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Malnutrition: a marker for increased ®CMk
complications, mortality, and length of stay
after total shoulder arthroplasty
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Background: Malnutrition is an established risk factor for postoperative complications. The purpose of
this investigation was to determine the overall prevalence of malnutrition in total shoulder arthroplasty
(TSA) patients, the differences in prevalence across obesity subgroups, and the overall complication
risk of malnourished patients compared with normal patients.

Methods: The American College of Surgeons National Surgical Quality Improvement Program database
was queried for TSA cases from 2005 to 2013 for this retrospective cohort study. Malnutrition was defined
as preoperative albumin concentration of <3.5 g/dL. Rates of postoperative complications were compared
between normal and malnourished patients.

Results: We identified 4,655 TSA cases, with preoperative albumin measurements available for 1681 pa-
tients (36.1%). Propensity score adjustment successfully reduced selection bias, with adjusted P values of
>.05 for demographics, body mass index, and modified Charlson Comorbidity Index. Of the cohort with
albumin measurements, 7.6% of patients were malnourished according to our criteria. Bivariate analysis
showed malnourished patients had higher rates of pulmonary complications, anemia requiring transfusion,
extended length of stay (LOS), and death (all P < .05). Propensity-adjusted multivariable logistic regres-
sion demonstrated that malnutrition was significantly associated (all P < .05) with postoperative transfu-
sion (odds ratio, 2.49), extended LOS (odds ratio, 1.69), and death (odds ratio, 18.09).

Conclusion: The overall prevalence of malnutrition was 7.6%. Malnourished patients were at a signifi-
cantly increased risk for blood transfusion, longer hospital LOS, and death within 30 days of surgery.
Multivariable analysis showed TSA patients with preoperative albumin levels of <3.5 g/dL are at much
higher risk for morbidity and death after surgery than patients with albumin levels within normal reference
ranges.

Level of evidence: Level III, Retrospective Cohort Study using Large Database, Treatment Study.
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of nutritional deficiencies on postoperative outcomes has
been well documented in other surgical fields, including
transplant surgery, vascular surgery, general surgery, and
gynecology.”'*'*1* Tnitial orthopedic studies reported
poor results in nutritionally deficient hip fracture patients,
demonstrating significantly increased complications and
longer rehabilitation times.”””>** More recently, the or-
thopedic literature has investigated this phenomenon in
spine surgery and joint arthroplasty. For spine patients with
nutritional deficiency, studies demonstrate a significant in-
crease in major postoperative medical complications,
impaired wound healing, delayed postoperative recovery,
and increased hospital length of stay (LOS).'”***" Nutri-
tional deficiency has been extensively investigated in hip
and knee arthroplasty, with findings of up to a 5-fold in-
crease in joint infection, wound drainage, and neuro-
vascular and renal complications,'®%7204!42

To our knowledge, no study has evaluated the effects of
nutritional status in shoulder arthroplasty, although
numerous studies to date have focused on obesity rather
than malnutrition.”****® Although it may seem counter-
intuitive, many obese patients are also malnourished,*' and
the adverse effects of malnutrition must be considered
preoperatively in this population.””** Furthermore, poor
nutritional status is often subclinical, without physical
manifestations until it is severe, and normal-weight patients
can be malnourished without physical examination
findings.

Common laboratory tests to assess nutritional status
include albumin levels, transferrin levels, and total
lymphocyte count.®?' The common standard for the total
serum lymphocyte count is <1500 cells/mm?, though the
validity of this test has been questioned.'*’’ Albumin
levels are more frequently used as a biomarker, with levels
of <3.5 g/dL suggesting poor nutrition.'*** This value is
used regularly in the orthopedic literature to identify
malnutrition as a risk factor for poor postoperative
outcomes.' '

The purposes of the study were to (1) examine the
overall prevalence of malnutrition in the total shoulder
arthroplasty (TSA) population, (2) determine the overall
complication risk of malnourished (albumin <3.5 g/dL)
compared with nonmalnourished (albumin >3.5 g/dL) pa-
tients, and (3) evaluate the prevalence of concomitant
obesity in malnourished patients.

Materials and methods

This was a retrospective cohort study using the American College
of Surgeons National Surgical Quality Improvement Program
(ACS-NSQIP) database. TSA cases were identified from the
database using Current Procedural Terminology (CPT; American
Medical Association, Chicago, IL, USA) code 23472, from 2005
to 2013. This CPT code covers anatomic and reverse TSA. The
study excluded patients who underwent emergency surgery, had

preoperative contaminated wound classifications, and missing data
including age, sex, height, and weight. An initial total of 4796
TSA patients were identified by the NSQIP database. After
application of the exclusion criteria, as noted above, 4655 patients
were included in the cohort.

The NSQIP database” is a large multicenter clinical outcomes
program, with prospectively collected and risk-adjusted patient
demographic and comorbidity data, preoperative laboratory re-
sults, anthropometric values, and perioperative information.
Postoperative adverse events and complications are gathered up to
postoperative day 30, irrespective of the date of discharge. More
than 135 preoperative, intraoperative, and postoperative variables
are collected prospectively from medical records, operative re-
ports, and patient interviews.

Patient characteristics collected from the database included
age, sex, height, weight, and comorbidity data. Body mass index
(BMI) was calculated from height and weight. Cardiac comor-
bidities included myocardial infarction (within 6 months before
admission), congestive heart failure (within 30 days before
admission), percutaneous coronary intervention, cardiac surgery,
or angina (within 1 month before admission). Pulmonary comor-
bidities included a history of severe chronic obstructive pulmonary
disease, current pneumonia, or an assisted ventilation requirement
within 48 hours before surgery. Peripheral vascular disease was
defined as a history of rest pain, gangrene, or revascularization or
amputation for peripheral vascular conditions. Smoking history
(current smoker within the past year) and chronic steroid use
(within 30 days before surgery) were also evaluated. A modified
Charlson Comorbidity Index (CCI) adapted for the NSQIP was
used to characterize the overall health of the patients and has been
used previously in the literature.”®

Patient demographics, obesity classifications, and modified
CCI were compared between patients with and without preoper-
ative serum albumin measurements. To adjust for selection bias in
the patients with albumin measurements, propensity scores were
determined and defined as the conditional probability of having a
preoperative albumin measurement based on the observed de-
mographic characteristics, obesity classification, and comorbidity
burden. Propensity scores have been used in the literature exten-
sively for this purpose.*'> Propensity-adjusted P values for pre-
operative patient characteristics were reported. The propensity
adjustment successfully reduced selection bias by eliminating
differences in preoperative variables (all P > .05). The remainder
of the analysis was carried forward with propensity scores, using
only patients with albumin measurements.

Patients were categorized by preoperative serum albumin
concentration as normal albumin (>3.5 g/dL) or hypo-
albuminemic (<3.5 g/dL), the latter indicating malnutrition for the
purpose of this study. Patients were also categorized based on BMI
using the World Health Organization (WHO) classification™:
underweight (BMI <18.5 kg/m?), normal weight (BMI 18.5-
24.9 kg/m?), overweight (BMI 25.0-29.9 kg/m?), obese I (BMI
30.0-34.9 kg/m?), obese I (BMI 35.0-39.9 kg/m?), and obese III
(BMI >40.0 kg/m?).

The study end points included any postoperative complication,
major complications, minor complications, and extended LOS,
which was defined as more than 3 days. Major complications
included cardiac complications (cardiac arrest or myocardial
infarction), central nervous system complications (stroke or
coma), pulmonary complications (pneumonia, intubation, or
ventilator requirement), renal complications (acute renal
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Table I  Patient demographic characteristics and comorbidities with propensity score adjustment
Variable All patients Preoperative albumin P value
Yes No Unadjusted Adjusted *
(N =4655) (%)  (n=1681) (%)  (n = 2974) (%)
Overall 100.0 36.1 63.9
Male gender 43.1 41.5 44.1 .095 .984
Age, years .295 .336
18-64 27.1 25.8 27.8
65-79 55.2 55.7 54.9
>80 17.8 18.5 17.4
Obesity classification .071 .750
Normal weight (BMI 18.5-25 kg/m?) 17.6 18.8 16.9
Overweight (BMI 25-30 kg/m?) 33.7 33.5 33.9
Obese I (BMI 30-35 kg/m?) 25.8 24.2 26.8
Obese II (BMI 35-40 kg/m?) 13.0 12.6 13.3
Obese III (BMI >40 kg/m?) 9.0 10.2 8.3
Modified CCI .105 914
0to 2 14.5 14.1 14.7
3to 4 60.6 59.2 61.4
>5 24.9 26.7 23.9

BMI, body mass index; CCI, Charlson Comorbidity Index.

* To control for selection bias between the groups with and without preoperative serum albumin measurements, propensity scores were used, with the
propensity score defined as the conditional probability of having a preoperative albumin measurement based on the observed patient characteristics.
Propensity-adjusted P values for demographics, obesity classification, and modified CCI are reported. The model successfully reduced selection bias by
eliminating significant differences in preoperative variables (adjusted P all > 0.05).

insufficiency or failure), sepsis or septic shock, pulmonary em-
bolism, deep vein thrombosis, return to the operating room, and
death. Minor complications consisted of wound complications
(superficial wound infection, deep incisional surgical site infec-
tion, organ space surgical site infection, or wound dehiscence),
urinary tract infection, and postoperative anemia requiring
transfusion.

Demographic and comorbidity variables were compared be-
tween the normal albumin and hypoalbuminemic cohorts, using
the Pearson 7 test for categoric variables and Student ¢ test for
continuous variables. Patients in the cohorts with normal albumin
and hypoalbuminemia were further categorized by BMI. The rates
of postoperative complications and extended LOS were then
compared between the albumin groups as unadjusted bivariate
analyses.

Complications with a P value of <.2 were carried forward into
a propensity-adjusted multivariable logistic regression model to
determine the effect of preoperative hypoalbuminemia on the
likelihood of developing a postoperative complication. The
multivariable models were adjusted for age, sex, diabetes, hy-
pertension, cardiac comorbidities, pulmonary comorbidities, pe-
ripheral vascular disease, history of transient ischemic attack or
cerebrovascular accident, smoking history, chronic steroid use,
BMI, American Society of Anesthesiologists Physical Status
Classification, and the propensity scores predicting the presence of
preoperative albumin data. The modified CCI was not included in
the model because of the high covariance with age. BMI was
adjusted for as a continuous variable. Odds ratios (ORs) with 95%
confidence intervals (CI) were calculated. A P value of <.05, or if
the 95% CI did not include 1.0, was deemed to be statistically
significant. All statistical tests were 2-tailed.

Results

We identified 4,655 TSA patients, of whom 1681 (36.1%)
had preoperative albumin measurements. Compared with
those without preoperative albumin measurements, patients
with albumin data were more likely to be female, older in
age, and have a higher obesity classification and higher
modified CCI (Table I). The unadjusted P values trended
toward statistical significance, particularly for the differ-
ences in sex (P = .095) and obesity classification
(P =.071). To adjust for selection bias between the albumin
measurement groups, propensity scores were determined
from patient demographics, BMI, and the modified CCI for
each patient. This adjusts for the conditional probability of
a patient having a preoperative albumin measurement in a
nonrandomized sample. Table I also reports the propensity-
adjusted P values for comparisons between the groups, and
they indicate a successful reduction in selection bias, with
all adjusted P values well higher than .05. The remainder of
the analysis was performed with the 1681 patients with
albumin measurements, while carrying forward the pro-
pensity scores.

The overall prevalence of preoperative malnutrition was
7.6%. Compared with patients with normal albumin,
malnourished patients were older, more likely to be female,
have a modified CCI >5, American Society of Anesthesi-
ologists Physical Status Classification >3, have pulmonary
comorbidities, diabetes, a history of transient ischemic
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Table I  Patient demographics by albumin category ® B Underweight 5] Obsse |
Variable * Normal Hypoalbuminemic P value = Overveit B Goese i

albumin 1 .
(>3.5 g/dL) (<3.5 g/dL)
Patients 1553 (92.4) 128 (7.6) g %
Age, y 69.7 + 10.3 73.0 + 10.7 .001 5
Female 57.1 75.8 <.001 g . .
BMI, kg/m? 30.7 £ 6.7 31.2 + 8.4 .390
Modified CCI >5 24.8 50.0 <.001
ASA >3 52.2 74.2 <.001 101
Hypertension 68.3 75.8 .077
Cardiac comorbidity 4.8 10.2 .008
Pul_monary 12.6 28.9 <.001 Normal albumin Hypoalbuminemic
Diact?;]:;);b]mty 173 29.7 <.001 Figure 1  Proportions of patients in each obesity class among
Sl o 9:7 1 1:7 452 pati_ents with _normal albumin and hypoalbuminemia. *P < .05
Peripheral vascular 0.2 0.8 190 indicating statistically significant differences.
disease
TIA/CVA 2.7 6.3 .023 . .
Chronic steroid use 5.6 15.6 <.001 Discussion

ASA, American Society of Anesthesiologists; BMI, body mass index,
CCI, Charlson Comorbidity Index; CVA, cerebrovascular accident; TIA,
transient ischemic attack.
* Categoric data are expressed as number (%) or as percentage and
continuous data as mean =+ standard deviation.

attack or cerebrovascular accident, and to have a history of
chronic steroid use (all P < .05). These results are further
delineated in Table II.

To further investigate the relationship between BMI and
malnutrition, additional analysis of the distribution across
obesity classes was performed (Fig. 1). There was a
significantly increased proportion of normal weight and
obese III patients among hypoalbuminemic patients
compared with controls (all P < .05). The small number of
underweight patients in the study (12 of 1681) obviated
further analysis of this subgroup. (Table III)

Complications and LOS were evaluated in the unad-
justed bivariate analyses (Table IV). Malnourished patients
were at higher risk of requiring a blood transfusion (all
P < .001). Considering major complications, hypo-
albuminemic patients were more likely to develop post-
operative pulmonary complications or death (all P < .05).
There was a trend toward an increased risk of any major
complication in this cohort as well, but significance was not
reached (P = .063). Malnourished patients were also more
likely to have extended LOS than controls (P < .001).

The results of the multivariable logistic regressions are
reported in Table V. Adjustments were made for de-
mographics, comorbidities, and BMI. Preoperatively,
malnourished patients were at significantly increased risk
for death within 30 days (OR, 18.09; 95% CI, 1.88-173.98),
postoperative anemia requiring transfusion (OR, 2.49; 95%
CI, 1.43-4.33), and extended LOS (OR, 1.69; 95% CI, 1.02-
2.78).

The clinical implications of malnutrition are significant in
orthopedic surgery patients. Numerous spine and arthro-
plasty studies have reported increased complications and
LOS in these patients,'*'”">>**314! byt there is a paucity of
research on malnutrition in shoulder arthroplasty. Our study
found hypoalbuminemia, as a marker of malnutrition, was
present in 7.6% of all shoulder arthroplasty patients. These
malnourished patients had a propensity-adjusted increased
risk of anemia requiring blood transfusion, extended LOS,
and death compared with well-nourished patients.

Overall, 7.6% of our study patients had preoperative
albumin levels of <3.5 g/dL, whereas previous joint
replacement studies have reported rates ranging from 8% to
50%.'*>27*1 Although the prevalence of malnutrition in
this study cohort was lower than the prevalence reported in
the lower extremity arthroplasty literature, the results for
LOS were similar. We found that shoulder patients with low
albumin had a significantly increased incidence of extended
LOS compared with well-nourished controls in propensity-
adjusted and unadjusted bivariate analyses. This is consis-
tent with historic data demonstrating increased LOS in
malnourished patients.'®?"*” Further analysis of the eco-
nomic effect of extended LOS after shoulder arthroplasty
should be considered.

The increased risk of complications in malnourished
patients has been previously described in the surgical
literature. Our investigation found patients with albumin
levels of <3.5 g/dL were at significantly higher risk anemia
requiring a transfusion compared with patients with normal
albumin levels. This level of significance was maintained in
unadjusted bivariate and in propensity-adjusted analysis.
With regards to the other minor complications, wound
complications and urinary tract infections among
malnourished and control patients were not statistically
different. This is of interest, because these findings differ
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Table III  Proportion of patients in each obesity class by preoperative albumin
BMI group Normal albumin (>3.5 g/dL) Hypoalbuminemic (<3.5 g/dL) P value
(n = 1553) No. (%) (n = 128) No. (%)

Underweight (<18.5 kg/m?) 11 (0.7) 1 (0.8) 615

Normal weight (18.5-25 kg/m?) 281 (18.1) 35 (27.3) .013

Overweight (25-30 kg/m?) 533 (34.3) 30 (23.4) .011

Obese I (30-35 kg/m?) 378 (24.3) 28 (21.9) 592

Obese II (35-40 kg/m?) 201 (12.9) 11 (8.6) .168

Obese III (>40 kg/m?) 149 (9.6) 23 (18.0) .006

BMI, body mass index.

Table IV  Unadjusted postoperative adverse events by preoperative albumin level

Variable Normal albumin (>3.5 g/dL) Hypoalbuminemic (<3.5 g/dL) P value

Patients, No. (%) 1,553 (92.4) 128 (7.6)

Any postoperative complication, % 4.4 7.0 .168

Major complication, % 3.2 6.3 .063
Pulmonary 0.7 3.1 .005
Cardiac 0.3 0.8 .403
Renal 0.1 0.0 .685
DVT/PE 0.8 0.8 .992
Sepsis/septic shock 0.2 0.8 .190
Return to operating room 1.1 1.6 .631
Death 0.1 2.3 <.001

Minor complication, % 7.2 18.0 <.001
Urinary tract infection 1.3 0.8 .620
Wound complication 0.6 0.8 776
Anemia requiring transfusion 5.5 16.4 <.001

Extended length of stay, % 9.0 20.3 <.001

DVT, deep vein thrombosis, PE, pulmonary embolism.

from the previous lower extremity arthroplasty litera-
ture.'®**** This lack of significance may be due to differ-
ential risks for infection between upper and lower extremity
surgical sites as well as the inability to capture late wound
complications after postoperative day 30 using the NSQIP
database.

Finally, our incidence of increased transfusion re-
quirements in malnourished patients is similar to previous
reports.’® Transfusion risk may be a relatively minor
complication but could also signify a more difficult oper-
ation or increased blood loss during the procedure. Overall,
hypoalbuminemic patients had more than double the risk of
requiring a blood transfusion, and this is an important
preoperative consideration in this patient population.

The unadjusted analysis of malnourished patients
showed significantly increased risks of major complica-
tions, including pulmonary complications and death,
compared with controls. After adjusting for major risk
factors and propensity scores for having an albumin mea-
surement, only the risk of death remained significant
among the malnourished patients. A recent study by Huang

et al” found an increased risk of any major complication,
including neurovascular and renal complications, in
malnourished spine patients. Unadjusted analysis of pul-
monary complications in their study also trended towards
significance (P < .094); however, similar to our results,
multivariable analysis failed to show a significant differ-
ence. Others have reported other major complications, such
as periprosthetic joint infections, in malnourished
patients.”'-***!

Even after adjusting for all major identifiable de-
mographics, comorbidities, and propensity scores, hypo-
albuminemic patients were at significantly increased risk of
death postoperatively. To the best of our knowledge, no
arthroplasty study has identified increased mortality in
malnourished patients, although this variable has rarely
been analyzed as a postoperative complication.'**"*
Beyond arthroplasty patients, several studies of hip frac-
ture patients and some nonorthopedic cohorts have found
that malnourished patients are at increased risk of death in
the postoperative period.'”'”***" Although these patients
were identified as hypoalbuminemic preoperatively,
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Table V  Multivariable propensity-adjusted logistic regres-
sion results for hypoalbuminemia*

Adjusted 95% CI P
OR value

0.53-2.51 .721

Variable

Any postoperative complication 1.15

Major complication 1.41 0.61-3.26  .423
Pulmonary complication 2.25 0.61-8.29  .221
Death 18.09 1.88-173.98 .012

Minor complication 2.09 1.23-3.54  .006
Anemia requiring transfusion  2.49 1.43-4.33  .001

Extended length of stay 1.69 1.02-2.78  .041

(I, confidence interval; OR, odds ratio.
* Adjusted for age, sex, diabetes, hypertension, cardiac comorbidity,
pulmonary comorbidity, peripheral vascular disease, transient
ischemic attack/cerebrovascular accident, smoking history, chronic
steroid use, body mass index, American Society of Anesthesiologists
classification, and propensity score for having a preoperative albumin
measurement.

whether more extensive risk stratification and medical
optimization was performed was unclear. Furthermore,
these patients might have had subclinical end-organ
dysfunction from poor nutrition, and the added insult of
surgery could have contributed to increased postoperative
mortality.

A recent trend in the shoulder arthroplasty literature has
been a focus on the effects of obesity on postoperative
outcomes.””***® That obese patients would be adequately
nourished seems logical, but current data show the opposite
is true. This study’s results demonstrate that obese patients
had a higher prevalence of malnutrition (7.8%) than non-
obese patients (7.4%), which is consistent with previous
observations.”***' Further stratification by WHO obesity
classifications showed that a significantly higher number of
these nutritionally deficient patients were morbidly obese
(obese III). Surgeons may therefore want to strongly
consider preoperative nutritional screening in this high-risk
group of patients through the use of serum biomarkers such
as albumin concentration.

To reduce the effect of complications from malnutrition,
various efforts have been directed at improving the nutri-
tional status of surgical patients. Hu et al** studied the ef-
fects of postoperative total parenteral nutrition on patients
undergoing spinal reconstruction surgery and found a
decreased incidence of pneumonia and urinary tract infec-
tion. Lawson et al’” studied the effect of routine post-
operative nutritional supplementation in orthopedic wards
and found fewer overall complications as well as lower cost
per stay compared with controls. In contrast, Cross et al'*
recommended a preoperative approach to address malnu-
trition without finding definitive improvement. Overall,
studies have demonstrated improved outcomes after post-
operative nutritional supplementation, but further research
is required to determine if preoperative nutritional supple-
mentation results in fewer complications.

This study is subject to several important limitations, the
most important being that of a total of 4655 TSA cases
identified, just 1681 (36.1%) had preoperative albumin
measurements. Given the multicenter nature of this clinical
outcomes database, there is likely to be heterogeneity
across multiple preoperative risk stratification protocols,
patient characteristics, clinician preferences, and data
collection practices. Although patients with and without
albumin measurements did not have any statistically sig-
nificant differences in this analysis, several characteristics
trended toward statistical significance, indicating the pres-
ence of selection bias. A propensity score-adjustment
model was used to account for this bias, which success-
fully reduced the differences to well above the threshold for
significance. The subsequent multivariable analysis with
only patients with albumin data was performed while
adjusting for the same propensity scores, accounting for
any selection bias in the cohort.

In addition, analysis using the NSQIP database has
several important limitations. First, complications beyond
postoperative day 30 are not captured, and orthopedic-
specific outcomes, such as functional scores and range of
motion data, were not available. Furthermore, albumin was
the only nutritional marker available in the database; other
common biomarkers, such as serum transferrin and total
absolute lymphocyte count, were not measured. Despite
this potential limitation, recent studies have suggested al-
bumin is the preferred biomarker for poor nutrition.'***

Finally, because TSA patients were identified from the
NSQIP using CPT rather than ICD-9, patients with reverse
TSA and anatomic TSA implants could not be differenti-
ated. Although this is a disadvantage inherent to NSQIP, the
benefits of having accurate, prospectively collected de-
mographic, anthropometric, and comorbidity data out-
weighed the benefit of using a database based on ICD-9
codes, such as a Nationwide Inpatient Sample. The short-
comings of clinical outcomes research based on ICD-9-
coded databases are well documented.””’ Interestingly,
there is little disparity in short-term postoperative outcomes
between reverse and anatomic TSA patients.'

Conclusion

Malnutrition is an important preoperative comorbidity to
consider before shoulder arthroplasty, with an overall
incidence of 7.6% in this shoulder arthroplasty cohort.
Malnourished patients were at a significantly increased
risk of anemia requiring transfusion (2.49), extended
LOS (1.69), and death (OR, 1.88-173.98) within 30 days
of surgery. In addition the prevalence of morbid obesity
was greater in malnourished patients than in controls.
Overall, shoulder arthroplasty patients with preoperative
albumin levels <3.5 g/dL are at significantly higher risk
for morbidity and death after surgery. Preoperative
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screening should be considered to identify this high-risk
population.
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