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Introduction

In the USA 33.4% of women meet the present classification of
obesity (BMI ≥ 30.0 kg/m2) [1]. Approximately 6.9% of
women fulfill the criteria for severe, morbid, extreme, or class
III obesity [1], which is defined as a BMI of 40.0 kg/m2 or
greater. Based on degree of overweight, these individuals are
at a progressively increased risk for type 2 diabetes, hyperten-
sion, coronary heart disease, various cancers, and premature
death [2]. Because diets of severe caloric restrictions overall
have been ineffective [3], more invasive methods such as phar-
macotherapy and bariatric surgery have been suggested to
 reduce weight [4]. 
Although physical activity has been associated with only mod-
erate amounts of additional weight loss over the short term
when added to a modified eating plan [5], it is the strongest
predictor of maintained weight loss [6]. In fact, it is rare for
persons who have lost a considerable amount of weight to
maintain the loss without a program of regular exercise [7].
As it has been shown that the association between physical
activity and weight loss is not completely explained by caloric
expenditure, additional mechanisms have been considered [8].
For example, the association of even minimal amounts of
physical activity with both acute and chronic improvements in
mood [9] has been suggested as playing a part in explaining
weight loss [10]. Obesity is associated with mood disorders in
females [11, 12], and associations of depressive symptoms with
binge eating disorder and obesity have been identified [13].
An association between physical activity, overall mood, and
weight loss was suggested in a large sample of those who at-
tained and maintained substantial reductions in weight [7].
This research, however, was cross-sectional, and thus could not
imply causality.
A number of different explanations concerning the interrela-
tions of exercise, mood, and overweight are worthy of consid-
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Summary
Background/Aims: It has been suggested that physical
activity may affect weight reduction outcomes through
associated improvements in mood. Relations of physical
activity, mood, and weight change are not well under-
stood in persons classified as severely obese (BMI ≥ 40
kg/m2), however. This research tested these relationships
in women with severe obesity. Methods: 57 women with
a mean BMI of 43.8 kg/m2 were enrolled in a cognitive-
behavioral exercise support treatment with group-based
nutrition information. Measurement of depression, ten-
sion, overall mood, and BMI was taken at baseline and
month 6, and exercise session attendance was recorded.
Results: The treatment was associated with significant
improvements in depression, tension and total mood
disturbance scores as well as in BMI over 6 months.
Changes in mood scores that were more positive were
correlated with a greater reduction in BMI. Mean atten-
dance in the prescribed 3 session/week exercise regimen
was 46.0%, and attendance was significantly correlated
with changes in tension and total mood disturbance
scores, and approached significance with changes in de-
pression scores. Conclusion: Findings suggested signifi-
cant relations of mood and weight changeas well as of
physical activity and mood in severely obese women as-
sociated with a treatment of moderate physical activity.
With extensions of this research, weight loss theory and
treatment may benefit. 
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eration. For example, biological research suggests significant
relations between overweight, depression, and metabolic syn-
drome in women [14]. Baker and Brownell [15], however,
adopted a behavioral perspective based on social cognitive
theory [16] and proposed a model suggesting that participa-
tion in a physical activity program is associated with improved
mood and a better ‘psychological climate’ which, in turn, is as-
sociated with weight loss. Social cognitive theory posits a tri-
adic, reciprocal relationship between person, environment and
behavior, and suggests that persons will receive reinforcement
value from connecting behaviors (e.g. physical activity) with
valued outcomes (e.g. improved mood). Self-efficacy is a con-
struct embedded in social cognitive theory that is a belief that
one has the ability to be successful at specific behaviors (e.g.
those associated with weight loss) [17]. In summarizing effects
emanating from a regimen of physical activity, Baker and
Brownell stated that ‘positive changes in overall well-being,
and in specific variables such as depression and anxiety, could
lead to a healthier psychological climate in which individuals
have more cognitive and emotional resources, as well as moti-
vation and energy, to sustain the long-term commitment to a
weight-loss program’ [15, p 320].
In preliminary testing of the Baker and Brownell model, sev-
eral embedded propositions were supported [18]. For exam-
ple, physical activity was significantly associated with changes
in measures of self-efficacy, anxiety, and depression; and
changes in mood scores were significantly correlated with
changes in body composition. Within the experimental proto-
col used, exercise types and intensities were largely left to par-
ticipants’ preferences, and application of an evidence-based
exercise support treatment (The Coach Approach) was associ-
ated with greater adherence than a control condition [18]. Se-
verely obese individuals who may find exercise especially un-
comfortable, and may thus respond differently on psychologi-
cal factors were not, however, specifically studied. Thus, gener-
alizability of findings to this group was unknown.
To provide data on psychological correlates of weight loss and
how severely obese women respond to a treatment where
manageable amounts of physical activity rather than caloric
restriction is emphasized, this investigation was initiated.
Specifically, the following research questions were posed: 
i) Was the physical activity and nutrition information treat-

ment associated with significant improvements in depres-
sion, tension, and total mood disturbance scores as well as
in BMI over 6 months?

ii) Did depression, tension, and total mood disturbance scores
at baseline significantly correlate with BMI change?

iii) Did changes in depression, tension, and total mood distur-
bance scores over 6 months significantly correlate with
BMI change?

iv) Was exercise session attendance significantly correlated
with changes in depression, tension, and total mood distur-
bance scores?

Material and Methods

Subjects
Women responded to solicitations for volunteers in local newspapers.
 Inclusion criteria for this investigation was i) age of 21 to 65 years, ii) BMI
≥ 40 kg/m2, iii) no regular exercise (≤1 session/week) within the previous
year, iv) a reported goal of weight loss, and v) reported failures with
caloric restriction diets. Exclusion criteria were i) inadequate physical con-
dition for exercise, ii) pregnant or planning to become pregnant soon, and
iii) taking medication for weight loss or a psychiatric disorder. A written
statement of adequate health to participate was required from a physi-
cian. Appropriate institutional review board approval and written con-
sent from all subjects was received. The age range of the 57 subjects was
21–52 years (mean ± SD = 44.4 ± 10.3 years). Approximately 93% of the
sample was in the lower-middle to middle classes. The ethnic make-up was
49% White, 42% African American, and 9% of other ethnicities. BMI was
40.15–49.88 kg/m2 (mean ± SD = 43.75 ± 2.89 kg/m2). 

Measures
Consistent with previous research [19], exercise session attendance was
the ratio of sessions attended divided by the ‘optimal’ number of sessions
of 72 (3 sessions assigned per week × 24 weeks), expressed as a percent-
age. Exercise sessions completed were recorded electronically through a
computer system that was suggested valid through strong significant cor-
relations (r-values = 0.42–0.55) with changes in measures of cardiorespira-
tory function (e.g. VO2 max, blood pressure, resting heart rate) [20].
The depression and tension scales of the Profile of Mood States Short
Form [21] required responses to five 1- to 3-word items anchored by 0
(not at all) and 4 (extremely), which reflected on feelings occurring, ‘dur-
ing the past week including today’. The Total Mood Disturbance scale is
an aggregate measure of negative mood derived by summing the Profile
of Mood States scales scores of depression, tension, fatigue, confusion, and
anger, and subtracting the positive scale score of vigor. Internal consisten-
cy ranged from 0.84 to 0.95, and test-retest reliability at 3 weeks averaged
0.69 [21]. The depression scale had a correlation of 0.61 with the Beck De-
pression Inventory, and the tension scale had a correlation of 0.80 with the
Manifest Anxiety Scale [21]. 

Procedure
Subjects were provided no-cost access to YMCA exercise centers. A series
of six 1-hour meetings with a credentialed exercise specialist was provided
where a cognitive-behavioral exercise support protocol (The Coach Ap-
proach) [16] was administered over 6 months. A supporting computer pro-
gram adjusted treatment components based on responses to validated sur-
veys. Methods included instruction on an array of self-management and
self-regulation skills such as goal setting, cognitive restructuring, and stim-
ulus control; exercise types based on individual preferences (e.g. walking,
water-based exercise), with adjustments of intensities and durations to in-
duce positive post-exercise feeling changes, and instructor-led group exer-
cise to promote feelings of social cohesion. Exercise plans were assigned
for 3 sessions/week. The Coach Approach protocol was intended to in-
crease feelings of mastery, competence and self-efficacy, and to maximize
adherence [22].
Because it is the current standard in behavioral weight loss treatment, in-
formation in nutritional practices were included. Registered dietitians
provided 6 biweekly, 1-hour nutrition information sessions in small
groups. The standardized protocol used (i.e. Cultivating Health) included
curriculum components of understanding calories, carbohydrates, protein,
and fats; calculating caloric needs; using the food pyramid; developing a
plan for appropriate snacking; and menu planning [23]. No specific caloric
or fat restrictions were imposed.
Assessments were administered in a private area at baseline and week 24.
All applicable institutional and governmental regulations concerning the
ethical use of human volunteers were followed during this research. 
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Data Analyses
An intention-to-treat design was incorporated where missing data associ-
ated with program dropout were imputed using the baseline carried for-
ward method [24]. Because research suggests that short-term weight loss
will usually revert to baseline soon after terminating treatment [25], this
method, previously used under conditions similar to this study [26, 27],
was selected. That is, when BMI data were missing at month 6, the same
participant’s BMI score at baseline was imputed [26, 27]. This method had
the advantage of maximizing statistical power while not overestimating
treatment effects by retaining data from only those with the highest treat-
ment compliance, or estimating changes in BMI from participants who
carried on complying [24]. Other missing data were imputed using the ex-
pectation maximization approach, which replaces each missing score with
a set of plausible scores that represent the uncertainty about the correct
score to impute. Discriminant procedures based on complete data sets
from other subjects are then incorporated, and results are combined [28,
29]. This method is useful when response data are missing on a random
basis [28, 29].
Dependent t tests were first calculated for within-group changes in scores
of tension, depression, total mood disturbance and BMI, associated with
the 6 months of treatment. For effect size estimations, Cohen’s d was re-
ported where 0.20 is considered a small effect, 0.50 is considered a moder-
ate effect, and 0.80 is considered a large effect [30]. Pearson product mo-
ment correlations were then conducted between each mood measure at
baseline and BMI change as well as between changes in each mood mea-
sure and BMI change. Partial correlations controlling for the baseline val-
ues of tension, depression, and total mood disturbance were also calculat-
ed. Correlations were then calculated between exercise session atten-
dance and changes in each mood measure over 6 months. Finally, the cor-
relation between exercise session attendance and change in BMI was
derived. A correlation of 0.10 is considered small, 0.30 is considered mod-
erate, and 0.50 is considered large [30]. 
Statistical significance was set at α = 0.05 (1-tailed) for the dependent 
t tests and α = 0.05 (2-tailed) for the correlation analyses. The sequential
Bonferroni procedure suggested by Jaccard [31] and Holm [32] was used
to adjust α levels for multiple tests. Thus, for the smallest p value (within a
group of tests), the α value of 0.05 was divided by the number of tests
conducted to establish the critical value for statistical significance (e.g.
0.05/4 tests = critical value of 0.01). If significance was met, the second
smallest p value had the 0.05 α value divided by the number of tests minus
1, to establish the critical value (e.g. 0.05/3 = critical value of 0.02). This
process continued one-by-one with the progressively greater p values (e.g.
0.05 next divided by the number of tests minus 2, or a critical value of
0.03) until statistical significance was no longer met. Research suggests

that this method performs better than the traditional Bonferroni correc-
tion procedure in maintaining statistical power, while also controlling for
inflation of the type I error rate [33].

Results

Dependent t tests indicated statistically significant within-
group improvements over 6 months in scores of depression,
tension, total mood disturbance, and BMI (table 1). The corre-
lations between baseline scores on each mood measure and
BMI change did not reach statistical significance (table 2).
Correlations between changes over 6 months in depression
and total mood disturbance and BMI change were significant
(table 2). The correlation between change in tension and BMI
change did not, however, reach statistical significance. Con-
trolling for the respective depression, tension, and total mood
disturbance scores at baseline did not strengthen correlations
(r = 0.36, 0.05, and 0.22).
The mean exercise session attendance percentage for the sam-
ple was 46.01 ± 30.87. Correlations between attendance per-
centage and changes in scores of tension (r = –0.26) and total
mood disturbance (r = –0.32) were significant. The correlation
between exercise session attendance and change in depression
score approached statistical significance (r = –0.21; p = 0.06).
The correlation between exercise session attendance and
change in BMI was significant (r = –0.49).

Discussion

Significant within-group improvements in each mood mea-
sure were associated with the supported physical activity
treatment. Through a social cognitive framework [16, 17], it
could be interpreted that participation in the exercise pro-
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Table 1. Within-group changes over 6 months in depression, tension, and
total mood disturbance scores, and BMI (n = 57)

Baseline Month 6 t db

⎯⎯⎯⎯⎯⎯⎯ ⎯⎯⎯⎯⎯⎯⎯
Mean SD Mean SD

Depressiona 3.07 2.26 2.62 1.91 2.03* 0.20
Tensiona 4.16 3.93 2.49 2.10 3.71* 0.42
Total mood 14.28 15.20 5.22 11.28 4.39* 0.60

disturbancea 

BMI 43.75 2.89 42.47 3.99 3.45* 0.44

aDepression, tension, and total mood disturbance are scales of the Profile
of Mood States Short Form.
bd denotes Cohen’s measure of effect size. Degrees of freedom = 56. 
*p < 0.05 (1-tailed; adjusted for multiple tests using the sequential Bonfer-
roni procedure).

Table 2. Pearson product moment correlations between depression, ten-
sion, and total mood disturbance scores, and BMI change, over 6 months
(n = 57)

BMI change, ra

Mood factors at baseline
Depression 0.18
Tension 0.12
Total mood disturbance 0.25

Changes in mood factors over 6 months
Depression change 0.39*
Tension change 0.13
Total mood disturbance change 0.33*

aNote. A positive correlation occurs when a lower mood score at baseline,
or greater reduction in score change from baseline to Month 6, is associat-
ed with a greater reduction in BMI. 
* p < 0.05 (2-tailed; adjusted for multiple tests using the sequential Bon-
ferroni procedure).
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gram yielded feelings of self-efficacy and mastery that were
associated with an enhanced psychological profile and better
mood. Effect sizes for improvements in each of the mood fac-
tors were lower, however, than in studies of less severely
obese women [20, 34] and in meta-analyses of results from
the general adult population [9]. Although a dose-response
relationship between exercise amounts and mood improve-
ments was not found in most studies [9, 35], it has been sug-
gested in others [36]. The exercise session attendance found
here (46%), which was lower than in samples of obese
women of lower BMI (68% [18] and 68% [20]), thus could
possibly have been a factor in the lower effect sizes observed
in this sample. It should be noted that a significant association
between exercise session attendance and mood changes were
found, even with the comparatively low attendance rate. This
suggested that the possible covariates to mood improvements
just mentioned (self-efficacy and mastery) might have been
proportional to one’s commitment to the physical activity
program (even if, overall, this commitment was quite limit-
ed). Direct testing for a threshold of frequency, duration, and
intensity of physical activity for reliable changes in mood will
add clarification. 
Findings generally supported relations of reductions in nega-
tive mood from baseline to month 6 with reductions in BMI.
This is consistent with previous research on women with a
lower mean BMI [18]. Through social cognitive theory [16, 17]
and specifically the interpretation offered by Baker and
Brownell [15], one may interpret this to mean that positive
changes in psychological well-being may have led to improved
internal resources to sustain a commitment to weight loss be-
haviors. As could be expected, exercise session attendance, a
likely covariate of both caloric expenditure and a commitment
to self-controlled eating [15], explained a significant 24% of
the variance in BMI change.
A number of limitations of the present research should be
noted. The self-select nature of participation may have includ-
ed a disproportionate number of women with a propensity to
exercise or who have mood affected by exercise. A symptom

of depression, for example, is a lack of drive and volition,
which may impede both accessing and following through with
a physical activity program that may otherwise prove helpful
with symptoms. As with all field investigations, it is possible
that expectation effects or a desire to please study administra-
tors affected results. Additionally, the small sample size and
high attrition rate suggests that findings should be interpreted
with caution. 
Future research should incorporate greater statistical power
and comprehensively investigate theoretical models of inter-
relations of physical activity, mood, eating behavior, and
weight change. Constructs from social cognitive theory such
as self-efficacy, self-image, and ability to utilize self-regulatory
strategies may also prove to be fruitful additions for analyses.
Additionally, further research is required to determine how
episodes of negative affect that may cue overeating are related
to the more stable measures of mood as analyzed here. The
possibility that exercise affects psychological factors that are
associated with overeating will also require more direct analy-
ses, especially to determine if and how psychological changes
in mood play a mediating role between physical activity and
weight reduction through effects on disordered eating. Tests
for moderating effects based on severity of overweight are
also required, as are gender effects. 
Considerable replication and extension will be required to
better understand interrelations of physical activity, mood,
eating, and weight loss across genders, obesity levels, ethnic
groups, and in association with specific comorbidities (e.g. dia-
betes, heart disease). Incorporation of biochemical, satiety,
and genetic factors may make explanatory models of weight
loss more comprehensive. Continued related research is war-
ranted to improve both weight loss theory and the treatment
of obesity. 
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