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Abstract 

Background:  There is an existing perception that obesity has a negative impact on complications following total 
knee arthroplasty (TKA). However, data on the impact of obesity levels on patient-reported outcomes (PROMs) is 
sparse. We investigated the association between different obesity classes with PROMs among patients who under‑
went TKA.

Methods:  We performed retrospective secondary analyses on data extracted from the total joint replacement data 
repository (Alberta, Canada) managed by the Alberta Bone and Joint Health Institute (ABJHI). Patients had WOMAC 
and EQ5D scores measured at baseline in addition to 3 and/or 12 months following TKA. Patients were stratified 
according to the World Health Organization (WHO) classification, into five body mass index (BMI) groups of normal, 
overweight, BMI class I, BMI class II, and BMI class III. The association between BMI and mean changes in WOMAC 
subscales (pain, function, and stiffness) and EQ-5D-5L index over the time intervals of baseline to 3 months and 3 to 
12 months following TKA was assessed. Linear mixed-effects models were used, and the models were adjusted for 
age, sex, length of surgery, comorbidities, year of surgery, and geographical zone where the surgery was performed.

Results:  Mean age was 65.5 years (SD = 8.7). Postoperatively, there was a significant improvement (p < 0.001) in 
WOMAC subscales of patient-reported pain, function, and stiffness, as well as EQ-5D-5L regardless of BMI group. 
Although, patients in BMI class II and class III reported significantly improved pain 3 months after TKA compared to 
those with normal BMI, all BMI groups attained similar level of pain reduction at 12 months after TKA. The greatest 
improvement in all WOMAC subscales, as well as EQ5D index, occurred between baseline and 3 months (adjusted 
p < 0.0001).

Conclusion:  The findings indicate that patients reported improved pain, function, and stiffness across all BMI groups 
following TKA. Patients with BMI classified as obese reported similar benefits to those with BMI classified as normal 
weight. These results may help health care providers to discuss expectations regarding the TKA recovery in terms of 
pain, function, and quality of life improvements with their TKA candidates.
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Background
Osteoarthritis (OA) is a degenerative chronic disease 
that affects 10–15% of adults in Canada and results in 
pain, disability, and reduced quality of life [1]. The knee 
is the most commonly affected joint [2]. When conserva-
tive treatments fail, patients are typically offered total 
knee arthroplasty (TKA), which is a well-established and 
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effective intervention for end-stage OA [3]. The over-
all treatment goal of TKA is to relieve pain, restore loss 
of function, and improve the health-related quality of 
life (HRQoL) [4, 5]. Despite the known benefits of TKA 
on health-related outcomes, some patients experience 
complications [2, 6] and may receive less benefit than 
expected. Patients in the higher spectrum of body mass 
index (BMI) may be at greater risk of poor outcomes after 
TKA and surgeons are left unsure as to whether TKA is 
beneficial for patients with higher BMI [7–9], especially 
class III.

While some studies suggest that BMI has no impact on 
postoperative recovery and subsequent pain and function 
[10, 11], others suggest it has a negative impact [12–18]. 
The association, if any, between BMI and PROMs follow-
ing surgery remains unclear [9, 11, 19]. A recently pub-
lished meta-analyses [20] reported that the discrepancy 
in the results is related to the fact that most studies did 
not control for confounding factors such as age and sex, 
and they used different definitions of obesity. A Work-
group of the American Association of Hip and Knee Sur-
geons Evidence Based Committee suggested that future 
studies subclassify BMI using the World Health Organi-
zation Classification (WHO) to examine the value of 
TKA in this population [21].

The purpose of the current study was to evaluate the 
association between BMI, categorized according to the 
WHO classification, with Patient-Reported Outcome 
Measures (PROMs) preoperatively, pre- to 3 months 
postoperatively, as well as 3 to 12 months after TKA 
adjusting for putative confounders. We used the West-
ern Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) and EuroQol-5D (EQ5D) as PROMs 
that have been widely used to evaluate the effectiveness 
of TKA [22–24]. The WOMAC questionnaire was used 
to measure self-reported pain, stiffness, and function, 
while the EQ5D questionnaire was used to assess the 
HRQoL, preoperatively, and again 3 and 12 months fol-
lowing TKA.

Method
Data source and sample
This study was a retrospective secondary data analysis 
using a provincial database in Alberta managed by the 
Alberta Bone and Joint Health Institute (ABJHI). Patients 
who underwent primary unilateral TKA between 2012 
and 2016 and who completed the Western Ontario and 
McMaster Universities (WOMAC) Osteoarthritis Index 
(N = 7714), and the patient-reported EuroQol-5D (EQ-
5D; N = 3848) were included in the study. We also used 
the discharge abstract database, which is a hospital 
administrative database that is collected as part of the 
standardized care process and not part of a clinical study. 

Diagnosis and procedure coding were based on the 10th 
version of the International Classification of Diseases 
combined with the Canadian Classification of Health 
Intervention (ICD-10-CA/CCI). Standardized care 
processes and consistent data collection for total joint 
arthroplasty in the province commenced in 2009 and are 
ongoing. Knee surgeries are performed at twelve pub-
lic hospitals (Alberta Health Services: AHS) in Alberta, 
Canada, and all data on patients who underwent surgery 
were captured and sent to ABJHI for quality assurance 
and monitoring under the authority of the provincial 
Privacy Impact Analysis (PIA) agreement (OIPC File # 
H2801).

Between 2012 and 2016, we identified 26,962 patients 
who underwent primary unilateral TKA from Alberta 
Bone and Joint Health Repository collected information. 
A subset of 15,151 patients had height and weight records. 
Within that group, two separate datasets (7714 patients 
with WOMAC and 3848 patients with EQ5D question-
naire) were prepared (Fig. 1). BMI was calculated based 
on weight and height records (measured in each clinic by 
a nurse) by dividing weight in kilograms (kg) by height 
in meter squared (m2). Patients were then classified into 
one of five BMI groups according to the World Health 
Organization (WHO) classification of BMI: normal 
(BMI ≤ 24.99 kg/m2), overweight (25 ≤ BMI ≤ 29.99 kg/
m2), BMI class I (30 ≤ BMI ≤ 34.99 kg/m2), BMI class II 
(35 ≤ BMI ≤ 39.99 kg/m2), and BMI class III (BMI ≥ 40 kg/
m2) [25]. A total of 9 patients with a BMI lower than 
18.5 kg/m2 (underweight) were included in the BMI nor-
mal group. In addition to WOMAC and EQ5D, infor-
mation on age, sex, operation time (min), number of 
comorbidities, perioperative/postoperative complica-
tions, year of surgery, and the geographical zone of ser-
vice were also available. Comorbidities included diabetes, 
moderate or severe mental health issues, cardiac disease, 
pulmonary disease, circulatory/clotting disorder, demen-
tia, renal failure, cerebrovascular disease, and moder-
ate or severe liver disease as recorded in the database. 
Perioperative and postoperative complications were 
blood transfusion, pulmonary embolism, deep wound 
infection, myocardial infarction, ileus, pneumonia, deep 
vein thrombosis, gastrointestinal bleeding, readmission 
within 30 days, and cerebrovascular accident. Geographi-
cal zone of service (where the surgery was performed) 
included South, Central, and Edmonton. Ethics approval 
for this study was obtained from the University of Alberta 
Health Research Ethics Board. Permission to extract the 
data was obtained from, and done by, ABJHI.

Patient‑reported outcomes
ABJHI uses the WOMAC and EQ5D (described in 
more detail below) to determine the effectiveness of 
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the TKA surgery. These two outcomes are widely used 
PROMs in knee arthroplasty settings and are the pri-
mary outcomes in the present study.

WOMAC
The WOMAC Index, developed by Bellamy et al. [23] 
uses a 5-point Likert scale scale (0 = none, 1 = mild, 
2 = moderate, 3 = severe, 4 = extreme) and contains 24 
items covering three dimensions of pain (5 items), stiff-
ness (2 items), and function (17 items). A total score 
combining the three dimensions may be used. Scores 
range from 0 to 20 for pain, 0-8 for stiffness, 0-68 for 
physical function, and 0-96 for the total aggregated 
score. A recent systematic review by Copsey et  al. 
(2019) pointed out that a clear reporting of standard-
ized WOMAC scoring system should be implemented 
and all subscales should be converted to a 0-100 scale 
[26]. Using the transformed data has also been rec-
ommended in the WOMAC user guide and previous 
studies [27]. Each of the WOMAC subscales (i.e. pain, 
stiffness, function) and total score were converted to a 
scale of 0 to 100 (with 100 being the worst pain, stiff-
ness, or function) by dividing the subscale score by the 
total possible score and multiplying by 100 [23, 26, 28]. 
The WOMAC questionnaire is reliable, valid, feasi-
ble, and responsive to change over time in people with 
knee osteoarthritis [23, 29, 30]. The minimal clinically 
important difference (MCID) values after rehabilita-
tion programs for WOMAC pain, stiffness, and physi-
cal function (on the scale of 0-100) were reported as 
7.09, 16.2, and 11.25, respectively [31, 32].

EQ5D
The quality of life of patients before and after surgery 
was measured using the EQ5D-5 L index, a standardized 
self-report instrument for measuring generic health sta-
tus. The EQ5D is widely used in the orthopedic field and 
medical research to collect HRQoL scores as a basis for 
determining health status. It has been routinely applied 
in TKA programs in Alberta, Canada [33]. EQ5D-5 L has 
good reliability and validity [22, 34, 35], and consists of 5 
dimensions including mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression. Items are rated 
from 1 (no problems) to 5 (extreme problems). From 
these five dimensions, a health utility (EQ5D index) is 
calculated ranging from − 0.59 to 1.00, with 1.00 indicat-
ing full health and 0 representing death. Negative EQ5D 
scores are possible, and they indicate health status valued 
worse than death [36]. The MCID for the EQ5D index is 
reported to be 0.20 [37].

Statistical analyses
Sample characteristics were presented as mean and 
standard deviation for continuous variables, and frequen-
cies for categorical variables. The association between 
each of the main dependent variables with independent 
variables (BMI, age, sex, number of comorbidities, length 
of surgery, year of surgery, and geographic zone of ser-
vice) were determined in univariate fashion using Pear-
son correlation and t-test when applicable. We examined 
for multicollinearity among the independent variable(s) 
using the variance-inflation factor (VIF) to avoid over-
adjusting. Variance-inflation factor of 4 [38] has been 
considered as the cut-off criterion to remove predictor 

Fig. 1  Flowchart for patients’ enrollment and inclusion/exclusion
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variables that are highly correlated, which ensures sta-
bility and reliability of the developed model. Repeated 
measurement analyses using mixed effects models were 
performed to investigate the association between each 
of the patient-reported outcome scores (WOMAC and 
EQ5D) and BMI groups. Separate models were used to 
analyze each of the dependent variables of pain, stiff-
ness, physical function, total WOMAC scores, and 
EQ5D index. Since linear mixed effects models con-
sider all available data and thus allow for missing val-
ues, any participants who had baseline in addition to 3 
and/or 12 months follow-up data were included in the 
analysis. All models were adjusted for age, sex, number 
of comorbidities, length of surgery, year of surgery, and 
geographic zone of service. The patient effect was consid-
ered as a random effect in the model. The interaction of 
time by BMI in the models was considered to adjust for 
the within subject variation overtime, and the interaction 
term provides the adjusted mean changes for each group 
at different time intervals. All statistical analyses were 
performed using R software package version 0.99.902.

Results
Patient characteristics
The mean ± SD BMI of patients who were included in 
the study was 33.3 ± 6.9 kg/m2. Mean age of patients was 
65.5 ± 8.7 years old, and 61% of the sample was female. 
Among all patients, 21.7% had at least one comorbidity, 
and 13% had at least one complication.

Patient demographic and baseline characteristics for 
each of the five BMI groups are also given in Table 1. On 
the basis of BMI, 572 (7.4%) of the participants had BMI 

normal; 2122 (27.5%) were overweight; 2314 (29.9%), 
BMI class I; 1460 (19.0%), BMI class II; and 1246 (16.2%), 
BMI class III.

Patients in higher BMI groups were younger (p < .0001) 
compared to patients with normal BMI. The mean age at 
surgery ranged from 70.1 ± 10.3 in the BMI normal group 
to 62.2 ± 7.8 years in the BMI class III group. Patients in 
higher BMI groups were also more likely to be female, 
have a higher number of comorbidities, and, on average, 
have higher 30-day readmission. Patients’ self-reported 
preoperative measures of WOMAC total score, pain, 
stiffness, function, as well as EQ5D, on average (unad-
justed), were 54.2, 53.4, 56.8, 54.1, and 0.51, respectively. 
These baseline WOMAC scores indicate that the patients 
were in moderate to severe condition.

BMI groups and WOMAC subscales
At baseline, the adjusted means for WOMAC total score, 
pain, physical function, and stiffness were similar across 
different BMI groups (Supplementary Table  3.S). The 
adjusted mean at baseline for WOMAC total scores, 
pain, physical function, and stiffness were 56.3, 55.3, 56.6, 
and 57.2, respectively.

Adjusted mean changes (baseline to 3 months follow-
up, 3 to 12 months follow-up, and baseline to 12 months 
follow-up) by BMI group for each of the WOMAC 
subscales are presented in Table  2. From baseline to 
3 months, the adjusted mean change (improvement) in all 
WOMAC subscales were significant (adjusted p < .0001) 
for all BMI groups. From baseline to 3 months, all BMI 
groups experienced similar improvement (mean change) 
in WOMAC total, function, and stiffness. However, 

Table 1  Baseline characteristicsa

a Continuous variables are presented as the mean and the standard deviation. Categorical variables are presented as the number with the percentage in parentheses

Comorbidities included diabetes, moderate or severe mental health issues, cardiac disease, pulmonary disease, circulatory/clotting disorder, dementia, renal failure, 
cerebrovascular disease, and moderate or severe liver disease as recorded in the database

BMI groups according to baseline values (kg/m2)

Overall
N = 7714

< 25 
Normal 
N = 572
(7.4%)

25-29.9 
Overweight 
N = 2122
(27.5%)

30-34.9 
Obese class I 
N = 2314
(29.9%)

35-39.9 
Obese class II N = 1460
(19.0%)

≥40
Obese class 
III N = 1246 
(16.2%)

BMI (kg/m2) 33.3 ± 6.9 23.0 ± 1.6 27.7 ± 1.4 32.3 ± 1.4 37.2 ± 1.44 45.0 ± 4.7

Age (yrs) 65.5 ± 8.7 70.1 ± 10.3 68.7 ± 9.2 66.7 ± 8.9 65.0 ± 8.3 62.2 ± 7.8

Sex
Female N (%) 4732 (61.1%) 402 (69.8%) 1178 (55.3%) 1313 (56.6%) 948 (64.5%) 891 (71.1%)

Male N (%) 3016 (38.9%) 174 (30.2%) 952 (44.7%) 1006 (43.4%) 522 (35.5%) 362 (28.9%)

# of Comorbidities N (%)
0 6141 (79.3%) 460 (79.9%) 1762 (82.7%) 1848 (79.7%) 1152 (78.4%) 919 (73.3%)

1 1439 (18.6%) 101 (17.5%) 338 (15.9%) 419 (18.1%) 286 (19.4%) 295 (23.5%)

2 163 (2.1%) 15 (2.6%) 29 (1.3%) 48 (2.1%) 32 (2.2%) 39 (3.2%)

3 5 (0.1%) 0 (0.0%) 1 (0.1%) 4 (0.2%) 0 (0.0%) 0 (0.0%)
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patients in the BMI class II and class III groups com-
pared to BMI normal experienced significantly (p < .01) 
greater improvement (reduction) in pain from baseline to 
3 months postoperatively.

Patients in all BMI groups continued to experi-
ence significant (adjusted p  < .0001) improvement 
in all WOMAC subscales in the time interval of 3 to 
12 months following TKA, though the magnitudes were 
smaller compared to the improvement from baseline to 

3 months follow-up. From 3 to 12 months follow-up, all 
BMI groups experienced similar improvement (mean 
change) in all WOMAC subscales.

From baseline to 12 months following TKA, the 
adjusted mean changes (improvement) in all WOMAC 
subscales were significant (p < .0001) for all BMI 
groups, and all groups experienced similar magni-
tude of improvement. On average, the improvement 
for WOMAC total score as well as pain, function, and 

Table 2  Mean changes in WOMAC and EQ5D by BMI group: Results from Mixed Effect Modela

a The independent variables included in the model were BMI, time, BMI*time, age, sex, number of comorbidities, length of surgery, year of surgery, and geographic 
zone of service; Significant (p < .05) mean changes are bolded and show significance within a column. Negative mean changes for WOMAC scores (total, pain, 
function, and stiffness) indicate improvement. † Scale of 0 to 100, with 100 being the worst. Ψ1.00 indicating full health and 0 representing death

Outcomes Pre to 3 months 3 to 12 months Pre to 12 months
Mean change (95% C.I) Mean change (95% C.I) Mean change (95% C.I)

Total Score†
  Normal −25.9(− 28.3, − 23.5) −3.1(−6.8, 0.6) −29.0(− 32.5, − 25.5)

  Overweight − 27.5(− 28.7, − 26.3) − 3.5(− 5.3, 1.6) −31.0(− 32.8, − 29.3)

  Obese I −28.5(− 29.7, − 27.3) −3.3(− 5.1, − 1.5) − 31.8(− 33.6, − 30.0)

  Obese II −28.9(− 30.5, − 27.3) −2.1(− 4.5, 0.3) − 31.0(− 33.2, − 28.8)

  Obese III − 29.1(− 30.7, − 27.5) −2.0(− 4.5, 0.5) −31.1(− 33.3, − 28.6)

Mean improvement = − 30.8

Pain†
  Normal −24.4(− 26.9, − 21.9) −5.3(− 9.2, − 1.4) − 29.8(− 33.3, − 26.3)

  Overweight −26.5(− 27.9, − 25.1) −6.0(− 8.0, − 4.1) − 32.6(− 34.8, − 30.8)

  Obese I −27.6(− 28.8, − 26.4) − 5.2(− 7.2, − 3.2) −32.8(− 34.6, − 31.0)

  Obese II − 28.9(− 30.5, − 27.3) − 3.0(− 5.4, − 0.5) − 31.9(− 34.2, − 29.7)

  Obese III − 29.5(− 31.3, − 27.7) −3.2(− 5.7, − 0.7) − 32.7(− 35.2, − 30.2)

Mean improvement = − 32.0

Function†
  Normal −26.8(− 29.2, − 24.4) −2.1(− 5.8, 1.6) − 28.9(− 32.2, − 25.6)

  Overweight −28.8(− 30.0, − 27.6) −2.2(− 4.0, 0.3) −31.0(− 23.7, − 29.3)

  Obese I −29.7(− 30.9, − 28.5) −2.1(− 3.9, − 0.3) − 31.9(− 33.7, − 30.1)

  Obese II −30.1(− 31.7, − 28.5) −1.2(− 3.5, 1.1) − 31.3(− 33.4, − 29.1)

  Obese III −30.3(− 31.9, − 28.7) −0.9(− 3.4, 1.7) −31.1(− 33.4, − 28.7)

Mean improvement = − 30.8

Stiffness†
  Normal −19.8(− 22.5, − 17.1) − 7.6(− 11.9, − 3.3) − 27.4(− 31.5, − 23.3)

  Overweight −21.8(− 23.2,20.4) − 6.8(− 8.9, − 4.6) − 28.6(− 30.6, − 26.6)

  Obese I −22.2(− 23.6, − 20.8) −7.5(− 9.7, − 5.3) − 29.8(− 31.8,− 27.8)

  Obese II −23.7(− 25.5, − 21.9) −4.2(− 6.7, − 1.7) − 27.9(− 30.3, − 25.5)

  Obese III −23.0(− 25.0, − 21.0) − 5.5(− 8.4, − 2.6) − 28.5(− 31.2, − 25.7)

Mean improvement = − 28.4

EQ5DΨ

  Normal 0.23 (0.19, 0.27) 0.01(−0.07, 0.09) 0.23 (0.17, 0.29)

  Overweight 0.25 (0.23, 0.27) 0.01(−0.05, 0.07) 0.26 (0.22, 0.30)

  Obese I 0.25 (0.23, 0.27) 0.01(−0.03, 0.05) 0.27 (0.23, 0.31)

  Obese II 0.29 (0.27, 0.31) 0.01(−0.05, 0.03) 0.28 (0.24, 0.32)

  Obese III 0.30 (0.27, 0.32) 0.01(−0.05, 0.03) 0.29 (0.25, 0.33)

Mean improvement = 0.27
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stiffness were − 30.8, − 32.0, − 30.8, and − 28.4 points, 
respectively (Table 2).

BMI groups and EQ5D
At baseline, the adjusted mean for the EQ5D index was 
not significantly different across BMI groups (Supple-
mentary Table  3.S). The adjusted mean for the EQ5D 
index was 0.44 across all BMI groups. The adjusted mean 
changes (baseline to 3 months, 3 to 12 months, and base-
line to 12 months) by BMI group for the EQ5D index 
are presented in Table 2. From baseline to 3 months, the 
adjusted mean change (improvement) in the EQ5D index 
was significant (adjusted p < .0001) in all BMI groups, 
and all groups experienced similar improvement. In the 
time interval of 3 to 12 months follow-up, the improve-
ment in the EQ5D index almost plateaued. From base-
line to 12 months follow-up, the adjusted mean changes 
(improvement) in EQ5D were significant (p < .0001) 
for all BMI groups, and all groups experienced similar 
improvement. On average, the improvement for EQ5D 
was 0.27.

Discussion
In the present study, we evaluated the association 
between BMI groups, categorized according to WHO 
classification, with WOMAC and EQ5D preoperatively 
(baseline) and at different time intervals. There were 
no significant differences in self-reported preoperative 
pain, function, stiffness, or quality of life measures across 
all BMI groups. Our results indicate that by the end of 
12 months follow-up all patients, regardless of their BMI, 
had improvement in pain, stiffness, physical function, 
and quality of life, and the magnitude of improvement 
was similar across all BMI groups.

The evidence of the impact of BMI on TKA outcomes 
in terms of PROMs is conflicting. Some studies suggest 
there is an association between obesity and pain, func-
tional recovery, and quality of life following TKA [11–13, 
39, 40], while others suggest no association [15, 41–43]. 
The variation in findings may be related to differences in 
the overall health status of the cohorts, use of different 
cut-offs for BMI, lack of control for confounding factors 
such as age and sex, and the small sample size [20, 21].

Recently, a study in the U.S. population by Collins and 
colleagues [17] examined the association between BMI 
groups, using the recommended WHO classification, 
and WOMAC subscale of function. They demonstrated 
that subjects with higher BMI had worse preoperative 
WOMAC pain and function than patients with normal 
BMI. Studies by Baker et  al. in the U.K. demonstrated 
that patients in higher BMI groups (assessed in groups 
of BMI of < 25, 25 to 39.9, and ≥ 40 kg/m2) also had sig-
nificantly (p < .01) worse preoperative WOMAC total 

and EQ5D scores (p < .001) [15, 43] than patients with 
normal BMI. We also observed that patients with higher 
BMI had poorer function, pain, and total scores at base-
line, but these differences between BMI groups were not 
significant. The average baseline scores in our study com-
pared to the U.S. population [17] were higher for pain 
(53.4 vs. 40.8) and function (54.1 vs. 42.5); whereas, the 
average baseline WOMAC total score was lower in our 
study compared to the U.K. population (54.2 vs. 63.2) 
[43]. Indeed, our patients had worse preoperative pain 
and function compared to U.S. patients, but better preop-
erative health status compared to the U.K patients. This 
discrepancy may be due to different health care systems 
in the U.S. and U.K. and Canada where different indica-
tion criteria and algorithms/cut-offs are used to guide the 
appropriateness of TKA [44–46].

Collins and colleagues [17] reported that patients 
in higher BMI groups experienced greater (p < .001) 
improvement in pain and function from baseline to 
3 months after TKA compared to the lower BMI groups, 
but all groups had similar levels of pain and function at 
24 months. We observed a greater improvement in pain 
from baseline to 3 months postoperatively in patients 
with higher BMI. However, all BMI groups attained 
similar level of pain reduction at 12 months after sur-
gery. Baker et  al. [43] reported that the average change 
for WOMAC total score from baseline to 12-month fol-
lowing TKA was similar across different BMI groups. 
Giesinger et al. [18] used WHO classification to catego-
rize patients, with the Oxford Knee Score (OKS) used 
to measure self-reported pain and function, and the 
EQ-5D-3L used to measure general health status. They 
found no influence of BMI on postoperative self-reported 
pain, function, or general health scores. Our results were 
in line with the previous studies demonstrating that all 
patients received the same benefit from TKA regardless 
of their BMI [15, 17, 18, 43], and most of the improve-
ment occurred by 3 months postoperatively [17].

Similar to other studies [15, 17, 18, 43], at the end of 
the study period, all BMI groups experienced statisti-
cally significant and clinically meaningful improvement 
in pain, function, stiffness, and total WOMAC score as 
well as EQ5D index. Despite substantial improvement in 
pain and function after TKA across all BMI groups, at the 
end of 12 months after surgery, our patients experienced 
worse pain and function than patients in Collins et  al. 
study [17]. This may be explained by the worse baseline 
pain and function of our participants compared to Col-
lins et al. study, as preoperative health status affects the 
postoperative outcomes [47].

We examined the PROMs preoperatively, pre- to 
3 months postoperatively, as well as 3 to 12 months after 
TKA, and the findings of our study offer insight into 
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the association between different grades of obesity and 
PROMs in Albertans following TKA. Although studies 
demonstrated that obesity places patients at increased 
risk of adverse events after TKA [48, 49], in the cur-
rent study, patients in higher BMI groups experienced 
improvements in PROMs similar to those of patients 
in the normal BMI group. An important takeaway is 
that healthcare providers and surgeons should consider 
performing TKA in patients with higher BMI in the 
absence of weight loss or willingness to lose weight as 
studies show that delaying the surgery will lead to worse 
outcomes as well as higher anxiety and depression in 
patients [50].

Strengths and limitations
The strength of this study includes a large sample of 
patients (N = 7714) with WOMAC total score and 3 
subscales recorded at baseline and 3 and/or 12 months 
postoperatively. We have also categorized patients into 5 
groups based on the WHO classification of BMI, which 
helped us to evaluate a clear relationship between each 
of the BMI groups with TKA outcomes. BMI records 
in our dataset were not self-reported, which provides 
more reliable results. Our analysis also had limitations 
inherent to retrospective studies. WOMAC was used 
to measure lower extremity physical function, which 
has been reported to have limited ability to accurately 
predict change in function [51]. There are also other 
common health metrics including Patient-Reported 
outcome measurement Information System (PROMIS) 
used for knee conditions. However, their results are not 
condition-specific and can be mostly used to compare 
with population norms [52]. Studies also demonstrated 
no differences in the internal and external respon-
siveness of these measures with other health meas-
ures such as EQ5D used in TKA setting. In the current 
study, WOMAC and EQ5D has been used as a primary 
outcome, since ABJHI collects PROMs as part of rou-
tine clinical care measurements, and these are widely 
used PROMs in knee arthroplasty settings. There was a 
temporal-based improvement in BMI and PROM data 
recording process. Individuals who did not have weight 
and height records were excluded from the study, though 
there were no significant differences in patient-reported 
outcomes between the cohort that was excluded and 
those included in the cohort studied (Supplementary: 
Table 1.S and Table 2.S). In this study, BMI has been used 
as a measure of obesity, however, BMI does not provide 
us with information about the body’s fat distribution 
as well as body composition [53]. Further studies using 
methods such waist to hip ratios or sophisticated meth-
ods such as dual-energy X-ray absorptiometry (DEXA) 
are recommended to evaluate the association between fat 

distribution and body composition with TKA outcomes 
in patients who have undergone surgery. Patients who 
had baseline and at least 1 follow-up visit (postoperative 
month 3 or 12) for WOMAC and EQ5D questionnaires 
were included in the study. Given that not all patients had 
both EQ5D and WOMAC measurements recorded, two 
separate datasets (WOMAC dataset and EQ5D datasets) 
were prepared for this study. Then, WOMAC scores were 
not adjusted for the baseline measures of EQ5D and vice 
versa. Patients with missing follow-up questionnaires 
were also included in the analysis as linear mixed effect 
models allow for missing data and are robust to deter-
mining estimates in presence of missing data [54]. In this 
study, only data from 2012 to 2016 were acquired from 
ABJHI and included in the analysis. However, informa-
tion from these years could provide some insights into 
answering our question of interest.

Conclusions
Overall, we found that participants across all BMI groups 
achieved a similar benefit with respect to patients’ self-
reported outcomes of WOMAC scores (pain, func-
tion, stiffness, and total score) and EQ5D by the end of 
12 months following TKA. Patients in the obese class 
II and III groups achieved more benefits (although not 
clinically meaningful in terms of pain outcome compared 
to normal groups by 3 months), but all BMI groups were 
able to attain the same benefit by the end of 12 months 
following TKA. The majority of improvement for all 
WOMAC subscales and the EQ5D occurred by 3 months 
after surgery. These results may help health care provid-
ers to discuss expectations regarding the TKA recovery 
in terms of pain, function, and quality of life improve-
ments with their TKA candidates.
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