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Abstract

Objective—To identify patient demographic and clinical characteristics associated with
osteoarthritis (OA) treatment use.

Methods—This was a secondary data analysis of three clinical trials among patients with hip or
knee OA conducted in 1) Duke Primary Care practices, 2) the Durham Veterans Affairs Health
Care System (DVAHCS), and 3) the University of North Carolina-Chapel Hill (UNC). At baseline,
participants reported socio-demographic characteristics, OA-related pain and function, and OA
treatment use including oral analgesia, topical creams, joint injections and physical therapy.
Separate, multivariable logistic models (adjusted for clustering of clinics and providers for Duke
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and VA cohorts) were used to estimate odds ratios and 95% confidence intervals (OR, 95% CI) for
the associations between participant characteristics and each type of OA treatment.

Results—Oral analgesic use was reported by 70-82% of participants across the three cohorts.
Physical therapy, knee injections, and topical creams were used by 39%-52%, 55-60%, and
25-39% of participants, respectively. In multivariable models, worse pain, stiffness, and function,
per 5-unit increase, were associated with greater odds of using any oral analgesic for the Duke
(OR=1.18 (1.08, 1.28)) and UNC (OR=1.14 (1.05, 1.24)) cohorts but not for the VA cohort
(OR=1.04 (0.95, 1.14)). For all three cohorts, Non-Whites had higher odds of use of topical
creams compared to Whites.

Conclusion—Results suggest potential under-utilization of therapies other than oral analgesia.
Patient characteristics may affect OA treatment use, and understanding the relationship between
these factors and OA treatment preferences may improve adherence to OA treatment guidelines.

INTRODUCTION

Osteoarthritis (OA) is a common condition, with a lifetime risk of nearly 50% for
symptomatic knee OA (1) and 25% for symptomatic hip OA (2) in the US. As the US
population increases in age, the prevalence is expected to rise (1, 3), and there will be a
greater demand for high-quality, effective OA-related healthcare. In the absence of curative
treatment, current guidelines for OA management recommend a combination of non-surgical
treatments and lifestyle modification, with joint replacement recommended in some cases (4,
5). Many individuals with knee OA obtain treatment through their primary care providers,
and we previously reported that there was substantial between-clinic variability in the use of
some pharmacological and non-pharmacological OA treatments across primary care sites
even within one healthcare system (6). Although studies have examined sex, racial/ethnic,
and geographical differences in joint replacement (7-9), little is known regarding patient-
level factors associated with use of other guideline-based OA treatments, though some
variation in treatment may be related to age and duration of symptoms (10) or socio-
economic factors (11). Furthermore, these studies have focused on one aspect of OA
treatment (i.e. pharmacological or non-pharmacological treatment), whereas examining use
of both pharmacological and non-pharmacological treatments across patient groups would
provide a comprehensive picture of patterns of OA treatment management.

Current treatment guidelines for the management of OA recommend initial non-
pharmacological treatments such as self-management education, weight-loss, and physical
activity, along with pharmacological therapy when tolerated and safe (4), yet studies suggest
that gaps exist between guideline recommendations and treatments (12, 13). Furthermore,
evaluation of use of specific OA treatments is limited to a few studies (10, 14, 15). Assessing
patterns of OA treatment use among individuals in different outpatient settings is critical for
identifying gaps in recommended care, which, in turn, could lead to interventional
approaches to mitigate these gaps that would be applicable to individuals of diverse
backgrounds, including those with varying access to care. Therefore, the objectives of this
study were to evaluate the frequency of patient use of various OA treatments across several
different health care systems and to identify the associations between patient characteristics,
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including demographic and health-related factors, and OA treatment use within each health
care system.

AND METHODS

Study design and setting

Participants

This is a secondary data analysis of baseline data from three clinical trials of behavioral and
health services interventions among individuals with symptomatic hip or knee OA in North
Carolina. Two studies examined Patient and PRovider Interventions for Managing
Osteoarthritis in Primary Care; one was conducted among ten Duke Primary Care Research
Consortium practices (PRIMO-Duke) and one was conducted in the Ambulatory Care
Service at the Durham Veterans Affairs (DVAHCS) Health Care System (PRIMO-VA). The
third study examined PhysicAl THerapy vs INternet Based Exercise Training for Patients
with Knee OA (PATH-IN); this study primarily involved patients receiving care within the
University of North Carolina (UNC) healthcare system, with 2% enrolled from the
surrounding community with various sources of healthcare. Details of the study protocols
have been described previously (16, 17). Briefly, in the PRIMO-Duke cluster randomized
trial, the clinics were randomized to Provider Intervention or Control, and then study
participants within those clinics were assigned to Patient Intervention or Control. The
PRIMO-VA cohort was a cluster randomized controlled trial design with primary care
providers (PCPs) and their enrolled patients randomized to the Patient + Provider OA
intervention or usual care. The PRIMO sites incorporate a diverse range of primary care
clinics in terms of urban/rural locations, type and amount of providers, and patient cohort
size. The PATH-IN cohort was a randomized controlled trial with three arms where
participants were randomized to standard physical therapy (PT) for knee OA, an internet-
based exercise training program, or control (Figure 1). These studies were approved by the
Duke University Medical Center, DVAHCS, and UNC Institutional Review Boards.

Individuals were included in the studies if they had: a diagnosis of hip OA (PRIMO-Duke
and PRIMO-VA) or knee OA (PRIMO-Duke, PRIMO-VA, and PATH-IN), based on either
radiographic evidence in the electronic medical record or American College of
Rheumatology clinical criteria (18), along with current symptoms in the joint(s) with OA(16,
17). Participants in all studies were not meeting US Department of Health and Human
Services physical activity recommendations(19), and participants in the PRIMO-Duke and
PRIMO-VA studies also had a body mass index (BMI) = 25. Exclusion criteria for the three
studies included:

PRIMO-Duke, PRIMO-VA, and PATH-IN:

. Presence of other rheumatologic conditions

. Hip or knee surgery or acute meniscus or anterior cruciate ligament tear in the past six months
. Recent hospitalization for cardiovascular/cerebrovascular event

. Serious mental health conditions
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. On waiting list for hip or knee arthroplasty

. Motor neuron diseases

. Quadriplegia or paraplegia

. Terminal illness

. Severely impaired hearing, vision, or speech

. Nursing home residents

. Pregnancy or planning to become pregnant

. Non-English speaking

. No access to telephone

. Current participation in another OA intervention or lifestyle changes study
. Other self-reported or study team/primary care physician deemed health condition that would prohibit

participation in the study

Additional exclusion criteria for PRIMO-Duke:

. No primary care physician visit in past 18 months

Additional exclusion criteria for PRIMO-VA:

. No primary care physician visit in past 12 months

Additional exclusion criteria for PATH-IN:

. No regular internet access
. Currently receiving physical therapy
. Fall history deemed by study physical therapist to impose risk for potential injury through participation in

home-based exercise program

Participant characteristics—These analyses included demographic and clinical
characteristics, assessed at baseline, which were hypothesized to be related to differential
use of OA treatments. These included age, sex, race (White vs. Non-White), self-reported
income status (low income defined as “just meet basic expenses” or “don’t have enough to
meet basic expenses”), self-reported general health (categorized as excellent/very good/good
vs. fair/poor), body mass index (BMI), lower extremity pain, stiffness, and physical function
as measured by the total score on Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) (20), and self-reported duration of OA symptoms.

OA Treatments (Outcomes)—OA treatments were assessed at baseline via self-report
for the following: 1) current use of any oral analgesic for OA, 2) non-steroidal anti-
inflammatory drugs (NSAIDs) for OA, 3) opioids for OA, and 4) non-opioid analgesics
(excluding NSAIDs) for OA; 5) current use of a topical cream for OA, 6) ever having a knee
joint injection, and 7) ever having seen a physical therapist for knee OA. Dichotomous
response variables indicating use or not for each of these seven OA treatments were created
for each participant. Information on use of hip joint injection or physical therapy for hip OA
were not included as these are less common interventions with weaker evidence for
symptom control(4).
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Statistical analyses

Descriptive statistics, including means and standard deviations (SD) for continuous
variables, and percentages for categorical variables, were calculated. All analyses were
performed using SAS version 9.4.

For the cluster-randomized trials, PRIMO-Duke and PRIMO-VA, generalized linear mixed
models (GLMM) (21) with a logit link and binomial distribution were fit to the dichotomous
OA treatment response variables to account for correlation due to clustering of patients
within clinics or provider. For the UNC study, standard logistic regression models were fit.
Multivariable logistic models (adjusted for clustering of clinics and providers for PRIMO-
Duke and PRIMO-VA trials) including all of the patient characteristics were used for each of
the three cohorts and five of the OA treatment dichotomous outcomes (for a total of fifteen
multivariable models). Multivariable models for the OA treatments of non-opioid analgesics
and opioids use were not fit due to low prevalence for all three cohorts. Estimated odds
ratios and 95% confidence intervals (OR, 95% ClI) for the associations between participant
characteristics and each OA treatment were calculated. Additionally, models for the PRIMO-
Duke and PRIMO-VA cohorts also included whether a participant had knee OA and hip OA
except for those models evaluating knee injection and PT for knee OA. Model estimates
were used to compute odds ratios for the continuous patient characteristics of age and OA
symptoms for a 1-unit increase, and, for BMI and WOMAC scores, for a 5-unit increase.

RESULTS

The PRIMO-Duke cohort included 537 individuals who were mostly female and White and
reported having OA symptoms, on average, for a decade (Table 1). The PATH-IN cohort
included 350 individuals who were also mostly female and White, and reported having OA
symptoms for about 13 years (Table 1). Finally, the PRIMO-VA cohort included 300
individuals who were mostly male and about half Non-White, with over one-half reporting
fair or poor self-rated health and over one-third reporting low income (Table 1). Knee OA
was nearly twice as common as hip OA in the PRIMO-Duke and PRIMO-VA cohorts. For
the PATH-IN cohort all participants had knee OA, as this was an inclusion criterion; hip OA
was evaluated by self-report of arthritis by joint, and 38% reported hip OA.

OA treatments were common among all three cohorts (Figure 2). Current use of any oral
analgesic was reported most commonly, used by 82.2%, 77.3%, and 70.0% of the PRIMO-
Duke, PRIMO-VA, and PATH-IN cohorts, respectively. NSAIDs were more commonly used
than non-opioid analgesics or opioid analgesics in all three cohorts (Figure 2). However
29.3% of the PRIMO-VA cohort was currently using opioids, while 13.0% of the PRIMO-
Duke participants and 10.3% of the PATH-IN participants were currently using opioids
(Figure 2). Over one-half of all participants had ever had a knee injection, and proportions
were similar across the three cohorts (Figure 2). Use of PT for knee OA was moderate
among participants, with 38.8%, 47.4% and 52.0% of the PRIMO-Duke, PRIMO-VA and
PATH-IN cohorts, respectively, reporting ever using physical therapy for knee OA.

In multivariable models, higher WOMAC scores were associated with increased odds of any
oral analgesic use, and this was statistically significant for the PRIMO-Duke (OR=1.18
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(1.08, 1.28) per 5 unit increase) and PATH-IN (OR=1.14 (1.05, 1.24) per 5 unit increase)
cohorts but not for the PRIMO-VA cohort (OR=1.04 (0.95, 1.14) per 5 unit increase) (Table
2). Women had higher odds of use of any oral analgesic compared to men in the PRIMO-
Duke cohort but not in the PRIMO-VA or PATH-IN cohorts (Table 2). Compared to high
income, individuals reporting low income had lower odds of use of any oral analgesic for the
PRIMO-Duke cohort (OR=0.34 (0.19, 0.63)) but not the PRIMO-VA (OR=0.95 (0.49, 1.84))
or PATH-IN (OR=1.87 (0.80, 4.36)) cohorts. There was no association between fair/poor
self-rated health and use of any oral analgesic in any of cohorts; however, individuals
reporting low income had lower odds of use of NSAIDs in the PRIMO-Duke cohort only
(Table 2).

Table 3 shows the estimates for the associations between participant characteristics and other
OA treatments (i.e. topical creams, knee injection, and physical therapy) adjusted for all
other participant characteristics. As with oral analgesics, higher WOMAC scores were
associated with the use of some of the other OA treatments, including topical creams for the
PRIMO-Duke and PATH-IN cohorts and with knee injection and PT for the PRIMO-VA
cohort. In the PATH-IN cohort, women had higher odds of use of topical creams (OR=2.19
(1.18, 4.03)), knee injection (OR=1.75 (1.05, 2.92)) and PT (OR=2.75 (1.64, 4.60))
compared to men (Table 3). Non-Whites had higher odds of use of topical creams for all
three cohorts, and for use of PT for knee OA in the PRIMO-VA cohort (OR=2.41 (1.38,
4.18)), compared to Whites. Those reporting low income had lower odds of use of knee
injection in the PRIMO-VA cohort (OR=0.51 (0.27, 0.95)).

DISCUSSION

This study evaluated the use of various OA treatments in cohorts sampled from three
separate outpatient settings and suggests that individuals with OA use a variety of OA
treatments to alleviate their symptoms; the use of oral analgesics was very common, while
use of topical creams, knee injections, and PT for knee OA were less commonly used. Due
to the significant pain and disability associated with OA (3, 22), it is not surprising that the
use of different treatments for managing OA is high, and that most individuals use or have
used several treatments. Other than the association between Non-White race and topical
creams, we found that no single clinical or socio-demographic participant characteristic was
consistently associated with any specific OA treatment, but other characteristics associated
with increased odds of use of one or more treatments included female sex, Non-White Race,
higher BMI, and increased WOMAC scores, while low income was associated with lower
odds of use of some treatments.

Our finding that oral analgesics were more commonly used than other treatments aligns with
data from a rheumatology setting, suggesting that pharmacologic treatments are more often
prescribed than non-pharmacological interventions, such as weight loss and exercise (23),
and similar to primary settings in studies from Denmark (24) and Australia (25).
Approximately one-half of the participants reported current use of NSAIDs compared to
approximately 25% for any non-opioid analgesic and even less for opioids, which is
consistent with OA treatment guidelines (4) and similar to other studies of OA oral
analgesics in UK (14) and the US (10).
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Opioid treatment is recommended for those unable to tolerate NSAIDs or who have failed
other medical therapies (4), and our study indicates that opioid use was higher among
veterans than in the other two cohorts. Though we could not comprehensively examine
reasons for this difference, veterans tend to report more severe pain and more co-morbid
pain conditions (26), and may be more likely to have contraindications to NSAIDs such as
chronic kidney disease (27) or gastrointestinal bleeding (28). Indeed, high rates of opioid use
for chronic pain among veterans have been previously reported and shown to be associated
with mental health and substance abuse disorders (29). Opioids have recently been estimated
to be involved in over 16,500 or 75% of prescription drug overdose deaths in a single year
(30). These data recently resulted in recommendations from the Centers for Disease Control
and Prevention to use non-pharmacologic interventions and non-opioid analgesic for chronic
pain and to minimize the amount and duration of opioid analgesics (31). In addition, the US
Department of Veterans Affairs, recognizing the high prevalence of opioid use for chronic
pain, has also established guidelines to reduce opioid use for chronic pain (32). In our study,
we asked specifically about use of opioids for OA-related pain. Some (29, 33), but not all
(34) studies of veterans, have evaluated opioid use for OA-related chronic pain, and our data
on opioid use for OA suggest that there may be a gap in OA treatment guidelines and opioid
use for OA among veterans. However, we only asked about current use of medications for
OA-related pain; thus, we are unable to assess prior therapies, such as NSAIDs, that veterans
may have tried and failed or were unable to continue secondary to medication side effects.

Compared to oral analgesics, use of other OA treatments (i.e. knee injection, topical creams,
PT) was less common in our study. Approximately 50% of participants had ever had a knee
injection, which is similar to U.S. Medicare data (35); in contrast, 16.9% (15) and 27.5%
(14) of patients received knee injections in two studies from the UK, suggesting that joint
injections may be more commonly used in the US. Thirty-two to fifty-seven percent of our
participants reported current use of topical creams, which is consistent with Conaghan et al.,
who reported 46.5% and 4.3% of individuals with OA had used an anti-inflammatory gel
and capsaicin gel, respectively (14), and with Porcheret et al., who reported 38.8% for
topical NSAIDs (15), both among UK populations. Our study provides current US estimates.
As topical agents and joint injections are recommended in the treatment of OA pain (4), and
may have fewer side effects than oral analgesics, these findings suggest that utilization of
these therapies could be improved.

Although PT has been shown to decrease pain and function among individuals with OA
(36), it still remains an under-utilized modality (23). PT use was moderate in our study
(39%-52%), and higher than in other previously published estimates of PT for OA (13%)
(11, 25). This may be because prior studies examined provider referral, and we examined
whether the patient had ever used PT based on self-report. Since patients may have more
than one provider, it is possible that individual provider referral estimates for PT are low and
more patients are utilizing PT during the course of their OA than previously recognized.
Caution is advised when interpreting these estimates as it is impossible to determine from
these data when, in the course of OA treatment, the participant used PT, the relationship
between analgesics and PT, or duration and frequency of PT use, all of which are likely to
vary widely among individuals. Still, as PT is recommended in various OA treatment
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guidelines (4), and about half of participants in this study had never tried this treatment, this
is likely a key area for improvement in OA treatment.

In multivariable models, increasing WOMAC score was associated with use of several OA
treatments, and this is not surprising since more symptomatic individuals may have tried
more than one treatment modality, though we did not specifically ask about concurrent use
or use of multiple treatments over time. On the other hand, duration of OA symptoms was
not associated with any of the OA treatments. It is possible that there was no association
between duration of OA symptoms and medications because only current medications were
assessed (and OA symptoms vary over time) or because duration of OA symptoms may be a
poor marker of disease severity.

Individuals with low income compared to high income had lower odds of use of NSAIDs in
the PRIMO-Duke cohort and of knee injections in the PRIMO-VA cohort. The reasons for
these associations are unclear. Much of the OA treatment research related to socio-economic
status has centered on decision to undergo joint replacement; extrapolating from those data
(37), individuals with low income have differing treatment preferences and more limited
resources compared to individuals with higher income. Improved understanding of OA
treatments by socio-economic status is critical in addressing the discrepancies between OA
treatment guidelines and adherence to these guidelines.

Female sex was associated with use of topical creams, joint injection, and PT in the PATH-
IN cohort and also any oral analgesic in the PRIMO-Duke cohort. Findings for differences in
OA treatment by sex have been inconsistent (10, 11) in prior studies. Our finding that
women had higher odds of use of these treatments compared to men may be related to more
severe OA symptoms among women (38), and understanding this observation could improve
use of these treatments.

Likewise, Non-Whites had higher odds than Whites of use of some other OA treatments,
including topical creams and PT. While reasons for this observation are unclear, it is possible
that Non-Whites are delaying surgical management, as data suggest that Whites compared to
other race/ethnic groups are more likely to undergo joint arthroplasty (9, 39). Alternately,
this may reflect Non-Whites’ preferences for non-invasive therapies (40). Finally, though
obesity is a risk factor for OA (41), BMI was not associated with any of the oral analgesics
or PT and was only associated with knee injection among the PATH-IN cohort. This may
because most of our study participants were overweight or obese. However, data from the
Osteoarthritis Initiative also indicated no association between overweight and obesity and
oral analgesics, and this sample was not restricted to overweight or obese individuals (10).

Limitations

This study was limited to individuals in three outpatient settings in North Carolina and may
not be generalizable to the US population, as regional differences in OA treatment patterns
may exist. However, the study included data from three very different health care systems,
which is useful for exploring variability across different clinical settings. In addition, we
asked only about current use of oral medications, and we did not explore duration of
treatment use in this cross-sectional study. Though availability of specific pain medications

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Abbate et al.

Page 9

may have varied for patients in the VA, based on the current formulary, all classes of
medications examined in the study were available to patients in the VA. Nonetheless, we
were able to obtain data from three cohorts representing over 1,000 individuals with OA,
providing a foundation for further in-depth study and longitudinal studies evaluating all
current and previous OA oral medications that would provide a more comprehensive picture
of OA treatments. While our data were all self-reported, which may have lead to
misclassification, especially for categories of oral analgesics, they may provide a better
representation of OA treatment than prescription databases or provider referrals because
individuals may not always comply with provider recommendations. We were not able to
control for other variables that could significantly affect treatment use, including treatment
preferences. Finally the results were not adjusted for multiple comparisons; however, this
study was designed as an exploratory analysis to inform future studies of OA treatment use.

This study provides valuable information regarding the use of OA treatment in outpatient
settings and suggests potential adherence to OA treatment guidelines for oral analgesics,
specifically NSAIDs, but also indicates areas for improvement in opioid use, PT, and joint
injections. Moreover, these data suggest that patient characteristics including WOMAC
score, sex, race/ethnicity, and socio-economic status may affect OA treatment use. Because
OA is a prevalent, chronic condition, it is imperative that we understand not only how to best
manage OA but also how to implement evidence-based guidelines for OA management in
the community considering individual demographic and clinical characteristics to reduce the
burden of OA pain and disability.
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Significance and Innovation

. Understanding the gaps between OA treatment guidelines and OA treatment
use is critical to improving the quality of OA care

. Patient characteristics associated with OA treatment use include WOMAC
score, sex, and race

. Use of NSAIDs for OA treatment in the outpatient setting appears to align
with OA treatment guidelines; however, a better understanding of opioid use
is needed
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n=560

PRIMO-Duke

Setting: Primary care
clinics

-
Study design: RCT, clinics
randomized to Provider
intervention vs control
AND participants
randomized to Patient
intervention vs control

~

"y

Figure 1. Description of the three separate cohorts used for the study analysis

PRIMO-VA
n=300
|| Setting: Primary care

clinics

Study design: RCT,
providers + patients
randomized to OA
intervention or usual care

Page 14

PATH-IN
n=350

p. A

Setting: Primary care
clinics + surrounding
community

e ™

Study design: RCT,
particpants randomized to
PT, internet-based
exercise training, or wait
list control group

PRIMO=Patient and Provider Interventions for Managing Osteoarthritis in Primary Care
PATH-IN=Physical Therapy vs Internet-based exercise training for Patients with Knee

Osteoarthritis

VA=Ambulatory Care Service at the Durham Veterans Affairs Health Care System

(DVAHCS)

RCT=Randomized Controlled Trial

PT=Physical therapy
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Figure 2. Self-Reported Use of OA Treatments by Cohort*
*Data not collected on hip OA for PATH-IN cohort

PT=Physical Therapy

Missing data: PRIMO-Duke: Topical Creams n=2, Knee Injection n=21, PT for knee OA
n=22; PATH-IN: Knee Injection n=1; PRIMO-VA: Topical Creams n=1, Knee Injection n=2,
PT for knee OA n=2, PT for hip OA n=1
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Participant baseline characteristics for each of the three cohorts: PRIMO-Duke, PRIMO-VA, and PATH-IN
studies ™

PRIMO-Duke PRIMO-VA  PATH-IN (n=350)

(n=537) (n=300)

Age, mean (SD) 63.2 (9.6) 61.1(9.2) 65.3 (11.1)
Female, % 73.9 9.3 71.7
Non-White Race, % 39.6 52.9 26.3

Low Income, % 17.7 34.3 17.8
Fair/Poor Self-Rated Health, % 19.9 61.7 13.7

BMI ™ mean (SD) 35.6 (7.4) 33.8 (5.8) 31.4(8.0)
WOMAC score, mean (SD) 38.6 (17.0) 48.4(175)  32.0(17.9)
Years with Symptoms, mean (SD)  10.4 (9.2) 14.2 (11.6) 13.1(11.7)
Knee OA, % 95.2 93.0 100

Hip OA, % 49.5 55.3 N/A

*

Missing data: PRIMO-Duke: Non-white race n=2, Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) n=1, Years with
Symptoms n=1; PATH-IN: Non-White Race n=12, Low Income n=1, WOMAC n=2; PRIMO-VA: Non-White Race n=3, WOMAC n=1, Years with
Symptoms n=1

*:

ok
Body Mass Index
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