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Objective: Protein-energy wasting is common in end-stage renal disease patients undergoing dialysis and is strongly associated with
mortality and adverse outcomes. Intradialytic oral nutritional supplements (ONS) reduce risk of mortality in these patients. Large studies
characterizing the impact of ONS on other outcomes are lacking. We assessed the associations between administration of ONS and
clinical and nutritional outcomes.

Design: Retrospective evaluation of a pilot program providing ONS to patients at a large dialysis organization in the United States. The
pilot program provided ONS to in-center hemodialysis patients with serum albumin =3.5 g/dL at 408 facilities.

Subjects: ONS patients were compared to matched controls with serum albumin <3.5 g/dL, identified from facilities not participating
in the ONS program (n = 3,374 per group).

Intervention: Receipt of ONS.

Main Outcome Measures: Death, missed dialysis treatments, hospitalizations, serum albumin, normalized protein catabolic rate,
and postdialysis body weight were abstracted from large dialysis organization electronic medical records.

Results: There was a 69% reduction in deaths (hazard ratio = 0.31; 95% confidence interval = 0.25-0.39), and 33% fewer missed dial-
ysis treatments (incidence rate ratio = 0.77; 95% confidence interval = 0.73-0.82) among ONS patients compared to controls (P < .001 for
both). The effects of ONS on nutritional indices were mixed: serum albumin was lower, whereas normalized protein catabolic rate values, a
surrogate for dietary protein intake, and postdialysis body weights were higher for ONS patients compared to controls during follow-up.

Conclusions: Our evaluation confirmed the beneficial effects of ONS in reducing mortality and improving some indices of nutritional
status for hypoalbuminemic hemodialysis patients. We also report the novel finding that ONS can reduce the number of missed dialysis
treatments. These results support the use of intradialytic ONS as an effective intervention to improve the outcomes in hemodialysis pa-
tients with low serum albumin.
© 2017 by the National Kidney Foundation, Inc. All rights reserved.

Introduction
ROTEIN-ENERGY WASTING (PEW) is a complex
clinical condition characterized by multiple metabolic
and nutritional derangements and is highly prevalent among
end-stage renal disease (ESRD) patients receiving dialysis.' ™
Several factors contribute to the development of PEW
in ESRD, including lack of uremic toxin clearance,
inflammation, inadequate protein intake, and catabolic
consequences of hemodialysis.”* Low serum albumin
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concentration, which though nonspecific is by far the most
commonly used marker for PEW in clinical practice, is a
strong predictor of mortality and poor clinical outcomes in
dialysis patients.”’ Targeting PEW through dietary
interventions has been proposed as a strategy to improve
clinical outcomes in dialysis patients.”” Observational
studies have shown that intradialytic administration of oral
nutritional supplements (ONS) can reduce risk of
mortality for patients with low serum albumin.'”"'
However, there is a lack of data from large, well-powered
studies on the effects of ONS on other outcomes. Here,
we report the findings from a retrospective evaluation of a pi-
lot program to provide ONS to hypoalbuminemic hemodi-
alysis patients at a large dialysis organization (LDO) where we
assessed the effects of ONS on mortality, missed dialysis treat-
ments, hospitalizations, and nutritional markers.

Materials and Methods
Study Design
This was a retrospective evaluation of a pilot program at
408 facilities within an LD O that provided ONS to patients
with serum albumin concentrations =3.5 g/dL as measured
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by bromocresol green. We conducted our retrospective
evaluation using deidentified patient data collected during
the course of routine patient care; therefore, according to
45 Code of Federal Regulations (CFR) part 46 from the
US Department of Health and Human Services, this study
was exempt from institutional review board or ethics com-
mittee approval. We adhered to the Declaration of Helsinki,
and informed consent was not required.

Data Source and Study Patients

Data were derived from the electronic health records
(EHRs) of the LDO. This evaluation included patients
from all payors except for those who were US Veterans Af-
fairs beneficiaries (contractual stipulation). Eligible patients
were those who between September 01, 2012, and January
31, 2013: were =18 years; received in-center hemodialysis
(ICHD) at LDO facilities; had a recorded body mass index;
if treated at participating facilities, had albumin =3.5 and
received at least 1 dose of ONS; and if treated at nonpartic-
ipating facilities, had albumin =3.5 g/dL. ONS was pre-
scribed as one serving per treatment that was to be
consumed in the dialysis center unless extenuating circum-
stances, such as nausea, prevented in-center consumption.
There were 2 different ONS product formulary options No-
vasource Renal (21.6 g protein, 475 calories/237 mL
serving) or Liquacel (16 g protein, 70 calories/30 mL
serving) from which the patients could choose. ONS treat-
ment continued until serum albumin concentrations were
>3.9 g/dL for 1 month, or >3.7 g/dL for 2 consecutive
months or the patient refused the supplement for 6 consec-
utive sessions, or ONS was discontinued by a physician.
Participation in the ONS program was re-evaluated for hy-
poresponse by a physician and registered dietitian after 6
consecutive albumin concentrations <3.6 g/dL. Patients ex-
hibiting contraindications, such as dysphagia or intolerance
to food or supplements during dialysis, were not included
in the ONS program.

Exposure

Exposure status was adjudicated as above. Date of entry
was defined as the first date of the first month following
initial ONS treatment (for ONS patients) or qualifying
albumin measurement (for control patients). ONS patients
were propensity matched to eligible controls. Propensity
scores were estimated using a logistic model in which the
receipt of ONS was the dependent variable and was pre-
dicted as of entry date on the basis of: qualifying albumin
level, month of entry, age, sex, race, etiology of ESRD, ac-
cess type, diabetes, Charlson comorbidity score, dialysis
vintage, body mass index, hospitalization in the prior
month, hemoglobin level, and serum phosphorus. ONS
patients were matched 1:1 to controls using a nearest
neighbor matching algorithm.

Outcomes

Patients were followed for 8 months starting on the date
of entry. Outcomes were considered beginning on entry
date and continuing until end of study or censoring due
to death, transfer of care, transplant, recovery of renal func-
tion, withdrawal from dialysis or modality change. Clinical
outcomes considered in this study were patient deaths and
missed dialysis treatments. We also analyzed serum albumin,
normalized protein catabolic rate (nPCR), and postdialysis
body weight as nutritional markers.

Statistical Analysis

Baseline demographics and characteristics were consid-
ered as of date of entry and were summarized for each group
as means, standard deviations, medians, interquartile
ranges, counts, and proportions, as dictated by data type.
Comparisons between groups were made with t-tests and
chi-square tests as appropriate.

Risk of death during follow-up was compared between
ONS patients and matched controls using Cox propor-
tional hazard models. Crude incidence rates for missed dial-
ysis treatments were calculated by dividing the sum of
events by the sum of cumulative at-risk time in ONS pa-
tients and matched controls. Incidence rate ratios were esti-
mated by negative binomial regression. Serum albumin,
nPCR, and postdialysis weight were examined using mixed
linear models with patient-level random intercepts. For
clinical laboratory tests measured more than once in a
month, the first recorded value in the month was used.

Results

Baseline Characteristics

There were 3,374 qualifying ICHD patients treated with
ONS and 48,298 eligible controls. Prior to matching, there
was significant imbalance between cohorts on the majority
of variables (Supplementary Data, Table S1). Notably, ONS
patients were older, were more likely to use arteriovenous
fistulas for vascular access, and had higher Charlson comor-
bidity index scores. All ONS patients were successfully
matched to one control patient. In the matched analytical
cohort, patient characteristics were well balanced
(Table 1). Subsequent results pertain to the matched
analytical cohort.

Clinical Outcomes

Opverall, there were 555 deaths during 2,850 patient-years
of at-risk time. Survival was significantly greater among
ONS patients compared to controls (Fig. 1). The mortality
rate among ONS patients was 10.9 deaths per patient-year,
which was significantly lower when compared to 29.1 deaths
per patient-year in matched controls (hazard ratio [95% con-
fidence interval {CI}] = 0.31 [0.25, 0.39]; P <.001).

The association of ONS with missed dialysis treatments
is presented in Figure 2. Patients treated with ONS missed
1.35 dialysis treatments per patient-month, which was
significantly lower when compared to 1.69 missed dialysis
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treatments per patient-month in matched controls (inci-
dence rate ratio [95% CI] = 0.77 [0.73, 0.82]; P <.001).
In this era, hospitalization data were incompletely captured
in the EHR. Despite the implied bias, we examined the

Table 1. Demographics and Baseline Characteristics for
Matched Control and ONS Patients

Control, ONS,
N = 3,374 N = 3,374 P-value

Variable

67.2 + 13.9 66.8 = 13.7 .25
1,623 (48.1) 1,590 (47.1) .42

Age, y; mean = SD
Female, n (%)

Race, n (%) .69
White 1,469 (43.5) 1,501 (44.5)
Black 1,055 (31.3) 1,055 (31.3)
Hispanic 506 (15.0) 501 (14.9)
Other 344 (10.2) 317 (9.4)

ESRD etiology, n (%) .95
Hypertension 846 (25.1) 849 (25.2)
Diabetes mellitus 1,716 (50.9) 1,704 (50.5)
Other/unknown 812 (24.1) 821 (24.3)

Vascular access, n (%) .92
Arteriovenous fistula 1,715 (50.8) 1,718 (50.9)
Arteriovenous graft 549 (16.3) 559 (16.6)
Center venous catheter 1,110 (32.9) 1,097 (32.5)

Diabetes, n (%) 2,427 (71.9) 2,419 (71.7) .83

Charlson score, n (%) .87
2 108 (3.2) 107 (3.2)

3 133 (3.9) 152 (4.5)

4 340 (10.1) 361 (10.7)
5 538 (16.0) 527 (15.6)
6 725(21.5) 705 (20.9)
7 670 (19.9) 679 (20.1)
8+ 860 (25.5) 843 (25.0)

Vintage, mo, n (%) .79

=3 603 (17.9) 575(17.0)

3-12 605 (17.9) 586 (17.4)

12-24 489 (14.5) 475(14.1)

24-48 620 (18.4) 654 (19.4)

>48 932 (27.6) 955 (28.3)

Missing 125 (3.7) 129 (3.8)
Postdialysis weight, 76.8 219 778 +223 .08

kg mean = SD

BMI, kg/m®> mean £ SD 272 7.3 27.3*7.4 .61

Qualifying albumin, 33+03 33*x03 .97
g/dL mean = SD

Hospitalization in 762 (22.6) 768 (22.8) .86
prior month, n (%)

Hemoglobin, g/dL, n (%) .94
=9 420 (12.5) 399 (11.8)
9-10 740 (21.9) 754 (22.4)
10-11 1,235 (36.6) 1,245 (36.9)
11-12 721 (21.4) 706 (20.9)
>12 241 (7.1) 254 (7.5)
Missing 7 (0.5) 16 (0.5)

Phosphorus, .81

mg/dL, n (%)

=35 762 (22.6) 762 (22.6)
3.5-5.5 2,212 (65.6) 2,202 (65.3)
>5.5 366 (10.9) 382(11.3)
Missing 34 (1.0) 28 (0.8)

BMI, body mass index; ESRD, end-stage renal disease; ONS, oral
nutritional supplements; SD, standard deviation.

apparent association between ONS use and risk of hospital-
ization (incidence rate ratio [95% CI] = 0.92 [0.86, 0.97];
P =.006).

Nutritional Markers

We considered serum albumin, nPCR,, and postdialysis
body weight as markers of nutritional status in ONS and
matched control patients (Fig. 3). Relative to matched con-
trols, mean monthly serum albumin concentrations were
significantly lower in ONS patients (P <<.001). By contrast,
mean nPCR values were higher in all months for ONS pa-
tients relative to matched controls. Mean differences in
nPCR were statistically significant in all months except
month 8. Relative to matched controls, mean postdialysis
body weights were higher for ONS patients in all months
during follow-up; differences were statistically significant
in months 7 and 8.

Discussion

In this study, we retrospectively evaluated the association
between intradialytic ONS and outcomes for an ONS pilot
program at an LDO. We found that patients who received
ONS had a 69% lower risk of death relative to matched con-
trols. This reduction is consistent with but markedly larger
than previous observational studies of ONS at LDOs,
despite having the same ONS qualification criteria of serum
albumin =3.5 g/dL. For comparison, one study reported
5-9% and 29-34% reductions in intention-to-treat and
as-treated analyses, respectively,'’ while another reported
a 29% reduction in death for patients receiving ONS. "'

We also found a 33% reduction in the missed dialysis treat-
ments among ONS recipients. Prior work by our group has
shown that about 50% of missed treatments are due to hos-
pitalizations, while the remainder are due to absenteeism,12
suggesting that reductions in missed treatments may be a
good marker for effects on hospitalization in studies such
as this where reliable hospitalization data are not available.
‘We did examine the hospitalization data that were available

1.004
""" Control

ONS

0.759

Proportion Patients
&
o

0.254 p <0.001
g
--------""-------
0.004
o 1 2 3 4 5 6 7 8
Patients at Risk Months
Control 3374 3343 3157 3022 2430 1978 1527 1055 224
ONS 3374 3399 3396 3388 2789 2292 1772 1230 268

Figure 1. Cumulative incidence curve for death for ONS pa-
tients and matched controls. ONS, oral nutritional
supplements.
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IRR (95% Cl) = 0.77 (0.73, 0.82)
p < 0.001

0.0

Rate
(missed treatments per month)
>
1L

Control or'qs

Figure 2. Association of ONS with missed dialysis treat-
ments. Cl, confidence interval; IRR, incidence rate ratio;
ONS, oral nutritional supplements.

(notwithstanding its poor sensitivity): although ONS was
associated with a reduction, the magnitude of this reduction
(8%) was less than that would have been anticipated based on
the missed treatment data. Given the speculative nature of
the extrapolation of missed treatment effects to hospitaliza-
tion effects on the one hand and the poor sensitivity of the
available hospitalization data on the other, the magnitude
of the effect of ONS on hospitalization is unknown; best es-
timates from this study would suggest it is between 8% and
33%. In addition, missing dialysis sessions puts patients at
significantly increased risk for death'” ' and can thus be
viewed as a general indicator of health status. Therefore,
our observation that ONS is associated with lower missed
treatment rates, to our knowledge the being the first
reporting of said, is noteworthy irrespective of implied
effects on hospitalization.

The eftects of ONS on markers of nutritional status were
mixed. Despite being equivalent at baseline in the matched
sample, mean serum albumin was lower for ONS patients in
all months during follow-up. This may be explained by a
survivor bias effect whereby more nutritionally marginal
patients survived in the ONS group. Smaller studies have
shown some benefits of ONS on serum albumin,"%’m but
results of larger studies showed only marginal
differences.'’ Moreover, serum albumin is not purely a
marker of nutritional status but is also associated with
inflammation (reviewed in Ref.'”).

® Control

ONS *
38 09
5 * * * * * *

Albumin (g/dL)
w
(]

}*
nPCR (g/kg/day)
o
(o]

Postdialysis Weight (kg)
~
«©

We observed significantly higher nPCR values for ONS
patients compared with matched controls during follow-
up. nPCR 1is a surrogate measure of dietary protein intake
and is calculated based on the change in serum urea nitro-
gen levels using urea-kinetic modeling. Low nPCR is asso-
ciated with mortality and morbidity.””" A longitudinal
analysis demonstrated that decreases in nPCR values over
a 6-month period were associated with increased
mortality risk over the following 18 months and,
conversely, that increases were generally protective.”
Some smaller studies have demonstrated increases in
nPCR with ONS,>>?* but to our knowledge, this is the
first large observational study to report the effects of
ONS on nPCR. Because nPCR is routinely measured in
dialysis patients, it may offer an easily accessible
biomarker for ONS efficacy. Importantly, a recent study
demonstrated that nPCR calculations should be corrected
for renal urea clearance among patients with residual
renal function in order to most accurately estimate dietary
protein intake.”

The hemodialysis procedure results in a catabolic state
with decreases in whole-body protein synthesis and
concomitant increases in whole-body and skeletal muscle
breakdown. Furthermore, these catabolic processes persist
for hours after the dialysis session is complete.”” Adminis-
tration of intradialytic ONS has been shown to shift this
balance to a positive protein anabolic state.”*”’
Consistent with many previous studies (reviewed in
Ref.”), ONS patients in the pilot program evaluated here
had greater postdialysis body weights during follow-up.
This may be due to ONS patients having had slightly
greater body weights at baseline compared to matched con-
trol patients. Alternatively, greater postdialysis body
weights could be the result of increases in lean body mass
for patients receiving ONS.

This study adds to the growing body of literature inves-
tigating the efficacy of dietary interventions in the treat-
ment of PEW in hemodialysis patients. It has been
proposed that differences in nutrition practices may in
part account for the observed greater mortality rate among
US hemodialysis patients compared to other countries.” "
In many countries, it is common for dialysis centers to
provide meals during treatments. US practitioners have

* * * * 82

Month
*P<0.05

Month Month

Figure 3. Nutritional markers. ONS, oral nutritional supplement.
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historically expressed reluctance to allow this practice citing
concerns such as increased risk of hypotension, respiratory
complications, infection controls, and staft burden®
although a recent US randomized controlled trial has
demonstrated providing lunch boxes during dialysis is safe
and effective.”” In contrast, adoption of ONS programs
has been strong throughout the Untied States.

There are several limitations to this study. Due to the
observational design, associations between exposures and
outcomes can be measured, but cause and effect are not
determined. Despite matching, it is possible that unknown
confounding may influence results. Finally, complete re-
cords of hospitalizations among LDO patients during this
study period were not available in the EHR, and therefore,
the present results may not represent the true magnitude of
association between ONS utilization and this outcome.

ONS provided at dialysis treatments is associated with
markedly and significantly better survival and reduced
missed dialysis treatment rates as well as improvements in
some nutritional indices. The novel finding that provision
of intradialytic ONS to hypoaluminemic ICHD patients
is associated with fewer missed dialysis treatments is of
particular interest given that failure to attend dialysis ses-
sions is associated with poor outcomes for patients. ONS
may represent a simple and inexpensive strategy for dialysis
centers to improve patient attendance. Along with the
other large studies, these results provide a persuasive argu-
ment for the administration of ONS to hypoalbuminemic
dialysis patients. Future research should investigate whether
ONS is beneficial to patients with albumin levels above
3.5 g/dL.

Practical Application
Administration of ONS to patients with serum albumin
=3.5 g/dL is associated with improved survival, dialysis ses-
sion attendance, and nutritional status as measured by
nPCR and postdialysis body weight.

Acknowledgments
The authors thank Adam G. Walker, PhD, of DaVita Clinical Research
for medical writing assistance.

Supplementary Data

Supplementary data related to this article can be found at
https://doi.org/10.1053/5.jrn.2017.10.002.

References

1. Fouque D, Kalantar-Zadeh K, Kopple J, et al. A proposed nomenclature
and diagnostic criteria for protein-energy wasting in acute and chronic kidney
disease. Kidney Int. 2008;73:391-398.

2. Ikizler TA, Cano NJ, Franch H, et al. Prevention and treatment of pro-
tein energy wasting in chronic kidney disease patients: a consensus statement
by the International Society of Renal Nutrition and Metabolism. Kidney Int.
2013;84:1096-1107.

3. Kalantar-Zadeh K, Cano NJ, Budde K, et al. Diets and enteral supple-
ments for improving outcomes in chronic kidney disease. Nat Rev Nephrol.
2011;7:369-384.

4. Carrero JJ, Stenvinkel P, Cuppari L, et al. Etiology of the protein-energy
wasting syndrome in chronic kidney disease: a consensus statement from the
International Society of Renal Nutrition and Metabolism (ISRNM). | Ren
Nutr. 2013;23:77-90.

5. Iseki K, Kawazoe N, Fukiyama K. Serum albumin is a strong predictor
of death in chronic dialysis patients. Kidney Int. 1993;44:115-119.

6. Kalantar-Zadeh K, Kilpatrick RD, Kuwae N, et al. Revisiting mortality
predictability of serum albumin in the dialysis population: time dependency,
longitudinal changes and population-attributable fraction. Nephrol Dial Trans-
plant. 2005;20:1880-1888.

7. Lacson E Jr, Ikizler TA, Lazarus JM, Teng M, Hakim RM. Potential
impact of nutritional intervention on end-stage renal disease hospitalization,
death, and treatment costs. J Ren Nutr. 2007;17:363-371.

8. Kalantar-Zadeh K, Ikizler TA. Let them eat during dialysis: an over-
looked opportunity to improve outcomes in maintenance hemodialysis pa-
tients. J Ren Nutr. 2013;23:157-163.

9. Kistler BM, Fitschen PJ, Ikizler TA, Wilund KR. Rethinking the re-
striction on nutrition during hemodialysis treatment. | Ren Nutr.
2015;25:81-87.

10. Lacson E Jr, Wang W, Zebrowski B, Wingard R, Hakim RM. Out-
comes associated with intradialytic oral nutritional supplements in patients
undergoing maintenance hemodialysis: a quality improvement report. Am |
Kidney Dis. 2012;60:591-600.

11. Weiner DE, Tighiouart H, Ladik V, Meyer KB, Zager PG, Johnson DS.
Oral intradialytic nutritional supplement use and mortality in hemodialysis
patients. Am | Kidney Dis. 2014;63:276-285.

12. Gray KS, Cohen DE, Brunelli SM. In-Center Hemodialysis Absen-
teeism: Prevalence and Association with Outcomes. Clinicoecon Outcomes
Res. 2017;9:307-315.

13. Leggat JE Jr, Orzol SM, Hulbert-Shearon TE, et al. Noncompliance in
hemodialysis: predictors and survival analysis. Am J Kidney Dis. 1998;32:
139-145.

14. Saran R, Bragg-Gresham JL, Rayner HC, et al. Nonadherence in he-
modialysis: associations with mortality, hospitalization, and practice patterns
in the DOPPS. Kidney Int. 2003;64:254-262.

15. Caglar K, Fedje L, Dimmitt R, Hakim RM, Shyr Y, Ikizler TA. Ther-
apeutic effects of oral nutritional supplementation during hemodialysis. Kid-
ney Int. 2002;62:1054-1059.

16. Kalantar-Zadeh K, Braglia A, Chow J, et al. An anti-
inflammatory and antioxidant nutritional supplement for hypoalbumine-
mic hemodialysis patients: a pilot/feasibility study. J Ren Nutr. 2005;15:
318-331.

17. Martin-Alemany G, Valdez-Ortiz R, Olvera-Soto G, et al. The effects
of resistance exercise and oral nutritional supplementation during hemodial-
ysis on indicators of nutritional status and quality of life. Nephrol Dial Trans-
plant. 2016;31:1712-1720.

18. Sezer S, Bal Z, Tutal E, Uyar ME, Acar NO. Long-term oral nutrition
supplementation improves outcomes in malnourished patients with chronic
kidney disease on hemodialysis. JPEN ] Parenter Enteral Nutr. 2014;38:
960-965.

19. Kaysen GA. Serum albumin concentration in dialysis patients:
why does it remain resistant to therapy? Kidney Int Suppl. 2003:592-
S98.

20. Eriguchi R, Obi Y, Streja E, et al. Longitudinal associations among
renal urea clearance-corrected normalized protein catabolic rate, serum albu-
min, and mortality in patients on hemodialysis. Clin J Am Soc Nephrol.
2017;12:1109-1117.

21. Kopple JD. Nutritional status as a predictor of morbidity and mortality
in maintenance dialysis patients. ASAIO J. 1997;43:246-250.

22. Shinaberger CS, Kilpatrick RD, Regidor DL, et al. Longitudinal asso-
ciations between dietary protein intake and survival in hemodialysis patients.
Am J Kidney Dis. 2006;48:37-49.


https://doi.org/10.1053/j.jrn.2017.10.002
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref1
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref1
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref1
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref2
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref2
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref2
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref2
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref3
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref3
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref3
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref4
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref4
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref4
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref4
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref5
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref5
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref6
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref6
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref6
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref6
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref7
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref7
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref7
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref8
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref8
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref8
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref9
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref9
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref9
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref10
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref10
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref10
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref10
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref11
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref11
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref11
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref12
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref12
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref12
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref13
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref13
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref13
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref14
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref14
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref14
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref15
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref15
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref15
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref16
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref16
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref16
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref16
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref17
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref17
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref17
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref17
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref18
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref18
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref18
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref18
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref19
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref19
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref19
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref20
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref20
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref20
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref20
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref21
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref21
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref22
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref22
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref22

196 BENNER ET AL

23. Moretti HD, Johnson AM, Keeling-Hathaway TJ. Effects of protein
supplementation in chronic hemodialysis and peritoneal dialysis patients. |
Ren Nutr. 2009;19:298-303.

24. Patel MG, Kitchen S, Miligan PJ. The effect of dietary supplements on
the nPCR in stable hemodialysis patients. J Ren Nutr. 2000;10:69-75.

25. Ikizler TA. Effects of hemodialysis on protein metabolism. J Ren Nutr.
2005;15:39-43.

26. Pupim LB, Flakoll PJ, Yu C, Ikizler TA. Recombinant human
growth hormone improves muscle amino acid uptake and whole-body
protein metabolism in chronic hemodialysis patients. Am J Clin Nutr.
2005;82:1235-1243.

27. Veeneman JM, Kingma HA, Boer TS, et al. Protein intake dur-
ing hemodialysis maintains a positive whole body protein balance in
chronic hemodialysis patients. Am | Physiol Endocrinol Metab. 2003;284:
E954-E965.

28. Foley RN, Hakim RM. Why is the mortality of dialysis patients in the
United States much higher than the rest of the world? J Am Soc Nephrol.
2009;20:1432-1435.

29. Rhee CM, You AS, Koontz Parsons T, et al. Effect of high-protein
meals during hemodialysis combined with lanthanum carbonate in hypoalbu-
minemic dialysis patients: findings from the FrEDI randomized controlled
trial. Nephrol Dial Transplant. 2017;32:1233-1243.


http://refhub.elsevier.com/S1051-2276(17)30252-2/sref23
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref23
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref23
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref24
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref24
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref25
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref25
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref26
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref26
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref26
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref26
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref27
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref27
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref27
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref27
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref28
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref28
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref28
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref29
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref29
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref29
http://refhub.elsevier.com/S1051-2276(17)30252-2/sref29

	Effects of Oral Nutritional Supplements on Mortality, Missed Dialysis Treatments, and Nutritional Markers in Hemodialysis P ...
	Introduction
	Materials and Methods
	Study Design
	Data Source and Study Patients
	Exposure
	Outcomes
	Statistical Analysis

	Results
	Baseline Characteristics
	Clinical Outcomes
	Nutritional Markers

	Discussion
	Practical Application
	Acknowledgments
	Supplementary Data
	References


