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Abstract

Objective: Successful weight management relies heavily on eating and exercise behaviors.
However, little is known about the association between both on a psychosocial level. This
study examined the relationship between exercise and eating regulation by exploring the me-
diating effects of negative body image investment and depressive mood, and their stability
through time. Methods: Analyses were conducted at two different moments (12 and 36
months), involving a sample of 221 overweight/obese women (age: 37.6 + 7 years; BMI: 31.6
+ 4.1 kg/m?) that participated in a behavioral weight control intervention. Bivariate correla-
tions and mediation analyses using Preacher & Hayes resampling procedures were conduct-
ed. Results: At 12 months, negative body image investment was the only significant mediator
of the exercise-eating relationship. This variable explained larger portions of the indirect ef-
fects of structured rather than lifestyle exercise on eating. At 36 months, negative investment
and to a lesser extent depressive mood partially explained the exercise-eating association.
Conclusions: Our findings suggest that, besides physiological effects of exercise, psycholog-
ical mechanisms related to body image and mood also explain the role of physical activity as
a ‘gateway behavior’ for improved eating regulation in overweight women. These effects ap-
pear to be stable and may help understand the key role of exercise in long-term weight man-
agement. © 2013 S. Karger GmbH, Freiburg
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Introduction

Even though Western societies are gradually more alert and sensitive to issues involving
overweight and obesity, they remain highly prevalent and constitute a strong risk factor for
several co-morbidities and premature death [1, 2]. Behavioral weight loss interventions
consistently result in 7-10% reductions in body weight, but these effects are commonly
reversed over time [3], which can be attributable, in part, to an insufficient understanding of
the connection between two cornerstones of obesity treatment: physical activity and eating
behavior. Indeed, successful weight management relies heavily on modifying both behaviors
to induce an energy deficit. However, little emphasis has been placed on understanding how
achange in one of these behaviors may interact with, support, or thwart the efforts to regulate
the other. A clearer understanding of the mechanisms inherent to this relationship can help
interventions facilitate adherence to these (and possibly other) energy balance-related
behaviors, potentiate their combined effect, and hopefully improve weight loss maintenance
success.

In the last few decades, several mechanisms involved in the exercise-eating behavior
relationship have been explored. Some lines of research have suggested that physiological
processes such as improved appetite regulation might be involved (for a review see [4]).
Others have proposed that psychological mechanisms are also involved and that key self-
regulatory resources are likely to be shared and even transferable between health-related
behaviors [5]. The suggestion that exercise could impact long-term weight management and
associated behaviors also by improving psychological variables (e.g., self-efficacy, body
image, or mood) and self-regulatory resources (e.g., motivation and confidence) is well-
known [6] and is gaining empirical support. For example, Annesi and Unruh [7] found that
exercise participation was associated with significant improvements in body image and
mood, which in turn contributed to increased exercise attendance and weightloss. In addition,
increases in general and exercise-specific autonomous motivation [5] and in exercise self-
efficacy [8] have been shown to predict positive changes in eating self-regulation, supporting
the existence of a motivational ‘spill-over’ between health behaviors important for weight
management [5]. However, empirical evidence accounting for psychological processes
relating exercise to improved eating self-regulation remains scarce. Within the obese popu-
lation, two psychological variables that could potentially be involved in this association are
body image and depressive mood [9, 10].

Poor body image, in particular the excessive preoccupation and investment in the
management of appearance, has been confirmed as a strong correlate and even as a precursor
of maladaptive eating behaviors [11-13]. Body image disturbances have also been associated
with increased binge eating and other bulimic symptomatology [14-15]. On the other hand,
recent evidence indicates that improving body image (especially by reducing dysfunctional
investment in appearance) could contribute to a better eating self-regulation in overweight
women [16].

Regular exercise participation can improve body image. Prior research clearly supports
the role of exercise on body image, showing that physically active individuals present
enhanced body image and related physical self-perceptions compared to sedentary controls
[17]. Empirical research in the obesity field has also reported improvements in body-related
satisfaction and overvaluation in previously sedentary obese women [18, 19]. Thus, it is
possible that the positive effect of regular exercise on eating self-regulation could partially
arise from the relief of body image distress.

Negative emotional states can also negatively impact eating self-regulation [20]; for
example, depressive symptoms have been associated with emotional eating, increased
consumption of high-calorie foods, and lower intake of vegetables/fruits [21]. Negative affect
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{not via mediators) hunger

Fig. 1. Mediation models. The model includes two predictors - structured and lifestyle physical activity -,
two putative mediators - negative body image investment and depressive mood -, and three outcome vari-
ables - flexible restraint, eating disinhibition and perceived hunger. This mediation model was analyzed at
12 and 36 months.

has also been shown to predictincreased risk for binge eating [22] and greater eating disorder
severity [23]. Conversely, there is consistent evidence that exercise is associated with positive
changes in overall well-being and in specific variables such as mood and depression [24]. For
example, Annesi and Unruh [7] found that exercise participation was associated with signif-
icant improvements in mood states in previously sedentary obese women. Furthermore,
Annesi and Vaughn [25] recently confirmed prior propositions made by Baker and Brownell
[6] suggesting that exercise-induced improvements in negative psychological states, such as
depressive mood, are important mechanisms underlying the association between physical
activity, eating, and weight management. Specifically, they showed that changes in depression
mediated the association between exercise and eating self-efficacy in severely obese women
[25]. This supports the hypothesis that physical activity can lead to a better psychological
climate in which individuals have more cognitive and emotional resources available to
regulate eating behavior.

In the context of obesity, both structured (e.g., fitness classes, running) and lifestyle
physical activity (e.g., walking for transportation, taking the stairs) have been positively asso-
ciated with successful long-term weight control [26]. Prior research has suggested that
psychological and physiological correlates of different forms of physical activity might be
specific, at least to some extent. For instance, Silva et al. [27] found that motivational mecha-
nisms underlying the adoption of structured exercise differed from those associated with
lifestyle physical activity in overweight women. Baldwin and Courneya [28] reported positive
associations between strenuous exercise and physical self-perceptions, but not for mild to
moderate intensities; and Carraca et al. [19] observed that structured exercise was more
strongly associated with body image improvement during weight management, while life-
style physical activity was more associated with the prevention of its deterioration in the
longer term. However, very few studies have looked at these differences so far.

This study examined whether negative body image investment and depressive mood
mediated the relation between physical activity and critical markers of eating self-regulation
(fig. 1) at the end of a weight management intervention (12 months). Secondly, it explored
whether these mediational relations were stable, by repeating the analysis at 36 months.
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Based on our previous research [19, 29], we predicted that the mediating effects through
body image investment would be more marked for structured rather than lifestyle physical
activity. On the contrary, current evidence does not allow to draw any clear conclusions about
the effect of different forms of exercise on depressive mood [24]; thus, no specific predictions
concerning distinct mediating paths through this variable were made. Mediations were
expected atboth time points and to get clearer as the intervention effect became more distant.

Material and Methods

Study Design and Intervention

This study was conducted in the context of a longitudinal randomized controlled trial consisting of a
12-month behavior change intervention and a 24-month follow-up period that was primarily focused on
increasing exercise self-motivation and exercise adherence, aiming at long-term weight control. Participants
were randomly assigned to intervention and control groups. The intervention group participated in 30
sessions for approximately 12 months, directed at increasing physical activity and energy expenditure,
adopting a moderately restricted diet, and ultimately establishing exercise and eating patterns that would
support weight maintenance. The intervention was based on self-determination theory [30, 31] with a special
focus on increasing self-regulation and competence toward exercise and weight control, while supporting
participants’ autonomous decisions as to which changes they wanted to implement and how. The comparison
group received a general health education curriculum. A detailed description of the study’s theoretical
rationale, protocol, and intervention strategies can be found elsewhere [32]. The Ethics Committee of the
Faculty of Human Kinetics of the Technical University of Lisbon reviewed and approved the study.

Participants

Participants were recruited from the community at large through web and media advertisements.
Inclusion criteria required participants to be pre-menopausal 25- to 50-year-old women with a BMI between
25 and 40 kg/m? who were free from major illnesses and not taking medication known to interfere with
weight regulation. Of all women who entered the study (n = 258), 37 were subsequently excluded from all
analyses because they started taking medication (e.g., antidepressants, antiepileptics) susceptible of affecting
weight (n = 13), were diagnosed with serious chronic diseases or severe illness/injury (n = 4), became
pregnant (n = 11) or entered menopause (n = 9). These 37 women were of similar age (p = 0.737) and BMI
(p = 0.852) as the 221 participants considered as the valid initial sample.

The effective sample was between 23 and 50 years old (37.6 + 7 years), and overweight or mildly obese
(initial BMI 31.6 + 4.1 kg/m?). They were relatively well educated, with 67% having at least some college
education; 56% of the women were married. Women in the intervention group did not differ from those in
the control group in terms of BMI, age, education, or marital status. There were also no differences between
the women who completed the 12-month (n = 208) and 36-month (n = 156) assessments and those who quit
the program, for any demographics or baseline psychosocial variable, with the exception of age; women who
stayed in the program until the 36-month assessments were, on average, 3 years older at the start of the
program (p = 0.05). All participants signed a written informed consent prior to participation in the study.

Measurements

Physical Activity

To assess structured physical activity, minutes per week of leisure-time moderate and vigorous
physical activities were estimated with the 7-Day Physical Activity Recall [33]. Habitual activities with a
metabolic equivalent (MET) value above 2.9 and performed during the last 7 days were quantified to
produce this variable. Daily lifestyle activity was evaluated with a Lifestyle Physical Activity Index [34]
specifically developed for this study. To calculate this index we used a score based on 7 questions (‘Using
stairs or escalators’; ‘Walking instead of using transportation’; ‘Parking away from destination’; ‘Using work
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breaks to be physically active’; ‘Choosing to stand up instead of sitting’; ‘Choosing hand work instead of
mechanical/automatic’; ‘Choosing to be physical active whenever possible’), rated on a 5-point Likert-type
scale (o = 0.84).

Eating Self-Regulation

In the current study, eating self-regulation referred to aspects known to positively influence weight
management, namely high flexible cognitive restraint, reduced susceptibility to disinhibition, and reduced
perceived hunger. The Three-Factor Eating Questionnaire (TFEQ) [35] was used to measure flexible cognitive
restraint, disinhibition, and perceived hunger. Flexible restraint (e.g.,, ‘While on a diet, if I eat food that is not
allowed, I consciously eat less for a period of time to make up for it’; Cronbach’s a = 0.73) represents a more
gradual approach to eating and weight control, as opposed to a rigid, all-or-nothing approach to eating and
weight control, and is associated with low emotional and disinhibited eating [36]. Higher scores on this
subscale indicate greater levels of flexible restraint. Disinhibition refers to an uncontrolled overconsumption
of food in response to a variety of stimuli, such as situational and emotional states (e.g., ‘Sometimes when I
start eating, I just can’t seem to stop’; Cronbach’s o > 0.84). Perceived hunger refers to the extent to which
respondents experience feelings and perceptions of hunger in their daily lives (e.g., ‘I get so hungry that my
stomach often seems like a bottomless pit’; Cronbach’s a > 0.84). Lower scores on both of these subscales
represented lower disinhibition and perceived hunger (and a healthier eating regulation).

Psychological Measures

Body image investment refers to the cognitive-behavioral importance of appearance to one’s personal
life and sense of self and is characterized by a dysfunctional, excessive preoccupation and effort devoted to
the management of appearance, as opposed to a more adaptive valuing and managing of one’s appearance
[13]. Negative body image investment was assessed with the Body Shape Questionnaire (BSQ) and the Social
Physique Anxiety Scale (SPAS). The BSQ [37] is a 34-item instrument scored on a 6-point Likert-type scale
(Cronbach’s a = 0.97) used to evaluate concerns about weight and shape (e.g., ‘Has being naked, such as when
taking a bath, made you feel fat?"), and associated cognitive-behavioral consequences (e.g., ‘Have you avoided
wearing clothes that make you aware of your body?’). Higher values represent greater body shape concerns.
The SPAS [38] was used to measure the degree to which people become anxious and concerned when others
observe or evaluate their physiques. This scale comprises 12 items (e.g., ‘Unattractive features of my physique
make me nervous in certain social settings’) rated on a 5-point Likert-type scale (Cronbach’s a = 0.90). Higher
scores represent greater social physique anxiety. Participant’s scores on each scale were recoded into a scale
ranging from 0 to 100; a composite score reflecting the mean value of the two recoded scales was then calcu-
lated for each participant. The Beck Depression Inventory (BDI) [39] is a widely used inventory of the
cognitive, affective, and somatic symptoms of depression (e.g., sadness, suicidal ideation, self-criticism). BDI
is a 21-item inventory, scored on a 4-point scale, that results in a total score, where higher scores reflect
greater depressive symptoms/mood (Cronbach’s a = 0.92).

Assessments occurred at the end of the intervention (12 months) and at the end of follow-up (36
months). Participants completed Portuguese versions of all questionnaires cited above. Forward and
backward translations between English and Portuguese were performed for all questionnaires. Next, two
bilingual Portuguese researchers subsequently reviewed the translated Portuguese versions, and minor
adjustments were made to improve grammar and readability. Cronbach’s alphas for all measurements were
acceptable (above 0.70), except for flexible restraint which was 0.64 [40,41]. These scales were also examined
for predictive, convergent and discriminant validity, showing acceptable results [e.g., 16, 29, 40].

Analytical Procedure

To identify the associations between these variables, absolute scores were used for all analyses. To
examine the stability of these associations, analyses were conducted at two different time points: 12 and 36
months. In addition, analyses were performed for all participants (intervention and controls) together. This
was done to preserve statistical power and increase the range of possible scores in all measures under
analysis, and also because the associations under scrutiny were hypothesized to hold constant regardless of
group membership. Still, it is possible that the bivariate relationships between these variables were
confounded by the intervention effect, which could have influenced both. Thus, all analyses were further
adjusted by group membership (Note: We also considered adjusting for weight change. However, since in
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this group weight change was largely covariant with group membership, we thought the risk of over-
adjustment was also to be considered. To be sure though, data analyses adjusting for weight change were
also conducted and led to virtually the same results; thus, they were not reported).

Pearson and partial correlations were used to examine the associations between the study’s variables
at each time point (12 and 36 months). To examine whether negative body image investment and depressive
mood mediated the relationship between physical activity and eating self-regulation, two models were
created for each eating-related outcome at both time points: one for structured physical activity and one for
lifestyle physical activity (both as independent variables). Yet, before testing mediation, correlation coeffi-
cients between independent variables and mediators (path a), and between mediators and dependent vari-
ables (path b), were examined. Indirect/mediating effects through each mediator were analyzed only when
both paths were significant. Mediation analyses were conducted following the approach of MacKinnon et al.
[42], which suggests that mediation can exist even in the absence of a significant relation between the inde-
pendent (X) and dependent variable (Y). According to these authors, previous approaches such as the causal
steps approach have treated the test of the overall relation between X and Y as a perfect test of the relation,
failing to recognize that this statistical test can have less power than the test of the links in the mediation
model in several situations [42], for instance when the sign of the mediated effect, ab, differs from the sign
of the direct effect (c), causing the overall relation of X to Y (c) to be zero (such cases are known as incon-
sistent mediation models) [42]. Preacher and Hayes procedures were employed to test mediation [43]. These
authors provided an SPSS macro to test the significance of indirect effects (total and specific for each
mediator) using both normal theory and bootstrap procedures; yet, the latter are considered preferable
because they do not assume normality of the distribution of the indirect effects and hence provide stronger
protection against type 2 error compared to normal procedures such as the Sobel test [43]. We report results
for both normal theory and bootstrap tests, with a resampling procedure of 5,000 bootstrap samples (bias-
corrected and accelerated estimates and 95% confidence intervals (95% Cls)). Finally, effect ratios were
calculated to express the amount of the total effect that is explained by the (total) indirect effects via the
mediators. Effect ratios are a preferable (quantitative) way to describe mediated effects, compared to the
more common dichotomy of ‘full’ versus ‘partial’ definitions [44].

Results

Retention rates were 93% and 79% at 12 months, and 79% and 62% at 36 months, for
intervention and control groups, respectively. Drop-out reasons included financial /time limi-
tations (n = 15), moving to another city (n = 4), and dissatisfaction with group assignment
(n = 1); all other women lost to follow-up did not provide a reason (n = 45). At the end of the
intervention (12 months), average weight change (-7.29 * 5.93% vs. -1.74 + 4.96%) and
average levels of structured exercise (300 + 179 min/week vs. 162 + 171 min/week; p <
0.001) were higher in the intervention groupthan in the control group (), and so were the
levels of lifestyle activity (3.84 = 0.69 vs. 2.98 £ 0.81; p < 0.001) [34]. Between-group differ-
ences in eating-related and body image variables were medium to large favoring the inter-
vention group. There were no significant differences for depressive mood. At 36 months,
average weight change (-4.13 + 7.75% vs. -1.12 * 7.20%) and mean levels of exercise
remained higher in the intervention group compared to the control group (243 + 228
min/week vs. 142 + 158 min/week, p = 0.001). A similar pattern was observed for lifestyle
physical activity (3.43 = 0.82 vs. 3.02 £ 0.92, p = 0.009). With the exception of negative body
image investment (which remained lower in the intervention group), no other depression- or
eating-related differences were found between the two groups.

Table 1 shows bivariate correlations among physical activity, negative body image
investment, depressive mood, and eating variables at 12 and 36 months. At the end of the
intervention, both lifestyle and moderate /vigorous physical activity were significantly corre-
lated with all eating-related variables. After adjusting for group membership, structured
exercise was no longer significantly correlated with eating disinhibition and became only
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Table 1. Bivariate correlations among the study’s variables at 12 and 36 months?®

Structured PA Lifestyle PA Eating Flexible Hunger Body image Depressive
disinhibition  restraint investment  mood
Structured PA - 0.39%** -0.18* 0.25%* -0.21** -0.36%** -0.16*
(0.25%%)  (-0.10) (0.17%) (-0.18%)  (=0.25%)  (-0.20%)
Lifestyle PA 0.34%** - —0.29%** 0.41%** —-0.37*** -0.20* 0.003
(0.29%%) (-0.21%) (0.35%+)  (-0.32*) (-0.001) (~0.009)
Eating disinhibition -0.30%** -0.36%** - —-0.28%** 0.64%** 0.55%** 0.26%**
(-0.30%%) (-0.33%*%) (-0.28*%)  (0.60%*)  (0.48%+)  (0.24*%)
Flexible restraint 0.22%* 0.38%** -0.36%** - -0.44%** -0.30%** -0.21**
(0.16#) (0.36%*%)  (-0.38***) (-0.46%)  (-0.26*%) (-0.22%)
Hunger -0.24** —0.34%** 0.66%** —0.47%** - 0.47%** 0.17*
(-0.19%) (-0.31%)  (0.65**) (-0.49%+%) (0.44%)  (0.23*%)
Body image investment® -0.38%*** -0.25** 0.53%** -0.24** 0.45%** - 0.35%**
(-0.37%%)  (-0.21%)  (0.51**%) (-0.20%) (0.42%%%) (0.37%+%)
Depressive mood -0.27** -0.24** 0.38%** -0.21** 0.24** 0.42%** -
(~0.30*%) (-0.22%)  (0.41%**) (~0.20%) (0.21%) (0.36**)

2Pearson correlations. Coefficients above the diagonal represent 12-month correlations, while values below the diagonal
represent 36-month correlations. Coefficients adjusted for group membership are presented inside parenthesis.

PNegative body image investment is represented by a composite-score that reflects the level of concern and anxiety related
to appearance.

*p < 0.100; *p < 0.05; **p < 0.01; *** p < 0.001.

weakly related to flexible cognitive restraint (r = 0.17; p = 0.050). Regarding the associations
between physical activity and psychosocial variables, results showed that higher levels of
structured exercise were associated with less negative body image investment and depressive
mood, before and after adjusting for group membership. On the other hand, lifestyle activity
showed associations only with negative body image investment, which disappeared after the
adjustment. Depressive mood was not significantly predicted by this type of physical activity.
Finally, negative body image investment and depressive mood were consistently negatively
associated with eating self-regulation, independent of treatment effect. At the end of follow-
up (36 months), the pattern of associations among these variables was similar, more
pronounced and clearer in many cases. The correlation coefficient between structured
exercise and eating disinhibition was higher compared to the 12-month coefficient, and
remained significant after the adjustment. Additionally, the associations between lifestyle
activity and negative body image investment and depressive mood became significant, even
after adjusting for group membership.

Next, mediation models were tested. Given that lifestyle physical activity was not corre-
lated with depressive mood at the end of the intervention (12 months), the later variable was
not included as a mediator of the lifestyle activity / eating behavior relationships. In these
cases, simple mediation models (via body image investment) were tested. The remaining
models required multiple mediation tests.
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Table 2. 12-month mediation analysis®

Coefficient SE Normal Bootstrap 95% CI ~ Effectratio Model R? (p)
theory p
Flexible Restraint
Structured PA 0.14 (<0.001)
Total effect 0.226 0.076 0.004 - -
Direct effect 0.117 0.078 0.136 - -
Indirect effects (via mediators) 0.109 0.036 0.002 (0.050; 0.212) 0.48
Body image investment 0.081 0.033 0.014 (0.028; 0.165) 0.36
Depressive mood 0.028 0.019 0.147 (-0.003; 0.109) 0.12
Lifestyle PA 0.21 (<0.001)
Total effect 0.408 0.074 <0.001 - -
Direct effect 0.367 0.074 <0.001 - -
Indirect effects (via mediators) 0.041 0.022 0.064 (0.009; 0.115) 0.10
Body image investment 0.041 0.022 0.064 (0.009; 0.115) 0.10
Depressive mood not tested
Eating disinhibition
Structured PA 0.30 (<0.001)
Total effect -0.189 0.083 0.025 - -
Direct effect 0.017 0.076 0.822 - -
Indirect effects (via mediators) -0.206 0.051 <0.001 (-0.304; -0.123) 1.00
Body image investment -0.191 0.050 <0.001 (-0.294; -0.111) 1.00
Depressive mood -0.015 0.017 0.378 (-0.065; 0.019) 0.08
Lifestyle PA 0.31 (<0.001)
Total effect -0.284 0.077 <0.001 - -
Direct effect -0.190 0.069 0.006 - -
Indirect effects (via mediators) -0.093 0.040 0.021 (-0.173; -0.025) 0.33
Body image investment -0.093 0.040 0.021 (-0.173; -0.025) 0.33
Depressive mood not tested
Perceived hunger 0.25 (<0.001)
Structured PA
Total effect -0.210 0.079 0.009 - -
Direct effect -0.036 0.075 0.613 - -
Indirect effects (via mediators) -0.174 0.045 0.001 (-0.277; -0.097) 0.83
Body image investment -0.163 0.045 0.002 (-0.264; -0.087) 0.78
Depressive mood -0.011 0.016 0.487 (-0.056; 0.021) 0.05
Lifestyle PA 0.28 (<0.001)
Total effect -0.358 0.073 <0.001 - -
Direct effect -0.285 0.068 <0.001 - -
Indirect effects (via mediators) -0.073 0.033 0.025 (-0.154; -0.020) 0.20
Body image investment -0.073 0.033 0.025 (-0.154; -0.020) 0.20
Depressive mood not tested

2For consistency with coefficients (and p values) for total and direct effects, coefficients and standard errors shown for
indirect effects are relative to normal theory calculations. However, bootstrap 95% Cls are preferably interpreted in the text
(see Material and Methods for more details).

12-Month Mediation Models

Table 2 summarizes results for the 12-month mediation analyses. For structured physical
activity, results showed that lower negative body image investment was the only significant
mediator, explaining between 36% and 100%™* of the total effect of structured physical
activity on eating-related variables (*Note: An effect ratio of 1.00 is observed when the total
effect of X on Y is somewhat smaller than the indirect effect (through the mediators), and the
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direct effect holding the mediator constant is of the opposite sign, but near zero and far from
statistical significance. In these cases, data can be considered consistent with total mediation
[44]). Regarding the models for lifestyle physical activity, effect ratios were smaller, indi-
cating that 10-33% of the effects of lifestyle activity on eating behavior were explained by
reduced negative body image investment. An examination of the variance explained (R?) by
these models appears to indicate that flexible eating restraint is the marker of eating behavior
least affected by structured exercise (R? = 0.14). On the other hand, this appears to be the
eating variable more strongly related to lifestyle physical activity.

Additional tests of mediation were conducted controlling for group membership. For
structured exercise models, indirect/mediated effects through lower negative body image
investment remained significant. The following 95% Cls were obtained for flexible restraint
(0.007; 0.128), eating disinhibition (-0.221; -0.050), and perceived hunger (-0.203; -0.040).
Depressive mood was again a non-significant intervening variable among all the tested asso-
ciations. For the lifestyle physical activity models, no indirect/mediated effects were found
for either marker of eating self-regulation. An increase in the direct effects of lifestyle activity
on each eating-related variable was observed instead.

36-Month Mediation Models

36-month mediation analyses allowed a clearer view of the specific associations between
physical activity and each eating-related variable (table 3). Regarding both flexible eating
restraint models, none of the mediators was significant by itself. Even so, structured exercise
effects on flexible restraint were no longer significant after the inclusion of both mediators in
the model, suggesting that the cumulative effect of exercise-induced reductions in negative
body image investment and depressive mood partially mediated this relationship, explaining
40% of the total effects of structured physical activity on flexible restraint. For eating disin-
hibition, results were similar for the structured and lifestyle activity models, with both
putative mediators being identified as significant. Accordingly, effect ratios of 0.69 and 0.43
were found for the significant (total) indirect effects in each model, indicating that 69% and
43% of the total effects of each respective type of exercise on eating disinhibition was
explained by the two mediators. Body image specific indirect effects amounted to 52% and
28% of the total effects of structured and lifestyle physical activity on eating disinhibition.
Regarding perceived hunger models, results showed that negative body image investment
was the only significant mediator, explaining 64% and 27% of the total effect of structured
and lifestyle physical activity on hunger. Additional tests of mediation controlling for group
membership were conducted and produced similar results.

Discussion

Successful weight management relies heavily on eating and exercise behaviors. However,
little is known about their association at a psychosocial level. This study sought to fill this gap,
by examining whether negative body image investment and depressive mood were potential
mediators of the relation between physical activity (structured and lifestyle activity) and
improved eating regulation (increased flexible restraint, reduced disinhibition, and perceived
hunger). As hypothesized, the relationship between self-reported physical activity and eating
regulation was mediated by negative body image investment and, to a smaller degree, by
depressive mood (for most eating variables). This suggests that, besides physiological effects
of exercise possibly related to increased energy expenditure and homeostatic appetite regu-
lation, psychological mechanisms may also support the role of physical activity as a ‘gateway
behavior’ for improved eating self-regulation. In addition, these effects remained evident (or
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Table 3. 36-month mediation analysis®

Coefficient SE Normal Bootstrap 95% CI  Effectratio Model R? (p)
theory p
Flexible Restraint
Structured PA 0.09 (0.003)
Total effect 0.216 0.078 0.006 - -
Direct effect 0.130 0.084 0.123 - -
Indirect effects (via mediators) 0.086 0.035 0.019 (0.018; 0.175) 0.40
Body image investment 0.056 0.025 0.110 (-0.012; 0.149) 0.26
Depressive mood 0.030 0.048 0.217 (-0.033; 0.109) 0.14
Lifestyle PA 0.17 (<0.001)
Total effect 0.365 0.081 <0.001 - -
Direct effect 0.314 0.084 <0.001 - -
Indirect effects (via mediators) 0.052 0.029 0.075 (-0.004; 0.128) 0.14
Body image investment 0.022 0.023 0.352 (-0.014; 0.086) 0.06
Depressive mood 0.030 0.023 0.200 (-0.029; 0.119) 0.08
Eating disinhibition
Structured PA 0.32 (<0.001)
Total effect -0.299 0.076 <0.001 - -
Direct effect -0.094 0.073 0.198 - -
Indirect effects (via mediators) -0.205 0.048 <0.001 (-0.308; -0.125)  0.69
Body image investment -0.154 0.042 <0.001 (-0.249; -0.088) 0.52
Depressive mood -0.051 0.025 0.038 (-0.106; -0.012)  0.17
Lifestyle PA 0.37 (<0.001)
Total effect -0.358 0.084 <0.001 - -
Direct effect -0.204 0.076 0.008 - -
Indirect effects (via mediators) -0.153 0.050 0.002 (-0.257;-0.069)  0.43
Body image investment -0.099 0.040 0.012 (-0.199; -0.038) 0.28
Depressive mood -0.053 0.027 0.047 (-0.123;-0.014) 0.15
Perceived hunger 0.21 (<0.001)
Structured PA
Total effect -0.239 0.078 0.003 - -
Direct effect -0.071 0.078 0.365 - -
Indirect effects (via mediators) -0.164 0.044 <0.001 (-0.267; -0.092)  0.69
Body image investment -0.153 0.043 <0.001 (-0.254; -0.087) 0.64
Depressive mood -0.014 0.022 0.511 (-0.081; 0.042) 0.06
Lifestyle PA 0.25 (<0.001)
Total effect -0.336 0.084 <0.001 - -
Direct effect -0.236 0.082 0.005 - -
Indirect effects (via mediators) -0.101 0.041 0.013 (-0.192; -0.027)  0.30
Body image investment -0.092 0.038 0.016 (-0.186; -0.033)  0.27
Depressive mood -0.009 0.021 0.650 (-0.075; 0.052) 0.03

*For consistency with coefficients (and p values) for total and direct effects, coefficients and standard errors shown for
indirect effects are relative to normal theory calculations. However, bootstrap 95% Cls are preferably interpreted in the text
(see Material and Methods for more details).

became significant, in the case of depressive mood) 24 months after the end of the inter-
vention, indicating that exercise-induced changes in psychological markers of eating behavior
may also explain why physical activity plays such a key role in long-term weight management,
as consistently witnessed in the literature [26]. This study’s results give further empirical
support to Baker and Brownell’'s model (outlined in the introduction) and extend prior
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research [5, 7] by suggesting that exercise-induced improvements in negative body image
investment and to a lesser extent depressive mood may also generalize to other weight loss
behaviors, allowing for an improved capacity to regulate eating.

Our findings appear to indicate that negative body image investment might be a more
critical mediating mechanism in the exercise-eating relationship compared to depressive
mood, at least for this population. At the end of the intervention (12 months), reduced body
image dysfunctional investment was the only significant mediator of this relation, in some
cases explaining over 75% of the positive effects of physical activity on eating variables; at 36
months, although (lower) depressive mood emerged as a significant mediator of the exercise-
eating relationship, negative body image investment continued to explain a greater portion
of the indirect effects of exercise on eating behavior. The preponderant role of negative body
image investment is not surprising considering the current social environment. Many over-
weight people present a negative body image [10], probably due to the high emphasis modern
culture places on the pursuit of a slim body ideal and due to the high stigmatization and
discrimination levels towards obesity [45]. Those seeking treatment, such as women repre-
sented in the current sample, are particularly vulnerable to excessive appearance-related
concerns [46]. Furthermore, improving appearance and body image are often primary
motives to lose weight reported by obese individuals [47]. Thus, it is only natural that this
study’s participants are more sensitive to changes in this particular psychosocial variable,
even though the intervention curriculum included strategies to attenuate the attentional
salience attributed to appearance-related issues. In addition, while positive effects of exercise
on body image appear to be consistent [17], a recent Cochrane review suggested that the
improvement in depressive symptoms following physical activity participation remains
inconsistent [48]. Furthermore, the causal role of poor body image as antecedent/precursor
of maladaptive eating behaviors has been consistently reported in the literature [11-13]. On
the other hand, the causal nature of the association between depressive mood and eating
behavior is not clearly established in the literature as depressive mood may be a cause [21]
or an effect of maladaptive eating [49].

Two forms of physical activity were analyzed in this study. As expected, the relationship
between structured exercise and eating behavior was more strongly mediated by negative
body image investment and depressive mood than the relation between lifestyle activity and
eating behavior. As also hypothesized, lifestyle activity showed higher direct (not mediated)
associations with all eating variables, especially flexible restraint. These findings are in line
with our previous work [19, 29] and appear to support prior research, suggesting that mild
to moderate exercise intensities might not be enough to induce changes in psychosocial vari-
ables such as body image [28, 50]; instead, moderate to vigorous activities appear to be
required. Additionally, our results suggest that other mechanisms might explain the associ-
ation between lifestyle activity and eating behavior (especially with flexible cognitive
restraint). Motivational factors, such as self-efficacy or internally regulated motivation, might
also underlie the effects of exercise on eating behavior as prior research has shown [5, 8].
Annesi and Marti [8] confirmed that increases in exercise self-efficacy would influence eating
self-efficacy and dietary compliance, and Mata et al. [5] observed that autonomous motivation
mediated the effects of physical activity on eating self-regulation. Small changes in daily life
activities, such as parking further away from the destination or regularly taking the stairs, are
unlikely to carry the physiological significance needed to affect mood-stabilizing neurotrans-
mitters, but because they can be integrated more easily and with less effort into one’s daily
routine they might generate an increased sense of mastery and competence, which might
generalize to other weight loss behaviors such as eating. Furthermore, women who effec-
tively internalize the motivation to be more physically active in such a way that they auto-
matically (and consistently) prefer the more active option over the more sedentary behavior
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(e.g., standing instead of sitting when waiting), may also display a more internal and stable
motivation (i.e., personally meaningful in the sense that it is strongly aligned with core values)
to adopt other behaviors related to weight management, such as eating behavior.

Our resultsindicate that the indirect effects of exercise on eating behavior through reduc-
tions in negative body image investment and depressive mood are relatively stable, since they
continue to exist after some time. Also, the intervening role of these psychological variables
on the lifestyle activity-eating relationship, as well as the mediating role of depressive mood
(in general) became clearer at 36 months, possibly due to the dissipation of the intervention
effect. The 12-month group-adjusted analyses appear to offer some support for the presence
of suppression effects by the intervention, in particular when lifestyle physical activity is
involved. Thisintervention covered the topics of eating regulation and body image to a consid-
erable extent [32]; thus it does not surprise that the effects of lifestyle physical activity on
eating and body image variables are masked (i.e., reduced or concealed) by the intervention.

This study is not without limitations. It was based on a post-hoc analysis of a randomized
controlled trial not specifically designed to study the association between exercise and eating
behaviors. Although originating from a randomized controlled trial, these data were analyzed
cross-sectionally at two different time points preventing us from drawing firm conclusions
about the causal direction of the associations. Naturally, the possibility of reverse causality
cannot be excluded. Statistical analyses were adjusted for group membership, but we might
not have been able to completely remove the effects of treatment. Nevertheless, even at 36
months, when these effects appeared less plausible, data analyses were also performed with
the adjustment; results were similar before and after the adjustment, offering greater confi-
dence to the present findings. The generalizability of the results in this study may be limited
to overweight and obese women seeking treatment, a population that is particularly prone to
body image disturbances, weight preoccupation, and dysfunctional eating patterns. Future
studies specifically planned to study these associations and able to overcome at least some of
the current limitations are needed to confirm or refute these findings. Nevertheless, this
study suggests that the relationship between physical activity and eating regulation might be,
atleastin part, explained by psychological mechanisms such as reduced negative body image
investment and (to a lesser extent) depressive mood. If confirmed, our results clearly
contribute to explain why physical activity appears to be such a critical element for successful
long-term weight management.
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