Journal of Orthopaedics 16 (2019) 552-558

Contents lists available at ScienceDirect

Journal of Orthopaedics

journal homepage: www.elsevier.com/locate/jor

Check for
updates

Hypoalbuminemia remains an independent predictor of complications
following total joint arthroplasty

George W. Fryhofer™”, Matthew Sloan®, Neil P. Sheth”

& University of Pennsylvania, Department of Orthopaedic Surgery, 3737 Market Street, Philadelphia, PA, 19104, USA
® University of Pennsylvania, Department of Orthopaedic Surgery, 800 Spruce Street, 8th Floor Preston Building, Philadelphia, PA, 19107, USA

ARTICLE INFO ABSTRACT

Keywords: Introduction: Hypoalbuminemia (< 3.5 mg/dL) is an accepted marker of malnutrition, but it was unknown if low
Malnutrition albumin remained an independent predictor of post-operative complications following primary total hip (THA)
Outcomes

and knee (TKA) arthroplasty.

Methods: The National Surgical Quality Improvement Program (NSQIP) database was queried for patients un-
dergoing primary THA and TKA. Propensity score-matched analysis was used to control for co-morbid condi-
tions.

Results: Patients with low albumin demonstrated greater odds of death (by 2-21x), morbidity (by 25-51%), re-
admission (by 45-54%), and increased length of stay.

Conclusion: Low albumin remains an independent predictor of adverse outcomes following primary total joint

Primary knee arthroplasty
Primary hip arthroplasty
Albumin

arthroplasty.

1. Introduction

Total hip (THA) and knee (TKA) arthroplasty are two of the most
commonly performed surgical procedures in the United States," and
they are expected to continue to rise in volume over the coming dec-
ades.? However, despite total joint arthroplasty (TJA) being common-
place for the treatment of end-stage degenerative arthritis, major
complications still occur in a minority of cases.>*

With a focus on improving performance and post-operative out-
comes, previous studies have identified pre-operative risk factors, spe-
cifically those that are modifiable and associated with complications
following TJA.>* Pre-operative nutritional status has emerged as one
such potentially modifiable risk factor. Low pre-operative serum al-
bumin (less than 3.5mg/dL) is a widely accepted marker of malnutri-
tion that has been implicated as a risk factor for post-operative com-
plications in revision TJA,*° and in primary TJA even after correcting
for patient obesity.” ™’

These studies, although effective, were limited to open access
American College of Surgeons (ACS) National Surgical Quality
Improvement Program (NSQIP) data available at the time. Since 2014,
the number of primary TJA cases included in the NSQIP dataset has
nearly doubled. Moreover, the patient population undergoing primary
TJA is evolving; since 2000, the mean patient age as well as the pro-
portion of cases involving women have both decreased.'® Given these
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demographic changes, the role of a low pre-operative albumin as a true
independent predictor of post-operative complications following pri-
mary TJA is unknown. Additionally, a larger NSQIP database allows for
higher powered analyses to isolate the effects of pre-operative risk
factors such as low albumin while still correcting for a greater number
of comorbid conditions.

The purpose of this study was to use a large, multi-center pro-
spective clinical outcomes database to determine whether low pre-op-
erative albumin remains significantly associated with post-operative
complications including death and serious morbidity following primary
THA and TKA, even after correcting for several comorbid conditions.
We hypothesized that low albumin would be significantly associated
with an increased risk for post-operative complications following TJA.
We further looked to quantify the difference in risk among THA patients
compared with TKA patients.

2. Methods

The NSQIP participant use data file for 2010 to 2016 was accessed,
and Current Procedural Terminology (CPT) codes were used to identify
patients who underwent primary THA (27130) or primary TKA
(27447). International Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM) coding for hip or proximal tibia and/or distal
femur fracture [733.X, 820.X, 821.X, 822.X, 823.X, M80.X, M81.X,

0972-978X/ © 2019 Professor P K Surendran Memorial Education Foundation. Published by Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/0972978X
https://www.elsevier.com/locate/jor
https://doi.org/10.1016/j.jor.2019.04.019
https://doi.org/10.1016/j.jor.2019.04.019
mailto:george.fryhofer@uphs.upenn.edu
https://doi.org/10.1016/j.jor.2019.04.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jor.2019.04.019&domain=pdf

G.W. Fryhofer, et al.

Table 1
Binary and categorical patient factors included in analysis.

Patient Factors

Binary
Low albumin (< 3.5mg/dL)
Sex
Advanced age (=70 years)
Outpatient ASA classification (high vs. low)
Obesity (BMI > 30kg/m2)
Diabetes
Hypertension requiring medication
Rheumatoid arthritis (vs. osteoarthritis)
Current smoker
General Anestheisa
Chronic obstructive pulmonary disease
Chronic steroid use
Renal failure requiring dialysis
Cancer
Post-Traumatic
Low hematocrit (< 30%)
Elevated creatinine (=2 mg/dL)
Low platelets (< 100 billion cells/L)
High bilirubin (=2 mg/dL)
Categorical
Race
Functional status

M84.X, M96.6, and S72.X] were used to exclude patients undergoing
TJA as treatment for a diagnosis of prior fracture. The 2016 NSQIP
participant use file contained data from 680 participating institutions.
This study was reviewed and deemed exempt by our institutional re-
view board.

Only cases that contained complete data for pre-operative albumin
level were included in the final analysis. Pre-operative albumin level
was examined using binary and categorical variables (Table 1).

The primary outcomes for this study were death and serious medical
morbidity within 30 days of the index procedure. Each primary out-
come was analyzed separately for primary THA and primary TKA pa-
tients. Serious medical morbidity was defined as surgical site infection,
respiratory event, cardiac event, bleeding with need for transfusion,
and sepsis.

Secondary outcome measures included long operative time (> 1
standard deviation above the mean), prolonged length of stay (> 5
days), reoperation within 30 days, re-admission within 30 days, and
discharge to a non-home facility.

Analysis was performed using Stata IC 14.2 statistical software
(StataCorp, College Station, TX). Univariate analysis was performed
using Pearson's chi-square test or Fisher's exact test to determine as-
sociations with pre-operative hypoalbuminemia for all categorical pre-
operative characteristics and post-operative categorical outcomes.
Association with seven different primary and secondary outcomes was
deemed significant for p values of <0.007 according to Bonferroni's
correction (0.05 + 7 = 0.007).

Propensity score matching was then used to adjust for potential
confounders when determining the independent association of hy-
poalbuminemia with primary and secondary outcomes. In this method,
“case” (low albumin) and “control” (normal albumin) groups were
matched on a 1:1 basis, without replacement, using logistic regression
modeling. The resulting propensity score-matched “case” and “control”
groups — now similar with respect to all categorical pre-operative
variables except for albumin status, and therefore free of identifiable
confounding variables — were then directly compared to determine the
odds conferred by hypoalbuminemia on primary and secondary out-
comes.

ACS NSQIP and the hospitals participating in the ACS NSQIP are the
source of the data used herein; they have not verified and are not re-
sponsible for the statistical validity of the data analysis or the conclu-
sions derived by the authors.
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3. Results
3.1. Patient demographics

The NSQIP database included 135,013 patients who underwent
primary THA and 225,123 who underwent primary TKA without pre-
ceding trauma or fracture during the time period of 2010-2016. Data
on pre-operative albumin levels were available for 65,023 (48.16%)
patients undergoing THA and 108,556 (48.22%) patients undergoing
TKA. For both procedures, patients with low albumin were more likely
to have received general anesthesia (THA: 61.59% vs. 56.36%,
p < 0.001; TKA: 58.75% vs. 53.05%, p < 0.001). Demographics of
both THA and TKA cohorts demonstrated significant differences with
respect to sex, advanced age, race, functional status, ASA class, dia-
betes, hypertension, arthritis type, smoking, COPD, chronic steroid use,
dialysis, cancer, anemia, elevated creatinine, and thrombocytopenia
(Tables 2 and 3). Additionally, the THA cohort demonstrated a sig-
nificant difference for hyperbilirubinemia (Table 2), and the TKA co-
hort demonstrated a significant difference for obesity (Table 3).

3.2. Unmatched cohort analysis

Of patients undergoing THA, 7776 (11.96%) died or had serious
morbidity; there were 102 deaths (0.16%) and 7752 (11.92%) with
serious morbidities, and 2447 (3.91%) were re-admitted within 30
days. Of patients undergoing TKA, 10,036 (9.24%) died or had serious
morbidity; there were 125 (0.12%) deaths and 10,005 (9.22%) with
serious morbidities, and 3719 (3.56%) were re-admitted within 30
days.

Unadjusted analysis performed separately on both THA (Table A1)
and TKA (Table A2) cohorts demonstrated that for both cohorts, low
pre-operative albumin was associated with increased odds of death,
length of stay over 5 days, discharge to facility, re-admission, re-
operation, and serious morbidity including respiratory complications,
bleeding requiring transfusion, and sepsis.

3.3. Propensity score-matched cohort analysis

Propensity score matching resulted in matched THA and TKA co-
horts of 4692 and 8238 patients, respectively, with exactly one half of
all patients in each cohort having low albumin. Significant differences
originally observed in the unmatched cohorts with respect to sex, ad-
vanced age, race, functional status, ASA class, diabetes, hypertension,
smoking, COPD, chronic steroid use, dialysis, cancer, anemia, elevated
creatinine, thrombocytopenia, and obesity were no longer present after
matching (Tables A3 and A.4).

Univariate analysis performed separately on both matched THA
(Table A3) and TKA (Table A4) cohorts demonstrated that for both
cohorts, low pre-operative albumin was still associated with length of
stay over 5 days, discharge to non-home facility, and serious morbidity.
In both cohorts, patients with low albumin had significantly longer
length of stay (THA: +0.70 [0.54, 0.86] days, p < 0.001; TKA: +0.27
[0.14, 0.40] days, p < 0.001). In addition, for the THA cohort alone,
low albumin was also still associated with increased odds of death and
increased odds of sepsis and bleeding requiring transfusion. Mean age
and operative time were no longer significantly different.

Logistic regression performed separately on both matched THA and
TKA cohorts (Table 4) demonstrated that for both cohorts, low albumin
remained significantly associated with serious morbidity, length of stay
greater than five days, re-admission, and discharge to non-home fa-
cility. After matching, the THA cohort demonstrated a significant as-
sociation between low albumin and death, but the TKA cohort did not
(Fig. 1).
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Table 2
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Overall demographics and comorbidities for patients undergoing primary total hip arthroplasty (THA) with known pre-operative albumin.

Primary Total Hip Arthroplasty

Overall (n [%]) Alb < 3.5 (n [%]) Alb > 3.5 (n [%]) P

Total 65,023 (100.00) 2795 (4.30) 62,228 (95.70)

Sex
Male 29,549 (45.49) 1071 (38.33) 28,478 (45.81) <.001
Female 35,410 (54.51) 1723 (61.67) 33,687 (54.19)

Age
<70yr 42,504 (65.37) 1447 (51.77) 41,057 (65.98) <.001
=70yr 22,519 (34.63) 1348 (48.23) 21,171 (34.02)

Race
White 53,605 (89.14) 2240 (85.86) 51,365 (89.29) <.001
Black 5260 (8.75) 321 (12.30) 4939 (8.59)
Hispanic 805 (1.39) 29 (1.11) 776 (1.35)
Hawaiian 126 (0.21) 2 (0.08) 124 (0.22)
American Indian 339 (0.56) 17 (0.65) 322 (0.56)

Functional status
Independent 63,293 (97.67) 2506 (91.13) 60,787 (98.06) <.001
Partially Dependent 1446 (2.23) 244 (8.87) 1202 (1.94)
Totally Dependent 67 (0.10) 24 (0.87) 43 (0.07)

Outpatient

ASA class
Low 35,919 (55.24) 836 (29.91) 35,083 (56.38) <.001
High 29,104 (44.76) 1959 (70.09) 27,145 (43.62)

Comorbidities
Obesity (BMI > 30 kg/m"2) 30,676 (47.18) 1291 (46.19) 29,385 (47.22) 0.285
Diabetes 8276 (12.73) 494 (17.67) 7782 (12.51) <.001
Hypertension Medication 38,320 (58.93) 1876 (67.12) 36,444 (58.57) < .001
Arthritis

Osteoarthritis 58,461 (99.57) 2103 (98.83) 56,358 (99.60) <.001
Rheumatoid Arthritis 251 (0.43) 25 (1.17) 226 (0.40)

Smoker 8902 (13.69) 482 (17.25) 8420 (13.53) <.001
General Anesthesia 36,751 (56.58) 1717 (61.59) 35,034 (56.36) <.001
COPD 2906 (4.47) 263 (9.41) 2643 (4.25) <.001
Chronic steroid 2919 (4.49) 315 11.27) 2604 (4.18) <.001
Dialysis 192 (0.30) 58 (2.08) 134 (0.22) <.001
Cancer 296 (0.46) 60 (2.15) 236 (0.38) <.001
Low Hematocrit (< 30) 760 (1.17) 215 (7.69) 545 (0.88) <.001
High Creatinine (=2 mg/dL) 922 (1.42) 151 (5.40) 771 (1.24) < .001
Low Platelets (< 100 bil cells/L) 478 (0.74) 81 (97.10) 397 (99.36) <.001
High Bilirubin (=2 mg/dL) 6306 (9.70) 230 (8.23) 6076 (9.76) 0.007
Post-Traumatic 367 (0.62) 32 (1.50) 335 (0.59) <.001

4. Discussion

We performed a retrospective, observational analysis of a large
national cohort evaluating the impact of pre-operative low albumin on
30-day post-operative complications following primary THA and TKA.
Primary outcomes were death and serious morbidity; secondary out-
comes were re-admission, reoperation, long operative time, discharge
to non-home facility, and length of stay greater than five days.
Consistent with our hypothesis, pre-operative low albumin was asso-
ciated with death or serious morbidity in univariate unmatched ana-
lysis, univariate propensity score-matched analysis, and propensity-
matched logistic regression analysis. In addition, even after propensity
score-matching, low albumin also remained associated with greater
odds of re-admission within 30 days, length of stay greater than five
days, and discharge to a non-home facility.

This study has several limitations. First, and most notable, out of all
patients in the NSQIP cohort undergoing TJA, only 48% had pre-op-
erative albumin data available. The non-uniform availability of albumin
data may be due in part to various provider and health system-related
differences in pre-operative testing that might be expected in such a
large multi-center outcomes database. However, there also exists se-
lection bias, in that providers would be more likely to include serum
albumin as part of pre-operative testing for patients that tended to be
less healthy with a greater number of medical comorbidities. In addi-
tion, this study may underestimate the number of malnourished pa-
tients undergoing TJA, given that the NSQIP only reports on one
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nutritional marker, meanwhile neglecting other important markers
such as pre-albumin, ferritin and transferrin. Additionally, NSQIP only
includes outcomes up to 30 days following surgery, and potentially
underestimates the effects of hypoalbuminemia beyond the 30-day
period.

Despite its limitations, the results of this study corroborate the
findings of several retrospective studies that have described the effects
of low serum albumin on post-operative outcomes following TJA.>*”~°
In a pooled analysis of patients undergoing either TKA or THA, Bohl
et al. identified approximately 4% of patients having low albumin as-
sociated with increased length of stay and re-admission.’ That rate of
hypoalbuminemia is similar to the 4.3% and 4.2% of patients under-
going THA and TKA (without pooling) observed in the present study, as
are the findings regarding increased length of stay and re-admission
associated with low albumin. The relationship between pre-operative
low albumin and post-operative complications has also been described
separately both for primary TKA*”-'! and primary THA.>''~'*

The results of the present study highlight an opportunity for tar-
geted intervention with a goal of optimizing pre-operative nutrition
and, in patients with low albumin, allowing these values to normalize
prior to elective surgical intervention.'? Previous studies have explored
the benefits of pre-operative nutritional supplementation with some
success.’>'? In a randomized controlled trial of 80 patients who un-
derwent surgical fixation for treatment of traumatic hip fracture, post-
operative intravenous and oral dietary supplementation was associated
with decreased risk of fracture-related complication and decreased
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Table 3
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Overall demographics and comorbidities for patients undergoing primary total knee arthroplasty (TKA) with known pre-operative albumin.

Primary Total Knee Arthroplasty

Overall (n [%]) Alb < 3.5 (n [%]) Alb > 3.5 (n [%]) P

Total 108,556 (100.00) 4596 (4.23) 103,960 (95.77)

Sex
Male 41,093 (37.89) 1424 (31.01) 39,669 (38.20) <.001
Female 67,355 (62.11) 3168 (68.99) 64,187 (61.80)

Age
<70yr 67,014 (61.73) 2616 (56.92) 64,398 (61.94) <.001
=70yr 41,542 (38.27) 1980 (43.08) 39,562 (38.06)

Race
White 89,400 (88.79) 3603 (83.17) 85,797 (89.04) <.001
Black 8383 (8.33) 631 (14.57) 7752 (8.05)
Hispanic 1912 (1.90) 52 (1.20) 1860 (1.93)
Hawaiian 265 (0.26) 12 (0.28) 253 (0.26)
American Indian 728 (0.72) 34 (0.78) 694 (0.72)

Functional status
Independent 106,398 (98.55) 4368 (95.98) 102,030 (98.72)
Partially Dependent 1502 (1.39) 183 (4.02) 1319 (1.28)
Totally Dependent 59 (0.05) 11 (0.24) 48 (0.05)

Outpatient

ASA class
Low 53,516 (49.30) 1397 (30.40) 52,119 (50.13) <.001
High 55,040 (50.70) 3199 (69.60) 51,841 (49.87)

Comorbidities
Obesity (BMI > 30 kg/m"2) 69,282 (63.82) 3136 (68.23) 66,146 (63.63) <.001
Diabetes 20,763 (19.13) 1151 (25.04) 19,612 (18.86) <.001
Hypertension Medication 73,129 (67.37) 3363 (73.17) 69,766 (67.11) <.001
Arthritis

Osteoarthritis 104,897 (99.50) 4265 (98.32) 100,632 (99.55) <.001
Rheumatoid Arthritis 524 (0.50) 73 (1.68) 451 (0.45)

Smoker 9508 (8.76) 553 (12.03) 8955 (8.61) <.001
General Anesthesia 57,784 (53.29) 2697 (58.75) 55,087 (53.05) <.001
COPD 4321 (3.98) 348 (7.57) 3973 (3.82) <.001
Chronic steroid 4575 (4.21) 415 (9.03) 4160 (4.00) <.001
Dialysis 211 (0.19) 52 (1.13) 159 (0.15) <.001
Cancer 137 (0.13) 13 (0.28) 124 (0.12) 0.002
Low Hematocrit (< 30) 881 (0.81) 188 (4.09) 693 (0.67) <.001
High Creatinine (=2 mg/dL) 1263 (1.16) 168 (3.66) 1095 (1.05) <.001
Low Platelets (< 100 bil cells/L) 734 (0.68) 122 (2.65) 612 (0.59) <.001
High Bilirubin (=2 mg/dL) 8359 (7.70) 322 (7.01) 8037 (7.73) 0.071
Post-Traumatic 901 (0.85) 41 (0.95) 860 (0.85) 0.464

Table 4

Outcomes independently associated with low albumin following primary total
hip (THA) and knee (TKA) arthroplasty after application of logistic regression
model in matched cohorts.

Patients with Low Logistic Regression — Matched Cohort

Albumin
Primary THA Primary TKA
OR 95% CI P OR  95% CI P
Death 21.19 2.85 157.66 0.003 2.81 1.01 7.80 0.048
Serious morbidity 1.51  1.30 1.75 <.001 1.25 1.09 1.43 0.001
Long Operation 1.01 0.86 1.18 0.906 1.05 0.92 1.19 0.458
Time
Length of Stay 2.03 170 2.43 <.001 1.53 1.32 1.79 <.001
> 5 days
Reoperation 1.41 1.03 1.92 0.031 1.30 092 1.84 0.136
Readmission 1.54 121 1.95 <.001 1.45 1.19 178 <.001
Discharge to 1.42 1.26 1.60 <.001 125 1.14 136 <.001
Facility

mortality.'® The benefits of nutritional supplementation have also been
shown in non-trauma patients undergoing elective TJA. For example, in
a randomized controlled trial of 162 patients undergoing primary total
knee arthroplasty, patients randomized to pre-operative enrollment in a
multimodal nutrition program were found to have decreased length of
stay by 1.7 days."’

Despite the association with albumin, worth noting is that albumin
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Fig. 1. Forest plot of outcomes associated with low albumin following primary
total hip (THA) and knee (TKA) arthroplasty after application of logistic re-
gression model in matched cohorts. Odds ratio with 95% confidence intervals
are shown.

as a marker of protein energy deficiency®’ is likely merely an indicator
of underlying medical unsuitability for elective surgery — colloquially
described by terms such as “poor protoplasm” or “frailty”.>! Such an
indicative rather than causative role of albumin has also been suggested
by a previous report, in which correction of serum albumin alone did
not necessarily result in improved outcomes.>*

One of the most striking findings in the present study was the ~21.2
times significantly increased odds of death associated with low albumin
in patients undergoing primary THA (p = 0.003) identified by logistic
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regression in the matched cohort, in contrast to the ~2.8 times in-
creased odds in patients undergoing TKA (p = 0.048) which did not
meet statistical significance (Table 4). An alternative interpretation is
that pre-operative albumin may confer a greater significant mortality
predisposition to patients undergoing THA as compared to TKA. A re-
cent retrospective comparison of NSQIP outcomes following THA and
TKA supports this concept, identifying increased rates of re-admission
and re-operation associated with THA.'" Therefore, it is possible that
the THA patient population or THA procedure itself may confer greater
risk of post-operative complication, and that pre-operative optimization
in the THA patient population may be of even greater importance than
in patients undergoing TKA. In addition to low albumin having a
greater association with increased post-operative mortality risk among
THA patients compared with TKA patients, pre-operative hypoalbumi-
nemia was associated with a greater effect on length of stay for THA
patients compared with TKA patients. Pre-operative low albumin added
an average 0.70 days to length of stay following THA compared to 0.36
additional days following TKA, both of which may be associated with
greater healthcare costs.”® Importantly, the present study excludes total
hip replacements performed following trauma, such as in the case of the
geriatric hip fracture, where patients may undergo urgent surgery in-
cluding total hip arthroplasty without the same level of pre-operative
medical optimization as might be seen prior to elective surgery. In the
geriatric hip fracture population, pre-operative low albumin may be
associated with a risk of death as high as 9.94%.*

Appendix A. Supplementary data

Journal of Orthopaedics 16 (2019) 552-558

5. Conclusions

Hypoalbuminemia (< 3.5mg/dL) remains a significant in-
dependent predictor of adverse outcomes in patients undergoing pri-
mary THA and TKA, even after controlling for several comorbid con-
ditions. The adverse effects of low albumin may be even greater in
patients undergoing THA as compared to patients undergoing TKA,
though risks remain elevated in both populations. The findings of this
study suggest a need to limit elective surgery on patients with low al-
bumin and consultation with a nutritionist for pre-operative optimiza-
tion. Future research should determine the length of treatment and
efficacy of pre-operative nutritional supplementation in mitigating
these risks.
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Table Al

Univariate outcomes associated with low albumin following primary total hip arthroplasty (THA) in unmatched cohort.

Primary Total Hip Arthroplasty — Unmatched Cohort

Overall (n [%]) Alb < 3.5 (n [%]) Alb > 3.5 (n [%]) P
Death or serious morbidity 7776 (11.96) 685 (24.51) 7091 (11.40) < .001
Death 102 (0.16) 32 (1.15) 70 (0.11) < .001
Serious morbidity 7752 (11.92) 678 (24.26) 7074 (11.37) <.001
Surgical Site Infection 7 (0.01) 3 (0.11) 4 (0.01) 0.002*
Respiratory 131 (0.20) 22 (0.79) 109 (0.18) <.001
Cardiac 686 (1.06) 61 (2.18) 625 (1.00) < .001
Bleeding 7037 (10.82) 617 (22.08) 6420 (10.32) <.001
Sepsis 197 (0.30) 29 (1.049) 168 (0.27) <.001
Long Operative Time 9389 (14.44) 469 (16.78) 8920 (14.33) <.001
Length of Stay > 5 days 4856 (7.47) 588 (21.04) 4268 (6.86) <.001
Discharge to Facility 15,613 (24.66) 1178 (43.73) 14,435 (23.82) <.001
Readmission Within 30 Days 2447 (3.91) 225 (8.40) 2222 (3.71) < .001
Required Reoperation 1389 (2.20) 120 (4.45) 1269 (2.10) < .001
* Fisher's exact test performed due to low observation frequency.
Table A2
Univariate outcomes associated with low albumin following primary total knee arthroplasty (TKA) in unmatched cohort.
Primary Total Knee Arthroplasty — Unmatched Cohort
Overall (n [%]) Alb < 3.5 (n [%]) Alb > 3.5 (n [%]) P
Death or serious morbidity 10,036 (9.24) 649 (14.12) 9387 (9.03) < .001
Death 125 (0.12) 17 (0.37) 108 (0.10) <.001
Serious morbidity 10,005 (9.22) 645 (14.03) 9360 (9.00) <.001
Surgical Site Infection 11 (0.01) 1 (0.02) 10 (0.01) 0.378*
Respiratory 187 (0.17) 24 (0.52) 163 (0.16) <.001
Cardiac 18,888 (1.74) 102 (2.22) 1786 (1.72) 0.011
Bleeding 8089 (7.45) 546 (11.88) 7543 (7.26) < .001
Sepsis 221 (0.20) 19 (0.41) 202 (0.19) 0.001
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Table A2 (continued)

Primary Total Knee Arthroplasty — Unmatched Cohort

Overall (n [%]) Alb < 3.5 (n [%]) Alb > 3.5 (n [%]) P
Long Operative Time 14,587 (13.44) 643 (13.99) 13,944 (13.41) 0.261
Length of Stay > 5 days 7612 (7.01) 577 (12.55) 7035 (6.77) <.001
Discharge to Facility 29,687 (28.17) 1769 (39.77) 27,918 (27.66) <.001
Readmission Within 30 Days 3719 (3.56) 278 (6.29) 3441 (3.44) <.001
Required Reoperation 1292 (1.23) 90 (2.02) 1202 (1.19) < .001

* Fisher's exact test performed due to low observation frequency.

Table A3
Overall demographics and comorbidities for patients undergoing total hip arthroplasty (THA) after matching.

Primary THA — Matched Cohort

Overall (no. [%]) Alb < 3.5 (n [%]) Alb > 3.5 (n [%]) P

Total 4692 (100.00) 2346 (50.00) 2346 (50.00)

Sex
Male 2346 (50.00) 877 (37.38) 871 (37.13) 0.856
Female 2346 (50.00) 1469 (62.62) 1475 (62.87)

Age

<70yr 2430 (51.79) 1215 (51.79) 1215 (51.79) 1.000

=70yr 2262 (48.21) 1131 (48.21) 1131 (48.21)

Race
White 4088 (87.13) 2044 (87.13) 2044 (87.13) 0.883
Black 548 (11.68) 273 (11.64) 275 (11.72)
Hispanic 34 (0.72) 18 (0.77) 16 (0.68)
Hawaiian 1 (0.02) 1 (0.04) 0 (0.00)
American Indian 21 (0.45) 10 (0.43) 11 (0.47)

Functional status
Independent 4394 (93.65) 2198 (93.69) 2196 (93.61) 0.940
Partially Dependent 287 (6.12) 142 (6.05) 145 (6.18)
Totally Dependent 11 (0.23) 6 (0.26) 5 (0.21)

Outpatient

ASA class
Low 1510 (32.18) 758 (32.31) 752 (32.05) 0.851
High 3182 (67.82) 1588 (67.69) 1594 (67.95)

Comorbidities
Obesity (BMI > 30 kg/m"2) 2218 (47.27) 1109 (47.27) 1109 (47.27) 1.000
Diabetes 766 (16.33) 381 (16.24) 385 (16.41) 0.874
Hypertension Medication 3155 (67.24) 1578 (67.26) 1577 (67.22) 0.975
Smoker 765 (16.30) 381 (16.24) 384 (16.37) 0.906
COPD 385 (8.21) 192 (8.18) 193 (8.23) 0.958
Chronic steroid 445 (9.48) 226 (9.63) 219 9.39) 0.727
Dialysis 22 (0.47) 11 (0.47) 11 (0.47) 1.000
Cancer 35 (0.75) 18 0.77) 17 (0.72) 0.865
Low Hematocrit (< 30) 171 (3.64) 84 (3.58) 87 (3.71) 0.815
High Creatinine (=2 mg/dL) 117 (2.49) 60 (2.56) 57 (2.43) 0.779
Low Platelets (< 100 bil cells/L) 82 (1.75) 43 (1.83) 39 (1.66) 0.656
High Bilirubin (=2 mg/dL) 261 (5.56) 132 (5.63) 129 (5.50) 0.848

Table A4

Overall demographics and comorbidities for patients undergoing total knee arthroplasty (TKA) after matching.

Primary TKA — Matched Cohort

Overall (no. [%]) Alb < 3.5 (n [%]) Alb > 3.5 (n [%]) P

Total 8238 (100.00) 4119 (50.00) 4119 (50.00)
Sex

Male 2527 (30.67) 1264 (30.69) 1263 (30.66) 0.981

Female 5711 (69.33) 2855 (69.31) 2856 (69.34) 0.981
Age

<70yr 4665 (56.63) 2335 (56.69) 2330 (56.57) 0.911

=70yr 3573 (43.37) 1784 (43.31) 1789 (43.43)
Race

White 6912 (83.90) 3455 (83.88) 3457 (83.93) 0.999

Black 1171 (14.21) 586 (14.23) 585 (14.20)

Hispanic 91 (1.10) 45 (1.09) 46 (1.12)

Hawaiian 17 (0.21) 9 (0.22) 8 (0.19)

(continued on next page)
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Primary TKA - Matched Cohort

Overall (no. [%]) Alb < 3.5 (n [%]) Alb > 3.5 (n [%]) P

American Indian 47 (0.57) 24 (0.58) 23 (0.56)

Functional status
Independent 7967 (96.71) 3981 (96.65) 3986 (96.77) 0.916
Partially Dependent 262 (3.18) 133 (3.23) 129 (3.13)
Totally Dependent 9 (0.11) 5 (0.12) 4 (0.10)

Outpatient

ASA class
Low 2539 (30.82) 1271 (30.86) 1268 (30.78) 0.943
High 5699 (69.18) 2848 (69.14) 2851 (69.22)

Comorbidities
Obesity (BMI > 30 kg/m"2) 5709 (69.30) 2852 (69.24) 2857 (69.36) 0.905
Diabetes 2033 (24.68) 1016 (24.67) 1017 (24.69) 0.980
Hypertension Medication 6083 (73.84) 3042 (73.85) 3041 (73.83) 0.980
Smoker 950 (11.53) 475 (11.53) 475 (11.53) 1.000
COPD 578 (7.02) 290 (7.04) 288 (6.99) 0.931
Chronic steroid 645 (7.83) 323 (7.84) 322 (7.82) 0.967
Dialysis 27 (0.33) 14 (0.34) 13 (0.32) 0.847
Cancer 12 (0.15) 5 (0.15) 6 (0.15) 1.000
Low Hematocrit (< 30) 198 (2.40) 98 (2.38) 100 (2.43) 0.886
High Creatinine (=2 mg/dL) 192 (2.33) 96 (2.33) 96 (2.33) 1.000
Low Platelets (< 100 bil cells/L) 153 (1.86) 76 (1.85) 77 (1.87) 0.935
High Bilirubin (=2 mg/dL) 394 (4.78) 197 (4.78) 197 (4.78) 1.000
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