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Abstract

Perceived life stress (PLS) and cognitive restraint are associated with increased comfort food
intake under stress and lead to weight gain and obesity, but the mechanisms by which they do so
remain unclear. Stress and negative affect (NA) are associated with increased reward-driven
comfort food intake as a means to “feel better’, particularly for individuals with higher PLS and
cognitive restraint. Thus, we propose that PLS and cognitive restraint increase stress-eating by
strengthening the relationship between stress-induced NA and comfort food intake. Upon comfort
eating, individuals with higher PLS show greater reductions in the negative consequences of stress
(e.g. NA). The rewarding effects of this ‘emotional relief” may promote future stress-induced
comfort eating, but this has yet to be examined. Thus, we investigate the pathways by which PLS
or cognitive restraint increase snack intake under stress by proposing that 1) stress-induced NA is
a stronger predictor of increased snack intake for women with greater PLS and cognitive restraint,
and 2) greater PLS will be associated with greater reductions in NA upon snacking under stress
(i.e. emotional relief). Forty-three healthy women were given snacks (chips, golden oreos, and
M&Ms) to eat after a Trier Social Stress Test or rest period on separate days in counterbalanced
order. Following linear regression analyses, we determined that stress-induced NA predicted more
snack intake for women with higher PLS, and that higher PLS was associated with heightened
emotional relief upon snhacking under stress. Future studies are needed to directly assess whether
greater emotional relief following stress-eating reinforces the learned association between stress-
induced NA and intake, and ultimately explains greater stress-eating and obesity in women with
higher PLS. This work may lead clinicians to focus on NA in the treatment of obesity-and stress-
related illnesses for women with higher PLS.

1. Introduction

Individuals either increase or decrease the amount of food consumed when exposed to
chronic and acute stressors [1]. It is unknown what factors are responsible for this
dichotomy. One possibility lies in inconsistent methods of measuring stress responses and
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food intake, and whether the measurements are made via self-report or during objective
observation in the laboratory [15,47]. Approximately one-third of adults self-report
overeating due to stress (hyperphagia); yet another one-third self-report skipping meals or
undereating when stressed (hypophagia; [2]). The majority of laboratory studies report
increases in food intake when exposed to acute mental stress; however, some studies report
reduced intake [1,9,48,49]. Despite being a critical barrier in advancing the field [15], a lack
of consistent and precise measurement cannot fully explain the variance in stress-eating.

Another explanation comes from individual differences models, which state that
heterogeneity in psychological, environmental, and physiological vulnerability factors
contribute to variance in eating behavior under stress [23,25,38]. For instance, individual
differences in negative affect (NA), cortisol, and hunger reactions to stress have been
associated with variance in palatable food intake, via interactions with neural networks
involved in reward, emotion, and cognition (for review, see [47]; also [1,6,14,53,57,61]). NA
enhances reward-driven ‘wanting’ for comfort food as a means to reduce the deleterious
effects of stress [18,40], and cortisol increases dopamine release from brain reward centers,
promoting the motivational drive for comfort food intake under stress [16]. Hunger is often
self-reported as a reason for eating unhealthy snacks [7] and hunger-eating (i.e. eating
because of hunger) increases with perceived stress [41], possibly due to stress-induced
increases in ghrelin [45]. These factors do not uniformly increase the consumption of
palatable foods under stress, as other studies report that negative mood, cortisol, and hunger
are unrelated to stress-eating, or are associated with decreased intake [3,17,21,34,44]. These
inconsistencies in how stress-induced NA, cortisol, and hunger influence food intake may be
explained by a failure to investigate potential moderating factors; in particular, perceived life
stress (PLS) and cognitive restraint (i.e. intentional restriction of caloric intake to lose or
maintain weight; [27]). They could also be associated with the definition of stress utilized by
the investigator or the type of stressful situation administered [15]. In this report, the
approach will center on the possibility that moderating factors of PLS and cognitive restraint
may be at work.

2. PLS and cognitive restraint may increase stress-eating by moderating

the hyperphagic effects of NA, cortisol, and hunger

PLS and cognitive restraint are associated with increased stress-induced comfort food intake
and ultimately weight gain and obesity [13,33,35,38,53,56,58,60]. We propose that this is
because PLS and cognitive restraint enhance the salience of NA as a trigger for stress-eating.
Individuals with high chronic and perceived life stress have greater baseline and stress-
induced NA [31,54], and show a relationship between stress-induced NA and consuming a
larger percentage of portioned snack food [30]. Similarly, individuals with high cognitive
restraint show increased food intake in response to negative emotion compared to those with
low cognitive restraint [6,17].

For women with greater PLS and cognitive restraint, stronger hyperphagic effects of stress-
induced NA may coincide with weakened hyperphagic effects of stress-induced cortisol and
hunger. A recent study from our group found that stress-induced cortisol and hunger were
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not associated with snacking under stress in women with high PLS [30]. Similarly,
individuals with high cognitive restraint tend to be less responsive to internal hunger cues
and physiological stress than individuals with low restraint [26,43]. Thus, preliminary
evidence suggests that psychological factors such as NA may drive stress-induced eating for
women with higher PLS and cognitive restraint, rather than physiological and homeostatic
factors such as cortisol and hunger. To our knowledge, no study to date has directly assessed
how PLS and cognitive restraint moderate these factors to increase stress-eating. Therefore,
we propose that PLS and cognitive restraint increase snacking unader stress by enhancing the
hyperphagic effects of stress-induced NA. Secondarily, we propose that PLS and cognitive
restraint reauce the hyperphagic effects of stress-induced hunger and cortisol. Gaining a
better understanding of the mechanisms by which PLS and cognitive restraint increase snack
intake under stress may inform the treatment of stressor obesity-related illnesses. If our
hypothesis is supported, such treatment for individuals with high PLS or cognitive restraint
may focus on negative emotions rather than physiological or homeostatic factors as the
primary drivers of stress-eating and obesity.

3. Greater reductions in negative emotions following stress-eating may

enhance the salience of NA as a trigger of stress-eating

Consumption of palatable foods induces feelings of comfort (i.e. comfort eating) and
provides short-term relief from negative mood and feelings of stress ([9,20,37,52,59,63]).
Stress-induced comfort food intake is driven and maintained in part by negative
reinforcement, as it reduces the discomforts associated with stress via multiple brain
networks [16]. Eating palatable foods under stress activates dopamine release in brain
reward pathways, resulting in feelings of pleasure, and also dampens hypothalamic pituitary
adrenal (HPA) axis and behavioral stress reactivity within the central stress response
network [16,19,32,39]. Dampening of physiological and behavioral stress responses may
explain ‘feeling better’ immediately after stress-eating comfort foods, and may promote the
use of palatable food as a form of self-medication [9-11]. Stress-eating comfort foods may
be more reinforcing for individuals with higher chronic or perceived life stress. PLS may
strengthen the wanting and pleasure associated with comfort food intake, as well as
memories of emational relief upon comfort eating [16]. In a prior study from our group, we
reported that snacking under stress reduced NA for women with high PLS to a greater extent
than for women with low PLS [30]. Our prior study did not, however, control for greater
stress-induced NA in women with high PLS, and thus greater emotional relief upon snacking
may have been due to higher initial levels of NA.

Because stress-eating comfort foods tends to provide relief from the negative effects of
stress, particularly for those with PLS, we propose that PLS predicts greater reductions in
stress-induced NA upon snacking. Although not directly assessed in the current study,
greater reductions in NA upon stress-eating for women with greater PLS may reinforce the
relationship between stress-induced NA and comfort food intake. Ultimately, this
hypothetical conditioning effect may increase the ability of stress-induced NA to trigger
snacking in women with greater PLS, and potentially explain the heightened prevalence of
comfort food intake, emotional eating, and obesity in this population [24,46,51].
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In the current study, we attempt to explain how PLS and cognitive restraint increase snack
intake under stress. We predict that 1) for women with greater PLS and cognitive restraint,
stress-inauced NA will be a stronger predictor of increased snack intake under stress, but
stress-inauced cortisol and hunger will be weaker predictors. This is because 2) PLS will
predict greater reductions in NA upon snacking under stress, the rewarding effects of which
may promote future comfort intake in response to stress-induced NA.

4. Methods

4.1. Participants

Female undergraduates (/7= 43) between the ages of 18 and 22 responded to an
advertisement for research investigating stress, and participants were told that the study was
investigating stress physiology in college females. Given that women report eating greater
amounts of food in response to stress than men, and because the relationship between stress
and obesity is greater in women than men [55], we specifically recruited women for our
study.

Participants were excluded from study participation if they were currently in treatment for
eating or weight problems, were regular smokers, currently taking blood pressure, stimulant,
or psychoactive medications, or self-reported current or prior cardiovascular disease,
diabetes, or hypertension. The research was approved by the college’s Institutional Review
Board, and all participants received partial course credit for their time.

4.2. Procedure

Women responding to our advertisements completed preliminary screening questions aimed
at assessing PLS and the exclusionary criteria described above, as well as measures closely
tied to PLS: depressive symptoms, uncontrolled eating, emotional eating, cognitive restraint,
and body mass index [5,12,64]. In order to collect data from a parent study not reported
here, participants also completed a computerized task in which they were asked to create
digital projections of the food portions they would typically eat and would eat in response to
a recalled memory from a stressful life event. If inclusionary criteria were met, participants
were invited to schedule both of their laboratory sessions (rest and stress days).

Each laboratory testing session began between the hours of 4:00 pm and 5:30 pm. The order
of rest and stress laboratory sessions was counterbalanced and the average time between
them was 6.5 days (standard deviation = 2 days). The rest day was identical to the stress day,
with the exception that the stress testing was replaced with a rest period of the same length
(Fig. 1). On the day of testing, participants refrained from exercising strenuously, waking
from sleep less than 2 h prior to the testing session, drinking more than a single caffeinated
beverage in the morning, eating or drinking (except water) 2 h prior to the study, consuming
any alcohol 12 h prior to the study, or taking any antihistamines, psychotropic medications,
and neural stimulants. The experimenter confirmed that participants had followed all testing-
day requirements. Participants were also asked to arrive “not too hungry, but not too full”
and to “make sure to eat some food at 2 hours before the study visit to avoid excess hunger.”
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4.3. Laboratory protocol

4.3.1. Baseline rest—First, the researcher placed a blood pressure cuff on the non-
dominant arm of the participant. Next, participants completed questionnaires assessing their
subjective well-being: stress intensity, positive and negative affect, hunger, and desire to eat
(see below). Participants then rested quietly for 10 min, during which time cardiovascular
activity was assessed every 5 min. Cardiovascular measures were comprised of systolic
blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR). HPA-axis
activity was assessed immediately following baseline rest via salivary cortisol (see below).

4.3.2. The Trier Social Stress Test (TSST)—The TSST [29] is a stress test that
reliably induces large and consistent cardiovascular responses. During pre-task instructions
(5 min), the researcher informed the participants that they would be giving a speech that will
be audio- and video-recorded for later analysis and would be followed by a serial subtraction
task. Participants were then introduced to the selection committee composed of three
research assistants wearing white laboratory coats who would be evaluating their speech.
The researcher then asked participants to imagine that they were applying for their ideal job
and to take 5 min to prepare their speech describing why they would be the ideal candidate
for the position. Immediately following the preparation period, the selection committee
returned to the testing room and asked the participants to deliver their speech. If the
participant finished before 5 min, the committee responded in a standardized way by asking
the participant to continue. If necessary, the committee asked prepared questions to ensure
that participants spoke for the entire period. Finally, the researcher asked the participants to
perform mental math for 5 min by serially subtracting 7 from 2000 aloud as quickly and
accurately as possible. Their progress was monitored, and when an error was made, the
experimenter told the participants to start over from the beginning. During rest day,
participants rested quietly while listening to classical music and were given the option to
read any of 3—-4 magazines about the city of Memphis. Cardiovascular and HPA-axis activity
were assessed throughout the TSST and during rest (see below). Immediately following
stress and rest, participants completed assessments measuring stress intensity, positive and
negative affect, hunger, and desire to eat (see below). For the purposes of a parent study,
participants also completed a computerized task in which they were asked to create food
portions they wanted to eat at the present moment. Researchers then asked participants to sit
and rest quietly. During this time, both the 35 min post-stress or post-rest induction
measures of salivary cortisol were taken.

4.3.3. Snack food—Forty minutes following the initiation of stress or rest, participants
were given a tray containing three plastic containers with a pourable lid, each filled with a
different snack food. Three bowls were provided in which to pour each of the three snack
foods, so participants could serve themselves. Each plastic container was the same size and
filled to the top with either M&Ms. (935 g, 19.5 servings, 4684 kcal), mini golden Oreos
(380 g, 13 servings, 1834 kcal), or potato chips (110 g, 4 servings, 629 kcal). Participants
were told that the purpose of this part of the study was to determine the effect of liking or
disliking certain foods on salivary function. Participants were asked to sample each snack
food and then rate it on the taste dimensions of salty, sweet, and crunchy, as well as how
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much they liked the snack. Participants were then left alone for 15 min to portion, consume,
and rate the snacks, and were free to move about the private testing room.

4.3.4. Post-snack—Following the snack period, participants again completed
assessments measuring stress intensity, positive and negative affect, hunger, and desire to eat
(see below). During the second laboratory testing session, height (cm) and weight (kg) were
then assessed to calculate BMI (kg/m?2) using a Seca 769 digital column scale. Waist
circumference, a measure of central obesity, was also measured at the midway point between
the lowest ribs and the iliac crest with an anthropometric tape measure by trained research
assistants.

4.4. Physiological measures

The Oscar 2 oscillometric ambulatory blood pressure monitor (SunTech Medical
Instruments, Inc., Raleigh, NC) with an appropriately sized arm cuff provided automated
measurement of systolic blood pressure (SBP), diastolic blood pressure (DBP) and HR
during the testing session. All measurements took place while participants were in a
comfortable seated position. Blood pressure and heart rate measures were taken at minutes
0, 5, and 10 of baseline, minutes 0, 2, and 4 of both the speech and serial subtraction periods
during stress day, and minutes 0, 5, and 10 of quiet rest during the rest day. The
cardiovascular measures taken at minute 10 of baseline constituted the baseline value for
each participant. For cardiovascular measures during stress, the average value for each
participant during each task constituted the speech and math stress values.

Saliva was collected in 1.5 mL Eppendorf tubes at the end of the baseline rest period, and 35
and 70 min following stress or rest induction. Participants passively drooled into the tube for
a maximum of 2 min per sample. Saliva samples were frozen within 30 min of collection at
—20 °C until assayed. On the day of testing, all samples were centrifuged at 3000 rpm for 15
min to remove mucins and were analyzed in duplicate by enzyme immunoassay
(Salimetrics, State College, PA). The mean intra-assay coefficient of variation was 8.03%
and the inter-assay coefficient was 9.88%.

4.5. Psychological measures — preliminary screening

4.5.1. Perceived life stress (PLS)—Levels of perceived psychological stress were
measured using the Perceived Stress Scale (PSS-10; [8]). The PSS measures “the degree to
which situations in one’s life are appraised as stressful” ([8], p. 387). The ten items on the
PSS assess how unpredictable, uncontrollable, and overloaded respondents view their lives,
and directly inquire about levels of experienced stress in the past 3 months with answer
choices ranging from 0 (Never) to 4 (Very Often). A sample item is: “How often have you
felt nervous and stressed?” Scores range from 0 to 40 and higher scores indicate greater
PLS.

4.5.2. Depressive symptoms—Depressive symptoms were assessed using the Beck
Depression Inventory (BDI; [4]). The BDI comprehensively assesses self-reported dysphoric
symptoms, including affective, cognitive, somatic, overt behavioral, and interpersonal
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symptoms of depression. Each forced-choice question has a set of at least four possible
answer choices, with increasing severity of depressive symptoms from 0 to 3.

4.5.3. Subjective eating measures—The Three Factor Eating Questionnaire (TFEQ-
R18; [28]), which is a revised and shortened version of the original 51-item TFEQ. [50]
assessed uncontrolled eating (eating more than usual due to a loss of control over food
intake accompanied by subjective feelings of hunger; range 3-12), emotional eating
(inability to resist emotional cues; range 9-36), and restrained eating (conscious restriction
of food intake in order to control body weight or to promote weight loss; range 6-24).
Greater scores indicate greater eating-related psychopathology.

4.6. Subjective psychological measures-baseline and post-stress/rest

4.6.1. Stress intensity—Current level of stress intensity was measured on a
computerized sliding scale from 0 (None) to 100 (Strongest experienced).

4.6.2. Positive and negative affect—Affect was quantified with the Positive and
Negative Affect Schedule (PANAS), a 20-item multiple-choice survey validated in a
university population [62]. For each word describing a different feeling or emotion felt at the
present moment (e.g. distressed, hostile, nervous), participants had a choice of ratings from 1
(\Very Slightly or Not At All) to 5 (Extremely). The positive subscale consisted of 10 words
and a possible range from 10 to 50, with higher scores indicating more positive affect. The
negative subscale consisted of 10 words and a possible range from 10 to 50, with higher
scores indicating more NA.

4.6.3. Drive to eat—Current hunger and desire to eat were measured on separate visual
analog scales from 0 (None) to 10 (Most imaginable).

4.7. Data analyses

Hypothesis #1.

PLS and cognitive restraint increase stress-eating by enhancing the hyperphagic effects of
NA, and by reducing the hyperphagic effects of cortisol and hunger.

In order to test our first hypothesis, we performed a hierarchical linear regression analysis to
predict snack intake under stress based on stress-induced changes in hunger, cortisol, and
NA, as well as PLS, cognitive restraint, and snack intake at rest (step 1). In step 2 of the
analysis, we combined PLS and cognitive restraint with NA, hunger, cortisol (i.e. PLS x NA,
PLS x hunger, PLS x cortisol, cognitive restraint x NA, cognitive restraint x hunger,
cognitive restraint x cortisol) and added these interaction one by one to determine whether
each interaction added a significant amount of variance to the model predicting snack intake
under stress.

Hypothesis #2.

PLS will predict greater reductions in NA upon snacking under stress.
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In order to test our second hypothesis, we performed a hierarchical linear regression analysis
to predict the change in NA following snacking under stress based on PLS. We wanted to
test whether PLS explained significant variance in the reduction in NA after stress-eating
above and beyond that explained by other factors associated with post-ingestive reductions
in NA, and we did so by including these factors in step 1 of the model: snack intake under
stress and rest, as well as stress-induced changes in NA, desire to eat, and cortisol. In step 2,
we added PLS in order to determine whether it added a significant amount of variance
explained to the model.

In order to determine whether our predictions pertained to snack intake in general, or if the
effects were specific to eating under stress, we performed the same two linear regression
analyses with rest day variables. We then sought to determine whether the post-ingestive
alleviation of negative affect was greater under stress versus rest by performing a repeated
measures ANCOVA, with stress day and rest day as the repeated factor, and with change in
NA from baseline on rest and stress days as covariates.

We examined the data for outliers on both stress and rest days and eliminated extreme scores
(i.e. greater than the third quartile plus 1.5 times the interquartile range) from two
participants who reported extreme decreases in their hunger ratings from baseline to stress,
one participant who reported extremely high baseline NA ratings on the stress day, and two
participants who showed extremely large increases in cortisol from baseline to stress.
Results reflect removal of these outliers.

5. Results

Hypothesis #1.

PLS and cognitive restraint increase stress-eating by enhancing the hyperphagic effects of
NA, and by reducing the hyperphagic effects of cortisol and hunger.

In step 1 of the linear regression analysis, snack intake at rest was the only significant
predictor of snack intake under stress, Beta = 0.87, F(6,35) =16.1, p=.000, R2 = 0.77 (Table
1; Figs. 2 and 3). In step 2, the interaction of PLS and NA explained additional variance in
snack intake under stress F(7, 35) =16.3, p=.000, R? change = 0.03, with PLS enhancing the
effect of stress-induced NA on increased shack intake. That is to say, higher stress-induced
NA predicted greater snack intake for women with higher PLS. No other interactions
resulted in additional variance explained (Ps > 0.05).

Snack intake under stress was the only significant predictor of snack intake at rest, F(7, 38)
=10.20, p=.000, R2 = 0.697.

Hypothesis #2.

PLS predicts greater reductions in NA upon snacking under stress.

In step 1 of the linear regression analysis, the rise in NA following stress was the only
significant predictor of the reduction in NA following snack intake under stress, Beta =
0.553, p=.000, F(5, 37) = 11.618, p=.000, R2 = 0.645. In step 2, PLS added significant
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variance explained to the model, Beta = 0.244, p=.032, F(6, 37) = 11.74, p=.000, R? change
=0.05, as PLS predicted greater reductions in NA following snack intake under stress (Table
2; Fig. 4). There were no significant predictors of post-ingestive changes in NA on rest day,
F(5, 38) = 0.838, p=.532, R = 0.113.

In the entire sample, we found greater reductions in NA following snacking on stress day
compared to rest day, controlling for pre-snack NA, F(1, 37) = 5.98, p=.019. Post-hoc
analyses revealed significant decreases in NA following snacking under stress F(1, 42) =
59.8, p=.000, but no change in NA following snacking at rest F(1, 40) = 0.005, p=.95.

5.1. Physiological stress measures

The speech task induced significant increases in SBP, F (1,41) = 208.71, p=.001, DBP,
F(1,41) =272.11, p=.001, and HR, F (1,41) = 109.35, p=.001. The math task also induced
significant increases in SBP, F(1,41) = 185.62, p=.001, DBP, F(1,41) = 214.95, p=.001, and
HR, F(1,41) = 54.18, p=.001. However, the TSST did not cause any overall changes in
cortisol, F(1,37) = 1.1, p=.30. On rest day, cardiovascular measures did not change
significantly over time (Ps > 0.05), but cortisol decreased from baseline through the rest
period, F(1, 40) = 6.37, p=.016.

5.2. Subjective measures

The stress task induced significant increases from baseline rest in subjective stress, F(1, 41)
=36.89, p=.001, and NA, F(1, 41) = 42.99, p=.001, but no changes in hunger or desire to
eat (Ps > 0.05). The rest period was associated with decreases from baseline rest in
subjective stress ratings, F(1, 41) = 24.48, p=.001, and NA, F (1,41) = 13.61, p=.001, and
with increases in hunger, F(1, 41) = 12.78, p=.001, and desire to eat, F(1, 41) = 5.83, p=.02.

There was no difference in snack intake between rest and stress days, F(1, 41) = 0.138, p=.
71 (see Table 3).

6. Discussion

In the current study, we attempted to explain how PLS and cognitive restraint increase snack
intake under stress. In line with our first prediction, we found that greater PLS enhanced the
hyperphagic effects of stress-induced NA. That is to say, stress-induced NA predicted
greater snack intake for women with higher PLS. Cognitive restraint, however, was not a
significant predictor in our linear regression model. These results highlight NA as a primary
driver of stress-eating in women with higher PLS and build upon previous findings that
stress-induced NA, but not cortisol and hunger, was associated with more snack intake under
stress for women with high PLS [30]. For this group of women, the psychological and
emotional components of eating may be more potent triggers for snacking under stress than
physiological and homeostatic factors. These findings are clinically relevant, as individuals
with high chronic or perceived life stress show more NA, depression, and emotional eating
than individuals with low chronic or perceived life stress [30,31,51,54].

Our finding that NA is a stronger trigger for stress-eating in women with higher PLS may be
explained by greater reductions in NA after stress-eating (i.e. emotional relief). The aversive
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state reduction hypothesis posits that individuals eat comfort food when stressed in order to
gain relief from negative consequences of the stress response [42]. Eating comfort food in
response to stress activates dopamine release in the mesolimbic reward pathway, leading to
feelings of pleasure and reduced activity in the central stress response network [16].
Dallman and colleagues [9] suggest that when stress leads to comfort food intake, the
association between feeling stressed and subsequent stress relief upon eating palatable foods
is strengthened. This learned association likely promotes future stress-eating as a form of
self-medication [9-11], and may be a result of experience-dependent synaptic plasticity in
the basal ganglia, the home of habit [16,22].

Chronic and perceived life stress may amplify the rewarding effects of eating palatable foods
under stress, and thus enhance this learned response. Chronic stress in animals and humans
is associated with heightened glucocorticoid release, leading to an increased drive for
comfort food intake, and subsequent relief from the deleterious physiological and affective
consequences of chronic stress [11,39,52]. For instance, women with high PLS report
heightened emotional eating coupled with greater reductions in HPA axis responses to stress
[51]. Greater emotional relief after stress-eating for women with more PLS may act as
negative reinforcement, which strengthens the learned association between stress and eating
palatable foods [9-11]. This hypothetical conditioning effect would enhance the hyperphagic
effects of stress-induced NA and help to explain greater rates of obesity in women with
chronic or perceived life stress [1,10,24]. Further studies are needed to directly test this
proposed model of negative reinforcement learning.

An important methodological advancement of the current study was the use of continuous
measures of PLS and cognitive restraint, as opposed to dichotomous categorization. Median
split is a common statistical practice used to compare high and low groups, yet this
dichotomization can lead to misleading results [36]. The use of continuous measures in our
regression analyses prevented us from reporting inflated differences between arbitrary
groups. A further strength of the current study was the use of a two-step model in our linear
regression analyses, which enabled us to determine the unique impact of our main predictors
on the outcome variables, above and beyond that of other factors related to stress-eating.
Additionally, we employed a within-subjects methodological design to assess eating
behavior on both rest and stress days, thereby allowing us to determine stress-specific
effects. For instance, we were able to discern that snacking under stress induced greater
reductions in NA than snacking at rest, controlling for the rise in NA due to stress. Thus, it is
not snacking in general, but snacking in response to stress specifically, that is more strongly
associated with “feeling better’. Finally, it is important to note that our analyses were only
significant on the stress visit, and thus acute stress may be necessary to trigger the
hyperphagic and reinforcing effects associated with NA in women with greater PLS.

Limitations of the current study include limited diversity in our sample, particularly the lack
of participants who are obese or overweight. Chronic stress and obesity are highly comorbid
[10] and interact to disrupt the HPA axis and metabolic feedback pathways that affect food
consumption [54]. Our normal weight participants and limited BMI range precluded us from
assessing how individual differences in PLS and cognitive restraint interact with BMI to
increase snacking under stress, or whether our findings would be relevant in an obese or

Physiol Behav. Author manuscript; available in PMC 2020 October 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Klatzkin et al.

Page 11

overweight sample. Furthermore, although our sample of undergraduate women had
comparable PLS scores to those of caregivers of chronically ill children [51], the type of life
stress experienced is likely to differ. We were not able to assess the nature of the stress and
whether our results would replicate in community-dwelling participants whose life stress
may differ qualitatively from that of undergraduate women.

Overall, we found that PLS enhanced the hyperphagic effects of stress-induced NA, which
may be due to greater reductions in stress-induced NA upon shacking. Greater emotional
relief upon stress-eating may strengthen the association between stress-induced NA and
snacking for women with PLS. This enhanced conditioning effect may drive future episodes
of stress-eating in response to NA, and may help to explain greater rates of obesity in those
with high chronic or perceived life stress, but this needs to be tested in future studies with a
more diverse sample. Further investigation in this area has the potential to inform clinical
strategies for individuals with chronic or perceived life stress who are in treatment for
obesity-related issues. Specifically, clinicians may encourage coping strategies that
selectively target emotion regulation under stress for women in this population.
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Stress Testing (15 min)

Baseline Rest Speech & Math tasks Snack Food (15 min)
(10 min) oF I Rest (15 min) | M&Ms, Oreos, & Chips
T | Rest period (15 min) | T /]\
Cortisol Cortisol Cortisol
Negative affect Negative affect Negative affect
Hunger Hunger Hunger
Desire to eat Desire to eat Desire to eat
Fig. 1.

Laboratory protocol for stress or rest day.
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Fig. 2.

Vigsual depiction of the perceived life stress (PLS) x stress-induced negative affect (NA)
interaction predicting snack intake under stress, using 1 standard deviation above and below
the mean. Higher stress-induced NA predicted greater snack intake for women with higher
PLS, F(7, 35) =16.3, p=.000, R? change = 0.03.
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Visual depiction of the perceived life stress x stress-induced negative affect interaction
predicting snack intake under stress, using median split.
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Relationship between perceived life stress and reduction in negative affect (NA) upon
snacking under stress (i.e. emotional relief).
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Table 1

Hierarchical linear regression analysis predicting snack intake under stress.

Variable Step 1 Step 2
B SEB B B SEB B

Stress-induced change in negative affect (NA) -0.68 1.2 -0.06 -7.6 3.3 -067"
Stress-induced change in cortisol 0.11 0.09 0.12 0.12 0.09 0.13
Stress-induced change in hunger 4.0 4.0 0.10 4.6 3.8 0.11
Perceived Life Stress (PLS) -019 087 -002 -18 11 -0.20
Cognitive restraint -071 1.2 -0.05 -092 11 -0.07
Rest day snack intake 079 009 087 077 009 084
PLSxStress-induced change in NA 0.40 018 0727
R2 0.77 0.80
Ffor change in R? 16.177 49%

*

p<.05

-
p<.01.
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Linear regression analysis predicting decreases in negative affect upon snacking under stress.

Table 2

Variable Step 1 Step 2

B SEB B B SEB B
Stress-induced change in negative affect  0.64 014 055" 054 014 0477
Stress-induced change in cortisol -0.01 001 -0.05 0.00 0.01 0.00
Stress-induced change in desire to eat -0.60 036 -022 -060 034 -0.22
Rest day snack intake 0.03 0.02 0.33 0.03 0.02 0.32
Stress day snack intake 0.01 0.02 0.09 0.01 0.02 0.13
Perceived Life Stress 0.22 1.0 0.24”
R2 0.645 0.694
Ffor change in R? 11.62°F 5.04%

*
p<.05

Aok

p<.01.
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Mean ( + SD) demographic factors and variables of interest from our sample of undergraduate women (7=

Table 3
43).

Age 19.5 (£1.3)
Body mass index 23.4 (15.8)
Participants self-reporting minority race (%) 9 (23.7%)
Perceived life stress 18.1 (+5.6)
Cognitive restraint 13.6 (£3.8)
Stress-induced increase in negative affect 19.5(16.2)
Stress-induced increase in cortisol (mg/dL) 0.4 (£2.3)
Stress-induced increase in hunger 0.20 (£1.1)
Rest day snack intake (g) 78.4 (£57.4)
Stress day snack intake (g) 76.5 (£54.7)
Decrease in negative affect after snacking under stress 5.6 ( +4.8)
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