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Abstract

Acute stressors tend to shift preferences toward comfort foods, yet they do not ubiquitously 

increase the amount of food consumed. Moreover, although many individuals eat more under 

stress, others eat less or show no change. Although the precise mechanisms explaining this 

variability in stress-related eating are unknown, they may be driven by individual differences in 

the rewarding effects of comfort eating, which are enhanced by greater lifetime stressor exposure. 

To investigate this possibility, we examined whether differences in lifetime stressor exposure 

predicted reductions in negative affect following snacking (i.e., negative reinforcement) and if 

this effect was specific to stress-related snacking or snacking in general. Participants were 26 

women (23% non-White) between 20 and 45 years old (M = 31), with a mean body mass 

index of 26, who completed three laboratory visits. Participants completed an assessment of 

lifetime stressor exposure (i.e., STRAIN) on the first visit and, on two subsequent laboratory 

visits in counterbalanced order, were given snacks after an acute social stress task (i.e., TSST) 

or rest period. Greater lifetime stressor exposure was related to greater post-ingestive decreases 

in negative affect following the acute social stressor but not following the rest period. If stress-

related eating is more comforting for women with greater lifetime stressors and contributes to 

a stronger stress-eating association, then this may inform obesity-related clinical treatments that 

target behaviors and cognitions related to reward-based learning.

1. Introduction

Life stressors are common in the United States and strongly associated with changes in 

mood and eating behaviors that can lead to health problems if not addressed (Adam & 
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Epel, 2007; Chao et al., 2017; Epel et al., 2012; Sinha, 2018). Following acute stressors, for 

example, personal preferences tend to shift toward comfort foods (i.e., foods self-reported 

to reduce negative affect that are high in fat, sugar, carbohydrates, or sodium; Boggiano, 

2016; Boggiano et al., 2017; Chao et al., 2020; Tryon, DeCant, et al., 2013; Zellner et al., 

2006). However, stressors do not ubiquitously increase the amount of food eaten. Whereas 

many individuals increase their food intake under stress (APA, 2015), for example, others 

decrease intake or show no change (Adam & Epel, 2007; Epel et al., 2012; Hill et al., 2021). 

Although the precise causes of this variability are unknown, individual differences in reward 

and affective processing may play a role.

1.1 Rewarding effects of stress-eating

Inconsistencies in the literature regarding stress-related eating may be driven by individual 

differences in the rewarding effects of comfort eating. Comfort foods high in sugar, fat, 

carbohydrates, or sodium are hedonically rewarding. Eating comfort foods increases opioid 

release in brain reward pathways and may protect against the detrimental effects of stress by 

enhancing feelings of pleasure, and reducing the behavioral and neuroendocrine responses to 

stress (Epel et al., 2012; Finch & Tomiyama, 2014; Foster et al., 2009; La Fleur et al., 2005; 

Pecoraro et al., 2004). Adam and Epel (2007) describe a reward-based stress eating model 

in which repeated excitation of brain reward systems coinciding with stress-eating leads to 

changes in neural circuitry that promote future stress-eating. Similarly, the affect regulation 

model states that a reduction in negative affect following binge eating negatively reinforces 

the eating behavior (Hawkins & Clement, 1984), and Skinner’s reinforcement learning 

theory (Skinner, 1963) suggests that dampening stress and negative affect are rewarding 

consequences of eating and can promote future food intake (Epel et al., 2012; Macht et al., 

2005; Yeomans et al., 2004). These theories suggest that individuals who have post-ingestive 

negative reinforcement (i.e., decreases in negative affect) are more likely to eat in response 

to stress and negative emotions in the future. To our knowledge, only one study to date has 

data to directly support these theories in the laboratory (Klatzkin et al., 2022). In this study, 

participants ate snack food in response to a stressor, and negative affect was then measured. 

Indeed, it was found that there was greater post-ingestive negative reinforcement following 

greater snack food intake; however, because snack food intake occurred before the measure 

of negative reinforcement, directionality of the effect could not be directly supported.

1.2 Is comfort food comforting?

Individuals often self-report eating comfort foods to increase pleasure and dampen negative 

emotions (Boggiano, 2016; Boggiano et al., 2017), yet the scientific literature is inconsistent 

regarding whether eating for comfort actually works. Tomiyama, Finch, and Cummings 

(2015) argued that it is important to know whether, and for whom, eating comfort foods is 

truly comforting due to the need to personalize obesity-related treatment and intervention 

efforts.

Animal studies have consistently found that palatable foods decrease anxiety and depressive 

responses to stressors (Tomiyama et al., 2015). However, there is a dearth of studies that 

have assessed these processes in humans. Both naturalistic and laboratory studies have 

reported decreased negative affect following comfort food intake (Finch & Tomiyama, 2014; 
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Macht & Mueller, 2007; Wouters et al., 2018), yet the results are mixed and indicate 

that eating comfort foods may not consistently reduce negative emotions (Cummings et 

al., 2022; Finch et al., 2019; Franja et al., 2021; Haedt-Matt & Keel, 2011b; McKay et 

al., 2021; Mikhail, 2021). Macht and Mueller (2007) found that eating a small amount of 

chocolate reduced negative emotional reactivity to a negative film clip in healthy controls; 

yet, Bongers and colleagues (2013) reported that feeling better after eating may not be 

specific to a negative mood state, as participants reported decreases in post-ingestive 

negative affect following positive, negative, and neutral mood induction (Bongers et al., 

2013). Furthermore, one study found that neither eating palatable nor healthy comfort foods 

dampened physiological or negative mood responses to a laboratory-based stressor (Finch et 

al., 2019).

In participants with binge eating disorder (BED) and obesity, there is evidence for an overall 

(short-term) mood improvement following food intake (Leehr et al., 2015; Schulz & Laessle, 

2012; Telch & Agras, 1996), although a meta-analytic review of naturalistic studies found 

that self-reported negative affect increased after binge eating episodes in individuals with 

BED and bulimia nervosa (Haedt-Matt & Keel, 2011a). This inconsistency in the literature 

suggests that eating in response to stress and negative emotions may be more rewarding for 

some people than others.

1.3 Stress-eating may be more rewarding for individuals with greater lifetime stressors

Whereas chronic stressor exposure enhances the rewarding effects of eating palatable foods 

following stress in rodent models, we are not aware of any studies that have investigated this 

effect in humans (Dallman et al., 2003; Finch & Tomiyama, 2014; Tomiyama et al., 2015). 

Chronic stressor exposure dysregulates cortisol levels, dopamine receptors in the nucleus 

accumbens, and dopaminergic responses to acute stress, leading to greater responsivity to 

reward (e.g., comfort foods; Epel et al., 2012; Sinha, 2018; Tryon et al., 2013; Wei et al., 

2019). Moreover, a greater feeling of reward following stress-related eating for individuals 

with higher chronic stress may act as a form of self-medication that increases the potency 

of stress-induced negative emotions as a trigger for eating and may contribute to the greater 

susceptibility to obesity in this population (Adam & Epel, 2007; Dallman et al., 2003; van 

der Valk et al., 2018). We previously reported that greater perceived life stress is associated 

with greater reductions in negative affect (i.e., negative reinforcement) after stress-eating 

in the laboratory (Klatzkin et al., 2018). However, this study assessed perceived life stress 

and only over the past month. Moreover, all participants were students, which may limit the 

generalizability of the results.

1.4 Present Study

To address these gaps in the literature, we used the Stress and Adversity Inventory (Slavich 

& Shields, 2018) to comprehensively assess participants’ exposure to acute and chronic 

stressors over the entire life course, and sampled a diverse group of participants from 

the Memphis community to investigate how lifetime stressor exposure is related to the 

rewarding effect of eating in women. As eating may reduce negative affect in general, 

irrespective of the presence of a stressor or negative mood (Bongers et al., 2013), we 

assessed post-ingestive changes in negative affect following a laboratory-based stressor or 
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a rest period (i.e., within-subjects design). In doing so, we sought to determine whether 

individual differences in lifetime stressor exposure lead to reductions in negative affect 

following snacking and, if so, if this effect is specific to snacking during stress or snacking 

in general. Based on the research reviewed above, we hypothesized that greater lifetime 

stressor exposure would be related to greater post-ingestive decreases in negative affect 

following a laboratory-based stressor, but not following a rest period.

2. Method

2.1 Participants

The present report represents a secondary analysis of data used in a prior study (Klatzkin 

et al., 2023). Participants were 26 women (mean combined household income category 

= $50,000 to $75,000) between 20 and 45 years old (M = 31.4, SD = 5.8), with a 

mean body mass index of 26.2 (SD = 6.4), who responded to advertisements for a study 

investigating the effects of stress physiology on taste experiences. 77% of participants 

identified as non-Hispanic white and the remaining 23% identified as either Black, African, 

or African American (11%), Native American (4%), Asian (4%), or Hispanic/Latinx (4%). 

We recruited women in Memphis, Tennessee via a partnership with a local community 

center. Only women were recruited for this study, as women tend to eat more following 

stress and show a stronger association between stress and obesity than men (Konttinen et al., 

2010; Udo et al., 2014).

Participants were excluded if they self-reported current or prior cardiovascular disease, 

diabetes, or blood pressure above 160/95mmHg; 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 paid for their time.

2.2 Procedure

Women responding to the advertisements completed preliminary screening questions aimed 

at assessing demographic information in addition to the exclusionary criteria described 

above. Participants also answered a battery of questions that included assessments of 

lifetime stressor exposure as well as eating-related behaviors and cognitions (see Klatzkin 

et al., 2023). A total of 62 women completed the preliminary screening. Next, participants 

were asked to complete two laboratory testing sessions in counterbalanced order: a stress 

day during which participants underwent a social stress test prior to eating snacks, and 

a rest day in which participants rested prior to eating snacks. From September 2019 to 

March 2020, only 26 participants completed both the rest day and the stress day testing 

sessions before data collection ended due to COVID-19. Data from these 26 participants 

comprise the present report. Our prior report using the same dataset included all 44 women 

who completed stress day testing between September 2019 to March 2020 as well as 

between January through May 2022 (Klatzkin et al., 2023). Only 26 of these 44 participants 

completed rest day testing.
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Each laboratory testing session began between 3:00 pm and 5:30 pm (Figure 1). The order 

of rest and stress laboratory sessions was counterbalanced between participants and were 

separated by an average of 7 days. The women who completed the rest day first (n = 

14) did not differ from women who completed the stress day first (n = 12) on lifetime 

stressor exposure or negative affect ratings at baseline, stress, or post-snack time points (ps 
> 0.34). 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 two hours prior to the testing 

session, take any antihistamines, psychotropic 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) two hours prior to the study, or 

consume any alcohol 12 hours 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 least 2 hours before the 

study visit to avoid excess hunger.” Research assistants confirmed compliance with study 

requirements upon arrival to the laboratory; else, participants were rescheduled.

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 Institute of Mental Health-recommended instrument that assesses a person’s 

cumulative exposure to 55 different acute life events (e.g., deaths of relatives, job losses, 

negative health events, etc.) and chronic difficulties (e.g., ongoing health problems, 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 (Cazassa et al., 2020; Lam et al., 2019; McMullin et al., 2021; Murphy 

et al., 2023; Olvera Alvarez et al., 2019; Slavich & Shields, 2018). In the present study, 

we used the STRAIN’s total count of lifetime stressors (including both acute and chronic 

lifetime stressors) to test our hypothesis. Higher scores indicate greater number of stressors 

experienced.

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 questionnaires that assessed 

state anxiety, and positive and negative affect. 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 undergoing a mental stress test (i.e., the TSST) that includes giving a speech 

and performing serial subtraction while being audio and visually recorded, which has been 
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shown to reliably induce a robust stress response (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 (see 

section 2.5 below).

Following the TSST, participants were told that the recordings of their performance would 

be analyzed while they completed questionnaires assessing state anxiety and positive and 

negative affect. 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.

2.4.3 Snack Food—Following saliva collection, participants began the bogus taste test, 

a validated measure of food intake (Robinson et al., 2017). 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 provide 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 questionnaires 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.

After 15 minutes of the 30-minute snack period, participants again completed assessments 

measuring state anxiety and positive and negative affect. Participants also rated the degree 

to which they found each snack food to be salty, sweet, crunchy, and enjoyable. Researchers 

weighed each bowl before and after food consumption to determine food intake.

2.4.4 Post-snack—Following the 30-minute snack period, participants rinsed their 

mouths out with water and provided a final saliva sample. Finally, during the second 

laboratory session only, a student 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 (SunTech Medical 

Instruments, Inc., Raleigh, NC) provided automated measurement of systolic blood pressure 
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(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 (Figure 1). 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 coefficient 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 = 0.92) and the 10 items on the negative affect subscale (α = 0.65) of the 

PANAS were very high and adequate, respectively.

2.6.2 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 20–80, with higher scores indicating greater anxiety. 

Cronbach’s alpha for STAI was very good, α = 0.89.

2.7 Data analysis

To determine the effectiveness of the laboratory-based stress manipulation, we assessed 

changes in a variety of physiological (heart rate, blood pressure, and cortisol) and 

psychological (self-reported anxiety and negative affect) outcomes using a repeated 

measures ANOVA with baseline and post-stress as the within-subject factor.

To investigate whether post-ingestive reduction in negative affect (i.e., change in negative 

affect from post-stress to post-snack) is predicted by lifetime stressor exposure, baseline 

negative affect, age, and snack intake, we used two linear regression analyses: one to 

analyze data collected on the stress day and one to analyze data collected on the rest day. 

We included snack food intake in the model because we were interested in determining 

how lifetime stressor exposure impacts the reduction of negative affect following snacking 

regardless of the amount of food consumed, and because greater snack food intake may 

cause greater post-ingestive decreases in negative affect. Given that the STRAIN assesses 

stressors over the entire life course, we also included age in the analyses. Furthermore, we 
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included baseline negative affect in the analysis because this variable could be influenced 

by various circumstances in a person’s day prior to the laboratory protocol and potentially 

influence subsequent negative ratings. The data were analyzed using IBM SPSS Statistics 

(Version 25).

For the purposes of visualizing the linear regression results, we split our continuous variable 

of lifetime stressor exposure into Low and High using 1 standard deviation above and below 

the mean and then used the regression coefficients to create Figure 4 using the formula: y = a 

+b1*x + b2*x +b3* x + b4*x.

We examined potential outliers in all variables used in the analyses and determined that one 

participant showed extreme changes in post-ingestive negative affect following the stressor 

(i.e., a decrease that was greater than the third quartile plus 1.5 times the interquartile 

range). Additionally, one participant showed extreme post-ingestive changes in negative 

affect following the rest period (i.e., an increase that was greater than the third quartile plus 

1.5 times the interquartile range). We replaced these data points with the group mean plus 

two times the standard deviation (Field, 2019). The two outliers were adjusted from 22 to 

16.59 (stress day) and from −13 to −11 (rest day).

Tests to determine if the data met the assumption of collinearity indicated that 

multicollinearity was not a concern (Lifetime stressor exposure, Tolerance = 0.88, VIF = 

1.14; Age, Tolerance = 0.94, VIF = 1.07; Baseline negative affect, Tolerance = 0.96, VIF 

= 1.04; Snack intake, Tolerance = 0.90, VIF = 1.11). The data also met the assumption of 

independent errors (Durbin-Watson value = 1.98). The histogram of standardized residuals 

indicated that the data contained approximately normally distributed errors, as did the 

normal P-P plot of standardized residuals. The scatterplot of standardized residuals showed 

that the data met the assumptions of homogeneity of variance and linearity.

3. Results

Participants (23% non-white) were on average 31.5 (SD = 5.8) years of age with a 

body mass index of 26.3 (SD = 6.5) and reported an average of 18.7 (SD = 10.1) total 

lifetime stressors. The laboratory-based social stress manipulation was effective, as the 

TSST induced significant increases in state anxiety, F(1,24) = 37.3, p < .001, negative affect, 

F(1,24) = 27.8, p < .001, cortisol, F(1,23) = 10.1, p = 0.004, SBP, F(1,24) = 131.4, p < .001, 

DBP, F(1,24) = 193.3, p < .001, and HR, F(1,24) = 80.89, p < .001 (Table 1). Mean snack 

food intake on the rest day did not differ from the mean snack intake on the stress day, F(1, 

24) = 0.48, p = 0.49 (Table 2).

As hypothesized, linear regression analyses revealed that greater lifetime stressor exposure 

was associated with greater post-ingestive decreases in negative affect following the 

laboratory-based stressor, but not following a rest period (Tables 3, 4; Figures 2–4). On 

the stress day, lifetime stressor exposure, Beta = 0.453, p = 0.017 (Table 3; Figures 2 and 4), 

significantly predicted post-ingestive reductions in negative mood, as did snack intake, Beta 

= −0.370, p = 0.045; F(4, 21) = 4.03, p = 0.01, R2 = 0.43. In contrast, on the rest day, only 

snack intake predicted post-ingestive reductions in negative mood, Beta = −0.42, p = 0.05 
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(Table 4; Figures 3 and 4), F(4, 21) = 1.6, p = 0.21, R2 = 0.24. Mean (± SD) negative affect 

ratings at baseline, stress, and post-snack on rest and stress days are depicted in Table 2.

The lack of an association between lifetime stressor exposure and negative reinforcement 

(i.e., decrease in negative affect) in response to snacking on the rest day may have been 

due to a floor effect of negative affect ratings during the rest period. To partially address 

this issue, we performed a post-hoc analysis to test whether lifetime stressor exposure 

was associated with the difference in negative reinforcement between stress and rest days, 

controlling for age. Greater lifetime stressor exposure, Beta = 0.606, p = 0.002, was 

associated with greater differences in post-ingestive decreases in negative affect between 

stress and rest days, F(2,25) = 6.192, p = 0.007, R2 = 0.35, adjusted R2 = 0.293. Although 

a floor effect may have contributed to the lack of significant effects on the rest day, these 

findings provide further support that the association between lifetime stressor exposure and 

post-ingestive reductions in negative affect specific to snacking following a stressor rather 

than snacking in general.

4. Discussion

Although sizable variability exists with regard to eating behaviors under stress, the 

mechanisms underlying this variability have yet to be elucidated (Adam & Epel, 2007; 

Epel et al., 2012; Hill et al., 2021). Existing theories of stress and reward posit that greater 

negative reinforcement from eating under stress strengthens the association between stress 

and eating and increases the likelihood of stress-eating in the future (Adam & Epel, 2007; 

Epel et al., 2012; Hawkins & Clement, 1984; Macht, 2008; Skinner, 1963). Because chronic 

stress is associated with greater responsivity to cues associated with food reward as well as 

obesity (Adam & Epel, 2007; Dallman et al., 2003; Epel et al., 2012; Sinha, 2018; Tryon, 

Carter, et al., 2013), we hypothesized that greater lifetime stressor exposure would predict 

greater negative reinforcement following a laboratory-based stressor, but not following a 

rest period. The present data support this hypothesis. Specifically, we found that greater 

lifetime stressor exposure was associated with greater reductions in negative affect following 

snacking under stress, but not following snacking at rest. The inconsistency in the literature 

regarding the amount of food consumed following stress as well as the ability of comfort 

food to dampen stress and negative emotions may be driven by failure to assess individual 

differences in lifetime stressors.

Somewhat in contrast to the findings of Bongers and colleagues (2013) that eating reduces 

negative affect irrespective of the presence of a stressor or negative mood, the present data 

suggest that the association between lifetime stressor exposure and post-ingestive reductions 

in negative affect is specific to snacking following a stressor rather than snacking in general. 

Therefore, one explanation for the association between chronic stress and obesity may be 

greater stress-induced rewarding effects of eating, as opposed to greater rewarding effects of 

eating in general.

Whereas cautious interpretation is warranted given the small sample size, these results 

indicate that the theory-driven emotion regulation cycle (Figure 5) may be enhanced for 

women with greater lifetime stressor exposure. This model states that greater negative 
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reinforcement following stress-eating (Box C) strengthens the learned association between 

stress-induced negative affect (Box A) and eating (Box B), enhancing the positive 

feedback loop to increase the likelihood of future stress-related eating via reinforcement 

learning. Specifically, greater lifetime stressor exposure was associated with greater negative 

reinforcement following stress-related eating (Box C). Evidence supporting a “turned up” 

reward-based eating cycle in women with greater life stress has also been reported in a prior 

study finding that women with higher perceived stress over the past three months reported 

greater negative affect (Box A) and greater post-ingestive decreases in negative affect (Box 

C) following a laboratory-based stressor (Klatzkin et al., 2018). In contradiction to the 

model (Figure 5), increased snack food intake following stress (Box B) did not increase 

negative reinforcement (Box C) for the participants in the present study (Table 3). However, 

it may not be the amount of food intake post-stress, but instead the heightened motivation 

to eat, reward sensitization, or reward learning, particularly for women with greater lifetime 

stressors, that leads to greater negative reinforcement, and ultimately, greater rates of obesity 

(Chao et al., 2015; Dallman et al., 2003; Epel et al., 2012). Further studies are needed to 

investigate the relative impact of each factor of the emotion regulation model on negative 

reinforcement (Box C).

4.1 Strengths and limitations

This study has several strengths. First, we assessed and controlled for snack food intake 

following both rest and stress. Obtaining significant results with the inclusion of this 

covariate in our linear regression analyses revealed that greater lifetime stressors predicted 

greater negative reinforcement in our sample regardless of how much food was eaten. 

Therefore, an enhanced stress-eating cycle for women with greater lifetime stressors may 

not be due to eating more comfort food under stress, but to greater rewarding effects of 

stress-related eating. In other words, the quantity of comfort food intake may not be as 

meaningful in strengthening the stress-eating cycle for women with greater lifetime stressors 

as much as the amount of negative reinforcement (i.e., emotional relief) achieved. Greater 

negative reinforcement from stress-related eating may drive the association between chronic 

stress and obesity by promoting a stronger cycle of stress-eating and reward (Figure 5) 

regardless of the quantity of comfort food consumed. A second strength of our study is 

that we examined lifetime stressor exposure via a well-validated instrument for measuring 

all the acute and chronic stressors that individuals have experienced over the life course 

(i.e., the STRAIN). Third, we used a validated, laboratory-based acute social stress task 

(i.e., the TSST) and confirmed stress induction via multiple physiological and self-reported 

manipulation checks. Finally, we used a valid measure of food intake (i.e., the bogus taste 

test; Robinson et al., 2017) using a within-subjects design in a sample of women from the 

Memphis community.

In terms of limitations, the present results should be interpreted with caution given the small 

sample size. Additional studies are needed to examine the generalizability of these results 

across the weight and gender spectrum, as well as to determine if a floor effect in stress-

induced negative affect explains the association between greater lifetime stressor exposure 

and reductions in post-ingestive negative affect on the stress day, as well as the lack of 

such an association on the non-stress day. Moreover, we did not assess naturalistic eating 
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in response to a stressor where the dynamics would be quite different from a laboratory 

setting (Cummings et al., 2022), and although the STRAIN is not sensitive to self-report 

biases associated with social desirability and personality (e.g., neuroticism) (Slavich & 

Shields, 2018), the influence of such effects on participants’ reporting of lifetime stressors 

cannot be ruled out. Finally, this study was not able to test whether a stronger reduction 

in negative affect after snack food intake in women with greater lifetime stressors leads 

to future increases in stress-induced comfort food intake. Ultimately, we need longitudinal 

studies that assess the emotion regulation model (Figure 5) more directly and holistically 

to further support the preliminary evidence that the stress-eating cycle is strengthened in 

women with greater lifetime stressor exposure.

4.2 Conclusions

In conclusion, the present data showing that greater lifetime stressor exposure predicts 

greater rewarding effects of stress-related eating may help to explain existing literature 

linking chronic stress, stress-eating, and obesity (Goens et al., 2023). These findings can 

thus help inform theory and research on stress, eating, and health. Should additional studies 

with larger samples replicate this association, these findings may inform obesity-related 

clinical treatments that target behaviors and cognitions related to reward learning.
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Highlights

• Acute stressors shift preferences toward comfort foods, yet stress-eating 

varies.

• Variation in stress-eating may be explained by differences in lifetime stressor 

exposure.

• Lifetime stressors predicted greater reductions in negative affect after stress-

eating.

• Lifetime stressors did not predict changes in negative affect after snacking at 

rest.

• Greater reward from stress-eating may explain links between chronic stress 

and obesity.

Klatzkin et al. Page 15

Physiol Behav. Author manuscript; available in PMC 2024 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Laboratory protocol for stress and rest days

* Participants rated their hunger, desire to eat, and wanting/liking of snack foods, but results 

for these measures are not reported here.
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Figure 2. 
Association between lifetime stressor exposure and post-ingestive decreases in negative 

affect (NA) following the laboratory-based acute social stressor. On the stress day, 

greater lifetime stressor exposure significantly predicted greater post-ingestive reductions 

in negative mood, F(4, 21) = 4.03, p = 0.01.
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Figure 3. 
Association between lifetime stressor exposure and post-ingestive decreases in negative 

affect (NA) following rest. On the rest day, lifetime stressor exposure did not predict 

post-ingestive reductions in negative mood, F(4, 21) = 1.6, p = 0.21.
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Figure 4. 
Visual depiction of the linear regression analyses predicting post-ingestive reductions in 

negative affect (NA) following rest and the laboratory-based acute social stressor. We split 

the continuous lifetime stressor exposure variable into Low and High using 1 standard 

deviation above and below the mean, and used the formula: y = a +b1*x + b2*x +b3* x + 

b4*x. Experience more lifetime stressors was related to greater post-ingestive reductions in 

negative affect, but only on the stress day, F(4, 21) = 4.03, p = 0.01, R2 = 0.43.
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Figure 5. 
Results of the present study indicate that greater lifetime stressor exposure may enhance 

Box C of the emotion regulation model. The model depicts a feed-forward cycle in which 

greater stress and negative emotions (i.e., trigger; box A) sensitize the brain reward system 

and lead to more food intake (box B) and weight gain (box D). Comfort food intake (box 

B) causes further activation of the brain reward system and leads to reduced stress and 

negative emotions (i.e., relief; box C). However, this short-term negative reinforcement is 

not sustained, as stress and negative emotions (box A) return upon the cessation of eating. 

Over time, stressors and negative emotions (box A) are more likely to trigger food intake 

because of positive feedback from factors such as conditioning, brain reward processes, 

enhanced emotion regulation motives, and weight gain. Reproduced from Klatzkin et al. 

(2021).
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Table 1.

Mean (± SD) variables of interest from our sample of women compared between stress and rest days (n = 26)

Rest day Stress day

Baseline Rest minus baseline Baseline Stress minus 
baseline

Change scores on stress vs. rest day

Negative affect 14.1 (±6.3) −2.7 (±2.9) 12.7 (±2.7) 6.7 (±6.9) F(1, 24) = 35.7, p < 0.0001

State anxiety 36.6 (±11.2) −7.4 (±8.5) 35.2 (±6.9) 15.2 (±12.8) F(1, 24) = 48.3, p < 0.0001

Systolic blood 
pressure

116.6 (±9.7) 4.7 (±7.9) 118.4 (±9.4) 31.2 (±13.4) F(1, 24) = 71.4, p < 0.0001

Diastolic blood 
pressure

70.4 (±6.3) 3.0 (±4.2) 69.6 (±7.2) 24.3 (±8.7) F(1, 24) = 122.4, p < 0.0001

Heart rate 66.0 (±11.7) 2.6 (±5.2) 64.4 (±9.9) 31.8 (±17.4) F(1, 24) = 68.7, p < 0.0001

Cortisol 0.24 (±0.1) % increase = −17.5 
(±23.9)

0.22 (±0.17) % increase = 85.0 
(±159.4)

F(1, 23) = 9.15, p = 0.006

Physiol Behav. Author manuscript; available in PMC 2024 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Klatzkin et al. Page 22

Table 2.

Mean (± SD) negative affect (min and max possible scores = 10–50) and snack intake from our sample of 

women compared between stress and rest days (n = 26).

Rest day Stress day Rest vs. Stress

Baseline negative affect 14.1 (±6.3) 12.7 (±2.7) F(1, 24) = 1.9, p = 0.19

Post-rest or post-stress negative affect 11.1 (±3.2) 19.4 (±7.2) F(1, 24) = 59.2, p < 0.0001

Post-eating negative affect 12.1 (±3.7) 14.2 (±5.0) F(1, 24) = 6.2, p = 0.02

Snack intake 494.9 (±270.6) 464.3 (±276.4) F(1, 24) = 0.5, p = 0.49
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Table 3.

Multivariate linear regression analysis predicting post-ingestive reductions in negative mood following the 

laboratory-based acute social stressor, F(4, 21) = 4.03, p = 0.01.

B SE B β

Baseline negative affect on stress day (min = 10, max = 19) 0.050 0.332 0.025

Age (years) −0.257 0.159 −0.275

Snack intake following a stressor (kcal) −0.007 0.003 −0.370*

Lifetime stressor exposure (min = 4, max = 57) 0.197 0.076 0.453+

R2 0.434

Adjusted R2 0.326

*
p = 0.045

+
p = 0.017
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Table 4.

Multivariate linear regression analysis predicting post-ingestive reductions in negative mood following a rest 

period, F(4, 21) = 1.6, p = 0.21.

B SE B β

Baseline negative affect on rest day (min = 10, max = 41) 0.100 0.098 0.198

Age (years) −0.076 0.110 −0.137

Snack intake following rest (kcal) −0.005 0.002 −0.421*

Lifetime stressor exposure (min = 4, max = 57) −0.025 0.051 −0.097

R2 0.236

Adjusted R2 0.091

*
p = .05
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