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Abstract

Objective—Perceived stress; emotional eating; anhedonia; depression and dietary restraint,
hunger, and disinhibition have been studied as risk factors for obesity. However, the majority of
studies have been cross-sectional and the directionality of these relationships remains unclear. In
this longitudinal study, we assess their impact on future weight change.

Methods—~Psychological predictors of weight change in short- (6 month) and long-term (>1
year) periods were studied in 65 lean and obese individuals in two cohorts. Subjects participated in
studies of food intake and metabolism that did not include any type of medication or weight loss
interventions. They completed psychological questionnaires at baseline and weight change was
monitored at follow-up visits.

Results—At six months, perceived stress predicted weight gain (r2 = 0.23, P = 0.02). There was
a significant interaction (r2 = .38, P=0.009) between perceived stress and positive emotional
eating, such that higher scores in both predicted greater weight gain, while those with low stress
but high emotional eating scores lost weight. For long-term, higher anhedonia scores predicted
weight gain (r2 = 0.24, P=0.04). Depression moderated these effects such that higher scores in
both predicted weight gain but higher depression and lower anhedonia scores predicted weight
loss.

Conclusion—There are different behavioral determinants for short- and long-term weight
change. Targeting perceived stress may help with short-term weight loss while depression and
anhedonia may be better targets for long-term weight regulation.
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1.1 Introduction

Research into the causes of and risk factors for obesity has been pursued broadly, including
genetic, environmental, lifestyle and psychosocial causes (1). Emational states can influence
eating behavior, which in turn, can result in weight change over time (2). Some of the most
commonly studied themes are the cross sectional relationships between stress (5-6),
anhedonia (7-8), emotional eating (9-10), depression (11-12), restrained eating (13) and
adiposity, while only a few have examined these as predictors of weight change. Several
studies report a positive correlation between these emotions and unhealthy behaviors, such
as quitting a weight loss program or decreased cardiorespiratory fitness (6—7, 9). A recent
meta-analysis of longitudinal studies reported a weak relationship between perceived stress
and adiposity during long-term follow up (14), yet other studies found higher levels of
perceived stress were associated with lower levels of eating awareness and physical activity,
as well as higher consumption of fast foods (18). In other studies, elevated levels of
anhedonia were associated with an increased risk of quitting a weight loss program and
lower fitness levels in obese participants (7-8). Additionally, studies have shown that
emotional eating in response to both positive and negative moods predicted overeating and
weight gain (9-10).

Only a small number of studies have extended the relationship between these factors and
adiposity to examine mediating effects these factors may have on one another in relation to
weight gain in a real-world setting. For instance, restrained and emotional eating have been
shown to mediate the effects of stress, such that restrained or emotional eaters may become
more hyperphagic in response to stress (19-20). In a recent study of college freshman, this
main effect was qualified by an interaction between stress and BMI: students who entered
university with high levels of stress gained weight if they also had high BMIs; if they had
lower BMIs then they lost weight (21). Anhedonia has been shown to increase in response to
chronic stress in rat models (22), although food intake response is not as well studied,
particularly in humans.

Behavioral attitudes toward food intake are known contributors to successful weight
maintenance. Validated across gender, age, and BMI (23), the Three Factor Eating
Questionnaire (TFEQ) is an effective indicator of dietary behaviors. The three factors
(restraint, disinhibition, and hunger) of the TFEQ have all been positively correlated with
BMI (23). Cognitive restraint has been validated as an indicator of dietary restraint (40). A
longitudinal weight loss study demonstrated that those with high restraint are most
successful at maintaining weight loss if they also have low disinhibition (24). However, if
restraint is disrupted by stress, exposure to palatable foods, or the perception of failure to
maintain dietary restrictions, disinhibition and subsequent overeating may occur (25-29).
Individuals who maintain weight loss not only score higher on measures of dietary restraint
but also demonstrate increased neural activity in regions responsible for executive function
(30). In support of this notion, we recently found an interaction between perseveration and
restraint was observed on 24 h food intake such that subjects with high perseveration and
high restraint ate the least, whereas unrestrained subjects with high perseveration ate the
most.
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Studies have shown that weight is gradually regained 6 months after weight loss efforts,
owing to decreases in time and effort spent on weight control, perceived inadequate long-
term rewards for weight control behaviors, as well as differences in eating habit behaviors in
short- and long-term time periods (31-33). In addition, other efforts have been made to
assess differences that lead to weight loss versus long-term weight maintenance (34).
Therefore, it is plausible that there may also be different behavioral contributors to short-
term versus long-term weight change but this hypothesis has not yet been fully explored. We
hypothesized that psychological constructs including perceived stress; positive and negative
emotional eating; anhedonia; depression; and dietary restraint, hunger and disinhibition
would be related to either short-term (6 month) or long-term (greater than 1 year) weight
changes and that interactions between constructs may exist. We further hypothesized that
associated constructs would likely differ between short-term and long-term weight changes.

1.2 Methods
1.2.1 Study Design

Sixty-five non-diabetic, healthy volunteers were recruited from the Phoenix area by means
of newspaper advertisements and flyers to participate in one of two inpatient studies
(NCT00523627; NCT00342732). Both were observational studies of the effects of
overconsumption and different diets on energy expenditure, as well as exploring food intake
preference as risk factors for obesity. Neither study included any type of medication or
weight loss intervention. Baseline measures were collected on the Clinical Research Unit of
the National Institute of Diabetes and Digestive and Kidney Diseases — Phoenix (NIDDK).
Inclusion criteria for all studies consisted of healthy adults, between the ages of 18-55, with
no evidence of illness by history, physical or basic laboratory measures. No subjects were
taking medication. Exclusion criteria included evidence of substance abuse (positive urine
test), nicotine use, or reported excess alcohol use (>3 drinks/day). Prior to participation, all
subjects were informed of the nature, purpose and risks of the study they participated in and
written informed consent was obtained. The experimental protocols were approved by the
Institutional Review Board of the NIDDK.

The first week of both studies was identical. The decision to combine data from these studies
to assess the impact of psychosocial measures on body weight was pre-planned as these
studies were all relatively small. Upon admission, subjects were given a standard weight
maintaining diet (20%, 30%, and 50% of daily calories provided as protein, fat and
carbohydrate, respectively) for the first 3 days. Weight maintaining energy needs were
calculated for each subject based on weight, gender and BMI as previously described (35).
Body composition was determined by dual-energy x-ray absorptiometry (LUNAR Prodigy,
GE). Within the first 2 days after admission, subjects completed a variety of self-report
psychological questionnaires that were subsequently scored by a trained staff member. After
3 days of the weight maintaining diet, a 75g oral glucose tolerance test was done to exclude
individuals with diabetes mellitus (36).

1.2.2 Psychological Questionnaires

Participants completed 5 questionnaires:
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Physical Anhedonia Scale (PAS) (37): assesses the capability to experience
pleasure from typically pleasurable physical stimuli and the extent individuals are
motivated to engage in these stimuli. This questionnaire consists of 61 True or
False statements, with each anhedonic response given a score of 1. Higher scores
indicate an increasing presence of anhedonic symptoms. The Cronbach « for this
measure is 0.82 for males and 0.78 for females.

Perceived Stress Scale (PSS) (38): assesses different facets related to stress such as
unpredictability, lack of control, burden overload, and stressful life circumstances
in the last month. This survey consists of 14 questions with responses scored on a
0-5 Likert scale (“never” to “very often”) and scores range from 0-56, with higher
scores indicating a higher degree of perceived stress. The Cronbach « for this
measure is 0.85.

Emotional Appetite Questionnaire (EMAQ) (39): measures eating responses to
various positive and negative emotions and situations. Subjects answer their eating
response to 22 emotions or situations on a Likert scale from 1-9. Example
emotions include boredom, anxiety, frustration, happiness; examples of situations
include after an argument and after receiving good news. Choices 1-4 coincide
with “eating much less”, 5 with “the same” and 6-9 with “eating much more.”
Scores can then be separated into eating in response to positive emotions/situations
versus eating in response to negative emotions/situations. The Cronbach a for
positive emotions/situations is 0.78 and 0.75 for negative emotions/situations.

Inventory for Depressive Symptomatology (IDS) (40): assesses signs and
symptoms of depression. It consists of 30 questions that measure the degree of
depression on a scaled score from 0-3, where 0 indicates least severe and 3 as most
severe. Scores range from 0-90 and scores below 14 indicate no evidence of
depression. The Cronbach a for this measure is 0.85.

Three-Factor Eating Questionnaire (TFEQ) (41): has 3 subscales assessing
cognitive restraint, disinhibition and hunger. Restraint refers to control of eating
behavior, disinhibition measures the degree to which individuals have an
uncontrolled response to food and hunger measures an individual’s inclination to
eat in response to subjective feelings of hunger. Each subscale has a number of
“true/false” or multiple-choice questions. Higher scores indicate greater disruptions
in eating behavior. The Cronbach a for this measure ranged from 0.82-0.90 for
each subscale.

1.2.3 Follow-up Visits

Subjects in these studies returned for reassessment of body weight. This was done either as
scheduled visits requested at six months and one year, and annually up to 5 years in one
study. Participants were not prescribed a weight loss intervention during this time nor were
they monitored between follow-up visits. Data from return visits to re-enroll into other
studies on our research unit with assessment of body composition measures were also used
(n = 27). Short-term follow-up was defined as a return visit within 6 to 9 months of baseline
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(n = 49) whereas long-term follow-up was considered a return visit of at least 1 year after
the baseline measures (n = 49).

The sample size for both the short- and long-term analyses was 49 subjects each: 33 subjects
had follow-up visits for both short- and long-term analysis; 16 only had short-term follow-up
data and 16 had only long-term follow-up data (total n = 65). In a separate analysis of those
individuals who had short- and long-term follow-up, analysis was done both on the whole
group (n = 49 per group) and only on those who had both short- and long-term follow-up (n
= 33) and results were similar. Therefore we chose to present analyses for all those with
short-term (n = 49) and all those with long-term (n = 49) follow-up data.

1.2.4 Statistical Analysis

Alpha was set to 0.05. Because our study was exploratory in nature, many of the analyses
addressed related questions, and each analysis was of independent interest, we did not adjust
for multiple comparisons on a study-wide level. Variables are expressed as mean + standard
deviation as all were normally distributed. Two-tailed t-tests were utilized to assess
differences in baseline characteristics between males and females and the short- and long-
term groups. Pearson’s correlations were used to describe relationships between each
psychological measure and weight change. Significant correlations were investigated using
multivariate linear regression, controlling for baseline weight, age, gender and race.
Interactions between psychological factors were tested in all models. Because anhedonia is
often a component of depression, we assessed for multi-collinearity in our model using
variance inflation factors (VIF = 1.03), which confirmed that the PAS was addressing a
different psychological construct than the IDS. If an interaction was significant and
improved the fit of the model, it was included in the final model. In order to better
understand and describe significant interactions, each variable involved was divided into
upper and lower halves (separated at the median) to determine categorical differences in
weight change. All statistical analyses were done using SAS (Version 9.3) and SAS
Enterprise guide (Mersion 5.1).

1.3 Results

Baseline characteristics of the short- and long-term cohorts are shown in Table 1. Based on
established BMI criteria, 19 subjects (29%) were lean and the remainder categorized as
overweight/obese. For the short-term analysis, mean follow-up time was 7 + 1 months
(range = 5 to 9 months; n = 49) and the change in weight at follow-up was 1 + 5 kg (range =
-9 kg to 11 kg). For the long-term analysis, the mean follow-up time was 2 + 2 years (range
=1 year to 5 years; n = 49) and the change in weight at follow-up was 1 + 5 kg (range = -9
kg to 14 kg). Twenty-two subjects had follow-ups at 1 year, 13 subjects had follow-up at 2
years, 8 subjects had follow-ups at 3 years, 5 subjects had follow-up at 4 years and 1 subject
had a 5 year follow-up. Consistent with a physically and psychologically healthy cohort, the
scores of psychological measures were not within clinical range. There were no differences
in baseline characteristics or psychological measures between our short-term and long-term
cohorts. Expected gender differences in body fat percentage were present within each group.
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BMI was positively correlated with anhedonia (r = 0.30, P = 0.03) and perceived stress (r=
0.29, P =0.05)

1.3.1 Short-Term Analysis

Perceived stress scores were positively correlated with short-term weight change (r = 0.35, p
= 0.01). After controlling for age, race, gender, and baseline weight, perceived stress was
still a predictor of weight change in the short-term (overall model: F= 4.19, r2=0.23, p =
0.02) such that a 5 point increase on the perceived stress scale was associated with a 0.95 kg
weight gain at follow-up (partial r2 =0.07, p=0.04). Depression, anhedonia, positive and
negative emotional eating, and dietary restraint, hunger and disinhibition were not
independently correlated with weight change (all p values >0.05). However, in a model of
short-term weight change (F = 8.41, r2 = .38, p < 0.01) including both perceived stress
(p=0.03) and positive emotional eating (p=0.02) as well as age, race, gender, and baseline
weight (all P >0.10), a significant interaction was found between perceived stress and
positive emotional eating (p=0.009). There were no other interactions found between
psychological variables and weight change at short-term.

To better understand the observed interaction, perceived stress scores and positive emotional
eating scores were divided into lower and upper categories based on the median (21 and
5.05, respectively). Adjusted values of weight change from the model are presented by lower
and higher scores of each measure in Figure 1. Graphical representation of the interaction
using adjusted data is depicted in Figure 2. Those who scored high on the perceived stress
scale gained weight; however, those high scorers who also had high positive emotional
eating scores gained the most weight (2.8+5 kg) compared to those with lower positive
emotional eating scores (1.1+3kg). Those with lower perceived stress scores did not gain
weight in the short-term and those with high positive emotional eating scores actually lost
weight over the short-term time period (-1.4+4 kg) while those who scored low on both
measures maintained their weight (-0.5+4 kg).

1.3.2 Long-Term Analysis

Anhedonia was positively correlated with long term weight change (r= 0.32, p = 0.02). After
adjusting for age, race, gender, and baseline weight, a 5 point increase in anhedonia score
predicted a 0.85 kg weight gain at follow-up (partial r2 = 0.08, p = 0.04), although the
overall model was not significant (F = 1.60, r2 = 0.21, p = 0.12). When the least significant
covariate was excluded from the model (baseline weight; p=0.81), the model did reach
significance with a similar parameter estimate for PAS. In an analysis with the rate of weight
change (weight change per year) as the dependent variable, anhedonia still predicted weight
change (r2 = 0.24; partial r2 = 0.08; P = 0.04). Depression, perceived stress, positive and
negative emotional eating, and dietary restraint, hunger and disinhibition were not
independently correlated with weight change (all p values >0.05). However, in a model of
weight change (F = 2.21, r2 = .36, p = 0.04) including depression and anhedonia as well as
age, race, gender, and baseline weight, there was a significant interaction between
depression and anhedonia (p=0.01), but no other interactions between psychological
variables and weight change. In a similar analysis where rate of weight change (weight
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change per year) was the dependent variable, the interaction between anhedonia and
depression was still significant (p = 0.005).

Again, in order to better understand the observed interaction, scores for anhedonia and
depression were divided into lower and upper halves based on the median (13 and 10,
respectively). Weight change adjusted for covariates is presented by lower and higher scores
of each measure in Figure 3. The adjusted continuous data is shown in Figure 4. Those
individuals with lower depression scores essentially maintained their weight over time.
However, those with both high depression and high anhedonia gained weight (2.90+5 kg)
over time while those with high depression but low anhedonia scores lost weight (—1.60+5
kg). 32 of the 49 (65%) individuals assessed in the long-term analysis had no evidence of
depression, as defined by the criteria of the IDS.

1.4 Discussion

In this longitudinal study of weight change in adults, we found that differing psychological
measures predicted short- versus long-term weight change. Higher levels of perceived stress
predicted short-term weight gain and this effect was amplified in those with high positive
emotional eating scores. Conversely, scoring higher on the positive emotional eating scale in
those with lower perceived stress was associated with weight loss during the short-term time
period. Anhedonia was associated with long-term weight gain and this effect was observed
mainly in individuals with higher scores on the depression scale. On the other hand,
individuals with higher depression scores but without anhedonia lost more weight during the
long-term time period. Thus, there may be different mechanisms contributing to short-versus
long-term weight gain such that perceived stress may be a target to prevent short-term
weight gain while attention to anhedonia may be a better target for longer term weight
maintenance.

At the short-term follow-up visit, those who perceived themselves as having more stress at
baseline gained weight, consistent with previous short-term studies (42—43). It is known that
cortisol, the hormone released in response to physiologic stress, can lead to weight gain at
supraphysiologic concentrations, in part through appetite stimulation (44-45). However,
several human studies have shown that acute psychological stress continually activates the
hypothalamic-pituitary-adrenocortical (HPA) axis, which stimulates the secretion of cortisol
(46) and one study has shown that in response to a psychological stress task, high cortisol
responders ate more compared to low cortisol responders (44). In addition, it is possible that
chronic activation of the adrenergic system and down-regulation of adrenergic receptors that
is evident in psychological stress (54) may suppress lipolysis (55), thus leading to weight
gain in stressed individuals. Unfortunately, we did not have actual measures of 24 hour
urinary cortisol.

The effect of perceived stress on future weight gain was dependent on a person’s eating
response to positive emotional stimuli. Previous studies have found an inverse relationship
between positive emotional eating and BMI (47) but we found that this relationship only
occurred in those with low levels of perceived stress. One might expect that individuals
susceptible to eating in response to negative emotions would be more likely to gain weight
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when they perceived a high level of stress but we did not find such a relationship. Instead,
we found that individuals who perceive their lives as more stressful may be more likely to
gain weight when susceptible to eating in response to positive emotions. This may be due to
increased food intake in response to pleasurable feelings and situations in which food might
be considered as a reward. Because of their association between food and positive feelings,
these individuals may attempt to overcome the effects of stress through increased food
intake. When individuals perceive a high level of stress, they may overcompensate to
recapture a previous stimuli perceived as both rare and positive by eating to excess in order
to reward themselves. Studies have shown that highly palatable foods are preferred in times
of increased stress (48) as highly palatable foods stimulate the brain reward system (49). It is
possible an increased desire for palatable foods due to a perceived increase in stress coupled
with susceptibility to overeat in response to positive moods explain the interaction and
increased weight gain in this group. Those who perceived themselves to be less stressed but
still reported eating in response to positive emotions likely possess other coping mechanisms
and so have a paradoxical decreased need to overeat in response to these stimuli. This may
explain both the weight loss we observed in this subset of individuals and the results of prior
studies that found an association between lower BMI and positive emotional eating (47).
The majority of studies examining emotional eating have focused on negative moods and
situations (50), but our findings emphasize the importance of emotional eating in response to
positive moods.

Anhedonia, described as joylessness or a lack of motivation to engage in enjoyable activities,
was the strongest predictor of long-term weight gain. The Physical Anhedonia Scale used in
our study was designed to evaluate anhedonia as a trait rather than a transient state (37). A
persistent presence of anhedonic symptoms might contribute to long-term weight gain if it
causes a lack of motivation and incentive to compensate for short-term changes or to
maintain a healthy lifestyle. Alternatively, the change in brain reward circuitry observed in
individuals with anhedonia (51) may be a factor for increased weight gain. Possibly,
individuals with anhedonia seek reward and pleasure through food, without recompense,
which in turn promotes increased food intake and weight gain. In fact, higher scores on a
measure of reward-based eating was associated with increases in BMI over eight years (56).

Previous studies have shown that depressed individuals can either gain or lose weight over
time (52), but few have determined factors that may explain why depression-related weight
change may differ between individuals. Our study population was not clinically depressed
but even within a normative range, scores on the IDS modified the effect of anhedonia on
future weight change. In the current study, those individuals with the lowest depression
scores were most likely to maintain their weight over a longer time period. However, in
those with IDS scores in the upper half of normal in our sample, the level of anhedonia was
a major factor in predicting whether they gained or lost weight. Those with higher
depression indices but low levels of anhedonia lost weight over time whereas high levels of
anhedonia combined with high depression scores resulted in weight gain over time. Studies
have demonstrated an inverse relationship between anhedonia and levels of physical activity,
possibly due to diminished motivation to engage in physical activity or decreased perception
of the rewarding effects of exercise (57). Coupled with higher levels of depression, this may
explain a possible mechanism for the increased weight gain seen in our sample.
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Previous studies (6—7, 11-12) examining the relationship between psychological measures
and obesity have been primarily cross-sectional and focused on only one behavior or
symptom. Because it is likely that a complex network of emotions guides human behaviors
(49), the examination of multiple psychological measures and their interactions to predict
longitudinal outcome variables is a strength of this study. In addition, our assessment of
perceived stress rather than actual stress is a strength as it is possible that a subjective
measure of stress can more accurately assess emotional response to a situation, rather than
an objective measure of the stressor itself (34). Moreover, the baseline psychological
assessments were done prior to the change in weight, indicating a potential cause-and effect
relationship.

However, the psychological factors were only assessed at baseline, and follow-up
assessments might strengthen our observations by examining psychological changes over
time. Our small sample size is another limitation. Because of the small number of lean
subjects in each cohort, we did not have enough power to examine the observed differences
by weight status (lean vs. obese), though we did control for baseline weight in our models.
Future studies should survey larger samples to replicate our results and evaluate correlations
between other psychological measures that did not reach significance in the current study. In
addition, the median split performed in our analyses may possibly skew clinical
meaningfulness, given that the majority of our sample was within the nonclinical range.
Secondly, we acknowledge that this split may also lead to biased interpretation of the results,
as scores clustered around the median may be interpreted as more different than they truly
are. However, associations between these variables were present before performing the
median split, thus justifying further exploration of their interactive relationships and possible
extrapolation to clinical samples. Finally, our sample consisted of individuals who stayed on
the Clinical Research Unit for 10-30 days and therefore may not be typical of the general
population.

In conclusion, we have demonstrated that different psychological factors predict short-
versus long-term weight change. In addition, we demonstrated that these factors interact
with one another and therefore we were able to provide a more thorough explanation of the
psychological predictors of both short- and long-term weight gain. Our findings indicate that
perceived stress, eating in response to positive emotions, depression and anhedonia are
important factors when constructing a patient profile assessment for weight loss or weight
maintenance strategies.
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Highlights

There may be different mechanisms that predict short- versus long- term weight
gain.

We examine psychological predictors and their interactions on weight gain.
Perceived stress and emotional eating interact to predict short-term weight gain.

Depression and anhedonia interact to predict long-term weight gain.
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Weight Change of Perceived Stress and Emotional Eating
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Figure 1.

Weight change of individuals with high versus low perceived stress and positive emotional
eating
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Figure 2.
Adjusted Values of Weight Change versus Perceived Stress categorized by degree of eating

in response to Positive Emotions (squares: High positive emotional eaters; Diamonds: low
positive emotional eaters). Multiple linear regression was used and adjusted for age, gender,
race, and baseline weight. R2 High Positive emotional eaters = 0.77; R2 Low positive
emotional eaters = 0.01; p=0.009. Similar results were obtained if the right uppermost
outlier was removed.
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Weight Change of Physical Anhedonia and Depression
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Figure 3.
Weight change of individuals with high versus low depressive symptoms and anhedonia
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Figure 4.
Adjusted Values of Weight Change versus Anhedonia categorized by degree of depression

(squares: High depressive symptoms; Diamonds: Low depressive symptoms). Multiple
linear regression was used and adjusted for age, gender, race, and baseline weight. R? High
depressive symptoms = 0.62; R2 Low depressive symptoms = 0.003; p<0.01.
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