 

urine sample: 45% renal 
transplant recipients, 14% 
obstetrics, 23% general 
medicine, 18% general renal 
investigations 
 
 

Albustix reagent strip to 
estimate the amount of dilution 
required to assay albumin and 
protein. Urine albumin 
concentration (latex particle 
enhanced 
immunoturbidometric assay, 
Monarch 2000 centrifugal 
analyser) and urine total 
protein (biuret, following 
trichloroacetic acid) and 
creatinine (direct Jaffe) were 
assayed from each urine 
sample.  

Effect size 
Albustix gave no false negative results, but several elevated results when compared with urine albumin or total protein.  
 
In samples with total protein excretion < 250 mg/24-h (N=73), 46 (63%) of the samples had a urine albumin excretion > 25 mg/24-h (the upper reference limit obtained 
from healthy subjects) 
 
Test Correlation 
For all samples (N=167, range 0-16800 mg/l total protein), albumin excretion rate (AER) was plotted against total protein excretion rate (TPER) and regression analysis 
gave the equation AER = TPER (0.71) -118.  This indicated that albumin formed 71% of the total protein (in the range 0-17000 mg/l total protein). The coefficient of 
correlation (r=0.93) was high indicating good agreement between AER and TPER, although most data points fell below the line of identity, showing that AER was less at a 
given TPER. 
 
For samples with total protein in the range 0-3000 mg/l (N=116), comparison of AER with TPER  gave a regression equation of AER = TPER (0.51) + 7.5. The correlation 
coefficient (r=0.68) was low indicating poor agreement between AER and TPER in this range (0-3000 mg/l total protein). Most data points fell below the line of identity, 
showing that AER was less at a given TPER. 
 
Authors conclude that there is good agreement between AER and TPER overall and suggest replacing total protein measurements with albumin measurements.  
 
Note: no indication of blinding. Method of total protein determination not automated and could be more precise. 
 
3.5. INDICATIONS FOR RENAL ULTRASOUND IN THE EVALUATION OF CKD 
What are the indications for renal ultrasound in adults with CKD?   
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No evidence found 

 
 
 

CHAPTER 4-CKD GUIDELINE 
 
CONTENTS: 
4.1. THE INFLUENCE OF GFR, AGE, GENDER, ETHNICITY AND PROTEINURIA ON PATIENT OUTCOMES 
 
4.2. WHO SHOULD BE TESTED FOR CKD? 
 
4.1. THE INFLUENCE OF GFR, AGE, GENDER, ETHNICITY AND PROTEINURIA ON PATIENT OUTCOMES 
At what level of GFR are patient outcomes significantly affected? Does this change with age? Gender? Ethnicity? Presence or absence of proteinuria? 

Ref ID: 2597         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Go AS, 
Chertow 
GM, Fan D 
et al. 
Chronic 
kidney 
disease and 
the risks of 
death, 
cardiovascul
ar events, 
and 
hospitalizati
on. New 
England 

Comm
unity 
based 
longitu
dinal 
cohort 
study-
retrosp
ective 
 
 2+ 
 
US 
(Califor
nia) 

N total = 
1120295 
 
N  GFR ≥ 60 
ml/min per 1.73 
m2 = 924136 
 
N GFR 45-59 
ml/min per 1.73 
m2 = 153426 
 
N GFR 30-44 
ml/min per 1.73 
m2  =  34275 
 

Inclusion: Kaiser Permanante 
Renal Registry: adults ≥ 20 
years old with one or more 
determinations of serum 
creatinine levels recorded in 
a Kaiser regional lab 
database between Jan. 1, 
1996 and Dec. 31, 2000.  
 
Exclusion criteria: people who 
received a kidney transplant 
or on dialysis at entry 
 
Population baseline 
characteristics: Overall mean 

N GFR 45-59 ml/min 
per 1.73 m2 = 153426 
 
N GFR 30-44 ml/min 
per 1.73 m2  =  34275 
 
N GFR 15-29 ml/min 
per 1.73 m2  =  7085 
 
N GFR ≤ 15 ml/min per 
1.73 m2  =  1373 
 
Procedure: 
Creatinine calibrated to 
MDRD lab. Data on 

N  GFR ≥ 60 
ml/min per 1.73 
m2 = 924136 
 
Procedure: As 
for intervention 

2.8 years All-cause 
mortality 
 
Cardiovascul
ar events 
(hospitalisatio
n for 
coronary 
disease, 
heart failure, 
stroke, or 
peripheral 
arterial 
disease) 
  

National 
Institute 
for 
Diabete
s, 
Digestiv
e, and 
Kidney 
Disease
s, 
Amgen, 
Genzym
e 
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Journal of 
Medicine. 
2004; 
351(13):129
6-
1305+1370. 
Ref ID: 2597 

commu
nity 
based 
longitu
dinal 
cohort 
study 

N GFR 15-29 
ml/min per 1.73 
m2  =  7085 
 
N GFR ≤ 15 
ml/min per 1.73 
m2  =  1373 
 
 

age was 52 years, 55% were 
women. Subjects with low 
baseline GFR were older, 
had a higher prevalence of 
prior cardiovascular disease, 
proteinuria, diabetes, 
hypertension, serum albumin 
< 3.5 g/dl, prior 
hospitalisations, and other 
co-existing diseases than 
those with GFR ≥ 60 ml/min 
per 1.73 m2.  

age, sex, ethnic group, 
co-existing diseases 
obtained from health-
plan databases and 
hospital records. 
Proteinuria was based 
on laboratory database 
entries of reagent strip 
results of +1 or greater 
(approx. ≥ 30 mg/dl) in 
absence of possible 
UTI.  

Hospitalisatio
n 
 
 

Effect size 
Hazard ratios (HR) adjusted for age, income, education, use or non use of dialysis, presence or absence of prior coronary heart disease, prior heart failure, prior 
stroke or TIA, prior peripheral arterial disease, hypertension, dyslipidaemia, ethnicity, sex, cancer,  diabetes history, presence of proteinuria, dementia, cirrhosis or 
chronic liver disease, chronic lung disease, prior hospitalisations. 
 
All-cause mortality 
The presence of proteinuria was an independent risk factor of all-cause mortality [adjusted HR 1.3 (95% CI 1.3 to 1.4), p not given] 
The risk of all-cause mortality rose sharply in people with GFR < 45 ml/min/1.73m2.  See table below. 
Cardiovascular events 
The presence of proteinuria was an independent risk factor  for cardiovascular events [adjusted HR 1.3 (95% CI 1.2 to 1.3), p not given] 
The risk of cardiovascular events rose sharply in people with GFR < 45 ml/min/1.73m2.  See table below. 
 
Hospitalisation 
The presence of proteinuria was an independent risk factor for hospitalisation [adjusted HR 1.4 (95% CI 1.4 to 1.4), p not given] 
The risk of hospitalisation rose sharply in people with GFR < 45 ml/min/1.73m2.  See table below. 
 
 

Estimated GFR (ml/min/1.73 m2) All-cause Mortality Cardiovascular Event Hospitalisation 
≥ 60  1.00 (reference) 1.00 (reference) 1.00 (reference) 
45-59  
 

Adjusted HR 1.2 (95% CI 1.1-1.2) Adjusted HR 1.4 (95% CI 1.4-1.5) Adjusted HR 1.1 (95% CI 1.1-1.1) 

30-44 Adjusted HR 1.8 (95% CI 1.7-1.9) Adjusted HR 2.0 (95% CI 1.9-2.1) Adjusted HR 1.5 (95% CI 1.5-1.5) 
15-29 Adjusted HR 3.2 (95% CI 3.1-3.4) Adjusted HR 2.8 (95% CI 2.6-2.9) Adjusted HR 2.1 (95% CI 2.0-2.2) 
< 15 Adjusted HR 5.9 (95% CI 5.4-6.5) Adjusted HR 3.4 (95% CI 3.1-3.8) Adjusted HR 3.1 (95% CI 3.1-3.3) 

 
Note: Authors suggest refining Stage 3 CKD into two levels 3a GFR 45-59 ml/min/1.73m2 and 3b GFR 30-44 ml/min/1.73m2 due to different levels of risk for these 
outcomes.  Cohort studies limited by confounding factors not considered (alcohol use, smoking, diet, physical activity, BMI, severity of co-existing diseases) 
Ref ID: 3683         
Reference Study Number of Patient characteristics Intervention Comparison Length of Outcome Source  
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type/ 
Eviden
ce 
level 

patients follow-up measures of  
fundin
g 

Gullion CM, 
Keith DS, 
Nichols GA 
et al. Impact 
of 
comorbiditie
s on 
mortality in 
managed 
care patients 
with CKD. 
American 
Journal of 
Kidney 
Diseases. 
2006; 
48(2):212-
220. Ref ID: 
3683 

Prospe
ctive 
cohort 
study 
 
 2 + 
 
Age 
and 
sex 
matche
d pairs 
 
US 
cohort 
study 

N age and sex 
matched pairs 
total = 19945  
 
N  GFR 60–89 
ml/min per 1.73 
m2 (age, sex 
matched with 
referent) = 10 
923 
 
N GFR 30-59 
ml/min per 1.73 
m2 (age, sex 
matched with 
referent) = 
8527 
 
N GFR 15-29 
ml/min per 1.73 
m2  (age, sex 
matched with 
referent) =  495 
 
 

Inclusion: Kaiser Permanente 
Northwest HMO Index Subjects: 
adults ≥ 20 years with eGFR > 15 
ml/min per 1.73 m2 and < 90 ml/min 
per 1.73 m2 , followed by a second 
eGFR < 90 days after the first 
eGFR determination. Referent 
Subjects: 1:1 matched comparison 
group for age (year of birth) and sex 
who did not meet inclusion criteria 
of index subjects (i.e. the referent 
subjects did not have CKD) and 
were members of Kaiser 
Permanente for at least 90 days 
from the index GFR of their 
matched index subject.   
 
Exclusion criteria: matched pair was 
excluded if either the index or 
referent subject lacked at least 54 
month follow-up or a record of 
death. Pairs in which urinalysis was 
missing for index subjects with GFR 
60-89 ml/min per 1.73 m2. 
 
Population baseline characteristics: 
NS difference between index and 
referent subjects for smoking rates 
within each GFR level. Compared 
to the referent group within each 
GFR stratum, index subjects had 
significantly higher prevalence of 
anaemia, proteinuria, hypertension, 
coronary artery disease, congestive 
heart failure, diabetes, 
hypertension, hyperlipidaemia, and 
peripheral vascular disease (p< 

N GFR 30-59 
ml/min per 1.73 
m2 = 8527  
 
N GFR 15-29 
ml/min per 1.73 
m2  =  495  
 
Procedure: 
Creatinine 
calibrated to 
MDRD lab. Data 
on age, sex, 
ethnic group, co-
existing diseases 
obtained from 
Kaiser 
Permanente 
health records . 
Proteinuria 
(within 6 months 
of the index GFR) 
was determined 
from laboratory 
database entries 
of reagent strip 
results of +1 or 
greater (approx. 
≥ 30 mg/dl) in 
absence of UTI.   

N  GFR 60 -89 
ml/min per 1.73 
m2 = 10923  
 
Procedure: As 
for intervention 

54 months 
from the 
date of the 
index GFR 
or until 
death 

All-cause 
mortality 
 
 
 

Amgen  
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0.001).  

Effect size 
Logistic regression showed that baseline GFR, congestive heart failure, anaemia, smoking, proteinuria, coronary artery disease, peripheral vascular disease, and 
diabetes all significantly increased risk of death.  
 
All-cause mortality 
Conditional logistic regression model: co-morbidities are the same for both index and referent group. 
A person with GFR 60 to 89 ml/min per 1.73 m2 is 5.4 times more likely to die than an age and sex matched person with identical co-morbidities (except no CKD). 
[matched risk ratio 5.411 (95% CI 3.650 to 8.020), p<0.0001] 
 
A person with a GFR 30 to 59 ml/min per 1.73 m2  is 1.3 times more likely to die than a person with GFR 60 to 89 ml/min per 1.73 m2 [matched risk ratio 1.311 (95% 
CI 1.142 to 1.505), p<0.0001] 
 
A person with a GFR 15 to 29 ml/min per 1.73 m2  is 3.3 times more likely to die than a person with GFR 60 to 89 ml/min per 1.73 m2 [matched risk ratio 3.335 (95% 
CI 2.272 to 4.896), p<0.0001].  
 
Effect of Age on All-Cause Mortality 
Within each GFR stratum, the relative risk of mortality was higher in people < 60 years of age than in older people (75 years old or 90 years old). The relative risk of 
mortality in people aged 60, 75, or 90 is relatively stable (flat) until GFR decreases to 55 ml/min per 1.73 m2  when the risk of mortality increases in all three age 
groups (< 60, 75 or 90 years). Again, the risk of mortality was highest in those < 60 years old. At GFR < 30 ml/min per 1.73 m2, the mortality risk increases sharply, 
again the risk is highest in those < 60 years of age.  
 
Effect of Proteinuria on All-Cause Mortality 
The presence of proteinuria significantly increased the risk of death. The risk of death increased as GFR decreased and proteinuria was present 
 
For people with proteinuria and GFR 60-89 ml/min per 1.73 m2, the matched risk ratio was 2.09 (95% CI 1.71 to 2.55).  
In people with proteinuria and GFR 30-59 ml/min per 1.73 m2, the matched risk ratio was 2.73 (95% CI 2.23 to 3.35).  
For people with proteinuria and GFR 15-29 ml/min per 1.73 m2, the matched risk ratio was 6.96 (95% CI 4.63 to 10.46). 
 
Note: limitations: the population is mostly white with good access to health care.  
Ref ID: 217         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Hillege HL, 
Nitsch D, 
Pfeffer MA 

Post-
hoc of 
3 

N total  = 2680 
 
N GFR > 90.0 

Inclusion: Adults ≥ 18 years 
with symptomatic heart failure 
(NYHA class II-IV) for at least 4 

N GFR  75.0-89.9 
ml/min/1.73 m2= 519 
 

N GFR > 
90.0 
ml/min/1.

Median 
follow-up 
34.4 

Primary 
Outcome: 
cardiovascula

Astraze
nenca 
funded 
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et al. Renal 
function as a 
predictor of 
outcome in a 
broad 
spectrum of 
patients with 
heart 
failure.[see 
comment]. 
Circulation. 
2006; 
113(5):671-
678. Ref ID: 
217 

RCTs:  
 
 2 + 
 
Multi-
centre 
North 
Americ
an 
study 

ml/min/1.73 
m2= 507 
 
N GFR  75.0-
89.9 
ml/min/1.73 
m2= 519 
 
N GFR  60.0-
74.9 
ml/min/1.73 
m2= 618 
 
N GFR  45.0-
59.9 
ml/min/1.73 
m2= 547 
 
N GFR  < 45.0 
ml/min/1.73 
m2= 419 
 
 

weeks participating in the 
Candesartan in Heart Failure: 
Assessment of Reduction in 
Mortality and Morbidity 
(CHARM) study. There were 3 
studies: CHARM-Preserved 
(Left ventricular ejection fraction 
LVEF > 40%), CHARM-Added 
(LVEF ≤ 40% and treated with 
an ACE inhibitor), CHARM–
Alternative (LVEF ≤ 40% and 
not treated with an ACEi due to 
drug intolerance).  
 
Exclusion criteria: serum 
creatinine ≥ 3 mg/dl, serum K ≥ 
5.5 mmol/l, bilateral renal artery 
stenosis, symptomatic 
hypotension, critical 
aortic/mitral stenosis, recent 
(within 4 weeks) MI, stroke, 
open heart surgery, ARB use. 
 
Population baseline 
characteristics: Co-morbidities 
(diabetes, MI, stroke, 
hospitalisations for chronic 
heart failure, angina, atrial 
fibrillation) increased with 
decreasing GFR. People with 
renal disease were older (mean 
age was 70 years for people 
with GFR  < 45.0 ml/min/1.73 
m2 ; 67 years for people with  
GFR  60.0-74.9 ml/min/1.73 m2 
) and more likely to be female, 
than those with normal renal 
function. This North American 
cohort (N=2680) had higher 
BMI, hypertension, CV disease, 
diabetes, worse heart failure 

N GFR  60.0-74.9 
ml/min/1.73 m2= 618 
 
N GFR  45.0-59.9 
ml/min/1.73 m2= 547 
 
N GFR  < 45.0 ml/min/1.73 
m2= 419 
 
Procedure: GFR estimated 
with MDRD equation. 
Pooling three CHARM trials 
provides a patient 
population that has a broad 
spectrum of chronic heart 
failure (LVEF > and < 40%) 
and then stratified by 
baseline GFR.  

73 m2= 
507 
 
Procedur
e: As for 
interventi
on 

months r death or 
unplanned 
hospitalisatio
n for 
management 
of worsening 
chronic heart 
failure 
 
All-cause 
mortality 

CHARM 
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compared with other regions. 

Effect size 
 
Of the 2680 adults in this analysis, 1097 were from CHARM-preserved, 931 from CHARM-Added, and 662 from CHARM-Alternative studies. Increased creatinine 
and lower LVEF were significant independent predictors of worse outcome.  
The cumulative incidence of cardiovascular death or hospitalisation for worsening heart failure increased steeply at GFR < 60 ml/min/1.73 m2 
 
Hazard ratios (HR) adjusted for allocated treatment, smoking status, gender, ethnicity, age, heart rate, SBP, DBP, NYHA class, history of MI, angina, diabetes, 
stroke, prior hospitalisations for chronic heart failure, medications (ACE, diuretics, beta-blockers, calcium channel blockers, spironolactone, vasodilators, aspirin).   
 
Primary Outcome: cardiovascular death or unplanned hospitalisation for management of worsening chronic heart failure 
People with a broad spectrum of chronic heart failure and GFR 75 to 89.9 ml/min/1.73 m2 (N=519) had NS risk of cardiovascular death or unplanned hospitalisation 
for management of worsening chronic heart failure compared to people with chronic heart failure and GFR > 90.0 ml/min/1.73 m2 (N=507). 
 
People with a broad spectrum of chronic heart failure and GFR 60-74.9 ml/min/1.73 m2 (N=618) had NS risk of cardiovascular death or unplanned hospitalisation for 
management of worsening chronic heart failure compared to people with chronic heart failure and GFR > 90.0 ml/min/1.73 m2 (N=507). 
 
People with a broad spectrum of chronic heart failure and GFR 45-59.9 ml/min/1.73 m2 (N=547) had a significantly increased risk of cardiovascular death or 
unplanned hospitalisation for management of worsening chronic heart failure compared to people with chronic heart failure and GFR > 90.0 ml/min/1.73 m2 (N=507) 
[adjusted HR 1.54 (95% CI 1.22 to 1.94), p<0.001] 
 
People with a broad spectrum of chronic heart failure and GFR < 45 ml/min/1.73 m2 (N=419) had a significantly increased risk of cardiovascular death or unplanned 
hospitalisation for management of worsening chronic heart failure compared to people with chronic heart failure and GFR > 90.0 ml/min/1.73 m2 (N=507) [adjusted 
HR 1.86 (95% CI 1.47 to 2.36), p<0.001] 
 
Every 10 ml/min/1.73 m2 decrease in GFR from 75 ml/min/1.73m2 was associated with a significantly higher risk of cardiovascular death or unplanned hospitalisation 
for management of worsening chronic heart failure [adjusted HR 1.10 (95% CI 1.07 to 1.13), p<0.001] 
 
Every 20 ml/min/1.73 m2 decrease in GFR from 75 ml/min/1.73m2 was associated with a significantly higher risk of cardiovascular death or unplanned hospitalisation 
for management of worsening chronic heart failure [adjusted HR 1.22 (95% CI 1.15 to 1.30), p<0.001] 
 
All-cause mortality 
People with a broad spectrum of chronic heart failure and GFR 75 to 89.9 ml/min/1.73 m2 (N=519) had NS risk of all-cause mortality compared to people with chronic 
heart failure and GFR > 90.0 ml/min/1.73 m2 (N=507). 
 
People with a broad spectrum of chronic heart failure and GFR 60 to 74.9 ml/min/1.73 m2 (N=618) had NS risk of all-cause mortality compared to people with chronic 
heart failure and GFR > 90.0 ml/min/1.73 m2 (N=507). 
 
People with a broad spectrum of chronic heart failure and GFR 45-59.9 ml/min/1.73 m2 (N=547) had a significantly increased risk of all-cause mortality compared to 
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people with chronic heart failure and GFR > 90.0 ml/min/1.73 m2 (N=507) [adjusted HR 1.50 (95% CI 1.12 to 2.00), p=0.006] 
 
People with a broad spectrum of chronic heart failure and GFR < 45 ml/min/1.73 m2 (N=419) had a significantly increased risk of all-cause mortality compared to 
people with chronic heart failure and GFR > 90.0 ml/min/1.73 m2 (N=507) [adjusted HR 1.91 (95% CI 1.42 to 2.58), p<0.001] 
 
Every 10 ml/min/1.73 m2 decrease in GFR from 75 ml/min/1.73m2 was associated with a significantly higher risk of all-cause mortality [adjusted HR 1.09 (95% CI 1.06 
to 1.14), p<0.001] 
 
Every 20 ml/min/1.73 m2 decrease in GFR from 75 ml/min/1.73m2 was associated with a significantly higher risk of all-cause mortality [adjusted HR 1.23 (95% CI 1.14 
to 1.33), p<0.001] 
 
Note: limitations – post-hoc analysis and there may have been additional confounders that affected the results (they did not account for lipoproteins or 
hyperhomocysteinemia), MDRD estimates GFR and is not a true measure of GFR, not possible to extrapolate results to people with severe renal dysfunction as 
exclusion criteria was serum creatinine ≥ 3 mg/dl. 
Ref ID: 2789         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Iseki K, 
Kinjo K, 
Iseki C et al. 
Relationship 
between 
predicted 
creatinine 
clearance 
and 
proteinuria 
and the risk 
of 
developing 
ESRD in 
Okinawa, 
Japan. 
American 
Journal of 
Kidney 
Diseases. 
2004; 

Cohort 
study  
 
 2 + 
 
Okinaw
a, 
Japan 
cohort 
study 
 
 

N total  = 
95255 
 
N CrCl ≥ 79.4 
ml/min = 23036 
 
N CrCl  64.0-
79.3 ml/min = 
23147 
 
N CrCl  50.2-
63.0 ml/min = 
23039 
 
N CrCl < 50.2 
ml/min = 23076 
 
 

Inclusion: Adults ≥ 20 years 
who participated in the 1993 
Okinawa, Japan community 
mass health screening.  
 
Exclusion criteria: missing 
birth date or serum creatinine 
data, screenees with a low 
urine output or leukocyturia, 
patients who died within 1 
month of dialysis therapy, 
patients who recovered renal 
function after 1 or more 
dialysis treatments 
 
Population baseline 
characteristics: People with 
renal disease were older 
(mean age was 70 years for 
people with CrCl  < 50.2 
ml/min ; 58 years for people 

N CrCl  64.0-79.3 ml/min = 
23147 
 
N CrCl  50.2-63.0 ml/min = 
23039 
 
N CrCl < 50.2 ml/min = 23076 
 
Procedure: Subjects 
volunteered for the screening 
and were interviewed 
regarding health status, and 
had physical exam, blood, 
and urine tests. Dipstick 
testing for proteinuria 
(positive test ≥ +1) hematuria, 
and glucosuria. Serum 
creatinine measured by 
modified Jaffe reaction (and 
later by enzymatic method- 
this underestimated the 

N CrCl ≥ 
79.4 
ml/min = 
23036 
 
Procedur
e: As for 
interventi
on 

Followed 
up until 
occurrence 
of a major 
medical 
event or 
Jan. 2001. 
(7-years) 

ESRD Ministry 
of 
Health 
and 
Welfare 
of Japan  
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44(5):806-
814. Ref ID: 
2789 

with  CrCl  50.2-63.9 ml/min, 
and ; 40 years for people with 
CrCl > 79.4 ml/min) and more 
likely to be female, than those 
with CrCl> 79.4 ml/min.  

previous Jaffe method by 
0.25 mg/dl). CrCl estimated 
with Cockcroft-Gault 
equation. Dialysis patients 
identified from the Okinawa 
Dialysis Study registry and 
verified by reviewing medical 
records. Criteria for diagnosis 
of ESRD were not 
standardised. 

Effect size 
Hazard ratios (HR) adjusted for gender, age, heart rate, SBP, DBP, and proteinuria 
Effect of Proteinuria on ESRD 
The risk of ESRD increased with decreasing CrCl [adjusted HR 4.35 (95% CI 3.41 to 5.55), p<0.0001].  
Proteinuria significantly increased the risk of ESRD [HR 4.19 (95% CI 3.76 to 4.68), p<0.0001]. 
 
For people with proteinuria and CrCl ≥ 79.4 ml/min (N=761) , the 7-year cumulative incidence of ESRD per 1000 subjects was 7.9, whereas it was only 0.13 in those 
without proteinuria (N=22275). 
 
For people with proteinuria and CrCl 64.0-79.3 ml/min (N=727), the 7-year cumulative incidence of ESRD per 1000 subjects was 8.3, whereas it was only 0.04 in 
those without proteinuria (N=22420). 
 
For people with proteinuria and CrCl 50.2-63.0 ml/min (N=807), the 7-year cumulative incidence of ESRD per 1000 subjects was 13.6, whereas it was only 0.7 in 
those without proteinuria (N=22232). 
 
For people with proteinuria and CrCl < 50.2 ml/min (N=1198), the 7-year cumulative incidence of ESRD per 1000 subjects was 86.8, whereas it was only 1.2 in those 
without proteinuria (N=21878). 
 
 
Note: limitations – people who died were not accounted for in the analysis, the population was self-selected (volunteers), creatinine and proteinuria only measured 
once at baseline and underlying causes of low CrCl and proteinuria were unknown, other confounding variables unaccounted for: smoking, hypertension, lipids, CVD. 
Ref ID: 297         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Keough RT, 
Kiberd BA, 
Dipchand 
CS et al. 

Prospe
ctive 
cohort  
 

N total  = 5549 
 
N  GFR > 80 
ml/min/1.73m2=

Inclusion: consecutive adults ≥ 
18 years with acute coronary 
syndrome (MI or unstable 
angina) admitted to hospitals in 

N GFR 60- 80 
ml/min/1.73m2= 2018 
 
N GFR 30-59 

N  GFR > 
80 
ml/min/1.
73m2=14

2 years All-cause 
mortality 
 
 

Not 
stated 
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Outcomes of 
acute 
coronary 
syndrome in 
a large 
Canadian 
cohort: 
impact of 
chronic renal 
insufficiency, 
cardiac 
interventions
, and 
anemia. 
American 
Journal of 
Kidney 
Diseases. 
2005; 
46(5):845-
855. Ref ID: 
297 

 2 + 
 
Canad
a  
 

1430  
 
N GFR 60- 80 
ml/min/1.73m2= 
2018 
 
N GFR 30-59 
ml/min/1.73m2= 
1795 
 
N GFR < 30 
ml/min/1.73m2= 
306 
 
 

Nova Scotia, Canada between 
Oct. 1997-Oct. 1999 who 
survived to hospital discharge. 
 
Exclusion criteria: other 
discharge diagnosis, ESRD, 
creatinine level <0.6 mg/dl or > 
11.3 mg/dl or missing, death 
during the first admission 
 
Population baseline 
characteristics: People with 
renal disease were older, more 
likely to be female, and more 
likely to have diabetes, 
hypertension, and history of 
CABG than those with normal 
renal function. People with 
severe renal disease were less 
likely to smoke or have 
hyperlipidaemia than those with 
normal renal function. 

ml/min/1.73m2= 1795 
 
N GFR < 30 
ml/min/1.73m2= 306 
 
Procedure: Patients 
admitted to hospital with 
acute coronary syndrome 
were followed up using the 
ICONS database. Trained 
nurses and health records 
professionals abstracted 
data from hospital charts for 
entry into the central 
ICONS registry. GFR 
calculated using the MDRD 
equation.  

30  
 
Procedur
e: As for 
interventi
on 

Effect size 
Hazard ratios (HR) adjusted for age, gender, diabetes, hypertension, smoking, previous CABG, haemoglobin level, surgical interventions, medication on discharge.   
 
All-cause mortality 
 People with an acute coronary syndrome and GFR 60- 80 ml/min/1.73m2 (N=2018) had a significantly decreased risk of all-cause mortality compared with people 
with acute coronary syndrome and GFR > 80 ml/min/1.73m2 (N=1430) [adjusted HR 0.889 (95% CI 0.795 to 0.994), p not stated]. This suggests that mild CRI (GFR 
60- 80 ml/min/1.73m2) in this older cohort (mean age 64) is not a disease and does not increase risk of mortality.  
  
People with an acute coronary syndrome and GFR 30-59 ml/min/1.73m2 (N=1795) had a significantly increased risk of all-cause mortality compared with people with 
acute coronary syndrome and GFR > 80 ml/min/1.73m2 (N=1430) [adjusted HR 1.060 (95% CI 1.008 to 1.115), p not stated]. 
 
People with an acute coronary syndrome and GFR < 30 ml/min/1.73m2 (N=306) had a significantly increased risk of all-cause mortality compared with people with 
acute coronary syndrome and GFR > 80 ml/min/1.73m2 (N=1430) [adjusted HR 1.225 (95% CI 1.175 to 1.292), p not stated]. 
 
Males had a significantly increased risk of all-cause mortality compared to females [adjusted HR 1.185 (95% CI 1.116 to 1.259), p not stated] 
 
Effect of aspirin at hospital discharge: 
Compared to people with ACS and GFR > 80 ml/min/1.73m2 , aspirin use did NS reduce the risk of mortality in people with ACS and GFR 60- 80 ml/min/1.73m2 
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[adjusted HR 0.851 (95% CI 0.921 to 1.128), p not stated]. 
 
Compared to people with ACS and GFR > 80 ml/min/1.73m2 , aspirin use did NS reduce the risk of mortality in people with ACS and GFR 30-59 ml/min/1.73m2 
[adjusted HR 1.029 (95% CI 0.988 to 1.081), p not stated]. 
 
Compared to people with ACS and GFR > 80 ml/min/1.73m2 , aspirin use significantly increased the risk of mortality in people with ACS and GFR < 30 ml/min/1.73m2 
[adjusted HR 1.232 (95% CI 1.024 to 1.117), p not stated]. 
 
Note: limitations – assignment to a CRI group is based on 1 uncalibrated creatinine value at hospital admission without knowledge of prior kidney function, population 
has ACS, thus caution when extrapolating to CRI population without ACS 
Ref ID: 383         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Kurella M, 
Chertow 
GM, Fried 
LF et al. 
Chronic 
kidney 
disease and 
cognitive 
impairment 
in the 
elderly: the 
health, 
aging, and 
body 
composition 
study. 
Journal of 
the 
American 
Society of 
Nephrology. 
2005; 
16(7):2127-
2133. Ref 

cohort 
study- 
prospe
ctive 
 
 2 + 
 
USA 
 
 

N total  = 3034 
 
N  GFR > 60 
ml/min per 1.73 
m2 = 2381 
 
N GFR 45-59 
ml/min per 1.73 
m2  = 534 
 
N GFR < 45 
ml/min per 1.73 
m2  =  119 
 
 

Inclusion: Health, Aging, and 
Body Composition Study 
(Health ABC): adults recruited 
between 1997 and 1998 from a 
sample of black and white 
Medicare-eligible adults in TN 
and PA, USA.  
 
Exclusion criteria: difficulties in 
activities of daily living, walking 
¼ mile, or climbing 10 steps, 
life-threatening illness (CKD 
was NOT an exclusion), 
difficulty communicating with 
the interviewer, intention of 
leaving the vicinity in 
subsequent 3 years. 
  
Population baseline 
characteristics: The mean age 
was 74 ± 3 years (range 68 to 
80 years) and 42% were black 
and 52% were female. Those 
with CKD were older and more 
likely to be black. (p<0.05 for 

N GFR 45-59 ml/min per 
1.73 m2  = 534 
 
N GFR < 45 ml/min per 
1.73 m2  =  119 
 
Procedure: Trained 
personnel administered the 
Modified Mini-Mental State 
Exam (3MS) to participants 
at baseline and at 2 and 4 
years follow-up to measure 
cognitive function 
(concentration, orientation, 
language, praxis, memory). 
Creatinine and other 
laboratory parameters 
measured at baseline. GFR 
calculated using the MDRD 
equation.   

N  GFR > 
60 ml/min 
per 1.73 
m2 = 
2381 
 
Procedur
e: As for 
interventi
on 

4 years Cognitive 
impairment 
 
 

National 
Institute 
on 
Aging 
grant 
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ID: 383 all). There was a higher 
prevalence of diabetes (39% 
CKD vs 24% GFR > 60, 
p=0.002) and cardiovascular 
disease (15% CKD vs 10% 
GFR < 60, p=0.002) in people 
with CKD compared to people 
with GFR > 60 ml/min per 1.73 
m2 .  

Effect size 
Cognitive impairment defined as 3MS score < 80.   
For longitudinal analyses, cognitive impairment was defined as 3MS score < 80 or a decline in 3MS score > 5 points at 2 or 4 years follow-up in people with baseline 
3 MS score ≥ 80.  
CKD defined as GFR < 60 ml/min per 1.73 m2.   
 
Odds ratio (OR) adjusted for age, race, gender, education, baseline 3MS score, coronary artery disease, cerebrovascular disease, heart failure, LDL cholesterol, HDL 
cholesterol, total cholesterol, CRP, IL-6, hematocrit, incident stroke 
 
Cognitive Impairment 
Baseline 3MS scores (adjusted for age, race, gender, education) were significantly lower for people with GFR < 45 ml/min per 1.73 m2 (N = 119, 3MS score 84.7) or 
people with GFR 45-59 ml/min per 1.73 m2 (N=534, 3MS score 86.9) compared to people with GFR > 60 ml/min per 1.73 m2 (N= 2381, 3MS score 87.5), p<0.01 for 
trend. 
 
After four years follow-up, the decline in 3MS scores was significantly greater in people with GFR < 45 ml/min per 1.73 m2  
(-1.2 change in 3MS score) compared to people with GFR > 60 ml/min per 1.73 m2 (+0.6 change in 3MS score), p< 0.01. 
 
The risk of cognitive impairment was significantly greater (32% higher risk) for people with GFR 45-59 ml/min per 1.73 m2 (N=534) compared to people with GFR > 
60 ml/min per 1.73 m2 (N= 2381) [adjusted OR 1.32 (95% CI 1.03 to 1.69), p not given]. 
 
The risk of cognitive impairment was significantly greater (2-fold higher risk) for people with GFR < 45 ml/min per 1.73 m2 (N=119) compared to people with GFR > 60 
ml/min per 1.73 m2 (N= 2381) [adjusted OR 2.43 (95% CI 1.38 to 4.29), p not given]. 
 
Note: mechanisms that contribute to cognitive impairment in older people with CKD remain unclear – adjusting for cardiovascular risk factors, age did not significantly 
attenuate the risk. Limitations: authors note that they did not examine the consequences of cognitive impairment in the older CKD population (does cognitive 
impairment predict death or disability?). Also, GFR was estimated from only 1 creatinine measurement at baseline.  Other confounding variables not considered may 
account for higher risk of cognitive impairment in older people with CKD. Authors caution us not to conclude that CKD CAUSES cognitive impairment, but rather CKD 
could be a marker for OTHER factors causing cognitive impairment.  
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Ref ID: 4106         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Nag S, Bilous R, Kelly W 
et al. All-cause and 
cardiovascular mortality 
in diabetic subjects 
increases significantly 
with reduced estimated 
glomerular filtration rate 
(eGFR): 10 years' data 
from the South Tees 
Diabetes Mortality study. 
Diabetic Medicine. 2007; 
24(1):10-17. Ref ID: 4106 

Cohort 
study 
 
2+ 
 
South 
Tees, UK 
 

N total 
=3288 
 
N eGFR ≥ 
90 ml/min 
per 1.73m2 
= 681 
 
N eGFR 60-
89 ml/min 
per 1.73m2 
= 1654 
 
N eGFR 30-
59 ml/min 
per 1.73m2 
= 897 
 
N eGFR < 
29 ml/min 
per 
1.73m2=56 
 
 

Inclusion criteria 
People with type 1 or 
type 2 diabetes with 
serum creatinine 
measurement 
abstracted from 
medical records 
 
Exclusion criteria: 
Not stated 
 
Baseline 
characteristics: 29% 
had eGFR < 60, 
People with poorer 
renal function were 
older, had a longer 
duration of diabetes, 
more likely to be 
female. Hypertension 
prevalence increased 
with decreasing renal 
function 
 

N eGFR 60-89 ml/min 
per 1.73m2 = 1654 
 
N eGFR 30-59 ml/min 
per 1.73m2 = 897 
 
N eGFR < 29 ml/min per 
1.73m2=56 
 
Procedure: Clinical and 
demographic data for the 
Diabetes register 
collected prospectively 
from all adult and 
paediatric secondary 
care diabetes clinics and 
general practice records. 
eGFR calculated using 
abbreviated MDRD 
equation. Cause of death 
abstracted from death 
certificates 
 

N eGFR ≥ 90 
ml/min per 
1.73m2 = 
681 
 
 

Median 
10.5 
years 
(28342 
person 
years) 
 
 

All-cause 
mortality 
 
Death due to 
circulatory 
disease 
 
Death due to 
ischaemic heart 
disease 
 
Death due to 
cerebrovascular 
disease 

Diabetes 
UK.  

 
Effect size 
During 10.6 years follow-up N=1193 (35%) died and circulatory disease accounted for 60% of deaths.   
Hazard ratios (HR) adjusted for diabetes duration, hypertension, smoking, HbA1C, total cholesterol, SBP, DBP, Townsend deprivation score.  
 
All-cause mortality 
Kaplan Meier curves showed that the probability of death over 10.6 years was 23% for people with eGFR > 90 ml/min/1.73m2  , 37% for people with eGFR 60-89 
ml/min/1.73m2  , 81% for people with eGFR 30-59 ml/min/1.73m2, and 195% for people with eGFR < 29 ml/min/1.73m2   
 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR 60 to 89 ml/min per 1.73m2 (N=1654) had a significantly higher risk of all-cause 
mortality [HR 1.28 (95% CI 1.02 to 1.60)] 
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Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR 30 to 59 ml/min per 1.73m2 (N=897) had a significantly increased risk of all-
cause mortality [HR 2.58 (95% CI 2.05 to 3.25)] 
 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR < 29 ml/min per 1.73m2 (N=56) had a significantly increased risk of all-cause 
mortality [HR 6.42 (95% CI 4.25 to 9.71)] 
 
SBP, duration of diabetes, hypertension (BP > 160/90 mm Hg), and Townsend score were all significant predictive variables for all-cause mortality in multivariate 
analysis 
 
Circulatory disease mortality 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR 60 to 89 ml/min per 1.73m2 (N=1654) had a significantly higher risk of 
circulatory disease mortality [HR 1.50 (95% CI 1.10 to 2.06)] 
 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR 30 to 59 ml/min per 1.73m2 (N=897) had a significantly increased risk of 
circulatory disease mortality [HR 3.32 (95% CI 2.41 to 4.58)] 
 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR < 29 ml/min per 1.73m2 (N=56) had a significantly increased risk of circulatory 
disease mortality [HR 7.99 (95% CI 4.69 to 13.62)] 
 
Ischaemic heart disease mortality 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR 60 to 89 ml/min per 1.73m2 (N=1654) had a significantly higher risk of 
ischaemic heart disease mortality [HR 1.53 (95% CI 1.04 to 2.26)] 
 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR 30 to 59 ml/min per 1.73m2 (N=897) had a significantly increased risk of 
ischaemic heart disease mortality [HR 3.61 (95% CI 2.44 to 5.32)] 
 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR < 29 ml/min per 1.73m2 (N=56) had a significantly increased risk of ischaemic 
heart disease mortality [HR 8.08 (95% CI 4.26 to 15.34)] 
 
Cerebrovascular disease mortality 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR 60 to 89 ml/min per 1.73m2 (N=1654) had NS risk of cerebrovascular disease 
mortality [HR 1.08 (95% CI 0.58 to 2.01)] 
 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR 30 to 59 ml/min per 1.73m2 (N=897) had NS risk of cerebrovascular disease 
mortality [HR 1.86 (95% CI 0.97 to 3.59)] 
 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 681), people with eGFR < 29 ml/min per 1.73m2 (N=56) had a significantly increased risk of 
cerebrovascular disease mortality [HR 5.94 (95% CI 1.88 to 18.78)] 
Ref ID: 458         
Reference Study 

type/ 
Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
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Evidence 
level 

fundin
g 

O’Hare AM, 
Bertenthal 
D, Shlipak 
MG, Sen S, 
Chren MM. 
Impact of 
renal 
insufficiency 
on mortality 
in advanced 
lower 
extremity 
peripheral 
arterial 
disease. J 
Am Soc 
Nephrol 
2005; 16: 
514-519 

Retrospe
ctive 
cohort 
study 
 
2+  
 
USA 

N= 5787 Incident cases of critical limb ischaemia 
in a cohort of male veterans, identified 
between Jan 1 2000 and September 30 
2002 
 
Inclusion criteria: at least 2 ICD-9 
entries for critical limb ischaemia during 
a 1 year period 
 
Exclusion criteria: previous diagnosis of 
critical limb ischaemia, amputation, or 
revascularization procedure within the 
VA; absence of at least 1 serum 
creatinine measurement within 3 
months of diagnosis; 1/> episodes of 
dialysis during the year before cohort 
entry.  
 
Abbreviated MDRD equation used to 
estimate GFR, using age, race and 
serum creatinine 
 
Baseline characteristics- age was 67 
years for those with GFR > 60 and 71 
for those with GFR < 30.  Higher 
incidence of hypertension, coronary 
artery disease, congestive heart failure, 
diabetes in those with GFR 30-60 or 
GFR < 30 compared to those with GFR 
> 60. 

Level of renal 
function 
classified 
according to 
NKF DOQI 
guidelines: 
 
 
GFR 30-59 
ml/min per 1.73 
m2 (moderate 
renal 
insufficiency) 
N=1742 
 
GFR < 30 
ml/min per 1.73 
m2 (severe 
renal 
insufficiency or 
renal failure not 
on dialysis) 
N=484 

GFR > 60 
ml/min per 1.73 
m2 (normal or 
mildly reduced 
renal function) 
N=3561 
 

1 year Death within 
1 year of 
entry onto 
the cohort 
 

Departm
ent of 
Veteran
s affairs 
Health 
Services 
Researc
h and 
Develop
ment 
Service; 
National 
Institute
s of 
Health 

Effect size: 
OR were Adjusted for age, black race, diabetes, serum glucose, history of coronary artery disease, congestive heart failure, hypertension, chronic obstructive 
pulmonary disease, cerebrovascular disease, severity of ischaemia at presentation (rest pain, ischaemic ulceration vs gangrene).  
 
Mortality outcomes in male patients with a peripheral vascular disease: 

 GFR ≥ 60 ml/min per 1.73 m2  GFR 30-59 ml/min per 1.73 m2  GFR <30 ml/min per 1.73 m2 

 

1-yr mortality rate 17% 27% 44% 
Adjusted OR (CI) 1.00 1.32 (1.13, 1.53) 2.97 (2.39, 3.69)  
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Ref ID: 38         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Rahman M, 
Pressel S, 
Davis BR et 
al. 
Cardiovascu
lar outcomes 
in high-risk 
hypertensive 
patients 
stratified by 
baseline 
glomerular 
filtration 
rate.[see 
comment][su
mmary for 
patients in 
Ann Intern 
Med. 2006 
Feb 
7;144(3):I33; 
PMID: 
16461958]. 
Annals of 
Internal 
Medicine. 
2006; 
144(3):172-
180  

Post-
hoc of 
RCT 
double 
blind 
 
2 + 
 
623 
centres 
in US, 
Canad
a, 
Puerto 
Rico, 
US 
Virgin 
Islands 

N total = 
31897 
 
N normal 
or 
increased 
GFR (≥ 90 
ml/min per 
1.73 m2 )= 
8126 
 
N mild 
reduction in 
GFR (60 to 
89 ml/min 
per 1.73 m2 
)= 18109 
 
N 
moderate/s
evere 
reduction in 
GFR (< 60 
ml/min per 
1.73 m2 ) =  
5662 
 
N ITT not 
stated 
 
 

Inclusion: ALLHAT participants: > 55 
years  and hypertensive  and with at least 
1 additional risk factor for heart disease: 
previous MI or stroke, left ventricular 
hypertrophy, type 2 diabetes, current 
smoker, HDL cholesterol < 35 mg/dL, 
atherosclerotic CVD. Stratified according 
to GFR: normal/increased (≥ 90 ml/min 
per 1.73 m2), mild reduction (60 to 89 
ml/min per 1.73 m2 ), moderate/severe (< 
60 ml/min per 1.73 m2 ) 
 
Exclusion criteria: history of symptomatic 
heart failure and/or left ventricular ejection 
fraction < 0.35 creatinine > 176.8 
micromol/L 
Population baseline characteristics: NS 
differences within each GFR stratum in 
characteristics of those randomised to 
chlorthalidone , lisinopril , or amlodipine 

 GFR ≥ 
90 
ml/min 
per 
1.73 
m2  

GFR 
60-89 
ml/min 
per 
1.73 
m2 

 

GFR < 
60 
ml/min 
per 1.73 
m2 
 

N 8126 18109 5662 
Mean age, y 63 67 71 
% Female 45 44 52 
History CHD 
(%) 

21 26 30 

History of MI 
or stroke (%) 

19 23 28 

Mean eGFR 
(ml/min per 
1.73 m2) 

102 75 50 

Type 2 
Diabetes (%) 

45 33 33 
 

mild reduction 
in baseline 
GFR (60 to 89 
ml/min per 1.73 
m2 )  
N= 18109 
 
moderate/sever
e reduction in 
baseline GFR 
(< 60 ml/min 
per 1.73 m2 ) =  
5662 
 
Procedure: 
Block 
randomisation 
to 
chlorthalidone 
:lisinopril 
:amlodipine 
1.7:1:1. Goal 
blood pressure 
was less than 
140/90 mm Hg 
achieved by 
titrating study 
drug (step 1), 
and then by 
adding open-
label atenolol, 
clonidine, 
reserpine (step 
2) or 
hydralazine 

normal or 
increased GFR 
(≥ 90 ml/min 
per 1.73 m2 ) 
N= 8126 
 
Procedure: As 
for intervention 

At 1, 3, 6, 
9, and 12 
months, 
then every 
4 months 
thereafter 
up to 6 
years 

Primary: 
Fatal 
coronary 
heart disease 
and Nonfatal 
MI 
 
Combined 
CVD 
(composite of 
primary 
outcome , 
coronary 
revascularisa
tion, 
hospitalised 
angina, 
stroke, 
fatal/hospitali
sed/treated 
non-
hospitalised 
heart failure, 
peripheral 
arterial 
disease 
 
Progression 
to ESRD 
 
 
 

National 
Heart 
, Lung, 
 and  
Blood 
Institute,  
Pfizer 
Inc. 
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(step 3). 
Creatinine 
calibrated to 
MDRD lab.  
 
Note: This is a 
post-hoc 
analysis of 
RCT examining 
the effect of 
baseline GFR 
on outcomes 
for ESRD or 
CHD. 
 

Effect size 
Hazard ratios (HR) adjusted for age, ethnicity, sex, BMI, SBP, DBP, HDL cholesterol, LDL cholesterol, triglyceride levels, diabetes history, cigarette smoking. 
Regardless of GFR range or presence of diabetes, people were more likely to experience CHD or combined CVD than ESRD: 
For people with normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N= 8126), the 6-year rate of CHD was 8.5% and 26% for combined CVD, while only 0.4% for 
progression to ESRD. 
 
For people with mild reductions in GFR (60 to 89 ml/min per 1.73 m2 , N= 18109), the 6-year rate of CHD was 10.8% and 30.5% for combined CVD, while only 1.0% 
for progression to ESRD. 
 
For people with moderate/severe reductions in GFR (< 60 ml/min per 1.73 m2 , N= 5662), the 6-year rate of CHD was 15.4% and 40.0% for combined CVD, while 
only 6.0% for progression to ESRD. 
 
 Coronary heart disease (CHD) 
People with mild reductions in GFR (60 to 89 ml/min per 1.73 m2 , N= 18109) have NS risk of coronary heart disease compared to people with normal or increased 
GFR (≥ 90 ml/min per 1.73 m2 , N= 8126). 
 
In subgroup analysis, people with diabetes and mild reductions in GFR (60 to 89 ml/min per 1.73 m2, N= 5944) have NS risk of coronary heart disease compared to 
people with diabetes and normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N= 3674). 
 
People with moderate/severe reductions in GFR (< 60 ml/min per 1.73 m2 , N= 5662) have a significantly increased risk (38% higher risk)  of coronary heart disease 
compared to people with normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N= 8126) [adjusted HR 1.38 (95% CI 1.20 to 1.59), p<0.001]. 
 
In subgroup analysis, people with diabetes and moderate/severe reductions in GFR (< 60 ml/min per 1.73 m2 , N=1888) have a significantly increased risk (54% 
higher risk)  of coronary heart disease compared to people with diabetes and normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N=3674) [adjusted HR 1.54 (95% 
CI 1.25 to 1.90), p<0.001]. 
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Combined CVD 
People with mild reductions in GFR (60 to 89 ml/min per 1.73 m2 , N= 18109) have a significantly increased risk (8% higher risk)  of the combined cardiovascular 
disease outcome compared to people with normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N= 8126) [adjusted HR 1.08 (95% CI 1.01 to 1.15), p=0.027]. 
 
In subgroup analysis, people with diabetes and mild reductions in GFR (60 to 89 ml/min per 1.73 m2 , N= 5944) have a significantly increased risk (13% higher risk) of 
the combined cardiovascular disease outcome compared to people with diabetes and normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N= 3674) [adjusted HR 
1.13 (95% CI 1.02 to 1.24), p=0.017]. 
 
People with moderate/severe reductions in GFR (< 60 ml/min per 1.73 m2, N= 5662) have a significantly increased risk (35% higher risk)  of the combined 
cardiovascular disease outcome compared to people with normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N= 8126) [adjusted HR 1.35 (95% CI 1.24 to 1.46), 
p<0.001]. 
 
In subgroup analysis, people with diabetes and moderate/severe reductions in GFR (< 60 ml/min per 1.73 m2 , N=1888) have a significantly increased risk (44% 
higher risk)  of the combined cardiovascular disease outcome compared to people with diabetes and normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N=3674) 
[adjusted HR 1.44 (95% CI 1.27 to 1.63), p<0.001]. 
 
ESRD 
People with mild reductions in GFR (60 to 89 ml/min per 1.73 m2 , N= 18109) have a significantly increased risk (3-fold higher risk) of progressing to ESRD compared 
to people with normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N= 8126) [adjusted HR 2.90 (95% CI 1.90 to 4.67), p<0.001]. 
 
In subgroup analysis, people with diabetes and mild reductions in GFR (60 to 89 ml/min per 1.73 m2 , N= 5944) have a significantly increased risk (4-fold higher risk) 
of progressing to ESRD compared to people with diabetes and normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N= 3674) [adjusted HR 4.18 (95% CI 2.24 to 
7.83), p<0.001]. 
 
People with moderate/severe reductions in GFR (< 60 ml/min per 1.73 m2, N= 5662) have a significantly increased risk (20-fold higher)  of progressing to ESRD 
compared to people with normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N= 8126) [adjusted HR 20.33 (95% CI 12.74 to 32.42), p<0.001]. 
 
In subgroup analysis, people with diabetes and moderate/severe reductions in GFR (< 60 ml/min per 1.73 m2 , N=1888) have a significantly increased risk (25-fold 
higher) of progressing to ESRD compared to people with diabetes and normal or increased GFR (≥ 90 ml/min per 1.73 m2 , N=3674) [adjusted HR 25.90 (95% CI 
14.01 to 47.86), p<0.001]. 
 
Note: Limitations of study: post-hoc analysis of RCT and randomisation was to 1 of three antihypertensive drugs. No proteinuria data (proteinuria is a predictor of 
renal and cardiovascular outcomes. Also, this hypertensive population is already at high risk for CVD, so caution should be used when extrapolating results to people 
with renal disease with lower atherosclerotic risk. 
Ref ID: 3681         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 
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So WY, 
Kong AP, 
Ma RC et al. 
Glomerular 
filtration 
rate, 
cardiorenal 
end points, 
and all-
cause 
mortality in 
type 2 
diabetic 
patients. 
Diabetes 
Care. 2006; 
29(9):2046-
2052. Ref 
ID: 3681 

Cohort 
study 
 
2 + 
 
China 

N total = 
4421  
 
Stage 1: 
GFR ≥ 90 
ml/min per 
1.73 m2  
N=2257 
(51%) 
 
Stage 2 
early: GFR 
60-89 ml/min 
per 1.73 m2  
N=1636 
(37%) 
 
Stage 3: 
GFR 30 -59 
ml/min per 
1.73 m2  
N=457 (10%) 
 
Stage 4: 
GFR 15 - 29 
ml/min per 
1.73 m2  
N=71 (1.6%) 
 
 

Study population: All newly referred  
diabetic patients to a hospital in Hong 
Kong 
 
Inclusion: All Type 2 diabetic patients 
with no history of macrovascular 
disease 
 
Exclusion: Patients with dialysis or 
eGFR stage 5 (<15 ml/min) or with type 
1 diabetes or continuous requirement of 
insulin within 1 year of diagnosis. 
 
GFR estimated from MDRD formula 
 
Baseline characteristics: 
48% of patients had some renal 
impairment (Stage 2 or >) 
Mean age: 58 +/- 13 years. Age 
increased significantly vs CKD stage 1 
group as renal function declined (57 to 
69 years, respectively).  
Sex: Majority were female, 57% overall 
Blood pressure: mean systolic blood 
pressures increased with worsening 
renal function.  
 

Stage 2 early: 
GFR 60-89 
ml/min per 1.73 
m2  
N=1636 (37%) 
 
Stage 3: GFR 
30 -59 ml/min 
per 1.73 m2  
N=457 (10%) 
 
Stage 4: GFR 
15 - 29 ml/min 
per 1.73 m2  
N=71 (1.6%) 
 
Patient staging 
of CKD severity 
using modified 
definitions from 
the National 
Kidney 
foundations 
(NKF) Kidney 
Disease 
Outcomes 
Quality 
Initiative 
(K/DOQI) 
clinical practice 
guidelines 

Stage 1: GFR ≥ 
90 ml/min per 
1.73 m2  
N=2257 (51%) 
 

Median 
39.4 
months 

All-cause 
mortality 
 
Renal end 
points ( 
Defined as 
reduction in 
eGFR by 
>50% or 
progression 
to eGFR <15 
ml/min (stage 
5) 
 
CV end 
points 
(ischemic 
heart 
disease, 
stroke, 
congestive 
heart failure, 
revascularisa
tion 
procedures) 
 
Composite 
end-points 
(included all-
cause 
mortality, CV 
and renal 
end points)  

Li Ka 
Shing 
Institute 
of 
Health 
Science
s and 
Hong 
Kong 
foundati
on for 
R&D 
(Chines
e 
Universit
y of 
Hong 
Kong) 

Effect size 
 
Mortality outcomes:  
Mortality rates increased with severity of CKD 

 GFR ≥ 90 ml/min 
per 1.73 m2  

GFR 60-89 ml/min 
per 1.73 m2  

GFR 30 -59 
ml/min per 1.73 
m2 

 

GFR 15 - 29 
ml/min per 1.73 
m2 

 

P for trend 



 

        Page 103 of 377  

All cause mortality (%) 1.2 2.6 5.5 18.3 <0.001 
Adjusted HR for  All cause 
mortality (95% CI) 

1.00 NS 2.34 (1.16, 
4.70) 

9.82 (4.53, 
21.0) 

<0.001 

 
CV endpoints  
CV endpoints increased with severity of CKD 

 GFR ≥ 90 ml/min 
per 1.73 m2  

GFR 60-89 ml/min 
per 1.73 m2  

GFR 30 -59 
ml/min per 1.73 
m2 

 

GFR 15 - 29 
ml/min per 1.73 
m2 

 

P for trend 

CV endpoints (%) 2.6 5.4 10.3 25.4 <0.001 
Adjusted HR for  CV endpoints 
(95% CI) 

1.00 NS NS 3.23 
(1.74,5.99) 

<0.001 

 
 
Renal endpoints  
Renal endpoints increased with severity of CKD 

 GFR ≥ 90 ml/min 
per 1.73 m2  

GFR 60-89 ml/min 
per 1.73 m2  

GFR 30 -59 
ml/min per 1.73 
m2 

 

GFR 15 - 29 
ml/min per 1.73 
m2 

 

P for trend 

Renal endpoints (%) 1.7 3.0 16.5 68.2 <0.001 
Adjusted HR for renal endpoints 
(95% CI) 

1.00 ns 3.34 (2.06, 
5.42) 

27.3 (15.6, 
47.8) 

<0.001 

 
 
Composite endpoints  
Composite endpoints increased with severity of CKD 

 GFR ≥ 90 ml/min 
per 1.73 m2  

GFR 60-89 ml/min 
per 1.73 m2  

GFR 30 -59 
ml/min per 1.73 
m2 

 

GFR 15 - 29 
ml/min per 1.73 
m2 

 

P for trend 

Composite endpoints (%) 5.0 9.0 23.9 75.8 <0.001 
Adjusted HR for composite 
endpoints (95% CI) 

1.00 ns 1.63 (1.15, 
2.30) 

7.54 (4.97, 
11.4) 

<0.001 

 
 
All outcomes (Hazard Ratios) 
Increased risk of each end-point with albuminuria vs no albuminuria at all levels of GFR (except for CV endpoints at GFR 30-59 ml/min – increased risk with no 
albuminuria compared with albuminuria) 

 GFR ≥ 90 ml/min per 1.73 m2 GFR 60-89 ml/min per 1.73 GFR 30 -59 ml/min per 1.73 GFR 15 - 29 ml/min per 1.73 
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m2  m2 

 
m2 

 
 No 

albuminuria 
With 

albuminuria 
No 

albuminuria 
With 

albuminuria 
No 

albuminuria 
With 

albuminuria 
No 

albuminuria 
With 

albuminuria 
CV endpoints  1.0 (referent) 1.85, 95% CI 

1.07 to 3.18, 
p=0.03 

1.00, 95% CI 
0.59 to 1.72 

NS 

1.89, 95% CI 
1.13 to 3.16), 

p=0.016 

3.05, 95% CI 
1.51 to 6.15 

P=0.002 

1.35, 95% CI 
0.74 to 2.49, 

NS 

Not enough 
subjects 

5.46, 95% CI 
2.78 to 10.7), 

p<0.001 
Renal endpoints 1.0 (referent) 2.62, 95% CI 

1.31 to 5.26, 
p=0.007 

0.83, 95% CI 
0.35 to 1.96 

NS 

4.13, 95% CI 
2.19 to 7.78), 

p<0.001 

0.82, 95% CI 
0.12 to 6.22 

NS 

10.3, 95% CI 
5.52 to 
19.11), 
p<0.001 

Not enough 
subjects 

90.29, 95% 
CI 45.8 to 

178.0), 
p<0.001 

Composite endpoints 1.0 (referent) 2.34, 95% CI 
1.58 to 3.50, 

p<0.001 

1.21, 95% CI 
0.80 to 1.84 

NS 

2.43, 95% CI 
1.64 to 3.59), 

p<0.001 

2.98, 95% CI 
1.57 to 5.64 

P=0.001 

3.15, 95% CI 
2.06 to 4.82), 

p<0.001 

Not enough 
subjects 

16.2, 95% CI 
10.0 to 26.0), 

p<0.001 
 
 
 
       
Ref ID: 3678         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Tokmakova 
MP, Skali H, 
Kenchaiah S 
et al. 
Chronic 
kidney 
disease, 
cardiovascul
ar risk, and 
response to 
angiotensin-
converting 
enzyme 
inhibition 
after 
myocardial 
infarction: 

Post-
hoc 
RCT  
 
 2 + 
 
US  
and 
Canad
a 
multice
nter 
RCT 

N total  = 2183 
 
N  GFR ≥ 75 
ml/min per 1.73 
m2 = 799 
 
N GFR 60-74 
ml/min per 1.73 
m2  = 665 
 
N GFR  45-59 
ml/min per 1.73 
m2  =  516 
 
N GFR  < 45 
ml/min per 1.73 
m2  =  203 

Inclusion: Survival and 
Ventricular Enlargement 
(SAVE) RCT: adults with acute 
MI (3 to 16 days) and LVEF ≤ 
40%  
 
Exclusion criteria: serum 
creatinine > 2.5 mg/dl (221 
micromol/L) 
 
Population baseline 
characteristics: The mean GFR 
was 70.0 ml/min per 1.73 m2. 
Those with lower GFR  were 
older(average age in GFR < 45 
was 67 years, and 63 years in 
GFR 45-59), more likely to be 

N GFR 60-74 ml/min per 
1.73 m2  = 665 
 
N GFR  45-59 ml/min per 
1.73 m2  =  516 
 
N GFR  < 45 ml/min per 
1.73 m2  =  203 
 
Procedure: SAVE trial: 
patients randomised to 
receive placebo or captopril 
following acute MI. GFR 
calculated using the MDRD 
equation. Associations 
between baseline GFR and 
mortality determined. 

N  GFR ≥ 
75 ml/min 
per 1.73 
m2 = 799 
 
Procedur
e: As for 
interventi
on 

4 years All-cause 
mortality 
 
Cardiovascul
ar mortality 
 
Recurrent MI 
 
Heart failure 
 
Combined 
outcome: 
Cardiovascul
ar 
mortality/mor
bidity 
 

Not 
stated 
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the Survival 
And 
Ventricular 
Enlargement 
(SAVE) 
study. 
Circulation. 
2004; 
110(24):366
7-3673. Ref 
ID: 3678 

 
 
 

female, and have a higher 
prevalence of diabetes, 
hypertension, prior MI, heart 
failure.  

 

Effect size 
CKD defined as GFR < 60 ml/min per 1.73 m2.   
 
Hazard ratios (HR) adjusted for age, gender, diabetes, LVEF (as a 5% decrease), Killip class ≥ 2 at baseline, hypertension, prior MI, treatment with captopril. 
 
All-cause mortality 
The risk of all-cause mortality increased as GFR decreased (p for this trend =0.001) 
People with an acute MI and LVEF ≤ 40% and GFR 60-74 ml/min per 1.73 m2  (N= 665) had NS risk of all-cause mortality compared with people with an acute MI 
and LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799). 
 
People with an acute MI and LVEF ≤ 40% and GFR 45-59 ml/min per 1.73 m2  (N= 516) had NS risk of all-cause mortality compared with people with an acute MI 
and LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799). 
 
People with an acute MI and LVEF ≤ 40% and GFR < 45 ml/min per 1.73 m2  (N= 203) had a significantly increased risk of all-cause mortality compared with people 
with an acute MI and LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799) [adjusted HR 1.81 (95% CI 1.32 to 2.48), p not given]. 
 
Cardiovascular mortality 
The risk of cardiovascular mortality increased as GFR decreased (p for this trend =0.001) 
People with an acute MI and LVEF ≤ 40% and GFR 60-74 ml/min per 1.73 m2  (N= 665) had NS risk of cardiovascular mortality compared with people with an acute 
MI and LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799). 
 
People with an acute MI and LVEF ≤ 40% and GFR 45-59 ml/min per 1.73 m2  (N= 516) had NS risk of cardiovascular mortality compared with people with an acute 
MI and LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799). 
 
People with an acute MI and LVEF ≤ 40% and GFR < 45 ml/min per 1.73 m2  (N= 203) had a significantly increased risk of cardiovascular mortality compared with 
people with an acute MI and LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799) [adjusted HR 1.96 (95% CI 1.39 to 2.76), p not given]. 
 
Recurrent MI 
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People with an acute MI and LVEF ≤ 40% and GFR 60-74 ml/min per 1.73 m2  (N= 665) had NS risk of recurrent MI compared with people with an acute MI and 
LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799). 
 
People with an acute MI and LVEF ≤ 40% and GFR 45-59 ml/min per 1.73 m2  (N= 516) had a significantly increased risk of recurrent MI compared with people with 
an acute MI and LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799)  [adjusted HR 1.42 (95% CI 1.03 to 1.96), p not given]. 
 
People with an acute MI and LVEF ≤ 40% and GFR < 45 ml/min per 1.73 m2  (N= 203) had NS risk of recurrent MI compared with people with an acute MI and LVEF 
≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799). 
 
Heart Failure 
People with an acute MI and LVEF ≤ 40% and GFR 60-74 ml/min per 1.73 m2  (N= 665) had NS risk of heart failure compared with people with an acute MI and 
LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799). 
 
People with an acute MI and LVEF ≤ 40% and GFR 45-59 ml/min per 1.73 m2  (N= 516) had NS risk of heart failure compared with people with an acute MI and 
LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799). 
 
People with an acute MI and LVEF ≤ 40% and GFR < 45 ml/min per 1.73 m2  (N= 203) had NS risk of heart failure compared with people with an acute MI and LVEF 
≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799). 
 
Combined outcome: Cardiovascular mortality/morbidity 
People with an acute MI and LVEF ≤ 40% and GFR 60-74 ml/min per 1.73 m2  (N= 665) had NS risk of cardiovascular mortality/morbidity compared with people with 
an acute MI and LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799). 
 
People with an acute MI and LVEF ≤ 40% and GFR 45-59 ml/min per 1.73 m2  (N= 516) had NS risk of cardiovascular mortality/morbidity compared with people with 
an acute MI and LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799). 
 
People with an acute MI and LVEF ≤ 40% and GFR < 45 ml/min per 1.73 m2  (N= 203) had a significantly increased risk of cardiovascular mortality/morbidity 
compared with people with an acute MI and LVEF ≤ 40% and N  GFR ≥ 75 ml/min per 1.73 m2 (N= 799) [adjusted HR 1.48 (95% CI 1.14 to 1.91), p not given]. 
 
The rate of cardiovascular mortality/morbidity declined markedly with increasing GFR until GFR reached approx. 60 ml/min per 1.73 m2. 
 
Compare to people with an acute MI and LVEF ≤ 40% and GFR > 60 ml/min per 1.73 m2  , the risk of each of the outcomes was significantly higher in people with an 
acute MI and LVEF ≤ 40% and GFR < 60 ml/min per 1.73 m2   
 
Cox modelling showed that age (1 year increments) was associated with increased risks for all of the outcomes. 
Male gender was associated with an decreased risk of heart failure. 
Captopril treatment was associated with a decreased risk of all of the outcomes. 
 
Note: limitations – post-hoc analysis of an RCT, little data on people with severe renal disease (GFR < 30), eGFR could have misclassified subjects, no proteinuria 
data, no anaemia data, caution about extrapolating results to people with different cardiovascular background (i.e. MI with preserved LVEF; or reduced LVEF but no 
MI),  
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Ref ID: 909         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Wright RS, 
Reeder GS, 
Herzog CA 
et al. Acute 
myocardial 
infarction 
and renal 
dysfunction: 
a high-risk 
combination.
[see 
comment]. 
Annals of 
Internal 
Medicine. 
2002; 
137(7):563-
570. Ref ID: 
909 

Retros
pective 
cohort  
 
 2 + 
 
Single 
centre 
US 
cohort 
study 
 

N total  = 3106 
 
N  no renal 
disease = 1320 
 
N CrCl 50 - 75 
ml/min = 860 
 
N CrCl 35-50 
ml/min = 491 
 
N CrCl < 35 
ml/min  = 391 
 
 

Inclusion: adults with acute MI 
(1988-2000) identified from 
coronary care unit database.  
 
Exclusion criteria: not stated 
 
Population baseline 
characteristics: People with 
renal disease were older 
(median age was 83 years for 
people with CrCl < 35 ml/min; 
78 years for CrCl 35-50 ml/min , 
72 years for CrCl 50 - 75 ml/min 
) more likely to be female, and 
have more cardiovascular co-
morbidities than those with 
normal renal function.  

N CrCl 50 - 75 ml/min = 
860 
 
N CrCl 35-50 ml/min = 491 
 
N CrCl < 35 ml/min  = 391 
 
Procedure: Patients 
admitted to hospital with 
acute MI were identified 
from the coronary unit 
database and stratified by 
creatinine clearance 
(Cockcroft-Gault) and 
followed up until death or 
censoring.  

No renal 
disease  
N= 1320 
 
Procedur
e: As for 
interventi
on 

5 years In-hospital 
death 
 
Postdischarg
e death (the 
number of 
days from 
hospital 
discharge to 
death or 
censoring) 

Mayo 
Foundati
on and 
Mayo 
Alliance 
for 
Clinical 
Trials 

Effect size 
Hazard ratios (HR) and odds ratios (OR) adjusted for BMI, smoking status, hyperlipidaemia, history of coronary bypass grafting, history of PTCA, history of MI, 
anterior MI, MI related to ST-segment elevation, atrial fibrillation, congestive heart failure, administration of beta blockers within 24-h of admission, administration of 
heparin within 24-h of admission, administration of nitrates within 24-h of admission, ACEi at discharge, nitrates at discharge, hypertension.   
 
In-hospital death 
 
The risk of in-hospital death increased as CrCl decreased. In-hospital mortality increased rapidly at CrCl 60 ml/min or less.  
People with an acute MI and CrCl 50 - 75 ml/min  (N=860) had a significantly increased risk of in-hospital death compared with people with an acute MI and no renal 
disease (N=1320) [adjusted OR 1.9 (95% CI 1.1 to 3.1), p=0.017] 
 
People with an acute MI and CrCl 35-50 ml/min  (N=491) had a significantly increased risk of in-hospital death compared with people with an acute MI and no renal 
disease (N=1320) [adjusted OR 4.1 (95% CI 2.3 to 7.2), p<0.001] 
 
People with an acute MI and CrCl < 35 ml/min  (N=391) had a significantly increased risk of in-hospital death compared with people with an acute MI and no renal 
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disease (N=1320) [adjusted OR 5.4 (95% CI 2.9 to 10.3), p<0.001] 
 
Every 10 year increase of age was associated with an increased risk of in-hospital death [adjusted OR 1.2 (95% CI 1.0 to 1.5), p=0.013] 
 
Compared to males, females had a decreased risk of in-hospital death [adjusted OR 0.7 (95% CI 0.5 to 1.5), p=0.012] 
 
Post-discharge death 
People with an acute MI and CrCl 50 - 75 ml/min  (N=860) had a significantly increased risk of post-discharge death compared with people with an acute MI and no 
renal disease (N=1320) [adjusted HR 2.4 (95% CI 1.7 to 3.3), p<0.001] 
 
People with an acute MI and CrCl 35-50 ml/min  (N=491) had a significantly increased risk of post-discharge death compared with people with an acute MI and no 
renal disease (N=1320) [adjusted HR 2.2 (95% CI 1.5 to 3.3), p<0.001] 
 
People with an acute MI and CrCl < 35 ml/min  (N=391) had a significantly increased risk of post-discharge death compared with people with an acute MI and no 
renal disease (N=1320) [adjusted HR 1.9 (95% CI 1.2 to 3.0), p<0.006] 
 
Every 10 year increase of age was associated with an increased risk of post-discharge death [adjusted HR 1.4 (95% CI 1.3 to 1.6), p<0.001] 
 
Note: limitations – retrospective analysis and could have referral bias, bias due to study being at a single site, a lack of statistical power to generate conclusions of 
cause and effect. 
Ref ID: 2505         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Eriksen BO, 
Ingebretsen 
OC. The 
progression 
of chronic 
kidney 
disease: A 
10-year 
population-
based study 
of the effects 
of gender 
and age. 
Kidney 
International

Longitu
dinal 
observ
ational 
study 
 
3 
 
Norwa
y 
 

N  GFR 30- 60 
ml/min per 1.73 
m2 = 3047 
 
 

Inclusion: 10 year population 
study of adults > 20 years with 
Stage 3 CKD GFR 30- 60 
ml/min per 1.73 m2 from Trome, 
Norway. 
 
Exclusion criteria: not stated 
 
Population baseline 
characteristics:  

 Men Women 
N 928 2119 
Median 
age 

75.0 75.0 

Median 54.7 55.3 

Aim to determine effect of 
age and gender in people 
with Stage 3 CKD on renal 
failure 
 
Procedure: Creatinine 
measurements obtained 
from University Hospital 
North Norway database. 
GFR calculated using the 
MDRD equation. Database 
included birth date and a 
person number encoding 
gender. People classified 
as Stage 3 CKD if a repeat 

Age  
Gender 
 
N  < 69 
years = 
983 
 
N 70-79 
years = 
1163 
 
N > 79 
years = 
901 
 

(mean 4.2 
years)  

All-cause 
mortality 
 
Renal failure 
–defined as 
initiation of 
RRT or 
progression 
to Stage 5 
CKD (GFR < 
15 ml/min per 
1.73 m2). 
 
GFR decline 

Not 
stated 
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. 2006; 
69(2):375-
382. Ref ID: 
2505 

baseline 
GFR , 
ml/min/1.7
3m2 
Median 
number 
creatinine 
analyses 

12 8 

 

measurement of creatinine 
within  90 days of the first 
measurement confirmed 
GFR 30-60 ml/min per 1.73 
m2 

N men= 
928 
 
N 
women= 
2119 

Effect size 
 
Odds ratio (OR) adjusted for age, race, gender, education, baseline 3MS score, coronary artery disease, cerebrovascular disease, heart failure, LDL cholesterol, HDL 
cholesterol, total cholesterol, CRP, IL-6, hematocrit, incident stroke 
Effect of Gender on All-cause mortality 
The 10-year cumulative incidence of all-cause mortality was higher in men with Stage 3 CKD (0.61 , N=928) than in women with Stage 3 CKD (0.47, N=2119). 
In people with Stage 3 CKD, females with Stage 3 CKD had a significantly reduced risk of all-cause mortality compared with males [HR 0.55 (95% CI 0.48 to 0.62), 
p<0.0001]. 
 
Effect of Age on All-cause mortality 
The 10 year cumulative incidence of all-cause mortality increased with increasing age: (0.17 for people < 69 years; 0.49 for people 70-79 years; 0.84 for people > 79 
years).   
In people with Stage 3 CKD, each 10 year increment of age was associated with a significantly increased risk of all-cause mortality [HR 2.28 (95% CI 2.11 to 2.46), 
p<0.0001]. 
 
Effect of Gender on Renal Failure 
The 10-year cumulative incidence of renal failure was higher in men with Stage 3 CKD (0.08 , N=928) than in women with Stage 3 CKD (0.03, N=2119). 
Females with Stage 3 CKD had a significantly reduced risk of renal failure compared with males [HR 0.35 (95% CI 0.21 to 0.59), p<0.0001]. 
 
Effect of Age on Renal Failure 
The 10-year cumulative incidence of renal failure decreased with increasing age (0.07 for people < 69 years; 0.04 for people 70-79 years; 0.03 for people > 79 years).  
In people with Stage 3 CKD, each 10 year increment of age was associated with a significantly decreased risk of renal failure [HR 0.75 (95% CI 0.63 to 0.89), 
p=0.0009]. 
 
Effect of Gender on GFR decline 
The decline in GFR in men with Stage 3 CKD was greater (-1.39 ml/min/1.73 m2 /year) than in women (-0.88 ml/min/1.73 m2 /year).  
Female gender was associated with an increased change in GFR compared to males [+0.50 ml/min/1.73 m2 /year, (95% CI 0.20 to 0.81)p=0.001] 
 
Effect of Age on GFR decline 
The decline in GFR increased with increasing age (-0.50 ml/min/1.73 m2 /year for people < 69 years; (-1.04 ml/min/1.73 m2 /year for people 70-79 years; (-1.60 
ml/min/1.73 m2 /year for people > 79 years). 
Each 10 year increment in age was associated with a decline in GFR [-0.38 ml/min/1.73 m2 /year (95% CI -0.51 to -0.26), p<0.0001] 
Ref ID: 595         
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Reference Study 
type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

John R, 
Webb M, 
Young A et 
al. 
Unreferred 
chronic 
kidney 
disease: a 
longitudinal 
study. 
American 
Journal of 
Kidney 
Diseases. 
2004; 
43(5):825-
835. Ref ID: 
595 

Longitu
dinal 
study 
 
 3 
 
East 
Kent, 
UK  
 

N total = 3822 
 
N unreferred to 
renal services 
GFR 30-42.8  
ml/min/1.73m2=
?  
 
N unreferred to 
renal services 
GFR 15-30  
ml/min/1.73m2=
? 
 
N unreferred to 
renal services 
GFR < 15  
ml/min/1.73m2=
? 
 
 

Inclusion: adults identified 
between Oct. 2000 and Sept. 
2001 with serum creatinine ≥ 
2.03 mg/dl (males) or ≥ 1.53 
mg/dl (females) that is 
consistent within 3 months of 
the first measurement. 
 
Exclusion criteria: people with 
transient increases in 
creatinine, acute renal failure 
(rapidly increasing or 
decreasing creatinine), 
repeated creatinine 
measurement decreased to 
less than the inclusion criteria, 
patients with dialysis or RRT. 
 
Population baseline 
characteristics: The unreferred 
population was significantly 
older, more likely to be female 
than the population known to 
renal services. Overall, the 
prevalence of diagnosed CKD 
was 5554 per million population 
(pmp), median age was 82 
years, median GFR 28.0 
ml/min/1.73m2 (range 3.6 to 
42.8 ml/min/1.73m2). Only 
15.2% were known to renal 
services. The median age of 
the unreferred population was 
83 years and 60% were female. 
 

N unreferred to renal 
services GFR 15-30 
ml/min/1.73m2=? 
 
N unreferred to renal 
services GFR < 15 
ml/min/1.73m2=? 
 
Procedure: Analysis of 
increased creatinine made 
within 3 months of initial 
measurement. GFR 
calculated using the MDRD 
equation. Patients were 
defined as unreferred if no 
renal referral had been 
made within 3 months of 
the abnormal creatinine 
result.  

N 
unreferre
d to renal 
services 
GFR 30-
42.8  
ml/min/1.
73m2=?  
 
Procedur
e: As for 
interventi
on 

Mean 
follow-up 
31.3 
months 

All-cause 
mortality 
 
Progression 
of CKD 
(decline in 
GFR) 
 
 

National 
Kidney 
Researc
h Fund 
(UK), 
Alan 
Squirrel 
Artificial 
Kidney 
Fund, 
Renal 
Care 
and 
Researc
h Group 
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Effect size 
 
All-cause mortality 
 Unreferred people with GFR 15-30  ml/min/1.73m2 had a significantly increased risk of all cause mortality compared with unreferred people with  GFR 30-42.8  
ml/min/1.73m2 [ HR 1.41 (95% CI 1.25 to 1.60), p <0.001] 
 
Unreferred people with GFR < 15 ml/min/1.73m2 had a significantly increased risk of all cause mortality compared with unreferred people with  GFR 30-42.8  
ml/min/1.73m2 [ HR 3.12 (95% CI 2.53 to 3.83), p <0.001] 
 
Compared to the renal referral group, the unreferred group had a significantly higher risk of all-cause mortality [ HR 2.04 (95% CI 1.56 to 2.64), p <0.001] 
 
Unreferred women had a decreased risk of all-cause mortality compared to unreferred men [HR 0.73 (95% CI 0.65 to 0.82), p <0.001] 
 
Increasing age was NS for risk of all-cause mortality. 
 
GFR decline 
The majority of unreferred patients had stable renal function and only 20% showed a decline in GFR > 2 ml/min/1.73m2/year.  
There were NS differences between men and women for GFR decline. 
Ref ID: 450         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Kurella M, 
Yaffe K, 
Shlipak MG 
et al. 
Chronic 
kidney 
disease and 
cognitive 
impairment 
in 
menopausal 
women. 
American 
Journal of 
Kidney 
Diseases. 
2005; 

Cross-
section
al 
study 
 
 3  
 
USA 
 
 

N total  = 1015 
 
N  GFR > 
60ml/min per 
1.73 m2 = 404 
 
N GFR 45-59 
ml/min per 1.73 
m2  = 448 
 
N GFR 30-45 
ml/min per 1.73 
m2  =  135 
 
N GFR < 30 
ml/min per 1.73 
m2  =  28 

Inclusion: HERS Study: 
postmenopausal women < 80 
years old with established 
coronary artery disease.  
 
Exclusion criteria: 
hysterectomy, dementia 
 
Population baseline 
characteristics: The mean age 
was 66.7 ± 6.4 years  and 
mean eGFR = 57.3 ml/min per 
1.73 m2  . Those with CKD 
(GFR < 60) were older and 
more likely to have diabetes, 
hypertension, stroke, 
congestive heart failure 

N GFR 45-59 ml/min per 
1.73 m2  = 448 
 
N GFR 30-45 ml/min per 
1.73 m2  =  135 
 
N GFR < 30 ml/min per 
1.73 m2  =  28 
 
 
Procedure: Trained 
personnel administered 6 
cognitive function tests after 
4 years of the HERS trial:.  
Modified Mini-Mental State 
Exam (3MS) 
(concentration, orientation, 

N  GFR > 
60ml/min 
per 1.73 
m2 = 404 
 
Procedur
e: As for 
interventi
on 

4 years Cognitive 
impairment 
 
 

Not 
stated 
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45(1):66-76. 
Ref ID: 450 

 
 
 

compared to people with GFR > 
60 ml/min per 1.73 m2 .  

language, praxis, memory),  
The Trail Making Test Part 
B (measures attention, 
concentration, psychometer 
speed, executive function), 
Modified Boston Naming 
Test (assesses language 
skills), The Verbal Fluency 
Test (tests working and 
semantic memory), The 
Word List Memory test 
(evaluates immediate 
memory), and the Word List 
Recall test (evaluates short-
term memory). The 
Geriatric Depression Scale 
test was also used to adjust 
for symptoms of 
depression.   
Creatinine and other 
laboratory parameters 
measured at the same time 
as the cognitive function 
tests were administered . 
GFR calculated using the 
MDRD equation.   

Effect size 
Cognitive impairment defined as 3MS score < 80.   
CKD defined as GFR < 60 ml/min per 1.73 m2.   
 
Odds ratio (OR) adjusted for age, race, education, stroke/TIA, smoking, serum cholesterol, sodium concentration. 
 
Cognitive Impairment (defined as 3MS score < 80) 
In postmenopausal women with established coronary artery disease, the risk of cognitive impairment was significantly higher in people with GFR < 30 ml/min per 1.73 
m2  compared to women with GFR > 60 ml/min per 1.73 m2 [adjusted OR 5.01 (95% CI 1.27 to 19.7] 
 
There was NS risk of cognitive impairment for postmenopausal women with established coronary artery disease and GFR 45-49 or 30-44 ml/min per 1.73 m2 

 

A decline in GFR of 10 ml/min/1.73m2/year, was associated with an increased risk of cognitive impairment  [adjusted OR 1.27 (95% CI 1.01 to 1.59] 
 
Cognitive Impairment (Trails B score of 300 seconds) 
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A decline in GFR of 10 ml/min/1.73m2/year, was associated with an increased risk of cognitive impairment  [adjusted OR 1.19 (95% CI 1.01 to 1.39] 
There was NS risk of cognitive impairment for postmenopausal women with established coronary artery disease with any level of GFR.  
 
Cognitive Impairment (Boston Naming score ≤ 13) 
A decline in GFR of 10 ml/min/1.73m2/year, was associated with an increased risk of cognitive impairment  [adjusted OR 1.16 (95% CI 1.03 to 1.31] 
 
In postmenopausal women with established coronary artery disease, the risk of cognitive impairment was significantly higher in people with GFR 45-59 ml/min per 
1.73 m2  compared to women with GFR > 60 ml/min per 1.73 m2 [adjusted OR 1.55 (95% CI 1.09 to 2.22] 
 
There was NS risk of cognitive impairment for postmenopausal women with established coronary artery disease and GFR 30-44 ml/min per 1.73 m2 

In postmenopausal women with established coronary artery disease, the risk of cognitive impairment was significantly higher in people with GFR < 30 ml/min per 1.73 
m2  compared to women with GFR > 6 0ml/min per 1.73 m2 [adjusted OR 4.02 (95% CI 1.66 to 9.76] 
 
Cognitive Impairment (Verbal Fluency) 
GFR-verbal fluency association was NS after model adjustment. 
 
Cognitive Impairment (Word List recall score < 4) 
GFR-word list recall was NS after model adjustment.  
 
Note:.  The CI had very large ranges and thus could be spurious associations with eGFR. A longitudinal study would have been stronger than a cross-sectional study; 
effect of anaemia on cognitive impairment was not assessed; Other confounding variables not considered may account for higher risk of cognitive impairment in older 
people with CKD. Authors caution us not to conclude that CKD CAUSES cognitive impairment, but rather CKD could be a marker for OTHER factors causing 
cognitive impairment.  
Ref ID: 87         
Reference Study 

type 
Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

McCullough 
PA, Jurkovitz 
CT, Pergola PE 
et al. 
Independent 
components of 
chronic kidney 
disease as a 
cardiovascular 
risk state: 
results from the 
Kidney Early 
Evaluation 

Case 
series  
 
3 
 
42 
centres 
in USA 
 

N total  = 
37153 
 
N GFR ≥ 90 
ml/min/1.73m2 
= 5504 
 
N GFR 60-89 
ml/min/1.73m2  
= 12101 
 
N GFR 30-59 
ml/min/1.73m2  

Inclusion criteria: KEEP study: 
adults > 18 years old with 
diabetes, hypertension, or 
family history of diabetes, 
hypertension, or kidney 
disease 
 
Exclusion criteria:  not stated 
 
Population baseline 
characteristics: mean  eGFR = 
82.2 ml/min/1.73m2   
N=5504 (14.8%) had eGFR < 

GFR ≥ 90 ml/min/1.73m2 
  
Procedure: Data on 
demographics, medical 
history, self reported history 
of stroke or MI , BP, blood 
and urine samples 
screened for glucose, 
creatinine, haemoglobin. 
GFR calculated with MDRD 
equation. Microalbuminuria 
(≥ 20 mg/l) determined with 
reagent strip. All-cause 

GFR 60-89 
ml/min/1.73m2  
 
GFR 30-59 
ml/min/1.73m2  
 
GFR < 30  
ml/min/1.73m2  

Median 
16 
months

Cardiovascular 
disease 
(defined as self 
reported 
history of MI or 
stroke) 
 
All-cause 
mortality 
 
 
 

None 
reported 
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Program 
(KEEP).[see 
comment]. 
Archives of 
Internal 
Medicine. 
2007; 
167(11):1122-
1129. Ref ID: 
87 

= 5194 
 
N GFR < 30  
ml/min/1.73m2  
= 310 
 
 

60 ml/min/1.73m2.  
N=15959 (49.5%) had 
microalbuminuria 
N=4588 (13%) had anaemia 
(KDOQI definition). 26% had 
diabetes, 59% had 
hypertension   
 

mortality obtained from 
multilevel tracking systems 
(databases).  
 

Effect size 
N=1835 (4.9%) had a self-reported history of MI 
N=1336 (3.6%) had a self-reported history of stroke 
N=2897 (7.8%) had a history of MI or stroke 
N=191 deaths 
 
Cardiovascular disease (self reported stroke or MI) 
People with eGFR 60-89 ml/min/1.73m2 had NS odds of cardiovascular disease compared with people with eGFR ≥ 90 ml/min/1.73m2  [age adjusted OR 1.07 (95% 
CI 0.95 to 1.21), p=0.29]. N not stated for these GFR categories. 
 
People with eGFR 30-59 ml/min/1.73m2 had significantly higher odds of cardiovascular disease compared with people with eGFR ≥ 90 ml/min/1.73m2  [age adjusted 
OR 1.37 (95% CI 1.13 to 1.67), p=0.001]. N not stated for these GFR categories. 
 
People with eGFR < 30 ml/min/1.73m2 had NS odds of cardiovascular disease compared with people with eGFR ≥ 90 ml/min/1.73m2  [age adjusted OR 1.29 (95% 
CI 0.88 to 1.92), p=0.21]. N not stated for these GFR categories. 
 
Male sex, smoking, family history of diabetes, hypertension, or kidney disease, BMI, diabetes, hypertension, all independently associated with increased odds of 
CVD. 
 
All-cause mortality: 
People with eGFR 60-89 ml/min/1.73m2 had NS odds of all-cause mortality compared with people with eGFR ≥ 90 ml/min/1.73m2  [age adjusted OR 1.08 (95% CI 
0.70 to 1.67), p=0.73]. N not stated for these GFR categories. 
 
People with eGFR 30-59 ml/min/1.73m2 had NS odds of all-cause mortality compared with people with eGFR ≥ 90 ml/min/1.73m2  [age adjusted OR 1.02 (95% CI 
0.55 to 1.87), p=0.96]. N not stated for these GFR categories. 
 
People with eGFR < 30 ml/min/1.73m2 had NS odds of all-cause mortality compared with people with eGFR ≥ 90 ml/min/1.73m2  [age adjusted OR 1.52 (95% CI 
0.61 to 3.77), p=0.37]. N not stated for these GFR categories. 
 
Effect of albuminuria and eGFR on prevalence of CVD (self reported stroke or MI) 
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The prevalence of CVD increased with decreasing eGFR.  
Within a certain eGFR range, prevalence of CVD increased with increasing microalbuminuria. GFR  Х2 = 508.21 and microalbuminuria Х2 = 71.35, p<0.001 for both 
 
People with anaemia, microalbuminuria and eGFR < 60 had the lowest survival at 30 months (93% survival) 
 
Limitations: small N of people with GFR < 30 may be underpowered, Lipid values not checked and could confound results, no ECG to confirm self-reported CVD, 
reagent strip not ACR  to detect microalbuminuria, short term follow-up and few deaths 
Ref ID: 43         
Reference Study type/ 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

O'Hare AM, 
Bertenthal 
D, Covinsky 
KE et al. 
Mortality risk 
stratification 
in chronic 
kidney 
disease: one 
size for all 
ages? 
Journal of 
the 
American 
Society of 
Nephrology. 
2006; 
17(3):846-
853. Ref ID: 
43 

Longitudina
l study 
 
multi-centre 
USA 
 
 3 

N total = 
2583911 
 
N follow-up = 
8218817 
 
N  GFR > 60 
ml/min per 
1.73 m2 = 
514850 
 
N GFR 50-59 
 ml/min per 
1.73 m2 = 
266421 
 
N GFR 30-44 
ml/min per 
1.73 m2  =  
34275 
 
N GFR 15-29 
ml/min per 
1.73 m2  =  
7085 
 
N GFR ≤ 15 
ml/min per 
1.73 m2  =  
1373 

Inclusion: Department of 
Veterans Affairs patients  
aged 18 to 100 yrs with at 
least one outpatient visit to 
one the designated centres 
between October, 2001 to 
September 2002.   
 
For patients with more than 
one creatine measurement 
during the study the first 
measurement was used in 
the analysis 
 
Exclusion: Patients with  
ESRD 
 
Population baseline 
characteristics: Overall mean 
age 63 yrs, 5% were women, 
12% were black, 75% were 
white, 13% mixed race. 
 
The number of patients of 
black race, female gender 
and the co morbid 
conditions: diabetes, 
coronary artery disease, 
congestive heart failure, 
cerebrovascular disease, 

N GFR 45-59 ml/min 
per 1.73 m2 = 153426 
 
N GFR 30-44 ml/min 
per 1.73 m2  =  34275 
 
N GFR 15-29 ml/min 
per 1.73 m2  =  7085 
 
N GFR ≤ 15 ml/min per 
1.73 m2  =  1373 
 
The National Kidney 
Foundation defines an 
eGFR of ≥ 60 m’/min 
per 173 m2 as being 
“normal” or “mildly” 
reduced.  Moderate 
CKD is defined as an 
eGFR of 30 to 59 
ml/min per 173 m2, 
severe CKD as an 
eGFR of 15 to 29 
ml/min per 173 m2 and 
renal failure as an 
eGFR of < 15 ml/min 
per 173 m2 or dialysis 
dependence. 
 
To distinguish between 

Stratified by 
age group yrs: 
18 to 44 
45 to 54 
55 to 64 
65 to 74 
75 to 84 
85+ 
 
Procedure: As 
for intervention 

Mean 3.17 
yrs per 
person  

All-cause 
mortality 
 
 
 

None 
reported 
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peripheral vascular disease 
and chronic obstructive lung 
disease varied significantly 
across the age groups 
 
 

different levels of 
moderate CKD a finer 
classification was used 
(≥ 60, 50-59, 40-49, 
30-39, 15-29 and <15 
ml/min per 173 m2 
 
Procedure: 
 
eGFR calculated using 
the abbreviated MDRD 
formula based on age, 
gender, race, and 
serum creatinine levels 
 
VA Decision Support 
Sysyem, VA 
administrative 
databases, VA 
beneficiary 
Identification and 
Records Locator 
subsystem, Medicare 
denominator file and 
Medicare claims were 
used to ascertain 
demographic and 
clinical details 
 
The United States 
Renal Data System 
was used to exclude 
ESRD 

Effect size 
Hazard ratios (HR) adjusted for age, race, gender, congestive heart failure, coronary heart failure, coronary artery disease, peripheral arterial disease, stroke, chronic 
obstructive lung disease, and centre 
 
All-cause mortality 
Baseline mortality rates among older people with an eGFR levels ≥ 60 ml/min 1.73 m² were much higher than for the younger patients.  Among older people with eGFR 
levels in the 40 to 59 ml/min per 173 m² range, mortality rates were only slightly higher than for the group with an eGFR ≥ 60  ml/min 1.73 m².  However, for all age 
groups, mortality rates increased dramatically at eGFR levels of <40 ml/min 1.73 m², with the highest rates occurring in the oldest age group. 
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The risk of death (adjusted) for subjects who were aged to 65 and older and had an eGFR of 50 to 59 ml/min 1.73 m² was not statistically different when compared with 
subjects with an eGFR above this level.  However, an eGFR of 50 to 59 ml/min 1.73 m² was still associated with an increased risk of death among all age groups under 
65 yrs. 
 
Sub-group analysis 
The risk of death associated with elevated creatine was attenuated with advancing age.  For women, with creatinine values in the 1.3- to 1.7- mg/dl range and men with 
values in the 1.5- to 1.9- mg/dl range, the adjusted risk of death was 1.64 (95% CI 1.37 to 1.96) in the youngest and 1.14 (95% CI 1.10 to 1.19) in the oldest age groups.   
 
For women with creatinine levels ≥ 1.8 mg/dl and men with values ≥ 2.0 mg/dl, the adjusted risk of death ranged from 4.27 (95% CI 3.53 to 5.17) in the youngest to 1.67 
(95% CI 1.59 to 1.75) in the oldest age groups. 
 
Follow-up 
627056 (81%) of the patients were in the same eGFR category as they were at baseline, 64102 (8%) had moved to a higher category and 85963 (11%) had moved to a 
lower category.  Of the subjects who were in the same category at the time of the second creatinine measurement, an eGFR measurement  in the 50-59 ml/min per 1.73 
m² range was not statistical associated with increased mortality in any age group. 
 
Risk for death by eGFR after stratification by age groupª 

Adjustedb HR (95% CI)  
 
Age Group (Yr)  

eGFR 50 to 59 
(N=266421) 

eGFR 40 to 49 
(N=142257) 

eGFR 30 to 39 
(N=67659) 

eGFR 15 to 29 
(N=33213) 

GFR < 15 (N=5300) 

18 to 44 (N=239096) 1.56 (1.30 to 1.88) 1.90 (1.35 to 2.67) 3.58 (2.54 to 5.05) 4.92 (3.65 to 6.63) 5.86 (3.91 to 8.80) 
45 to 54 (N=50128) 1.27 (1.19 to 1.36) 1.89 (1.74 to 2.06) 2.89 (2.63 to 3.18) 3.95 (3.59 to 4.35) 4.47 (3.84 to 5.21) 
55 to 64 (N=37230) 1.18 (1.13 to 1.23) 1.75 (1.65 to 1.85) 2.43 (2.27 to 2.59) 3.19 (2.97 to 3.42) 4.29 (3.81 to 4.84) 
65 to 74 (N=686702) 1.02 (0.99 to 1.05) NS 1.35 (1.32 to 1.39) 1.81 (1.75 to 1.87) 2.61 (2.51 to 2.72) 3.82 (3.50 to 4.16) 
75 to 84 (N=66286) 1.02 (0.99 to 1.04)  NS 1.21 (1.18 to 1.23) 1.55 (1.51 to 1.58) 2.21 (2.14 to 2.27) 3.68 (3.44 to 3.95) 
85+ (N=53339) 1.02 (0.97 to 1.06)  NS 1.10 (1.05 to 1.15) 1.36 (1.29 to 1.44) 1.86 (1.74 to 1.98) 3.60 (3.05 to 4.26) 

ªCI, confidence interval; HR hazard ratio; eGFR, estimated GFR (ml/min per 1.73 m²) based on the Modification of Diet in Renal Disease formula.  Referent category is 
GFR ≥ 60 ml/min per 1.73 m² 
bAdjusted for age, race, gender, diabetes, congestive heart failure, coronary artery disease, peripheral arterial disease, stroke, chronic obstructive lung disease, and VA 
medical centre 
 
Adjusted risk for death by age and eGFR among cohort members with stable repeat creatinine measurementsª 

Adjustedb HR (95% CI)  
 
Age Group (Yr)  

eGFR 50 to 59 
(N=38274) 

eGFR 40 to 49 
(N=2146) 

eGFR 30 to 39 
(N=13983) 

eGFR 15 to 29 
(N=10054) 

GFR < 15 (N=1917) 

18 to 44 (N=42477) 1.24 (0.72 to 2.15)  NS - c 2.77 (1.30  to 5.87) 2.25 (1.16 to 4.37) 4.21 (2.40 to 7.37) 
45 to 54 (N=132344) 0.86 (0.70 to 1.05)  NS 2.49 (1.21 to 1.84) 1.90 (1.50 to 2.40) 2.92 (2.46 to 3.47) 3.26 (2.56 to 4.16) 
55 to 64 (N=148669) 0.96 (0.87 to 1.06)  NS 1.28 (1.12 to 1.48) 1.77 (1.51 to 2.06) 2.43 (2.15 to 2.76) 3.27 (2.69 to 3.97) 
65 to 74 (N=167874) 0.90 (0.8 to 0.96) 1.16 (1.09 to 1.24) 1.55 (1.44 to 1.67) 2.46 (2.29 to 2.64) 2.73 (2.34 to 3.19) 
75 to 84 (N=125313) 0.94 (0.90 to 0.99) 1.05 (1.00 to 1.10)  NS 1.43 (1.36 to 1.51) 2.12 (2.00 to 2.23) 3.06 (2.67 to 3.0) 
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85+ (N=10377) 0.93 (0.83 to 1.04)  NS 1.04 (0.93 to 1.16)  NS 1.32 (1.17 to 1.49) 1.83 (1.61 to 2.07) 4.02 (2.94 to 5.51) 
ªReferent category is GFR ≥60 ml/min per 1.73 m² (N=537680) 
bAdjusted for age, race, gender, diabetes, congestive heart failure, coronary artery disease, peripheral arterial disease, stroke, chronic lung disease and VA medical 
centre 
c It was not possible to estimate the risk for mortality in this small group (n=98) because there were no deaths during the follow-up period 
Authors conclusion 
The MDRD equation identified large numbers of patients who met the criteria for moderate CKD.  Most of these patients were older, and many had “very” moderate 
reductions in eGFR that were not associated with an increased relative or absolute risk for death.  These findings suggest that in the clinical setting, mortality risk 
stratification in older patients should not be based on the same eGFR cut points as for younger age groups and would benefit both from finer categorisation of the 30- to 
59- ml/min per 1.73 m² eGFR and from use of serial creatinine measurements 
 

Ref ID: 200         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

O'Hare AM, Choi AI, 
Bertenthal D et al. 
Age affects outcomes 
in chronic kidney 
disease. Journal of 
the American Society 
of Nephrology. 2007; 
18(10):2758-2765. 
Ref ID: 200 

Longitudinal 
study 
 
3 
 
USA 

N total  = 
209622 
 
N age 
18-44 
years = 
1700 
 
N age 
45-54 
years = 
10255 
 
N age 
55-64 
years = 
23559 
 
N age 
65-74 
years = 

Inclusion criteria: 
Veteran Association 
cohort: adults > 18 years 
old with eGFR < 60 
ml/min/1.73m2 present 
for > 3 months. Cohort 
entry creatinine obtained 
between October 2000 
and Sept, 2001 
 
Exclusion criteria:  
people already on 
dialysis or received a 
kidney transplant, 
people with eGFR ≥ 60 
ml/min/1.73m2 
 
Population baseline 
characteristics:  
mean age = 73 years 
47% of cohort  > 75 

Adults with CKD and 
increasing age  
 
Procedure: Data on 
demographics, medical 
history, creatinine 
measures obtained from 
VA Decision Support 
System Laboratory Results 
files. Death data obtained 
from VA Beneficiary 
Identification database. 
GFR calculated with MDRD 
equation.  
 

Adults with 
CKD 18-44 
years old  

668820 
person 
years 
 
4 years 
from 
cohort 
entry to 
2004. 

Death 
 
ESRD 
 
Annual 
rate of 
change in 
eGFR 
 
 
 
 

VA Health 
Services 
Research and 
Development 
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75048 
 
N age 
75-84 
years = 
88849 
 
N age 
85-100 
years = 
10211 

years old  
86% white, 11% black, 
97% male  
 

Effect size 
N=9227 (4.4%) treated for ESRD 
N=45772 (21.8%) died without ever being treated for ESRD 
N=2925 (1.4%) died after starting treatment for ESRD 
 
Risk of death with increasing age stratified by baseline eGFR (HR adjusted for race, gender, diabetes, CAD, PAD, CHF, cerebrovascular disease, Charlson 
score)  
The risk of death increased with increasing age within each stratum of baseline eGFR 
 

Baseline eGFR (ml/min/1.73m2) Age Group (years)  N HR (95% CI) 
18-44 1029 1.00 (referent) 
45-54 6308 1.48 (1.12 to 1.97) 
55-64 15075 1.46 (1.11 to 1.93) 
65-74 50368 1.93 (1.46 to 2.54) 
75-84 47860 2.90 (2.21 to 3.82) 

45 - 59 

85-100 4979 5.29 (4.01 to 6.98) 
18-44 374 1.00 (referent) 
45-54 2379 1.42 (0.99 to 2.04) NS 
55-64 5854 1.57 (1.10 to 2.24) 
65-74 17893 1.90 (1.34 to 2.69) 
75-84 32164 2.61 (1.84 to 3.70) 

30-44 

85-100 4059 4.42 (3.11 to 6.27) 
18-44 200 1.00 (referent) 
45-54 1147 1.48 (0.89 to 2.48) NS 
55-64 2106 1.68 (1.02 to 2.77) 
65-74 5828 2.36 (1.44 to 3.87) 
75-84 7968 3.11 (1.90 to 5.09) 

15-29 

85-100 1040 4.96 (3.01 to 8.17) 
< 15 18-44 97 1.00 (referent) 
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45-54 421 1.49 (0.52 to 4.23) NS 
55-64 524 1.51 (0.54 to 4.22) NS 
65-74 959 2.72 (1.00 to 7.39) NS 
75-84 857 4.44 (1.64 to 22.67) 
85-100 133 8.24 (2.99 to 22.67) 

 
Risk of ESRD with increasing age stratified by baseline eGFR (HR adjusted for race, gender, diabetes, CAD, PAD, CHF, cerebrovascular disease, Charlson 
score)  
 
The risk of ESRD decreases with increasing age within each stratum of baseline eGFR. 
 

Baseline eGFR (ml/min/1.73m2) Age Group (years)  N HR (95% CI) 
18-44 1029 1.00 (referent) 
45-54 6308 1.63 (0.86 to 3.11) NS 
55-64 15075 0.77 (0.40 to 1.46) NS 
65-74 50368 0.43 (0.23 to 0.81) 
75-84 47860 0.26 (0.14 to 0.50) 

45 - 59 

85-100 4979 0.22 (0.09 to 0.49) 
18-44 374 1.00 (referent) 
45-54 2379 0.59 (0.45 to 0.77)  
55-64 5854 0.32 (0.25 to 0.42)  
65-74 17893 0.19 (0.15 to 0.24) 
75-84 32164 0.10 (0.08 to 0.13) 

30-44 

85-100 4059 0.04 (0.03 to 0.07) 
18-44 200 1.00 (referent) 
45-54 1147 0.75 (0.61 to 0.93)  
55-64 2106 0.60 (0.49 to 0.73) 
65-74 5828 0.36 (0.30 to 0.45) 
75-84 7968 0.26 (0.21 to 0.32) 

15-29 

85-100 1040 0.21 (0.09 to 0.17) 
18-44 97 1.00 (referent) 
45-54 421 0.93 (0.73 to 1.19) NS 
55-64 524 0.81 (0.63 to 1.03) NS 
65-74 959 0.55 (0.43 to 0.70)  
75-84 857 0.47 (0.37 to 0.60) 

< 15 

85-100 133 0.22 (0.15 to 0.34) 
 
Risk of annual decrement in eGFR > 3 ml/min/1.73 m2 with increasing age stratified by baseline eGFR (OR adjusted for race, gender, diabetes, CAD, PAD, 
CHF, cerebrovascular disease, Charlson score)  
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Baseline eGFR (ml/min/1.73m2) Age Group (years)  OR (95% CI) 
18-44 1.00 (referent) 
45-54 1.23 (1.02 to 1.47)  
55-64 1.23 (1.30 to 1.47)  
65-74 1.28 (1.08 to 1.53) 
75-84 1.48 (1.24 to 1.76) 

45 – 59 
(N=117922) 

85-100 2.00 (1.67 to 2.41) 
18-44 1.00 (referent) 
45-54 0.57 (0.45 to 0.72)  
55-64 0.43 (0.34 to 0.54)  
65-74 0.33 (0.27 to 0.41) 
75-84 0.33 (0.27 to 0.42) 

30-44 
(N=57339) 

85-100 0.39 (0.31 to 0.49) 
18-44 1.00 (referent) 
45-54 0.81 (0.58 to 1.12)  NS 
55-64 0.67 (0.49 to 0.93) 
65-74 0.46 (0.34 to 0.63) 
75-84 0.36 (0.26 to 0.49) 

15-29 
(N=15694) 

85-100 0.35 (0.25 to 0.49) 
18-44 1.00 (referent) 
45-54 1.19 (0.64 to 2.23) NS 
55-64 0.92 (0.49 to 1.71) NS 
65-74 0.74 (0.40 to 1.36) NS 
75-84 0.76 (0.41 to 1.41) NS 

< 15 
(N=1768) 

85-100 0.50 (0.23 to 1.10) NS  
Ref ID: 593         
Reference Study 

type/ 
Eviden
ce level

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fu
nd
in
g 

Shlipak MG, 
Stehman 
BC, Fried LF 
et al. The 
presence of 
frailty in 
elderly 
persons with 

Cross-
section
al 
study 
 
3  
 
USA 

N total  = 5808 
 
N No CRI 
(serum 
creatinine < 1.3 
mg/dl women; 
< 1.5 mg/dl 
men) = 5160 

Inclusion: Cardiovascular 
Health Study (CHS): adults ≥ 
65 years, expecting to remain in 
the community for at least 3 
years, recruited between 1989 
and 1993   
 
Exclusion criteria:  

N CRI (serum 
creatinine ≥1.3 mg/dl 
women; ≥ 1.5 mg/dl 
men) = 648 
 
Procedure: Baseline 
medical history, 
physical examination, 

N No CRI 
(serum 
creatinine < 1.3 
mg/dl women; 
< 1.5 mg/dl 
men) = 5160 
 
Procedure: As 

Not 
applicable-
Cross-
sectional 

Frailty - presence 
of 3 of the 
following 
abnormalities: 
unintentional 
weight loss, self-
reported 
exhaustion, 

Not 
stat
ed 
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chronic renal 
insufficiency. 
American 
Journal of 
Kidney 
Diseases. 
2004; 
43(5):861-
867. Ref ID: 
593 

 
 

 
N CRI (serum 
creatinine ≥1.3 
mg/dl women; 
≥ 1.5 mg/dl 
men) = 648 
 
 
 

institutionalised people, or 
those unable to give informed 
consent 
 
Population baseline 
characteristics: Those with CRI 
were older (mean age 76 years 
versus 72 years) more likely to 
be male, and had a greater 
incidence of hypertension, heart 
failure, claudication, and cancer 
compared to those with no CRI. 

laboratory serum 
creatinine, and 
assessment of 
cardiovascular 
disease status. GFR 
calculated using the 
MDRD equation.   

for intervention measured 
weakness, slow 
walking speed, 
low physical 
activity 
 
Disability – self-
reported difficulty 
with activities of 
daily life (eating, 
bathing, dressing, 
mobility inside 
home, using the 
toilet, transferring 
from bed to chair) 

Effect size 
Odds ratio (OR) adjusted for age, race, gender, education, tobacco use, alcohol use, diabetes, heart failure, peripheral vascular disease, arthritis, COPD, 
hypertension, bypass, cancer, MI, angina  
 
Frailty 
The prevalence of frailty in people with CRI (15%) was significantly higher than in those without CRI (6%), p<0.001. 
Compared to people without CRI, people with CRI had a significantly increased risk of frailty [adjusted OR 1.76 (95% CI 1.28 to 2.41), p not stated] 
The prevalence of frailty increased with decreasing GFR (p for trend <0.001) and was particularly high in those with GFR < 40 ml/min/1.73m2. 
The prevalence of frailty was highest in black females and lowest in white males. 
The presence of CRI was associated with increased frailty in each race (black or white) and gender. Black race and female gender were associated with increased 
likelihood of frailty. 
 
Disability 
The prevalence of disability in people with CRI (12%) was significantly higher than in those without CRI (7%), p<0.001. 
After adjustment for covariates, there was NS risk of disability  for people with CRI compared to people without CRI/ 
The prevalence of disability increased with decreasing GFR (p for trend <0.001) and was particularly high in those with GFR < 40 ml/min/1.73m2. 
The prevalence of disability was highest in black females and lowest in white males. The presence of CRI was associated with increased disability in each race (black 
or white) and gender. Black race and female gender were associated with increased likelihood of disability. 
 
Note: cross-sectional study cannot identify cause and effect. Creatinine concentration is a poor measure of renal function, especially in frail people.   
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Ref ID: 4108         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome measures Source  
of  
funding 

Wattanakit K, 
Folsom AR, Selvin 
E et al. Kidney 
function and risk of 
peripheral arterial 
disease: Results 
from the 
Atherosclerosis 
Risk in 
Communities 
(ARIC) study. 
Journal of the 
American Society 
of Nephrology. 
2007; 18(2):629-
636. Ref ID: 4108 

Observational 
study  
 
3 
 
USA 
 
 

N total 
=14280 
 
N eGFR ≥ 
90 ml/min 
per 1.73m2 
= 6825 
 
N eGFR 
60-89 
ml/min per 
1.73m2 = 
7079 
 
N eGFR 
30-59 
ml/min per 
1.73m2 = 
366 
 
N eGFR 
15-29 
ml/min per 
1.73m2=10 
 
 

Participants part of 
the Atherosclerosis 
Risk in Communities 
Study (ARIC) 
 
Inclusion criteria 
Participants 
recruited randomly 
from 4 US 
communities, age 
45-64 years, with 
serum creatinine 
measured 
 
Exclusion criteria: 
Baseline PAD (ABI 
≥ 0.9), intermittent 
claudication at 
baseline, missing 
follow up serum 
creatinine 
measurements, race 
other than black or 
white, eGFR < 15 
ml/min/ 1.73m2 
 
Baseline 
characteristics 
Mean age 54 years, 
mean eGFR = 93.1 
ml/min/1.73m2 

At baseline, 
participants who 
developed PAD 
were more likely to 
be slightly older (56 
vs 54) , to have 

N eGFR 60-89 
ml/min per 1.73m2 = 
7079 
 
N eGFR 15-59 
ml/min per 1.73m2 = 
376 
 
Serum creatinine 
measured at baseline 
and every 3 years. 
eGFR calculated 
using abbreviated 
MDRD equation. 
Participants gave 
medical history and 
had physical exam, 
laboratory tests. ABI 
measured at baseline 
on 96% of 
participants, but only 
measured on a 
random sample for at 
visit 3(N=4197) and 
visit 4 (N=5882). 
Interviewers 
contacted 
participants annually 
by telephone to 
identify intermittent 
claudication 
symptoms (Rose 
Questionnaire)  and 
all hospitalisations 
 

N eGFR ≥ 
90 ml/min 
per 1.73m2 
= 6825 
 

1987 to 2002, 
or until 
development 
of PAD, 
death,  date 
of last contact 
 
Mean 13.1 
years 

Development of 
peripheral arterial 
disease PAD 
(defined as new 
ABI< 0.9 at either 
visit 3 or 4; new 
intermittent 
claudication based 
on Rose 
Questionnaire; or 
hospital discharge 
diagnosis of PAD, 
Leg amputation, or 
leg revascularisation 
procedures) 
 

National 
Heart, 
Lung, 
Blood 
Institute.  



 

        Page 124 of 377  

diabetes, 
hypertension, 
prevalent CHD, 
smoke, use 
cholesterol 
medication, and use 
antihypertensive 
agents than those 
who did not develop 
PAD.  
 

 
Effect size 
During 13 years follow-up N=1016 developed PAD.  
Relative risks (RR) adjusted for age, gender, race, ARIC field center, diabetes, LDL and HDL cholesterol, Triglycerides, CHD, pack-years cigarette smoking, BMI, 
physical activity, alcohol use, cholesterol medication use, SBP, DBP, use of antihypertensive agents, fibrinogen, factor VII, factor VIII, WBC count.  
 
Relative risk (RR) with 95% CI of developing PAD over 13 years of follow up: 
 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 6825), people with eGFR 60 to 89 ml/min per 1.73m2 (N=7079) had NS risk of developing PAD [RR 
1.10 (95% CI 0.96 to 1.26)] 
 
Compared to people with eGFR ≥ 90 ml/min per 1.73m2 (N= 6825), people with eGFR 15 to 59 ml/min per 1.73m2 (N=376) had a significantly increased risk of 
developing PAD [RR 1.58 (95% CI 1.14 to 2.17)] 
 
Note: renal function estimated with MDRD equation, not directly measured with gold standard, ABI only measured on a small sample of the group at visits 3 and 4 
and asymptomatic PAD may have been missed, CRP and D-dimer not assessed as potential confounders,  
Ref ID: 904         
Reference Study 

type/ 
Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Beddhu S, 
Allen-Brady 
K, Cheung 
AK, et al. 
Impact of 
renal failure 
on the risk of 
myocardial 
infarction 

Retrospe
ctive 
analysis 
of the 
Intermou
ntain 
Heart 
Collabora
tive Study 

N= 8600 Patients undergoing coronary 
angiography 
 
The referral population are primarily of 
European extraction. 
 
Inclusion: Of the patients recruited into 
the IHC Study, patients seen between 
September 1993 to December 2000, 

GFR was 
divided into the 
following 
quartiles: 
> 86 (100 ± 13) 
mL/min 
71-86 (78 ± 4) 
mL/min  
57-70 (65 ± 4) 

> 86 (100 ± 13) 
mL/min 
 

Mean 
duration of 
3.2 ± 1.9 
years of 
follow up. 

Primary 
outcome: 
composite of 
death/MI 
 
Secondary 
outcome: 
fatal or non-
fatal MI and 

Part 
funded 
by the 
Dialysis 
Researc
h 
Foundati
on of 
Utah 
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and death. 
Kidney 
International
2002; 62: 
1776-1783 

(IHC), a 
prospecti
ve cohort 
study 
 
2 – 
Details of 
patient 
recruitme
nt, 
inclusion 
and 
exclusion 
criteria 
not 
described 
Complete
ness of 
ascertain
ment of 
outcomes 
not 
estimated
. 

with blood urea nitrogen and serum 
creatinine determined within 30 days 
prior to angiography. 
 
Baseline GFR was calculated using a 
simplified MDRD equation.  
 
Baseline characteristics: 
Mean age (± SD) 62.8 ± 13.1 years 
Sex: men = 68.5% 
Race: Caucasians = 86.8% 
Mean GFR (± SD): 70.9 ± 23.5 mL/min 

mL/min 
<57 (41 ± 13) 
mL/min 
 
 

all cause 
death 
 

Effect size 
Adjusted for age, sex, diabetes mellitus, hypertension, smoking, hyperlipidaemia, presenting cardiac diagnosis, family history of coronary heart disease 
 
Outcomes: 657 (8.9%) of patients experienced subsequent MI, 1320 (15.3) deaths and 1776 (20.7%) death/MI events occurred during the follow up period. 
 
Outcomes in patients with pre-existing cardiovascular disease: RR adjusted for clinical (as above), angiographic data and choice of treatment variables  
 

  GFR quartiles mL/min 
  > 86 (100 ± 13) 71-86 (78 ± 4) 57-70 (65 ± 4) <57 (41 ± 13) 
RR for death Univariable models 1.00 1.12 (0.92-1.37) 1.57 (1.30-1.90) 4.12 (3.49-4.87) 
 Adjusted for clinical 

variables 
1.00 0.98 (0.80-1.19) 1.21 (1.00-1.48) 2.77 (2.32-3.30) 

 Adjusted for clinical and 
other variables 

1.00 0.97 (0.80-1.19) 1.19 (0.98-1.44) 2.60 (2.18-3.10) 

RR for MI Univariable models 1.00 0.89 (0.71-1.11) 0.84 (0.67-1.05) 1.53 (1.25-1.88) 
 Adjusted for clinical 

variables1 
1.00 0.88 (0.71-1.09) 0.78 (0.62-0.99) 1.43 (1.15-1.78) 
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 Adjusted models2 1.00 0.91 (0.73-1.13) 0.80 (0.63-1.02) 1.51 (1.21-1.88) 
RR for death/MI Univariable models 1.00 1.03 (0.88-1.20) 1.21 (1.04-1.41) 2.78 (2.44-3.18) 
 Adjusted for clinical 

variables1 
1.00 0.93 (0.80-1.090) 1.02 (0.87-1.19) 2.13 (1.85-2.45) 

 Adjusted models2 1.00 0.95 (0.81-1.10) 1.01 (0.87-1.18) 2.08 (1.80-2.39) 
 
In multivariable models with clinical, angiographic and treatment variables, each 10mL/min increase in GFR was associated with: 

• 24% decreased risk of death  
• 8% decreased risk of MI 
• 18% decreased risk of death/MI 

Ref ID: 348         
Reference Study 

type/ 
Eviden
ce level

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Patel UD, 
Young EW, 
Akinlolu OO 
et al. CKD 
progression 
and mortality 
among older 
patients with 
diabetes. 
American 
Journal of 
Kidney 
Diseases 
2005; 46 (3): 
406-414 

Retros
pective 
longitu
dinal 
cohort 
study 
 
2 -  
 
Multisit
e 7 VA 
hospita
ls 
 
No 
statistic
al 
analysi
s of the 
results; 
just 
mortalit
y rates 
present
ed 

N total = 12 
570  
 
Stage 0: GFR 
≥ 60 ml/min 
per 1.73 m2 

without 
documented 
proteinuria 
N= 6 494 
(52%) 
 
Stage 1 and 
2: GFR ≥ 60 
ml/min per 
1.73 m2 with 
documented 
proteinuria 
N= 2304 
(18%) 
 
Stage 3 
early: GFR 
45 -59 ml/min 
per 1.73 m2  
N= 2274 

Study population: Patients using 7 
veterans administration (VA) medical 
centres who were known diabetics 
(identified by allocation of ICD-9 
diabetes codes or prescription of 
glycaemic control drugs in the previous 
12 months).  
 
Inclusion: active users of the VA 
facilities, survival through the cohort 
identification period, baseline serum 
creatinine measured during fiscal year 
1998 to 1999. 
 
Exclusion: less than 18 years, 
incomplete demographic information.  
 
GFR estimated from last serum 
creatinine value available at each study 
period using abbreviated MDRD study 
formula 
 
Baseline characteristics: 
48% of patients had some renal 
impairment (Stage 1 or >) 
Mean age: 66 ± 11 years. Age 

Stage 1 and 2: 
GFR ≥ 60 
ml/min per 1.73 
m2 with 
documented 
proteinuria 
N= 2304 (18%) 
 
Stage 3 early: 
GFR 45 -59 
ml/min per 1.73 
m2  
N= 2274 (18%) 
 
Stage 3 late: 
GFR 30 - 44 
ml/min per 1.73 
m2  
N= 978 (8%) 
 
Stage 4: GFR 
15 - 29 ml/min 
per 1.73 m2  
N= 365 (3%) 
 
Stage 5: GFR < 

Stage 0: GFR ≥ 
60 ml/min per 
1.73 m2 without 
documented 
proteinuria 
N= 6 494 
(52%) 
 

3 years Death 
 
CKD 
progression 
(Defined as a 
change to 
any disease 
group 
category with 
a lower GFR 
and/or 
presence of 
proteinuria 
with at least a 
20% 
decrease in 
estimated 
GFR (to 
avoid trivial 
changes in 
CKD 
classification
s).   
 
patterns of 
nephrology 

Not 
mention
ed 
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(18%) 
 
Stage 3 late: 
GFR 30 - 44 
ml/min per 
1.73 m2  
N= 978 (8%) 
 
Stage 4: GFR 
15 - 29 
ml/min per 
1.73 m2  
N= 365 (3%) 
 
Stage 5: GFR 
< 15 ml/min 
per 1.73 m2  
N= 155 (1%) 
 

increased significantly vs CKD stage 0 
group as renal function declined.  
Sex: Majority were male, 97.4% overall 
Race: Mostly white, 64% overall, 
however 20% missing data. African-
American, 15% of entire sample, had 
disproportionately higher numbers of 
stage 5 patients (28%).  
Blood pressure: mean systolic blood 
pressures increased with worsening 
renal function.  
Presence of other co-morbidities 
increased as kidney function declined, 
including coronary artery disease, 
congestive heart failure, peripheral 
vascular occlusive disease, 
hyperlipidaemia, and cerebrovascular 
accident.  

15 ml/min per 
1.73 m2  
N= 155 (1%) 
 
Procedure: 
Patient staging 
of CKD severity 
using modified 
definitions from 
the National 
Kidney 
foundations 
(NKF) Kidney 
Disease 
Outcomes 
Quality 
Initiative 
(K/DOQI) 
clinical practice 
guidelines. 
Electronic 
pharmacy, 
laboratory and 
clinical 
encounter 
information 
used.  

care 

Effect size 
Mortality outcomes:  
Mortality rates increased with severity of CKD 
Mortality rates were also higher than those in patients with a similar degree of CKD in a community based population (Kaiser Permanente members) 

 GFR ≥ 60 ml/min 
per 1.73 m2 without 
documented 
proteinuria 

GFR ≥ 60 ml/min 
per 1.73 m2 with 
documented 
proteinuria 

GFR 45 -59 
ml/min per 1.73 
m2 

 

GFR 30 - 44 
ml/min per 1.73 
m2 

 

GFR 15 - 29 
ml/min per 1.73 
m2 

 

GFR < 15 
ml/min per 1.73 
m2 

Mortality rates/100 person 
years 

4.7 5.8 8.1 15.0 20.1 29.8 

Kaiser Permanente members 
mortality rates/100 person 
years 

 0.8 1.1 4.8 11.4 14.1 

Note: Mortality data were obtained from the VA records, which do not contain information on disease-specific mortality. Members of the Kaiser integrated health care 
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system had similar ages in CKD groups compared with the VA study, but had fewer co-morbidities 
 
CKD progression:  

 GFR ≥ 60 ml/min 
per 1.73 m2 without 
documented 
proteinuria 

GFR ≥ 60 ml/min 
per 1.73 m2 with 
documented 
proteinuria 

GFR 45 -59 
ml/min per 1.73 
m2 

 

GFR 30 - 44 
ml/min per 1.73 
m2 

 

GFR 15 - 29 
ml/min per 1.73 
m2 

 

GFR < 15 
ml/min per 1.73 
m2 

Rate of any CKD progression 
/100 person years 

3.2 7.8 10.5 11.8 15.1 0 

Rate of progression to ESRD/ 
100 person years 

0.0 0.2 0.3 1.7 14.2 0 

 
Note: Serum creatinine is an insensitive indicator of declining renal function, a high proportion of patients were at risk for underrecognition of decreased GFR and this 
was greater for older individuals.  
Limitations of the study: results limited to a high risk male population receiving care within a single hospital network. Variability in creatinine and proteinuria 
measurements and imprecision of the MDRD formula with mild renal impairment may have led to misclassification of the baseline CKD groups. Race was not well 
measured. The selection criteria may have resulted in a population of very compliant patients being selected.  
 
 
4.2 WHO SHOULD BE TESTED FOR CKD? 
 
In adults, who should be tested for CKD? 
 
Ref ID: 349         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention/ exposure Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Gelber RP, Kurth 
T, Kausz AT et al. 
Association 
between body 
mass index and 
CKD in apparently 
healthy men. 
American Journal 
of Kidney 
Diseases. 2005; 
46(5):871-880. 

Prospective 
cohort study 
 
Physician’s 
Health Study 
USA 
 
2 + 
 
 

N total 
= 
11104 
 
N BMI< 
22.7 
kg/m2=
2202 
 
N BMI 
22.7-
23.7 

Inclusion criteria 
Healthy male physicians 
participating in the Physicians’ 
Health Study (PHS), a 
completed RCT of aspirin or 
beta carotene in the primary 
prevention of CVD and cancer. 
 
Exclusion criteria: 
History of CVD, cancer, current 
liver disease or renal 
failure/insufficiency, major 

Males with BMI 22.7-23.7 
kg/m2=2277 
 
BMI 23.8-25.0 
kg/m2=2155 
 
BMI 25.1-26.6 
kg/m2=2250 
 
BMI > 26.6 kg/m2=2220 
  
Procedure: The follow-up 

Males with 
BMI < 22.7 
kg/m2=2202 
  

14 years CKD 
(defined as 
GFR < 60 
ml/min/1.7
3m2) at 
14-year 
follow-up 
 
 

National 
Cancer 
Institute 
and 
National 
Heart, 
Lung, 
and 
Blood 
Institute 
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Ref ID: 349 kg/m2=
2277 
 
N BMI 
23.8-
25.0 
kg/m2=
2155 
 
N BMI 
25.1-
26.6 
kg/m2=
2250 
 
N BMI 
> 26.6 
kg/m2=
2220 
 
 
 
 
 
 
 
 
 
 

illness 
 
Baseline characteristics: 
Overweight (BMI 25-29.9 
kg/m2) and obese (BMI > 30 
kg/m2) males were more likely 
to have hypertension, diabetes, 
or CVD, more likely to smoke, 
less physically active, and 
drank less alcohol than males 
with BMI < 25 kg/m2. 
 

blood sample assayed for 
creatinine (Jaffe method) 
and GFR calculated with 
MDRD equation. BMI was 
calculated from self-
reported weight and 
height. Baseline and 
follow-up information on 
demographics, medical 
history, height, weight, 
health behaviour, 
medication use, newly 
diagnosed conditions 
assessed from annual 
self-reported 
questionnaires 

Effect size 
Odds ratios (OR) adjusted for baseline age, smoking, alcohol intake, exercise, history of MI before age 60, diabetes, hypertension, elevated cholesterol, CVD 
during follow-up. 
 
Of 11104 males, 1377 (12%) had a GFR < 60 ml/min/1.73m2 and 4.4% had a creatinine level > 1.5 mg/dl after 14 years follow-up. 
 
BMI effects on risk of CKD 
The risk of developing CKD (GFR < 60 ml/min/1.73m2) increased with increasing BMI (p trend = 0.007) 
 
Compared to men with BMI < 22.7 kg/m2 (N=2202), men with BMI > 26.6 kg/m2 (N=2220) had a significantly increased risk of developing CKD  [adjusted OR 1.26 
(95% CI 1.03 to 1.54)] 
Compared to men with BMI < 22.7 kg/m2 (N=2202), men with BMI  25.1-26.6 kg/m2 (N=2250) had a significantly increased risk of developing CKD  [adjusted OR 
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1.32 (95% CI 1.09 to 1.61)] 
There was NS risk of CKD for men with BMI 22.7-23.7 (N=2277) or BMI 23.8-25.0 (N=2155)compared to men with BMI < 22.7 kg/m2 (N=2202) 
 
Each 1-unit increase in baseline BMI was associated with a 5% increase in CKD risk [OR 1.05 (95% CI 1.03 to 1.07)].  
 
Compared to men who remained within ± 5% range of their baseline BMI (N=5670), men who had a > 10% increase in BMI (N=1669)  had a significantly 
increased risk of CKD [OR 1.24 (95% CI 1.03 to 1.50)] 
 
Assessment of bias: data was self-reported, creatinine values were not available at baseline so they could not confirm that participants were free of renal disease 
at baseline, confounding from other variables not taken into account/unknown, a male, predominantly Caucasian sample.  
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Ref ID: 433         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Kurella M, Lo JC, 
Chertow GM. 
Metabolic 
syndrome and the 
risk for chronic 
kidney disease 
among 
nondiabetic 
adults.[see 
comment]. Journal 
of the American 
Society of 
Nephrology. 2005; 
16(7):2134-2140. 
Ref ID: 433 

Prospective 
cohort study 
 
USA 
 
2+ 

N=10 
096 
 
 

Participants part of the Atherosclerosis 
Risk in Communities Study (ARIC) 
 
Inclusion criteria 
Participants recruited randomly from 4 
US communities, age 45-64 years, 
 
Exclusion criteria: 
Baseline CKD, baseline diabetes, 
participants with missing data for 
components of the metabolic 
syndrome, missing follow up serum 
creatinine measurements 
 
Baseline characteristics 
Participants with metabolic syndrome 
were more likely to be slightly older (53 
vs 54) , to have coronary heart disease, 
less likely to use alcohol or have 
regular physical activity. Baseline eGFR 
was slightly higher and as expected BP, 
glucose, insulin and lipid 
measurements were significantly 
different between the groups.  
 
Those excluded from the original cohort 
were more likely to be black, male, and 
to meet the criteria for the metabolic 
syndrome, they were on average 1 year 
older and had an eGFR 3ml/min per 
1.73m2 higher. 
 
 

N=2110 
Participants 
with the 
metabolic 
syndrome 
 
Serum 
creatinine 
measured at 
baseline and 
at 9 years 
follow-up. 
eGFR 
calculated 
using 
abbreviated 
MDRD 
equation. 
Metabolic 
syndrome 
defined as ≥3 
of the 
following: 1) 
waist 
measurement 
> 88 cm for 
women or 
>102 cm for 
men. 2) 
Triglycerides 
≥150 mg/dl. 3) 
HDL 
cholesterol < 
50 mg/dl for 
women or <40 
mg/dl for men. 
4) BP ≥ 130/≥ 

N=7986 
Participants 
without the 
metabolic 
syndrome 

9 years Developm
ent of CKD 
(defined as 
eGFR < 
60ml/min 
per 1.73m2 
after 
baseline 
eGFR ≥ 
60ml/min 
per 
1.73m2) 
 

Authors 
were 
supporte
d by 
Atlantic 
philanthr
opies, 
NIH, Am 
Soc 
Nephrolo
gy, John 
A 
Hartford 
Foundati
on.  
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85 mmHg or 
the use of BP 
medications. 
5) fasting 
glucose ≥110 
mg/dl 
 

 
Effect size 
Odds ratios (OR) adjusted for age, gender, race, education, BMI, alcohol and tobacco use, coronary heart disease, physical activity. 
N=691 (7%) developed CKD (GFR < 60 ml/min/1.73m2) after 9 years follow-up. 
 
Odds Ratio (OR) with 95% CI of developing CKD over 9 years of follow up: 

 Age, gender and race adjusted Multivariable adjusted 
eGFR <60 ml/min per 1.73m2 1.53 (1.29-1.82) 1.43 (1.18-1.73) 

 
OR of developing CKD over 9 years of follow up by individual metabolic syndrome traits 

 Unadjusted Age, gender and race adjusted 
Abdominal obesity 1.27 (1.09-1.48) 1.18 (1.00-1.40) 
Elevated triglycerides 1.48 (1.25-1.74) 1.34 (1.12-1.59) 
Low HDL 1.19 (1.02-1.40) 1.27 (1.08-1.49) 
Hypertension  2.19 (1.87-1.56) 1.99 (1.69-2.35) 
Impaired fasting glucose 1.17 (0.93-1.48) 1.11 (0.87-1.40) 

 
As the number of traits increased, there was a significant stepwise increase in risk of developing CKD. Those with 5 criteria had an OR of 2.45 (95% CI: 1.32-
4.54) for developing CKD compared to those with 0 traits.  
 
10% of the cohort developed diabetes and 19% developed hypertension. After adjusting for the incident diabetes and hypertension, relative risk of developing 
CKD in the metabolic syndrome group remained significantly higher RR: 1.24 (95% CI: 1.01-1.51) 
Ref ID: 11         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention/ 
exposure 

Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Borch-Johnsen K, 
Norgaard K, 
Hommel E et al. Is 
diabetic 
nephropathy an 
inherited 
complication? 
Kidney Int. 1992; 

Case series  
3 
 
Denmark 
 
The study 
aimed to 
investigate 

N= 49 
proban
ds 
 
N=45 
siblings 
of the 
proban

Nephropathy patients recruited from a 
specialised hospital diabetes care unit, 
non nephropathy patients recruited 
form hospital files in Denmark.  
 
Inclusion criteria: 
Diabetes onset before age of 40 years, 
unbroken record of insulin treatment, 

Diabetic 
siblings of 
diabetic 
Probands with 
nephropathy 
(AER > 0.5 
g/24-h) 
 

Diabetic 
Siblings of 
diabetic 
probands 
without 
nephropathy  
(AER < 20 
mg/24-h)  

n/a HbA1c, 24 
hour 
urinary 
albumin 
excretion, 
serum 
creatinine. 

Not 
mention
ed 
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41(4):719-722. 
Ref ID: 11 

the 
concordance 
rates for the 
presence or 
absence of 
renal 
involvement 
in the diabetic 
siblings of 
insulin 
dependent 
diabetics 

ds diabetes duration ≥ 10 years.  
 
Exclusion criteria:  
Sibling-pairs where the sibling had 
diabetes mellitus for < 5 years, no 
clinical or laboratory evidence of kidney 
or renal tract disease other than 
diabetic glomerulosclerosis.  
 
Baseline characteristics: 
There were significant differences 
between proband groups wrt: 
baseline HbA1c (p<0.02) which was 
lower in the group without nephropathy, 
more patients in the nephropathy group 
were on hypertensive medication 
(p<0.0001) and had a higher serum 
creatinine level (p<0.0001) 

N= 21 
 
 

 
N= 30 

Effect size 
Incidence of nephropathy based on the nephropathy status of the proband 

 Proband with  
clinical nephropathy 

Proband without  
clinical nephropathy 

p 

Median AER (mg/24 hr) 79 (8-558) 14 (3-400) <0.03 
Sibling nephropathy 33% (7/21) 10% (3/30) 0.035 
Sibling incipient or overt nephropathy 
(Urinary albumin excretion >100 
mg/24 hrs) 

43% (9/21) 13% (4/30) 0.017 

Odds ratio 4.9 (1.3; 19.1)  
Diabetic siblings of people with diabetic nephropathy have a significantly increased risk of incipient or overt nephropathy compared to diabetic siblings of people 
without nephropathy [OR 4.9 (95% CI 1.3 to 19.1)]. 
 
Within the individual sib-pair, there was a significant positive correlation between the glycosylated haemoglobin A1c value of proband and sibling (r=0.47; 
p<0.001) 
Ref ID: 3869         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 
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Chadban SJ, 
Briganti EM, Kerr 
PG et al. 
Prevalence of 
kidney damage in 
Australian adults: 
The AusDiab 
kidney study. 
Journal of the 
American Society 
of Nephrology. 
2003; 14(7:Suppl 
2):Suppl-8. Ref 
ID: 3869 

Cross-
sectional 
population 
study 
 
AusDiab 
Australian 
population 
study 
 
Evidence 
Level: 3 

N=11247 
 
 

Inclusion criteria: a 
representative sample 
of non-institutionalised 
people 25 years of age 
or older in Australia 
was drawn from 42 
randomly selected 
urban and non-urban 
areas.  
 
Exclusion criteria: not 
stated 
 
Baseline 
Characteristics: 97% 
Caucasian, 5.7% Asian, 
0.8% Aboriginal and 
Torres Strait Islanders 
  

Prevalence of proteinuria, 
hematuria or GFR < 60 
ml/min/1.73m2 
In Australia. 
 
Procedure: Participants 
completed a health 
questionnaire, had a 
clinical exam, and 
laboratory tests to examine 
diabetes status, CV risk, 
and renal function. Serum 
creatinine was measured 
in all participants (Jaffe) 
and creatinine clearance 
was calculated with the 
Cockcroft-Gault equation. 
Impaired renal function 
was defined as GFR < 60 
ml/min/1.73m2. 
Protein:creatinine ratio ( 
Jaffe method and 
pyrogallol red molybdate) 
from a morning spot urine 
sample was determined. 
Proteinuria was defined as 
protein:creatinine ratio ≥ 
0.20 mg/mg. Hematuria 
was defined as positive if 
reagent strip testing of 
morning urine sample was 
≥ +1 and microscopy 
showed ≥ 10000 
RBC/microL.  

Effect of 
increasing  
age, effect of 
gender, 
effect of 
hypertension, 
diabetes  

N/A 
 

Proteinuria 
 
Hematuria 
 
GFR < 60 
ml/min/1.7
3m2 
 

Common
wealth 
Dept. of 
Health 
and 
Aged 
Care, 
Australia
n State 
Govts., 
Eli Lilly, 
Roche, 
Merck, 
Knoll, 
Smithklin
e 
Beecha
m, 
Pharmac
ia and 
Upjohn, 
BioRad, 
Quantas 

Effect size 
OR adjusted for age, sex, diabetes, hypertension 
 
In this Australian sample (N=11247), the prevalence of proteinuria (protein:creatinine ratio ≥ 0.20 mg/mg) was 2.4%. The prevalence of hematuria (reagent strip ≥ 
+1 and microscopy ≥ 10000 RBC/microL) was 4.6%. The prevalence of renal impairment (GFR < 60 ml/min/1.73m2) was 11.2%. 
 
Using proteinuria and hematuria data, the prevalence of Stage 1 CKD in Australia was 0.9%, Stage 2 was 2.0%, Stage 3 was 10.9%, Stage 4 was 0.3%, Stage 5 
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was 0.003%.  
 
Age as a risk factor for Renal Impairment (GFR < 60 ml/min/1.73m2) 
54% of people ≥ 65 years old had GFR < 60 ml/min/1.73m2 compared with 2.5% of subjects 45-64 years old. People ≥ 65 years old had a significantly increased 
risk of renal impairment (GFR < 60 ml/min/1.73m2 ) compared with people < 65 years old  [adjusted OR 101.5 (95% CI 61.4 to 162.9), p<0.001] 
 
Gender as a risk factor for Renal Impairment (GFR < 60 ml/min/1.73m2) 
Females had a significantly higher risk of renal impairment than males  [adjusted OR 1.3 (95% CI 1.0 to 1.7), p=0.012] 
 
Diabetes as a risk factor for Renal Impairment (GFR < 60 ml/min/1.73m2) 
People with diabetes had NS risk  of renal impairment than people without diabetes [adjusted OR 0.9 (95% CI 0.7 to 1.1), p=0.308] 
 
Hypertension as a risk factor for Renal Impairment (GFR < 60 ml/min/1.73m2) 
People with hypertension had a significantly higher risk of renal impairment compared with normotensive people [adjusted OR 1.4 (95% CI 1.2 to 1.6), p<0.001] 
 
Age as a risk factor for Proteinuria (protein:creatinine ratio ≥ 0.20 mg/mg) : 
The prevalence of proteinuria increased with increasing age. People ≥ 65 years old had a significantly increased risk of proteinuria than people < 65 years old 
[adjusted OR 2.5 (95% CI 1.9 to 3.2), p<0.000] 
 
Gender as a risk factor for Proteinuria (protein:creatinine ratio ≥ 0.20 mg/mg) 
Men and women had similar prevalences of proteinuria. 
 
Diabetes as a risk factor for Proteinuria (protein:creatinine ratio ≥ 0.20 mg/mg) 
People with diabetes had a significantly higher risk of proteinuria than people without diabetes [adjusted OR 2.5 (95% CI 1.8 to 3.5), p<0.001] 
 
Hypertension  as a risk factor for Proteinuria (protein:creatinine ratio ≥ 0.20 mg/mg) 
People with hypertension had a significantly greater risk of proteinuria than people with normotension [adjusted OR 3.1 (95% CI 2.3 to 4.1), p<0.001] 
 
Age as a risk factor for Hematuria (reagent strip testing of morning urine sample was ≥ +1 and microscopy showed ≥ 10000 RBC/microL.) 
Hematuria increased with increasing age (p<0.001 for trend). 
 
Gender as a risk factor for Hematuria (reagent strip testing of morning urine sample was ≥ +1 and microscopy showed ≥ 10000 RBC/microL.) 
Females had a significantly higher risk of hematuria than males [adjusted OR 3.9 (95% CI 2.8 to 5.3), p<0.001] 
 
Diabetes as a risk factor for Hematuria (reagent strip testing of morning urine sample was ≥ +1 and microscopy showed ≥ 10000 RBC/microL.) 
People with diabetes had a significantly decreased risk of hematuria than people without diabetes [adjusted OR 0.5 (95% CI 0.3 to 0.8), p=0.008] 
 
Hypertension as a risk factor for Hematuria (reagent strip testing of morning urine sample was ≥ +1 and microscopy showed ≥ 10000 RBC/microL.) 
There was NS difference in the prevalence of hematuria in hypertensive or normotensive people (5.0% vs 4.5%, p=0.44) 
 
Note: Limitations –Cross-sectional analysis. 
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Ref ID: 3872         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Coresh J, Astor 
BC, Greene T et 
al. Prevalence of 
chronic kidney 
disease and 
decreased kidney 
function in the 
adult US 
population: Third 
National Health 
and Nutrition 
Examination 
Survey. Am J 
Kidney Dis. 2003; 
41(1):1-12. Ref 
ID: 3872 

Cross-
sectional 
population 
study 
 
NHANES III 
US population 
study 
 
Evidence 
Level: 3 

N=15600 
 
 

Inclusion criteria: a 
general health survey 
was conducted in USA 
in 1988-1994 of non-
institutionalised adults 
20 years or older. 
Random selection 
using a stratified cluster 
method. 
 
Exclusion criteria: CKD 
stage 5 
 
Baseline 
Characteristics: not 
applicable  

Prevalence of CKD in USA 
 
Procedure: Non-Hispanic 
blacks, elderly, and 
American Mexicans were 
deliberately over-sampled. 
Participants completed a 
health questionnaire and 
had a clinical exam. Serum 
creatinine was measured 
in all participants and GFR 
was calculated with the 
MDRD equation re-
calibrated to the MDRD 
laboratory. CKD was 
defined according to GFR 
and staged according to 
KDOQI.  
Albumin:creatinine ratio 
determination (by Jaffe 
method and solid phase 
fluorescent immunoassay 
assay of albumin) from a 
random urine sample was 
determined. A subset of 
participants (N=1241) was 
used to estimate the 
persistence of 
microalbuminuria within 2 
months of the first 
examination.   

Effect of 
increasing  
age, effect of 
gender, 
effect of 
hypertension, 
diabetes, 
ethnicity 

N/A 
 

CKD 
defined by 
KDOQI 
stratificatio
n of GFR 

National 
Institutes 
of 
Health, 
National 
Kidney 
Foundati
on, 
General 
Researc
h Center 

Effect size 
OR adjusted for age, sex, diabetes, hypertension, hypertension medication. 
 
In this American sample (N=15600), the prevalence of mild CKD (GFR 60-89 ml/min/1.73m2) was 31.2%. The prevalence of moderate CKD (GFR 30-59 
ml/min/1.73m2) was 4.3% and the prevalence of severe CKD (GFR 15-29 ml/min/1.73m2) was 0.2%. 
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Using microalbuminuria data, the prevalence of Stage 1 CKD in the USA was 3.3%, Stage 2 was 3.0%, Stage 3 was 4.3%, Stage 4 was 0.2%, and Stage 5 was 
0.2%. The overall prevalence of CKD in USA was 11%. 
 
Age as a risk factor for CKD: 
The prevalence of CKD increased with increasing age. 48% of people > 70 years of age (N=2965) had mild CKD (GFR 60-89 ml/min/1.73m2) and 25% had 
moderate to severe CKD (GFR < 60 ml/min/1.73m2). 
 
Gender as a risk factor for CKD: 
The prevalence of decreased kidney function was higher in women than men, but this difference disappeared after adjustment for age.  
 
Hypertension  as a risk factor for CKD: 
People with hypertension (N=4893) had a greater risk of CKD than people without hypertension (N=14372). Among hypertensive people, people taking 
antihypertensive medication had the highest prevalence of decreased kidney function (this may reflect the severity or duration of hypertension in this subgroup). 
For example, 17.5% of hypertensive people taking antihypertensive agents (N=2553) and 7.9% of hypertensive people not taking medication (2340) had 
moderate CKD (GFR 30-59 ml/min/1.73m2) compared to 1.5% of non-hypertensive people (N=10707). 
 
Diabetes as a risk factor for CKD: 
People with diabetes (N=1211) had a higher prevalence of decreased kidney function than people without diabetes (N=14372). 40% of people with diabetes had 
mild CKD (GFR 60-89 ml/min/1.73m2) whereas 31% of people without diabetes had mild CKD (GFR 60-89 ml/min/1.73m2). 14% of people with diabetes had 
moderate CKD (GFR 30-59 ml/min/1.73m2) whereas 3.7% of people without diabetes had moderate CKD (GFR 30-59 ml/min/1.73m2).  
 
Ethnicity as a risk factor for CKD 
Non-Hispanic black people (N=4163) were significantly less likely to have mild CKD (GFR 60-89 ml/min/1.73m2) compared to non-Hispanic white people 
(N=6635) [adjusted OR 0.37 (95% CI (0.32 to 0.43)]. 
 
Non-Hispanic black people (N=4163) were significantly less likely to have moderate CKD (GFR 30-59 ml/min/1.73m2) compared to non-Hispanic white people 
(N=6635) [adjusted OR 0.56 (95% CI (0.44 to 0.71)]. 
 
There was NS difference in prevalence of severe CKD (GFR 15-29 ml/min/1.73m2) in Non-Hispanic black or white people [adjusted OR 1.10 (95% CI (0.51 to 
2.37)]. 
 
Note: Limitations –Cross-sectional analysis. 
Ref ID: 22         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Coresh J, Selvin 
E, Stevens LA et 
al. Prevalence of 
chronic kidney 
disease in the 

Cross-
sectional 
population 
study 
 

NHANES 
1988-1994 
N= 15488 
 
NHANES 

Inclusion criteria: a 
general health survey 
was conducted in USA 
in 1988-1994 and 
again in 1999-2004 of 

Prevalence of CKD in USA 
ascertained by NHANES 
1999-2004 
 
Procedure: Non-Hispanic 

Prevalence 
of CKD in 
USA 
ascertained 
by NHANES 

N/A 
 

CKD 
defined by 
KDOQI 
stratification 
of GFR 

National 
Institute 
of 
Diabetes, 
and 
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United States. 
JAMA. 2007; 
298(17):2038-
2047. Ref ID: 22 

NHANES  US 
population 
study 
 
Evidence 
Level: 3 

1999-2004 
N=13233 
 
 

non-institutionalised 
adults 20 years or 
older. Random 
selection using a 
stratified cluster 
method.  
 
Exclusion criteria: 
Stage 5 CKD, people 
with missing creatinine 
values 
 
Baseline 
Characteristics: not 
applicable  

blacks, elderly, and 
American Mexicans were 
deliberately over-sampled. 
Participants completed a 
health questionnaire and 
had a clinical exam. Serum 
creatinine was measured 
in all participants and GFR 
was calculated with the 
simplified MDRD equation 
re-calibrated to the MDRD 
laboratory. CKD was 
defined according to GFR 
and staged according to 
KDOQI.  
Albumin:creatinine ratio 
determination (by Jaffe 
method and solid phase 
fluorescent immunoassay 
assay of albumin) from a 
random urine sample was 
determined. A subset of 
participants from NHANES 
1988-1994  (N=1241) was 
used to estimate the 
persistence of 
microalbuminuria within 2 
months of the first 
examination.   

1988-1994 
 

Digestive 
and 
Kidney 
Diseases  

Effect size 
This paper compares prevalence of CKD in the USA determined in  NHANES 1988-1994 compared with NHANES 1999-2004.  
 
The prevalence of diabetes, hypertension, high BMI increased from NHANES 1988-1994 to NHANES 1999-2004. 
Mean ACR also increased from NHANES 1988-1994 (mean ACR 25.4 mg/g; N=14319) to NHANES 1999-2004 (mean ACR 28.6 mg/g; N=12216). 
 
Prevalence of CKD significantly increased in the USA from NHANES 1988-1994 to NHANES 1999-2004: 

 NHANES 1988-1994 (N=15488) NHANES 1999-2004 (N=13233)  
 N Prevalence (%) N   Prevalence (%) P-value (between 2 NHANES studies)
GFR ≥ 90 ml/min/1.73 m2 8600 51.9 5891 40.7 <0.001 
GFR 60-89 ml/min/1.73 m2 5751 42.4 5946 51.2 <0.001 
GFR 30-59 ml/min/1.73 m2 1088 5.4 1316 7.7 <0.001  
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GFR 15-29 ml/min/1.73 m2 49 0.21 80 0.35 0.02 
Normal ACR (< 30 mg/g) 12655 91.8 10636 90.5 0.01 
Microalbuminuria (ACR 30-299 mg/g) 1353 7.1 1315 8.2 0.01 
Macroalbuminuria (ACR ≥  300 mg/g) 311 1.1 265 1.3 0.37 NS 
Stage 1 CKD * Not stated 1.71 Not stated 1.78 NS 
Stage 2 CKD * Not stated 2.70 Not stated 3.24 Stated as significant, no p given 
Stage 3 CKD Not stated 5.42 Not stated 7.69 Stated as significant, no p given 
Stage 4 CKD Not stated 0.21 Not stated 0.35 Stated as significant, no p given 
Stage 5 CKD N/A N/A N/A N/A N/A 
Total CKD Not stated 10.03  Not stated 13.07 Stated as significant, no p given 

* based on persistent albuminuria 
 
The prevalence of CKD increased with increasing age and this was a similar trend in the two NHANES studies. Approx 47% of people > 70 years old had CKD 
(NHANES 1999-2004) compared with 37% of people > 70 years old (NHANES 1988-1994) 
 
The prevalence of GFR < 60 ml/min/1.73 m2 was significantly higher in the NHANES 1999-2004 study compared with the NHANES 1988-1994  study even after 
adjustment for age, race, sex, diabetes, hypertension, BMI [adjusted OR 1.43 (95% CI 1.24 to 1.63), p<0.001]. 
 
Age, race, sex, diabetes, hypertension, and BMI explained the entire increase in the prevalence of albuminuria in NHANES 1999-2004 compared with NHANES 
1988-1994.  
 
Note: Limitations –Cross-sectional analysis; GFR measured from creatinine, not iothalamate or other gold standard, MDRD predictive equation has greater 
imprecision and bias at greater GFR (could misclassify mild kidney disease), persistence of albuminuria calculated from small data set, and assumed to be the 
same across the 2 surveys 
Ref ID: 695         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Drey N, Roderick 
P, Mullee M et al. 
A population-
based study of the 
incidence and 
outcomes of 
diagnosed chronic 
kidney disease. 
American Journal 
of Kidney 
Diseases. 2003; 
42(4):677-684. 

Cross-
sectional 
population 
study 
 
UK population 
study 
 
Evidence 
Level: 3 

N=404541 
 
 

Inclusion criteria: new 
cases of CKD in 
Southampton and 
South-west Hampshire 
health authority 
identified in 1992-1994 
from chemical 
pathology databases at 
Southampton University 
hospitals NHS. 
 CKD was defined as a 
serum creatinine value 
> 1.7 mg/dl or >150 

Incidence of CKD  
 
Procedure: a dataset of 
demographic, laboratory, 
diagnostic and prescription 
variables were extracted 
from patient records. A 
deprivation score was 
assigned to each patient 
according to area of 
residence (postcode).  

Incidence of 
CKD with 
increasing 
age, effect of 
gender, 
effect of 
socioeconom
ic deprivation 

N/A 
 

CKD National 
Health 
Service 
South 
West 
Regional 
Health 
Authority 
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Ref ID: 695 micromol/l persisting for 
six months or more.  
 
Exclusion criteria: 
cases before 1992, 
serum creatinine 
decreases to < 1.7 
mg/dl within 6 months, 
electoral wards that 
referred < 80% of their 
patients for inpatient 
treatment in S&SWH 
HA, cases not resident 
in Southampton and 
South-west Hampshire 
health authority 
 
Baseline 
Characteristics: a 
mostly Caucasian UK 
population  

Effect size 
There were 4228 new cases of kidney disease identified in 1992-1994.  
 
The incidence of CKD (defined as a serum creatinine value > 1.7 mg/dl or >150 micromol/l persisting for six months or more) in the study population was 1701 
per million population (95% CI 1613 to 1793 pmp). For people < 80 years old, the incidence was 1071 pmp (95% CI 1001 to 1147).  
 
Age as a risk factor for CKD: 
The incidence of CKD (serum creatinine value > 1.7 mg/dl or >150 micromol/l) increased with increasing age. 74% of CKD cases (792/1076 definite CKD cases) 
were identified in people ≥ 70 years old.  
 
Gender as a risk factor for CKD: 
Overall, 60% of new CKD cases were found in men (650/1076 definite CKD cases). The man:woman rate ratio was 1.6 (95% CI 1.4 to 1.8).  The preponderance 
of men with CKD was significant in all ages > 40 years of age. 
 
Socioeconomic deprivation as a risk factor for CKD: 
People who were least deprived (Townsend score =1) had a significantly lower risk of CKD compared to the overall population [directly standardised rate ratio 
0.80 (95% CI 0.69 to 0.93)] 
People who were most deprived (Townsend score =5) had a significantly higher risk of CKD compared to the overall population [directly standardised rate ratio 
1.17 (95% CI 1.02 to 1.33)] 
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Note: Limitations – Relies on blood test alone to identify CKD and 1.7 mg/dl as the cut-off is arbitrary and not sensitive to reduced renal function. MDRD GFR 
would have perhaps been a better indicator of renal function. Cross-sectional analysis by retrospectively reviewing medical records. Although a UK study, it was a 
predominantly Caucasian sample -caution in applying to areas of high ethnic diversity. 

Ref ID: 3940         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of follow-
up 

Outcome 
measures 

Source  
of  
funding 

Elsayed EF, 
Tighiouart H, 
Griffith J et al. 
Cardiovascular 
Disease and 
Subsequent 
Kidney Disease. 
Archives of 
Internal Medicine. 
2007; 
167(11):1130-
1136. Ref ID: 3940 

case 
series 
 
3 
 
USA 

N total = 
13826 
 
N 
Subjects 
with 
CVD = 
1787 
 
N 
Subjects 
without 
CVD = 
12039 
 

Inclusion: patient data 
pooled from 
Atherosclerosis Risk in 
Communities (ARIC) 
and Cardiovascular 
Health Study (CHS). 
ARIC: people 45-64 
years old recruited 
between 1987 and 
1989 from 4 
communities. CHS: 
subjects ≥ 65 years old 
recruited between 
1989 and 1990. 
 
Exclusion criteria: 
participants with 
missing data (including 
baseline or final 
creatinine 
measurements), 
people with baseline 
GFR < 15 ml/min/1.73 
m2 
 
Population baseline 
characteristics: Mean 
age 57.6 years. People 
with baseline CVD 
were significantly older 
(60 vs 57 years), had 

Subjects with CVD  
N = 1787 
 
Procedure: Baseline 
serum creatinine 
measured and 
calibrated to Third 
NHANES values. 
MDRD equation used 
to estimate GFR.  
Baseline 
cardiovascular 
disease (CVD) 
defined by stroke, 
angina, claudication, 
TIA, coronary 
angioplasty or 
bypass, or 
recognised or silent 
MI.  

Subjects 
without CVD 
N = 12039 
 
Procedure: 
As for 
intervention 

Mean 9.3 years. 
 
22% failed to 
provide last 
serum 
creatinine; these 
people were 
more likely to 
have CVD at 
baseline and 
had higher CVD 
risk factors. 
Authors suggest 
this exclusion 
would bias 
towards null 
hypothesis.  

Kidney function 
decline (serum 
creatinine 
increase of at 
least 0.4 mg/dl 
between first 
and last visit) 
 
Kidney function 
decline (GFR 
decrease of at 
least 15 
ml/min/1.73 m2 
between first 
and last visit) 
 
Development of 
CKD (serum 
creatinine 
increase of at 
least 0.4 mg/dl 
from baseline 
level of < 1.4 
mg/dl in men 
and < 1.2 mg/dl 
in women) 
 
Development of 
CKD (GFR 
decrease of 15 
ml/min/1.73 m2 

NIH, 
Amgen, 
National 
Heart, 
Lung, and 
Blood 
Institute 
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higher prevalence of 
diabetes and 
hypertension, and had 
lower baseline GFR 
(86 vs 90 ml/min/1.73 
m2) compared to 
people without CVD at 
baseline.  

level in people 
with baseline 
GFR > 60 
ml/min/1.73 m2 ) 

Effect size 
Odds ratios (OR) adjusted for age, sex, race, education, study origin, diabetes, smoking, alcohol use, hypertension history, BMI, SBP, hematocrit, albumin level, 
HDL cholesterol, total cholesterol, baseline serum creatinine, baseline eGFR.  
 
Effect of Cardiovascular disease on Kidney Function decline (serum creatinine increase of at least 0.4 mg/dl between first and last visit) 
After a mean follow-up of 9.3 years, 128 of 1787 (7.2%) people with baseline cardiovascular disease had a decline in kidney function (serum creatinine increase of 
at least 0.4 mg/dl) compared with 392 of 12039 (3.3%) people without baseline CVD (p<0.001). People with decline in renal function were significantly older, more 
likely to have hypertension and diabetes, more likely to be African American, and had significantly higher baseline serum creatinine levels than those who did not 
experience renal function decline.  
 
People with baseline cardiovascular disease (N=1787) had a significantly increased risk of a decline in renal function (serum creatinine increase of at least 0.4 
mg/dl) compared with people without CVD at baseline (N=12039) [adjusted OR 1.70 (95% CI 1.36 to 2.13), p<0.001). 
 
Effect of Cardiovascular disease on Kidney Function decline (GFR decrease of at least 15 ml/min/1.73 m2 between first and last visit) 
After a mean follow-up of 9.3 years, 607 of 1787 (34.0%) people with baseline cardiovascular disease had a decline in kidney function (GFR decrease of at least 15 
ml/min/1.73 m2) compared with 3909 of 12039 (32.5%) people without baseline CVD (p=0.22).  
People with baseline cardiovascular disease (N=1787) had a significantly increased risk of a decline in renal function (GFR decrease of at least 15 ml/min/1.73 m2) 
compared with people without CVD at baseline (N=12039) [adjusted OR 1.28 (95% CI 1.13 to 1.46), p<0.001). 
 
Effect of Cardiovascular disease on Development of CKD (serum creatinine increase of at least 0.4 mg/dl from baseline level of < 1.4 mg/dl in men and < 1.2 
mg/dl in women) 
People with baseline CVD and baseline serum creatinine < 1.4 mg/dl in men and < 1.2 mg/dl in women had a significantly increased risk of developing CKD (serum 
creatinine increase of at least 0.4 mg/dl)compared with people without CVD at baseline [adjusted OR 1.75 (95% CI 1.32 to 2.32), p<0.001). 
 
Effect of Cardiovascular disease on Development of CKD (GFR decrease of at least 15 ml/min/1.73 m2 level in people with baseline GFR > 60 ml/min/1.73 m2 ) 
People with baseline CVD had an increased risk of developing CKD (GFR decrease of at least 15 ml/min/1.73 m2 level in people with baseline GFR > 60 ml/min/1.73 
m2) compared with people without baseline CVD [adjusted OR 1.54 (95% CI 1.26 to 1.89), p<0.001). 
 
Sensitivity Analyses:  
Similar increased risk when analysis was restricted to ARIC or CHS cohorts separately.  
Exclusion of people with heart failure: association still remained significant [OR 1.72 (1.12 to 2.62)]. 
Baseline ACEi use evaluated: CVD still associated with kidney function decline [OR 1.82 (1.20 to 2.76)] and ACEi use was protective [OR 0.30 (0.10 to 0.87)]. 
CVD defined as only MI or cardiac procedure: CVD still associated with decline in kidney function [OR 1.93 (1.45 to 2.59)]. 
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Limitations: no baseline proteinuria data, ARIC study lacked data on ACEi use. 

Ref ID: 1382         
Reference Study 

type 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention/ exposure Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Freedman BI, Soucie 
JM, McClellan WM. 
Family history of end-
stage renal disease 
among incident dialysis 
patients. Journal of the 
American Society of 
Nephrology. 1997; 
8(12):1942-1945. Ref 
ID: 1382 

case 
series 
3 
 
US study  

N ESRD 
total = 
4289 
 
N ESRD 
No family 
history 
ESRD 
=3433 
 
N ESRD 
with 
family 
history of 
ESRD= 
856 
 
 

Inclusion criteria: 
patients ≥ 20 years old with 
ESRD initiating RRT in 
dialysis units in North 
Carolina, South Carolina, 
and Georgia during 1994 
 
Exclusion criteria: 
Mendelian cause of ESRD 
( polycystic kidney disease, 
Alport syndrome), 
urological  conditions, 
surgical nephrectomy, 
ethnicities other than black 
or white 
 
Baseline data: mean age 
58.4 years, 79% > 45 years 
old, 62% African American, 
40% ESRD associated with 
diabetes, 39% associated 
with hypertension, 10% 
associated with chronic 
glomerular disease, 11% 
“other” cause.   

Assessed effect of race and cause 
of ESRD on odds of having a 
family history of ESRD.  
 
Procedure: Participation of 
patients initiating RRT was 
voluntary.  A family history of 
ESRD was considered present if 
an incident ESRD patient reported 
having either a first-degree 
(parent, child, sibling) or second-
degree (grandparent, aunt, uncle, 
grandchild, or half-sibling) relative 
with ESRD. ESRD defined at 
dialysis, kidney transplant, or 
death from kidney disease before 
dialysis was started. A 
standardised data-collection 
instrument was used to collect 
data on presence of ESRD in first 
and second degree relatives, total 
number of siblings and children. 
Age, sex, race, weight, height of 
patients, primary cause of ESRD, 
co morbidities, laboratory results 
at dialysis initiation obtained from 
Centres for Medicare and 
Medicaid Services Form 2728.   

N/A N/A A family 
history of 
ESRD 
 

Not 
stated 



 

        Page 144 of 377  

Effect size 
Odds ratios (OR) adjusted for race, gender, age, state of residence, cause of ESRD, education 
 
856/4289 (20%) people with ESRD reported having a family history of ESRD.  
In crude analysis, hypertension, diabetes, glomerulonephritis, black ethnicity were all associated with increased odds of a family history of ESRD.  
 
Effect of Race on odds of a family history of ESRD 
African American men with ESRD (N=1172) were significantly more likely to report a family history of ESRD than white men with ESRD (N=915) [adjusted OR 1.8 
(95% CI 1.4 to 2.3)] Similar risk for African American women compared with white men.  
 
Effect of Hypertension on odds of a family history of ESRD 
People with ESRD and a history of hypertension (N=1658) were significantly more likely to report a family history of ESRD than people with ESRD due to “other” 
causes (N=461) [adjusted OR 1.5 (95% CI 1.1 to 2.1)] 
 
Effect of diabetes on odds of a family history of ESRD 
People with ESRD and a history of diabetes (N=1720) were significantly more likely to report a family history of ESRD than people with ESRD due to “other” causes 
(N=461) [adjusted OR 1.9 (95% CI 1.4 to 2.6)] 
 
Effect of glomerulonephritis on odds of a family history of ESRD 
People with ESRD due to glomerulonephritis (N=450) were significantly more likely to report a family history of ESRD than people with ESRD due to “other” causes 
(N=461) [adjusted OR 2.1 (95% CI 1.5 to 3.0)] 
 
Note: authors concede that in the African American index cases, 88% of the family history data was correct (no comparable data from Caucasian index), meaning 
that the family history of ESRD data could have been overestimated, although authors doubt this overestimation could completely account for the increased odds of 
a family history of ESRD  in African Americans compared with Caucasians. 
Ref ID: 3871         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Hallan SI, Coresh 
J, Astor BC et al. 
International 
comparison of the 
relationship of 
chronic kidney 
disease 
prevalence and 
ESRD risk. J Am 
Soc Nephrol. 
2006; 17(8):2275-
2284. Ref ID: 

Cross-
sectional 
population 
study 
 
Norway 
HUNT II 
population 
study 
 
Evidence 
Level: 3 

N=65181 
 
 

Inclusion criteria: a 
general health survey 
was conducted in Nord-
Trondelag county, 
Norway in 1995-1997.  
Adults 20 years or 
older.  
 
Exclusion criteria: CKD 
stage 5, menstruating 
women or people with 
UTI a week before 

Prevalence of CKD in 
Norway  
 
Procedure: participants 
completed a health 
questionnaire and had a 
clinical exam. Serum 
creatinine was measured 
in all participants and GFR 
was calculated with the 
MDRD equation. CKD was 
defined according to GFR 

Prevalence 
of CKD in 
USA 
 
Effect of 
increasing  
age, effect of 
gender, 
effect 
hypertension, 
diabetes 

N/A 
 

CKD Not 
stated 
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3871 measurement of ACR,  
 
Baseline 
Characteristics: mean 
age 50.2 years, 10% 
were 70 years of age or 
older, 44% 
hypertensive, 3.4% 
diabetic, 11% taking 
antihypertensive 
agents, 33% smokers, 
8% had previous MI, 
stroke, or angina 
pectoris,  

and staged according to 
KDOQI.   
 A 5% random sample of 
the population submitted 
three consecutive morning 
urine samples for 
albumin:creatinine ratio 
determination (by Jaffe 
method and 
immunoturbidometric 
assay of albumin). People 
with 2 or 3 ACR 
determinations of 17-250 
mg/g (men) or 25-355 
mg/g (women) were 
classified as having 
persistent 
microalbuminuria. 
Macroalbuminuria was 
defined as 1 or more ACR 
measurements higher than 
the microalbuminuric 
range. 

Effect size 
In this Norwegian population (N=65181), the prevalence of mild CKD (GFR 60-89 ml/min/1.73m2) was 38.6%. The prevalence of moderate CKD (GFR 30-59 
ml/min/1.73m2) was 4.5% and the prevalence of severe CKD (GFR 15-29 ml/min/1.73m2) was 0.2%. 
 
Age as a risk factor for CKD: 
The prevalence of CKD increased with increasing age. The prevalence of GFR < 60 ml/min/1.73m2 was 50-100 times greater in people > 70 years old compared 
to people 20-39 years old.  
 
Gender as a risk factor for CKD: 
Women had a significantly higher risk of CKD than men [age-adjusted OR 1.5 (95% CI 1.4 to 1.6)]. 
 
Hypertension  as a risk factor for CKD: 
20% of hypertensive people had moderate CKD (GFR 30-59 ml/min/1.73m2) compared to 2% of normotensive people. People with hypertension had a higher risk 
of CKD than people without hypertension [age-adjusted OR 1.5 (95% CI 1.3 to 1.6)].  
 
Diabetes as a risk factor for CKD: 
13.6% of diabetic people had moderate CKD (GFR 30-59 ml/min/1.73m2) compared to 4% of non-diabetic people. People with diabetes had a significantly higher 
risk of CKD than people without diabetes [age-adjusted OR 1.5 (95% CI 1.3 to 1.7)].  
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Comparison between Norway and USA prevalence of CKD: 
The Norwegian prevalence of Stages 1-4 CKD was 10.2% (95% CI 9.2 to 11.2) and the American prevalence was 11.7%.  
However, progression to ESRD was much slower in Norwegians than in Americans. White Americans had a 2 times higher risk for ESRD compared to 
Norwegians (mostly white). This difference may be due to higher rates of obesity in the American participants (adjusted for diabetes, hypertension, age). 
 
Note: Limitations –Cross-sectional analysis. Participants were volunteers, so may have selection bias (participation increased with increasing age) Although a 
European study, it was a predominantly Caucasian sample -caution in applying to areas of high ethnic diversity. 
Ref ID: 4109         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Hallan SI, Dahl K, 
Oien CM et al. 
Screening 
strategies for 
chronic kidney 
disease in the 
general 
population: follow-
up of cross 
sectional health 
survey.[see 
comment]. BMJ. 
2006; 
333(7577):1047. 
Ref ID: 4109 

Cross-
sectional 
population 
study 
 
Norway 
HUNT II 
population 
study 
 
Evidence 
Level: 3 

N asked to 
participate 
=92939 
 
N = 65604 
participated 
 
70.6% 
participatio
n rate 
 
 

Inclusion criteria: a 
general health survey 
was conducted in Nord-
Trondelag county, 
Norway in 1995-1997.  
Adults 20 years or 
older.  
 
Exclusion criteria: CKD 
stage 5, menstruating 
women or people with 
UTI a week before 
measurement of ACR,  
 
Baseline 
Characteristics: median 
age 49 years, 11% 
taking antihypertensive 
agents, 3.0% diabetic, 
27% smokers, 37% 
family history of 
hypertension or 
diabetes, 7.9% CVD, 
mean GFR 94.6 
ml/min/1.73 m2, 4.7% 
GFR < 60 ml/min/1.73 
m2 

Different screening 
strategies for detection of 
CKD (Stage 3-5) were 
compared in Norway  
 
GFR 45-59 ml/min/1.73 m2  
(N= 2389) 
 
GFR 40-44 ml/min/1.73 m2 

N=548 
 
GFR < 30 ml/min/1.73 m2 

N=120 
 
Procedure: participants 
completed a health 
questionnaire and had a 
clinical exam. Serum 
creatinine was measured 
in all participants and 
calibrated to IDMS. GFR 
was calculated with the 
MDRD equation. CKD was 
defined according to GFR 
and staged according to 
KDOQI.  ESRD and death 
determined from registries. 
9 Screening strategies for 
detection of CKD were 

GFR > 60 
ml/min/1.73 
m2 N=62066 

8 years 
 

CKD 
 
Progressio
n to ESRD 
 
Cardiovasc
ular 
mortality 

Not 
stated 
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compared  

Effect size 
NNTS = number needed to screen to detect 1 case of CKD stage 3-5. 
 
Comparison of screening strategies to identify CKD Stages 3-5: Screen people with hypertension (HYP) or diabetes (DM) plus additional factors 
Note that “/” means “or” – HYP/DM/age >55 years means HYP or DM or age > 55 years 

Screening strategy % found % included NNTS (95% CI) 
HYP / DM  44.2 12.0 5.9 (5.7 to 6.2) 
HYP/ DM/family history of HYP or DM 59.8 41.8 15.3 (14.8 to 15.9) 
HYP/ DM/CVD 57.5 16.0 6.1 (5.9 to 6.3) 
HYP/ DM/obesity/smoking 73.8 50.0 15.8 (15.2 to 16.3) 
HYP/ DM/CVD/obesity/smoking/ 
family history of HYP or DM 

81.4 66.9 19.1 (18.5 to 19.8) 

HYP/ DM/age > 55 years 93.2 37.1 8.7 (8.5 to 9.0) 
UK CKD guidelines 
(HYP/DM/CVD/moderate-severe 
lower UT symptoms/autoimmune 
disease) 

60.9 19.9 8.6 (8.2 to 9.0) 

US KDOQI (HYP/DM/age > 
60/autoimmune disease) 

89.3 29.0 8.7 (8.4 to 9.0) 

ISN (screen everybody) 100 100 20.6 (20.0 to 21.2) 
 
To achieve a  high detection rate  with low NNTS : screening people with HYP/DM/> 55 years old fulfils this as 93% of people with CKD Stage 3-5 are found and 
only 8.7 people must be screened to find 1 case of CKD.  
 
Progression to ESRD  
After a median follow-up of 8 years, 51/65123 people progressed to ESRD. Incidence rate was 0.04, 0.2, and 2.6 per 100 patient years for those with GFR 45-59, 
30-44, and < 30, respectively.  
Progression to ESRD influenced by GFR:  
HR 1.0 for GFR 45-59 ml/min/1.73 m2;  
HR 4.2 (95% CI 1.5 to 11) for GFR 30-44 ml/min/1.73 m2 
HR 68.5 (95% CI 30 to 156) for GFR < 30 ml/min/1.73 m2 
 
Also, male sex, diabetes, hypertension, age > 70 years significantly associated with progression to ESRD 
 
Cardiovascular Death 
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After a median follow-up of 8 years, 2604/65156 people died from cardiovascular causes. Incidence rate was 3.5 for GFR 45-59 ml/min/1.73 m2, 7.4 for GFR 30-
44 ml/min/1.73 m2, and 10.1 for GFR < 30 ml/min/1.73 m2 
 
Note: Limitations –Cross-sectional analysis. Participants were volunteers, so may have selection bias (participation increased with increasing age) Although a 
European study, it was a predominantly Caucasian sample -caution in applying to areas of high ethnic diversity. Also used 1 creatinine measure to classify 
people to levels of renal function.  
Ref ID: 3893         
Reference Study type 

Evidence level 
Number 
of 
patients 

Patient 
characteristics 

Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Haroun MK, Jaar 
BG, Hoffman SC, 
Comstock GW, 
Klag MJ, Coresh 
J. Risk factors for 
chronic kidney 
disease: a 
prospective study 
of 23,534 men 
and women in 
Washington 
County, Maryland. 
Journal of the 
American Society 
of Nephrology 
2003; 14: 2934-41 

Case series 
(longitudinal study)  
 
USA 
 
3  
 
Study examined the 
association 
between 
hypertension and 
smoking and future 
risk of CKD 

N=23 
534 

Participants from 
the CLUE study, 
a cancer 
research project 
involving 26000 
adult volunteers. 
Predominantly a 
white population. 
 
Exclusion criteria: 
acute renal 
failure, non 
residents of 
Washington 
county, subjects 
with incomplete 
records.  
 
 
 

N=143 cases of CKD.  
 
N=51 cases of ESRD 
 
N=92 death certificate cases 
 
Risk factors of interest: 
systolic and diastolic blood 
pressure,  
diabetes status, smoking 
status, years of education. BP 
categorised as optimal < 120 
mmHg systolic or < 80 mmHg 
diastolic; normal = 120-129 
mmHg systolic or 80-84 
mmHg diastolic; high-normal 
= 130-139 mmHg systolic or 
85-89 mmHg diastolic; stage 
1 hypertension = 140-159 
mmHg systolic or 90-99 
mmHg diastolic; stage 2 
hypertension = 160-179 
mmHg systolic or 100-109 
mmHg diastolic; stage 3 or 4 
hypertension ≥ 180 mmHg 
systolic or ≥ 110 mmHg 
diastolic.  
 

n/a 20 years Developm
ent of CKD 
identified 
by need for 
dialysis or 
death 
certificate 
notification 
of kidney 
disease. 
(both these 
were 
confirmed 
by record 
review, via 
the health 
care 
financing 
administrat
ion (HCFA) 
database) 

NIH 
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Effect size 
Of the population (N=23 534), there were a total of 143 cases of CKD (identified by need for dialysis or death of kidney disease). 51 cases of ESRD, 92 cases of 
CKD-related death 
 
CKD cases were significantly more likely to be older (p<0.001), hypertensive (p<0.001), report ever smoking cigarettes (p<0.05) and be less educated (p<0.001). 
Effect of Gender on risk of developing CKD 
More men than women developed CKD during the 20 year study. Women had a significantly decreased risk of developing CKD than men [adjusted HR 0.6 (95% 
CI 0.4 to 0.8)]  
 
Effect of Hypertension on risk of developing CKD 
The risk of developing CKD increased as blood pressure increased.  
Men with stage 3 or 4 hypertension had a significantly increased risk of developing CKD than men with optimal BP control [HR 9.7 (95% CI 1.2 to 75.6)]. 
Women with Stage 2 hypertension had a significantly increased risk of developing CKD than women with optimal BP control [HR 6.3 (95% CI 1.3 to 29.0)]. 
Women with Stage 3 or 4 hypertension had a significantly increased risk of developing CKD than women with optimal BP control [HR 8.8 (95% CI 1.8 to 43.0)]. 
 
Adjusted relative hazard of CKD in CLUE population: adjusted for age, cigarette smoking, treated diabetes, and gender (where applicable).  

Baseline risk factor Men (95% CI) Women (95% CI) Total population (95% CI) 
JNC-VI BP category* 

Optimal 
 

1.0 
 

1.0 
 

1.0 
Normal 1.4 (0.2-12.1) 2.5 (0.5-12.0) 1.8 (0.5-6.5) 
High-normal 3.3 (0.4-25.6) 3.0 (0.6-14.4) 3.0 (0.9-10.3) 
Stage 1 hypertension 3.0 (0.4-22.2) 3.8 (0.8-17.2) 3.2 (1.0-10.4) 
Stage 2 hypertension 5.7 (0.8-43.0) 6.3 (1.3-29.0) 5.7 (1.7-18.9) 
Stage 3 or 4 hypertension 9.7 (1.2-75.6) 8.8 (1.8-43.0) 8.8 (2.6-30.3) 

Treated diabetes, yes vs. no 5.0 (3-10) 10.7 (6-19) 7.5 (4.8-11.7) 
Current cigarette smoker, yes vs. no 2.4 (1.5-4)) 2.9 (1.7-5) 2.6 (1.8-3.7) 
Gender, female vs. male   0.6 (0.4-0.8) 

*For hypertension, p<0.001 in test for trend by BP category in all groups. 
 
Effect of Diabetes on risk of developing CKD 
People treated for diabetes were at a significantly increased risk of developing CKD compared with people who were not receiving treatment for diabetes 
[adjusted HR 7.5 (95% CI 4.8 to 11.7)] This increased risk was seen in both males [adjusted HR 5.0 (95% CI 3 to 10)]  and females [adjusted HR 10.7 (95% CI 6 
to 19)]  
 
Effect of Smoking on risk of developing CKD 
Current smokers had a significantly increased risk of CKD than non-current smokers [adjusted HR 2.6 (95% CI 1.8 to 3.7)]. This increased risk was seen in both 
males [adjusted HR 2.4 (95% CI 1.5 to 4)]  and females [adjusted HR 2.9 (95% CI 1.7 to 5)]  
Attributable risk 

Baseline risk factor Attributable risk per million population 
JNC-VI BP category 

Normal 
 

650 
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High-normal 1510 
Stage 1 hypertension 2650 (23% of CKD risk) 
Stage 2 hypertension 1820 
Stage 3 or 4 hypertension 1150 

Treated diabetes 1270 
Smoking 3640 (31% of CKD risk) 

 
Assessment of bias 
Adult volunteers used in the study (selection bias), only severe kidney disease identified, milder forms of CKD would not have been picked up by the chosen 
outcomes. BP, diabetes diagnosis and smoking status were all assessed at recruitment in 1974. No estimation of loss to follow up.  
Could not estimate baseline CKD in the whole cohort. They tested a subset of cases (N=85) and controls (N=175) matched for age, race, gender, hypertension, 
diabetes. They report that 78/85 (92%) cases and 171/175 (98%) of controls had a serum creatinine < 1.5 mg/dl. no repeated measurements of BP done during 
course of study, poor identification of diabetes (by medication use in medical records), volunteers (selection bias) 
Ref ID: 1176         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention/ 
exposure 

Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Muntner P, 
Coresh J, Smith 
JC et al. Plasma 
lipids and risk of 
developing renal 
dysfunction: the 
atherosclerosis 
risk in 
communities 
study. Kidney 
International. 
2000; 58(1):293-
301. Ref ID: 1176 

Case series  
(observational 
study) 
 
USA 
 
3 
 
Aim is to 
determine the 
association of 
plasma lipids 
with loss of 
renal function 
and the 
clinical onset 
of mild renal 
insufficiency 

N=12 
728 
 
 

Inclusion criteria: 
ARIC study cohort, age 45-64, sampled 
from 4 US communities using 
probability sampling techniques. Other 
inclusion criteria not described in this 
paper.  
 
Exclusion criteria: 
Severe hypercreatinaemia at baseline, 
on lipid lowering medications at 
baseline, missing data for lipids or 
creatinine at baseline, or at follow up, 
participants who did not fast prior to 
blood draw, participants of races other 
than white and African-American. 
 
Baseline data: ARIC population: 45% 
male, 23% black, 10% diabetic, 32% 
hypertensive, mean age 54 years, 
creatinine 1.09 mg/dl, total cholesterol 
215 mg/dl, triglycerides 128 mg/dl, HDL 
cholesterol 53 mg/dl, LDL cholesterol 
135 mg/dl  

Plasma lipids: 
Total 
cholesterol, 
HDL 
cholesterol 
(including 
HDL-2 and 
HDL-3), LDL 
cholesterol, 
apolipoprotein 
A-1, 
apolipoprotein-
B, Lp(a), 
triglycerides 

 3 years 
 
 

Rise in 
serum 
creatinine 
of ≥ 0.4 
mg/dl 
(measured 
using 
modified 
kinetic 
Jaffe 
method) 
 
≥ 25% 
reduction 
in 
estimated 
creatinine 
clearance 
(Cockroft-
Gault) 

Authors 
supporte
d by NIH 
and 
National 
Centre 
for 
Researc
h 
Resourc
es 
 
ARIC 
study 
funded 
by 
National, 
heart, 
lung and 
blood 
institute. 
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Effect size 
*Relative risks were adjusted for race, gender, age, baseline systolic BP, type of anti-hypertensive medication use, diabetes mellitus status and creatinine. 
Rise in serum creatinine of ≥ 0.4 mg/dl 
Rise in serum creatinine of ≥ 0.4 mg/dl: 1.7% (191/12728) of participants; incidence rate 5.1 per 1000 person years of follow-up.  
People who had a rise serum creatinine of ≥ 0.4 mg/dl were more likely to be older, black, have diabetes, hypertension, and have a higher baseline creatinine 
concentration. 
Incidence (rate per 1000 person years) and adjusted relative risks (95% CI) of a rise in creatinine ≥ 0.4mg/dl from baseline to 3 year follow up by lipid quartiles at 
baseline.  

Quartile  Lipid 
1 2 3 4 P trend 

Triglycerides 
Rate 
Adjusted relative risk 

 
4.0 
1.0 

 
3.9 

0.99 (0.6, 1.6) 

 
5.4 

1.31(0.9, 2.0) 

 
7.2 

1.65 (1.1, 2.5) 

 
0.0009 
0.008 

Lp(a) 
Rate 
Adjusted relative risk 

 
4.3 
1.0 

 
4.4 

0.96 (0.6, 1.5) 

 
4.7 

0.83 (1.5, 1.3) 

 
7.0 

1.10 (0.7, 1.7) 

 
0.01 
0.70 

HDL cholesterol 
Rate 
Adjusted relative risk 

 
6.8 
1.0 

 
5.1 

0.73 (0.5, 1.1) 

 
5.8 

0.86 (0.6, 1.3) 

 
2.8 

0.47 (0.3, 0.8) 

 
0.0009 

0.01 
HDL-2 cholesterol 

Rate 
Adjusted relative risk 

 
6.6 
1.0 

 
4.4 

0.65 (0.4, 1.0) 

 
5.6 

0.84 (0.6, 1.2) 

 
3.5 

0.57 (0.4, 0.9) 

 
0.01 
0.05 

HDL-3 cholesterol 
Rate 
Adjusted relative risk 

 
6.3 
1.0 

 
5.2 

0.89 (0.6, 1.3) 

 
5.5 

0.99 (0.7, 1.5) 

 
3.5 

0.67 (0.4, 1.1) 

 
0.02 
0.17 

Apolipoprotein A 
Rate 
Adjusted relative risk 

 
6.6 
1.0 

 
4.8 

0.73 (0.5, 1.1) 

 
5.1 

0.79 (0.5, 1.2) 

 
4.1 

0.66 (0.4, 1.0) 

 
0.03 
0.08 

Incidence of a creatinine rise was NS associated with total cholesterol (p=0.31), LDL cholesterol (p=0.66) or apolipoprotein B (p=0.33). 
 
People with the highest quartile of triglycerides (> 156 mg/dl) had a significantly increased risk of a rise in creatinine ≥ 0.4 mg/dl from baseline compared to 
people with the lowest quartile of triglycerides (< 78 mg/dl) [adjusted RR 1.65 (95% CI 1.1 to 2.5), p=0.01] 
 
People with the highest quartile of HDL cholesterol (> 64 mg/dl) had a significantly decreased risk of a rise in creatinine ≥ 0.4 mg/dl from baseline compared to 
people with the lowest quartile of HDL cholesterol (< 41 mg/dl) [adjusted RR 0.47 (95% CI 0.3 to 0.8), p<0.02] 
 
People with the highest quartile of HDL-2 cholesterol (> 20 mg/dl) had a significantly decreased risk of a rise in creatinine ≥ 0.4 mg/dl from baseline compared to 
people with the lowest quartile of HDL-2 cholesterol (< 9 mg/dl) [adjusted RR 0.57 (95% CI 0.4 to 0.9), p<0.02] 
 
The RR of a rise in creatinine ≥ 0.4 mg/dl from baseline was NS for Lp (a), HDL-3 cholesterol, and apolipoprotein A. 
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Adjusted relative risks* (95% CI) of an incident rise in creatinine for a 3x higher baseline plasma triglyceride level overall and in selected subgroups 
Overall 1.64 (1.2, 2.2) P not stated 
Non-diabetics 1.48 (1.0, 2.1) P=0.04 
Diabetics 2.44 (1.3, 4.7) P=0.007 
Normal creatinine 1.68 (1.2, 2.4) P=0.005 
African Americans 2.39 (1.5, 3.9) P=0.001 
Normotensive 1.65 (1.0, 2.7) P=0.05  
Hypertensive 1.57 (1.0, 2.4) p=0.03 

The adjusted relative risks for a rise in creatinine were not significant for those with hypercreatinaemia at baseline and for those who were white.  
 
≥ 25% reduction in estimated creatinine clearance (Cockroft-Gault) 
There were 407/12728 (3.2%) cases of a ≥ 25% reduction in estimated creatinine clearance during follow-up.  
For each three-fold higher triglycerides, the RR of developing a  ≥ 25% reduction in estimated creatinine clearance was 1.51 (95% CI 1.2 to 2.0), p=0.003 
(adjusted for race, gender, age, baseline systolic BP, type of anti-hypertensive medication use, diabetes mellitus status and creatinine clearance, insulin, glucose) 
Ref ID: 3002         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

New JP, 
Middleton RJ, 
Klebe B et al. 
Assessing the 
prevalence, 
monitoring and 
management of 
chronic kidney 
disease in 
patients with 
diabetes 
compared with 
those without 
diabetes in 
general practice. 
Diabetic Medicine. 
2007; 24(4):364-
369. Ref ID: 3002. 

Cross-
sectional 
population 
study 
 
UK population 
study 
 
Evidence 
Level: 3 

N=162113 
 
 

Inclusion criteria: 
General practice 
computer records 
reviewed from 17 
practices in Surrey, 
Kent, greater 
Manchester area, UK 
between 2003 and 
2004.  
 
Exclusion criteria: not 
stated 
 
Baseline 
Characteristics: a 
mostly Caucasian 
general practice UK 
population  

Incidence of CKD in people 
with diabetes 
 
Procedure: a dataset of 
demographic, laboratory, 
diagnostic and prescription 
variables from patient 
records were extracted by 
Morbidity Information 
Query and Export Syntax 
between 2003 and 2004. 
Diabetes was identified 
with the Read code for 
diabetes. Serum creatinine 
values were converted to 
MDRD GFR and CKD was 
staged according to 
KDOQI. Hypertension 
defined as SBP > 140 mm 
Hg or DBP > 80 mm Hg.  

Incidence of 
CKD in 
people 
without 
diabetes 

N/A 
 

CKD 
(defined as 
GFR < 60 
ml/min/1.7
3m2 

Roche 
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Effect size 
The prevalence of diabetes in the study population was 3.1% (5072/162113).   
 
Diabetes as a risk factor for CKD: 
People with diabetes were more likely to have CKD then people without diabetes. 31.3% of people with diabetes had Stage 3-5 CKD (GFR < 60 ml/min/1.73m2) 
compared to 6.9% of people without diabetes (p<0.001).  The higher prevalence of diabetes-associated CKD was seen at all stages of CKD. 28% of people with 
diabetes had Stage 3 CKD compared to 6.7% of people without diabetes had Stage 3 CKD (p<0.001).  
 
Only 33% of diabetics with GFR 30-60 had serum creatinine values > 120 micromol/l (upper limit of normal), indicating that measuring serum creatinine level 
alone fails to identify Stage 3 CKD. 
 
63% of people with diabetes and GFR < 60 ml/min/1.73m2 had normoalbuminuria, indicating that microalbuminuria testing was insensitive and used alone is not 
sufficient for screening for CKD.  

GFR (ml/min/1.73m2) % Diabetes 
(N=5072) 

% No diabetes 
(N=157041) 

p-value 

> 90 8.3 3.1 < 0.001 
60-89 41.9 13.5 < 0.001 
30-59 28.9 6.7 < 0.001 
15-29 2.1 0.2 < 0.001 
< 15 0.3 0.03 < 0.001 

 
Diabetes as a risk factor for anaemia: 
People with diabetes were more likely to have anaemia compared with people without diabetes (5.9% vs 1.4%, p<0.001). 
 
Management of hypertension or high cholesterol (with statins) was better in people with diabetes than in people without diabetes. 
 
Note: Limitations – cross-sectional analysis by retrospectively reviewing medical records. Although a UK study, it was a predominantly Caucasian sample -
caution in applying to areas of high ethnic mix. 
Ref ID: 3944         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Retnakaran R, 
Cull CA, 
Thorne KI et 
al. Risk 
factors for 
renal 
dysfunction in 

Prospective 
case series 
3 
 
UK study 

N=5032 
 
N 
Multivariate 
analysis= 
2167 
 

Inclusion criteria: 
UKPDS: Adults 25-65 years old 
with newly diagnosed type 2 
diabetes and fasting plasma 
glucose levels ≥ 6.0 mmol/l 
recruited between 1977 and 
1991.  

N/A 
 
Procedure: patients 
randomly allocated 
therapies for 
glycaemic control (not 
described in this 

N/A Median 
15 
years 
(Until 
1997) 
 
 

Development of 
Microalbuminuria 
(UAC 50-299 
mg/l) 
 
Development of 
macroalbuminuria 

MRC, British 
Diabetic 
Association, 
British Heart 
Foundation, 
Novo 
Nordisk, 
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type 2 
diabetes: U.K. 
Prospective 
Diabetes 
Study 74. 
Diabetes. 
2006; 
55(6):1832-
1839. Ref ID: 
3944 

 

 

  
Exclusion criteria: 
MI stroke within preceding 
year, severe vascular disease, 
uncontrolled hypertension, 
proliferative/preproliferative 
retinopathy, plasma creatinine 
≥ 175 micromol/l, treatment 
with steroids, severe previous 
illness. 
 
Baseline data: mean age 52 
years, 60& male, 82% 
Caucasian, 7.6% African 
Caribbean, 10% Indian Asian, 
30% smoker, median UAC 9 
mg/l, median plasma creatinine 
82 micromol/l, SBP 135 mm 
Hg, DBP 83 mm Hg, 45% on 
antihypertensive agents, 6.9% 
HbAC1, 19% previous CVD 

paper). Serum 
creatinine, morning 
urine sample tested 
for albumin at 
baseline and annually. 
Participants followed 
up to assess 
development of micro 
or macroalbuminuria  
or CrCl ≤ 60 
ml/min/1.73 m2  

(UAC ≥ 300 mg/l) 
 
Development of 
CrCl ≤ 60 
ml/min/1.73 m2 
 
 

Bayer, 
Bristol-Myers 
Squibb, 
Hoechst, Eli 
Lilly 

Effect size 
Multivariate analysis was restricted to N=2167. This is a loss of half of the study participants (due to incomplete data for multivariate analysis). Therefore, caution in 
interpreting results and EC only extracted data for risk factors where evidence was scanty 
. 
Hazard ratios (HR) adjusted for race, gender, age, smoking status, weight, waist circumference, SBP, DBP, hypertension history, FPG, HbAC1, HOMA %B, HOMA 
%S, total, LDL, HDL cholesterol, triglycerides, white cell count, urine albumin, plasma creatinine, previous CVD, retinopathy, neuropathy 
 
1544/4031 (38%) people developed albuminuria. 
1449/5032 (29%) developed renal impairment (CrCl ≤ 60 ml/min/1.73 m2 or doubling of serum creatinine).  
577/4006 (14%) developed both albuminuria and renal impairment (CrCl ≤ 60 ml/min/1.73 m2 or doubling of serum creatinine). 
 
Of the 1534 patients who developed albuminuria, 977 (64%) did NOT develop renal impairment, 372 (24%) developed renal impairment subsequent to developing 
albuminuria, 12% developed renal impairment before developing albuminuria. 
 
Risk of Developing Microalbuminuria 
Of 2167 people, 756 developed microalbuminuria 
In multivariate analysis of adults with type 2 diabetes (N=2167), African Caribbeans had NS risk of developing microalbuminuria compared with Caucasians [HR 
1.21 (95% CI 0.89 to 1.65), p=0.22] 
 
Indian Asians had a significantly increased risk of developing microalbuminuria compared with Caucasians [HR 2.02 (95% CI 1.59 to 2.60), p<0.0001]. 
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Smokers had a significantly increased risk of developing microalbuminuria compared with non smokers [HR 1.20 (95% CI 1.01 to 1.42), p=0.036]. 
 
Significantly increased risk of developing microalbuminuria for UAC, SBP (10 mm Hg increase), HbAC1, TGL, white blood cell count, previous CVD. 
 
Risk of Developing Macroalbuminuria 
Of 2167 people, 219 developed macroalbuminuria 
In multivariate analysis of adults with type 2 diabetes (N=2167), African Caribbeans had NS risk of developing macroalbuminuria compared with Caucasians [HR 
1.05 (95% CI 0.59 to 1.86), p=0.87] 
 
Indian Asians had a significantly increased risk of developing macroalbuminuria compared with Caucasians [HR 2.07 (95% CI 1.36 to 3.15), p=0.00066]. 
 
Significantly increased risk of developing macroalbuminuria for UAC, SBP (10 mm Hg increase), HbAC1, TGL, previous CVD. 
 
Risk of developing CrCl ≤ 60 ml/min/1.73 m2 
Of 2167 people, 584 developed CrCl ≤ 60 ml/min/1.73 m2 
In multivariate analysis of adults with type 2 diabetes (N=2167), African Caribbeans had NS risk of developing CrCl ≤ 60 ml/min/1.73 m2 compared with Caucasians 
[HR 1.26 (95% CI 0.91 to 1.76), p=0.17] 
 
Indian Asians had a significantly increased risk of developing CrCl ≤ 60 ml/min/1.73 m2 compared with Caucasians [HR 1.93 (95% CI 1.38 to 2.72), p=0.00015]. 
 
Smokers had a significantly increased risk of developing CrCl ≤ 60 ml/min/1.73 m2 compared with non smokers [HR 1.25 (95% CI 1.03 to 1.52), p=0.022]. 
 
Significantly increased risk of developing CrCl ≤ 60 ml/min/1.73 m2 for UAC, SBP (10 mm Hg increase), previous retinopathy 
Authors suggest that albuminuria does not always predict renal impairment and albuminuria and renal impairment may not reflect the same underlying pathology of 
T2D. Note that ACEi usage not assessed.  
Ref ID: 3892         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention/ 
exposure 

Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Seaquist ER, 
Goetz FC, Rich S 
et al. Familial 
clustering of 
diabetic kidney 
disease. Evidence 
for genetic 
susceptibility to 
diabetic 
nephropathy. N 
Engl J Med. 1989; 

Case series, 
USA 
 
3 
 
to investigate 
the incidence 
of 
nephropathy 
in the diabetic 
siblings of 

N= 37 
proban
ds 
 
N=41 
siblings 
of the 
proban
ds 

Probands were diabetic patients that 
did or did not have diabetic 
nephropathy 
 
Patients recruited from a university 
diabetics centre in Minnesota, USA 
 
Inclusion criteria: 
Minimum duration of Type 1 diabetes of 
10 years in probands and 7 years in 
siblings.  

Diabetic 
Siblings of 
Proband 
diabetics with 
nephropathy 
 
N= 29 
 

Diabetic 
Siblings of 
probands 
without 
nephropathy 
 
N=12 

n/a 24 hr 
urinary 
albumin  
 
ESRD 

NIH 
 
Minnesot
a 
medical 
foundati
on 
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320(18):1161-
1165. Ref ID: 
3892 

diabetics with 
nephropathy 
and the 
siblings of 
diabetics 
without it.  

 
Baseline characteristics: 
There were no significant differences 
between groups with respect to  
duration of diabetes, age at onset, 
numbers of siblings.  

Effect size 
Prevalence of nephropathy in the siblings of diabetics: 
Without nephropathy: 17% (2/12) 
With nephropathy: 83% (24/29) p<0.001 
 
Presence of ESRD in the siblings of diabetics 
Without nephropathy: 0% (0/12) 
With nephropathy: 41% (12/29)  
 
There was NS difference in the duration of diabetes in either group of siblings. 
Among siblings without ESRD, the only factor found to be significant in predicting nephropathy in the diabetic siblings was the presence of nephropathy in the 
diabetic probands (p=0.03) 
 
Assessment of bias: 
Confounders like the effect of environmental factors (smoking, diet, etc) that might have been shared by the siblings is not controlled for.  
Ref ID: 3959         
Reference Study 

type 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention/ exposure Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Speckman RA, 
McClellan WM, 
Volkova NV et al. 
Obesity is 
associated with 
family history of 
ESRD in incident 
dialysis patients. 
American Journal of 
Kidney Diseases. 
2006; 48(1):50-58. 
Ref ID: 3959 

case 
series 
3 
 
US study  

N ESRD 
total = 
23822 
 
N ESRD 
No family 
history 
ESRD 
=18369 
 
N ESRD 
with 
family 
history of 
ESRD= 

Inclusion criteria: 
Family History of ESRD Study: 
patients ≥ 20 years old with 
ESRD initiating RRT in dialysis 
units in North Carolina, South 
Carolina, and Georgia between 
1995 and 2003.   
 
Exclusion criteria: 
Patients residing in other states, 
known Mendelian cause of 
ESRD ( polycystic kidney 
disease, Alport syndrome), 
urological  conditions, surgical 
nephrectomy, patients missing 

Assessed effect of BMI, race, 
smoking, hypertension, 
diabetes on odds of having a 
family history of ESRD.  
 
Procedure: Participation of 
patients initiating RRT was 
voluntary.  A family history of 
ESRD was considered present 
if an incident ESRD patient 
reported having either a first-
degree (parent, child, sibling) or 
second-degree (grandparent, 
aunt, uncle, grandchild, or half-
sibling) relative with ESRD. 

N/A N/A A family 
history of 
ESRD 
 

None 
required 
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5453 
 
 

data on primary cause of ESRD 
or serum creatinine 
concentration, ethnicities other 
than black or white 
 
Baseline data: Compared with 
those who reported no family 
history of ESRD, patients 
reporting a family history of 
ESRD had significantly greater 
mean BMI (28.2 vs 26.6 kg/m2), 
were younger (57 vs 61 years), 
had more first degree relatives 
with ESRD (8.7 vs 7.6), were 
more likely to be black (74.5% vs 
52.2%), and more likely to be 
female (56% vs 49%)  

ESRD defined at dialysis, 
kidney transplant, or death from 
kidney disease before dialysis 
was started. A standardised 
data-collection instrument was 
used to collect data on 
presence of ESRD in first and 
second degree relatives, total 
number of siblings and children. 
Age, sex, race, weight, height 
of patients, primary cause of 
ESRD, co morbidities, 
laboratory results at dialysis 
initiation obtained from Centres 
for Medicare and Medicaid 
Services Form 2728.   

Effect size 
Odds ratios (OR) adjusted for race, gender, age, history of diabetes, history of hypertension, cause of ESRD, smoking status, number of first-degree relatives, and 
estimated GFR.   
5453/23822 (22.9%) people with ESRD reported having a family history of ESRD.  
In crude analysis, hypertension, diabetes, female gender, black ethnicity, and obesity were all associated with increased odds of a family history of ESRD. 
 
There was a high prevalence of obesity among patients with ESRD: 6.7% were underweight, 37.8% had a normal BMI, 27.6% were overweight, 15.2% were obese, 
and 12.5% were morbidly obese.  
 
Effect of BMI on odds of a family history of ESRD 
There was NS differences in the odds of reporting a family history of ESRD for underweight patients with ESRD (N=1599, BMI < 18.5 kg/m2) compared with normal 
weight people with ESRD (N=9037, BMI 18.5-24.9 kg/m2). 
Overweight people with ESRD (N=6584, BMI 25-29.9 kg/m2) had a 17% greater odds of reporting a family of ESRD compared with normal weight people with ESRD 
(N=9037, BMI 18.5-24.9 kg/m2) [adjusted OR 1.17 (95% CI 1.08 to 1.26), p < 0.001] 
Obese people with ESRD (N=3624, BMI 30-34.9 kg/m2) had a 25% greater odds of reporting a family of ESRD compared with normal weight people with ESRD 
(N=9037, BMI 18.5-24.9 kg/m2) [adjusted OR 1.25 (95% CI 1.14 to 1.37), p < 0.001] 
Morbidly obese people with ESRD (N=2978, BMI ≥ 35 kg/m2) had a 40% greater odds of reporting a family of ESRD compared with normal weight people with 
ESRD (N=9037, BMI 18.5-24.9 kg/m2) [adjusted OR 1.40 (95% CI 1.27 to 1.55), p < 0.001]. 
 
Effect of Race on odds of a family history of ESRD 
Black people with ESRD (N=13645) were significantly more likely to report a family history of ESRD than white people with ESRD (N=10127) [adjusted OR 2.38 
(95% CI 2.21 to 2.55), p<0.001] 
 
Effect of Hypertension on odds of a family history of ESRD 
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People with ESRD and a history of hypertension (N=19987) were significantly more likely to report a family history of ESRD than people  with ESRD and no history 
of hypertension (N=3835) [adjusted OR 1.12 (95% CI 1.02 to 1.23), p<0.001] 
 
Effect of Smoking on odds of a family history of ESRD 
There was NS differences in the odds of reporting a family history of ESRD for patients with ESRD and a history of smoking (N=2078) compared with people with 
ESRD and no history of smoking (N=21744)  [adjusted OR 1.01 (95% CI 0.90 to 1.14), p=0.851] 
 
Effect of diabetes on odds of a family history of ESRD 
There was NS differences in the odds of reporting a family history of ESRD for patients with ESRD and a history of diabetes (N=4966) compared with people with 
ESRD and no history of diabetes (N=11174)  [adjusted OR 1.09 (95% CI 0.96 to 1.23), p=0.184] 
 
Note: characteristics of participants NS different from non-participants, NS also for BMI levels. Weight measurement in those reporting family history of ESRD may 
be confounded by edema 
Ref ID: 786          
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Stengel B, Tarver 
CM, Powe NR et 
al. Lifestyle 
factors, obesity 
and the risk of 
chronic kidney 
disease. 
Epidemiology. 
2003; 14(4):479-
487. Ref ID: 786 

Retrospective 
case series 
 
USA 
 
Evidence 
Level: 3 

N=9082 
 
 

Inclusion criteria: 
NHANES II a general 
health survey was 
conducted the USA in 
1976-1980.   
 
Exclusion criteria: 
ESRD at baseline, 
people with 
“heterogeneous” risk of 
CKD, non-white or non-
African Americans  

Baseline 
Characteristics: mean 
age 49.3 years, mean 
eGFR 88.1 ml/min, 
47% male, 10% African 
American, 4% diabetic, 
6% CVD history, 49% 
hypertensive, 36% 
smokers, 26% former 
smokers, 46% normal 
BMI (18.5-24 kg/m2), 

Procedure: participants in 
completed a health 
questionnaire and had a 
clinical exam. Serum 
creatinine was measured 
in all participants and GFR 
was calculated with the 
MDRD equation. Physical 
activity, alcohol 
consumption, and smoking 
habits were documented in 
the health questionnaire. 
Exercise habits were 
described as “very active, 
moderately active or 
inactive. For smoking 
habits, people were 
classified as non-smokers, 
former smokers, or 
smokers. Smokers were 
classified into 2 categories 
≤ 20 cigarettes/day or > 20 
cigarettes/day. Alcohol 
consumption was classified 

Effect of 
smoking on 
CKD risk 
 
Effect of 
exercise on 
CKD risk 
 
Effect of 
alcohol 
consumption 
on CKD risk 

Mean 13.2 
years 
 

Risk of 
CKD-
related 
death 
 
Risk of 
ESRD 

National 
Centre 
for 
Health 
Statistics 
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35% overweight (25-29 
kg/m2),  12% obese 
(30-34 kg/m2), 5% 
morbidly obese (BMI > 
35) 

as never, seldom (< 
once/week), weekly (1-6 
times/week), or daily (1 or 
more times/day). CKD-
related deaths were 
identified by computerised 
matching to the National 
Death Index and Social 
Security Administration 
Death Master Files 
databases (1976-1992). 
Participants with ESRD 
were identified by 
computer name matching 
from the Medicare registry.  
  

Effect size 
Relative risks (RR) were adjusted for age, gender, race, diabetes, CVD, hypertension, SBP, cholesterol, GFR 
 
189 (total N=9082) subjects developed CKD and 23% of these were treated for ESRD. Of 189 CKD cases, 12% died of CKD, while 64% died with CKD being a 
contributing cause of death. Of the 189 CKD cases, 23% were diabetic or hypertensive nephropathy, while 77% were other types of CKD.  
 
Physical Inactivity as a risk factor for CKD: 
People with low physical activity have a significantly increased risk of CKD compared to people who have high physical activity [adjusted RR 2.2 (95% CI 1.2 to 
4.1)]. 
 
People with moderate physical activity have NS risk of CKD compared to people who have high physical activity [adjusted RR 1.2 (95% CI 0.7 to 2.0)]. 
 
Smoking as a risk factor for CKD: 
Smokers (> 20 cigarettes/day) have a significantly increased risk of CKD compared to non-smokers [adjusted RR 2.6 (95% CI 1.4 to 4.7)]. 
Smokers (1-20  cigarettes/day) have NS risk of CKD compared to non-smokers [adjusted RR 0.9 (95% CI 0.5 to 1.9)]. 
Former smokers have NS risk of CKD compared to non-smokers [adjusted RR 0.8 (95% CI 0.5 to 1.2)]. 
 
Alcohol consumption  as a risk factor for CKD: 
People who drank alcohol daily had NS risk of CKD compared to people who never drank alcohol [adjusted RR 0.9 (95% CI 0.6 to 1.3)]. 
People who drank alcohol weekly had NS risk of CKD compared to people who never drank alcohol [adjusted RR 0.9 (95% CI 0.4 to 2.2)]. 
People who seldom drank alcohol had NS risk of CKD compared to people who never drank alcohol [adjusted RR 0.5 (95% CI 0.3 to 1.0)]. 
 
Body Mass Index as a risk factor for CKD: 
Thin people (BMI < 18.5 kg/m2) had NS risk of CKD compared to people with a normal BMI (18.5-24 kg/m2) [adjusted RR 1.0 (95% CI 0.2 to 3.8)]. 
Overweight people (BMI 25-29 kg/m2) had NS risk of CKD compared to people with a normal BMI (18.5-24 kg/m2) [adjusted RR 0.7 (95% CI 0.4 to 1.3)]. 
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Obese people (BMI 30-34 kg/m2) had NS risk of CKD compared to people with a normal BMI (18.5-24 kg/m2) [adjusted RR 0.7 (95% CI 0.4 to 1.4)]. 
Morbidly obese people (BMI > 35 kg/m2) had NS risk of CKD compared to people with a normal BMI (18.5-24 kg/m2) [adjusted RR 1.7 (95% CI 0.6 to 4.5)]. 

Ref ID: 3475         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention/ 
exposure 

Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Tillin T, Forouhi N, 
McKeigue P et al. 
Microalbuminuria 
and coronary 
heart disease risk 
in an ethnically 
diverse UK 
population: A 
prospective cohort 
study. Journal of 
the American 
Society of 
Nephrology. 2005; 
16(12):3702-3710. 
Ref ID: 3475 

cohort study 
 
UK 
 
Evidence 
Level: 2 - 

N total 
= 2965 
 
N=1460 
white 
Europe
ans 
 
N=946 
South 
Asians 
and  
 
N=559 
African 
Caribbe
an’s 
 
27% of 
particip
ants 
had no 
AER 
measur
ement 
 

Patients recruited from two population 
based studies in West London. 
Recruitment was from ethnicity and 
gender stratified random samples from 
the general practitioner practice lists. 
 
Inclusion criteria 
Age 40-69 years, other criteria of the 
individual studies not mentioned here.  
 
Of the patients for whom AER 
measurements were not available 
(27%), there were significant 
differences in gender, prevalence of 
current/former smoking, and CHD 
mortality.  
 
Baseline: South Asians and African 
Caribbeans were more likely to be 
glucose intolerant and insulin resistant 
and have higher BP than Europeans. 
South Asians had adverse lipid profiles, 
while African-Caribbeans had 
favourable lipid profiles. 

Rates of 
microalbuminu
ria in different 
ethnic groups 
(European, 
South Asian 
and African-
Carribean) and 
Gender 
 

Procedure: 
Participants 
completed 
health 
questionnaire
s and BP, 
ECG, fasting 
blood 
triglycerides, 
cholesterol, 
HDL 
cholesterol, 
glucose, 
insulin 
determined 
as local 
hospital. 
Urine 
albumin was 
measured 
from timed 
overnight 
urine 
collections by 
immunoturbi
dometry. 

Not 
mentioned 

Mortality 
and cause 
of death 
 
Urine 
albumin 
excretion 
rate (AER) 
 
 

British 
Heart 
Foundati
on 

Effect size 
Prevalence of microalbuminuria by gender and ethnicity 

Microalbuminuria (AER 20-199 microg/min) 
(95%CI) 

Ethnicity 

Men Women 
European 5.9 (4.5 to 7.4) 2.7 (1.2 to 4.1) 
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South Asian 6.0 (4.2 to 7.7) 2.7 (0.4 to 5.0) 
African-Caribbean 6.8 (3.9 to 9.8) 7.3 (4.3 to 10.3) 

 
The prevalence of microalbuminuria (AER 20-199 microg/min) was greatest in African-Caribbean and equivalent between European and South Asians. 
The prevalence of microalbuminuria was greater in men compared to women.  
  
AER geometric means (adjusted  for age, fasting glucose, glucose tolerance category, SBP, BMI and manual occupation) 

Geometric mean (95% CI) Ethnicity 
Men P Women P 

European 4.8 (4.5 to 5.0) Reference group 3.7 (3.3 to 4.1) Reference group 
South Asian 4.1 (3.9 to 4.4) 0.001 3.7 (3.2 to 4.4) 0.94 
African-Caribbean 5.7 (5.2 to 6.3) 0.002 5.6 (4.9 to 6.3) <0.001 

 
AER (µg/min) by height/weight 

Ethnicity Men Women 
 Short for weight Not short for weight P Short for weight Not short for weight P 
European 5.20 4.41 0.02 - - No association 
South Asian 5.58 4.06 <0.001 4.72 3.01 0.017 
African-Caribbean - - No association - - No association 

Other cardiovascular risk factors did not account for the ethnic differences in AER.  
 
This study further examine the relationship between AER and CHD prevalence and mortality by ethnic groups, however these results are not presented in this 
evidence table.  
 
Assessment of bias: 27% of the cohort did not have AER measurements; there were significant differences between those whose data were included and those 
who weren’t. The study was aimed at assessing the relationship between MA and CHD, not ethnicity and the development of CKD.  
 
 
 

CHAPTER 5-CKD GUIDELINE 
 

CONTENTS 
 
5.1. DEFINING PROGRESSION 
 
5.2. RISK FACTORS ASSOCIATED WITH PROGRESSION OF CKD 
 
5.1. DEFINING PROGRESSION 
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In people with CKD, what constitutes a clinically significant decline in GFR? 
 
Ref ID: 3870         
Reference Study 

type/ 
Eviden
ce level

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Halbesma N, 
Kuiken DS, 
Brantsma 
AH et al. 
Macroalbumi
nuria is a 
better risk 
marker than 
low 
estimated 
GFR to 
identify 
individuals 
at risk for 
accelerated 
GFR loss in 
population 
screening. J 
Am Soc 
Nephrol. 
2006; 
17(9):2582-
2590. Ref 
ID: 3870 

Postho
c 
analysi
s 
cohort 
study 
PREVE
ND 
 
 
cohort 
study 
Gronin
gen, 
Netherl
ands  
 
2+ 

N total = 
8592 
 
N  
macroalb
uminuria 
(≥ 300 
mg/24-h) 
= 134 
 
N 
erythrocy
turia (> 
250/micr
oL, 
absence 
of 
leukocytu
ria) = 128 
 
N 
impaired 
renal 
function 
(5% 
lowest 
CrCl/MD
RD GFR) 
=  103 
 
 

Inclusion: PREVEND study: adults 
28-75 years old of Groningen, 
Netherlands. All individuals with 
urinary albumin concentration ≥ 10 
mg/L and a random sample of 
people with urinary albumin 
concentration < 10 mg/L formed a 
cohort that was enriched for 
albuminuria.   
Exclusion criteria: insulin use, 
pregnancy,  
 
Population baseline characteristics:  

 

To
ta

l 
po

pu
la

tio
n 

M
ac

ro
al

bu
m

in
ur

ia
 

E
ry

th
ro

cy
tu

ri
a Im

pa
ire

d 
re

na
l  

fu
nc

tio
n 

N 859
2 

134 128 103 

Age 49 58 * 51 61 * 
% Male 50 66 * 34 * 51 
% 
History 
of CVD 

9.4 29.7
* 

13.9 30.5 * 

% UAC 
< 10 
mg/L 

30.2 0* 21.9 * 16.5 * 

Median 
UAE 
(mg/d) 

9.5 549
* 

23.7 37.6 * 

% 
Macroal
buminu
ria 

1.6 100
* 

7.0 * 17.5 * 

% 
Erythro
cyturia 

1.5 6.7 
* 

100 * 7.8 * 

N  macroalbuminuria 
(>300 mg/24-h) = 134 
 
N erythrocyturia (> 
250/microL) = 128 
 
N impaired renal 
function (5% lowest 
CrCl/MDRD GFR) =  
103 
 
Procedure: Subjects 
submitted two 
consecutive 24-h urine 
collections at baseline. 
A second screening 
was performed after 4 
years follow-up. History 
of CVD was a self-
assessed history of MI, 
cerebrovascular 
accident, or peripheral 
vascular disease.  
Plasma and urinary 
creatinine, cholesterol, 
glucose determined by 
an automated 
enzymatic method. 
Urinary leukocyte and 
erythrocytes measured 
with Nephur-test + 
leuco sticks. Urinary 
albumin concentration 
determined by 

Total 
population  
 
N=8592 
 

4.2 years Mortality 
 
Cardiovascul
ar morbidity 
 
Decline in 
GFR 
 
 

Dutch 
Kidney 
Foundati
on 
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GFR 80.8 68.4 
* 

74.9 * 44.6 * 

* p<0.01 versus total population – 
specific group 
 

nephelometry.  
 Data on 
antihypertensive 
medication use from 
pharmacy databases. 
Death and morbidity 
statistics from the 
National Central 
Bureau of Statistics and 
PRISMANT databases, 
respectively. 
GFR was calculated as 
a mean of the 
creatinine clearance 
from the two 24-h urine 
collections as well as 
with the MDRD 
equation.  

Effect size 
Hazard ratios (HR) adjusted for age and sex. 
80% of the total population completed 4 years follow-up, whereas only 64% of those with macroalbuminuria, 76% of those with erythrocyturia, and 66% of those with 
impaired renal function completed the follow-up.  
 
The prevalence of macroalbuminuria in the general population of Groningen (taking into account that the study cohort was enriched for albuminuria) was 0.6%. 
The prevalence of erythrocyturia in the general population of Groningen (taking into account that the study cohort was enriched for albuminuria) was 1.3%. 
The prevalence of impaired renal function in the general population of Groningen (taking into account that the study cohort was enriched for albuminuria) was 0.9%. 
 
Venn diagram showed little overlap of macroalbuminuria, erythrocyturia, impaired renal function. 
 
2.8% died in the total cohort (140/8592), whereas 9.7% of people with macroalbuminuria (13/134) died. 5.5% (7/128) of people with erythrocyturia died and 16.8% 
(17/103) of people with impaired renal function died. 
 
Cardiovascular mortality 
Compared to the total population (N=8592), people with macroalbuminuria (N=134) had a significantly increased risk of cardiovascular mortality [adjusted HR 2.6 
(95% CI 1.1 to 6.0)] 
Compared to the total population (N=8592), people with impaired renal function (N=103) had a significantly increased risk of cardiovascular mortality [adjusted HR 3.4 
(95% CI 1.5 to 8.0)] 
There were no cardiovascular deaths in people with erythrocyturia. 
 
Non-Cardiovascular mortality 
Compared to the total population (N=8592), people with macroalbuminuria (N=134) had NS  risk of non-cardiovascular mortality [adjusted HR 1.5 (95% CI 0.7 to 3.0)] 
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Compared to the total population (N=8592), people with impaired renal function (N=103) had a significantly increased risk of non-cardiovascular mortality [adjusted 
HR 3.0 (95% CI 1.6 to 5.6)] 
Compared to the total population (N=8592), people with erythrocyturia (N=128) had a significantly increased risk of non-cardiovascular mortality [adjusted HR 2.6 
(95% CI 1.2 to 6.0)] 
 
Cardiovascular Morbidity 
Compared to the total population (N=8592), people with macroalbuminuria (N=134) had NS  risk of cardiovascular morbidity [adjusted HR 1.4 (95% CI 1.0 to 2.1)] 
Compared to the total population (N=8592), people with erythrocyturia (N=128) had NS  risk of cardiovascular morbidity [adjusted HR 1.4 (95% CI 0.7 to 2.5)] 
Compared to the total population (N=8592), people with impaired renal function (N=103) had a significantly increased risk of cardiovascular morbidity [adjusted HR 
2.3 (95% CI 1.5 to 3.4)] 
 
GFR decline 
After 4.2 years follow-up, the decline in GFR  was significantly greater in subjects with macroalbuminuria (N=86, GFR decline 7.2 ml/min/1.73 m2) compared with the 
general population (N=6894, GFR decline 2.3 ml/min/1.73 m2) p<0.01. 
Interestingly, the decline in GFR was significantly less in subjects with impaired renal function (N=68, GFR decline 0.2 ml/min/1.73 m2) compared with the general 
population (N=6894, GFR decline 2.3 ml/min/1.73 m2) p<0.01. 
 There was NS difference in the decline in GFR between the general population (N=6894, GFR decline 2.3 ml/min/1.73 m2) and those with erythrocyturia (N=97, GFR 
decline 2.6 ml/min/1.73 m2).   
 
Sensitivity analysis: there were more diabetics in the macroalbuminuric group than the general population. Excluding diabetics did not alter the GFR decline of the 
macroalbuminuric group, nor did the incidence rates of mortality or morbidity change significantly.  
 
 
Note: limitations: large drop-out rate in macroalbuminuria, impaired renal function, and erythrocyturia groups (and already small sizes at baseline). Authors note that 
baseline characteristics of those who were lost to follow-up were NS different from subjects who completed follow-up. Also state that people who are in poor health   
are more likely to not complete follow-up for many reasons. Caution in generalising results to non-Caucasian populations, other unknown confounding variables, 
survival bias (people with greater odds of progressing may have died before end of follow-up) may have been an issue, but sensitivity analysis of worst case scenario 
could not fully explain the observed differences in GFR decline.  
Ref ID: 3882         
Reference Study 

type/ 
Eviden
ce level

Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measure
s 

Source  
of  
fundin
g 

Fliser D, 
Franek E, 
Joest M et 
al. Renal 
function in 
the elderly: 
impact of 
hypertension 

 Cross-
section
al 
study 
 
Germa
ny  
 

N young 
healthy 
subjects 
=24 
 
N elderly 
healthy 
subjects = 

Inclusion: healthy young subjects 
recruited from Heidelberg 
University, elderly normotensive 
subjects recruited from Academy for 
Elderly in Heidelberg, elderly 
hypertensive (BP > 140/90 mm Hg 
on three occasions) without signs of 
atherosclerotic vascular disease 

N elderly healthy subjects = 29 
 
N elderly hypertensive subjects 
= 25 
 
N elderly heart failure subjects 
= 14 
 

N young 
healthy 
subjects =24 
 

N/A GFR 
 
 

Paul-
Martini-
Stiftung 
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and cardiac 
function. 
Kidney 
International
. 1997; 
51(4):1196-
1204. Ref 
ID: 3882 

3 
 
 

29 
 
N elderly 
hypertensiv
e subjects 
= 25 
 
N elderly 
heart 
failure 
subjects = 
14 
 
 
 
 

and/or heart failure were recruited 
from University of Heidelberg 
(nephrology dept), elderly with 
confirmed mild or moderate heart 
failure recruited from Cardiology 
department.  
 
Exclusions: suspected renal 
disease determined by sonography, 
urinalysis, serum chemistry   
 
Population baseline characteristics:  
Elderly hypertensive people (age 70 
years) had significantly higher BMI, 
24-h MAP than young (age 26 
years)  and elderly healthy (age 68 
years) subjects. Cholesterol and 
triglycerides were higher in all three 
elderly groups compared with 
young healthy people. The mean 
age of elderly heart failure subjects 
was 69 years.  

Procedure: Young and elderly 
healthy subjects were matched 
for body weight. Subjects 
provided 24-h urine collections 
to determine urinary albumin, 
creatinine clearance. GFR 
measured by inulin clearance.  

Effect size 
Mean GFR (inulin clearance) was significantly lower in elderly healthy people (103 ml/min/1.73m2, N=29, mean age 68 years) compared with young healthy people 
(121 ml/min/1.73m2   N=24, mean age 26 years, p<0.05) 
 
Mean GFR (inulin clearance) was significantly lower in elderly hypertensive people (103 ml/min/1.73m2, N=25, mean age 70 years) compared with young healthy 
people (121 ml/min/1.73m2   N=24, mean age 26 years, p<0.05) 
 
Mean GFR (inulin clearance) was significantly lower in elderly people with heart failure (92 ml/min/1.73m2, N=14, mean age 69 years) compared with young healthy 
people (121 ml/min/1.73m2   N=24, mean age 26 years, p<0.05) 
 
Mean GFR (inulin clearance) was significantly lower in elderly people with heart failure (92 ml/min/1.73m2, N=14, mean age 69 years) compared with elderly healthy 
(103 ml/min/1.73m2, N=29, mean age 68 years)  or elderly hypertensive (103 ml/min/1.73m2, N=25, mean age 70 years) people (p<0.05) 
 
Mean GFR was NS different between elderly healthy and elderly hypertensive people. 
 
GFR was significantly affected by age a (p< 0.001) and heart failure (p<0.01), but not by MAP or BMI. 
 
Ref ID: 17         
Reference Study Number of Patient characteristics Intervention Comparison Length of Outcome Source  
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type/ 
Eviden
ce level

patients follow-up measures of  
fundin
g 

Hemmelgarn 
BR, Zhang 
J, Manns BJ 
et al. 
Progression 
of kidney 
dysfunction 
in the 
community-
dwelling 
elderly. 
Kidney Int. 
2006; 
69(12):2155-
2161. Ref 
ID: 17 

Prospe
ctive 
longitu
dinal 
study 
 
3 
 
Canadi
an 
cohort  

N = 10184 
 
N  mild CKD 
GFR 60–89 
ml/min per 1.73 
m2 = 6573 
 
N moderate 
CKD GFR 30-
59 ml/min per 
1.73 m2 = 3191 
 
N severe CKD 
GFR < 30 
ml/min per 1.73 
m2   =  420 
 
 

Inclusion: adults ≥ 66 years 
with one or more serum 
creatinine measurements 
during each of two time 
periods: July – December, 
2001 as well as July – 
December, 2003. 
Participants were identified 
from Calgary Laboratory 
Services database, 
Canada.  
 
Exclusion criteria: 
laboratory measurements 
associated with a hospital 
admission, dialysis patients 
at entry, subjects with more 
than 12 creatinine 
measurements in either of 
the 6 month observation 
periods, subjects who 
underwent renal transplant 
prior to July 1, 2003, 
subjects with GFR > 90 
ml/min per 1.73 m2 
 
Population baseline 
characteristics: people with 
moderate or severe kidney 
disease were older (77 
versus 75), more likely to 
be female (62% vs 55% 
female), and have a 
significantly higher 
comorbidity scores (3468 
vs 2143) and diabetes 
(31% diabetes vs 14%) 
than people with mild CKD.  

N  GFR 60–89 ml/min per 
1.73 m2 = 6573 
 
N GFR 30-59 ml/min per 
1.73 m2 = 3191 
 
N GFR < 30 ml/min per 
1.73 m2   =  420 
 
Procedure: Serum 
creatinine measurements 
were performed in one 
laboratory. The first 
serum creatinine 
measurement (July 1-
Dec. 31, 2001) defined 
the index GFR. The study 
mean eGFR (not the 
index GFR) was used to 
stratify people into mild, 
moderate or severe CKD. 
 Data on age, sex, co-
existing diseases, drug 
prescriptions was 
obtained from medical 
databases. Drug data 
was used to identify 
subjects with diabetes, as 
well as to calculate a 
Chronic Disease Score. 
Death and dialysis 
statistics were obtained 
from Alberta Bureau of 
Vital Statistics and 
Southern Alberta Renal 
Program databases, 
respectively. 
GFR calculated with 

Compared 
GFR decline 
within each 
GFR stratum in 
men and 
women with 
and without 
diabetes 
mellitus  
 
 

2 years Decline in 
GFR 
 
 

Kidney 
Foundati
on of 
Canada, 
Alberta 
Heritage 
Foundati
on for 
Medical 
Researc
h, 
Canadia
n 
Institute 
of 
Health 
Researc
h 
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 MDRD equation.  

Effect size 
A mixed effects model adjusting for age, sex, diabetes, and comorbidity score was used to determine rate of GFR decline.  
GFR decline 
The rate of GFR decline was greatest in people with diabetes.  
Older males with diabetes had a GFR decline of 2.7 ml/min/1.73 m2/year (95% CI 2.3 to 3.1). 
Older males without diabetes had a GFR decline of 1.4 ml/min/1.73 m2/year (95% CI 1.2 to 1.6). 
 
Older females with diabetes had a GFR decline of 2.1 ml/min/1.73 m2/year (95% CI 1.8 to 2.5). 
Older females without diabetes had a GFR decline of 0.8 ml/min/1.73 m2/year (95% CI 0.6 to 1.0). 
 
The rate of GFR decline increased with decreasing GFR and the largest decline in GFR was observed in people with severe CKD GFR < 30 ml/min per 1.73 m2. (no 
N values given for subgroup analysis) 

 Age-adjusted rate of GFR decline (ml/min/1.73 m2/year) 
Population mild CKD GFR 60–89 ml/min per 1.73 m2 Moderate CKD GFR 30–59 ml/min per 1.73 

m2 
severe CKD GFR < 30 ml/min 
per 1.73 m2 

Females without diabetes 0.6 (95% CI 0.3 to 0.9) 1.1 (95% CI 0.8 to 1.4) 1.8 (95% CI 1.2 to 2.4) 
Females with diabetes 1.6 (95% CI 1.0 to 2.1) 2.8 (95% CI 2.3 to 3.3) 2.9 (95% CI 2.2 to 3.7) 
Males without diabetes 1.1 (95% CI 0.8 to 1.4) 1.9 (95% CI 1.5 to 2.3) 2.0 (95% CI 1.3 to 2.7) 
Males with diabetes 2.1 (95% CI 1.6 to 2.6) 3.6 (95% CI 3.1 to 4.2) 3.2 (95% CI 2.3 to 4.0) 

 
Similar trends were observed for the absolute change in GFR (mean GFR 2001 – mean GFR 2003) as well as for the percent change in mean GFR. 
 
When categorized by the change decline in GFR (GFR decline ≤ 0, 1-5, 6-10, 11-15, or > 15 ml/min/1.73 m2/year), more than half of the subjects declined by 0-5 
ml/min/1.73 m2/year. This was seen in mild, moderate, or severe CKD patients.  
 
Few subjects in this older cohort experienced a rapid progression of CKD (decline in GFR > 15 ml/min/1.73 m2/year) : 14% of mild, 13% of moderate, and 9% of 
severe CKD subjects had a decline in GFR > 15 ml/min/1.73 m2/year. 
 
Note: limitations: caution in generalising results to non-Caucasian or to people < 66 years,  other confounding variables (proteinuria, BP, cause of CKD, smoking 
status, lipid levels) were not taken into account, survival bias (people with greater odds of progressing may have died before end of follow-up) may have been an 
issue, but sensitivity analysis comparing GFR decline in people who died with those who survived showed similar rates of GFR decline, 2 years follow-up may not be 
enough time to assess GFR decline (although authors refute this) 
Ref ID: 3883         
Reference Study 

type/ 
Eviden
ce level

Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measure
s 

Source  
of  
fundin
g 
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Lindeman 
RD, Tobin 
JD, Shock 
NW. 
Association 
between 
blood 
pressure 
and the rate 
of decline in 
renal 
function with 
age. Kidney 
Int. 1984; 
26(6):861-
868. Ref ID: 
3883 

Observ
ational  
study  
 
 3 
 
Baltimo
re 
Longitu
dinal 
Study 
of 
Aging  
US 
cohort 
study 
 
 

N total = 
446 
Males 
 
N Category 
1 males 
(Renal or 
urinary 
tract 
disease) = 
118  
 
N Category 
2 males 
(Hypertensi
on/edemat
ous 
disorder) = 
74 
 
N Category 
3 males 
(healthy) = 
254 
 
 

Inclusion: Baltimore Longitudinal 
Study of Aging: self-recruited males 
age 22-97 with 5+ serial creatinine 
clearance determinations in 1958 to 
1981. Subjects assigned to 
Category 1 (renal/UT disease) had 
history of UTI, significant urinary 
retention and/or obstructive lesions, 
hematuria, proteinuria, 
nephrolithiasis, or on a clinic visit 
showed proteinuria +1, > 10 
WBC/hpf, > 10 RBC/hpf, presence 
of > 6 casts/lpf. Subjects assigned 
to Category 2 
(Hypertension/edematous disorder) 
were those treated with diuretics, 
antihypertensives. Subjects 
assigned to Category 3 (healthy) 
were those not assigned to 
Category 1 or 2.  
 
Population baseline characteristics:  

 C
at

eg
or

y 
1 

(R
en

al
) 

C
at

eg
or

y 
2 

(H
yp

er
te

ns
iv

e C
at

eg
or

y 
3 

(h
ea

lth
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N 118 74 254 
Age, years 59.2 57.3 56.4 
Creatinine 
clearance, 
ml/min 

125.8 135.2 129.9 

SBP, mm Hg 133.0 143.1 128.4 
DBP, mm 
Hg 

83.6 89.7 79.9 

MAP, mm 
Hg 

100.1 107.5 96.1 
 

N Category 1 males (Renal or 
urinary tract disease) = 118  
 
N Category 2 males 
(Hypertension/edematous 
disorder) = 74 
 
Procedure: Subjects were 
assessed at baseline and every 
12 - 18 months with clinical, 
psychological, and 
physiological tests at the 
Gerontology Research Centre. 
Subjects were placed in one of 
three categories: Category 1 
(renal or urinary tract disease), 
Category 2 (hypertension or 
edematous disorder), or 
Category 3 (healthy). A non-
fasting serum creatinine sample 
was obtained on arrival at the 
centre, and a 24-h urine 
collection was begun. A fasting 
serum creatinine sample was 
obtained the next morning. True 
creatinine was measured by 
treating acid tungstate filtrates 
of serum with Lloyd’s reagent 
and acid picrate buffer to 
remove non-creatinine 
chromogens. Creatinine was 
eluted with alkaline picrate and 
measured colorimetrically 
(100% ± 1.7 recovery) 
Creatinine clearance 
(ml/min/1.73m2) was 
determined as the mean of the 
two samples. BP was 
measured at every visit.  

N Category 3 
males 
(healthy) = 
254 
 

8 years Decline 
in 
creatinin
e 
clearanc
e with 
increasin
g age 
 
Decline 
in 
creatinin
e 
clearanc
e with 
increasin
g MAP. 
 
 
 

Not 
stated 
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Effect size 
Subjects were separated into 3 different categories to avoid bias of increased BP on renal decline.  
Decline in creatinine clearance 
Creatinine clearance values in all three categories by age (cross-sectional data) 

Age, years N Mean Creatinine clearance 
(ml/min/1.73m2) 

MAP, mm Hg 

20-29.9 3 151.8 96.5 
30-39.9 36 154.8 95.0 
40-49.9 104 144.4 95.8 
50-59.9 122 134.3 99.3 
60-69.9 86 122.3 101.2 
70-79.9 81 107.0 102.1 
80-89.9 13 91.9 100.5 
90-99.9 1 32.0 100.7 

 
In the whole population, creatinine clearance was stable in men < 40 years old (N=39). Creatinine clearance then declined steadily in men age 40 to 60 years 
(N=226). After age 60, creatinine clearance declined steeply (N= 181).  
 
The mean cross-sectional change in creatinine clearance was:  - 0.87 (ml/min/year).  
 
Creatinine clearance values in males (longitudinal analysis) 
The trend for decreasing creatinine clearance with increasing age was also observed in each Category 1, 2, and 3. 
For healthy men (N=254, category 3), creatinine clearance decreased by 0.75 ml/min/year. 
For men with renal disease or urinary tract disease (N=118, Category 1), creatinine clearance decreased by 1.10 ml/min/year. (NS difference compared to healthy 
population) 
For men taking antihypertensive drugs (N=74, Category 2), creatinine clearance decreased by 0.92 ml/min/year. (NS difference compared to healthy population) 
 
Effect of BP on decline in creatinine clearance 
Renal function decreased more rapidly as MAP increased. For all subjects (N=446), the regression coefficient for change in creatinine clearance vs MAP was -0.052 
ml/min/year.  This means that for every 1 mm Hg increase in MAP, the creatinine clearance decreases by 0.052 ml/min/year (p<0.0001). 
 
Subgroup analysis showed that for men with renal disease or urinary tract disease (N=118, Category 1), creatinine clearance decreased by 0.076 ml/min/year for 
every 1 mm Hg increase in MAP (p<0.001). 
Subgroup analysis showed that for men taking antihypertensive drugs (N=74, Category 2), creatinine clearance decreased by 0.060 ml/min/year for every 1 mm Hg 
increase in MAP (NS negative correlation between decline in CrCl and MAP in this group). 
Subgroup analysis showed that for healthy men (N=254, category 3), creatinine clearance decreased by 0.048 ml/min/year for every 1 mm Hg increase in MAP 
(p<0.001). 
At MAP < 107 mm Hg cut-off, the effect of MAP on creatinine clearance decline is NS. 
 
Note: limitations: inulin clearance would have been a better measure of renal function, caution in generalising results to females 
Ref ID: 3880         
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Reference Study type/ 
Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Rowe JW, 
Andres R, 
Tobin JD et 
al. The 
effect of age 
on creatinine 
clearance in 
men: a 
cross-
sectional 
and 
longitudinal 
study. J 
Gerontol. 
1976; 
31(2):155-
163. Ref ID: 
3880 

Community 
based 
cross-
sectional 
and 
longitudinal 
observation
al study 
 
 3 
 
Baltimore 
Longitudina
l Study of 
Aging  
US cohort 
study 
 
 

N = 548 
healthy 
males 
 
 
 

Inclusion: self-recruited 
healthy males age 17-96 
participating in Baltimore 
Longitudinal Study of Aging 
from July 1, 1961 to June 
30, 1971.  
 
Exclusion criteria: to 
achieve a healthy 
population for study, 
subjects with the following  
diseases were excluded: 
nephrolithiasis, UTI, gout, 
prostatectomy, congestive 
heart failure, coronary heart 
disease, cerebrovascular 
disease, diabetes, 
abnormal urinalysis 
(proteinuria +1, 5 WBC/hpf, 
5 RBC/hpf, presence of any 
RBC casts or granular 
casts), renal disease (any), 
diuretic or antihypertensive 
drug use, digitalis 
preparation, sex or adrenal 
steroid use, vasodilator 
use, amphetamine use  
 
Population baseline 
characteristics: not stated 

Procedure: Subjects were 
assessed at baseline and 
every 12 - 18 months with 
clinical, psychological, 
and physiological tests at 
the Gerontology 
Research Centre. A non-
fasting serum creatinine 
sample was obtained on 
arrival at the centre, and 
a 24-h urine collection 
was begun. A fasting 
serum creatinine sample 
was obtained the next 
morning. True creatinine 
was measured by treating 
acid tungstate filtrates of 
serum with Lloyd’s 
reagent and acid picrate 
buffer to remove non-
creatinine chromogens. 
Creatinine was eluted 
with alkaline picrate and 
measured colorimetrically 
(100% ± 1.7 recovery) 
Creatinine clearance 
(ml/min/1.73m2) was 
determined as the mean 
of the two samples.  

The decline in 
creatinine 
clearance with 
increasing age 
 

10 years Decline in 
creatinine 
clearance 
with age 
 
 

Not 
stated 

Effect size 
Creatinine clearance values in healthy males (cross-sectional data) 

Age, years N Mean Creatinine clearance 
(ml/min/1.73m2) 

Mean Serum creatinine 
concentration (mg/100 ml) 

17-24 10 140.2 0.808 
25-34 73 140.1 0.808 
35-44 122 132.6 0.813 
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45-54 152 126.8 0.829 
55-64 94 119.9 0.837 
65-74 68 109.5 0.825 
75-84 29 96.9 0.843 

 
Creatinine clearance was stable in healthy men < 35 years old (N=83). Creatinine clearance then declined steadily in healthy men age 35 to 65 years (N=368). After 
age 65, creatinine clearance declined steeply (N= 97).  
 
Linear regression analysis of creatinine clearance vs age gave an overall slope (creatinine clearance decline) of -0.80 ml/min/1.73m2/year.  
 
Creatinine clearance values in healthy males (longitudinal analysis) 

Age, years N Mean Creatinine clearance 
(ml/min/1.73m2) 

Creatinine clearance slope 
(ml/min/1.73m2/year) 

17-24 1 125.3 -1.75 
25-34 20 140.4 -1.09 
35-44 64 132.7 -0.11 
45-54 95 128.1 -0.73 
55-64 60 121.8 -1.64 
65-74 36 110.0 -1.30 
75-84 17 97.0 -1.07 
Total 293 124.7 -0.90 

 
In the total healthy male population (N=293), creatinine clearance declined by 0.90 ml/min/1.73m2/year.   The longitudinal data agreed closely with the cross-sectional 
data, showing a decline in creatinine clearance after age 55.  
There was NS relationship between BP and creatinine clearance in this healthy population. 
There was no trend for “first visit artefact” (data not shown). 
 
Note: limitations: inulin clearance would have been a better measure of renal function, caution in generalising results to females 
Ref ID: 3884         
Reference Study type/ 

Evidence level 
Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Rule AD, 
Gussak HM, 
Pond GR et 
al. 
Measured 
and 
estimated 
GFR in 

Cross-sectional 
 
Retrospective 
analysis of 
medical 
records 
 
USA 

 N  = 365 
 
 
 

Inclusions: retrospective 
review of medical records of 
potential living kidney donors 
> 18 years old assessed at 
the Mayo Clinic between Oct, 
1996 to April, 2001.  
 
Exclusion: history of primary 

Objective-to 
determine 
normal values 
for GFR in 
healthy kidney 
donors 
 
Protocol: Data 

GFR measured by 
non-radiolabelled 
iothalamate 
clearance 
 
 
 
 

N/A Normal values 
of GFR  
 
Change in GFR 
with increasing 
age 

Not 
stated  
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healthy 
potential 
kidney 
donors. Am 
J Kidney 
Dis. 2004; 
43(1):112-
119. Ref ID: 
3884 

 
3 

renal or systemic disease, BP 
> 140/90 mm Hg, fasting 
serum glucose > 126 mg/dl, 
urine protein excretion > 150 
mg/day, abnormal urine 
sediment analysis, structural 
abnormalities (diagnosed by 
CT urography or 
angiograghy) 
 
Baseline population:  

N 365 
% Female 56.2 
Mean age, 
years (range) 

41.1 
(18-71) 

% living related 
donors 

71 

% white 80.3 
% Middle 
Easterners 

3.3 

% African 
American 

1.4 

% Hispanic 1.6 
% Asian/Pacific 
Islanders 

1.4 

Mean GFR, 
ml/min/1.73m2 

101 

Mean serum 
creatinine, mg/dl

1.04 
 

on age, sex, 
race, body 
surface area, 
serum 
creatinine, and 
non-
radiolabelled 
iothalamate 
clearance were 
obtained from 
medical 
records. Serum 
creatinine was 
measured by 
the modified 
kinetic rate 
Jaffe on an 
autoanalyser. 
After hydration, 
300 mg non-
radiolabelled 
iothalamate 
was injected 
subcutaneously 
and 
iothalamate 
was measured 
in timed plasma 
and urine 
samples.  

Effect size 
GFR decline 
GFR declined with increasing age and this was a steady decline as age increased. 
In female healthy kidney donors (N=205), GFR declined by 7.1 ml/min/decade or 0.71 ml/min/year (not normalised to body surface area). 
In male healthy kidney donors (N=160), GFR declined by 4.6 ml/min/decade or 0.46 ml/min/year (not normalised to body surface area). 
Regression analysis of GFR was significant for age and sex (p<0.001 for both).  
 
When normalised to body surface area, GFR declined by 4.9 ml/min/1.73m2/decade or 0.5 ml/min/1.73m2/year in the whole sample (N=365).   
Regression analysis of GFR normalised surface area was significant for age (p<0.001), but not sex (p=0.826). 
 
Normal GFR Values by Age 
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 GFR, ml/min/1.73m2 in healthy kidney donors 
Age, years  5th Percentile Mean 95th Percentile 
20 91 111 136 
30 86 107 131 
40 81 102 126 
50 76 97 121 
60 71 92 116 
65 69 89 113 
70 66 87 111 
75 64 84 109 

 
Note: Limitations: mostly a white population, 71% of the healthy kidney donors were related to recipients, therefore these donors may have a greater prevalence of 
subclinical renal disease and the rate of GFR decline could be greater than in the general population. 
 
Ref ID: 3885         
Reference Study 

type/ 
Eviden
ce level

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Slack TK, 
Wilson DM. 
Normal renal 
function: 
CIN and 
CPAH in 
healthy 
donors 
before and 
after 
nephrectom
y. Mayo Clin 
Proc. 1976; 
51(5):296-
300. Ref ID: 
3885 

Cross-
section
al 
retrosp
ective 
analysi
s of 
medica
l 
records 
 
 3  
 
I centre 
Mayo 
Clinic,
USA 
 

N = 141 
healthy kidney 
donors 
 
 
 

Inclusion: healthy subjects 
who had a kidney removed 
during 1976-1973.  
 
Exclusion criteria: to 
achieve a healthy 
population for study, 
subjects with the following  
diseases were excluded: 
past history of renal or 
systemic disease, abnormal 
physical exam, 
hypertension, elevated 
serum creatinine, abnormal  
urinalysis (> 8 WBC/hpf, > 
6 RBC/hpf), urine protein 
excretion > 300 mg/24-h, 
abnormal excretory 
urograms/renal arteriogram  
 
Population baseline 
characteristics: 56% male, 

N = 141 
 
Procedure: medical 
records of healthy 
subjects who had a 
nephrectomy were 
retrospectively reviewed. 
Records were assessed 
for measured inulin 
clearance. 

The decline in 
inulin clearance 
with increasing 
age 
 

N/A Decline in 
inulin 
clearance 
with age 
 
 

Not 
stated 
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no further detail given. 

Effect size 
Inulin clearance values in healthy kidney donors (cross-sectional data) 

Age, years Mean inulin clearance (ml/min/1.73m2) Range, 5th percentile 
20 118 90-99 
25 115 88-96 
30 112 86-93 
35 109 84-91 
40 106 82-88 
45 104 80-86 
50 101 78-85 
55 99 75-83 
60 96 73-82 

 
Inulin clearance decline 
Inulin clearance declined steadily with increasing age in healthy donors. (mean decline 4 ml/min/decade). There was no tendency for an accelerated decline after the 
age of 60, although there were few people > 60 years and no data for people > 67 years). There was NS sex differences.  
 
Note: limitations- retrospective cross-sectional, no information on whether donors were related to people receiving the kidney, thus “healthy” may not be entirely true 
and these people could have subclinical renal disease (but no information to support or refute this).  
Ref ID: 4111         
Reference Study type/ 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures

Source  
of  
funding 

Wetzels JF, 
Kiemeney 
LA, Swinkels 
DW et al. 
Age- and 
gender-
specific 
reference 
values of 
estimated 
GFR in 
Caucasians: 
the 
Nijmegen 

 Cross-
sectional 
study  
 
3 
 
Nijmegen 
Biomedical 
Study, 
Netherland
s 
 

N total = 
6097 
 
N males = 
2823 
 
N females 
= 3272 
 
N disease-
free = 3732 
 
N comorbid 
conditions 

Inclusion: Nijmegen Biomedical 
Study: age and sex stratified 
randomly selected adults (≥ 18 
years) living in Nijmegen, 
Netherlands.   
 
Exclusion criteria: not stated 
 
Population baseline 
characteristics: 
N= 3732 “disease-free”  
N=1032 hypertension 
N=358 diabetes 
N=362 MI 

Age and sex reference values 
for eGFR 
 
N comorbid conditions = 
2365 
 
Procedure: People were 
invited to participate by 
returning a postal 
questionnaire on lifestyle and 
medical history (42% 
response). Responders 
donated blood samples for 
measurement of serum 

Age and sex 
reference 
values for 
eGFR 
 
N disease-
free = 3732 
 

N/A Age and 
sex 
specific 
eGFR 
values  
 

Not 
stated 
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Biomedical 
Study.[see 
comment]. 
Kidney 
International
. 2007; 
72(5):632-
637. Ref ID: 
4111 

= 2365 
 
 

N=127 stroke 
N=145 kidney disease  
N=347 diuretic/ antihypertensive/ 
antirheumatic drug use 

creatinine, which was 
calibrated to the MDRD 
laboratory and MDRD eGFR 
was calculated. No physical 
exams were carried out and 
participants were assigned to 
the comorbid group based on 
their answers to the question: 
Have you ever been 
diagnosed by a physician 
with MI, stroke or 
cerebrovascular disease, 
diabetes, hypertension, or 
any kidney disease? Specific 
information of medication use 
in the last 6 months was 
gathered.  
 
  

Effect size 
GFR Decline in healthy people: 
GFR decline in healthy people was approximately 0.4 ml/min/year 
 
Age and Gender reference values for eGFR: 
Note that a GFR < 60 ml/min/1.73 m2 was within the normal reference range for non-diseased men > 55 years old and non-diseased women > 40 years old. Authors 
suggest that definition of CKD should be changed . They suggest using a reference-value eGFR below the lower reference threshold.  
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Reprinted by permission from Macmillan Publishers Ltd: Wetzels JF, Kiemeney LA, Swinkels DW et al. Age- and gender-specific reference values of estimated GFR 
in Caucasians: the Nijmegen Biomedical Study. Kidney International. 2007; 72(5):632-637, copyright (2007)  
 
Note: limitations: questionnaire was used to assess health of participants (no physical exam), so “healthy” people may have actually been diseased; creatinine 
measured only once; data applies to European Caucasian population 
 
 
5.2 RISK FACTORS ASSOCIATED WITH PROGRESSION OF CKD 
 
What factors are associated with progression of CKD? 
Is cardiovascular disease? 
Is acute kidney injury? 
Is obesity? 
Is smoking? 
Is urinary tract obstruction? 
Is ethnicity? 
Is chronic use of NSAIDs? 
 
Ref ID: 3964         
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Reference Study 
type/ 
Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Murray MD, Black 
PK, Kuzmik DD et 
al. Acute and 
chronic effects of 
nonsteroidal 
antiinflammatory 
drugs on 
glomerular 
filtration rate in 
elderly patients. 
American Journal 
of the Medical 
Sciences.  1995; 
310(5):188-197. 
Ref ID: 3964 

RCT 
open 
label 
 
 1+ 
 
ITT=29 
 
1 centre, 
Indiana, 
USA 
 
 

N total  = 29 
 
N patients 
with renal 
insufficiency
=15 
 
N patients 
without renal 
insufficiency
=14 
 
 

Inclusion: adults > 65 
years with (CrCl < 70 
ml/min) or without renal 
insufficiency (CrCl > 70 
ml/min)  
 
Exclusion criteria: people 
at risk of nonrenal 
adverse events from 
NSAIDS and those with 
diagnoses that would 
independently place them 
at risk of an adverse 
renal effect of NSAID, 
people taking 
glucocorticoids/mineraloc
orticoids, people who 
could not tolerate 
withholding NSAIDs for 2 
weeks before the study 
without causing excess 
discomfort 
 
Population baseline 
characteristics: people 
with renal insufficiency 
were more likely to be 
male, white, and weigh 
more than people without 
renal insufficiency. Mean 
age 72 (no CRI) and 75 
(CRI); CrCl 87 ml/min (no 
CRI) and 58 ml/min (CRI) 

N ibuprofen in people with 
CRI=15  
 
N piroxicam in people with 
CRI=15  
 
N sulindac in people with 
CRI=15  
 
Procedure: Participants were 
recruited from senior citizen 
centres and assigned to groups 
with and without renal 
insufficiency based on the mean 
of two consecutive 24-h 
creatinine clearances. Patients 
in each group were randomly 
assigned to receive in cross-
over fashion 800 mg ibuprofen 
three times daily, 20 mg 
piroxicam once daily, and 200 
mg sulindac twice daily. Each 
phase lasted 1 month with a 1 
month washout between each 
phase. Patients permitted 
acetaminophen and low dose 
aspirin. Creatinine clearance 
(two 24 hour urine collections) 
studies performed at baseline 
and after 1 month of continuous 
NSAID administration. Vital 
signs, serum creatinine, 
electrolytes, adverse events, 
compliance assessed 
twice/week.     

N ibuprofen 
in people 
without 
CRI=14  
 
N piroxicam 
in people 
without 
CRI=14  
 
N sulindac 
in people 
without 
CRI=14  
 
Procedure: 
As for 
intervention 

Not 
stated 
(5 
months) 

Change 
in 
creatinine 
clearance 
 
Adverse 
Events 
 
Adverse 
effects 

US 
Public 
Health 
Services 
Grant, 
Pfizer  
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Effect size 
Effect of NSAIDS on changes in creatinine clearance 
In older people without renal insufficiency (N=14), there were NS changes in creatinine clearance from baseline (before administration of any NSAID) to the last 
dose (after 1 month of NSAID use) for ibuprofen (1.42 ml/s vs 1.48 ml/s), piroxicam (1.48 ml/s vs 1.46 ml/s) or  sulindac (1.46 ml/s vs 1.48 ml/s). 
 
In older people with renal insufficiency (N=15), there were NS changes in creatinine clearance from baseline (before administration of any NSAID) to the last dose 
(after 1 month of NSAID use) for ibuprofen (1.00 ml/s vs 1.00 ml/s). 
In older people with renal insufficiency (N=15), chronic piroxicam use was associated with a significant decrease in creatinine clearance from baseline to 1 month of 
chronic use (1.12 ml/s vs 1.00 ml/s, 12% decrease, p=0.022). 
In older people with renal insufficiency (N=15), chronic sulindac use was associated with a significant decrease in creatinine clearance from baseline to 1 month of 
chronic use (1.10 ml/s vs 0.98 ml/s, 11% decrease, p=0.022). 
NS differences in magnitude of CrCl decrease between piroxicam and sulindac. 
 
Adverse Events:  
IN TOTAL: 4 people withdrew due to adverse events: 3 with CRI and 1 without CRI. 
1 person without CRI (71 years, 1.46 ml/s baseline CrCl, hypertensive, diabetic, osteoarthritis, obese) and 1 person with CRI (87 years, baseline CrCl 0.76 ml/s, 
hypertensive, CAD, leg cramps) had an increase in serum creatinine > 40 micromol/l after ibuprofen. 
1 patient with CRI (73 years, baseline CrCl 0.86 ml/s, osteoarthritis, hypertension, cerebrovascular and PVD, glaucoma) had to be removed from all three phases as 
all three drugs produced increases in serum creatinine > 40 micromol/l.  
1 patient with CRI had to withdraw due to intolerable epigastric distress, nausea, vomiting. 
 
Adverse Effects: 
More common in people with CRI (N=11) than in people without CRI (N=8). Most common complaint was GI discomfort. 
Edema in 2 patients without CRI (both following piroxicam)  
 
Limitations: small sample size, but adequately powered to detect changes in renal function (need N=12). Authors suggest monitoring of people with CRI treated with 
piroxicam or sulindac. 
Ref ID: 707         
Reference Study 

type/ 
Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Fored CM, 
Ejerblad E, 
Lindblad P 
et al. 
Acetaminop
hen, aspirin, 
and chronic 
renal 
failure.[see 

 Case-
control 
study  
 
 2 + 
 
Sweden 

N Cases 
(patients with 
chronic renal 
failure) = 926 
 
N age and 
sex matched 
controls = 
998 

Inclusion: Cases: Native 
Swedes age 18-74 years with 
serum creatinine > 3.4 mg/dl 
(men) or > 2.8 mg/dl (women) 
were recruited between May, 
1996 and May, 1998. Controls: 
Controls were randomly 
selected from the Swedish 
Population Register and 

Cases (patients with 
chronic renal failure) N=926 
 
Procedure: Laboratory 
databases searched to 
identify case patients, and 
to retrieve clinical and 
demographic data.  Cases 
and controls completed a 

age and 
sex 
matched 
controls 
N = 998 
 
Procedur
e: As for 
interventi

N/A 
 
 

Risk of 
chronic renal 
failure (serum 
creatinine > 
3.4 mg/dl 
(men) or > 
2.8 mg/dl 
(women)) 
 

Internati
onal 
Epidemi
ology 
Institute 
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comment]. 
New 
England 
Journal of 
Medicine. 
2001; 
345(25):180
1-1808. Ref 
ID: 707 

 
 
 
 

frequency-matched to cases 
according to age (10-year age 
groups) and sex.   
 
Exclusion criteria: participants 
with serum creatinine 
elevations due to acute renal 
failure, severe heart failure, 
patients with kidney transplants 
 
Population baseline 
characteristics: Overall: 65% 
male, Mean age 58 years 
(men), 57 years (women). 
Median serum creatinine 3.8 
mg/dl (male cases) and 3.2 
mg/dl (female cases). Median 
eGFR (MDRD) 22 ml/min (male 
cases) 19 ml/min (female 
cases). Among cases: 31% 
diabetic nephropathy, 24% 
glomerulonephritis, 15% 
nephrosclerosis, 10% 
hereditary renal disease, 10% 
other renal disease 

self-administered 
questionnaire and 
underwent a face-to-face 
interview (interviewer 
blinded to study purpose) to 
assess use of NSAIDs 
(type, dose, duration of 
use). Regular use defined 
as at least 2 tablets/week 
for two months. Sporadic 
use defined as a cumulative 
lifetime dose > 20 tablets 
but users did not use it 
regularly. Non-users took < 
20 tablets during their 
lifetime.  

on 

Effect size 
Odds ratios (OR) adjusted for age, sex, education, smoking, use or non-use of other analgesics, interaction between aspirin and acetaminophen use. 
 
Acetaminophen not an NSAID. 
 
Effect of NSAIDS on risk of chronic renal failure (CRF- serum creatinine > 3.4 mg/dl (men) or > 2.8 mg/dl (women) 
Compared to non-users of aspirin (N cases = 224, N controls= 363) regular users (N cases = 213, N controls= 141) of aspirin had a significantly increased risk of 
chronic renal failure [adjusted OR 2.5 (95% CI 1.9 to 3.3)] 
Compared to non-users of aspirin (N cases = 224, N controls= 363) sporadic users (N cases = 459, N controls= 496) of aspirin had a significantly increased risk of 
chronic renal failure [adjusted OR 1.5 (95% CI 1.2 to 1.8)] 
 
Compared to non-users of Acetaminophen  (N cases = 230, N controls= 376) regular users (N cases = 105, N controls= 71) of Acetaminophen had a significantly 
increased risk of chronic renal failure [adjusted OR 2.5 (95% CI 1.7 to 3.6)] 
Compared to non-users of Acetaminophen  (N cases = 230, N controls= 376) sporadic users (N cases = 345, N controls= 413) of Acetaminophen had NS  risk of 
chronic renal failure [adjusted OR 1.3 (95% CI 1.0 to 1.6)] 
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The risk of CRF increased with increasing cumulative dose of aspirin or acetaminophen. (p<0.01 and p <0.001 respectively).  
An average intake > 500g/year of aspirin significantly increased the risk of CRF [adjusted OR 3.3 (95% CI 1.4 to 8.0)] 
 
Regular use of BOTH aspirin and acetaminophen was associated with a significantly increased risk of CRF compared with regular users of aspirin only [adjusted OR 
2.2 (95% CI 1.4 to 3.5)] 
 
Regular use of BOTH aspirin and acetaminophen was NS associated with a risk of CRF compared with regular users of acetaminophen only [adjusted OR 1.6 (95% 
CI 0.9 to 2.7)] 
 
NS risk of CRF for other non-aspirin NSAIDs: OR 1.0  
Sub-analysis showed regular use of aspirin compared with non-use of aspirin was significantly associated with increased risk of CRF in people with diabetic 
nephropathy (OR 2.9 (1.9-4.5), glomerulonephritis (OR 2.6 (1.4-4.8), nephrosclerosis (OR 2.1 (1.3-3.5), hereditary renal disease (OR 3.1 (1.6-6.0). 
 
Note: Interviewers were not blind to who were cases and controls (impossible). Also impossible to rule out bias caused by use of NSAIDs for symptoms of conditions 
that pre-disposed cases to renal failure.  
Ref ID: 558         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Hovind P, 
Rossing P, 
Tarnow L et 
al. Smoking 
and 
progression 
of diabetic 
nephropathy 
in type 1 
diabetes. 
Diabetes 
Care. 2003; 
26(3):911-
916. Ref ID: 
558 

Prospe
ctive 
cohort 
 
 2 + 
 
 

N total  = 
301 
 
N smokers 
= 176 
 
N non-
smokers = 
94 
 
N ex-
smokers 
=31 
 
1 centre 
study: 
Steno 
clinic, 
Denmark 

Inclusion: patients with type 1 
diabetes and nephropathy 
(persistent albuminuria > 300 
mg/24-h in at least 2 of 3 
consecutive 24-h urine collections, 
presence of diabetic retinopathy) 
attending the Steno clinic. 
 
Exclusion criteria: other renal 
disease 
 
Population baseline characteristics: 
NS between groups for duration of 
diabetes, retinopathy, albuminuria, 
HbA1C. Ex-smokers (mean 40 
years) were significantly older than 
non-smokers (35 years) or smokers 
(36 years). Smokers had 
significantly lower SBP and DBP 
than non-smokers or ex-smokers. 

Smokers  N = 176 
 
Ex-smokers N=31 
 
Procedure: At baseline and 
every 3-4 months, patients 
visited the clinic and had 
BP, blood glucose, HbA1C, 
albuminuria, weight 
measured. Patients 
completed a standardised 
questionnaire to assess 
smoking status: Smokers 
(smoke > 1 cigarette/day 
during any portion of the 
study period), ex-smokers 
(subjects who quit smoking 
before entering the study 
and remained non-smokers 
during the study). GFR was 

Non 
smokers 
N = 94 
 
 
Procedur
e: As for 
interventi
on 

Median 7 
years 
(range 3-14 
years) 
 
 

decline in 
GFR 
 
 

Danish 
Diabetes 
Foundati
on, 
Hansen 
Foundati
on, Per 
S. 
Henrikse
n 
Foundati
on 
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Smokers had significantly higher 
GFR (92 ml/min/1.73m2) versus 
non-smokers (86 ml/min/1.73m2) or 
ex-smokers (80 ml/min/1.73m2).  

measured annually with 
51Cr-EDTA plasma 
clearance. BP was targeted 
to < 140/90 mm Hg with 
antihypertensive therapy 
with predominantly ACEi. 

Effect size 
Median cigarettes was 20/day in the smokers and had been 20/day in ex-smokers.  
 
Effect of Smoking on GFR 
After adjustment for BP, albuminuria, HbA1C and cholesterol, there was NS difference in the rate of GFR decline between non-smokers (mean 4.4 ml/min/year) , ex-
smokers (mean 3.4 ml/min/year, and smokers (mean 4.0 ml/min/year).  
 
Albuminuria, cholesterol, MAP, and HbA1C were all significant independent predictors of progression.  
Ref ID: 290         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Ibanez L, Morlans 
M, Vidal X et al. 
Case-control study 
of regular analgesic 
and nonsteroidal 
anti-inflammatory 
use and end-stage 
renal disease. 
Kidney International. 
2005; 67(6):2393-
2398. Ref ID: 290 

Case 
control 
 
2+ 
 
Barcelona, 
Spain 

Cases 
with 
ESRD = 
520 
 
Controls 
without 
ESRD = 
982 
 
 
 
 

Inclusion criteria: Cases: all 
patients entering dialysis 
program because of ESRD 
between June 1995 and Nov. 
1997 in all dialysis centres in 
Barcelona, Spain. Controls: 
randomly selected from 
hospital admission lists, 
including acute conditions not 
known to be related with 
NSAID use.  
 
Exclusion criteria: serious 
conditions, physical 
impairment (deafness or 
blindness), mental disability, 
illiteracy,  renal 
transplantation recipients, 
non-residents of Barcelona 
 
Population baseline 
characteristics: 
Median age 64 years (cases) 

Users of analgesics and 
NSAIDS in Cases with 
ESRD = 122 
 
Users of analgesics and 
NSAIDS in controls = 166 
 
Procedure: Two controls 
were age (within 5 years), 
sex, and hospital matched 
with each case. Trained 
nurses interviewed cases 
and controls about type, 
dose, and duration of 
analgesic use, 
demographics, first 
diagnosis of renal disease, 
co-morbid conditions, 
smoking, alcohol, and 
caffeine consumption. 
Investigator abstracted 
medical records to classify 
ESRD according to 

Nonusers of 
analgesics 
and NSAIDS 
in Cases with 
ESRD = 398 
 
Nonusers of 
analgesics 
and NSAIDS 
in controls = 
816 
 
 
 
 
 

Not 
applicable 

Risk of 
ESRD 

Dept of 
Health 
and 
Social 
Security 
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and 63 years (controls). 
Cases: glomerulonephritis 
(17%), vascular nephropathy 
(34%), interstitial nephritis 
(13%), diabetic nephropathy 
(11%), cystic kidney disease 
(9%), unknown cause (13%) 

underlying cause of renal 
disease. Users were people 
who used any analgesic or 
NSAID daily or every other 
day for 30 days or longer at 
any time before the date of 
the first diagnosis of renal 
disease. Index date 
established by 2 
independent investigators 
blinded to drug use from 
patient and medical record 
information. Index date for 
the controls was the same 
as for the matched cases.  

Effect size 
Odds ratios (OR) adjusted for smoking, hypertension, arteriopathy, diabetes, kidney stones, gout 

Effect of Analgesic and NSAID use on Risk for ESRD: 
Compared with non-users (N=398 cases, N=816 controls), users of analgesics and NSAIDS (N=122 cases, N=166 controls) had NS risk of ESRD [adjusted OR 1.22 
(95% CI 0.89 to 1.66)] 

Sub-analysis: Effect of Aspirin use and Risk for ESRD 
Users of aspirin (N=81 cases, N=94 controls) had a significantly increased risk of ESRD compared with nonusers [adjusted OR 1.56 (95% CI 1.05 to 2.30)]. The 
effect of aspirin was related with the cumulative dose (p trend =0.012) and duration of use (p trend= 0.012). 

Sub-analysis: Effect of Pyrazolone use and Risk for ESRD 
Users of pyrazolones (N=34 cases, N=51 controls) had NS risk of ESRD compared with nonusers [adjusted OR 1.03 (95% CI 0.60 to 1.76)] 

Sub-analysis: Effect of non-aspirin NSAID use and Risk for ESRD 
Users of non-aspirin NSAIDs (N=37 cases, N=51 controls) had NS risk of ESRD compared with nonusers [adjusted OR 0.94 (95% CI 0.57 to 1.56)] 
 
When the exposure time was increased to 6 months prior to any symptom of renal disease, the OR for ESRD by each drug category was similar. 
  
Smoking and ESRD: 
Smokers (N=320 cases, N=557 controls) had a significantly increased risk of ESRD compared with non-smokers [adjusted OR 1.54 (95% CI 1.14 to 2.07)] 
 
Note: possible recall bias may have caused misclassification of analgesic use. 
Ref ID: 2040         
Reference Study type Number Patient characteristics Intervention Comparison Length of Outcome Source  
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Evidence 
level 

of 
patients 

follow-up measures of  
funding 

Morlans M, Laporte 
JR, Vidal X et al. 
End-stage renal 
disease and non-
narcotic analgesics: A 
case-control study. 
British Journal of 
Clinical 
Pharmacology. 1990; 
30(5):717-723. Ref 
ID: 2040 

Case 
control 
 
2+ 
 
Barcelona, 
Spain 

N Cases 
with 
ESRD = 
340 
 
N 
Controls 
without 
ESRD = 
673 
 
 
 
 

Inclusion criteria: Cases: 
randomly selected (using 
number tables to recruit at 
least 50% of each dialysis 
unit) patients entering 
dialysis program because of 
ESRD between 1980 and 
1983 in all dialysis centres in 
Barcelona, Spain. Controls: 
randomly selected from 
hospital admission lists, 
including acute conditions 
not known to be related with 
NSAID use.  
 
Exclusion criteria: serious 
conditions, physical 
impairment (deafness or 
blindness), mental disability, 
illiteracy, renal 
transplantation recipients, 
non-residents of Barcelona. 
Control exclusions: 
admissions to obstetrics, 
radiation therapy, oncology, 
psychiatry. 
 
Population baseline 
characteristics: 61% males, 
NS between cases and 
controls for smoking and 
alcohol use 

Users of analgesics in 
Cases with ESRD = 70 
 
Users of analgesics in 
controls = 59 
 
Procedure: Two controls 
were age (within 5 years), 
sex, and hospital matched 
with each case. Trained 
nurses interviewed cases 
and controls about type, 
dose, and duration of 
analgesic use, 
demographics, first 
diagnosis of renal disease, 
co-morbid conditions, 
smoking, alcohol, and 
caffeine consumption. 
Investigator abstracted 
medical records to classify 
ESRD according to 
underlying cause of renal 
disease. Users were people 
who used any analgesic or 
NSAID daily or every other 
day for 30 days or longer at 
any time before the date of 
the first diagnosis of renal 
disease. Index date of renal 
disease established by 2 
independent investigators 
blinded to drug use from 
patient and medical record 
information. Index date for 
the controls was the same 
as for the matched cases.  

Nonusers of 
analgesics 
Cases with 
ESRD = 270 
 
Nonusers of 
analgesics in 
controls = 
614 
 
 
 
 
 

Not 
applicable 

Risk of 
ESRD 

Dept of 
Health 
and 
Social 
Security 
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Effect size 
Odds ratios (OR) adjusted for recurring headache history, arthritis, kidney stones, hypertension,  diabetes 

Effect of Overall Analgesic use on Risk for ESRD: 
Compared with non-users (N=270 cases, N=614 controls), users of analgesics (N=70 cases, N=59 controls) had a significantly increased risk of ESRD [adjusted OR 
2.89 (95% CI 1.78 to 4.68)] 

Sub-analysis: Effect of Salicylate use and Risk for ESRD 
Users of salicylates  (N=23 cases, N=21 controls) had a significantly increased risk of ESRD compared with nonusers [adjusted OR 2.54 (95% CI 1.24 to 5.20)].  

Sub-analysis: Effect of Pyrazolone use and Risk for ESRD 
Users of pyrazolones (N=15 cases, N=13 controls) had NS risk of ESRD compared with nonusers [adjusted OR 2.16 (95% CI 0.87 to 5.32)] 

Sub-analysis: Effect of phenacetin-containing combinations and Risk for ESRD 
Users of phenacetin-containing combinations (N=9 cases, N=1 controls) had a significantly increased risk of ESRD compared with nonusers [adjusted OR 19.05 
(95% CI 2.31 to 157.4)] 
 
Note: possible recall bias may have caused misclassification of analgesic use. 
Ref ID: 911         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Orth SR, 
Stockmann 
A, Conradt 
C et al. 
Smoking as 
a risk factor 
for end-
stage renal 
failure in 
men with 
primary 
renal 
disease. 
Kidney 
International
. 1998; 

retrosp
ective  
Case-
control  
 
 2 + 
 
 

N pairs  = 102 
 
N  matched 
IgA-GN pairs = 
54 
 
N  matched 
ADPKD pairs = 
48 
 
European 
multi-centre 
study: Austria, 
Germany, Italy 

Inclusion: biopsy-proven IgA-
glomerulonephritis (IgA-GN) or 
ultrasonography-proven 
autosomal dominant polycystic 
kidney disease (ADPKD) 
 
Exclusion criteria: systemic 
diseases involving the kidney 
(diabetes, lupus), 
immunosuppressive therapy, 
age at renal failure < 21 years 
 
Population baseline 
characteristics: NS difference 
between case (patients with 
ESRD) and matched controls 

5-15 pack years (cigarettes) 
N males = 28 males 
 
>15 pack years (cigarettes) 
N males=43 
 
Procedure: Medical records 
searched to identify case 
and control patients, and to 
retrieve clinical and 
demographic data.  Case 
patients were defined by 
the presence of ESRD 
(need for chronic 
haemodialysis or kidney 
transplant). Control patients 

0-5 pack 
years 
(cigarette
s) N 
males 
=73 
 
Procedur
e: As for 
interventi
on 

N/A 
 
Dropouts: 
17.9% of 
controls 
and 12.2% 
of cases 
failed to 
return 
smoking 
questionnai
re 

ESRD 
 

Not 
stated 
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54(3):926-
931. Ref ID: 
911 

(renal disease; no ESRD) with 
respect to age at renal death of 
cases compared to mean age 
of controls, age at diagnosis of 
renal disease,  overall 
antihypertensive medication 
use,  serum cholesterol, low 
protein diet, lipid lowering 
medication use. Male cases 
and controls were similar with 
respect to DBP, calcium 
channel blocker use. SBP was 
higher in male cases than 
controls (146 vs 139 mm Hg). 
ACE inhibitor use was 
significantly lower in male 
cases than controls (25% vs 
42%). Female cases and 
controls were similar with 
respect to SBP and ACE 
inhibitor use.  

were identified by the 
failure to progress to serum 
creatinine value > 3 mg/dl 
during a minimum 
observation period of 1 year 
(with a minimum of 3 
creatinine measurements 
required). Controls did not 
require RRT. Cases and 
controls were matched 
according to type of renal 
disease (AKPKD or IgA-
GN), gender, region of 
residence, and age at renal 
death. Smoking habits were 
assessed with a 
standardised mail 
questionnaire.   

Effect size 
Analysis was restricted to male cases and matched controls (N=72 pairs), as the female pairs (N=30 pairs) were too few. In females, smoking was NS associated 
with risk of ESRD. 
 
IgA-GN and ADPKD pairs were combined in the analysis as separate analyses showed similar effects of smoking on ESRD 
 
Effect of Smoking on progression to ESRD 
CRUDE analysis: Compared to men who smoked for 0-5 pack-years (N=73 total; N cases=26, N controls=47), men who smoked 5-15 pack years (N=28 total; N 
cases = 17, N controls = 11) had a significantly increased odds of ESRD [unadjusted OR 3.5 (95% CI 1.3 to 9.6), p=0.017]. 
Compared to men who smoked for 0-5 pack-years (N=73 total; N cases=26, N controls=47) men who smoked >15 pack years (N=43 total; N cases=29, N controls = 
14) had a significantly increased odds of ESRD [unadjusted OR 5.8 (95% CI 2.0 to 17), p=0.001]. 
 
There was significant interaction between the smoking variable and ACE inhibitor use (p=0.026). Patients treated with ACEi (N cases=18, N controls = 30). Patients 
not treated with ACEi (N cases = 54, N controls = 42) 
Compared to men who did not receive ACE inhibitors and smoked for 0-5 pack-years, men who smoked > 5 pack years and did not receive ACEi  had a significantly 
increased odds of ESRD [adjusted OR 10.1 (95% CI 2.3 to 45), p=0.002]. adjusted for SBP 
Compared to men who received ACE inhibitors and smoked for 0-5 pack-years, men who smoked > 5 pack years and received ACEi  had NS risk of ESRD [adjusted 
OR 1.4 (95% CI 0.3 to 7.1), p=0.65]. adjusted for SBP 
 
Note: limitations – females were excluded from analysis due to low frequency of smoking in this group, confounding by other variables?,  
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Ref ID: 2113         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Orth SR, 
Schroeder 
T, Ritz E et 
al. Effects of 
smoking on 
renal 
function in 
patients with 
type 1 and 
type 2 
diabetes 
mellitus. 
Nephrol Dial 
Transplant. 
2005; 
20(11):2414-
2419. Ref 
ID: 2113 

Prospe
ctive 
cohort 
 
 2 + 
 
 

N total  = 
185 
 
N smokers 
= 44 
 
N never 
smokers = 
141 
 
1 centre 
study: 
Germany 

Inclusion: patients with type 1 or 2 
diabetes attending the clinic 
 
Exclusion criteria: people with GFR 
< 60 ml/min/1.73m2, ex-smokers 
 
Population baseline characteristics: 
60% had type 1 diabetes. 72% non-
smokers and 86% smokers had 
proteinuria > 0.15 g/d. Smokers 
were significantly younger (47 vs 54 
years), more likely to be male, and 
had a lower GFR than non-smokers 
(95 vs 107 ml/min). NS difference 
between smokers and non-smokers 
with respect to BMI, diabetes type 
1, insulin use, duration of diabetes, 
HbA1c, retinopathy, proteinuria, 
hypertension, SBP, DBP, ACEi use, 
CAD, PVD, stroke.  

Smokers  N = 44 
 
Procedure: At baseline, 
patients had a physical 
exam (BP, anthropometry, 
spot urine test, serum 
creatinine, cholesterol, 
triglycerides), an interview, 
and completed a 
standardised questionnaire 
to assess smoking status.  
GFR was estimated with 
MDRD equation. Patients 
had at least 4 annual 
follow-up visits. Patient 
management was left to GP 
in interim.   

Never 
smokers 
N = 141 
 
Procedur
e: As for 
interventi
on 

Median 5.1 
years 
 
 

20% decline 
in GFR 
 
Change in 
proteinuria  

Not 
stated 

Effect size 
BP at baseline was well controlled for both smokers (135/80 mm Hg) and non-smokers (138/79 mm Hg) and improved during follow-up.  
 
Effect of Smoking on GFR 
GFR remained stable during follow-up in non-smokers (107 to 106 ml/min) but decreased significantly in smokers (95 to 83 ml/min, p<0.001). 
Smokers had a significantly increased odds of a 20% decline in GFR compared to non-smokers [OR 2.52 (95% CI 1.06 to 5.99), p<0.01]. This relationship persisted 
after adjustment for diabetes type or control, retinopathy, age, BMI, ACEi use, BP, proteinuria (F-ratio=65.9, p<0.0001).  
 
Male gender and diabetes type independently influenced course of renal function in smokers compared to non-smokers.  Male smokers had a significantly increased 
odds of a 20% decline in GFR compared with male non-smokers [OR 5.32 (95% CI 1.49 to 18.9), p<0.05].  Smokers with type 1 diabetes had a significantly 
increased odds of a 20% decline in GFR compared with non-smokers with type 1 diabetes [OR 4.49 (95% CI 1.36 to 14.7), p<0.05]. NS for presence or absence of 
retinopathy, proteinuria, or ACEi use.  
 
Effect of Smoking on Proteinuria 
Proteinuria increased from baseline to the end of the study in smokers (0.36 to 0.44 g/24-h, N=44) and non-smokers (0.47  to 0.54 g/24-h, N=141), but there was NS 
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differences between the two groups. 

Ref ID: 1086         
Reference Study 

type/ 
Eviden
ce 
level 

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Earle KK, 
Porter KA, 
Ostberg J et 
al. Variation 
in the 
progression 
of diabetic 
nephropathy 
according to 
racial origin. 
Nephrol Dial 
Transplant. 
2001; 
16(2):286-
290. Ref ID: 
1086 

Retros
pective 
Case-
series  
 
 3 
 
 

N total  = 45 
 
N Indo-
Asian=10  
 
N  African 
Caribbean=11 
 
N Caucasian = 
24 
 
1 centre study: 
diabetes clinic 
Whittington 
Hospital, 
London, UK 

Inclusion: type 2 diabetic 
nephropathy (serum creatinine 
≥ 170 micromol/l, persistent 
clinical proteinuria with diabetic 
retinopathy) 
 
Exclusion criteria: nondiabetic 
renal disease, absent 
retinopathy, congestive cardiac 
failure and/or malignancy 
 
Population baseline 
characteristics: NS difference 
between Indo-Asians (IA), 
African-Caribbean (AC) and 
Caucasians (C) with respect to 
follow-up time, diabetes 
duration, SBP, DBP, smoking, 
ACEi usage (90%, 91%, 79% 
IA, AC, C, respectively), 
HbA1C, urinary protein 
excretion, serum creatinine. 
Indo-Asians were significantly 
younger (58 years) than AC (68 
years) or C (67 years).  

N Indo-Asian=10  
 
N  African Caribbean=11 
 
Procedure: All serum 
creatinine measurements 
were identified from 
medical records. 
Assignment of racial origin 
was according to patient’s 
choice on the hospital 
coding system. Indo-Asian 
included Indian, Pakistani, 
or Bangladeshi people. 
African-Caribbean included 
Black Caribbean, Black 
African, Somali or Black 
other. Caucasian patients 
were those who selected 
white. Patients visited the 
clinic 2-3 times a year and 
BP, serum creatinine, 
proteinuria (reagent strip) 
and 24-h urinary protein 
excretion were determined.  

N 
Caucasia
n = 24 
 
Procedur
e: As for 
interventi
on 

Mean 37 
months 
Indo-Asian, 
mean 46 
months 
African 
Caribbean, 
mean 51 
months 
Caucasian 
 

Doubling of 
serum 
creatinine  
 
Rate of 
serum 
creatinine 
increase 
(slope=beta) 
 

British 
Diabetic 
Associat
ion  

Effect size 
Effect of Ethnicity on Doubling of serum creatinine 
100% of Indo-Asians experienced a doubling of serum creatinine compared with 45% of African Caribbeans and 50% of Caucasians (p=0.025) during follow-up. 
Effect of Ethnicity on Rate of serum creatinine increase 
The mean rise in serum creatinine in Indo-Asians (5.36 micromol/l/month) was significantly greater than in African Caribbeans (3.14 micromol/l/month) or Caucasians 
(2.22 micromol/l/month), p=0.031. This relationship remained after adjustment for DBP. 
NS interaction between rate of serum creatinine change and age (p=0.073), treatment regimen (p=0.418), baseline urinary protein excretion  (p=0.216), smoking 
(p=0.118), or gender (p=0.871) 
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Limitations: small sample size, population was diabetic people with nephropathy 

Ref ID: 3940         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of follow-
up 

Outcome 
measures 

Source  
of  
funding 

Elsayed EF, 
Tighiouart H, 
Griffith J et al. 
Cardiovascular 
Disease and 
Subsequent 
Kidney Disease. 
Archives of 
Internal Medicine. 
2007; 
167(11):1130-
1136. Ref ID: 3940 

case 
series 
 
3 
 
USA 

N total = 
13826 
 
N 
Subjects 
with 
CVD = 
1787 
 
N 
Subjects 
without 
CVD = 
12039 
 

Inclusion: patient data 
pooled from 
Atherosclerosis Risk in 
Communities (ARIC) 
and Cardiovascular 
Health Study (CHS). 
ARIC: people 45-64 
years old recruited 
between 1987 and 
1989 from 4 
communities. CHS: 
subjects ≥ 65 years old 
recruited between 
1989 and 1990. 
 
Exclusion criteria: 
participants with 
missing data (including 
baseline or final 
creatinine 
measurements), 
people with baseline 
GFR < 15 ml/min/1.73 
m2 
 
Population baseline 
characteristics: Mean 
age 57.6 years. People 
with baseline CVD 
were significantly older 
(60 vs 57 years), had 

Subjects with CVD  
N = 1787 
 
Procedure: Baseline 
serum creatinine 
measured and 
calibrated to Third 
NHANES values. 
MDRD equation used 
to estimate GFR.  
Baseline 
cardiovascular 
disease (CVD) 
defined by stroke, 
angina, claudication, 
TIA, coronary 
angioplasty or 
bypass, or 
recognised or silent 
MI.  

Subjects 
without CVD 
N = 12039 
 
Procedure: 
As for 
intervention 

Mean 9.3 years. 
 
22% failed to 
provide last 
serum 
creatinine; these 
people were 
more likely to 
have CVD at 
baseline and 
had higher CVD 
risk factors. 
Authors suggest 
this exclusion 
would bias 
towards null 
hypothesis.  

Kidney function 
decline (serum 
creatinine 
increase of at 
least 0.4 mg/dl 
between first 
and last visit) 
 
Kidney function 
decline (GFR 
decrease of at 
least 15 
ml/min/1.73 m2 
between first 
and last visit) 
 
Development of 
CKD (serum 
creatinine 
increase of at 
least 0.4 mg/dl 
from baseline 
level of < 1.4 
mg/dl in men 
and < 1.2 mg/dl 
in women) 
 
Development of 
CKD (GFR 
decrease of 15 
ml/min/1.73 m2 

NIH, 
Amgen, 
National 
Heart, 
Lung, and 
Blood 
Institute 
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higher prevalence of 
diabetes and 
hypertension, and had 
lower baseline GFR 
(86 vs 90 ml/min/1.73 
m2) compared to 
people without CVD at 
baseline.  

level in people 
with baseline 
GFR > 60 
ml/min/1.73 m2 ) 

Effect size 
Odds ratios (OR) adjusted for age, sex, race, education, study origin, diabetes, smoking, alcohol use, hypertension history, BMI, SBP, hematocrit, albumin level, 
HDL cholesterol, total cholesterol, baseline serum creatinine, baseline eGFR.  
 
Effect of Cardiovascular disease on Kidney Function decline (serum creatinine increase of at least 0.4 mg/dl between first and last visit) 
After a mean follow-up of 9.3 years, 128 of 1787 (7.2%) people with baseline cardiovascular disease had a decline in kidney function (serum creatinine increase of 
at least 0.4 mg/dl) compared with 392 of 12039 (3.3%) people without baseline CVD (p<0.001). People with decline in renal function were significantly older, more 
likely to have hypertension and diabetes, more likely to be African American, and had significantly higher baseline serum creatinine levels than those who did not 
experience renal function decline.  
 
People with baseline cardiovascular disease (N=1787) had a significantly increased risk of a decline in renal function (serum creatinine increase of at least 0.4 
mg/dl) compared with people without CVD at baseline (N=12039) [adjusted OR 1.70 (95% CI 1.36 to 2.13), p<0.001). 
 
Effect of Cardiovascular disease on Kidney Function decline (GFR decrease of at least 15 ml/min/1.73 m2 between first and last visit) 
After a mean follow-up of 9.3 years, 607 of 1787 (34.0%) people with baseline cardiovascular disease had a decline in kidney function (GFR decrease of at least 15 
ml/min/1.73 m2) compared with 3909 of 12039 (32.5%) people without baseline CVD (p=0.22).  
People with baseline cardiovascular disease (N=1787) had a significantly increased risk of a decline in renal function (GFR decrease of at least 15 ml/min/1.73 m2) 
compared with people without CVD at baseline (N=12039) [adjusted OR 1.28 (95% CI 1.13 to 1.46), p<0.001). 
 
Effect of Cardiovascular disease on Development of CKD (serum creatinine increase of at least 0.4 mg/dl from baseline level of < 1.4 mg/dl in men and < 1.2 
mg/dl in women) 
People with baseline CVD and baseline serum creatinine < 1.4 mg/dl in men and < 1.2 mg/dl in women had a significantly increased risk of developing CKD (serum 
creatinine increase of at least 0.4 mg/dl)compared with people without CVD at baseline [adjusted OR 1.75 (95% CI 1.32 to 2.32), p<0.001). 
 
Effect of Cardiovascular disease on Development of CKD (GFR decrease of at least 15 ml/min/1.73 m2 level in people with baseline GFR > 60 ml/min/1.73 m2 ) 
People with baseline CVD had an increased risk of developing CKD (GFR decrease of at least 15 ml/min/1.73 m2 level in people with baseline GFR > 60 
ml/min/1.73 m2 ) compared with people without baseline CVD [adjusted OR 1.54 (95% CI 1.26 to 1.89), p<0.001). 
 
Sensitivity Analyses:  
Similar increased risk when analysis was restricted to ARIC or CHS cohorts separately.  
Exclusion of people with heart failure: association still remained significant [OR 1.72 (1.12 to 2.62)]. 
Baseline ACEi use evaluated: CVD still associated with kidney function decline [OR 1.82 (1.20 to 2.76)] and ACEi use was protective [OR 0.30 (0.10 to 0.87)]. 
CVD defined as only MI or cardiac procedure: CVD still associated with decline in kidney function [OR 1.93 (1.45 to 2.59)]. 
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Limitations: no baseline proteinuria data, ARIC study had no data on ACEi use. 

Ref ID: 3911         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Evans M, Fryzek 
JP, Elinder CG 
et al. The natural 
history of chronic 
renal failure: 
results from an 
unselected, 
population-
based, inception 
cohort in 
Sweden. Am J 
Kidney Dis. 
2005; 46(5):863-
870. Ref ID: 
3911 

case 
series 
 
3 
 
Sweden 

N total 
= 920 
 
 

Inclusion: Native 
Swedes age 18-74 
years with serum 
creatinine > 3.5 mg/dl 
(men) or > 2.8 mg/dl 
(women) were recruited 
between May, 1996 and 
May, 1998.   
 
Exclusion criteria: 
participants with serum 
creatinine elevations 
due to acute renal 
failure or dehydration, 
terminal malignant 
disease, patients with 
kidney transplants 
 
Population baseline 
characteristics: 65% 
male, 41% > 65 years 
old, GFR 1.7 to 14.9 
ml/min (33%), GFR 15-
19.9 ml/min (59%), GFR 
20-23.8 ml/min (7%), 
diabetic renal disease 
(31%), 
glomerulonephritis 
(24%), nephrosclerosis 
(15%).  

Examining variables 
associated with 
progression to RRT in 
people with Stage 4 and 
5 CKD 
 
Procedure: Patients 
matching inclusion 
criteria identified through 
medical laboratory 
databases and National 
Registration Number. 
Information on 
anthropometric 
measurements, lifestyle 
and medical factors 
obtained from self-
administered mail 
questionnaires. Medical 
conditions obtained 
during routine clinical 
workup. MDRD equation 
used to estimate GFR. 
Patients starting RRT 
identified from Swedish 
Registry of RRT 
database.  

N/A 
 
Procedure: 
As for 
intervention 

Mean 
follow-up 2 
years  
 
(From date 
of elevated 
serum 
creatinine 
to RRT, 
death, or 
Dec., 
2002.)  

Time to RRT 
(dialysis or 
kidney 
transplantation) 

International 
Epidemiology 
Institute 
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Effect size 
Relative risk (RR) adjusted for age, sex, BMI, primary renal disease, and GFR  
739/920 (80%) started RRT during follow-up.  
 
Effect of BMI on Progression to RRT 
Compared to people with CKD and BMI 20.1-25 kg/m2 (N=377), there was NS risk of progression to RRT for people with BMI ≤ 20 kg/m2 (N=77) [adjusted RR 1.26 
(95% CI 0.95 to 1.67)] 
Compared to people with CKD and BMI 20.1-25 kg/m2 (N=377), people with BMI  25.1-30 kg/m2 (N=314) had a significantly decreased risk of progression to RRT 
[adjusted RR 0.79 (95% CI 0.67 to 0.94)] 
Compared to people with CKD and BMI 20.1-25 kg/m2 (N=377), there was NS risk of progression to RRT for people with BMI >30 kg/m2 (N=26) [adjusted RR 0.86 
(95% CI 0.68 to 1.07)] 
 
Effect of baseline GFR on Progression to RRT 
People with GFR 16.7-18.4 ml/min had NS risk of progression to RRT compared with people with GFR ≥ 18.5 ml/min [adjusted RR 1.20 (95% CI 0.96 to 1.50)] 
People with GFR 13.7-16.6 ml/min had a significantly increased risk of progression to RRT compared with people with GFR ≥ 18.5 ml/min [adjusted RR 1.52 (95% 
CI 1.21 to 1.91)] 
People with GFR < 13.7 ml/min had a significantly increased risk of progression to RRT compared with people with GFR ≥ 18.5 ml/min [adjusted RR 2.27 (95% CI 
1.83 to 2.82)] 
 
Age inversely related to risk of RRT, men had more rapid progression than women,  
Diabetic nephropathy was associated with a more rapid progression to RRT compared with glomerulonephritis [adjusted RR 1.24 (95% CI 1.02 to 1.51)]  
Ref ID: 3913         
Reference Study 

type/ 
Eviden
ce 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Roderick PJ, 
Raleigh VS, 
Hallam L et 
al. The need 
and demand 
for renal 
replacement 
therapy in 
ethnic 
minorities in 
England. J 
Epidemiol 
Community 
Health. 

Retros
pective 
cross-
section
al 
study  
 
 3 
 
53 
renal 
units, 
Englan
d 

N RRT 
patients 
total  = 
5901 
 
 

Inclusion: retrospective cross-
sectional survey of all English 
residents > 16 years old accepted for 
renal replacement therapy (RRT, 
dialysis or transplantation) in renal 
units in England in 1991 and 1992.  
 
Exclusion criteria: Welsh or Scottish 
residents treated in England, patients 
returning to dialysis after a failed renal 
transplant 
 
Population baseline characteristics: of 
5901 RRT patients, 86.3% were 

Asians on RRT 
 
Blacks on RRT 
 
Procedure: Population 
denominators for ethnic 
populations obtained from 
1991 census. Underlying 
disease was specified by 
renal units using the 
European Dialysis and 
Transplant Association 
coding system. Renal units 
ascribed patients to Asian 

Whites 
on RRT 
 
Procedur
e: As for 
interventi
on 

N/A Acceptance 
to RRT 
(dialysis or 
transplantatio
n) 
 

Dept. of 
Health  
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1996; 
50(3):334-
339. Ref ID: 
3913 

white, 7.7% were Asians, and 4.7% 
were black people.  

(Indian, Pakistani, or 
Bangladeshi), Black (Black 
Caribbean, Black African, 
and Black others) or White 
ethnicities.  

Effect size 
Completeness of the data on RRT acceptances was 99.0% for age, sex, and district of residence, 93.5% for ethnicity, and 91.9% for underlying cause.  
1991 Census: 93.8% of English population is white, 3.0% Asian, 1.9% black.  
Of 5901 RRT patients, 86.3% were white, 7.7% were Asians, and 4.7% were black people. 
Effect of Ethnicity on Acceptance to Renal Replacement Therapy 
Asian adults had 3.5 fold higher acceptance rates to RRT compared with white people. Asian men (N=262) had 3.1 fold higher acceptance rates to RRT compared 
with Caucasian men (N=3063) [RR 3.1, (95% CI 2.7 to 3.5)]. Asian women (N=178) had 3.9 fold higher acceptance rates to RRT compared with Caucasian women 
(N=1871) [RR 3.9, (95% CI 3.3 to 4.5)].  
 
Black adults had 3.2 fold higher acceptance rates to RRT compared with white people. Black men (N=161) had 3.0 fold higher acceptance rates to RRT compared 
with Caucasian men (N=3063) [RR 3.0, (95% CI 2.6 to 3.5)]. Black women (N=111) had 3.4 fold higher acceptance rates to RRT compared with Caucasian women 
(N=1871) [RR 3.4, (95% CI 2.8 to 4.1)].  
 
Acceptance to RRT increased with increasing age, regardless of ethnicity. After standardising rates for age and sex, the relative rate of RRT was 4.2 for Asian people 
and 3.7 for black people compared to white people. 
 
Underlying Causes of Renal Disease: 
Asians [RR 5.5 (95% CI 4.7 to 7.2)] and blacks [RR 6.5 (95% CI 5.1 to 8.3)]  had higher rates of RRT compared with white people due to diabetic renal disease.  
Asians [RR 2.2 (95% CI 1.2 to 4.1)] and blacks [RR 3.2 (95% CI 1.4 to 7.2)]  had higher rates of RRT compared with white people due to hypertension. 
Asians [RR 2.8 (95% CI 1.9 to 4.1)] and blacks [RR 2.3 (95% CI 1.1 to 4.4)]  had higher rates of RRT compared with white people due to glomerulonephritis. 
Asians [RR 5.7 (95% CI 4.5 to 7.2)] and blacks [RR 1.8 (95% CI 1.0 to 3.4)]  had higher rates of RRT compared with white people due to “unknown” causes of renal 
disease. 
 
Rates of RRT were still higher in Asians and blacks compared to white people when analysis was restricted to a pooled group of 37 areas with high black and Asian 
populations (idea is that both whites and ethnic minorities in these areas would have same access to renal services, and the acceptance rates should have therefore 
been similar among whites ,blacks, and Asians). 
Ref ID: 3957         
Reference Study type/ 

Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Xue JL, Eggers PW, 
Agodoa LY et al. 
Longitudinal study of 
racial and ethnic 
differences in developing 

Retrospective 
Case series 
 
 3 
 

N total  = 
1306825 
 
N white 
=1163868 

Inclusion: 5% 
random sample of 
US Medicare 
beneficiaries > 65 
years old followed 

Blacks N=94511 
 
Procedure: Data on 
patients treated for 
ESRD from USRDS 

Whites 
N=1163868 
 
Procedure: 
As for 

10 
years 
or until 
death 

ESRD 
 

National 
Institute of 
Diabetes and 
Digestive 
and Kidney 
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end-stage renal disease 
among aged medicare 
beneficiaries. Journal of 
the American Society of 
Nephrology. 2007; 
18(4):1299-1306. Ref ID: 
3957 

USA  
N black = 
94511 
 
N other = 
48446 
 
 

from Jan. 1, 1993 for 
up to 10 years or 
until death.  
 
Exclusion criteria: 
ESRD at baseline 
 
Population baseline 
characteristics: 
89.1% white, 7.2% 
black. 62% female, 
mean age 76 years, 
16% diabetic, 38% 
hypertensive 

database. Ethnicity 
(non-Hispanic black or 
non-Hispanic white) and 
death data drawn from 
Denominator Files. 
Diabetes and 
hypertension status 
obtained from Medicare 
claims.   

intervention Diseases, 
NIH 

Effect size 
After adjustment for age and gender, black people were 2.0 times more likely to have diabetes than white people at baseline and 1.5 times more likely to have 
diabetes at follow-up. Black people were 2.0 and 1.1 times more likely to have hypertension at baseline and follow-up than white people. 
Effect of Ethnicity on ESRD 
After adjustment for age and gender, the cumulative 10-year likelihood of developing ESRD was 2.6% in whites and 6.7% in blacks with baseline diabetes. Compared 
with white people with baseline diabetes (N=175313), black people with baseline diabetes (N=25049) were 2.4 times more likely to develop ESRD.  
 
After adjustment for age and gender, the cumulative 10-year likelihood of developing ESRD was 1.4% in whites and 3.8% in blacks with baseline hypertension. 
Compared with white people with baseline hypertension (N=426300), black people with baseline hypertension (N=51016) were 2.5 times more likely to develop 
ESRD. 
 
After adjustment for age and gender, the cumulative 10-year likelihood of developing ESRD was 0.3% in whites and 1.3% in blacks with no baseline hypertension 
and no baseline diabetes. Compared with white people with neither baseline hypertension nor diabetes (N=4651490), black people with neither hypertension nor 
diabetes at baseline (N=34916) were 3.5 times more likely to develop ESRD. 
 
Women had higher risk of ESRD than men: HR adjusted for age 

Characteristic White  Black Men (95% CI) Black Women (95% CI) 
Diabetes baseline 1.0 2.12 (1.90 to 2.36) 2.50 (2.31 to 2.71) 
Diabetes follow-up 1.0 1.93 (1.61 to 2.33) 3.41 (2.94 to 3.95) 
Hypertension baseline 1.0 2.05 (1.87 to 2.25) 2.82 (2.63 to 3.02) 
Hypertension follow-up 1.0 2.22 (1.90 to 2.60) 3.62 (3.17 to 4.13) 
No hypertension No diabetes 1.0 3.27 (2.55 to 4.19) 4.03 (2.91 to 5.57) 

 
Limitations: lack of biochemical data, lacks of data on other potential confounders (smoking, socioeconomic status, proteinuria), possible selection bias, caution in 
extrapolating results to younger people. 
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CHAPTER 6-CKD GUIDELINE 

CONTENTS: 
 
6.1. INDICATIONS FOR REFERRAL TO SPECIALIST CARE 
 
6.1. INDICATIONS FOR REFERRAL TO SPECIALIST CARE 
 
What are the criteria for referral to specialist care? 
 
No evidence found 

 
 

CHAPTER 7-CKD GUIDELINE 
CONTENTS: 
 
7.1. MODIFICATION OF LIFESTYLE 
 
7.2. DIETARY INTERVENTION AND RENAL OUTCOMES 
 
7.1. MODIFICATION OF LIFESTYLE 
In adults with CKD, do improving lifestyle habits decrease progression of CKD? 
 
Ref ID: 414         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Castaneda 
C, Gordon 
PL, Uhlin KL 
et al. 
Resistance 
training to 
counteract 
the 
catabolism 

RCT 1+ 
 
Randomise
d, blinded 
 
1 centre 
USA 
 
Not ITT  

N =26 
 
Drop out 
rate 
0% in 
each arm   
 

Inclusion criteria: 
people > 50 years with 
CKD (creatinine 133-
442 micromol/l or 1.5-
5.0 mg/dl)  
 
Exclusion criteria: MI 
in past 6 months, 
unstable chronic 

N=14 
Resistance training + low protein 
diet  
 
Procedure: Nutrition status and 
adherence to low-protein diet (0.6 
g/kg body weight per day) was 
observed for 2-8 weeks run-in. 
Participants randomised to 

N=12 
Sham 
training + 
low protein 
diet  
 

3 
month
s 

Change in 
muscle strength 
 
Change in GFR 
 
Total body K 
 
 

National 
Institute 
on 
Aging, 
New 
England 
Medical 
Center 
Resear
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of a low-
protein diet 
in patients 
with chronic 
renal 
insufficiency. 
A 
randomized, 
controlled 
trial.[see 
comment]. 
Annals of 
Internal 
Medicine. 
2001; 
135(11):965-
976. Ref ID: 
414 

condition, dementia, 
alcoholism, dialysis or 
RRT, current resistance 
training, recent 
involuntary weight 
change (2 kg), albumin 
< 30 g/l, proteinuria > 
10 g/d, abnormal stress 
test result at screening 
 
Baseline 
characteristics: NS 
differences between 
people randomised to 
resistance training or 
sham training for 
gender, age (65 years), 
GFR (24 or 27 ml/min), 
body composition, 
biochemical or health 
variables 
 

resistance group + low protein 
diet (three exercise 
sessions/week supervised by a 
blinded trainer with increasing 
workloads on five weight 
resistance machines) or to sham 
training + low protein diet (gentle 
movements of upper and lower 
body while standing, sitting and 
bending designed to have no 
physiologic impact). Muscle 
strength tests determined at 
baseline and after 12 weeks of 
training. GFR (125I-iothalamate), 
biochemical measures 
determined at baseline and 12 
weeks after randomisation.  

ch 
Fund, 
US 
Dept. of 
Agricult
ure 
Resear
ch 
Service 

Effect size 
Adherence to resistance training was 91% and to sham training was 90%. NS difference. 
Adherence to low protein diet: resistance training group consumed 108% of target protein levels and sham group consumed 112% of target protein levels (NS 
between groups) 
 
Change in muscle strength: 
People who took resistance training + low protein diet had an increase in muscle strength (+32%, N=14), whereas the sham training + low protein diet had 
decreased overall muscle strength (-13%, N=12). P<0.001 between groups. 
 
Change in Total body Potassium: 
Resistance training increased total body potassium in the resistance training + low protein diet (+4%, N=12), whereas potassium decreased in the sham training + 
low protein diet (-6%, N=11), p=0.014 between groups 
 
Change in GFR: 
GFR increased in people with resistance training + low protein diet (+ 1.18 ml/min/1.73m2 absolute change, N=14), whereas GFR decreased in the sham training + 
low protein diet group (-1.62 ml/min/1.73m2 absolute change, N=12). P=0.048 between groups. 
 
 No exercise adverse events or injuries were reported in either group. 
Assessment of bias: small study may not be adequately powered to detect changes between groups. 
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Ref ID: 4016         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Eidemak I, 
Haaber AB, 
Feldt RB et 
al. Exercise 
training and 
the 
progression 
of chronic 
renal 
failure.[see 
comment]. 
Nephron. 
1997; 
75(1):36-40. 
Ref ID: 4016 

RCT 1+ 
 
Randomise
d, blinding 
not 
applicable 
 
Denmark 
 
ITT  

N =30 
 
Drop out 
rate 
20% in 
exercise 
26% in 
usual  
 

Inclusion criteria: 
nondiabetic people with 
moderate progressive 
CKD (median GFR 25 
ml/min/1.73m2, range 
10-43 ml/min/1.73m2)  
 
Exclusion criteria: not 
stated 
  
Baseline 
characteristics: NS 
differences between 
people randomised to 
exercise training or 
control (usual, 
sedentary lifestyle) for 
gender, age (45 years), 
GFR (26 ml/min) 
aerobic work capacity, 
BP, progression of 
nephropathy (reciprocal 
of serum creatinine vs 
time)  
 

N=15 
Exercise training 
 
Procedure: Patients randomised 
to exercise group (mainly bicycle 
ergometer exercise in the 
patient’s home, running, 
swimming, and walking) or to 
control group (patients 
maintained their usual, mostly 
sedentary lifestyle). Exercise 
duration and intensity gradually 
increased up to 60-75% of 
maximal exercise capacity 
determined by exercise testing.  
Exercise tests were performed 
before randomisation and at the 
end of the study. Exercise testing 
consisted of cycling on an 
electronically braked bicycle 
ergometer coupled to a 
cardiopulmonary gas exchange 
system. Plasma creatinine, 
physical exam, and clinical 
chemistry tests performed at 
baseline and every month. GFR 
(51Cr-EDTA clearance) was 
measured at baseline, and every 
3-9 months.  

N=15 
Usual 
(sedentary 
lifestyle)  
 

1.5 
years 
or until 
death 
or 
RRT 
 
(media
n 20 
month
s in 
control 
and 18 
month
s in 
the 
exerci
se 
group 

Change in 
maximal aerobic 
work capacity 
 
Progression of 
renal disease 
(slope of GFR vs 
time) 
 
Blood lipids 
(triglycerides, 
VLDL, LDL, HDL 
cholesterol, total 
cholesterol) 
 

Universi
ty of 
Copenh
agen, 
Medical 
Foundat
ion if 
Greater 
Copenh
agen, 
Danish 
Kidney 
Foundat
ion, 
Novo 
Foundat
ion, 
Faroe 
Islands 
and 
Greenla
nd, Lilly 
Bertine 
Lund’s 
Foundat
ion 

Effect size 
3 people in the exercise group started dialysis, N=2 in the control group started dialysis. 
N=1 control died (unknown reason) 
N=1 control withdrew after 10 months for personal reasons. 
 
Change in maximal aerobic work capacity: 
Maximal aerobic work capacity significantly increased in the exercise group (N=15; 25 ml O2/ (min X kg BW) at baseline to 27 ml O2/ (min X kg BW) after 18 
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months, p<0.05), whereas maximal aerobic work capacity did NS change in the control group (N=15, 21 ml O2/ (min X kg BW) at baseline to 19 ml O2/ (min X kg 
BW) after 20 months, p NS). 
 
Change in GFR: 
Median GFR decreased in both control (N=15; -0.28 ml/min/month) and exercise groups (N=15; -0.27 ml/min/month, NS between treatments) 
 
Blood Lipids: NS changes from baseline in triglycerides, VLDL, HDL, LDL cholesterols in exercise or control groups. Total cholesterol significantly increased from 
baseline in the exercise group, p<0.05. NS changes from baseline for total cholesterol in the control group. 
 
Assessment of bias: No blinding (not possible), small study N=15 in each arm may not be adequately powered to detect changes between groups. Authors note 
that renal function did not decline with exercise and suggest that exercise is neither detrimental nor overly beneficial to this population. Exercise could have other 
benefits (cardiovascular, feelings of well-being, etc) 
Ref ID: 318         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Morales E, 
Valero MA, 
Leon M et 
al. Beneficial 
effects of 
weight loss 
in 
overweight 
patients with 
chronic 
proteinuric 
nephropathi
es. 
American 
Journal of 
Kidney 
Diseases. 
2003; 
41(2):319-
327. Ref ID: 
318 

RCT 1+ 
 
Not blinded 
 
Spain 
 
 

N =30 
 
 

Inclusion criteria: 
chronic (> 1 year 
duration) proteinuric (> 
1 g/24-h urine protein 
on at least 3 
consecutive 
determinations in 
preceding 6 months) 
nephropathy of diabetic 
or nondiabetic origin , 
BMI > 27 kg/m2)  
 
Exclusion criteria:  
Unstable renal disease, 
nephrotic syndrome 
requiring diuretic 
therapy, 
immunosuppressive 
therapy, hypertension 
requiring > 2 
antihypertensive agents 
  
Baseline 
characteristics: NS 

Low calorie diet N=20 
 
Procedure: Prior to the study, all 
patients completed a 2 month 
observation period with a full 
history, exam, blood pressure, 
BMI, and lab tests. ACE 
inhibitors, nondihydropyridine 
CCBs, and ARBs were withdrawn 
6 weeks prior to randomisation. 
Statins and antihypertensive 
agents (other than ACE, ARB, or 
CCB) permitted as long as dose 
remained the same throughout. 
BP targeted to < 140/90 mm Hg 
(doxazosin as first choice, then 
amlodipine if needed) Patients 
randomised 2:1 to low-calorie 
normo-protein diet group or 
control (usual diet) group. The 
low-calorie normo-protein diet 
was a reduction of 500 kcal with 
respect to the individual’s usual 
diet (determined from 3 day food 

Usual diet 
N=10 
 

5 
month
s 
 

BMI 
 
Change in 
protein excretion  
 
Change in CrCl 
 
Change in serum 
creatinine 
 
 

Not 
stated 
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differences between 
people randomised to 
low calorie or usual diet 
 

diaries) and consisted of 25-30% 
fat and 55-65% carbohydrate of 
totl caloric intake. Protein content 
was adjusted to 1 to 1.2 g/kg/day. 
Physical exam, BMI, BP, weight, 
interview with dietician performed 
at baseline and weeks 1,3, and 5 
after randomisation. Laboratory 
evaluations performed at 
baseline, 1 and 5 months later. 
CrCl estimated from Cockcroft 
Gault.   

Effect size 
 
Weight: 
Weight significantly decreased after 5 months of a low calorie diet (87.5 kg at baseline to 83.9 kg after 5 months, p<0.01, N=20), whereas weight increased 
significantly in the usual diet group (96.1 kg at baseline to 98 kg at 5 months, p<0.05, N=10) and p<0.05 between groups. 
 
BMI: 
BMI significantly decreased after 5 months of a low calorie diet (33 kg/m2 at baseline to 31.6 kg/m2 after 5 months, p<0.01, N=20) and significantly increased in the 
usual diet group (34.3 kg/m2 at baseline to 35 kg/m2 after 5 months, p<0.05, N=10) and p<0.05 between groups. 
 
BP: 
NS changes in SBP and DBP in either low calorie or usual diet groups. 
 
Change in CrCl: 
There were NS changes in CrCl  after 5 months of low calorie diet, however CrCl significantly decreased in the usual diet group (61.8 ml/min/1.73 m2 at baseline to 
56 ml/min/1.73 m2 after 5 months, p<0.05) NS changes between groups 
 
Change in serum creatinine: 
There were NS changes in serum creatinine after 5 months of a low calorie diet, whereas creatinine significantly increased after 5 months of a usual diet (1.6 mg/dl 
at baseline to 1.8 mg/dl at 5 months, p<0.05) NS between groups. 
 
Change in protein excretion: 
Urinary protein excretion significantly decreased after 5 months of a low calorie diet (2.8 g/24-h at baseline to 1.9 g/24-h at 5 months, -31% reduction, p<0.05). 
There was a NS increase in proteinuria in the usual diet group (3 g/24-h at baseline to 3.5 g/24-h at 5 months, NS). (p<0.05 between groups). 
 
Weight loss was significantly correlated with a decrease in UPE (r=0.62, p<0.01), but not BP or creatinine clearance. 
 
Results were similar when diabetic and nondiabetic people were analysed separately.  
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Assessment of bias: small study N=30 and short follow-up (5 months) No blinding, Cockcroft Gault less accurate to estimate CrCl in obese people.  

Ref ID: 558         
Reference Study 

type/ 
Eviden
ce level

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Hovind P, 
Rossing P, 
Tarnow L et 
al. Smoking 
and 
progression 
of diabetic 
nephropathy 
in type 1 
diabetes. 
Diabetes 
Care. 2003; 
26(3):911-
916. Ref ID: 
558 

Prospe
ctive 
cohort 
 
 2 + 
 
 

N total  = 
301 
 
N smokers 
= 176 
 
N non-
smokers = 
94 
 
N ex-
smokers 
=31 
 
1 centre 
study: 
Steno 
clinic, 
Denmark 

Inclusion: patients with type 1 
diabetes and nephropathy 
(persistent albuminuria > 300 
mg/24-h in at least 2 of 3 
consecutive 24-h urine collections, 
presence of diabetic retinopathy) 
attending the Steno clinic. 
 
Exclusion criteria: other renal 
disease 
 
Population baseline characteristics: 
NS between groups for duration of 
diabetes, retinopathy, albuminuria, 
HbA1C. Ex-smokers (mean 40 
years) were significantly older than 
non-smokers (35 years) or smokers 
(36 years). Smokers had 
significantly lower SBP and DBP 
than non-smokers or ex-smokers. 
Smokers had significantly higher 
GFR (92 ml/min/1.73m2) versus 
non-smokers (86 ml/min/1.73m2) or 
ex-smokers (80 ml/min/1.73m2).  

Smokers  N = 176 
 
Ex-smokers N=31 
 
Procedure: At baseline and 
every 3-4 months, patients 
visited the clinic and had 
BP, blood glucose, HbA1C, 
albuminuria, weight 
measured. Patients 
completed a standardised 
questionnaire to assess 
smoking status: Smokers 
(smoke > 1 cigarette/day 
during any portion of the 
study period), ex-smokers 
(subjects who quit smoking 
before entering the study 
and remained non-smokers 
during the study). GFR was 
measured annually with 
51Cr-EDTA plasma 
clearance. BP was targeted 
to < 140/90 mm Hg with 
antihypertensive therapy 
with predominantly ACEi. 

Non 
smokers 
N = 94 
 
 
Procedur
e: As for 
interventi
on 

Median 7 
years 
(range 3-14 
years) 
 
 

decline in 
GFR 
 
 

Danish 
Diabete
s 
Foundati
on, 
Hansen 
Foundati
on, Per 
S. 
Henriks
en 
Foundati
on 

Effect size 
Median cigarettes was 20/day in the smokers and had been 20/day in ex-smokers.  
 
Effect of Smoking on GFR 
After adjustment for BP, albuminuria, HbA1C and cholesterol, there was NS difference in the rate of GFR decline between non-smokers (mean 4.4 ml/min/year) , ex-
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smokers (mean 3.4 ml/min/year, and smokers (mean 4.0 ml/min/year).  
 
Albuminuria, cholesterol, MAP, and HbA1C were all significant independent predictors of progression.  
Ref ID: 290         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Ibanez L, Morlans 
M, Vidal X et al. 
Case-control study 
of regular analgesic 
and nonsteroidal 
anti-inflammatory 
use and end-stage 
renal disease. 
Kidney International. 
2005; 67(6):2393-
2398. Ref ID: 290 

Case 
control 
 
2+ 
 
Barcelona, 
Spain 

Cases 
with 
ESRD = 
520 
 
Controls 
without 
ESRD = 
982 
 
 
 
 

Inclusion criteria: Cases: all 
patients entering dialysis 
program because of ESRD 
between June 1995 and Nov. 
1997 in all dialysis centers in 
Barcelona, Spain. Controls: 
randomly selected from 
hospital admission lists, 
including acute conditions not 
known to be related with 
NSAID use.  
 
Exclusion criteria: serious 
conditions, physical 
impairment (deafness or 
blindness), mental disability, 
illiteracy,  renal 
transplantation recipients, 
non-residents of Barcelona 
 
Population baseline 
characteristics: 
Median age 64 years (cases) 
and 63 years (controls). 
Cases: glomerulonephritis 
(17%), vascular nephropathy 
(34%), interstitial nephritis 
(13%), diabetic nephropathy 
(11%), cystic kidney disease 
(9%), unknown cause (13%) 

Users of analgesics and 
NSAIDS in Cases with 
ESRD = 122 
 
Users of analgesics and 
NSAIDS in controls = 166 
 
Procedure: Two controls 
were age (within 5 years), 
sex, and hospital matched 
with each case. Trained 
nurses interviewed cases 
and controls about type, 
dose, and duration of 
analgesic use, 
demographics, first diagnosis 
of renal disease, co-morbid 
conditions, smoking, alcohol, 
and caffeine consumption. 
Investigator abstracted 
medical records to classify 
ESRD according to 
underlying cause of renal 
disease. Users were people 
who used any analgesic or 
NSAID daily or every other 
day for 30 days or longer at 
any time before the date of 
the first diagnosis of renal 
disease. Index date 
established by 2 
independent investigators 
blinded to drug use from 
patient and medical record 

Nonusers of 
analgesics 
and NSAIDS 
in Cases with 
ESRD = 398 
 
Nonusers of 
analgesics 
and NSAIDS 
in controls = 
816 
 
 
 
 
 

Not 
applicable 

Risk of 
ESRD 

Dept of 
Health 
and 
Social 
Security 
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information. Index date for 
the controls was the same as 
for the matched cases.  

Effect size 
Odds ratios (OR) adjusted for smoking, hypertension, arteriopathy, diabetes, kidney stones, gout 

Effect of Analgesic and NSAID use on Risk for ESRD: 
Compared with non-users (N=398 cases, N=816 controls), users of analgesics and NSAIDS (N=122 cases, N=166 controls) had NS risk of ESRD [adjusted OR 1.22 
(95% CI 0.89 to 1.66)] 

Sub-analysis: Effect of Aspirin use and Risk for ESRD 
Users of aspirin (N=81 cases, N=94 controls) had a significantly increased risk of ESRD compared with nonusers [adjusted OR 1.56 (95% CI 1.05 to 2.30)]. The 
effect of aspirin was related with the cumulative dose (p trend =0.012) and duration of use (p trend= 0.012). 
 

Sub-analysis: Effect of Pyrazolone use and Risk for ESRD 
Users of pyrazolones (N=34 cases, N=51 controls) had NS risk of ESRD compared with nonusers [adjusted OR 1.03 (95% CI 0.60 to 1.76)] 
 

Sub-analysis: Effect of non-aspirin NSAID use and Risk for ESRD 
Users of non-aspirin NSAIDs (N=37 cases, N=51 controls) had NS risk of ESRD compared with nonusers [adjusted OR 0.94 (95% CI 0.57 to 1.56)] 
 
When the exposure time was increased to 6 months prior to any symptom of renal disease, the OR for ESRD by each drug category was similar. 
  
Smoking and ESRD: 
Smokers (N=320 cases, N=557 controls) had a significantly increased risk of ESRD compared with non-smokers [adjusted OR 1.54 (95% CI 1.14 to 2.07)] 
 
Note: possible recall bias may have caused misclassification of analgesic use. 
Ref ID: 911         
Reference Study 

type/ 
Eviden
ce level

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Orth SR, 
Stockmann 
A, Conradt 
C et al. 
Smoking as 

retrosp
ective  
Case-
control  
 

N pairs  = 102 
 
N  matched 
IgA-GN pairs = 
54 

Inclusion: biopsy-proven IgA-
glomerulonephritis (IgA-GN) or 
ultrasonography-proven 
autosomal dominant polycystic 
kidney disease (ADPKD) 

5-15 pack years (cigarettes) 
N males = 28 males 
 
>15 pack years (cigarettes) 
N males=43 

0-5 pack 
years 
(cigarette
s) N 
males 

N/A 
 
Dropouts: 
17.9% of 
controls 

ESRD 
 

Not 
stated 
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a risk factor 
for end-
stage renal 
failure in 
men with 
primary 
renal 
disease. 
Kidney 
International
. 1998; 
54(3):926-
931. Ref ID: 
911 

 2 + 
 
 

 
N  matched 
ADPKD pairs = 
48 
 
European 
multi-centre 
study: Austria, 
Germany, Italy 

 
Exclusion criteria: systemic 
diseases involving the kidney 
(diabetes, lupus), 
immunosuppressive therapy, 
age at renal failure < 21 years 
 
Population baseline 
characteristics: NS difference 
between case (patients with 
ESRD) and matched controls 
(renal disease; no ESRD) with 
respect to age at renal death of 
cases compared to mean age 
of controls, age at diagnosis of 
renal disease,  overall 
antihypertensive medication 
use,  serum cholesterol, low 
protein diet, lipid lowering 
medication use. Male cases 
and controls were similar with 
respect to DBP, calcium 
channel blocker use. SBP was 
higher in male cases than 
controls (146 vs 139 mm Hg). 
ACE inhibitor use was 
significantly lower in male 
cases than controls (25% vs 
42%). Female cases and 
controls were similar with 
respect to SBP and ACE 
inhibitor use.  

 
Procedure: Medical records 
searched to identify case 
and control patients, and to 
retrieve clinical and 
demographic data.  Case 
patients were defined by 
the presence of ESRD 
(need for chronic 
haemodialysis or kidney 
transplant). Control patients 
were identified by the 
failure to progress to serum 
creatinine value > 3 mg/dl 
during a minimum 
observation period of 1 year 
(with a minimum of 3 
creatinine measurements 
required). Controls did not 
require RRT. Cases and 
controls were matched 
according to type of renal 
disease (AKPKD or IgA-
GN), gender, region of 
residence, and age at renal 
death. Smoking habits were 
assessed with a 
standardised mail 
questionnaire.   

=73 
 
Procedur
e: As for 
interventi
on 

and 12.2% 
of cases 
failed to 
return 
smoking 
questionnai
re 

Effect size 
Analysis was restricted to male cases and matched controls (N=72 pairs), as the female pairs (N=30 pairs) were too few. In females, smoking was NS associated 
with risk of ESRD. 
 
IgA-GN and ADPKD pairs were combined in the analysis as separate analyses showed similar effects of smoking on ESRD 
 
Effect of Smoking on progression to ESRD 
CRUDE analysis: Compared to men who smoked for 0-5 pack-years (N=73 total; N cases=26, N controls=47), men who smoked 5-15 pack years (N=28 total; N 
cases = 17, N controls = 11) had a significantly increased odds of ESRD [unadjusted OR 3.5 (95% CI 1.3 to 9.6), p=0.017]. 
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Compared to men who smoked for 0-5 pack-years (N=73 total; N cases=26, N controls=47) men who smoked >15 pack years (N=43 total; N cases=29, N controls = 
14) had a significantly increased odds of ESRD [unadjusted OR 5.8 (95% CI 2.0 to 17), p=0.001]. 
 
There was significant interaction between the smoking variable and ACE inhibitor use (p=0.026). Patients treated with ACEi (N cases=18, N controls = 30). Patients 
not treated with ACEi (N cases = 54, N controls = 42) 
Compared to men who did not receive ACE inhibitors and smoked for 0-5 pack-years, men who smoked > 5 pack years and did not receive ACEi  had a significantly 
increased odds of ESRD [adjusted OR 10.1 (95% CI 2.3 to 45), p=0.002]. adjusted for SBP 
Compared to men who received ACE inhibitors and smoked for 0-5 pack-years, men who smoked > 5 pack years and received ACEi  had NS risk of ESRD [adjusted 
OR 1.4 (95% CI 0.3 to 7.1), p=0.65]. adjusted for SBP 
 
 
Note: limitations – females were excluded from analysis due to low frequency of smoking in this group, confounding by other variables?,  
Ref ID: 2113         
Reference Study 

type/ 
Eviden
ce level

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Orth SR, 
Schroeder 
T, Ritz E et 
al. Effects of 
smoking on 
renal 
function in 
patients with 
type 1 and 
type 2 
diabetes 
mellitus. 
Nephrol Dial 
Transplant. 
2005; 
20(11):2414-
2419. Ref 
ID: 2113 

Prospe
ctive 
cohort 
 
 2 + 
 
 

N total  = 
185 
 
N smokers 
= 44 
 
N never 
smokers = 
141 
 
1 centre 
study: 
Germany 

Inclusion: patients with type 1 or 2 
diabetes attending the clinic 
 
Exclusion criteria: people with GFR 
< 60 ml/min/1.73m2, ex-smokers 
 
Population baseline characteristics: 
60% had type 1 diabetes. 72% non-
smokers and 86% smokers had 
proteinuria > 0.15 g/d. Smokers 
were significantly younger (47 vs 54 
years), more likely to be male, and 
had a lower GFR than non-smokers 
(95 vs 107 ml/min). NS difference 
between smokers and non-smokers 
with respect to BMI, diabetes type 
1, insulin use, duration of diabetes, 
HbA1c, retinopathy, proteinuria, 
hypertension, SBP, DBP, ACEi use, 
CAD, PVD, stroke.  

Smokers  N = 44 
 
Procedure: At baseline, 
patients had a physical 
exam (BP, anthropometry, 
spot urine test, serum 
creatinine, cholesterol, 
triglycerides), an interview, 
and completed a 
standardised questionnaire 
to assess smoking status.  
GFR was estimated with 
MDRD equation. Patients 
had at least 4 annual 
follow-up visits. Patient 
management was left to GP 
in interim.   

Never 
smokers 
N = 141 
 
Procedur
e: As for 
interventi
on 

Median 5.1 
years 
 
 

20% decline 
in GFR 
 
Change in 
proteinuria  

Not 
stated 

Effect size 
BP at baseline was well controlled for both smokers (135/80 mm Hg) and non-smokers (138/79 mm Hg) and improved during follow-up.  
 
Effect of Smoking on GFR 
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GFR remained stable during follow-up in non-smokers (107 to 106 ml/min) but decreased significantly in smokers (95 to 83 ml/min, p<0.001). 
Smokers had a significantly increased odds of a 20% decline in GFR compared to non-smokers [OR 2.52 (95% CI 1.06 to 5.99), p<0.01]. This relationship persisted 
after adjustment for diabetes type or control, retinopathy, age, BMI, ACEi use, BP, proteinuria (F-ratio=65.9, p<0.0001).  
 
Male gender and diabetes type independently influenced course of renal function in smokers compared to non-smokers.  Male smokers had a significantly increased 
odds of a 20% decline in GFR compared with male non-smokers [OR 5.32 (95% CI 1.49 to 18.9), p<0.05].  Smokers with type 1 diabetes had a significantly 
increased odds of a 20% decline in GFR compared with non-smokers with type 1 diabetes [OR 4.49 (95% CI 1.36 to 14.7), p<0.05]. NS for presence or absence of 
retinopathy, proteinuria, or ACEi use.  
 
Effect of Smoking on Proteinuria 
Proteinuria increased from baseline to the end of the study in smokers (0.36 to 0.44 g/24-h, N=44) and non-smokers (0.47  to 0.54 g/24-h, N=141), but there was NS 
differences between the two groups. 
Ref ID: 149         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Saiki A, 
Nagayama 
D, Ohhira M 
et al. Effect 
of weight 
loss using 
formula diet 
on renal 
function in 
obese 
patients with 
diabetic 
nephropathy
. 
International 
Journal of 
Obesity. 
2005; 
29(9):1115-
1120. Ref 
ID: 149 

Before and 
after 
prospective 
observation
al study 
 
3 
 
Japan 
 
 

N =22 
 
 

Inclusion criteria: 
obese (BMI > 25 kg/m2) 
diabetic people with 
proteinuria (urinary 
albumin > 300 mg/day), 
serum creatinine < 
265.2 micromol/l and 
diabetic retinopathy. 
 
Exclusion criteria:  
Unstable diabetic 
retinopathy, pleural 
effusion, severe leg 
edema 
 
Baseline 
characteristics: Mean 
age 53.6 years, BMI 
30.4 kg/m2, CrCl 0.68 
ml/s/1.73 m2 
 

After low calorie formula diet 
N=22 
 
Procedure: Patients all received a 
daily caloric intake of 25-30 
kcal/kg and 0.8 g/kg protein for at 
least 3 months. Statins, 
antihypertensive agents permitted 
providing they were prescribed for 
more than 2 months prior to study 
and that the doses were 
unchanged. All patients then 
switched to a low calorie diet (740 
or 970 kcal/day or 11-19 kcal/kg) 
for 4 weeks. A formula diet 
providing 170 kcal/pack was 
used. Patients either consumed 
one meal of formula diet and 2 
ordinary meals (total 970 
kcal/day) or 2 formula diet meals 
and 1 ordinary meal (total 740 
kcal/day). Salt intake was 2.79 
g/day (740 kcal diet) or 4.90 
g/day (970 kcal diet)  

Before low 
calorie 
formula diet 
N=22 
 

1 
month 
 

Weight 
 
BMI 
 
Change in 
protein excretion 
 
Change in CrCl 
 
 

Not 
stated 
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Plasma creatinine, CrCl (24-h 
urine collections) physical exam, 
weight, BP, BMI, and clinical 
chemistry tests performed at 
baseline and every week for 4 
weeks. Visceral fat measured 
before and after 4 weeks. 

Effect size 
Body weight: 
Weight significantly decreased after four weeks of a low calorie formula diet (85.2 kg at baseline to 79.0 kg after 4 weeks, p<0.0001) 
 
BMI: 
BMI significantly decreased after four weeks of a low calorie formula diet (30.4 kg/m2 at baseline to 28.2 kg/m2 after 4 weeks, p<0.0001) 
 
BP: 
SBP and DBP each significantly decreased (p<0.05) after four weeks of a low calorie formula diet. 
 
Change in CrCl: 
There was NS change in CrCl after four weeks of a low calorie formula diet (0.68 ml/s/1.73 m2 at baseline to 0.77 after 4 weeks, p NS) 
 
Change in serum creatinine: 
Serum creatinine significantly decreased after 4 weeks of a low calorie-formula diet (172.4 micromol/l at baseline to 130.8 micromol/l after 4 weeks, p<0.0001)  
 
Change in protein excretion: 
Urinary protein significantly decreased after 4 weeks of a low calorie-formula diet (3.27 g/24-h at baseline to 1.50 g/24-h after 4 weeks, p<0.0001)  
 
Weight loss was significantly correlated with a decrease in serum creatinine (r=0.621, p=0.0021) and with a decrease in protein excretion (r=0.487, p=0.0215) 
Decrease in visceral fat was significantly correlated with decreases in serum creatinine (r=0.579, p=0.0475) and with a decrease in protein excretion (r=0.575, 
p=0.0496)  
Changes in BP (SBP or DBP) were NS correlated with changes in creatinine or urinary protein excretion. 
Assessment of bias: small study N=22 and all patients were hospitalised. Before and after study.  
Ref ID: 1319         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Solerte SB. 
Effects of 
diet-therapy 
on urinary 
protein 

Before and 
after 
prospective 
observation
al study 

N =24 
 
 

Inclusion criteria: 
obese type 1 and type 
2 diabetic people with 
overt nephropathy 
(urinary protein 

After low calorie diet N=24 
 
Procedure: Prior to the study, all 
patients received a mean daily 
caloric intake of 1870 kcal/day 

Before low 
calorie diet 
N=24 
 

12 
month
s 
 

BMI 
 
Change in 
protein excretion  
 

Not 
stated 
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excretion 
albuminuria 
and renal 
haemodyna
mic function 
in obese 
diabetic 
patients with 
overt 
nephropathy
. 
International 
Journal of 
Obesity. 
1989;(2):203
-211. Ref ID: 
1319 

 
3 
 
Italy 
 
 

excretion > 500 mg/day 
on six consecutive 
visits), and diabetic 
retinopathy. 
 
Exclusion criteria:  
Unstable diabetic 
retinopathy, pleural 
effusion, severe leg 
edema 
 
Baseline 
characteristics: NS 
different between type 
1 and 2 diabetics, 
therefore results were 
pooled. 
 

(220 kg carbohydrate, 81 g 
protein, 63 g fat).  All patients 
then switched to a low calorie diet 
(1410 kcal/day consisting of 170 
g carbohydrate, 58 g protein, 49 g 
fat) for 12 months. Drugs for 
arterial hypertension were 
discontinued.  
Plasma creatinine, creatinine 
clearance, urinary protein 
excretion rate, urinary albumin 
excretion rate, GFR (99Tcm) 
physical exam, weight, BP, BMI, 
and clinical chemistry tests 
performed at baseline and after 
12 months.  

Change in 
albumin 
excretion 
 
Change in CrCl 
 
Change in GFR 
 
 

Effect size 
 
BMI: 
BMI significantly decreased after 12 months of a low calorie  diet (33.5 kg/m2 at baseline to 26.2 kg/m2 after 12 months, p<0.001) 
 
BP: 
SBP and DBP each significantly decreased (p<0.002) after 12 months of a low calorie diet. 
 
Blood lipids: 
Total cholesterol (p<0.01) and triglycerides (p<0.002)significantly decreased and HDL cholesterol (p< 0.05) significantly increased after 12 months of a low calorie 
diet.  
 
Change in CrCl: 
CrCl significantly increased after 12 months of low calorie diet (80 ml/min/1.73 m2 at baseline to 90 ml/min/1.73 m2 after 12 months, p<0.01) 
 
Change in GFR:  
GFR significantly increased after 12 months of low calorie diet (64 ml/min/1.73 m2 at baseline to 80 ml/min/1.73 m2 after 12 months, p<0.01).  
 
Change in serum creatinine: 
Serum creatinine significantly decreased after 12 months of a low calorie diet (145.2 micromol/l at baseline to 101.2 micromol/l after 12 months, p<0.001)  
 
Change in protein excretion: 
Urinary protein excretion significantly decreased by 51% after 12 months of a low calorie diet, p<0.01.  Reduction was seen in all 24 patients. 5/24 had UPE below 
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overt nephropathy levels after 12 months of low calorie diet. 
 
Change in albumin excretion: 
Urinary albumin excretion significantly decreased by 31% after 12 months of a low calorie diet, p<0.01. 
 
Weight loss was NS correlated with a decrease in UPE or UAE.   
Changes in BP (SBP or DBP ) were NS correlated with decreases in urinary protein excretion or UAE.. 
 
Assessment of bias: small study N=24. Before and after study.  
Ref ID: 4014         
Reference Study 

type/ 
Eviden
ce level

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Pechter U, 
Ots M, 
Mesikepp S 
et al. 
Beneficial 
effects of 
water-based 
exercise in 
patients with 
chronic 
kidney 
disease. 
International 
Journal of 
Rehabilitatio
n Research. 
2003; 
26(2):153-
156. Ref ID: 
4014 

Non-
random
ised 
controll
ed trial 
  
2 - 
 
 

N total  = 
26 
 
N water-
based 
exercise = 
17 
 
N 
sedentary 
control  = 9 
 
1 centre 
study: 
Estonia 

Inclusion: patients with moderate 
CKD 
 
Exclusion criteria:  not stated 
 
Population baseline characteristics: 
NS differences between two groups 
for age, sex, BP, GFR (62 vs 69 
ml/min, exercise vs control), 
cystatin C, peak VO2 

N water-based exercise = 
17 
 
Procedure: At baseline and 
after 12 weeks of 
intervention, patients had a 
physical exam (BP, 
anthropometry, spot urine 
test, serum creatinine, 
cystatin C, triglycerides) 
and underwent a breath-by-
breath bicycle 
cardiopulmonary test.  
Water-based aerobic 
exercise was performed 
twice/week for 30 
minutes/session in a 
swimming pool. The control 
group maintained their 
mostly sedentary lifestyle. 
GFR was estimated with 
Cockcroft Gault  equation.  

N 
sedentar
y control  
= 9 
 
Procedur
e: As for 
interventi
on 

3 months 
 
 

Change in 
GFR 
 
Change in 
cystatin C 
 
Change in 
proteinuria  
 
Cardiorespira
tory 
parameters 
 
Blood lipids 

Not 
stated 

Effect size  
 
Change in GFR 
There were NS changes in GFR from baseline to 12 weeks in people who took aerobic water-based exercise (62.9 ml/min at baseline to 67.1 ml/min at 12 weeks, 
NS), and there were NS changes in GFR in the sedentary control group (69.8 ml/min at baseline to 66.3 ml/min at 12 weeks, NS). 
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Change in cystatin C 
Cystatin C significantly decreased in the exercise group (1.7 mg/l at baseline to 1.4 mg/l at 12 weeks, p<0.05), whereas there were NS changes in cystatin C in the 
sedentary control (1.7 mg/l at baseline to 2.0 mg/l at 12 weeks, NS) 
 
Change in proteinuria  
Proteinuria significantly decreased in the exercise group (0.7 g/g PCR at baseline to 0.4 at 12 weeks, p<0.05), whereas there were NS changes in proteinuria in the 
sedentary control (1.4 mg/l g/g PCR at baseline to 1.5 at 12 weeks, NS) 
 
Cardiorespiratory parameters 
Peak O2 pulse, peak ventilation, and peak load all significantly increased (improved) from baseline to 12 weeks in people who took aerobic water-based exercise 
(p<0.05), where as there were NS changes in these parameters in the sedentary control group. There were NS changes ion either group for peak VO2. 
 
Blood lipids 
There were NS changes in either group for total cholesterol, HDL-cholesterol, LDL-cholesterol, or triglycerides 
 
Note: very small trial, no assessment of power, uneven distribution to each arm, not randomised, no mention of blinding, no mention of loss to follow-up 
Ref ID: 527         
Reference Study 

type/ 
Eviden
ce level

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Perneger 
TV, Whelton 
PK, Puddey 
IB et al. Risk 
of end-stage 
renal 
disease 
associated 
with alcohol 
consumption
. American 
Journal of 
Epidemiolog
y. 1999; 
150(12):127
5-1281. Ref 
ID: 527 

  Case-
control  
 
 2 - 
 
USA 

N cases 
(people with 
new ESRD) 
=716 
 
N controls (age 
matched from 
general 
population) = 
361 
 
 

Inclusion: Cases: people with 
new-onset ESRD requiring 
dialysis diagnosed between 
Jan.-July  1991 identified 
through ESRD registry. 
Controls: general population 
identified by random number 
dialling.  
 
Exclusion criteria: not stated 
 
Population baseline 
characteristics: NS difference 
between case (ESRD) and age 
matched controls (general 
population) with respect to age   
(47 years). 42% of cases were 
female, 65% controls were 
female. 54% of cases were 

N=716 cases  
 
Increasing drinks/month or 
day 
   
Procedure: Age matching 
between cases and 
controls. Participants 
interviewed via telephone 
about alcohol consumption, 
amount, frequency, and 
potential confounders 
(diabetes, hypertension, 
acetaminophen use, 
cigarette smoking, drug 
use, income, education 

N=361 
controls 
 
Abstainer 
Procedur
e: As for 
interventi
on 

N/A 
 
90% of 
controls 
and 95% of 
cases 
completed 
the 
telephone 
interview 

ESRD 
 

Not 
stated 
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black, only 14% of controls 
were black. 
 
 

Effect size 
 
Effect of Alcohol consumption on progression to ESRD 
Univariate analysis: Compared with abstainers (N=246 cases and N=124 controls), people who drank > 2 alcoholic drinks/day and ≤ 4 drinks/day (N=41 cases, N=7 
controls) had a significantly greater odds of ESRD [OR 3.0 (95% CI 1.3 to 6.8)] 
 
Compared with abstainers (N=246 cases and N=124 controls), people who drank > 4 drinks/day (N=61 cases, N=5 controls) had a significantly greater odds of ESRD 
[OR 6.1 (95% CI 2.4 to 15.7)] 
 
After excluding N=68 people who drank moonshine and adjusting for age, sex, race, hypertension, income, diabetes, acetaminophen use, smoking, and opiate use 
(total N=912), people who drank > 2 alcoholic drinks/day had a significantly greater odds of ESRD [OR 4.0 (95% CI 1.2 to 13.0)] than abstainers. 
 
There was NS odds of ESRD for people who drank moderate amounts of alcohol ( < 1 drink/day or 1-2 drinks/day) compared with abstainers (adjusted as above) 
 
 
Note: limitations – The following weren’t addressed in the methodology: The same exclusion criteria are used for both cases and controls, Comparison is made 
between participants and non-participants to establish their similarities or differences. Cases are clearly defined and differentiated from controls. Is it clearly 
established that controls are non-cases? Measures have been taken to prevent knowledge of primary exposure influencing case ascertainment. 
 
 
 
7.2 DIETARY INTERVENTION AND RENAL OUTCOMES 
 
What dietary interventions are associated with improved renal outcomes in adults with CKD? 
 
Ref ID: 1692         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Fouque D, 
Laville M, 
Boissel JP. 
Low protein 
diets for 
chronic 

Systemat
ic review 
and 
meta-
analysis 
 

N=1524; 
8 studies  
in 
nondiabe
tic renal 
disease 

Inclusion: Nondiabetic people with 
moderate to severe CKD estimated by 
creatinine, CrCl, or GFR. Studies had to 
be randomised, controlled in adults. 
Studies had to have a minimum follow-up 
of 1 year. 

Low protein 
diet (LPD:  0.3 
to 0.6 g/kg/day) 
N=763 

Usual (free or 
unrestricted ≥ 
0.8 g/kg/day) 
protein diet 
N=761 

Trials 
lasted at 
least 12 
months 

Renal death 
(death due to 
any cause, 
initiation of 
dialysis, or 
kidney 

None 
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kidney 
disease in 
non diabetic 
adults. 
Cochrane 
Database of 
Systematic 
Reviews. 
2007;(2):CD
001892. Ref 
ID: 1692 

Search 
MEDLIN
E, 
EMBASE 
, 
CENTRA
L from 
1966 to 
Dec. 
2004, 
 
1 + 

populatio
ns 
 
 

 
Exclusion: diabetic populations, children 
with renal failure 
 
5/8 studies included people with Stage 4-
5 CKD 

transplant) 
 
 

Effect size 
The mean difference in protein intake between LPD and unrestricted diets was 0.2 g/kg/day.  
 
Renal death: 
103 renal deaths in LPD and 148 in usual protein diet 
A LPD significantly decreased the risk of renal death compared with an unrestricted protein diet (8 studies, N=1524; RR 0.69 (95% CI 0.56 to 0.86), p=0.0007] in 
nondiabetic CKD populations. There was NS heterogeneity (chi square = 5.72, p=0.57)  
 
Sensitivity analysis 
People with nondiabetic CKD randomised to a LPD (0.6 g/kg/day) had NS risk of renal death compared with people on an unrestricted diet (3 studies, N=1116; RR 
0.76 (95% CI 0.54 to 1.05), p=0.1]. There was NS heterogeneity (chi square = 1.37, p=0.50).  
 
People with nondiabetic CKD randomised to a very LPD (0.3 to 0.6 g/kg/day) had a significantly reduced risk of renal death compared with people on an unrestricted 
diet (5 studies, N=408; RR 0.65 (95% CI 0.49 to 0.86), p=0.002]. There was NS heterogeneity (chi square = 3.91, p=0.42). 4/5 Studies were conducted in people with 
Stage 4-5 CKD.  
 
Note: no quality assessment of each trial was performed, although randomisation method was checked. This meta-analysis combines Stage 3-5 CKD populations. 
Ref ID: 478         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Pedrini MT, 
Levey AS, 
Lau J et al. 
The effect of 
dietary 
protein 
restriction on 

Systemat
ic review 
and 
meta-
analysis 
 
Search 

N=1413; 
5 studies  
in 
nondiabe
tic renal 
disease 
populatio

Inclusion: NONDIABETIC populations 
meta-analysis: studies had to be 
randomised, controlled in adults. Studies 
had to have a minimum follow-up of 1 
year, and include information on the 
number of patients who developed renal 
failure or died. DIABETIC populations 

Low protein 
diet (LPD) 

Usual (free or 
unrestricted) 
protein diet 

Nondiabeti
c renal 
disease: 
mean 18-
36 months 
 
Diabetic 

Nondiabetic 
renal 
disease: 
occurrence of 
death or 
ESRD 
 

Not 
stated 
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the 
progression 
of diabetic 
and 
nondiabetic 
renal 
diseases: a 
meta-
analysis.[se
e comment]. 
Annals of 
Internal 
Medicine. 
1996; 
124(7):627-
632. Ref ID: 
478 

MEDLIN
E, from 
1966 to 
Dec. 
1994, 
reference
s of 
published 
studies/r
eviews 
 
1 + 

ns 
 
N= 108; 
5 studies 
in 
diabetic 
(insulin 
depende
nt 
diabetes, 
type 1) 
renal 
disease 
populatio
ns 

meta-analysis:  studies had to be 
randomised, concurrent control design or 
a nonrandomised cross-over design with 
a minimum follow-up period of 9 months. 
 
Exclusion: not stated 
 
 

(T1D) renal 
disease: 
mean 9 to 
35 months 
 
 

Diabetic 
(T1D) renal 
disease:  
changes in 
GFR or 
creatinine 
clearance (> 
1.2 
ml/min/year 
or 0.1 
ml/min/month
, or urinary 
albumin 
excretion rate 
(increase of > 
10% from 
baseline) 
 
 

Effect size 
 
NONDIABETIC RENAL DISEASE: N=1413; 5 studies; dropout rate ranged from 1.8% to 38.8%.  
The protein intake in the LPD group ranged from 0.4g/kg/day to 0.6g/kg/day. 
Baseline renal function was consistent with moderate CKD. 
Occurrence of death or ESRD 
There was a significant reduction in the occurrence of death or ESRD in people with nondiabetic renal disease on a LPD compared with those on a usual diet (5 
trials; N=1413 RR 0.67, 95% CI 0.50 to 0.89, p=0.007).  There was no significant interstudy heterogeneity (p>0.2).   
 
GFR change: A beneficial effect on GFR change with a LPD was seen in 1 RCT (Ihle et al). A possible beneficial effect on GFR change was seen in the MDRD study 
(Klahr et al).  
 
CrCl decline: 
1 study showed NS differences in CrCl between LPD and usual diet (Williams et al).  
 
Serum creatinine change: 
One study showed NS differences between LPD and usual diet for serum creatinine changes (Locatelli et al), whereas another study (Rosman et al) showed a 
beneficial effect of a LPD for this outcome. 
 
MAP: 
The difference in MAP between the LPD and usual diet group was only – 2.9 mm Hg (95% CI -10.4 to +4.9 mm Hg, NS), thus the beneficial effect of the LPD did not 
appear to be the result of an effect on BP. 
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EC extracted specific data from each trial: 
 
Change in body weight: 
Williams et al. 1991: Body weight decreased in usual diet group (N=32) and LPD group (N=33), but NS differences between groups. 
 
Change in mid-arm circumference 
Williams et al. 1991:  NS differences between usual diet group (N=32) and LPD group (N=33) for changes in mid-arm circumference. 
 
DIABETIC RENAL DISEASE: N=108; 5 studies; dropout rate ranged from 0% to 41%.  
The protein intake in the LPD group ranged from 0.50 g/kg/day to 0.85 g/kg/day. 
Baseline protein excretion was consistent with albuminuria in all studies, except Dullart et al. (microalbuminuria or above normal albumin excretion) 
Only 9/108 patients were on ACEi (N=6 on LPD and N=3 in usual diet) 
 
Changes in GFR or creatinine clearance, or urinary albumin excretion rate  
In people with type 1 diabetic renal disease (N=108; 5 studies) A LPD significantly reduced the risk for a decline in GFR or creatinine clearance or an increase in 
urinary albumin excretion rate [RR 0.56 (95% CI 0.40 to 0.77), p<0.001]. There was no significant interstudy heterogeneity (p>0.2).   
 
MAP: 
The difference in MAP between the LPD and usual diet group was only – 2.6 mm Hg (95% CI -6.1 to +1.0 mm Hg, NS), thus the beneficial effect of the LPD did not 
appear to be the result of an effect on BP.  
 
Glycosylated haemoglobin 
The difference in glycosylated haemoglobin between the LPD and usual diet group was only 0.03%  (95% CI -0.58% to +0.65%, NS), thus the beneficial effect of the 
LPD did not appear to be the result of an effect on glycaemic control. 
 
 
Note: In the nondiabetic renal disease studies, all analysed had GFR < 55 ml/min. Protein intake was significantly lower in the LPD group compared with usual diet, 
but not always achieving the target protein level. Also no analysis of malnutrition the meta-analysis as not all studies reported such data. Authors support a LPD of 
0.6 g/kg/day. 
In the diabetic renal disease studies, there were only 109 people total, so authors feel evidence is less compelling for a LPD. Suggest a LPD in people with diabetic 
renal disease with progressive proteinuria despite good glycaemic control and use of ACEi.  
  
Ref ID: 4050         
Reference Study type/ 

Evidence level 
Number of patients Patient characteristics Intervention Comparison Length of 

follow-up 
Outcome 
measures 

Source  
of  
fundin
g 
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Robertson L, 
Waugh N, 
Robertson 
A. Protein 
restriction 
for diabetic 
renal 
disease. 
Cochrane 
Database of 
Systematic 
Reviews. 
2007; Ref 
ID: 4050 

 

Systematic 
review and meta-
analysis 
 
1 + 
 
Search 
MEDLINE, 
EMBASE, 
Cochrane 
Library, ISI 
Proceedings, 
Science Citation 
Index Expanded, 
bibliographies of 
included studies 
from 1966 to 
Dec. 1994 
 
 

12 studies total (9 
RCTs and 3 before 
and after studies) 
 
N total =585 
 
N Type 1 diabetes 
+ nephropathy = 
322 (8 studies) 
 
N Type 2 diabetes 
+ nephropathy = 
263 (1 study) 
 
2 studies included 
type 1 + type 2 
diabetic 
nephropathy 
populations 
 
 
 

Inclusion: studies had 
to be randomised, 
controlled trials or 
before and after studies 
in adults with type 1 or 
type 2 diabetes and 
nephropathy. Studies 
had to have a minimum 
follow-up of four 
months.  
 
Exclusion: insufficient 
details of the diet, 
intervention given 
immediately pre-
dialysis, flawed design 
or analysis or if 
antihypertensive 
treatment was started 
or increased at the 
same time as the diet 
was changed 

Low protein 
diet (LPD) 
 
(0.3 to 0.8 
g/kg/day 
protein intake) 

Usual (free or 
unrestricted) 
protein diet   
 
(actual protein 
intake 1 to 2 
g/kg/day) 

4.5 months 
to 4 years 

Primary: 
All cause 
mortality 
 
ESRD 
 
GFR 
changes 
 
Secondary: 
Adverse 
events 
(including 
nutritional 
status) 
 
Measures of 
diet 
compliance 
 
Health 
related 
quality of life 
 

Not 
stated 

Effect size 
ESRD or death 
ESRD or death occurred in 27% of people with type I diabetes and nephropathy randomised to usual diet compared with 10% of people randomised to LPD (1 study, 
N=82, p=0.04). The risk of ESRD or death was significantly lower in people with type I diabetes and nephropathy randomised to LPD compared with usual diet [RR 
0.23 (95% CI 0.07 to 0.72, p=0.01 after adjustment for baseline CVD]. 
 
Change in GFR 
In people with type 1 diabetes and nephropathy, there was NS improvement in GFR in those randomised to a LPD compared with usual diet [7 RCTs, N=222, change 
in GFR WMD +0.14 ml/min/month (95% CI -0.06 to +0.34)] . There was significant heterogeneity (I2=62%, p=0.01).  
 
In people with type 2 diabetes and nephropathy, there was a NS improvement in GFR in the LPD group (-0.4 ml/min/month) compared with the usual diet (-0.3 
ml/min/month; 1 RCT, N=160). 
Another RCT in people with type 2 diabetes and nephropathy (N=37) showed a similar decline in GFR in the LPD (-0.51 ml/min/month) compared with the usual diet 
(-0.52 ml/min/month) group.  
 
In an RCT in which type 1 and type 2 diabetic people with nephropathy were analysed as a single population (N=80), there was NS differences in GFR decline 
between those randomised to LPD ( -0.48 ml/min/month) compared with a usual (-0.50 ml/min/month) diet. 
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Quality of Life: 
No study assessed this outcome. 
 
Compliance: 
The intended protein intake in the LPD group ranged from 0.3 to 0.8 g/kg/day, however compliance was low as the actual protein intake ranged from 0.6 to 1.1 
g/kg/day 
 
Adverse Effects: Nutritional Status 
9 studies assessed nutritional status, but only 1 study found evidence of malnutrition (definition not provided) as serum pre-albumin and serum albumin significantly 
decreased in the LPD group.  
 
EC extracted specific data from each trial: 
 
Change in body weight: 
Meloni et al. 2004: NS change in body weight in people with diabetic nephropathy on usual diet (N=40), whereas body weight significantly decreased after 12 months 
of a LPD (N=40; 65.7 kg at baseline to 61.4 kg after 12 months, p<0.01) 
 
Hansen et al. 2002: NS differences between LPD group (N=41) and usual diet (N=41) for body weight changes (data not shown) in people with type 1 diabetes and 
nephropathy. 
 
Dullart et al. 1993: Body weight significantly increased from baseline to 24 months on the usual diet (N= 16), whereas there were NS changes in body weight in the 
low protein diet (N=14) in people with type 1 diabetes and AER 10-200 g/min 
 
Change in BMI: 
Meloni et al. 2004: NS change in BMI in people with diabetic nephropathy on usual diet (N=40), whereas BMI significantly decreased after 12 months of a LPD 
(N=40; 26.8 kg/m2 at baseline to 24.2 kg/m2 after 12 months, p<0.05) 
 
Changes in serum albumin: 
Meloni et al. 2004: NS change in serum albumin or serum prealbumin in people with diabetic nephropathy on usual diet (N=40) or on LPD (N=40). NO signs of 
malnutrition. 
 
Hansen et al. 2002: NS differences between LPD group (N=41) and usual diet (N=41) for changes in serum albumin (data not shown) in people with type 1 diabetes 
and nephropathy.  
 
Dullart et al. 1993: NS changes in serum albumin in either the usual diet (N=16) or LPD groups (N=14) in people with type 1 diabetes and AER 10-200 g/min. 
 
Raal et al. 1994: NS changes in serum albumin in either the LPD group (N=11) or the usual diet group (N=11) after 6 months of the diet treatment in people with type 
1 diabetes and nephropathy.  
 
Changes in mid-arm circumference: 



 

        Page 215 of 377  

Hansen et al. 2002: NS differences between LPD group (N=41) and usual diet (N=41) for changes in mid arm circumference  (data not shown) in people with type 1 
diabetes and nephropathy. 
 
Note: authors note that compliance to LPD is poor, and review does not establish what level of LPD should be advised, if at all, as evidence is not very compelling. 
Authors state that LPD could delay dialysis by 1 to 2 months if compliance is high.  
  
 
 

CHAPTER 8-CKD GUIDELINE 
CONTENTS: 
 
8.1. BLOOD PRESSURE CONTROL IN PEOPLE WITH CKD 
 
8.2. CHOICE OF ANTI-HYPERTENSIVE AGENTS FOR BLOOD PRESSURE CONTROL IN PEOPLE WITH CKD 
 
8.3. PRACTICALITIES OF TREATMENT WITH ACEI/ARBS IN PEOPLE WITH CKD 
 
8.4. CONSIDERATIONS OF AGE IN PRESCRIPTION OF ACEI/ARB THERAPY 
 
8.5. THE ROLE OF ALDOSTERONE ANTAGONISM IN PEOPLE WITH CKD 
 
 
8.1. BLOOD PRESSURE CONTROL IN PEOPLE WITH CKD 
 
In adults with proteinuric/nonproteinuric CKD, what are the optimal blood pressure ranges for slowing kidney disease progression, and for reducing 
cardiovascular disease risk and mortality?  
Ref ID: 211         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Jafar TH, 
Stark PC, 
Schmid CH 
et al. 
Progression 
of chronic 
kidney 

Meta-
analysis  
 
Search 
MEDLIN
E from 
1977 to 

11 RCT 
(N=1860) 
 
 

Inclusions: AIPRD Study Group 
database: RCTs of at least 1 
year follow-up in patients with 
nondiabetic kidney disease, in 
which ACE inhibitors are 
compared to other 
antihypertensive regimens.   

Follow-up SBP < 110 mm 
Hg (N*=253) 
 
Follow-up SBP 120-129 
mm Hg (N*=959) 
 
Follow-up SBP 130-139  

Follow-up SBP 
110-119 mm 
Hg (N*=548) 

2.2 years. Primary 
Outcome: 
doubling of 
serum 
creatinine or 
initiation of 
dialysis 

Not 
stated 
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disease: the 
role of blood 
pressure 
control, 
proteinuria, 
and 
angiotensin-
converting 
enzyme 
inhibition: a 
patient-level 
meta-
analysis.[se
e comment]. 
Annals of 
Internal 
Medicine. 
2003; 
139(4):244-
252. 

1999 
 
1 + 

 
Exclusion: acute kidney failure, 
immunosuppressive drug use, 
congestive heart failure, 
obstructive uropathy, renal 
artery stenosis, active systemic 
disease, diabetes, 
transplantation, allergy to ACE 
inhibitors, pregnancy 

mm Hg (N*=1220) 
 
Follow-up SBP 140-159 
mm Hg (N*=1501) 
 
Follow-up SBP >160 mm 
Hg (N*=1088) 
 
*Number of patients with 
even a single SBP in the 
corresponding range 
 
Procedure: 
Patients randomised to 
ACE inhibitors or other 
antihypertensive 
treatments to achieve 
goal BP of < 140/90 mm 
Hg. 
 
Justification for pooling 
placebo-controlled trials 
and active-drug controlled 
trials is based on the 
presence of pre-existing 
hypertension and the use 
of antihypertensive 
agents in most patients in 
the control groups to 
achieve a BP goal < 
140/90 mm Hg 

 
 
 

Effect size 
Primary Outcome: Kidney Disease Progression (doubling of serum creatinine or initiation of dialysis) 
Multivariate analysis: baseline and achieved SBP were significantly associated with kidney disease progression (p<0.001 for both). Baseline DBP (p=0.006) and 
achieved DBP (p=0.007) also significantly associated with kidney disease progression. Baseline and achieved urinary protein excretion also significantly associated 
with kidney disease progression (p<0.001, for both). 
 
A.  Reference SBP 110-119 mm Hg 
People with nondiabetic kidney disease with SBP < 110 mm Hg (N=253) had a significantly increased risk of kidney disease progression compared to people in the 
reference range 110-119 mm Hg (N=548)  [RR 2.48 (95% CI 1.07 to 5.77)] 
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People with nondiabetic kidney disease with SBP 120-129 mm Hg (N=959) had NS  risk of kidney disease progression compared to people in the reference range 
110-119 mm Hg (N=548). 
 
People with nondiabetic kidney disease with SBP 130-139 mm Hg (N=1220) had NS  risk of kidney disease progression compared to people in the reference range 
110-119 mm Hg (N=548)   [RR 1.83 (95% CI 0.97 to 3.44)]. 
 
People with nondiabetic kidney disease with SBP 140-159 mm Hg (N=1501) had an increased risk of kidney disease progression compared to people in the 
reference range 110-119 mm Hg (N=548)   [RR 2.08 (95% CI 1.13 to 3.86)]. 
 
People with nondiabetic kidney disease with SBP ≥ 160 mm Hg (N=1088) had an increased risk of kidney disease progression compared to people in the reference 
range 110-119 mm Hg (N=548)   [RR 3.14 (95% CI 1.64 to 5.99)]. 
 
Authors state that the lowest risk of kidney progression was at SBP 110-129 mm Hg. SBP of 130 mm Hg or more were associated with a steep increase in risk.  Note 
that risk is NS at 130-139 mm Hg. 
 
B. Reference urine protein excretion < 0.5 d/day 
 
People with nondiabetic kidney disease and urine protein excretion of 0.5 to 1.9 g/day (N=1863) had NS  risk of kidney disease progression compared to people in 
the reference range urine protein excretion < 0.5 d/day (N=1022). 
 
People with nondiabetic kidney disease and urine protein excretion of 2.0 to 2.9 g/day (N=629) had a significantly increased risk of kidney disease progression 
compared to people in the reference range urine protein excretion < 0.5 d/day (N=1022) [RR 1.67 (95% CI (1.09 -2.54)]. 
 
People with nondiabetic kidney disease and urine protein excretion of 3.0 to 3.9 g/day (N=423) had a significantly increased risk of kidney disease progression 
compared to people in the reference range urine protein excretion < 0.5 d/day (N=1022) [RR 2.25 (95% CI (1.43 -3.53)]. 
 
People with nondiabetic kidney disease and urine protein excretion of 4.0 to 4.9 g/day (N=320) had a significantly increased risk of kidney disease progression 
compared to people in the reference range urine protein excretion < 0.5 d/day (N=1022) [RR 3.43 (95% CI (2.09 -5.64)]. 
 
People with nondiabetic kidney disease and urine protein excretion of 5.0 to 5.9 g/day (N=194) had a significantly increased risk of kidney disease progression 
compared to people in the reference range urine protein excretion < 0.5 d/day (N=1022) [RR 3.41 (95% CI (1.91 -6.06)]. 
 
People with nondiabetic kidney disease and urine protein excretion of ≥ 6.0 g/day (N=234) had a significantly increased risk of kidney disease progression compared 
to people in the reference range urine protein excretion < 0.5 d/day (N=1022) [RR 4.77 (95% CI (2.92 -7.81)]. 
 

C. Protein excretion and SBP (reference 110 -119 mm Hg) 
 
For people with urine protein excretion < 1g/day, there was NS risk for renal disease progression at any level of blood pressure (The risk increased, but NS, at > 160 
mm Hg or < 110 mm Hg). 
 
For people with urine protein excretion ≥ 1 g/day, there was NS risk for renal disease progression when SBP was 120-129 mm Hg [RR 2.0, NS].  
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For people with urine protein excretion ≥ 1 g/day, there was a significantly increased risk for renal disease progression when SBP was 130-139 mm Hg [RR 4.5, no CI 
given) 
 
For people with urine protein excretion ≥ 1 g/day, there was a significantly increased risk for renal disease progression when SBP was 140-159 mm Hg [RR 5.5, no CI 
given) 
 
For people with urine protein excretion ≥ 1 g/day, there was a significantly increased risk for renal disease progression when SBP was > 160 mm Hg [RR 8.5, no CI 
given). 
 
D.  Assignment to ACE inhibitors significantly decreases kidney disease progression [RR 0.67 (95% CI 0.53 to 0.84)]. 
 
Authors recommend a SBP target of 110-129 in people with urine protein excretion of > 1g/day.  SBP < 110 mm Hg is associated with increased risk of 
kidney disease progression. 
Ref ID: 3667         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Klahr S, 
Levey AS, 
Beck GJ et 
al. The 
Effects of 
Dietary 
Protein 
Restriction 
and Blood-
Pressure 
Control on 
the 
Progression 
of Chronic 
Renal 
Disease. 
The New 
England 
Journal of 
Medicine. 
1994; 
330(13):877-

RCT 
 
1 + 
 
15 US 
nephrolo
gy 
practices  
 
All 
analyses 
were ITT. 

Total N 
=840 
 
Study 1 
N= 585 
 
Study 2 
N= 255 

Inclusions: Study 1: age 18 
to 70 years, serum 
creatinine 1.2 to 7.0 mg/dl 
(women) or 1.4 to 7.0 mg/dl 
(men) or a creatinine 
clearance < 70 dietary 
ml/min per 1.73 m2  , MAP < 
125 mm Hg (normotensive 
people were included) 
 
Study 1: GFR 25 to 55 
ml/min per 1.73 m2, dietary 
protein intake ≥ 0.9 g/kg, 
MAP < 125 mm Hg 
 
Study 2: GFR 13 to 24 
ml/min per 1.73 m2, MAP < 
125 mm Hg 
 
Exclusion:  pregnancy, 
body weight under 80% or 
over 160% standard body 

Low mean arterial pressure 
(MAP ≤ 92 mm Hg for people 
18-60 y or ≤ 98 mm Hg for 
people 61 and older)  
 
equivalent to 125/75 mm Hg 
 
 
Study 1 (GFR 25 to 55 ml/min 
per 1.73 m2 ) N= 300 
 
Study 2 (GFR 13 to 24 ml/min 
per 1.73 m2 ) N= 132 
 
Protocol:  In study 1 and 2, 
patients were randomised to 
usual BP or to a lower mean 
arterial pressure goal. In 
study 1, patients were also 
randomised to a usual protein 
diet (1.3 g protein and 16-20 
mg phosphorus/kg per day) 

Usual mean 
arterial 
pressure (≤ 107 
mm Hg for 
people 18-60 y 
or ≤ 113 mm 
Hg for people o 
61 and older)  
 
equivalent to 
140/90 mm Hg 
 
Study 1 N= 285 
 
Study 2 N= 123 
 
 
Protocol: as for 
intervention 

2.2 years 
(mean) 
 
1.9% 
dropout 
Study 1  
1.2% 
dropout 
Study 2 

Rate of 
change of 
GFR (slope) 
 
Composite 
outcome: 
ESRD or 
death 
 
 
 

National 
Institute 
of 
Diabete
s and 
Digestiv
e and 
Kidney 
Disease
s, 
Health 
Care 
Financin
g 
Administ
ration 
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884. weight, diabetes requiring 
insulin, urinary protein 
excretion > 10 g/d, history 
of renal transplant or 
chronic conditions. 
 
Baseline population 
characteristics: In either 
Study 1 or Study 2, there 
was NS difference at 
baseline between people 
assigned to usual MAP or 
low MAP for GFR, 
creatinine clearance, serum 
creatinine, SBP, DBP, age 
(52 yr)  
 
Study 1: baseline GFR was 
38.6 ml/min per 1.73 m2   
 
Study 2: baseline GFR was 
18.5 ml/min per 1.73 m2   

or a low protein diet (0.58 g 
protein and 5-10 mg 
phosphorus/kg each day).  In 
Study 2, in addition to BP 
randomisation, patients were 
also randomised to a low 
protein diet or a very low 
protein diet   (0.28 g protein 
and 4-9 mg phosphorus/kg 
each day supplemented by a 
keto acid-amino acid mix of 
0.28 g/kg per day)  
 
The BP targets were reached 
using ACE inhibitor with or 
without a diuretic, and CCB 
and other medications were 
added as needed.  
 
Protein intake was assessed 
monthly by 24-h urinary 
excretion of urea nitrogen and 
by dietary records. BP, 
creatinine clearance, urinary 
protein excretion measured at 
baseline and every month 
thereafter.  GFR was 
assessed by renal clearance 
of 125I-iothalamate at 
baseline, at 2 months, at 4 
months, and every 4 months 
thereafter. 

Effect size 
There were NS interactions between the BP and dietary interventions.  Thus, BP effects were pooled in the low and usual protein diet (Study 1) or the low and very 
low protein diet (Study 2). 
 
At follow-up in Study 1 and Study 2, the mean blood pressure difference between the low and usual MAP groups was 4.7 mm Hg (p<0.001)  
 
Low (≤ 92 mm Hg) vs Usual (≤ 107 mm Hg) MAP 
 
Decline in GFR 
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In study 1 (N=585, GFR 25 to 55 ml/min per 1.73 m2 ) the mean GFR decline was significantly faster in the low MAP group than the usual MAP group in the first 4 
months following randomisation (3.4 ml/min per 4 months compared to 1.9 ml/min per 4 months, p =0.01).   
 
However, there was no significant difference in GFR decline between low and usual MAP from baseline to 3 years of follow-up. The mean decline was 1.6 ml/min less 
in the low pressure group (p=0.18) 
 
Similarly, in Study 2 (N=255, GFR 13 to 24 ml/min per 1.73 m2 ), there was NS difference in GFR decline between people randomised to low versus usual MAP. The 
mean decline was 0.5 ml/min per year less in the low pressure group (p=0.28) 
 
STUDY 1 (GFR 25 to 55 ml/min per 1.73 m2): There was an effect of baseline urinary protein excretion and BP control on GFR decline.   
In subgroup analysis of people with baseline urinary protein < 1g/day (N=420), was there NS difference in GFR decline between low and usual MAP after 3 years. 
 
In subgroup analysis of people with baseline urinary protein excretion 1 to <3 g/day (N=104), there was a moderate benefit of low MAP (GFR decline 4.5 ml/min/year) 
on declining GFR compared with usual MAP (GFR decline 6 ml/min/year) (no p value given).   
 
In subgroup analysis of people with baseline urinary protein excretion > 3 g/day (N=54), there was a large benefit of low MAP (GFR decline 7 ml/min/year) on 
declining GFR compared with usual MAP (GFR decline 10.5 ml/min/year) (no p value given). 
 
STUDY 2 (GFR 13 to 24 ml/min per 1.73 m2): There was an effect of baseline urinary protein excretion and BP control on GFR decline.   
In subgroup analysis of people with baseline urinary protein < 1g/day (N=136), was there NS difference in GFR decline between low and usual MAP after 3 years. 
 
In subgroup analysis of people with baseline urinary protein excretion 1 to <3 g/day (N=63), there was NS difference in GFR decline between low and usual MAP 
after 3 years 
 
In subgroup analysis of people with baseline urinary protein excretion > 3 g/day (N=32), there was a benefit of low MAP (GFR decline 5.5 ml/min/year) on declining 
GFR compared with usual MAP (GFR decline 8 ml/min/year) (no p value given). 
 
In subgroup analysis of black and white people, black patients (N=53) had a significantly greater GFR decline (19 ml/min over 3 years) compared with white people 
(N=525, 11 ml/min over 3 years) (p=0.02).  There was NS difference between low and usual MAP for projected GFR decline in the black patient population.  
 
In subgroup analysis of types of renal disease, people with polycystic kidney disease had a faster decline in GFR than people with other renal diseases (17 versus 10 
ml/min over 3 years, p<0.001). There was no benefit to assignment to low MAP in people with PKD. 
   
Composite outcome: ESRD or death 
Study 2: There was NS difference between low or usual MAP for the risk of death or ESRD. 
There was NS difference between low or usual MAP for the number of deaths or stopping points (rapidly declining GFR, progression to ESRD) in either study. 
 
Note: GFR decline was slow and the study would need a longer follow-up to detect differences between treatment arms. Patients with high baseline proteinuria (> 
1g/d) benefit from low BP 
Ref ID: 86         
Reference Study Number Patient characteristics Intervention Comparison Length of Outcome Source  
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type/ 
Evidence 
level 

of 
patients 

follow-up measures of  
fundin
g 

Ruggenenti 
P, Perna A, 
Loriga G et 
al. Blood-
pressure 
control for 
renoprotecti
on in 
patients with 
non-diabetic 
chronic renal 
disease 
(REIN-2): 
multicentre, 
randomised 
controlled 
trial. Lancet. 
2005; 
365(9463):9
39-946. 

RCT 
Open 
label 
1 + 
 
Multicent
re study 
Italy 
 
All 
analyses 
were ITT. 

N = 338 
 
 

Inclusions: REIN-2 trial 
(Ramipril Efficacy in 
Nephrology) - people age 
18 to 70 years with non-
diabetic nephropathy and 
persistent proteinuria 
(urinary protein excretion > 
1 g/24-h for at least 3 
months)  
 who had not received ACE 
for at least 6 weeks prior to 
inclusion. Patients with 
proteinuria 1 to 3 g/24-h 
were included if their 
creatinine clearance < 45 
ml/min per 1.73 m2. 
Patients with proteinuria ≥ 3 
g/24-h were included if their 
creatinine clearance < 70 
ml/min per 1.73 m2.  
 
Exclusion:  use of 
NSAIDs/immunosuppressiv
e drugs/corticosteroids, 
acute MI or cerebrovascular 
accident in previous 6 
months, severe 
uncontrolled hypertension, 
renovascular disease, 
obstructive uropathy, 
diabetes, collagen disease, 
cancer, chronic cough, 
drug/alcohol abuse, 
pregnancy, poor 
tolerance/allergy to ACE 
inhibitors or dihydropyridine 
calcium channel blockers  
 

Intensive BP control (SBP < 
130 mm Hg, DBP < 80 mm 
Hg) 
 
N= 167 
 
Protocol: 6 week washout 
from ACE, ARB, and 
dihydropyridine calcium 
channel blockers. Baseline 
BP, creatinine clearance, 24-
h urinary protein excretion 
measured. 6 week ramipril 
run-in (2.5 -5.0 mg/d). 
Repeated baseline 
measurements. 
Randomisation to 
conventional BP control (DBP 
< 90 mm Hg, irrespective of 
SBP) or intensive BP control 
(SBP < 130 mm Hg, DBP < 
80 mm Hg). Intensive BP 
control to be achieved with 
addition of felodipine (5-10 
mg/d). Other antihypertensive 
drugs (not ACE, ARB, or 
CCB) added if BP target was 
not reached.  
 
BP measured at 1, 2 weeks, 
and 3 months post-
randomisation, and every 3 
months thereafter. GFR was 
assessed by renal clearance 
of iohexol at baseline and at 3 
and 6 months. 

Conventional 
BP control 
(DBP < 90 mm 
Hg, irrespective 
of SBP) 
 
N=168 
 
Protocol: as for 
intervention 

3 years 
 
(median 
follow-up 
19 months) 

Primary 
outcome: 
ESRD 
 
Rate of 
decline of 
GFR  
 
Proteinuria 
 
All-cause 
mortality 
 
Non-fatal 
serious 
adverse 
events 
 
 

Mario 
Negri 
Institute 
for 
Pharma
cological 
Researc
h.  
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Baseline population 
characteristics: 
NS differences at baseline 
between those randomised 
to intensive or conventional 
BP control for age, gender, 
GFR, creatinine clearance, 
urinary protein excretion, 
SBP, DBP, MAP, serum K+ 

Effect size 
 
Intense vs Conventional BP 
During follow-up, mean SBP was 129.6 ± 10.9 mm Hg and mean DBP was 79.5 ± 5.3 mm Hg in the intensive BP group. Mean SBP was 133.7 ± 12.6 mm Hg and 
mean DBP was 82.3  ±  7.1 mm Hg in the conventional BP group.  A mean separation of 3.0 mm Hg in SBP was maintained throughout the study. 
 
Primary Outcome: ESRD 
There was NS difference in the risk of ESRD between intensive (23% progressed to ESRD) vs conventional (20% progressed to ESRD) BP control.  
 
In subgroup analysis of people with baseline proteinuria ≥ 3 g/24-h, there was NS difference in the risk of ESRD for intensive (N=58) versus conventional (N=62) BP 
control. 
 
In subgroup analysis of people with baseline proteinuria 1 to 3 g/24-h, there was NS difference in the risk of ESRD for intensive (N=109) versus conventional (N=106) 
BP 
 
Change in GFR 
There was NS difference in median GFR decline between those with intensive (N=93) BP control compared to those with conventional (N=80) BP control.   
 
Urinary protein excretion 
There was NS difference in urinary protein excretion between those with intensive (N=167) BP control compared to those with conventional (N=168) BP control.   
 
All-cause mortality 
2 deaths (1 MI, 1 unknown cause) in intensive BP control compared to 3 deaths (1 MI, 1 stroke, 1 cancer) in conventional BP control group. This study may be 
underpowered for statistical analysis for this outcome. 
 
Non-fatal serious adverse events 
37 nonfatal SAE arose in the intense BP control group compared with 25 nonfatal SAE in the conventional BP group. This study may be underpowered for statistical 
analysis for this outcome. 
Ref ID: 204         
Reference Study 

type/ 
Evidence 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
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level g 
Wright JT, 
Jr., Bakris 
G, Greene T 
et al. Effect 
of blood 
pressure 
lowering and 
antihyperten
sive drug 
class on 
progression 
of 
hypertensive 
kidney 
disease: 
results from 
the AASK 
trial. JAMA. 
2002; 
288(19):242
1-2431. 

RCT 
Double 
blind  
1 + 
 
Multicent
re study 
(21 
centres)  
US 
 
All 
analyses 
were ITT. 

N =1094 Inclusions: AASK Trial: 
African Americans age 18 
to 70 years with 
hypertensive renal disease 
(GFR, 20-65 ml/min per 
1.73 m2) 
 
Exclusion:  diastolic BP < 
95 mm Hg, known history of 
diabetes, urinary 
protein:creatinine ratio > 
2.5, accelerated or 
malignant hypertension 
within 6 months, secondary 
hypertension, evidence of 
non-BP-related cause of 
kidney disease, serious 
systemic illness, congestive 
heart disease, specific 
indication of 
contraindication to study 
drugs 
 
Baseline population 
characteristics: There was 
NS difference at baseline 
between people assigned 
to usual or low MAP for 
age, DBP, SBP, MAP, 
GFR, ACE inhibitor use, or 
urine protein:creatinine 
ratio. 
 
 

Low mean arterial pressure (≤ 
92 mm Hg) 
 
N=540 
 
Protocol: 3x2 factorial design: 
Patients were randomised 
equally to usual BP (arterial 
pressure goal of 102 to 107 
mm Hg) or to a lower mean 
arterial pressure goal (92 mm 
Hg or lower).  Patients were 
also randomised to treatment 
with 50 to 200 mg/d 
metoprolol, 5 to 10 mg/d 
amlodipine, or 2.5 to 10 mg/d 
ramipril.  If BP target was not 
reached, open-label 
hypertensives (furosemide, 
doxazosin, clonidine, 
hydrazine, or minoxidil) were 
added sequentially. 
 
3 BP readings taken at each 
clinic visit. GFR was 
assessed by renal clearance 
of 125I-iothalamate at 
baseline, then at 3, 6, and 
every 6 months afterwards. 
Serum and urine creatinine 
measured in a central lab 
every 6 months. 

Usual mean 
arterial 
pressure (102 
to 107 mm Hg) 
 
N= 554 
 
Protocol: as for 
intervention 

4 years Rate of 
change of 
GFR (slope) 
 
Composite 
outcome: 
reduction in 
GFR by 50% 
or more ( >25 
ml/min per 
1.73 m2) or 
ESRD or 
death 
 
Proteinuria 
 
All-cause 
mortality 
 
Cardiovascul
ar mortality 
 
Cardiovascul
ar event 
(composite of 
cardiovascula
r mortality or 
first 
cardiovascula
r 
hospitalisatio
n) 
 
Hyperkalaemi
a 
 
Angiodema 
 
Shortness of 
breath 

National 
Institute 
of 
Diabete
s and 
Digestiv
e and 
Kidney 
Disease
s, 
General 
Clinical 
Researc
h 
Center, 
NIH 
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Syncope 
 
Dizziness 
Light-
headedness 
 
Edema 
 
Cough 
 
Sexual 
dysfunction 

Effect size 
In those randomised to lower MAP, the mean arterial pressure was 95 ± 8 mm Hg (or 128/78 mm Hg). In those randomised to usual MAP, the mean arterial 
pressure was 104  ±  7 mm Hg (or 141/85 mm Hg).  A mean separation of 10 mm Hg in MAP was maintained throughout follow-up.  
 
Low (≤ 92 mm Hg) vs Usual (102 to 107 mm Hg) MAP 
 
Change in GFR 
The mean GFR decline was significantly faster in the low  MAP group than the usual MAP group in the first 3 months following randomisation (-1.82  ml/min per 1.73 
m2, p < 0.001).  However, there was no significant difference in GFR decline between low and usual MAP within 6 months of randomization or after 4 years followup. 
 
In subgroup analysis of people with baseline protein:creatinine ratio ≤ 0.22 (0.22 corresponds to 300 mg/d), NS difference in GFR decline between low (N=359)  and 
usual MAP (N=378). 
 
In subgroup analysis of people with baseline protein:creatinine ratio > 0.22, there was NS difference in GFR decline between low (N=181)  and usual MAP (N=176).  
 
Composite outcome: reduction in GFR by 50% or more ( >25 ml/min per 1.73 m2) or ESRD or death 
There was no significant difference between low or usual MAP in risk reduction for the composite outcome. 
There was no significant difference between low or usual MAP in risk reduction for: 

o ESRD alone 
o ESRD or death 
o GFR event or ESRD. 

 
Proteinuria 
Proteinuria was significantly decreased by 17% in the low MAP group, whereas proteinuria increased by 7% in the usual MAP group (p<0.001). 

 
All-cause mortality 
There was no significant difference between low and usual MAP.  
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Cardiovascular mortality 
There was no significant difference between low and usual MAP. 
 
Cardiovascular event 
There was no significant difference between low and usual MAP. 
 
Cough 
The proportion of patients reporting cough was significantly higher in those with low MAP than usual MAP (54.6% vs. 47.0 %, p<0.05) 
 
There was no significant difference between low and usual MAP for hyperkalaemia, angiodema, shortness of breath, syncope, dizziness, light-headedness, edema, 
or sexual dysfunction. 
Ref ID: 216         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Bakris GL, 
Weir MR, 
Shanifar S 
et al. Effects 
of blood 
pressure 
level on 
progression 
of diabetic 
nephropathy
: results 
from the 
RENAAL 
study.[see 
comment]. 
Archives of 
Internal 
Medicine. 
2003; 
163(13):155
5-1565 

Post-hoc 
of double 
blind 
RCT 
 
2+ 
 
Reductio
n of 
Endponts 
in 
NIDDM 
with the 
Angioten
sin II 
Antatgoni
st 
Losartan- 
RENAAL
) 
 
Multinatio
nal trial 

N=1513 Inclusion: RENAAL Study: 
Type 2 diabetes with 
nephropathy (presence on 2 
occasions of urinary 
albumin:creatinine ratio of at 
least 300 mg/g (800 mg/day), 
serum creatinine between 1.3 
and 3.0 mg/dl, with a lower 
limit of 1.5 mg/dl for male 
participants weighing more 
than 60 kg 
 
Exclusion: none stated  
 
Baseline population 
characteristics: 
There was NS difference 
between BP in the losartan or 
placebo group.  Baseline BP 
was 152/82 mm Hg in the 
losartan group and 153/82 
mm Hg in the placebo group. 
75% of the participants had 
Stage 3 or 4 CKD. 

SBP 130-139 mm Hg 
(N=209) 
 
SBP 140-159 mm Hg 
(N=610) 
 
 
SBP 160-179 mm Hg 
(N=373) 
 
 
SBP ≥ 180 mm Hg (N=152) 
 
Protocol: Patients were 
stratified by baseline 
proteinuria (< 2000 mg/g or 
≥ 2000 mg/g) and then 
randomised to receive 
losartan potassium (N=751; 
50 mg/d) or placebo 
(N=762; usual care). BP 
target was < 140/90 mm 
Hg. To achieve target BP 
study drugs were up-
titrated, followed by 

SBP < 130 mm 
Hg (N=169) 
 
 
Protocol: as for 
intervention 

Median 
follow-up 
3.4 yrs 

Primary 
endpoint: 
time to 
doubling of 
serum 
creatinine, 
ESRD, or 
death 
 
ESRD or 
death 
 
ESRD alone 
 
 
 

Not 
stated 
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additional open-label 
antihypertensive therapy. 
SBP and DBP were  
determined at baseline and 
throughout study   

Effect size 
Hazard ratios are set as the lowest category of SBP.  
 
Primary endpoint: time to doubling of serum creatinine, ESRD, or death 
BASELINE DBP 
There was NS increase in risk for the primary endpoint at any level of baseline DBP.  
 
LAST DBP Prior to Endpoint (Achieved DBP) 
 
There was NS increase in risk for the primary endpoint at achieved DBP 70-89 mm Hg.  
 
Achieved DBP of 90-99 mm Hg (N=152) were associated with a significantly higher risk of reaching the combined renal endpoint compared to achieved DBP < 70 
mm Hg (N=365). [HR 1.72 (95% CI 1.32 to 2.23), p<0.001] 
 
Achieved DBP of ≥ 100 mm Hg (N=38) were associated with a significantly higher risk of reaching the combined renal endpoint compared to achieved DBP < 70 mm 
Hg (N=365) [HR 2.54 (95% CI 1.70 to 3.80), p<0.001] 
 
BASELINE SBP:  
The risk of doubling serum creatinine, ESRD, or death increases with increasing baseline SBP. 
 
There was NS difference for the combined renal endpoint between people with baseline SBP 130-139 mm Hg (N=209) compared to people with baseline SBP < 130 
mm Hg (N=169). 
 
There was NS difference for the combined renal endpoint between people with baseline SBP 140-159 mm Hg (N=610) compared to people with baseline SBP < 130 
mm Hg (N=169).  [HR 1.28 (95% CI 0.97 to 1.69), p=0.08] 
 
People with baseline SBP 160-179 mm Hg (N=373) had a significantly higher risk of reaching the combined renal endpoint compared to people with baseline SBP < 
130 mm Hg (N=169) [HR 1.82 (95% CI 1.36 to 2.42), p<0.001] 
 
People with baseline SBP ≥ 180 mm Hg (N=152) had a significantly higher risk of reaching the combined renal endpoint compared to people with baseline SBP < 130 
mm Hg (N=169) [HR 1.85 (95% CI 1.33 to 2.57), p<0.001]. 
 
Kaplan-Meier curve for baseline SBP < 140 mm Hg versus baseline SBP ≥ 140 mm Hg. 
People with baseline SBP  ≥ 140 mm Hg had a significantly higher risk of reaching the combined renal endpoint than people with SBP < 140 mm Hg [HR 1.66, 
p<0.001] 
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LAST SBP Prior to Endpoint (Achieved SBP) 
There was NS difference for the combined renal endpoint between people with achieved SBP 130-139 mm Hg (N=401) compared to people with achieved SBP < 130 
mm Hg (N=278). 
 
People with achieved SBP 140-159 mm Hg (N=522) had a significantly higher risk of reaching the combined renal endpoint compared to people with achieved SBP < 
130 mm Hg (N=278) [HR 1.49 (95% CI 1.18 to 1.90), p=0.001] 
 
People with achieved SBP 160-179 mm Hg (N=158) had a significantly higher risk of reaching the combined renal endpoint compared to people with achieved SBP < 
130 mm Hg (N=278) [HR 2.74 (95% CI 2.12 to 3.54), p<0.001] 
 
People with achieved SBP ≥ 180 mm Hg (N=71) had a significantly higher risk of reaching the combined renal endpoint compared to people with achieved SBP < 130 
mm Hg (N=278) [HR 3.51 (95% CI 2.50 to 4.93), p<0.001] 
 
PULSE PRESSURE- the difference between SBP and DBP 
A baseline pulse pressure ≥ 70 mm Hg significantly increased the risk of reaching the combined renal endpoint compared to people with baseline PP < 60 mm Hg. 
 
 
ESRD or death 
 
BASELINE DBP 
There was NS increase in risk for ESRD or death at any level of baseline DBP.  
 
Every 10 mm Hg rise in baseline DBP decreased the risk for ESRD or death by 10.9 % (p=0.01) (multivariate model adjusted for urinary ACR (log scale), creatinine, 
albumin, hemoglobin). 
 
 
LAST DBP Prior to Endpoint (Achieved DBP) 
 
There was NS increase in risk for ESRD or death at achieved DBP 70-89 mm Hg.  
 
Achieved DBP of 90-99 mm Hg (N=144) were associated with a significantly higher risk of reaching ESRD or death compared to achieved DBP < 70 mm Hg (N=377). 
[HR 1.55 (95% CI 1.16 to 2.08), p=0.003] 
 
Achieved DBP of ≥ 100 mm Hg (N=36) were associated with a significantly higher risk of reaching ESRD or death compared to achieved DBP < 70 mm Hg (N=377) 
[HR 2.74 (95% CI 1.78 to 4.24), p<0.001] 
 
BASELINE SBP:  
There was NS difference for reaching ESRD or death between people with baseline SBP 130-139 mm Hg (N=209) compared to people with baseline SBP < 130 mm 
Hg (N=169). 
 
There was NS difference for reaching ESRD or death between people with baseline SBP 140-159 mm Hg (N=209) compared to people with baseline SBP < 130 mm 



 

        Page 228 of 377  

Hg (N=169). [HR 1.38 (95% CI 0.99 to 1.91), p=0.06] 
 
People with baseline SBP 160-179 mm Hg (N=373) had a significantly higher risk of reaching ESRD or death compared to people with baseline SBP < 130 mm Hg 
(N=169) [HR 1.96 (95% CI 1.40 to 2.74), p<0.001] 
 
People with baseline SBP ≥ 180 mm Hg (N=152) had a significantly higher risk of reaching ESRD or death compared to people with baseline SBP < 130 mm Hg 
(N=169) [HR 2.10 (95% CI 1.44 to 3.06), p<0.001]. 
 
Every 10 mm Hg rise in baseline SBP increased the risk for ESRD or death by 6.7% (p=0.007) (multivariate model adjusted for urinary ACR (log scale), creatinine, 
albumin, hemoglobin). 
 
LAST SBP Prior to Endpoint (Achieved SBP) 
The risk of reaching ESRD or death increased significantly for people with an achieved SBP > 140 mm Hg. 
 
There was NS difference in risk for reaching ESRD or death between people with achieved SBP 130-139 mm Hg (N=392) compared to people with achieved SBP < 
130 mm Hg (N=286). 
 
People with achieved SBP 140-159 mm Hg (N=518) had a significantly higher risk of reaching ESRD or death compared to people with achieved SBP < 130 mm Hg 
(N=286) [HR 1.33 (95% CI 1.02 to 1.72), p=0.03] 
 
PULSE PRESSURE: 
A baseline pulse pressure ≥ 70 mm Hg significantly increased the risk of reaching ESRD or death compared to people with baseline PP < 60 mm Hg. 
 
 
ESRD alone 
BASELINE DBP 
There was NS increase in risk for ESRD alone at any level of baseline DBP. 
 
LAST DBP Prior to Endpoint (Achieved DBP) 
 
There was NS increase in risk for ESRD alone at achieved DBP 70-89 mm Hg.  
 
Achieved DBP of 90-99 mm Hg (N=144) were associated with a significantly higher risk of reaching ESRD compared to achieved DBP < 70 mm Hg (N=377). [HR 
1.67 (95% CI 1.15 to 2.44), p=0.008] 
 
Achieved DBP of ≥ 100 mm Hg (N=36) were associated with a significantly higher risk of reaching ESRD compared to achieved DBP < 70 mm Hg (N=377) [HR 3.26 
(95% CI 1.90 to 5.58), p<0.001] 
  
 
BASELINE SBP:  
There was NS difference for reaching ESRD alone between people with baseline SBP 130-139 mm Hg (N=209) compared to people with baseline SBP < 130 mm Hg 
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(N=169). 
 
There was NS difference for reaching ESRD alone between people with baseline SBP 140-159 mm Hg (N=209) compared to people with baseline SBP < 130 mm Hg 
(N=169). [HR 1.37 (95% CI 0.90 to 2.10), p=0.14] 
 
People with baseline SBP 160-179 mm Hg (N=373) had a significantly higher risk of reaching ESRD alone compared to people with baseline SBP < 130 mm Hg 
(N=169) [HR 2.13 (95% CI 1.39 to 3.27), p<0.001] 
 
People with baseline SBP ≥ 180 mm Hg (N=152) had a significantly higher risk of reaching ESRD alone compared to people with baseline SBP < 130 mm Hg 
(N=169) [HR 2.02 (95% CI 1.24 to 3.29), p=0.005]. 
 
Kaplan-Meier curve for baseline SBP < 140 mm Hg versus baseline SBP ≥ 140 mm Hg. 
People with baseline SBP  ≥ 140 mm Hg had a significantly higher risk of reaching ESRD alone than people with SBP < 140 mm Hg [HR 1.72, p<0.001] 
 
LAST SBP Prior to Endpoint (Achieved SBP) 
The risk of reaching ESRD increased significantly for people with an achieved SBP > 140 mm Hg. 
 
There was NS difference in risk for reaching ESRD alone between people with achieved SBP 130-139 mm Hg (N=392) compared to people with achieved SBP < 130 
mm Hg (N=286). 
 
People with achieved SBP 140-159 mm Hg (N=518) had a significantly higher risk of reaching ESRD alone compared to people with achieved SBP < 130 mm Hg 
(N=286) [HR 1.52 (95% CI 1.07 to 2.15), p=0.02] 
 
PULSE PRESSURE: 
A baseline pulse pressure ≥ 70 mm Hg significantly increased the risk of reaching ESRD alone compared to people with baseline PP < 60 mm Hg 
 
Note: Authors suggest a target SBP < 140 mm Hg.  Note that bias is possible because the analysis is retrospective and BP was not measured using a random zero 
device.  Also, analysis of achieved BP (measured before an endpoint) may be subject to interpretation bias. Comparator group (< 130 mm Hg SBP) had fewer 
participants than other SBP groups. 
 
Ref ID: 70         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Berl T, 
Hunsicker 
LG, Lewis 
JB et al. 
Impact of 
achieved 

Post-hoc 
of RCT 
 
2+ 
 
(Irbesarta

N=1590 Inclusion: 30-70 yrs, Type 2 diabetes, 
hypertension defined as any of; seated 
office SBP > 135 mmHg, seated office 
DBP > 85 mm Hg or documented 
treatment with antihypertensive agents. 
All patients had diabetic nephropathy with 

Achieved SBP 
≤ 120 mm Hg 
(N=53) 
 
Protocol: 
Patients 

Achieved SBP 
> 120 mm Hg 
(N=  1537) 
 
Protocol: as for 
intervention 

Median 
follow-up 
2.9 yrs 
Follow-up 
until ESRD, 
death, 

All-cause 
mortality 
 
Cardiovascul
ar mortality 
 

Bristol-
Meyers 
Squibb 
and 
Sanofi-
Synthela
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blood 
pressure on 
cardiovascul
ar outcomes 
in the 
Irbesartan 
Diabetic 
Nephropathy 
Trial. 
Journal of 
the 
American 
Society of 
Nephrology. 
2005; 
16(7):2170-
2179. 

n in 
Diabetic 
Nephrop
athy 
IDNT 
data) 

overt proteinuria (> 900 mg/24 hr) and 
mild-to-moderate renal insufficiency 
(serum creatinine between 88 and 266 
µmol/l (1.0 and 3.0 mg/dl) in women and 
106 and 266 µmol/l (1.2 and 3.0 mg/dl) in 
men. 
 
Exclusion: none stated  
 
Baseline population characteristics: 
Baseline BP was 159/87 mm Hg and it 
decreased with NS differences between 
them, in the amlodipine, irbesartan, and 
placebo groups. 30% reached the 135 
mm Hg SBP goal, and 81% achieved the 
85 mm Hg DBP goal.  

randomised to 
receive 
irbesartan (300 
mg/d), 
amlodipine (10 
mg/day) or 
placebo (usual 
care). BP target 
was < 135/85 
mm Hg in all 3 
arms. To 
achieve target 
BP participants 
were 
prescribed 
additional 
antihypertensiv
e therapy. SBP 
and DBP were  
determined at 
baseline and 
throughout 
study   

censoring 
in Dec., 
2000. 

Congestive 
heart failure 
 
Myocardial 
infarction 
 
Stroke 

bo 

Effect size 
All-cause mortality 
People with an achieved SBP ≤ 120 mm Hg (N=53) had a significantly greater risk of all-cause mortality compared to people with an achieved SBP > 120 mm Hg 
(N=1537) [RR 3.05 (95% CI 1.80 to 5.17), p<0.0001] 
 
There was NS association between DBP and risk for all-cause mortality.  
Cardiovascular mortality 
There was a decrease in risk for cardiovascular mortality as achieved SBP decreased from > 170 mm Hg to 120 to 130 mm Hg. A 20 mm Hg lower achieved SBP 
was associated with a 39% reduction in cardiovascular mortality (p<0.002).  
 
There was a significant decrease in risk for cardiovascular mortality in people with SBP 120-130 mm Hg compared to the reference range 130-140 mm Hg (no 
numerical data provided, no p value).  
 
There was a significantly higher risk for cardiovascular mortality in people with SBP > 170 mm Hg compared to the reference range 130-140 mm Hg (no numerical 
data provided, no p value). 
 
People with an achieved SBP ≤ 120 mm Hg (N=53) had a significantly greater risk of cardiovascular mortality compared to people with an achieved SBP > 120 mm 
Hg (N=1537) [RR 4.06 (95% CI 2.11 to 7.80), p<0.0001]. 
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There was NS association between DBP and risk for cardiovascular mortality. 
 
Congestive heart failure 
There was a decrease in risk for congestive heart failure as achieved SBP decreased from > 170 mm Hg to 120 to 130 mm Hg. A 20 mm Hg lower achieved SBP 
was associated with a 25% reduction in the risk for congestive heart failure (p=0.001).  
 
People with an achieved SBP 120 to 130 mm Hg had a significantly reduced risk of congestive heart failure compared to the reference range SBP 130-140 mm Hg 
(no numerical data provided, no p value). 
 
People with an achieved SBP ≤ 120 mm Hg (N=53) had a significantly greater risk of congestive heart failure compared to people with an achieved SBP > 120 mm 
Hg (N=1537)  [RR 1.80 (95% CI 1.17 to 2.86), p=0.008] 
 
There was NS association between DBP and risk for congestive heart failure. 
 
Myocardial infarction 
People with an achieved SBP ≤ 120 mm Hg (N=53) had NS risk of MI compared to people with an achieved SBP > 120 mm Hg (N=1537). 
SBP was NS related to the risk of nonfatal MI. 
 
A 10 mm Hg lower achieved DBP was associated with a significantly higher risk of MI [RR 1.61 (95% CI 1.28 to 2.02), p<0.0001]  
Compared to the reference DBP 70-80 mm Hg, the risk for MI was significantly higher in people with DBP < 70 mm Hg (no numerical data provided, no p value). 
Compared the reference DBP 70-80 mm Hg, the risk for MI was significantly lower in people with DBP > 85 mm Hg (no numerical data provided, no p value). 
 
Stroke 
People with an achieved SBP ≤ 120 mm Hg (N=53) had NS risk of stroke compared to people with an achieved SBP > 120 mm Hg (N=1537). 
SBP was NS related to the risk of stroke. 
 
A 10 mm Hg lower achieved DBP was associated with a significantly lower risk of stroke  [RR 0.65 (95% CI 0.48 to 0.88), p=0.005] 
 
Note: People with SBP ≤ 120 mm Hg were more likely to have a history of heart disease and CHF at baseline and were younger, took fewer CCB, had lower serum 
creatinine, lower baseline SBP and DBP, and took fewer antihypertensive agents than people with SBP > 120 mm Hg.  However, the risks of death and CV death 
were significant and were not decreased after accounting for the different frequencies of these co-morbidities.  
Ref ID: 504         
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of 
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Outcome 
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Peterson 
JC, Adler S, 
Burkart JM 
et al. Blood 
pressure 
control, 
proteinuria, 
and the 
progression 
of renal 
disease. The 
Modification 
of Diet in 
Renal 
Disease 
Study. 
Annals of 
Internal 
Medicine. 
1995; 
123(10):754-
762. 

Posthoc 
analysis
RCT 
 
2 +  
 
15 US 
nephrolo
gy 
practices  
 
All 
analyses 
were ITT. 

Total N 
=840 
 
Study 1 
N= 585 
 
Study 2 
N= 255 

Inclusions: Study 1: age 18 
to 70 years, serum 
creatinine 1.2 to 7.0 mg/dl 
(women) or 1.4 to 7.0 mg/dl 
(men) or a creatinine 
clearance < 70 dietary 
ml/min per 1.73 m2  , MAP < 
125 mm Hg (normotensive 
people were included) 
 
Study 1: GFR 25 to 55 
ml/min per 1.73 m2, dietary 
protein intake ≥ 0.9 g/kg, 
MAP < 125 mm Hg 
 
Study 2: GFR 13 to 24 
ml/min per 1.73 m2, MAP < 
125 mm Hg 
 
Exclusion:  pregnancy, 
body weight under 80% or 
over 160% standard body 
weight, diabetes requiring 
insulin, urinary protein 
excretion > 10 g/d, history 
of renal transplant or 
chronic conditions. 
 
Baseline population 
characteristics: In either 
Study 1 or Study 2,there 
was NS difference at 
baseline between people 
assigned to usual MAP or 
low MAP for GFR, 
creatinine clearance, serum 
creatinine, SBP, DBP, age 
(52 yr)  
 
Study 1: baseline GFR was 
38.6 ml/min per 1.73 m2   

Low mean arterial pressure 
(MAP ≤ 92 mm Hg for people 
18-60 y or ≤ 98 mm Hg for 
people 61 and older)  
 
equivalent to 125/75 mm Hg 
 
 
Study 1 (GFR 25 to 55 ml/min 
per 1.73 m2 ) N= 300 
 
Study 2 (GFR 13 to 24 ml/min 
per 1.73 m2 ) N= 132 
 
Protocol:  In study 1 and 2, 
patients were randomised to 
usual BP or to a lower mean 
arterial pressure goal. In 
study 1, patients were also 
randomised to a usual protein 
diet (1.3 g protein and 16-20 
mg phosphorus/kg per day) 
or a low protein diet (0.58 g 
protein and 5-10 mg 
phosphorus/kg each day).  In 
Study 2, in addition to BP 
randomisation, patients were 
also randomised to a low 
protein diet or a very low 
protein diet   (0.28 g protein 
and 4-9 mg phosphorus/kg 
each day supplemented by a 
keto acid-amino acid mix of 
0.28 g/kg per day)  
 
The BP targets were reached 
using ACE inhibitor with or 
without a diuretic, and CCB 
and other medications were 
added as needed.  
 

Usual mean 
arterial 
pressure (≤ 107 
mm Hg for 
people 18-60 y 
or ≤ 113 mm 
Hg for people o 
61 and older)  
 
equivalent to 
140/90 mm Hg 
 
Study 1 N= 285 
 
Study 2 N= 123 
 
 
Protocol: as for 
intervention 

2.2 years 
(mean) 

Rate of 
change of 
GFR (slope) 
 
Change in 
proteinuria 
 
 
 

National 
Institute 
of 
Diabete
s and 
Digestiv
e and 
Kidney 
Disease
s, Healh 
Care 
Financin
g 
Administ
ration 
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Study 2: baseline GFR was 
18.5 ml/min per 1.73 m2   

Protein intake was assessed 
monthly by 24-h urinary 
excretion of urea nitrogen and 
by dietary records. BP, 
creatinine clearance, urinary 
protein excretion measured at 
baseline and every month 
thereafter.  GFR was 
assessed by renal clearance 
of 125I-iothalamate at 
baseline, at 2 months, at 4 
months, and every 4 months 
thereafter. 

Effect size 
There were NS interactions between the BP and dietary interventions.  Thus, BP effects were pooled in the low and usual protein diet (Study 1) or the low and very 
low protein diet (Study 2). 
 
Low (≤ 92 mm Hg) vs Usual (≤ 107 mm Hg) MAP 
 
Decline in GFR according to baseline proteinuria 
In study 1 (GFR 25 to 55 ml/min per 1.73 m2), there was NS difference in GFR decline between low and usual MAP in people with baseline proteinuria < 0.25 g/d 
(mean 0.08 g/d, N=301). There was NS difference in GFR decline between low and usual MAP in people with baseline proteinuria 0.25 -1.0 g/d (mean 0.58 g/d, 
N=119). For people with baseline proteinuria of 1.0-3.0 g/day (mean 1.8 g/d, N=104), the GFR decline was slower in those randomised to low MAP control than those 
assigned to usual MAP control after 2 years follow-up (no p value given).  For people with baseline proteinuria of > 3.0 g/day (mean 4.8 g/d, N=54), the GFR decline 
was significantly slower in those randomised to low MAP control than those assigned to usual MAP control (no p value given).  
 
Study 1: In patients with baseline proteinuria of 0.25 to 3.0 g/day, the association of higher blood pressure with faster GFR decline was apparent at 98 mm Hg MAP. 
Inpatients with baseline proteinuria > 3.0 g/day, the association of higher blood pressure with faster GFR decline was apparent at 92 mm Hg MAP.  
  
In study 2 (GFR 13 to 24 ml/min per 1.73 m2 ) there was NS difference between low and usual MAP for GFR decline in people with baseline proteinuria < 1.0 g/d 
(N=136). People with baseline proteinuria > 1.0 g/d (N=95) had faster GFR decline and benefited from low MAP versus usual MAP (no p value given). This was 
particularly seen in people with baseline proteinuria > 3.0 g/d (N=32) 

Change in Proteinuria 
Assignment to low MAP significantly decreased proteinuria during follow-up compared to usual MAP. This was seen in people with baseline proteinuria > 0.25 g/day 
 
Authors conclude that people with proteinuria > 3 g/day benefit from BP control at 92 mm Hg MAP and people with proteinuria 0.25 to 3 g/day benefit from 
BP control at 98 mm Hg MAP or less. 
Ref ID: 75         
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Evidence 
level 

patients fundin
g 

Pohl MA, 
Blumenthal 
S, 
Cordonnier 
DJ et al. 
Independent 
and additive 
impact of 
blood 
pressure 
control and 
angiotensin 
II receptor 
blockade on 
renal 
outcomes in 
the 
irbesartan 
diabetic 
nephropathy 
trial: clinical 
implications 
and 
limitations. 
Journal of 
the 
American 
Society of 
Nephrology. 
2005; 
16(10):3027-
3037. 

Post-hoc 
of RCT 
 
2+ 
 
(Irbesarta
n in 
Diabetic 
Nephrop
athy 
IDNT 
data) 

N=1590 Inclusion: 30-70 yrs, Type 2 diabetes, 
hypertension defined as any of; seated 
office SBP > 135 mm Hg, seated office 
DBP > 85 mm Hg or documented 
treatment with antihypertensive agents. 
All patients had diabetic nephropathy with 
overt proteinuria (> 900 mg/24 hr) and 
mild-to-moderate renal insufficiency 
(serum creatinine between 88 and 266 
µmol/l (1.0 and 3.0 mg/dl) in women and 
106 and 266 µmol/l (1.2 and 3.0 mg/dl) in 
men. 
 
Exclusion: none stated  
 
Baseline population characteristics: 
Baseline BP was 159/87 mm Hg and it 
decreased with NS differences between 
the amlodipine, irbesartan, and placebo 
groups. 30% reached the 135 mm Hg 
SBP goal, and 81% achieved the 85 mm 
Hg DBP goal.  

Achieved SBP  
 
Protocol: 
Patients 
randomised to 
receive 
irbesartan (300 
mg/d), 
amlodipine (10 
mg/day) or 
placebo (usual 
care). BP target 
was < 135/85 
mm Hg in all 3 
arms. To 
achieve target 
BP participants 
were 
prescribed 
additional 
antihypertensiv
e therapy. SBP 
and DBP were  
determined at 
baseline and 
throughout 
study   

Baseline SBP  
 
Protocol: as for 
intervention 

Median 
follow-up 
2.9 yrs 
Follow-up 
until ESRD, 
death, 
censoring 
in Dec., 
2000. 

Composite 
Outcome: 
Doubling of 
baseline 
serum 
creatinine or 
ESRD 
 
All-cause 
mortality 

Bristol-
Meyers 
Squibb 
and 
Sanofi-
Synthela
bo 

Effect size 
 
BP 
BP was controlled to similar means in the 3 groups (irbesartan group 141/78±14/8; amlodipine group 142/77±13/8; placebo/usual care group 144/80±13/8 mmHg).   
 
Renal Endpoint: Doubling of baseline serum creatinine or ESRD 
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*Baseline BP  
Baseline SBP correlated significantly with the renal outcomes (doubling of SCr or ESRD) in univariate analysis.  The risk for reaching a renal endpoint increased 
progressively with higher baseline SBP (p<0.0001). 
36% of those in the highest quartile (baseline SBP > 170 mm Hg) reached a renal endpoint vs. 18% of those in the lowest quartile (SBP < 145 mm Hg). 
 
Baseline DBP was NS correlated with renal outcome, with no correlation for those with baseline DBP > 100 mmHg. 
 
*Achieved SBP 
Achieved follow-up SBP is an independent predictor of the risk for a adverse renal outcomes irrespective of the baseline BP.   A decrease of 20 mm Hg in achieved 
SBP was associated with a 47% decrease in the risk for developing a renal end point.   
While baseline SBP was an independent predictor of renal outcome, this relationship was lost when achieved SBP was taken into account.  
 
Mean follow-up seated SBP grouped in 10 mm Hg increments were considered with the natural log of the relative risk of reaching a renal end point.  This showed an 
increasing risk with increasing SBP, though outcomes for those with a follow-up SBP <120 were not substantially better than those with a follow-up between 120 and 
130 mm Hg.   
 
Baseline estimated GFR and albumin/creatinine ratio (ACR) were both linearly and significantly correlated with both mean follow-up BP and with the risk of renal 
endpoint.   
The assessed risk for a renal outcome 20 mm Hg decrease in SBP was associated with a 47% decrease in the risk of renal outcome (p<0.0001).  After correlation for 
eGFR and ACR each 20 mm Hg decrease in SBP was still associated with a 30% reduction in the risk for a renal event (p<0.0001), independent of these two 
baseline renal covariates.   
 
All-cause mortality 
The natural log of the relative risk for all cause mortality shows an essentially linear relationship from SBP of 120 to SBP > 180 mm Hg, however participants with the 
lowest SBP < 120 mm Hg had a sharply higher mortality. 
Ref ID: 314         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Hovind P, 
Rossing P, 
Tarnow L et 
al. 
Remission 
and 
regression in 
the 
nephropathy 
of type 1 

Case 
series  
 
3 
 
One 
centre, 
Steno 
Diabetes 
Center 

N = 301 
 
 

Inclusions: Type 1 diabetic 
patients with nephropathy 
(persistent albuminuria  > 200 
microgram/min in at least two out 
of three consecutive 24-h urine 
collections, presence of diabetic 
retinopathy, absence of other 
kidney or renal tract disease) 
 
Exclusion:  not stated 

Remission Group 
(N=92) 
 
Regression Group 
(N=67) 
 
Protocol: 301 Type 1 
diabetics with 
nephropathy were 
observed for 7 years.  

Non-remission 
group (N=209) 
 
Non-regression 
Group (N=234) 
 
 

7 years Principal 
endpoint: 
Regression (a 
rate of decline in 
GFR ≤ 1 
ml/min/year 
during the 
observation 
period – 
equivalent to 

Danish 
Diabete
s 
Associat
ion, 
Hansen 
Foundati
on, 
Henriks
en 
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diabetes 
when blood 
pressure is 
controlled 
aggressively
.[see 
comment]. 
Kidney 
International
. 2001; 
60(1):277-
283. 

Denmark 
 
All 
analyses 
were ITT. 

 
Baseline population 
characteristics: 
NS differences at baseline 
between remission group and 
non-remission group for age, 
diabetes duration, SBP, DBP, 
GFR.  Baseline MAP was lower in 
remission group (102 vs 104 mm 
Hg, p<0.05). There were more 
males in the non-remission group.  
NS differences at baseline 
between regression and non-
regression groups for sex, age, 
diabetes duration, GFR. Baseline 
SBP, DBP, and MAP were lower 
in the regression group than the 
non-regression group. 

GFR was measured 
annually by plasma 
clearance of 51 Cr-
EDTA. Albuminuria (24-
h urine collections), BP, 
blood glucose, weight, 
insulin and 
antihypertensive agent 
dosage was monitored 
at baseline and every  4 
months. The BP target 
was < 140/90 mm Hg, 
mostly achieved with 
ACE inhibitors 
(179/271).    

natural decline 
with aging)  
 
Surrogate 
endpoint: 
Remission 
(decrease in 
albuminuria < 
200 
microgram/min in 
at least two out of 
three consecutive 
24-h urine 
collections that 
was sustained for 
at least one year 
during follow-up, 
with a decrease 
of at least 30% 
from pre-
remission levels). 

Foundati
on 

Effect size 
 
Of the 271 people treated with antihypertensive drugs, 43% achieved a mean SBP < 140 mm Hg and 83% achieved a DBP < 90 mm Hg. 40% achieved < 140/80 mm 
Hg.  
 
The mean decline in GFR in all 301 patients during follow-up was 4.0 ± 0.2 ml/min/year. 
 
Surrogate endpoint: Remission (decrease in albuminuria < 200 microgram/min in at least two out of three consecutive 24-h urine collections that was sustained for 
at least one year during follow-up, with a decrease of at least 30% from pre-remission levels). 
 
31% of the cohort (92/301) obtained remission. 
During follow-up, the GFR decline was significantly less in the remission group (N=92, GFR decline 2.2 ml/min/year) than in the non-remission group (N=209, GFR 
decline 4.8 ml/min/year, p<0.001) 
 
Follow-up SBP was significantly less in the remission group (N=92, SBP 137 mm Hg) than in the non-remission group (N=209, SBP 145 mm Hg, p<0.001) 
 
Follow-up DBP was significantly less in the remission group (N=92, DBP 81 mm Hg) than in the non-remission group (N=209, DBP 84 mm Hg, p<0.001) 
 
Follow-up MAP was significantly less in the remission group (N=92, MAP 100 mm Hg) than in the non-remission group (N=209, MAP 105 mm Hg, p<0.001) 
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More people with a lower follow-up MAP achieved remission.  Stratified by MAP: MAP 93 mm Hg (58% remission), MAP 99 mm Hg (33% remission), MAP 103 mm 
Hg (25% remission), MAP 107 mm Hg (20% remission), MAP 113 mm Hg (17% remission) 
 
Principal endpoint: Regression (a rate of decline in GFR ≤ 1 ml/min/year during the observation period – equivalent to natural decline with aging)  
 
22% (67/301) of the cohort obtained regression. 
 
Follow-up SBP was significantly less in the regression group (N=67, SBP 138 mm Hg) than in the non-regression group (N=234, SBP 144 mm Hg, p<0.001) 
 
Follow-up DBP was significantly less in the regression group (N=67, DBP 80 mm Hg) than in the non-regression group (N=234, DBP 84 mm Hg, p<0.001) 
 
Follow-up MAP was significantly less in the regression group (N=67, MAP 99 mm Hg) than in the non-regression group (N=234, MAP 104 mm Hg, p<0.001) 
 
More people with a lower follow-up MAP achieved regression.  Stratified by MAP: MAP 93 mm Hg (42% regression), MAP 99 mm Hg (32% regression), MAP 103 mm 
Hg (11% regression), MAP 107 mm Hg (20% regression), MAP 113 mm Hg (17% regression) 
 
The adjusted odds ratio for regression associated with a 10 mm Hg decline in MAP was 2.14 (95% CI 1.33 to 3.44, p<0.001). 
 
The adjusted odds ratio for regression associated with a tenfold lowering of albuminuria was 2.79 (95% CI 1.35 to 5.69, p<0.001). 
 
The adjusted odds ratio for regression associated with a reduction of 1% in haemoglobin HbA1c was 2.00 (95% CI 1.46 to 2.73, p<0.001). 
 
Note: authors suggest aggressive antihypertensive treatment induces remission and regression in Type 1 diabetics with nephropathy.  Lower MAP, reduced 
albuminuria, and good glycaemic control were predictors of regression of nephropathy. 
Ref ID: 41         
Reference Study 
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Kovesdy 
CP, Trivedi 
BK, Kalantar 
ZK et al. 
Association 
of low blood 
pressure 
with 
increased 
mortality in 
patients with 
moderate to 
severe 
chronic 
kidney 
disease. 
Nephrology 
Dialysis 
Transplantat
ion. 2006; 
21(5):1257-
1262. 

Case 
series 
 
3 
 
US War 
veterans 
cohort  
 
 
 

N = 860  
 
 

Inclusions: CKD cohort: US veterans 
enrolled at the Nephrology Clinic at Salem 
Veterans Affairs Medical Centre between 
1990 and 2004 with Stage 3-5 CKD (< 60 
ml/min per 1.73 m2), not yet on dialysis. 
 
Exclusion:  Stage 1-2 CKD 
  
Baseline population characteristics: 

Characteristic CKD 
cohort 

N 860 
Age, year 68 
% black race 24.4 
% male 99.1 
% diabetes 50 
eGFR, ml/min/1.73 m2 32 
Serum albumin, g/dl 3.5 

People with SBP < 133 mm Hg were less 
likely to be black or to be on 
antihypertensive drugs and more likely to 
have atherosclerotic cardiovascular 
disease (ASCVD) and CHF, and more 
likely to have have lower proteinuria 

SBP 133-154 
mm Hg 
N= 238 
 
SBP 155-170 
mm Hg 
N= 211 
 
SBP > 170 mm 
Hg 
N= 194 
 
Protocol: BP, 
antihypertensiv
e medication 
use, serum 
creatinine, 
albumin, 
haemoglobin, 
24-h urine 
protein or PCR 
were measured 
at first clinic 
visit. Deaths 
were recorded 
from the US 
Dept. of 
Veteran Affairs 
CPRS.  

SBP < 133 mm 
Hg,  
 
N=217 
 
Protocol: as for 
intervention 

Patients 
were 
followed 
until they 
died, were 
lost to 
follow-up, 
or until May 
15, 2005. 

Primary 
outcome: all-
cause 
mortality 
 
 

Not 
stated 

Effect size 
older age, ASCVD, ejection fraction < 35%, smoking, lower eGFR, lower serum albumin, lower proteinuria, diabetes, and being on dialysis were all associated with 
higher mortality.  
 
Aim: Determine relationship between SBP and all-cause mortality in a CKD (GFR < 60 ml/min/1.73 m2) male cohort. 
 
Reference: SBP < 133 mm Hg 
 
Primary Outcome: All-cause mortality 
Mortality was highest in men with CKD and SBP < 133 mm Hg. Mortality was lowest in men with CKD and SBP 134-154.   
 
Men with SBP 134-154 mm Hg (N=238) had a significantly decreased risk for all-cause mortality compared with men who had SBP < 133 mm Hg (N=217) [adjusted 
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HR 0.62 (95% CI 0.45 to 0.85), p=0.003] (fully adjusted model for age, race, diabetes history, CHF, ASCVD,  use of antihypertensive agents, eGFR, BMI, smoking, 
serum albumin, cholesterol, hemoglobin, 24-h urinary protein). 
 
Men with SBP 155-170 mm Hg (N=211) had  a significantly decreased risk for all-cause mortality compared with men who had  SBP < 133 mm Hg (N=217) [adjusted 
HR 0.63 (95% CI 0.45 to 0.87), p=0.006] 
 
Men with SBP > 170 mm Hg (N=194) had  a significantly decreased risk for all-cause mortality compared with men who had  SBP < 133 mm Hg (N=217) [adjusted 
HR 0.69 (95% CI 0.49 to 0.96), p=0.029]  
 
Primary Outcome: All-cause mortality 
Determine relationship between DBP and all-cause mortality in a CKD (GFR < 60 ml/min per 1.73 m2) male cohort. 
 
Mortality was highest in men with DBP < 64 mm Hg and lowest in men with DBP > 86 mm Hg.  
 
Compared to men with DBP < 65 mm Hg (N=233), there was NS difference in risk for all-cause mortality for men with DBP 65-75 mm Hg (N=197).  
 
Compared to men with DBP < 65 mm Hg (N=233), there was NS difference in risk for all-cause mortality for men with DBP 76-86 mm Hg (N=230).  
 
Compared to men with DBP < 65 mm Hg (N=233), there was a significant reduction in the risk for all-cause mortality for men with DBP  > 86 mm Hg (N=200) 
[adjusted HR 0.6 (95% CI 0.4 to 0.9, p=0.005).  
 
A 10 mm Hg higher DBP was associated with a hazard ratio for all-cause mortality of 0.87 (95% CI 0.80-0.94, p=0.002) 
Ref ID: 6         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

van BT, 
Woittiez K, 
Blauw GJ et 
al. 
Prospective 
study of the 
effect of 
blood 
pressure on 
renal 
function in 
old age: the 
Leiden 85-
Plus Study. 

Case 
series 
 
3 
 
Netherla
nds 
populatio
n based 
elderly 
cohort 
study  
 

N = 550  Inclusions: inhabitants of Leiden age 85 
followed up until age 90 or death. No 
selection criteria for health or 
demographic characteristics.  
 
Exclusion: none stated  
 
Baseline population characteristics: 

Characteristic Leiden 
cohort 

N 550 
Age, year 85 
Mean creatinine clearance, 
ml/min 

45.4  

DBP 70-79 mm 
Hg  
N=219 
 
DBP 80-89 mm 
Hg  
N=148 
 
DBP ≥ 90 mm 
Hg 
N=48 
 
 
Protocol: At 

DBP < 70 mm 
Hg,  
 
N= 135 
Baseline SBP 
120-129 mm 
Hg 
 
N=276 
 
Protocol: as for 
intervention 

5 years 
 
 

Change in 
creatinine 
clearance 

Dutch 
Ministry 
of 
Health, 
Welfare 
and 
Sports 
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J Am Soc 
Nephrol. 
2006; 
17(9):2561-
2566. 

% female 66 
% diabetes 16 
% hypertension 40 
% chronic disease 41 
% with no cardiovascular 
disease 

37 

% with 1 cardiovascular 
disease 

38 

% with 2 cardiovascular 
diseases 

19 

SBP, mm Hg 155.6 
DBP, mm Hg 76.9 
Pulse pressure, mm Hg 8.7  

baseline and 
yearly 
thereafter, BP, 
weight, 
creatinine 
clearance 
(Jaffe method 
and Cockcroft-
Gault equation) 
was measured. 
ECG, 
interviews, and 
performance 
tests also done. 
Medical history 
obtained from 
participant’s 
physician 

Effect size 
During follow-up to age 90 or death, the overall decline in creatinine clearance was 1.31 ml/min per year, p<0.001 
 
At baseline and follow-up, creatinine clearance was correlated with the presence of cardiovascular disease. Creatinine clearance declined an extra 0.21 ml/min per 
year, p=0.002 over the normal annual decline for every additional manifestation of cardiovascular disease.  
 
There was no association between either SBP or pulse pressure and the annual decline in creatinine clearance.  
 
DBP < 70 mm Hg versus DBP 70-79 mm Hg or DBP 80-89 or DBP ≥ 90 mm Hg in an elderly cohort (85-90 y). 
 
Creatinine Clearance 
The decline in creatinine clearance was significantly faster in people with DBP < 70 mm Hg (-1.63 ml/min, N= 135) compared to people with DBP 70-79 mm Hg (-1.21 
ml/min, N=219, p=0.01) 
 
The decline in creatinine clearance was significantly faster in people with DBP < 70 mm Hg (-1.63 ml/min, N= 135) compared to people with DBP 80-89 mm Hg (-1.26 
ml/min, N=219, p=0.03) 
 
There was NS difference in declining creatinine clearance between people with DBP < 70 mm Hg compared to people with DBP ≥ 90 mm Hg (N=48) 
 
NOTE: DBP < 70 mm Hg is associated with a decline in creatinine clearance, whereas higher DBP is not.  Authors acknowledge that CG is not the gold standard for 
assessing renal function; also that they did not have data on heart failure rates  
Ref ID: 2846         
Reference Study Number Patient characteristics Intervention Comparison Length of Outcome Source  
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type/ 
Evidence 
level 

of 
patients 

follow-up measures of  
fundin
g 

Weiner DE, 
Tighiouart H, 
Levey AS et 
al. Lowest 
systolic 
blood 
pressure is 
associated 
with stroke 
in stages 3 
to 4 chronic 
kidney 
disease. 
Journal of 
the 
American 
Society of 
Nephrology. 
2007; 
18(3):960-
966. 

Case 
series 
 
3 
 
small 
group, no 
power 
assessm
ent 
 
US 
cohort 
(pooled  
Atheroscl
erosis 
Risk in 
Communi
ty Study 
(ARIC) 
and 
Cardiova
scular 
Health 
Study 
(CHS)  
 
 
 

N = 1549 
CKD 
defined 
GFR < 
60 
ml/min 
per 1.73 
m2. 
 
 

Inclusions:  ARIC enrolled people age 45 
to 64 from four US communities between 
1987 and 1989. CHS enrolled people age 
65 and older from four US communities 
between 1989 and 1990.  
 
Analysis restricted to people with CKD 
(GFR < 60 ml/min per 1.73 m2.) People 
with diabetic or nondiabetic CKD, 
hypertensive or normotensive. 
 
Exclusion:  Stage 5 CKD (GFR < 15 
ml/min per 1.73 m2).  
 
Baseline population characteristics: 

Characteristic CKD 
cohort 

N 1549 
Age, year 70.2 
% black race 13.8 
% female 57.0 
% CHS cohort 73.4 
% diabetes 17.9 
% hypertension 73.5 
% coronary disease 14.6 
SBP, mm Hg 135.2 
DBP, mm Hg 71.5 
Serum creatinine, mg/dl 1.3 
eGFR, ml/min per 1.73 m2 51.2 
Serum albumin, g/dl 3.9 
% All-cause stroke 12.3  

Baseline SBP < 
120 mm Hg,  
 
N= 416 
 
Protocol: GFR 
measured 
using MDRD 
after calibrating 
ARIC and CHS 
laboratories 
indirectly using 
NHANES III 
data.   
 

Baseline SBP 
120-129 mm 
Hg 
 
N=276 
 
Protocol: as for 
intervention 

8.8 years 
 
 

Primary 
outcome: 
definite or 
probable 
incident 
stroke 
(defined as 
sudden/rapid 
onset of 
neurologic 
symptoms 
lasting > 24 h 
or led to 
death in 
absence of 
evidence of 
non-stroke 
cause) 
 
 

NIH 
NIDDK 
grants, 
Amgen 

Effect size 
Determine relationship between baseline SBP and incident stroke in a CKD (GFR < 60 ml/min per 1.73 m2) cohort. 
 
Baseline SBP < 120 mm Hg versus Baseline SBP 120-129 mm Hg in a CKD (GFR < 60 ml/min per 1.73 m2) cohort. 
 
Primary Outcome: Stroke 
People with CKD and SBP < 120 mm Hg were at a significantly increased risk for stroke compared with people with CKD and SBP 120-129 mm Hg [HR 2.26 (95% CI 
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1.16 to 4.41)] (fully adjusted model for age, race, gender, diabetes history, coronary disease history, LVH, use of antihypertensive agents, education, smoking, serum 
albumin, non-HDL cholesterol, haemoglobin, study origin). 
 
This is a J-shaped curve for risk of stroke with increasing BP. 
 
In sensitivity analysis (multivariate), people with CKD and SBP < 120 mm Hg who used antihypertensive agents (N=209) had a significantly increased risk of stroke 
compared with people with CKD and SBP 120-129 mm Hg who used antihypertensive agents (N=173) [HR 2.62 (95% CI 1.22 to 5.66)] 
 
There was NS difference for the risk of stroke between people with CKD and SBP < 120 mm Hg who did not use antihypertensive agents (N=207) compared with 
people with CKD and SBP 120-129 mm Hg who did not use antihypertensive agents (N=103). However, this study lacked statistical power due to its small size (N). 
 
NOTE: Authors acknowledge that there is NO data on proteinuria and analysis is mostly applicable to Stage 3 CKD in a US population. Authors caution against 
concluding that antihypertensive agent use in people with CKD and SBP < 120 mm Hg CAUSES the increased stroke risk as it is likely that these people may have a 
greater lifetime CVD burden and therefore higher stroke risk.  
Ref ID: 117         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Sarnak MJ, 
Greene T, 
Wang X et 
al. The 
effect of a 
lower target 
blood 
pressure on 
the 
progression 
of kidney 
disease: 
long-term 
follow-up of 
the 
modification 
of diet in 
renal 
disease 
study.[see 
comment]. 
Annals of 

Long-
term 
follow-up 
of MDRD 
trial  
(cohort 
study) 
 
2 - 
 
15 US 
nephrolo
gy 
practices  
 
All 
analyses 
were ITT. 

Total N 
=840 
 
Study 1 
N= 585 
 
Study 2 
N= 255 

Inclusions: Study 1: age 18 
to 70 years, serum 
creatinine 1.2 to 7.0 mg/dl 
(women) or 1.4 to 7.0 mg/dl 
(men) or a creatinine 
clearance < 70 dietary 
ml/min per 1.73 m2  , MAP < 
125 mm Hg (normotensive 
people were included) 
 
Study 1: GFR 25 to 55 
ml/min per 1.73 m2, dietary 
protein intake ≥ 0.9 g/kg, 
MAP < 125 mm Hg 
 
Study 2: GFR 13 to 24 
ml/min per 1.73 m2, MAP < 
125 mm Hg 
 
Exclusion:  pregnancy, 
body weight under 80% or 
over 160% standard body 

Low mean arterial pressure 
(MAP ≤ 92 mm Hg for people 
18-60 y or ≤ 98 mm Hg for 
people 61 and older)  
 
equivalent to 125/75 mm Hg 
 
Combined Study 1 and Study 
2 N= 432 
 
Protocol: Trial was conducted 
from 1989 to 1993.  In study 1 
and 2, patients were 
randomised to usual BP or to 
a lower mean arterial 
pressure goal.  
 
Long-term follow-up: NO 
specific BP target was 
recommended after 
completion of the trial in 
1993. BP was only measured 

Usual mean 
arterial 
pressure (≤ 107 
mm Hg for 
people 18-60 y 
or ≤ 113 mm 
Hg for people o 
61 and older)  
 
equivalent to 
140/90 mm Hg 
 
Combined 
Study 1 and 
Study 2 N= 408 
 
Protocol: as for 
intervention 

Long-term 
follow-up 
(1993-
2000) 
(censoring 
on Dec. 31, 
2000) 
 
Mean 
duration 
was 6.2 
years 

Kidney 
Failure 
(defined as 
initiation of 
dialysis or 
renal 
transplantatio
n) 
 
Composite 
outcome: 
Kidney 
Failure or all-
cause 
mortality 
 
 
 

National 
Institute 
of 
Diabete
s and 
Digestiv
e and 
Kidney 
Disease
s 
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Internal 
Medicine. 
2005; 
142(5):342-
351. 

weight, diabetes requiring 
insulin, urinary protein 
excretion > 10 g/d, history 
of renal transplant or 
chronic conditions. 
 
Baseline population 
characteristics: In either 
Study 1 or Study 2, NS 
difference at baseline 
between people assigned 
to usual MAP or low MAP 
for GFR, creatinine 
clearance, serum 
creatinine, SBP, DBP, age 
(52 yr)  
 
Study 1: baseline GFR was 
38.6 ml/min per 1.73 m2   
 
Study 2: baseline GFR was 
18.5 ml/min per 1.73 m2   

once (at 9 months after the 
end of the trial). NO more BP 
measurements available 
thereafter and no way of 
knowing if the BP differences 
were maintained in the two 
trial arms.  Also, no specific 
pharmacological therapy was 
recommended after trial 
completion. There was no 
way of knowing how the two 
trial arms differed during the 6 
year follow-up after the trial 
officially ended. 
 
Onset of kidney failure 
ascertained from US Renal 
Data System and mortality 
from the National Death 
Index. 

Effect size 
 
Low (≤ 92 mm Hg) vs Usual (≤ 107 mm Hg) MAP 
 
Progression to Kidney Failure (initiation of dialysis or renal transplantation) 
People with CKD originally assigned to the low MAP group had a significantly lower risk of progression to kidney failure compared to people with CKD originally 
assigned to the usual MAP [adjusted HR 0.68 (95% CI 0.57 to 0.82), P<0.001). 
 
People with lower baseline proteinuria (< 1g/day) had a significantly lower risk of progression to kidney failure compared to people with baseline proteinuria > 1 g/day 
[HR 0.79 (95% CI 0.63 to 0.99), p=0.04). 
 
Composite outcome: Kidney Failure or all-cause mortality 
People with CKD originally assigned to the low MAP group had a significantly lower risk of progression to kidney failure or all-cause mortality compared with people 
with CKD originally assigned to the usual MAP [adjusted HR 0.77 (95% CI 0.65 to 0.91), P=0.0024). 
 
There was NS difference in risk for progression to kidney failure or all-cause mortality between people with baseline proteinuria (< 1g/day) compared to people with 
baseline proteinuria > 1 g/day.  



 

        Page 244 of 377  

 
 
8.2 CHOICE OF ANTI-HYPERTENSIVE AGENTS FOR BLOOD PRESSURE CONTROL IN PEOPLE WITH CKD 
 
 
What are the most appropriate antihypertensive drugs to reduce the risk of progression of CKD and to decrease mortality in adults with CKD?  
Ref ID: 2413         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
Fundi
ng 

Strippoli 
GFM, 
Bonifati C, 
Craig M et 
al. 
Angiotensin 
converting 
enzyme 
inhibitors 
and 
angiotensin 
II receptor 
antagonists 
for 
preventing 
the 
progression 
of diabetic 
kidney 
disease. 
2006;(Bonifa
ti C) 

Systemat
ic review  
 
Search 
EMBASE
, 
MEDLIN
E, 
Cochran
e Library 
from 
1966 to 
Dec. 
2005 
 
1 ++ 

50 
studies 
total 
(N=13,21
5) 
 
38 
studies 
(N=8970)
ACE vs. 
placebo 
 
5 studies 
(N=3688)  
ARB vs. 
placebo 
 
7 studies 
(N=557) 
ACE vs. 
ARB 
 
ITT in 
16/50 
(32%) 
studies 

Inclusions: RCTs of at least 6 months 
duration in patients with diabetic kidney 
disease, independent of the stage of 
nephropathy, either micro- (30-300 mg/d) 
or macroalbuminuria (> 300 mg/d) 
present. 
 
 
Exclusion: non-randomised trials, non-
antihypertensive interventions, non-DKD 
populations 

ACE or ARB  Placebo or no 
treatment 
 
ARB (ACE vs 
ARB) 

Between 0-
20% 
patients 
lost to 
follow-up in 
46/50 
studies.  
 
21%-41% 
lost to 
follow-up in 
4/50 
studies. 

All-cause 
mortality 
 
Progression 
to ESRD 
 
Doubling of 
serum 
creatinine 
 
Progression 
from micro to 
macroalbumi
nuria 
 
Regression 
from micro to 
normoalbumi
nuria 
 
Toxicity 
(Cough, 
Hyperkalaemi
a, Headache, 
Impotence) 

Italian 
Society 
of 
Nephrol
ogy 
Young 
Investig
ator 
Scholars
hip 
 
Universit
y of 
Sydney 
Ph.D. 
scholars
hip 
 
 



 

        Page 245 of 377  

Effect size 
 
All-cause mortality 
ACE vs. placebo/no treatment 
There was NS decrease in the risk of all-cause mortality with ACE compared with placebo/no treatment (21 studies, N=7295). 
In a subgroup analysis of studies which used ACE at the maximum tolerable dose compared with placebo/no treatment, there was a significant decrease in the risk of 
all-cause mortality (5 studies, N=2034 RR 0.78, 95% CI 0.61 to 0.98).  This was not found in studies using half or less than half of the maximum tolerable dose of 
these agents (4 studies, N=5261). There was no significant study heterogeneity. 
  
ARB vs. placebo/no treatment  
NS reduction in the risk of all-cause mortality was found (5 studies, N=3409). There was no significant study heterogeneity. 
 
ACE vs. ARB 
NS reduction in all-cause mortality was found in comparing ACE vs. ARB (3 studies, N=307). 
 
ESRD 
ACE vs. placebo/no treatment 
There was a significant reduction in the risk of ESRD with ACE compared with placebo/no treatment (10 studies, N=6819, RR 0.60, 95% CI 0.39 to 0.93). There was 
no significant study heterogeneity. 
 
ARB vs. placebo/no treatment 
There was a significant reduction in the risk of ESRD with ARB vs. placebo/no treatment (3 studies, N=3251, RR 0.78, 0.67 to 0.91). There was no significant study 
heterogeneity. 
 
ACE vs ARB 
This outcome was not reported. 
 
Doubling of serum creatinine 
ACE vs. placebo/no treatment 
There was NS risk in doubling of serum creatinine (9 studies, N=6780). There was no significant study heterogeneity. 
 
ARB vs. placebo/no treatment 
There was a significant reduction in the risk of the doubling of serum creatinine with ARB compared with placebo/no treatment (3 studies, N=3251, RR 0.79, 0.67 to 
0.93). There was no significant study heterogeneity. 
 
ACE vs. ARB 
This outcome was not reported. 
  
Progression from micro to macroalbuminuria 
ACE vs. placebo/no treatment  
ACE significantly reduced the risk of progression from micro to macroalbuminuria (17 studies, N=2036, RR 0.45, 0.29 to 0.69). There was no significant study 
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heterogeneity. 
 
ARB vs. placebo/ no treatment 
ARB significantly reduced the risk of progression from micro to macroalbuminuria (3 studies, N=761, RR 0.49, 0.32 to 0.75). There was no significant study 
heterogeneity. 
 
ACE vs. ARB 
This outcome was reported in only one study (N=41) and there was NS reduction in progression from micro to macroalbuminuria. 
 
Regression from micro to normoalbuminuria 
ACE vs. placebo/no treatment  
Use of ACEi significantly increased regression from micro to normoalbuminuria compared to placebo/no treatment (16 studies, N=1910, RR 3.06, 95% CI 1.76 to 
5.35). There was no significant study heterogeneity. 
 
ARB vs. placebo/ no treatment 
Use of ARB significantly increased regression from micro to normoalbuminuria compared to placebo/no treatment (2 studies, N=670, RR 1.42, 95% CI 1.05 to 1.93). 
There was no significant study heterogeneity. 
 
ACE vs. ARB 
There was NS difference (2 studies, N=65). 
 
Toxicity: Cough 
ACE vs. placebo/no treatment  
Ace use was associated with a significant increase in the risk of cough (10 studies, N=7087, RR 3.17 95% CI 2.29 to 4.38). There was no significant study 
heterogeneity. 
 
ARB vs. placebo/ no treatment 
There was NS difference in the risk of cough (2 studies, N=194). 
 
ACE vs. ARB 
There was NS difference in the risk of cough (2 studies, N=90). 
 
Toxicity: Hyperkalaemia 
ACE vs. placebo/no treatment  
There was NS difference in the risk of hyperkalaemia (2 studies, N=1219). There was no significant study heterogeneity. 
 
ARB vs. placebo/ no treatment 
There was a significant increase in the risk of hyperkalaemia with ARB compared with placebo (2 studies, N=2287 RR 5.41, 95% CI 1.87 to 15.65).There was no 
significant study heterogeneity. 
 
ACE vs. ARB 
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Not reported. 
 
Toxicity: Headache 
ACE vs. placebo/no treatment  
There was NS difference in the risk of headache (4 studies, N=6186). There was no significant study heterogeneity. 
 
ARB vs. placebo/ no treatment 
There was NS difference in the risk of headache (1 study, N=91). There was no significant study heterogeneity. 
 
ACE vs. ARB 
Not reported. 
Toxicity: Impotence 
ACE vs. placebo/no treatment  
There was NS difference in the risk of impotence (5 studies, N=1528). There was no significant study heterogeneity. 
 
ARB vs. placebo/ no treatment 
Not reported. 
 
ACE vs. ARB 
Not reported. 
Ref ID: 251         
Reference Study type/ 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Agodoa LY, 
Appel L, Bakris 
GL, Beck G, 
Bourgoignie J, 
Briggs JP et al. 
Effect fo ramipril 
vs Amlodipine 
on renal 
outcomes in 
hypertensive 
nephrosclerosis. 
A randomised 
controlled trial. 
JAMA 2001; 
285 (21): 2719-
2728 

RCT 1+ 
 
3x2 
factorial 
design 
 
Double 
blind to 
drug 
assignment 
but not to 
BP goal 
 
Post-hoc 

N=1094 
 
At 32 
months of 
follow up 
80.1% of 
active 
participants 
in the 
ramipril 
group and 
83.3% in 
the 
amlodipine 
group were 
still taking 
their drug.  

Inclusion criteria: self-
identified African-
Americans with 
hypertension, age 18-70 
years, GFR 20-65 mL/min 
per 1.73m2, no other 
identified causes of renal 
insufficiency. 
 
Exclusion criteria: DBP < 
95 mmHg, known history 
of diabetes mellitus, 
urinary protein to 
creatinine ratio (UP/Cr) 
>2.5, accelerated or 
malignant hypertension 
within 6 months, 

N=436  
Ramipril 2.5-
10 mg/d 
 
Procedure: 
Patients 
randomised 
to a usual 
mean arterial 
pressure 
goal of 102-
107 mmHg 
or 92 mmHg. 
Also 
randomised 
in a 2:2:1 
(metoprolol: 

N=441 
Metoprolol  
50-200 mg/d 
 
N=217 
Amlodipine 
5-10 mg/d 

37 months 
 
First 3 
months after 
randomisation 
is the acute 
phase 
 
Remainder of 
follow up is 
the chronic 
phase.  

Primary 
outcome: rate 
of change in 
GFR or GFR 
slope (GFR 
measured by 
125iothalamate 
clearance) 
 
Secondary 
clinical 
outcomes: 
reduction in 
GFR by 50% 
or by 25 
mL/min per 
1.73m2 from 

Pfizer Inc, Astra-
Zeneca, King 
Pharmaqceuticals, 
NIH 
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secondary hypertension, 
evidence of non-BP related 
causes of renal disease, 
serious systemic disease, 
clinical congestive heart 
failure, specific indications 
for or contraindication to a 
study drug or study 
procedure.  
 
Baseline characteristics: 
NS different between those 
allocated to ramipril or 
amlodipine for age, BP, 
GFR, serum creatinine, 
urinary protein:creatinine 
ratio, history of heart 
disease or hypertension  
 
.  

ramipril: 
amlodipine) 
schedule 

the mean of 
the 2 baseline 
GFRs,  
 
ESRD 
defined as 
need for renal 
replacement,  
 
Death 
 
UP/Cr >0.22 

Effect size 
Sub-analyses by baseline proteinuria level were not included in original analysis plan. DSMB requested sub-group analyses on the ramipril – amlodipine comparison 
by baseline proteinuria status. These analyses were performed in participants with baseline UP/Cr>0.22 and ≤ 0.22 (a value corresponding approximately to the 
threshold of 300 mg/day for clinically significant proteinuria). 1/3rd of participants had a UP/Cr of >0.22.  
 
There were highly significant interactions between the treatment regimen and baseline proteinuria.  
 
Change in GFR 

 Ramipril Amlodipine  p 
Mean (SE) total rate of GFR change at 
3 years (mL/min per 1.73m2/y) 

UP/Cr ≤ 0.22  
UP/Cr > 0.22 

 
 

-1.02 (0.25) 
-3.60 (0.34) 

 
 

0.20 (0.39) 
-5.62 (0.65) 

 
 

0.006 
0.006 

Chronic phase 
Mean (SE) rate of GFR change 
(mL/min per 1.73m2/y) 

UP/Cr ≤ 0.22  
UP/Cr > 0.22 

 
 
 

-1.22 (0.25) 
-3.55 (0.41) 

 
 
 

-2.02 (0.38) 
-5.92 (0.69) 

 
 
 

0.07 
0.003 

 
Proteinuria 
Over the 3 year period, proteinuria gradually increased in both treatment groups although there was an initial decline in the ramipril group. The percentage increase in 
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proteinuria was significantly greater in the amlodipine group than ramipril in both baseline proteinuria strata.  
 Ramipril Amlodipine  p 
Proteinuria % change (geometric mean UP/Cr) in the first 6 months -20% 

(0.1147 to 0.0915)
+58% 

(0.0997 to 0.1575)
<0.001

Median change in UP/Cr (ramipril vs. amlodipine): 
UP/Cr ≤ 0.22: 0.02 mg protein/mg creatinine 
UP/Cr > 0.22: 0.35 mg protein/ mg creatinine 

 
Among those with UP/Cr <0.22 the rate at which participants developed UP/Cr ≥0.22 was 56% (37-69%, p<0.001) lower for ramipril than for amlodipine.  
 
Clinical end points 
The risk reduction in the clinical endpoints fro the ramipril group was not significantly related to baseline proteinuria (p=0.25) but it was strongly influenced by the 
subgroup with baseline proteinuria UP/Cr>0.22. RR adjusted for protein:creatinine ratio, heart disease history, MAP, sex, age 

 Risk reduction (ramipril N=416 vs. 
amlodipine N=217) 

p 

GFR decline of 50% 41% (5 to 63%) 0.03 
GFR decline, ESRD, or death 38% (13-56%) 0.005 
ESRD or death 41% (14-60%) 0.007 
Major decline in GFR or ESRD 38% (10-58%) 0.01 
UP/Cr>0.22 48% (20-66%) 0.003 
death 31% (-41 to 66) 0.31 

NS 
ESRD 44% (13 to 65%) 0.01 

 
Conclusions: participants with protein excretion > 300 mg/day showed the greatest benefit of ramipril compared with those receiving amlodipine in all outcome 
parameters. Proteinuria was a strong predictor of GFR decline. The majority of participants who experienced a clinical end point had a baseline protein excretion of 
UP/Cr >0.22.  
 
The study was not designed to evaluate the effect of these agents on cardiovascular and cerebrovascular complications.  
 
Assessment of bias: all analyses are ITT. Sub-group analyses by baseline proteinuria level not part of original analysis plan. No comment on whether the study was 
powered for this analysis.  
Ref ID: 2851         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 
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Anon. 
Randomised 
placebo-
controlled 
trial of effect 
of ramipril 
on decline in 
glomerular 
filtration rate 
and risk of 
terminal 
renal failure 
in 
proteinuric, 
non-diabetic 
nephropathy
. The GISEN 
Group 
(Gruppo 
Italiano di 
Studi 
Epidemiologi
ci in 
Nefrologia). 
Lancet. 
1997; 
349(9069):1
857-1863.  

 

RCT 
Double 
blind  
1 + 
 
Multicent
re study 
Italy 
 
All 
analyses 
were ITT. 

N = 166 
 
(Stratum 
2 results 
only-
adults 
with 
urinary 
protein 
excretion 
> 3g/24-
h) 

Inclusions: REIN trial (Ramipril Efficacy in 
Nephrology) people age 18 to 70 years 
with normotensive (DBP < 140 mm Hg 
and SBP < 90 mm Hg, without 
antihypertensive therapy) or hypertensive 
renal disease (creatinine clearance 20-70 
ml/min per 1.73 m2) and persistent 
proteinuria (urinary protein excretion > 1 
g/24-h for at least 3 months)  
 
Exclusion:  use of 
NSAIDs/immunosuppressive 
drugs/corticosteroids, acute MI or 
cerebrovascular accident in previous 6 
months, severe uncontrolled 
hypertension, renovascular disease, 
obstructive uropathy, diabetes, collagen 
disease, cancer, chronic cough, 
drug/alcohol abuse, pregnancy  
 
Baseline population characteristics: 
NS differences at baseline between those 
randomised to placebo or ramipril for age, 
gender, type of renal disease, GFR, 
creatinine clearance, urinary protein 
excretion, SBP, DBP, serum K+ 
 

Ramipril  
N= 78 but only 
56 had three 
GFR 
measurements 
 
(Stratum 2 
results only-
adults with 
urinary protein 
excretion > 
3g/24-h 
) 
Protocol: 4 
week placebo 
run-in, then 
randomisation 
to ramipril (1.25 
mg/d) or 
placebo. Other 
antihypertensiv
e drugs (not 
ACE i) added if  
bp target (DBP 
< 90 mm Hg) 
was not 
reached.  
 
GFR was 
assessed by 
renal clearance 
of iohexol at 
baseline, then 
at 1, 3, 6 
months, and 
every 6 months 
afterwards.  

placebo 
N=88 but only 
61 had three 
GFR 
measurements 
 
(Stratum 2 
results only-
adults with 
urinary protein 
excretion > 
3g/24-h) 
 
Protocol: as for 
intervention 

3 years Primary 
endpoint: 
Rate of 
decline of 
GFR  
 
Secondary 
endpoint: 
combined 
risk of 
doubling of 
serum 
creatinine or 
ESRD)  
 
Proteinuria 
 
All-cause 
mortality 
 
Cardiovascul
ar mortality 
 
 

Hoechst 
Marion 
Roussel 
Clinical 
Researc
h 
Institute 
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Effect size 
 
 Ramipril vs placebo (Stratum 2 results only-adults with urinary protein excretion > 3g/24-h) 
Change in GFR 
The mean GFR decline was significantly slower in the ramipril group than the placebo group (0.53 vs 0.88 ml/min per month, p=0.03).   
 
Urinary protein excretion 
Urinary protein excretion was significantly lower in the group receiving ramipril than placebo (urinary protein excretion did not change in placebo, p=0.002) In the 
ramipril group, urinary protein excretion decreased from baseline by 35% and 55% at month 3 and month 36, respectively. 
 
Composite endpoint:  ESRD or doubling of baseline serum creatinine 
Treatment with ramipril significantly reduced the risk of ESRD or doubling of serum creatinine (18/78 people treated with ramipril compared to 40/88 treated with 
placebo, p=0.04) (RR=0.51, but Emily’s calculations). A higher baseline urinary protein excretion rate was associated with a higher risk of reaching the combined 
endpoint in the placebo group, but not in the ramipril group. 
 
There was no significant difference in risk reduction for ESRD alone.  

 
All-cause mortality 
There was no significant difference between ramipril and placebo for all-cause mortality. This study may be underpowered for this outcome. 
 
Cardiovascular mortality 
There was no significant difference between ramipril and placebo for cardiovascular mortality. This study may be underpowered for this outcome. 
 
Cardiovascular event (non-fatal MI, aortic aneurysm) 
There was no significant difference between ramipril and placebo for non-fatal cardiovascular events. This study may be underpowered for this outcome. 
Ref ID: 2845         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Casas JP, 
Chua W, 
Loukogeorg
akis S et al. 
Effect of 
inhibitors of 
the renin-
angiotensin 
system and 
other 
antihyperten

Systemat
ic review 
and 
meta-
analysis 
 
Search 
EMBASE
, 
MEDLIN
E, 

N=127 
studies 
correspo
nding to 
150 
group 
comparis
ons (99 
used 
trials 
including 

Inclusion: studies had to be randomised, 
controlled, parallel-design in adults, and 
examine the effect of drug treatment with 
a blood-pressure-lowering action on 
progression of renal disease.   
Studies had to have a minimum follow-up 
of 1 year.  
 
Exclusion: not stated 
 
 

ACE inhibitors 
or ARBS 

“Other 
antihypertensiv
e agents”: Beta 
blockers or 
diuretics or 
calcium-
channel 
blockers, or 
combinations of 
these 

Weighted 
mean 
follow-up of 
4.2 years 
 
 
 

Primary 
outcomes: 
doubling of 
serum 
creatinine 
and end-
stage renal 
disease 
(defined as 
the need for 
kidney 

No 
funding 
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sive drugs 
on renal 
outcomes: 
systematic 
review and 
meta-
analysis. 
Lancet. 
2005; 
366(9502):2
026-2033. 

Cochran
e Library 
from 
1960 to 
January 
2005 
 
1 + 

participa
nts only 
with 
diabetes, 
36 
participa
nts 
without 
diabetes, 
10 
included 
both 
types of 
participa
nts, 5 did 
not report 
presence 
or 
absence 
of 
diabetes) 

transplantatio
n or 
haemodialysi
s)  
 
Secondary 
continuous 
markers 
(GFR, serum 
creatinine, 
and urine 
albumin 
excretion). 

Effect size 
 
ACE or ARB vs other antihypertensive agents 
 
End stage renal disease  
There was a significant reduction in the occurrence of ESKD compared with other antihypertensives (13 trials (N=37,089, RR 0.87, 95% CI 0.75 to 0.99, p=0.04).  
There was no significant interstudy heterogeneity (p=0.48).  This was also the case when large studies (> 500 participants, 3 studies) and small studies (< 500 
participants, 9 studies) were analysed. 
 
For studies only including participants with diabetes (4 trials, N=14,437) there was NS difference between ACE or ARB compared with other antihypertensives.  
 
For studies only including participants without diabetes (8 trials, N=22542) there was NS difference between ACE or ARB compared with other antihypertensives 
 
Doubling of serum creatinine 
There was NS reduction in the risk of doubling serum creatinine with ACE or ARBs compared other active interventions (11 trials, N=3376). There was no significant 
interstudy heterogeneity (p=0.26).    
 
This was NS difference also found for the studies only including participants with diabetes (6 trials, N=3044).   
 
This was NS difference also found for the studies only including participants without diabetes (3 trials, N=222).   
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Difference of change in serum creatinine 
ACE or ARB showed a small reduction in creatinine concentration compared with other agents (38 trials, N=5711, mean difference -7.07, -13.26 to 0.88, p=0.01). 
However, there was significant interstudy heterogeneity (p<0.0001) and small study bias (p=0.07). In large studies (> 500 people, 3 trials), there was NS difference 
between Ace or ARB and other antihypertensive agents.  
 
There was NS difference between ACE or ARBs and other treatments in the studies with diabetic participants (18 trials, N=4315). 
 
In studies only including patients without diabetes, there was a significant reduction in creatinine concentration with ACE or ARB treatment compared with other 
antihypertensive agents (16 trials, N=1141 mean difference -12.38, 95% CI -20.33 to -4.42) 
 
Urine albumin excretion 
ACE or ARBs showed a small reduction in urine albumin excretion compared with other treatments (44 trials, N=5266, mean difference -15.73, 95% CI -24.72 to -
6.74, p=0.001). This was also seen in large and small size studies.  However, there was significant interstudy heterogeneity (p<0.0001) and small study bias 
(p=0.001). 
 
In participants with diabetes a small reduction in urine albumin excretion was noted for ACE or ARBs compared with other treatments (34 trials, N=4772, mean 
difference -12.68, -21.68 to -2.74). 
 
In studies only including patients without diabetes treated with ACE or ARBs vs other antihypertensive agents, there was a significant reduction in albumin excretion 
(8 trials, N=414 mean difference -32.30 95% CI -49.18 to -15.42) 
 
GFR 
ACE or ARBs had NS difference on GFR than other antihypertensive treatments for both all studies (61 trials, N=39,485) and also for participants with diabetes (37 
studies, N=15,742) or for participants without diabetes (21 trials, N=23488). There was no significant interstudy heterogeneity (p=0.94) or small study bias (p=0.88).   
Ref ID: 94         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Dalla VM, 
Pozza G, 
Mosca A et 
al. Effect of 
lercanidipine 
compared 
with ramipril 
on albumin 
excretion 
rate in 
hypertensive 

RCT 
double-
blind, 
parallel-
group 
 
19 
centres, 
Italy  
 
ITT: not 

N = 180 Inclusions: type 2 diabetics with persistent 
microalbuminuria (albumin excretion rate 
20-200 micrograms/min during the last 3 
months) and mild to moderate 
hypertension (mean DBP between 85-109 
mm Hg and mean SBP < 180 mm Hg) 
age 40 to 70 years 
  
Exclusions:  arterial hypertension outside 
above specified range, secondary arterial 
hypertension, orthostatic hypotension 

Lercanidipine 
(10 mg/d) 
 
N= 91 
 
Protocol:  
1 week 
washout 
period, followed 
by 3 week 
placebo run-in 

Ramipril (5 
mg/d) 
 
N= 89 
 
Protocol: as for 
intervention 
 
 

52 weeks 
 
Dropouts: 
147 
completed 
the study.  
  
17/91=18% 
dropout  
lercanidipin
e 

Primary 
endpoint:Cha
nge in 
albumin 
excretion rate 
from baseline 
to week 52. 
 
Secondary 
endpoint: 
Restoration 

Not 
stated 
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Type 2 
diabetic 
patients with 
microalbumi
nuria: DIAL 
study 
(diabete, 
ipertensione, 
albuminuria, 
lercanidipina
). Diabetes, 
Nutrition & 
Metabolism - 
Clinical & 
Experimenta
l. 2004; 
17(5):259-
266. 

stated  
 
1 + 

(SBP decrease > 20 mm Hg after 
standing for 2 min), AER < 20 
micrograms/min or ≥ 20 micrograms/min 
not persistent or > 200 micrograms/min, 
HbA1c > 10%, cardiac insufficiency, 
arrhythmias, valvular disease, congenital 
heart disease, unstable angina pectoris, 
complete left bundle branch block, acute 
MI or cerebrovascular accident 3 months 
prior to recruitment, creatinine > 141.4 
micromol/l, anemia, hypertensive 
retinopathy, BMI > 35 kg/m2, known 
hypersensitivity to study drugs 
 
Baseline population characteristics: 

Characteristic Lercanidi
pine 
Group 

Ramipril 
Group 

N 91 89 
Age, years 58 60 
% Male 71 75 
BMI, kg/m2 29 29 
Diabetes 
duration, years 

10 11 

SBP, mm Hg 155 156 
DBP, mm Hg 92 93 
Serum 
creatinine, 
micromol/l 

70.7 79.6 

 

period. Patients 
were double-
blind 
randomised 1:1 
to ramipril (5 
mg/d) or 
lercanidipine 
(10 mg/d) for 
52 weeks. After 
6 weeks, the 
dose was 
doubled in 
subjects who 
did not reach 
target DBP < 
85 mm Hg. 
After 10 weeks, 
25 mg 
hydrochlorothia
zide was given 
to patients not 
reaching BP 
target. After 14 
weeks, 50 mg 
atenolol given 
to non-
normalised 
patients. 
Patients 
examined at 
baseline and 2, 
6, 10, 14, 26, 
39, and 52 
weeks after 
randomisation. 
AER (from 3 
consecutive 
overnight urine 
collections) 
was 
determined at 

 
16/89=18% 
dropout 
ramipril 

of 
normoalbumi
nuria 
 
Progression 
to 
macroalbumi
nuria 
 
Adverse 
Events 
 
Hyperkalaemi
a 
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baseline, and 
at 39 and 52 
weeks post 
randomisation.  
Serum 
creatinine, 
potassium, 
sodium 
measured at 
baseline and at 
2, 26, and 52 
weeks post-
randomisation. 
BP measured 
at each visit. 

Effect size 
Albumin excretion rate from baseline to end of study 
There was NS difference between albumin excretion rates in people treated with ramipril versus lercanidipine.  
 
Progression to macroalbuminuria 
There was NS difference in progression to macroalbuminuria between people treated with ramipril versus lercanidipine.  
 
Regression from micro to normoalbuminuria 
There was NS difference in regression to normoalbuminuria between people treated with ramipril versus lercanidipine. 
 
Adverse Events 
There was NS difference in the proportion of people with adverse events for treatment with ramipril versus lercanidipine. 
 
Hyperkalaemia 
There was no hyperkalaemia in either drug group. 
Ref ID: 
3977 

        

Reference Study 
type/ 
Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Jafar TH, 
Schmid CH, 
Landa M, 
Giatras I, 
Toto R et al. 

Systematic 
review and 
meta-
analysis 
 

N=1860 
 
Patient level 
data were 
drawn from 9 

Aim: to determine whether anti-
hypertensive regimens including ACE-I are 
more effective than regimens not including 
ACE-I in slowing the progression of 
nondiabetic renal disease. 

N=941 
patients  
 
Enalapril 
(N=7 

N=919 
patients 
 
Placebo 
(N=5 study) 

Mean 
duration 
of 
follow 
up was 

Primary 
outcome: 
ESRD 
(initiation of 
long-term 

National 
Institute of 
Diabetes 
and 
Digestive 
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Angiotensin
-converting 
enzyme 
inhibitors 
and 
progression 
of non-
diabetic 
renal 
disease. A 
meta-
analysis of 
patient level 
data. 
Annals of 
Internal 
Medicine 
2001; 135: 
73-87 

1+ 
 
 

published and 
2 unpublished 
RCT’s 
 
Withdrawal rate 
39.2% 
(discontinuation 
of follow-up 
before the 
occurrence of 
an outcome or 
study end and 
included 
reasons such 
as non-fatal 
side effects, 
non-fatal 
cardiovascular 
disease events, 
other non-fatal 
events such as 
malignant 
disease, 
pneumonia, 
cellulites, 
headache or 
gastrointestinal 
disturbance; 
and other 
reasons 
including loss 
to follow up, 
protocol 
violation or 
unknown. 

 
Inclusion criteria: hypertension or 
decreased renal function 
 
Exclusion criteria: acute renal failure, 
treatment with immunosuppressive 
medications, clinically significant 
congestive heart failure, obstructive 
uropathy, renal artery stenosis, active 
systematic disease, IDDM, history of 
transplantation, history of allergy to ACE-I, 
pregnancy. 
 
Baseline characteristics: there were no 
significant differences between the groups 
at baseline 

Characteristic ACE-I 
group 

Control 
group 

N 941 919 
% male 65 65 
Age, years 52 ± 13 52 ± 13 
Hypertension % 92 92 
SBP, mm Hg 148 ± 21 149 ± 

22 
DBP, mm Hg 90 ± 11 91 ± 11 
Serum 
creatinine, mg/dl

2.3 ± 1.2 2.3 ± 
1.2 

Proteinuria, 
g/24-h 

1.8 ± 2.5 1.8 ± 
2.1 

% glomerular 
disease 

33 33 

% polycystic 
disease 

7 8 

 % Hypertensive 
nephrosclerosis 

32 34 

% interstitial 
nephropathy 

12 12 

% other 15 14  

studies) 
 
Captopril 
(N=1 study) 
 
Benzapril 
(N=1 study) 
 
Cilazapril 
(N=1 study) 
 
Ramipril 
(N=1 study) 
 

 
Nifedipine 
(N=2 study) 
 
Atenolol or 
acebutolol 
(N=3 study) 
 
No 
specified 
medication 
(N=1 study) 

2.2 
years 
(range 
1-4 
years) 

dialysis 
therapy ) 
 
Combined 
outcome of 
ESRD or 2-
fold increase 
in serum 
creatinine 
concentration 
from baseline 
values  

and Kidney 
diseases, 
Agency for 
healthcare 
research and 
quality, 
Dialysis 
Clinic Inc., 
New 
England 
Medical 
Centre, 
Merck 
Research 
Laboratories.  

Effect size 
Overall: 
Mean urinary protein decreased in ACE-I group and stayed relatively stable in the comparison group. Mean decrease in urinary protein excretion was 0.46 g/day (CI 
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0.33 to 0.59 g/day) greater in the ACE-I group.  
 
ESRD: 
Overall, ACEi significantly decreased risk of ESRD compared with control [RR 0.69 (95% CI 0.51 to 0.94)] adjusted for baseline variables, decrease in SBP, decrease 
in urinary protein excretion. 
 
Doubling of serum creatinine or ESRD:  
Overall, ACEi significantly decreased risk of doubling of serum creatinine or ESRD compared with control [RR 0.70 (95% CI 0.55 to 0.88)] adjusted for baseline 
variables, decrease in SBP, decrease in urinary protein excretion. 
 
 
Interaction between baseline factors and ACE-I effect 
Baseline urinary protein excretion significantly modified the ACE-I effect for ESRD (p=0.03) and doubling of baseline serum creatinine or ESRD (p<0.001) 
 
Higher urinary protein excretion at baseline was found to be independently associated with increased risk for ESRD. During the follow up, smaller decreases in urinary 
protein excretion was associated with greater risks for ESRD (p=0.002) and doubling of baseline serum creatinine or ESRD (p=0.001).  
Unadjusted relative risks for primary outcomes by baseline urinary protein excretion rates  

Baseline urinary protein excretion 
(g/day) 

Relative risk of ESRD 
(CI) (unadjusted) 

Relative risk of doubling of 
serum creatinine or ESRD (CI) 

unadjusted  
<0.5 1.01 (0.44, 2.32) NS 1.35 (0.78, 2.35) NS 

0.5-1.0 0.66 (0.28, 1.56) NS 0.44 (0.21, 0.90) 
1.0-3.0 0.59 (0.37, 0.94) 0.58 (0.40, 0.84) 

>3.0 0.54 (0.32, 0.92) 0.51 (0.34, 0.75) 
 
Multivariate analysis with adjustments for treatment assignment, age, sex, ethnicity, SBP, DBP, MAP, serum creatinine, urinary protein excretion: When baseline 
urinary protein is considered as a linear variable, the point estimate of the relative risk is below 1.0 at all levels of urinary protein, however the upper bound of the CI 
crosses 1.0 at 1.5g/day for ESRD as outcome, and at 0.5g/day for the combined doubling of baseline serum creatinine or ESRD outcome.  
 
Alternative statistical models 
A two-slope spline with a knot point below urinary protein excretion of 1.0g/day was used to model the interaction between baseline urinary protein excretion and ACE-
I effect. A greater beneficial effect was observed at higher baseline urinary protein excretion and a benefit may exist at levels less than 0.5g/day.  
 
Sensitivity analyses 
Some studies had higher withdrawal rates than others and after excluding these studies in sensitivity analyses, the treatment effects did not change. Various other 
sensitivity analyses conducted did not find any differing results.  
 
Conclusions 
Strong beneficial effect in patients with urinary protein excretion > 0.5g/day but not sufficient evidence to recommend for or against treatment with ACE-I in patients 
with lower levels of proteinuria.  
Ref ID: 3981         



 

        Page 258 of 377  

Reference Study 
type/ 
Evidence 
level 

Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Kent DM, 
Jafar TM, 
Hayward 
RA, 
Tighiouart 
H, Landa M 
et al. 
Progressio 
risk, urinary 
protein 
excretion, 
and 
treatment 
effects of 
angiotensin-
converting 
enzyme 
inhibitors in 
nondiabetic 
kidney 
disease. 
Jornal of the 
American 
Society of 
Nephrology 
2007; 18: 
1959-1965 

Systematic 
review and 
meta-
analysis 
 
1 + 
 
 
 

N=1860 
 
Patient level 
data were 
drawn from 9 
published and 2 
unpublished 
RCT’s 
 
Withdrawal rate 
= 39.2% 
(discontinuation 
of follow-up 
before the 
occurrence of 
an outcome or 
study end and 
included 
reasons such as 
non-fatal side 
effects, non-
fatal 
cardiovascular 
disease events, 
other non-fatal 
events such as 
malignant 
disease, 
pneumonia, 
cellulites, 
headache or 
gastrointestinal 
disturbance; 
and other 
reasons 
including loss to 
follow up, 

Aim: to determine if patients with 
nondiabetic kidney disease benefit form 
ACE-I therapy even when they are at low 
risk or progression or when they have low 
urinary protein excretion.  
 
Inclusion criteria: hypertension or 
decreased renal function 
 
Exclusion criteria: acute renal failure, 
treatment with immunosuppressive 
medications, clinically significant congestive 
heart failure, obstructive uropathy, renal 
artery stenosis, active systematic disease, 
IDDM, history of transplantation, history of 
allergy to ACE-I, pregnancy. 
 
Baseline characteristics: there were no 
significant differences between the groups 
at baseline 

Characteristic ACE-I 
group 

Control 
group 

N 941 919 
% male 65 65 
Age, years 52 ± 13 52 ± 13 
Hypertension % 92 92 
SBP, mm Hg 148 ± 21 149 ± 

22 
DSP, mm Hg 90 ± 11 91 ± 11 
Serum 
creatinine, mg/dl

2.3 ± 1.2 2.3 ± 
1.2 

Proteinuria, 
g/24-h 

1.8 ± 2.5 1.8 ± 
2.1 

% glomerular 
disease 

33 33 

% polycystic 
disease 

7 8 

ACEi group 
N=941 
patients  
 
Enalapril 
(N=7 
studies) 
 
Captopril 
(N=1 study) 
 
Benzapril 
(N=1 study) 
 
Cilazapril 
(N=1 study) 
 
Ramipril 
(N=1 study) 
 

Control 
group 
N=919 
patients 
 
Placebo 
(N=5 study) 
 
Nifedipine 
(N=2 study) 
 
Atenolol or 
acebutolol 
(N=3 study) 
 
No 
specified 
medication 
(N=1 study) 

Mean 
duration 
of 
follow 
up was 
202 
years 
(range 
1-4 
years) 

Primary 
outcome: 
‘kidney 
disease 
progression’  
Defined as a 
combined 
outcome of 
ESRD or 2-
fold increase 
in serum 
creatinine 
concentration 
from baseline 
values  

Not 
stated 
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protocol 
violation or 
unknown.  
  

 % Hypertensive 
nephrosclerosis 

32 34 

% interstitial 
nephropathy 

12 12 

% other 15 14  
Effect size 
 
39% of patients had urinary protein <500 mg/day and 61% had urinary protein ≥500 mg/day.  
 
A risk model was developed to categorise patients in the dataset into equal sized quartiles on the basis of predicted risk. The risk model included the following 
variables: age (log transformed), gender, serum creatinine, urinary protein excretion, and systolic BP. Then computed the rate of the outcomes in each risk quartile 
and the odds of having an event of interest in the lowest and highest quartiles NAD in the control group.  
 
Significant interaction was detected between the presence or absence of urinary protein excretion ≥500 mg/day and the treatment effect on outcome risk (interaction 
p=0.003) 
 
ESRD or 2-fold increase in serum creatinine concentration from baseline values 
Outcome rates (%) by treatment in risk quartiles in patients with urinary protein <500 mg/day or ≥500 mg/day 

Urinary protein excretion Treatment group Risk quartile 1 Risk quartile 2 Risk quartile 3 Risk quartile 4 
<500 mg/day (N=730) ACE-I 3 2 9 22 
 Control 0 0 6 20 
≥500 mg/day (N=1130) ACE-I 0 1.6 4.7 19.4 
 Control 1.7 5.0 12.7 30.6 

 
In patients with urinary protein ≥500 mg/day, a substantial treatment effect was seen across all risk groups, including those at low risk (1.7% annualised risk of 
progression). NNT ranged from 58 in the low risk group to 9 in the high risk group. 
 
Inpatients with urinary protein < 500 mg/day no treatment benefit was found even among patients in the high risk group (19.7% annualised risk of progression in the 
control group of the highest risk quartile).  
 
Conclusions: targeting therapy can be accomplished by measurement of urine protein excretion alone better than by the application of a full risk model, once 
proteinuria taken into account; further scoring does not offer incremental value. The treatment effect of ACE-I in nondiabetic kidney disease seems to be 
independent of baseline risk. For patients with lower urine protein excretion, ACE-I do not seem to offer protection against kidney disease progression, even among 
patients with unfavourable risk characteristics and a relatively higher likelihood for progression.  
Ref ID: 4176         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 
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Kunz R, 
Friedrich C, 
Wolbers M 
et al. Meta-
analysis: 
effect of 
monotherap
y and 
combination 
therapy with 
inhibitors of 
the renin 
angiotensin 
system on 
proteinuria in 
renal 
disease. 
Annals of 
Internal 
Medicine. 
2008; 
148(1):30-
48. Ref ID: 
4176 

Systematic 
review and 
meta-
analysis 
 
1 + 
 
Search 
MEDLINE, 
Cochrane 
Library 
from 1990 
to Sept.  
2006 
 
 
 

N=49 
RCTs  
 
N=6181 
people 
 
N=12 
RCT 
ARB vs 
placebo 
 
N=9 RCT 
ARB vs 
CCB 
 
N=23 
RCT 
studies 
ARB vs 
ACE 
 
N= 16 
RCT 
ACE + 
ARB 
versus 
ARB 
 
N=23 
RCT 
ACE + 
ARB vs 
ACE 
alone 
 

Inclusion: studies had to be 
randomised, controlled, parallel-design 
or cross-over studies lasting at least 4 
weeks in adults with renal disease (due 
to diabetes or other causes) comparing 
ARBs with: 
- Placebo 
- CCB 
- ACEi 
 
And combination therapy: 
ACE + ARB versus ACEi  
ACE + ARB versus ARB  
 
The populations had microalbuminuria 
or proteinuria (measured with timed 
quantitative measurement or spot 
ACR/PCR). 
 
Exclusion: kidney transplantation, 
normal UPE, < 10 people/group, other 
combination therapies, 
 

ARB 
 
 
 
 
 
Combination 
therapy ACE 
inhibitors + 
ARBS 
 
 

-Placebo 
- CCB 
- ACEi 
 
 
 
ACEi alone 
 
ARB alone 
 
 

Ranged 
from 1-12 
months 
follow-up 
 
 

Primary 
outcomes: 
change in 
proteinuria 
 
Discontinuation 
rates 
  
 

Novartis 

Effect size 
Note that in the combination ACE + ARB trials, dosage was not titrated to maximum dose in the trial arms in most studies. 
 
Changes in proteinuria at 1 to 4 months follow-up: 

Intervention (N) Comparison (N)  N RCTs Ratio of means (95% CI) Heterogeneity? 
ARB (340) Placebo (337) 8 0.57 (0.47 to 0.68) Yes I2 = 86% 
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ARB (341) CCB (317) 7 0.69 (0.62 to 0.77) NS 
ARB (638) ACE (634) 22 0.99 (0.92 to 1.05) NS NS 
ACE + ARB (254) ARB (234) 14 0.76 (0.68 to 0.85) NS 
ACE + ARB (417) ACE (418) 21 0.78 (0.72 to 0.84) NS 

 
Changes in proteinuria at 5 to 12 months follow-up: 

Intervention (N) Comparison (N)  N RCTs Ratio of means (95% CI) Heterogeneity? 
ARB (1489) Placebo (1505) 6 0.66 (0.63 to 0.69) NS 
ARB (726) CCB (706) 5 0.62 (0.55 to 0.70) NS 
ARB (429) ACE (430) 12 1.08 (0.96 to 1.22) NS NS 
ACE + ARB (181) ARB (181) 7 0.75 (0.61 to 0.92) NS 
ACE + ARB (179) ACE (178) 7 0.82 (0.67 to 1.01) NS NS 

 
ARBs significantly decreased proteinuria compared with placebo or CCB.  
NS difference in efficacy between ACE vs ARB. 
ACE + ARB combination therapy significantly decreased proteinuria compared with ARB monotherapy. 
 
Observed consistent effects on proteinuria in people with microalbuminuria, proteinuria, diabetic or nondiabetic CKD, design of trial, follow-up time. 
No suggestion of publication bias.  
 
Risk for Medication Discontinuation: only parallel group studies included 

Intervention (N) Comparison (N)  N RCTs Pooled rate of discontinuation (95% CI)
ARB (1104) Placebo (1122) NR 0.86 (0.78 to 0.95) 
ARB (363) CCB (355) NR 0.71 (0.43 to 1.15) NS 
ARB (404) ACE (414) NR 0.78 (0.55 to 1.11) NS 
ACE + ARB (27) ARB (68) NR 3.98  (0.47 to 33.85) NS 
ACE + ARB (16) ACE (18) NR 5.59 (0.29 to 108.38) NS 

Low number of events in combo therapy trials make results of drug discontinuation implausible. 
Ref ID: 82         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Lea J, 
Greene T, 
Hebert L et 
al. The 
relationship 
between 
magnitude 

RCT 1+ 
 
3x2 
factorial 
design 
 
Double 

N=1094 
 
At 32 
months 
of follow 
up 80.1% 
of active 

Inclusion criteria: self-identified African-
Americans with hypertension, age 18-70 
years, GFR 20-65 mL/min per 1.73m2, no 
other identified causes of renal 
insufficiency. 
 
Exclusion criteria: DBP < 95 mmHg, 

Ramipril 2.5-10 
mg/d 
 
Procedure: 
Patients 
randomised to 
a usual mean 

Metoprolol  50-
200 mg/d 
 
Amlodipine 5-
10 mg/d 

37 months 
 
First 3 
months 
after 
randomisati
on is the 

Mean GFR 
slope 
throughout 
follow up 
starting with 
GFR at 6-
month follow-

None 
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of 
proteinuria 
reduction 
and risk of 
end-stage 
renal 
disease. 
Archives of 
Internal 
Medicine 
2005; 165: 
947-953 

blind to 
drug 
assignme
nt but not 
to BP 
goal 

participa
nts in the 
ramipril 
group 
and 
83.3% in 
the 
amlodipin
e group 
were still 
taking 
their 
drug.  

known history of diabetes mellitus, urinary 
protein to creatinine ratio (UP/Cr) >2.5, 
accelerated or malignant hypertension 
within 6 months, secondary hypertension, 
evidence of non-BP related causes of 
renal disease, serious systemic disease, 
clinical congestive heart failure, specific 
indications for or contraindication to a 
study drug or study procedure.  
 
Baseline characteristics: 

 Median UP/Cr Median 24-hr 
UP 

Sex 
   Male 
   Female 

 
0.082 
0.080 

 
143.1 
88.81 

Mean 
baseline GFR 
   <48 
   ≥48 

 
 

0.200 
0.045 

 
 

239.2 
68.25 

Age at 
randomisation 
   <56 
   ≥56 

 
 

0115 
0.052 

 
 

188.7 
69.35 

BMI 
   ≤25 
   26-29 
   ≥30 

 
0.068 
0.068 
0.100 

 
80.64 
96.20 
157.8 

Baseline 
systolic BP 
<148 
≥148 

 
 

0.061 
0.110 

 
 

85.14 
168.6  

arterial 
pressure goal 
of 102-107 
mmHg or 92 
mmHg. 
Also 
randomised in 
a 2:2:1 
(metoprolol: 
ramipril: 
amlodipine) 
schedule.  
 

acute 
phase 
 
Remainder 
of follow up 
is the 
chronic 
phase.  

up visit (GFR 
measured by 
125iothalamat
e clearance) 
 
Occurrence 
of ESRD 

Effect size 
24-hr urinary protein excretion was positively associated with male sex, younger age, and higher body mass index. 
 

 Change in GFR after 6-month, 
Mean (se), mL/min per 1.73m2

p Relative risk of ESRD p 

10 mL/min per 1.73m2 lower GFR at baseline -0.38 ± 0.08 greater decline <0.001 2.70 (2.33-3.13) <0.001 
2 X higher baseline UP/Cr - 0.54  0.005 greater decline <0.001 1.80 (1.66-1.95) <0.001 

In multivariate analyses, after controlling for baseline proteinuria, there was no relationship between baseline GFR and the mean change in GFR at 6 months.  
 
The baseline level and initial change in UP/Cr were independent predictors of GFR slope and risk of ESRD 

 Change in GFR after 6-month, 
Mean (se), mL/min per 1.73m2

p Relative risk of ESRD p 

Participants with baseline UP/Cr ≤0.22     
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   Baseline UP/Cr 
   Doubling of UP/Cr at 6-months 

-0.41 (0.11) 
-0.52 (0.14) 

<0.001 
<0.001 

1.94 (1.38-2.71) 
1.55 (1.24-1.93) 

<0.001 
<0.001 

Participants with baseline UP/Cr >0.22 
   Baseline UP/Cr 
   Doubling of UP/Cr at 6-months 

 
-0.91 (0.23) 
-0.85 (0.14) 

 
<0.001 
<0.001 

 
2.20 (1.75-2.76) 
1.86 (1.52-2.27) 

 
<0.001 
<0.001 

Participants randomised to ramipril 
   Baseline UP/Cr 
   Doubling of UP/Cr at 6-months 

 
-0.65 (0.09) 
-0.47 (0.16) 

 
<0.001 
<0.001 

 
2.17 (1.80-2.63) 
1.75 (1.39-2.21) 

 
<0.001 
<0.001 

Participants randomised to metoprolol 
   Baseline UP/Cr 
   Doubling of UP/Cr at 6-months 

 
-0.53 (0.08) 
-0.49 (0.15) 

 
<0.001 
<0.001 

 
2.12 (1.75-2.55) 
1.66 (1.34-2.04) 

 
<0.001 
<0.001 

Participants randomised to amlodipine 
   Baseline UP/Cr 
   Doubling of UP/Cr at 6-months 

 
-0.88 (0.17) 
-1.38 (0.26) 

 
<0.001 
<0.001 

 
2.12 (1.70-2.65) 
1.88 (1.36-2.61) 

 
<0.001 
<0.001 

 
Conclusions: the baseline level and initial change from baseline to 6 months in proteinuria were predictive of subsequent progression of hypertensive kidney disease 
in African Americans. Higher levels of proteinuria are associated with increased risk of ESRD. Changes in low levels of proteinuria are predictive of ESRD 
development and the annual rate of decline of GFR.  
 
Assessment of bias: all analyses are ITT. Sub-group analyses by baseline proteinuria level not part of original analysis plan. No comment on whether the study was 
powered for this analysis.  
Ref ID: 38         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Rahman M, 
Pressel S, 
Davis BR et 
al. 
Cardiovascu
lar outcomes 
in high-risk 
hypertensive 
patients 
stratified by 
baseline 
glomerular 
filtration 
rate.[see 
comment][su

RCT 
double 
blind 
 
1 + 

N total = 
33 357 
 
N mild 
reduction 
in GFR 
(60 to 89 
ml/min 
per 1.73 
m2 )= 
13259 
 
N 
moderate
/severe 

Inclusion: ALLHAT participants: < 55 
years  and hypertensive  and with at least 
1 additional risk factor for heart disease: 
previous MI or stroke, left ventricular 
hypertrophy, type 2 diabetes, current 
smoker, HDL cholesterol < 35 mg/dL, 
atherosclerotic CVD. Stratified according 
to GFR: normal/increased (≥ 90 ml/min 
per 1.73 m2), mild reduction (60 to 89 
ml/min per 1.73 m2 ), moderate/severe (< 
60 ml/min per 1.73 m2 ) 
 
Exclusion criteria: history of symptomatic 
heart failure and/or left ventricular ejection 
fraction < 0.35 creatinine > 176.8 

Lisinopril 10 to 
40 mg/d 
 
N= 6432 
 
Procedure: 
Block 
randomisation 
was stratified 
by centre in a 
double-blind 
manner of 
chlorthalidone 
:lisinopril 1.7:1. 
Goal blood 

Chlorthalidone 
12.5 to 25 mg/d 
 
N= 10973 
 
Procedure: As 
for intervention 

At 1, 3, 6, 
9, and 12 
months, 
then every 
4 months 
thereafter 
up to 6 
years 

Primary: 
Fatal 
coronary 
heart disease 
and Nonfatal 
MI 
 
Combined 
CVD 
(composite of 
primary 
outcome , 
coronary 
revascularisa
tion, 

National 
Heart 
, Lung, 
 and  
Blood 
Institute,  
Pfizer 
Inc. 



 

        Page 264 of 377  

mmary for 
patients in 
Ann Intern 
Med. 2006 
Feb 
7;144(3):I33; 
PMID: 
16461958]. 
Annals of 
Internal 
Medicine. 
2006; 
144(3):172-
180  

reduction 
in GFR 
(< 60 
ml/min 
per 1.73 
m2 ) =  
4146 
 
N ITT not 
stated 
 
623 
centres 
in US, 
Canada, 
Puerto 
Rico, US 
Virgin 
Islands  
 
 

micromol/L 
 
Population baseline characteristics: 

 GFR 60-89 
ml/min per 1.73 
m2 

GFR < 60 ml/min 
per 1.73 m2 

 

ch
lo

rth
al

id
on

e lis
in

op
ril

 

ch
lo

rth
al

id
on

e lis
in

op
ril

 

N 8360 4899 2613 1533 
Mean 
age, y 

67.2 67.3 70.8 70.6 

% 
white 
non-
Hispa
nic 

51.5 50.9 57 57.2 

% 
black 
non-
Hispa
nic 

27.6 27.6 25.8 26.1 

% 
Femal
e 

44.6 44.7 52.4 49.8 

Histor
y 
CHD 
(%) 

26.7 25.8 31.8 30.7 

Mean 
eGFR 
(ml/mi
n per 
1.73 
m2) 

75.1 75.1 50.1 50.1 

Type 
2 
Diabe
tes 
(%) 

33 31.9 33.7 32.7 

 

pressure was 
less than 
140/90 mm Hg 
achieved by 
titrating study 
drug lisinopril 
10 to 40 mg/d 
or 
chlorthalidone 
12.5 to 25 mg/d 
(step 1), and 
then by adding 
open-label 
atenolol, 
clonidine, 
reserpine (step 
2) or 
hydralazine 
(step 3) 
 

hospitalised 
angina, 
stroke, 
fatal/hospitali
sed/treated 
non-
hospitalised 
heart failure, 
peripheral 
arterial 
disease 
 
 
 

Effect size 
Lisinopril vs. Chlorthalidone 
 
Nonfatal MI and Fatal coronary heart disease 
No statistically significant difference in the risk for MI or CHD between lisinopril or chlorthalidone for the total group (n= 24309; not stratified by GFR) or for people 
with mild (GFR 60 to 89 ml/min per 1.73 m2 ; N= 13259) or moderate/severe renal impairment (GFR < 60 ml/min per 1.73 m2 ; N =  4146). 
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Combined CVD 
In the total group (N= 24309), people receiving lisinopril had a 10% statistically significant higher risk of combined CVD than those receiving chlorthalidone [OR 1.10 
(95% CI 1.05-1.16), p < 0.001]. This was also the case in people with mild renal impairment [OR 1.09 (95% CI 1.02-1.17), p = 0.015; N= 13259] and moderate/severe 
renal impairment [OR 1.12 (95% CI 1.01-1.25), p = 0.038; N =  4146]. 
 
Stroke 
In the total group (N= 24309), people receiving lisinopril had a 15% statistically significant higher risk of stroke than those receiving chlorthalidone [OR 1.15 (95% CI 
1.02-1.30), p = 0.021]. There was no statistically significant difference in the risk for stroke between lisinopril or chlorthalidone for those with mild or moderate/severe 
renal impairment. 
 
Heart Failure 
In the total group (N= 24309), people receiving lisinopril had a 20% statistically significant higher risk of heart failure than those receiving chlorthalidone [OR 1.20 
(95% CI 1.08-1.33), p = 0.001]. There was no statistically significant difference in the risk for heart failure between lisinopril or chlorthalidone for those with mild renal 
impairment.  However, people with moderate/severe renal impairment receiving lisinopril had a 29% higher risk of heart failure than those receiving chlorthalidone 
[OR 1.29 (95% CI 1.06-1.58), p = 0.011].   
Ref ID: 2853         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Ruggenenti 
P, Perna A, 
Gherardi G 
et al. 
Renoprotecti
ve 
properties of 
ACE-
inhibition in 
non-diabetic 
nephropathi
es with non-
nephrotic 
proteinuria. 
Lancet. 
1999; 
354(9176):3
59-364. 

RCT 
Double 
blind  
1 + 
 
Multicent
re study 
Italy 
 
All 
analyses 
were ITT. 

N = 186 
 
(Stratum 
1 results 
only-
adults 
with 
urinary 
protein 
excretion 
1 to 2.9 
g/24-h) 

Inclusions: REIN trial (Ramipril Efficacy in 
Nephrology) people age 18 to 70 years 
with normotensive (DBP < 140 mm Hg 
and SBP < 90 mm Hg, without 
antihypertensive therapy) or hypertensive 
renal disease (creatinine clearance 20-70 
ml/min per 1.73 m2) and persistent 
proteinuria (urinary protein excretion > 1 
g/24-h for at least 3 months)  
 
Exclusion:  use of 
NSAIDs/immunosuppressive 
drugs/corticosteroids, acute MI or 
cerebrovascular accident in previous 6 
months, severe uncontrolled 
hypertension, renovascular disease, 
obstructive uropathy, diabetes, collagen 
disease, cancer, chronic cough, 
drug/alcohol abuse, pregnancy  
 

Ramipril  
N= 99 but only 
92 had three 
GFR 
measurements 
 
(Stratum 1 
results only-
adults with 
urinary protein 
excretion 1 to 
2.9 g/24-h) 
 
Protocol: 4 
week placebo 
run-in, then 
randomisation 
to ramipril (1.25 
mg/d) or 
placebo. Other 

placebo 
N=87 but only 
83 had three 
GFR 
measurements 
 
(Stratum 1 
results only-
adults with 
urinary protein 
excretion 1 to 
2.9 g/24-h)) 
 
Protocol: as for 
intervention 

Median 
follow-up: 
31 months. 
 
6 year 
follow-up 
for some 
outcomes 

Primary 
endpoint: 
Rate of 
decline of 
GFR  
 
Primary 
endpoint: 
Progression 
to ESRD 
 
Progression 
to overt 
proteinuria 
(urinary 
protein 
excretion rate 
≥ 3 g/24-h) 
 
Urinary 

Hoechst 
Marion 
Roussel 
Clinical 
Researc
h 
Institute 
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Baseline population characteristics: 
NS differences at baseline between those 
randomised to placebo or ramipril for age, 
gender, type of renal disease, GFR, 
creatinine clearance, urinary protein 
excretion, SBP, DBP, serum K+ 
 

antihypertensiv
e drugs (not 
ACE i) added if  
bp target (DBP 
< 90 mm Hg) 
was not 
reached.  
 
GFR was 
assessed by 
renal clearance 
of iohexol at 
baseline, then 
at 1, 3, 6 
months, and 
every 6 months 
afterwards. 

protein 
excretion 
 
Secondary 
endpoint: 
combined 
risk of 
progression 
to overt 
proteinuria or 
ESRD 
 
Non-fatal 
Cardiovascul
ar events 
 
 

Effect size 
 
 Ramipril vs placebo (Stratum 1 results only-adults with urinary protein excretion 1 to 2.9 g/24-h) 
 
Primary endpoint: Change in GFR 
There was NS difference in the mean GFR decline per month in the ramipril group versus the placebo group. (Stratum 1 results only-adults with urinary protein 
excretion 1 to 2.9 g/24-h) 
 
Primary endpoint: Progression to ESRD 
Ramipril significantly reduced the risk of progression to ESRD by 56% compared to placebo [RR 2.72 (95% CI 1.22 to 6.08), p=0.01]. Median time to ESRD was 
doubled in the ramipril group (33.6 months) compared to placebo (18.8 months). 
 
In subgroup analysis of people with GFR ≤ 45 ml/min, ramipril significantly reduced the risk of progression to ESRD by 49% compared to placebo [RR 2.49 (95% CI 
1.03 to 6.02), p=0.036]. 
 
Progression to overt proteinuria (urinary protein excretion rate ≥ 3 g/24-h) 
Ramipril significantly reduced the risk of progression to overt proteinuria by 52% compared to placebo [RR 2.40 (95% CI 1.27 to 4.51), p=0.005]. 
 
Urinary protein excretion 
Urinary protein excretion was significantly lower in the group receiving ramipril than placebo. Median proteinuria increased from baseline by 15% in the placebo group 
and decreased by 13% in the ramipril group  (p=0.003)  
 
Composite endpoint:  ESRD or overt proteinuria 
Treatment with ramipril significantly reduced the risk of progression to ESRD or overt proteinuria by 58% compared to placebo [RR 2.96 (95% CI 1.71 to 5.12), 
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p=0.001].  
 
Cardiovascular event (non-fatal MI, aortic aneurysm) 
There was no significant difference between ramipril and placebo for non-fatal cardiovascular events. This study may be underpowered for this outcome. 
 
Authors suggest maintaining proteinuria at < 3 g/24-h as higher proteinuria is associated with disease progression and faster GFR decline. 
Ref ID: 204         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Wright JT, 
Jr., Bakris 
G, Greene T 
et al. Effect 
of blood 
pressure 
lowering and 
antihyperten
sive drug 
class on 
progression 
of 
hypertensive 
kidney 
disease: 
results from 
the AASK 
trial. JAMA. 
2002; 
288(19):242
1-2431. 

RCT 
Double 
blind  
1 + 
 
Multicent
re study 
(21 
centres)  
US 
 
All 
analyses 
were ITT. 

N = 877 Inclusions: African Americans age 18 to 
70 years with hypertensive renal disease 
(GFR, 20-65 ml/min per 1.73 m2) 
 
Exclusion:  diastolic BP < 95 mm Hg, 
known history of diabetes, urinary 
protein:creatinine ratio > 2.5, accelerated 
or malignant hypertension within 6 
months, secondary hypertension, 
evidence of non-BP-related cause of 
kidney disease, serious systemic illness, 
congestive heart disease, specific 
indication of contraindication to study 
drugs 
 
Baseline population characteristics: 

Characteris
tic 

Ramipril 
Group 

Metoprolol 
Group 

N 436 441 
Mean Age, 
y 

54.4 54.9 

% Female 38.5 38.6 
Mean 
systolic bp, 
mm Hg 

151 150 

Mean 
diastolic 
bp, mm Hg 

96 95 

Mean 
arterial 

115 113 

Ramipril  
N=436 
 
Protocol: 3x2 
factorial design: 
Patients were 
randomised 
equally to usual 
bp (arterial 
pressure goal 
of 102 to 107 
mm Hg) or to a 
lower mean 
arterial 
pressure goal 
(92 mm Hg or 
lower).  
Patients were 
also 
randomised to 
treatment with 
either 50 to 200 
mg/d 
metoprolol or 
2.5 to 10 mg/d 
ramipril.  If bp 
target was not 
reached, open-
label 
hypertensives 

Metoprolol 
N=441 
 
Protocol: as for 
intervention 

6.4 years Rate of 
change of 
GFR (slope) 
 
Composite 
outcome: 
reduction in 
GFR by 50% 
or more ( >25 
ml/min per 
1.73 m2) or 
ESRD or 
death 
 
All-cause 
mortality 
 
Cardiovascul
ar mortality 
 
Cardiovascul
ar event 
(composite of 
cardiovascula
r mortality or 
first 
cardiovascula
r 
hospitalisatio
n) 

National 
Institute 
of 
Diabete
s and 
Digestiv
e and 
Kidney 
Disease
s, 
General 
Clinical 
Researc
h 
Center, 
NIH 
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pressure 
Mean 
GFR, 
ml/min per 
1.73 m2 

45.4 45.8 

Urinary 
protein, 
mean (SE), 
g/24hr 
   Male 
   Female 

 
 
 
 
0.61 (1.01) 
0.41 (0.75) 

 
 
 
 
0.63 (1.11) 
0.44 (0.72) 

 
 

(furosemide, 
doxazosin, 
clonidine, 
hydrazine, or 
minoxidil) were 
added 
sequentially. 
 
3 BP readings 
taken at each 
clinic visit. GFR 
was assessed 
by renal 
clearance of 
125I-iothalamate 
at baseline, 
then at 3, 6, 
and every 6 
months 
afterwards. 
Serum and 
urine creatinine 
measured in a 
central lab 
every 6 
months. 

 
Hyperkalemia
 
Angiodema 
 
Shortness of 
breath 
 
Syncope 
 
Dizziness 
Lightheadedn
ess 
 
Edema 
 
Cough 
 
Sexual 
dysfunction 

Effect size 
 
Ramipril vs metoprolol 
Change in GFR 
The mean GFR decline was significantly slower in the ramipril group than the metoprolol group in the first 3 months following randomisation (0.23 vs 1.73 ml/min per 
1.73 m2, p=0.01).  The change in mean GFR slope was +1.50. However, there was no significant difference between ramipril and metoprolol within 6 months of 
randomization. 
 
After 4 years follow up, patients receiving ramipril had a significantly slower decline in GFR than those patients receiving metoprolol (1.81 vs 2.42 ml/min per 1.73 m2, 
p=0.007). The change in mean GFR slope was +0.61. 
 
Baseline proteinuria was a strong predictor of GFR decline.  

 UP/Cr ≤0.22 UP/Cr >0.22 p 
Mean (SE) chronic slope  
mL/min per 1.73 m2 

-1.35 (0.15) -4.09 (0.25)  <0.001 
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Level of baseline proteinuria did not influence the comparison of ramipril to metoprolol (interaction p=0.51 for the chronic slope; p=0.32 for the total slope; p=0.61 for 
the main clinical composite outcome). 
 
Composite outcome: reduction in GFR by 50% or more ( >25 ml/min per 1.73 m2) or ESRD or death 
Treatment with ramipril resulted in a significant 22% risk reduction in a GFR event, ESRD, or death compared with metoprolol [%RR 22 (95% CI 1 to 38, p=0.04)] 
 
There was no significant difference in risk reduction for: 

o ESRD alone 
o ESRD or death 
o GFR event or ESRD. 
 

All-cause mortality 
There was no significant difference between ramipril and metoprolol 
 
Cardiovascular mortality 
There was no significant difference between ramipril and metoprolol 
 
Cardiovascular event 
There was no significant difference between ramipril and metoprolol 
 
Hyperkalemia 
There was no significant difference between ramipril and metoprolol 
 
Angiodema 
The proportion of patients reporting angiodema was significantly higher in those receiving ramipril than metoprolol (6.4% vs. 2.7%, p<0.05) 
 
Shortness of breath 
There was no significant difference between ramipril and metoprolol 
 
Syncope 
There was no significant difference between ramipril and metoprolol 
 
Dizziness 
There was no significant difference between ramipril and metoprolol 
 
 
Lightheadedness 
There was no significant difference between ramipril and metoprolol 
 
Edema 
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There was no significant difference between ramipril and metoprolol 
 
Cough 
The proportion of patients reporting cough was significantly higher in those receiving ramipril than metoprolol (54.9% vs. 41.5 %, p<0.05) 
 
Sexual dysfunction 
There was no significant difference between ramipril and metoprolol 
Ref ID: 4105         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Jennings 
DL, Kalus 
JS, Coleman 
CI et al. 
Combination 
therapy with 
an ACE 
inhibitor and 
an 
angiotensin 
receptor 
blocker for 
diabetic 
nephropathy
: a meta-
analysis. 
Diabetic 
Medicine. 
2007; 
24(5):486-
493. Ref ID: 
4105.. 

Systemat
ic review 
and 
meta-
analysis 
 
1 – 
 
Search 
EMBASE
, 
MEDLIN
E, 
CINAHL, 
Cochran
e Library 
from 
1966 to 
January 
2006 
 
 
 

N=10 
studies  

Inclusion: studies had to be randomised, 
controlled, parallel-design or cross-over 
studies comparing combination therapy 
ACE + ARB versus ACEi or ARB in adults 
with diabetic nephropathy. Studies had to 
report 24-h urinary protein excretion for 
inclusion. 
 
Exclusion: not stated 
 
 

Combination 
therapy ACE 
inhibitors + 
ARBS 
 
N=159 

ACEi alone 
 
N=156 

Most 
studies 
were 8-12 
weeks in 
duration 
 
 

Primary 
outcomes: 
change in 24-
h urinary 
protein 
excretion  
 
Secondary: 
BP changes, 
, K change, 
GFR change 
  
 

Not 
stated 

Effect size 
 
ACE + ARB vs ACE 
24-h Urine protein excretion 
ACE + ARBs showed a significant  reduction in 24-h proteinuria compared with ACE alone [N=10 trials, WMD -176 mg/24-h (95% CI -318 to -35 mg/24-h, p=0.01] 
However, there was significant interstudy heterogeneity (p<0.005)  
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Subgroup analyses had no indication of heterogeneity assessment and are not presented here. 
 
Sensitivity analyses: 
Removal of non-randomised, unblinded studies reduced heterogeneity to insignificance (p=0.67). ACE + ARB combination therapy significantly reduce 24-h 
proteinuria compared with ACE alone [N=6 studies, WMD -130 mg/24-h (95% CI -224 to -36), p=0.007] 
 
Changes in BP: 
SBP was significantly reduced in ACE + ARB combo therapy compared with ACE monotherapy [N=7 trials, -5.2 mm Hg SBP, (95% CI -8.4 to – 2.1), p<0.01],  
DBP was significantly reduced in the ACE + ARB combo therapy compared with ACE monotherapy [N=7 trials, -5.3 mm Hg DBP, (95% CI -8.4 to – 2.2), p<0.01]. NO 
assessment of heterogeneity made. 
 
Changes in GFR: 
GFR significantly decreased in the ACE + ARB combo therapy with ACE monotherapy [N=7 trials, mean - 3.87 ml/min (95% CI -7.32 to – 0.42), p=0.03]. NO 
assessment of heterogeneity made. 
 
Changes in serum K: 
Serum potassium significantly increased with combo ACE + ARB therapy compared with ACE monotherapy (N=8 trials, mean increase +0.2 mmol/l (95% CI 0.08 to 
0.32), p<0.01]. NO assessment of heterogeneity made. 
 
Note: the primary outcome (proteinuria change) had significant heterogeneity. No heterogeneity analysis for sub-group analyses. No detail on renal function in each 
trial analysed. No indication of quality of each trial included. Studies included in meta-analysis were only 8-12 weeks long. The only study that was 1 year duration 
showed NS difference between combo therapy and monotherapy.  
 
Ref ID: 239         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Marin R, 
Ruilope LM, 
Aljama P et 
al. A random 
comparison 
of fosinopril 
and 
nifedipine 
GITS in 
patients with 
primary 
renal 

RCT 
open 
label 
 
17 centre 
study, 
Spain  
 
ITT: 241 
 
1- 
open 

N = 241 
 
ITT = 241 

Inclusions: patients aged 18 to 75 years  
with hypertension (> 140/90 mm Hg) and 
non-diabetic proteinuric chronic 
nephropathy (serum creatinine 1.5 to 5 
mg/dl)  
 
Exclusions:  diabetes, recent history of 
CVD (stroke, MI, heart failure), steroid 
use, NSAID use, or immunosuppressant 
drug use, intolerance to study drugs 
 
Baseline population characteristics: NS 

Fosinopril 
 
N= 129 
 
Protocol:  
A four week 
washout 
period, then 
randomisation 
to receive 
either fosinopril 
(10-30 mg o.d.) 

Nifedipine 
gastrointestinal 
therapeutic 
system (GITS) 
 
N= 112 
 
Protocol: as for 
intervention 

3 years 
total 
 
Patients 
were 
examined 
every 2 
weeks 
during the 
first 3 
months, 
and then 

Primary 
endpoint: 
Doubling of 
serum 
creatinine or 
progression 
to dialysis 
 
Secondary 
endpoints: 
cardiovascula
r events (MI, 

Not 
stated 
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disease. 
Journal of 
Hypertensio
n. 2001; 
19(10):1871-
1876. 

label and 
underpo
wered for 
secondar
y 
outcome 
(CVD 
risk), rest 
of paper 
is in 
Casas 
meta-
analysis  

differences between groups 
Characteristic Fosinopril 

Group 
Nifedipi
ne 
GITS 
Group 

N 129 112 
% male 60 57 
Age, years 53 56 
Weight, kg 75 72 
SBP, mm Hg 155 157.6 
DSP, mm Hg 96 96 
Serum 
creatinine, mg/dl

2.8 2.9 

Creatinine 
clearance, 
ml/min per 1.73 
m2 

37 34 

Potassium, 
mmol/l 

4.9 4.8 

Albumin, g/dl 4.3 4.3 
Proteinuria, 
g/24-h 

1.7 1.6 

% 
glomerulonephri
tis 

29 34 

% 
nephrosclerosis 

25 27 

% polycystic 
disease 

23 14 

% interstitial 
nephropathy 

13 11 

% unknown 
cause 

10 14 
 

or Nifedipine 
GITS (30-60 
mg o.d.) 
Dosage of the 
study drug was 
titrated to 
achieve goal  
bp < 140/90 
mm Hg. If 
needed, 
antihypertensiv
e agents were 
added 
sequentially to 
achieve bp goal 
(furosemide, 
atenolol, 
doxazosin). 
Patients were 
advised to 
follow 
moderate 
sodium 
restriction (salt 
4-6 g/d) and 
low protein 
(0.8-1 g/kg per 
day) diets.  
Patients were 
examined 
every 2 weeks 
during the first 
3 months, and 
then every 4 
months 
thereafter. BP, 
proteinuria, 
creatinine 
clearance, 
serum 
potassium, 

every 4 
months 
thereafter 
 
Dropouts: 
Fosinopril 
49/129=38
% 
 
Nifedipine 
44/112=39
% 
 
 
 
 

stroke, 
angina, 
death) or 
proteinuria 
evolution  or 
serum 
creatinine 
evolution 
 
Hyperkalaemi
a 
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glucose, uric 
acid, lipid, and 
24-h excretion 
of sodium and 
urea were 
determined at 
each visit. 

Effect size 
 
Fosinopril versus nifedipine GITS 
 
Primary Endpoint: Doubling serum creatinine or progression to end stage renal disease (dialysis) 
Treatment with fosinopril significantly lowered the risk of doubling serum creatinine or progression to dialysis compared to nifedipine GITS treatment [OR 0.47, 95% 
CI 0.26-0.84, p=0.01] 
 
Secondary Endpoint: Evolution of Serum Creatinine 
Serum creatinine values were significantly lower in patients receiving fosinopril compared to nifedipine after 24 and 36 months of treatment (p=0.03). 
 
Secondary Endpoint: Evolution of Proteinuria 
Treatment with fosinopril significantly lowered proteinuria compared to nifedipine GITS treatment at months 4 and 12 (p<0.01), and months 24 and 36 (p<0.05). At 
month 4, fosinopril decreased proteinuria by 57%, while nifedipine increased proteinuria by 7% (p=0.03) 
 
Secondary Endpoint: Hyperkalaemia 
There were significantly more cases of hyperkalaemia reported in patients receiving fosinopril (6 patients) compared with nifedipine GITS (0 patients) (p not given). 
 
Secondary Endpoint: Cardiovascular Events 
The authors state that the study did not have enough statistical power to conclude anything related to cardiovascular events. 
 
Authors point out that these studies must run for at least 3 years in order to see a difference between ACE and CCB, as there were NS differences between the study 
drugs in the first year of the trial.  Other authors agree. No difference in first year may be due to good bp control and initial GFR decline caused by ACEi treatment 
Ref ID: 4177         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Perkovic V, 
Ninomiya T, 
Arima H et 
al. Chronic 
kidney 
disease, 

RCT  
 
1 - 
 
 
Multicentre 

CrCl < 60 
ml/min/1.
73 m2  
N =1757 
 
 

Inclusion criteria: 
PROGRESS trial: 
people with history of 
cerebrovascular 
disease (within 
previous 5 years)  

Active (perindopril or perindopril + 
indapamide) N=895 
 
Procedure: 4 week run-in phase 
with perindopril (2 mg for 2 
weeks, 4 mg for 2 weeks). 

Placebo (or 
double 
placebo) 
N=786 
 

4 
years 
 

Major 
cardiovascular 
events (nonfatal 
MI, nonfatal 
stroke, and 
cardiovascular 

Servier,  
Health 
Resear
ch 
Council 
of New 
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cardiovascu
lar events, 
and the 
effects of 
perindopril-
based 
blood 
pressure 
lowering: 
data from 
the 
PROGRES
S study. 
Journal of 
the 
American 
Society of 
Nephrology
. 2007; 
18(10):276
6-2772. Ref 
ID: 4177 

 

trial: 10 
countries  
 
 

 
Exclusion criteria:  
Contraindication to 
ACE 
  
Baseline 
characteristics: not 
reported for perindopril 
vs placebo in CKD 
subpopulation 
 

Participants who adhered and 
tolerated drug randomly allocated 
to perindopril (4 mg/d) or 
matching placebo. Some people 
received indapamide (2.5 mg/d) + 
perindopril or double placebo if no 
contraindication. Creatinine 
measured at entry, run-in phase, 
randomisation, 3 and 6 months 
after randomisation. Proteinuria 
not quantified. CrCl estimated 
with Cockcroft Gault equation. 
CKD defined as CrCl < 60 
ml/min/1.73 m2 

death) 
 
Stroke 
 
Major coronary 
heart disease 
 
death 

Zealand
,  
National 
Health 
and 
Medical 
Resear
ch 
Council 
of 
Australi
a 

Effect size 
 
Active (perindopril alone or perindopril + indapamide) versus Placebo in people with history of cerebrovascular disease and CrCl < 60 ml/min/1.73 m2 

OUTCOME RR (95% CI) NNT for 5 years 
Major cardiovascular events 0.70 (0.58 to 0.86) 11 
Stroke 0.65 (0.50 to 0.83) 14 
Major coronary heart disease NS  NR 
death NS NR 

 
Assessment of bias: no baseline characteristics, unable to assess concealment, unable to assess if double blind, some people received ACE + diuretic, while 
others only received ACE alone; no detail on loss to follow-up in each group, not sure if HR adjusted for confounders. 
 
Ref ID: 329         
Reference Study 

type/ 
Evidence 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
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level g 
Ruggenenti 
P, Perna A, 
Benini R et 
al. Effects of 
dihydropyridi
ne calcium 
channel 
blockers, 
angiotensin-
converting 
enzyme 
inhibition, 
and blood 
pressure 
control on 
chronic, 
nondiabetic 
nephropathi
es. Gruppo 
Italiano di 
Studi 
Epidemiologi
ci in 
Nefrologia 
(GISEN). 
Journal of 
the 
American 
Society of 
Nephrology. 
1998; 
9(11):2096-
2101. 

RCT 
 
Multicent
re study, 
Italy  
 
ITT: not 
stated 
 
1-  no 
pop 
details 
given 
inc/exc, 
baseline, 
no power 
estimatio
ns, no 
number 
of people 
in each 
arm. 

N = 117 Inclusions: patients aged 18 to 70 years 
enrolled in the REIN study with non-
diabetic proteinuric chronic nephropathy 
(creatinine clearance 20 to 70 ml/min/ per 
1.73 m2 and urinary protein excretion > 
1g/24 h over at least 3 months)  
 
Exclusions:  not stated 
 
Baseline population characteristics: 
Not stated in detail – only that age, sex 
distribution, baseline renal function, 24-h 
urinary protein excretion, lipid profile, and 
randomisation to ACEI or placebo were 
comparable between CCB-treated and 
non-CCB treated people. 
 

dihydropyridine
-type calcium 
channel 
blockers + 
ramipril 
  
N= ? only that 
63% (74) were 
receiving CCB 
 
Protocol: 
Patients were 
stratified 
according to 
baseline 
urinary protein 
excretion. 
Stratum 1: 1.0 
to 2.9 g/24-h. 
Stratum 2: ≥ 3 
g/24-h.  All 
patients in each 
stratum were 
randomised 1:1 
to 1.25 mg/d 
ramipril or 
placebo. 
Dosage of the 
study drug was 
titrated every 2 
weeks to 
achieve goal 
diastolic bp < 
90 mm Hg. 
Ramipril dose 
ranged from 
1.25 to 5 mg/d. 
If needed, 
antihypertensiv
e agents were 

dihydropyridine
-type calcium 
channel 
blockers + 
placebo 
 
N= ? only that 
63% (74) were 
receiving CCB 
 
Protocol: as for 
intervention 

Examinatio
n by 
physician 
at baseline, 
every 
month for 
the first 3 
months 
post-
randomisati
on, and 
then every 
3 months 
thereafter. 
 
Length of 
follow-up 
not stated 
 

Urinary 
protein 
excretion rate 
 
GFR decline 

Not 
stated 
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added 
sequentially to 
achieve bp goal 
(diuretics, 
sympatholytic 
agents and 
vasodilators – 
including 
dihydropyridine
-type CCB). 
Ace or ARBs 
could not be 
added at any 
time. Doses of 
dihydropyridine
-type CCB 
ranged from 
20-120 mg/d 
for nifedipine 
and from 2.5 to 
10 mg/d for 
amlodipine. 
Examination by 
physician and 
arterial BP, 24 
–h urinary 
protein 
excretion, GFR 
recorded at 
baseline and 
every 3 months 
thereafter. 

Effect size 
Proteinuria 
In the overall study (N=117), people receiving CCB (amlodipine or nifedipine) had significantly higher proteinuria compared to people not receiving CCB. (4.8 ± 0.2 
g/24 h versus 4.2 ± 0.2 g/24 h, p=0.015). 
 
In subgroup analysis of people receiving placebo ± CCB, the presence of CCB was significantly associated with higher proteinuria than in the absence of CCB (5.1 ± 
0.2 g/24 h versus 4.3 ± 0.3 g/24 h, p=0.023). 
 
In subgroup analysis of people receiving ramipril ± CCB, there was NS difference in proteinuria for people receiving CCB or not receiving CCB (4.4 ± 0.2 g/24 h 
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versus 4.1 ± 0.2 g/24 h, p=NS). 
 
Thus, ACEI “rescues” the proteinuric effects of CCB. 
 
The degree of proteinuria was partly due to blood pressure control differences between CCB and no-CCB treated people.  
When stratified according to mean arterial pressure (MAP): low (≤ 100 mm Hg), middle (100 to ≤ 110 mm Hg), or high (≥ 110 mm Hg), people with middle or high 
MAP receiving CCB had significantly higher proteinuria than people not receiving CCB (p=0.01). At low MAP, there was NS difference in proteinuria between CCB 
and no-CCB treated people. 
 
When stratifying by MAP, people receiving ramipril had significantly less proteinuria than people receiving placebo in middle MAP and high MAP (p=0.05). There was 
NS in proteinuria in people receiving placebo or ACE in the low MAP range.  
 
GFR Change 
In the overall study group, there was NS in changing GFR between people receiving or not receiving CCB. 
 
In the placebo group, CCB-treated compared with no CCB had a greater GFR decline than no-CCB treated (0.97 ±  0.16 versus 0.66 ±  0.22 ml/min per 1.73 m2 per 
month,  p value not given). 
 
In the ramipril group, the difference in GFR decline between CCB and no CCB-treated people was minimised (0.58 ±  0.11 versus 0.48 ±  0.15 ml/min per 1.73 m2 per 
month,  p value not given). 
 
 
8.3. PRACTICALITIES OF TREATMENT WITH ACEI/ARBS IN PEOPLE WITH CKD 
In adults with CKD upon commencing an ACE inhibitor or ARB, what parameters of renal function should be monitored and how often? (What action 
threshold should be used for stopping treatments with an ACE inhibitor/ARB)? 
Ref ID: 3676         
Reference Study 

type/ 
Evidence 
level 

Number of patients Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Bakris GL, 
Weir MR. 
Angiotensin-
converting 
enzyme 
inhibitor-
associated 
elevations in 
serum 
creatinine: is 
this a cause 

Systemat
ic review  
 
Search 
not 
stated 
 
1 + 

N=12 RCTs, 6 large 
double-blind, placebo 
controlled RCTs, 6 
smaller randomised 
studies 
 
N=1102 people 
randomised to ACE 
inhibitor. 
 
N=705/1102 (64%) 

Inclusion: studies had to be 
randomised to either ACE 
inhibitor therapy or blood 
pressure control using ACE 
inhibitors as part of the drug 
regimen, blood pressure 
goals < 140/90 mm Hg, with 
the majority of participants 
having > 25% loss of renal 
function at baseline, 
regardless of cause. Studies 

ACE inhibitors  
 

Not applicable mean 
follow-up of 
3.2 years 
 
 
 

Change in 
serum 
creatinine 
levels or GFR
 
Hyperkalaemi
a 

Not 
stated  



 

        Page 278 of 377  

for concern? 
Arch Intern 
Med. 2000; 
160(5):685-
693. 

had renal function 
data at both < 6 
months and at study 
end 

had to have a minimum 
follow-up of 2 years.  
 
Exclusion: not stated 
 
 

Effect size 
Purpose: to examine changes in serum creatinine and potassium upon commencement of ACE inhibitors and to determine if increases in serum creatinine result in 
long-term protection against decline in renal function in people with CKD. 
 
Serum Creatinine Levels 
Initiation of ACE inhibitor or ARB is associated with a 30% or less increase (above baseline) in serum creatinine levels. This increase will occur within the first 2 
weeks of treatment and usually stabilises within 2 to 4 weeks. In N=11 studies, the GFR decline was slower at the end of the study than after ACE initiation.  
 
In 2 long-term studies in diabetic CKD populations, (n= 65) initiation of ACE inhibitor treatment resulted in a 3 to 9% reduction in GFR (below baseline).  After 6 years 
of therapy,   the GFR returned to levels not significantly different from baseline within 1 month of stopping ACE inhibitor treatment.  Thus the initial and persistent 
decline in GFR is reversible despite prolonged ACE use.  
 
Despite the initial decline in GFR (or increase in serum creatinine), people with the greatest degree of renal insufficiency receive the greatest protection from renal 
disease progression from ACE therapy.  In people with serum creatinine > 2.0 mg/dl (> 177 micromol/L) there was a 62% to 75% decrease in renal progression. 
However, there is limited data on the benefit of ACE inhibitors in advanced disease (GFR < 30 ml/min). 
 
Compared to the general population, people > 65 years of age or < 49.5 kg have much lower GFRs for a particular serum creatinine concentration. 
 
Hyperkalaemia 
In people with diabetic or nondiabetic renal disease (serum creatinine levels 133-265 micromol/L or 1.5 -3.0 mg/dl), serum potassium levels increased by 0.4 to 0.6 
mmol/L during ACE inhibitor or ARB  treatment.  Approximately 1 to 1.7% developed hyperkalaemia > 6 mmol/l.  The risk is low for hyperkalaemia 
 
The authors present an algorithm. 
A. Upon ACE initiation if serum creatinine does not change, continue to titrate ACE until BP goal reached.  Check creatinine and potassium within 3-4 weeks. If 
stable, recheck annually. If NSAID started or hypoperfusion state develops, re-check more often. 
 
B. If serum creatinine increases > 30% above baseline and BP goal is achieved recheck creatinine in 2-3 weeks.  If the level is still > 30% reduce ACE dosage by 
50% and add other antihypertensive agents to reach BP goal.  Re-check creatinine in 4 weeks. If stable, monitor annually. If > 30% rise discontinue ACE and use 
other antihypertensive agents to reach BP goal.  
 
C. If serum creatinine > 50% increase exclude hypoperfusion state (volume depletion and NSAID use), renal scan/angiogram to rule out bilateral renal artery 
stenosis. 
 
8.4. CONSIDERATIONS OF AGE IN PRESCRIPTION OF ACEI/ARB THERAPY 
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In adults with CKD does the risk:benefit ratio of ACE inhibitors or ARBs change with increasing age? 

Ref ID: 771         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Nakamura 
T, Kanno Y, 
Takenaka T 
et al. An 
angiotensin 
receptor 
blocker 
reduces the 
risk of 
congestive 
heart failure 
in elderly 
hypertensive 
patients with 
renal 
insufficiency. 
Hypertensio
n Research. 
2005; 
28(5):415-
423. 

RCT, 
open-
label 
 
1 + 
 
E-COST-
R Trial 
(Efficacy 
of 
Candesa
rtan on 
Outcome 
in 
Saitama 
Trial in 
Renal 
Disease) 
 
Multi-
centre 
trial, 
Japan 

N =141 
 
ITT not 
stated 
 
 
 
 
 

Inclusion: E-COST-R Study: 
people age 60-75 years with 
hypertension (SBP > 140 mm 
Hg and DBP > 90 mm Hg) 
and renal insufficiency (serum 
creatinine > 1.2 mg/dl and < 
2.0 mg/dl) 
 
Exclusion: diabetes, 
secondary hypertension, 
patients on dialysis, renal 
transplantation recipients, 
corticosteroid hormone use, 
MI or stroke within previous 6 
months, angina pectoris 
requiring treatment with beta 
blockers or calcium channel 
blockers, heart failure or 
LVEF < 40%. 
 
Baseline population 
characteristics: NS difference 
between those randomised to 
candesartan or conventional 
treatment. Mean age was 
66.8 years in candesartan 
treated people with past CVD 
history and 67.4 years in 
candesartan treated people 
without past CVD history. 
Mean age was 67.2 years in 
conventionally treated people 
with past CVD history and 

Candesartan (past history 
of CVD) N= 33 
 
Candesartan (without past 
history of CVD) N= 36 
 
Protocol:  
Patients were randomised 
to receive candesartan or 
conventional-based 
regimens to reach a BP 
goal of SBP < 130 mm Hg 
and DBP < 80 mm Hg. 
Mean dose of candesartan 
was 7. 12 mg/d in people 
with past history of CVD 
and 6.99 mg/day in those 
without a past history of 
CVD. SBP and DBP were 
determined at baseline and 
throughout study GFR was 
estimated with Cockcroft 
Gault equation. Patients 
were stratified by those with 
a previous history of 
cardiovascular events and 
those without.  
 
. 

Conventional 
(past history of 
CVD) N= 38 
 
Conventional 
(without past 
history of CVD) 
N= 34 
 
Protocol: as for 
intervention 

Mean 
follow-up 
3.1 yrs 

Hospitalisatio
n due to 
stroke, MI, or 
congestive 
heart failure 
 
Serum 
creatinine 
levels 
 
Change in 
GFR 
 
All-cause 
mortality 
 
 

Not 
stated 
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66.1 years in conventionally 
treated people without past 
CVD history.  
Mean eGFR was 44 ml/min in 
each group. 
 

Effect size 
All-cause mortality 
No deaths occurred in the people without past history of cardiovascular events (treated with candesartan or conventional therapy). 
4 deaths occurred in the group with a past history of CVD treated with candesartan. 
4 deaths occurred in the group with a past history of CVD treated with conventional therapy. 
 
Cardiovascular Events:   
In people with a previous history of CVD, candesartan treatment (20/33) significantly decreased the incidence of cardiovascular events compared with conventional 
treatment (32/38, p< 0.05).  
 
Stroke: 
In people with a previous history of CVD, there was NS difference between candesartan and conventional treatment for the incidence of stroke. 
In people without a previous history of CVD, there was NS difference between candesartan and conventional treatment for the incidence of stroke. 
 
MI: 
In people with a previous history of CVD, there was NS difference between candesartan and conventional treatment for the incidence of MI. 
In people without a previous history of CVD, there was NS difference between candesartan and conventional treatment for the incidence of MI. 
 
Congestive Heart Failure: 
In people with a previous history of CVD, candesartan treatment (4/33) significantly decreased the incidence of congestive heart failure compared with conventional 
treatment (13/38, p< 0.05).  
In people without a previous history of CVD, there was NS difference between candesartan and conventional treatment for the incidence of congestive heart failure. 
 
Change in serum creatinine:  
No significant changes in serum creatinine were observed in people treated with candesartan, regardless of previous CVD history. 
In people without a past history of CVD and treated with conventional therapy, there were no significant changes in serum creatinine. 
In people with a past history of CVD and treated with conventional therapy, serum creatinine significantly increased from baseline (1.50 mg/dl) to 3 years follow-up 
(1.89 mg/dl, p<0.05) 
 
Change in GFR 
No significant changes in estimated GFR were observed in people treated with candesartan, regardless of previous CVD history. 
In people without a past history of CVD and treated with conventional therapy, there were no significant changes in GFR. 
In people with a past history of CVD and treated with conventional therapy, GFR significantly decreased from baseline (43.6 ml/min) to 3 years follow-up (34.3 ml/min, 
p<0.05). 
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Note: Authors acknowledge limitations: no concealment (open label), the cause of renal disease was predominantly nepherosclerosis (not glomerulonephritis) as trial 
was conducted in general practice, Japanese people have a lower incidence of CVD, diabetes was excluded, study was terminated at 3 years (instead of 5 years as 
planned) when patients in the conventional treatment group were switched to ARBs (including candesartan). 
Ref ID: 3677         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Frances CD, 
Noguchi H, 
Massie BM 
et al. Are we 
inhibited? 
Renal 
insufficiency 
should not 
preclude the 
use of ACE 
inhibitors for 
patients with 
myocardial 
infarction 
and 
depressed 
left 
ventricular 
function. 
Arch Intern 
Med. 2000; 
160(17):264
5-2650.  

 

Retrospe
ctive 
cohort 
using 
medical 
record 
data 
 
2+ 
 
US 
Cooperat
ive 
Cardiova
scular 
Project   

Total 
N=20902 
 
N serum 
creatinin
e > 3 
mg/dl 
(265 
micromol
/L) = 
1582  
  
N  serum 
creatinin
e ≤ 3 
mg/dl 
(265 
micromol
/L) = 
19320 

Inclusion: Cohort of Medicare 
beneficiaries ≥ 65 years of age 
admitted to hospital from Feb. 1, 1994 
to July 30, 1995 with documented 
LVEF < 40% (measured by 
echocardiography, radionuclide 
scintigraphy, angiography) following 
confirmed acute MI. Acute MI was 
diagnosed as a creatine kinase-MB > 
5% or a 2-fold elevated LDH-2 or the 
patient met 2 of the 3 following 
criteria: chest pain, creatine kinase 
level at least 2-fold greater than 
normal, or evidence of acute MI 
confirmed by electrocardiography. 
  
Exclusion: patients transferred to 
another hospital, those who died 
during hospitalisation  
 
Baseline population characteristics:  

 Serum 
creatinine > 
3mg/dl 

Serum 
creatinine ≤ 
3mg/dl 

 ACE No 
ACE 

ACE No 
ACE 

N 525 1057 11892 7428 
Seru
m 
creati
bnine, 
mg/dl 

5.3 5.6 1.4 1.5 

Mean 
age, 
years 

72.1 74.7 75.4 75.9 

%Fe 37.9 36.6 44.6 41.9 

Received an ACE 
inhibitor at hospital 
discharge 
 
N= 525 serum 
creatinine > 3 mg/dl 
 
N= 11892 serum 
creatinine ≤ 3 mg/dl 
 
Protocol: Medical 
records were 
reviewed to 
determine one-year 
survival rates for 
patients who 
received or did not 
receive an ACE 
inhibitor at hospital 
discharge following 
an acute MI. 
Patients were 
stratified by renal 
function: > 3 mg/dl 
(265 micromol/L) or 
≤ 3 mg/dl (265 
micromol/L).  
. 

Did not receive 
an ACE 
inhibitor at 
hospital 
discharge 
 
N= 1057 serum 
creatinine > 3 
mg/dl 
 
N= 7428 serum 
creatinine ≤ 3 
mg/dl 
 
Protocol: as for 
intervention 

Not 
applicable 

One-year 
survival  
 

Health 
Care 
Financin
g 
Administ
ration 
and 
National 
Institute 
on 
Ageing, 
NIH 



 

        Page 282 of 377  

male 
% 
Black 

17.7 13.2 8.0 6.1 

% 
Diabe
tes 

57.1 46.1 36.7 30.5 

 
 

Effect size 
 
Only 33% (525/1582) of people with poor renal function (serum creatinine > 3 mg/dl) received ACE inhibitor at hospital discharge compared with 62% (11892/19320) 
who had better renal function (serum creatinine ≤ 3 mg/d).  
 
1-year survival 
Univariate analysis: People with poor renal function (serum creatinine > 3 mg/dl, mean age 72) had a 20% lower 1-year survival compared with people with better 
renal function (serum creatinine ≤ 3 mg/d, mean age 75). 
 
Multivariate analysis: the receipt of an ACE inhibitor at hospital discharge was associated with a 37% increase in 1-year survival for patients with poor renal function 
(serum creatinine > 3 mg/dl), N=1582, mean age 72). [HR for 1–year mortality 0.63, 95% CI 0.48 to 0.84, p value not stated)] 
 
Multivariate analysis: the receipt of an ACE inhibitor at hospital discharge was associated with a 16% increase in 1-year survival for patients with better renal function 
(serum creatinine ≤ 3 mg/dl, N=19320, mean age 75) [HR for 1–year mortality 0.84, 95% CI 0.77 to 0.92, p value not stated)] 
 
Patients with serum creatinine > 3 mg/dl who did not receive ACE had the lowest survival rates.  Advanced age, female sex, comorbid conditions, increased severity 
of illness were all associated with lower survival. 
 
Note: limitations as noted by authors: serum creatinine may not be reliable markers of renal function.  They did not determine whether ACE inhibitors treatment was 
maintained after discharge from hospital and dosage, consistency of use data was lacking.  Other confounding variables?? Although ACE inhibitors were beneficial to 
people with poor renal function who suffered MI, caution should still be used when prescribing ACE (lower ACE dosage, monitor serum creatinine, K, avoid NSAIDS) 
  
Ref ID: 3661         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Winkelmaye
r WC, Zhang 
Z, Shahinfar 
S et al. 
Efficacy and 
safety of 
angiotensin 

Post-hoc 
of double 
blind 
RCT 
 
2+ 
 

N=1513 
total 
 
N = 505 
age ≤ 57 
years 
 

Inclusion: RENAAL Study: 
Type 2 diabetes with 
nephropathy (presence on 2 
occasions of urinary 
albumin:creatinine ratio of at 
least 300 mg/g (800 mg/day), 
serum creatinine between 1.3 

Losartan Age ≤ 57 years 
N=259 
 
Losartan Age > 57 to 65 
years N= 288 
 
Losartan age > 65 years 

Placebo Age ≤ 
57 years 
N=246 
 
Placebo Age > 
57 to 65 years 
N= 299 

Mean 
follow-up 
3.4 yrs 

Primary 
endpoint: 
time to 
doubling of 
serum 
creatinine, 
ESRD, or 

America
n Heart 
Associat
ion 
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II receptor 
blockade in 
elderly 
patients with 
diabetes. 
Diabetes 
Care. 2006; 
29(10):2210-
2217.  

Reductio
n of 
Endponts 
in 
NIDDM 
with the 
Angioten
sin II 
Antatgoni
st 
Losartan- 
RENAAL
) 
 
Multinatio
nal trial 

N= 587 
age > 57 
to 65 
years 
 
N= 421 
age > 65 
years 
 
The 
oldest 
participa
nt was 74 
years. 

and 3.0 mg/dl, with a lower 
limit of 1.5 mg/dl for male 
participants weighing more 
than 60 kg 
 
Exclusion: none stated  
 
Baseline population 
characteristics: 
Compared to the younger age 
groups, the group > 65 years 
were predominantly white 
(57.5%) males (64.8%) and 
more likely to have a history 
of angina or past MI, lower 
GFR (38.8 ml/min per 1.73 
m2), higher SBP (154 mm 
Hg), lower DBP (80 mm Hg). 

N=204 
 
Protocol: Patients were 
stratified by baseline 
proteinuria (< 2000 mg/g or 
≥ 2000 mg/g) and then 
randomised to receive 
losartan potassium (N=751; 
50 mg/d) or placebo 
(N=762; usual care). BP 
target was < 140/90 mm 
Hg. To achieve target BP 
study drugs were up-
titrated, followed by 
additional open-label 
antihypertensive therapy. 
SBP and DBP were  
determined at baseline and 
throughout study  
 
Post-hoc analysis: 
Participants stratified by 
age: age ≤ 57 years, age > 
57 to 65 years, age > 65 
years.  Due to insufficient 
statistical power within each 
stratum, tests for interaction 
between age and losartan 
treatment (P interaction) 
were used. The objective 
was to look for consistent 
treatment effects rather 
than efficacy in subgroups. 

 
Placebo age > 
65 years 
N=217 
 
Protocol: as for 
intervention 

death 
 
Death 
 
Adverse 
Events 
 
Hyperkalaemi
a 
 
Drug 
discontinuatio
n 
 
 

Effect size 
Testing for interaction between losartan and age (P interaction). 
 
Primary endpoint: time to doubling of serum creatinine, ESRD, or death 
The treatment effect of losartan on the primary endpoint did not significantly differ by age (P interaction = 0.662 adjusted for treatment group, region, proteinuria, 
albumin, creatinine, haemoglobin). 
 
Death 
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The treatment effect of losartan on risk of death did not significantly differ by age (P interaction = 0.695 adjusted for treatment group, region, proteinuria, albumin, 
creatinine, haemoglobin). 
 
In the total population (N=1513), there was NS difference in risk of death between losartan or placebo. 
In people ≤ 57 years (N=505), there was NS difference in risk of death between losartan or placebo. 
In people age > 57 to 65 years (N=587), there was NS difference in risk of death between losartan or placebo. 
In people age > 65 years (N=421), there was NS difference in risk of death between losartan or placebo. 
 
Drug Discontinuation 
Drug discontinuation was not significantly affected by increasing age (P interaction = 0.921).  
 
In the total population (N=1513), there was NS difference in drug discontinuation between losartan or placebo. 
In people ≤ 57 years (N=505), there was NS difference in drug discontinuation between losartan or placebo. 
In people age > 57 to 65 years (N=587, there was NS difference in drug discontinuation between losartan or placebo. 
In people age > 65 years (N=421), there was NS difference in drug discontinuation between losartan or placebo. 
 
Adverse Events (acute renal failure or ESRD) 
Older patients were no more susceptible to experiencing adverse events from losartan than younger people (P interaction for the entire follow-up = 0.762; P 
interaction for the first 14 days after randomisation = 0.242; P interaction for the first 30 days after randomisation = 0.752 ) 
 
In all three age groups (people ≤ 57 years, age > 57 to 65 years, or > 65 years) there was NS difference in incidence of adverse events between losartan or placebo. 
 
Hyperkalaemia 
Losartan was  associated with a greater rate of hyperkalaemia. This effect was present in all age ranges. Thus, increasing age did not significantly increase the risk of 
hyperkalaemia from losartan (P interaction = 0.402) 
 
In people ≤ 57 years (N=505), more people receiving losartan (26.6%) developed hyperkalaemia than those receiving placebo (11.0%), p=0.000. 
In people age > 57 to 65 years (N=587), more people receiving losartan (25.7%) developed hyperkalaemia than those receiving placebo (15.5%), p=0.002. 
In people >  65 years (N=421), more people receiving losartan (19.6%) developed hyperkalaemia than those receiving placebo (9.7%), p=0.004. 
 
Note: Authors acknowledge study limitations: tight monitoring schedule of a trial may not reflect typical practice setting, the oldest participant was 74, therefore no 
data on older people > 74 years. Limited power may explain why there was NS difference of age on losartan treatment.  
 
 
8.5 THE ROLE OF ALDOSTERONE ANTAGONISM IN PEOPLE WITH CKD 
 In adults with proteinuric or non-proteinuric CKD, does treatment with a) spironolactone alone, b) combinations of spironolactone and ACE inhibitors, c) 
combinations of spironolactone and ARBs, or d) combinations of spironolactone and ACE inhibitors and ARBs decrease mortality and reduce the risk of 
progression of CKD compared with placebo or other antihypertensive agents? 
 
Ref ID: 2837         
Reference Study Number Patient characteristics Intervention Comparison Length of Outcome Source  
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type/ 
Evidence 
level 

of 
patients 

follow-up measures of  
fundin
g 

Bianchi S, 
Bigazzi R, 
Campese 
VM. Long-
term effects 
of 
spironolacto
ne on 
proteinuria 
and kidney 
function in 
patients with 
chronic 
kidney 
disease. 
Kidney 
International
. 2006; 
70(12):2116-
2123. 

RCT  
Open 
label 
No ITT 
 
 
1 + 
  

N = 165 
 
1 centre 
in Italy 
 
 

Inclusion: clinical diagnosis of chronic 
glomerulonephritis with proteinuria > 1.0 
g/g creatinine per day 
 
Exclusion: systemic disease, diabetes, 
renovascular or malignant hypertension, 
secondary glomerular disease,  
malignancy, MI or cerebrovascular 
accident 6 months prior to study, liver 
disease, serum K > 5 mEq/l, GFR < 30 
ml/min per 1.73m2, steroid, NSAID, 
immunosuppressive drug use, allergy to 
study drugs 
  
Population baseline characteristics:  
NS differences between people 
randomised to spironolactone on top of 
ACE and/or ARB or people randomised to 
ACE and/or ARB for age, BMI, BP, eGFR, 
urinary protein:creatinine ratio, serum K, 
other antihypertensive drug usage. 
 

Spironolactone 
on top of 
conventional 
therapy (ACE 
and/or ARB)  
 
N= 83 
 
Procedure: All 
patients 
received 
conventional 
therapy (ACE 
and/or ARB) for 
1 year prior to 
study. Patients 
were 
randomised to 
treatment with 
25 mg/d 
spironolactone 
or no treatment 
other than 
conventional 
therapy for 1 
year. Patients 
received other 
bp drugs to 
achieve BP < 
125/75 mm Hg. 
Patients 
advised to 
maintain a diet 
with 2-3 g 
sodium/d or 0.8 
g sodium/d if 
GFR < 60 
ml/min.  

conventional 
therapy (ACE 
and/or ARB)  
 
 
 
N= 82  
 
Procedure: As 
for intervention 

1 year 
 
Patients 
seen at 
clinic at 
baseline, 1, 
3, 6, 9, 12 
months. 

Proteinuria 
 
Blood 
Pressure 
 
Hyperkalaemi
a 
 
GFR change 
 
 

Private, 
non-
pharma 
funding 
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Effect size 
Proteinuria 
Addition of spironolactone to conventional therapy resulted in a significant reduction in proteinuria from baseline after 1 year of treatment (-54.2%, p<0.001).  The 
reduction in proteinuria was significantly greater in people with GFR <60 ml/min per 1.73 m2 than in people with GFR > 60 ml/min per 1.73 m2 (-62.2% versus –
42.9%, p< 0.01) By contrast proteinuria did not change from baseline in people treated with conventional therapy alone.   
 
After 1 year of treatment with spironolactone, the reduction in proteinuria was greater among patients treated with ACE (-60.9%) or ARB alone (-67.9%) compared to 
people treated with combinations of ACE + ARB (-42.8%, p<0.01). 
 
BP 
Addition of spironolactone to conventional therapy significantly reduced BP compared to conventional therapy alone (p<0.001).  After I year treatment, BP in the 
conventional therapy group was NS different from baseline. BP in spironolactone + conventional therapy group was significantly less  after 1 year treatment than at 
baseline (126.9 mm Hg SBP compared to 132.9 mm Hg, p< 0.001 versus baseline) 
 
Change in GFR 
After 1 year of treatment, GFR was NS different between the 2 treatment groups. However, the GFR in people treated with conventional therapy alone declined more 
rapidly than in people receiving spironolactone + conventional therapy. 
 
Hyperkalaemia:  (plasma potassium concentration > 5.0 mmol/l) 
4 patients on spironolactone + conventional therapy developed hyperkalaemia, whereas 2 people receiving conventional therapy alone developed hyperkalaemia. All 
these patients had GFR < 60 ml/min per 1.73 m2.  
 
Ref ID: 2844         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Chrysostom
ou A, 
Pedagogos 
E, 
MacGregor 
L et al. 
Double-
Blind, 
Placebo-
Controlled 
Study on the 
Effect of the 
Aldosterone 
Receptor 

RCT 
double 
blind for 
first 3 
months, 
then 
open 
label for 
3 -12 
months, 
4 parallel 
arm 
treatment 
groups   

N = 41 
 
ITT N=41 
 
1 centre 
in 
Melbourn
e, 
Australia 
 

Inclusion: age 18 - 75 years with 24-h 
urinary protein excretion > 1.5g/24-h on at 
least two occasions at least 3 months 
apart, serum creatinine ≤ 200 micromol/l 
with < 20% variability in the previous 3 
months, treatment with an ACE for at 
least 6 months    
 
Exclusion criteria: DBP ≥ 115 mm Hg or 
SBP ≥ 220 mm Hg, plasma K ≥ 5.0 
mmol/l, serum bicarbonate ≤ 20 mmol/l, 
acute MI or stroke in previous 6 months, 
treatment with corticosteroids, NSAIDs, 
immunosuppressant drugs, 

3 treatment 
groups: 
 
Group 2: ramipril 
+ irbesartan + 
placebo 
(spironolactone) 
N= 10  
 
Group 3: ramipril 
+ placebo 
(irbesartan) + 
spironolactone 
N= 10  

Group 1: 
ramipril + 
placebo 
(irbesartan) + 
placebo 
(spironolacto
ne) N=10 
 
 
 
Procedure:  
 
As for 
intervention 

At 3 and 6 
months  
 
 

24-h urinary 
protein 
excretion (% 
change 
proteinuria)  
 
Change in 
SBP 
 
Change in 
DSP  
 
Change in 
creatinine 

Not 
stated 
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Antagonist 
Spironolacto
ne in 
Patients 
Who Have 
Persistent 
Proteinuria 
and Are on 
Long-Term 
Angiotensin-
Converting 
Enzyme 
Inhibitor 
Therapy, 
with or 
without an 
Angiotensin 
II Receptor 
Blocker. Clin 
J Am Soc 
Nephrol. 
2006; 
1(2):256-
262. 

 
1 +  

evidence/suspicion of renovascular 
disease, obstructive uropathy, collagen 
disease, cancer, alcohol abuse, drug 
abuse, pregnancy, breastfeeding, or 
ineffective contraception 
 
Population baseline characteristics: NS 
differences between 4 groups 

Char
acteri
stic 

Grou
p 1 

Grou
p 2 

Grou
p 3 

Grou
p 4 

Study 
drug 

Rami
pril + 
place
bo 
(irbes
artan) 
+ 
place
bo 
(spiro
nolac
tone) 

Rami
pril + 
irbes
artan 
+ 
place
bo 
(spiro
nolac
tone) 

Rami
pril + 
place
bo 
(irbes
artan) 
+ 
spiro
nolac
tone 

Rami
pril + 
irbes
artan 
+ 
spiro
nolac
tone 

N 10 10 10 11 
Age, 
years 

59.2 56.3 65.4 55.9 

% 
Male 

70 80 70 54.5 

24-h 
Urina
ry 
protei
n, g/d 

2.6 2.5 2.2 3.1 

SBP, 
mm 
Hg 

133 132 141 130 

DBP, 
mm 
Hg 

79.5 79.5 76.0 75.5 

% 
diabe

60 50 80 73 

 
Group 4: ramipril 
+ irbesartan + 
spironolactone 
N= 11  
 
 
Procedure: Run-
in Phase: All 
patients received 
10 mg/d ramipril 
until DBP was < 
90 mm Hg for at 
least 4 weeks. 
Compliance 
Phase: Ramipril 
dose decreased 
to 5 mg/d and 
placebos for 
irbesartan and 
spironolactone 
added for 3 
weeks. 
Treatment phase: 
Patients 
randomised to 4 
treatment groups 
for a 12 week 
double blind 
study. An 
optional open-
label phase 
continues for 3 to 
12 months. 
Ramipril dosage 
is 5 mg/d, 
irbesartan 
dosage is 150 
mg/d, 
Spironolactone 
dosage is 25 

clearance 
 
Serum 
potassium 
and 
Hyperkalaemi
a  
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tic 
nephr
opath
y 
% 
glom
erulo
nephr
itis 

30 40 10 27 

% 
inters
titial 
nephr
opath
y 

10 0 0 0 

% 
other 

0 10 10 0 
 

mg/d. Target 
DBP < 90 mm Hg 
was maintained 
by study drug 
titration and 
addition of 
antihypertensive 
agents other than 
ACE, ARB, or 
spironolactone. 
Creatinine 
clearance 
(Cockcroft-Gault), 
24-h urinary 
protein excretion 
was measured at 
baseline, at the 
end of the 12 
week treatment, 
and at 6 and 12 
months. BP, 
serum K 
measured at 
baseline and 
every 4 weeks 
during the 
treatment phase, 
then every 3 
months 
thereafter.  

Effect size 
 
Proteinuria: Effect of each treatment (Compared to baseline) 
After 3 months treatment, there was NS reduction in proteinuria from baseline in ramipril Group 1. 
 
There was NS reduction in proteinuria from baseline in ramipril + irbesartan Group 2. 
 
Addition of spironolactone significantly reduced proteinuria compared to baseline: ramipril + spironolactone group 3 (-42.0%, 95% CI -60.1 to -25.5, p=0.001) and 
ramipril + irbesartan + spironolactone group 4 (-48.2%, 95% CI -60.3 to -33.3, p< 0.001). These trends continued after 6 months.  
 
In subgroup analyses of patients with diabetic nephropathy and patients with nondiabetic nephropathy, spironolactone addition had similar reductions in proteinuria 
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from baseline.  After 3 months treatment with ramipril + spironolactone, proteinuria decreased from baseline by 44.01% (diabetic nephropathy, N=8) or 35.21% 
(nondiabetic nephropathy; N=2).  After 3 months treatment with ramipril + irbesartan + spironolactone, proteinuria decreased from baseline by 44.69% (diabetic 
nephropathy, N=8) or 56.64% (nondiabetic nephropathy, N=3).    
 
Proteinuria: Between Group Comparisons 
After 3 months treatment, addition of spironolactone to ACE and/or ARB therapy significantly reduced proteinuria.  Compared with the ramipril group 1 (-1.4%), the 
24-h urinary protein excretion reduction was significantly greater in the ramipril + spironolactone group 3 (-42.0%, p=0.004) and in the ramipril + irbesartan + 
spironolactone group 4 (-48.2%, p<0.001). This trend continued after 6 months of therapy.  
 
Compared with the ramipril + irbesartan group 2 (-15.7 %), the 24-h urinary protein excretion reduction was significantly greater in the ramipril + irbesartan + 
spironolactone group 4 (-48.2%, p=0.024). There was NS difference between Group 2 and 4 after 6 months of therapy.  
 
There was NS difference in proteinuria reduction between ramipril Group 1 and ramipril + irbesartan Group 2.   
 
There was NS difference in proteinuria reduction between ramipril + spironolactone Group 3 and ramipril + irbesartan + spironolactone Group 4.   
 
Systolic Blood Pressure 
There were NS differences between treatment groups for change in SBP.    
 
Diastolic Blood Pressure 
There were NS differences between treatment groups for change in DBP.    
 
Creatinine clearance (Cockcroft-Gault) 
There were NS differences in creatinine clearance between baseline and each treatment group.  
 
There were NS differences in creatinine clearance between treatment groups.    
 
Plasma potassium:  
After 3 months of treatment, serum potassium was 0.5 mmol/l higher in groups receiving spironolactone (Groups 3 and 4) than in Group 1 or 2 (no p value given).  
 
Hyperkalaemia:  (plasma potassium concentration > 5.5 mmol/l) 
One patient with diabetic nephropathy in Group 3 (ramipril + spironolactone) and two patients (IgA nephropathy; focal sclerosis and segmental hyalinosis) in Group 4 
(ramipril + irbesartan + spironolactone) had serum potassium levels  ≥ 6.0 mmol/l.  
Ref ID: 2839         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 
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Rossing K, 
Schjoedt KJ, 
Smidt UM et 
al. Beneficial 
effects of 
adding 
spironolacto
ne to 
recommend
ed 
antihyperten
sive 
treatment in 
diabetic 
nephropathy
: a 
randomized, 
double-
masked, 
cross-over 
study. 
Diabetes 
Care. 2005; 
28(9):2106-
2112. 

RCT 
double 
blind, 
cross-
over 
 
1 +  

N = 21 
 
N ITT not 
stated 
 
1 centre 
in 
Denmark 
 
 

Inclusion: type 2 diabetics with 
nephropathy (persistent albuminuria > 
300 mg/24-h) who were all receiving 
maximally recommended dose of an ACE 
and/or ARB. 
 
Exclusion criteria: clinical/laboratory 
evidence of non-diabetic renal disease, 
GFR < 30 ml/min per 1.73 m2, plasma K > 
4.5 mmol/l 
 
Population baseline characteristics:  

Characteristic Type 2 diabetics + 
nephropathy 

N 20 
Age, years 58 
% Male 85 
Duration of 
diabetes, year 

12 

BMI, kg/m2 34.9 
N 
antihypertensive 
drugs (1/2/3/4/5) 

0/2/5/9/4 

N losartan, 100 
mg or 150 mg/d 

4/1 

N Irbesartan, 300 
mg/d 

6 

N Enalapril, 40 
mg/d 

2 

N Trandolapril, 4 
mg/d 

2 

N  Irbesartan + 
ramipril 

3 

N Irbesartan +  
enalapril 

1 

N losartan + 
enalapril 

1 

N diuretics 
(thiazide/furosemi
de) 

5/16 

N 16 

Spironolactone 
on top of ACE 
and/or ARB 
 
N= 20 
 
Procedure: 
Patients were 
randomised to 
treatment with 
25 mg/d 
spironolactone 
or placebo for 8 
weeks. 
Treatments 
were given in 
the morning in 
addition to ACE 
and /or ARB 
and previous 
antihypertensiv
e agents. BP, 
plasma K, Na, 
creatinine 
determined 1, 
2, and 4 weeks 
after the 
beginning of 
the treatment 
period (Hitachi 
912 system). 
Albuminuria 
determined 
from three 
consecutive 24-
h urine 
collections 
immediately 
before the end 
of each 
treatment 

Placebo on top 
of ACE and/or 
ARB 
 
N= 20 (cross-
over study) 
 
Procedure: As 
for intervention 

8 weeks Primary 
Endpoint: 
albuminuria 
 
Secondary 
Endpoint: 24-
h ABP, 
fractional 
clearance of 
albumin and 
GFR  
 
Safety: 
Hyperkalaemi
a 
 
 

Danish 
Diabete
s 
Associat
ion. 
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dihydropyridines 
(mainly 
amlodipine) 
N beta blockers 13 
N statins 18 
N low-dose aspirin 20  

period. ABP 
was measured 
every 15 min 
during the day 
and every 30 
min during the 
night. GFR 
measured by 
51Cr-EDTA 
clearance. 
Patients 
instructed on 
how to lower 
potassium 
intake in the 
diet. Drug 
compliance 
assessed by 
pill counting.  

Effect size 
Spironolactone (on top of ACE and /or ARB) versus Placebo (on top of ACE and /or ARB) 
 
Primary Endpoint: Albuminuria 
Albuminuria was significantly reduced by 33% in patients treated with spironolactone compared to placebo (-33%, 95% CI -41 to -25, p<0.001)  
 
Secondary Endpoint: Fractional Albumin Clearance 
Spironolactone significantly decreased fractional albumin clearance by 40% (-40%, 95% CI -53 to -24, p<0.001) compared to placebo. 
 
Secondary Endpoint: Ambulatory Blood Pressure 
Spironolactone significantly decreased systolic ABP (mean difference -16 mm Hg, 95% CI -10 to -2, p=0.003) compared to placebo.  Similarly, spironolactone 
significantly decreased diastolic ABP (mean difference -4 mm Hg, 95% CI -7 to -2, p<0.001) compared to placebo. 
 
Secondary Endpoint: GFR 
There was NS difference in GFR decline in patients treated with spironolactone versus placebo. 
 
Plasma potassium:  
Treatment with spironolactone resulted in a significant increase in serum potassium levels compared to placebo (mean difference + 0.3 mmol/l, 95% CI 0.1 to 0.4, 
p<0.01). 
 
Hyperkalaemia:  (plasma potassium concentration > 5.5 mmol/l) 
One patient treated with spironolactone was excluded from the study due to hyperkalaemia (no p value stated). Baseline serum potassium concentration for this 
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patient was 4.5 mmol/l and increased to 5.4 mmol/l after 1 week of spironolactone treatment, then increased to 7.1 mmol/l after 2 weeks of spironolactone treatment. 
Patient excluded at this point. This patient had a GFR of 41 ml/min per 1.73 m2 and was receiving a low dose (30 mg/d) of long-acting furosemide.  

Ref ID: 4          
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

van den 
Meiracker 
AH, Baggen 
RG, Pauli S 
et al. 
Spironolacto
ne in type 2 
diabetic 
nephropathy
: Effects on 
proteinuria, 
blood 
pressure 
and renal 
function.[see 
comment]. 
Journal of 
Hypertensio
n. 2006; 
24(11):2285-
2292 

RCT 
double 
blind, 
parallel-
group 
 
1 +  

N = 59 
 
ITT not 
done  
 
2 centres 
in The 
Netherla
nds 
 
 

Inclusion: type 2 diabetics with 
nephropathy age 20 - 80 years with 
macroalbuminuria (UAE > 300 mg/24-h or 
an urinary albumin:creatinine > 20 
mg/mmol) and who were all receiving 
ACE and/or ARB for 1 year. 
 
Exclusion criteria: serum creatinine > 265 
micromol/l, plasma K > 5.0 mmol/l,  
clinical/laboratory evidence of non-
diabetic renal disease, nephrotic 
syndrome, underlying malignant, hepatic, 
or GI disease, MI or stroke within 3 
months prior to study, unstable angina 
pectoris, alcohol abuse, drug abuse, 
psychological illness.  
 
Population baseline characteristics: NS 
differences between groups, except for 
creatinine and eGFR 

Characteristic Spironolact
one Group 

Placebo 
Group 

N 24 29 
Age, years 66.2 65.2 
% Male 66.6 58.6 
BMI, kg/m2 30.8 31.7 
N ACE/ARB 17/7 25/4 
Urinary 
protein:creatin
ine, mg/mmol 

111 145 

Spironolactone 
on top of ACE 
and/or ARB 
 
N= 29 
randomised 
 
Procedure: 
Patients were 
randomised to 
treatment with 50 
mg/d 
spironolactone or 
placebo. Study 
drugs were taken 
in the morning in 
addition to ACE 
and /or ARB and 
previous 
antihypertensive 
agents. At 
baseline and 
every 3 months, 
urinary protein, 
albumin and 
creatinine 
concentration 
was measured in 
24-h urine 
collections and 
BP, plasma K, 

Placebo on 
top of ACE 
and/or ARB 
 
N= 30 
randomised 
 
Procedure: 
As for 
intervention 

1 year 
 
Spironolact
one 
dropouts: 
5/29 = 17% 
 
Placebo 
drop outs: 
2/30=6.6% 

Urinary 
protein:creati
nine ratio 
 
Urinary 
albumin:creat
inine ratio 
 
Change in 
SBP 
 
Change in 
DSP  
 
Change in 
GFR 
 
Serum 
potassium 
and 
Hyperkalaemi
a  
 

Not 
stated 
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Urinary 
albumin:creati
nine, 
mg/mmol 

64.6 101.6 

Albuminuria, 
mg/24-h 

770  1002 

SBP, mm Hg 144 148 
DBP, mm Hg 80 82 
* Creatinine, 
micromol/l 

78 103 

**eGFR, 
ml/min per 
1.73 m2 

87 64 

Potassium, 
mmol/l 

4.1 4.2 

* p=0.007 between placebo and 
spironolactone groups 
 
** p=0.02 between placebo and 
spironolactone groups 

HbA1c, creatinine 
were measured. 
BP was 
measured every 
5 min for 1 h with 
an oscillometric 
BP monitor. GFR 
was estimated 
with the MDRD 
formula.  
 
 
 
 
 

Effect size 
Spironolactone (on top of ACE and /or ARB) versus Placebo (on top of ACE and /or ARB) 
 
Urinary protein:creatinine ratio 
Spironolactone significantly reduced the urinary protein:creatinine ratio compared to placebo (-40.6%, 95% CI -23.4 to -57.8, p=0.002)  
 
Urinary albumin:creatinine ratio 
Spironolactone significantly reduced the urinary albumin:creatinine ratio compared to placebo (-44.2%, 95% CI -24.0 to -64.4, p=0.002)  
 
Systolic Blood Pressure 
In the spironolactone group, systolic blood pressure significantly decreased from baseline (mean difference -6.9 mm Hg, 95% CI -1.6 to -12.2) compared to placebo 
(p=0.04).   
 
Diastolic Blood Pressure 
In the spironolactone group, diastolic blood pressure decreased from baseline (mean difference -3.4 mm Hg, 95% CI -0.7 to -5.9). There was NS difference between 
placebo and spironolactone. 
 
GFR 
Spironolactone (-12.9 ml/min per 1.73m2 per year) significantly decreased the eGFR compared to placebo (-4.9 ml/min per 1.73m2 per year), p=0.004.  
The reduction in GFR in the spironolactone group was larger in patients with a higher baseline eGFR and a higher pre-treatment SBP and in patients taking non-
potassium-sparing diuretics.  
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Plasma potassium:  
Treatment with spironolactone resulted in a significant increase in serum potassium levels compared to placebo (p=0.02). The average increase in serum potassium 
in the spironolactone group was 0.5 mmol/l (0.3-0.6 mmol/l) and average increase in serum potassium in the placebo group was 0.2 mmol/l (0.0-0.3 mmol/l)  
 
Hyperkalaemia:  (plasma potassium concentration > 5.5 mmol/l) 
Despite decreasing the dose of spironolactone from 50 to 25 mg/d, five patients treated with spironolactone were excluded from the study due to hyperkalaemia 
compared to only 1 patient in the placebo group (no p value stated).  
Ref ID: 24         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Rachmani 
R, 
Slavachevsk
y I, Amit M 
et al. The 
effect of 
spironolacto
ne, cilazapril 
and their 
combination 
on 
albuminuria 
in patients 
with 
hypertension 
and diabetic 
nephropathy 
is 
independent 
of blood 
pressure 
reduction: a 
randomized 
controlled 
study. 
Diabetic 
Medicine. 
2004; 

RCT  
 
No ITT, 
no 
concealm
ent, 
blinding 
not 
stated 
 
1 – 
  

N = 46 
 
N ITT not 
done 
 
1 centre 
in Israel 
 
 

Inclusion: female type 2 diabetics age 45-
70 years with hypertension (DSP ≥ 90 
mm Hg and SBP ≥ 140 mm Hg) and  
albuminuria (albumin:creatinine ratio ≥ 
300 mg/g on at least 3 out of 4 morning 
urine samples tested over a 3 week 
period). 
 
Exclusion criteria: males, smokers, BMI ≥ 
35 kg/m2, HbA1c ≥ 10%, serum creatinine 
≥ 160 micrmol/l, serum K ≥ 4.5 mmol/l, 
malignancy, liver disease, autoimmune 
disease, other serious condition, 
contraindication to study drugs 
  
Population baseline characteristics:  
NS differences between females 
randomised to spironolactone (N=23) or 
cilazapril (N=23) for age, duration of 
diabetes, BMI, BP, albumin:creatinine 
ratio 
 

Spironolactone  
 
N= 23 
 
Procedure: All 
patients 
received 
atenolol and 
hydrochlorothia
zide for 12 
weeks until 
SBP < 135 mm 
Hg and DSP < 
85 mm Hg. 
Patients were 
randomised to 
treatment with 
100 mg/d 
spironolactone 
or 5 mg/d 
cilazapril for 12 
weeks. At week 
36, all patients 
received 50 
mg/d 
spironolactone 
+ 2.5 mg/d 
cilazapril for 24 

Cilazapril 
 
N= 23  
 
Procedure: As 
for intervention 

36 weeks 
for 
monothera
py 
 
60 weeks 
for 
spironolact
one + 
cilazapril 
combinatio
n therapy 

Albuminuria 
(albumin:crea
tinine ratio) 
 
Blood 
Pressure 
 
Hyperkalaemi
a 
 
 

Meir-
Hospital 
Researc
h Fund 
grant 
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21(5):471-
475. 

weeks.  

Effect size 
Albuminuria 
Albuminuria was significantly (p=0.02) reduced in patients treated with spironolactone (-52% from baseline) compared to cilazapril (-33.8% from baseline).  
 
Addition of spironolactone to patients treated with cilazapril resulted in a further significant decline in albuminuria from 302 mg/g to 187 mg/g (p=0.01).  By contrast, 
there was NS decline in albuminuria when cilazapril was given to patients receiving spironolactone.  
 
BP 
BP remained the same throughout the study and there was NS difference in BP between the treatment groups. 
 
Hyperkalaemia:  (plasma potassium concentration > 5.0 mmol/l) 
Seven patients receiving spironolactone (50 mg/d) + cilazapril (2.5 mg/d) were withdrawn from the study due to hyperkalaemia.  
 
 
 
 

CHAPTER 9-CKD GUIDELINE 
 
CONTENTS: 
 
9.1. STATIN THERAPY AND REDUCTION IN PROTEINURIA 
 
 
9.1. STATIN THERAPY AND REDUCTION IN PROTEINURIA 
In adults with CKD and proteinuria, do statins decrease proteinuria and decrease the risk of progression of CKD compared with other treatments or 
placebo? 

Ref ID: 731         
Reference Study type/ 

Evidence level 
Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 
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Douglas K, 
O'Malley 
PG, Jackson 
JL. Meta-
analysis: the 
effect of 
statins on 
albuminuria 
(Provisional 
record). 
Annals of 
Internal 
Medicine. 
2006; 
145:117-
124. Ref ID: 
731 

Systematic 
review and 
meta-analysis 
 
Search 
EMBAS, 
MEDLINE, 
PubMed, 
BIOSIS, 
SciSearch, 
PASCAL, 
International 
Pharmaceutical 
Abstracts 
Cochrane 
Library from 
1974 to Nov., 
2005 
 
1 ++ 

N total =15 
studies, 1384 
participants  
 
N studies 
urinary 
excretion level 
< 30 mg/day = 
3 
 
N studies 
urinary 
excretion level  
30 to 299 
mg/day = 6 
 
N studies 
urinary 
excretion level 
> 300 mg/day = 
6 
 

Inclusion: studies had to be 
published, randomised, 
controlled trials in adults > 18 
years with a statin and 
placebo group. Proteinuria or 
albuminuria had to be 
measured by timed urine 
collections to measure 24-h 
excretion or by spot samples 
to calculate 
albumin:creatinine ratios.  
 
Exclusion: not stated 
 
Baseline Characteristics: 
mean age 50 years, 64% 
male, 57% diabetes, 23% 
primary renal disease 
 
 

statins placebo Median 
follow-up of 
6 months 
(range, 3 to 
46 months) 
 
 
 

Primary 
outcomes: 
weighted 
mean 
difference in 
the 
proportional 
change from 
baseline to 
follow-up 
albuminuria 
(proteinuria) 
between 
statin and 
placebo 
groups 

No 
funding 

Effect size 
Statins versus placebo 
 
Difference in urine albumin excretion from baseline to follow-up 
In all 15 studies, the analysis was too heterogeneous to permit a pooled analysis (p< 0.001). 
 
Stratifying by baseline proteinuria < 30 mg/day (N=928, 3 studies) there was NS reduction in urinary albumin excretion for statins versus placebo (and NS study 
heterogeneity). 
 
Stratifying by baseline proteinuria 30 to 299 mg/day (N=181, 6 studies), statins significantly reduced proteinuria compared to placebo [WMD -48% (95% CI -71 to -
25), p not given]. There was NS study heterogeneity.   
 
Stratifying by baseline proteinuria > 300 mg/day (N=275, 6 studies), statins significantly reduced proteinuria compared to placebo [WMD -47% (95% CI -67 to -26), p 
not given]. There was significant study heterogeneity (p=0.02, I2=63%).   
 
Stratifying by percentage loss to follow-up: 
For percentage loss to follow-up > 20% (N= 3 studies)  the WMD in change from baseline was NS (and NS study heterogeneity) 
For percentage loss to follow-up < 5% (N=12 studies), the WMD in change from baseline was -56% in favour of statins (95% CI -65 to -47, NS study heterogeneity). 
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Note: Statistical heterogeneity in the group > 300 mg/day was well addressed and one possible source was the different causes of nephropathy in the study 
populations: hypertension (1 study), diabetes (2 studies), primary renal disease (2 studies), unknown (1 study). Limitations: only published trials included (although 
Begg analysis showed no publication bias); findings of smaller trials conflicted with larger trial by Asselberg (< 30 mg/day proteinuria and 25% dropout rate may mean 
poorer adherence to statin and this may decrease the benefit); studies themselves were of mediocre quality, few studies included means the statistical power was 
limited . 
Ref ID: 28         
Reference Study type/ 

Evidence level 
Number of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Sandhu S, 
Wiebe N, 
Fried LF et 
al. Statins 
for 
improving 
renal 
outcomes: a 
meta-
analysis. 
[Review] [69 
refs]. 
Journal of 
the 
American 
Society of 
Nephrology. 
2006; 
17(7):2006-
2016. Ref 
ID: 28 

Systematic 
review and 
meta-analysis 
 
Search 
EMBASE, 
MEDLINE,  
Cochrane 
Library from 
1969 to Mar., 
2005 
 
1 + 

N total =27 
studies, 39704 
participants  
 
N studies 
glomerulonephr
itis= 7 (222 
participants) 
 
N studies 
diabetic CKD = 
6 (122 
participants) 
 
N studies 
hypertensive 
renal disease= 
4 (212 
participants) 
 

Inclusion: studies had to be 
randomised, controlled trials, 
parallel or cross-over in 
adults > 18 years with a statin 
and control group, and 
measured or estimated renal 
function (GFR, creatinine 
clearance, proteinuria).  
 
Exclusion: studies lacking 
control groups, or studies that 
included participants with 
ESRD 
 
Baseline Characteristics: not 
stated 
 

statins Control  Median 
follow-up 1 
year 
(range, 3 
months to 
6 years) 
 
 
 

Primary 
outcome: rate 
of change in 
eGFR 
 
Secondary 
outcome: 
change in 
urinary 
protein 
excretion 
from baseline 
to end of 
follow-up 

Alberta 
Heritage 
Foundati
on for 
Medical 
Researc
h, 
Canadia
n 
Institute
s for 
Health 
Researc
h 

Effect size 
Statins versus control 
The analysis was very heterogeneous in the pooled groups 
 
Primary outcome: rate of change in eGFR 
In populations with glomerulonephritis (N=222, 7 studies), there was NS effect of statins on changes in eGFR compared to control (however, there was significant 
study heterogeneity, p=0.003) 
Excluding studies with < 1 year follow-up in the glomerulonephritis population (4 studies excluded) and statins significantly slowed the decline in GFR compared with 
control [WMD 5.35 ml/min/1.73m2/year (95% CI 2.19 to 8.51)]. There was NS study heterogeneity.  
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In populations with diabetic renal disease (N=122, 6 studies), there was NS effect of statins on changes in eGFR compared to control (there was NS study 
heterogeneity). Excluding studies with < 1 year follow-up, there was NS effect of statins on changes in eGFR compared to control. 
 
In populations with hypertensive renal disease (N=212, 4 studies), there was NS effect of statins on changes in eGFR compared to control (however, there was 
significant study heterogeneity, p=0.08). Excluding studies with < 1 year follow-up, there was NS effect of statins on changes in eGFR compared to control. 
 
When populations with glomerulonephritis, diabetic CKD, and hypertensive CKD were pooled, there was still NS effect of statins on changes in eGFR compared to 
control (NS study heterogeneity). 
 
The pooled effect of all studies (including populations that had cardiovascular disease, with both normal and abnormal renal function; N=38311, 22 studies) was that 
statins significantly slowed decline in GFR [WMD 1.22 ml/min/year (95% CI 0.44 to 2.00), p=0.03]. However, there was significant study heterogeneity, p<0.00001. 
This study heterogeneity was in part due to the effect of studies with atorvastatin which showed an additional benefit on kidney function loss (p<0.001). Removal of a 
study with atorvastatin reduced the overall pooled benefit of statins to 0.42 ml/min/1.73 m2/year (95% CI 0.13 to 0.71), heterogeneity reduced but still significant). 
 
Secondary outcome: change in urinary protein or albumin excretion from baseline to end of follow-up  
There was NS effect of statins on the change in albumin excretion compared to controls (N=904, 7 studies). However, there was significant study heterogeneity, 
p<0.00001. 
 
There was NS effect of statins on the change in protein excretion compared to controls (N=350, 9 studies). However, there was significant study heterogeneity, 
p<0.00001. 
Ref ID: 4253         
Reference Study type/ 

Evidence level 
Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Strippoli GF, 
Navaneethan SD, 
Johnson DW et al. 
Effects of statins in 
patients with chronic 
kidney disease: meta-
analysis and meta-
regression of 
randomised controlled 
trials. British Medical 
Journal. 2008; 
336(7645):645-651. Ref 
ID: 4253 

Systematic 
review and 
meta-analysis 
 
Search 
EMBASE, 
MEDLINE, 
Renal Health 
Library, 
Cochrane 
Central 
Register 
Controlled 
Trials to July 
2006 

N total =50 
studies, 
30144 
participants  
 
N studies 
pre-dialysis 
CKD (stage 
1-4) = 26 
 
N studies 
dialysis 
populations 
= 11 
 

Inclusion: studies had to be 
randomised, controlled trials 
or quasi-randomised 
controlled trials of any statin 
against placebo, no 
treatment, or another statin 
in adults with CKD (defined 
as dialysis, renal transplant 
recipients, elevated baseline 
creatinine > 0.121 mmol/l, 
GFR < 60 ml/min/1.73 m2 or 
GFR > 60 ml/min/1.73 m2 + 
kidney damage markers). 
Minimum trial duration was 
8 weeks 

statins Placebo (or 
no 
treatment) 

Ranged 
from 2 
to 60 
months 
 

All cause 
mortality 
 
Cardiovascular 
mortality 
 
Non-fatal 
Cardiovascular 
events  
 
Change in GFR 
 
Change in 24 h 
urinary protein 
excretion 

Cochrane 
Renal 
Group 
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1 ++ 

N studies 
renal 
transplant 
recipients = 
17 
 

 
Exclusion: studies of “renal 
impairment” where the GFR 
or creatinine concentration 
was not stated; studies with 
people with impaired liver 
function tests or elevated 
creatinine phosphokinase 
concentrations; studies that 
examined efficacy of 
combination treatments with 
other lipid lowering agents 
 
Baseline Characteristics: 
not stated 
 
Note that trial quality was 
suboptimal. Allocation 
concealment adequate in 
22%, inadequate in 18%, 
and unclear in the 
remainder. Only 20% had 
ITT. Only 20% had triple 
blinding. Dropout rate < 
10% in 86% of RCTs. 

 
Withdrawal 
from study due 
to adverse 
events 

Effect size 
STUDIES OF PRE-DIALYSIS POPULATIONS 

Outcome N studies N total 
participants 

Effect size Heterogeneity (% 
I2) 

Change in GFR; ml/min or ml/min/1.73 m2 11 548 WMD 1.48 (95% CI -2.32 to 5.28) NS 62.0 - significant 
Change in 24 h urinary protein excretion; 
g/24 h 

6 311 WMD -0.73 (95% CI -0.95 to -0.52) 58.6 - significant 

All cause mortality 21 18781 RR 0.81 (95% CI 0.74 to 0.89); p < 0.001 – mostly 
driven by Pravastatin Pooling Project  

0 - NS 

Cardiovascular mortality Not reported 
clearly 

18085 RR 0.80 (95% CI 0.70 to 0.90); p < 0.001 – mostly 
driven by Pravastatin Pooling Project  

0 - NS 

Non-fatal Cardiovascular events Not reported 
clearly 

19363 RR 0.75 (95% CI 0.66 to 0.85); p < 0.001 30.7 - NS 

Withdrawal from study due to adverse events Not reported Not reported Not reported Not reported 
Abnormalities in liver function tests  Not reported Not reported Not reported Not reported 
Raised creatinine phosphokinase Not reported Not reported Not reported Not reported 
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concentrations (rhabdomyolysis) 
 
ALL STUDIES (STUDIES OF PRE-DIALYSIS + DIALYSIS + RENAL TRANSPLANT RECIPIENT POPULATIONS) 

Outcome N studies N total 
participants 

Effect size Heterogeneity (% 
I2) 

Change in GFR; ml/min or ml/min/1.73 m2 Not 
reported 

Not reported Not reported Not reported 

Change in 24 h urinary protein excretion; g/24 h Not 
reported 

Not reported Not reported Not reported 

All cause mortality 44 23665 RR 0.92 (95% CI 0.82 to 1.03); p =0.13 
– NS 

25.2 - NS 

Cardiovascular mortality 43 23266 RR 0.81 (95% CI 0.73 to 0.90); p < 
0.001  

0 - NS 

Non-fatal Cardiovascular events 8 22863 RR 0.78 (95% CI 0.73 to 0.84); p < 
0.001 

8.9 - NS 

Withdrawal from study due to adverse events 20 4887 RR 1.03 (95% CI 0.84 to 1.25) - NS 10 - NS 
Abnormalities in liver function tests  26 6726 NS  Not reported 
Raised creatinine phosphokinase concentrations 
(rhabdomyolysis) 

29 6829 RR 1.50 (95% CI 0.86 to 2.59) - NS 0 -NS 

 
No trials reported ESRD or doubling of creatinine as an outcome. 
 
Summary: 
In all studies (pre-dialysis + dialysis + kidney transplant recipients) – statins significantly reduced risk of: 
Cardiovascular mortality 
Nonfatal cardiovascular events 
 
In all studies (pre-dialysis + dialysis + kidney transplant recipients), there was NS difference between statins versus placebo for: 
All-cause mortality 
Withdrawal from study due to adverse events 
Abnormal liver function tests 
Raised creatinine phosphokinase concentrations (rhabdomyolysis) 
 
In studies of pre-dialysis populations only- statins significantly reduced: 
All-cause mortality 
Cardiovascular mortality 
Nonfatal cardiovascular events 
24 h urinary protein excretion (but significant heterogeneity in this analysis) 
 
In studies of pre-dialysis populations only- there was NS difference between statins versus placebo for: 
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Change in GFR (significant heterogeneity) 

 
 
 

CHAPTER 10-CKD GUIDELINE 
CONTENTS: 
 
10.1. LIPID LOWERING IN PEOPLE WITH CKD 
 
10.2. ANTI-PLATELET THERAPY AND ANTI-COAGULATION IN PEOPLE WITH CKD 
 
10.1. LIPID LOWERING IN PEOPLE WITH CKD 
 
In adults with CKD and dyslipidaemia, do lipid lowering agents (statins, fibrates, fish oils) decrease cardiovascular disease risk and all cause mortality 
compared with placebo or each other? 
Ref ID: 4137          
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome measures Source  
of  
funding 

Chonchol 
M, Cook T, 
Kjekshus J 
et al. 
Simvastatin 
for 
Secondary 
Prevention 
of All-
Cause 
Mortality 
and Major 
Coronary 
Events in 
Patients 
With Mild 
Chronic 

Post-hoc 
analysis 
of an 
RCT 
1+ 
 
[Scandin
avian 
Simvasta
tin 
Survival 
Study 
(4S)] 

N= 4444 
in original 
study 
 
N=24 
excluded 
due to 
lack of 
serum 
creatinin
e 
measure
ment at 
baseline 
 
GFR 
<75mL/m

Inclusion criteria for 4S: 
Age 35-70 years, history of 
MI and/or angina, total 
cholesterol of 5.5-8.0 mmol/L, 
triglyceride level < 2.5 mmol/L 
 
Exclusion criteria for 4S:  
Secondary 
hypercholesterolaemia, 
unstable angina, planned 
coronary artery surgery or 
angioplasty, recent MI, 
congestive heart failure 
requiring treatment, 
hypersensitivity to the drugs. 
 
Baseline characteristics: 

Simvastatin 20 
mg daily 
N=1143 (eGFR 
< 75 
mL/min/1.73m2

) 
 
Titrated up to 
20-40 mg if 
needed to 
achieve 
decrease in 
total cholesterol 
levels to 5.2 
mmol/L 

Placebo 
N=1171 (eGFR 
< 75 
mL/min/1.73m2

) 
 

Median 
follow up of 
5.4 years 
 
In patients 
with 
chronic 
renal 
insufficienc
y median 
duration of 
follow up 
was 65.5 
months 

Primary outcome: total 
mortality 
 
Secondary outcomes: 
major coronary events 
(coronary mortality, 
definite or probable 
hospital verified non-fatal 
acute MI, resuscitated 
cardiac arrest, definite 
silent MI) 
 
Tertiary outcomes: any 
coronary event, death or 
any atherosclerotic event, 
myocardial 
revascularisation 

Not 
stated 
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Renal 
Insufficienc
y. American 
journal of 
kidney 
diseases : 
the official 
journal of 
the National 
Kidney 
Foundation. 
49(3); 373-
382. 1-3-
2007.  
http://linking
hub.elsevie
r.com/retrie
ve/pii/S027
263860601
8373 

 

in/1.73m2 
N=2314 
 
 GFR 
≥75mL/m
in/1.73m2 
N=2106 
 
 

There were some differences 
between the groups. Those 
with eGFR <75 were older, 
more likely to be female, have 
a history of hypertension or 
claudication, and higher 
systolic blood pressure. They 
were also more likely to be 
non-smokers and on a β- 
blocker. 

procedures, hospital 
admission for acute CHD 
events without diagnosis 
of MI 

Effect Size: 
HR adjusted for age, sex, hypertension, diabetes, smoking, and use of calcium channel blockers, β blockers and aspirin.  
 
Outcomes in patients with coronary heart disease and raised LDL-C cholesterol, eGFR < 75mL/min/1.73m2 

Hazard ratios for Simvastatin vs. placebo (95%CI) in participants with 
eGFR < 75mL/min/1.73m2 

Outcome 

Unadjusted Adjusted 
Total mortality 0.70 (0.55-0.91) 0.69 (0.54-0.89) 
Major coronary events 0.68 (0.57-0.80) 0.67 (0.56-0.79) 
CHD deaths, non-fatal MI 0.66 (0.55-0.79) 0.65 (0.55-0.78) 
Coronary revascularization 0.63 (0.51-0.79) 0.62 (0.49-0.77) 
Stroke  0.86 (0.54-1.36) 0.88 (0.55-1.39) NS 

 
Outcomes in patients with coronary heart disease and raised LDL-C cholesterol, with eGFR < 60mL/min/1.73m2 

Hazard ratios for Simvastatin vs. placebo (95%CI) in participants with 
eGFR < 60mL/min/1.73m2 (N=508) 

Outcome 

Unadjusted Adjusted 
Total mortality 1.02 (0.66-1.58) 0.99 (0.64-1.55) NS 
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Major coronary events 0.72 (0.51-1.02) 0.65 (0.46-0.92) 
CHD deaths, non-fatal MI 0.73 (0.51-1.04) 0.69 (0.48-0.99) 
Coronary revascularization 0.42 (0.25-0.70) 0.37 (0.22-0.63) 
Stroke  1.07 (0.48-2.39) 1.05 (0.47-2.39) NS 

 
For all the major events considered (i.e. total mortality, major coronary events, CHD deaths, non-fatal MI, coronary revascularisation, incidence of stroke) HR’s were 
not significantly different from those with eGFR ≥75mL/min/1.73m2 (p>0.44 for interaction in all cases) 
 
Adverse events: 
In patients with chronic renal insufficiency rates of discontinuation of study drug therapy because of adverse events was similar in simvastatin and placebo groups.  
 
Note: Details of randomisation methods, allocation concealment and blinding in the original study, not reported in this paper. Not stated whether ITT analysis.  
 
Ref ID: 121         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome measures Source  
of  
fundin
g 

Tonelli M, 
Collins D, 
Robins S et 
al. 
Gemfibrozil 
for 
secondary 
prevention 
of 
cardiovascul
ar events in 
mild to 
moderate 
chronic renal 
insufficiency. 
Kidney 
International
. 2004; 
66(3):1123-
1130. 

Post-hoc 
of RCT 
double 
blind 
[Veterans
’ Affairs 
High-
Density 
Lipoprote
in 
Interventi
on Trial 
(VA-HIT)] 
 
1 + 
 
20 US 
Veterans’ 
Affairs 
medical 
centers   
 
All 

Total N 
=2531 
 
N 
creatinin
e 
clearanc
e 
(Cockcrof
t-Gault 
CrCl) ≤ 
75 
ml/min = 
1046 
 
 

Inclusions: men age < 74 
years with documented 
history of coronary heart 
disease (previous MI, angina 
corroborated by evidence of 
ischemia, coronary 
revascularisation, or 
angiographic evidence of 
stenosis > 50% of the luminal 
diameter in one or more 
major epicardial coronary 
arteries), HDL cholesterol ≤ 
40 mg/dl (1.0 mmol/l), LDL 
cholesterol ≤ 140 mg/dl (3.6 
mmol/l), triglyceride ≤ 300 
mg/dl (3.4 mmol/l).   
 
Exclusion: serum creatinine > 
2.0 mg/dl  
 
Baseline population 
characteristics: There was NS 
difference at baseline 

Gemfibrozil in 
those with CrCl 
Cockcroft-Gault 
≤ 75 ml/min  
N= 512 
 
Protocol: 2 
fasting lipid 
profiles were 
used for 
baseline lipid 
values. 
Subjects were 
randomly 
assigned to 
receive 
gemfibrozil 
(1200 mg/day) 
or placebo.  
 
  
 

Placebo in 
those with CrCl 
Cockcroft-Gault 
≤ 75 ml/min  
N= 534 
 
Protocol: as for 
intervention 

5.3 years  
 
0% dropout 
placebo 
 
0% dropout 
gemfibrozil  

Primary endpoint: 
nonfatal MI or  death from 
coronary disease 
(including fatal MI, 
sudden death, death 
during a coronary 
intervention, death from 
other coronary causes) 
 
Secondary endpoints: 
major cardiovascular 
events (fatal coronary 
disease, nonfatal MI, or 
stroke) 
 
All-cause mortality 
 
Stroke 
 
Coronary 
revascularisation 
 
Adverse Events: 

Coopera
tive 
Studies 
Program 
(Dept. 
Veteran
s Affairs 
Office of 
Researc
h); 
Parke 
Davis 
Pharma
ceuticals 
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analyses 
were ITT. 

between people with CRI 
(chronic renal insufficiency 
CrCl ≤ 75 ml/min) randomised 
to placebo or gemfibrozil for 
age (67 years), race, history 
of diabetes (28%), history of 
chronic heart failure, lipid 
status, CrCl (61 ml/min), 
MDRD-GFR (62 ml/min per 
1.73 m2 ).   

creatinine > 0.5 mg/dl 
higher from baseline, 
Depression, Myositis, 
Rhabdomyolysis 
 
 
 
 
 

Effect size 
Gemfibrozil significantly reduced triglycerides and total cholesterol and increased HDL cholesterol compared to placebo.  Gemfibrozil did not significantly change LDL 
cholesterol.  
 
There was NS interaction between the presence or absence of CRI at baseline and the effect of gemfibrozil (P interaction > 0.05). 
 
Primary endpoint: nonfatal MI or death from coronary disease (including fatal MI, sudden death, death during a coronary intervention, death from other 
coronary causes) 
In men with CRI (CrCll ≤ 75 ml/min, N=1046), gemfibrozil significantly reduced the risk of nonfatal MI or death from coronary disease compared to treatment with 
placebo [adjusted HR 0.74 (95% CI 0.56 to 0.96, p=0.02, NNT=16). 

In men with MDRD-GFR ≤ 75 ml/min/1.73 m2 (N=1432), there was NS difference in risk of nonfatal MI or death from coronary disease for those treated with 
gemfibrozil compared with placebo. 
 
Secondary endpoints: major cardiovascular events (fatal coronary disease, nonfatal MI, or stroke) 
In men with CRI (CrCl ≤ 75 ml/min, N=1046), gemfibrozil significantly reduced the risk of major cardiovascular events (fatal coronary disease, nonfatal MI, or stroke) 
compared with placebo [adjusted HR 0.75 (95% CI 0.59 to 0.96, p=0.02). 

In men with MDRD-GFR ≤ 75 ml/min/1.73 m2 (N=1432), there was NS difference in risk of major cardiovascular events for those treated with gemfibrozil compared 
with placebo. 
 
Non-fatal myocardial infarction 
In men with CRI (CrCl ≤ 75 ml/min, N=1046), Non-fatal MI was NS reduced by gemfibrozil treatment. 
 
All-cause mortality 
In men with CRI (CrCl ≤ 75 ml/min, N=1046), All-cause mortality was NS reduced by gemfibrozil treatment 
 
Stroke 
In men with CRI (CrCl ≤ 75 ml/min, N=1046), Stroke was NS reduced by gemfibrozil treatment. 
 
Coronary revascularisation 
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In men with CRI (CrCl ≤ 75 ml/min, N=1046), Coronary revascularisation was NS reduced by gemfibrozil treatment.  
 
Adverse Events:  
 
Creatinine > 0.5 mg/dl higher from baseline 
The incidence of sustained elevations in serum creatinine (> 0.5 mg/dl higher from baseline) was significantly higher among gemfibrozil recipients compared with 
placebo (5.9% vs. 2.8%, p=0.02).  However, the final serum creatinine levels (2.3 vs. 2.6 mg/dl, p=0.43) and creatinine clearances (32.0 vs. 31.9 ml/min, p=0.94) 
were similar in each treatment group. None required acute dialysis treatment.  
 
Depression 
There was NS difference in rates of depression between those treated with gemfibrozil compared to placebo. 
 
Myositis 
There was NS difference in rates of myositis between those treated with gemfibrozil compared to placebo. 
 
Rhabdomyolysis 
There were no cases of rhabdomyolysis in either treatment group (placebo or gemfibrozil). 
 
Note: Authors suggest close monitoring of creatinine after fibrate treatment, as safety data in this study is limited.  Fibrates are suggested as  an alternative to statin 
therapy in people with CRI, especially as fibrates increase HDL cholesterol.  Creatinine clearance (Cockcroft-Gault) is not the best measure of renal function, but 
authors defend this choice as CG overestimates GFR and thus the CRI population most certainly have renal function loss (although no proteinuria data given). Other 
study limitations are all participants were men, the population did not include people with severe renal disease, creatinine concentrations not standardised between 
centres or calibrated against a reference standard. 
Ref ID: 4253         
Reference Study type/ 

Evidence level 
Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Strippoli GF, 
Navaneethan SD, 
Johnson DW et al. 
Effects of statins in 
patients with chronic 
kidney disease: meta-
analysis and meta-
regression of 
randomised controlled 
trials. British Medical 
Journal. 2008; 
336(7645):645-651. Ref 

Systematic 
review and 
meta-analysis 
 
Search 
EMBASE, 
MEDLINE, 
Renal Health 
Library, 
Cochrane 
Central 
Register 
Controlled 

N total =50 
studies, 
30144 
participants  
 
N studies 
pre-dialysis 
CKD (stage 
1-4) = 26 
 
N studies 
dialysis 
populations 

Inclusion: studies had to be 
randomised, controlled trials 
or quasi-randomised 
controlled trials of any statin 
against placebo, no 
treatment, or another statin 
in adults with CKD (defined 
as dialysis, renal transplant 
recipients, elevated baseline 
creatinine > 0.121 mmol/l, 
GFR < 60 ml/min/1.73 m2 or 
GFR > 60 ml/min/1.73 m2 + 
kidney damage markers). 

statins Placebo (or 
no 
treatment) 

Ranged 
from 2 
to 60 
months 
 

All cause 
mortality 
 
Cardiovascular 
mortality 
 
Non-fatal 
Cardiovascular 
events  
 
Change in GFR 
 
Change in 24 h 

Cochrane 
Renal 
Group 
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ID: 4253 Trials to July 
2006 
 
1 ++ 

= 11 
 
N studies 
renal 
transplant 
recipients = 
17 
 

Minimum trial duration was 
8 weeks 
 
Exclusion: studies of “renal 
impairment” where the GFR 
or creatinine concentration 
was not stated; studies with 
people with impaired liver 
function tests or elevated 
creatinine phosphokinase 
concentrations; studies that 
examined efficacy of 
combination treatments with 
other lipid lowering agents 
 
Baseline Characteristics: 
not stated 
 
Note that trial quality was 
suboptimal. Allocation 
concealment adequate in 
22%, inadequate in 18%, 
and unclear in the 
remainder. Only 20% had 
ITT. Only 20% had triple 
blinding. Dropout rate < 
10% in 86% of RCTs. 

urinary protein 
excretion 
 
Withdrawal 
from study due 
to adverse 
events 

Effect size 
STUDIES OF PRE-DIALYSIS POPULATIONS 

Outcome N studies N total 
participants 

Effect size Heterogeneity (% 
I2) 

Change in GFR; ml/min or ml/min/1.73 m2 11 548 WMD 1.48 (95% CI -2.32 to 5.28) NS 62.0 - significant 
Change in 24 h urinary protein excretion; 
g/24 h 

6 311 WMD -0.73 (95% CI -0.95 to -0.52) 58.6 - significant 

All cause mortality 21 18781 RR 0.81 (95% CI 0.74 to 0.89); p < 0.001 – mostly 
driven by Pravastatin Pooling Project  

0 - NS 

Cardiovascular mortality Not reported 
clearly 

18085 RR 0.80 (95% CI 0.70 to 0.90); p < 0.001 – mostly 
driven by Pravastatin Pooling Project  

0 - NS 

Non-fatal Cardiovascular events Not reported 
clearly 

19363 RR 0.75 (95% CI 0.66 to 0.85); p < 0.001 30.7 - NS 

Withdrawal from study due to adverse events Not reported Not reported Not reported Not reported 
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Abnormalities in liver function tests  Not reported Not reported Not reported Not reported 
Raised creatinine phosphokinase 
concentrations (rhabdomyolysis) 

Not reported Not reported Not reported Not reported 

 
ALL STUDIES (STUDIES OF PRE-DIALYSIS + DIALYSIS + RENAL TRANSPLANT RECIPIENT POPULATIONS) 

Outcome N studies N total 
participants 

Effect size Heterogeneity (% 
I2) 

Change in GFR; ml/min or ml/min/1.73 m2 Not 
reported 

Not reported Not reported Not reported 

Change in 24 h urinary protein excretion; g/24 h Not 
reported 

Not reported Not reported Not reported 

All cause mortality 44 23665 RR 0.92 (95% CI 0.82 to 1.03); p =0.13 
– NS 

25.2 - NS 

Cardiovascular mortality 43 23266 RR 0.81 (95% CI 0.73 to 0.90); p < 
0.001  

0 - NS 

Non-fatal Cardiovascular events 8 22863 RR 0.78 (95% CI 0.73 to 0.84); p < 
0.001 

8.9 - NS 

Withdrawal from study due to adverse events 20 4887 RR 1.03 (95% CI 0.84 to 1.25) - NS 10 - NS 
Abnormalities in liver function tests  26 6726 NS  Not reported 
Raised creatinine phosphokinase concentrations 
(rhabdomyolysis) 

29 6829 RR 1.50 (95% CI 0.86 to 2.59) - NS 0 -NS 

 
No trials reported ESRD or doubling of creatinine as an outcome. 
 
Summary: 
In all studies (pre-dialysis + dialysis + kidney transplant recipients) – statins significantly reduced risk of: 
Cardiovascular mortality 
Nonfatal cardiovascular events 
 
In all studies (pre-dialysis + dialysis + kidney transplant recipients), there was NS difference between statins versus placebo for: 
All-cause mortality 
Withdrawal from study due to adverse events 
Abnormal liver function tests 
Raised creatinine phosphokinase concentrations (rhabdomyolysis) 
 
In studies of pre-dialysis populations only- statins significantly reduced: 
All-cause mortality 
Cardiovascular mortality 
Nonfatal cardiovascular events 
24 h urinary protein excretion (but significant heterogeneity in this analysis) 
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In studies of pre-dialysis populations only- there was NS difference between statins versus placebo for: 
Change in GFR (significant heterogeneity) 
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10.2 ANTI-PLATELET THERAPY AND ANTI-COAGULATION IN PEOPLE WITH CKD  
 
In adults with CKD, does anti-platelet and anticoagulant therapy reduce cardiovascular morbidity and mortality compared with placebo? 
Ref ID: 995         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Keltai M, 
Tonelli M, 
Mann JFE et 
al. Renal 
function and 
outcomes in 
acute 
coronary 
syndrome: 
Impact of 
clopidogrel. 
European 
Journal of 
Cardiovascu
lar 
Prevention & 
Rehabilitatio
n. 2007; 
14(2):312-
318. Ref ID: 
995 

RCT 
double 
blind 
 
Multicent
re study, 
28 
countries 
 
ITT: 
12253  
 
1+ 

N total= 
12253 
 
N GFR < 
64 
ml/min = 
4087 
 
N GFR 
64-81.2 
ml/min = 
4075 
 
N GFR > 
81.3 
ml/min = 
4091 

Inclusions: CURE RCT: patients with 
acute coronary syndrome without ST-
segment elevation hospitalised within 
24 hours of symptom onset, positive 
troponin or CK-MB levels, or ischemic 
changes on ECG 
 
Exclusions:  ST-segment elevation ≥ 2 
mm, contraindications to 
antithrombotic/antiplatelet medication, 
high risk for bleeding, administration of 
oral anticoagulants, coronary 
revascularisation in previous 3 months, 
intravenous glycoprotein IIb/IIIa 
inhibitors in previous 3 days, planned 
long-term (> 3 months) NSAID use, 
ESRD 
 
Baseline population characteristics: 
compared with people with higher GFR, 
patients with GFR < 64 ml/min were 
significantly older, more likely to be 
female, and have greater prevalence of 
diabetes, hypertension, heart failure, 
PAD, stroke, coronary bypass surgery, 
and MI. ACE inhibitors, diuretics, 
insulin, lipid lowering agents were more 
frequently used in people with low GFR 
compared to higher GFR. Interventional 
treatment (coronary 

clopidogrel 
 
N= not stated 
(6259) from 
previous 
publication 
 
Protocol: Patients 
were randomised 
to clopidogrel 
(loading dose 
300 mg) or 
matching placebo 
immediately after 
randomisation. 
Clopidogrel (75 
mg/day) or 
placebo for 3-12 
months. Both 
groups received 
aspirin (75-325 
mg/day). GFR 
measured at 
entry using 
MDRD equation. 
Other anti-
thrombotic 
agents left to 
physician’s 
discretion. 

placebo 
 
N= not stated 
(6303) from 
previous 
publication 
 
Protocol: as for 
intervention 

Mean 9 
months 

Primary 
outcome: 
cardiovascula
r death, non-
fatal MI, or 
stroke 
 
Life-
threatening, 
major, or 
minor bleeds 

Sanofi-
Synthela
bo, 
Bristol 
Meyers 
Squibb,  
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angiography/angioplasty, 
revascularisation) was significantly 
under-performed in GFR < 64 ml/min 
compared to higher GFR groups. 
 

Patients stratified 
by GFR post-hoc.  

Effect size 
Relative risk (RR) adjusted for age, sex, heart failure, smoking, PAD, previous percutaneous transluminal coronary angioplasty, coronary artery bypass graft, 
anaemia at entry and thrombolysis in MI risk score. 
GFR > 60 ml/min in 8991 (73%) patients. 
 GFR < 60 ml/min in 3262 (27%) patients: GFR 30-59 ml/min in 3038 (25%) and GFR < 30 ml/min in 224 (2%). 
GFR > 90 ml/min in 2655 (22%). 
 
The primary endpoint occurred in 25% of people with GFR < 30 ml/min, 14% in people with GFR  30-59 ml/min and 9% in people with GFR > 60 ml/min (p<0.0001) 
Cardiovascular death  occurred in 18% of people with GFR < 30 ml/min, 9% in people with GFR  30-59 ml/min and 4% in people with GFR > 60 ml/min (p<0.0001) 
The risk of bleeding increased with decreasing renal function. 
 
RR for clopidogrel compared to placebo: 

Outcome GFR < 64 ml/min + non-STEACS 
(N=4087) 

GFR  64 -81.2 ml/min + non-STEACS 
(N=4075) 

GFR  > 81.3 ml/min + non-STEACS 
(N=4091) 

Cardiovascular death, non-fatal MI, 
or stroke 
 

RR 0.89 (95% CI 0.76 to 1.05)  NS 
 

RR 0.68 (95% CI 0.56 to 0.84), p<0.05 
 

RR 0.74 (95% CI 0.60 to 0.93), p<0.05 
 

All-cause mortality 
 

RR 0.95 (95% CI 0.78 to 1.16)  NS 
 

RR 0.91 (95% CI 0.68 to 1.21)  NS 
 

RR 0.94 (95% CI 0.67 to 1.30)  NS 
 

Cardiovascular Death RR 0.95 (95% CI 0.77 to 1.17)  NS 
 

RR 0.85 (95% CI 0.63 to 1.16)  NS 
 

RR 0.93 (95% CI 0.65 to 1.32)  NS 
 

Life-threatening bleed RR 0.89 (95% CI 0.60 to 1.31)  NS 
 

RR 1.23 (95% CI 0.78 to 1.93)  NS 
 

RR 1.65 (95% CI 1.01 to 2.70), p<0.05 
 

Major bleed RR 1.37 (95% CI 0.89 to 2.12)  NS 
 

RR 1.78 (95% CI 0.95 to 3.34)  NS 
 

RR 2.05 (95% CI 1.03 to 4.07), p<0.05 
 

Minor bleed RR 1.50 (95% CI 1.21 to 1.86), p<0.05 
 

RR 1.61 (95% CI 1.27 to 2.06), p<0.05 
 

RR 2.26 (95% CI 1.56 to 2.61), p<0.05 
 

Clopidogrel did NS reduce most outcomes in people with GFR < 64 ml/min + non-STEACS. 
Clopidogrel significantly reduced the primary outcome in people with GFR  64 -81.2 ml/min + non-STEACS  
Clopidogrel significantly reduced the primary outcome in people with GFR > 81.3 ml/min + non-STEACS. 
Clopidogrel significantly increased minor bleeds at all levels of renal function. 
Clopidogrel significantly increased major and life threatening bleeds in people with GFR  > 81.3 ml/min + non-STEACS . 
 
Limitations: GFR based on 1 measurement of serum creatinine on admission to hospital, caution in extrapolating results to people other than non-STEACS, people 
with different levels of renal function were different at baseline in respect to several characteristics, and even though RR were adjusted, there may be other 
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confounding variable not accounted for.  

Ref ID: 3925         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Ezekowitz J, 
McAlister 
FA, 
Humphries 
KH et al. 
The 
association 
among renal 
insufficiency, 
pharmacoth
erapy, and 
outcomes in 
6,427 
patients with 
heart failure 
and 
coronary 
artery 
disease.[see 
comment]. 
Journal of 
the 
American 
College of 
Cardiology. 
2004; 
44(8):1587-
1592. Ref 
ID: 3925 

Prospecti
ve cohort 
 
Alberta 
and 
British 
Columbia
, Canada 
 
2 + 

N total= 
6427 
 
N CrCl > 
60 
ml/min  = 
3914 
 
N CrCl 
30-59 
ml/min = 
2047 
 
N CrCl < 
30 
ml/min = 
466 

Inclusions: patients (identified from 
Alberta and British Columbia Cardiac 
databases) with a diagnosis of heart 
failure (HF)  and coronary artery 
disease (CAD) defined as > 50% 
stenosis in at least 1 vessel by 
angiography 
 
Exclusions:  not stated 
 
Baseline population characteristics:  
Total cohort: Mean age 69, 65% male. 
Compared to people with CrCl > 60 
ml/min, people with CrCl 30-59 or < 30 
ml/min were significantly older (74 
years), more likely to be female, and 
have greater prevalence of diabetes, 
hypertension, PVD, COPD, prior CABG. 
People with low CrCl had lower ejection 
fractions and used statins, beta-
blockers, aspirin, thienopyridine 
significantly less than those with higher 
CrCl. ACE inhibitors, and long-acting 
nitrates were more frequently used in 
people with low CrCl compared to 
higher CrCl.  
 

Prescription of 
aspirin  
 
N= not stated  
 
Protocol: Patients 
with HF and CAD 
identified from 
cardiac 
databases.  
Prescription 
information, 
demographics, 
co-morbidities, 
serum creatinine 
also identified 
from cardiac 
databases. CrCl 
estimated with 
Cockcroft-Gault 
equation. 
Patients stratified 
by CrCl.   

Non-
prescription of 
aspirin 
 
N= not stated  
 
Protocol: as for 
intervention 

1 year One-year 
mortality rate 
 
 

Alberta 
Heritage 
Foundati
on, 
CIHR, 
Weston 
Foundati
on, 
Merck 
Frosst 
Canada, 
Guidant 
Corp., 
Boston 
Scientifi
c, 
Hoffman
-La 
Roche, 
Johnson 
and 
Johnson  
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Effect size 
Hazard ratio (HR) adjusted for age, sex, pulmonary disease, cerebrovascular disease, diabetes, malignancy, hyperlipidaemia, smoking, prior MI, smoking, PVD, 
previous percutaneous intravascular revascularization,  coronary artery bypass graft, ACEi, beta-blocker, aspirin, CCB, thienopyridine, and cardiac catheterisation 
results.  
 
Multivariate analyses showed that age, CrCl, catheterisation findings, diabetes, COPD, PVD, male gender, aspirin, beta blockers, statins were all significant 
predictors of one-year mortality. 
 
People with heart failure and coronary artery disease and CrCl < 60 ml/min (N=2513) who received aspirin had a significantly lower crude 1 year mortality rate (16%) 
compared to those who did not use aspirin (21%, p=0.006) 
 
HR for prescription of medication compared to non-prescription of medication : 

Outcome Medication 
at baseline 

CrCl > 60 ml/min + HF + CAD 
(N=3914) 

CrCl 30-59  ml/min + HF + CAD 
(N=2047) 

CrCl  < 30 ml/min + HF + CAD (N=466) 

1-year all-cause 
mortality 
 

Aspirin  0.71 (95% CI 0.58 to 0.87)   
 

0.81 (95% CI 0.67 to 0.98)   
 

0.84 (95% CI 0.64 to 1.11)  NS 
 

1-year all-cause 
mortality 
 

Beta-
blocker 

0.61 (95% CI 0.50 to 0.75)   0.82 (95% CI 0.68 to 0.97)   0.97 (95% CI 0.74 to 1.27)  NS 
 

1-year all-cause 
mortality 
 

ACE 
inhibitor 

0.78 (95% CI 0.65 to 0.95)   0.95 (95% CI 0.80 to 1.14)  NS 1.23 (95% CI 0.94 to 1.61)  NS  

1-year all-cause 
mortality 
 

Statins 0.84 (95% CI 0.69 to 1.03)  NS 0.86 (95% CI 0.71 to 1.04)  NS 0.85 (95% CI 0.63 to 1.13)  NS 

Use of aspirin significantly reduced 1-year mortality in people with CrCl 30-60 ml/min + HF + CAD compared with non-use of aspirin. . 
Use of aspirin did NS reduce 1-year mortality in people with CrCl < 30 ml/min + HF + CAD compared with non-use of aspirin.  
 
Limitations: this HF population was healthier than other HF cohorts (10% mortality versus 29% mortality), medication prescription was baseline data, not follow-up 
data, CrCl based on 1 measurement of serum creatinine on admission to hospital and estimated with Cockcroft-Gault, no haemoglobin data, caution in extrapolating 
results to people other than HF + CAD, people with different levels of renal function were different at baseline in respect to several characteristics, and even though 
HR were adjusted, there may be other confounding variables not accounted for.  
Ref ID: 950         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 
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Gibney EM, 
Casebeer 
AW, 
Schooley 
LM et al. 
Cardiovascu
lar 
medication 
use after 
coronary 
bypass 
surgery in 
patients with 
renal 
dysfunction: 
A National 
Veterans 
Administrati
on study. 
Kidney 
International
. 2005; 
68(2):826-
832. Ref ID: 
950 

retrospec
tive 
cohort 
 
43 
cardiac 
centers, 
USA 
 
2 + 

N total= 
19411 
 
N eGFR  
> 90 
ml/min = 
8122 
 
N eGFR  
60-90 
ml/min = 
7236 
 
N eGFR  
30-60 
ml/min = 
3661 
 
N eGFR  
< 30 
ml/min = 
392 
 
 
 
 

Inclusions: Veterans (men) receiving 
coronary artery by-pass grafting 
(CABG) identified from CI-CSP 
database between Oct. 1999 and March 
2003.  
 
Exclusions: valve procedures, repeat 
operations, in-hospital death 
 
Baseline population characteristics:  
Total cohort:  99% male 
Compared to people with GFR > 90 
ml/min, people with renal disease were 
significantly older, more likely to be 
African American, and had greater 
prevalence of prior MI, LVEF < 40%, 
COPD, hypertension. 

Nonprescription of 
antiplatelet drugs 
within 6 months of  
hospital discharge 
 
N=not stated 
 
Protocol: Patients 
receiving CABG  
(demographics, co-
morbidities, serum 
creatinine) 
identified from CI-
CSP databases.  
Prescription 
information 
identified from VA 
pharmacy 
databases. 
Mortality identified 
from CICSP and 
BIRLS databases. 
GFR estimated with 
Cockcroft-Gault 
equation using 
hospital admission 
serum creatinine. 
Patients stratified 
by GFR. 

Protocol: as 
for 
intervention 

Not stated Primary 
outcome: 
nonprescripti
on of 
antiplatelet 
drugs 
(aspirin, 
clopidogrel, 
dipyridamole, 
ticlopidine) 
within 6 
months of 
hospital 
discharge 
 
Secondary 
outcome: all-
cause 
mortality at 6 
months  
 

National 
Institute 
of 
Diabete
s and 
Digestiv
e and 
Kidney 
Disease
s , NIH 

Effect size 
Odds ratio (OR) adjusted for age, race, sex, diabetes, hypertension, creatinine, serum albumin, each cardiovascular medication class.  
 
In the male entire cohort (N=19411), 18% did NOT receive antiplatelet medication from a VA pharmacy within 6 months of discharge from the hospital (following 
CABG). There were NS differences in prescription of antiplatelet agents for men with eGFR > 90 ml/min (N=8122) compared with men with eGFR 60-90 ml/min 
(N=7236), or men with eGFR 30-60 ml/min (N=3661) or men with eGFR < 30 ml/min (N=392).  
 
By contrast, declining renal function was associated with increased odds of NON-prescription of beta blockers, or lipid lowering agents, or angiotensin antagonists.  
 
OR for non-prescription of medication and 6-month mortality post-CABG : 

Outcome Medication (NON-
prescription)  

eGFR <  60 ml/min + CABG 
(N=3260) 

eGFR  > 60 ml/min + CABG 
(N=12396) 
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6-month 
Mortality  
 

Antiplatelet  1.90 (95% CI 1.23 to 2.94), p 
=0.004  
 

2.00 (95% CI 1.37 to 2.91), p 
< 0.001 
 

6-month 
Mortality  
 

Lipid lowering  3.69 (95% CI 2.36 to 5.77) p < 
0.0001 
 

3.44 (95% CI 2.36 to 5.01) p 
< 0.0001 
   

6-month 
Mortality  
 

Beta-blocker 3.04 (95% CI 1.94 to 4.76)  p < 
0.0001 
 

3.43 (95% CI 2.34 to 5.03) p 
< 0.0001 
 

6-month 
Mortality  
 

Angiotensin antagonists 1.77 (95% CI 1.14 to 2.76)  p = 
0.01 
 

2.02 (95% CI 1.40 to 2.92) p 
< 0.001 
 

Non-prescription of antiplatelet agents was associated with significantly increased odds of mortality in people with eGFR < 60 ml/min + CABG [OR 1.90 (95% CI 1.23 
to 2.94), p =0.004].   
 
Limitations: medication prescription was at hospital discharge, but no data on compliance, eGFR based on 1 measurement of serum creatinine on admission to 
hospital, caution in extrapolating results to women or to people other than CABG, people with different levels of renal function were different at baseline in respect to 
several characteristics, and even though OR were adjusted, there may be other confounding variables not accounted for.  
Ref ID: 297         
Reference Study 

type/ 
Eviden
ce level

Number of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Keough RT, 
Kiberd BA, 
Dipchand 
CS et al. 
Outcomes of 
acute 
coronary 
syndrome in 
a large 
Canadian 
cohort: 
impact of 
chronic renal 
insufficiency, 
cardiac 
interventions
, and 
anemia. 

Prospe
ctive 
cohort  
 
 2 + 
 
Canad
a 
 

N total  = 5549 
 
N  eGFR > 80 
ml/min/1.73m2=
1430  
 
N eGFR 60- 80 
ml/min/1.73m2= 
2018 
 
N eGFR 30-59 
ml/min/1.73m2= 
1795 
 
N eGFR < 30 
ml/min/1.73m2= 
306 
 

Inclusion: consecutive adults ≥ 
18 years old with acute 
coronary syndrome (MI or 
unstable angina) admitted to 
hospitals in Nova Scotia, 
Canada between Oct. 1997-
Oct. 1999 who survived to 
hospital discharge. 
 
Exclusion criteria: other 
discharge diagnosis, ESRD, 
creatinine level <0.6 mg/dl or > 
11.3 mg/dl or missing, death 
during the first admission 
 
Population baseline 
characteristics: People with 
renal disease were older, more 

N eGFR 60- 80 
ml/min/1.73m2 = 2018 
 
N eGFR 30-59 
ml/min/1.73m2 = 1795 
 
N eGFR < 30 
ml/min/1.73m2 = 306 
 
Procedure: Patients 
admitted to hospital with 
acute coronary syndrome 
were followed up using the 
ICONS database. Trained 
nurses and health records 
professionals abstracted 
data from hospital charts for 
entry into the central 

N  eGFR 
> 80 
ml/min/1.
73m2 

=1430  
 
Procedur
e: As for 
interventi
on 

2 years All-cause 
mortality 
 
 

Not 
stated 
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American 
Journal of 
Kidney 
Diseases. 
2005; 
46(5):845-
855. Ref ID: 
297 

 likely to be female, and more 
likely to have diabetes, 
hypertension, and history of 
CABG than those with normal 
renal function. People with 
severe renal disease were less 
likely to smoke or have 
hyperlipidaemia than those with 
normal renal function. 

ICONS registry. GFR 
calculated using the MDRD 
equation.  

Effect size 
Hazard ratios (HR) adjusted for age, gender, diabetes, hypertension, smoking, previous CABG, haemoglobin level, surgical interventions, medication on discharge.   
 
All-cause mortality 
 People with an acute coronary syndrome and eGFR 60- 80 ml/min/1.73m2 (N=2018) had a significantly decreased risk of all-cause mortality compared with people 
with acute coronary syndrome and eGFR > 80 ml/min/1.73m2 (N=1430) [adjusted HR 0.889 (95% CI 0.795 to 0.994), p not stated]. This suggests that mild CRI 
(eGFR 60- 80 ml/min/1.73m2) in this older cohort (mean age 64) is not a disease and does not increase risk of mortality.  
  
People with an acute coronary syndrome and eGFR 30-59 ml/min/1.73m2 (N=1795) had a significantly increased risk of all-cause mortality compared with people with 
acute coronary syndrome and eGFR > 80 ml/min/1.73m2 (N=1430) [adjusted HR 1.060 (95% CI 1.008 to 1.115), p not stated]. 
 
People with an acute coronary syndrome and eGFR < 30 ml/min/1.73m2 (N=306) had a significantly increased risk of all-cause mortality compared with people with 
acute coronary syndrome and eGFR > 80 ml/min/1.73m2 (N=1430) [adjusted HR 1.225 (95% CI 1.175 to 1.292), p not stated]. 
 
Males had a significantly increased risk of all-cause mortality compared to females [adjusted HR 1.185 (95% CI 1.116 to 1.259), p not stated] 
 
Effect of aspirin at hospital discharge: 
Compared to people with ACS and eGFR > 80 ml/min/1.73m2 , aspirin use did NS reduce the risk of mortality in people with ACS and eGFR 60- 80 ml/min/1.73m2 
[adjusted HR 0.851 (95% CI 0.921 to 1.128), p not stated]. 
 
Compared to people with ACS and eGFR > 80 ml/min/1.73m2 , aspirin use did NS reduce the risk of mortality in people with ACS and eGFR 30-59 ml/min/1.73m2 
[adjusted HR 1.029 (95% CI 0.988 to 1.081), p not stated]. 
 
Compared to people with ACS and eGFR > 80 ml/min/1.73m2 , aspirin use significantly increased the risk of mortality in people with ACS and eGFR < 30 
ml/min/1.73m2 
[adjusted HR 1.232 (95% CI 1.024 to 1.117), p not stated]. 
 
Note: limitations – assignment to a CRI group is based on 1 uncalibrated creatinine value at hospital admission without knowledge of prior kidney function, population 
has ACS, thus caution when extrapolating to CRI population without ACS 
Ref ID: 3909         
Reference Study 

type/ 
Number 
of 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
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Evidence 
level 

patients fundin
g 

Krause MW, 
Massing M, 
Kshirsagar A 
et al. 
Combination 
therapy 
improves 
survival after 
acute 
myocardial 
infarction in 
the elderly 
with chronic 
kidney 
disease. 
Renal 
Failure. 
2004; 
26(6):715-
725. Ref ID: 
3909 

retrospec
tive 
cohort 
 
60 
hospitals, 
North 
Carolina, 
USA 
 
2 + 

N total= 
1342 
 
N eGFR  
> 90 
ml/min/1.
73 m2  = 
248 
 
N eGFR  
60-89 
ml/min/1.
73 m2  = 
612 
 
N eGFR  
30-59 
ml/min/1.
73 m2  = 
412 
 
N eGFR  
15-29 
ml/min/1.
73 m2  = 
70 
 
 
 
 

Inclusions: hospitalised patients > 65 
years old with acute MI  (identified from 
Medicare National Claims History File in 
the Cooperative Cardiovascular Project 
CCP database between May 1996 and 
December 1997)  
 
Exclusions:  people < 65 years old, race 
other than Caucasian or African 
American, GFR < 15 ml/min/1.73 m2   
 
Baseline population characteristics:  
Total cohort: Mean age 75.8, 48% 
female, 15% African American. 
There was NS difference between 
people with different levels of kidney 
disease for history of diabetes, 
hypertension, smoking, anterior MI 
location, peak creatine kinase, cardiac 
arrest, atrial arrhythmia, shock, previous 
MI. Compared to people with eGFR > 
60 ml/min, people with eGFR 30-59 or < 
30 ml/min/1.73 m2  were significantly 
older (77 years), more likely to be 
female. People with eGFR 15-29 
ml/min/1.73 m2 were less likely to have 
undergone PCTA, CABG, and had a 
lower albumin concentration, lower BMI, 
and were more likely to have a history 
congestive heart failure.  

Prescription of 
aspirin on 
hospital 
discharge 
 
N overall= 335 
 
Protocol: Patients 
with acute MI 
identified from 
CCP databases.  
Prescription 
information, 
demographics, 
co-morbidities, 
serum creatinine 
abstracted from 
medical records 
by trained 
technicians and 
entered into CCP 
database. GFR 
estimated with 
MDRD equation. 
Patients stratified 
by GFR.  CKD 
defined as eGFR 
15-89 
ml/min/1.73 m2 

Non-
prescription of 
cardioprotectiv
e medication 
(aspirin, beta 
blocker, or ACE 
inhibitor) on 
hospital 
discharge 
 
N overall= 255 
 
Protocol: as for 
intervention 

Mean 292 
days 
(entire 
cohort) 

Survival 
(days from 
hospital 
discharge to 
date of death 
or through 
12/28/1997 
abstracted 
from CCP 
database) 
 
 

Dept of 
health 
and 
Human 
Services
, NIH 

Effect size 
Hazard ratio (HR) adjusted for age, race, sex, diabetes, hypertension, congestive heart failure, and anterior MI location  
 
In the entire cohort (N=1342), 16% died during follow-up. Mortality post-MI increased with decreasing renal function: 10.5%  in people with eGFR > 90, 10.4% dead 
for people with eGFR 60-89, 23.5% dead for people with eGFR 30-59, and 44.3% dead for eGFR 15 to 29 ml/min/1.73 m2 
 
HR for prescription of medication compared to non-prescription of medication (no aspirin, beta-blocker, ACE inhibitor) post-hospital discharge : 

Outcome Medication 
at baseline 

eGFR  60-89 ml/min/1.73m2 + MI 
(N=612) 

eGFR  30-59 ml/min/1.73m2 + MI 
(N=412) 

eGFR  15-29 ml/min/1.73m2 + MI (N=70) 
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Mortality  
 

Aspirin  0.97 (95% CI 0.50 to 1.86) NS  
 

0.65 (95% CI 0.37 to 1.12)  NS 
 

0.21 (95% CI 0.08 to 0.53)   
 

Mortality  
 

Aspirin + 
Beta-
blocker 

0.64 (95% CI 0.31 to 1.33) NS  0.43 (95% CI 0.24 to 0.76)   0.17 (95% CI 0.06 to 0.51)   
 

Mortality  
 

Aspirin + 
Beta-
blocker + 
ACE 
inhibitor 

0.54 (95% CI 0.26 to 1.12)  NS 0.50 (95% CI 0.28 to 0.88)   0.35  (95% CI 0.09 to 1.42)  NS  

Use of aspirin significantly reduced mortality in people with GFR 15-29 ml/min + MI compared with non-use of cardioprotective medication. 
 
Use of aspirin did NS reduce mortality in people with eGFR 60-89 ml/min/1.73m2 + MI or in people with eGFR 30-59 ml/min/1.73m2 + MI (N=412) compared with non-
use of cardioprotective medication. 
 
Combination therapy was beneficial in people with eGFR 30-59 ml/min/1.73m2 + MI and eGFR 15-29 ml/min/1.73m2 + MI. 
 
Limitations: medication prescription was at hospital discharge, but no data on compliance, GFR based on 1 measurement of serum creatinine on admission to 
hospital, caution in extrapolating results to people other than MI, people with different levels of renal function were different at baseline in respect to several 
characteristics, and even though HR were adjusted, there may be other confounding variables not accounted for.  
 
 
 

CHAPTER 11-CKD GUIDELINE 
 
CONTENTS: 
 
11.1. ASYMPTOMATIC HYPERURICAEMIA IN PEOPLE WITH CKD 
 
 
11.1. ASYMPTOMATIC HYPERURICAEMIA IN PEOPLE WITH CKD 
 
Does lowering uric acid with a) allopurinol b) uricosuric agents (probenecid, sulfinpyrazone) c) rasburicase (urate oxidase), decrease morbidity and 
mortality in adults with CKD and hyperuricaemia? 
 
Ref ID: 4046         
Reference Study 

type/ 
Evidence 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 
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level 
Siu YP, 
Leung KT, 
Tong MK et 
al. Use of 
allopurinol in 
slowing the 
progression 
of renal 
disease 
through its 
ability to 
lower serum 
uric acid 
level. Am J 
Kidney Dis. 
2006; 
47(1):51-59. 
Ref ID: 4046 

RCT 
Open 
label  
1 - 
 
1 centre, 
China 
 
Not ITT. 

N = 54 
randomis
ed 
 
N=51 
analysed 
 
1/26 
drop-out 
in 
allopurin
ol group 
and 2/28 
drop out 
in usual 
treatment 
group 

Inclusions: proteinuria > 0.5 
g/day and/or serum 
creatinine > 120 micromol/l, 
stable clinical condition 
(creatinine and proteinuria 
did not increase > 40% in 
previous 3 months) 
 
Exclusion: history of gouty 
arthritis, renal stones, 
serum creatinine > 400 
micromol/l, people already 
on allopurinol or 
azathioprine, allopurinol 
hypersensitivity, 
pregnant/lactating women, 
women of child bearing age 
unwilling to use effective 
contraception 
 
Baseline population 
characteristics: NS 
differences between groups 
for age (48 years), gender, 
body weight, renal 
pathology, hypertension, 
SBP, DBP, serum 
creatinine (1.64 mg/dl in 
allopurinol group versus 
1.86 mg/dl in usual 
treatment group, NS), 
proteinuria (2.39 g/d in both 
groups), uric acid (0.58 
mmol/l in allopurinol versus 
0.59 mmol/l in usual 
treatment group) statin use, 
Acei use, ARB use. 

allopurinol 
N=25 
 
Protocol: Patients were 
randomised to usual 
treatment or allopurinol 
(starting at 100mg/day if 
serum creatinine > 150 
micromol/l or 200 mg/day if 
serum creatinine ≤ 150 
micromol/l). Allopurionol dose 
was adjusted to maintain 
serum uric acid levels in the 
normal range. Hyperuricemia 
defined as serum uric acid > 
0.45 mmol/l. Subjects 
continued use of 
antihypertensive, lipid 
lowering medication 
throughout. Subjects 
assessed at baseline, and 
every month for the first 6 
months, and then every two 
months for the next 6 months. 
BP, urinary protein excretion, 
serum creatinine, blood lipids, 
fasting uric acid level 
measured at each clinic visit. 

Usual 
treatment 
N=26 
 
Protocol: as for 
intervention 

12 months Worsening of 
renal function 
(serum 
creatinine 
increase > 
40% from 
baseline, but 
not requiring 
dialysis) 
 
Stable renal 
function 
(serum 
creatinine 
increase < 
40% from 
baseline) 
 
Death 
 
Progression 
to ESRD 
(need for 
dialysis) 
 
Change in 
serum uric 
acid  
 
Change in 
serum 
creatinine 
 
Change in 
proteinuria 

None 

Effect size 
Allopurinol versus usual treatment: subjects had hyperuricemia and CKD at baseline 
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Serum uric acid levels 
After 12 months treatment, serum uric acid levels significantly decreased in the allopurinol group (N=25, uric acid at baseline 9.75 mg/dl to 5.88 mg/dl after 12 
months, p<0.001). By contrast, there were NS changes in serum uric acid in the usual treatment group (N=26, uric acid at baseline 9.92 mg/dl to 10.08 mg/dl after 12 
months, NS) 
 
Changes in serum creatinine 
There were NS changes in serum creatinine in the allopurinol group after 12 months treatment (N=25, creatinine at baseline 146 micromol/l to 176 micromol/l, p=0.15 
NS). By contrast, serum creatinine significantly increased in the usual treatment group (N=26, creatinine at baseline 164 micromol/l to 255 micromol/l, p=0.003). 
Deterioration of renal function in the usual treatment group was apparent after 3 months and continued throughout follow-up. There was NS difference in serum 
creatinine at 12 months between the two groups (176 micromol/l  in allopurinol versus 255 micromol/l in usual treatment groups, p=0.08) 
 
Changes in Proteinuria 
Urinary protein excretion did NS change in either the allopurinol group (2.39 g/day at baseline to 2.53 g/day at 12 months, p=0.90) or the usual treatment group (2.39 
g/day at baseline to 2.16 g/day at 12 months, p=0.55). There was NS difference in proteinuria between the 2 groups at the end of the study. 
 
Combined endpoint: Worsening of renal function (serum creatinine increase > 40% from baseline) or ESRD (requirement for dialysis) 
In the allopurinol group, 4/25 (16%) reached the combined endpoint, whereas significantly more people in the usual treatment group (46.1% or 12/26) reached the 
combined endpoint (p=0.015) 
 
Stable renal function (serum creatinine increase < 40% from baseline) 
In the allopurinol group, 21/25 (84%) maintained stable renal function, whereas only 53.8% (14/26) of the usual treatment group maintained stable renal function (p 
not given). 
 
Worsening of renal function (serum creatinine increase > 40% from baseline, but not requiring dialysis) 
In the allopurinol group, 3/25 (12%) had worsening renal function, whereas 42.3% (11/26) of the usual treatment group had worsening renal function (p not given). 
 
Progression to ESRD (need for dialysis) 
In the allopurinol group, 1/25 (4%) reached ESRD, and 3.8% (1/26) of the usual treatment group reached ESRD (p not given). 
 
Death 
There were no deaths in either the allopurinol or the usual treatment group.  
 
NS changes in either group for serum alanine aminotransferase, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, CRP, haemoglobin levels, WBC 
count, or platelet count.  
 
Note: blinding not addressed, not ITT, no analysis of statistical power needed to detect significant differences between groups (suspect it may be underpowered for 
assessment of ESRD progression and worsening of renal function outcomes). Authors point out that study is limited by use of antihypertensive agent use in both trial 
arms throughout follow-up. Authors suggest larger trials required.  
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CHAPTER 12-CKD GUIDELINE 
 
CONTENTS: 
 
12.1. ISOLATED INVISIBLE (MICROSCOPIC) HAEMATURIA 
 
12.1. ISOLATED INVISIBLE (MICROSCOPIC) HAEMATURIA 
What are the adverse outcomes associated with isolated microscopic haematuria and how should it be managed in adults with CKD? 

Ref ID: 4080         
Reference Study 

type/ 
Eviden
ce level

Number 
of 
patients 

Patient characteristics Intervention Comparis
on 

Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Yamagata 
K, 
Takahashi 
H, Tomida C 
et al. 
Prognosis of 
asymptomati
c hematuria 
and/or 
proteinuria 
in men. High 
prevalence 
of IgA 
nephropathy 
among 
proteinuric 
patients 
found in 
mass 
screening. 
Nephron. 
2002; 
91(1):34-42. 
Ref ID: 4080 

Prospe
ctive 
case 
series 
 
 3 
 
Japan 

N 
isolated 
microsco
pic 
haematur
ia = 412 
 
8/412 = 
2% lost 
to follow-
up 

Inclusion: Japanese men  with 
confirmed abnormal urinary findings 
(+1 result on a reagent strip urinalysis 
for haematuria and > 5 RBC/hpf by 
microscopy) identified in a mass 
screening between 1983 and 1996 in 
Hitachi, Japan 
 
Exclusion criteria: people with < 1 
year follow-up 
 
Population baseline characteristics: 
not stated  

Long-term follow-up of men 
with asymptomatic 
microscopic haematuria 
N=404 
 
Procedure: Medical history, 
BP, blood tests, USS of 
kidney and bladder were 
assessed at baseline. 
Urinalysis repeated at least 
twice/year, and symptoms 
and medical history 
recorded. 

N/A 6.35 years 
(range 1.03 
to 14.6 
years) 

Diminished 
urinary 
abnormalities
(four 
consecutive 
negative 
reagent strip 
results for 
haematuria) 
 
Deterioration 
of renal 
function 
(serum 
creatinine > 
2.0 mg/dl)  
 
Development 
of proteinuria 
(chronic 
nephritic 
syndrome):  
 
 
 
 

Disease 
Control 
Division, 
Ministry 
of 
Health 
and 
Welfare, 
Japan 
 
Universit
y of 
Tsukuba 
grant 
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Effect size 
41% (165/404) showed persistent haematuria 
 
Diminished urinary abnormalities: 
Of 404 men with asymptomatic microscopic haematuria followed-up for > 1 year (mean follow-up 6.35 years), 46.5% had transient haematuria. The disappearance 
rate for haematuria was 34.1% (95% CI 29.4 to 39.7%). 
 
In men with asymptomatic microscopic haematuria, normotensive men were significantly more likely to see diminished urinary abnormalities compared with 
hypertensive men  [rate ratio 4.393 (95% CI 1.616 to 11.944, p=0.0037] 
 
Development of proteinuria (chronic nephritic syndrome):  
38/404 (9%) men with asymptomatic haematuria developed proteinuria (chronic nephritic syndrome) during follow-up.  
 
Deterioration of renal function (serum creatinine > 2.0 mg/dl)  
0.7% of men with asymptomatic haematuria had a deterioration of renal function (creatinine > 2.0 mg/dl) during follow-up. The renal function deterioration rate for 
asymptomatic haematuria was 3.0% over 10 years.  
 
17/404 with asymptomatic haematuria had renal biopsies and 13/17 were diagnosed as IgA nephropathy and 3/17 were diagnosed as mesangial proliferative 
glomerulonephritis 
 
 
Note: females excluded from analysis as their age distribution varied significantly from the general population.  
 
 
 

CHAPTER 13-CKD GUIDELINE 
 
CONTENTS: 
 
13.1. MONITORING OF CALCIUM, PHOSPHATE, VITAMIN D AND PARATHYROID HORMONE LEVELS IN PEOPLE WITH CKD 
 
13.2. BISPHOSPHONATE TREATMENT IN PEOPLE WITH CKD 
 
13.3. VITAMIN D SUPPLEMENTATION IN PEOPLE WITH CKD 
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13.1. MONITORING OF CALCIUM, PHOSPHATE, VITAMIN D AND PARATHYROID HORMONE LEVELS IN PEOPLE WITH CKD 
When should serum calcium, vitamin D, phosphate and intact parathyroid hormone levels be routinely measured in adults with CKD? 
 
Ref ID: 44         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Chonchol M, 
Scragg R. 25-
Hydroxyvitamin D, 
insulin resistance, 
and kidney 
function in the 
Third National 
Health and 
Nutrition 
Examination 
Survey.[see 
comment]. Kidney 
International. 
2007; 71(2):134-
139. Ref ID: 44 

Cross-
sectional 
population 
study 
 
NHANES III 
US population 
study 
 
Evidence 
Level: 3 

N total 
=14679 
 
N GFR ≥ 
90 
ml/min/1.73
m2= 9687 
 
N GFR 60-
89 
ml/min/1.73
m2= 4094 
 
N GFR 30-
59 
ml/min/1.73
m2= 854 
 
N GFR 15-
29 
ml/min/1.73
m2= 44 

Inclusion criteria: a 
general health survey 
was conducted in USA 
in 1988-1994 of non-
institutionalised adults 
20 years or older. 
Random selection 
using a stratified cluster 
method. 
 
Exclusion criteria: CKD 
stage 5, GFR or vitamin 
D unusually high 
 
Baseline 
Characteristics: 44% 
non-Hispanic white, 
28% non-Hispanic 
black, 28% Mexican-
American, 77% 
received no vitamin D 
supplementation, 17% 
received > 400 IU/day 
vitamin D 
 

N/A 
Procedure: Non-Hispanic 
blacks, elderly, and 
American Mexicans were 
deliberately over-sampled. 
Participants completed a 
health questionnaire and 
had a clinical exam. Serum 
creatinine was measured 
in all participants and GFR 
was calculated with the 
MDRD equation re-
calibrated to the MDRD 
laboratory. Serum 25 (OH) 
D3 was measured by a 
radioimmunoassay after 
extraction with acetonitrile. 
CKD was defined 
according to GFR and 
staged according to 
KDOQI.  
 

N/A N/A 
 

Serum  25-
hydroxyvit
amin D [ 
25 (OH) 
D3]   

Not 
stated 

Effect size 
adjusted for age, sex, ethnicity, BMI, physical activity, vitamin D supplementation, milk consumption  
 
In this American sample (N=14679), the prevalence of mild CKD (GFR 60-89 ml/min/1.73m2) was 28%. The prevalence of moderate CKD (GFR 30-59 
ml/min/1.73m2) was 6% and the prevalence of severe CKD (GFR 15-29 ml/min/1.73m2) was 0.2%. 
 
GFR and Serum Vitamin D: 
Compared with people with GFR ≥ 90 ml/min/1.73m2 (N= 9687, mean 25 (OH) D3 = 73.3 nmol/l), people with GFR 60-89 ml/min/1.73m2 (N= 4094, mean 25 (OH) 
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D3 = 77.3 nmol/l, p=0.0002) had significantly higher 25 (OH) D3. 
Compared with people with GFR ≥ 90 ml/min/1.73m2 (N= 9687, mean 25 (OH) D3 = 73.3 nmol/l), there was NS difference in serum 25 (OH) D3 for people with 
GFR 30-59 ml/min/1.73m2 (N= 854, mean 25 (OH) D3 = 75.8 nmol/l, p=0.10). 
Compared with people with GFR ≥ 90 ml/min/1.73m2 (N= 9687, mean 25 (OH) D3 = 73.3 nmol/l), people with GFR 15-29 ml/min/1.73m2 (N= 44, mean 25 (OH) D3 
= 61.6 nmol/l, p=0.0002, mean difference -11.7 nmol/l) had significantly lower 25 (OH) D3. 
 
Note: Limitations –Cross-sectional analysis. 
Ref ID: 1225         
Reference Study type 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention/ exposure Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Craver L, Marco 
MP, Martinez I et 
al. Mineral 
metabolism 
parameters 
throughout 
chronic kidney 
disease stages 1-
5 - Achievement 
of K/DOQI target 
ranges. Nephrol 
Dial Transplant. 
2007; 22(4):1171-
1176. Ref ID: 
1225 

Cross-
sectional 
study 
 
Two 
nephrology 
clinics, 
Spain 
 
Evidence 
Level: 3 

N total 
=1836 
 
N CKD 
Stage 1 
= 174 
 
N CKD 
Stage 2 
= 341 
 
N CKD 
Stage 3 
= 856 
 
N CKD 
Stage 4 
= 354 
 
N CKD 
Stage 5 
= 111 
 
 
 

Inclusion criteria: all CKD 
patients attending 2 
nephrology clinics in Spain 
(similar treatment policies 
in each clinic)  
 
Exclusion criteria: history of 
primary parathyroid 
disease, previous 
parathyroidectomy, 
neoplasias, osteoporosis 
under treatment with 
bisphosphonates or 
calcitonin.  
 
Baseline Characteristics: 
None of the patients were 
on dialysis or received 25-
vitamin D supplements. 
Significant differences 
among CKD stages were 
seen for gender, age, 
serum creatinine, creatinine 
clearance, Ca, P, Ca x P 
product, iPTH, treatment 
with Ca salts and/or 
calcitriol, and 1, 25 OH2 D3 
. NS differences for CKD 
aetiology, diabetes and 25 

N/A 
Procedure: Medication use, age, 
gender, CKD aetiology, presence 
of diabetes, serum creatinine, 
phosphate, calcium, Ca X P 
product, and iPTH were 
determined. Serum 1, 25 OH2 D3 
(N=522) determined with 
radioreceptor assay (Hybritec, 
normal range 18-78 pg/ml). 
Serum 25 (OH) D3 (N=205) 
determined in October-February 
with radioimmunoassay 
(Biosource, normal range 12-80 
ng/ml). Serum iPTH determined 
by a two-site 
electrochemiluminometric assay 
(Cobast Roche, normal range 
1.2-6.9 pmol/l). Creatinine 
clearance determined by 
Cockcroft Gault equation.   

N/A N/A) 
 

Serum P 
 
Serum Ca 
 
Serum intact 
parathyroid 
hormone  (iPTH) 
 
Serum 1, 25-
dihydroxyvitamin 
D (1, 25 OH2 D3) 
 
Serum  25-
hydroxyvitamin D 
[ 25 (OH) D3]   

Not 
stated 
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(OH) D3.  

Effect size 
Changes in serum iPTH and 1,25 Vit D precede changes in calcium or phosphate. 
 
Serum Ca: 
Mean levels of Ca increased from CKD Stages 1 to 3 and decreased thereafter. People with Stage 4 CKD (N=354, mean Ca 9.35 mg/dl) had significantly lower 
serum calcium than people with Stage 3 CKD (N=856, mean Ca 9.57 mg/dl, p<0.05). 
  
Serum P: 
Mean levels of P remained stable from Stages 1 to 3 CKD and then increased thereafter.  People with Stage 4 CKD (N=354, mean P 3.92 mg/dl) had significantly 
higher serum phosphate than people with Stage 3 CKD (N=856, mean P 3.59 mg/dl, p<0.05). People with Stage 5 CKD (N=111, mean P 4.89 mg/dl) had 
significantly higher serum phosphate than people with Stage 4 CKD (N=354, mean P 3.92 mg/dl, p<0.05). 
 
Serum iPTH: 
Serum iPTH increased steadily across all stages of CKD. People with Stage 2 CKD (N=341, mean iPTH 5.97 pmol/l) had significantly higher serum iPTH than 
people with Stage 1 CKD (N=174, mean iPTH  4.86 pmol/l, p<0.05). People with Stage 3 CKD (N=856, mean iPTH 8.96 pmol/l) had significantly higher serum iPTH 
than people with Stage 2 CKD (N=341, mean iPTH 5.97 pmol/l, p<0.05). ). People with Stage 4 CKD (N=354, mean iPTH 16.47 pmol/l) had significantly higher 
serum iPTH than people with Stage 3 CKD (N=856, mean iPTH 8.96 pmol/l, p<0.05). People with Stage 5 CKD (N=111, mean iPTH 24.29 pmol/l) had significantly 
higher serum iPTH than people with Stage 4 CKD (N=354, mean iPTH 16.47 pmol/l, p<0.05). 
 
Serum Vitamin D:  
There were NS changes across all stages of CKD for serum 25 (OH) D3 (N=205).  
Serum 1, 25 OH2 D3 (N=522) remained stable from Stages 1 to 2 and then decreased thereafter. People with Stage 3 CKD (N=221, mean 1, 25 OH2 D3 25.7 pg/ml) 
had significantly lower levels of mean serum 1, 25 OH2 D3 than people with Stage 2 CKD (N=87, mean 1, 25 OH2 D3 33.9 pg/ml, p<0.05). People with Stage 4 CKD 
(N=156, mean 1, 25 OH2 D3 16.8 pg/ml) had significantly lower levels of mean serum 1, 25 OH2 D3 than people with Stage 3 CKD (N=221, mean 1, 25 OH2 D3 25.7 
pg/ml, p<0.05). People with Stage 5 CKD (N=43, mean 1, 25 OH2 D3 13.2 pg/ml) had significantly lower levels of mean serum 1, 25 OH2 D3 than people with Stage 4 
CKD (N=156, mean 1, 25 OH2 D3 16.8 pg/ml, p<0.05).  
 
Authors also reported that percentage of patients having all 4 metabolites (Ca, P, iPTH, and Vitamin D) within K/DOQI recommended ranges were low. 
 
Due to early elevation of iPTH and early decrease of 1.25 Vitamin D, authors suggest early treatment with calcitriol 
Limitations –X-sectional analysis shows associations, not causal relationships, CKD defined by 1 creatinine measurement, Cockcroft-Gault CrCl used to assign 
people to various stages of CKD (K/DOQI).  
Ref ID: 1401         
Reference Study 

type 
Evidence 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length 
of 
follow-

Outcome 
measures 

Source  
of  
funding 
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level up 
Hsu CY, Chertow 
GM. Elevations of 
serum phosphorus 
and potassium in 
mild to moderate 
chronic renal 
insufficiency. Nephrol 
Dial Transplant. 
2002; 17(8):1419-
1425. Ref ID: 1401 

Cross-
sectional 
study 
 
NHANES 
III, USA 
 
Evidence 
Level: 3 

N total =14722 
 
N CrCl > 80 
ml/min = 8425  
 
N CrCl 70-80 
ml/min = 1910 
 
N CrCl  60-70 
ml/min = 1473 
 
N CrCl  50-60 
ml/min = 1163 
 
N CrCl  40-50 
ml/min = 866 
 
N CrCl  30-40 
ml/min = 614 
 
N CrCl  20-30 
ml/min = 224 
 
N CrCl < 20 
ml/min = 47 

Inclusion criteria: a general 
health survey was conducted 
in USA in 1988-1994 of non-
institutionalised adults 20 
years or older. Random 
selection using a stratified 
cluster method. Analysis 
restricted to adults > 17 years 
who had a serum creatinine, 
Na, K, bicarbonate, ionised 
Ca, phosphorus, and albumin 
measurement.  
 
Exclusion criteria: hemophilia, 
recent cancer chemotherapy 
 
Baseline Characteristics: 47% 
male, 41% non-Hispanic 
white, 29% non-Hispanic 
black, Mean CrCl 85 ml/min 
(female), 90 ml/min (male), 
mean serum P 3.5 mg/dl 
(female) and 3.4 mg/dl 
(male), mean ionised Ca 
(normalised) 1.24 mmol/l 
(female) and 1.24 mmol/l 
(male) 

 Serum P and Ca levels in 
people with decreasing 
deciles of CrCl stratified by 
gender 
 
Procedure: 24-h dietary 
recall and medication use 
assessed through patient 
interviews. Participants 
asked to fast for at least 6 
h prior to phlebotomy.  
Serum total Ca, P, 
creatinine analysed with 
autoanalyser. Ionised Ca 
measure was normalised 
for serum pH. Cockcroft 
Gault equation used to 
estimate creatinine 
clearance (CrCl). The 
laboratory normal 
reference range for ionised 
Ca was 1.13-1.32 mmol/l. 
The laboratory normal 
reference range for serum 
P was 2.7-4.5 mg/dl. 
Upper limit of laboratory 
normal reference for 
serum P was > 4.5 mg/dl.  

Serum P and 
Ca levels in 
people with 
CrCl > 80 
ml/min 
stratified by 
gender. 

N/A  
 

Serum P 
 
Serum Ca 
 
  

NIH 

Effect size 
Focus of the paper is on changes in serum P and Ca. 
CrCl and serum P: 
In both men and women, serum P increased with decreasing CrCl.  
Compared with women with CrCl > 80 ml/min (N=4078) significant increases in serum P were observed in women with CrCl 50-60 ml/min (N=697, change in serum 
P= 0.1 mg/dl (95% CI 0.1 to 0.2), p <0.0001). This trend of increasing P continued with decreasing CrCl (change in P = 0.2 mg/dl in CrCl 30-40, p<0.0001; 0.3 mg/dl 
in CrCl 20-30 ml/min, p=0.0003; 0.8 mg/dl in CrCl < 20 ml/min, p=0.002) 

CrCl (ml/min) N total % hyperphosphataemia (95% CI) - serum P > 4.5 mg/dl 
> 40 Not 

stated 
≤ 2 (95% CI not given) 

30-40 614 3 (1 to 6%) 
20-30 224 7 (1 to 12%) 
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≤ 20 47 30 (0 to 62%) 
 
CrCl and serum ionised Ca++:  
Compared to people with CrCl > 80 ml/min, there were NS changes in ionised Ca with declining CrCl. Compared to men with CrCl > 80 ml/min (N=4347), men with 
CrCl < 20 ml/min (N=20) had a significant decrease in ionised serum Ca [change in ionised Ca = -0.03 mmol/l (95% CI -0.05 to -0.01), p=0.002].  
Serum total Ca or serum total Ca adjusted for albumin levels were not lower at lower CrCl (data not shown).  
 
Note: Limitations –X-sectional analysis shows associations, not causal relationships and no longitudinal follow-up, CrCl defined by 1 creatinine measurement, no 
PTH or vitamin D measures, serum biochemistry performed only once. 
Ref ID: 235         
Reference Study 

type 
Evidence 
level 

Number 
of 
patients 

Patient 
characteristics 

Intervention/ exposure Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

LaClair RE, Hellman 
RN, Karp SL et al. 
Prevalence of 
calcidiol deficiency in 
CKD: a cross-
sectional study 
across latitudes in 
the United 
States.[see 
comment]. American 
Journal of Kidney 
Diseases. 2005; 
45(6):1026-1033. 
Ref ID: 235 

Cross-
sectional 
study 
 
12 
centres,  
USA 
 
Evidence 
Level: 3 

N total 
=201 
 
N Stage 
3 GFR 
30-60  
ml/min = 
65 
 
N Stage 
4 GFR 
15-30 
ml/min = 
113  
 
N Stage 
5 GFR < 
15 
ml/min = 
22  
 
 
 
 

Inclusion criteria: 
people > 18 years 
old with known CKD 
and GFR 15-59 
ml/min 
 
Exclusion criteria: 
RRT, proteinuria > 
5g/24-h, poorly 
controlled 
hypertension, 
diabetes, or 
vasculitis, use of 
vitamin D or 
phosphate binders  
 
Baseline 
Characteristics: 
Mean GFR 27 
ml/min, mean age 
65 years, 65% male 

Serum parameters in Stage 4 N= 
113 
 
Serum parameters in Stage 5 N= 
22 
 
Procedure: GFR was measured 
with Cockcroft-Gault equation.  
Serum 1, 25 OH2 D3 (Nichols 
radioimmunoassay, reference 
range 15-62 pg/ml) and 25 (OH) 
D3 (Nichols Advantage 
chemiluminescence, reference 
range 10-68 ng/ml), iPTH (Nichols 
Advantage chemiluminescence, 
reference range 10-65 pg/ml, Ca 
(corrected for albumin), P, 
creatinine were analysed with 
autoanalyser at a central 
laboratory.  

Serum 
parameters 
in Stage 3 
N= 65 
 

N/A  
 

Serum P 
 
Serum Ca 
 
Serum intact 
parathyroid 
hormone  (iPTH) 
 
Serum 1, 25-
dihydroxyvitamin 
D (1, 25 OH2 D3) 
 
Serum  25-
hydroxyvitamin D 
[ 25 (OH) D3]   

Genzyme 
Inc. 
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Effect size 
GFR and serum Ca:  
People with Stage 4 CKD (N=113, mean Ca 2.30 mmol/l) or Stage 5 CKD (N=22, mean Ca 2.25 mmol/l) had significantly lower serum Ca than people with Stage 3 
CKD (N=65, mean Ca 2.37 mmol/l, p not stated). 
43% of people with Stage 3 CKD (N=65) and 71% of people with Stage 4 CKD (N=113) had serum Ca < 2.37 mmol/l. 
 
GFR and serum P: 
People with Stage 4 CKD (N=113, mean P 1.32 mmol/l) or Stage 5 CKD (N=22, mean P 1.42 mmol/l) had significantly higher serum P than people with Stage 3 
CKD (N=65, mean P 1.13 mmol/l, p not stated). 
3% of people with Stage 3 CKD (N=65) and 22% of people with Stage 4 CKD (N=113) had serum P > 1.52 mmol/l. 
 
GFR and serum iPTH:  
People with Stage 4 CKD (N=113, mean iPTH 235 pg/ml) or Stage 5 CKD (N=22, mean iPTH 310 pg/ml) had significantly higher serum iPTH than people with Stage 
3 CKD (N=65, mean iPTH 114 pg/ml, p not stated). 
 
Only 35% of people with Stage 3 (N=65) and 31% of people with Stage 4 CKD (N=113) had iPTH within K/DOQI target range (< 70 Stage 3, < 110 Stage 4) 
 
GFR and serum 25 (OH) D3 
People with Stage 4 CKD (N=113, mean 25 (OH) D3 46.4 nmol/l) or Stage 5 CKD (N=22, mean 25 (OH) D3 29.9 nmol/l) had lower serum 25 (OH) D3  than people 
with Stage 3 CKD (N=65, mean 25 (OH) D3 58.2 nmol/l, p not stated). No discussion of the significance of this result.  
 
57% of people with Stage 3 CKD (N=65) and 58% of people with Stage 4 CKD (N=113) had 25 (OH) D3 insufficiency (25 (OH) D3 10-30 ng/ml). 
 
14% of people with Stage 3 CKD (N=65) and 26% of people with Stage 4 CKD (N=113) had 25 (OH) D3 deficiency (25 (OH) D3 < 10 ng/ml). 
 
GFR and serum 1, 25 OH2 D3  
People with Stage 4 CKD (N=108, mean 1, 25 OH2 D3 62.3 pmol/l) or Stage 5 CKD (N=20, mean 1, 25 OH2 D3 54.3 pmol/l) had significantly lower serum 1, 25 OH2 
D3 than people with Stage 3 CKD (N=63, mean 1, 25 OH2 D3 79.6 pmol/l, p not stated). 
 
Limitations – population is older people, X-sectional analysis shows associations, not causal relationships 
Ref ID: 3982         
Reference Study 

type 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Levin A, Bakris 
GL, Molitch M et 
al. Prevalence of 
abnormal serum 
vitamin D, PTH, 
calcium, and 

Cross-
sectional 
study  
 
Baseline 
analysis 

N total 
=1814 
 
N GFR 
> 60 
ml/min 

Inclusion criteria: Study 
for the Evaluation of 
Early Kidney disease 
(SEEK) participants:> 40 
years old, MDRD eGFR 
< 60 ml/min  

N/A 
Procedure: Participant 
charts screened for serum 
creatinine in 2003-04 to 
determine eligibility for 
inclusion in the study. 

N/A N/A 
(Baseline 
analysis) 
 

Serum P 
 
Serum Ca 
 
Serum intact 
parathyroid 

Abbott 
Pharmaceuticals 
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phosphorus in 
patients with 
chronic kidney 
disease: results 
of the study to 
evaluate early 
kidney disease. 
Kidney Int. 2007; 
71(1):31-38. Ref 
ID: 3982 

of SEEK 
 
153 
centres,  
USA 
 
Evidence 
Level: 3 

= 408 
 
N GFR 
59-30 
ml/min 
= 1109 
 
N GFR 
< 30 
ml/min 
= 297 
 
 
 
 

 
Exclusion criteria: RRT, 
history of primary 
parathyroid disease, use 
of any prescription-
based vitamin D therapy 
12 months prior to 
screening  
 
Baseline Characteristics: 
Mean GFR 47 ml/min, 
85% hypertensive, 71% 
> 65 years old, mean 
age 70 years, 35% CAD, 
47% diabetic, 12% 
African American, 48% 
male, 25% receiving Ca 
supplementation, 8.7& 
hormone replacement 
therapy, 8% receiving 
bisphosphonates, 38% 
ACEi use, 34% ARB 
use, 64% diuretic use 

Medical history, 
medications, blood and 
urine samples collected at 
baseline (June 2004 to 
October 2004). Serum 1, 
25 OH2 D3 and 25 (OH) D3 
determined with DiaSorin 
radioimmunoassay. Serum 
Ca, P, creatinine analysed 
with autoanalyser. Total Ca 
was corrected for serum 
albumin. Serum iPTH 
determined by 
chemiluminescence assay. 
Lab references 10-65 pg/ml 
for iPTH, 8-60 ng/ml for 25 
(OH) D3 and 25-65 pg/ml 
for  1, 25 OH2 D3. Dietary 
supplementation of vitamin 
D and multivitamin intake 
up to 400 IU/day permitted. 

hormone  (iPTH) 
 
Serum 1, 25-
dihydroxyvitamin 
D (1, 25 OH2 D3) 
 
Serum  25-
hydroxyvitamin D 
[ 25 (OH) D3]   

Effect size 
Discrepancy between screening serum creatinine and baseline creatinine measurement resulted in some people with eGFR > 60 ml/min being included in the study 
(N=408) 
 
GFR and serum P and Ca:  
Median Ca and P levels remained stable and within normal levels across GFR (patients stratified by decile GFR). P levels increased at GFR < 20 ml/min. Of people 
with eGFR 20-29 ml/min (N=204), 15% had abnormal phosphorus levels (P > 4.6 mg/dl). Of people with GFR < 20 ml/min (N=93) 40% had abnormal phosphorus 
levels (P > 4.6 mg/dl). (Note that original Levin et al. paper stated abnormal P levels as P < 4.6 mg/dl. EC and PS think this was a misprint and should be P > 4.6 
mg/dl).  
 
Of people with eGFR 20-29 ml/min (N=204), < 10 % had abnormal Ca levels (Ca < 8.4 mg/dl). Of people with GFR < 20 ml/min (N=93) 15% had abnormal Ca levels 
(Ca < 8.4 mg/dl). 
 
GFR and serum iPTH: iPTH levels were relatively stable until GFR decreased to 45 ml/min.  

eGFR (ml/min/1.73 m2) N Prevalence (%) Hyperparathyroidism (iPTH > 65 ng/ml)
> 80 61 12 
70-79 117 17 
60-69 230 21 
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59-50 396 * 30 
49-40 355 * 40 
39-30 358 * 55 
29-20 204 * 70 
< 20 93 * 85 

*EC estimated from Figure 4 
 
GFR and serum Vitamin D: 1, 25 OH2 D3 and 25 (OH) D3 
Both levels of 1, 25 OH2 D3 and 25 (OH) D3 decreased with decreasing eGFR. The decrease in 1, 25 OH2 D3 was more rapid than the decrease in 25 (OH) D3 . 
Multiple regression analysis showed a relationship between eGFR and 1, 25 OH2 D3  (R2 = 0.3827, p < 0.0001) but not between eGFR and 25 OH D3 (p=0.8932). 
Deficiency of 1, 25 OH2 D3 was seen as GFR decreased to approx. 45 ml/min/1.73 m2 (about the GFR as iPTH levels approached hyperparathyroidism levels). The 
prevalence of deficiency in 25 OH D3 (25 OH D3 < 15 ng/ml) remained stable until GFR < 30 ml/min, when the prevalence of  25 OH D3 deficiency increased.  

eGFR (ml/min/1.73 
m2) 

N ** Prevalence (%) 1, 25 OH2 D3 deficiency (1, 25 OH2 D3 < 22 
pg/ml) 

** Prevalence (%) 25 OH D3 deficiency (25 OH D3 < 15 
ng/ml) 

> 80 61 12 10 
70-79 117 15 10 
60-69 230 15 5 
59-50 396 20 5 
49-40 355 30 15 
39-30 358 45 15 
29-20 204 50 20 
< 20 93 65 25 

** EC estimated from Figure 6. 
 
49% of people with low 1, 25 OH2 D3 levels had high iPTH (irrespective of 25 OH D3 levels), whereas 35% of those with low 25 OH D3 levels had high iPTH levels 
(p<0.05). 
 
Multivariate analysis (adjusted for age, gender, race, GFR, diabetes, urinary ACR, Ca, P): 
 Diabetes, decreased GFR, and increased urinary ACR independently predicted low 1, 25 OH2 D3. 
 
Note: Limitations – population is older people, X-sectional analysis shows associations, not causal relationships, CKD defined by 1 creatinine measurement  
Ref ID: 1811         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

St John A., 
Thomas MB, 
Davies CP et al. 
Determinants of 

Observational 
study 
 
2 nephrology 

N total =51 
 
N mild CRF 
(GFR 40-90 

Inclusion criteria: patients 
with mild (GFR 40-90 ) or 
moderate (GFR 20-39) age 
22-68 years were recruited 

Serum markers of bone 
metabolism in people 
with mild renal failure  
(GFR 40-90 

Serum 
markers of 
bone 
metabolism 

N/A 
 

Serum P 
 
Serum Ca 
 

Telethon 
Foundation  
and Sir 
Charles  
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intact parathyroid 
hormone and free 
1,25-
dihydroxyvitamin 
D levels in mild 
and moderate 
renal failure. 
Nephron. 1992; 
61(4):422-427. 
Ref ID: 1811 

clinics, 
Australia 
 
Evidence 
Level: 3 

ml/min/1.73 
m2 ) = 27 
 
N moderate 
CRF (GFR 
20-39 
ml/min/1.73 
m2) = 12 
 
N healthy 
subjects = 
12 
 
 
 
 
 

from 2 nephrology units in 
July 1988-June 1989. 
Healthy subjects with no 
prior renal disease were 
controls. 
 
Exclusion criteria: patients 
taking prednisolone, vitamin 
D derivatives, high dose 
oral calcium, or phosphate 
binders 
 
Baseline Characteristics: 
Primary diagnosis of renal 
disease: 28% 
glomerulonephritis, 28% 
hypertensive, 15% 
polycystic kidney disease, 
13% chronic interstitial 
nephritis, 8% diabetic 
nephropathy, 8% renal 
transplant donors. Mean 
age: 34 (healthy), 48 (mild 
CRF), 45 (moderate CRF). 
Mean GFR: 115 
ml/min/1.73m2 (healthy), 56 
ml/min/1.73m2 (mild CRF), 
32 ml/min/1.73m2 

(moderate CRF) 

ml/min/1.73 m2 ) N = 27 
 
Serum markers of bone 
metabolism in people 
with moderate renal 
failure  (GFR 20-39 
ml/min/1.73 m2 ) N = 12 
 
Procedure: Following 
an overnight fast, GFR 
was determined by 
clearance of 
[99mTc]DTPA from the 
plasma. Blood samples 
assayed for total Ca, P, 
albumin, creatinine, 
bicarbonate, alkaline 
phosphatase. Serum 1, 
25 OH2 D3 was 
determined with a 
bovine thymus 
cytoreceptor assay.  
Serum 25 (OH) D3 was 
determined using rat 
kidney cytosol. Serum 
iPTH determined by an 
immunochemiluminome
tric assay.  

in healthy 
people 
N=12 

Serum intact 
parathyroid 
hormone  (iPTH) 
 
Serum 1, 25-
dihydroxyvitamin 
D (1, 25 OH2 D3) 
 
Serum  25-
hydroxyvitamin 
D [ 25 (OH) D3]   

Gairdner 
Hospital 
Research 
Foundation 
grants 

Effect size 
Changes in plasma iPTH and 1,25 Vit D precede changes in calcium or phosphate. 
 
Plasma Ca: 
There were NS differences in mean Ca levels for people with mild CRF (GFR 40-90 ml/min/1.73m2, N=27, mean Ca 2.31 mmol/l) compared with healthy controls 
(N=12, mean Ca 2.27 mmol/l). 
 
People with moderate CRF (GFR 20-39 ml/min/1.73m2, N=12, mean Ca 2.24 mmol/l) had significantly lower Ca levels than people with mild CRF (GFR 40-90 
ml/min/1.73m2, N=27, mean Ca 2.31 mmol/l, p<0.05) 
  
Plasma P: 
There were NS differences in mean phosphate levels for people with mild CRF (GFR 40-90 ml/min/1.73m2, N=27, mean P 1.0 mmol/l) compared with healthy 
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controls (N=12, mean P 1.1 mmol/l). 
People with moderate CRF (GFR 20-39 ml/min/1.73m2, N=12, mean P 1.2 mmol/l) had significantly higher P levels than people with mild CRF (GFR 40-90 
ml/min/1.73m2, N=27, mean P 1.0 mmol/l, p<0.05) 
 
Plasma iPTH 
People with mild CRF (GFR 40-90 ml/min/1.73m2, N=27, mean iPTH 57.5 pg/ml) had significantly higher levels of iPTH than healthy people (N=12, mean iPTH 25.4 
pg/ml, p<0.05). 
People with moderate CRF (GFR 20-39 ml/min/1.73m2, N=12, mean iPTH 139 pg/ml) had significantly higher iPTH levels than people with mild CRF (GFR 40-90 
ml/min/1.73m2, N=27, mean iPTH 57.5 pg/ml, p<0.05) 
People with moderate CRF (GFR 20-39 ml/min/1.73m2, N=12, mean iPTH 139 pg/ml) had significantly higher iPTH levels than healthy people (N=12, mean iPTH 
25.4 pg/ml, p<0.05). 
 
Note that 17/39 (44%) people with CRF were still within the reference range of iPTH (even at low GFR). The increase in iPTH above reference values began at GFR 
< 60 ml/min/1.73m2. 
 
Plasma Vitamin D:  
People with mild CRF (GFR 40-90 ml/min/1.73m2, N=27, mean 1, 25 OH2 D3 = 42.1 pg/ml) had significantly lower levels of 1, 25 OH2 D3 compared with healthy 
people (N=12, mean 1, 25 OH2 D3 = 54.6 pg/ml, p<0.05). 
People with moderate CRF (GFR 20-39 ml/min/1.73m2, N=12, mean 1, 25 OH2 D3 = 39.2 pg/ml) had significantly lower levels of 1, 25 OH2 D3 compared with healthy 
people (N=12, mean 1, 25 OH2 D3 = 54.6 pg/ml, p<0.05). 
 
Note than 9/39 (23%) people with CRF were BELOW the reference range of 1, 25 OH2 D3. This occurred at GFR < 60 ml/min/1.73m2. 
There were NS differences in 25 (OH) D3. 
 
Note: – accurate measure of GFR used, but in small number of patients. Observational study.  
 
 
13.2 BISPHOSPHONATE TREATMENT IN PEOPLE WITH CKD 
 
What are the risks and benefits of bisphosphonates for preventing osteoporosis in adults with CKD? 
Ref ID: 3990         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Jamal SA, 
Bauer DC, 
Ensrud KE, 
Cauley JA, 
Hochberg M, 

RCT  
 
1+ 
 
Secondar

N=6458 
 
N=2027 
in the 
vertebral 

Inclusion criteria: women were enrolled 
in FIT if they were 55-80 years old, at 
least 2 years postmenopausal, femoral 
neck BMD ≤0.68 g/cm2. 
 

Alendronate (dose 
not mentioned in 
this paper) 
 
Protocol: Bone 

Placebo 48 months 
in the 
clinical 
fracture 
arm  

BMD  
 
Fractures:  
Clinical 
fractures as 

Canadia
n 
Institute
s of 
Health 
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Ishani A, 
Cummings 
SR. 
Alendronate 
treatment in 
women with 
normal to 
severely 
impaired 
renal 
function: an 
analysis of 
the fracture 
intervention 
trial. Journal 
of Bone and 
Mineral 
Research 
2007; 22 (4): 
503-508 

y 
analysis 
of an 
RCT 
[Fracture 
Interventi
on Trial 
(FIT)] 
 
 

fracture 
arm 
 
N=4432 
in the 
clinical 
fracture 
arm 

Exclusion criteria: serum creatinine 
>1.27 mg/dl, serum PTH >85 pg/ml in 
isolation or serum PTH > 65 pg/ml in 
combination with abnormal serum 
calcium, alkaline phosphatase or 
phosphate. 
 
Baseline characteristics: 

 eGFR<
45 

eGFR 
≥45 

p 

N 581 5877  
Age (y) 74.6 

(4.4) 
68.1 
(6.0) 

<0.00001 

Weight 
(kg) 

52.9 
(6.7) 

65.7 
(10.7) 

<0.00001 

BMI 
(kg/m2) 

21.8 
(2.6) 

25.5 
(4.0) 

<0.00001 

Total 
hip 
BMD 
(g/cm2) 

0.63 
(0.1) 

0.70 
(0.1) 

<0.00001 

Femoral 
neck 
BMD 
(g/cm2) 

0.54 
(0.1) 

0.59 
(0.1) 

<0.00001 

Lumbar 
spine 
BMD 
(g/cm2) 

0.78 
(0.2) 

0.83 
(0.1) 

<0.00001 

% 
Vertebr
al 
fracture  

42.2 30.3 <0.00001 

ALP 
(U/l) 

83.3 
(20.0) 

85.7 
(20.3) 

0.0064 

% 
Fracture 
after 
age 45  

46.9 41.7 0.02 

 

mineral density 
(BMD) measured 
on whole body, 
femoral neck, total 
hip and lumbar 
spine using DXA.  
eGFR calculated by 
Cockroft-Gault 
formula. eGFR<45 
ml/min was 
considered 
severely reduced 
renal function; 
eGFR 45-59 ml/min 
moderately 
reduced renal 
function; eGFR ≥ 
60 ml/min normal 
renal function. 
Incident vertebral 
fractures assessed 
by blinded 
radiologists. Blood 
chemistry (Ca, P, 
creatinine, ALP, 
PTH) measured at 
baseline and 
annually. Adverse 
events assessed 
over the phone or 
at clinic visits every 
3 months. 
 

 
36 months 
in the 
vertebral 
fracture 
arm 

reported by 
patients 
(assessment 
by blinded 
radiologist) 
 
Radiographic 
vertebral 
fractures: 
identified by 
morphometric 
and semi-
quantitative 
techniques 
 
Adverse 
events 

Researc
h 
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Effect size 
Standard WHO definition of osteoporosis used: BMD at femoral neck, total hip or lumbar spine of ≤ 2.5 SD below mean BMD for young adult women (T score of ≤ -
2.5); T score between -1 and -2.5 classified as osteopenia; T score >-1 classified as ‘normal BMD’. 
 
Change in BMD [%change (95%CI)], alendronate vs. placebo, by eGFR 

 All women Severely reduced eGFR 
(eGFR<45) 

Moderately reduced or normal eGFR 
(eGFR ≥45) 

P for interaction 

All women (N=6458)     
Total hip 4.9 ± 8.7% 5.6 (4.8-6.5) 4.8 (4.6-5.0) 0.04 
Femoral neck  5.0 (4.0-5.9) 4.5 (4.2-4.8) 0.32 
Spine 6.6 ± 5.8% 6.7 (5.7-7.8) 6.6 (6.3-6.9) 0.75 

Women with osteoporosis (N=3214)     
Total hip  4.9 (3.7-6.3) 4.7 (4.4-5.0) 0.61 
Femoral neck  4.5 (3.2-5.8) 4.2 (3.8-4.7) 0.73 
Spine  5.9 (4.3-7.5) 6.4 (6.2-7.1) 0.33 

 
Fracture risk [Odds ratio (95%CI)], alendronate vs. placebo, by eGFR 

 All women Severely reduced eGFR Moderately reduced or  
normal eGFR 

P for 
interaction 

Risk of fracture in 
women with eGFR<45 
vs. eGFR≥45 

All women (N=6458)      
Clinical fractures 0.8 (0.7-0.9) 0.78 (0.51-1.2) 0.81 (0.70-0.94) 0.90 1.3 (1.0-1.6) 
Spine fractures 0.54 (0.37-0.78) 0.72 (0.31-1.7) 0.50 (0.32-0.76) 0.44 2.5 (1.6-3.9) 

Women with osteoporosis (N=3214)      
Clinical fractures  0.84 (0.45-1.54) 0.74 (0.61-0.91) 0.72  
Spine fractures  1.01 (0.29-3.6) 0.62 (0.36-1.10) 0.49  

 
Serum creatinine: there was an increase in serum creatinine that was the same in those with and without reduced renal function (mean increase in both groups: 
0.01 ± 0.10; p=0.88); and was the same in the placebo and alendronate treated groups (mean increase: 0.01 ± 0.10; p=0.99) 
 
Adverse events 
NS differences in adverse events experienced by people with severe renal dysfunction or reduced/normal renal function. 

Frequency of reported adverse events Severely reduced eGFR Moderately reduced or normal eGFR p 
Overall (%) 99.1 99.5 0.189 
Gastrointestinal events (%) 4.5 5.2 0.5 
Cerebrovascular (%) 2.2 2.2 0.9 
Cardiovascular (%) 2.6 3.2 0.4 
Arrhythmias (%) 2.4 2.1 0.7 
Malignancies (%) 4.3 5.0 0.4 
Death (%) 1.6 1.9 0.5 



 

        Page 334 of 377  

Renal adverse events (%) 2.1 2.3 0.68 
 
Conclusions: oral bisphosphonates are effective at increasing BMD and decreasing fracture risk and are not associated with an increase in serum creatinine, 
reduction in creatinine clearance, or an increase in adverse events. 
 
Assessment of bias: RCT details of which are not mentioned in this paper, no mention of ITT, method of randomisation, concealment. Assessors of radiographic 
evidence were blinded. This was a post-hoc analysis.  
Ref ID: 3991         
Reference Study type/ 

Evidence level 
Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Kikuchi Y, Imakiire 
T, Yamada M, 
Saigusa T, Hyodo T, 
Kushiyama T, 
Higashi K, Hyodo N, 
Yamamoto K, 
Suzuki S, Miura S. 
Effect of risedronate 
on high-dose 
corticosteroid-
induced bone loss in 
patients with 
glomerular disease. 
Nephrol Dial 
Transplant 2007; 
22: 1593-1600 

RCT 1+ 
 
Randomised, 
open-label, 
prospective 
study 
 
Randomisation 
using envelope 
randomisation 
method. 
 
ITT  

N =38 
 
Drop out 
rate 0% 
 
Japanese 
population 

Inclusion criteria: 
patients with 
glomerulonephritis 
initiating high-dose 
corticosteroid therapy 
(>30 mg/day 
prednisolone, including 
steroid pulse therapy 
 
Exclusion criteria: 
severe renal dysfunction 
due to rapidly 
progressive 
glomerulonephritis, very 
high (>130%) or very 
low (<80%) BMD 
 
Baseline 
characteristics: There 
were NS differences in 
sex, age, BMI, BMD or 
the biochemical markers 
of bone metabolism 
among the groups. 
Mean GFR was 78 
ml/min (Group R), 74 
ml/min (Group R + A), 
81 ml/min (Group A) 
 

N=12 
Group R: risedronate 
2.5mg/day 
 
N=15 
Group A: alfacalcidol 0.5 
µg/day (an active vitamin 
D3 analogue) 
 
Procedure: Patients 
randomised to 
risedronate alone, 
alfacalcidol alone, or 
risedronate + 
alfacalcidol. Drugs were 
simultaneously started 
with the initiation of 
steroid therapy. No 
patients received Ca 
supplementation. BMD 
(assessed by DEXA) 
measured at baseline 
and 12 months following 
randomisation. CrCl 
calculated (method not 
stated). 

N=11 
Group R+A: 
risedronate 
2.5mg/day 
and 
alfacalcidol 
0.5 µg/day 
 
 

1 year BMD 
 
GFR 
Urinary 
protein 
Serum 
blood urea 
nitrogen 
and 
creatinine 
(BUN) 
ALP 
iPTH 
osteocalcin 
urinary 
cross-linked 
N-
telopeptide 
of type I 
collage 
(NTx) 
 

Not 
stated  
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Urinary protein was 
higher in the R+A group 
than in group R or A, but 
this was not significant.  
 
 

Effect size 
BMD Changes 

 Group R Group R+A Group A 
BMD baseline (g/cm2) 1.04 ± 0.10 1.06 ± 0.11 1.02 ± 0.10 
BMD at 12 months (g/cm2) 1.03 (NS change from baseline) 1.08 (p<0.05 from baseline) 0.96 (p<0.05 from baseline) [p=0.001 

compared to R+A) 
 
Adverse Events: 
No patients were excluded due to adverse events and no list of adverse events given.  
Fractures: 
There were no fractures that occurred in the study. 
 
Several factors (osteocalcin, ALP, urinary NTx, iPTH) showed significant changes from baseline; but NS significant differences between the groups.  
 
Predictive factors for loss of BMD: patients were classified into 3 groups on the basis of BMD change and predictive factors for BMD loss were assessed (Group I 
BMD increase >1.1% (N=12); Group II mild change in BMD -3.2 to +1.1% (N=13); Group III BMD decreased > 3.2% (N=13)). There were no significant differences in 
sex, age, BMI, BMD or renal function at baseline among the groups. Urinary NTx was significantly higher in groups II and III than in group I. Serum osteocalcin, ALP 
also higher in Groups II and III than I, but NS.  
 
Assessment of bias: ITT analysis, no drop outs, open-label study, small numbers.  
Ref ID: 3987         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Miller PD, 
Roux C, 
Boonen S, 
Barton IP, 
Dunlap LE, 
Burgio DE. 
Safety and 
efficacy of 
risedronate 
in patients 

Meta-
analysis 
1+ 
 
Data 
from 9 
randomis
ed, 
double 
blind, 

N=9883 
 
Dropout 
rate: 36% 
in 
placebo 
group 
and 35% 
in 
risedrona

Inclusion criteria: inclusion criteria of 
different studies not mentioned. 
Population is osteoporotic women with 
renal disease.  
 
Exclusion criteria: patients were 
excluded from the individual studies if 
they had evidence of clinically 
significant systemic disease such as 
history of hyperparathyroidism, 

Risedronate  
(5 mg daily)  
 
N= 4496 overall 
 
N Severe 
CKD=301 
 
N moderate CKD 
= 2034 

Placebo  
 
 
N=4500 overall 
 
N Severe 
CKD=271 
 
N moderate 
CKD = 2037 

Average 
duration of 
treatment 2 
years.  

Primary 
outcome: 
safety. 
 
Adverse 
events 
 
Secondary 
outcomes: 
efficacy 

Procter 
& 
Gamble 
pharmac
euticals 
(USA), 
Sanofi-
Aventis 
(USA) 
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with age-
related 
reduced 
renal 
function as 
estimated by 
the 
Cockcroft 
and Gault 
method: a 
pooled 
analysis of 
nine clinical 
trials. 
Journal of 
Bone and 
Mineral 
Research 
2005; 
20(12): 
2105-2115 

placebo 
controlle
d, 
parallel 
group 
phase III 
trials 
were 
included, 
all used 
risedrona
te for the 
treatment 
of 
osteopor
osis.  

te group hyperthyroidism or osteomalacia within 
1 year before enrolment; or markedly 
abnormal lab values including serum 
creatinine levels >1.1 times the ULN. 
 
Baseline characteristics: within each 
renal impairment subgroup, the 2 
treatment groups (placebo and 
risedronate) were very similar with 
respect to baseline demographic and 
disease characteristics. 

 Risedronate Placebo  

N 4500 4496 
Age (yrs) 75 (80) 75 (8.2) 
Serum 
creatinine 
mg/dl 

0.98 (0.208) 0.99 
(0.22)  

CrCl 
ml/min 

49.5 49.2 
 

 
N mild CKD = 
2161 
 
Protocol: 
Analysis of trials 
stratified by renal 
function: mild 
(CrCl >50 to 80 
ml/min), 
moderate (CrCl 
>30 to <50 
ml/min) or severe 
(CrCl <30 ml/min) 
renal impairment. 
BMD (assessed 
with DXA) 
measured at 
baseline, at 6, 12, 
24 months and at 
endpoint. 
Vertebral 
fractures 
(decrease of 15% 
or more in 
vertebral height 
or a change from 
grade 0 to grade 
1 or more)  
assessed by 
blinded 
radiologists.  

 
N mild CKD = 
2192 
 

BMD 
(measured by 
DXA) 
 
Creatinine 
clearance 
(CrCl) 

Effect size 
Of the 9883 women on the database 91% (8996/9883) had some degree of renal impairment. Severe 572/9883 (5.8%), moderate 4071/9883(41.2%) and mild 
4353/9883 (44.0%). 
 
Adverse events: 
The incidence of overall, urinary and renal function related adverse events were similar within and between treatment groups in the subgroups of patients with 
severe, moderate and mild renal impairment. Statistically and clinically there were NS differences.  
 
Changes in serum creatinine: 
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There were NS differences between the placebo and risedronate groups in changes from baseline in serum creatinine in any of the renal impairment groups.  
 
BMD:  

 Placebo vs risedronate in mild renal 
impairment 

Placebo vs risedronate in moderate 
renal impairment 

Placebo vs risedronate in severe renal 
impairment 

Mean % change (SE) in lumbar spine 
BMD 

-0.14% (0.19%) vs 3.96% (0.18%); 
p<0.001 

-0.47% (0.50%) vs 4.33 (0.51%); 
p<0.001 

-1.37% (1.72%) vs 4.23% (1.82%); 
p<0.001 

The mean percent increase from baseline to endpoint in BMD at the femoral neck and trochanter was significantly greater in the risedronate 5 mg group than in the 
placebo group in all 3 renal impairment subgroups, except at the femoral neck in the severe renal impairment subgroup.  
 
Incidence of new vertebral fractures: Incidence of new vertebral factures was significantly lower in the risedronate group than the placebo groups within each renal 
impairment subgroup. Within the risedronate treatment group, the incidence of new vertebral fractures was similar across renal impairment subgroups (p=0.124). The 
incidence in the placebo treated group increased significantly with the severity of renal impairments (p<0.001). [Note that Figure 2 was very difficult to interpret. Looks 
as if 56% of placebo and 12% of risedronate group had new fractures in the severe CKD group. Is this reasonable?] 
 
Assessment of bias: posthoc analysis of pooled data from 9 trials, ITT analysis, all trials reported to be randomised and double blind but no details of each given.  
Ref ID: 3979         
Reference Study type/ 

Evidence level 
Number of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Fujii N, Hamano T, 
Mikami S, 
Nagasawa Y, 
Isaka Y, Moriyama 
T, Horio M, Imai E, 
Hori M, Ito T. 
Risedronate, an 
effective treatment 
for glucocorticoid –
induced bone loss 
in CKD patients 
with or without 
concomitant active 
vitamin D (PRIUS-
CKD) Nephrol Dial 
Transplant 2007; 
22: 1601-1607 

RCT 1- 
 
Poorly 
randomised, 
prospective, 
open-label, 
study 
 
Per-protocol 
analysis 
 
Randomisation 
using computer 
software 

N=114 
 
19.2% 
(15/78) of 
patients 
taking 
risedronate 
withdrew 

Inclusion criteria: CKD 
outpatients receiving 
glucocorticoid therapy 
(prednisone equivalent of 
≥2.5 mg/day) for >6 
months 
 
Exclusion criteria:  current 
treatment with 
bisphosphonate, native Vit 
D, oestrogen, selective 
oestrogen receptor 
modulator (SERM), or 
human parathyroid 
hormone, any concurrent 
diseases that affect bone 
turnover such as primary 
hyperparathyroidism and 
thyroid dysfunction, kidney 
transplant patients and 

Group A: Active Vit D 
alone N=38 
 
Group B: Active Vit D 
+ risedronate 2.5 
mg/day 
(randomisation 
conducted so that this 
group had 40% more 
patients than group A) 
N=50 
 
Protocol: Subjects 
randomised to Vitamin 
D alone (Group A), 
Vitamin D + 
risedronate (Group B). 
Remainder allocated 
to risedronate alone 
(Group C). Diuretic, 

Group C: 
Risedronate 
2.5 mg/day 
N=26 

1 year Bone mineral 
density 
(BMD) 
 
Creatinine 
clearance 
(CrCl)  
 
Serum N-
terminal 
telopeptides 
of type I 
collagen (S-
NTX) [a 
marker for 
bone 
turnover] 
 
Bone ALP 

In part by 
Sanofi-
Aventis 
(Tokyo, 
Japan) 
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females planning 
pregnancy.  
 
Baseline characteristics:  
Mean age (SD) 42.5 ± 
16.6 years 
Sex Male 47% (54/114) 
CrCl (SD) 99.6 ± 35.8 
ml/min/1.73m2 
 

Ca supplement, beta 
blocker, vitamin D use 
not changed during 
study. BMD of the 
second to fourth 
lumbar vertebrae 
measured every 6 
months and blood 
chemistry at baseline, 
1, 3, and 6 months, 
after randomisation 
measured using a 
dual-energy X-ray 
absorptiometer. CrCl 
estimated using the 
Cockcroft-Gault 
formula.   

Effect size 
 

 Group A (Vitamin D alone) Group B (Vitamin D + Risedronate) Group C (Risedronate alone) 
Change in BMD 
Lumbar spine at 
12 months  

-1.2 ± 0.6% 
NS, no p-value given 

+2.8 ± 1.3% 
Significant, no p-value given 

+2.1 ± 1.0% 
Significant, no p-value given 

Change in S-
NTX at 6 months 

+4.7% 
(p<0.05 compared to B) 

-19.6%  
(p<0.01 for change from baseline) 

-14.6% 
(p<0.05 for change from baseline) 

Change in bone 
ALP at 6 months 

+26.9%  
(p<0.05 compared to B or C) 

-11.6% -10% 

Changes in BMD at the femoral neck were not obvious in any group.  
 
There was a mild tendency of a stepwise increase in the lumbar BMD with the greater reduction in S-NTX at 6-months (but not statistically significant). 
Baseline values of bone turnover markers were not associated with percentage changes in lumbar BMD after 1 year of risedronate treatment.  
 
Changes in CrCl were similar across all groups.  
 
Assessment of bias: only the patients in the active Vit D group were randomised, patients in group C were allocated to risedronate without any form of 
randomisation. Per-protocol analysis. Open-labelled study.  
 
Conclusions: monotherapy with active vitamin D fails to maintain the bone mass of CKD patients receiving glucocorticoids. Risedronate with or without vitamin D is 
an effective treatment for glucocorticoid induced bone loss in CKD patients in terms of BMD.  
Caution: 2.5 mg risedronate below recommended dose for treatment of osteoporosis.  
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13.3 VITAMIN D SUPPLEMENTATION IN PEOPLE WITH CKD 
 
What type of vitamin D supplementation, if any, should be used in adults with CKD? 
Ref ID: 66         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Coyne D, 
Acharya M, 
Qiu P et al.  
Paricalcitol  
capsule for 
the 
treatment of 
secondary 
hyperparath
yroidism in 
stages 3 and 
4 CKD.[see 
comment]. 
American 
Journal of 
Kidney 
Diseases. 
2006; 
47(2):263-
276. Ref ID: 
66 

RCT 1+ 
 
Pooled 
analysis of 
3 RCTs 
with 
identical 
inclusion/e
xclusion 
criteria and 
different 
dosing 
regimens 
(3X weekly 
or once 
daily) 
 
multicenter 
USA, 
Poland 
 
Not ITT  

N = 220 
 
Drop out 
rate 
11% in 
Paricalcit
ol,  
17% in 
placebo  
 
 

Inclusion criteria: 
identical for all 3 RCTs: 
people> 18 years 
diagnosed with CKD for 
at least 2 months and 
not expected to require 
dialysis for at least 6 
months, 2 consecutive 
iPTH that average ≥ 
150 pg/ml (all values 
must be ≥ 120 pg/ml) 
and 2 consecutive Ca 
1.99-2.40 mmol/l  and 2 
consecutive P ≤ 1.68 
mmol/l.  
Exclusion criteria: 
identical for all 3 RCTs:  
people taking vitamin D 
therapy 4 weeks prior 
to trial, acute renal 
failure in previous 12 
months, GI or liver 
disease, malignancy, 
active granulomatous 
disease, pregnancy, 
hypersensitivity to 
vitamin D, urinary 
Ca:creatinine ratio > 
0.2, renal stones, using 
calcitonin or 

N=107 
Paricalcitol (19-nor-1,25-
dihydroxyvitamin D2) 
 
Procedure: Patients attended a 
screening visit (to assess 
eligibility), pre-.treatment phase 
(1-4 weeks to confirm eligibility), 
treatment phase (24 weeks of 
active treatment), and follow-up 
phase (discontinuation of drugs 
and monitoring of adverse events 
for 1 month). Participants were 
randomised to paricalcitol (either 
thrice weekly or once/daily) or 
placebo. The initial dose of 
paricalcitol was 2 microg thrice 
weekly in people with baseline 
iPTH ≤ 500 pg/ml or 4 microgram 
thrice weekly if baseline iPTH > 
500 pg/ml. In the daily dose trial, 
the initial dose was 1 microg/day 
if baseline iPTH ≤ 500 pg/ml or 2 
microg/day if iPTH > 500 pg/ml. 
Dose was titrated every four 
weeks by 2 microg (thrice weekly 
studies) and 1 microg (once daily 
study) based on serum Ca 
(adjusted for albumin), P, iPTH 
levels to achieve a 30% decrease 

N=113 
placebo 
 
 

6 
months 

Primary 
outcome: 2 
consecutive 
decreases ≥ 
30% of iPTH 
from baseline 
 
Serum Ca 
P 
iPTH 
GFR 
Osteocalcin  
Bone ALP 
 
urinary 
deoxypryidinolin
e 
 
urinary 
pyridinoline 
 
Adverse 
Events: 
hypercalcaemia 
(2 consecutive 
Ca > 2.62 
mmol/l) 
 
Hyperphosphat
aemia (2 

Abbott  
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bisphosphonates, or 
using  glucocorticoids > 
14 days within previous 
6 months. 
 
Baseline 
characteristics: There 
were NS differences 
between people 
receiving placebo or 
paricalcitol for sex, 
race, age (62 years), 
eGFR (23 ml/min/1.73 
m2),  P, iPTH, bone 
ALP, osteocalcin, 
urinary 
deoxypryidinoline, 
urinary pyridinoline. 
Serum Ca was 
significantly higher in 
the paricalcitol group 
than the placebo group, 
p=0.039. NS 
differences between 
baseline characteristics 
for thrice weekly or 
once daily studies.  

in iPTH levels. Dose decreased if 
iPTH decreased by > 60%, Ca 
elevated, or P consistently 
elevated. Patients allowed 
phosphate binders. Serum iPTH, 
P, Ca, albumin measured at 
baseline and every 2 weeks. 
eGFR (MDRD), bone specific 
ALP, osteocalcin, urinary 
deoxypryidinoline, urinary 
pyridinoline measured at baseline 
and at study end (after 6 months 
of treatment) 

consecutive P > 
1.78 mmol/l) 
 

Effect size 
In the thrice/weekly studies (2 RCTs), N=73 placebo and N=72 paricalcitol. In the once daily RCT, N=40 placebo and N=35 paricalcitol.  
The mean daily dose of paricalcitol was 1.3 to 1.4 microg/day. Overall paricalcitol exposure was 43.2 patient years. Average weekly dose of paricalcitol was titrated 
upwards, peaking at week 13 (12.2 microg) and then titrated downward thereafter.  
The majority of participants did NOT take Ca supplements or Ca-based phosphate binders (83/107 paricalcitol and 84/113 placebo). 
 
Primary outcome: 2 consecutive decreases ≥ 30% of iPTH from baseline 
After 6 months of treatment, 91% of people on paricalcitol (N=101) and only 13% of people on placebo (N=108) achieved 2 consecutive ≥ 30% decreases in serum 
iPTH from baseline (p<0.001 between groups). Similar results when thrice weekly and once/daily RCTs were analysed separately. Also similar results when 
stratified by baseline iPTH (150-300 ng/l, 301-500 ng/l, and > 500 ng/l) 
 
28% of paricalcitol treated people reached the primary endpoint by week 5, 68% reached the primary endpoint by week 9, 77% achieved it by week 11.  
 
After 6 months of treatment, 74% of people on paricalcitol (N=101) and 0% of people on placebo (N=108) achieved 4 consecutive ≥ 30% decreases in serum iPTH 
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from baseline (p<0.001 between groups). 
 
75% of the paricalcitol group (N=101) and only 12% of the placebo group (N=108) achieved iPTH < 110 ng/l (significant between groups but p not given). 
 
Serum iPTH: 
Serum iPTH decreased significantly from baseline to 6 months treatment with paricalcitol. A significant decrease in iPTH was seen at 3 weeks treatment with 
paricalcitol and a sustained decrease thereafter.  The maximum mean decrease was 45.2% in the paricalcitol group compared with an increase of 13.9% in the 
placebo group (p<0.001 between groups).  
 
Adverse Events: 
Adverse events were similar between placebo and paricalcitol groups.  
 
Death: N=2 paricalcitol, N=1 placebo (but not causally attributed to paricalcitol) 
 
Serious adverse events: N=20 paricalcitol, N=18 placebo (only 1 adverse event thought to be attributed to treatment N=1 bradycardia in the paricalcitol group) 
 
Dicontinued due to adverse events: N=6 paricalcitol, N=5 placebo.  
 
Hypercalcaemia (2 consecutive Ca > 2.62 mmol/l) occurred N=2 on paricalcitol and N=0 in placebo, p=0.237, NS.  
 
Hyperphosphataemia (2 consecutive P > 1.78 mmol/l) occurred in N=11 paricalcitol and N=13 placebo, p=0.830 NS 
 
Serum Ca: 
Mean serum calcium increased slightly in people taking paricalcitol (change Ca 0.02 mmol/l from baseline to 6 months or 1% increase) while there were small 
decreases in serum Ca in the placebo group, NS between groups.   
 
Serum P: 
There were NS changes in serum P in the paricalcitol or placebo groups.  
 
Serum osteocalcin: 
Serum osteocalcin decreased from baseline to 6 months in the paricalcitol group (N=100, change osteocalcin: -21.6 ng/ml), compared with an increase in 
osteocalcin in the placebo group (N=104, change osteocalcin +10.7 ng/ml, p<0.001 between groups). 
 
Bone-specific alkaline phosphatase 
Bone ALP significantly decreased from baseline to 6 months in the paricalcitol group (N=101, change bone ALP:  -7.89 microg/l), compared with a smaller decrease 
in bone ALP in the placebo group (N=107, change bone ALP:  -1.44 microg/l, p<0.001 between groups). 
 
Urinary deoxypryidinoline 
There were NS differences between paricalcitol (n=96) or placebo (N=100) groups for changes in urinary deoxypryidinoline. 
 
Urinary pyridinoline 



 

        Page 342 of 377  

Urinary pyridinoline decreased in the paricalcitol group (N=99, change urinary pyridinoline:  -3.61 nmol/mmol creatinine), compared with an increase in the placebo 
group (N=104, change urinary pyridinoline +3.77 nmol/mmol creatinine, p=0.006 between groups) 
 
Change in GFR: 
After 6 months, eGFR decreased in both placebo (N=93, change in eGFR: -1.57 ml/min/1.73 m2 or -6.95% change) and paricalcitol (N=82, change in eGFR: -2.52 
ml/min/1.73 m2 or -10.40 % change) groups, but there were NS differences between treatments (p=0.269). 
Ref ID: 347         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Hamdy NA, 
Kanis JA, 
Beneton MN 
et al. Effect 
of 
alfacalcidol 
on natural 
course of 
renal bone 
disease in 
mild to 
moderate 
renal 
failure.[see 
comment]. 
British 
Medical 
Journal. 
1995; 
310(6976):3
58-363. Ref 
ID: 347 

RCT 1+ 
 
Randomise
d, double-
blind 
prospective 
study 
 
17 centres 
in UK, 
Belgium, 
France, 
Netherland
s 
 
ITT  

N =176 
 
Drop out 
rate 
18% in 
Alfacalcid
ol,  
25% in 
placebo  
 
 

Inclusion criteria: 
people with CrCl 15-50 
ml/min and no clinical, 
biochemical, 
radiographic evidence 
of renal bone disease  
 
Exclusion criteria: 
symptomatic bone 
disease, increased 
serum Ca or alkaline 
phosphatase (ALP) or 
disturbance in liver 
function (≥ 1.5 fold 
increase liver 
aminotransferase 
activity) 
  
Baseline 
characteristics: There 
were NS differences 
between people 
receiving placebo or 
alfacalcidol for sex, age 
(53 years), type of renal 
disease, SBP, DBP, 
biochemical, 
radiographic bone 
histology, other drug 
regimens.  Mean CrCl 

N=89 
Alfacalcidol (1α-
hydroxycholecalciferol or 1α-
hydroxyvitamin D3 ) 
 
Procedure: People randomised to 
alfacalcidol 
 (0.25 microg/day and adjusted 
between 0.25 microg every other 
day up to 1 microgram/day to 
maintain Ca at upper normal lab 
limit) or placebo.  Ca 
supplementation (max dose 500 
mg/day) permitted. Phosphate 
binding drugs other than Ca 
permitted when dietary P 
restriction was inadequate to 
maintain serum P < 2.2 mmol/l. 
Other drugs for disease 
management permitted. Serum 
creatinine, P, Ca (corrected for 
albumin), ALP (SMAC analyser) 
measured at baseline and every 
month for first 6 months, then 
every three months for following 
six months, then every six 
months. 24-h urine sample 
collected at baseline and every 6 
months for calculation of CrCl 
(Cockcroft-Gault). PTH measured 

N=87 
placebo 
 
 

2 
years 

Serum Ca 
P 
iPTH 
CrCl 
 
Osteitis fibrosa 
 
Osteomalacia 
(defined as ≥ 5 
osteoid lamellae) 
 
Bone indices 
 
Adverse Events: 
hypercalcaemia 
GI 
pseudogout 
 
 
 

Not 
stated  
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was 31.6 ml/min 
(alfacalcidol) 
 
 

at baseline and every 6 months 
(chemiluminescent assay). Serum 
aluminium measured in 60% of 
patients. Bone histology 
determined with a tetracycline 
double labelled transiliac bone 
biopsy at baseline and at end of 
the study and samples were 
subjected to light and UV 
microscopy.  

Effect size 
Retrospective analysis of bone biopsy showed that, at baseline, 132 people had evidence of bone disease.  
 
Adverse Events: 
18% (N=16/89) of people on alfacalcidol and 25% of people on placebo (N=22/87) withdrew from the trial (p=0.24, NS). The main reason for withdrawal was 
initiation of dialysis (8 on alfa, 10 on placebo), death (4 alfa, 1 placebo), other reason (4 on alfa, 10 on placebo), hypocalcaemia (0 alfa, 1 placebo). 
Mild GI disturbances were reported in 6 people on alfacalcidol and 1 on placebo.  
Pseudogout was reported by 2 people on alfacalcidol. 
No withdrawal due to unexpected progression of renal disease, or hypercalcemia  
 
Serum Ca: 
Mean serum calcium increased significantly in people taking alfacalcidol (+0.07 mmol/l by 24 months, N=89), while there were NS changes in calcium in people 
taking placebo, p<0.001 between groups. Mild hypercalcaemia (Ca > 2.63 mmol/l on 2 occasions) was seen in 10 patients receiving alfacalcidol and 3 patients 
receiving placebo (p=0.09, NS). Severe hypercalcaemia (Ca > 3.00 mmol/l on 1 occasion) was observed in 4 people taking alfacalcidol and 0 people on placebo.  
 
Serum P: 
Serum P increased in both placebo and alfacalcidol groups with NS differences between the groups. 
 
Serum iPTH: 
iPTH decreased NS from baseline to 18 months treatment with alfacalcidol (-1.6 pmol/l), whereas iPTH increased significantly from baseline to 18 months in those 
taking placebo (+7.3 pmol/l, p<0.001). At 24 months, iPTH returned to baseline levels in those with alfacalcidol treatment.    
 
Change in CrCl: 
After 24 months, CrCl decreased in both placebo (-4.0 ml/min) and alfacalcidol groups (-5.7), NS between treatments, p=0.94,  
 
Bone abnormalities: 
The proportion of people with bone abnormalities at the beginning of the study were similar between the placebo (N=45, 73%) and alfacalcidol (N=55, 76%). After 
24 months treatment, 54% of people taking alfacalcidol (N=39) and 82% on placebo (N=51) had bone abnormalities (no p given).  
 
Fibrosis:  
In people with histological bone abnormalities at baseline (N=100), fibrosis significantly decreased in people taking alfacalcidol (N=55, -0.58), while fibrosis 
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increased in the placebo group (N=45, +0.07), p=0.0002.  
 
Bone volume: 
In people with histological bone abnormalities at baseline (N=100), There were NS differences in bone volume in the placebo (N=45, 1.09) or alfacalcidol (N=55, 
1.22), p=0.75 
Osteoid volume: decreased significantly in alfacalcidol (N=55, -0.30, p<0.001 from baseline) NS change in placebo (N=45, 0.09), p=0.005 between groups 
Osteoid surface: decreased significantly in alfacalcidol (N=55, -6.85, p<0.01 from baseline) NS change in placebo (N=45, 1.35), p=0.008 between groups 
Osteoblast surface: decreased significantly in alfacalcidol (N=55, -0.54, p<0.01 from baseline) NS change in placebo (N=45, 0.37), p=0.009 between groups 
Osteoclast surface: NS change in alfacalcidol (N=55, -0.30) NS change in placebo (N=45, 0.17), p=0.002 between groups 
 
Mineral apposition rate: NS changes in alfacalcidol or placebo and NS between groups (p=0.34) 
 
Bone formation rate: decreased significantly in alfacalcidol (N=55, -4.66, p<0.05 from baseline) NS change in placebo (N=45, 0.51), p=0.15 NS between groups 
 
Osteomalacia 
In people with histological bone abnormalities at baseline (N=100), Osteomalacia improved in people taking alfacalcidol as the number of osteoid lamellae 
decreased (N=55, -0.73) whereas the number of osteoid lamellae increased in the placebo group (N=45, 0.32), p=0.002. 
 
Bone resorption: 
In people with histological bone abnormalities at baseline (N=100), Bone resorption decreased in people taking alfacalcidol compared with placebo. The eroded 
bone surface significantly decreased in the alfacalcidol group (N=55, -3.76 eroded surface), while it increased in the placebo group (N=45, eroded surface +0.45), 
p=0.04. Also, alfacalcidol (-0.86 active eroded surface) was associated with a significant decrease of active eroded surface compared with placebo (+0.49 active 
erode surface), p=0.0006. 
 
Assessment of bias: ITT analysis only for biochemical analysis, not bone histology, European multicentre trial, applicable to people with mild/moderate CKD with 
subclinical/early bone disease, no discussion of concealment. 
Ref ID: 428         
Reference Study type/ 

Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 

Nordal KP, Dahl 
E. Low dose 
calcitriol versus 
placebo in 
patients with 
predialysis 
chronic renal 
failure. Journal 
of Clinical 
Endocrinology & 

RCT 1+ 
 
Randomised, 
double-blind 
prospective 
study 
 
1 centre 
Norway 
 

N =30 
 
Drop out rate 
9.9% in 1,25- 
dihydroxyvitamin 
D3,  
9.9% in placebo  
 
 

Inclusion criteria: 
consecutive non-
dialysed people with 
serum creatinine > 
180 micromol/l and 
stable renal function 
for previous 4 
months.   
 
Exclusion criteria: 

N=14 
Calcitriol (1,25- 
dihydroxyvitamin D3) 
 
Procedure: People 
randomised to 1,25- 
dihydroxyvitamin D3 
 (0.25 microg/day for 
the first 14 days, and 
then 0.5 microg/day for 

N=14 
placebo 
 
 

8 
months 

Serum Ca 
P 
iPTH 
CrCl 
Alkaline 
phosphatase 
(ALP) 
 
Bone indices  
 

Norwegian 
Research 
Council for 
Science 
and the 
Humanities 
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Metabolism. 
1988; 
67(5):929-936. 
Ref ID: 428 

No ITT  not stated 
 
Baseline 
characteristics: 
Creatinine range 
186-840 micromol/l. 
NS differences 
between 2 groups 
for age (48 years), 
creatinine, Ca, 
ionised Ca, P, ALP, 
PTH, bone 
histomorphometric 
measures 

duration of study) or 
placebo. Treatment 
was stopped if 
hypercalcemia occurred 
(Ca > 2.7 mmol/l), and 
then once levels were 
normal, treatment 
resumed at half the 
previous dose. Other 
drugs for disease 
management permitted. 
Serum creatinine, P, Ca 
, ALP, PTH (mid-region 
radioimmunoassay) 
and CrCl (24-h urine 
collection) measured at 
baseline and at 1, 2, 4, 
6, weeks and then once 
monthly thereafter. A 
transiliac crest bone 
biopsy was performed 
at baseline and at end 
of the study.  

Mineralisation 
 
Adverse 
Events: 
hypercalcaemia 
 
 

Effect size 
NS difference in cumulative or daily dose of phosphate binders between placebo or calcitriol. 
Median values of most bone indices were within normal range in both trial arms. 
 Normal range:  Ca  2.2-2.6 mmol/l ; P 0.8 to 1.6 mmol/l ; ALP 60-180 U/l; PTH <0.6 microg/l 
 
Adverse Events: 
8 patients on 1,25- dihydroxyvitamin D3 had hypercalcemia. There was no discussion of hypercalcemia in placebo group.   
 
Serum Ca: 
Median serum calcium significantly increased in people taking 1,25- dihydroxyvitamin D3 (N=14, 2.30 mmol/l at baseline to 2.50 mmol/l at 8 months, p<0.01), 
whereas Ca decreased significantly in the placebo group (N=14, 2.40 mmol/l at baseline and 2.30 mmol/l at 8 months).  P<0.01 for end of study values in placebo 
versus 1,25- dihydroxyvitamin D3 . 
 
Serum P: 
Median serum P did NS change in either the placebo or 1,25- dihydroxyvitamin D3 groups. 8 patients in each group took aluminium-containing phosphate binders. 
 
Serum iPTH: 
Median serum iPTH decreased significantly from baseline to 8 months treatment with 1,25- dihydroxyvitamin D3 (N=14, 1.33 at baseline to 0.98 microg/l at 8 
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months, p<0.01). In the placebo group iPTH significantly increased (N=14, 0.94 at baseline to 1.37 microg/l at 8 months, p<0.01).   
 
Serum alkaline phosphatase (ALP) 
Median serum ALP decreased significantly in people taking 1,25- dihydroxyvitamin D3 (N=14, 201 U/l at baseline to 155 U/l at 8 months, p<0.05). By contrast, ALP 
did NS change in the placebo group (209 U/l at baseline to 200 U/l at 8 months, NS). P<0.05 for end of study values in placebo versus 1,25- dihydroxyvitamin D3. 
 
Change in CrCl: 
After 8 months, median CrCl decreased in both placebo (approx. – 5 ml/min estimated from Figure 1) and 1,25- dihydroxyvitamin D3 (approx. – 5 ml/min estimated 
from Figure 1) groups, but there were NS differences between treatments. 
 
Bone Indices: 
Bone volume: NS change in bone volume in placebo or  1,25- dihydroxyvitamin D3 groups. Both groups within normal reference range (13-32%). 
 
Osteoid volume: significantly decreased in the 1,25- dihydroxyvitamin D3 group (5% at baseline to 3% after 8 months, p<0.01) but not in the placebo group (8% at 
baseline to 6% at 8 months, NS). P<0.01 for end of study values in placebo versus 1,25- dihydroxyvitamin D3. 
 
Osteoid thickness significantly decreased in the 1,25- dihydroxyvitamin D3 group (9.6 micometer at baseline to 6.1 micrometer after 8 months, p<0.01) but not in the 
placebo group (9.0 micrometer at baseline to 10 micrometer at 8 months, NS). 
 
Osteoid surface significantly decreased in calcitriol group (p<0.05 change from baseline and p<0.01 compared with placebo), whereas there was NS change in the 
placebo group. 
 
Eroded surface significantly decreased in calcitriol group (p<0.05 change from baseline and p<0.05 compared with placebo), whereas there was NS change in the 
placebo group. 
 
Osteoclast surface significantly decreased in calcitriol group (p<0.01 change from baseline and p<0.01 compared with placebo), whereas there was NS change in 
the placebo group. 
 
Bone formation rate significantly decreased in calcitriol group (p<0.01 change from baseline and p<0.05 compared with placebo), whereas there was NS change in 
the placebo group. 
 
Bone mineralization: 
Mineralization surface: significantly decreased in the calcitriol group (12% at baseline to 6.5% at 8 months, p<0.01) and significantly increased in placebo group 
(10% at baseline to 19% at 8 months, p<0.01 compared with end value of calcitriol treatment).  
 
Mineral apposition rate: significantly decreased in calcitriol group (0.53 micrometer/day at baseline to 0.44 micrometer/day at 8 months, p<0.05). There was NS 
change in the placebo group ((0.55 micrometer/day at baseline to 0.50 micrometer/day at 8 months).  
 
Doubly labelled trabecular surfaces: NS decrease in 1, 25- dihydroxyvitamin D3 and a NS increase in placebo group. Neither group was significantly different from 
normal controls 
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Singly labelled trabecular surfaces: significant decrease in calcitriol group (p<0.01 from baseline). NS increase in placebo group. 
 
Note: authors caution about dosing with calcitriol due to hypercalcemia. Must monitor Ca and CrCl closely.  
Assessment of bias: no ITT analysis. 

Ref ID: 4010         
Reference Study type/ 

Evidence 
level 

Number of 
patients 

Patient 
characteristics 

Intervention Comparison Length 
of 
follow-
up 

Outcome measures Source  
of  
funding 

Przedlacki J, 
Manelius J, 
Huttunen K. 
Bone mineral 
density 
evaluated by 
dual-energy X-
ray 
absorptiometry 
after one-year 
treatment with 
calcitriol started 
in the 
predialysis 
phase of chronic 
renal failure. 
Nephron. 1995; 
69(4):433-437. 
Ref ID: 4010 

RCT 1+ 
 
Randomised, 
double-blind 
prospective 
study 
 
1 centre 
Finland 
 
No ITT  

N =26 
 
N=25 completed 
the study 
 
Drop out rate 
0% in 1,25- 
dihydroxyvitamin 
D3,  
7% in placebo  
 
 

Inclusion 
criteria: 
consecutive non-
dialysed people 
with GFR < 51.2 
ml/min, age < 70 
years.  
 
Exclusion 
criteria: 
pregnancy, renal 
stones, 
hypercalcemia 
(Ca > 2.6 mmol/l), 
diabetes,  GI 
diseases, 
treatment with 
anticonvulsants, 
anticoagulants, 
vitamin D 
metabolites, 
steroids  
 
Baseline 
characteristics: 
NS differences 
between placebo 
and calcitriol 
groups for clinical 
and biochemical 
results, baseline 

N=13 
Calcitriol (1,25- 
dihydroxyvitamin D3) 
 
Procedure: Patients 
randomised to 1,25- 
dihydroxyvitamin D3 
 (0.25 microg/day 
steady dose) or 
placebo. Patients 
were on a low-protein 
(0.6g/kg) and low-
phosphate (800 
mg/day) diets. 
Calcium acetate (0.75-
1.5 g/day phosphate 
binder) prescribed to 
all patients when Ca < 
2.6 mmol/l, P > 0.8 
mmol/l). Other drugs 
for disease 
management 
permitted. BMD of 
lumbar spine (L2-L4), 
femoral neck, Ward’s 
triangle, and 
trochanter (DEXA) 
determined at 
baseline and at 12 
months.  GFR (99mTc 
DTPA) determined at 

N=12 
placebo 
 
 

12 
months

Serum Ca 
P 
iPTH 
GFR 
Alkaline 
phosphatase (ALP) 
osteocalcin 
 
Bone Mineral 
Density (BMD) 
 
Adverse Events: 
hypercalcaemia 
hyperphosphataemia 
 
 

Hoffmann-
La Roche 
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BMD, or for dose 
of calcium acetate 
phosphate 
binders. Serum 
1,25-
dihydroxyvitamin 
D3 was higher in 
the placebo group 
(p<0.01).   

baseline and at 12 
months. Serum 
creatinine, P, Ca , 
ALP, PTH ( 
radioimmunoassay), 
osteocalcin measured 
at baseline and at 12 
months. Serum Ca 
and P also measured 
monthly.  

Effect size 
 NS difference in cumulative or daily dose of phosphate binders (calcium acetate) between placebo or calcitriol. 
 
Adverse Events: 
1 patient in placebo withdrew due to death from MI. 
 
Dialysis initiated in 2 from placebo group (at 11 and 9 months of the study) and in 1 from the calcitriol group (at 10 months). 
 
Hypercalcaemia (Ca > 2.6 mmol/l): N=2 calcitriol and N= 0 in placebo. Resolved after calcium acetate was stopped for a few days. 
 
Hyperionised calcaemia (blood ionised Ca > 1.29 mmol/l) in N=5 calcitriol and N=3 placebo group. Resolved after calcium acetate was stopped for a few days. 
 
Hyperphosphataemia (P>1.5 mmol/l) occurred in N=3 placebo and N=10 calcitriol (NS between groups).  
 
Bone Mineral Density (BMD): 
BMD of the lumbar spine L2-L4 significantly increased in the calcitriol group (N=13, mean BMD 1.111 g/cm2 at baseline to 1.133 g/cm2 at 12 months, p<0.001). BMD 
of the lumbar spine L2-L4 significantly decreased in the placebo group (N=12, mean BMD 1.214 g/cm2 at baseline to 1.201 g/cm2 at 12 months, p<0.05). 
The change in BMD of the lumbar spine was significantly different between the calcitriol (+0.028 g/cm2  or +3.93%/year) and the placebo (- 0.022 g/cm2 or -
0.62%/year, p<0.01) groups. 
 
BMD of the femoral neck significantly increased in the calcitriol group (N=13, mean BMD 0.806 g/cm2 at baseline to 0.832 g/cm2 at 12 months, p<0.001). BMD of the 
femoral neck significantly decreased in the placebo group (N=12, mean BMD 0.860 g/cm2 at baseline to 0.845 g/cm2 at 12 months, p<0.05). 
The change in BMD of the femoral neck was significantly different between the calcitriol (+0.035 g/cm2 or + 3.37%/year) and the placebo (- 0.016 g/cm2 or -
2.17%/year, p<0.001) groups. 
 
There was NS change in the BMD of Ward’s triangle in the calcitriol group, whereas BMD of Ward’s triangle significantly decreased in the placebo group (0.720 
g/cm2 at baseline to 0.702 g/cm2 at 12 months, p<0.05) 
 
BMD of the trochanter significantly increased in the calcitriol group (N=13, mean BMD 0.708 g/cm2 at baseline to 0.724 g/cm2 at 12 months, p<0.05). BMD of the 
trochanter significantly decreased in the placebo group (N=12, mean BMD 0.800 g/cm2 at baseline to 0.783 g/cm2 at 12 months, p<0.05). 
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Serum Ca: 
There were NS changes in mean serum calcium in people taking 1,25- dihydroxyvitamin D3 or placebo.  
 
Serum P: 
Mean serum P did NS change in either the placebo or 1,25- dihydroxyvitamin D3 groups. 
 
Serum iPTH: 
Mean serum iPTH decreased significantly from baseline to 12 months treatment with 1,25- dihydroxyvitamin D3 (N=13, 150 ng/l at baseline to 105.8 ng/l at 12 
months, p<0.05). In the placebo group there were NS changes in iPTH (N=13, 122.6 ng/l at baseline to 151.4 ng/l at 12 months, p not stated).   
 
Serum alkaline phosphatase (ALP) 
Mean serum ALP decreased significantly in people taking 1,25- dihydroxyvitamin D3 (N=13, 165.0 U/l at baseline to 143 U/l at 12 months, p<0.05). ALP did NS 
change in the placebo group. 
 
Serum osteocalcin: 
Mean serum osteocalcin significantly decreased in the calcitriol group (26.3 micromol/l at baseline to 20.0 micromol/l at 12 months, p<0.05). Mean serum osteocalcin 
significantly increased in the placebo group (24.6 micromol/l at baseline to 28.3 micromol/l at 12 months, p<0.05).  
 
Change in GFR: 
After 12 months, mean GFR significantly decreased in both placebo (31.3 ml/min at baseline to 26.3 ml/min at 1 year, p<0.05) and 1,25- dihydroxyvitamin D3 groups 
(21.5 ml/min at baseline to 18.7 ml/min at 1 year, p<0.05) groups, but there were NS differences between treatments. 
 
Assessment of bias: no ITT analysis (but difficult to do this when there is no BMD-DEXA result at the end of the study). No discussion of concealment. 
Ref ID: 4018         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Ritz E, 
Kuster S, 
Schmidt-
Gayk H et 
al. Low-
dose 
calcitriol 
prevents 
the rise in 
1,84 iPTH 
without 
affecting 
serum 

RCT 1+ 
 
Randomise
d, double-
blind 
prospective 
study 
 
multi centre 
in Germany 
 
ITT  

N =52 
 
Drop out 
rate 
11 % in 
Calcitriol,  
17 % in 
placebo  
 
 

Inclusion criteria: 
people with serum 
creatinine > 1.4 mg/dl 
and < 6.5 mg/dl and 
iPTH > 6 pmol/l on 3 
separate occasions.  
 
Exclusion criteria: 
proteinuria > 3.5 g/day, 
diabetes, 
immunosuppressive 
therapy, vitamin D 
deficiency < 10 nmol/l 

N=28 
Calcitriol (1, 25-dihydroxyvitamin 
D3) 
 
Procedure: Participants 
randomised to calcitriol 
 (0.125 microg/day) or placebo.  
Ca carbonate permitted when 
serum P > 1.7 mmol/l and up to 
1.5 g aluminium hydroxide 
permitted if hypercalcaemia > 2.7 
mmol/l. Serum creatinine, P, Ca , 
ALP, osteocalcin, 24-h urine 

N=24 
placebo 
 
 

1 year Serum Ca 
P 
iPTH 
 
Adverse Events: 
hypercalcaemia 
hyperphosphatae
mia 
 
 
 

Hoffma
nn-La 
Roche  
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calcium and 
phosphate 
in patients 
with 
moderate 
renal failure 
(prospectiv
e placebo-
controlled 
multicentre 
trial). 
Nephrol 
Dial 
Transplant. 
1995; 
10(12):222
8-2234. Ref 
ID: 4018 

 

25 (OH) D3, 
anticonvulsant therapy, 
nephrocalcinosis  
 
Baseline 
characteristics: NS 
differences between 
people receiving 
placebo or calcitriol. All 
patients were 
asymptomatic with 
respect to renal bone 
disease and had serum 
Ca < 2.7 mmol/l and P 
< 2.2 mmol/l on three 
separate occasions 
prior to randomisation.  

collections, PTH measured at 
baseline and at the end of the 
study. Ca, P measured every 2 
weeks for the first 6 months, then 
every 3 months for safety 
reasons.  

Effect size 
 
Serum iPTH: 
ITT analysis: N=52 
iPTH decreased from baseline in the calcitriol group (16.2 pmol/l at baseline to 18.2 pmol/l after 12 months, p not given, N=28) whereas iPTH increased from 
baseline in those taking placebo (14.0 pmol/l at baseline to 27.8 pmol/l at 12 months , N=24, p<0.05 between placebo and calcitriol).  
 
Post-hoc analysis (N=45 who completed study) 
NS difference between study end values of iPTH between placebo and calcitriol group. Post-hoc analysis stratifying participants by baseline serum creatinine 
showed NS difference end of study values of iPTH between placebo and calcitriol groups for people with creatinine < 3 mg/dl. In people with creatinine > 3 mg/dl, 
iPTH increased significantly in the placebo group (p<0.05 from baseline), but iPTH did not change in the calcitriol group (p=0.4, NS).  
 
Adverse Events: 
There was no hypercalcaemia (Ca > 2.7 mmol/l on three consecutive occasions) in either calcitriol or placebo groups. 
There was no hyperphosphataemia (P> 2.2 mmol/l on 3 consecutive occasions) in either calcitriol or placebo groups. 
 
N=3 calcitriol had a doubling of serum creatinine. 
 
N=1 calcitriol and N=1 placebo progressed to ESRD during the trial. 
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Serum Ca: 
There were NS differences between the calcitriol (N=24) and the placebo (N=21) group for changes in serum calcium 
 
Serum P: 
There were NS differences between the calcitriol (N=24) and the placebo (N=21) group for changes in serum phosphate.  
 
Assessment of bias: no discussion of concealment. 
Ref ID: 4008         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Rix M, 
Eskildsen P, 
Olgaard K. 
Effect of 18 
months of 
treatment 
with 
alfacalcidol 
on bone in 
patients with 
mild to 
moderate 
chronic renal 
failure. 
Nephrol Dial 
Transplant. 
2004; 
19(4):870-
876. Ref ID: 
4008 

RCT 1+ 
 
Randomise
d, double-
blind 
prospective 
study 
 
1 centre, 
Denmark 
 
Not ITT  

N =36 
 
N=31 
complete
d the 
study 
 
Drop out 
rate 
11% in 
Alfacalcid
ol,  
17% in 
placebo  
 
 

Inclusion criteria: 
people with CrCl 10-60 
ml/min and plasma 
ionised Ca < 1.35 
mmol/l and P < 2.0 
mmol/l.  
 
Exclusion criteria: 
dialysis, renal 
transplantation, use of 
vitamin D analogues, 
immunosuppressive 
agents, anti-epileptics, 
hormone replacement 
therapy.  
 
Baseline 
characteristics: NS 
differences between 
people receiving 
placebo or alfacalcidol 
for sex, age (52.5 
years), Ca, P, iPTH, 
bone ALP, osteocalcin, 
BMD. Mean CrCl was 
49 ml/min (alfacalcidol) 
and 39 ml/min 
(placebo), p<0.05 
 

N=18 
Alfacalcidol (1α-
hydroxycholecalciferol or 1α-
hydroxyvitamin D3 ) 
 
Procedure: Participants 
randomised to alfacalcidol 
 (0.25 microg/day titrated up to 
0.75 microg/day providing NS 
increase in creatinine and no Ca> 
1.35 mmol/l and no P> 2.0 
mmol/l) or placebo.  Serum 
creatinine, iPTH, P, Ca, bone 
specific ALP, osteocalcin, PICP, 
and ICTP measured at baseline 
and every three months. BMD 
(DEXA) of the lumbar spine L2-
L4, total femur, femoral neck, 
distal forearm, and total body 
were determined at baseline and 
every 6 months.  

N=18 
placebo 
 
 

18 
month
s 

Serum Ca 
P 
iPTH 
CrCl 
Osteocalcin  
Bone ALP 
 
Carboxy-terminal 
propeptide of 
type I collagen 
(PICP) 
 
Carboxy-terminal 
telopeptide of 
type-I collagen 
(ICTP) 
 
Bone mineral 
density 
 
Adverse Events: 
hypercalcaemia 
 
 

Not 
stated  
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Effect size 
The mean daily dose of alfacalcidol was 0.44 microg/day with 53% taking 0.5 microg/day, 35% taking 0.25 microg/day, and 12% taking 0.75 microg/day. 
 
Adverse Events: 
Hypercalcaemia occurred in 1 person on alfacalidol and it resolved after decreasing the dose.  
 
Bone Mineral Density 
There was NS change in BMD of the spine from baseline to 18 months treatment with alfacalcidol (+2.9% change, NS) or in placebo (-1.1% change, NS). However, 
there was a significant difference for BMD of the spine in the alfacalcidol versus placebo group (4.2%, p<0.05). 
 
There was NS change in BMD of the femoral neck from baseline to 18 months treatment with alfacalcidol (+1.5% change, NS) or in placebo (-1.5% change, NS). 
However, there was a significant difference for BMD of the femoral neck in the alfacalcidol versus placebo group (4.9%, p<0.05). 
 
There were NS changes in total body BMD in the placebo or the alfacalcidol groups after 18 months treatment. 
 
There were NS changes in forearm BMD in the placebo or the alfacalcidol groups after 18 months treatment. 
 
Serum Ca: 
Mean serum calcium increased significantly in people taking alfacalcidol (N=16, mean Ca 1.20 mmol/l at baseline to 1.24 mmol/l at 18 months), while there were 
NS changes in calcium in people taking placebo (N=15). There was a significant difference of 4.5% between the two groups (p<0.05) 
 
Serum P: 
There were NS changes in serum P in the alfacalcidol or placebo groups.  
 
Serum iPTH: 
iPTH decreased significantly from baseline to 18 months treatment with alfacalcidol (N=16, change iPTH -29% at 3 month and -47% at 9 months, p<0.05 for 3 and 
9 months from baseline), whereas there were NS changes in iPTH in the placebo group (N=15). There was a significant difference between the groups for changes 
in iPTH, p<0.05.  
 
Baseline iPTH < 60 pg/ml: N=7 alfacalidol and N=4 placebo. 
After 18 months treatment iPTH < 60 pg/ml: N=10 alfacalcidol and N=4 placebo. 
 
Serum osteocalcin: 
Osteocalcin significantly decreased by 24% in the alfacalcidol group (N=16, p<0.05 from baseline), whereas there was NS (+25%, NS) change in osteocalcin in the 
placebo group. (p<0.05 between groups). At the end of the study only 1 patient in the alfacalcidol group had osteocalcin levels > reference range (4.2-31.4 ng/ml), 
whereas 6 people in the placebo group had osteocalcin levels exceeding reference ranges.  
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Bone-specific alkaline phosphatase 
Bone ALP significantly decreased by 48% in the alfacalcidol group (N=16, p<0.05 from baseline), whereas there was NS change in ALP in the placebo group. 
 
Plasma PICP: 
There were NS changes in PICP in the placebo or the alfacalcidol groups. 
 
Plasma ICTP: 
There were NS changes in ICTP (bone resorption marker) in the alfacalidol group, whereas ICTP significantly increased by 32% from baseline in the placebo 
group, p<0.05.  
 
Change in CrCl: 
After 18 months, CrCl decreased significantly in both placebo and alfacalcidol groups, but there were NS differences between treatments. 
 
 
Ref ID: 601         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
fundin
g 

Al-Aly Z, 
Quazi RA, 
Gonzalez 
EA et al. 
Changes in 
Serum 25-
Hydroxyvita
min D and 
Plasma 
Intact PTH 
Levels 
Following 
Treatment 
With 
Ergocalcifer
ol in Patients 
With CKD. 
American 
Journal of 
Kidney 
Diseases. 
2007; 

Retrospecti
ve case 
series 
 
Evidence 
Level: 3 
 
1 centre, 
Veterans’ 
Affairs 
Medical 
Centre 
USA 
 
 

N total 
CKD  
=66 
 
N Stage 
3 CKD = 
44 
 
N Stage 
4 CKD = 
22  
 
 
 

Inclusion criteria: men 
with Stage 3 CKD and 
plasma iPTH > 70 ng/l)  
or Stage 4 CKD and  
plasma iPTH > 110 
ng/l.   
 
Exclusion criteria:  
Failure to complete 
follow-up within 12 
months, total Ca > 2.54 
mmol/l, history of 
vitamin D use 
 
Baseline 
characteristics: 
People receiving 
ergocalciferol with 
Stage 3 CKD had 
significantly lower iPTH, 
lower degree of vitamin 
D deficiency, and were 

N=44 Stage 3 CKD  
After treatment with  
Ergocalciferol (vitamin D2 )  
 
After treatment with Ergocalciferol 
(vitamin D2 ) in N=22 Stage 4 
CKD 
 
Procedure: Ergocalciferol (50000 
IU once/week for 12 weeks, then 
once/month for additional 3 
months) was administered to 
people with increased iPTH and 
25-hydroxyvitamin D < 75 nmol/l 
or 30 ng/ml). Serum Ca, P, iPTH 
measured before and after 6 
months of ergocalciferol.  

N=44 Stage 
3 CKD 
Before 
treatment 
with  
Ergocalcifer
ol (vitamin 
D2 )  
 
Before 
treatment 
with 
Ergocalcifer
ol (vitamin 
D2 ) in N=22 
Stage 4 
CKD 
 
 

Median 
6 
months 
(range 
4-12 
months) 

Serum Ca 
 
P 
 
iPTH  
 
Adverse 
Events: 
hypercalcaemia 
hyperphosphata
emia 
 
 

None   
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50(1):59-68. 
Ref ID: 601 

administered 
phosphate binders less 
than people with Stage 
4 CKD receiving 
ergocalciferol.  Mean 
age (Stage 3= 71.7 
years, Stage 4= 67.5 
years). Mean eGFR 
MDRD (Stage 3 = 45.7 
Stage 4 = 22.2 
ml/min/1.73m2)  
 
 

Effect size 
Serum iPTH: 
In the total group (N CKD =66), iPTH significantly decreased after 6 months of ergocalciferol treatment (231 pg/ml pre-ergocalciferol iPTH to 193 pg/ml post-
ergocalciferol, p<0.005). 
 
In the Stage 3 CKD group (N=44) iPTH significantly decreased after 6 months of ergocalciferol treatment (174 pg/ml pre-ergocalciferol iPTH to 136 pg/ml post-
ergocalciferol, p<0.005). 
 
In the Stage 4 CKD group (N=22) there was NS change in iPTH after 6 months of ergocalciferol treatment (345 pg/ml pre-ergocalciferol iPTH to 306 pg/ml post-
ergocalciferol, p=0.195, NS). 
 
Serum Ca: 
Mean serum calcium did NS change after 6 months treatment with ergocalciferol in the whole group (N=66), Stage 3 CKD alone (N=44) or Stage 4 CKD alone 
(N=22).  
 
Serum P: 
Mean serum phosphorus did NS change after 6 months treatment with ergocalciferol in the whole group (N=66), Stage 3 CKD alone (N=44) or Stage 4 CKD alone 
(N=22).  
 
Adverse Events: 
There were no cases of hypercalcaemia before or after ergocalciferol. 
There were no cases of hyperphosphataemia before or after ergocalciferol. 
 
Note: Small N of people with Stage 4 CKD, therefore may not have the power to detect changes in iPTH in this subgroup. Results applicable to older men (average 
age 70 years). Also this was not an RCT, rather an observational study of parameters before and after ergocalciferol treatment.  
 
Ref ID: 4006         
Reference Study type/ Number of Patient Intervention Comparison Length Outcome Source  
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Evidence level patients characteristics of 
follow-
up 

measures of  
funding 

Baker LR, 
Abrams L, Roe 
CJ et al. 
1,25(OH)2D3 
administration in 
moderate renal 
failure: a 
prospective 
double-blind 
trial. Kidney 
International. 
1989; 
35(2):661-669. 
Ref ID: 4006 

RCT 1 - 
 
Randomised, 
double-blind 
prospective 
study 
 
No baseline 
characteristics, 
little statistical 
analysis, no 
detail on 
randomisation 
method, small 
trial 
 
1 centre USA 
 
No ITT  

N =13 
 
Drop out rate 
12.5% in 1,25- 
dihydroxyvitamin 
D3,  
25% in placebo  
 
 

Inclusion criteria: 
people with CrCl 20-
60 ml/min  
 
Exclusion criteria: 
pregnancy, 
hypercalcemia, 
renal stones, poorly 
controlled 
hypertension, GI, or 
liver disease, 
urinary protein 
excretion > 3g/day, 
psychosis, 
tetracycline allergy, 
use of 
anticonvulsants, 
heparin, 
corticosteroids, 
vitamin D 
metabolites within 
the previous 6 
months.  
 
Baseline 
characteristics: not 
discussed or 
presented in a table 

N=7 
1,25-dihydroxyvitamin 
D3  
 
Procedure: Ca 
supplements provided to 
ensure an intake of 800 
mg/day. Patients 
randomised to 1,25- 
dihydroxyvitamin D3 
 (0.25 microg/day and 
doubled after 4-8 weeks 
providing Ca < 2.6 
mmol/l and urinary Ca < 
7 mmol/24-h.) 
Treatment was stopped 
if hypercalcemia 
occurred, and then once 
levels were normal, 
treatment resumed at 
half the previous dose. 
Other drugs for disease 
management permitted. 
Serum creatinine, P, Ca 
(corrected for albumin), 
ALP, PTH (C-terminal 
radioimmunoassay) and 
CrCl measured at 
baseline and every 
month. Transiliac crest 
bone biopsies were 
performed at baseline 
and at end of the study 
and samples were 
subjected to phase 
contrast and fluorescent 
light microscopy.  

N=6 
placebo 
 
 

1 year Serum Ca 
P 
iPTH 
CrCl 
Alkaline 
phosphatase 
(ALP) 
 
Bone structure 
 
Bone formation 
 
Bone resorption 
 
Mineralisation 
 
Adverse 
Events: 
hypercalcaemia 
 
 

Dialysis 
Clinics 
Inc.  
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Effect size 
Retrospective analysis of bone biopsy showed that, at baseline, people had evidence of abnormal bone histology.  
Normal range:  Ca < 2.62 mmol/l ; P < 1.65 mmol/l ; ALP 110 IU/ml; PTH <0.9 microg/ml 
 
Adverse Events: 
No participants reported adverse events. 
 
Withdrawals: 12.5% (N=1/8 for tetracycline hypersensitivity) of people on 1,25- dihydroxyvitamin D3 and 25% of people on placebo (N=2/8, MI and no satisfactory 
bone biopsy).  
 
4 patients on 1,25- dihydroxyvitamin D3 had hypercalcemia upon receiving 0.5 microg/d vit D, but resolved within 1 week of stopping treatment. 1 patient on placebo 
had 1 episode of hypercalcemia.  
 
Serum Ca: 
Mean serum calcium was higher in people taking 1,25- dihydroxyvitamin D3 (2.47 mmol/l at baseline to 2.53 mmol/l at 12 months), compared with placebo (2.48 
mmol/l at baseline and 2.45 mmol/l at 12 months) but there were NS differences between them.  
 
Serum P: 
Mean serum P increased in the placebo group (1.12 mmol/l at baseline to 1.24 mmol/l at 12 months) and decreased slightly in the people taking 1,25- 
dihydroxyvitamin D3 (1.40 to 1.37mmol/l).  
 
Serum iPTH: 
Mean serum iPTH decreased NS from baseline to 12 months treatment with 1,25- dihydroxyvitamin D3 (0.87 at baseline to 0.63 microg/l at 12 months, NS). There 
was NS change in iPTH in the placebo group (0.67 at baseline to 0.60 microg/l at 12 months, NS).   
 
Serum alkaline phosphatase (ALP) 
Mean serum ALP decreased significantly in people taking 1,25- dihydroxyvitamin D3 (73.7 IU/ml at baseline to 56.6 IU/ml at 12 months). By contrast, ALP did NS 
change in the placebo group (72.3 IU/ml at baseline to 75.5 IU/ml at 12 months). 
 
Change in CrCl: 
After 12 months, mean CrCl decreased in both placebo (-4.5 ml/min) and 1,25- dihydroxyvitamin D3 groups (-3.3 ml/min, NS between treatments). 
 
Bone structure: 
There was NS differences between placebo and 1,25- dihydroxyvitamin D3 groups for cancellous bone mass, trabecular diameter, trabecular plate density, wall 
thickness.  
 
Bone formation 
Lamellar osteoid volume (6.27 mm3/cm3 baseline to 6.49 mm3/cm3 at 12 months) did NS change in the placebo group, whereas lamellar osteoid volume significantly 
decreased in the  1,25- dihydroxyvitamin D3 group (4.66 mm3/cm3 baseline to 2.21 mm3/cm3 at 12 months, p<0.05 within group and compared to placebo) 
 
Lamellar osteoid surface did NS change in either the placebo or the 1,25- dihydroxyvitamin D3 groups. 
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Mean osteoid seam thickness significantly decreased in the 1,25- dihydroxyvitamin D3 group (9.47 micrometer at baseline to 6.98 micrometer at 12 months, P<0.05 
within group and compared with placebo). There was NS change in osteoid seam thickness in the placebo group.  
 
Woven osteoid volume significantly decreased in the 1,25- dihydroxyvitamin D3 group (1.95 mm3/cm3 at baseline to 0.76 mm3/cm3 at 12 months, p<0.05). By 
contrast, woven osteoid volume significantly increased in the placebo group (0.58 mm3/cm3 at baseline to 2.27 mm3/cm3 at 12 months, p<0.05). Both groups were 
significantly higher at baseline than normal age and sex matched controls.  
 
Woven osteoid surface significantly decreased in the 1,25- dihydroxyvitamin D3 group (4.20% at baseline to 2.06% at 12 months, p<0.05, whereas it significantly 
increased in the placeo group (1.56% at baseline to 5.04% at 12 months, p<0.05). Both groups were significantly higher at baseline than normal age and sex 
matched controls.  
 
Bone resorption: 
Bone-osteoblast interface significantly decreased in the 1,25- dihydroxyvitamin D3 group (6.18% at baseline to 1.81% at 12 months, p<0.05). There were NS 
changes in bone-osteoblast interface in the placebo group (7.18% to 8.28%). Both groups had significantly higher baseline values than age and sex matched normal 
controls.  
 
Osteoblastic index significantly decreased in the 1,25- dihydroxyvitamin D3 group (429 cells/100 mm boundary length at baseline to 127 cells/100 mm boundary 
length at 12 months, p<0.05 within group and compared to placebo). There were NS changes in osteoblastic index in the placebo group (7.18 to 8.28 cells/100 mm 
boundary length). Both groups had significantly higher baseline values than age and sex matched normal controls.  
 
Bone-osteoclast interface decreased in both groups, but the changes were NS. Both groups had significantly higher baseline values than age and sex matched 
normal controls.  
 
Osteoclastic index decreased in both groups, but the changes were NS. Both groups had significantly higher baseline values than age and sex matched normal 
controls.  
 
Bone mineralization: 
Mineralization rate: NS differences between the placebo and 1,25- dihydroxyvitamin D3 groups. Neither group was significantly different from normal controls.  
 
Doubly labelled trabecular surfaces: NS decrease in 1, 25- dihydroxyvitamin D3 and a NS increase in placebo group. Neither group was significantly different from 
normal controls.  
 
Note: authors caution about dosing at 0.5 microg/day with 1,25- dihydroxyvitamin D3 due to hypercalcemia. Must monitor Ca and CrCl closely.  
Assessment of bias: no ITT analysis, no discussion of differences in baseline characteristics between 2 trial arms, applicable to people with mild/moderate CKD with 
subclinical/early bone disease, no discussion of concealment. 
Ref ID: 480         
Reference Study type/ 

Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length 
of 
follow-
up 

Outcome 
measures 

Source  
of  
funding 
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Christiansen 
C, Rodbro 
P, 
Christensen 
MS et al. 
Deterioration 
of renal 
function 
during 
treatment of 
chronic renal 
failure with 
1,25-
dihydroxych
olecalciferol. 
Lancet. 
1978; 
2(8092:Pt 
1):700-703. 
Ref ID: 480 

RCT 1- 
 
Randomised, 
prospective 
study 
 
1 centre 
Denmark 
 
No ITT 
No 
concealment 
mentioned 
No blinding 
mentioned 
No 
assessment 
of statistical 
power.  

N =18 
 
N=17 
complete
d the 
study 
 
Drop out 
rate 11 % 
in 1,25- 
dihydroxy
vitamin 
D3,  
0 % in 
vitamin 
D3  
 
 

Inclusion criteria: 
consecutive non-dialysed 
patients with chronic 
renal failure and stable 
renal function for 1 year 
and fulfilling at least 2 of 
the following 3 criteria: 
bone mineral content < 
90% of normal, Ca < 
normal minus 1 S.D., and 
ALP > normal plus 1 S.D. 
 
Exclusion criteria: 
history of renal stones, 
liver or GI disease, 
treatment with 
corticosteroids or 
cytostatic drugs  
 
Baseline 
characteristics: NS 
differences between 
vitamin D3 and calcitriol 
groups for clinical and 
biochemical results, 
BMC. Also NS 
differences in the 
spontaneous course of 
renal disease. 

N=8 
Calcitriol (1,25- 
dihydroxyvitamin D3) 
 
Procedure: Patients were 
observed for 6 months to 
determine the spontaneous 
course of renal disease. 
People then randomised to 
1,25- dihydroxyvitamin D3 
 (1 microg/day) or vitamin D3 
(4000 UI/day) with dose 
adjustment according to 
serum Ca (measured 
3x/week until Ca < 110 mg/l 
achieved). All patients 
received 0.5g Ca 
supplements daily. CrCl (24-
h urine collections), bone 
mineral content (photon 
absorptiometry) and  serum 
creatinine, P, Ca , ALP, PTH 
( N-terminal and C-terminal 
radioimmunoassays), 
measured 6 months before 
baseline, at baseline and 
after 6 months of active 
treatment.  

N=9 
vitamin D3 
(25- 
hydroxyvitamin 
D3) 
 
 

6 
months

Serum Ca 
P 
iPTH 
CrCl 
Alkaline 
phosphatase 
(ALP) 
 
Bone mineral 
content (BMC) 
 
 
 

Danish 
Medical 
Research 
Council, 
Hoffmann-
La Roche 

Effect size 
The daily dose of 1,25- dihydroxyvitamin D3 had to be reduced in 7/8 patients due to hypercalcaemia(four to 0.5 microg/day and three to 0.25 microg/day). No 
reduction of dose was required in the group receiving vitamin D3. 
 
Adverse Events: 
1 patient on 1,25- dihydroxyvitamin D3 died (bronchopneumonia). 
 
Bone Mineral Content (BMC) 
After 6 months of treatment, there were NS changes in BMC in either the 1,25- dihydroxyvitamin D3 (N=8, mean change BMC =0.8%, NS)  or the 25- hydroxyvitamin 
D3 groups (N=9, mean change BMC -2.2%, NS) (p NS between groups).  
 
Serum Ca: 



 

        Page 359 of 377  

After six months of treatment, mean serum calcium increased significantly in  people taking 1,25- dihydroxyvitamin D3 (N=8, mean change Ca +12.1 mg/l, p<0.01), 
whereas there were NS changes in mean Ca in people taking vitamin D3 (N=9, mean change Ca + 2.2 mg/l, NS). P<0.01 for changes between the two groups. 
 
Serum P: 
Mean serum P did NS change in either the vitamin D3 or 1,25- dihydroxyvitamin D3 groups.  
 
Serum iPTH: 
After 6 months treatment, mean  iPTH decreased significantly in both the 1,25- dihydroxyvitamin D3 group (N=8, mean change iPTH -0.24 microg/l,  p<0.02) and the 
vitamin D3 group (N=9 mean change iPTH -0.15 microg/l, p<0.02).  p NS for changes in iPTH between groups. 
 
Serum alkaline phosphatase (ALP) 
Mean serum ALP decreased significantly in people taking 1,25- dihydroxyvitamin D3 (N=8, mean change ALP -2.1 K.A.U./dl, p<0.01). By contrast, ALP did NS 
change in the vitamin D3 group. There were NS differences between the groups for change in ALP. 
 
Change in CrCl: 
After 6 months treatment, mean CrCl significantly decreased in both the vitamin D3 (N=9, mean change CrCl -3.3 ml/min, p<0.02) and the 1,25- dihydroxyvitamin D3 
groups (N=8, mean change CrCl -5.7 ml/min, p<0.01).  There were NS differences between treatments. 
 
Assessment of bias: no ITT analysis. No discussion of concealment. NO discussion of blinding. No assessment of statistical power. 
 
 
 
 

CHAPTER 14-CKD GUIDELINE 
 

CONTENTS: 
 
14.1. ANAEMIA IDENTIFICATION IN PEOPLE WITH CKD 
 
14.1. ANAEMIA IDENTIFICATION IN PEOPLE WITH CKD 
No evidence 
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CHAPTER 15-CKD GUIDELINE 
 
 
CONTENTS: 
 
15.1. INFORMATION, EDUCATION AND SUPPORT FOR PEOPLE WITH CKD AND THEIR CARERS 
 
15.2. AVAILABLE TOOLS TO AID IDENTIFICATION AND MAXIMISE EFFECTIVENESS OF TREATMENT AND MANAGEMENT OF 
CKD 
 
15.1. INFORMATION, EDUCATION AND SUPPORT FOR PEOPLE WITH CKD AND THEIR CARERS 
What information, education, and support are needed for CKD patients and their carers to understand and cope with the diagnosis, treatment and 
outcome of CKD? 
Ref ID: 4049         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Manns BJ, 
Taub K, 
Vanderstraet
en C et al. 
The impact 
of education 
on chronic 
kidney 
disease 
patients' 
plans to 
initiate 
dialysis with 
self-care 
dialysis: a 
randomized 
trial. Kidney 
International
.  2005; 
68(4):1777-
1783. Ref 

RCT 
Open 
label  
1 + 
 
1 centre, 
Canada 
 
 80% 
power, 
blinded, 
randomis
ed, 
allotment 
conceale
d, not 
ITT, not  

N = 70  
 
1/35 = 
3% drop-
out in 
control 
group 
and 7/35 
= 20% 
drop out 
in 
educatio
n group 

Inclusions: people with 
CKD and eGFR < 30 
ml/min/1.73 m2 and seen at 
least once in the pre-
dialysis renal clinic. 
 
Exclusion: cognitive 
dysfunction, non-English-
speaking, people who could 
not do own activities of 
daily living, currently on 
dialysis  
 
Baseline population 
characteristics: NS 
differences between groups 
for age (64.4 years), 
gender, comorbid 
conditions (CHF, CHD, 
PVD, stroke, diabetes), 
MDRD eGFR (20.4 in 

Standard care + 2 phase 
educational intervention 
N=35 
 
Protocol: Patients were 
randomised to standard care 
(teaching about kidney 
disease, dietary instruction, 
and different dialysis 
modalities) or 2 phase 
education + standard care. 
The 2-phase education 
consisted of booklets 
discussing 
advantages/disadvantages of 
self-care dialysis and in depth 
information on self-care 
dialysis modalities. A 15 
minute video on dialysis 
modalities was presented. In 
the second phase, 2 weeks 

Standard care  
(control group) 
N=35 
 
Protocol: as for 
intervention 

1 month Intent to start 
home-care 
dialysis 

Souther
n 
Alberta 
Renal 
Program
, 
Calgary 
Health 
Trust 
Funds 
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ID: 4049 education group vs 20.3 
ml/min/1.73m2 in control 
group, NS) 

later, a 90 minute group 
discussion of self-care 
dialysis consisting of 3-6 
patients, a nephrologist, and 
predialysis nurse was done.  
A questionnaire assessing 
intent to start home care 
dialysis was given at baseline 
(both groups), at week 2 after 
the education session 
(education group only) and at 
week 4 (both groups)  

Effect size 
Intention to start self-care dialysis: 
At baseline there was NS differences (p=0.6) between the education + standard care group (57.1% intend to start self-care dialysis, N=35) compared with the 
standard care group (48.6% intend to start self-care dialysis, N=35) for patients’ intention to start self-care dialysis.  
At study end, significantly more people in the education (post phase 2) + standard care group (82.1% intend to start self-care dialysis, N=28) intended to start self-
care dialysis compared with the standard care group (50% intend to start self-care dialysis, N=34) for patients’ intention to start self-care dialysis (p=0.015).  
There was NS difference (p=0.2) between the education (post phase 1) + standard care group (66.7% intend to start self-care dialysis, N=30) compared with the 
standard care group at study end (50% intend to start self-care dialysis, N=34) for patients’ intention to start self-care dialysis.  
 
Long term follow-up: 
Patients followed up for mean 339 days. 10 in total started dialysis: 7 in control and 3 in the intervention group. Importantly, 9/10 patients who started dialysis started 
the modality they had selected as their planned choice. Thus, the primary outcome was a reliable surrogate marker for the modality eventually selected by the 
patient.  4/7 controls started self-care dialysis. 2/3 intervention started self-care dialysis.  
 
Note: no blinding, not ITT, underpowered as they needed 30 to 40 people in each arm, and the intervention group only had 28 completing the trial.  
 
Ref ID: 4053         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Inaguma D, 
Tatematsu 
M, Shinjo H 
et al. Effect 
of an 
educational 
program on 
the 

Retrospe
ctive 
cohort 
study 
2 + 
 
1 centre, 
Japan 

N = 176 
 
 

Inclusions: Retrospective 
study of people initiating 
dialysis from 2002-2005 in 
a renal unit 
 
Exclusion: rapidly 
progressive 
glomerulonephritis, acute 

educational intervention 
N=70 
 
Protocol: Patients initiating 
dialysis were retrospectively 
reviewed and grouped into 
those who had received 
predialysis education and 

No educational 
intervention  
(control group) 
N=106 
 
Protocol: as for 
intervention 

Retrospecti
ve study of 
people 
initiating 
dialysis 
from 2002-
2005 

Hospitalisatio
n 
 
Planned 
initiation of 
RRT (defined 
as  a patient 
managed by 

Not 
stated 
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predialysis 
period for 
patients with 
chronic renal 
failure. 
Clinical & 
Experimenta
l 
Nephrology. 
2006; 
10(4):274-
278. Ref ID: 
4053 

 
  

renal failure 
 
Baseline population 
characteristics: NS 
differences between groups 
for age (67 years), gender, 
cause of CKD, BMI, CrCl 
(7.3 ml/min in education 
group vs 6.9 ml/min in no 
education group, NS). Total 
protein, albumin, 
haemoglobin, and 
hematocrit were 
significantly higher in the 
education group than the 
no education group at start 
of RRT.  

those who did not receive 
predialysis education. 
Predialysis education 
consisted of 4 hours of 
lectures (10 patients/group) 
from dieticians, nurses, 
nephrologists on renal 
function, chronic renal failure, 
treatment, daily-life 
instructions, explanations of 
different dialysis modalities, 
dialysis therapy, dietary 
therapy, medical expense 
and welfare systems. Those 
patients who did not receive 
education did so because 
dialysis had to be started 
before the next education 
program slot or the patient did 
not want to attend the 
education course. In this 
control group, standard 
dialysis information was 
provided by the attending 
physician if requested by the 
patient.  

a 
nephrologist 
for > 3 
months and 
in whom 
blood access 
or a 
peritoneal 
catheter had 
been created 
or in place 2 
weeks before 
initiation) 
 
Emergent 
initiation of 
RRT 
 
Use of 
double-lumen 
catheter for 
dialysis 
 
Selection of 
treatment 
modality 

Effect size 
 
Planned initiation of RRT  
Significantly more people in the predialysis education group (approx 65%, N=70) had a planned initiation of RRT compared with those who did not receive education 
(approx. 35%, N=106, p=0.001 between groups). 
 
Emergent initiation: 
Significantly fewer people in the predialysis education group (approx 35%, N=70) had an emergent (emergency??) initiation of RRT compared with those who did not 
receive education (approx. 65%, N=106, p=0.001 between groups). 
 
Use of double-lumen catheter for dialysis 
Significantly fewer people in the predialysis education group (approx 5%, N=70) used a double-lumen catheter for hemodialysis compared with those who did not 
receive education (approx. 25%, N=106, p<0.0003 between groups). 
 
Selection of treatment modality: 
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NS differences between groups for choice of haemodialysis (90% in education group versus 95% in no education group, p=0.126). 
NS differences between groups for choice of peritoneal dialysis (10% in education group versus 5% in no education group, p=0.126). 
No patient chose to have a renal transplant. 
 
Duration of hospitalisation for purpose of creating an access and starting dialysis: 
People who received predialysis education spent significantly fewer days in hospital in the initiation period of RRT (mean 21.2 days, N=70) compared with those who 
did not receive education (mean 33.3 days, N=106, p=0.001 between groups) 
 
Note: Bias: due to voluntary participation in education program these patients could have already understood the details of their disease, and could have maintained 
their health better prior to dialysis initiation than those who did not participate in the education sessions. Retrospective cohort study 
 
Ref ID: 4065         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Levin A, 
Lewis M, 
Mortiboy P 
et al. 
Multidisciplin
ary 
predialysis 
programs: 
quantificatio
n and 
limitations of 
their impact 
on patient 
outcomes in 
two 
Canadian 
settings. 
American 
Journal of 
Kidney 
Diseases. 
1997; 
29(4):533-
540. Ref ID: 

cohort 
study 
2 + 
 
1 centre, 
Vancouv
er,  
Canada 
 
(ignored 
the 
Toronto 
study as 
irrelevant 
outcome) 
 
  

N = 76 
 
 

Inclusions: people initiating 
dialysis from 1992-1995 in 
a renal unit at St. Paul’s 
Hospital, Vancouver, 
Canada.  
 
Exclusion: changed dialysis 
modality, failed transplants, 
unresolved acute renal 
failure, known to 
nephrologists < 4 months 
 
Baseline population 
characteristics: NS 
differences between groups 
for age, proximity to 
Vancouver, creatinine 
levels at initiation of 
dialysis.  

Clinic-based education  
N=37 
 
Protocol: Patients entered a 
predialysis clinic education 
program or received standard 
care. The clinic education 
program consisted of 
discussions with a nurse 
educator, physician, social 
worker, and nutritionist about 
renal function, BP, bone 
disease, diet therapy over 
multiple visits. Frequency of 
clinic visits and lab tests 
dictated by severity of renal 
disease. Mean time spent by 
patients was 15-33 
hours/year of renal 
insufficiency. Those patients 
who did not receive clinic-
based education were 
managed according to local 
practice and seen by 
nephrologists/GPs for 30-60 

Standard care  
(control group) 
N=39 
 
Protocol: as for 
intervention 

initiating 
dialysis 
from 1992-
1995 

Hospitalisatio
n days 
 
Urgent 
dialysis start 
 
Percent 
patients 
training as 
outpatients 
 
Selection of 
treatment 
modality 
 
 
 

Not 
stated 
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4065 min at regular intervals (7-15 
hours/year of renal 
insufficiency). Both groups 
received educational videos 
on dialysis modes and 
demonstrations of the various 
dialysis modalities.  

Effect size 
 
Urgent dialysis start 
Significantly fewer people in the clinic-based predialysis education group (13%, N=4/37) required an urgent dialysis start compared with those who received standard 
care (35%, N=13/39, p<0.05 between groups). 
 
Selection of treatment modality: 
NS differences between groups for choice of peritoneal dialysis (53% in clinic-based education group versus 42% in standard care group, p=NS). 
 
Duration of hospitalisation  
People who received predialysis education spent significantly fewer days in hospital in the first month of dialysis (mean 6.5 days, N=37) compared with those who 
received standard care (mean 13.4 days, N=39, p<0.05 between groups) 
 
Percent patients training as outpatients 
Significantly more people in the clinic-based predialysis education group (76%, N=37) trained for dialysis as outpatients compared with those who received standard 
care  (43%, N=39, p<0.05 between groups). 
 
The clinic-based education group also had better control of MAP, haemoglobin, calcium at initiation of dialysis than those in the standard care group.  
Ref ID: 4084         
Reference Study 

type/ 
Evidence 
level 

Number 
of 
patients 

Patient characteristics Intervention Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
fundin
g 

Lindberg JS, 
Husserl FE, 
Ross JL et 
al. Impact of 
multidisciplin
ary, early 
renal 
education on 
vascular 
access 
placement. 

Retrospe
ctive 
cohort 
study 
2 + 
 
1 centre, 
USA 
 
  

N = 147 
 
 

Inclusions: Retrospective 
study of people with 
creatinine > 4.0 mg/dl, 
creatinine clearance < 20 
ml/min, albuminuria, or 
microalbuminuria initiating 
haemodialysis from 1997-
2000 in the Ochsner Clinic 
Foundation  
 
Exclusion: previous 

Healthy Start Program 
educational intervention 
N=61 
 
Protocol: Patients were 
referred to the clinic 6-12 
months prior to initiation of 
dialysis. People in the 
Healthy Start education 
program received lectures, 
handbooks, and slide 

No Healthy 
Start 
educational 
intervention  
(control group) 
N=86 
 
Protocol: as for 
intervention 

Retrospecti
ve study of 
people 
initiating 
dialysis 
from 1997-
2000 

Vascular 
Access 
Placements 
 
 

Ochsner 
Clinic 
Foundati
on, 
Amgen, 
National 
Nephrol
ogy 
Associat
es LLC 
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Nephrology 
News & 
Issues. 
2005; 
19(3):35-36. 
Ref ID: 4084 

 

peritoneal dialysis, previous 
kidney transplant, pre-
existing permanent 
vascular access.  
 
Baseline population 
characteristics: NS 
differences between groups 
for age (62 years), race, 
gender, cause of CKD, 
albumin, haemoglobin.  

presentations on renal 
function, chronic renal failure, 
treatment, daily-life 
instructions, explanations of 
different dialysis modalities, 
dialysis therapy, and dietary 
therapy.  Those patients who 
did not receive the Healthy 
Start education program 
received care for renal failure 
inside or outside of the 
Ochsner clinic (often 
presenting at the clinic < 30 
days before dialysis initiation) 
and received conventional 
care (dialysis modality 
information, CKD video, 
meeting with a social worker 
in hospital). Types of vascular 
access obtained from patient 
records 

Effect size 
Permanent Vascular Access before Initiation of Dialysis: 
Significantly more people in the Healthy Start predialysis education program (77%, N=61) had permanent vascular access placed before initiation of dialysis 
compared with people who did not participate in the Healthy Start program (36%, N=86, p<0.001 between groups) 
 
Significantly more people in the Healthy Start predialysis education program (74%, N=61) had arteriovenous fistulas placed before initiation of dialysis compared with 
people who did not participate in the Healthy Start Clinic program (38%, N=86, p<0.05 between groups). Overall, the Healthy Start education participants had 
significantly more AVF placed than the non-HSC group (52% HSC versus 10% non-HSC, p<0.001) 
 
Permanent Vascular Access used for dialysis initiation 
Significantly more people in the Healthy Start predialysis education program (49%, N=61) initiated dialysis with a  permanent vascular access compared with people 
who did not participate in the Healthy Start program (23%, N=86, p<0.01 between groups) 
 
Significantly more people in the Healthy Start predialysis education program (70%, N=61) initiated dialysis with an arteriovenous fistula compared with people who did 
not participate in the Healthy Start program (30%, N=86, p<0.01 between groups) 
 
Significantly less people in the Healthy Start predialysis education program (30%, N=61) initiated dialysis with a graft compared with people who did not participate in 
the Healthy Start program (70%, N=86, p<0.01 between groups) 
  
Significantly less people in the Healthy Start predialysis education program (51%, N=61) initiated dialysis with a temporary catheter compared with people who did 
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not participate in the Healthy Start program (77%, N=86, p<0.001 between groups).  
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15.2 AVAILABLE TOOLS TO AID IDENTIFICATION AND MAXIMISE EFFECTIVENESS OF TREATMENT AND MANAGEMENT OF 
CKD 
 
What tools for community management are needed for GPs and primary care workers to manage CKD? 
Ref ID: 4070         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Anandarajah S, 
Tai T, de LS et al. 
The validity of 
searching 
routinely collected 
general practice 
computer data to 
identify patients 
with chronic 
kidney disease 
(CKD): a manual 
review of 500 
medical records. 
Nephrol Dial 
Transplant. 2005; 
20(10):2089-2096. 
Ref ID: 4070 

Cross 
sectional 
analysis by 
computerised 
and manual 
(to validate 
the computer 
method) 
review of  
medical 
records  
 
Evidence 
Level: 3 
 
1 primary 
care practice, 
UK  
 
 

N Stage 3-
5 CKD in 1 
practice 
identified 
by 
computer 
searching = 
492 
 
 

Inclusion criteria: 
NEOERICA study: 
medical records of 
adults > 18 years old  
with a valid serum 
creatinine 
 
Exclusion criteria: 
deaths before 2003  
 
Baseline 
Characteristics: not 
stated  

Aim: to use manual 
searching to test the 
validity of computer 
searching of primary 
practice medical records to 
estimate prevalence of 
CKD. 
 
Procedure: MIQUEST 
computer program used to 
extract a retrospective 
dataset of all patients from 
1 primary care practice. 
Records also reviewed 
manually for additional free 
text which is not 
recognised by 
computerised search. 
eGFR was calculated with 
the MDRD equation. 
Demographic, biochemical 
data, patient history, 
examination data, coded 
diagnoses, and 
prescription data were 
collected and cleaned. 
CKD defined as eGFR < 
60 ml/min/1.73 m2 

N/A Not stated 
 

Prevalence 
of CKD 
 
 

No 
funding 
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Effect size 
Prevalence of CKD: 
The study population was standardised to the original study. The adjusted prevalence of Stage 3-5 CKD was 5.1%. 
477/492 (97%) were Stage 3; 14/492 (2.8%) were Stage 4, 1/492 (0.2%) was Stage 5. 
 
Only 36/492 (7.3%) of people identified as having stage 3-5 CKD were known to renal services or had a renal diagnosis coded on their records.  
 
Manual checking of medical records: 
Identified only 4 additional cases of CKD missed by the computer search. This brought the number of people with a renal disease code or known to renal services 
to n=40 or 8% (40/492). 
 
Note: Limitations –Cross-sectional analysis by retrospectively reviewing medical records. Ethnicity unreliably reported, creatinine not calibrated to original MDRD 
study, poor recording of proteinuria/haematuria made estimating Stage 1 and 2 difficult.  
Ref ID: 4074         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Hemmelgarn BR, 
Culleton BF, Ghali 
WA. Derivation 
and validation of a 
clinical index for 
prediction of rapid 
progression of 
kidney 
dysfunction. Qjm. 
2007; 100(2):87-
92. Ref ID: 4074 

Case series 
(reviewing 
medical 
records)  
 
Evidence 
Level: 3 
 
Canada  
 
 

N total = 
10184 
 
N 
derivation 
cohort = 
6789 
 
N validation 
cohort = 
3395 
 
 

Inclusion: Adults ≥ 66 
years with one or more 
serum creatinine 
measurements during 
each of two time 
periods: July – 
December, 2001 as 
well as July – 
December, 2003.  
were identified from 
Calgary Laboratory 
Services database. 
  
Exclusion criteria: 
laboratory 
measurements 
associated with a 
hospital admission, 
dialysis patients at 
entry, subjects with 
more than 12 creatinine 
measurements in either 
of the 6 month 
observation periods, 

Aim: to develop a clinical 
index tool to identify 
subjects at risk of rapid 
progression of kidney 
disease and to validate this 
in a separate cohort of 
older people 
 
Procedure: eGFR was 
calculated with the MDRD 
equation. Serum creatinine 
measurements were 
performed in one 
laboratory. The first serum 
creatinine measurement 
(July 1-Dec. 31, 2001) 
defined the index GFR. 
Medications dispensed 6 
months prior to 2001 index 
creatinine measurement 
was used to determine 
disease categories 
(cardiac disease, 
depression, diabetes, 

N/A 2 years Rapid 
progressio
n of kidney 
dysfunctio
n (≥ 25% 
decline in 
mean 
eGFR 
between 
the two 
study 
periods) 

Not 
stated 
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subjects who 
underwent renal 
transplant prior to July 
1, 2003, subjects with 
GFR > 90 ml/min per 
1.73 m2 
 
Baseline 
Characteristics: mean 
age in both validation 
and derivation cohort 
was 76.1 years. In the 
total group, 65% had 
eGFR 60-89 ml/min per 
1.73 m2 
and 31% had eGFR 30-
59 ml/min per 1.73 m2 
and 4% had eGFR < 30 
ml/min per 1.73 m2 
  

hypertension, 
dyslipidaemia, liver 
disease, PVD, etc). 
Disease categories and 
drug exposures were 
considered in a stepwise 
logistic regression analysis 
and risk scores were 
calculated for each subject. 
The risk scores (from 0 to 
4+) were then categorised 
into risk classes (I to V). 
Rates of rapid progression 
were calculated.  

Effect size 
 
Rapid progression of kidney dysfunction (≥ 25% decline in mean eGFR between the two study periods) 
Multivariate analysis: Of the 25 disease variables used in the model, only 5 variables were significantly associated with rapid progression of kidney dysfunction: 
Age > 75 years [adjusted OR 1.0 (95% CI 1.0 to 1.1)]; point score for risk index = 1 
Cardiac disease [adjusted OR 1.5 (95% CI 1.2 to 1.8)]; point score for risk index = 2 
Diabetes [adjusted OR 1.9 (95% CI 1.6 to 2.2)]; point score for risk index = 2 
Gout [adjusted OR 1.5 (95% CI 1.1 to 2.1)]; point score for risk index = 2 
Anti-emetic drug use [adjusted OR 2.9 (95% CI 1.6 to 2.2)]; point score for risk index = 3 
 
Rate of rapid progression of renal dysfunction (%) by risk stratification 

Risk index (score) Derivation cohort N=6789 
Rate (%) (95%CI) 

Validation cohort N=3395 
Rate (%) (95%CI) 

Class I (0) 8.6 (7.5 to 9.8) 8.4 (6.8 to 10.1) 
Class II (1) 10.9 (9.6 to 12.2) 11.6 (9.8 to 13.5) 
Class III (2) 13.9 (11.5 to 16.7) 15.5 (12.1 to 19.5) 
Class IV (3) 15.6 (13.3 to 18.0) 17.3 (13.9 to 21.1) 
Class V (4+) 24.1 (19.9 to 28.8) 21.9 (16.2 to 28.5) 

 
The rate of rapid progression of kidney dysfunction increased with increasing risk class (see above) in both the derivation and validation cohorts. People in Class 
V risk index had almost a triple risk of rapid renal disease progression compared with people in the Class 1 risk index.  
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C statistic for the model was 0.59 indicating a modest ability to discriminate between people with and without risk of rapid renal disease progression. 
 
Note: Limitations –  albuminuria was not included in the model, associations not causality, disease categories based on medication use, which may misclassify 
and underestimate true prevalence of a certain disease, validation of risk scores only done in 1 small cohort 

Ref ID: 4134         
Reference Study type 

Evidence 
level 

Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
funding 

Richards N, Harris 
K, Whitfield M, 
O'Donoghue D, 
Lewis R, Mansell 
M et al. The 
impact of 
population-based 
identification of 
chronic kidney 
disease using 
estimated 
gloerular filtration 
rate (eGFR) 
reporting. 
Nephrology 
Dialysis and 
Transplantation. 
In press 2007. Ref 
ID: 4134 

 

Longitudinal 
observational 
study/before 
and after 
 
Evidence 
Level: 3 
 
31 practices, 
Lincolnshire 
primary care 
trust , UK  
 
 

N PCT 
population 
= 185434 
 
N eGFR 
reported in 
first 12 
months of 
disease 
manageme
nt program 
= 47119 
 

Inclusion criteria: 
Optimal Renal Care UK 
(ORC UK) study: 
people > 15 years old 
identified from 
automated eGFR 
reporting from April 1, 
2005 to March 31, 
2006.  
 
Exclusion criteria: 
inpatient blood samples 
 

Aim: to determine if 
primary practice 
computerised medical 
records contain sufficient 
information to estimate 
prevalence of CKD. 
 
Procedure: PCT-based 
disease management 
programme (DMP) was 
guideline and algorithm –
based (from draft UK CKD 
guidelines) for the 
identification, 
management, and referral 
of people with CKD. The 
DMP used automated 
eGFR from all routine 
serum creatinine measures 
between April 1, 2005 to 
March 31, 2006 and eGFR 
was calculated with the 
MDRD equation. Patients 
were designated as 
primary care, secondary 
care (non-nephrology) or 
nephrology care depending 
on the site of origin of the 
first eGFR received. 
People with CKD Stage 3-
5 originating in either 
primary or secondary (non-

N/A 1 year 
 

Prevalence 
of CKD 
 
Nephrolog
y Referral 
 
Location of 
care 
 
 

Some 
authors 
affiliated 
with 
Freseniu
s 
Medical 
Care 
Renal 
Services 
UK 
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nephrology) were followed 
up for 12 months, looking 
for an eGFR originating 
from within nephrology 
care. DMP also comprised 
community nurses, 
dieticians and social 
workers and care was 
delivered face-to-face and 
by telephone.  

Effect size 
Prevalence of CKD: 
In the first 12 months of the DMP, eGFR was reported in primary care from N=47119 people. eGFR testing increased with increasing age. 
 
29% of eGFR results from primary care were consistent with Stage 3-5 CKD, and the estimated prevalence of Stage 3-5 CKD in primary care was 7.3% (5.3% in 
males and 9.3% in females, p<0.001). The estimated prevalence of Stage 3-5 CKD from all sources was 8.8%. 
 
65%, 81% and 49% of people with Stage 3, 4, and 5, respectively, were > 70 years old. 
 
Location of Care: 
82.6% of people with Stage 3-5 CKD were cared for by primary care.  Only 3.7% of people with Stage 3-5 CKD were cared for by nephrology secondary care and 
13.7% in non-nephrology secondary care. The majority of people with CKD Stage 5 were cared for by nephrology secondary care, but there were significantly 
fewer women than men under nephrology care (0.57:1, p<0.001). 
 
Impact of eGFR reporting on nephrology referrals: 
In the year before the DMP, 53 people with Stage 4-5 CKD in the WLPCT were referred to nephrology services and 11 (20.8%) died within 12 months.  
In 2005-2006 (after DMP initiation) the DMP enrolled 483 people with Stage 4 or 5 and N=50 (10.4%) died within 12 months, p<0.05. Suggests that the DMP was 
having an impact in terms of earlier referral. 
 
Following initiation of DMP, the number of referrals rose 2.7 times compared to the number of referrals 11 months prior to DMP commencement.  
After introduction of a referral assessment service in October 2005, referrals declined steadily with a reduction of 42% from the peak after 9 months. The referral 
rate remained 1.5 times greater than before DMP, but the people being referred were more appropriate for nephrology services.  
 
The referral assessment service showed that 40% of referrals did not follow referral guidelines. 
 
After initiation of the referral assessment service in the DMP, the referral rate tailed off rapidly and by 6 months a steady state of an average of  5 new CKD stage 
4 or 5 patients being referred developed. This was a 0.16% incidence and within the capacity of local nephrology services.  
Note: Limitations –some ascertainment bias, unable to ascertain if creatinine was calibrated to MDRD lab in the automated eGFR reporting, creatinine not 
obtained under fasting conditions, so eGFR could have been underestimated in some people. 
Ref ID: 4135         
Reference Study type Number of Patient characteristics Intervention/ exposure Comparison Length of Outcome Source  
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Evidence 
level 

patients follow-up measures of  
funding 

Richards N, Harris 
K, Whitfield M, 
O'Donoghue D, 
Lewis R, Mansell 
M et al. Primary 
care-based 
disease 
management of 
chronic disease 
(CKD), based on 
estimated 
glomerular 
filtration rate 
(eGFR) reporting, 
improves patient 
outcomes. 
Nephrology 
Dialysis and 
Transplantation. 
In press 2007. Ref 
ID: 4135 

Longitudinal 
observational 
study/before 
and after 
 
Evidence 
Level: 3 
 
31 practices, 
Lincolnshire 
primary care 
trust , UK  
 
 

N total= 
483 
 
N stage 3 
CKD = 115 
 
N Stage 4 
CKD = 297 
 
N Stage 5 
CKD = 71 
 

Inclusion criteria: 
Optimal Renal Care UK 
(ORC UK) study: 
people > 15 years old 
identified from 
automated eGFR 
reporting from April 1, 
2005 to March 31, 
2006.  
 
Exclusion criteria: 
inpatient blood samples 
 
Baseline 
characteristics: 
Mean age 77.1 years, 
47% male, 30% 
diabetic, 60.4% took 
statins (declined with 
decreasing renal 
function), 52% took 
ACE or ARB (declined 
with decreasing renal 
function) 

Before initiation of disease 
management programme 
(DMP) 
 
 
Procedure: PCT-based 
disease management 
programme (DMP) was 
guideline and algorithm –
based (from draft UK CKD 
guidelines) for the 
identification, 
management, and referral 
of people with CKD. The 
DMP used automated 
eGFR from all routine 
serum creatinine measures 
between April 1, 2005 to 
March 31, 2006 and eGFR 
was calculated with the 
MDRD equation. People 
with CKD Stage 4-5 were 
identified and enrolled in 
the DMP program 
consisting of community 
nurses, dieticians and 
social workers and care 
was delivered face-to-face 
and by telephone. The 
main goals were patient 
education, medicine 
management, dietetic 
advice, and achieving 
guideline targets.  

After 
initiation of 
disease 
management 
programme 
(DMP) 
 

1 year 
 

Achieveme
nt of 
clinical 
targets 
 
Preservati
on of renal 
function 
 
 
 

Some 
authors 
affiliated 
with 
Freseniu
s 
Medical 
Care 
Renal 
Services 
UK 

Effect size 
Achievement of Clinical Targets: 
In people with Stage 3-5 CKD, the percentage of total cholesterol measurements in target range increased significantly after 9 months of the DMP (64.5% in 
target at baseline to 75% in target after 9 months, p=0.001). 
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In people with Stage 3-5 CKD, there was NS differences in HDL cholesterol, LDL cholesterol, or triglyceride measurements in target range at baseline compared 
to 9 months on the DMP.  
 
In people with Stage 3-5 CKD, without diabetes and a PCR < 100, the percentage of SBP measurements in target range increased significantly after 9 months of 
the DMP (37.1% in target at baseline to 53.2% in target after 9 months, p=0.001). 
 
In people with Stage 3-5 CKD, without diabetes and a PCR < 100, the percentage of DBP measurements in target range increased significantly after 9 months of 
the DMP (68.4% in target at baseline to 90.3% in target after 9 months, p=0.01). 
 
In people with Stage 3-5 CKD, with diabetes or a PCR > 100, there was NS differences in SBP or DBP measurements in target range at baseline compared to 9 
months on the DMP.  
 
Preservation of renal function 
N=3 people with CKD Stage 3 improved to Stage 2 CKD 
N=15 people with Stage 3 CKD deteriorated to Stage 4 CKD 
N=113 with Stage 4 CKD improved to Stage 3 CKD 
N=1 person with Stage 4 CKD deteriorated to Stage 5 
N=4 people with Stage 5 CKD improved to Stage 4 
N=8 people with CKD Stage 5 initiated dialysis 
 

N 9 months preceding DMP 
median fall eGFR (IQR), 
ml/min/1.73 m2 

12 months after DMP initiation 
median fall eGFR (IQR), ml/min/1.73 m2 

P value 

317 -3.69 (-1.49 to -7.46) -0.32 (-2.61 to -3.12) <0.001 
122 
(fall eGFR ≥ 5 
ml/min/1.73 m2 ) 

-9.90 (-6.55 to -12.36) -1.70 (-6.41 to -1.64) <0.001 

195 (fall eGFR < 5 
ml/min/1.73 m2 ) 

-1.92 (-0.41 to -3.23) -0.86 (-1.03 to -3.53) 0.082 NS 

Compared with the 9 preceding months of the DMP the fall in eGFR was significantly less (slower) after 12 months on the DMP. This was also true for people 
with eGFR fall ≥ 5 ml/min/1.73 m2 
 
Death was significantly associated with: 
Age (RR 1.008, p=0.001) 
CKD at presentation (RR 2.538, p=0.026) 
SBP < 100 mm Hg (RR 6.128, p=0.035) 
 
Composite endpoint (progression to dialysis, death, decline in eGFR≥ 5 ml/min/1.73 m2) only significantly associated with age (RR 1.063, p=0.005) 
Ref ID: 4069         
Reference Study type 

Evidence 
Number of 
patients 

Patient characteristics Intervention/ exposure Comparison Length of 
follow-up 

Outcome 
measures 

Source  
of  
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level funding 
Stevens PE, 
O'donoghue DJ, 
de LS et al. 
Chronic kidney 
disease 
management in 
the United 
Kingdom: 
NEOERICA 
project 
results.[see 
comment]. Kidney 
International. 
2007; 72(1):92-99. 
Ref ID: 4069 

Cross 
sectional 
analysis by 
retrospectivel
y reviewing 
computerised 
medical 
records 
 
Evidence 
Level: 3 
 
17 primary 
care practices 
in Kent, 
Greater 
Manchester, 
and West 
Surrey , UK  
 
 

N practice 
population 
= 162113 
 
N valid 
creatinine 
recorded in 
adults 
(study 
cohort) = 
38262 
 
 

Inclusion criteria: 
NEOERICA study: 
medical records of 
adults > 18 years old  
with a valid serum 
creatinine identified 
between  1998 to 2003 
 
Exclusion criteria: 
deaths before 2003  
 
Baseline 
Characteristics: of 
N=38262 people with 
valid creatinine 
recorded, mean age 
was 58 years; female: 
male was 1.3:1; mean 
BMI 27.1 kg/m2, 70% of 
study population had a 
creatinine measure in 
the last 24 months of 
the five year study 
period.  

Aim: to determine if 
primary practice 
computerised medical 
records contain sufficient 
information to estimate 
prevalence of CKD. 
 
Procedure: MIQUEST 
computer program used to 
extract a retrospective 
dataset of all patients from 
17 primary care practices. 
Serum creatinine was 
calibrated to the method 
used by the MDRD 
laboratory and eGFR was 
calculated with the MDRD 
equation. Demographic, 
biochemical data, patient 
history, examination data, 
coded diagnoses, and 
prescription data were 
collected and cleaned. 
CKD defined as eGFR < 
60 ml/min/1.73 m2 

N/A 5 years 
 

Prevalence 
of CKD 
 
Prevalence 
of co 
morbidities 
(hypertensi
on, CVD, 
diabetes, 
anaemia) 
 
Achieved 
BP targets 
 
Medication 
usage 

Roche 

Effect size 
Prevalence of CKD: 
Age standardised prevalence of Stage 3-5 CKD was 8.5% and was the prevalence was higher in females (10.6%) than males (5.8%). Serum creatinine 
calibration increased the proportion of people with Stage 3 CKD by a factor of 1.75 and increased the proportion of people with Stage 4 CKD by a factor of 1.6 
(data not shown)  
 
Numbers of people > 70 years old increased as GFR decreased: 76.7% of people with eGFR < 30 ml/min/1.73 m2 were > 70 years old. 50% with eGFR 45-59 
ml/min/1.73 m2 were > 70 years old. 
 
Of the study cohort (N=38262), 11731(30.7%) had an eGFR < 60 ml/min/1.73 m2. However, only 242 (2.1%) of these were coded as a renal diagnosis in the 
records. The recording of a renal diagnosis improved as renal function declined: 19.2% had a recorded renal diagnosis in people with eGFR < 30 ml/min/1.73 m2 
 
Anaemia: 
Records showed that 84.6% of the cohort (32385/38262) had concurrent haemoglobin levels tested. 
Anemia (WHO definition, KDOQI definition, or Hb < 11 g/dl) increased with decreasing eGFR. 
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Hypertension: 
21332/38262 (55.8%) were recorded as hypertensive (code or BP > 140/90 mm Hg). Hypertension increased with declining eGFR.  
ACE/ARB use was overall 33.2% in people with hypertension and use fell as eGFR declined: 43% used ACE/ARB with eGFR 45-59  ml/min/1.73 m2  whereas 
32.5% used ACE/ARB with eGFR < 30 ml/min/1.73 m2 
 
BP targets: 
BP targets were not achieved in most instances: only 63/461 (13.7%) of people with hypertension and eGFR < 30 ml/min/1.73 m2 achieved BP < 130/80 mm Hg. 
Only 571/6235 (9.2%) people with hypertension and eGFR 45-59 ml/min/1.73 m2 achieved BP < 130/80 mm Hg. 
 
Diabetes: 
4063/38262 (10.6%) had a recorded diagnosis of diabetes. Diabetes prevalence increased as GFR decreased. In those with diabetes and eGFR < 60 
ml/min/1.73 m2, ACE/ARBS were prescribed in 690/1601 (44%), aspirin and/or antiplatelet drugs in 621/1601 (39.6%), and lipid lowering agents in 942/1601 
(60.1%). Only 270/1313 (20%) with diabetes, hypertension, and eGFR < 60 ml/min/1.73 m2 achieved target BP < 130/80 mm Hg.  
 
CVD: 
7620/38262 (20%) had CVD and CVD prevalence increased as eGFR decreased. 50% of people with eGFR < 30 ml/min/1.73 m2 had CVD and 27% of people 
with eGFR 45-59 ml/min/1.73 m2 had CVD.  
41% of people CVD and with eGFR < 60 ml/min/1.73 m2 took ACE/ARBS compared with 34% of people with CVD and eGFR > 60 ml/min/1.73 m2 (p<0.001) 
 
Note: Limitations –Cross-sectional analysis by retrospectively reviewing medical records. Ethnicity unreliably reported, neyman bias, poor recording of 
proteinuria/haematuria made estimating Stage 1 and 2 difficult.  
Ref ID: 4110         
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Exclusion criteria: people 
> 74 years old, people 
with baseline GFR < 15 
ml/min/1.73 m2, people 
with missing  baseline 
coronary heart disease 
status or missing 
laboratory data 
 
Population baseline 
characteristics: Compared 
with the Framingham 
derivation cohort, people 
with CKD were older (65 
years CKD vs 48 years 
Framingham), more likely 
to have diabetes (14% 
CKD vs 5% Framingham) 
and more likely to have 
optimal BP in the range of 
SBP < 120 mm Hg, DBP 
< 80 mm Hg (25% CKD 
vs 20% Framingham). 
Mean eGFR of CKD 
cohort was  52.9 
ml/min/1.73 m2 

risk scores 
calculated for each 
individual with CKD 
to derive the 5 and 
10 year Framingham 
probability of a 
coronary event. 

CKD 

Effect size 
 
Among men with CKD (N=357), there were 35 (9.8%) cardiac events within 5 years and 74 (20.7%) cardiac events within 10 years. 53 (14.8%) men with CKD died 
within 5 years and 126 (35.3%) men with CKD died within 10 years. 
 
Among women with CKD (N=577) there were 30 (5.2%) cardiac events within 5 years and 56 (9.7%) cardiac events within 10 years. 54 (9.4%) women with CKD 
died within 5 years and 120 (20.8%) women with CKD died within 10 years. 
 
Best Cox regression coefficients for people with CKD and for the original Framingham cohorts for 10-year cardiac outcomes: 
Note that Best cox models use the same traditional risk factors as the original Framingham equation, but assign different weight to each factor 
 
For men, beta coefficients were significantly different for men with CKD compared with men in  the original Framingham cohort for both the hyperlipidaemia group 
(beta = - 0.37 CKD versus beta = + 0.74 Framingham, p<0.05) and the Stage 2-4  hypertension group (beta = -0.05 CKD versus beta = + 0.90 Framingham, p<0.05) 
 
For women, beta coefficients were significantly different for women with CKD compared with women in  the original Framingham cohort for both the high normal 



 

        Page 377 of 377  

hypertension group (beta = + 1.07 CKD versus beta = - 0.37 Framingham, p<0.05) and the Stage 2-4 hypertension group (beta = +2.24 CKD versus beta = + 0.61 
Framingham, p<0.05) 
 
Discrimination (the ability of the Framingham prediction model to separate those who had cardiac events from those who did not; quantified by the C-statistic which 
is analogous to area under the receiver operating characteristic curve) 
 
The Framingham prediction equation had poor discrimination in the CKD cohort. Framingham equation correctly identified males with CKD who would develop a 
cardiac event within 10 years only 60% of the time, compared with 69% of the time in the non-CKD male cohort and 73% in the original Framingham cohort. 
Best cox models significantly improved discrimination.  
 
In women with CKD, discrimination was 73% for 10-year cardiac events compared with 76% in the original Framingham cohort. 
 
Calibration (assesses whether predicted outcomes and actual outcomes agree and is quantified with the chi-square statistic, with high chi square values indicating 
poor calibration):  
 
Among men with CKD, the Framingham equation under predicted cardiac events when people were stratified into quintiles of Framingham Risk.. The 5 -year 
calibration for men was poor (chi-square 33.4, p<0.001) and the 10 year calibration was also poor (chi-square 71.3, p<0.001).  
 
Similarly, the Framingham equation under predicted cardiac events in women with CKD, resulting with poor 5 year (chi square 61.2, p<0.01) and 10 year (chi square 
75.1, p<0.01) calibration. 
 
Re-calibrated models performed better, although prediction remained poor in men with CKD (5 year chi square 13.7, p=0.01 and 10 year chi square 32.3, p<0.01). In 
women with CKD, re-calibration showed NS difference in predicted and observed cardiac events in 5 and 10 year probability models. 
Sensitivity Analyses:  
Calibration of the Framingham equation for composite outcome of MI and all-cause mortality showed that the event rate increased as Framingham risk rose. Best 
cox models performed well for 5 and 10 year probabilities in men and women.  
 
Authors conclude that Framingham equations do not accurately predict cardiac events in people with CKD. 
 
Limitations: no baseline proteinuria data, CKD population had moderate CKD and thus no information on how Framingham equation predicts cardiac events in 
people with more advanced CKD 
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