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Preoperative Hypoalbuminemia Is Associated 
With Early Morbidity and Mortality After 
Revision Total Hip Arthroplasty
Raj M. Amin, MD; Micheal Raad, MD; Sandesh S. Rao, MD; Ryan Guilbault, MD, MPH;  
Matthew J. Best, MD; Derek F. Amanatullah, MD, PhD

Total hip arthroplasty (THA) effec-
tively treats the pain and disability 
associated with end-stage degen-

eration of the hip. Despite the robust long-
term survival of THA, the burden of revi-
sion THA is expected to increase 137% by 

2030, with aseptic indications becoming 
increasingly common.1-3

Revision THA is associated with in-
creased length of hospital stay and re-
source use compared with primary THA.2 
Compared with revision total knee arthro-
plasty (TKA), revision THA is also asso-
ciated with an almost 2-fold increase in 
30-day morbidity and a 10-fold increase 
in 30-day mortality.4,5 Factors associated 
with these adverse outcomes after revi-
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Hypoalbuminemia is associated with early morbidity and mortality in re-
vision total knee arthroplasty. We evaluated the effect of preoperative 
hypoalbuminemia on 30-day morbidity and mortality in revision total hip 
arthroplasty (THA). The National Surgical Quality Improvement Program 
(NSQIP) database was queried from 2015 to 2018 to identify patients who 
underwent revision THA. Patients were stratified based on the presence or 
absence of preoperative hypoalbuminemia and their odds of a major com-
plication or death within 30 days of revision THA with multivariate logistic 
regression. After Bonferroni correction for these 2 primary outcomes, sta-
tistical significance was defined as P<.025. A total of 2492 revision THAs 
with complete data were identified, of which 486 (20%) had preoperative 
hypoalbuminemia. Preoperative hypoalbuminemia increased the absolute 
risk of a major complication by 15.3% compared with patients with revi-
sion THA without hypoalbuminemia (30% vs 14.7%, P<.001). Patients with 
preoperative hypoalbuminemia also had nearly a 7-fold higher incidence 
of death (3.3%) compared with those with revision THA without preopera-
tive hypoalbuminemia (0.5%, P<.001). After logistic regression, the odds of 
having a major complication after revision THA with preoperative hypoal-
buminemia within 30 days were increased by 80% (odds ratio, 1.8; 95% CI, 
1.4-2.3; P<.001), and the odds of death within 30 days were increased by 
210% (odds ratio, 3.1; 95% CI, 1.2-7.8; P=.020). Hypoalbuminemia is asso-
ciated with early morbidity and mortality after revision THA. [Orthopedics. 
20XX;XX(X):xx-xx.]
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sion THA include preoperative anemia, 
chronic obstructive pulmonary disease, 
and 2-component revision.4 Given the in-
creased burden of morbidity and mortality 
for revision THA compared with revision 
TKA, it is critical to understand the risk 
factors associated with adverse outcomes 
in revision THA. 

Albumin is a protein that is widely 
used as an indicator of overall nutritional 
status.6 The association between serum 
hypoalbuminemia and poor perioperative 
outcomes, including increased morbidity 
and mortality in primary total joint arthro-
plasty, is well established.7 The relation-

ship of hypoalbuminemia and morbidity 
or mortality in revision THA is less well 
defined. To date, preoperative hypoal-
buminemia is associated with increased 
surgical site infections after revision total 
joint arthroplasty and major medical com-
plications after revision TKA.8,9 Hence, 
we sought to characterize the effect of 
preoperative hypoalbuminemia on the 
early postoperative outcomes of patients 
undergoing revision THA. We hypothe-
sized that preoperative hypoalbuminemia 
would be associated with an increase in 
major complications and mortality within 
30 days of revision THA.

Materials and Methods
The National Surgical Quality Im-

provement Program (NSQIP) database 
is composed of deidentified preoperative 
characteristics and 30-day outcomes for 
patients undergoing surgery.10 The data 
at each institution are entered by trained 
specialists, and the interrater reliability 
is greater than 98%.11 Patients admitted 
to NSQIP-participating institutions from 
2015 to 2018 and undergoing revision 
THA were identified as eligible patients 
with Current Procedural Terminology 
codes 27134, 27137, and 27138. Septic 
revision THA was defined with Interna-
tional Classification of Diseases (ICD), 
9th edition, code 996.6x and ICD, 10th 
edition, code T84.5x. A total of 9266 
patients who underwent additional pro-
cedures or had incomplete data were ex-
cluded from our analysis with listwise de-
letion to create a complete case data set.12 
A comparison of multiple imputation and 
listwise deletion (ie, complete case analy-
sis) sets to deal with incomplete data with-
in NSQIP showed that listwise deletion is 
more accurate.13 

The primary end point of this study was 
a major complication or death within 30 
days. A 30-day major complication was 
defined as surgical site infection, wound 
dehiscence, pulmonary embolism, pneu-
monia, reintubation, requirement for more 
than 48 hours of ventilation, acute renal 

failure, cerebrovascular accident, myocar-
dial infarction, reoperation, or readmission 
within 30 days of the procedure.

Hypoalbuminemia was defined as 
serum albumin level of less than 3.5 g/
dL.14 Information on patients undergoing 
revision THA with and without preop-
erative hypoalbuminemia was stratified 
and compared. Continuous data were re-
ported as mean and SD. Categorical data 
were reported as number and percentage. 
Significant covariates were identified with 
Fisher’s exact test and were included in a 
multivariate bivariate logistic regression 
along with clinically significant risk fac-
tors to determine the odds ratio (OR) and 
95% CI of a 30-day major complication or 
death. Variables included in the logistic re-
gression included age, insulin-dependent 
diabetes, body mass index, smoking his-
tory, operative time, dependent functional 
status, preoperative anemia, end-stage re-
nal disease, congestive heart failure, pul-
monary disease, and revision for infection. 
After Bonferroni correction, statistical sig-
nificance was set at P<.025. All statistical 
analyses were performed with Stata, ver-
sion 14.0, software (StataCorp LP).

Results
We identified 2492 patients who under-

went revision THA. Of the 2492 patients, 
486 had preoperative hypoalbuminemia 
(Table 1). The patients who underwent 
revision THA with preoperative hypo-
albuminemia were older (age >80 years, 
27.8% vs 14.1%; P<.0001), varied in se-
verity of obesity (Class I, 33.3% vs 22.3%, 
P<.001; Class II/III, 17.3% vs 21.4%, 
P<.001), and had higher rates of conges-
tive heart failure (4.3% vs 0.9%, P<.001), 
pulmonary disease (14.4% vs 9.4%, 
P<.001), end-stage renal disease (2.9% vs 
0.5%, P<.001), preoperative anemia (36% 
vs 13.7%, P<.001), dependent functional 
status (19.1% vs 4.6%, P<.001), tobacco 
use (21.6% vs 15.5%, P<.001), insulin-
dependent diabetes mellitus (10.1% vs 
3.9%, P<.001), and septic revision THA 
(18.3% vs 6.3%, P<.001) compared with 

Table 1

Revision Total Hip 
Arthroplasty Procedures 

Identified From the NSQIP 
Database

Characteristic Value

Age, mean±SD, y 66.9±12.6

Female, No. 1354 (54.3%)

Body mass index, 
mean±SD, kg/m2

29.9±7.0

Normal (<25 kg/m2), 
No.

1370 (55.0%)

Class I obesity (≥25 
and <35 kg/m2), No.

609 (24.4%)

Class II/III obesity 
(≥35 kg/m2), No.

513 (20.6%)

Medical comorbidity, 
No.

Hypoalbuminemia 486 (19.5%)

Congestive heart 
failure 

38 (1.5%)

Pulmonary disease 258 (10.4%)

End-stage renal 
disease

24 (1.0%)

Anemia 449 (18.0%)

Dependence 186 (7.5%)

Tobacco use within 
1 year

415 (16.7%)

Diabetes mellitus 130 (5.2%)

Septic revision 216 (8.7%)

Abbreviation: NSQIP, National Surgical Quality 
Improvement Program.
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those undergoing THA without preopera-
tive hypoalbuminemia (Table 2).

Patients undergoing revision THA 
with preoperative hypoalbuminemia had 
a 15.3% increase in the absolute risk of a 
major complication within 30 days of re-
vision compared with patients undergoing 
THA without preoperative hypoalbumin-
emia (30% vs 14.7%, P<.001). Those un-
dergoing revision THA with preoperative 
hypoalbuminemia had a 2.8% increase in 
30-day mortality compared with patients 
without preoperative hypoalbuminemia 
(3.3% vs 0.5%, P<.001) (Table 3).

Patients undergoing revision THA 
with preoperative hypoalbuminemia had 
a 4.4% increase in the absolute risk of a 
periprosthetic joint infection within 30 
days of revision compared with those un-
dergoing THA without preoperative hypo-
albuminemia (6.6% vs 2.2%, P<.001).

Multivariable logistic regression 
showed that preoperative hypoalbumin-
emia in revision THA was associated with 
an 80% increase in the odds of having a 
major complication (OR, 1.8; 95% CI, 
1.4-2.3; P<.001) and a 210% increase in 
the odds of death (OR, 3.1; 95% CI, 1.2-
7.8; P=.020) within 30 days.

Discussion
Understanding the risk factors for 

adverse outcomes after revision THA is 
critical for optimizing patient care. Our 
study showed that preoperative hypo-
albuminemia is associated with double 
the rate of a major complication within 
30 days of revision THA compared with 
revision THA among patients without 
preoperative hypoalbuminemia. We also 
found that preoperative hypoalbumin-
emia was associated with a 7-fold in-
crease in 30-day mortality compared 
with patients without preoperative hypo-
albuminemia. We would like to highlight 
the use of a homogenous revision THA 
population because we believe it is criti-
cal to reducing confounders.5 Bozic et al5 
showed that the most common etiologies 
for revision in TKA (infection) and THA 

(dislocation) differ substantially. Com-
pared with patients undergoing revision 
TKA, those undergoing revision THA 
are sicker, as shown by the major severity 
of illness score, and undergo more full-
component revisions. All-encompassing, 
revision THA is associated with a 52% 
greater resource burden than revision 
TKA. Thus, aggregate analysis of revi-
sion knee and hip arthroplasty introduces 
the potential for misleading results. Fur-
ther, we expand on the observations made 
by Rynecki et al15 by noting the associa-
tion of preoperative hypoalbuminemia 

and mortality within 30 days of revision 
THA.

In both arthroplasty- and non-arthro-
plasty–related hip surgery, preoperative 
hypoalbuminemia is associated with ad-
verse outcomes. Kishawi et al16 showed 
that a low serum albumin value is asso-
ciated with 30-day major postoperative 
complications in knee, hip, and shoulder 
revision arthroplasty. Our study expands 
on these findings by also showing an as-
sociation with mortality in a more homog-
enous revision THA population.16 Ryan 
et al14 evaluated patients with hip fracture 

Table 2

Characteristics of Patients Undergoing Total Hip Arthroplasty With 
and Without Hypoalbuminemia

No. (%)

Characteristic
Albumin ≥3.5 g/dL 
(n=2006)a

Albumin <3.5 g/dL 
(n=486)a P

Age 

<65 y 878 (43.8) 146 (30)

65-80 y 846 (42.2) 205 (42.2) <.001

>80 y 282 (14.1) 135 (27.8)

Body mass index

Normal, <25 kg/m2 1130 (56.3) 240 (49.4)

Class I obesity, 25-35 kg/m2 447 (22.3) 162 (33.3) <.001

Class II/III obesity, >35 kg/m2 429 (21.4) 84 (17.3)

Female sex 1088 (54.2) 266 (54.7) .879

Comorbidity

Congestive heart failure 17 (0.9) 21 (4.3) <.001

Pulmonary diseaseb 188 (9.4) 70 (14.4) <.001

End-stage renal disease 10 (0.5) 14 (2.9) <.001

Anemiac 274 (13.7) 175 (36) <.001

Dependent functional statusd 93 (4.6) 93 (19.1) <.001

Tobacco usee 310 (15.5) 105 (21.6) <.001

Insulin-dependent diabetes 
mellitus

81 (3.9) 49 (10.1) <.001

Septic revisionf 127 (6.3) 89 (18.3) <.001
aOperative time (mean±SD), albumin ≥3.5 g/dL 141.2±68.7 minutes vs albumin <3.5 g/dL 
140.0±72.7 minutes, P=.74. 
bChronic obstructive pulmonary disease or dyspnea on exertion. 
cHematocrit value <36% for women or <39% for men. 
dNot independent for all activities of daily living. 
eCurrent smoker within 1 year. 
fRevision total hip arthroplasty for a septic indication.
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and reported that preoperative hypoalbu-
minemia predicted readmission, length 
of hospital stay, and mortality. Using the 
NSQIP data set, Bohl et al17 found that 
preoperative hypoalbuminemia among 
geriatric patients with hip fracture was 
associated with sepsis, unplanned intu-
bation, and mortality. In primary arthro-
plasty, the effect of preoperative hypoal-
buminemia is associated with increased 
30-day major complications, 30-day mor-
tality, and 90-day cost of care.7,12,18-22 For 
patients undergoing revision TKA, pre-
operative hypoalbuminemia was associ-
ated with major complications, including 
surgical site infection, urinary tract infec-
tion, sepsis, prolonged ventilator status, 
renal failure, and death.23 Rudasill et al24 
evaluated the effect of preoperative hypo-
albuminemia for patients undergoing pri-
mary and revision arthroplasty at a single 
tertiary care hospital. This study showed 
an association with hypoalbuminemia and 

increased care costs for all primary and 
revision arthroplasty procedures.24 Their 
subgroup analysis of 10 patients undergo-
ing revision THA showed that hypoalbu-
minemia significantly increased length of 
stay and total cost of care.24

A previous study using the NSQIP 
database to study the effect of hypoalbu-
minemia in revision THA did not control 
for septic and aseptic etiologies when re-
porting their outcomes.25 This is critical 
because septic revision THA is indepen-
dently associated with increased morbid-
ity and mortality compared with aseptic 
revision THA.26 Thus, interpretation of 
previous studies of preoperative hypoal-
buminemia in revision THA is limited by 
this confounding covariate. Bohl et al12 
evaluated the incidence of hypoalbumin-
emia among 4517 patients undergoing re-
vision arthroplasty for septic and aseptic 
etiologies. They found that the prevalence 
of hypoalbuminemia is substantially 

higher during septic revision THA.12 This 
finding was mirrored in our study because 
the incidence of hypoalbuminemia was 
18.3% for septic revision THA and 6.3% 
for aseptic revision THA (P<.001). Bohl 
et al8 also observed that preoperative 
hypoalbuminemia in revision total joint 
arthroplasty was associated with early 
prosthetic joint infection. We also found 
this correlation because patients undergo-
ing revision THA with hypoalbuminemia 
had a 6.6% incidence of prosthetic joint 
infection, whereas those without hypo-
albuminemia had an incidence of 2.2% 
(P<.001).

Our data show that albumin status is 
a crucial modulator of postoperative out-
comes for patients undergoing revision 
THA. These findings suggest that albumin 
status should be noted ahead of revision 
THA. The reasons for the increase in ad-
verse outcomes associated with hypoal-
buminemia include impaired (1) innate 
and humoral immune system function, (2) 
endothelial wall stability, and (3) intravas-
cular fluid retention.27 Ryan et al14 showed 
that hypoalbuminemia correlates with the 
incidence of periprosthetic joint infection 
after primary THA better than American 
Society of Anesthesiologists score while 
having an equivalent association with ma-
jor medical complications compared with 
American Society of Anesthesiologists 
score. Hypoalbuminemia was associated 
with renal failure and congestive heart 
failure in our study and in previous publi-
cations.28,29 Revision THA in the setting of 
multiple medical comorbidities may pro-
vide a systemic second hit to patients, con-
tributing to our observation of increased 
morbidity and mortality. Therefore, given 
the association of hypoalbuminemia with 
other substantial medical comorbidi-
ties, hypoalbuminemia may be a marker 
of medical frailty, and modification may 
not substantially address the underlying 
causal medical comorbidities. We specu-
late that preoperative hypoalbuminemia 
may be a marker of the severity of medi-
cal comorbidity that is not considered in 

Table 3

Comparison of 30-Day Major Medical Events Versus Albumin Level 
Across the Study Population

No. (%) 

Major medical event
Albumin ≥3.5 g/dL 
(n=2006)

Albumin <3.5 g/dL 
(n=486) P

30-day mortality 10 (0.5) 16 (3.3) <.001

30-day morbidity 294 (14.7) 146 (30) <.001

Surgical site infection 44 (2.2) 32 (6.6) <.001

Dehiscence 8 (0.4) 6 (1.2) .039

Pneumonia 13 (0.7) 12 (2.5) .001

Pulmonary embolism 6 (0.3) 7 (1.4) .006

Reintubation 6 (0.3) 5 (1) .045

Failure to wean from ventilator 
within 48 h

3 (0.1) 0 (0) 1

Renal failure 2 (0.1) 1 (0.2) .479

Cerebrovascular accident 3 (0.1) 0 (0) 1

Cardiac arrest 3 (0.1) 4 (0.8) .03

Myocardial infarction 15 (0.8) 5 (1) .569

Reoperation related to pro-
cedure

158 (7.9) 70 (14.4) <.001

Readmission related to 
procedure

242 (12.1) 114 (23.5) <.001



n  Feature Article

MONTH/MONTH 202x | Volume 4x • Number X	 5

other measures, such as the Charlson and 
Elixhauser comorbidity indexes, given 
its strong independent association with 
mortality in our study.30,31 Previous find-
ings suggested that correction of albumin 
status for patients undergoing arthroplasty 
may reduce hospital stay and overall 90-
day charges.32 However, whether correc-
tion is possible for medically frail patients 
undergoing revision arthroplasty remains 
unknown and warrants further study. Thus, 
given the tremendous increase in resource 
use associated with hypoalbuminemia and 
its corresponding medical comorbidities, 
patients undergoing revision THA with 
preoperative hypoalbuminemia should be 
excluded from current and future bundled 
payment models.25 

There are limitations to our study. Al-
though the data were prospectively collect-
ed, our study is retrospective and is unable 
to report causality. Additionally, we report 
only early postoperative outcomes, and a 
data set that collects longer-term outcomes 
is necessary to evaluate the relationship 
between hypoalbuminemia and outcomes 
in revision THA after 30 days. Although 
the NSQIP data set has been widely used 
to report the outcomes of both primary and 
revision arthroplasty, it is subject to coding 
error and data entry inaccuracies.12 Addi-
tionally, missing data may influence the 
final outcome, although our excluded num-
ber of patients mirrors that of other work 
assessing revision arthroplasty.12 Our use 
of listwise deletion sought to mitigate this 
limitation because this is the most accurate 
method of associating risk in NSQIP, which 
strengthens the associations we found with 
preoperative hypoalbuminemia and revi-
sion THA.13 Multiple imputation increases 
the ability to detect differences by increas-
ing sample size when listwise deletion is 
unsuccessful. Our finding of an association 
between our dependent variable and both 
study end points precludes the need for 
multiple imputation simply to increase the 
sample size.33 Multiple imputation should 
also be interpreted with caution when it de-
tects a difference that is not seen with list-

wise deletion because this could indicate a 
type II error.34

Conclusion
For patients undergoing revision THA, 

preoperative hypoalbuminemia is associ-
ated with morbidity and mortality before 
30 days. Consideration should be given 
to assessing preoperative albumin status 
ahead of revision THA. Further prospec-
tive study is necessary to characterize 
these outcomes beyond 30 days and to de-
termine whether correction is possible and 
improves perioperative outcomes.

References
	 1.	 Kurtz S, Ong K, Lau E, Mowat F, Halpern 

M. Projections of primary and revision hip 
and knee arthroplasty in the United States 
from 2005 to 2030. J Bone Jt Surg Am. 
2007;89(4):780-785. https://doi.org/10.2106/
JBJS.F.00222

	2.	 Bozic KJ, Kurtz SM, Lau E, Ong K, Vail DTP, 
Berry DJ. The epidemiology of revision total 
hip arthroplasty in the United States. J Bone 
Jt Surg Am. 2009;91(1):128-133. https://doi.
org/10.2106/JBJS.H.00155

	3.	 Gwam CU, Mistry JB, Mohamed NS, et 
al. Current epidemiology of revision to-
tal hip arthroplasty in the United States: 
national inpatient sample 2009 to 2013. 
J Arthroplasty. 2017;32(7):2088-2092. 
https://doi.org/10.1016/j.arth.2017.02.046 
PMID:28336249 

	 4.	 Liodakis E, Bergeron SG, Zukor DJ, Huk 
OL, Epure LM, Antoniou J. Periopera-
tive complications and length of stay af-
ter revision total hip and knee arthroplas-
ties: an analysis of the NSQIP database. 
J Arthroplasty. 2015;30(11):1868-1871. 
https://doi.org/10.1016/j.arth.2015.05.029 
PMID:26026655 

	 5.	 Bozic KJ, Kamath AF, Ong K, et al. Com-
parative epidemiology of revision arthro-
plasty: failed THA poses greater clinical and 
economic burdens than failed TKA. Clin 
Orthop Relat Res. 2015;473(6):2131-2138. 
https://doi.org/10.1007/s11999-014-4078-8 
PMID:25467789 

	 6.	 Cross MB, Yi PH, Thomas CF, Garcia J, 
Della Valle CJ. Evaluation of malnutrition in 
orthopaedic surgery. J Am Acad Orthop Surg. 
2014;22(3):193-199. https://doi.org/10.5435/
JAAOS-22-03-193 PMID:24603829 

	 7.	 Fryhofer GW, Sloan M, Sheth NP. Hypoal-
buminemia remains an independent predic-
tor of complications following total joint 
arthroplasty. J Orthop. 2019;16(6):552-558. 
https://doi.org/10.1016/j.jor.2019.04.019 
PMID:31660022 

	 8.	 Bohl DD, Shen MR, Kayupov E, Della 
Valle CJ. Hypoalbuminemia independently 
predicts surgical site infection, pneumo-
nia, length of stay, and readmission af-
ter total joint arthroplasty. J Arthroplasty. 
2016;31(1):15-21. https://doi.org/10.1016/j.
arth.2015.08.028 PMID:26427941 

	 9.	 Yi PH, Frank RM, Vann E, Sonn KA, Moric 
M, Della Valle CJ. Is potential malnutrition 
associated with septic failure and acute in-
fection after revision total joint arthroplasty? 
Clin Orthop Relat Res. 2015;473(1):175-
182. https://doi.org/10.1007/s11999-014-
3685-8 PMID:24867449 

	10.	 American College of Surgeons. ACS Nation-
al Surgical Quality Improvement Program. 
Accessed March 15, 2020. https://www.facs.
org/quality-programs/acs-nsqip

	11.	 Shiloach M, Frencher SK Jr, Steeger JE, et 
al. Toward robust information: data qual-
ity and inter-rater reliability in the American 
College of Surgeons National Surgical Qual-
ity Improvement Program. J Am Coll Surg. 
2010;210(1):6-16. https://doi.org/10.1016/j.
jamcollsurg.2009.09.031 PMID:20123325 

	12.	 Bohl DD, Shen MR, Kayupov E, Cvetanov-
ich GL, Della Valle CJ. Is hypoalbuminemia 
associated with septic failure and acute 
infection after revision total joint arthro-
plasty? A study of 4517 patients from the 
National Surgical Quality Improvement Pro-
gram. J Arthroplasty. 2016;31(5):963-967. 
https://doi.org/10.1016/j.arth.2015.11.025 
PMID:26718779 

	13.	 Aziz KT, Best MJ, Shi BY, Srikumaran 
U. Missing data in the National Surgical 
Quality Improvement Program Database: 
how does it affect the identification of risk 
factors for shoulder surgery complica-
tions? Arthroscopy. 2020;36(5):1233-1239.
e3. https://doi.org/10.1016/j.arthro.2019. 
12.028 PMID:31954805

	14.	 Ryan S, Politzer C, Fletcher A, Bolog-
nesi M, Seyler T. Preoperative hypo-
albuminemia predicts poor short-term 
outcomes for hip fracture surgery. Ortho-
pedics. 2018;41(6):e789-e796. https://doi.
org/10.3928/01477447-20180912-03 
PMID:30222797 

	15.	 Rynecki ND, Congiusta DV, Fields M, Pa-
tel R, Vosbikian MM, Ahmed IH. Increased 
risk of complications in patients with hypo-
albuminemia undergoing revision total hip 
arthroplasty. J Orthop. 2020;21:253-257. 
https://doi.org/10.1016/j.jor.2020.03.006 
PMID:32280163 

	16.	 Kishawi D, Schwarzman G, Mejia A, 
Hussain AK, Gonzalez MH. Low preop-
erative albumin levels predict adverse out-
comes after total joint arthroplasty. J Bone 
Joint Surg Am. 2020;102(10):889-895. 
https://doi.org/10.2106/JBJS.19.00511 
PMID:32079884 

	17.	 Bohl DD, Shen MR, Hannon CP, Fillingham 
YA, Darrith B, Della Valle CJ. Serum albumin 



6	 Copyright © SLACK Incorporated

n	 Feature Article

predicts survival and postoperative course 
following surgery for geriatric hip fracture. 
J Bone Joint Surg Am. 2017;99(24):2110-
2118. https://doi.org/10.2106/JBJS.16.01620 
PMID:29257017 

	18.	 Schroer WC, Diesfeld PJ, LeMarr AR, Morton 
DJ, Reedy ME. Modifiable risk factors in pri-
mary joint arthroplasty increase 90-day cost of 
care. J Arthroplasty. 2018;33(9):2740-2744. 
https://doi.org/10.1016/j.arth.2018.04.018 
PMID:29807789 

	19.	 Walls JD, Abraham D, Nelson CL, Kamath AF, 
Elkassabany NM, Liu J. Hypoalbuminemia 
more than morbid obesity is an independent 
predictor of complications after total hip arthro-
plasty. J Arthroplasty. 2015;30(12):2290-2295. 
https://doi.org/10.1016/j.arth.2015.06.003 
PMID:26148837 

	20.	 Nelson CL, Kamath AF, Elkassabany NM, 
Guo Z, Liu J. The serum albumin thresh-
old for increased perioperative complica-
tions after total hip arthroplasty is 3.0 g/
dL. Hip Int. 2019;29(2):166-171. https://
doi .org /10 .1177/1120700018808704 
PMID:30415577 

	21.	 Blevins K, Aalirezaie A, Shohat N, Par-
vizi J. Malnutrition and the development of 
periprosthetic joint infection in patients un-
dergoing primary elective total joint arthro-
plasty. J Arthroplasty. 2018;33(9):2971-2975. 
https://doi.org/10.1016/j.arth.2018.04.027 
PMID:29759856 

	22.	 Gu A, Malahias MA, Strigelli V, Nocon AA, 
Sculco TP, Sculco PK. Preoperative malnutri-
tion negatively correlates with postoperative 
wound complications and infection after total 
joint arthroplasty: a systematic review and me-
ta-analysis. J Arthroplasty. 2019;34(5):1013-

1024. https://doi.org/10.1016/j.arth.2019.01.005 
PMID:30745081 

	23.	 Kamath AF, Nelson CL, Elkassabany N, 
Guo Z, Liu J. Low albumin is a risk factor 
for complications after revision total knee 
arthroplasty. J Knee Surg. 2017;30(3):269-
275. https://doi.org/10.1055/s-0036-1584575 
PMID:27362927 

	24.	 Rudasill SE, Ng A, Kamath AF. Preopera-
tive serum albumin levels predict treatment 
cost in total hip and knee arthroplasty. 
Clin Orthop Surg. 2018;10(4):398-406. 
https://doi.org/10.4055/cios.2018.10.4.398 
PMID:30505406 

	25.	 Bala A, Ivanov DV, Huddleston JI III, Good-
man SB, Maloney WJ, Amanatullah DF. The 
cost of malnutrition in total joint arthroplas-
ty. J Arthroplasty. 2020;35(4):926-932.e1. 
https://doi.org/10.1016/j.arth.2019.11.018 
PMID:31879158 

	26.	 Boniello AJ, Lieber AM, Courtney PM. Are pa-
tients who undergo THA for infection at high-
er risk for 30-day complications? Clin Orthop 
Relat Res. 2019;477(7):1624-1631. https://
doi.org/10.1097/CORR.0000000000000760 
PMID:31268424 

	27.	 Arroyo V, García-Martinez R, Salvatella X. 
Human serum albumin, systemic inflamma-
tion, and cirrhosis. J Hepatol. 2014;61(2):396-
407. https://doi.org/10.1016/j.jhep.2014.04.012 
PMID:24751830 

	28.	 Arques S, Ambrosi P. Human serum albu-
min in the clinical syndrome of heart failure. 
J Card Fail. 2011;17(6):451-458. https://
doi.org/10.1016/j.cardfail.2011.02.010 
PMID:21624732 

	29.	 Haller C. Hypoalbuminemia in renal failure: 

pathogenesis and therapeutic considerations. 
Kidney Blood Press Res. 2005;28(5-6): 
307-310. https://doi.org/10.1159/000090185 
PMID:16534226 

	30.	 Menendez ME, Neuhaus V, van Dijk CN, 
Ring D. The Elixhauser comorbidity method 
outperforms the Charlson index in predict-
ing inpatient death after orthopaedic surgery. 
Clin Orthop Relat Res. 2014;472(9):2878-
2886. https://doi.org/10.1007/s11999-014-
3686-7 PMID:24867450 

	31.	 Crooks CJ, West J, Card TR. A comparison of 
the recording of comorbidity in primary and 
secondary care by using the Charlson index 
to predict short-term and long-term survival 
in a routine linked data cohort. BMJ Open. 
2015;5(6):e007974. https://doi.org/10.1136/
bmjopen-2015-007974 PMID:26048212

	32.	 Schroer WC, LeMarr AR, Mills K, Childress 
AL, Morton DJ, Reedy ME. 2019 Chitranjan 
S. Ranawat Award. Elective joint arthroplasty 
outcomes improve in malnourished patients 
with nutritional intervention: a prospective 
population analysis demonstrates a modifi-
able risk factor. Bone Jt J. 2019;101 B:17-21. 
https://doi.org/10.1302/0301-620X.101B7.
BJJ-2018-1510.R1

	33.	 Ondeck NT, Fu MC, Skrip LA, et al. Miss-
ing data treatments matter: an analysis 
of multiple imputation for anterior cervi-
cal discectomy and fusion procedures. 
Spine J. 2018;18(11):2009-2017. https://
doi.org/10.1016/j.spinee.2018.04.001 
PMID:29649614 

	34.	 Multiple Imputation in SAS Part 1. UCLA: 
Statistical Consulting Group. Accessed April 
10, 2020. https://stats.idre.ucla.edu/sas/semi-
nars/multiple-imputation-in-sas/mi_new_1



Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.


