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Background: The effect of biological sex on the outcomes of total hip arthroplasty (THA) remains unclear.
Accounting for biological sex in research is crucial for reproducibility and accuracy. Average combined
data may mask sex-related variation and obscure clinically relevant differences in outcomes. The aim of
this study is to investigate hospital and patient-reported outcome measures (PROMs) after THA by
biological sex to elucidate differences and ultimately provide more equitable care.
Methods: We performed a retrospective review of patients undergoing primary THA at a single large
academic center between January 2013 and August 2020. Demographics, operative variables, hospital out-
comes, and PROMs were compared between men and women patients. The PROMs included preoperative,
6-weeks, 6-months, and 1-year Single Assessment Numeric Evaluation, Visual Analog Scale, Hip Disability
and Osteoarthritis Outcome Score Joint Replacement, University of California, Los Angeles, and Patient-
Reported Outcomes Measurement Information System mental and physical scores, as well as satisfaction
scores.
Results: A total of 6,418 patients were included (55% women). Women were older (P < .001), had a lower
body mass index (P < .001), and were more likely to have public insurance (P < .001). Fewer women were
discharged to home or self-care (P < .001). Women had higher rates of cementation (P < .001) and
fracture within 90 days (P < .001), and these associations remained significant with adjusted multivar-
iable analyses. Women had significantly higher pain and lower functional scores preoperatively; post-
operatively, most PROMs were equivalent.
Conclusions: Important differences were observed in several areas. Demographic parameters differed,
and a variable effect of biological sex was observed on surgical and hospital outcomes. Women had an
increased incidence of cemented femoral components (indicated for osteoporotic bone) and post-
operative fractures. Women’s PROMs demonstrated globally lower functional scores and higher pain
preoperatively. Differences attributed to sex should continue to be investigated and accounted for in risk-
stratification models. Future studies are needed to elucidate the underlying causes of observed biological
sex differences and are essential for equitable arthroplasty care.
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Osteoarthritis (OA) affects 1 in 3 people over the age of 65 years
[1], and its prevalence is higher in women [2,3]. Despite the greater
incidence of end stage arthritis in women, studies have
demonstrated lower utilization and willingness to undergo total
joint arthroplasty (TJA) surgery in women compared to men, with
reports asserting that women are 22% less likely to undergo TJA than
their peers who are men [4—6]. It has also been shown that women
experience worse symptoms and greater disability than men who
have OA of similar radiographic severity [3,7], and tend to present
laterin the OA disease course [8],and at an older age and higher body
mass index (BMI), both known risk factors for OA [8]. Some of these
differences may relate to differing concerns prior to arthroplasty
surgery [9]. Evaluating sex-specific data regarding the utilization
and outcome of total hip arthroplasty (THA) is necessary to improve
outcomes and equity for men and women who undergo TJA.

Accounting for biological sex in research is crucial for repro-
ducibility and accuracy, yet an evaluation of orthopedic literature
published in 2010 indicated that 70% of studies failed to report on
sex-specific analysis [10]. This finding is supported by the National
Research Council, which found sex-specific reporting in research to
be globally inadequate [11,12]. Reporting average combined men
and women data can mask sex-related variation and obscure
clinically-relevant differences related to efficacy [12—14]. The
evolving body of research investigating sex-related differences in
arthroplasty outcomes reports highly variable findings depending
on the research methodology, time interval, and outcomes assessed
[15—18]. A better understanding of sex differences in THA will aid in
preoperative counseling and optimization and allow for improve-
ments in health equity [19].

Materials and Methods
Data Collection

A retrospective review was performed of patients undergoing
primary THA at a single large academic center between January 1,
2013, and August 31, 2020. Institutional review board approval was
obtained. Patients less than 18 years of age, who had a history of
septic arthritis or were discharged to a psychiatric hospital, were
excluded. All patients received surgery using the anterior-based
muscle sparing approach [20] by one of 3 fellowship-trained
arthroplasty surgeons. The primary outcomes of interest were
evaluated by categories of biological sex for patients undergoing
THA.

Demographic, operative, and hospital outcome data were
obtained from the institutional electronic medical record (EMR),
including sex (men or women, as recorded in the EMR), age, BMI,
race or ethnicity, American Society of Anesthesiologists score,
indication for surgery (degenerative joint disease, OA, osteonec-
rosis (ON), or fracture), and insurance type (public or private). The
comorbidity data contributing to the Charlson Comorbidity Index
(CCI) [21] and updated CCI [22] were collected, including
myocardial infarction, congestive heart failure, peripheral vascular
disease, cerebrovascular disease, dementia, chronic pulmonary
disease, rheumatic disease, peptic ulcer disease, liver disease,
diabetes, hemiplegia or paraplegia, renal disease, malignancy,
metastatic solid tumor, and Human Immunodeficiency Virus.
Operative variables collected included arthroplasty fixation (press
fit or cemented), procedure duration, length of stay (LOS), need for
transfusion, and occurrence of an intraoperative complication.
Hospital-reported outcomes included discharge disposition as well
as the occurrence of postoperative complications, emergency
department visits within 30 days, and readmission within 90 days.
The complications evaluated included myocardial infarction or
pneumonia (within 7 days), surgical site complications, pulmonary

embolism, death (within 30 days), fracture, dislocation, mechanical
complications, joint infection, or wound infection (within 90 days).
Patient-reported outcomes collected included preoperative,
6-weeks, 6-months, and 1-year Single Assessment Numeric
Evaluation (SANE), Visual Analog Scale (VAS), Hip Disability and
Osteoarthritis Outcome Score Joint Replacement (HOOS JR),
University of California, Los Angeles (UCLA), and Patient-Reported
Outcomes Measurement Information System (PROMIS) mental
and physical scores, all collected from an in-house database. The
Center for Medicare and Medicaid Services substantial clinical
benefit (SCB) threshold, utilizing improvement postoperatively on
the HOOS JR score, was analyzed [23,24]. The satisfaction scores
evaluating pain relief, functional improvement, procedure meeting
expectations, and surgeon were collected for postoperative time
points.

Data Analyses

To assess the relationship between sex and outcomes of interest,
all demographic, patient-reported, and hospital-reported variables
were analyzed with respect to sex. Pearson’s Chi-squared tests were
used for normally distributed categorical variables, and Wilcoxon
rank sum tests or Fisher’s exact tests were used for nonnormally
distributed categorical variables and continuous variables. Q-values
were reported in outcomes tables to correct for the False Discovery
Rate for multiple testing.

Univariate regression models were created to analyze the
relationship between patient- and hospital-reported outcomes and
all covariates. Linear and logistic regression approaches were used
according to the respective outcome (linear for continuous
outcomes, logistic for binary outcomes). Final linear and logistic
multivariable regression models were created using a combination
of clinical expertise and purposeful selection (P < .2) with respect to
each individual outcome. Any patients who had missing data were
excluded from regression analyses. All analysis was performed
using R version 4.2.1 (R Foundation for Statistical Computing,
Vienna, Austria).

Results
Demographics

From January 1, 2013, to August 31, 2020, 6,421 patients
underwent primary THA. Patients were excluded if they had a
preoperative diagnosis of septic arthritis or a discharge disposition
from a psychiatric hospital. Subsequently, 6,418 patients met the
inclusion criteria. Of this patient population, 3,532 were women
(55%), and 2,886 were men. When both sexes were analyzed
together, the average age of patients was 65 (+10) years, with an
average BMI of 29.3 (+6). The average age for women was 66 (+10)
with a BMI of 28.8 (+6.6). The average age for men was 64 (+10)
with a BMI of 29.9 (+5.3). There was a significant difference in the
distribution of BMI by sex (P < .001), with a greater proportion of
women at a healthy (18.5 to 24.9) or underweight (<18.5) BM],
compared to more men who were overweight (25 to 29.9) or obese
(>30) BMI. More women had public insurance (60%) when
compared to men (51%). Preoperative diagnosis was over-
whelmingly degenerative joint disease, or OA (97%) across sexes,
with a higher incidence of fracture in women and ON in men. The
American Society of Anesthesiologists score varied slightly
between groups; CCI did not. Women (28%) had both hips replaced
more often than men (24%). A total of 97.0% of patients were of
White race, with 2.1% of patients declining or having an Unknown
or Other race. All other racial demographics (American Indian or
Alaska Native, Black or African American, Multi Racial, Native
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Hawaiian, and Other Pacific Islanders), represented less than 1% of
the study population. Less than 1% of the study population was
Hispanic or Latino. Table 1 summarizes the baseline and periop-
erative characteristics of the study cohort. Supplemental Table 1
shows diagnoses contributing to the CCI; the prevalence of most
comorbidities did not vary significantly by biological sex.

Surgical Variables and Disposition

Many surgical variables differed significantly between sexes,
including anesthesia time (P < .001), procedure duration (P <.001),
room duration (P < .001), LOS (LOS) (P < .001), and estimated blood
loss (P < .001). A smaller proportion of women (5.4%; 189 of 3,532)
than men (6.7%; 194 of 2,886) had a procedure duration greater than
100 min (P =.021). However, a greater proportion of women (17%;
611 of 3,532) had a LOS greater than 48 h when compared to men
(10%; 302 0f 2,886) (P <.001). A total of 246 of 6,418 patients received
a cemented femoral stem, which comprised 5% (177 of 3,532) of all
women compared to 2.4% (69 of 2,886) of all men. Discharge
disposition varied (P < .001); women were less often discharged to
home/self-care (55 versus 66%) and more often discharged to home
with services (36 versus 29%), a skilled nursing facility (8 versus 4%),
or a rehabilitation center (1.4 versus 1.1%). Table 2 summarizes
surgical and dispositional outcomes by biological sex.

Postsurgical events were rare; only 83 (1.3%) of 6,418 total patients
were affected by any complication. Peri-prosthetic fracture within 90
days was observed in 25 of 6,418 patients; 22 of these fractures (88%)
occurred in women (q = 0.016). All 22 of these women who

experienced periprosthetic fractures had uncemented THA. A surgical
site complication within 30 days occurred in 4 patients, all of whom
were men. This difference by sex was no longer significant when
corrected for multiple tests (q = 0.4). There were no statistically
significant differences in ED visits within 30 days (q > 0.9),
readmissions within 90 days (q > 0.7), complications (q = 0.7), or
surgical admissions (q = 0.5) within 90 days Table 3 summarizes
hospital-reported postoperative outcomes by biological sex.

Patient-Reported Outcome Measures

Most patient-reported outcome measures (PROMs) remained
similar between men and women from 6 weeks to 1 year post-
operatively. Preoperatively, women experienced lower function,
with UCLA current, UCLA desired, HOOS JR, PROMIS physical,
PROMIS mental, and VAS scores showing statistically significant
(q < 0.001) differences. Women reported greater preoperative pain
on the VAS scale (5.8 (+2.17) compared to 5.4 (+2.23) in men).
Additionally, women reported both a lower current UCLA score of 4.0
(+1.59) compared to 4.7 (+2.04) in men, and a lower desired UCLA
score of 7.4 (+1.76) compared to 8.1 (+2.17) in men. Functional scores
recovered amongst both sexes postoperatively, pain decreased over
time, and satisfaction scores remained high. Few scores varied
significantly (g < 0.05) across the monitored postoperative period.
Statistically significant differences in functional PROMs indicated
lower scoring among women apart from the 6-weeks SANE score. At
6 weeks, women experienced greater pain on the VAS scale, lower
UCLA (q = 0.11), and higher SANE (q = 0.045) scores. At 6 months,

Table 1
Demographic Information. Baseline Characteristics of 6,418 Patients Undergoing Primary Total Hip Arthroplasty Stratified by Sex, as Categorized in the Electronic Medical
Record.
Characteristic Overall, N = 6,418° Women, N = 3,532 Men, N = 28,86 P Value®
Primary procedure (%) 6,348 (99) 3,500 (99) 2,848 (99) 12
Laterality (right) (%) 3,426 (53) 1,947 (55) 1,479 (51) .002
Both hips replaced (%) 1,670 (26) 976 (28) 694 (24) .001
Age at discharge (years) 65 (10) 66 (10) 64 (10) <.001
Weight (kg) 85 (20) 77 (18) 95 (18) <.001
Height (m) 1.70 (0.10) 1.63 (0.07) 1.78 (0.07) <.001
Mean BMI 29.3(6.1) 28.8 (6.6) 29.9 (5.3) <.001
BMI category (%) <.001
Underweight 64 (1.0) 62 (1.8) 2 (<0.1)
Healthy weight 1,531 (24) 1,078 (31) 453 (16)
Overweight 2,268 (35) 1,108 (31) 1,160 (40)
Obese 2,555 (40) 1,284 (36) 1,271 (44)
Race (%) .640
American Indian and Alaska Native 13 (0.20) 8(0.23) 5(0.17)
Asian 14 (0.22) 6(0.17) 8(0.28)
Black or African American 19 (0.30) 8(0.23) 11 (0.38)
Multiracial 10 (0.16) 7 (0.20) 3(0.10)
Native Hawaiian and Other Pacific Islander 2 (0.06) 0(0) 2(0.03)
White or Caucasian 6,223 (97.0) 3,429 (97.1) 2,794 (96.9)
Declined, Other, Unknown 137 (2.1) 73 (2.1) 64 (2.2)
Ethnicity 723
Hispanic 21(0.33) 11 (0.31) 10 (0.35)
Non-Hispanic 6,309 (98.3) 3,470 (98.2) 2,839 (98.4)
Declined, Unknown 88 (1.4) 52 (1.5) 36 (1.2)
Insurer category (%) <.001
Government 3,559 (56) 2,104 (60) 1,455 (51)
Private 2,796 (44) 1,400 (40) 1,396 (49)
Preop diagnosis (%) .009
DJD/OA 6,182 (97) 3,406 (97) 2,776 (97)
ON 94 (1.5) 39(1.1) 55(1.9)
Fracture 102 (1.6) 64 (1.8) 38(1.3)
ASA rating (%) 2.13(0.53) 2.11(0.51) 2.16 (0.55) <.001
Charlson Comorbidity Index 0.65 (1.16) 0.65 (1.13) 0.65 (1.20) 2

Bolded values are statistically significant with P-value < .05.

ASA, American Society of Anesthesiology; DJD/OA, degenerative joint disease/osteoarthritis; ON, osteonecrosis; Preop, preoperative.

2 1 (%); Mean (standard deviation).

b pearson's Chi-squared test; Wilcoxon rank sum test.
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Table 2
Surgical Variables and Disposition.
Characteristic Overall, Women, Men, P Value®
N = 6,418° N = 3,532° N = 2,886°
Anesthesia
General (%) 6,223 (97) 3,421 (97) 2,802 (97) 6
Anesthesia time (min) 109 (21) 107 (20) 111 (22) <.001
Procedure duration (min) 66 (19) 64 (18) 68 (20) <.001
Procedure duration >100 383 (6.0) 189 (5.4) 194 (6.7) 1021
min (%)
Room duration (min) 102 (21) 100 (20) 104 (22) <.001
Length of stay (h) 34 (20) 35(21) 32(19) <.001
Length of stay >48 h (%) 913 (14) 611 (17) 302 (10) <.001
Discharge disposition (%) <.001
Home or self-care 3,842 (60) 1,931 (55) 1,911 (66)
Home health service 2,100 (33) 1,271 (36) 829 (29)
Skilled nursing facility 395 (6.2) 281 (8.0) 114 (4.0)
Rehab facility 81(1.3) 49 (1.4) 32(1.1)
Cemented (Yes) (%) 246 (3.8) 177 (5.0) 69 (2.4) <.001
Estimated blood loss (mL) 221 (78) 215(7) 229 (81) <.001
Unknown 1,567 901 666
Blood transfusion (Yes) (%) 55 (0.9) 34(1.0) 21(0.7) 3
Intraop complication (Yes) (%) 19(0.3) 13 (0.4) 6(0.2) 2

Bolded values are statistically significant with P-value < .05.
Intraop, intraoperative.

2 n (%); Mean (standard deviation).

b Wilcoxon rank sum test; Pearson's Chi-squared test.

women experienced lower UCLA (q =0.045)and HOOS JR (g = 0.014)
scores. And at one year, the UCLA score remained lower among
women (q < 0.001). It is unlikely these postoperative functional
scores varied in a clinically meaningful way; while the percentage of
patients meeting CMS SCB on the HOOs JR score was significantly
different between men and women at 6 weeks (P =.018), by 1 year
postoperatively there was no significant difference (P =.9). Overall,
75% (1,989 of 2,658) of patients met the HOOS JR SCB at 6 weeks
postoperation and 90% (954 of 947) at 1 year. Satisfaction scores did
not vary significantly across all time points. Table 4 summarizes
PROM:s by biological sex; Table 5 reports on SCB.

To investigate the finding that women had significantly lower
UCLA functional scores and lower expectations for postoperative
function (UCLA desired), these results were plotted over time.
Women scored lower at all-time points, and at one year, the average

UCLA score was well below the preoperatively desired score
(6.4 versus 7.7) (Figure 1). An investigation was undertaken to
determine whether a variable percentage of women met their
desired UCLA score or functional level (Table 6). There were no
significant differences between the percentage of men and women
reaching their desired UCLA score at any time point. At one year,
only 33% of all patients met their desired UCLA score (Figure 2).

Multivariable Analyses

On multivariable analysis, when compared to men, women had
higher odds for periprosthetic fracture within 90 days (OR [odds
ratio] 5.23; 1.77 to 22.3) and discharge disposition other than home
(OR 1.43; 1.27 to 1.60). Women were less likely than men to have

Table 3

Postoperative Variables.
Characteristic Overall, Women, Men, P Value® q-Value®

N = 6,418 N = 3,532° N = 2,886

Any postoperative event (%) 310(4.8) 164 (4.6) 146 (5.1) 4 0.7
Emergency department visit within 30 d (%) 122 (1.9) 68 (1.9) 54 (1.9) 9 >0.9
Average days after surgery for emergency department visit 8 (4, 15) 7 (4,13) 9 (4, 20) 4 0.7
Readmission within 90 d (%) 192 (3.0) 100 (2.8) 92 (3.2) 4 0.7
Average days after surgery for readmission 33 (13, 59) 23 (12, 60) 39 (19, 59) 11 0.5
Surgical admission (%) 56 (67) 37 (74) 19 (58) 12 0.5
Unplanned readmission (%) 192 (3.0) 100 (2.8) 92 (3.2) 4 0.7
Any complication (%) 83 (1.3) 50 (1.4) 33(1.1) 3 0.7
Myocardial infarction within 7 d (%) 8(0.1) 3(<0.1) 5(0.2) 5 0.7
Pneumonia within 7 ds (%) 3(<0.1) 2 (<0.1) 1(<0.1) >.9 >0.9
Pulmonary embolism within 30 d (%) 4 (<0.1) 3(<0.1) 1(<0.1) 6 0.8
Death within 30 d (%) 2 (<0.1) 1(<0.1) 1(<0.1) >.9 >0.9
Surgical site complication within 30 d (%) 4(<0.1) 0(0) 4(0.1) .041 04
Fracture within 90 d (%) 25 (0.4) 22 (0.6) 3(0.1) <.001 0.016
Dislocation within 90 d (%) 10(0.2) 5(0.1) 5(0.2) 8 >0.9
Mechanical complication within 90 d (%) 4(<0.1) 4(0.1) 0(0) 13 0.5
Joint infection within 90 d (%) 12(0.2) 5(0.1) 7 (0.2) 4 0.7
Wound infection within 90 d (%) 11(0.2) 5(0.1) 6(0.2) 6 0.8

Bolded values are statistically significant with P-value < .05.
2 n (%); for data points involving days, mean (range).

b Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher's exact test.

€ False discovery rate correction for multiple testing.
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Table 4
Patient Reported Outcome Measures.

Patient Reported Outcome Measure Overall, N = 6,418 Women, N = 3,532° Men, N = 2,886 P Value® q Value®

Mean preoperative
VAS (N = 4,031) 5.6 (2.21) 5.8 (2.17) 5.4 (2.23) <.001 <0.001
UCLA current (N = 4,428) 4.3 (1.84) 4.0 (1.59) 4.7 (2.04) <.001 <0.001
UCLA desired (N = 4,428) 7.7 (1.99) 7.4 (1.76) 8.1(2.17) <.001 <0.001
HOOS, JR (N = 3,165) 41.0 (15.46) 40.0 (15.09) 42.2 (15.81) <.001 <0.001
PROMIS physical (N = 3,951) 39.9 (5.26) 39.4 (5.09) 40.5 (5.40) <.001 <0.001
PROMIS mental (N = 3,951) 50.4 (7.38) 49.9 (7.27) 51.0 (7.47) <.001 <0.001
SANE (N = 3,630) 41.5(21.29) 41.4(21.11) 41.7 (21.51) 9 >0.9

Mean 6 wks postoperative
VAS (N = 3,626) 1.5 (1.68) 1.5 (1.75) 1.5 (1.60) .030 0.11
UCLA (N = 3,633) 4.9 (1.41) 4.8 (1.30) 5.0 (1.53) <.001 <0.001
HOOS, JR (N = 3,135) 76.5 (13.09) 76.7 (12.95) 76.3 (13.25) 2 0.5
PROMIS physical (N = 3,579) 45.0 (5.48) 449 (5.34) 45.1 (5.66) 2 0.5
PROMIS mental (N = 3,579) 51.6 (7.02) 51.3 (6.88) 51.8 (7.19) 11 03
SANE (N = 3,355) 77.1(17.98) 77.6 (18.21) 76.4 (17.69) 010 0.045

Mean 6 wks satisfaction
Pain relief (N = 3,032) 8.9 (1.74) 8.9 (1.77) 8.9 (1.70) 3 0.6
Functional improvement (N = 3,009) 8.6 (1.69) 8.6 (1.69) 8.6 (1.69) >.9 >0.9
Procedure met expectations (N = 3,009) 9.0 (1.66) 9.0 (1.70) 9.1 (1.62) 6 0.8
Surgeon (N = 3,034) 9.8 (0.72) 9.8 (0.74) 9.8 (0.69) 8 >0.9

Mean 6 mos postoperative
VAS (N = 710) 0.9 (1.61) 1.0 (1.73) 0.9 (1.45) 5 0.8
UCLA (N = 691) 6.1 (1.90) 6.0 (1.75) 6.4 (2.05) 011 0.045
HOOS, JR (N = 421) 86.7 (15.25) 85.3(14.92) 88.7 (15.50) .003 0.014
PROMIS physical (N = 753) 46.9 (6.24) 46.5 (6.16) 47.4 (6.33) 041 0.14
PROMIS mental (N = 753) 51.3(6.93) 51.2 (6.73) 51.5(7.21) 8 >0.9
SANE (N = 624) 89.8 (15.27) 89.5 (15.15) 90.2 (15.43) 3 0.6

Mean 6 mos satisfaction
Pain relief (N = 380) 9.4 (1.33) 9.5 (1.19) 9.4 (1.50) 7 0.9
Functional improvement (N = 378) 9.3 (1.42) 9.4 (1.19) 9.2 (1.69) 7 0.9
Procedure met expectations (N = 377) 9.4 (1.47) 9.3 (1.50) 9.4 (1.43) 4 0.6
Surgeon (N = 378) 9.9 (0.60) 9.9 (0.60) 9.9 (0.61) .8 >0.9

Mean 1y postoperative
VAS (N = 1,859) 0.9 (1.64) 0.9 (1.74) 0.8 (1.51) >.9 >0.9
UCLA (N = 1,819) 6.4 (1.89) 6.2 (1.83) 6.7 (1.93) <.001 <0.001
HOOS, JR (N = 1,640) 88.0 (14.30) 87.2 (14.77) 88.9 (13.66) 019 0.075
PROMIS physical (N = 2,230) 473 (6.27) 47.1 (6.43) 47.6 (6.06) .091 03
PROMIS mental (N = 2,230) 52.0 (7.25) 51.8 (7.19) 52.1(7.32) Vi 09
SANE (N = 1,693) 90.2 (15.47) 90.0 (15.50) 90.5 (15.45) .8 >0.9

Mean 1 y satisfaction
Pain relief (N = 1,277) 9.3 (1.28) 9.3(1.32) 9.4 (1.25) 2 04
Functional improvement (N = 1,288) 9.4 (1.36) 9.4 (1.43) 9.5(1.27) 6 0.9
Procedure met expectations (N = 1,286) 9.9 (0.63) 9.9 (0.63) 9.9 (0.63) 3 0.6
Surgeon (N = 1,283) 9.4 (1.25) 9.5 (1.24) 9.4 (1.25) 4 0.7

Bolded values are statistically significant with P-value < .05.

VAS, visual analog score; HOOS, JR, hip disability and osteoarthritis outcome score, joint replacement; PROMIS, Patient-Reported Outcomes Measurement Information System;
SANE, single assessment numeric evaluation; SD, standard deviation; UCLA, University of California Los Angeles.

2 n (%); Mean (SD).
b Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher's exact test.
€ False discovery rate correction for multiple testing.

any postsurgical event (OR 0.77; 0.61 to 0.98) or readmission within
90 days (OR 0.73; 0.54 to 0.98) (Table 7).

Discussion

Compared with men, women undergoing primary THA at our
institution were more often older, had a lower BMI, and were
covered by government insurance. Both men and women

predominantly self-identified their race as White, reflective of the
demographics of the state in which this study took place [25]. The
CCI did not vary between sexes. OA was the primary preoperative
diagnosis across sexes, with a higher percentage of fractures and a
lower percentage of ON among women. Women were more likely
to have both hips replaced, and to receive a cemented THA.
Surgically, women had shorter anesthesia and procedure times, but
longer LOS. Women were less likely to discharge home to self-care

Table 5

Effect Size Measures of Selected Patient-Reported Outcome Measures.
Met CMS SCB (HOOS, JR; +22 Points) Overall Women Men P Value
6 wks (N = 2,658) 1,989 (75%) 1,106 (77%) 883 (73%) .018
1y (N=947) 854 (90%) 454 (90%) 400 (90%) >.9

Bolded values are statistically significant with P-value < .05.

CMS, center for medicare and medicaid services; SCB, substantial clinical benefit; HOOS, JR, hip disability and osteoarthritis outcome score.
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Fig. 1. Mean UCLA activity score by sex over time, preoperatively to 1 year post-
operatively. UCLA, University of California Los Angeles.

and more likely to recover at a skilled nursing facility or
rehabilitation facility “out of home” than “in home” compared to
men. After controlling for all preoperative and perioperative
differences, women were associated with greater odds of nonhome
discharge and periprosthetic fracture within 90 days.

Demographics and Hospital Outcomes

Our finding of a lower BMI among women was dissimilar to prior
studies reporting that women frequently have a higher BMI [16,18].
Additionally, our patient population (97%) was notably homogenous
for Caucasian patients of European descent, a background recog-
nized for higher rates of osteoporosis [26]. Osteoporosis is often a
consideration for cementing the femoral stem in THA due to con-
cerns about peri-prosthetic fracture [27,28]. We observed in our
cohort that women were more likely to undergo cementation of the
femoral component. This finding is consistent with current evidence
supporting the use of cementation in elderly patients and those with
osteoporotic bone [27—31]. Research indicates higher rates of peri-
prosthetic fracture occur in women [30,32,33], but also endorses that
fracture is less likely following cemented THA in older patients
[29—31]. Of the 25 fractures within 90 days observed, 22 occurred in

Table 6

women. Each of these patients had an uncemented stem, a finding in
support of previous literature that found early periprosthetic frac-
ture risk is higher in older women who have an uncemented THA
[34]. The relationship of these factors to one another is complex and
limited by the infrequent incidence of complications in this database.

PROMs

A strength of this study was the relative completeness of PROMs.
Women reported lower functional status and higher pain preop-
eratively; the etiology underlying these differences is likely
multifactorial. There is a higher prevalence of radiographic and
symptomatic OA in women, which may be impacted by anatomic
and genetic variables impacting disease course [35—38]. The
effectiveness of treatment for OA, including analgesics, may vary by
sex, pointing to additional biological variation [12,39]. Kushwaha
et al. found that while both corticosteroid and hyaluronic acid
injections were effective for treating OA of the knee in men, women
responded only to hyaluronic acid [40]. Additionally, studies
investigating health care access indicate that women who have OA
are less likely to have discussed surgical treatment with a provider,
been referred to an orthopedic surgeon, or been offered
arthroplasty when compared with men who have identical clinical
presentations [4—6,41—44]. Preoperative functional and pain
variations between sexes are likely impacted by both differences in
disease progression and delayed presentation related to access to
care [8]. While statistically significant and congruent with previous
findings in this area of study, it is noteworthy that these values
likely do not reach minimal clinically important differences
(MCIDs) between men and women [45,46]. The MCID is a well-
known effect size metric defined as “the difference in score in the
domain of interest which patients perceive as beneficial and which
would mandate, in the absence of troublesome side effects and
excessive cost, a change in the patient’'s management” [47,48];
essentially “the smallest change important to patients” [47—49].
Similarly, SCB is another effect size measure that represents the
threshold value for a given PROM, indicating substantial improve-
ment rather than minimal improvement (the MCID) [47,50,51].

As the SCB associated with the HOOS JR score—an improvement
of 22 points preoperatively to postoperatively indicating substan-
tial improvement and successful intervention [23,24]—is set to be
utilized for the upcoming CMS mandatory PROMs reporting, we
elected to utilize this measure here. SCB varied at 6 weeks but not at
1 year postoperatively between men and women patients. The
similarity in postoperative scoring by sex, as well as the nonsig-
nificant differences in percentage of men and women patients
reaching SCB by final follow-up at 1 year, suggests no clinically
significant difference in postoperative PROMs and highlights the
effectiveness of this surgery for improving patient functioning and

Mean UCLA Score by Sex Over Time, Preoperatively to 1 y Postoperatively, and Percent of Patients Reaching Desired UCLA Score at Each Time Point.

Selected Measure of UCLA Score

Overall, N = 6,418

Female, N = 3,532 Male, N = 2,886

Preoperative UCLA current 4.3 (1.84) 4.0 (1.59) 4.7 (2.04)
Preoperative UCLA desired 7.7 (1.99) 7.4(1.76) 8.1(2.17)
6 wks UCLA 4.9 (141) 4.8 (1.30) 5.0 (1.53)
% of patients reaching desired UCLA score at 6 wk (N = 86) 12 12 11
3 mos UCLA 5.7 (1.79) 5.8 (1.84) 5.7 (1.74)
% of patients reaching desired UCLA score at 3 mo (N = 2,590) 28 29 27
6 mos UCLA 6.1 (1.90) 6.0 (1.75) 6.4 (2.05)
% of patients reaching desired UCLA score at 6 mo (N = 299) 33 28 40
1y UCLA 6.4 (1.89) 6.2 (1.83) 6.7 (1.93)
% of patients reaching desired UCLA score at 1y (N = 764) 33 31 36

UCLA, University of California Los Angeles.
2 n (%); Mean (standard deviation).
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Fig. 2. Percent of patients reaching preoperative desired UCLA activity score by sex
over time, 6 weeks to 1 year postoperatively. UCLA, University of California Los
Angeles.

quality of life, as well as the associated high rates of satisfaction
[52—56]. We remain interested in the observed trends that multiple
preoperative scores were lower in women than men counterparts;
the clinical significance of this clustering remains unclear, and
further investigation is warranted.

Women in our study had lower functional expectations of THA, as
evidenced by lower desired UCLA. Desired UCLA is, to our knowledge,
a score unique to our study; however, several studies have sought to
evaluate preoperative expectations in arthroplasty. Jain et al. found
younger age and worse preoperative function predicted higher THA
expectations [57] while Mancuso et al., found older age, men, and
worse function were independently associated with higher THA
expectations [58]. Differences in expectations may in part be due to
different goals, as a recent study by Woolley et al. assessing the
postoperative goals of TJA patients found that men highlighted
themes of returning to an active lifestyle, sports participation, and
exercise, while women focused on maintaining their current
functional status and performing activities of daily living [35].

Postoperatively, most PROM differences were nonsignificant,
with pain decreasing, function improving, and high rates of satis-
faction among both sexes over the first year. UCLA scores remained
significantly lower among women across all time points, yet it is
likely that these values do not reach MCIDs in function, suggesting

no clinically significant difference in PROMs postoperatively [59].
Evaluation was undertaken to address whether a greater percentage
of women patients reached their desired UCLA score given that they
reported lower expectations (and potentially had more achievable
functional goals) [35]; this line of inquiry did not reveal significant
differences between men and women, and on average, only 33% of
patients reached their preoperatively desired UCLA level at one year,
despite average satisfaction scores of 9.9 of 10 in “procedure met
expectations” and 9.4 of 10 in “functional improvement” at one year.
Despite not reaching their preoperatively desired functional level,
most patients, men and women, were highly satisfied with THA.
Potential implications for patient counseling include sensitivity to
patients desired goals and function outcomes, as well as reassurance
that most patients of both sexes undergoing this procedure report
high satisfaction regardless of their desired UCLA score (and if they
actually reach it). Further research on the role of preoperative
expectations on PROMs is needed to further develop the role of
counseling in goal setting in presurgical optimization.

Patient Disposition

Lastly, in our study, women were associated with increased LOS
and nonhome discharge. Similar results have been reported in pre-
vious arthroplasty and spine literature [ 18,60—63]. In the absence of
variations in intraoperative and hospital complications (which we
did not observe), these findings may be influenced by lower pain
thresholds [64] and decreased upper body strength, which limits the
use of gait aids safely and effectively [65]. Women may also engage in
the caretaking role more often than men, and they may not have
individuals available or able to assist them during recovery [66,67].
The finding that women were more likely to have public insurance is
likely impacted by the older age of women in this study, and may
underlie socioeconomic status accessibility issues with referral to
home health care services and/or agency in disposition planning
[66,68]. Work to improve access to TJA and the quality of life im-
provements it is associated with [52—56], is imperative for health
care equity.

Potential Limitations Including Limited Racial Diversity

Several potential limitations are notable. While previous work
has found that nonresponders have similar PROMs to responders in
TJA [69], with patient-reported outcome surveys, there remains the
potential for incomplete data and bias. Furthermore, the study
population was racially and ethnically homogenous, limiting
generalizability. Biological sex classification was limited to the men
or women categories available in the EMR; gender was not
addressed. Complications were infrequent, making it difficult to
identify and statistically account for differences between groups.
Data from only 3 surgeons at a single institution was included.

Table 7

Results of Multivariate Analyses for Outcomes Between Men and Women.
Characteristic 0Odds Ratio (Male = Reference) 95% CI P Value?
Discharge disposition other than home 143 (1.27, 1.60) <.001
Any postsurgical event 0.77 (0.61, 0.98) .034
ED visit within 30 days 0.90 (0.62, 1.32) .6
Readmission within 90 days 0.73 (0.54, 0.98) .039
Any complication 1.00 (0.63, 1.61) >.9
Fracture within 90 days 5.23 (1.77, 22.3) .002

QOdds ratios indicate the relative risk of each postsurgical event in female relative to male patients (male as reference = 1.0). Unadjusted odds ratios were determined from
univariate logistic regression. Adjusted odds ratios were determined from a multivariable logistic regression that accounts for patient factors demonstrating significant
differences between subgroups in Tables 1 through 3. For all analyses, significant values in bold and defined as P < .05.

Bolded values are statistically significant with P-value < .05.
ED, emergency department; CI, confidence interval.
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The heterogeneity of race is a significant limitation in the gener-
alizability of our study. Notably, 74.5% of THA procedures in the United
States are performed on non-Hispanic White patients, indicating
under-representation and utilization by non-White patients [70]. This
variation is likely based on inequity in access, systemic racism, and
lower socioeconomic status and health care accessibility that are
associated with marginalization, limiting access to this function-
restoring procedure [70]. Specifically, Black race and Hispanic/
Latino ethnicity have been associated with underutilization of TJA,
higher postoperative complications and readmission rates, and
poorer PROMs [70—74]. Previous studies have shown women and
Black patients to have worse function than men and White patients,
who have a lower Harris Hip Score [74,75]. Minority status and racial
identity have also been shown to be associated with longer LOS, with
Black patients more likely to develop surgical or medical complica-
tions, Hispanic or Latino patients more likely to develop surgical
complications, and American Indians or Alaska Natives more likely to
undergo reoperations [70]. Our study was underpowered to detect
any of these differences.

Notable health care disparities exist based on race and are an
important variable to report on and study in order to identify and
address health care disparities within arthroplasty and medicine as
a whole. With the majority of patients undergoing THA within the
United States identifying as White, our findings remain relevant to
a large patient population. The observed differences in sex may be
exacerbated by examining racial differences, given the role of
intersectionality (the convergence of race, sex, and other social
identities creating unique forms of oppression) in marginalization
[76,77] and should continue to be studied to prioritize improving
health equity in arthroplasty care.

Conclusions

Overall, our findings appear to be variably consistent with
previous reports of sex-based differences in THA. Congruent
findings [16—18] include that women presenting for THA were of
an older age. While progression of OA is multifactorial, this
observation aligns with the understanding that women tend to
present later in the disease course [8], and is supported by the
preoperative PROMs data collected, indicating lower functioning
and higher pain, consistent with more severe disease. Women are
associated with higher odds of periprosthetic fracture and
nonhome discharge. Equivalent CCI between men and women
indicates this variation is unlikely due to differences in baseline
health status alone. Differences attributed to biological sex should
continue to be investigated and accounted for in risk-stratification
models. Future studies are needed to elucidate the underlying
causes of observed differences and are essential to providing
equitable arthroplasty care.
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Supplementary Table 1
Charlson Comorbidity Index.
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Characteristic Overall, N = 6,418 Women, N = 3,532 Men, N = 2,886 P Value?
Charlson Comorbidity Index 0.65 (1.16) 0.65 (1.13) 0.65 (1.20) 2
Updated Charlson Comorbidity Index 0.46 (0.97) 0.47 (0.94) 0.46 (1.00) .061
Myocardial infarction (%) 251 (4.1) 138 (4.1) 113 (4.1) >.9
Congestive heart failure (%) 260 (4.2) 136 (4.0) 124 (4.5) 3
Peripheral vascular disease (%) 145 (2.4) 74 (2.2) 71 (2.6) 3
Cerebrovascular disease (%) 84 (1.4) 46 (1.4) 38(1.4) >.9
Dementia (%) 93 (1.5) 61 (1.8) 32(1.2) .042
Chronic pulmonary disease (%) 976 (16) 549 (16) 427 (16) 5
Rheumatic disease (%) 193 (3.1) 105 (3.1) 88 (3.2) 8
Peptic ulcer disease (%) 16 (0.3) 8(0.2) 8(0.3) 7
Mild liver disease (%) 102 (1.7) 53 (1.6) 49 (1.8) 5
Moderate/severe liver disease (%) 0(0) 0(0) 0(0)

Diabetes without complications (%) 657 (11) 360 (11) 297 (11) 8
Diabetes with complications (%) 174 (2.8) 100 (2.9) 74 (2.7) 5
Hemiplegia or paraplegia (%) 21(0.3) 11(0.3) 10 (0.4) 8
Renal disease moderate/severe (%) 318 (5.2) 176 (5.2) 142 (5.2) >9
Any malignancy (%) 71 (1.2) 44 (1.3) 27 (1.0) 2
Metastatic solid tumor (%) 16 (0.3) 7(0.2) 9(0.3) 4
AIDS/HIV (%) 2 (<0.1) 2 (<0.1) 0(0) 5

Bolded values are statistically significant with P-value < .05.

AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus.

2 n (%); Mean (standard deviation).
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