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Abstract

Background Demographic factors have been implicated
in THA and TKA outcome disparities. Specifically, pa-
tients’ racial backgrounds have been reported to influence
outcomes after surgery, including length of stay, discharge
disposition, and inpatient readmissions. However, in the
United States, health-impacting socioeconomic disadvan-
tage is sometimes associated with racial differences in
ways that can result in important confounding, thereby
raising the question of whether race-associated post-
THA/TKA adverse outcomes are an independent func-
tion of race or a byproduct of confounding from socio-
economic deprivation, which is potentially addressable. To
explore this, we used the Area Deprivation Index (ADI)
as a proxy for socioeconomic disadvantage, since it is a
socioeconomic parameter that estimates the likely depri-
vation associated with a patient’s home address.

The authors certify that there are no funding or commercial as-
sociations (consultancies, stock ownership, equity interest,
patent/licensing arrangements, etc.) that might pose a conflict of
interest in connection with the submitted article related to the
author or any immediate family members.

All ICMJE Conflict of Interest Forms for authors and Clinical
Orthopaedics and Related Research® editors and board members
are on file with the publication and can be viewed on request.
Ethical approval for this study was obtained from the Cleveland
Clinic, Cleveland, OH, USA (number 06-196).

"Department of Orthopaedic Surgery, Cleveland Clinic Foundation,
Cleveland, OH, USA

N. S. Piuzzi =, Department of Orthopaedic Surgery, Cleveland Clinic
Foundation, 9500 Euclid Avenue, Cleveland, OH 44195, USA,
Email: piuzzin@ccf.org

{=). Wolters Kluwer

Questions/purposes The goal of this study was to in-
vestigate (1) whether race (in this study, Black versus
White) was independently associated with adverse out-
comes, including prolonged length of stay (LOS > 3 days),
nonhome discharge, 90-day readmission, and emergency
department (ED) visits while controlling for age, gender,
BMI, smoking, Charlson comorbidity index (CCI), and
insurance; and (2) whether socioeconomic disadvantage,
measured by ADI, substantially mediated any association
between race and any of the aforementioned measured
outcomes.

Methods Between November 2018 and December 2019,
2638 underwent elective primary THA and 4915 patients
underwent elective primary TKA for osteoarthritis at one of
seven hospitals within a single academic center. Overall,
12% (742 of 5948) of patients were Black and 88% (5206
of 5948) were White. We included patients with complete
demographic data, ADI data, and who were of Black or
White race; with these criteria, 11% (293 of 2638) were
excluded in the THA group, and 27% (1312 of 4915) of
patients were excluded in the TKA group. In this retro-
spective, comparative study, patient follow-up was
obtained using a longitudinally maintained database,
leaving 89% (2345 of 2638) and 73% (3603 of 4915) for
analysis in the THA and TKA groups, respectively. For
both THA and TKA, Black patients had higher ADI scores,
slightly higher BMIs, and were more likely to be current
smokers at baseline. Furthermore, within the TKA cohort
there was a higher proportion of Black women compared
with White women. Multivariable regression analysis was
utilized to assess associations between race and LOS of 3 or
more days, nonhome discharge disposition, 90-day
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inpatient readmission, and 90-day ED admission, while
adjusting for age, gender, BMI, smoking, CCI, and in-
surance. This was followed by a mediation analysis that
explored whether the association between race (the in-
dependent variable) and measured outcomes (the de-
pendent variables) could be partially or completely
attributable to confounding from the ADI (the mediator, in
this model). The mediation effect was measured as a per-
centage of the total effect of race on the outcomes of in-
terest that was mediated by ADI.

Results In the THA group, after adjusting for age, gender,
BMI, smoking, CCI, and insurance, White patients had
lower odds of experiencing an LOS of 3 days or more (OR
0.43 [95% confidence interval (CI) 0.31 t0 0.59]; p<0.001)
and nonhome discharge (OR 0.39 [95% CI 0.27 to 0.56];
p <0.001). In mediation analysis, ADI partially explained
(or mediated) 37% of the association between race and
LOS of 3 days or more (-0.043 [95% CI-0.063 to -0.026];
p < 0.001) and 40% of the association between race and
nonhome discharge (0.041 [95% CI 0.024 to 0.059]; p <
0.001). However, a smaller direct association between race
and both outcomes was observed (LOS 3 days or more:
-0.075 [95% CI -0.13 to -0.024]; p = 0.004; nonhome
discharge: 0.060 [95% CI 0.016 to 0.11]; p = 0.004). No
association was observed between race and 90-day read-
mission or ED admission in the THA group. In the TKA
group, after adjusting for age, gender, BMI, smoking, CCI,
and insurance, White patients had lower odds of
experiencing an LOS of 3 days or more (OR 0.41 [95% CI
0.32 to 0.54]; p < 0.001), nonhome discharge (OR 0.44
[95% CI10.33 to 0.60]; p <0.001), 90-day readmission (OR
0.54 [95% CI 0.39 to 0.77]; p < 0.001), and 90-day ED
admission (OR 0.60 [95% CI 0.45 to 0.79]; p < 0.001). In
mediation analysis, ADI mediated 19% of the association
between race and LOS of 3 days or more (-0.021 [95% CI
-0.035 to -0.007]; p = 0.004) and 38% of the association
between race and nonhome discharge (0.029 [95% CI
-0.016 to 0.040]; p < 0.001), but there was also a direct
association between race and these outcomes (LOS 3 days
or more: -0.088 [95% CI -0.13 to -0.049]; p < 0.001;
nonhome discharge: 0.046 [95% CI 0.014 to 0.078]; p =
0.006). ADI did not mediate the associations observed
between race and 90-day readmission and ED admission in
the TKA group.

Conclusion Our findings suggest that socioeconomic dis-
advantage may be implicated in a substantial proportion of
the previously assumed race-driven disparity in healthcare
utilization parameters after primary total joint arthroplasty.
Orthopaedic surgeons should attempt to identify potentially
modifiable socioeconomic disadvantage indicators. This
serves as a call to action for the orthopaedic community to
consider specific interventions to support patients from
vulnerable areas or whose incomes are lower, such as sup-
porting applications for nonemergent medical transportation

or referring patients to local care coordination agencies.
Future studies should seek to identify which specific re-
sources or approaches improve outcomes after TJA in pa-
tients with socioeconomic disadvantage.

Level of Evidence Level 111, therapeutic study.

Introduction

THA and TKA are common orthopaedic procedures with
projected growth in the United States of up to 70% and
182%, respectively, from 2014 to 2030 [22]. Despite the
relative standardization of perioperative and intraoperative
arthroplasty care (with steps like preoperative health
management, consistent intraoperative techniques, and
postoperative rehabilitation pathways), contemporary
studies continue to cite substantial disparities in adverse
event rates among patients of different racial backgrounds.
Non-White race has been associated with longer length of
stay (LOS) after THA and TKA [23, 33]; LOS may be 10%
and 8% longer for Black patients after THA and TKA,
respectively, compared with White patients [2]. Black race
has been associated with 25% to 30% higher odds of
readmission after THA and TKA [2]. Black patients have
been reported to be less likely to have a home discharge
after TKA (36% versus 46% compared with White pa-
tients), and similarly, an 11% higher likelihood of non-
home discharge after THA [2]. Furthermore, Black race has
been specifically associated with a higher odds of com-
plications after TJA (3.6% versus 2.3% for White race) [2]
and a 1.5 times higher risk of infectious and noninfectious
complications after TKA [11].

Indeed, contemporary research is rife with “in-
dependent” statistical associations between race and a
variety of post-TJA adverse outcomes after adjusting for
various socioeconomic modifiers/confounders. Although
these claims may at times seem methodologically sound,
one must question this because they are both biologically
and physiologically implausible. Such a dissonance may,
in part, stem from the dual nature of “race” as a potentially
biologic determinant and a social one; in addition, it has a
complex relationship to a multitude of socioeconomic
factors. Even though it is possible to statistically account
for known socioeconomic confounders, it is critical to
realize that this process is imperfect and potential modi-
fiers almost always will remain unadjusted for, poorly
unadjusted for, or yet-to-be identified altogether. For ex-
ample, Leopold et al. [15] recently outlined that the bi-
ological aspect of race is highly unlikely to be the
independent driver of race-associated outcomes after or-
thopaedic interventions, based on our understanding of
the United States as a “genetic blender.” Instead, social
constructs that may be incorrectly attributed to race, such
as poor education, limited access to care, and
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socioeconomic disadvantage (including low income and
residence in predominantly in a high-poverty areas), are
all more common among Black patients compared with
their White counterparts [21]. Socioeconomic disadvan-
tage, in turn, has been associated with increased all-cause
mortality [30], as well as an elevated risk of acute adverse
medical events (such as pulmonary embolism, hemor-
rhagic anemia, and cardiac complications), readmission,
and early mortality after THA [1, 34] and TKA [24] and is
likely the main culprit among the identifiable confounders
to the association between race and adverse post-TJA
outcomes.

With associations separately reported for race and so-
cioeconomic disadvantage as risk factors for adverse out-
comes after THA and TKA, and the known connection
between race and socioeconomic disadvantage, we sought to
better understand the relationship among race, socioeco-
nomic disadvantage, and outcomes, such as LOS, discharge
disposition, ED readmission, and inpatient readmission [1,
2,11, 21, 23, 24, 30, 33, 34]. To explore this, we used the
Area Deprivation Index (ADI) as a proxy for socioeconomic
disadvantage, since it is a socioeconomic parameter that
estimates the likely deprivation associated with a patient’s
home address; it is considered a good surrogate measure-
ment of socioeconomic disadvantages [10, 18, 25].

With that as background, we asked: (1) whether race (in
this study, Black versus White) was independently asso-
ciated with adverse outcomes, including prolonged LOS
(LOS of 3 days or more), nonhome discharge, 90-day
readmission, and emergency department (ED) visits while
controlling for age, gender, BMI, smoking, Charlson
comorbidity index (CCI), and insurance; and (2) whether
socioeconomic disadvantage, measured by ADI, sub-
stantially mediated any association between race and any
of the aforementioned measured outcomes.

Patients and Methods
Study Design and Setting

This is a retrospective, comparative study that drew from a
longitudinally maintained institutional database. We con-
sidered potentially eligible all patients who underwent
primary elective unilateral THA or TKA at one of seven
large, urban hospitals in Ohio and Florida within a tertiary
healthcare system between November 2018 and December
2019 [19, 20]. Data were obtained via a previously de-
scribed and validated institutional data collection system
[6, 19]. This system captures more than 97% of elective
orthopaedic surgical interventions and records baseline
patient demographics, comorbidities, perioperative and
postoperative details, as well as 90-day readmissions in the
healthcare system.

{J:J?@Wolters Kluwer

November 2018-December 2019

Primary, elective THA for OA
n=2638

Exclusions: 11% (293 of 2638)
= Missing BMI: 57
Missing race: 50

L = Missing smoking status: 41

Missing ADI: 99
Non-Black/Non-White: 46

n=2345

THA cohort
89% (2345 0 2638)

Primary, elective TKA for OA
November 2018-December 2019
n=4915

Exclusions: 27% (1312 0f 4915)
= Missing BMI: 115
Missing race: 129

L = Missing smoking status: 84

Missing ADI: 885
Non-Black/Non-White: 99

TKA cohort
n=3603
73% (3603 0f 4915)

B

Fig. 1 A-B These STROBE diagrams illustrate the reasons for
exclusion for patients in the (A) THA and (B) TKA groups; OA =
osteoarthritis.

Study Population

Patients were considered for inclusion if they underwent
primary THA or TKA for osteoarthritis between November
2018 and December 2019. During this period, a total of 2638
patients underwent THA and 4915 underwent TKA. Patients
were excluded if they had a documented race that was not
White or Black, were missing demographic data, or were
missing ADI data. Inclusion of only Black and White race
categories was necessary because of the small number of
patients from racial groups other than the two that were in-
cluded here. Nevertheless, such categorization was deemed
sufficient for the purposes of the present study given that the
greatest magnitude of racial disparity in the measured out-
comes has been consistently demonstrated to be between
Black and White patients [2, 11, 23, 33]. Race was provider-
recorded and captured by the Orthopaedic Minimal Data Set
Episode of Care (OME) institutional data collection system.
In the THA group, 6% (148 of 2638) of patients were ex-
cluded for missing demographic data, 4% (99 of 2638) for
missing ADI data, and 2% (46 of 2638) for non-Black or non-
White race, yielding a sample of 2345 patients (Fig. 1A). In
the TKA group, 7% (328 of 4915) of patients were excluded
for missing demographic data, 18% (885 0f 4915) for missing
ADI data, and 2% (99 of 4915) for non-Black or non-White
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Fig. 2 A-B These density plots represent ADI by Black or White race in patients undergoing (A) THA and (B) TKA. A color image

accompanies the online version of this article.

race, yielding a sample of 3603 patients (Fig. 1B). Ninety-day
follow-up was obtained using a longitudinally maintained
database that captures all readmissions occurring within 90
days after THA/TKA at any of the hospitals within an in-
tegrated healthcare care system, leaving 89% (2345 of 2638)
and 73% (3603 of 4915) for analysis in the THA and TKA
groups, respectively.

Tools for Quantifying Socioeconomic Disadvantage and
Comorbidity Burden: ADI and CCI

The ADI quantifies a patient’s relative socioeconomic
disadvantage based on the patient’s home address on the
day of surgery. The ADI is scored from 1 to 100, with
higher scores suggesting increased socioeconomic disad-
vantage. We used ADI data from 2018 to 2019, analyzing it
as a continuous variable. The ADI has been used as a proxy
for socioeconomic disadvantage in arthroplasty research
[18,25] and other healthcare research [10]. The distribution
of ADI scores was separated by race for both the THA and
TKA groups. A larger proportion of high ADI scores was
observed in Black patients compared with White patients
for both the THA and TKA groups (Fig. 2).

The CCI was first described by Charlson et al. [4] in
1987 and was utilized to predict a patient’s likelihood of
10-year mortality based on their comorbidity burden. The
index has been refined since the original publication, and
we utilized the quan-10 age-unadjusted scoring system
[26]. Data on comorbidities was acquired from our in-
stitutional data collection system.

Patient Demographics

Among the THA sample, 12% (273 of 2345) of patients
were identified as Black and 88% (2072 of 2345) were
identified as White. Among the TKA sample, 13% (469 of
3603) were identified as Black and 87% (3134 of 3603)
were identified as White. Black patients in general had
markedly higher ADI scores (suggesting they lived in
areas of higher socioeconomic disadvantage), slightly
higher BMIs, and were more likely to be current smokers
in the THA group (Table 1). Similar findings were ob-
served in the TKA group, with the additional finding that
there was a moderately higher proportion of Black women
(Table 2).

Multivariable regression and mediation analyses were
used sequentially to adjust for confounding demographic
variables, such as age, gender, BMI, smoking, CCI, and
insurance (described in more detail in Statistical
Analysis).

Primary Study Outcomes

The primary outcomes of the study were an LOS of 3 or
more days, nonhome discharge disposition, 90-day in-
patient readmission, and 90-day ED admission.

Ethical Approval

We obtained ethical review board approval for this study.
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Table 1. Demographic characteristics of the THA group stratified by Black or White race

Variable Black (n = 273) White (n = 2072) p value
Age in years 64 (56-70) 67 (60-73) < 0.001
Women 55 (149) 58 (1192) 0.39
BMI in kg/m? 31 (27-37) 29 (26-34) < 0.001
Noncommercial insurance 71 (195) 63 (1312) 0.01
Smoking

Never 46 (125) 53 (1101) < 0.001

Quit 35 (96) 38 (778)

Current 19 (52) 9(193)
ca 1(0-2) 0(0-2) < 0.001
ADI 81 (55-93) 41 (25-59) < 0.001

Data presented as median and IQR (25™-75™) or % (n). Race was provider-recorded and captured by an institutional data collection
system. CCl = Charlson comorbidity index scores represent quan-10 age-unadjusted comorbidity burden with increasing values
implying higher comorbidity burden; ADI = Area Deprivation Index quantifies a patient’s relative socioeconomic disadvantage
based on his or her home address, with increasing values implying more severe socioeconomic disadvantage.

Statistical Analysis

Continuous variables were summarized using means and SD
or medians and interquartile ranges, when appropriate.
Categorical variables were displayed using counts and per-
centages. We conducted a univariate analysis to compare
proportions between patient demographics and race.
Numerical variables were analyzed with paired t-tests, and
categorical variables were analyzed using Pearson chi-
square tests or Fisher exact tests. To assess associations
between race and the study outcomes, multivariable logistic
regression models were developed for THA and TKA with
age, gender, BMI, insurance, smoking, and CCI included as
covariates. Each model’s performance ability was calculated
using Tjur R-squared [32] values (range O to 1, the higher the
better). Mediation analysis was then utilized to assess if ADI
mediated any observed associations between race and

outcomes. To investigate this, three additional steps were
needed according to the following premises and require-
ments, as described by Mascha et al. [17]: Firstly, “race must
be associated with ADIL.” Multivariable linear regression
was built to test associations between race and ADI, while
adjusting for age, gender, BMI, smoking, CCI, and in-
surance. A significant association of race onto the mediator
(ADI) was a prerequisite for mediation being possible.
Secondly, “ADI must be associated with the measured out-
comes, independent of race.” Multivariable logistic regression
was built to test associations between ADI and outcomes,
adjusting for race and age, gender, BMI, smoking, CCI, and
insurance. A significant association of ADI on the outcome of
interest was also an essential precondition for claiming me-
diation; and lastly, “mediation must be significant.” The sig-
nificance of mediation was estimated by bootstrapping using
R “mediation” package [31]. A nonparametric bootstrap

Table 2. Demographic characteristics of the TKA group stratified by Black or White race

Variable Black (n = 469) White (n = 3134) p value
Age in years 64 (57-71) 67 (61-73) < 0.001
Women 72 (336) 59 (1843) < 0.001
BMI in kg/m? 34 (30-39) 32 (28-37) < 0.001
Smoking

Never 54 (253) 54 (1705) < 0.001

Quit 33 (156) 39 (1224)

Current 13 (60) 7 (205)
cal 1(0-2) 0(0-2) < 0.001
ADI 80 (58-92) 42 (26-61) < 0.001

Data presented as median and IQR (25"-75™) or % (n). Race was provider-recorded and captured by an institutional data collection
system. CCl = Charlson Comorbidity Index scores represent quan-10 age-unadjusted comorbidity burden with increasing values
implying higher comorbidity burden; ADI = Area Deprivation Index quantifies a patient’s relative socioeconomic disadvantage

based on his or her home address, with increasing values implying more severe socioeconomic disadvantage.
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resampling method with 1000 samples was used to generate
the confidence interval and p value. Odds ratios and estimates
were provided with 95% confidence intervals (Cls). The es-
timates from mediation analysis represent the proportion of
the effect on the dependent variables (outcomes of interest)
that may be attributed to the independent variable (race) and
the mediator (ADI). The proportion of the total effect that is
attributed to the mediator is used to calculate the percent
mediation.

Data management and analysis were performed using R
(Version 4.0). All tests were two-sided, assuming an alpha
level of 0.05.

Results

Associations Between Race and Length of Stay, Discharge
Disposition, and Readmission

After adjusting for age, gender, BMI, smoking, CCI, and
insurance, White patients were less likely than Black pa-
tients to have an LOS of 3 days or more (OR 0.43 [95% CI
0.31 to0 0.59]; p <0.001) and nonhome discharge (OR 0.39
[95% CI 0.27 to 0.56]; p < 0.001) after THA. No associ-
ation was seen between race and 90-day readmission or ED
admission in the THA group (Table 3).

After adjusting for age, gender, BMI, smoking, CCI, and
insurance, White patients were less likely than Black patients

to have an LOS of 3 days or more (OR 0.41 [95% CI 0.32 to
0.54]; p<0.001), nonhome discharge (OR 0.44 [95% CI10.33
to 0.60]; p < 0.001), 90-day readmission (OR 0.54 [95% CI
0.39t0 0.77]; p < 0.001), and 90-day ED admission (OR 0.60
[95% CI 0.45 to 0.79]; p < 0.001) after TKA (Table 4).

Mediation of ADI on Associations Between Race and
Measured Outcomes

In the THA group, ADI mediated 37% of the association
between race and LOS of 3 days or more (-0.043 [95% CI
-0.063 to -0.026]; p < 0.001) and 40% of the association
between race and nonhome discharge (0.041 [95% CI
0.024 to 0.059]; p < 0.001). However, a direct association
between race and LOS of 3 days or more (-0.075 [95% CI
-0.13 to -0.024]; p = 0.004) as well as nonhome discharge
(0.060 [95% C1 0.016 to 0.11]; p = 0.004) was observed
(Table 5, Fig. 3)

In the TKA group, ADI mediated 19% of the association
between race and LOS of 3 days or more (-0.021 [95% CI
-0.035 to -0.007]; p = 0.004) and 38% of the association
between race and nonhome discharge (0.029 [95% CI -0.016
to 0.04]; p < 0.001); however, a direct association between
race and LOS of 3 days or more (-0.088 [95% CI -0.13 to
-0.049]; p < 0.001) as well as nonhome discharge (0.046
[95% CI 0.014 to 0.078]; p = 0.006) was observed (Table 6,
Fig. 4). ADI did not mediate the associations observed

Table 3. Multivariable logistic regression evaluating associations between race and demographic variables with LOS of 3 or more
days, nonhome discharge, 90-day readmission, and 90-day ED admission after THA

LOS = 3 days Nonhome discharge 90-day readmission 90-day ED admission
Estimate Estimate Estimate Estimate

Variable (95% ClI) p value (95% Cl) p value (95% Cl) p value (95% Cl) p value
Race (White vs 0.43(0.31-0.59) < 0.001 0.39(0.27-0.56) < 0.001 0.84 (0.51-1.44) 0.50 0.71 (0.46-1.11) 0.12
Black)
Age (IQRincrease) 1.57 (1.27-1.96) < 0.001 2.61 (2.02-3.39) < 0.001 1.38(1.01-1.89) 0.047 0.8 (0.61-1.06) 0.1
Gender 1.59 (1.24-2.05) < 0.001 1.96 (1.47-2.65) < 0.001 1.07 (0.75-1.52) 072 1.27 (0.92-1.78) 0.16
(women vs men)
BMI in kg/m? 141 (1.21-1.66) <0.001 1.79(1.49-2.15) <0.001 1.27(1.01-1.60) 0.04 1.22(0.99-1.50) 0.06
(IQR increase)
Smoking 0.79 (0.61-1.02) 0.07 0.81 (0.60-1.08) 0.15 1.09 (0.76-1.57) 0.62 1.27 (0.90-1.80) 0.18
(quit vs never)
Smoking 1.19 (0.78-1.79) 0.41 1.48 (0.90-2.38) 0.11 0.81 (0.38-1.56) 0.56  1.46 (0.85-2.42) 0.16
(current vs never)
cd 1.26 (1.19-1.35) < 0.001 1.28(1.19-1.37) < 0.001 1.22(1.12-1.32) < 0.001 1.16 (1.07-1.26) < 0.001
Insurance 0.52 (0.37-0.73) < 0.001 0.39(0.24-0.60) < 0.001 0.82 (0.50-1.32) 0.41 0.52 (0.34-0.80) 0.003
(commercial vs
noncommercial)
Intercept 0.01 (0.00-0.03) < 0.001 0 (0.00-0.00) < 0.001 0.01(0.00-0.04) < 0.001 0.11(0.02-0.57) 0.01

Race was provider-recorded and captured by an institutional data collection system. CCl = Charlson comorbidity index scores
represent quan-10 age-unadjusted comorbidity burden with increasing values implying higher comorbidity burden.
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Table 4. Multivariable logistic regression evaluating associations between race and demographic variables with LOS 3 or more days,
nonhome discharge, 90-day readmission, and 90-day ED admission after TKA

LOS = 3 days Nonhome discharge 90-day readmission 90-day ED admission
Estimate Estimate Estimate Estimate

Variable (95% Cl) p value (95% Cl) p value (95% Cl) p value (95% Cl) p value
Race (White vs Black)  0.41 (0.32-0.54) < 0.001 0.44 (0.33-0.60) < 0.001 0.54 (0.39-0.77) < 0.001 0.60 (0.45-0.79) < 0.001
Age (IQR increase) 2.07 (1.77-242) < 0.001 3.56 (2.95-4.33) < 0.001 1.58(1.30-1.92) < 0.001 0.91(0.78-1.06)  0.22
Gender 1.69 (1.35-2.12) < 0.001 1.81(1.39-2.37) < 0.001 0.92 (0.70-1.22) 0.57 1.12(0.89-1.41) 0.33
(women vs men)
BMI in kg/m2 1.34 (1.18-1.53) < 0.001 1.52(1.30-1.77) < 0.001 1.14 (0.95-1.35) 0.16 1.1 (0.96-1.27) 0.17
(IQR increase)
Smoking 1.13 (0.90-1.40) 0.29 0.88 (0.68-1.13) 0.31 1.12 (0.84-1.48) 044 1.26 (1.00-1.59) 0.05
(quit vs never)
Smoking 1.27 (0.82-1.91) 0.27 1.47 (0.89-2.34) 0.12  1.28 (0.74-2.12) 035 1.65(1.12-2.39) 0.009
(current vs never)
Ccdl 1.18 (1.12-1.24) < 0.001 1.17(1.11-1.24) < 0.001 1.15(1.07-1.22) < 0.001 1.12(1.05-1.18) < 0.001
Intercept 0 (0.00-0.00) < 0.001 0 (0.00-0.00) < 0.001 0(0.00-0.02) < 0.001 0.15(0.05-0.45) 0.001

Race was provider-recorded and captured by an institutional data collection system. CCl = Charlson comorbidity index scores
represent quan-10 age-unadjusted comorbidity burden with increasing values implying higher comorbidity burden.

between race and 90-day readmission (0.00 [0.00 to 0.01]; p=
0.27) and 90-day ED admission (0.00 [0.00 to 0.01]; p =
0.33), respectively.

biological and social components; therefore, claims of asso-
ciations between adverse outcomes and race in arthroplasty
research are problematic if they do not adjust for other im-

portant factors [13-15]. Most importantly, socioeconomic
disadvantages have been associated with increased compli-
cations and readmissions after TJA [1, 24, 30, 34] and are
more prevalent in patients of Black race compared with those
of White race [21]. Therefore, we aimed to explore whether
social factors, such as ADI—a surrogate measurement for
socioeconomic disadvantage—instead of race, may account
for the reported disparities in several important healthcare

Discussion

Black and non-White race have been reported to be associated
with longer hospital stays, increased risk for infectious and
noninfectious complications, and higher odds of readmission
after TIA [2, 11, 23, 33]. However, race includes both

Table 5. Mediation analysis of ADI on associations observed between Black or White race with LOS 3 or more days and nonhome
discharge in patients who underwent THA

Association Estimate (95% ClI) p value % mediation
LOS > 3 days
Mediation (indirect) -0.043 (-0.063 to -0.026) < 0.001 37%
Direct -0.075 (-0.13 to -0.024) 0.004 64%
Total -0.117 (-0.17 to -0.065) < 0.001 100%
Nonhome discharge
Mediator (indirect) 0.041 (0.024 to 0.059) < 0.001 40%
Direct 0.060 (0.016 to 0.109) 0.004 60%
Total 0.101 (0.053 to 0.149) < 0.001 100%

Mediation analysis explored the degree to which the observed relationship between race (independent variable) and LOS of 3 or
more days/nonhome discharge (dependent variables) was completely or partially explained by ADI (mediator). The estimates from
mediation analysis represent the proportion of the total effect on the dependent variables that may be attributed to the
independent variable and the mediator. The mediation (indirect) effect divided by the total effect was used to calculate the percent
mediation for each outcome. For example, the mediation effect of ADI on the effect of race on LOS of 3 days or more was -0.043, and
the total effect of race on LOS of 3 days or more was -0.117. The percentage of the total effect of race on LOS of 3 days or more that is
mediated by ADI was calculated as -0.043/-0.117 = 0.37 or 37%.
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Fig. 3 A-B Diagram:s illustrating mediation analysis of ADI on
associations observed between (A) Black or White race with
LOS of 3 or more days and (B) nonhome discharge in patients
who underwent THA.

utilization outcomes (LOS, discharge disposition, ED read-
mission, and inpatient readmission) after TJA in Black and
White patients. Primarily, ADI was found to partially explain
observed associations between race and LOS of 3 days or
more and nonhome discharge disposition after THA and
TKA. These findings suggest that socioeconomic disadvan-
tages, as measured by the ADI, may be implicated in a

substantial proportion of the previously assumed race-driven
disparity in healthcare utilization parameters after THA and
TKA. Orthopaedic surgeons should attempt to identify po-
tentially modifiable socioeconomic disadvantage indicators.
This serves as a call to action for the orthopaedic community
to consider specific interventions to support patients from
vulnerable areas or whose incomes are lower, such as sup-
porting applications for nonemergent medical transportation
or referring patients to local care coordination agencies.

Limitations

This institutional comparative study has several limita-
tions. Specifically, 90-day readmission and ED visit data
were directly captured if the event occurred within one of
the sites affiliated with our healthcare system or if it was
reported to one of our institutional providers at a later date
and subsequently recorded in the patients’ medical record.
Therefore, it is possible that some patients may have
required a 90-day readmission/ED visit at an outside in-
stitution that was not subsequently communicated to us by
the patient or the outside provider. This may have in-
troduced an extent of transfer bias despite having a 100%
retrospective follow-up for 90-day outcomes; neverthe-
less, patients are routinely questioned for adverse events
at follow-up visits and not recalling a readmission/ED
visit event seems unlikely. We were unable to analyze
patients from racial groups other than Black or White
because of insufficient representation of individuals from
other groups in our cohort; one therefore should not as-
sume that our findings apply to other racial groups.
Nevertheless, the current study aimed to highlight that
sociodemographic factors are more likely be behind what
had been race-associated post-TJA adverse events than is

Table 6. Mediation analysis of ADI on associations observed between Black or White race with LOS > 3 days and nonhome discharge

in patients who underwent TKA

Association Estimate (95% ClI) p value % mediation
LOS > 3 days
Mediation (indirect) -0.021 (-0.035 to -0.007) 0.004 19%
Direct -0.088 (-0.126 to -0.049) < 0.001 81%
Total -0.109 (-0.146 to -0.072) < 0.001 100%
Nonhome discharge
Mediator (indirect) 0.029 (-0.016 to 0.04) < 0.001 38%
Direct 0.046 (0.014 to 0.078) 0.006 62%
Total 0.075 (0.042 to 0.106) < 0.001 100%

Mediation analysis explored the degree to which the observed relationship between race (independent variable) and LOS 3 or more
days/nonhome discharge (dependent variables) was completely or partially explained by ADI (mediator). The estimates from
mediation analysis represent the proportion of the total effect on the dependent variables that may be attributed to the
independent variable and the mediator. The mediation (indirect) effect divided by the total effect was used to calculate the percent

mediation for each outcome.
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Fig. 4 A-B Diagram:s illustrating mediation analysis of ADI on
associations observed between (A) Black or White race with
LOS of 3 or more days and (B) nonhome discharge in patients
who underwent TKA. The arrows labeled “a” and “b” represent
the indirect effect of race on each outcome that is mediated by
ADI.

race, a finding that has been most extensively described
when comparing White versus Black patients [2, 11, 23,
33]. Future investigations are needed to evaluate similar
socioeconomic modifiers of TJA outcomes in patients
with various ethnic and racial backgrounds using larger
sample sizes. These studies should pay particular atten-
tion to capturing important socioeconomic parameters
that may contribute to racial disparities such as income,
healthcare insurance, housing insecurity, educational at-
tainment, transportation, and nutrition [14]. This is critical
given that less than 10% of orthopaedic randomized trials
published in three high-tier orthopaedic journals within
the last 20 years reported on race, and 80% of these failed
to include important social factors [7]. In contrast, we
were able to report on racial disparities among Black
patients and raise awareness of how social factors, such as
socioeconomic disadvantages, are highly important in
studies reporting race. We believe our findings may be
generalizable to Black and White patients undergoing
THA and TKA at large academic centers within the
Midwest and Southeastern regions of the United States,
and others whose racial sociodemographic distributions
are comparable to those reported on here.

{
[}

(=), Wolters Kluwer

We conducted a complete case analysis using multivari-
able regression and mediation models, which are not without
limitations, including failure to account for unmeasured
confounding, selection bias, and missing data. However, the
proportion of missing data was small and likely missing at
random. Furthermore, we used a robust methodology to
evaluate associations between a nonmodifiable exposure,
such as race, and a modifiable factor and potential mediator of
outcomes, such as ADI. We acknowledge that a more detailed
assessment of individual comorbidities was not feasible due
to the extensive sample size that would be required to ensure
adequate power in the multivariable regression model.
However, the CCI score is a well-recognized measurement
for comorbidity burden in arthroplasty research.

Lastly, we recognize that ADI, which is dependent on
patient home address data, may not accurately measure
socioeconomic disadvantages for all patients [9]. However,
ADI is a validated tool that reflects necessities within a
geographic region by factoring income, education, em-
ployment, and housing quality [12], and it has been in-
versely correlated with income [25].

Discussion of Key Findings

The present study observed that Black race (compared with
White race) was associated with a higher odds of LOS of
3 days or more and nonhome discharge disposition after THA
and a higher odds of LOS of 3 days or more, nonhome dis-
charge, 90-day readmission, and 90-day ED admission after
TKA. This is in line with commonly reported racial disparities
in joint reconstructive surgery. Firstly, TKA utilization has
been shown to be lower for minorities compared with White
patients, even after controlling for socioeconomic disadvan-
tage [29]. Black race has been claimed to be a risk factor for
readmission after orthopaedic surgery [8] and has been as-
sociated with longer LOS compared with White patients after
TJA [28]. Amen et al. [3] found that Black race was associ-
ated with longer LOS and a higher odds of discharge to a
facility after THA and TKA while controlling for de-
mographic factors, median household income, and healthcare
insurance. Notwithstanding, a deeper look at the biological
and social components of race in the United States leads us to
believe these findings should be interpreted with caution [15].
Social determinants of health, such as education, access to
care, and socioeconomic disadvantages—which may be un-
equally distributed among Black and White patients [21]—
are more likely to explain these associations.

Our most important finding is that ADI was a partial me-
diator of the associations observed between race and LOS of
3 days or more and nonhome discharge disposition among
Black and White patients undergoing THA and TKA. These
results suggest that previous research which may have
claimed that race has a causative role in arthroplasty outcomes
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is not only wrong in theory, but also wrong in practice.
Different measurements of socioeconomic disadvantages
have been previously associated with adverse outcomes after
TJA, including higher healthcare utilization, complications,
and readmissions [18, 27, 34]. Mehta et al. [18] found that
patients from higher ADI communities were more likely to be
discharged to a facility after elective THA in their analysis of
84,931 patients. Weiss et al. [34] reported that lower patient
income was associated with an increased risk of early post-
operative mortality and readmission within 90 days after
THA. Patients with Medicaid insurance, a proxy for socio-
economic disadvantage, have been associated higher health-
care utilization after TK A compared with patients with private
insurance [27]. The present study contributes new evidence
that ADI, and likely socioeconomic disadvantage, is a partial
mediator of the causal relationships that may be observed
between race, LOS, and discharge disposition after TJA.

Our discoveries suggest that race should not be used as part
of risk stratification algorithms in TJA [16]; rather, ADI and
socioeconomic factors are more relevant variables. However,
in doing so, it is important to be mindful that social factors do
not cause biologic complications [13, 15]. According to our
findings, ADI may help institutional software algorithms
predict LOS and discharge disposition of patients undergoing
THA and TKA. Previously, Martsolf et al. [16] found that
including race or ethnicity and socioeconomic parameters in
risk-adjusted algorithms had little effect when predicting the
odds of hospital readmission after THA and TKA. In contrast,
Courtney et al. [5] suggested that models for reimbursement
after TJA should be adjusted by socioeconomctic parameters
because more severe socioeconomic disadvantage was asso-
ciated with increased LOS, increased risk of discharge to a
facility, and 90-day readmission. Importantly, orthopaedic
surgeons should recognize patients who live with socioeco-
nomic disadvantage and facilitate their access to care. For
example, orthopaedic surgeons may be able to connect pa-
tients to valuable resources, such as nonemergent medical
transportation or a local care coordination agency.
Considering the growing pressure to curtail healthcare costs in
the United States and the recent increase in outpatient or short-
stay THA and TKA, future healthcare economic policies and
regulations should guarantee physicians the ability to provide
patients who live with socioeconomic disadvantage the nec-
essary level of care for successful joint replacement.

Conclusion

Our findings suggest that socioeconomic disadvantage may
be implicated in a substantial proportion of the previously
assumed race-driven disparity in healthcare utilization pa-
rameters after primary TJA. Orthopaedic surgeons should
attempt to identify socioeconomic disadvantage indicators
and be cognizant of the role socioeconomic disadvantage

may have in patients undergoing THA and TKA. This study
serves as a call to action for the orthopaedic community to
consider specific interventions to support patients from
vulnerable areas or whose incomes are lower, such as sup-
porting applications for nonemergent medical transportation
or referring patients to local care coordination agencies,
when they undergo TJA. Future studies should seek to
identify which specific resources or approaches may im-
prove outcomes after TJA in patients with socioeconomic
disadvantage, and further elucidate which sociodemo-
graphic factors actually drive outcomes after TJA.
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