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A B S T R A C T   

Eating behaviors in response to acute stressors are highly variable: whereas many individuals eat more following 
stressors, others eat less or show no change in food consumption. Understanding factors that predict individual 
differences in eating behaviors may help elucidate the psychosocial mechanisms underlying obesity, yet few 
experimental studies on this topic have been conducted to date. To address this issue, we conducted the present 
pre-registered study, where we investigated how lifetime stressor exposure moderates the extent to which eating 
expectancies enhance the learned association between stress-induced negative affect and snack intake. Partici-
pants were 44 women (30% non-White) between 18 and 50 years old (M = 27.9), with a mean body mass index 
of 25.6, who completed assessments of lifetime stressor exposure, eating behaviors, and eating expectancies 
(eating helps manage negative affect); in a subsequent visit, they were given snacks after an acute social stress 
task (TSST). The moderated moderation model (PROCESS model 3) yielded a significant three-way interaction. 
When eating expectancies were high, acute social stress-induced negative affect predicted greater M&M intake 
for women with very high total lifetime stressor exposure but less M&M intake for women with fewer lifetime 
stressors. These data thus highlight how lifetime stressor exposure interacts with eating expectancies and acute 
stress-induced negative affect to predict eating behavior. Replications in larger samples may help explain vari-
ability in stress-eating as well as how lifetime stressors contribute to obesity.   

1. Introduction 

Acute life stressors are common and often prompt changes in eating 
behaviors (Adam & Epel, 2007; Chao et al., 2017; Epel et al., 2012; Sinha, 
2018). Preferences tend to shift toward highly palatable foods following 
stressor exposure (Chao et al., 2020; Tryon et al., 2013; Zellner et al., 
2006), yet stress-related eating behaviors are highly variable. Whereas 
many individuals increase their food intake under stress, others decrease 
intake or show no change (Adam & Epel, 2007; Epel et al., 2012; Hill et al., 
2021). Understanding the causes of this variability in stress-eating is 
becoming increasingly important given the high rates of stress and obesity 
in the United States, and the association between stress and a wide variety 
of obesity-related health issues (Chao et al., 2017; Tomiyama, 2019). 

Individual difference models propose that heterogeneity in vulner-
ability factors such as negative affect contribute to variability in stress- 
eating (Habhab et al., 2009). However, these data are not consistent 
with respect to how negative affect impacts food intake following 
stressors. Increases in negative affect are associated with greater palat-
able food intake under stress (Fay & Finlayson, 2011; Fong et al., 2019) 
as well as decreased intake or are unrelated to stress-eating (Evers et al., 
2018; Macht, 2008). These inconsistencies in the literature suggest that 
the association between negative affect and stress-eating may be 
moderated by other vulnerability factors, such as life stressor exposure. 
Acute social stress-induced negative affect is a stronger predictor of 
snacking for women with higher perceived life stress (Klatzkin et al., 
2019), and Kazmierski et al. (2022) found that negative affect was 
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associated with more obesogenic eating for those with high, but not low, 
adversity exposure. Individual differences in life stressor exposure may 
impact the strength of stress-induced negative affect as a trigger for 
eating; yet, no study to date has investigated the mechanisms underlying 
this moderation. In addition, we know of no studies that have investi-
gated how stressors occurring over the entire life course are related to 
eating behavior, even though cumulative lifetime stressor exposure has 
been found to predict a variety of behavioral and clinical outcomes 
(Slavich et al., 2019; Sturmbauer et al., 2019). 

1.1. Reinforcement learning 

One possible mechanism by which life stress strengthens the hy-
perphagic effects of acute social stress-induced negative affect may be 
via heightened reinforcement learning. Comfort eating increases plea-
sure and decreases anxiety by dampening hypothalamic pituitary 
adrenal-axis reactivity and increasing dopamine release in brain reward 
pathways (Epel et al., 2012; Finch & Tomiyama, 2014). Both laboratory 
and naturalistic studies report short-term reductions in negative affect 
following consumption of highly palatable foods (i.e., negative rein-
forcement; Finch & Tomiyama, 2014; Macht & Mueller, 2007; Wouters 
et al., 2018). Furthermore, affect regulation theory proposes that 
heightened negative affect triggers binge eating to regulate emotions, 
and when negative affect is reduced by binge eating, this leads to the 
reinforcement of binge eating behavior (Hawkins & Clement, 1984). 
However, results from naturalistic studies have been mixed and indicate 
that loss-of-control-eating may not be reinforced by a reduction in 
negative affect (Haedt-Matt & Keel, 2011; Mikhail, 2021). This incon-
sistency suggests that individual difference factors may be moderating 
the relation between post-ingestive reductions in negative affect and 
reinforcement learning in this context. 

Reinforcement learning may be enhanced for women with greater 
life stressor exposure (Dallman et al., 2003; Epel et al., 2012; Tomiyama 
et al., 2011). Higher perceived life stress over the past three months has 
been associated with greater decreases in negative affect following 
post-stress snacking (Klatzkin et al., 2019). Additionally, chronic stress 
increases basal levels of dopamine receptors in the nucleus accumbens 
and this reward system dysregulation may prime the brain for negative 
reinforcement learning (Wei et al., 2019). Furthermore, chronic cortisol 
elevation in individuals with greater chronic stress increases the 
rewarding value of pleasurable activities and may increase the likeli-
hood of negative reinforcement from stress-eating to cause more eating 
under stress as a form of self-medication (Adam & Epel, 2007; Dallman 
et al., 2003). This may explain why chronic stress is associated with 
increased vulnerability to addiction, increased escalation of drug 
self-administration, and changes in dopaminergic responses to acute 

stress (Sinha, 2018). 

1.2. Emotional eating cycle 

According to the emotional eating cycle (Klatzkin et al., 2021, pp. 
871–906), greater reinforcement learning in women with greater life-
time stressor exposure would strengthen the learned association be-
tween negative emotions (Box A) and food intake (Box B) via negative 
reinforcement from decreased negative affect (Box C) and ultimately 
enhance the emotional eating cycle in a feed-forward manner to pro-
mote obesity (Box D). The present study tested the emotional eating 
cycle (Fig. 1) by examining if greater reinforcement learning strengthens 
negative affect (Box A) as a trigger for stress-eating (Box B) for women 
with greater stressor exposure across the life course. 

1.3. Eating expectancies 

Greater reinforcement learning in the context of stress-eating is likely 
to increase eating expectancies (eating helps manage negative affect) for 
individuals with greater lifetime stressor exposure. Expectancy theory 
proposes that individuals make decisions based on previously learned 
associations between behaviors and outcome (Behan, 1953). Therefore, 
increased eating expectancies can result from enhanced negative rein-
forcement learning (Smith et al., 2018) and are predictive of eating 
behaviors such as binge eating (Fischer et al., 2018) and the develop-
ment and maintenance of bulimic symptoms (Bohon et al., 2009; Hay-
aki, 2009). Therefore, we use self-reported eating expectancies to assess 
reinforcement learning in the present study. 

We propose a model in which greater lifetime stressor exposure 
strengthens the extent to which eating expectancies moderate the rela-
tionship between acute social stress-induced negative affect and snack 
intake (Fig. 2). Specifically, our pre-registered confirmatory hypothesis 

Fig. 1. An emotion regulation model is presented in 
which emotional eating is part of a feed-forward 
cycle. Greater stress and negative emotions (i.e., 
trigger; box A) sensitize the brain reward system 
(pathway) and lead to more food intake (box B) and 
weight gain (box D). Greater food intake (box B) 
causes further activation of the brain reward system 
and leads to less stress and negative emotions (i.e., 
relief; box C). However, this short-term emotional 
relief (i.e., negative reinforcement) is not sustained, as 
stress and negative emotions (box A) return upon the 
cessation of eating. Over time, greater exposure to 
stressors and negative emotions (box A) is more likely 
to trigger food intake because of positive feedback 
from factors such as conditioning, brain reward pro-
cesses, enhanced emotion regulation motives, and 
weight gain. The gray arrow indicates that weight 
gain (box D) enhances reward sensitization, which 
creates a positive feedback loop. Reproduced from 
Klatzkin et al. (2021, pp. 871–906).   

Fig. 2. PROCESS theoretical model 3: moderated moderation.  
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(https://osf.io/kyrv4) was that higher eating expectancies would 
enhance the salience of acute social stress-induced negative affect as a 
predictor of snack intake, and that this moderation effect would be more 
pronounced for women who have experienced more lifetime stressors. 

1.4. Open practices statement 

The data for this study are publicly accessible at https://osf.io/ajyh 
v/files/osfstorage. The study preregistration can be found at https://osf. 
io/kyrv4. We use the terminology ‘confirmatory’ and ‘exploratory’ in 
line with usage by the Center for Open Science (see https://www.cos.io/ 
initiatives/prereg).The materials used in this study are widely available; 
however, requests for any materials can be sent to the corresponding 
author. 

2. Method 

2.1. Participants 

Participants were 44 women (median household income = $75,000) 
between 18 and 50 years old (M = 27.9, SD = 7.3), with a mean body 
mass index of 25.6 (SD = 5.8), who responded to advertisements for a 
study investigating the effects of stress physiology on taste experiences. 
The majority of participants identified as non-Hispanic white (70%) and 
the remaining 30% identified as Black, African, or African American 
(11%), Native American (2%), Asian (13%), and Hispanic/Latinx (4%). 
We recruited women in Memphis, Tennessee via a partnership with a 
local community center as well as from Introduction to Psychological 
Science courses at Rhodes College. Women tend to eat greater amounts 
of food in response to stress and show a greater association between 
stress and obesity than men (Konttinen et al., 2010; Udo et al., 2014). 
Therefore, only women were recruited and included in this study. 

Participants were excluded if they self-reported current or prior 
cardiovascular disease, diabetes, or blood pressure above 160/95 
mmHg; were currently taking blood pressure, stimulant, or psychoactive 
medications; were in current treatment for eating or weight problems; 
were regular smokers; or were pregnant, lactating, or menopausal. The 
research was approved by the Institutional Review Board at Rhodes 
College. Participants provided written informed consent and were either 
paid for their time (Memphis-area women) or earned course credit 
(undergraduate women). The hypotheses were pre-registered with the 
open science framework after data collection had commenced but prior 
to data analysis https://osf.io/kyrv4. 

2.2. Procedure 

Women responding to the advertisements completed preliminary 
screening questions aimed at assessing the exclusionary criteria 
described above. They also answered questions assessing perceived life 
stress, lifetime stressor exposure, depressive symptoms, uncontrolled 
eating, emotional eating, cognitive restraint, trait impulsiveness, eating 

concerns, eating habits, and eating expectancies (Bekhbat & Neigh, 
2017, de Wit et al., 2010; Meule, 2013; Yau & Potenza, 2013). A total of 
62 women completed the preliminary screening. 

Each laboratory testing session began between the hours of 3:00 p.m. 
and 5:30 p.m. (see Fig. 3). The order of rest and stress laboratory sessions 
was counterbalanced between participants. The rest and stress days 
were the same with the exception that on the rest day, stress testing was 
replaced with a rest period of the same length during which participants 
listened to classical music and had the option to read popular science 
magazines. On the day of the study, participants did not wake from sleep 
less than 2 h prior to the testing session, take any antihistamines, psy-
chotropic medications, or neural stimulants, exercise strenuously (i.e., 
cardiovascular exercise for more than a few minutes), drink more than a 
single caffeinated beverage, eat or drink (except water) 2 h prior to the 
study, or consume any alcohol 12 h prior to the study. Participants were 
also asked to arrive “not too hungry, but not too full” and to “make sure 
to eat some food at 2 h before the study visit to avoid excess hunger.” 
Research assistants confirmed compliance with study requirements 
upon arrival to the laboratory; else, participants were rescheduled. 

From September 2019 to March 2020, 27 participants completed rest 
day testing and 32 completed stress day testing before data collection 
was paused due to COVID-19. Given the strict eligibility criteria, COVID- 
19 safety concerns that delayed resuming testing until January 2022, 
and the timeline for study completion (undergraduate research assis-
tants depart campus in May 2022), only 12 additional participants un-
derwent the full laboratory stress testing protocol following the COVID- 
related interruption to data collection. Therefore, a total of 44 women 
who completed the stress testing session comprise the present report. 
Fourteen Memphis-area women who successfully completed the pre-
liminary screening did not complete the stress day visit. Seven of these 
fourteen Memphis-area women did not complete the scheduled stress 
testing visit due to the outbreak of COVID-19 in March 2020. Of these 
community participants, one completed the rest day visit prior to the 
cessation of data collection. Only three college students who successfully 
completed the preliminary screening did not complete subsequent stress 
testing. 

The later sample of college students (n = 12) did not differ from the 
earlier sample of community members (n = 32) in eating expectancies, F 
(1, 42) = 0.14, p = 0.71, M&M intake, F(1, 42) = 0.43, p = 0.52, acute 
social stress-induced anxiety ratings, F(1, 42) = 1.4, p = 0.24, acute 
social stress-induced SBP, F(1, 42) = 0.49, p = 0.48, or acute social 
stress-induced negative affect ratings, F(1, 42) = 0.94, p = 0.34. Con-
trolling for age, life stressor count did not significantly differ between 
college students and community members, F(1, 41) = 18.06, p = 0.71. 

For context, our full sample of 44 women reported comparable total 
life stressors count (M = 18, SD = 11.8) than a recent sample of 28 
community women between 18 and 29 years old (M = 22.9, SD = 17.5) 
(Slavich et al., 2019) and greater expectations that eating helps manage 
negative affect (M = 64.4, SD = 23.0) than two separate samples of 
undergraduate women (Sample 1: n = 121, M = 51.4, SD = 21.3; Sample 
2: n = 249, M = 51.20, SD = 22.29; Brosof et al., 2019; Hayaki, 2009). 

Fig. 3. Laboratory protocol for stress and rest days.  
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2.3. Psychological measures—preliminary screening 

2.3.1. Lifetime stressor exposure 
The Stress and Adversity Inventory (Slavich & Shields, 2018) was 

used to assess participants’ exposure to acute and chronic stressors 
occurring over the entire life course (see http://www.strainsetup.com). 
The STRAIN is a National Institutes of Mental Health-recommended 
instrument that assesses a person’s cumulative exposure to 55 
different major life events (e.g., deaths of relatives, job losses, negative 
health events, etc.) and chronic difficulties (e.g., ongoing health prob-
lems, work problems, relationship problems, financial problems, etc.). 
Included in this list are 26 pre-defined acute life events and 29 
pre-defined chronic difficulties that are known to impact health (e.g., 
have you ever experienced exclusion or unfair treatment at a job - for 
example, because of your gender, sexual orientation, race, or 
ethnicity?). The STRAIN has excellent test-rest reliability, construct 
validity, discriminate validity, and has been shown to predict a variety 
of biological, clinical, and behavioral outcomes including impulsivity, 
coping and risky behaviors (e.g., Cazassa et al., 2020; Lam et al., 2019; 
McMullin et al., 2021; Murphy et al., 2022; Olvera Alvarez et al., 2019; 
Slavich & Shields, 2018). In the present study, we first used the 
STRAIN’s severity of chronic difficulties scores to test our pre-registered 
hypothesis and then used the total count of lifetime stressors (including 
both acute and chronic lifetime stressors) to test our pre-registered 
exploratory hypothesis. Higher scores indicate greater severity and 
number of stressors experienced. 

2.3.2. Subjective eating measures 
The Three Factor Eating Questionnaire (TFEQ-R18; Karlsson et al., 

2000) is a revised and shortened version of the original 51-item TFEQ 
(Stunkard & Messick, 1985). The TFEQ-R18 has three subscales: un-
controlled eating (the tendency to overeat, with the feeling of being out 
of control; range 3–12), emotional eating (the tendency to eat in 
response to negative emotions; range 9–36), and restrained eating 
(tendency to restrict eating to control weight; range 6–24). Greater 
scores indicate greater uncontrolled, emotional, or restrained eating. 
Cronbach’s alpha for the 9 items on the uncontrolled eating subscale (e. 
g., Sometimes when I start eating, I just can’t seem to stop; α = 0.85), the 
3 items on the emotional eating subscale (e.g., When I feel anxious, I find 
myself eating; α = 0.86), and the 6 items on the restrained eating sub-
scale (e.g., I deliberately take small helpings as a means of controlling 
my weight; α = 0.77) of the TFEQ were satisfactory. 

2.3.3. Depressive symptoms 
Depressive symptoms were assessed using the Beck Depression In-

ventory (BDI; Beck & Beamesderfer, 1974). The BDI assesses 
self-reported cognitive, affective, overt behavioral, somatic, and inter-
personal symptoms of depression. Each of the 21 forced-choice items (e. 
g., sadness, self-dislike, guilty feelings) has at least four answer choices 
which increase in severity from 0 to 3 (e.g., “I do not feel sad” to “I am so 
sad or unhappy that I can’t stand it”). Cronbach’s alpha for the BDI was 
very good (α = 0.90). 

2.3.4. Eating expectancies 
The Eating Expectancy Inventory (Hohlstein et al., 1998) is a vali-

dated self-report inventory measuring participants’ beliefs and attitudes 
about food. Participants completed two subscales measuring whether 
they believe that eating: (1) helps manage negative affect (range 
18–126); and (2) is pleasurable and useful as a reward (range 6–42). 
Greater scores indicate greater endorsement of each attitude. Cron-
bach’s alpha for 18 items on the negative affect subscale (e.g., When I 
am feeling anxious or tense, eating helps me relax; α = 0.95) and the 6 
items on the reward subscale (e.g., When I do something good, eating is 
a way to reward myself; α = 0.84) were satisfactory. The present study 
used only the negative affect subscale in analyses because it directly 
relates to our hypothesis regarding reductions in acute social 

stress-induced negative affect following eating. We did not include 
subscales 3, 4, or 5 (eating leads to feeling out of control, eating en-
hances cognitive competence, and eating alleviates boredom) because 
they do not serve to test our pre-registered hypothesis specifically 
focused on expectancies related to negative affect. 

2.3.5. Trait impulsiveness 
The Barratt Impulsiveness Scale (BIS-11; Patton et al., 1995) assessed 

attentional (range 8–32), motor (range 11–44), and non-planning 
impulsiveness (range 11–44), with greater scores indicating greater 
impulsiveness. Cronbach’s alpha for 8 items on the attentional subscale 
(e.g., I don’t pay attention; α = 0.75) and the 11 items on the 
non-planning impulsiveness subscale (e.g., I do things without thinking; 
α = 0.74) were satisfactory. However, Cronbach’s alpha for the 11 items 
on the motor subscale (e.g., I squirm at plays or lectures, α = 0.52) was 
not acceptable. We used the total of all three subscales to control for 
impulsivity in our exploratory analyses, but given the low Cronbach’s 
alpha for the motor subscale, we reran our analysis controlling for the 
total score of only the non-planning and attentional subscales. The 
moderated moderation model was still significant, F(16,27) = 2.10, p =
0.043; R2 = 0.55, as was the conditional three-way interaction effect on 
M&M intake (b = 0.032g, SE = 0.013, p = 0.021; 95% CI: 
[0.005–0.069]) and the increase in R2 attributable to the three-way 
interaction (0.10, F(1,27) = 6.02, p = 0.021). Thus, the results of the 
exploratory analysis reported below include the total score of all three 
subscales as a covariate. 

2.4. Laboratory protocol 

2.4.1. Baseline rest 
Researchers placed an automated blood pressure cuff on the non- 

dominant arm of the participant. Participants then completed ques-
tionnaires that assessed state anxiety, positive and negative affect, 
hunger, and desire to eat, as well as how much they liked the snack foods 
and wanted to eat the snack foods. We then assessed cardiovascular 
measures of systolic blood pressure (SBP), diastolic blood pressure 
(DBP), and heart rate (HR). 

2.4.2. Trier Social Stress Test (TSST) 
The researcher informed the participants that they would be un-

dergoing a mental stress test (i.e., the TSST) that includes giving a 
speech and performing serial subtraction while being audio- and visu-
ally recorded. The TSST reliably induces large and consistent cardio-
vascular responses (Kirschbaum et al., 1993). The researcher then asked 
participants to take 5 min to prepare their speech that should describe 
why they would be the best candidate for their ideal job. Immediately 
following the preparation period, the selection committee returned to 
the testing room and asked the participants to deliver their speech for 5 
min. 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. Cardiovascular and cortisol reactivity were 
assessed throughout the TSST. For more detail regarding the TSST 
procedure, see Klatzkin et al. (2019). 

Following the TSST, participants were told that the recordings of 
their performance would be analyzed while they completed question-
naires assessing state anxiety, positive and negative affect, hunger, and 
desire to eat, as well as how much they liked the snack foods and wanted 
to eat the snack foods. Following questionnaire completion, the 
researcher returned to inform the participant that “there has been a 
problem with the recording, and it may be necessary to redo the task”. 
This information was given to prolong the stressor until 15 min after the 
end of the TSST when cortisol levels peak post-stress. Following saliva 
collection, the researcher informed the participant that the problem 
with the recording had been fixed and that they would not be required to 
redo the stress tasks. 

R.R. Klatzkin et al.                                                                                                                                                                                                                             
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2.4.3. Snack food 
Participants were given three clear bowls filled with either M&Ms 

(250g, 9 servings, 1250 calories), mini golden Oreos (150g, 5.2 servings, 
724 calories), or potato chips (100g, 3.6 servings, 570 calories). The 
researcher told the participant the following, “We are interested in how 
stress affects the perceived taste and texture of snack foods. When we 
return, we will ask you to rate each of these foods across various tastes 
and textures. Please sample each snack so that you will be able to pro-
vide these ratings. Feel free to eat as much as you would like, and to ask 
for more if you want it. We’ll be back in 15 min with more question-
naires and to collect your ratings.” Participants were then left alone for 
15 min to consume the snacks while free to move about the private 
testing room. Researchers weighed each bowl before and after food 
consumption to determine food intake. 

2.4.4. Post-snack 
Following the snack period, participants again completed assess-

ments measuring state anxiety, positive and negative affect, hunger, and 
desire to eat. Participants also rated the degree to which they found each 
snack food to be salty, sweet, crunchy, and enjoyable. Finally, a 
researcher assessed height (cm) and weight (kg) to calculate BMI (kg/ 
m2) using a Seca 769 digital column scale and stadiometer and waist 
circumference with an anthropometric tape measure. We chose to 
measure weight at the conclusion of all study visits to ensure that the 
priming knowledge of one’s weight would not influence eating 
behaviors. 

2.5. Physiological measures 

The Oscar 2 oscillometric ambulatory blood pressure monitor (Sun-
Tech Medical Instruments, Inc., Raleigh, NC) provided automated 
measurement of systolic blood pressure (SBP), diastolic blood pressure 
(DBP) and heart rate (HR) while participants were in a comfortable 
seated position. Blood pressure and HR measures were taken at minutes 
0, 5, and 10 of baseline and minutes 0, 2, and 4 of both the speech and 
serial subtraction periods. The cardiovascular data recorded at minute 
10 of baseline constituted the baseline values of SBP, DBP, and HR. The 
peak value of SBP, DBP, and HR for each participant during each stress 
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 15 and 45 min following the end of the TSST or 
rest period (Fig. 3). 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. The mean intra-assay coeffi-
cient of variation was 9.14% and the inter-assay coefficient was 4.83%. 

2.6. Subjective psychological measures—baseline, post-stress/rest, and 
post-snack 

2.6.1. 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 (Watson et al., 1988). Participants choose from 1 (Very 
Slightly or Not At All) to 5 (Extremely) for each word describing a 
different feeling or emotion felt at the present moment (e.g. distressed, 
hostile, nervous). 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 negative affect. 
Cronbach’s alpha for the 10 items on the positive affect subscale (α =
0.90) and the 10 items on the negative affect subscale (α = 0.75) of the 
PANAS were very high and satisfactory, respectively. To measure the 
independent variable in our model, acute social stress-induced negative 
affect, we used the difference between negative affect ratings at baseline 
and stress to test our pre-registered hypothesis and negative affect rat-
ings post-stress to test our exploratory hypothesis. 

2.6.2. Drive to eat 
Current hunger and desire to eat were measured on separate Likert 

scales from 0 (None) to 10 (Most imaginable) in response to the prompt, 
“Please rate your hunger on the scale below.” 

2.6.3. State anxiety 
The State-Trait Anxiety Inventory (STAI; Spielberger et al., 1983) is a 

20-item self-report questionnaire assessing current anxiety (e.g., I feel 
nervous and restless). The STAI-State ranges from 20 to 80, with higher 
scores indicating greater anxiety. Cronbach’s alpha for STAI was very 
good, α = 0.89. 

2.6.4. Wanting of snack foods 
Visual analogue scales were used for participants to rate how much 

they currently wanted to eat chips, M&Ms, and golden Oreos on separate 
sliding scales with non-numerical anchors not at all and most imagin-
able. The scales were accompanied by the following text: “If you were 
offered the following foods right now, how much would you want to eat 
them? Please answer in terms of how you feel right now, at this 
moment.” 

2.6.5. Liking of snack foods 
Visual analogue scales were used for participants to rate how much 

they currently liked chips, M&Ms, and golden Oreos on separate sliding 
scales with non-numerical anchors not at all and most imaginable. The 
scales were accompanied by the following text: “How much do you like 
the following foods, not considering if you want to eat them right now?” 

3. Data analysis 

In accordance with recommendations from the Center for Open 
Science (https://www.cos.io), we performed our analyses in two phases. 
The first phase consisted of confirmatory analyses that directly tested 
our pre-registered hypotheses. In the second phase of data analysis, we 
tested selected pre-registered exploratory analyses that were informed 
by the results of our confirmatory analysis. 

All data were analyzed using IBM SPSS (version 23), and each model 
was tested with moderated moderation analyses using PROCESS model 
3 (version 3.5.3; Hayes, 2018). Significant interactions were probed by 
use of the Johnson-Neyman test, which enabled us to determine where 
in the distribution of lifetime stressors the interaction of acute social 
stress-induced negative affect and eating expectancies was statistically 
significant. 

3.1. Confirmatory analysis 

PROCESS model 3 was used to examine whether the moderation of 
the association between acute social stress-induced negative affect 
(change from baseline to stress) and total food intake by eating expec-
tancies was itself moderated by chronic stress. As such, we tested a 
three-way interaction effect of acute social stress-induced negative 
affect, eating expectancies, and chronic lifetime stressor severity on the 
total amount of food consumed. The following variables were included 
as covariates: TFEQ-R18 total score, age, changes in cortisol and state 
anxiety from baseline to stress, baseline SBP, and change in negative 
affect ratings from stress to post-snacking. 

3.2. Exploratory analysis 

Our exploratory analyses tested the same model as our confirmatory 
analyses yet defined the variables in different ways. As stated in our pre- 
registration, we wanted to investigate if the moderator variables have 
distinct effects on different snack foods. Therefore, our exploratory 
analysis predicted M&M intake only rather than total snack food intake. 
Our pre-registration also stated that we would explore different cumu-
lative lifetime stressor exposure summary scores from the STRAIN. 
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Therefore, in contrast to our confirmatory analysis that used chronic 
lifetime stressor severity as a moderator, our exploratory analysis used 
total lifetime stressors count. We also proposed in our pre-registration 
that acute social stress-induced negative affect may be more appropri-
ately measured using negative affect ratings post-stress, controlling for 
baseline ratings. Therefore, negative affect ratings post-stress was the 
dependent variable predicting M&M intake in the exploratory analysis. 
We specifically used M&M intake in the exploratory analysis due to data 
suggesting that sweet foods are preferred over salty foods under stress 
(Habhab et al., 2009; Zellner et al., 2006) and that eating chocolate 
following negative mood induction led to greater decreases in negative 
mood as compared to eating unpalatable chocolate or eating nothing 
(Macht & Mueller, 2007). Our moderator of eating expectancies 
remained the same from the confirmatory to the exploratory analyses. 

Our exploratory analysis used PROCESS model 3 to examine whether 
the moderation of the association between acute social stress-induced 
negative affect and M&M intake by eating expectancies was itself 
moderated by total lifetime stressors; that is, the three-way interaction 
effect of acute social stress-induced negative affect, eating expectancies, 
and total lifetime stressors on M&M intake (see Fig. 2). 

We included the following variables as covariates in this analysis: 
restrained eating sub-score from the TFEQ-R18, age, trait impulsiveness, 
baseline negative affect and hunger ratings, changes in SBP and state 
anxiety ratings from baseline to stress, and changes in state anxiety and 
negative affect ratings from stress to post-snacking. We used restrained 
eating scores on the TFEQ as covariates in our model because of their 
positive correlation with over-eating behaviors such as emotional eating 
(Vainik et al., 2015). Because the STRAIN assesses stressors over the 
entire life course, we included age as a covariate in the model. High 
impulsiveness is associated with various measures of overeating (for a 
review, see Meule, 2013); therefore, we controlled for trait impulsive-
ness as measured by the Barratt Impulsiveness Scale. Given that our 
model tested the influence of acute social stress-induced negative affect 
on eating, we controlled for negative affect and hunger ratings at 
baseline as well as the change in SBP and state anxiety from baseline to 
stress. Finally, we included the changes in state anxiety and negative 
affect ratings from stress to post-snacking as covariates because the 
degree of emotional relief from stress by eating is associated with 
negative reinforcement learning and increased eating expectancies 
(Behan, 1953; Smith et al., 2018). 

4. Results 

4.1. Manipulation check 

The social stress task induced significant increases from baseline rest 
in subjective ratings of hunger, F(1,43) = 5.84, p = 0.020, state anxiety, 
F(1,43) = 54.1, p < 0.001, and negative affect, F(1,43) = 39.6, p <
0.001. In addition, as expected, the social stress task also induced sig-
nificant increases in cortisol, F(1,43) = 7.94, p = 0.007, SBP, F(1,43) =
237.0, p < 0.001, DBP, F(1,43) = 413.7, p < 0.001, and HR, F(1,43) =
155.9, p < 0.001. 

4.2. Confirmatory analysis 

Our confirmatory analysis did not support our theoretical model 
(Fig. 2). Contrary to our pre-registered hypothesis, the confirmatory 
analysis yielded non-significant results for the moderated moderation 
model, F(13,29) = 0.92, p = 0.54; R2 = 0.29, the conditional three-way 
interaction effect on total food intake, (b = − 0.024g, SE = 0.026, p =
0.36; 95% CI: [− 0.047 - 0.029]), and the increase in R2 attributable to 
the three-way interaction (R2 = 0.021), F(1,29) = 0.85, p = 0.36. 

4.3. Exploratory analysis 

Results from our pre-registered exploratory analysis supported our 

theoretical model (Fig. 2); greater total lifetime stressor exposure 
strengthened the extent to which eating expectancies moderated the 
association between acute social stress-induced negative affect and 
M&M intake (Fig. 4). The moderated moderation model was significant, 
F(16,27) = 2.11, p = 0.042; R2 = 0.75, as was the conditional three-way 
interaction effect on M&M intake (b = 0.034g, SE = 0.013, p = 0.016; 
95% CI: [0.007–0.061]) and the increase in R2 attributable to the three- 
way interaction (0.11, F(1,27) = 6.56, p = 0.016). 

Probing the interaction between acute social stress-induced negative 
affect and eating expectancies on M&M intake revealed that the inter-
action was significant at one SD below the mean of total lifetime 
stressors (b = − 0.47g, F(1,27) = 11.41, p = 0.002), but not at the mean 
(b = − 0.07g, F(1,27) = 0.58, p = 0.45) or at the mean plus 1 SD (b =
0.33, F(1,27) = 2.31, p = 0.14). The Johnson-Neyman test further 
revealed that for those who experienced 15.1 or less total lifetime 
stressors, greater acute social stress-induced negative affect predicted 
greater M&M intake for those with lower eating expectancies; 50.0% of 
total lifetime stressors were less than 15.1. Therefore, when total life-
time stressor exposure was lower, acute social stress-induced negative 
affect predicted greater M&M intake for women with lower eating 
expectancies. 

The Johnson-Neyman test also showed that for those who experi-
enced 44.5 or more total lifetime stressors (i.e., above +1 SD of the 
mean), greater acute social stress-induced negative affect predicted 
greater M&M intake for those with very high eating expectancies; 2.3% 
of total lifetime stressors were greater than 44.5. Therefore, when total 
lifetime stressor exposure was very high, acute social stress-induced 
negative affect predicted greater M&M intake for women with higher 
eating expectancies (Fig. 4). 

Total lifetime stressor exposure (b = 48.18g, SE = 21.79, p = 0.035; 
95% CI: 3.48–92.89), eating expectancies (b = 14.17g, SE = 4.63, p =
0 0.005; 95% CI: [4.67–23.67]), and acute social stress-induced negative 
affect (b = 51.22g, SE = 16.49, p = 0.004; 95% CI: [17.38–85.05]) 
significantly predicted M&M intake. Finally, the interactions between 
acute social stress-induced negative affect and eating expectancies (b =
− 0.69g, SE = 0.21, p = 0.003; 95% CI: [− 1.12 to − 0.25]), acute social 

Fig. 4. Total lifetime stressor count strengthened the moderating effect of 
eating expectancies on the relation between acute social stress-induced negative 
affect and greater M&M intake post-stress. The moderated moderation (PRO-
CESS model 3) was significant, F(16,27) = 2.11, p = 0.042; R2 = 0.75, indi-
cating that there was a significant conditional three-way interaction effect on 
M&M intake; when eating expectancies were high, acute social stress-induced 
negative affect predicted more M&M intake for women with very high total 
lifetime stressor exposure and less M&M intake for women with lower total 
lifetime stressor exposure (b = 0.034g, SE = 0.013, p = 0.016; 95% CI: 
[0.007–0.061]). High and low values for total lifetime stressor exposure and 
eating expectancies were determined based on 1 standard deviation above and 
below the mean. 
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stress-induced negative affect and total lifetime stressor exposure (b =
− 2.57g, SE = 1.06, p = 0.022; 95%CI: [− 4.75 to − 0.40]), and eating 
expectancies and total lifetime stressor exposure (b = − 0.67g, SE =
0.29, p = 0.029; 95%CI: [− 1.26 to − 0.73]) on M&M intake were 
significant. 

5. Discussion 

The present pre-registered study investigated variability in stress- 
related eating behavior by examining how lifetime stressor exposure 
and acute social stress-induced negative affect interact to increase snack 
intake. Based on our theoretical model, we hypothesized that greater 
lifetime stressors would increase the extent to which eating expectancies 
(eating helps manage negative affect) strengthen acute social stress- 
induced negative affect as a predictor of snack intake (Fig. 2). The 
data supported our a priori theoretical model. When eating expectancies 
were high, acute social stress-induced negative affect was related to 
eating more M&Ms for women with very high lifetime stressor exposure 
and less M&Ms for women with lower lifetime stressor exposure. 

Despite the need for cautious interpretation of this three-way inter-
action given the small sample size, these results are consistent with the 
emotional eating cycle (Klatzkin et al., 2021, pp. 871–906), which posits 
that greater negative reinforcement in response to stress-related eating 
strengthens the association between negative affect and food intake in a 
positive feedback loop to increase the likelihood of future stress-related 
eating via reinforcement learning (Fig. 1). As enhanced negative rein-
forcement learning increases eating expectancies (Behan, 1953; Smith 
et al., 2018), our findings that greater eating expectancies enhance the 
association between higher acute social stress-induced negative affect 
and M&M intake for women with greater lifetime stressors supports the 
emotional eating cycle and provides evidence that the cycle may be 
strengthened for women who have experienced more lifetime stressors. 

Greater reinforcement learning, stress-eating, and obesity in women 
with more chronic stressors may increase the ability to more accurately 
predict eating in response to stress and negative emotions (Dallman 
et al., 2003; Epel et al., 2012; Tomiyama et al., 2011). More learning 
opportunities to determine how effective stress-eating is at reducing 
negative affect may lead to more accurate eating expectancies. Conse-
quently, women with very high lifetime stressor exposure may eat more 
snack foods in the presence of high negative affect when eating expec-
tancies are high. In contrast, women with lower lifetime stressor expo-
sure may have less opportunities to gauge the effectiveness of eating as 
an emotion regulation strategy and consequently, high eating expec-
tancies do not accurately reflect eating behaviors (i.e., less eating with 
greater negative affect). Additional research is needed to investigate 
other psychosocial and biological factors that may influence the rein-
forcing properties of food such as a history of trauma, as early life 
adversity may alter brain regions associated with reward and emotion 
regulation in women, and lead to greater obesity in adulthood (Hem-
mingsson et al., 2014; Osadchiy et al., 2019). 

5.1. Strengths and limitations 

Several strengths of this study should be noted. First, although 
exploratory in nature, we pre-registered this study and the analyses, and 
tested predictions derived from a well-developed theoretical model of 
stress-related eating behavior. Second, we used a well-validated, labo-
ratory-based acute social stress task (i.e., the TSST) and confirmed stress 
induction via multiple physiological and self-reported manipulation 
checks. Third, we used a valid measure of food intake (i.e., the bogus 
taste test; Robinson et al., 2017). Finally, we examined the moderating 
effects of lifetime stressor exposure, which was assessed using a 
well-validated instrument for measuring all the acute and chronic 
stressors that individuals have experienced over the life course (i.e., the 
STRAIN). 

Several limitations should also be noted. First, participants in this 

relatively small study were all women with a mean body mass index of 
25 (i.e., overweight, but not obese). Additional research using larger 
samples is essential to examine the generalizability of these results 
across the weight spectrum and gender. Second, although responses to 
our measure of eating expectancies were likely informed by participants’ 
prior experiences of negative reinforcement learning (Behan, 1953; 
Smith et al., 2018), we did not directly test reinforcement learning in 
this study. Therefore, we were unable to provide direct evidence sup-
porting the component of the emotional eating cycle (Fig. 1) in which 
greater reductions in negative affect following stress-related eating (i.e., 
negative reinforcement, Box C) enhance negative affect (Box A) as a 
trigger for food intake (Box B). To test this model more effectively, 
future studies should measure reductions in negative affect from 
stress-eating on a first laboratory visit and acute social stress-induced 
negative affect and food intake on a subsequent visit. Thirdly, 
although our model significantly predicted M&M intake, it did not 
significantly predict total food intake or consumption of golden oreos or 
chips as proposed in our pre-registration. This may be due to lack of 
power to detect such an effect given our small sample size. However, 
prior studies have reported similar food-specific results, and these re-
sults may help to explain why eating chocolate may be a preferred 
emotion regulation strategy compared to salty foods. Indeed, Zellner 
et al. (2006) found that participants self-reported eating sweet foods 
over salty foods when stressed and, following a stress manipulation, ate 
more M&Ms than peanuts and chips. Moreover, Habhab et al. (2009) 
reported that participants ate more sweet food (i.e., M&Ms and graham 
crackers) than salty food (i.e., chips and pretzels) under high stress 
conditions but showed no preference under low stress conditions. 
Chocolate may also provide greater negative reinforcement following 
stress or negative mood. Macht and Mueller (2007) showed that eating 
chocolate in response to a negative mood induction led to increased 
ratings of joy and improvements in negative mood as compared to eating 
unpalatable chocolate or eating nothing. Moreover, Wirtz et al. (2014) 
found that dark chocolate buffered the endocrine stress response in men 
to a greater degree than placebo chocolate. Therefore, it is possible that 
the food-specific result obtained here for M&Ms is a limitation, but it is 
also possible that this pattern of results is revealing a unique and 
consistent effect of stress exposure on eating preferences that should be 
investigated in the future. Finally, it was not possible to interpret group 
comparisons between individuals who successfully completed the pre-
liminary screening yet did not complete the stress study visit and those 
who completed both the preliminary screening and stress testing due to 
small samples and COVID-19 complications. 

5.2. Conclusion 

In conclusion, the present findings help to explain variability in 
stress-related eating by elucidating a mechanism by which individual 
differences in stress-related vulnerability factors influence snack intake. 
Results of this pre-registered study support the emotional eating cycle 
(Fig. 1; Klatzkin et al., 2021, pp. 871–906) as well as Sinha (2018) who 
stated that women experiencing greater chronic stress may have distinct 
mechanisms underlying obesity with a need for specific interventions. 
Replications in larger and more diverse samples may inform eating- and 
obesity-related treatments for women that include life stress assessments 
and focus on helping individuals develop coping behaviors that target 
negative mood and reward-based cognitive processing (Valderhaug & 
Slavich, 2020). 
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