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Abstract

Background: Recently, we determined that in a rigorously monitored environment an intensive diet-induced
weight loss of 10% combined with exercise was significantly more effective at reducing pain in men and women
with symptomatic knee osteoarthritis (OA) than either intervention alone. Compared to previous long-term weight
loss and exercise trials of knee OA, our intensive diet-induced weight loss and exercise intervention was twice as
effective at reducing pain intensity. Whether these results can be generalized to less intensively monitored cohorts
is unknown. Thus, the policy relevant and clinically important question is: Can we adapt this successful solution to a
pervasive public health problem in real-world clinical and community settings? This study aims to develop a systematic,
practical, cost-effective diet-induced weight loss and exercise intervention implemented in community settings and to
determine its effectiveness in reducing pain and improving other clinical outcomes in persons with knee OA.

Methods/Design: This is a Phase III, pragmatic, assessor-blinded, randomized controlled trial. Participants will include
820 ambulatory, community-dwelling, overweight and obese (BMI≥ 27 kg/m2) men and women aged≥ 50 years who
meet the American College of Rheumatology clinical criteria for knee OA. The primary aim is to determine whether a
community-based 18-month diet-induced weight loss and exercise intervention based on social cognitive theory and
implemented in three North Carolina counties with diverse residential (from urban to rural) and socioeconomic
composition significantly decreases knee pain in overweight and obese adults with knee OA relative to a nutrition and
health attention control group. Secondary aims will determine whether this intervention improves self-reported function,
health-related quality of life, mobility, and is cost-effective.
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Discussion: Many physicians who treat people with knee OA have no practical means to implement weight loss and
exercise treatments as recommended by numerous OA treatment guidelines. This study will establish the effectiveness of
a community program that will serve as a blueprint and exemplar for clinicians and public health officials in urban and
rural communities to implement a diet-induced weight loss and exercise program designed to reduce knee pain and
improve other clinical outcomes in overweight and obese adults with knee OA.

Trial registration: clinicaltrials.gov Identifier: NCT02577549 October 12, 2015.

Keywords: Osteoarthritis, Knee pain, Clinical trial, Pragmatic, Community based research
Background
Worldwide, only half of the population seeking osteoarth-
ritis (OA) health management receive appropriate care.
This is due, in part, to limited prescription of non-
pharmacologic interventions, the rise of pharmacologic pre-
scriptions for symptom management, low patient health
literacy, and barriers impeding lifestyle modifications [1, 2].
Knee OA is the most common and persistent cause of mo-
bility dependency and disability; its prevalence is estimated
at over 250 million, or 3.6% of the world’s population [3, 4].
OA is chronic – patients live with the symptoms for an
average of 26 years [5]. With no effective disease-modifying
interventions, treatment focuses on pain relief, but the
safety concerns associated with many pain medications
highlight the need for safe, effective non-pharmacologic in-
terventions. Clinical guidelines strongly encourage the use
of non-pharmacologic exercise and diet to relieve pain and
improve function [6, 7]. Unfortunately, only 25% of the pa-
tients requiring advice concerning these treatments (BMI ≥
27 kg/m2 with diagnosed knee OA) receive the necessary
care [8]. Moreover, these interventions, proven effective
under highly controlled conditions, have yet to show long-
term improvements in community settings [9–11].
The association between obesity and knee OA was

first documented in 1945 and has been widely verified
[12–15]. Two in three obese people may develop symp-
tomatic knee OA in their lifetime [16]. Obesity is the
most modifiable risk factor for knee OA, and weight loss
is a safe, effective non-pharmacologic intervention to
improve clinical outcomes [9, 10]. Recently, our Inten-
sive Diet and Exercise for Arthritis (IDEA) trial com-
pared a diet-induced weight-loss (D) of 10% of baseline
weight and exercise (E) interventions, separately and in
combination (D + E), across an 18-month period in 454
overweight and obese older adults with knee OA. The
primary mechanistic outcomes, knee joint loads and in-
flammation, were reduced in D and D + E compared to
E [10]. An intent-to-treat analysis also revealed that
while D and E successfully reduced pain after 18 months
(D: 25%, E: 28%), the combination of D + E was twice as
effective with a 51% decrease from baseline. The D + E
group was also superior to the E group on other clinical
measures including physical function and walking speed.
IDEA, with its 10% weight loss, produced superior re-
sults to our previous trial (ADAPT) of exercise and 5%
weight loss that resulted in a 30% reduction in pain [9].
Taken together, these trials provide strong support for
our model (Fig. 1) indicating that weight loss plus exer-
cise improves clinical outcomes by affecting both the
biomechanical and inflammatory OA disease pathways,
decreasing knee joint loads and pro-inflammatory cyto-
kine activity.
IDEA was an efficacy study implemented in a university

setting under rigorously monitored conditions that in-
cluded highly educated and well trained staff, and excellent,
well-maintained facilities. Clinicians have expressed con-
cern about the lack of practical means to implement and
sustain a similar program in a community-based environ-
ment. Thus, determining whether we can adapt this suc-
cessful program to a pervasive public health problem in
real-world clinical and community settings is a clinically
important question that has public policy implications.
Approximately 25% of the United States population lives

in rural communities [17–19] with most having fewer ser-
vices and resources than urban communities [20]. Rural
dwellers report poorer health-related quality of life [21],
reflecting higher prevalence of many disorders, including
knee OA. Delivering proven health interventions to com-
munities with limited healthcare access is a national public
health priority [22]. Weight-loss and Exercise for Commu-
nities with Arthritis in North Carolina (we-can) is the first
long-term trial of diet-induced weight loss and exercise in
older adults with knee OA implemented under pragmatic
conditions in both rural and urban communities. Building
on the results of IDEA, the intent of the we-can trial is to
translate this highly beneficial, long-term intervention for
a major chronic health condition to diverse community
settings.
Few trials are purely pragmatic; most fall on a continuum

between pragmatism and efficacy [23]. The pragmatic com-
ponents of we-can include: (1) large sample size (N = 820);
(2) broad inclusion criteria; (3) patient-centered outcomes;
(4) conducted in established community facilities rather
than a referral or university center; (5) commonly available

https://clinicaltrials.gov/ct2/show/NCT02577549


Fig. 1 Our model developed for IDEA and used for we-can indicating the pathways by which intensive weight loss and exercise can decrease
joint loads and inflammation leading to decreased pain and improved mobility and health related quality of life
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community-based staff to deliver the standardized treat-
ment; (6) non-physicians trained by our physicians to
perform a knee exam based on American College of
Rheumatology (ACR) clinical criteria; and (7) diverse means
of communication with participants (e.g., phone, email,
study website, Facebook, text messages). Our experience
with ADAPT [9] and IDEA [10] indicates participants need
regular interaction with study staff to achieve significant
weight loss. Hence, the primary efficacy component of our
design is the use of diverse methods of contact by staff who
are not physicians but trained community interventionists
to maintain participant interaction. The pragmatic nature
of many aspects of this trial combined with cost effective
methods of staff-patient communication is more likely to
improve health care that can be generalized and applied in
varied community settings [24].

Methods/Design
Trial organization
The intervention is delivered in communities across North
Carolina including 3 sites in Forsyth County, 2 sites in
Johnston County, and 1 site in Haywood County. The Co-
ordinating Center at Wake Forest University and Wake
Forest Health Sciences in Forsyth County consists of the
Administrative and Data Management Groups that
oversees day-to-day operations, including recruitment,
randomization, data uploads to a central, secured web site,
training sessions, coordinating central resources, reporting
to the Data Safety and Monitoring Board (DSMB), and
collaborating on manuscripts describing trial results
(Fig. 2). The Executive Committee (Principal Investigators
(PIs), site PIs, ad hoc member), with input from the co-
investigators, is responsible for major policy decisions gov-
erning trial conduct. Other standing committees include:
a Community Advisory Board that consists of a physician
and patient advocate from each county; Recruitment; Nu-
trition and Exercise Intervention; Nutrition and Health
Attention Control; Adherence and Retention; Safety;
Cost-Effectiveness; Intellectual Property; Ancillary Studies;
and Publications and Presentations.

Research design and methods
Study design
we-can is a Phase III, two arm parallel, pragmatic, assessor-
blinded, community-based trial examining the effects of an
intensive diet-induced weight-loss and exercise intervention
under real-world conditions. It focuses on outcomes that
matter to patients, such as reduced pain (primary outcome)
and improved function, mobility, and health-related quality
of life. It uses broad inclusion criteria, community facilities,
and community exercise leaders and nutrition advisors to
deliver interventions. Strategies to maintain or improve ad-
herence are based in social cognitive theory and are tailored
to real-world delivery.

Study sample
Participants will include 820 ambulatory, community-
dwelling, overweight and obese (BMI ≥ 27 kg/m2) men and
women who meet the ACR clinical criteria for knee OA of
age ≥ 50 years, knee pain on most days of the week, plus at
least 2 of the following: stiffness < 30 min/day; crepitus;
bony tenderness; bony enlargement; no palpable warmth
[25]. With few exclusion criteria (Table 1), participants
with self-reported disability due to knee OA are



Fig. 2 we-can organizational structure
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randomized into diet-induced weight-loss and exercise (D
+ E) or nutrition and health attention control (N + H)
groups, regardless of anticipated risk, past compli-
ance, or comorbidities. All participants may maintain
their regular medications including analgesics. If pain
decreases, they may reduce them with their physi-
cian’s consent. Medications are recorded at baseline,
6-, 12-, and 18-month follow-up visits. The study
protocol was reviewed and approved by the Human
Subjects Committees of Wake Forest Health Sciences
(Human protocol: IRB33618) and The University of
North Carolina at Chapel Hill (Human Protocol:
IRB15-1427) and is in compliance with the terms and
conditions set forth in the Helsinki Declaration.
Table 1 Exclusion criteria

Criteria Exclusion

Significant co-morbid disease that would
pose a safety threat or impair ability to
participate; low BMI; no knee OA

Symptomatic or severe coron
walk without assistive device
BMI < 27.0 kg/m2, does not m
knee OA

Ability and willingness to modify dietary or
exercise behaviors

Unwillingness or inability to c
activity habits due to environ
English

Ability to finish or to comply with the
18-month study

Planning to leave area ≥ 2 m
18 months

Significant cognitive impairment Montreal Cognitive Assessme

Transportation Unable to provide own trans
intervention site
Randomization
Each eligible participant is randomized to one of the
two arms of the clinical trial (D + E or N +H) according
to a variable block-length algorithm that is controlled by
the Data Management Group. Randomization is stratified
by intervention site (i.e., Forsyth, Haywood, Johnston
counties) to ensure balance for the two interventions with
respect to each site’s population characteristics (e.g.,
residential, socioeconomic). Within each county, par-
ticipants are also stratified based on BMI (27.0-34.9,
≥ 35.0 kg/m2) and gender to ensure balance across
these factors. Randomization uses a web-based sys-
tem that is part of the study data management
system.
Method

ary artery disease; unable to
; blindness; type 1 diabetes;
eet ACR clinical criteria for

Medical history; knee exam using ACR
clinical criteria and performed by
research staff trained by our MDs

hange eating and physical
ment; cannot speak and read

Questionnaire, assessment by
interventionists

onths during the next Questionnaire

nt (MOCA) Medical history, MOCA

portation to and from the Questionnaire
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Clinical sites
Table 2 describes each community intervention site.
Johnston County is non-metropolitan with small cities
and rural areas; Forsyth County is metropolitan, with
the city of Winston-Salem and surrounding suburbs;
Haywood County is non-metropolitan with rural and
small city areas. To maintain assessor blinding, each
county has a site to collect participant outcome data that
is separate from the intervention sites.

Interventions
The goal of the D + E intervention is a loss of at least
10% of baseline body weight as recommended by the
National Institutes of Health [26] for overweight and
obese adults and is consistent with our results in IDEA
in which an 11.4% weight loss combined with exercise
reduced knee pain by 51% [27]. The N +H attention
control group, modeled on similar groups in our previ-
ous studies, provides attention, social interaction, and
nutrition and health education [28, 29].

Intensive diet-induced weight loss
The dietary plan is characterized by frequency of con-
tacts, methods to induce caloric restriction, and behav-
ioral strategies. For the first 6 months, the plan is based
on 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 1 meal replace-
ment per day during months 7–18. The plan is individu-
alized and based on the program used in IDEA [30].
Based on IDEA, most participants will reach their
weight-loss goal after 9 months. Once it is achieved, they
may self-select to begin weight maintenance or continue
to lose weight using safe, healthy nutrition practices,
provided the participant is motivated to continue losing
weight and has not reached a level associated with pos-
sible health hazards; i.e. > 20% body weight loss at
6 months or >30% at 12 months [31, 32].
Table 2 Description of intervention sites by county

County Site Name Description

Forsyth
population 361,220
859 persons/mi2

Healthy Exercise
Lifestyle Programs

Community, universi

Smiley Fitness Private

St. Peter’s World
Outreach Center

Church

Johnston
population 177,967
213 persons/mi2

Johnston Health Care
Medical Mall

Facility within Medic
affiliated with Hospit

Clayton Community Center Parks/Rec Center

Haywood
population 59,183
106 persons/mi2

MedWest Fitness Center Hospital Fitness Cen
Initial diet plans ensure an energy-intake deficit of
800–1000 kcals/day from the estimated energy expend-
iture (predicted resting metabolism calculated using the
Owen equation [33] x 1.2 activity factor). The exercise
program should expend an average of 200 kcals/day, for
a total imbalance of at least 1,000 kcals/day. The lowest
intake will be 1,100 kcals for women and 1,200 kcals for
men. The distribution goal will be 15–20% protein with
at least 1.2 g protein/kg ideal body weight; <30% fat;
<10% saturated fatty acids; and 45–60% carbohydrates.
These levels are consistent with the Dietary Reference
Intakes for Energy and Macronutrients and successful
weight-loss programs [34]. The amount of protein is
based on recent evidence showing a greater need for
older adults to support good health [35]. The NIH Diet
History Questionnaire is used to assess dietary intake
[36, 37].
There is flexibility in the intervention that permits par-

ticipants to utilize other forms of healthy, low-calorie
meal replacements or pre-portioned meals to replace the
Lean Shakes. For months 7–18, participants consume
meals with healthy foods that follow a recommended
diet plan with an option to incorporate 1 meal replace-
ment per day. Meals are targeted to contain 400–600
kcals and low in fat and sugars and high in vegetables,
fruits, and whole grains. Snacks (~100-120 kcals) may
include a nutrition bar, fruit, or vegetable. Daily energy
intake is adjusted to the rate of weight change with a
goal of 1 kg lost per wk. Each participant is encouraged
to take a daily multivitamin/mineral supplement con-
taining up to 100% of the Dietary Reference Intake per
nutrient. Intervention staff assists in developing meal
plans to provide the prescribed macronutrient-balanced
energy intake.
The intervention staff conducts group and individual

sessions throughout the 18 months (Table 3). Content
emphasizes nutrition and behavioral strategies to attain
the weight-loss goal. At the outset, participants select
Size (sq.ft) Exercise Nutrition

ty setting 20,000 track, aerobic equipment
strength equipment

2 classrooms

2,200 aerobic, strength equip. 1 classroom

73,000 track, strength equipment. 2 classrooms
with kitchen

al Mall
al

197,000 Track, strength equipment 1 classrooms

34,000 Track, aerobic equipment
strength equipment

2 classrooms

ter 54,000 Track, aerobic equipment
strength equipment

2 classrooms



Table 3 Summary of diet-induced weight loss plan and number of planned contacts

Months Weight loss plan Meal Replacements
or equivalent per day (N)

Contacts per month (N)

Total Individual Group

0-6 Energy restriction 800–1000 kcals/day 1-2 4 2a 2

7-12 Either continued energy restriction or weight maintenance
once 10% weight loss reached

0-1 2 1a 1

13-18 Either continued energy restriction or weight maintenance
once 10% weight loss reached

0-1 1 1a none

aIndividual contacts will alternate between face-to-face and a method preferred by the participant (i.e., phone, email, text, etc.)
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their preferred mode of contact (e.g., phone, email, study
website, Facebook, text messages), and information is
distributed accordingly. Individual sessions alternate be-
tween face-to-face and other modes; group sessions are
face-to-face.
Alert values
Weight is monitored by the interventionists at each
face-to-face meeting. A >20% loss after 6 months or
>30% after 12 months triggers a safety alert. This infor-
mation is shared promptly with the site medical director
and the Nutrition and Exercise Committee who will de-
termine the next course of action. This information is
reported to the Data and Safety Monitoring Board.
Acute adverse effects are rare in a planned weight-loss
strategy such as we-can, even in older adults. In partici-
pants who experience a serious adverse event, the med-
ical director and the participant’s primary care physician
consult to determine the possibility of continued study
participation.
Exercise
The exercise component includes 60-min sessions 3 days
per week for 18 months at one of the designated commu-
nity facilities. The prescribed exercise program consists of
aerobic (15 min), resistance-training (20 min), a second
aerobic (15 min), and cool-down (10 min) phases.
Strength training is particularly relevant to offset any loss
of muscle and bone mass resulting from weight loss. In
addition to the 3 scheduled days, participants are encour-
aged to exercise most other days of the week on their
own. Our protocol is consistent with the American Col-
lege of Sports Medicine (ACSM) guidelines for exercise
for older adults [38]. Monthly exercise logs are used to
monitor progress. Prior to planned absences (e.g., vaca-
tions, caregiver duties) participants receive exercise logs
and personal instruction on substituting home-based exer-
cises to perform while away.
Walking is the primary mode of aerobic training. A tar-

get heart rate range will be calculated as 40–60% of the
heart rate reserve using the Karvonen formula below [39].
The range of 40–60% (i.e., fractional intensity) meets the
ACSM definition of moderate intensity exercise.
Target Heart Rate Range ¼ fractional intensityð Þ
� HRmax � HRrestð Þ
þ HRrest

Where HRmax ¼ age−predicted maximum heart rate;
using 208� 0:7 ageð Þ

HRrest ¼ resting heart rate

The goal of the strength training is to improve mobil-
ity and balance and attenuate loss of muscle and bone
mass. Resistance exercises include hip abduction/adduc-
tion, leg extension, leg curl, leg press, and heel raise/calf
press. Depending on the resources available at each
community facility, machines, Thera-bands™, free
weights, or the participants’ own body weight are used.
Two sets of 12 repetitions of each exercise are per-
formed with a 1–1.5 min rest between sets. Home exer-
cise serves as a backup for days when facility based
participation is not possible; participants are provided
Thera-bands™ and a manual to continue the same regi-
men as in the facility.

Nutrition and health group
One half of the participants (N = 410) are randomized to
the Nutrition and Health attention control group, mod-
eled after our FAST [40], ADAPT [9], and START [28]
control groups. It provides attention, social interaction,
and evidence-based nutrition and health education deliv-
ered in 1-h, face-to-face group meetings during months
1, 3, 6, 9, and 15, and via informational packets and
webinars during alternate months. The sessions are
interactive and provide useful information on such
topics as protein and dairy, food labels, organic and
non-organic foods, holiday eating, and stress manage-
ment. In addition, N +H group members receive 100
USD for completing their testing visits; 25 USD at
6 month testing and 75 USD at 18 month testing. The
face-to-face meetings feature a community health pro-
fessional, a member of the Community Advisory Board,
or a we-can investigator.

Techniques to improve adherence and retention
we-can’s design evolved from Social Cognitive Theory
(SCT), group dynamics, and our experience with weight
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management and exercise trials. SCT suggests that behav-
ior is learned through on-going interactions among the
person, environment, and the behavior; behavior change is
complex and people don’t simply react to the environ-
ment. For example, nutrition practices (behavior) in over-
weight and obese older adults with knee OA may be
affected by the amount of pain experienced (person) and
by interactions with interventionists in the community set-
ting (environment). The study behavioral psychologist
trains we-can community interventionists in standardized
and validated behavioral techniques based on a SCT
framework to enhance adherence. They include regular
contact using diverse methods; positive feedback; estab-
lishing personal commitment to the project; promoting a
sense of community via study logo, cards, and newsletters;
and developing self-efficacy, realistic outcome expecta-
tions, and self-regulatory skills. The importance of regular
attendance is emphasized, and data reviewed regularly to
identify those who need additional reminders and strat-
egies from the toolbox.
Our toolbox approach tailors the intervention to each

participant. When a problem or barrier to participation is
identified, a strategy is tested for a specific period of time
to overcome that problem. If the problem is resolved, the
strategy is continued until behavior change is consistent.
If not, a new strategy is selected and tested for a specific
period. For example, if a participant develops a caregiver
conflict with their scheduled group exercise session, an al-
ternate time is identified to improve attendance; if that
new time still doesn’t work then options to exercise at
home are provided. Communication is scheduled regularly
via their preferred mode of contact to discuss progress
and home logs are monitored over time to ensure that this
new strategy is successful. Some of these strategies are
used in groups, while others require one-on-one inter-
action via the participant’s preferred mode of contact. The
Adherence and Retention Committee reviews adherence
rates at regular intervals; discussions focus on site-specific
adherence rates, barriers to participation, and strategies to
promote adherence.

Training study personnel
Coordinating Center personnel provide on-site training
for the community interventionists during the 9-month
planning period (and during the course of the trial for
newly hired interventionists) and tailor the instruction to
the local facilities. For example, some exercise facilities
have indoor tracks conducive to walking, while others
with less space use treadmills, elliptical trainers, stationary
bikes, or low-impact aerobic dance. Some facilities have a
full kitchen for nutrition classes, while others have no kit-
chen facilities in meeting locations. Tailoring the interven-
tion to each facility and employing and training people
from the local community supports our pragmatic study
design. Following the initial training sessions, the Coord-
inating Center’s interventionist team monitors fidelity and
the progress of each site via bi-weekly WebEx meetings
with our psychologist, examining adherence rates, barriers
to participation, noncompliant participants, and strategies
that have proved successful. These core values are consist-
ent, effective processes for translating knowledge into
practice [41].

Protocol deviations
Study staff reports all protocol deviations on the study web-
site. Protocol deviations that do not constitute an unantici-
pated problem are submitted to the Safety Committee on a
monthly basis for quarterly review by the Coordinating
Center. Any protocol deviation that results in an unantici-
pated problem and impacts participant safety is reported to
the Safety Committee within 24 h and to the Institutional
Review Board (IRB) and National Institute of Arthritis and
Musculoskeletal and Skin Disease (NIAMS) via KAI
(NIAMS subcontractor) within 48 h of the event. KAI staff
distribute these reports to the DSMB.

Adverse Event (AE) collection and reporting
Participants are queried monthly regarding AEs and en-
couraged to report AEs to their interventionist soon after
they occur. These include any new events not present dur-
ing the pre-intervention period or events that were
present during the pre-intervention period that have in-
creased in severity. Some delayed onset muscle soreness
(DOMS) is expected after training sessions; excessive
DOMS could be reported as an AE, depending on sever-
ity. SAEs are reported to the site PI and site physician
within 24 h of notification by the participant. Non-serious
adverse events (related and unrelated to the study) are re-
ported to the site PI and site physician within 7 days of
notification of the event; the site PI and study physician
will report serious adverse events (SAE) to the Safety
Committee within 24 h and to NIAMS via KAI within
48 h of the initial report (Table 4).

Trial conduct
Recruitment
Recruitment goals for each county were based on previ-
ous recruitment success and population density; Forsyth,
Johnston, and Haywood Counties’ recruitment goals are
450, 220, and 150, respectively (total = 820). With fewer
exclusion criteria than in our previous trials, we conser-
vatively estimate an average yield of 15%. A web-based
data tracking system monitors recruitment strategies in
each county.
We use overlapping recruitment strategies and a moni-

toring system that provides feedback regarding the effect-
iveness and cost of each. Forsyth County uses mailings,
local newspaper ads, and Wake ONE, the Wake Forest



Table 4 Reporting of serious adverse events

Type of Event Reporting Requirements Reporting Requirements Reporting Requirements

Initial Report Clinical Site Safety Committee

Serious Adverse
Events (SAE)

Reported to Site
PI/Physician immediately

Within 24 h of initial receipt of the
information Clinical Site will report
to Safety Committee

Within 24 h of initial receipt of the information Safety
Committee will report to NIAMS (48 h from initial report)

Non serious
Adverse Events (AE)

Reported to Site
PI/Physician within 7 days

Reported in monthly
correspondence to Safety Committee

Reported in Bi-annual correspondence to NIAMS
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Baptist Health patient database. We also have strong ties
with local aging service networks and access to senior cen-
ters, senior high-rise residential sites, churches, and a large
database of older adults who have signed consent to be
contacted about participating in future clinical trials. The
University of North Carolina Chapel Hill has a similar rela-
tionship with Johnston County and has ready access to a
large segment of the population, many who have signed
consent to be contacted for future studies. The most suc-
cessful recruitment methods for clinical trials in the county
have been through the Johnston County Health System
(which is part of the UNC Health System and patient data-
base), primary care offices, local newspapers, radio/TV
shows, the Seniors Guide, a Parks and Recreation Brochure,
the newsletter for the Town of Clayton, and the Clayton
Community Center. Methods of recruitment in Haywood
include community talks, physician practices, local news-
paper articles and/or advertisements, local orthopedic
groups, and the Haywood Health and Fitness Center.
The three recruitment coordinators plan strategies and

activities for each clinical site. Our experience indicates
that monitoring the recruitment process continually is
necessary to achieve study goals. At bi-weekly meetings,
the Recruitment Committee reviews all recruitment ac-
tivities, plans new ones, and monitors the number of
phone contacts, screening visits (SV1), and participants
randomized. We estimate yields as the project pro-
gresses to determine whether our strategies should be
intensified or altered. Specific strategies aim to maximize
the number of African-Americans who qualify for, and
are enrolled in the study. Haywood and Johnston coun-
ties contribute heavily to our rural population, another
underrepresented cohort in clinical trials.

Timeline
Recruitment for each of 10 waves takes approximately
3 months with an average of 82 participants/wave across all
three intervention sites; an average of 45, 22, and 15 partici-
pants are randomized per wave for Forsyth, Johnston, and
Haywood counties respectively (Table 5).

Measurements
Screening and follow-up visits
The Western Ontario McMasters Universities Osteo-
arthritis Index (WOMAC) pain (primary outcome) and
function (secondary outcome) subscales are detailed
below [42, 43]. Other secondary measures including the
appropriate citations that detail the metrics for each test
instrument are listed in Table 6. Questionnaires and per-
formance measures are completed at baseline, 6 month
follow-up (FU6), FU12, and FU18. Participant eligibility
and screening flow chart are shown in Fig. 3.
Screening
Self-reported pain (primary outcome) and physical func-
tion are measured using the Likert version of the
WOMAC [43]. The pain index (included as a subscale of
the KOOS questionnaire [44]) assesses participants’ pain
on a scale ranging from 0 (none) to 4 (extreme). The pain
subscale consists of 5 items and total scores can range
from 0 to 20, with higher scores indicating greater pain.
This instrument is recommended by the Osteoarthritis Re-
search Society International as the health status measure
of choice for older adults with knee OA. It has been vali-
dated for use in orthopaedic and pharmacologic interven-
tions. The pain subscale is also used as a screening tool
during SV1 (pain must be ≥ 1 on WOMAC pain subscale).
It is also administered to the eligible participants at each
scheduled follow-up visit.
For physical function, the Likert version asks partici-

pants to indicate on the same scale from 0 (none) to 4
(extreme) the degree of difficulty experienced perform-
ing activities of daily living in the last 48 h due to knee
pain. Individual scores for the 17 items are totaled to
generate a summary score that can range from 0 to 68,
with higher scores indicating poorer function.
Statistical considerations
Data management
The Data Management Group of the Coordinating Center
has primary responsibility for randomization, quality con-
trol, and analyses of data generated by the clinical centers.
Primary outcomes and nutrient intake data are collected
on hard-copy forms at each site and transferred to an elec-
tronic database, while secondary outcomes are collected
either electronically or on paper. Our web-based manage-
ment system assures integrity and validity. Dynamic re-
ports and periodic statistical analyses monitor quality. A
participant-based inventory system tracks recruitment,



Table 5 Study time line with milestones

Planning Months1-6 1st subject enrolled in intervention 25% enrolled 50% enrolled 75% enrolled 100% enrolled

Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Wave 7 Wave 8 Wave 9 Wave 10

Recruitment months 7-9 10-12 13-15 16-18 19-21 22-24 25-27 28-30 31-33 34-36

Intervention 10-27 13-30 16-33 19-36 22-39 25-42 28-45 31-48 34-51 37-54

N 82 164 246 328 410 492 574 656 738 820

Analysis and Final Report: Months 54-60
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retention, adherence, and missing data from entry through
exit, close-out, and lock-down of final datasets.

Statistical analyses
All primary analyses are based on intention-to-treat prin-
ciples in full accordance with CONSORT guidelines [45].

Primary analysis
The primary hypothesis of less WOMAC pain in the
D + E group at FU18 compared to the N +H attention
control group is tested based on a two-tailed significance
level of 0.05 using contrast statements from a repeated
measures mixed linear model with time (6, 18 months),
randomization arm (D + E vs N +H), and the interaction,
which adjusts the means at each time point for potential
missing data bias. Intervention-effect estimates are further
adjusted for baseline pain values, BMI, county, and gen-
der; analysis matches the design, so the variance estimate
is not biased.

Secondary aim 2
Repeated measures mixed linear models similar to those
for Aim 1 are used to analyze WOMAC function, 6-min
walk, and SF-36 physical subscale. Each outcome is
modeled separately, and 18-month effectiveness tested
based on a two-tailed significance level of 0.05.

Sample size and power calculations
Primary outcome
Based on ADAPT, the control group is expected to reduce
pain by approximately 10%; therefore, a 15% between-
group difference would require a 25% within-group im-
provement from baseline, exceeding a minimally clinically
important improvement (MCII) of 20% [9, 46]. A total
sample of 820 (410/group) will provide 94% statistical
power to detect differences ≥15% in pain at the 2-sided
0.05 significance level with 80% retention (2-sample t-test,
Nquery Advisor). In IDEA, the intent-to-treat analysis re-
vealed a 51% reduction in pain in the D + E group, which
suggests these assumptions are conservative.

Secondary outcomes
Our sample size can detect a moderate effect size of 0.234
at 85% power with relevant detectable differences. How-
ever, all estimates from IDEA and ADAPT were collected
under rigorously controlled conditions; therefore, the esti-
mates for the pragmatic trial are conservative. We assume
a total baseline sample size of N = 820, 80% retention at
18 months, and a 0.05 level of significance for all tests.

Economic evaluation
To establish the effectiveness of the pragmatic weight
loss and exercise intervention appropriate data are col-
lected to address the question of cost-effectiveness. In
addition to formal cost-effectiveness analysis, a budget
impact analysis will quantify the financial consequences
of adopting the program by various payer models, in-
cluding insurance organizations, healthcare systems, and
government, given real-life resource constraints. The re-
sults can be used for budget planning and changes in
health insurance premiums.
Data on resource use are collected at 6-month intervals.

Direct medical costs include costs of inpatient stays and
procedures (including knee surgery); outpatient physician,
physical therapy, and emergency room visits; laboratory
studies, medical devices, and medications, prescribed and
non-prescribed. Costs of the intervention includes the
meal replacements, monitoring, the wages of intervention
and control personnel over the period of the intervention,
and any facility rental costs needed to deliver the interven-
tion. Direct nonmedical costs and indirect costs include
transportation to intervention centers and other costs to
the participant and family to ensure he or she can take
part in all we-can activities.
We also gather data on indirect costs of lost wages for

employed participants (e.g., equivalent to 31% of lost
wages in IDEA). Data on time costs (productivity losses)
are collected and included in sensitivity analyses. The
primary analysis is conducted without indirect costs per
recommendations of the Panel on Cost-Effectiveness in
Health and Medicine [47, 48]. Quality-adjusted life years
(QALYs) is our measure of effectiveness [49, 50]. In all
analyses, a 3% per year discounting is applied to both
costs and effectiveness [48]. The cost-effectiveness ana-
lysis is performed for the trial’s duration and remaining
lifetime of the participants.

Discussion
Exercise and weight loss have level 1 evidence of efficacy
[6] for pain relief and the combination is most efficacious



Table 6 Measurements with screening and follow-up visit schedule

Measurements PSV SV1 FU6 FU12 FU18 Explanation

Questionnaires

Informed Consent x

Eligibility Questionnaire x To determine eligibility

Medical History xc x x x x For eligibility and to document changes in health

Risk Stratification xc x Used to screen for cardiovascular risk [54]

Comorbidities Questionnaire x x x x [55]

Randomization x

WOMAC x x x x Pain is primary outcome [42]

KOOS x x x x Pain, symptoms, ADL, sport, recreation, knee QOL [56]

ICOAP x x x x Intermittent and constant osteoarthritis pain, 2 sleep questions [57]

Cost Effectiveness x x x x

PASE scale x x x x Physical Activity Scale for the Elderly [58]

MOCA x x Montreal Cognitive Assessment [59, 60]

CES-D x x x x The Center for Epidemiologic Studies Depression Scale [61]

EuroQol Quality of Life(EQ5D) x x x x Quality of life measure [62]

Work History Resource x x x x Visits to clinicians, tests, medications, injections, surgery, alternative
therapies

Work Productivity and Activity Impairment
Index

x x x x Assesses absenteeism and presenteeism [63]

DHQ II x x x x NIH Diet History Questionnaire [36, 37]

SF-36 x x x x Health related quality of life [physical, mental] [64]

Self-Efficacy-Adherence x x x x Belief can exercise over time [65]

Perceived Stress (PSS) x x x x The degree to which people perceive their lives as stressful [66]

Pain Catastrophizing Scale (PCS) x x x x Catastrophizing [rumination, magnification, and helplessness] [67, 68]

Healthy Literacy x x x x Functional health literacy [69]

Walking Efficacy for Duration x x x x Confidence in walking for different durations [65]

Gait Efficacy x x x x Confidence in completing gait related tasks [65]

Weight Efficacy Lifestyle Questionnaire (WEL) x x x x Self-Efficacy for weight management [70]

Positive and Negative Affect Scale (PANAS) x x x x Positive and Negative Affect [71]

Demographics x

Medication form x x x x Atherosclerosis Risk in Communities form [72]

Satisfaction With Life Scale x x x x Quality of life [73]

Physical Performance Tests/Knee Exam

Height and weight x x To determine BMI

Adverse Events x x x x Also collected as they occur

Knee exam x To determine eligibility

Pain Severity x x x To determine MCID [74]

6 min walk x x x x Measure of mobility [75]

Expanded Short Physical Performance Battery
(SPPB)

x x x x Gait speed, sit to stand, balance tests; predicts disability [76]

Functional Leg Strength x x x x Sit to stand test, part of SPPB

Blood Pressure x x x x Overall health measure

GAITRite gait analysis x x x x Temporospatial gait variables

Stair climb x x x x Timed Stair ascent and descent [77]

xc brief screen by self-report, PSV Prescreening Visit, SV screening visit, FU follow-up 6, 12, 18 months after screening visit, MCID minimally clinically
important difference
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Fig. 3 Participant eligibility and screening flow chart. BMI = body mass index; CHD = cardiovascular heart disease; ACR = American College
of Rheumatology
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[9, 10], yet health practitioners often do not refer patients
to community programs, either because they don’t exist
or because non-pharmacologic alternatives are not part of
the treatment plan [2]. Intensive weight loss combined
with exercise reduces abnormal stress by decreasing knee
joint loads and reduces abnormal physiology by lowering
inflammation [10]. This results in less pain and less dis-
ability. Losing 10% of baseline body weight is necessary
for a moderate to large clinical effect. We found a dose
response to weight change with pain and function, inde-
pendent of group assignment; IDEA participants who lost
more than 10% of baseline body weight had greater reduc-
tions in pain and improvements in function than partici-
pants who lost between 5 and 10% and less than 5% of
baseline body weight [10]. Hence, our minimum weight
loss goal for the we-can diet and exercise group is 10% of
baseline body weight.
Losing weight and maintaining weight loss are both

difficult and often unsuccessful. Biological changes fight
attempts to lose weight; the body acts in starvation mode
increasing feelings of hunger, it suppresses satiety, slows
metabolic rate, and attempts to defend higher body
weights [51]. We exceeded our mean weight loss goal of
10% in IDEA, in part because participants received regular
attention. A similar pragmatic, community based trial of
diet and exercise for obese women free of knee OA found
that limited patient contact (≤4 h/year) during the 2.5 year
intervention period resulted in less than 20% of the D + E
group achieving their weight loss goal of ≥ 5 kg or ≥ 5% of
baseline body weight (mean weight loss < 1 kg) [52, 53].
Indeed, a possible consequence of a pragmatic approach
with little or no participant contact is low adherence. The
challenge in we-can is to maintain the regular patient
contact utilized in IDEA in a less structured, community-
based environment. The use of multiple communication
techniques with participants is critical in achieving com-
pliance and retention rates that approach those achieved
in IDEA. These include, but are not limited to, phone
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calls, text messages, email, Facebook, LinkedIn, Skype,
Twitter, and YouTube. Participants will select their pre-
ferred method of communication.
Maintaining intervention fidelity is critical. Fostering

close relationships with the community centers that
serve as intervention sites is important in maintaining
an open line of communication. Site interventionists
maintain personal relationships with participants both
face to face and electronically. The Coordinating Center
staff monitors the quality of the intervention being deliv-
ered with periodic face-to-face observations, biweekly
Adherence and Retention Committee meetings, and
monthly Nutrition and Exercise Committee meetings. In-
cluding underserved rural communities such as Haywood
and Johnston counties in knee OA clinical trials is unique;
however, recruitment and retention may be difficult as
communication and transportation concerns are compli-
cated by lower socioeconomic conditions and a less densely
populated recruitment base. The recruitment goals for
Johnston and Haywood counties have been adjusted to re-
flect these anticipated impediments.
To meet the chronic disease burden the Centers for Dis-

ease Control and Prevention launched several strategic ini-
tiatives of which one is to establish community-based
programs to support healthy behaviors [22]. Indeed, the
physician’s dilemma is the lack of practical means to im-
plement and sustain a diet and exercise program in a
community-based environment. we-can is designed to test
the effectiveness of a community program that will serve
as a blueprint and exemplar for clinicians and public
health officials in urban and rural communities to imple-
ment a weight loss and exercise program designed to re-
duce knee pain and improve other clinical outcomes in
overweight and obese adults with knee OA. We envision a
national implementation of this systematic program that
will serve as a model for healthcare professionals on
implementing a platform that is accessible to consumers
and clinicians, and is of value to insurers because it can be
sustained long-term and at a reasonable cost.
Acknowledgements
We thank General Nutrition Centers for their generosity in supplying the Lean
Shakes to us at no cost. They have not funded the study in any other way and
have not contributed to and have no influence over study design, publications,
or dissemination of results.
The we-can investigators which to acknowledge the tremendous efforts of our
staff in making this project come to fruition: Carol Patterson, Monica Love,
Daniel Hamm, Ryan Hill, Elena Schacht, Elyse Howdershell, Alex Nielson, Caroline
Wyrosdick, Nathan Fiore, Chris Mygrant, Natalia Favoreto, Erika Griffith, Alicia
Sabatino, and Gianna Blundo.
Funding
Research reported in this publication was supported by the National Institute
of Arthritis and Musculoskeletal Skin Diseases of the National Institutes of
Health under Award Number 1 U01 AR068658-01. The content is solely the
responsibility of the authors and does not necessarily represent the official
views of the National Institutes of Health.
Availability of data and material
The investigators support data sharing and will comply with all NIH guidelines as
outlined in the NIH Data Sharing Policy and Implementation Guidance document.
Any data-sharing agreement will require that the data be used only for research
purposes; no attempts will be made to identify individual patients; 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.

Authors’ contributions
SPM conceived the study, participated in its design and coordination, and
drafted the manuscript. LFC participated in its design and coordination, and
serves as a site principal investigator. DPB participated in its design and is
the principal investigator of the Coordinating Center’s data monitoring branch
that includes statistical analyses and data management. KQ participated in its
design and is a site principal investigator. SLM participated in its design, and
coordinates patient adherence and retention protocols. GDM participated in its
design and developed the diet intervention. JNK and EL participated in its design
and developed the cost effectiveness protocol. RFL participated in its design, and
chairs the safety committee. SAQ participated in its design with a special
emphasis on rural populations. DJH participated in its design and is a member of
the ancillary studies committee. PD participated in its design, and chairs the
intellectual property and ancillary studies committees. MFL participated in its
design and is a site medical director. JN is the lead project manager and was
instrumental in the completion of the grant application and the organization and
implementation of the study aims. BH is a site project manager and participated
in the design of the interventions, and JMJ participated in its design, organization,
and coordination. All authors participated in writing and editing the manuscript.
All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable

Ethics approval and consent to participate
The Wake Forest Health Sciences and The University of North Carolina at
Chapel Hill Institutional Review Boards (IRB) review all research involving
humans to ensure that participants are informed of all known risks posed by
a research study and that these studies are conducted in accordance with
the ethical standards put forward by the Belmont Report, and federal, state,
and local regulations, and policies governing human research. All subjects
will give informed consent to participate in the study.

Author details
1J.B. Snow Biomechanics Laboratory, Department of Health & Exercise
Science, Wake Forest University, Winston-Salem, NC 27109, USA. 2Thurston
Arthritis Research Center, University of North Carolina at Chapel Hill, Chapel
Hill, NC, USA. 3Department of Biostatistical Sciences, Wake Forest School of
Medicine, Winston-Salem, NC, USA. 4Haywood Regional Medical Center,
Clyde, NC, USA. 5Orthopedic and Arthritis Center for Outcomes Research,
Department of Orthopedic Surgery, Brigham and Women’s Hospital, Harvard
Medical School, Boston, MA, USA. 6Department of Epidemiology and
Prevention, Wake Forest School of Medicine, Winston-Salem, NC, USA.
7Department of Kinesiology, East Carolina University, Greenville, NC, USA.
8Rheumatology Department, Institute of Bone and Joint Research, Kolling
Institute, University of Sydney, Sydney, Australia. 9Section on Gerontology
and Geriatric Medicine, Wake Forest School of Medicine, Winston-Salem, NC,
USA. 10Department of Rheumatology and Immunology, Wake Forest School
of Medicine, Winston-Salem, NC, USA.

Received: 24 January 2017 Accepted: 3 February 2017

References
1. Basedow M, Esterman A. Assessing appropriateness of osteoarthritis care

using quality indicators: a systematic review. J Eval Clin Pract. 2015;21(5):
782–9. doi:10.1111/jep.12402. Epub 2015/06/18.

2. Brand CA, Ackerman IN, Bohensky MA, Bennell KL. Chronic disease
management: a review of current performance across quality of care

http://dx.doi.org/10.1111/jep.12402


Messier et al. BMC Musculoskeletal Disorders  (2017) 18:91 Page 13 of 14
domains and opportunities for improving osteoarthritis care. Rheum Dis Clin
North Am. 2013;39(1):123–43. doi:10.1016/j.rdc.2012.10.005. Epub 2013/01/15.

3. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years
lived with disability [YLDs] for 1160 sequelae of 289 diseases and injuries
1990–2010: a systematic analysis for the Global Burden of Disease Study
2010. Lancet. 2012;380(9859):2163–96. doi:10.1016/S0140-6736[12]61729-2.

4. Lawrence RC, Felson DT, Helmick CG, Arnold LM, Choi H, Deyo RA, et al.
Estimates of the prevalence of arthritis and other rheumatic conditions in
the United States: Part II. Arthritis Rheum. 2008;58(1):26–35.

5. Losina E, Weinstein AM, Reichmann WM, Burbine SA, Solomon DH, Daigle
ME, Rome BN, Chen SP, Hunter DJ, Suter LG, Jordan JM, Katz JN. Lifetime
risk and age at diagnosis of symptomatic knee osteoarthritis in the US.
Arthritis Care Res (Hoboken). 2013;65(5):703–11.

6. Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al.
OARSI recommendations for the management of hip and knee
osteoarthritis, Part II: OARSI evidence-based, expert consensus guidelines.
Osteoarthritis Cartilage. 2008;16(2):137–62.

7. Fernandes L, Hagen KB, Bijlsma JW, Andreassen O, Christensen P, Conaghan
PG, et al. EULAR recommendations for the non-pharmacological core
management of hip and knee osteoarthritis. Ann Rheum Dis. 2013;72(7):
1125–35. doi:10.1136/annrheumdis-2012-202745. Epub 2013/04/19.

8. Li LC, Sayre EC, Kopec JA, Esdaile JM, Bar S, Cibere J. Quality of
nonpharmacological care in the community for people with knee and hip
osteoarthritis. J Rheumatol. 2011;38(10):2230–7. doi:10.3899/jrheum.110264.
Epub 2011/08/03.

9. Messier SP, Loeser RF, Miller GD, Morgan TM, Rejeski WJ, Sevick MA, et al.
Exercise and dietary weight loss in overweight and obese older adults with
knee osteoarthritis: the arthritis, diet, and activity promotion trial. Arthritis
Rheum. 2004;50(5):1501–10.

10. Messier SP, Mihalko SL, Legault C, Miller GD, Nicklas BJ, Devita P, et al. Effects of
intensive diet and exercise on knee joint loads, inflammation, and clinical
outcomes among overweight and obese adults with knee osteoarthritis: the
IDEA randomized clinical trial. JAMA. 2013;310(12):1263–73. doi:10.1001/jama.
2013.277669.

11. Aaboe J, Bliddal H, Messier SP, Alkjaer T, Henriksen M. Effects of an intensive
weight loss program on knee joint loading in obese adults with knee
osteoarthritis. Osteoarthritis Cartilage. 2011;19(7):822–8. doi:10.1016/j.joca.
2011.03.006.

12. Lewis-Faning E, Fletcher E. Chronic rheumatic diseases: statistical study of
1000 cases of chronic rheumatism. Postgrad Med J. 1945;21:137.

13. Leach RE, Baumgard S, Broom J. Obesity: its relationship to osteoarthritis of
the knee. Clin Orthop. 1973;93:271–3.

14. Coggon D, Reading I, Croft P, McLaren M, Barrett D, Cooper C. Knee
osteoarthritis and obesity. Int J Obes Relat Metab Disord. 2001;25(5):622–7.

15. Cooper C, Snow S, McAlindon TE, Kellingray S, Stuart B, Coggon D, et al.
Risk factors for the incidence and progression of radiographic knee
osteoarthritis. Arthritis Rheum. 2000;43(5):995–1000.

16. Murphy L, Schwartz TA, Helmick CG, Renner JB, Tudor G, Koch G, et al.
Lifetime risk of symptomatic knee osteoarthritis. Arthritis Rheum. 2008;59(9):
1207–13. doi:10.1002/art.24021.

17. Fortney JC, Pyne JM, Mouden SB, Mittal D, Hudson TJ, Schroeder GW, et al.
Practice-based versus telemedicine-based collaborative care for depression
in rural federally qualified health centers: a pragmatic randomized
comparative effectiveness trial. Am J Psychiatry. 2013;170(4):414–25. doi:10.
1176/appi.ajp.2012.12050696.

18. Gooch K, Marshall DA, Faris PD, Khong H, Wasylak T, Pearce T, et al.
Comparative effectiveness of alternative clinical pathways for primary hip and
knee joint replacement patients: a pragmatic randomized, controlled trial.
Osteoarthritis Cartilage. 2012;20(10):1086–94. doi:10.1016/j.joca.2012.06.017.

19. Schmidt B, Wenitong M, Esterman A, Hoy W, Segal L, Taylor S, et al. Getting
better at chronic care in remote communities: study protocol for a pragmatic
cluster randomised controlled of community based management. BMC Public
Health. 2012;12:1017. doi:10.1186/1471-2458-12-1017.

20. United States Department of Agriculture. Rural america at a glance: Economic
Research Service; 2013 [updated 1 Nov 2013]. EB-24:[Available from: http://
www.ers.usda.gov/publications/eb-economic-brief/eb24.aspx#.VARk2mNVqSo.

21. National Rural Health Association. What's different about rural health care? :
National Rural Health Association; 2014 [updated 2014]. Available from:
http://www.ruralhealthweb.org/go/left/about-rural-health.

22. National Center for Chronic Disease Prevention and Health Promotion.
Preventing chronic disease: eliminating the leading preventable causes of
premature death and disabiity in the United States. 2015. Available from: https://
www.cdc.gov/mwg-internal/de5fs23hu73ds/progress?id=Y7tLJHC_nWzKXHoy
07OeKQEsUcW3p5JcKkOSJLrtiwQ.

23. Thorpe KE, Zwarenstein M, Oxman AD, Treweek S, Furberg CD, Altman DG,
et al. A pragmatic-explanatory continuum indicator summary [PRECIS]: a tool
to help trial designers. CMAJ. 2009;180(10):E47–57. doi:10.1503/cmaj.090523.

24. Messier SP, Callahan LF, Golightly YM, Keefe FJ. OARSI clinical trials
recommendations: design and conduct of clinical trials of lifestyle diet and
exercise interventions for osteoarthritis. Osteoarthritis Cartilage. 2015;23(5):787–97.
doi:10.1016/j.joca.2015.03.008. Epub 2015/05/09.

25. Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al. Development
of criteria for the classification and reporting of osteoarthritis. Classification of
osteoarthritis of the knee. Arthritis Rheum. 1986;29(8):1039–49.

26. NHLBI. Aim for a healthy weight. Key recommendations. 2015. Available from:
https://www.nhlbi.nih.gov/health/educational/lose_wt/recommen.htm.

27. NHLBI. Clinical guidelines on the identification, evaluation, and treatment of
overweight and obesity in adults: the evidence report. Chapter 5 Section C.
1998. Report No.: 98–4083.

28. Messier SP, Mihalko SL, Beavers DP, Nicklas BJ, Devita P, Carr JJ, et al.
Strength Training for Arthritis Trial [START]: design and rationale. BMC
Musculoskelet Disord. 2013;14(1):208. doi:10.1186/1471-2474-14-208.

29. Miller GD, Rejeski WJ, Williamson JD, Morgan T, Sevick MA, Loeser RF, et al.
The Arthritis, Diet and Activity Promotion Trial [ADAPT]: design, rationale,
and baseline results. Control Clin Trials. 2003;24(4):462–80.

30. Messier SP, Legault C, Mihalko S, Miller GD, Loeser RF, Devita P, et al. The
Intensive Diet and Exercise for Arthritis [IDEA] trial: design and rationale.
BMC Musculoskelet Disord. 2009;10:93.

31. Pamuk ER, Williamson DF, Madans J, Serdula MK, Kleinman JC, Byers T.
Weight loss and mortality in a national cohort of adults, 1971–1987. Am J
Epidemiol. 1992;136(6):686–97.

32. Harrington M, Gibson S, Cottrell RC. A review and meta-analysis of the effect of
weight loss on all-cause mortality risk. Nutr Res Rev. 2009;22(1):93–108.
doi:10.1017/S0954422409990035.

33. Owen OE, Kavle E, Owen RS, Polansky M, Caprio S, Mozzoli MA, et al. A
reappraisal of caloric requirements in healthy women. Am J Clin Nutr. 1986;
44(1):1–19. Epub 1986/07/01.

34. Esposito K, Pontillo A, Di Palo C, Giugliano G, Masella M, Marfella R, et al.
Effect of weight loss and lifestyle changes on vascular inflammatory markers
in obese women: a randomized trial. JAMA. 2003;289(14):1799–804.

35. Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, Morley JE, et al.
Evidence-based recommendations for optimal dietary protein intake in
older people: a position paper from the PROT-AGE Study Group. J Am Med
Dir Assoc. 2013;14(8):542–59. doi:10.1016/j.jamda.2013.05.021.

36. Subar AF, Thompson FE, Kipnis V, Midthune D, Hurwitz P, McNutt S, et al.
Comparative validation of the block, Willett, and national cancer institute
food frequency questionnaires : the eating at America’s table study. Am J
Epidemiol. 2001;154(12):1089–99.

37. Thompson FE, Subar AF, Brown CC, Smith AF, Sharbaugh CO, Jobe JB, et al.
Cognitive research enhances accuracy of food frequency questionnaire reports:
results of an experimental validation study. J Am Diet Assoc. 2002;102(2):212–25.

38. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, Nigg CR,
Salem GJ, et al. American college of sports medicine position stand. Exercise
and physical activity for older adults. Med Sci Sports Exerc. 2009;41(7):1510–30.
doi:10.1249/MSS.0b013e3181a0c95c.

39. Karvonen MJ. Effects of vigorous exercise on the heart. In: Belknap FFREL,
editor. Work and the heart. New York: Paul B. Hoeber, Inc; 1959.

40. Ettinger Jr WH, Burns R, Messier SP, Applegate W, Rejeski WJ, Morgan T,
et al. A randomized trial comparing aerobic exercise and resistance exercise
with a health education program in older adults with knee osteoarthritis.
The Fitness Arthritis and Seniors Trial [FAST]. JAMA. 1997;277(1):25–31.

41. Mihalko SL, Brenes GA, Farmer DF, Katula JA, Balkrishnan R, Bowen DJ.
Challenges and innovations in enhancing adherence. Control Clin Trials.
2004;25(5):447–57. doi:10.1016/j.cct.2004.07.003. Epub 2004/10/07.

42. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt L. Validation
study of WOMAC: a health status instrument for measuring clinically
important patient relevant outcomes following total hip or knee
arthroplasty in osteoarthritis. J Orthop Rheumatol. 1988;1:95–108.

43. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation
study of WOMAC: a health status instrument for measuring clinically
important patient relevant outcomes to antirheumatic drug therapy in patients
with osteoarthritis of the hip or knee. J Rheumatol. 1988;15(12):1833–40.

http://dx.doi.org/10.1016/j.rdc.2012.10.005
http://dx.doi.org/10.1016/S0140-6736%5B12%5D61729-2
http://dx.doi.org/10.1136/annrheumdis-2012-202745
http://dx.doi.org/10.3899/jrheum.110264
http://dx.doi.org/10.1001/jama.2013.277669
http://dx.doi.org/10.1001/jama.2013.277669
http://dx.doi.org/10.1016/j.joca.2011.03.006
http://dx.doi.org/10.1016/j.joca.2011.03.006
http://dx.doi.org/10.1002/art.24021
http://dx.doi.org/10.1176/appi.ajp.2012.12050696
http://dx.doi.org/10.1176/appi.ajp.2012.12050696
http://dx.doi.org/10.1016/j.joca.2012.06.017
http://dx.doi.org/10.1186/1471-2458-12-1017
http://www.ers.usda.gov/publications/eb-economic-brief/eb24.aspx#.VARk2mNVqSo
http://www.ers.usda.gov/publications/eb-economic-brief/eb24.aspx#.VARk2mNVqSo
http://www.ruralhealthweb.org/go/left/about-rural-health
https://www.cdc.gov/mwg-internal/de5fs23hu73ds/progress?id=Y7tLJHC_nWzKXHoy07OeKQEsUcW3p5JcKkOSJLrtiwQ
https://www.cdc.gov/mwg-internal/de5fs23hu73ds/progress?id=Y7tLJHC_nWzKXHoy07OeKQEsUcW3p5JcKkOSJLrtiwQ
https://www.cdc.gov/mwg-internal/de5fs23hu73ds/progress?id=Y7tLJHC_nWzKXHoy07OeKQEsUcW3p5JcKkOSJLrtiwQ
http://dx.doi.org/10.1503/cmaj.090523
http://dx.doi.org/10.1016/j.joca.2015.03.008
https://www.nhlbi.nih.gov/health/educational/lose_wt/recommen.htm
http://dx.doi.org/10.1186/1471-2474-14-208
http://dx.doi.org/10.1017/S0954422409990035
http://dx.doi.org/10.1016/j.jamda.2013.05.021
http://dx.doi.org/10.1249/MSS.0b013e3181a0c95c
http://dx.doi.org/10.1016/j.cct.2004.07.003


Messier et al. BMC Musculoskeletal Disorders  (2017) 18:91 Page 14 of 14
44. Roos EM, Toksvig-Larsen S. Knee injury and Osteoarthritis Outcome Score
[KOOS] - validation and comparison to the WOMAC in total knee replacement.
Health Qual Life Outcomes. 2003;1:17. doi:10.1186/1477-7525-1-17.

45. Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC, Devereaux PJ,
et al. CONSORT 2010 explanation and elaboration: updated guidelines for
reporting parallel group randomised trials. BMJ. 2010;340:c869. doi:10.1136/
bmj.c869. Epub 2010/03/25. PubMed PMID: 20332511; PubMed Central
PMCID: PMCPmc2844943.

46. Tubach F, Ravaud P, Martin-Mola E, Awada H, Bellamy N, Bombardier C,
et al. Minimum clinically important improvement and patient acceptable
symptom state in pain and function in rheumatoid arthritis, ankylosing
spondylitis, chronic back pain, hand osteoarthritis, and hip and knee
osteoarthritis: Results from a prospective multinational study. Arthritis Care
Res [Hoboken]. 2012;64(11):1699–707. doi:10.1002/acr.21747.

47. Siegel JE, Weinstein MC, Russell LB, Gold MR. Recommendations for
reporting cost-effectiveness analyses. Panel on cost-effectiveness in health
and medicine. JAMA. 1996;276(16):1339–41.

48. Weinstein MC, Siegel JE, Gold MR, Kamlet MS, Russell LB. Recommendations
of the panel on cost-effectiveness in health and medicine. JAMA. 1996;
276(15):1253–8.

49. Sanders GD, Neumann PJ, Basu A, Brock DW, Feeny D, Krahn M, et al.
Recommendations for conduct, methodological practices, and reporting of
cost-effectiveness analyses: second panel on cost-effectiveness in health
and medicine. JAMA. 2016;316(10):1093–103. doi:10.1001/jama.2016.12195.
Epub 2016/09/14.

50. Neumann PJ, Sanders GD, Russell LB, Siegel JE, Ganiats TG. Editor. Cost-
effectiveness in health and medicine. Second edition ed. Oxford, England:
Oxford University Press; 2016.

51. Brownell KD. The humbling experience of treating obesity: Should we
persist or desist? Behav Res Ther. 2010;48(8):717–9. doi:10.1016/j.brat.2010.
05.018.

52. de Vos BC, Runhaar J, Bierma-Zeinstra SM. Effectiveness of a tailor-made
weight loss intervention in primary care. Eur J Nutr. 2014;53(1):95–104.
doi:10.1007/s00394-013-0505-y. Epub 2013/02/23.

53. de Vos BC, Runhaar J, van Middelkoop M, Krul M, Bierma-Zeinstra SM. Long-
term effects of a randomized, controlled, tailor-made weight-loss intervention in
primary care on the health and lifestyle of overweight and obese women. Am J
Clin Nutr. 2016;104(1):33–40. doi:10.3945/ajcn.116.133512. Epub 2016/06/17.

54. Riebe D, Franklin BA, Thompson PD, Garber CE, Whitfield GP, Magal M, et al.
Updating ACSM’s recommendations for exercise preparticipation health
screening. Med Sci Sports Exerc. 2015;47(11):2473–9. doi:10.1249/mss.
0000000000000664. Epub 2015/10/17.

55. Sangha O, Stucki G, Liang MH, Fossel AH, Katz JN. The self-administered
comorbidity questionnaire: a new method to assess comorbidity for clinical
and health services research. Arthritis Rheum. 2003;49(2):156–63. doi:10.
1002/art.10993.

56. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and
Osteoarthritis Outcome Score [KOOS]–development of a self-administered
outcome measure. J Orthop Sports Phys Ther. 1998;28(2):88–96. doi:10.2519/
jospt.1998.28.2.88. Epub 1998/08/12.

57. Ruyssen-Witrand A, Fernandez-Lopez CJ, Gossec L, Anract P, Courpied JP,
Dougados M. Psychometric properties of the OARSI/OMERACT osteoarthritis
pain and functional impairment scales: ICOAP, KOOS-PS and HOOS-PS. Clin
Exp Rheumatol. 2011;29(2):231–7. Epub 2011/04/08.

58. Washburn RA, McAuley E, Katula J, Mihalko SL, Boileau RA. The physical
activity scale for the elderly [PASE]: evidence for validity. J Clin Epidemiol.
1999;52(7):643–51.

59. Nasreddine ZS, Phillips N, Chertkow H. Normative data for the Montreal
Cognitive Assessment [MoCA] in a population-based sample. Neurology.
2012;78(10):765–6. doi:10.1212/01.wnl.0000413072.54070.a3.

60. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V, Collin I,
et al. The Montreal Cognitive Assessment, MoCA: a brief screening tool for
mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695–9. doi:10.1111/j.
1532-5415.2005.53221.x.

61. Burnam MA, Wells KB, Leake B, Landsverk J. Development of a brief
screening instrument for detecting depressive disorders. Med Care. 1988;
26(8):775–89. Epub 1988/08/01.

62. EuroQol Group. EuroQol–a new facility for the measurement of health-
related quality of life. Health Policy. 1990;16(3):199–208.
63. Reilly MC, Zbrozek AS, Dukes EM. The validity and reproducibility of a
work productivity and activity impairment instrument. Pharmacoecon.
1993;4(5):353–65.

64. Ware Jr JE, Sherbourne CD. The MOS 36-item short-form health survey [SF-36].
I. Conceptual framework and item selection. Med Care. 1992;30(6):473–83.

65. McAuley E, Mihalko SL. In: Duda JL, editor. Advances in sport and exercise
psychology measurement. Morgantown: Fitness Information Technology,
Inc; 1998. p. 371–89. Measuring Exercise-Related Self-Efficacy.

66. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J
Health Soc Behav. 1983;24(4):385–96. Epub 1983/12/01.

67. Sullivan MJ, Stanish W, Waite H, Sullivan M, Tripp DA. Catastrophizing, pain,
and disability in patients with soft-tissue injuries. Pain. 1998;77(3):253–60.
Epub 1998/11/10.

68. Osman A, Barrios FX, Kopper BA, Hauptmann W, Jones J, O’Neill E. Factor
structure, reliability, and validity of the Pain Catastrophizing Scale. J Behav
Med. 1997;20(6):589–605. Epub 1998/01/16.

69. Baker DW, Williams MV, Parker RM, Gazmararian JA, Nurss J. Development of
a brief test to measure functional health literacy. Patient Educ Couns. 1999;
38(1):33–42. Epub 2003/10/08.

70. Clark MM, Abrams DB, Niaura RS, Eaton CA, Rossi JS. Self-efficacy in weight
management. J Consult Clin Psychol. 1991;59(5):739–44. Epub 1991/10/01.

71. Watson D, Clark LA, Tellegen A. Development and validation of brief
measures of positive and negative affect: the PANAS scales. J Pers Soc
Psychol. 1988;54(6):1063–70. Epub 1988/06/01.

72. investigators TA. The Atherosclerosis Risk in Communities [ARIC] Study:
design and objectives. Am J Epidemiol. 1989;129(4):687–702.

73. Diener E, Emmons RA, Larsen RJ, Griffin S. The satisfaction with life scale. J Pers
Assess. 1985;49(1):71–5. doi:10.1207/s15327752jpa4901_13. Epub 1985/02/01.

74. Escobar A, Quintana JM, Bilbao A, Arostegui I, Lafuente I, Vidaurreta I.
Responsiveness and clinically important differences for the WOMAC and SF-
36 after total knee replacement. Osteoarthritis Cartilage. 2007;15(3):273–80.
doi:10.1016/j.joca.2006.09.001. Epub 2006/10/21.

75. Penninx BW, Messier SP, Rejeski WJ, Williamson JD, DiBari M, Cavazzini C, et al.
Physical exercise and the prevention of disability in activities of daily living in
older persons with osteoarthritis. Arch Intern Med. 2001;161(19):2309–16.

76. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,
et al. A short physical performance battery assessing lower extremity
function: association with self-reported disability and prediction of mortality
and nursing home admission. J Gerontol. 1994;49(2):M85–94.

77. Nightingale EJ, Pourkazemi F, Hiller CE. Systematic review of timed stair
tests. J Rehabil Res Dev. 2014;51(3):335–50. doi:10.1682/jrrd.2013.06.0148.
Epub 2014/07/16.
•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

http://dx.doi.org/10.1186/1477-7525-1-17
http://dx.doi.org/10.1136/bmj.c869
http://dx.doi.org/10.1136/bmj.c869
http://dx.doi.org/10.1002/acr.21747
http://dx.doi.org/10.1001/jama.2016.12195
http://dx.doi.org/10.1016/j.brat.2010.05.018
http://dx.doi.org/10.1016/j.brat.2010.05.018
http://dx.doi.org/10.1007/s00394-013-0505-y
http://dx.doi.org/10.3945/ajcn.116.133512
http://dx.doi.org/10.1249/mss.0000000000000664
http://dx.doi.org/10.1249/mss.0000000000000664
http://dx.doi.org/10.1002/art.10993
http://dx.doi.org/10.1002/art.10993
http://dx.doi.org/10.2519/jospt.1998.28.2.88
http://dx.doi.org/10.2519/jospt.1998.28.2.88
http://dx.doi.org/10.1212/01.wnl.0000413072.54070.a3
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://dx.doi.org/10.1207/s15327752jpa4901_13
http://dx.doi.org/10.1016/j.joca.2006.09.001
http://dx.doi.org/10.1682/jrrd.2013.06.0148

	Abstract
	Background
	Methods/Design
	Discussion
	Trial registration

	Background
	Methods/Design
	Trial organization

	Research design and methods
	Study design
	Study sample
	Randomization
	Clinical sites
	Interventions
	Intensive diet-induced weight loss
	Alert values
	Exercise
	Nutrition and health group
	Techniques to improve adherence and retention
	Training study personnel
	Protocol deviations
	Adverse Event (AE) collection and reporting

	Trial conduct
	Recruitment
	Timeline

	Measurements
	Screening and follow-up visits
	Screening

	Statistical considerations
	Data management
	Statistical analyses
	Primary analysis
	Secondary aim 2

	Sample size and power calculations
	Primary outcome
	Secondary outcomes

	Economic evaluation

	Discussion
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

