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Abstract—Individuals with osteoarthritis (OA) of the knee
have a high prevalence of obesity. The objective of this study
was to determine predictors of weight loss among participants
with knee OA in a clinical trial. A secondary analysis of data
from a randomized clinical trial was used. Multiple regression
analysis was used to predict weight loss after identification of
predictor variables from the data. Hypothesized predictors of
weight loss included demographic, clinical, and behavioral
characteristics. The only baseline variable that was signifi-
cantly related to weight loss was the Center for Epidemiologic
Studies Depression Scale (CES-D) score. The CES-D score
was an independent predictor of weight loss at 16 (p < 0.01)
and 32 weeks (p < 0.05). Receiving nutrition counseling was
also predictive of weight loss at 16 weeks (p < 0.03). These
two variables explained 24% and 22% of the variance in
weight loss for weeks 16 and 32, respectively. Being less
depressed and receiving nutritional counseling appeared pre-
dictive of weight loss in this group of veterans.

Clinical Trial Registration: ClinicalTrials.gov; Home-based
exercise and nutrition program for pain control in overweight
elderly osteoarthritics; ClinicalTrials.gov ID: NCT 00126737,
http://clinicaltrials.gov/ct2/show/NCT00126737/.
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tion, obesity, osteoarthritis, overweight, self-efficacy, stages of
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INTRODUCTION

Obesity is an epidemic of global proportions, with
more than 1 billion people estimated to be overweight
worldwide [1]. Sixty-four percent of adults in the United
States are overweight [2]. A higher prevalence of obesity
is found in veterans, with approximately 73 percent of
male veterans and 68 percent of female veterans over-
weight [3]. Some known chronic medical conditions asso-
ciated with overweight and obesity are type 2 diabetes,
depression, hyperlipidemia, hypertension, heart disease,
and osteoarthritis (OA) [4-6]. The medical costs associ-
ated with obesity in the United States account for approx-
imately 10 percent of total medical expenditures [7].

Moderate weight loss of between 5 and 10 percent has
been associated with improvement in many medical condi-
tions [5-6]. Even weight loss of 1 to 2.4 kg can have posi-
tive effects on blood pressure [8], reduce associated
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symptoms of knee OA, and decrease the need for knee
replacement surgery [9]. Self-efficacy, stage of change,
and depression have been well documented to affect a per-
son’s ability to lose weight [10-14]. The more a person
feels able to lose weight and the more ready to make life-
style changes to lose weight, the more apt he or she is to do
s0. Marital status [15] and sex [16], as well as previous
attempts to lose weight [16-18], may also influence suc-
cessful weight loss. The beneficial effects of weight reduc-
tion for individuals with knee OA coupled with evidence
from the literature supporting psychosocial attributes
linked to successful weight loss prompted us to conduct a
post hoc analysis to determine whether certain demo-
graphic, psychosocial, and nutritional characteristics were
predictive of weight loss in participants who completed a
clinical trial entitled “Home-based exercise and nutrition
program for pain control in overweight elderly osteoar-
thritics” (OA clinical trial).

METHODS

Participants were eligible for inclusion in the OA
clinical trial if they were older than 50; had documented
OA of the knee(s) within the past 6 months; were symp-
tomatic for knee pain for at least 6 months prior to study
entry; complained of knee pain most days within the pre-
vious month; had evidence of OA of the knee according
to the American College of Rheumatology; had at least
“mild” pain on the Western Ontario and McMaster Uni-
versities (Osteoarthritis Index) (WOMAC) pain scale;
had American Rheumatology Association functional
class of I, Il, or 111I; had a body mass index (BMI) >27 and
<40; received approval for participation in the study by
the study physician; and agreed to attend scheduled exer-
cise and nutritional counseling sessions. One hundred
forty-three participants were enrolled in the OA clinical
trial. One hundred eleven participants were randomized
into four treatment arms of the OA clinical trial: (1) nutri-
tion counseling (n = 27), (2) tailored exercise program
for home (n = 30), (3) both nutrition counseling and home
exercise program (n = 29), and (4) usual care (n = 25)
(Figure). Seventy-eight percent (n = 87) of the 111 ran-
domized participants completed the study. Study person-
nel who completed weight loss outcome assessments
were not blinded to patients’ randomization assignments.
Patients completed questionnaires independent of the
investigators. Subjects from the OA clinical trial were

included in this secondary analysis if data were available
for both predictive, outlined in the “Predictive Variables”
section, and the outcome variable.

INTERVENTION MODALITIES

Nutrition Counseling

Participants randomized to receive the nutrition coun-
seling intervention received a weight control and behav-
ioral intervention program that included a modified
version of the Lifestyle, Exercise, Attitudes, Relationships,
Nutrition or LEARN® Program for Weight Management
[19-20]. The LEARN Program was modified to exclude
the exercise component since exercise was a separate inter-
vention received by participants in two of the four arms of
the study. The remaining portions of the LEARN Program
were applied during the study: they consisted of 16 lesson
plans covering a variety of nutrition topics (e.g., portion
control, tips for eating at restaurants, eating during stress)
and included reading materials for the participants, moni-
toring forms, self-assessment quizzes, and establishment
of individualized goals. Participants met with a dietitian
weekly for 60 minutes for the first 16 weeks and biweekly
thereafter for 8 weeks. Participants completed some of the
activities outlined in LEARN workbooks and completed
homework assignments with guidance from the dietitian.
No specific diet was provided to participants by the dieti-
tian. Modification of the participants’ eating habits and
dietary choices was individualized to meet their lifestyles
with a patient-centered approach to counseling. In addi-
tion, participants were weighed weekly and given the
opportunity to discuss any problems they were having with
their weight loss efforts.

Home-Based Exercise

Participants randomized to receive the home-based
exercise intervention participated in weekly 60-minute
supervised exercise sessions for the first 16 weeks and
biweekly exercise sessions thereafter for 8 weeks. Partici-
pants were instructed on proper techniques for exercises
to be completed at home. They were also given detailed
instructions on the type, frequency, and duration of exer-
cises to complete for the upcoming week. The program
included training in aerobic exercise (primarily Nordic
walking), isometric and isotonic progressive resistance
exercises, and stretching exercises that were to be per-
formed in the home.
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Enrollment, randomization, and follow-up of osteoarthritis study participants. CAD = coronary artery disease, COPD = chronic obstructive
pulmonary disorder, CV = cardiovascular, EX = exercise program for home, WC = weight control (nutrition counseling), w/ = with.

Nutrition and Home-Based Exercise
Participants in this group received both the nutrition
and exercise interventions as previously described.

Usual Care

The usual care group participated in weekly visits
with the study staff for the first 16 weeks and biweekly
visits thereafter for 8 weeks. They discussed general
health-related issues such as medications and/or immuni-

zations, information about future visits to various clinics,
and continued follow-up with assigned primary care phy-
sicians. No nutrition or exercise counseling was provided.

PREDICTIVE VARIABLES

The following variables were measured at baseline
and were selected for inclusion into exploratory data
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analyses based on findings from a literature review and
their potential effect on and/or association with obesity
and weight management.

Depression

The Center for Epidemiologic Studies Depression
Scale (CES-D), a 20-item measure designed to evaluate
symptoms of depression in the community population,
was used to determine symptoms at baseline (Cronbach
alpha = 0.85) [21]. The reported score uses continuous
measures with a range of 0 to 60; a score of 16 or above
is consistent with depression.

Motivation

Participants were asked to estimate their motivation
to lose weight at baseline by marking off a point on a
visual analog scale that had a zero at one end, an eight at
the other end, and unmarked but equally spaced tick
marks between the zero and eight. A higher score indi-
cated greater motivation to lose weight. No reported psy-
chometric properties are available for this tool.

Self-Efficacy

The Self-Efficacy to Regulate Eating Habits ques-
tionnaire (Cronbach alpha = 0.93) contained 30 questions
and used a modified version of the Weight Efficacy Life-
Style Questionnaire [11]. Participants were asked to rate
their confidence in being able to “stick to healthy eating
habits” when faced with different tempting situations
using a scale of 0 (cannot do at all) to 10 (certain can do).
The results from the questionnaire were then converted
into interval measures using Rasch measurement, with a
higher score indicating higher self-efficacy [22-23].

Stages of Change

The 42-item Stages of Change Modified Motiva-
tional Interviewing instrument (Cronbach alpha = 0.95)
was administered to participants regarding their readiness
to change individual eating habits to lose weight [24].
Rasch measurement was used to convert responses from
this questionnaire to interval measures. A higher score
indicated more readiness to make behavioral changes to
lose weight. Responses on the instrument were used by
the dietitian to counsel and individually tailor weight loss
messages according to the stage of change for a particular
eating habit.

History of Weight Loss Attempts

At baseline, participants were asked how frequently
they had attempted to lose weight in the past. Five
response-option categories were provided. Responses
were collapsed dichotomously into either positive history
of previous weight loss attempts (responses of “trying
fairly often,” “frequently trying,” and “always trying”) or
lack of previous weight loss attempts (“never tried,”
“tried once™).

Body Mass Index

Subjects were measured for height using a stadiome-
ter, and weight was obtained using a device that measures
and tracks body weight, body fat, and lean mass using air
displacement plethysmography, the BOD POD® (Life
Measurement, Inc; Concord, California). Measured
heights and weights were used to calculate BMI.

Demographic Characteristics

Marital status, sex, and race/ethnicity were also col-
lected. For the purpose of this study, participants were
identified as either married or not married and either
white or nonwhite.

OUTCOME VARIABLE: WEIGHT LOSS

Weight loss was defined as weight changes that
occurred between baseline and 16 weeks, as well as base-
line and 32 weeks. Weight changes were measured quan-
titatively in pounds.

DATA ANALYSIS

Measures of central tendency were used to describe
the sample and variables. Exploratory data analysis was
conducted on the hypothesized predictive variables to
determine which were significantly (p < 0.05) associated
with weight loss and to select for inclusion in multiple
regression analysis. Pearson correlation statistics were
used for continuous variables, and independent t-tests
were used for dichotomous variables. Criteria for vari-
ables to be included in the regression model were liberal-
ized (p < 0.2) in order to account for colinearity [25].
Multiple linear regression models were used to determine
predictors of weight change.
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A backward, stepwise multiple linear regression
model was used to determine which baseline psychoso-
cial, nutritional, and clinical variables predicted weight
loss at 16 and 32 weeks. Based on results from explora-
tory data analysis, the following predictive variables
were included in the model: nutrition counseling group,
marital status, motivation to lose weight score, CES-D
score, and BMI. Since significantly more weight was lost
by participants in the nutrition counseling intervention
arms of the study, the four groups were collapsed into
two groups and were analyzed as nutrition group (nutri-
tion counseling intervention group and nutrition plus
home-based exercise intervention group) versus nonnu-
trition group (usual care group and home-based exercise
intervention group). All analyses were completed using
SPSS, version 11.0 (SPSS, Inc; Chicago, Illinois).

RESULTS

Baseline Descriptive Characteristics

No statistically significant differences in demo-
graphic variables (age, sex, race/ethnicity, BMI, marital
status) or psychosocial variables (CES-D, motivation,
self-efficacy, or stage of change) were found between the
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four groups at baseline (p > 0.05, Table 1). Participants
were older (mean age, 68 * 8 yr), mostly male (87%),
predominantly white (89%), more likely to be married
(60%), and obese (mean BMI 34 + 6; all data presented
as mean = standard deviation unless otherwise noted).
They had a mean CES-D score of 15 + 10. Many of the
participants (42%) had a CES-D score consistent with
depression (>16). The mean self-efficacy score for the
entire study sample was 0.19 £ 1.0 logits, with a score of
0 as the midpoint indicating the scores were skewed
toward the high end. The mean stage of change score was
0.20 £ 0.73 logits and showed good targeting of items to
persons. Most of the participants (68%) had a positive
history of previous weight loss attempts.

Outcomes for Entire Study and Between Groups

The amount of weight loss for the entire study sample
was modest at both 16 (3.4 £ 7.5 Ib) and 32 weeks (4.3 £
11.1 Ib), with no significant differences between any of
the groups (Table 2). We also collapsed and compared the
two groups that received nutrition intervention (nutrition
counseling intervention group and nutrition counseling
plus home-based exercise intervention group) with the
two groups that did not receive nutrition counseling as an

Table 1.
Baseline characteristics of participants by treatment group. Data presented as mean + standard deviation or n (%).
Exercise + . . .
. - Exercise ~ Weight Control Usual Care  Combined
Variable Welght_ControI (n = 30) ?n - 27) (n = 25) (n = 111)
(n=29)
Demographic
Age (yr) 70+9.9 66+ 7.5 67+7.4 69 +8.9 68+8.4
Female 3(10) 4 (13) 4 (15) 3(12) 14 (13)
White Race 25 (86) 28 (93) 24 (88) 22 (88) 99 (89)
Married 16 (55) 20 (67) 17 (63) 14 (56) 67 (60)
BMI 33+4 34+6 367 335 34+6
Psychosocial
CES-D Score” 167 15+10 13+9 17+£10 15+10
Depressive Symptoms 13 (27) 10 (33) 11 (41) 10 (40) 44 (40)
Motivation Score® 6.7+15 6.9+1.0 6.8+13 6.6+1.3 6.8+1.3
Self-Efficacy Score 041+1.0 0.16 £0.5 032+14 -0.17+£054 019%1.0
Stage of Change Score® 0.05+0.63 0.37£0.79 0.32+0.81 0.0+0.61 0.20%0.73
Reported Previous Weight Loss Attempts 19 (66) 21 (70) 18 (67) 18 (72) 76 (68)

Note: No significant differences were found between treatment groups for any measured baseline characteristics (p < 0.05).

*CES-D scale 0-60: higher score indicates more depressed; 16 or higher is standard cutoff point for depression.

TMotivation score: participant’s self-perceived motivation to lose weight on a scale of 0-8.

*Self-efficacy score: self-efficacy to regulate eating habits; higher score indicates higher self-efficacy; logit range —1.64 to 4.93.

§Stage of change score: score for changing eating habits; higher score indicates more advanced stage of change; logit range —1.65 to 2.4.
BMI = body mass index, CES-D = Center for Epidemiologic Studies Depression Scale.
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intervention (home-based exercise intervention group and
usual care group). Participants in the two groups that
received nutrition counseling had more weight loss at 16
weeks (p = 0.04) than participants in the groups that did
not receive nutrition counseling. No significant differ-
ences were noted in weight loss between groups that
received the exercise intervention and those that did not.

Relationships Among Variables

Pearson correlations were used to determine the rela-
tionships between continuous predictive baseline vari-
ables and the outcome variable (Table 3). Being less
depressed was associated with weight loss at both 16 and
32 weeks, although these relationships were not strong.
No other baseline predictive variables were significantly
associated with the outcome variable.

Differences Between Groups

An independent t-test was used to compare differences
in the outcome variable for the dichotomous variables
marital status (married vs not married) and depression
(measured with CES-D scores >16 vs <16). Married par-
ticipants tended to have more weight loss on average from
baseline to 16 weeks than nonmarried participants, but this
difference did not reach statistical significance. Partici-

Table 2.

pants with CES-D scores reflecting no depression (<16)
lost more body weight at 16 and 32 weeks (p = 0.007, p =
0.03, respectively) than those with CES-D scores consis-
tent with being depressed (>16).

Predictors of Weight Loss

Multiple linear regression models were used to iden-
tify predictors of weight loss. The baseline variables
(CES-D score, self-perceived motivation to lose weight,
baseline BMI, and marital status) were marginally associ-
ated with the outcome variable (p < 0.2). These baseline
variables, as well as the dichotomous treatment variable
nutrition counseling, were entered into the regression
model, and the final model was determined using back-
ward stepwise elimination. Of the five variables entered
into the stepwise regression model, only two were signifi-
cant predictors of weight loss. Being less depressed as
determined by a lower CES-D score was an independent
predictor of weight loss at 16 (p = -0.36, p < 0.01) and
32 weeks (B = -0.28, p = 0.04) (Table 4). Receiving
nutrition counseling also predicted weight loss at 16 (B =
0.21, p = 0.05) but not at 32 weeks (f = 0.20, p = 0.08).
The regression model that included both the CES-D score
and receiving nutrition counseling explained 24 percent

Weight loss outcomes in osteoarthritis clinical trial participants at 16 and 32 weeks.

Intervention

16 Wk Weight Loss*

32 WK Weight Losst

Mean + SD n Mean + SD n

Exercise + Weight Control 3459 25 21+56 20

Exercise 2.8+10.7 25 48+15.3 21

Weight Control 6.0+6.6 25 8.2+10.1 24

Usual Care 0.7+4.4 19 1.1+£10.1 17

Combined 34+£75 96 43+11.1 82
*p=0.11.
Tp=0.16.

SD = standard deviation.

Table 3.
Relationship between baseline variables and change in weight.

Independent Variable 16 Wk Weight Loss

32 WK Weight Loss

Pearson r n p-Value Pearson r n p-Value
Baseline BMI 0.17 93 0.10 0.20 79 0.08
CES-D Score -0.41 89 <0.001 -0.31 75 0.01
Motivation Score 0.12 84 0.29 0.23 70 0.06
Self-Efficacy Score 0.03 85 0.81 0.07 71 0.57
Stage of Change Score 0.06 93 0.58 0.08 79 0.47

BMI = body mass index, CES-D = Center for Epidemiologic Studies Depression Scale.
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Table 4.
Multiple linear regression predictors of weight loss.
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16 Wk Weight Loss™

32 Wk Weight Losst

Predictor B p-Value B p-Value
Nutrition Group 0.21 0.05 0.20 0.08
CES-D score -0.36 <0.01 -0.28 0.04
Baseline BMI 0.18 0.09 0.23 0.06
Marital Status 0.01 0.92 -0.05 0.71
Motivation Score 0.08 0.46 0.21 0.08

Note: Stepwise backward elimination multilinear regression was used to test the independent predictive values of baseline characteristics with outcomes.

"R =0.49, R? = 0.24, p-value = 0.001.
TR =0.47, R? = 0.22, p-value = 0.01.

BMI = body mass index, CES-D = Center for Epidemiologic Studies Depression Scale.

of the variance in weight loss at 16 weeks. These same
two variables explained 22 percent of the variance in
weight loss at 32 weeks. The regression model for weight
loss at 16 weeks was weight loss at 16 weeks (pounds) =
4.82 + (-0.36 x CES-D score) + (0.21 x n), where n =
receiving nutrition counseling (1 = yes, 0 = no). The
regression model for weight loss at 32 weeks was weight
loss at 32 weeks (pounds) = 15.93 + (-0.28 x CES-D
score). Both race/ethnicity and sex were excluded in the
analysis because of the limited number of participants of
each sex and race/ethnicity. An interaction between the
two treatments (nutrition counseling and exercise pro-
gram) was explored and showed no significant interaction
with any of the outcomes.

DISCUSSION

Depression and Weight Loss

This study suggests that having a lower CES-D score
(being less depressed) may have played a part in predict-
ing weight loss during intervention among older obese
males with chronic knee OA. This finding is consistent
with results from other studies [14,26-27]. Depression
has been identified as a predictive factor of nonadherence
to treatment for multiple medical conditions and specifi-
cally for nonadherence to weight loss behaviors, such as
improving diet and increasing physical activity [14,26—
27]. In addition, depression may interact with other fac-
tors, such as self-esteem and self-efficacy, that influence
adherence. Depressed patients often feel isolated and
hopeless, making them less likely to see the possible pos-
itive outcomes of behavior change. Since depression and
obesity are thought to have a bidirectional association,
whether depression should be treated prior to encourag-

ing behavior changes for weight loss or whether the
weight loss program might serve as treatment for depres-
sion in the obese patient is unknown [28-30].

A higher percentage (42%) of our study sample
screened positive for depression than a national sample
of veterans (31%) [29,31]. The depression rate for the
U.S. population older than 65 is 26 percent [31]. One
possible reason for the higher scores on the CES-D in our
sample was that 41 percent of our participants were Viet-
nam era veterans: a group known to have a high preva-
lence of depression and other mental health problems
[32]. Another contributing factor to more depression is
that patients with chronic OA of the knee experience
much pain, resulting in limited mobility and disability
from multiple comorbidities. The incidence of depression
in individuals who are trying to lose weight may be an
important criterion in planning interventions for success-
ful weight loss.

Body Mass Index

At baseline, the mean BMI was comparable to that of
participants in other weight loss interventions [15,33].
While baseline BMI trended toward being predictive of
weight loss at 16 weeks, this relationship was not signifi-
cant. One might expect a person with a higher BMI at
baseline to lose weight more rapidly than one with a
lower BMI [16]; we investigated weight loss as both the
total number of pounds lost as well as the percentage of
body weight that the person lost in relation to their initial
body weight in attempt to account for the fact that those
who are heavier often lose more weight faster. However,
results using the percentage of weight lost did not seem
to affect our results, and thus, weight loss as a percentage
of initial weight was not reported. Although the weight
loss was less than the recommended 10 percent over
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6 months [2,5], our results are similar to those found in
other studies conducted on veterans [13]. Our study may
not have had enough statistical power to detect a signifi-
cant relationship between BMI and weight loss. Perhaps
the higher rate of depression in our sample reduced the
impact on weight loss. Lack of group support and less
rigorous accountability of patients to the study program
may have accounted for minimal weight loss. Treatment
programs that emphasize behavior modification and cog-
nitive strategies to lose weight are more successful when
social support is present [13,34-35].

Self-Efficacy

Baseline self-efficacy scores were not correlated with
weight loss. However, self-efficacy has been established
as an important predictor of change in many health behav-
iors, including weight loss [10,18,36]. Baseline measures
may not be as important as changes in self-efficacy over
time in the program, and results supporting this have been
reported from other studies involving overweight and
obese individuals [10,37].

Stage of Change

Baseline stage of change scores were also not corre-
lated with weight loss. Since stage of change can vary
significantly over time, a better predictor may have been
the relationship between stage of change scores and body
weight over the same time frame. Again, baseline meas-
ures may not be as important as the movement through
the stages of change for predicting success at weight loss.
Evidence varies as to whether interventions that match
treatment to stage of change are more successful than
those that do not take stage of change into account [38—
39]. Measuring stage of change for weight loss is difficult
at best [12,40-41]. Our stage of change measures
appeared to be associated more with adherence to the
intervention than to the weight loss outcome. This infor-
mation may be helpful as a strategy for improving the
effectiveness of the intervention.

Overall Model

Overall, 24 percent of the variance in weight loss was
explained by our model. Other factors, not included in the
model, may account for why people with OA of the knee
do or do not lose weight. Perhaps the higher rate of depres-
sion in our sample reduced the impact on weight loss.
Although baseline pain of the participants was mild as
measured with the WOMAC pain scale, pain may have
been a mediator for depression or it may have negatively

influenced physical functioning and weight control efforts.
Lack of group support and less rigorous accountability of
patients to the study program may have accounted for
minimal weight loss. Treatment programs that emphasize
behavior modification and cognitive strategies to lose
weight are more successful when social support is present
[13,34-35].

Limitations of the study include the small sample
size that may have contributed to a type Il error. Several
of the measures used in this study did not have published
psychometric properties reported in the literature.
Although the drop-out rate for this study was similar
(22%) to other studies [18,35], the small sample size may
have reduced the statistical power to detect differences
between the groups on the outcome measure. Also, the
post hoc nature of this study did not allow us to investi-
gate other variables associated with successful weight
loss. A person’s ability to lose weight is multifactorial in
its etiology, and without investigating all aspects, predict-
ing factors that lead to successful weight loss is difficult.
In addition, the amount of weight lost within the groups
did not vary by a large amount, which also contributed to
making weight loss prediction difficult. Considering that
the OA clinical trial investigated the effects of exercise
on pain as the primary outcome variable, pain and adher-
ence to the study program could have accounted for some
of the variance in weight loss.

CONCLUSIONS

Of all the psychosocial factors that were examined,
only depression and receiving nutrition counseling
appeared to predict weight loss in this group of veterans
with OA of the knee. This finding suggests that depression
should be treated as a critical factor in the design and devel-
opment of future weight loss programs for veterans. Other
behavioral factors did not play a significant role as hypothe-
sized. Depression and receiving nutrition counseling
accounted for a small amount of the variance in the weight
loss outcome, suggesting that other factors or a combina-
tion of factors may be accountable for weight loss. Because
the primary outcome variable of the OA clinical trial was
the effect of exercise on pain, pain could have accounted
for some of the variance in the outcome measure of weight
loss as well as for the rate of patient drop out from the
study. The drop-out rate may also have reduced the study’s
power to detect differences between the groups. Thus,
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research investigating the interaction between depression,
pain, and weight loss may hold much interest in the future.
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