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Objective. The study objective was to determine whether the clinical response of older adults with knee osteoar-
thritis and overweight or obesity to 18 months of diet and exercise (D + E) or attention control (C) interventions differed
between participants from rural versus urban communities.

Methods. Participants were 823 older adults (mean age, 64.6 years; 77% women) with knee osteoarthritis and
overweight or obesity who resided in rural (n = 410) and urban (n = 413) counties in North Carolina. All were enrolled
in the Weight Loss and Exercise for Communities with Arthritis in North Carolina clinical trial that randomly assigned
participants to either 18 months of D + E or C interventions. General linear models were used to examine differences
in clinical outcomes between rural and urban groups after adjusting for covariates.

Results. The rural group had significant differences (P < 0.05) at baseline in clinical outcomes, education, comor-
bidities, medication use, and income compared with the urban dwellers. After adjusting for baseline differences, the
group (rural or urban) by treatment (D + E or C) interactions for Western Ontario McMasters Universities Osteoarthritis
Index (WOMAC) pain (rural: D + E –C = −0.63, 95% confidence interval [CI] −1.31 to 0.06; urban: D + E −C= −0.29, 95%
CI −0.99 to 0.41; P = 0.50) and WOMAC function (rural: D + E − C = −4.60, 95% CI −6.89 to −2.31; urban: D + E − C =
−1.38, 95% CI −3.73 to 0.94; P = 0.054) indicated that the groups responded similarly to the interventions.

Conclusion. Among participants with knee osteoarthritis and overweight or obesity, D + E compared to C led to
similar pain outcomes in rural and urban dwellers that favored D + E. The possibility that there may be greater differen-
tial efficacy in functional outcomes among rural participants needs further study.

INTRODUCTION

Geographic location has a significant impact on health ineq-

uities. People residing in rural communities in the United States,

Europe, and China have poorer health metrics compared with

residents of urban communities including greater distances to

sources of high-quality food, lower walkability and presence of

exercise facilities in neighborhoods, and a reduced availability of

specialized health care.1–5 Furthermore, health disparities in rural

communities include lack of access to medical insurance and a

high prevalence of obesity, a major risk factor for knee osteoarthri-

tis (OA). As with obesity, knee OA also impacts rural communities

disproportionately, hence disability may be higher than in urban

communities.6–8

Knee OA is the most common and persistent cause of mobil-

ity dependency and disability with prevalence estimated at >300

million people worldwide.9,10 OA develops from a complex inter-

action of biomechanical and inflammatory disease pathways.

Obesity is common to both pathways, resulting in increased
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mechanical joint stress and the release of proinflammatory cyto-

kines and adipokines.11 The prevalence of obesity in the

United States has risen from 30% in 2000 to 42% in 2018.12 In

the population aged ≥60 years, the 71% prevalence of overweight

and obesity is nearly 20% higher than in the population aged 20 to

39 years.13 This coincides with the increased prevalence of knee

OA among older adults living in rural and urban communities.8

The combination of dietary therapy and exercise has level
1 evidence of efficacy in the treatment of knee OA.14–17 Clinical tri-
als involving weight loss in rural populations without diagnosed
knee OA generally found positive results.18–20 However, whether
rural and urban adults with obesity and knee OA respond similarly
to a behavioral diet and exercise (D + E) intervention is unknown.
Hence, the premise of this study is that the response to 18months
of D + E in older adults with knee OA and overweight and obesity
who live in rural communities is superior to a similar cohort that
resides in urban communities. Twenty percent of older adults
reside in rural communities; their responses to behavioral inter-
ventions should be examined when evaluating programs that
could benefit older adults broadly.21

PATIENTS AND METHODS

Study design. TheWeight Loss and Exercise for Communi-
ties with Arthritis in North Carolina (WE-CAN) trial was a Phase III,
assessor-blinded, three-center (Forsyth County, NC; Haywood
County, NC; and Johnston County, NC) randomized clinical trial
with two parallel groups followed for 18 months. The study design
included many pragmatic components, including a large sample
size, broad inclusion criteria, patient-centered outcomes, and set-
tings in established community facilities rather than referral cen-
ters. The study protocol was reviewed and approved by the
Human Subjects Committees of Wake Forest Health Sciences
and The University of North Carolina at Chapel Hill and is in com-
pliance with the terms and conditions set forth in the
Declaration of Helsinki. The Wake Forest Health Sciences and
The University of North Carolina at Chapel Hill Institutional Review
Boards reviewed all research involving humans to ensure that par-
ticipants were informed of all known risks posed by the research
study and that these studies were conducted in accordance with

the ethical standards put forward by the Belmont Report and fed-
eral, state, and local regulations and policies governing human
research. All participants gave informed consent to participate in
the study. The trial design and the main outcome paper have
been published previously.22,23

Participants. Participants were 823 ambulatory,
community-dwelling men and women with a body mass index
(BMI) ≥27 kg/m2 who met the American College of Rheumatology
(ACR) clinical criteria for knee OA of age ≥50 years, knee pain on
most days of the week, and at least two of the following: stiffness
<30 min/day, crepitus, bony tenderness, bony enlargement,
and/or no palpable warmth.24 Key exclusions were symptomatic
coronary artery disease, type 1 diabetes, BMI <27 kg/m2, and fail-
ure to meet the ACR clinical criteria for knee OA. Enrollment
occurred between May 2016 and August 2019. All participants
could maintain their regular medications, including analgesics.
Participants lived in North Carolina in two rural counties
(n = 410), defined as a population density <500 people/square
mile with open countryside (Haywood County, population density
= 100 people/square mile; Johnston County, population density
= 200 people/square mile), and one urban county (n = 413),
defined as having an urban nucleus of ≥50,000 people, a core
population of 1,000 people/square mile, and adjoining territory
≥500 people/square mile (Forsyth County, population density =
800 people/square mile).25

Measurements. Self-reported knee pain was measured
using the Likert version of theWestern Ontario McMasters Univer-
sities Osteoarthritis Index (WOMAC),26,27 which assesses knee
pain over the last 48 hours.28 The total score ranges from 0 to
20 (higher scores indicate greater pain). The minimal clinically
important difference (MCID) in WOMAC pain between groups is
2 on the 20-point Likert scale.29 The pain categories on a 0-to-
20 scale are 2 to 8, mild; ≥8 to 14, moderate; and ≥14 to
20, severe.30 WOMAC function assessed the degree of difficulty
with activities of daily living in the last 48 hours with a total score
range of 0 to 68. Higher scores indicated poorer function (MCID
= 6), with a score of ≥21 indicating physical work limitations.31–33

33 Six-minute walk distance assessed the maximum distance a
participant could walk along a standardized walkway in 6 minutes
(MCID >30.5 m).34

The 36-item Short-Form Health Survey (SF-36) measures
health-related quality of life using two broad summary scores:
physical and mental health scaled from 0 (worst) to 100 (best).35

The MCID for each subscale is at least 10 points.36 The Center
for Epidemiologic Studies Depression Scale (CES-D) 10 (range,
0–30) assessed depressive symptoms during the last week. Ten
items are scored from 0 (rarely or none of the time) to 3 (most or
almost all the time).37 The range for internal consistency is 0.80
to 0.88 (Cronbach alpha).38 Comparisons between rural and

SIGNIFICANCE & INNOVATIONS
• Adults with overweight or obesity and knee osteoar-

thritis who live in rural communities have more
pain, poorer function, worse mobility, and poorer
physical health–related quality of life at baseline
than their urban counterparts.

• Rural dwellers benefit from participating in long-
term behavioral diet and exercise interventions.

• Diet plus exercise is an equally effective treatment
in rural and urban settings.
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urban communities also included changes in BMI across the
18-month intervention period.

Interventions. The community centers where interven-
tions were conducted included a medical mall, recreation center,
rural hospital community fitness center, YMCA, local gymnasium,
church recreation facility, and a community healthy lifestyle
program. Interventionists were hired within each county and the
surrounding area, had at least a bachelor’s degree in a health-
related field, and were subsequently trained by experienced coor-
dinating center staff who tailored the instruction to the local facili-
ties. The exercise component for the D + E group included
60-minute sessions 3 days per week for 18 months at one of the
designated community facilities.

For the first 6 months, a dietary plan included an energy-
restricted diet using 1 to 2 partial meal replacements (Lean Shakes,
GNC) per day provided by the study with the option to incorporate
one study-provided meal replacement per day during months 7 to
18. The initial diet plan ensured an energy-intake deficit of 800 to
1,000 kcal/day from the estimated energy expenditure (predicted
resting metabolism calculated using the Owen equation39 × 1.2
activity factor). An average of 200 kcal/daywere expendedwith exer-
cise for a total imbalance of at least 1,000 kcal/day. The lowest intake
was 1,100 kcal for women and 1,200 kcal for men.

The attention control (C) group provided social interaction
and evidence-based nutrition and health education delivered in
five 1-hour, face-to-face group meetings at months 1, 3, 6, 9,

and 15, and via informational packets and individual sessions via
phone during alternate months. Adherence to the D + E, and C
classes was defined as the number of sessions completed
divided by the number scheduled.

Statistical analysis. Descriptive statistics, demographic
data, and variables of interest were analyzed in SAS. We evalu-
ated pairwise differences of each of the counties to determine if
the two rural counties, Johnston and Haywood, were not statisti-
cally different enough from each other to be combined into a sin-
gle category as the rural group. P values <0.0167 were
considered significant, meaning that P values higher than this
allow for the two counties’ data to be combined into a single
category.

We used mean and 95% confidence intervals (CIs) to
describe the rural and urban categories for each of the baseline
variables and t-tests and chi-square tests to determine the statis-
tical significance of rural-urban comparisons. P values ≤0.05 were
considered statistically significant. We estimated pairwise com-
parisons between rural and urban groups from a mixed model
using a three-way interaction between treatment (D + E and C),
visit month (6, 12, and 18-month follow-ups) and rural/urban cat-
egory, adjusted for sex, income, BMI, and the interaction between
rural/urban and baseline outcome. The interaction effects were
not prespecified and there was no adjustment for multiple com-
parisons; hence, these results should be considered exploratory.

Table 1. Descriptive mean (SD) baseline characteristics of the participants overall and by group (rural or urban)*

Group

Variable Overall Rural (n = 410) Urban (n = 413) P value

Age, mean (SD), years 64.6 (7.8) 65.2 (8.0) 64.0 (7.5) 0.027
Male sex, n (%) 186 (23) 66 (16) 120 (29) <0.001
Weight, mean (SD), kg 100.9 (21.3) 99.5 (19.5) 102.3 (22.9) 0.062
BMI, mean (SD), kg/m2 36.8 (6.9) 36.7 (6.6) 36.8 (7.2) 0.84
Waist circumference, mean (SD), cm 114.5 (15.5) 114.1 (14.5) 114.9 (16.5) 0.43
Education: bachelor’s or more, n (%) 374 (46) 159 (39) 215 (52) <0.001
Comorbid illness, n (%) 2.03 (1.63) 1.84 (1.57) 2.22 (1.66) <0.001
Number of medications, mean (SD) 8.2 (5.0) 8.8 (5.3) 7.6 (4.7) <0.001
Income ≥$75,000/year, n (%) 232 (29.3) 93 (23.3) 139 (35.3) <0.001

* BMI, body mass index.

Table 2. Mean (SD) baseline clinical outcomes with pairwise comparisons between the rural and urban groups*

Group, mean (SD)

Outcome Rural (n = 410) Urban (n = 413)
Pairwise comparison,
difference (95% CI) P value

WOMAC pain (0–20) 8.04 (3.16) 7.02 (3.20) 1.02 (0.59 to 1.46) <0.001
WOMAC function (0–68) 28.41 (11.64) 23.49 (11.41) 4.92 (3.34 to 6.50) <0.001
Six-minute walk, m 354.6 (88.7) 388.7 (94.3) −34.1 (−46.6 to −21.5) <0.001
SF-36 physical (0–100) 33.7 (9.2) 36.4 (7.2) −2.7 (−4.0 to −1.5) <0.001
SF-36 mental (0–100) 54.3 (10.4) 55.6 (9.6) −1.2 (−2.6 to 0.1) 0.07
CES-D (0–30) 5.8 (5.2) 5.1 (4.9) 0.8 (0.1 to 1.5) 0.03

* CES-D, Center for Epidemiologic Studies Depression Scale; CI, confidence interval; SF-36, 36-item Short-Form
Health Survey; WOMAC, Western Ontario McMasters Universities Osteoarthritis Index.

DATA FROM THE WEIGHT LOSS AND EXERCISE FOR COMMUNITIES WITH ARTHRITIS IN NORTH CAROLINA RANDOMIZED CLINICAL TRIAL 71



The investigators support data sharing and will comply with
all National Institutes of Health (NIH) guidelines as outlined in the
NIH Data-Sharing Policy and Implementation Guidance docu-
ment. Any data-sharing agreement will require that the data be

used only for research purposes, no attempts will be made to
identify individual participants, the data will be kept secure, the
user will not distribute the data to other researchers, the user will
return the files or destroy them once the project is completed,
and the user will acknowledge the data source.

RESULTS

Pairwise differences in baseline features between the two
rural counties (Haywood and Johnston) revealed no statistically
significant differences (P > 0.0167); hence, the data for the two
rural counties were combined into a single group. Baseline char-
acteristics of the rural and urban groups are in Table 1. The rural
group was slightly older, had a lower percentage of male partici-
pants, had less education, had fewer comorbidities, consumed
more medications, and had a lower income than the urban group.
The mean adherence rate for the diet classes for the D + E group
was 80% for both the rural and urban groups; adherence to the
exercise classes was 80% for the rural group and 70% for the
urban group. Attendance to the C group’s nutrition and health
education sessions was 78% for both the rural and urban groups.

The mean WOMAC pain at baseline was significantly greater
in the rural group compared with the urban group, 8.04 versus
7.02 (adjusted difference 1.02, 95% CI 0.59–1.46; P < 0.001)
(Table 2; Figure 1). The rural group had significantly worse
WOMAC function compared with the urban group (28.41 vs
23.49, adjusted difference 4.92, 95% CI 3.34–6.50; P < 0.001)
(Table 2). Six-minute walk distance was significantly shorter in
the rural group (354.6 m vs 388.7 m, adjusted difference −34.1,
95% CI −46.6 to −21.5; P < 0.001). This coincided with signifi-
cantly worse physical health–related quality of life (33.7 vs 36.4,

Figure 1. Box plots are shown in which the middle line represents
the median value, the X the mean value, and the box represents the
interquartile range. Whiskers extend to the most extreme observed
values within the 1.5 times the interquartile range of the nearer quar-
tile, and dots represent observed values outside the range. WOMAC,
Western Ontario McMasters Universities Osteoarthritis Index (range
0 [no pain] to 20 [severe pain]).

Figure 2. (A) Pairwise comparisons (95% confidence interval) between D + E and C in WOMAC pain for rural and urban communities. Negative
values indicate that the D + E group had less pain than the C group. Positive values indicate that the C group had less pain than the D + E group.
(B) Pairwise comparisons (95% confidence interval) between D + E and C in function for rural and urban communities. Negative values indicate that
the D + E group had better function than the C group. Positive values indicate that the C group had better function than the D + E group. BMI, body
mass index; C, attention control; D, diet; E, exercise; WOMAC, Western Ontario McMasters Universities Osteoarthritis Index.
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adjusted difference −2.7, 95% CI −4.0 to −1.5; P < 0.001). Mental
health–related quality of life was not significantly different between
the rural and urban groups at baseline; however, the number of
depressive symptoms was significantly greater in the rural group
(5.8 vs 5.1, adjusted difference 0.8, 95% CI 0.1–1.5; P = 0.03).

The effect of the two interventions (D + E and C) on WOMAC
knee pain and WOMAC function at 18-month follow-up was not
statistically different (P > 0.05) between the rural and urban
groups; the difference in WOMAC function was not significant
(Pinteraction = 0.054) (Figure 2A and B). Six-minute walk distance,
SF-36 physical, and the CES-D at 18-month follow-up were
not statistically different between the rural and urban groups
(D + E − C, Pinteraction > 0.05; Table 3). The change in BMI
across the 18-month intervention period showed a pair-
wise difference between D + E and C for the rural group of
2.47 kg/m2 compared with a difference of 1.78 kg/m2 for the
urban group, a 39% relative difference between the rural and
urban cohorts (P = 0.15) (Figure 3).

DISCUSSION

Rural participants had more pain, poorer function, worse
mobility, and a poorer physical health–related quality of life at
baseline than their urban counterparts. These baseline differ-
ences align with past reports that documented the inadequate
access of rural areas to services related to a healthier lifestyle,
including few health care specialists resulting in long wait times
and long travel distances for medical appointments, the lack of
grocery stores that stock healthy food choices at reasonable
prices, low neighborhood walkability, and limited availability of

exercise and recreational facilities managed by a skilled work-
force.2 What remained unknown was how patients with knee OA
living in rural locations would respond to behavioral interventions
relative to their urban counterparts. Despite initial differences
between groups and the larger improvements in the rural group
because of D + E, the response to D + E as compared with C
was similar across the rural and urban groups. The only outcome
that approached significance was WOMAC function (P = 0.054),
wherein the rural group responded more positively to the D + E
treatment relative to C. Taken together, these data suggest that
the D + E intervention was equally effective in rural and urban
settings.

The same pattern of worse baseline values for the rural group
relative to the urban group but similar group values at follow-up
was also present for the C group, suggesting that some of the
improvement in the rural cohort could be attributed to regression
to the mean. Regardless of the mechanism involved, these data
indicate that rural dwellers benefit from participating in a long-term
behavioral D + E trial and that the possibility of greater efficacy in
rural settings needs further examination.

These results may not reflect how rural participants
respond to other interventions. Hence, their inclusion in future
behavioral clinical trials would better reflect the US population.
Access to proper facilities and trained personnel, however,
remains a serious concern in rural areas. Using telehealth to
reach patients in remote areas may be one solution to this
problem.40–42

This study has several limitations. The statistical analyses
adjusted for differences in annual income, our marker of socio-
economic status.43 Other measures, such as social circum-
stances, availability of health care, number of health care
providers, and distance to grocery stores with healthy choices,
were not documented.44 Our definition of rurality was based on
population density (number of people per square mile). Availability
of and travel time to health care services, a measure of remote-
ness, was not included in our analysis.44,45

Among participants with knee OA and overweight or obesity,
D + E compared with C led to equally effective outcomes in rural
and urban dwellers that favored D + E. The possibility that there
may be greater differential efficacy in functional outcomes among
rural participants needs further study.
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