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patients. Continuous variables were analyzed 
via t-test, categorical variables were analyzed 
with Fisher’s exact test and chi-square test, and 
predictive validity was assessed by comparing 
hypoalbuminemia diagnosis to a calculated 
hypoalbuminemia risk score. 

Results
There were 35,837 complete THA records 

and 56,008 complete TKA records. Among THA 
patients, 1,684 (4.7%) had hypoalbuminemia 
and 34,153 (95.3%) did not. Among TKA patients, 
2,327 (4.15%) had hypoalbuminemia and 53,681 
(95.85%) did not. According to Table 1, seven 
factors emerged as significant, independent 
predictors of hypoalbuminemia prior to both hip 
and knee arthroplasty: age, sex, surgery within 
the prior 30 days, diabetes mellitus (DM) type 
I, liver disease, central nervous system disease, 
and chronic steroid use. Poor functional status 
and tobacco use were unique independent risk 
factors for malnutrition in THA patients, while 
ethnic race and dyspnea at rest were unique 
factors in TKA patients.  

The proposed model is a seven-point scale, 
with one point assigned to each shared risk 
factor for hypoalbuminemia (Table 2). A score 
of three or greater indicates a high pre-test 
probability of hypoalbuminemia. According to 
Table 3, 1.7% of the THA cohort (608 patients) 
and 2.0% of the TKA cohort (1,138 patients) 
were identified as at-risk for hypoalbuminemia. 
The positive predictive value for THA patients 
scoring three or greater was 20.4%, while the 
negative predictive value for scoring below 
three was 95.6%. For TKA, the positive predictive 
value for patients scoring three or greater was 
10.54%, while the negative predictive value for 
below three was 96.0%. 

Discussion
The purpose of this study was to identify 

risk factors for hypoalbuminemia in THA 
and TKA patients and develop a model that 
preoperatively predicts malnutrition. Since 
hypoalbuminemia is associated with a higher 
risk of complications following joint arthroplasty, 
a targeted, cost-effective screening method 
for hypoalbuminemic patients may improve 
outcomes through more extensive preoperative 
nutrition management2,5,6,7,10. 

Introduction
Malnutrition is a modifiable risk factor 

associated with greater risk of perioperative 
complications and hospital lengths of stay in 
patients undergoing total hip arthroplasty (THA) 
and total knee arthroplasty (TKA)1,4,3,11. Previous 
literature has identified hypoalbuminemia 
(serum albumin < 3.5 g/dL) as a reliable measure 
for malnutrition2,6,7,10. Preoperative diagnosis of 
hypoalbuminemia allows intervention with 
evidenced-based nutrition regimens that may 
correct malnutrition prior to joint arthroplasty 
and improve outcomes2,5. While advanced age, 
male gender, emergency cases, and high American 
Society of Anesthesiologists (ASA) physical 
status classifications have been previously 
associated with malnutrition, identification of 
patients at-risk for hypoalbuminemia has proven 
difficult4,8,9. The purpose of this study is to 
examine risk factors for hypoalbuminemia and 
develop a predictive model that identifies at-risk 
patients prior to elective total joint arthroplasty.

Methods
We retrospectively reviewed the American 

College of Surgeons National Surgical Quality 
Improvement Program (NSQIP) database 
from 2006 to 2014 to analyze preoperative 
independent risk factors for a diagnosis of 
hypoalbuminemia in adult patients with Current 
Procedural Terminology (CPT) codes for 
primary THA (CPT 2130) and primary TKA (CPT 
27447). Missing serum albumin levels, emergent 
cases, or ASA � 4 were excluded. Multivariate 
regression analysis was used to evaluate the 
impact of independent risk factors, including 
age, sex, race, date of operation, surgery within 
the past thirty days, tobacco use, alcohol 
consumption, functional status, dyspnea at rest 
or with moderate exercise, chronic obstructive 
pulmonary disease (COPD), diabetes mellitus 
(DM) type I and II, liver disease, congestive 
heart failure (CHF), coronary artery disease 
(CAD), hypertension necessitating medications, 
peripheral vascular disease, renal failure, central 
nervous system disease, spinal cord injury, and 
chronic steroid use. 

THA and TKA were analyzed separately. 
Significant risk factors were used to develop 
a seven-point preoperative risk model to 
predict hypoalbuminemia in joint arthroplasty 
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There were seven significant, independent 
predictors of hypoalbuminemia prior to hip 
and knee arthroplasty: age, sex, surgery within 
the prior 30 days, diabetes mellitus (DM) type 
I, liver disease, central nervous system disease, 
and chronic steroid use. Advanced age as a risk 
factor for malnutrition is consistent with pre-
viously published literature4,8. However, our 
analysis found that females are more likely to 
be malnourished for both THA (OR 1.41, p � 
0.014, CI 1.07-1.85) and TKA (OR 1.29, p � 
0.010, CI 1.06 � 1.58), differing from a previ-
ous report that found male sex as a risk fac-
tor for hypoalbuminemia8. The previous report 
included emergent cases in their analysis, so 
the discrepancy may result from our focus on 
elective primary arthroplasty patients.

The seven-point model in Table 2 is useful 
for clinical decision making in patients 
undergoing both THA and TKA. One in five of 
the model’s designated high-risk THA patients, 
and one in ten of the model’s designated 
high-risk TKA patients, had hypoalbuminemia. 
Previous studies have found that the incidence 
of malnutrition in patients undergoing 
THA or TKA was 8.5%4. In this study, only 
4.70% of THA patients and 4.15% of TKA 
had hypoalbuminemia. This quick scoring 
mechanism thus identifies THA patients with 
nearly five times the risk, and TKA patients 
with double the risk, of hypoalbuminemia 
relative to all patients undergoing procedures. 

We were limited by a retrospective study 
design and the small proportion of patients 
scoring three or greater in the model. A 
majority of patients using this model remain 
false positives, but optimization of the model 
could reduce large standard errors and permit 
weighting of risk factors to improve accuracy. 
Future research should attempt to weight 
factors, incorporate a larger patient population, 
and focus on improving predictions prior to 
TKA, for which predictions are half as accurate 
as THA.

Conclusion
Efforts to identify joint arthroplasty 

patients at risk for hypoalbuminemia 
resulted in a model that predicts prevalence 
above rates of malnutrition observed in the 
general population. Accurate identification 
of hypoalbuminemic patients may allow 
preoperative nutrition interventions to 
improve postoperative outcomes and to serve 
as a framework for prospective studies on 
malnutrition optimization pre-operatively.

Table 1. Identification of risk factors that predict hypoalbuminemia in patients 
undergoing THA and TKA.

THA (27130)  TKA (27447)

Risk Factor Odds 
Ratio

95% 
Confidence 

Interval
P-value Odds 

Ratio

95% 
Confidence 

Interval
P-value

Age

60-69 years 1.10 0.77 - 1.58 0.591 0.94 0.73 - 1.20 0.601

70-79 years 1.42 0.98 - 2.07 0.067 1.05 0.81 - 1.37 0.685

� 80 years 1.87 1.22 - 2.87 0.004 1.76 1.30 - 2.37 �0.001

Female 1.41 1.07 - 1.85 0.014 1.29 1.06 - 1.58 0.010

Race

Black 1.27 0.81 - 1.97 0.296 1.40 1.04 - 1.88 0.027

Hispanic 0.51 0.24 - 1.11 0.090 1.05 0.77 - 1.41 0.767
Asian, Pacific 
Islander, and 
Other

1.75 0.65 - 4.72 0.271 1.06 0.59 - 1.93 0.837

Year of Operation 1.09 0.99 - 1.21 0.091 1.01 0.95 - 1.08 0.708

Diabetes

Type II 0.80 0.51 - 1.26 0.337 1.11 0.87 - 1.43 0.394

Type I 3.12 1.95 - 5.00 �0.001 2.31 1.69 - 3.16 �0.001

Dyspnea

At rest 1.36 0.89 - 2.06 0.151 1.56 1.21 - 2.00 0.001

Moderate exertion 2.02 0.58 - 6.98 0.267 0.44 0.06 - 3.25 0.420

Functional status 3.51 2.61 - 4.74 <0.001 1.22 0.86 - 1.75 0.262

Smoking status 1.77 1.26 - 2.49 0.001 1.20 0.88 - 1.63 0.253
Alcohol 
consumption 0.51 0.22 - 1.19 0.119 1.57 0.90 - 2.76 0.114

COPD Diagnosis 1.52 0.94 - 2.44 0.085 1.44 0.99 - 2.08 0.056

Liver disease 23.38 2.93 - 
186.49 0.003 7.77 1.11 - 54.60 0.039

Congestive heart 
failure 2.13 0.47 - 9.61 0.325 2.58 0.55 - 12.08 0.230

Coronary artery 
disease 0.94 0.62 - 1.43 0.772 0.81 0.60 - 1.10 0.179

Hypertension 1.18 0.88 - 1.57 0.273 1.17 0.95 - 1.45 0.144
Peripheral vascular 
disease 0.90 0.26 - 3.13 0.874 0.60 0.18 - 1.98 0.401

Renal failure 1.50 0.36 - 6.21 0.579 2.86 0.92 - 8.88 0.070
Central nervous 
system disease 2.55 1.74 - 3.76 �0.001 1.47 1.07 - 2.03 0.019

Spinal cord injury omitted 0.31 0.04 - 2.37 0.261
Chronic steroid 
use 2.00 1.27 - 3.16 2.50 1.76 - 3.57 �0.001

Surgery within 
past 30 days 15.59 5.23 - 46.44 3.36 1.32 - 8.52 0.011

_constant 1.61e-
80

7.40e-171 to 
3.48e10

2.41e-
13

8.19e-71 - 
7.12e44 0.667
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Table 2. Predictive model for hypoalbuminemia
Seven-Point Model THA TKA

Factor Points Odds Ratio Standard 
Error Odds Ratio Standard 

Error
Age � 80 
years 1 1.87 0.41 1.76 0.27

Female 1 1.41 0.20 1.29 0.13
Diabetes 
Mellitus 
Type I

1 3.12 0.75 2.31 0.37

Liver 
disease 1 23.38 24.77 7.77 7.73

Central 
nervous 
system 
disease

1 2.55 0.50 1.47 0.24

Chronic 
steroid use 1 2.00 0.47 2.50 0.45

Surgery 
within past 
30 days

1 15.59 8.68 3.36 1.60

Table 3. Model’s predictive value for hypoalbuminemia prior to THA and TKA

THA TKA
Albumin 
Risk Score

Normal 
Albumin

Hypo-
albuminemia Total Normal 

Albumin
Hypo- 

albuminemia Total

0 97.41% 2.59% 13,295 
(37.1%) 97.56% 2.44% 16,717 

(29.8%)

1 95.57% 4.43% 17626 
(49.2%) 96.01% 3.99% 30,627 

(54.7%)

2 89.90% 10.10% 4,308 
(12.0%) 92.69% 7.31% 8,072 

(14.4%)

3 80.94% 19.06% 551 
(1.5%) 89.86% 10.14% 1,065 

(1.9%)

4 66.07% 33.93% 56 
(0.15%) 84.72% 15.28% 72 

(0.13%)
5 100% 0% 1 (0%) 0% 100% 1 (0%)

Total 34,153 
(95.30%) 1,684 (4.70%) 35,837 

(100%)
53,681 
(95.8%) 2,327 (4.2%) 56,008 

(100%)
+ Predictive 
Value (�3) 20.4% 10.5%

- Predictive 
Value (�3) 95.6% 96.0%




