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Abstract
Lifestyle interventions have resulted in weight loss or improved physical fitness among
individuals with obesity, which may lead to improved physical function. This prospective
investigation involved participants in the Action for Health in Diabetes (Look AHEAD) trial who
reported knee pain at baseline (n = 2,203). The purposes of this investigation were to determine
whether an Intensive Lifestyle Intervention (ILI) condition resulted in improvement in self-
reported physical function from baseline to 12 months vs. a Diabetes Support and Education
(DSE) condition, and whether changes in weight or fitness mediated the effect of the ILI. Outcome
measures included the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) pain, stiffness, and physical function subscales, and WOMAC summary score. ILI
participants exhibited greater adjusted mean weight loss (s.e.) vs. DSE participants (−9.02 kg
(0.48) vs. −0.78 kg (0.49); P < 0.001)). ILI participants also demonstrated more favorable change
in WOMAC summary scores vs. DSE participants (β (s.e.) = −1.81 (0.63); P = 0.004). Multiple
regression mediation analyses revealed that weight loss was a mediator of the effect of the ILI
intervention on change in WOMAC pain, function, and summary scores (P < 0.001). In separate
analyses, increased fitness also mediated the effect of the ILI intervention upon WOMAC
summary score (P < 0.001). The ILI condition resulted in significant improvement in physical
function among overweight and obese adults with diabetes and knee pain. The ILI condition also
resulted in significant weight loss and improved fitness, which are possible mechanisms through
which the ILI condition improved physical function.
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Introduction
Overweight (BMI between 25.0 and 29.9 kg/m2) and obesity (BMI ≥30 kg/m2) currently
affect over 65% of US adults (1), and their prevalence is expected to increase over the next
decade. Obesity is associated with a number of comorbid conditions such as type 2 diabetes
(2–4) and knee pain (5). The etiology of knee pain is multifactorial, and can range from
chronic diseases such as osteoarthritis (OA) (6) to acute trauma (7). Nonetheless, obesity has
been identified as an independent, yet modifiable risk factor for the development and
treatment of knee pain (8).

Several studies, including the Observational Arthritis Study in Seniors (OASIS), the Fitness
Arthritis in Seniors Trial (FAST), and the Arthritis, Diet, and Activity Promotion Trial
(ADAPT) have demonstrated that physical activity has a positive effect on pain, physical
function (9,10), and health-related quality of life (11) among overweight and obese adults
with knee pain. In FAST, participants in either aerobic exercise program or a resistance
exercise program demonstrated greater improvement in physical function at 18 months
compared to participants in a health education control (9). In addition, evidence suggests
that weight loss confers additional benefits upon function among obese adults with knee
pain. In ADAPT (10), an 18-month combined exercise and dietary weight-loss intervention
was effective in providing improvements in self-reported physical function and pain
compared to a healthy lifestyle control condition. These findings are promising; however,
developing safe, effective, and translatable behavioral interventions to improve long-term
weight loss and reduce knee pain remains an ever-present challenge.

The Action for Health in Diabetes (Look AHEAD) study (12) is a multicenter, randomized
clinical trial designed to investigate the long-term health effects of an intensive lifestyle
intervention (ILI) vs. usual care (Diabetes Support and Education, or DSE) among 5,145
overweight or obese adults, aged 45–74 years, with type 2 diabetes. Within this sample,
2,203 participants self-reported knee pain at baseline and thus were asked to respond in
more detail regarding knee pain, stiffness, and physical function. The purposes of this
investigation were (i) to determine whether participants in this subsample who were
randomized into the ILI condition demonstrated greater improvement in self-reported
physical function and knee pain from baseline to 12 months vs. those in the DSE condition,
and (ii) to determine whether the effect of the ILI upon physical function was mediated by
changes in weight or fitness level from baseline to 12 months.

Methods and Procedures
Participants and eligibility

Briefly, the total Look AHEAD sample included 5,145 overweight or obese adults (BMI
≥25 kg/m2 or ≥27 kg/m2 if currently taking insulin) with type 2 diabetes who were recruited
from 16 outpatient centers in the United States. Recruitment for Look AHEAD began in
September 2001, and a complete description of the design of Look AHEAD has been
published (12).

All participants were required to successfully complete a 2-week behavioral run-in prior to
randomization, in which they recorded daily information regarding diet and physical
activity. Eligible participants were randomly assigned to either the DSE or the ILI
intervention using a web-based data management system that verified eligibility.
Randomization was stratified by clinical center and blocked with random block sizes.
Informed consent was obtained from all participants before screening in accordance with the
Helsinki Declaration and the guidelines of each center's Institutional Review Board. The
sample for this investigation included 2,203 participants who reported knee pain at baseline.
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Participants in both the ILI condition and the DSE condition continued to receive general
medical care and treatment for diabetes from their personal physicians. Figure 1 summarizes
the enrollment and retention of participants from baseline to year 1 according to the
Consolidated Standards of Reporting Trials guidelines. Details of the screening process for
all participants (n = 5,145) are displayed in white background, whereas the 1-year retention
of the 2,203 participants with knee pain at baseline (the focus of this investigation) is
highlighted in gray background.

ILI
The ILI has previously been described (13). Succinctly, the overall goal of the ILI was to
teach and encourage behavioral change strategies regarding nutrition and physical activity to
promote a mean weight loss of ≥10% of initial body weight by year 1 and increase
moderate-intensity physical activity to ≥175 min/week by month 6. The ILI used a
combination of group and individual sessions. During months 1–6 of the intervention, ILI
participants attended three weekly group sessions, and one individual session with their
lifestyle counselor each month, and were encouraged to replace two meals and one snack
each day with liquid shakes and meal bars. During months 7–12, participants attended two
group sessions and one individual session each month, and were encouraged to replace one
meal per day. In addition, the ILI included options for a toolbox of behavioral strategies or
pharmacotherapy (orlistat) that could be implemented for participants who were having
difficulty meeting the minimal weight-loss goals.

DSE
Participants in the DSE condition received general recommendations related to healthy
eating and physical activity, and safe and effective implementation of these
recommendations for individuals with type 2 diabetes. Participants attended an initial
prerandomization diabetes education session, and were invited to attend three additional
group sessions during the first year that focused on topics related to nutrition, physical
activity, and social support. However, in contrast to the ILI, DSE participants were not given
specific strategies or goals to promote weight loss or physical activity, and did not receive
individual sessions with a lifestyle counselor.

Outcome measures
Self-reported knee pain, stiffness, and physical function during the past 2 weeks were
assessed via self-report at baseline before randomization and 1-year follow-up using a
modified version of the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) (14), an established and validated instrument to assess health status among older
adults with knee OA. All participants were asked the question “Have you had any pain or
discomfort in your knees in the past month?” Participants who responded “yes” to this item
completed the WOMAC questionnaire. Participants who responded “no” did not complete
the WOMAC questionnaire.

The WOMAC is a multidimensional measure of physical function disability, pain, and
stiffness. The 5-item pain dimension score ranges from 0 to 20, with higher scores indicating
greater pain. The 2-item stiffness subscale score ranges from 0 to 8. The physical function
dimension includes 17 questions regarding degree of difficulty in performing daily activities
(e.g., descending stairs or rising from bed) due to knee pain or discomfort over the past 2
weeks. Individual scores of the 17 items are added to generate a summary score with a range
from 0 to 68, with higher scores suggesting poorer function. Finally, the WOMAC summary
score was calculated as the sum of the three subscale scores, with a range of 0 to 96. The
Cronbach α coefficients to estimate internal consistency reliability for the pain, stiffness,

Foy et al. Page 3

Obesity (Silver Spring). Author manuscript; available in PMC 2012 July 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and physical function were excellent (0.82, 0.80, and 0.95, respectively), as was that of the
summary score (0.96).

Covariates
Age, gender, race/ethnicity, use of nonsteroidal anti-inflammatory drugs (NSAIDs; yes/no),
and knee arthroscopy, knee replacement or hip replacement within 1 year of the baseline
assessment (yes/no) were assessed via self-report. Weight was directly measured in
duplicate using a standardized protocol. Metabolic equivalents (METs) at 80% of maximal
heart rate were estimated from performance on a graded exercise treatment test of ∼10 min
that also included heart rate measurement. Depressive symptoms were assessed via self-
report using the Beck Depression Inventory-II (BDI-II) (15), a validated instrument. Scores
on the BDI-II range from 0 to 63, with higher scores suggesting more severe depressive
symptoms.

Analyses
Preliminary descriptive statistics were performed to examine the baseline characteristics of
the entire sample with knee pain (n = 2,203), partitioned according to intervention condition.
To investigate the relationship between intervention condition, changes in weight or fitness,
and changes in self-reported physical function and knee pain, we employed mediation
analyses to test the effect of intervention (ILI vs. DSE) upon baseline to 12-month change
upon each of the following variables: WOMAC pain subscale, WOMAC physical function
subscale, WOMAC stiffness subscale, and WOMAC summary score. Each separate analysis
included the following baseline covariates: baseline values of the outcome variable and
mediator, age, gender (reference = male), ethnicity (reference = non-Hispanic white), BDI-II
score, use of NSAIDs (reference = no), and study site. We also initially considered other
covariates (presence of gout, knee or hip surgery, and an intervention × gender interaction
term) that were not significant and thus were not retained in the final models. The mediation
analyses used a modification of the widely used approach developed by Baron and Kenny
(16), which entails three steps, shown in Figure 2; (i) conducting a multiple regression
analysis to determine whether there is a significant relationship between the independent
variable (intervention condition) and the outcome variables (WOMAC subscales; β); (ii)
determining whether a significant relationship exists between the intervention condition and
potential mediators (weight change or MET change; βa); and (iii) determining whether the
addition of the mediator to the regression model in step 1 reveals a significant relationship
between the mediator and the outcome variable (βb), and results in an attenuation of the
significant effect between intervention condition and the outcome variables (β′). The Sobel
test (17) was used to assess statistical significance. Adjusted means of change in weight and
WOMAC scores were generated from path β of the mediation analyses for the two groups.
For descriptive purposes, we also provide changes in raw means (s.d.) from baseline to 1
year with effect sizes, which were calculated by dividing the difference in means of the two
groups by the pooled standard deviation. The high correlation between change in weight and
change in fitness (Pearson r = 0.43; P < 0.001) prohibited the inclusion of both potential
mediators in the same model. All mediation analyses were restricted to participants who had
complete data for all variables (1,755 ≤ n ≤ 1,759). For all analyses, the type I error rate was
set at α < 0.05, and all analyses were performed using SAS 9.1 software (SAS Institute,
Cary, NC).

Results
Table 1 presents the baseline characteristics of all participants who reported knee pain at
baseline, partitioned by intervention. Collectively, DSE participants had a higher mean age,
lower fitness expressed as METs, lower BDI scores, and higher prevalence of gout
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compared to ILI participants. The ILI and DSE conditions were similar with respect to
gender, ethnicity, anthropometric measurements, WOMAC scores, NSAID use, and knee or
hip surgery. In addition, 239 (21.8%) of the ILI participants received orlistat treatment
during year 1.

ILI participants reported more favorable change in WOMAC pain, function, and summary
scores vs. DSE participants (Table 2 and Figure 3, path β), and demonstrated greater weight
loss compared to DSE participants (Figure 3, path βa). In addition, increased weight (Figure
3, path βb) was significantly and unfavorably associated with WOMAC pain, function,
stiffness, and summary scores, and the addition of weight change into the models attenuated
the effect of the ILI intervention upon WOMAC scores (path β′). The Sobel scores were
significant in all models (P < 0.05).

Other covariates that were significantly associated with less favorable change on all
WOMAC subscales included age, female gender, NSAID use, and baseline weight (Table
3). African Americans reported less favorable change in the WOMAC pain score compared
to non-Hispanic whites, and other/mixed race participants reported less favorable baseline to
1-year change in WOMAC pain, function, and summary compared to non-Hispanic whites.
American Indians reported more favorable change in WOMAC function and stiffness
compared to non-Hispanic whites. Higher baseline BDI-II scores were also associated with
less favorable change in WOMAC function, stiffness, and summary scores.

We performed additional analyses to determine whether changes in fitness mediated
intervention condition effects upon WOMAC scores. These results were nearly identical to
the analyses to test the potential mediational effect of weight change; thus, we present only
the mediation analyses for WOMAC summary score (Figure 4). ILI participants
demonstrated significantly better change in WOMAC summary score (path β), and greater
improvement in fitness vs. DSE participants (path βa). Fitness change was favorably
associated with WOMAC summary score (path βb), and attenuated the association between
intervention condition effect and WOMAC summary score (path β′). The Sobel score was
significant (P < 0.01).

Discussion
The purposes of this investigation were to examine whether an ILI resulted in favorable
change in knee pain and physical function among adults with diabetes who are overweight
or obese, and whether the effect of intervention was mediated by changes in weight or
fitness. Collectively, our results suggest that the ILI intervention was more effective than the
DSE intervention in reducing pain and physical function as measured by the WOMAC
questionnaire. Moreover, our findings suggest that the effect of the ILI intervention was
mediated by changes in weight and fitness. This finding is unique in that we utilized a
standardized assessment of knee pain in a large multiethnic sample that was not selected for
clinical or radiographic evidence of knee OA.

Other studies that have focused on clinical samples have provided similar results. Messier et
al. (10), studying 316 overweight or obese individuals with radiographic evidence of knee
OA or chronic knee pain, demonstrated that an 18-month combined exercise and dietary
weight-loss intervention was effective in providing improvements in self-reported physical
function and pain compared to a healthy lifestyle control condition. Miller et al. (18) studied
87 older adults with symptomatic knee OA who were randomized into either a weight-stable
or weight-loss condition for a 6-month trial. Participants in the weight-loss condition were
prescribed a 1,000 kcal per day deficit diet with supervised, center-based exercise 3 days
each week. Results indicated that participants in the weight-loss condition demonstrated
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greater weight loss, reported better function on the WOMAC scores, and exhibited greater 6-
min walk distance than those in the weight-stable condition. Fransen and McConnell (19), in
their review of 32 studies that incorporated land-based therapeutic exercise for participants
with knee OA, found that studies that incorporated at least 12 direct supervision occasions
demonstrated moderate effect sizes for reduction of pain and improvement of physical
function.

The current study extends this work in a large population of overweight/obese individuals
with type 2 diabetes by suggesting that weight loss and improvement in fitness were means
through which the ILI intervention was associated with improved physical function. This
finding is also plausible, based on the extant literature. Weight loss may result in improved
physical function through several pathways. Messier et al. (20), studying ADAPT
participants, found that for each 0.45 kg (1 pound) of weight lost, there was a corresponding
fourfold reduction in the mechanical load exerted on the knee joint per step during daily
activities. Similarly, Christensen et al. (21), in a meta-analysis of four intervention studies
involving 454 overweight patients with knee OA, found that weight loss resulted in
reduction in physical disability. Forsythe et al. (22), in a meta-analysis of 66 weight-loss
interventions, found that weight loss was associated with decreases in inflammatory makers
such as C-reactive protein and interleukin-6, which have been associated with impaired
physical function (23). There are also several possible mechanisms through which improved
fitness may enhance physical function, including increased muscular strength in the muscles
surrounding the knee joint (24,25), and reduced levels of inflammatory markers (26).

It is worthy of mention that although the goals of the ILI intervention (weight loss and
increased physical activity) are similar to those of several other interventions among adults
with obesity and knee pain, the ILI intervention was distinctive in that it did not involve
supervised exercise sessions. The ILI consisted of a combination of group and individual
counseling sessions regarding physical activity and nutrition for a total of 36 contacts over
the first year. In contrast to structured, supervised exercise sessions, the ILI entailed a more
collaborative approach between participants and interventionists to develop strategies for
physical activity and nutrition, in which the participant assumed the responsibility for
determining the types, times, and places of physical activity. This form of delivery marks an
important difference between the before-mentioned exercise therapy interventions, which
included a far more directive approach and involved structured, supervised center-based
exercise sessions at a specific place and time, with specific forms of exercise that were
directed by staff. Our results suggest that the ILI approach is effective and also offers more
flexibility for participants and possibly less burden on staff. Similarly, Talbot et al. (24), in a
small study of 34 older adults with symptomatic knee OA, found that a home-based, “Walk
+” program was effective in increasing daily steps among participants at 12 weeks. The
Walk + program incorporated an arthritis self-management program with counseling on
increasing total pedometer steps by 10% every 4 weeks.

Other factors, such as increased self-efficacy (i.e., self-confidence), may also have
influenced appraisal of physical function among ILI participants. In the OASIS study (11),
participants with low self-efficacy and low knee strength at baseline exhibited the greatest
decline in self-reported physical function at 30 months. In the FAST study, knee pain and
self-efficacy were shown to mediate the effect of the aerobic exercise and resistance training
groups on stair-climb time (27). According to Albert Bandura, the founder of Social
Cognitive Theory (28), self-efficacy may be enhanced by several sources, such as
performance accomplishments, vicarious experiences, social persuasion, and interpretation
of physiological sensations. The ILI intervention, with its combination of group and
individual counseling, provided a setting to provide regular feedback to ILI participants
regarding their progress toward meeting their goals, encouragement by the interventionists
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and other participants, comparative appraisal of other group members' progress, and
development of problem-solving strategies to prevent or address lapses. Thus, it is
conceivable that the weight-loss and fitness changes of ILI participants were coupled with
perceptual changes that favorably influenced their assessment of their physical function.

The Look AHEAD trial is being conducted in persons with diabetes; however, these results
are expected to be generalizable to a nondiabetic population. For example, the weight loss
observed in Look AHEAD (29) is similar to that observed in other studies among
nondiabetic populations (30–33), and the goals set for this trial are similar to those set for
the general population. For instance, the ILI goal of ≥175 min of moderate- intensity
physical activity per week is similar to the recommendations of both the US Department of
Health and Human Services (34), and the American College of Sports Medicine and the
American Heart Association (35) that recommend that adults perform at least 150 min of
moderate-intensity physical activity per week. Similarly, the weight-loss goal of ≥10% is in
accordance with the NHLBI Clinical Guidelines on identification, evaluation, and treatment
of overweight and obesity among adults, which asserts that ≥10% weight loss within 6
months of beginning a weight management program is a reasonable goal (36). Also, the use
of toolbox behavioral strategies to deal with barriers may be tailored to set goals among
individuals without diabetes. In addition, the use of both group-mediated and individual
sessions may be used in several settings and populations.

This investigation was not without limitations, the foremost of which was the lack of
radiographic evidence of knee OA to corroborate participants' self-report of knee pain.
However, knee pain or knee function were not primary end points of Look AHEAD, and
there were no criteria regarding baseline knee pain; thus, we relied upon self-report for
measures of knee pain and physical function. We also did not include several covariates in
our models that may be associated with knee pain, such as vitamin K serum levels (37) and
self-efficacy. We also did not include inflammatory factors, which were only assessed in
half of the Look AHEAD sample. Our nonsignificant finding of the effect of the ILI on the
stiffness dimension may, in part, be due to the fact that this dimension only has two items. In
addition, the small effect sizes observed may to some extent reflect the low baseline scores
for pain, stiffness, and function in both groups, which in turn may be reflective of the fact
that participants were recruited into Look AHEAD without regard to knee pain. Also,
although the Look AHEAD sample is multiethnic, the generalizability of our findings is
limited due to the fact that this sample has at least three comorbid conditions (knee pain,
overweight or obesity, and type 2 diabetes), and all of the clinical sites were located in urban
(not rural) settings.

Conclusion
The ILI resulted in improved physical function among overweight or obese adults with type
2 diabetes and knee pain. Moreover, this effect was observed after adjustment for several
potential demographic and clinical confounders, and it was mediated by changes in both
weight and fitness levels, which were two major goals of the ILI group. These findings are
consistent with other studies among similar samples, in which exercise and diet
interventions resulted in improvements in physical function. The ILI focused on group and
individual counseling without supervised exercise training, which may be a cost-effective
delivery strategy. The results of this study give further support to current physical activity
and weight-loss recommendations for adults with type 2 diabetes, obesity, and knee pain,
and prompt further research regarding the translatability and cost-effectiveness of the ILI.
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Appendix: Look Ahead Research Group at Year 1

2 November 2009
Clinical sites
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(Co-Investigator); Jeanne M. Clark, MD, MPH (Co-Investigator); Kerry Stewart, EdD (Co-
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Donna H. Ryan, MD (Co-Investigator); Donald Williamson, PhD (Co-Investigator); Amy
Bachand; Michelle Begnaud; Betsy Berhard; Elizabeth Caderette; Barbara Cerniauskas;
David Creel; Diane Crow; Helen Guay; Nancy Kora; Kelly LaFleur; Kim Landry; Missy
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The University of Alabama at Birmingham—C.E.M., MD, MSPH (Principal
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Investigator); Vicki DiLillo, PhD; Charlotte Bragg, MS, RD, LD; Amy Dobelstein; Stacey
Gilbert, MPH; Stephen Glasser, MD; Sara Hannum, MA; Anne Hubbell, MS; Jennifer
Jones, MA; DeLavallade Lee; Ruth Luketic, MA, MBA, MPH; Karen Marshall; L. Christie
Oden; Janet Raines, MS; Cathy Roche, RN, BSN; Janet Truman; Nita Webb, MA; Audrey
Wrenn, MAEd.

Harvard Center
Massachusetts General Hospital: David M. Nathan, MD (Principal Investigator); Heather
Turgeon, RN, BS, CDE (Program Coordinator); Kristina Schumann, BA (Program
Coordinator); Enrico Cagliero, MD (Co-Investigator); Linda Delahanty, MS, RD (Co-
Investigator); Kathryn Hayward, MD (Co-Investigator); Ellen Anderson, MS, RD (Co-
Investigator); Laurie Bissett, MS, RD; Richard Ginsburg, PhD; Valerie Goldman, MS, RD;
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Investigator); Marsha Miller, MS, RD (Program Coordinator); JoAnn Phillipp, MS (Program
Coordinator); Robert Schwartz, MD (Co-Investigator); Brent Van Dorsten, PhD (Co-
Investigator); Judith Regensteiner, PhD (Co-Investigator); Salma Benchekroun, MS; Ligia
Coelho, BS; Paulette Cohrs, RN, BSN; Elizabeth Daeninck, MS, RD; Amy Fields, MPH;
Susan Green; April Hamilton, BS, CCRC; Jere Hamilton, BA; Eugene Leshchinskiy;
Michael McDermott, MD; Lindsey Munkwitz, BS; Loretta Rome, TRS; Kristin Wallace,
MPH; Terra Worley, BA.

Baylor College of Medicine—John P. Foreyt, PhD (Principal Investigator); Rebecca S.
Reeves, DrPH, RD (Program Coordinator); Henry Pownall, PhD (Co-Investigator); Ashok
Balasubramanyam, MBBS (Co-Investigator); Peter Jones, MD (Co-Investigator); Michele
Burrington, RD; Chu-Huang Chen, MD, PhD; Allyson Clark, RD; Molly Gee, MEd, RD;
Sharon Griggs; Michelle Hamilton; Veronica Holley; Jayne Joseph, RD; Patricia Pace, RD;
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Chiu, MD (Co-Investigator); Medhat Botrous; Michelle Chan, BS; Kati Konersman, MA,
RD, CDE; Magpuri Perpetua, RD.

The University of Tennessee Health Science Center
University of Tennessee East: Karen C. Johnson, MD, MPH (Principal Investigator);
Carolyn Gresham, RN (Program Coordinator); Stephanie Connelly, MD, MPH (Co-
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Investigator); Andrea Kriska, PhD (Co-Investigator); Janet Bonk, RN, MPH; Rebecca
Danchenko, BS; Daniel Edmundowicz, MD (Co-Investigator); Mary L. Klem, PhD, MLIS
(Co-Investigator); Monica E. Yamamoto, DrPH, RD, FADA (Co-Investigator); Barb
Elnyczky, MA; George A. Grove, MS; Pat Harper, MS, RD, LDN; Janet Krulia, RN,
BSN,CDE; Juliet Mancino, MS, RD, CDE, LDN; Anne Mathews, MS, RD, LDN; Tracey Y.
Murray, BS; Joan R. Ritchea; Jennifer Rush, MPH; Karen Vujevich, RN-BC, MSN, CRNP;
Donna Wolf, MS.

The Miriam Hospital/Brown Medical School—Rena R. Wing, PhD (Principal
Investigator); Renee Bright, MS (Program Coordinator); Vincent Pera, MD (Co-
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Hall-Foushee Communications, Inc.—Richard Foushee, PhD; Nancy J. Hall, MA.

Foy et al. Page 11

Obesity (Silver Spring). Author manuscript; available in PMC 2012 July 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Federal sponsors
National Institute of Diabetes and Digestive and Kidney Diseases—Barbara
Harrison, MS; Van S. Hubbard, MD, PhD; Susan Z. Yanovski, MD.
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Figure 1.
Consolidated standards of reporting trials flowchart for enrollment of participants into the
Look AHEAD Study. WOMAC, Western Ontario and McMaster Universities Osteoarthritis
Index.
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Figure 2.
Illustration of mediation analyses. DSE, Diabetes Support and Education; ILI, Intensive
Lifestyle Intervention; WOMAC, Western Ontario and McMaster Universities Osteoarthritis
Index.
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Figure 3.
Summary of mediation analyses related to intervention, change in weight, and change in
WOMAC scores. (a) Baseline to 1-year change in WOMAC pain score (n = 1,755). (b)
Baseline to 1-year change in WOMAC function score (n = 1,756). (c) Baseline to 1-year
change in WOMAC stiffness score (n = 1,756). (d) Baseline to 1-year change in WOMAC
summary score (n = 1,756). β (s.e.) adjusted for baseline values of outcome variable, age,
gender, race/ethnicity, study site, Beck Depression Inventory Score, use of nonsteroidal anti-
inflammatory drugs, and baseline weight. βa, effect of intervention condition on mediator; β,
effect of intervention condition on outcome without mediator; β′, effect of intervention
condition on outcome with mediator; βb, effect of mediator on outcome; DSE, Diabetes
Support and Education; ILI, Intensive Lifestyle Intervention; WOMAC, Western Ontario
and McMaster Universities Osteoarthritis Index.

Foy et al. Page 17

Obesity (Silver Spring). Author manuscript; available in PMC 2012 July 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Summary of mediation analyses related to intervention, change in fitness, and WOMAC
summary score. β (s.e.) adjusted for baseline values of outcome variable, age, gender, race/
ethnicity, study site, Beck Depression Inventory Score, use of nonsteroidal anti-
inflammatory drugs, and baseline metabolic equivalents (METs). βa, effect of intervention
condition on mediator; β, effect of intervention condition on outcome without mediator; β′,
effect of intervention condition on outcome with mediator; βb, effect of mediator on
outcome; DSE, Diabetes Support and Education; ILI, Intensive Lifestyle Intervention;
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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Table 1
Baseline descriptive characteristics of ILI and DSE interventions among all participants
with knee pain

Characteristics DSE (n = 1,108) ILI (n = 1,095) P

Demographics

 Age (years)a 59.4 (7.0) 58.8 (6.7) 0.05

 Genderb

  Men 376 (33.9) 396 (36.2) 0.27

  Women 732 (66.1) 699 (63.8)

 Ethnicityb

  African-American 181 (16.3) 202 (18.4) 0.51

  American Indian/Alaskan native 56 (5.1) 53 (4.8)

  Asian/Pacific Islander 10 (0.9) 8 (0.7)

  Hispanic/Latino American 113 (10.2) 131 (12.0)

  Non-Hispanic white 723 (65.2) 677 (61.8)

  Other/multiple 25 (2.3) 24 (2.1)

Anthropometric/cardiovascular/metabolic

 BMI (kg/m2)a 37.2 (6.1) 37.0 (6.2) 0.43

 Weight (kg)a 103.6 (19.1) 102.1 (19.6) 0.55

 Waist circumference (cm)a 116.0 (13.5) 115.4 (14.4) 0.32

 Metabolic equivalents at 80% max heart rate (ml O2 × kg−1 × min−1 × 3.5) 4.85 (1.46) 4.97 (1.48) 0.06

 Metabolic equivalents at 100% max heart rate (ml O2 × kg−1 × min−1 × 3.5) 6.72 (1.84) 6.89 (1.89) 0.04

 %Hemoglobin A1c (mg/dl) 7.28 (1.15) 7.24 (1.11) 0.41

Health-related quality of life

 Beck Depression Inventorya 6.3 (4.7) 6.8 (5.6) 0.03

 Presence of goutb 31 (2.8) 16 (1.5) 0.03

 WOMAC pain scalea 3.9 (3.0) 3.7 (2.9) 0.08

 WOMAC stiffness scale 1.89 (1.53) 1.87 (1.48) 0.73

 WOMAC physical function scalea 11.5 (10.1) 11.3 (9.9) 0.66

 WOMAC summary score 17.30 (13.53) 16.86 (13.14) 0.43

Pain medication/surgery

 Nonsteroidal anti-inflammatory use 403 (36.4) 378 (34.5) 0.36

 Knee arthroscopy, or knee or hip replacement 7 (0.6) 14 (1.3) 0.11

DSE, Diabetes Support and Education; ILI, Intensive Lifestyle Intervention; WOMAC, Western Ontario and McMaster Universities Osteoarthritis
Index.

a
Data are presented as means (s.d.).

b
Data are presented as number (%).
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Table 2
Adjusted means of change in weight and WOMAC scores generated from mediation
analyses, path β

Adjusted mean changea (s.e.) P for difference Raw mean change (s.d.)

Effect size for
change between ILI

and DSEb

Weight (kg) changea N = 1,755

 DSE −0.78 (0.49) 0.001 −0.90 (5.14) −1.18

 ILI −9.02 (0.48) −9.08 (8.31)

WOMAC pain changec N = 1,758

 DSE (n = 856) −0.11 (0.23) 0.04 −0.28 (3.57) 0.06

 ILI (n = 902) −0.41 (0.22) −0.51 (3.45)

WOMAC physical function changec N = 1,759

 DSE (n = 857) −1.28 (0.69) 0.001 −0.73 (11.32) −0.15

 ILI (n = 902) −2.73 (0.67) −2.30 (9.92)

WOMAC stiffness subscale changec N = 1,759

 DSE (n = 857) −0.34 (0.11) 0.16 −0.24 (1.72) −0.07

 ILI (n = 902) −0.44 (0.11) −0.36 (1.69)

WOMAC Summary Score changec N = 1,759

 DSE (n = 857) −1.73 (0.96) 0.004 −1.22 (15.34) −0.13

 ILI (n = 902) −3.54 (0.94) −3.10 (13.57)

DSE, Diabetes Support and Education; ILI, Intensive Lifestyle Intervention; WOMAC, Western Ontario and McMaster Universities Osteoarthritis
Index.

a
Adjusted for age, gender, race/ethnicity, study site, Beck Depression Inventory Score, use of nonsteroidal anti-inflammatory drugs and baseline

weight.

b
Effect size calculated as (ILImean − DSEmean)/pooled standard deviation.

c
Adjusted for baseline values of outcome variable, age, gender, race/ethnicity, study site, Beck Depression Inventory Score, use of nonsteroidal

anti-inflammatory drugs and baseline weight.
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Table 3
Parameter estimates for covariates in mediation analyses related to intervention
condition, path β′

Regression parameter estimate (s.e.); P value

Covariate

Baseline to 1-year
change in WOMAC

pain (n = 1,755)

Baseline to 1-year
change in WOMAC
function (n = 1,756)

Baseline to 1-year
change in WOMAC
stiffness (n = 1,756)

Baseline to 1-year
change in WOMAC
summary (n = 1,756)

Age (years) 0.02 (0.01); P = 0.05 0.10 (0.04); P = 0.006 0.02 (0.005); P = 0.001 0.12 (0.05); P = 0.01

Female vs. male (reference) 0.62 (0.17); P = 0.003 1.94 (0.53); P = 0.0002 0.37 (0.08); P < 0.001 2.67 (0.73); P = 0.001

African-American vs. non-
Hispanic white (reference)

0.52 (0.22); P = 0.02 0.65 (0.66); P = 0.32 0.09 (0.10); P = 0.40 1.10 (0.91); P = 0.23

Hispanic vs. non-Hispanic white
(reference)

0.20 (0.32); P = 0.55 1.05 (0.98); P = 0.28 0.12 (0.15); P = 0.44 1.12 (1.36); P = 0.41

American Indian vs. non-Hispanic
white (reference)

0.30 (1.12); P = 0.79 −6.67 (3.38); P = 0.05 −0.96 (0.53); P = 0.07 −7.48 (4.70); P = 0.11

Asian vs. non-Hispanic white
(reference)

−0.17 (0.85); P = 0.84 −1.06 (2.56); P = 0.68 −0.14 (0.40); P = 0.72 −1.31 (3.56); P = 0.71

Other or mixed races vs. non-
Hispanic white (reference)

1.22 (0.49); P = 0.01 3.47 (1.48); P = 0.02 0.36 (0.23); P = 0.12 5.02 (2.06); P = 0.01

Baseline Beck Depression
Inventory-II

0.03 (0.01); P = 0.07 0.13 (0.05); P = 0.004 0.02 (0.01); P = 0.0004 0.15 (0.06); P = 0.02

NSAID use vs. no NSAID use
(reference)

0.64 (0.16); P < 0.001 1.66 (0.49); P = 0.0007 0.30 (0.08); P < 0.001 2.36 (0.68); P = 0.005

Baseline score of outcome
variable

−0.54 (0.03); P < 0.001 −0.51 (0.02); P < 0.001 −0.58 (0.02); P < 0.001 −0.47 (0.03); P < 0.001

Baseline weight (kg) 0.02 (0.004); P < 0.001 0.07 (0.01); P < 0.001 0.01 (0.002); P < 0.001 0.10 (0.02); P < 0.001

β
(s.e.) adjusted for intervention type and change in weight (kg) from baseline to 12 months.
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