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The impact of diabetes status 
on pain and physical function 
following total joint arthroplasty 
for hip and knee osteoarthritis: 
variation by sex and body mass 
index
J. Denise Power 1,2*, Anthony V. Perruccio 1,2,3,4, Mayilee Canizares 1,2, J. Roderick Davey 1,3, 
Rajiv Gandhi 1,3, Nizar N. Mahomed 1,3,5, Khalid Syed 1,3, Christian Veillette 1,3 & 
Y. Raja Rampersaud 1,3,6

Few studies have examined diabetes impact on total joint arthroplasty (TJA) outcomes, with variable 
findings. We investigated the association between diabetes and post-TJA physical function and pain, 
examining whether diabetes impact differs by sex and BMI. Patient sample completed questionnaires 
within 3 months prior to hip or knee TJA for osteoarthritis (OA) and 1-year post-surgery. Surgical 
‘non-response’ was defined as < 30% improvement in Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) pain and physical function at 1-year. Two adjusted logistic regression 
models were estimated: (1) excluding, (2) including an interaction between diabetes, sex and BMI. 
The sample (626 hip, 754 knee) was 54.9% female, had mean BMI of 30.1, 13.0% reported diabetes. In 
adjusted models excluding an interaction, diabetes was not associated with non-response. However, 
a significant 3-way interaction (physical function: p = 0.003; pain: p = 0.006) between diabetes, sex, 
and BMI was found and was associated with non-response: non-response probability increased 
with increasing BMI in men with diabetes, but decreased with increasing BMI in women in diabetes. 
Findings suggest uncertainty in diabetes impact may be due to differential impacts by sex and BMI. A 
simple consideration of diabetes as present vs. absent may not be sufficient, with implications for the 
large TJA population.

Hip and knee total joint arthroplasties (TJA) are cost-effective treatments for end-stage osteoarthritis (OA) and 
are among the most frequently performed elective surgical  procedures1,2. They represent the majority of direct 
expenditures for OA and demand for these surgeries is expected to increase with the aging of the  population2,3. 
Despite their relatively high effectiveness, up to one-third of TJA patients continue to report residual symptoms 
such as pain and disability after  surgery4. Given the high and increasing volume of these procedures, the indi-
vidual and population impact of poor TJA outcomes is large and costly. Research directed at identifying and 
understanding factors associated with poor TJA outcomes is both timely and highly relevant.

Like OA, diabetes is an increasingly prevalent chronic condition globally and is a common comorbidity in 
people with OA. A 2015 meta-analysis5 found that the risk of prevalent diabetes was 1.4 times greater for those 
with vs. without OA, yielding an estimated prevalence of 14.4% among OA patients. Diabetes is associated with 
a number of adverse effects that may be relevant to TJA outcomes, including decreased wound healing, reduced 
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muscle strength and joint mobility, and impaired bone  quality6,7. Hyperglycemia can lead to chronic systemic 
inflammation that impacts the entirety of the body, including the joints. It can also lead to the production 
of advanced glycation end products that can accumulate in the joints, increasing cartilage stiffness and bone 
 fragility8.

Diabetes has been associated with higher rates of TJA complications, primarily infections and aseptic implant 
 loosening9. However, its broader impact on TJA patient reported outcome measures (PROMs) is less clear, as 
reported findings have been quite  variable10–14. In most research examining the impact of diabetes in OA, sex 
has been considered as a confounding, and thus an adjustment, variable. However, given known sex differences 
in OA, TJA and diabetes, a simple adjustment may be insufficient to determine impact.

Studies have consistently identified sex differences in OA. Prevalence and incidence is higher in females than 
males, and females have more clinical pain, inflammation, physical difficulty and impaired joint  function15,16. In 
addition, women tend to have worse symptoms at the time of TJA surgery for OA. This likely contributes to the 
finding that women have poorer physical function and greater pain levels after surgery, although they experience 
similar or greater improvement than men relative to pre-surgery16,17. Relatively little research, however, has been 
directed at examining whether risk factors for a poor TJA outcome may be sex-specific. This may be particularly 
relevant for understanding the impact of comorbid diabetes in patients with OA undergoing TJA, as diabetes 
itself is associated with a number of notable sex differences.

There are known variations in risk, pathophysiology and complications of diabetes by sex. Women have a 
higher prevalence of diabetes at older ages, and women with diabetes are at greater risk of macrovascular com-
plications (e.g. myocardial infarction, stroke), whereas men with diabetes are a greater risk of microvascular 
complications (e.g. neuropathy, nephropathy)18,19. Additionally, there is evidence to suggest that the effects of 
obesity among people with diabetes, may differ by  sex20. However, while body mass index (BMI) is typically 
considered an important control variable in analyses examining the effects of diabetes on outcomes, sex varia-
tion in its effects are not often considered. Using data from the NHANES III, Karvonen-Gutierrez et al.20 found 
cardio-metabolic risk factors for knee OA differed by sex and obesity status. In both obese and non-obese men, 
insulin resistance was related to knee OA. In non-obese women, the association was much weaker, while in 
obese women, insulin resistance was inversely related to knee OA. These findings suggest that the metabolic or 
inflammatory impacts of obesity and diabetes and/or their roles in OA may also differ by sex.

We hypothesized that the variability in findings in the literature on the impact of diabetes on TJA outcomes 
may have been influenced by a lack of consideration of the potential for sex and BMI to differentially affect 
diabetes impact. The purpose of our study was to examine the association between diabetes and post-TJA pain 
and physical function in hip and knee OA patients, explicitly examining whether diabetes impact differs by sex 
and BMI. To the best of our knowledge, this is the first study to consider diabetes impact in a TJA population in 
this manner. Findings may aid in clarifying the variability in findings in the literature and may have important 
implications for pre- and peri-operative TJA patient education and management.

Methods
The current analysis utilizes data from a prospective cohort study (Longitudinal Evaluation in the Arthritis Pro-
gra—LEAP-OA) examining factors affecting outcomes following TJA for OA conducted at the Toronto Western 
Hospital in Toronto, Canada. Patients with end-stage hip or knee OA scheduled for TJA were consecutively 
recruited from Nov 2015 to Dec 2018. Eligibility criteria included ≥ 35 years of age and the ability to read and 
comprehend English. Individuals undergoing revision procedures and those with post-traumatic or inflamma-
tory arthritis were excluded. Participants were 626 hip and 754 knee OA patients scheduled for unilateral TJA. 
The study was approved by the University Health Network Research Ethics Board (16-5759). Written informed 
consent was obtained from all patients.

Data collection
Patients completed a questionnaire within the 3 weeks prior to surgery at their pre-surgical appointment and 
a follow-up questionnaire at their 12-month post-surgical clinical visit. Collecting data during these routinely 
scheduled appointments was selected to ensure that patients were at similar time points in terms of their pre-
surgical symptom state, as well as length of time from pre-surgical to one year post-surgical time point.

Socio‑demographic variables
Data on socio-demographic characteristics were collected in the pre-surgery questionnaire, including sex, age 
and highest level of education (≤ High school vs. post-secondary).

Pre‑surgery health‑related characteristics variables
A comorbidity-related count variable was derived from yes/no responses to an extended list of 18 conditions 
(high blood pressure, lung disease, ulcer/stomach disease, kidney disease, liver disease, anemia/other blood 
disease, cancer, depression, coronary heart disease/heart attack, heart failure, stroke, high cholesterol, thyroid 
condition, sleep apnea, dementia, migraine, chronic pelvic pain, fibromyalgia), based on the American Academy 
of Orthopedic Surgeon’s Comorbidity scale and excluding  diabetes21. A separate variable for diabetes status 
(present vs. absent) was created.

Data on measured height and weight were used to compute body mass index (BMI). Participants indicated 
on a homunculus diagram any joints/sites that were affected by arthritis and were painful on most days for at 
least a month. A summed count score of left and right affected joints was derived, excluding the surgical joint/
site, with possible scores ranging from 0 to 19.
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Depressive and anxiety symptoms were measured using the Hospital Anxiety and Depression Scale (HADS)22. 
This measure has been found to be a reliable and valid measure for assessing emotional distress in medical 
 populations23 and provides separate scores for depressive and anxiety symptoms ranging from 0 to 21. Higher 
scores indicate greater symptoms.

A dichotomous variable for opioid pain medication use was created, daily/occasional use vs. no use.
Neuropathic pain symptoms were assessed using the painDETECT questionnaire (PD-Q)24, which consists 

of 9 items that evaluate pain quality, pattern and radiation. Possible scores range from -1 to 38, with higher 
scores indicating more neuropathic-like symptoms. Sensitivity, specificity and predictive accuracy of 80–84% 
were determined in a heterogeneous group of pain patients relative to pain physicians’ clinical assessments. 
The PD-Q has been used in a number of clinical populations, including knee OA and other musculoskeletal 
conditions, with favourable reliability and  validity25. For the current study, patients were prompted to consider 
their hip or knee pain, as appropriate. Scores were dichotomized as unlikely/possibly vs. likely neuropathic pain 
(scores: ≤ 18 vs. ≥ 19)24.

Physical function
Data on pre- and post-surgical physical function limitations were captured using the 17-item physical func-
tion subscale of the Western Ontario McMaster University Osteoarthritis Index (WOMAC), which measures 
the degree of difficulty when performing daily activities. This subscale is widely used in OA and TJA and has 
favourable measurement  properties26,27. Possible scores range from 0 to 68, with higher scores indicating greater 
physical function limitations.

Pain
Data on pre- and post-surgical pain were captured using the WOMAC pain subscale, which assess hip or knee 
pain during the past week in five different  situations26. This measure is the most commonly used patient-reported 
lower extremity pain measure in OA and TJA and has favourable reliability and  validity27. Scores range from 0 
to 20, with higher scores indicating greater pain severity.

Study outcome variables. Our two primary outcomes of interest were patient-reported surgical ‘non-response’ 
in (1) physical function and (2) pain, defined as < 30% improvement in the corresponding WOMAC subscale 
by 12-months post-surgery relative to pre-surgery. There are a number of WOMAC-based responder criteria 
that have been established using various methodologies. We focussed on percentage change, as WOMAC-based 
responder criteria relying on absolute change have been found to vary by baseline  score28,29, and literature sug-
gests that percentage change estimates may be generally preferable, particularly for patients with low or high 
pre-surgery  scores30. A thirty percent change has been shown to be a meaningful improvement in pain stud-
ies of various chronic pain  populations31,32 and has been characterized as representing ‘moderately important’ 
improvement according to the IMMPACT recommendations for chronic pain clinical  trials30. Further, Cona-
ghan et al.33 determined that meaningful within person change of the WOMAC subscales in patients with mod-
erate to severe hip or knee OA ranged from 25 to 32% for a 2-category change in patient global assessment.

Analyses
Descriptive statistics were generated for all variables; means and standard deviations for continuous variables, 
frequencies and percentages for categorical variables. These were generated overall and separately for patients 
with and without self-reported diabetes. Differences between these groups were assessed using t-tests and chi-
square tests, as appropriate. Rates (percentages and 95% confidence intervals) of surgical non-response in pain 
and physical function were calculated by diabetes status. Multivariable logistic regressions were used to examine 
the associations between non-response (outcome variable) and diabetes status, adjusted for each of the above 
noted study variables. Two models were estimated for each of the two primary outcome variables, one excluding, 
and the other including, a three-way interaction between diabetes status, sex and BMI. Results for these three 
variables were depicted graphically to aid interpretation.

Supplemental/sensitivity analyses
While < 30% change was our primary responder criteria, we nonetheless considered alternative definitions of non-
response in order to evaluate the stability of our findings across responder definitions. First, we used published 
joint-specific minimal clinically important difference (MCID)  criteria28,29 for absolute change and defined non-
response as a < MCID improvement in WOMAC pain and WOMAC physical function by 12 months post-surgery. 
We additionally considered non-response as not fulfilling the OARSI-OMERACT definition of  response34. This 
definition jointly considers absolute and percentage change in WOMAC pain and physical function. The regres-
sion analyses were repeated using these alternate definitions for responder outcome determination.

In addition, an alternate measure of adiposity was considered, pre-surgical waist circumference instead of 
BMI. Regression analyses using the primary responder criteria were repeated incorporating this change. All 
analyses were conducted using SAS version 9.4.

Results
Table 1 describes the study sample and compares the 179 participants (13.0%) who reported diabetes with the 
1201 participants (87.0%) who did not.

Over half (54.6%) of the sample were undergoing knee TJA. This proportion was significantly higher for those 
with diabetes (67.6%) than those without (52.7%; p < 0.001). Approximately 55% of the sample was female. Mean 
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age was 65.5 years overall, and was higher among those who reported diabetes (66.7 years) than those who did not 
(65.4 years; p = 0.038). Mean BMI was also significantly higher for those with diabetes (32.2 vs. 29.8; p < 0.001), 
as was the mean number of additional chronic conditions reported (2.7 vs. 1.6; p < 0.001). Comorbidity count 
ranged from 0 to 11 for those with diabetes and 0 to 8 for those without diabetes (range data not tabulated). 
Symptomatic joint count did not vary for those with and without diabetes, with no significant difference in means 
(p = 0.787) and counts ranging from 0 to 17 and 0 to 19, for those with and without diabetes, respectively. Base-
line mean WOMAC pain (11.1 vs. 10.2) and physical function (38.4 vs. 36.5) scores were higher for those with 
diabetes, although these differences were only statistically significant for pain (pain: p = 0.014; physical function: 
p = 0.079). A notable proportion of the sample (12.7%) reported symptoms consistent with likely neuropathic 
pain. This proportion was 16.4% among those with diabetes and 12.2% among those without diabetes (p = 0.129).

Mean age for females was 65.6 years (64.9, 66.2) and for males was 65.5 years (64.7, 66.2) (p = 0.846) (data 
not tabulated). Mean BMI for females and males was 30.3 (95% CI 29.8, 30.8) and 29.9 (95% CI 29.5, 30.3), 
respectively (p = 0.233). BMI ranged from 18.3 to 55.0 for females and 18.5 to 58.8 for males. The percentage of 
patients with diabetes did not vary by sex (p = 0.832), with 12.8% (95% CI 10.4%, 15.2%) of females and 13.2% 
(95% CI 10.5%, 15.8%) of males indicating they had been diagnosed with the disease.

Rates of surgical non-response defined as experiencing a less than 30% improvement in WOMAC scores 
are presented in Table 2, overall and by diabetes status, for pain and physical function. Physical function non-
response rates were not significantly different (p = 0.107) between those with (18.3%; 95% CI 12.2%, 24.4%) and 
without diabetes (13.4%; 95% CI 11.4%, 15.5%). However, non-response rates for pain were significantly higher 
(p = 0.001) for those with diabetes [(19.2%; 95% CI 12.9%, 25.4%) vs. (10.2%; 95% CI 8.3%, 12.0%)].

In multivariable regression analyses with physical function non-response as the dependant variable, diabetes 
was not significantly associated (p = 0.970) with non-response in the initial model that considered the independ-
ent effect of diabetes status controlling for sex, BMI and the pre-surgical socio-demographic and health status 
characteristics (Table 3: Model 1 and Fig. 1). In Model 2, with the addition of a three-way interaction allowing 
for the effect of diabetes to vary by sex and BMI, diabetes had a significant effect on physical function non-
response (p = 0.003) (Table 3: Model 2 and Fig. 2). For males with diabetes, increasing BMI was associated with 

Table 1.  Pre-surgery sample characteristics, overall and by diabetes status. *p-value for comparing with vs. 
without diabetes. Significant values are in bold.

Variable

Mean (SD) or Frequency (%)

p-value*Overall sample (N = 1380)
With diabetes (N = 179; 
13.0%)

Without diabetes (N = 1201; 
87.0%)

Surgical site

 < 0.001 Knee 754 (54.6%) 121 (67.6%) 633 (52.7%)

 Hip 626 (45.4%) 58 (32.4%) 568 (47.3%)

Sex
0.832

 Female 758 (54.9%) 97 (54.2%) 661 (55.0%)

 Male 622 (45.1%) 82 (45.8%) 540 (45.0%)

Age
Mean (SD) 65.5 (9.3) 66.7 (7.6) 65.4 (9.5) 0.038

Education
0.021

 ≤ High school 395 (29.3%) 63 (36.8%) 332 (28.2%)

 Post-secondary 952 (70.7%) 108 (63.2%) 844 (71.8%)

BMI mean (SD) 30.1 (6.2) 32.2 (6.3) 29.8 (6.1)  < 0.001

Comorbidity count mean (SD) 1.8 (1.6) 2.7 (2.2) 1.6 (1.5)  < 0.001

Symptomatic joint count mean 
(SD) 2.8 (3.1) 2.7 (3.4) 2.8 (3.1) 0.787

Depressive Symptoms score (0 
to 21) mean (SD) 5.1 (3.6) 5.6 (3.9) 5.1 (3.5) 0.058

Anxiety Symptoms score (0 to 
21) mean (SD) 5.3 (4.0) 5.6 (4.5) 5.2 (3.9) 0.314

WOMAC pain score (0 to 20) 
mean (SD) 10.3 (3.7) 11.1 (4.2) 10.2 (3.6) 0.014

WOMAC physical function 
score (0 to 68) mean (SD) 36.8 (12.6) 38.4 (13.9) 36.5 (12.3) 0.079

Opioid use

0.208 No use 948 (71.7%) 115 (67.6%) 833 (72.3%)

 Daily or occasional 374 (28.3%) 55 (32.4%) 319 (27.7%)

Neuropathic pain score (− 1 to 38)

0.129 Unlikely or possibly 1128 (87.3%) 138 (83.6%) 990 (87.8%)

 Likely 164 (12.7%) 27 (16.4%) 137 (12.2%)
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Table 2.  Non-response rates* overall and by diabetes status. *Non-response at 12 months post-surgery 
was defined as < 30% improvement in score relative to pre-surgery. Comparing with and without diabetes: 
**p = 0.107; †p = 0.001.

Percentage (95% Confidence Interval)

Physical function non-response Pain non-response

Overall 14.1% (12.1%, 16.1%) 11.3% (9.5%, 13.1%)

With Diabetes 18.3%** (12.2%, 24.4%) 19.2%† (12.9%, 25.4%)

Without Diabetes 13.4% (11.4%, 15.5%) 10.2% (8.3%, 12.0%)

Table 3.  Predictors of non-response (< 30% improvement) in WOMAC physical function at 12 months 
post-TJR. *See Fig. 1 (Model 1, without interaction) for depiction of the effect of diabetes, sex and BMI. **To 
interpret interactions, please refer to Fig. 2 (Model 2, with interaction) for depiction of the effects of diabetes, 
sex and BMI. Significant values are in bold.

Variable

Model 1: without interaction*
Model 2: with interaction** 
(DIABETES*BMI*SEX)

Odds ratio (95% CI) p-value Odds Ratio (95% CI) p-value

Surgical site (Hip vs. Knee) 0.37 (0.24, 0.57)  < 0.001 0.38 (0.25, 0.59)  < 0.001

Sex (Female vs. Male) 0.77 (0.53, 1.12) 0.173 ** 0.470

Age 1.01 (0.99, 1.03) 0.513 1.01 (0.99, 1.03) 0.417

Education (Post-secondary vs. ≤ High school) 0.71 (0.48, 1.05) 0.086 0.70 (0.47, 1.04) 0.074

BMI 1.02 (0.99, 1.05) 0.243 ** 0.531

Comorbidity Count 1.01 (0.89, 1.14) 0.903 0.99 (0.88, 1.11) 0.891

Symptomatic joint count 1.06 (1.00, 1.12) 0.051 1.06 (1.00, 1.12) 0.052

Depressive Symptoms score (0 to 21) 1.06 (0.99, 1.14) 0.073 1.07 (1.00, 1.15) 0.048

Anxiety Symptoms score (0 to 21) 1.02 (0.97, 1.09) 0.429 1.02 (0.97, 1.09) 0.438

WOMAC pain score (0 to 20) 1.02 (0.92, 1.13) 0.704 1.03 (0.93, 1.14) 0.563

WOMAC physical function score (0 to 68) 0.97 (0.94, 0.99) 0.018 0.96 (0.93, 0.99) 0.007

Opioid Use (Daily or occasional vs. No use) 0.83 (0.54, 1.29) 0.408 0.84 (0.54, 1.31) 0.441

Neuropathic pain score (− 1 to 38) (Likely vs. Unlikely/possibly) 2.42 (1.41, 4.16) 0.001 2.48 (1.44, 4.28) 0.001

Diabetes (present vs. absent) 0.99* (0.58,1.69) 0.97 ** 0.089

Diabetes*BMI – – ** 0.122

Diabetes*Sex – – ** 0.002

Sex*BMI – – ** 0.703

Diabetes*Sex*BMI – – ** 0.003

Figure 1.  Impact of diabetes status, sex and BMI on post-surgical WOMAC physical function non-response 
(< 30% improvement in WOMAC physical function); Model 1—no interaction (showing no significant effects 
by sex, BMI or diabetes status).
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an increased probability of non-response. In contrast, for females with diabetes, increasing BMI was associated 
with a decreased probability of non-response.

Similar results were found when WOMAC pain non-response was investigated (Table 4). Diabetes was not 
initially a significant independent predictor of non-response (Model 3 and Fig. 3), but with the addition of the 
three way interaction (Model 4), diabetes was significantly associated with non-response (p = 0.006). As depicted 
in Fig. 4, there was a sharp increase in the probability of surgical non-response with increasing BMI for males, 
but a decrease in probability of non-response for females.

Findings were also consistent when the alternative definitions of surgical non-response were considered in 
the supplemental/sensitivity analyses. The effect of diabetes similarly varied by sex and BMI with non-response 
based on joint-specific WOMAC MCID values (for physical function: p = 0.046, Table S3 and Figs. S5 and S6; 
for pain: p = 0.022, Table S4 and Figs. S6 and S7), and non-response based on OARSI-OMERACT responder 
criteria (p = 0.029, Table S5, and Figs. S9 and S10). In all cases, the direction of the association between diabetes 
and outcome differed for males and females.

Figure 2.  Impact of diabetes status, sex and BMI on post-surgical physical function non-response (< 30% 
improvement in WOMAC physical function); Model 2—with interactions (showing differential diabetes effects 
by sex and BMI).

Table 4.  Predictors of non-response (< 30% improvement) in WOMAC pain at 12 months post-TJR. *See 
Fig. 3 (Model 3, without interaction) for depiction of the effect of diabetes, sex and BMI. **To interpret 
interactions, please refer to Fig. 4 (Model 4, with interaction) for depiction of the effects of diabetes, sex and 
BMI.

Variable

Model 3: without interaction*
Model 4: with interaction** 
(DIABETES*BMI*SEX)

Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value

Surgical site (Hip vs. Knee) 0.27 (0.16, 0.44)  < 0.001 0.27 (0.17, 0.45)  < 0.001

Sex (Female vs. Male) 0.88 (0.59, 1.34) 0.558 ** 0.045

Age 0.98 (0.96, 1.01) 0.138 0.98 (0.96, 1.01) 0.141

Education (Post-secondary vs. ≤ High school) 0.75 (0.49, 1.15) 0.189 0.72 (0.47, 1.11) 0.134

BMI 1.01 (0.97, 1.04) 0.701 ** 0.182

Comorbidity count 1.03 (0.90, 1.18) 0.699 1.03 (0.90, 1.18) 0.684

Symptomatic joint count 1.03 (0.97, 1.10) 0.337 1.03 (0.97, 1.10) 0.319

Depressive symptoms score (0 to 21) 0.97 (0.90, 1.05) 0.454 0.97 (0.90, 1.05) 0.447

Anxiety symptoms score (0 to 21) 10.5 (0.98, 1.12) 0.145 1.05 (0.98, 1.12) 0.150

WOMAC pain score (0 to 20) 0.82 (0.73, 0.91)  < 0.001 0.82 (0.74, 0.92)  < 0.001

WOMAC physical function score (0 to 68) 1.03 (1.00, 1.06) 0.088 1.03 (0.99, 1.06) 0.137

Opioid Use (Daily or occasional vs. No use) 1.22 (0.77, 1.93) 0.402 1.23 (0.77, 1.96) 0.381

Neuropathic pain score (-1 to 38) (Likely vs. Unlikely/possibly) 2.54 (1.40, 4.61) 0.002 2.56 (1.41, 4.67) 0.002

Diabetes (present vs. absent) 1.63 (0.95, 2.78) 0.074 ** 0.081

Diabetes*BMI – – ** 0.036

Diabetes*Sex – – ** 0.008

Sex*BMI – – ** 0.053

Diabetes*Sex*BMI – – ** 0.006
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In analyses where waist circumference was used instead of BMI, findings were unchanged; the effect of dia-
betes varied by sex and waist circumference (for physical function: p = 0.032, Table S1 and Figs. S1 and S2; for 
pain: p = 0.001, Table S2 and Figs. S3 and S4).

Finally, there were some similarities in terms of the significance of the control covariates across the main 
and supplemental models. Across all models, hip patients had significantly lower odds of surgical non-response 
than knee patients, and those with likely neuropathic pain symptoms had higher odds than those without. Also, 
worse baseline pain and physical function scores were associated with a decreased likelihood of non-response 
on the corresponding outcome. With some variation in magnitude of associations across models, worse mental 
health scores were also significantly associated with increased odds of surgical non-response. Depressive symp-
toms scores was a significant covariate in the main physical function outcome model (Table 3), while anxiety 
was significant in the three supplemental models in which alternative definitions of outcome were considered. 
(Tables S3, S4, S5) A higher number of additional symptomatic joints was also significantly associated with 
increased odds of surgical non-response in multiple models.

Discussion
Diabetes is an increasingly common comorbidity in TJA patients. However, its impact on surgical patient-
reported outcomes has been unclear due to conflicting findings in the literature. Our study of a large cohort of 
TJA patients initially found no impact of diabetes on either 12-month post-surgical pain or physical function 
response. However, when we considered that the effect of diabetes may vary by sex and BMI, a significant diabetes 
effect was identified. In males with diabetes, the probability of a poor TJA outcome increased with increasing 
BMI, whereas in females with diabetes, the probability of a poor TJA outcome decreased with increasing BMI. 
These findings suggest that a simple consideration of diabetes as present vs. absent is insufficient to understand 
the impact of diabetes, and requires an explicit consideration of sex differences in its effects, by BMI. This has 

Figure 3.  Impact of diabetes status, sex and BMI on post-surgical pain non-response (< 30% improvement in 
WOMAC pain); Model 3—no interaction (showing no significant effects by sex, BMI or diabetes status).

Figure 4.  Impact of diabetes status, sex and BMI on post-surgical pain non-response (< 30% improvement in 
WOMAC pain): Model 4—with interactions (showing differential diabetes effects by sex and BMI).
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potential implications for future research, and for possible interventions and patient education for this large and 
growing clinical OA population undergoing TJA.

The findings should not be interpreted as suggesting that high BMI is unimportant in female TJA patients 
with diabetes. Obesity affects almost every organ system in the body and is associated with numerous negative 
health impacts, regardless of  sex35. In addition, obesity can be associated with more technically challenging TJA 
and higher rates of complications such as infections, longer hospital stays and higher rates of  revision36. Our 
findings suggest that diabetes may increase the risk of a poor TJA pain or physical function outcome for males 
and females, but that this is of greatest concern at different levels of BMI for males (higher BMI) and females 
(lower BMI).

To date, studies investigating the impact of diabetes on patient-reported outcomes after TJA have produced 
varying  findings10–14. The specific outcomes considered have varied, with some considering only generic, rather 
than OA-specific, outcomes, and in many cases post-surgical status scores are examined without consideration 
of pre-surgical scores. Furthermore, there have been variable degrees of control for other patient factors. Brock 
et al.13 examined the impact of diabetes on WOMAC change scores at one-year after surgery using multivariable 
regression models. They did not identify a significant association between diabetes and pain scores, but did find 
that patients with diabetes had smaller improvements in physical function, particularly for those with inadequate 
pre-surgical glycemic control. King et al.14 examined the impact of diabetes on a number of 12-month knee TJA 
outcomes, including WOMAC pain and KOOS (Knee injury and Osteoarthritis Outcome Score Short Form) 
physical function. They examined both 12-month status and change scores and did not find significant associa-
tions with comorbid diabetes in multivariable regression analyses. However, diabetes was associated with 36% 
lower odds of reporting a 12-month Patient Acceptable Symptom State (PASS). Lenguerrad et al.12 found that 
there was no impact of diabetes on WOMAC pain and function status scores 12-months after surgery once they 
adjusted for BMI and number of comorbidities. Zhang et al.10 similarly found no association with 12-month 
WOMAC total scores. To the best of our knowledge, our study is the first to consider sex and BMI as effect 
modifying variables, rather than as adjustment or control variables, in analyses examining diabetes impact on 
patient-reported outcomes.

Sex differences in diabetes and obesity are widely recognized in the literature and the importance of their 
consideration in clinical care and research has been  highlighted18,19,37. Our contrasting findings for men and 
women with OA are not unprecedented. Using data from the MOST study, Rogers-Soeder et al.38 found that 
insulin resistance was inversely associated with incident radiographic knee OA in women, but not in men. In 
the previously cited NHANES-based work, sex- and body-size- specific associations between insulin resistance 
and knee OA were reported, such that in obese women insulin resistance was inversely related to OA. Although 
these studies focussed on OA occurrence, and not TJA outcomes, they similarly identified inverse relationships 
with diabetes measures in women that appear somewhat counter-intuitive.

OA, obesity and diabetes are known to be associated with pro-inflammatory  states39,40. There have been a 
number of interesting findings reported in the literature in which associations of various inflammatory markers or 
cytokines with symptoms in OA have differed by sex. For example, Perruccio et al. reported different associations 
between systemic adipokines (largely fat-derived chemokines) and OA joint burden for women and for men with 
hip and knee  OA41. In additional work, they demonstrated that increasing levels of systemic C-reactive protein 
(CRP; a marker of inflammation) were associated with greater joint burden in women, but not in  men42 and that 
the association of specific inflammatory markers with OA pain varied by  sex43, including relationships for some 
markers that were in opposite directions for men and women. It is unclear if similar relationships with specific 
inflammatory markers may underlie the sex- and BMI- specific associations we identified for TJA outcomes in 
OA patients with diabetes. Future work should consider inflammatory and other metabolic parameters to further 
clarify sex-specific relationships with diabetes in OA.

We identified notable associations between some of the other considered variables in the study and an 
increased risk of a non-response following TJA. Across all models, pre-surgical neuropathic-like pain scores 
were associated with an increased risk of non-response, regardless of how outcome was defined. In our primary 
physical function and pain analyses, having ‘likely’ neuropathic pain was associated with an approximately 2.5 
times greater odds of reporting a less than 30% improvement in pain or physical function by 12 months after 
surgery. There has been increasing recognition of the potential for pain sensitization in  OA44 and neuropathic-
like pain symptoms have been reported to be associated with a poor TJA outcome in the limited available 
 research45. Despite this, medications that specifically target neuropathic pain are not commonly considered in 
this  population45,46. We also identified significant associations between measures of poorer mental health, either 
depressive or anxiety symptoms, and increased risk of a poor surgical outcome. We have previously reported 
on the discrepancy between rates of ‘caseness’ of depression and depression diagnosis and treatment in our TJA 
 cohort47. Taken together, findings highlight the need for appropriate mental health screening and treatment for 
TJA patients.

Strengths of our study include its relatively large sample size and multivariable adjustment for a range of 
patient factors. Our primary outcome variables were based on percentage change scores; the importance of 
accounting for pre-surgical scores is increasingly being recognized in the  literature8. Nonetheless, our find-
ings were consistent across sensitivity analyses that considered alternative outcome definitions, incorporating 
varying degrees of percentage and absolute change based on OARSI-OMERACT  criteria34, as well as published 
joint-specific MCID criteria for absolute  change28,29. Findings were also consistent when we considered waist 
circumference instead of body mass index as a measure of body size. There is a large body of literature that 
discusses the relative strengths and weaknesses of a number of measures of body  size48. The main criticisms of 
body mass index include that it does not adequately measure body fat or account for body fat distribution. It has 
a high specificity but lower sensitivity for detecting obesity and may be less reliable in elderly  populations49. It is 
not clear what the most appropriate measure of body composition would be in the context of studying diabetes 
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in an OA population. Regardless, in future work it may be informative to explore alternative measures of body 
size and the implications for identifying sex-specific effects. We identified patients with diabetes based on self-
report. Although the accuracy of self-reported diabetes has been reported to be  high50, some patients may have 
been misclassified. As it is less likely that a patient would indicate they have diabetes when this is not the case, 
rather than having diabetes and not reporting it, misclassification may have resulted in reduced magnitudes of 
associations between diabetes and outcomes. We were also unable to identify diabetes type. Given the relative 
prevalence of Type 1 and Type 2 diabetes in the population, it is likely that our findings are most generalizable 
to patients with Type 2 diabetes. We also did not have data on duration of diabetes or access to measures of 
diabetes control (e.g. blood glucose, HbA1c) for the cohort, which also may be relevant to consider in future 
studies. Although we did control for an extensive list of potentially important control variables in our regression 
models, the possibility of residual confounding effects must be considered. It may also be relevant to examine 
differences in the impact of diabetes on TJA outcomes by race. We were limited in our ability to consider this, as 
approximately 85% of our sample indicated they were ‘White’. We also did not have data on the use of hormonal 
replacement medications and could not examine their potential impact.

These novel findings are suggestive of important differences in diabetes impact by sex and body size in this 
clinical OA population. This may explain some of the variability in findings across studies that have examined the 
impact of diabetes on TJA outcomes but not considered the simultaneous effects of sex and body composition. 
The findings warrant confirmation in additional work with larger sample sizes to more comprehensively examine 
sex- and body composition-specific effects. This may not only improve our understanding of the relationship 
between OA, diabetes and body composition which may be different for males and females, but the work also 
has the potential to inform patient management, patient education and decision-making for these high volume 
surgical interventions in OA.

Data availability
The data underlying the findings of this study contain potentially identifying and sensitive patient information 
and cannot be shared publicly. Readers can request access to the data by completing a data request following 
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Received: 20 December 2023; Accepted: 10 May 2024

References
 1. Daigle, M. E., Weinstein, A. M., Katz, J. N. & Losina, E. The cost-effectiveness of total joint arthroplasty: A systematic review of 

published literature. Best Pract. Res. Clin. Rheumatol. 26(5), 649–658 (2012).
 2. Canadian Institute for Health Information Hip and Knee Replacements in Canada. CJRR Annual Report, 2020–2021 (2022).
 3. Sloan, M., Premkumar, A. & Sheth, N. P. Projected volume of primary total joint arthroplasty in the U.S., 2014 to 2030. J. Bone 

Joint Surg. Am. 100(17), 1455–1460 (2018).
 4. Beswick, A. D., Wylde, V., Gooberman-Hill, R., Blom, A. & Dieppe, P. What proportion of patients report long-term pain after 

total hip or knee replacement for osteoarthritis? A systematic review of prospective studies in unselected patients. BMJ Open 2(1), 
e000435 (2012).

 5. Louati, K., Vidal, C., Berenbaum, F. & Sellam, J. Association between diabetes mellitus and osteoarthritis: Systematic literature 
review and meta-analysis. RMD Open 1(1), e000077 (2015).

 6. Greenhalgh, D. G. Wound healing and diabetes mellitus. Clin. Plast. Surg. 30(1), 37–45 (2003).
 7. Abate, M., Schiavone, C., Pelotti, P. & Salini, V. Limited joint mobility (LJM) in elderly subjects with type II diabetes mellitus. Arch. 

Gerontol. Geriatr. 53(2), 135–140 (2011).
 8. Alenazi, A. M. et al. Osteoarthritis and diabetes: Where are we and where should we go?. Diagnosticss 13(8), 1386 (2023).
 9. Alkindy, T. Dysglycemia and arthroplasty outcomes: A review. Cureus 12(9), e10239 (2020).
 10. Zhang, S. et al. Do patients with diabetes have poorer improvements in patient-reported outcomes after total knee arthroplasty?. 

J. Arthroplast. 36(7), 2486–2491 (2021).
 11. Wada, O. et al. Diabetes is a risk factor for restricted range of motion and poor clinical outcome after total knee arthroplasty. J. 

Arthroplast. 31(9), 1933–1937 (2016).
 12. Lenguerrand, E., Beswick, A. D., Whitehouse, M. R., Wylde, V. & Blom, A. W. Outcomes following hip and knee replacement in 

diabetic versus nondiabetic patients and well versus poorly controlled diabetic patients: a prospective cohort study. Acta Orthop. 
89(4), 399–405 (2018).

 13. Brock, T. M., Shirley, M., Bardgett, M., Walker, M. & Deehan, D. J. Inadequate pre-operative glycaemic control in patients with 
diabetes mellitus adversely influences functional recovery after total knee arthroplasty : Patients with impaired glycaemic control 
exhibit poorer functional outcomes at 1-year post-arthroplasty. Knee Surg. Sports Traumatol. Arthrosc. 25(6), 1801–1806 (2017).

 14. King, L. K. et al. Team BE-KS: Comorbidities do not limit improvement in pain and physical function after total knee arthroplasty 
in patients with knee osteoarthritis: the BEST-Knee prospective cohort study. BMJ Open 11(6), e047061 (2021).

 15. Srikanth, V. K. et al. A meta-analysis of sex differences prevalence, incidence and severity of osteoarthritis. Osteoarthr. Cartilage 
13(9), 769–781 (2005).

 16. Tschon, M., Contartese, D., Pagani, S., Borsari, V. & Fini, M. Gender and sex are key determinants in osteoarthritis not only 
confounding variables. A systematic review of clinical data. J. Clin. Med. 10(14), 3178 (2021).

 17. O’Connor, M. I. Implant survival, knee function, and pain relief after TKA: Are there differences between men and women?. Clin. 
Orthop. Relat. Res. 469(7), 1846–1851 (2011).

 18. Kautzky-Willer, A., Harreiter, J. & Pacini, G. Sex and gender differences in risk, pathophysiology and complications of type 2 
diabetes mellitus. Endocr. Rev. 37(3), 278–316 (2016).

 19. Kautzky-Willer, A. & Handisurya, A. Metabolic diseases and associated complications: sex and gender matter!. Eur. J. Clin. Invest. 
39(8), 631–648 (2009).

 20. Karvonen-Gutierrez, C. A., Sowers, M. R. & Heeringa, S. G. Sex dimorphism in the association of cardiometabolic characteristics 
and osteophytes-defined radiographic knee osteoarthritis among obese and non-obese adults: NHANES III. Osteoarthr. Cartilage 
20(7), 614–621 (2012).

 21. Sangha, O., Stucki, G., Liang, M. H., Fossel, A. H. & Katz, J. N. The Self-Administered Comorbidity Questionnaire: A new method 
to assess comorbidity for clinical and health services research. Arthritis Rheum. 49(2), 156–163 (2003).



10

Vol:.(1234567890)

Scientific Reports |        (2024) 14:11152  | https://doi.org/10.1038/s41598-024-61847-0

www.nature.com/scientificreports/

 22. Zigmond, A. S. & Snaith, R. P. The hospital anxiety and depression scale. Acta Psychiatr. Scand. 67(6), 361–370 (1983).
 23. Bjelland, I., Dahl, A. A., Haug, T. T. & Neckelmann, D. The validity of the Hospital Anxiety and Depression Scale. An updated 

literature review. J. Psychosom. Res. 22(10), 1911–1920 (2002).
 24. Freynhagen, R., Baron, R., Gockel, U. & Tolle, T. R. painDETECT: a new screening questionnaire to identify neuropathic compo-

nents in patients with back pain. Curr. Med. Res. Opin. 22(10), 1911–1920 (2006).
 25. Freynhagen, R., Tolle, T. R., Gockel, U. & Baron, R. The painDETECT project - far more than a screening tool on neuropathic 

pain. Curr. Med. Res. Opin. 32(6), 1033–1057 (2016).
 26. Bellamy, N., Buchanan, W. W., Goldsmith, C. H., Campbell, J. & Stitt, L. W. Validation study of WOMAC: A health status instru-

ment for measuring clinically important patient relevant outcomes to antirheumatic drug therapy in patients with osteoarthritis 
of the hip or knee. J. Rheumatol. 15(12), 1833–1840 (1988).

 27. McConnell, S., Kolopack, P. & Davis, A. M. The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC): A 
review of its utility and measurement properties. Arthritis Rheum. 45(5), 453–461 (2001).

 28. Escobar, A. et al. Total knee replacement; minimal clinically important differences and responders. Osteoarthr. Cartilage 21(12), 
2006–2012 (2013).

 29. Quintana, J. M. et al. Outcomes after total hip replacement based on patients’ baseline status: what results can be expected?. Arthritis 
Care Res. 64(4), 563–572 (2012).

 30. Dworkin, R. H. et al. Interpreting the clinical importance of treatment outcomes in chronic pain clinical trials: IMMPACT recom-
mendations. J. Pain 9(2), 105–121 (2008).

 31. Khan, I. et al. Clinically meaningful improvement following cervical spine surgery: 30% reduction versus absolute point-change 
MCID values. Spine 46(11), 717–725 (2021).

 32. Asher, A. M. et al. Measuring clinically relevant improvement after lumbar spine surgery: Is it time for something new?. Spine J. 
20(6), 847–856 (2020).

 33. Conaghan, P. G. et al. WOMAC meaningful within-patient change: Results from 3 studies of tanezumab in patients with moderate-
to-severe osteoarthritis of the hip or knee. J. Rheumatol. 49(6), 615–621 (2022).

 34. Pham, T. et al. OMERACT-OARSI initiative: Osteoarthritis Research Society International set of responder criteria for osteoarthritis 
clinical trials revisited. Osteoarthr. Cartilage 12(5), 389–399 (2004).

 35. Bischoff, S. C. et al. Towards a multidisciplinary approach to understand and manage obesity and related diseases. Clin. Nutr. 36(4), 
917–938 (2017).

 36. Kulkarni, K., Karssiens, T., Kumar, V. & Pandit, H. Obesity and osteoarthritis. Maturitas 89, 22–28 (2016).
 37. Cooper, A. J., Gupta, S. R., Moustafa, A. F. & Chao, A. M. Sex/gender differences in obesity prevalence, comorbidities, and treat-

ment. Curr. Obes. Rep. 10(4), 458–466 (2021).
 38. Rogers-Soeder, T. S. et al. Multicenter osteoarthritis study G: Association of diabetes mellitus and biomarkers of abnormal glucose 

metabolism with incident radiographic knee osteoarthritis. Arthritis Care Res. 72(1), 98–106 (2020).
 39. Sampath, S. J. P., Venkatesan, V., Ghosh, S. & Kotikalapudi, N. Obesity, metabolic syndrome, and osteoarthritis: An updated review. 

Curr. Obes. Rep. 12(3), 308–331 (2023).
 40. Nedunchezhiyan, U. et al. Obesity, inflammation, and immune system in osteoarthritis. Front. Immunol. 13, 907750 (2022).
 41. Perruccio, A. V., Mahomed, N. N., Chandran, V. & Gandhi, R. Plasma adipokine levels and their association with overall burden 

of painful joints among individuals with hip and knee osteoarthritis. J. Rheumatol. 41(2), 334–337 (2014).
 42. Perruccio, A. V. et al. Systemic inflammation and painful joint burden in osteoarthritis: a matter of sex?. Osteoarthr. Cartilage 

25(1), 53–59 (2017).
 43. Perruccio, A. V. et al. Sex differences in the relationship between individual systemic markers of inflammation and pain in knee 

osteoarthritis. Osteoarthr. Cartilage Open 1(1–2), 100004 (2019).
 44. Zolio, L. et al. Systematic review and meta-analysis of the prevalence of neuropathic-like pain and/or pain sensitization in people 

with knee and hip osteoarthritis. Osteoarthr. Cartilage 29(8), 1096–1116 (2021).
 45. Wluka, A. E., Yan, M. K., Lim, K. Y., Hussain, S. M. & Cicuttini, F. M. Does preoperative neuropathic-like pain and central sen-

sitisation affect the post-operative outcome of knee joint replacement for osteoarthritis? A systematic review and meta analysis. 
Osteoarthr. Cartilage 28(11), 1403–1411 (2020).

 46. Power, J. D. et al. Neuropathic pain in end-stage hip and knee osteoarthritis: differential associations with patient-reported pain 
at rest and pain on activity. Osteoarthr. Cartilage 26(3), 363–369 (2018).

 47. Power, J. D. et al. Patterns of depressive symptoms before and after surgery for osteoarthritis: A descriptive study. ACR Open 
Rheumatol. 1(4), 203–212 (2019).

 48. Sommer, I. et al. The performance of anthropometric tools to determine obesity: a systematic review and meta-analysis. Sci. Rep. 
10(1), 12699 (2020).

 49. Khanna, D., Peltzer, C., Kahar, P. & Parmar, M. S. Body Mass Index (BMI): A screening tool analysis. Cureus 14(2), e22119 (2022).
 50. Jackson, J. M. et al. Validity of diabetes self-reports in the Women’s Health Initiative. Menopause 21(8), 861–868 (2014).

Acknowledgements
Perruccio is supported by an award from Arthritis Society Canada STAR-20-0000000012. The funding source 
had no involvement in study design, analysis or interpretation of data, writing of the manuscript, or decision to 
submit for publication.

Author contributions
Conception and design: JDP, AVP, YRR. Analysis and/or interpretation of the data: JDP, AVP, MC, JRD, RG, 
NNM, KS, CV, YRR. Drafting of the article: JDP. Critical revision of the article for important intellectual content: 
JDP, AVP, MC, JRD, RG, NNM, KS, CV, YRR. Final approval of the article and agreement to be accountable for 
all aspects of the work: JDP, AVP, MC, JRD, RG, NNM, KS, CV, YRR. Provision of study materials or patients: 
JRD, RG, NNM, KS, CV, YRR. Statistical expertise: JDP, AVP, MC. Obtaining of funding: JRD, RG, NNM, KS, 
CV, YRR. Collection and assembly of data: JRD, RG, NNM, KS, CV, YRR.

Competing interests 
JDP, AVP, MC, JRD, RG, KS, CV: None. NNM: Board Member – Kensington Health, Stock – Arthur Health Corp, 
Arthritis Innovation Corp. YRR: Royalites – Medtronic.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 61847-0.

https://doi.org/10.1038/s41598-024-61847-0
https://doi.org/10.1038/s41598-024-61847-0


11

Vol.:(0123456789)

Scientific Reports |        (2024) 14:11152  | https://doi.org/10.1038/s41598-024-61847-0

www.nature.com/scientificreports/

Correspondence and requests for materials should be addressed to J.D.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The impact of diabetes status on pain and physical function following total joint arthroplasty for hip and knee osteoarthritis: variation by sex and body mass index
	Methods
	Data collection
	Socio-demographic variables
	Pre-surgery health-related characteristics variables
	Physical function
	Pain
	Study outcome variables. 


	Analyses
	Supplementalsensitivity analyses


	Results
	Discussion
	References
	Acknowledgements


