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Abstract
Background  The influence of obesity on patient-reported outcome measures (PROMs) following total hip arthroplasty (THA) 
is currently controversial. This study aimed to compare PROM scores for pain, functional status, and global physical/mental 
health based on body mass index (BMI) classification.
Methods  Primary, elective THA procedures at a single institution between 2018 and 2021 were retrospectively reviewed, 
and patients were stratified into four groups based on BMI: normal weight (18.5–24.99 kg/m2), overweight (25–29.99 kg/m2), 
obese (30–39.99 kg/m2), and morbidly obese (> 40 kg/m2). Patient-Reported Outcome Measurement Information System 
(PROMIS) and Hip Disability and Osteoarthritis Outcome Score for Joint Replacement (HOOS, JR) scores were collected. 
Preoperative, postoperative, and pre/post- changes (pre/post-Δ) in scores were compared between groups. Multiple linear 
regression was used to assess for confounders.
Results  We analyzed 3,404 patients undergoing 3,903 THAs, including 919 (23.5%) normal weight, 1,374 (35.2%) over-
weight, 1,356 (35.2%) obese, and 254 (6.5%) morbidly obese cases. HOOS, JR scores were worse preoperatively and post-
operatively for higher BMI classes, however HOOS, JR pre/post-Δ was comparable between groups. All PROMIS measures 
were worse preoperatively and postoperatively in higher BMI classes, though pre/post-Δ were comparable for all groups. 
Clinically significant improvements for all BMI classes were observed in all PROM metrics except PROMIS mental health. 
Regression analysis demonstrated that obesity, but not morbid obesity, was independently associated with greater improve-
ment in HOOS, JR.
Conclusions  Obese patients undergoing THA achieve lower absolute scores for pain, function, and self-perceived health, 
despite achieving comparable relative improvements in pain and function with surgery. Denying THA based on BMI restricts 
patients from clinically beneficial improvements comparable to those of non-obese patients, though morbidly obese patients 
may benefit from additional weight loss to achieve maximal functional improvement.
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Background

Obesity is a rapidly growing health risk throughout the 
United States and worldwide [1, 2] and represents a well-
established risk factor for the development of symptomatic 
hip osteoarthritis requiring total hip arthroplasty (THA) 

[3, 4]. However, obesity increases the risk of postoperative 
complications including infection, readmission, and revision 
after THA [5–7]. Currently, no consensus exists regarding 
to what extent arthroplasty surgeons should facilitate pre-
operative weight loss for obese THA patients, nor is there 
consensus regarding how body mass index (BMI) should 
influence patients’ candidacy for THA [8].

Prior research has suggested that BMI cutoff values 
for THA may reduce the incidence of postoperative com-
plications. By implementing such cutoffs, surgeons may 
restrict obese patients from experiencing clinically signif-
icant improvements in pain and functionality who would 
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otherwise have an uncomplicated postoperative course [9, 
10]. Therefore, understanding any differences in quality-of-
life improvement based on obesity is critical to formulating a 
preoperative risk–benefit analysis. Patient-reported outcome 
measures (PROMs) are commonly used metrics to evaluate 
patients’ subjective appraisal of surgical success, however 
prior analyses of PROM scores during THA have yielded 
heterogeneous results [6, 11–15]. Prior studies have been 
limited by small sample sizes and poor follow-up, and com-
parisons between these studies are limited by variations in 
BMI classification methods, variations in PROM surveys 
used, and differences in baseline characteristics and comor-
bidities associated with study groups.

This study aimed to evaluate changes in PROM scores 
following THA based on patients’ obesity classification 
across a broad array of PROM metrics for pain, functional 
status, and global physical and mental health. This study also 
aimed to assess how diagnoses comorbid with obesity affect 
PROM scores during THA. We hypothesized that PROM 
scores assessing pain, function, and overall health would 
be worse for obese patients preoperatively and postopera-
tively, and that obese patients would experience relatively 
less improvement in PROM metrics following surgery when 
compared to non-obese patients.

Methods

Study design

Consecutive patients undergoing primary, elective THA 
between 2018 and 2021 at a single academic center were 
retrospectively reviewed. Patients undergoing bilateral pro-
cedures, hemiarthroplasty, revision arthroplasty, or non-elec-
tive THA were excluded. PROMs including the hip injury 
and osteoarthritis, joint replacement (HOOS, JR) score and 
Patient-Reported Outcome Measurement Information Sys-
tem (PROMIS) measures of pain interference, pain inten-
sity, mobility, physical function, global physical health, and 
global mental health were captured at patients’ preoperative 
office visit and at subsequent postoperative office visits [16, 
17]. All patient interviews and PROM collections were per-
formed in English.

Demographics and patient stratification

Baseline patient demographics (sex, age, smoking status, 
BMI, and self-identified race) and comorbidities were col-
lected from the electronic medical record. Patients were 
stratified into four BMI groups based on the World Health 
Organization guidelines for obesity classification (Normal 
Weight: 18.5–24.99 kg/m2, Overweight: 25–29.99 kg/m2, 
Obese: 30–39.99 kg/m2, Morbidly Obese: > 40 kg/m2) [18]. 

Only 43 underweight patients with a BMI < 18.5 kg/m2 
underwent surgery during the study period, and thus were 
excluded. Based on a power analysis using the minimally 
clinically important difference (MCID) (18.0) and standard 
deviation (18.0) of HOOS, JR [19], we calculated that a 
minimum of 55 patients would be needed in this group to 
detect statistically significant differences at an alpha of 0.05 
and 80% power. Baseline demographics were compared 
between BMI groups.

Patient‑reported outcome measures

Patients with both preoperative and postoperative PROM 
scores for at least one outcome during the study period were 
included in the analysis. To calculate pre-/post-THA changes 
in PROM scores, we subtracted the most recent postopera-
tive score from the most recent preoperative score during 
the study period. Mean scores for preoperative, postopera-
tive, and pre-/post-∆ PROMs were compared between BMI 
groups.

Data analysis

Continuous variables were compared using chi-squared tests. 
For PROM scores, independent samples t-tests were used to 
compare the normal weight group to each of the other groups 
individually, and analysis of variance (ANOVA) was used 
to compare scores across all four groups. Pairwise t-tests 
were used to compare preoperative to postoperative PROM 
score changes within groups before and after surgery. Robust 
multiple linear regression analyses were conducted to adjust 
for possible confounders associated with obesity status. The 
prevalence of comorbid diagnoses was compared between 
BMI groups using Fisher’s exact tests. Those comorbidities 
which varied significantly across BMI groups were included 
as independent variables in regression models along with 
patient baseline characteristics. Categorical variables are 
presented as counts (percentages). Date ranges are repre-
sented as a median (interquartile range, IQR). PROM scores 
are presented as mean ± standard deviation. Regression anal-
yses are presented as estimate effect (95% confidence inter-
val, CI). Significance was set at p < 0.05 Statistical analyses 
were performed using the software R (Version 4.0.2, The R 
Foundation, 2022) together with RStudio (Version 1.3.959, 
RStudio Team, 2022).

Power calculations

Power analyses were conducted a-priori using the MCID 
and standard deviations for HOOS, JR (18.0, 5.3) [19] and 
PROMIS Global Physical Health (8, 10) [20], as these were 
the PROMs utilized within our multivariate regressions. 
The type 1 error rate (alpha) and power (1-beta) were kept 
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fixed at 5% and 80% for all power calculations, respectively. 
Upon performing power analyses, we found that a minimum 
sample size of 55 patients would be required in each BMI 
classification group in order to detect statistically significant 
differences in HOOS, JR, and 72 patients for the PROMIS 
Global Physical Health score.

Study population and demographics

In total, 11,276 hip arthroplasties were performed during 
the study period. Of the included 3,404 patients undergo-
ing 3,903 THAs, 919 (23.5%) were normal weight, 1,374 
(%) were overweight, 1,356 (35.2%) were obese, and 254 
(6.5%) were morbidly obese (Table 1). Average postopera-
tive follow-up time was 11.2 ± 11.5 months (range 0.2 to 
50), and 32.6% of patients had postoperative PROM scores 
reported from only their initial follow-up visit. The mean 
BMIs for the normal weight, overweight, obese, and mor-
bidly obese cohorts were 22.6 ± 1.7, 27.4 ± 1.3, 33.7 ± 2.6, 
and 41.9 ± 5.3  kg/m2, respectively. Patients across all 
cohorts were predominantly female with the highest pre-
ponderance in the normal weight and morbidly obese 
cohorts (p < 0.0001). The morbidly obese and obese cohorts 
were younger at the time of surgery than other cohorts 
(p < 0.0001). The obesity classes showed a higher propor-
tion of non-white patients (p < 0.0001). Of the comorbidi-
ties evaluated, congestive heart failure (p = 0.023), dementia 
(p = 0.016), chronic pulmonary disease (p = 0.001), diabe-
tes without chronic complications (p < 0.001), diabetes with 
chronic complications (p = 0.007), leukemia or lymphoma 
(p = 0.031), and HIV/AIDs (p = 0.037) demonstrated signifi-
cant differences among BMI cohorts, and thus were included 

as independent variables in regression models. A full analy-
sis of comorbidities can be found in Table 2.

Results

Patient‑reported outcome measures

Patients in higher BMI cohorts displayed significantly lower 
preoperative HOOS, JR scores: 53.7 ± 15.4, 50.9 ± 15.3, 
48.3 ± 15.1, and 49.1 ± 17.3 for the normal weight, over-
weight, obese, and morbidly obese cohorts, respectively 
(p < 0.0001). Similarly, postoperative HOOS, JR scores 
were lower for obese (p < 0.0001) and morbidly obese 
patients (p = 0.001) (Table 3). Within-group analyses of 
HOOS, JR scores before and after surgery revealed signifi-
cant score improvements in all BMI groups (normal weight 
p < 0.0001, overweight p < 0.0001, obese p < 0.0001, and 
morbidly obese p < 0.0001). No between-group difference 
was observed for pre-/post-∆ HOOS, JR score among BMI 
cohorts (p = 0.822).

Across all preoperative PROMIS measures, obese and espe-
cially morbidly obese patients reported worse scores in pain 
intensity (p < 0.0001), pain interference (p < 0.0001), physical 
function (p < 0.001), mobility (p < 0.0001), global mental health 
(p < 0.0001), and global physical health (p < 0.0001) (Table 4). 
Similarly, obese and morbidly obese patients reported worse 
postoperative PROMIS outcomes for pain intensity (p < 0.0001), 
pain interference (p < 0.0001), physical function (p = 0.001), 
mobility (p < 0.0001), global mental health (p < 0.0001), and 
global physical health (p < 0.0001). No between-group differ-
ences were observed for pre-/post-∆ in PROMIS measures of 

Table 1   Patient demographics 
by BMI classification

Bold indicates a statistically significant finding
BMI body mass index

BMI 18.5–25 kg/m2 25–30 kg/m2 30–40 kg/m2  > 40 kg/m2 P-Value

Total n = 919 n = 1374 n = 1356 n = 254
Age (years) 65.4 ± 12.7 65.8 ± 10.8 63.6 ± 10.1 61.0 ± 9.9 < 0.0001
BMI (kg/m2) 22.6 ± 1.7 27.4 ± 1.3 33.7 ± 2.6 41.9 ± 5.3 < 0.0001
Sex
 Female 681 (74.1%) 738 (53.7%) 723 (53.3%) 154 (60.6%) < 0.0001
 Male 238 (25.9%) 636 (46.3%) 633 (46.7%) 100 (39.4%)

Race
 White 742 (80.7%) 1087 (79.1%) 967 (71.3%) 170 (66.9%) < 0.0001
 Black 64 (7.0%) 140 (10.2%) 220 (16.2%) 55 (21.7%)
 Asian/Pacific Islander 33 (3.6%) 23 (1.7%) 12 (0.9%) 0 (0.0%)
 Other 80 (8.7%) 124 (9.0%) 157 (11.6%) 29 (11.4%)
 Smoking Status
 Current 52 (5.7%) 73 (5.3%) 83 (6.1%) 17 (6.7%) 0.0397
 Former 342 (37.2%) 571 (41.6%) 592 (43.7%) 111 (43.7%)
 Never 523 (56.9%) 729 (53.1%) 679 (50.1%) 124 (48.8%)
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pain intensity (p = 0.626), pain interference (p = 0.799), physical 
function (p = 0.412), mobility (p = 0.210), global mental health 
(p = 0.391), and global physical health (p = 0.845) (Table 4). 
Within-group comparisons revealed significant preoperative to 
postoperative improvements in PROMIS global physical health 
scores in all BMI cohorts (normal weight p < 0.0001, overweight 
p < 0.0001, obese p < 0.0001, morbidly obese p < 0.0001).

Multiple linear regression analysis

Regression analysis showed that morbid obesity was associ-
ated with lower postoperative HOOS, JR scores after adjust-
ing for other variables (−3.74, 95% CI −6.69 to −0.79, 
p = 0.013). Both the overweight (2.91, 95% CI 0.34 to 5.48, 
p = 0.27) and the obese BMI cohorts (3.52, 95% CI 0.88 to 

6.17, p < 0.01) were associated with higher pre-/post-∆ in 
HOOS, JR scores (Table 5). African American race was asso-
ciated with lower postoperative HOOS, JR scores (3.66, 95% 
CI −5.72 to −1.60, p < 0.001), as was identifying as other 
non-white race (4.62, 95% CI −6.86 to −2.39, p < 0.0001). 
Analysis of comorbidities demonstrated strong negative 
associations between patients with HIV/AIDs (−7.73, 95% 
CI −12.68 to −2.77, p < 0.01) or diabetes with chronic com-
plications (−7.51, 95% CI −13.46 to −1.55, p = 0.014) and 
postoperative HOOS, JR scores. None of the comorbidities 
analyzed were associated with significantly decreased pre-/
post-∆ improvement in HOOS, JR. Full regression results for 
HOOS, JR scores are presented in Table 5. 

Regression analysis for PROMIS global physical health 
scores showed elevated BMI was associated with worse 

Table 2   Baseline comorbidity incidences compared between groups for use in multiple linear regression analysis

Bold indicates a statistically significant finding

18.5–25 kg/m2 25–30 kg/m2 30–40 kg/m2  > 40 kg/m2 P-Value

Myocardial infarction 14 (1.5%) 35 (2.5%) 36 (2.6%) 6 (2.6%) 0.3413
Congestive heart failure 19 (2.1%) 43 (3.1%) 49 (3.6%) 14 (6.0%) 0.0245
Peripheral vascular disease 45 (4.9%) 74 (5.3%) 90 (6.6%) 15 (6.4%) 0.3603
Cerebrovascular disease 61 (6.6%) 108 (7.8%) 84 (6.2%) 9 (3.8%) 0.1674
Dementia 11 (1.2%) 6 (0.4%) 2 (0.1%) 0 (0%) 0.0150
Chronic pulmonary disease 146 (15.9%) 200 (14.4%) 219 (16.1%) 63 (26.8%) 0.0005
Rheumatic Disease 65 (7.1%) 69 (5.0%) 90 (6.6%) 15 (6.4%) 0.2639
Peptic ulcer disease 25 (2.7%) 34 (2.5%) 41 (3.0%) 5 (2.1%) 0.8461
Mild liver disease 34 (3.7%) 56 (4.0%) 66 (4.8%) 10 (4.3%) 0.7296
Severe liver disease 3 (0.3%) 0 (0%) 4 (0.3%) 1 (0.4%) 0.3358
Diabetes without chronic complications 41 (4.5%) 139 (10.0%) 220 (16.1%) 53 (22.6%) 0.0005
Diabetes with chronic complications 2 (0.2%) 17 (1.2%) 24 (1.8%) 2 (0.9%) 0.0030
Hemiplegia/paraplegia 2 (0.2%) 3 (0.2%) 0 (0%) 0 (0%) 0.3328
Renal disease 31 (3.4%) 64 (4.6%) 61 (4.5%) 11 (4.7%) 0.5377
Malignancy: Leukemia/lymphoma 119 (12.9%) 174 (12.6%) 131 (9.6%) 21 (8.9%) 0.0330
Malignancy: Solid tumor 37 (4.0%) 48 (3.5%) 41 (3.0%) 7 (3.0%) 0.7121
HIV/AIDs 27 (2.9%) 20 (1.4%) 20 (1.5%) 1 (0.4%) 0.0345

Table 3   Preoperative, postoperative, and pre/post-change (Δ) HOOS, JR scores stratified by BMI classification

Bold indicates a statistically significant finding
BMI body mass index. HOOS, JR, Hip Disability and Osteoarthritis Outcome Score for Joint Replacement. Independent samples t-tests used 
compare individual groups the normal weight group, and analysis of variance used to compare scores across all groups

Normal Weight 
(18.5–25 kg/m2)

Overweight (25–30 kg/m2) Obese (30–40 kg/m2) Morbidly Obese (> 40 kg/m2)

Score Score P-Value (vs. 
normal weight)

Score P-Value (vs. 
normal weight)

Score P-Value (vs. 
normal weight)

P-Value 
(across 
groups)

HOOS JR n = 494 n = 690 n = 674 n = 134
Preoperative 53.7 ± 15.4 50.9 ± 15.3 0.0002 48.3 ± 15.1  < 0.0001 49.1 ± 17.3 0.0029 < 0.0001
Postoperative 74.1 ± 16.3 72.3 ± 15.9 0.0576 69.4 ± 16.6  < 0.0001 68.9 ± 15.7 0.001 < 0.0001
Δ 20.4 ± 19.2 21.4 ± 19.3 0.3785 21.2 ± 18.1 0.4672 19.7 ± 19.5 0.7092 0.822
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postoperative PROMIS global physical health scores (over-
weight −1.30, 95% CI −2.07 to −0.52, p < 0.01; obese −2.88, 
95% CI −3.65 to −2.10, p < 0.0001; morbidly obese −4.71, 95% 
CI −5.90 to −3.51, p < 0.0001). No association was observed 
between BMI and pre-/post-∆ in PROMIS global physical 
health scores (overweight p = 0.49, obese p = 0.94, and mor-
bidly obese p = 0.24). African American race was associated 
with lower postoperative PROMIS global physical health scores 
(−1.66, 95% CI −2.50 to −0.82, p < 0.001), as was identifying as 
other non-white race (−1.72, 95% CI −2.65 to −0.80, p < 0.001). 
Infection with HIV and diabetes with chronic complications 
demonstrated similarly negative relationships with postopera-
tive PROMIS global physical health scores (HIV/AIDs: −4.55, 
95% CI −6.68 to −2.42, p < 0.0001; diabetes with chronic com-
plications: −2.81, 95% CI −5.29 to −0.33, p = 0.024). None of 
the comorbidities analyzed were associated with significantly 
decreased pre-/post-∆ improvement in PROMIS global health. 

Full regression results for PROMIS global physical health are 
presented in Table 6.

Outcomes and complications

The morbidly obese group demonstrated the greatest mean sur-
gical time (132.4 min), followed by the obese (108.3), over-
weight (99.8) and normal weight groups (94.4) (p < 0.001 for 
all comparisons). Similarly, the morbidly obese group had a 
significantly longer mean LOS (52.1 h) compared to the obese 
(41.6), overweight (38.5) and normal weight (40.4) groups 
(p < 0.001for all comparisons). Discharge disposition rates were 
comparable between groups (p = 0.738). The morbidly obese 
group demonstrated significantly higher rates of 90-day readmis-
sions (8.3) when compared to the obese (4.1), overweight (2.8) 
and normal weight (3.0%) groups (p < 0.001, for all compari-
sons). All-cause revision rates and mean days to revision were 

Table 4   Preoperative, postoperative, and pre/post-change (Δ)in Patient-Reported Outcome Measurement Information System (PROMIS) score 
domains stratified by BMI classification

Bold indicates a statistically significant finding
BMI body mass index. Independent samples t-tests used compare individual groups the normal weight group, and analysis of variance used to 
compare scores across all groups

Normal Weight 
(18.5–25 kg/m2)

Overweight (25–30 kg/m2) Obese (30–40 kg/m2) Morbidly Obese (> 40 kg/
m2)

Score Score P-Value 
(vs. normal 
weight)

Score P-Value 
(vs. normal 
weight)

Score P-Value 
(vs. normal 
weight)

P-Value 
(across 
groups)

Pain Intensity n = 556 n = 844 n = 815 n = 160
Preoperative 52.7 ± 6.7 53.5 ± 6.9 0.0305 54.9 ± 7.4 < 0.0001 55.3 ± 8.4 0.0001 < 0.0001
Postoperative 44.0 ± 8.9 44.5 ± 8.8 0.3006 46.6 ± 9.0 < 0.0001 47.1 ± 9.2 0.0001 < 0.0001
Δ −8.8 ± 10.1 −9.0 ± 9.5 0.7071 −8.2 ± 10.1 0.2803 −8.2 ± 9.8 0.5053 0.6258
Interference n = 584 n = 872 n = 860 n = 170
Preoperative 62.5 ± 7.0 63.3 ± 7.0 0.0327 65.1 ± 6.7 < 0.0001 65.8 ± 7.3 < 0.0001 < 0.0001
Postoperative 54.4 ± 9.7 55.7 ± 9.3 0.0103 57.6 ± 9.2 < 0.0001 58.2 ± 9.2 < 0.0001 < 0.0001
Δ −8.1 ± 10.2 −7.6 ± 9.7 0.3452 −7.5 ± 9.9 0.2644 −7.6 ± 10.0 0.5723 0.7988
Physical Function n = 130 n = 180 n = 222 n = 42
Preoperative 37.0 ± 7.4 36.0 ± 7.0 0.2266 34.8 ± 7.4 0.0074 31.8 ± 7.1 0.0001 0.0003
Postoperative 42.3 ± 9.0 43.0 ± 9.5 0.5134 40.6 ± 9.4 0.0971 37.3 ± 8.1 0.0016 0.001
Δ 5.4 ± 9.7 7.0 ± 9.1 0.1384 5.8 ± 9.7 0.7079 5.5 ± 8.6 0.9525 0.412
Mobility n = 412 n = 611 n = 557 n = 108
Preoperative 38.1 ± 6.2 37.1 ± 5.6 0.0074 35.8 ± 5.4 < 0.0001 34.9 ± 5.1 < 0.0001 < 0.0001
Postoperative 43.6 ± 8.0 42.0 ± 7.3 0.001 40.5 ± 6.9 < 0.0001 38.7 ± 6.0 < 0.0001 < 0.0001
Δ 5.5 ± 8.3 4.9 ± 7.3 0.2229 4.7 ± 6.8 0.0999 3.8 ± 6.4 0.051 0.21
Mental Health n = 385 n = 614 n = 600 n = 121
Preoperative 49.3 ± 9.8 49.2 ± 9.5 0.8729 47.0 ± 9.1 0.0002 44.7 ± 10.2 < 0.0001 < 0.0001
Postoperative 52.0 ± 9.3 51.1 ± 9.5 0.1421 49.2 ± 9.1 < 0.0001 46.2 ± 10.2 < 0.0001 < 0.0001
Δ 2.6 ± 8.5 1.9 ± 7.5 0.1732 2.2 ± 7.7 0.4453 1.5 ± 7.7 0.205 0.391
Physical Health n = 400 n = 638 n = 632 n = 125
Preoperative 41.8 ± 8.1 40.7 ± 7.9 0.0308 38.1 ± 7.5 < 0.0001 36.4 ± 6.3 < 0.0001 < 0.0001
Postoperative 47.1 ± 8.9 45.5 ± 8.2 0.0031 43.3 ± 8.2 < 0.0001 41.1 ± 8.5 < 0.0001 < 0.0001
Δ 5.3 ± 9.3 4.8 ± 8.6 0.3773 5.2 ± 8.2 0.8563 4.7 ± 8.5 0.521 0.8448
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comparable between groups (p = 0.232, p = 0.133, respectively). 
A full account of perioperative and clinical outcomes can be 
found in Tables 7 and 8. 

Discussion

This study analyzed the association between BMI clas-
sification and PROM scores following THA and reports 
several important findings: (1) obese and morbidly obese 
patients consistently report worse preoperative and post-
operative scores for pain, functional status, and health; 
(2) improvements in PROMIS measures of pain, function, 
mobility, global mental health, and global physical health 
were comparable across BMI cohorts; (3) obesity is inde-
pendently associated with a greater pre-/post-∆ improve-
ment in HOOS, JR scores, but not global health scores; 
(4) HIV/AIDS, chronic diabetes, and being of non-white 
race are independently associated with lower HOOS,JR and 
PROMIS global physical health scores postoperatively.

Present literature regarding the influence of BMI on 
PROMs following THA has shown mixed results [6, 11–13, 
15, 21]. Jameson et al. analyzed 2,656 THA patients strati-
fied by BMI finding that obese and morbidly obese patients 

experienced a smaller, though still significant postoperative 
increase in hip pain and function and health-related qual-
ity of life (HRQoL) compared to non-obese patients [6]. 
Similarly, Mukka et al. demonstrated a smaller postopera-
tive increase in HRQoL in overweight and obese patients. In 
contrast, Li et al. reported on a cohort of 2,040 THA patients 
which showed that while more obese patients experienced 
lower function and physical health scores postoperatively, 
they showed a greater pre-/postoperative decrease in pain 
scores leading to no difference in postoperative pain among 
BMI classes [11]. Moreover, Peters et al. investigated data 
from the Dutch Arthroplasty Register observing that obesity 
was associated with a greater pre-/postoperative increase in 
hip-specific and HRQoL measures [13].

Bilateral and non-elective THA patients were excluded 
from our study as they represent possible sources of hetero-
geneity. Studies have demonstrated a tendency for higher 
preoperative pain scores in bilateral THA patients as com-
pared to unilateral THA [22]. Additionally, differential 
improvements in physical function and mental health scores 
have been shown for bilateral and unilateral THAs [23], 
while substantial differences in clinical outcomes between 
elective and non-elective THAs have been reported [24].

Table 5   Multiple linear regression analysis of patient comorbidities and demographics impacting postoperative and pre/post-change (Δ) HOOS, 
JR scores

Bold indicates a statistically significant finding
BMI, body mass index. HOOS, JR, Hip Disability and Osteoarthritis Outcome Score for Joint Replacement

Postoperative HOOS, JR Estimate Effect Δ HOOS, JR Estimate Effect

Baseline Variable Estimate [95% CI] P-Value Estimate [95% CI] P-Value

Congestive heart failure −0.53 [−4.36 to 3.31] 0.7898 1.58 [−4.26 to 7.41] 0.5950
Dementia 4.96 [−4.16 to 14.08] 0.2889 −2.80 [−17.69 to 12.09] 0.7197
Chronic pulmonary disease −1.22 [−3.03 to 0.58] 0.1809 3.23 [0.55 to 5.90] 0.0175
Diabetes without chronic complications 1.55 [−0.69 to 3.79] 0.1763 3.53 [0.24 to 6.83] 0.0359
Diabetes with chronic complications −7.51 [−13.46 to −1.55] 0.0136 4.86 [−4.36 to 14.09] 0.3050
Malignancy: lymphoma or leukemia −0.25 [−2.32 to 1.81] 0.8111 −1.52 [−4.53 to 1.49] 0.3209
HIV/AIDs −7.73 [−12.68 to −2.77] 0.0024 0.06 [−7.18 to 7.31] 0.9858
BMI 18.5–25 kg/m2 (reference)
BMI 25–30 kg/m2 −0.93 [−2.72 to 0.86] 0.3086 2.91 [0.34 to 5.48] 0.0265
BMI 30–40 kg/m2 −1.64 [−3.47 to 0.18] 0.0778 3.52 [0.88 to 6.15] 0.0087
BMI > 40 kg/m2 −3.74 [−6.69 to −0.79] 0.0126 1.69 [−2.78 to 6.17] 0.4600
Female 0.14 [−1.26 to 1.54] 0.8435 3.26 [1.19 to 5.33] 0.0021
White (reference) – – – –
African American −3.66 [−5.72 to −1.60] 0.0006 −0.03 [−3.11 to 3.05] 0.9854
Asian −1.53 [−6.75 to 3.68] 0.5657 −7.32 [−14.58 to 0.00] 0.0500
Other Race −4.62 [−6.86 to −2.39] 0.0001 2.19 [−1.09 to 5.47] 0.1923
Age at surgery (years) −0.01 [−0.07 to 0.05] 0.7602 −0.06 [−0.15 to 0.04] 0.2243
Never smoker (reference) – – – –
Current smoker −2.28 [−5.21 to 0.66] 0.1304 3.72 [−0.48 to 7.91] 0.0842
Former smoker −0.49 [−1.85 to 0.88] 0.4851 1.39 [−0.63 to 3.40] 0.1767
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Table 6   Multiple linear regression analysis of patient comorbidities and demographics impacting postoperative and pre/post-change (Δ) 
PROMIS-PH scores

Bold indicates a statistically significant finding
BMI body mass index; PROMIS Patient-Reported Outcome Measurement Information System; CI confidence interval

Postoperative PROMIS, PH Estimate Effect Δ PROMIS, PH Estimate Effect

Baseline Variable Estimate [95% CI] P-Value Estimate [95% CI] P-Value

Congestive heart failure −0.87 [−2.36 to 0.62] 0.2502 −0.01 [−1.65 to 1.64] 0.9945
Dementia −0.88 [−4.14 to 2.37] 0.5930 0.21 [−4.08 to 4.50] 0.9234
Chronic pulmonary disease −0.87 [−1.62 to −0.13] 0.0216 0.62 [−0.25 to 1.49] 0.1611
Diabetes without chronic complications −1.06 [−2.00 to −0.12] 0.0263 0.94 [−0.12 to 2.01] 0.0829
Diabetes with chronic complications −2.81 [5.29 to −0.33] 0.0243 −1.07 [−3.90 to 1.76] 0.4582
Malignancy: lymphoma or leukemia −0.59 [−1.45 to 0.27] 0.1783 0.25 [−0.74 to 1.25] 0.6191
HIV/AIDs −4.55 [−6.68 to −2.42] 0.0001 −0.08 [−2.55 to 2.39] 0.9512
BMI 18.5–25 kg/m2 (reference) – – – –
BMI 25–30 kg/m2 −1.30 [−2.07 to −0.52] 0.0010 −0.32 [−1.21 to 0.58] 0.4902
BMI 30–40 kg/m2 −2.88 [−3.65 to −2.10] 0.0001 0.03 [−0.86 to 0.92] 0.9424
BMI > 40 kg/m2 −4.71 [−5.90 to −3.51] 0.0001 0.82 [−0.55 to 2.19] 0.2364
Female −1.44 [−2.03 to −0.86] 0.0001 0.35 [−0.32 to 1.02] 0.3089
White (reference) – – – –
African American −1.66 [−2.50 to −0.82] 0.0001 0.15 [−0.80 to 1.10] 0.7607
Asian 1.75 [−0.43 to 3.93] 0.1161 −1.32 [−3.77 to 1.13] 0.2905
Other Race −1.72 [−2.65 to −0.80] 0.0003 0.85 [−0.18 to 1.88] 0.1067
Age at surgery (years) 0.00 [−0.02 to 0.03] 0.8572 −0.05 [−0.08 to −0.02] 0.0024
Never smoker (reference) – – – –
Current smoker −2.62 [v3.88 to −1.35] 0.0001 1.63 [0.17 to 3.08] 0.0314
Former smoker −0.32 [−0.89 to 0.25] 0.2758 0.49 [−0.16 to 1.15] 0.1410

Table 7   Perioperative Outcomes by BMI Classification

Bold indicates a statistically significant finding

BMI 18.5–25 kg/m2 25–30 kg/m2 30–40 kg/m2  > 40 kg/m2 P-Value

Total n = 919 n = 1374 n = 1356 n = 254
Mean Surgical Time (Mins) [range] 94.4 [39–278] 99.8 [40–360] 108.3 [52–315] 132.4 [73–308] < 0.001
Mean LOS (Hours) [range] 40.4 [7–1005] 38.5 [7–400] 41.6 [6–338] 52.1 [8–343] < 0.001
Discharge Disposition (n, %)
 Home 860 (93.6) 1310 (95.3) 1278 (94.2) 237 (93.3) 0.738
 SNF 49 (5.3) 47 (3.4) 62 (4.6) 16 (6.3)
 ARF 10 (1.1) 17 (1.2) 16 (1.2) 1 (0.4)

Other 0 1 (0.1) 0 0

Table 8   Clinical Outcomes by BMI Classification

Bold indicates a statistically significant finding
BMI Body Mass Index; ED Emergency Department

BMI 18.5–25 kg/m2 25–30 kg/m2 30–40 kg/m2  > 40 kg/m2 P-Value

Total n = 919 n = 1374 n = 1356 n = 254
90-Day Readmissions (n, %) 28 (3.0) 39 (2.8) 55 (4.1) 21 (8.3) 0.001
All-Cause Revisions (n, %) 28 (3.0) 41 (3.0) 40 (2.9) 9 (3.5) 0.232
Mean Time to Revision (Days) [Range] 458.2 [7–1703] 354.9 [8–1530] 437.5 [7–1513] 208.2 [14–645] 0.133
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We found that obese and morbidly obese patients consist-
ently scored worse both preoperatively and postoperatively on 
the HOOS, JR and across PROMIS measures. However, there 
were no differences in pre-/post-∆ among any BMI cohorts for 
any measure, suggesting that patients achieve a similar relative 
degree of clinical improvement regardless of obesity. For all 
BMI classes, average improvements in HOOS, JR scores and 
all PROMIS scores–except for global mental health–reached the 
established minimal clinically important difference (MCID) [25, 
26]. This suggests that on average patients obtained a similar and 
clinically meaningful difference following THA, though obese 
patients consistently report relatively worse pain, functional sta-
tus, and overall health.

After adjusting for comorbid conditions, regression analy-
sis demonstrated an independent negative effect of obesity on 
PROMIS global physical health scores. This effect was largest in 
the morbidly obese cohort, though no differences were observed 
among BMI cohorts in the pre-/post-∆ in PROMIS global physi-
cal health measures. Interestingly, we observed an independent 
negative effect of morbid–though not moderate–obesity, on post-
operative HOOS, JR scores. It is possible that additional func-
tional limitations and health challenges associated with morbid 
obesity limit the degree of improvement that these patients can 
achieve. This is important in counseling patients preoperatively 
about their weight. Rather than restricting access to care to all 
obese patients, providing resources and education for morbidly 
obese patients to achieve weight loss with the goal of achiev-
ing a BMI at least < 40 kg/m2 may have positive functional 
implications.

African American or other non-white race were also indepen-
dently linked to lower postoperative HOOS, JR and PROMIS 
global physical health scores. Current literature has shown 
associations between non-white race and inferior preoperative, 
postoperative, and pre-/post-∆ in PROMs [27–29]. Identifying 
as African American or other race was associated with moder-
ately decreased postoperative HOOS, JR and PROMIS global 
physical health scores without a concomitant decrease in pre-/
post-∆ in either measure. These results suggest that while racial 
disparities persist in patients undergoing THA, they likely do not 
diminish the benefit these patients derive from surgery. These 
trends highlight the importance of understanding cultural per-
ceptions of weight and tailoring the surgical discussion toward 
acceptable ways to optimize weight prior to arthroplasty.

Regression analysis showed a strong negative relationship 
between diagnoses of advanced diabetes and HIV/AIDs and 
PROMs. Literature regarding the effect of comorbidities on 
PROMs has yielded heterogeneous results [5, 26]. Leiss et al. 
reported that diabetes was linked to lower pre- and postoperative 
functional and pain scores in a cohort of 109 patients [27]. Our 
results show similarly decreased postoperative scores for HOOS, 
JR and PROMIS global physical health, however patients with 
diabetes experienced similar, if not increased pre-/post-∆ in their 
PROMs, suggesting they still derive therapeutic benefit from the 

procedure. Limited research has examined PROMs outcomes in 
HIV positive patients; Graham et al. described improvements 
in patient-reported functional and pain scores for 102 THAs, 
though they did not compare to HIV negative patients [28, 29]. 
Regression results show that while HIV positive patients have 
lower postoperative PROMs, they demonstrate no difference 
in pre-/post-∆ in PROMs, suggesting they still derive clinical 
benefit from THA. None of the comorbidities analyzed were 
associated with an inferior degree of improvement in HOOS, 
JR or PROMIS global physical health measures.

The lack of agreement in literature concerning the asso-
ciation between BMI and PROMs following THA may be 
explained by multiple factors including variations in the 
criteria used to classify obesity, specific PROM measures 
employed by researchers, and insufficient data on patient 
comorbidities [15]. In addition, reduced follow-up and lack 
of survey response further exacerbate the limited sample 
sizes across various BMI classes needed to achieve adequate 
power for analyses of PROMs [30]. Our study included a 
large sample size of patients who completed PROMs across 
categories of function, pain, and general health generated by 
institutional initiatives to gather PROM data for all patients 
undergoing THA. We also conducted a robust regression 
analysis that adjusted for baseline demographic factors and 
patient comorbidities related to BMI. Despite the relation of 
diabetes and HIV/AIDs diagnoses with lower postoperative 
HOOS, JR or PROMIS global physical health scores, no 
comorbidities were linked to worse pre-/post-∆ in PROMs.

Limitations

Inherent to the study’s retrospective design are risks of selection 
bias resulting from lack of PROM survey adherence and lost 
follow-up. While patients completed all PROM measures during 
the period of study, we could not obtain PROM measures from 
patients on a standardized schedule, and 32.6% of patients had 
postoperative PROM scores captured only once. This variability 
in the follow-up timeline may not have allowed us capture com-
plete improvement data for all subjects. Furthermore, PROMs 
are a subjective outcome that measure patients experience and 
self-perceived outcome, but do not assess objective outcomes 
such as readmission and revision rates. PROM questionnaires 
are also subject to recall bias, and the inclusion of several dif-
ferent PROMs may have introduced a source of heterogeneity 
within our study, while possibly increasing our generalizability. 
In addition, inherent baseline differences across BMI groups 
existed and may have influenced results, though we attempted 
to account for this by conducting regression analyses. Finally, 
though we captured comorbidity data for all patients, the low 
absolute prevalence of specific comorbidities limits our power to 
adequately adjust for their confounding effects during analysis.
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Conclusion

Obese and morbidly obese patients undergoing THA 
demonstrate worse preoperative and postoperative out-
comes for measures of pain, functional status, and overall 
health, though they attain similar therapeutic benefit across 
PROMIS measures. Moderate, but not severe, obesity is 
independently associated with more substantial improve-
ment in HOOS, JR scores following THA. While lower post-
operative PROMs are associated with advanced diabetes, 
HIV/AIDs and non-white race, these factors do not affect the 
therapeutic benefit of THA. Patient-reported improvements 
following THA are consistent and clinically significant 
across BMI groups, however there may be a role for weight 
loss in morbidly obese THA patients to attain maximum 
functional status based on HOOS, JR scores.
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