
A Laboratory-Based Study of the Priming Effects of Food Cues 
and Stress on Hunger and Food Intake in Individuals with 
Obesity

Ariana M. Chao, PhD, CRNP1,2, Nia Fogelman, PhD3,4, Rachel Hart, MS, LADC3,4, Carlos M. 
Grilo, PhD3, Rajita Sinha, PhD3,4

1Department of Biobehavioral Health Sciences, University of Pennsylvania School of Nursing

2Department of Psychiatry, University of Pennsylvania Perelman School of Medicine

3Department of Psychiatry, Yale University School of Medicine

4Yale Stress Center, Yale University School of Medicine

Abstract

Objective—To assess the effects of exposures to food cues and stress on hunger and food intake 

and examine whether cue responses differ by weight status.

Methods—In a laboratory-based, experimental study, participants (N=138) were exposed to 

stress, neutral, and food cues delivered using an individualized script-driven imagery task on three 

days. After each cue exposure, participants ate high- and low-calorie snack foods ad-libitum (Food 

Snack Test; FST). Hunger was measured by visual analog scales.

Results—Food cues elicited significantly greater increases in hunger compared to neutral and 

stress stimuli. Cue-induced hunger did not differ by weight status. Participants consumed a similar 

number of total calories across stimuli. In response to food cue provocation, participants with 

obesity consumed 81.0±4.0% of calories from high-calorie foods, which was significantly greater 

than participants with normal weight (63.5±3.6%; p=0.001). After the stress cue, participants with 

obesity consumed 81.4±4.0% of calories from high-calorie foods which was significantly more 

than participants of normal weight (70.2±3.6%; p=0.04). Energy intake from high-calorie foods 

did not differ by weight status after the neutral cue.

Conclusions—Among individuals with obesity, exposure to food and stress cues shifted 

consumption to high-calorie snack foods within a well-controlled experimental setting.
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Introduction

Obesity, defined as a body mass index (BMI)≥30 kg/m2, is a global epidemic that greatly 

increases the burden of chronic diseases.1 Obesity is caused by overconsumption of calories 

relative to energy expenditure.2 The modern obesogenic environment, filled with cues to 

consume high-calorie and energy-dense foods, has been implicated as a major driver of 

overweight and obesity.3

Food cues are discrete food stimuli or food-related contexts/situations that evoke learned 

food-related memories and food-related conditioned responses. Cues may include responses 

to external stimuli, such as seeing food advertisements, or to stress, a complex and 

multidimensional response to a real or perceived disruption in homeostasis.4 In Pavlovian 

classical conditioning models, repeated pairings of an initially neutral or non-food cue (e.g., 

objects, stress) with an unconditioned stimulus (e.g., reward from consuming high-calorie 

foods), leads to the acquisition of an association between the cue and unconditioned stimuli, 

thereby resulting in a conditioned cue.5 Once an association is learned, the cues associated 

with the food and food intake may elicit the same set of physiological (e.g., salivation), 

psychological (e.g., hunger), and behavioral responses (e.g., food intake) thereby resulting in 

conditioned responses. For example, individuals may learn to cope with stressful life events 

by consuming high-calorie foods.

Overeating of high-calorie foods in the ubiquitous food cue environment and in the context 

of stressful life events may promote hunger, caloric intake, and weight gain. Stressful life 

events are discrete experiences that disrupt an individual’s usual activities causing emotional 

strain or tension. Stressful events may cause a person to feel anxious (i.e., feelings of fear, 

worry, or unease).6 Eating in response to cues such as seeing food and to stress is associated 

with self-reported consumption of nutrient dense foods,7–9 particularly high-fat and high-

sugar snack foods.10–12 However, these results have been not been consistently shown, 

possibly due to recall and reporting biases and differences in the severity, intensity, duration, 

and nature of cues examined (e.g., episodic (acute) life events versus chronic stress), or 

intraindividual differences.13–15 Laboratory studies allow for a more precise and well-

controlled measure of the relationship between food cues and eating behaviors, and also 

greater examination of intraindividual differences that drive variations in food cue responses.
16 For example, in our preliminary study using a controlled, 3-day laboratory experiment of 

individualized scripted imagery cues, we found that compared to neutral-relaxing cues, food 

cues significantly increased high-calorie food craving and intake.17 The stress cue condition, 

relative to the neutral condition, increased high-calorie food craving and intake in 

participants with overweight/obese but not those with normal weight.17 In another study, a 

speech stress performance task did not significantly alter overall intake of food compared to 

a neutral control; however, compared to non-emotional eaters in the neutral condition, 

emotional eaters in the stress task had increased intake of sweet-fatty foods.18 Participants 

with high dietary restraint tend to eat more under stress, whereas intake is typically the same 

or lower in unrestrained eaters.16 However, other factors associated with responses to food 

cues have yet to be fully elucidated.
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Enhanced responses to food cues are likely an important risk factor for obesity, and cue-

elicited responses may be stronger in individuals with overweight and those with obesity.19 

Food cues may override homeostatic food signals and promote unhealthy food choices in 

people with obesity.20 For example, after viewing and smelling a cued food (pizza), 

individuals with overweight displayed greater salivation and desire for cued and non-cued 

foods than individuals who were lean21 Compared to participants with normal weight, those 

with obesity demonstrated increased attention to food images in a fed state.22 Yet, the 

relationships of different types of food cues, food choice, and weight status are not fully 

understood.

The present study examined whether the effects of an experimental paradigm using brief, 

imagined cue exposure to personal, favorite food or to personal, discrete stressful events 

separately and differentially increased hunger, anxiety, and food intake compared to neutral 

cues. We also examined whether cue responses of hunger and food intake differ by weight 

status. We hypothesized that food and stress cues would elicit greater increases in hunger, 

subjective anxiety, and proportion of intake from high-calorie foods compared to neutral 

cues. We also hypothesized that participants with obesity would have greater cue responses 

compared to individuals of normal weight including greater increases in hunger and intake 

of high-calorie snack foods. Finally, we hypothesized that hunger levels after cue exposure 

will be associated with food intake across BMI groups.

Methods

Participants

Participants included 138 healthy adults recruited via advertisements placed online or in 

local newspapers and magazines. Major inclusion criteria were: 18–45 years of age; BMI 

<40 kg/m2; and hemoglobin A1C ≤5.7%. Major exclusion criteria were: currently dieting; 

meeting DSM-IV-TR dependence criteria for substance use disorders;23 pregnant; lactating; 

on birth control; peri or postmenopausal; current psychiatric disorders; or major medical 

conditions. All participants gave written and oral consent. The Human Investigation 

Committee at the Yale University School of Medicine approved this study.

General Procedures

Potential participants completed an initial screening over the telephone or in person to 

determine eligibility. Following screening, eligible individuals met with study staff for an 

intake session to obtain informed consent and conduct baseline assessments, including 

height and weight. After the intake session, participants were scheduled for a session to 

conduct other baseline assessments, a physical examination, and an imagery script 

development session.

Three individualized scripts were created for stress, favorite food, and neutral cues based on 

previously validated methods and structured manualized procedures.17,24–27 Personalized 

imagery scripts were created in a structured clinical interview using scene development 

questionnaires that asked for details based on participants’ recent life events. The standard, 

manualized procedure has been used to provoke personal experiences and asks about 
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stimulus contexts and physiological, subjective, experiential, and cognitive details relating to 

the situation.27 The stress imagery script was based on a personal event that made the 

participant “sad, mad, or upset, and with little control over the situation in the moment.” The 

situation was used if participants rated the perceived stress as an 8 or above on a scale of 1 

(not at all stressful) to 10 (the most stress they felt in the past year). The favorite food 

imagery script was based on a situation that included participants’ favorite food-related 

stimuli and subsequent intake of those foods. The neutral-relaxing imagery script was based 

on the subject-identified non-physiologically arousing and non-food related relaxing 

situation. Data from the scene construction questionnaire were used to develop structured 

scripts of similar length across conditions (examples are provided in Supplement 1), and 

recorded onto an audiotape to be played in the laboratory sessions. Individuals also 

participated in a structured, guided progressive relaxation and mental imagery training in a 

40-minute session prior to experimental sessions on Day 1, as outlined in the imagery script 

manual.27 If the participant met inclusion/exclusion criteria, he/she was scheduled for a 3-

day laboratory experiment, run across consecutive days, where he/she was presented with 

the three personalized, 5-minute imagery conditions, one per day, in a randomized and 

counterbalanced order. Staff and participants were masked to presentation order.

Laboratory Sessions and Measures

Participants arrived at the Stress Center at noon and were provided a standard, healthy lunch 

at 12:30 pm and then refrained from further food and drink after this time. Laboratory 

sessions were initiated at 2:00 pm. On each testing day, participants were brought to the 

testing room at 2:00 pm. After settling into a sitting position on a relaxing armchair, 

participants had a 45-minute adaptation period during which they were instructed to practice 

progressive relaxation. Following the relaxation period, participants were provided with 

headphones and given the following instructions for the imagery procedures, “Close your 
eyes and imagine the situation being described, ‘as if’ it were happening right now. Let your 
body and mind get completely involved in the situation, doing what you would do in the real 
situation”. The length of each script was approximately 5 minutes. Imagery vividness was 

rated after each script by asking participants to “Please rate how clearly you were able to 

imagine the scene” on scale ranging from “not clearly at all” (scored 0) to “extremely clear” 

(rated 10).

Food snack test (FST)—After each cue exposure, participants ate, ad libitum, from a 

multi-item tray of high-calorie snack foods (i.e., chips, cookies, popcorn, and pudding or 

brownies) and low-calorie snack foods (i.e., carrots and grapes) (see Figure 1 and 2 for 

timing of FST). The buffet included 3000 calories (500 cal bowls of each snack food). 

Participants were left alone in the room and were provided with the instructions: “There are 
6 bowls of different snacks on the tray. We will leave these here for the next hour and you 
can eat as much or as little as you like during the next 30 minutes.” After that time, the food 

snack tray was removed and the amount of each snack consumed was measured. Each food 

was weighed before and after the session to determine the amount eaten and was used to 

calculate the caloric intake. The Cronbach’s alpha for the total calories was 0.90 across days 

and 0.89 for the high-calorie foods.
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Hunger and anxiety—Measures for hunger and anxiety were collected at the same 7 

time-points during each session: the baseline period/pre-imagery (−5 minutes); post-

imagery/prior to the presentation of the snack tray (0 minutes); after presentation of the 

snack tray (15 minutes); and every 15 minutes during the 30-minute FST (30, 45) and post-

FST (60, 75 minutes). Hunger and anxiety were assessed using visual analog scales ranging 

from 0 (not at all) to 10 (extremely high). Internal consistency, measured by coefficient 

alpha, was excellent for the scales: for the hunger and anxiety scales were 0.86 and 0.95, 

respectively, during the food cue condition; 0.89, and 0.88 in the stress condition; and 0.87 

and 0.93 during the neutral condition.

Imagery Vividness Ratings—Vividness of imagery was assessed immediately following 

the imagery period, using a visual analog scale ranging from 0 (not at all) to 10 (extremely 

clearly). This was measured as a manipulation check to ensure successful and similar food, 

stress and neutral cue provocation. In previous work we have consistently reported high 

levels of internal consistency and reliability for stress and food cue ratings post-imagery (see 

15, 22–25).

Statistical Analysis

Differences in demographics by weight status (i.e., normal weight=BMI<25.0 kg/m2, 

overweight=25.0 kg/m2≤BMI<30.0 kg/m2, or obese=BMI≤30 kg/m2) were compared using 

one-way ANOVAs and chi-square tests. We examined the effects of the brief exposure to 

food, stress, or neutral cues using a series of piecewise, linear mixed models. The primary 

eating outcome was the proportion of energy consumed from high-calorie foods (i.e., 

chocolate chip cookies, chocolate brownies, popcorn, and potato chips). We conducted 

exploratory analyses based on the total calories ingested and proportion of energy consumed 

from high-calorie sweets (i.e., chocolate chip cookies, chocolate brownies) as well as energy 

density (kcal/g). The within-subjects factors of imagery condition (stress, food cue, and 

neutral) and time-points were the fixed effects with day of condition included as a covariate. 

The primary comparisons were food versus neutral cue and stress versus neutral cue. BMI 

status (normal weight, overweight, or obese) was added to models to examine whether cue 

responses differed by weight status. Pearson product-moment correlation analyses were 

conducted to assess the relationship of pre-FST hunger and the total food intake consumed 

during the FST, proportion of energy from sweet foods, proportion of energy from high-

calorie sweet foods, and energy density. Analyses were conducted using SPSS software 

(version 25). Statistical significance was considered as a two-tailed p<0.05.

Results

Participants

Participants (N=138) had a mean ± standard deviation (SD) age of 27.7 ± 6.7 years, and 

mean BMI of 27.0 ± 4.7 kg/m2 with 31.9% overweight and 29.7% obese. The sample was 

52.2% female, and 42.8% white, 31.9% black and 25.3% other. Age, gender, and race did 

not differ significantly based on BMI class (ps=0.09, 0.23, and 0.23, respectively). Imagery 

vividness was rated similarly across imagery conditions (p=0.22). The mean±SD vividness 

rating for food, neutral, and stress imagery were 8.8±1.2, 8.5±1.5, and 8.5±1.7, respectively. 
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Males consumed a significantly greater total number calories than females in the food cue 

(611.6±31.7 vs 367.0±31.0 kcal, p<0.001), stress (614.6±31.8 vs 369.9±31.0, p<0.001), and 

neutral conditions (610.4±31.6 vs 365.7±31.1, p<0.001). Males and females did not differ 

significantly in the proportion of high-calorie foods, energy from sweet foods, or energy-

density of foods consumed.

Hunger

As shown in Figure 1, hunger scores increased significantly more after the food cue 

condition than the neutral and stress condition (ps<0.001). The stress condition produced 

less of an increase in hunger compared to the neutral condition (p=0.04). After the 

presentation of the FST food tray, hunger increased more in the neutral condition than in the 

food cue condition (p<0.001) but was no different than the stress condition (p=0.34). During 

the food consumption period, hunger declined more in the food cue condition than the 

neutral condition (p=0.003). The decline in the stress condition did not differ from the 

neutral condition. Within each condition, BMI status did not have a significant effect on 

changes in hunger during the imagery, presentation of the FST, or food consumption period.

Anxiety

Figure 2 demonstrates the increase in anxiety after the stress condition, which was 

significantly greater than the food cue and neutral conditions (ps<0.001). The increase in 

anxiety was significantly greater in the food cue than the neutral condition (p=0.002). After 

the FST presentation, levels of anxiety decreased in the stress condition, which was more 

than the food cue and neutral conditions (ps<0.001). During the food consumption period, 

anxiety declined more in the stress condition than in the neutral and food condition 

(p=0.001, 0.01, respectively). Within each condition, BMI status did not have a significant 

effect on changes in anxiety during the imagery, presentation of the FST, or food 

consumption period.

Food Consumption

The total calories consumed after the neutral stimuli did not differ significantly from the 

calories consumed after the food stimuli and stress stimuli (Table 1). The total weight of 

food consumed, energy density, and percent of energy from high-calorie foods and from 

sweet foods did not differ significantly between stimuli conditions (Table 1). Relative to the 

neutral condition, 48.6% of participants consumed more calories in the food cue condition 

and 50.7% of participants consumed more calories in the stress condition.

Figure 3 presents energy intake in the FST in each condition by BMI group. In response to 

the food cue condition, participants with normal weight consumed 63.5 ± 3.6% of energy 

from high-calorie foods, which was significantly less compared to participants with 

overweight (78.9 ± 3.8%; p=0.003) and those with obesity (81.0 ± 4.0%; p=0.001; Figure 3). 

The percent of energy consumed from high-calorie foods did not differ among participant 

who were overweight and those who were obese. After the stress condition, participants with 

normal weight consumed 70.2 ± 3.6% of energy from high-calorie foods, which was 

significantly less compared to participants with overweight (81.2 ± 4.0%; p=0.04) and those 

with obesity (81.4 ± 4.0%; p=0.04; Figure 3). Participants who were overweight did not 

Chao et al. Page 6

Obesity (Silver Spring). Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



differ from those who were obese. Percent of energy from high-calorie foods did not differ 

by BMI after the neutral cue.

In the food cue condition, the energy density of the FST among participants with obesity 

was significantly greater than those with normal weight (Table 2). The energy density of the 

FST among those with overweight was not significantly different from individuals with 

normal weight or those with obesity. Participants with obesity consumed a higher percent of 

calories from high-calorie, sweet foods compared to those with normal weight. After the 

stress condition, the energy density of the FST was significantly higher among participants 

with obesity compared to those with normal weight. There were no significant differences 

between groups in the neutral conditions. The proportion of energy from high-calorie sweet 

foods did not differ by weight status in the stress or neutral conditions. Total calories and 

grams of food did not differ significantly by BMI class in the food, neutral, or stress stimuli. 

The proportion of participants who ate more, relative to the neutral condition, in the food or 

stress condition did not differ by BMI status.

Pre-Food Snack Test Hunger and Food Intake

In the total sample, pre-FST hunger scores were correlated with subsequent total energy 

intake in the food cue (p=0.002; Table 3), stress (p=0.01), and neutral condition (p=0.03). 

When stratified by BMI class, pre-FST hunger predicted food intake in participants with 

obesity (ps<0.05; Table 3) but not those with normal weight or those with overweight. Pre-

FST hunger scores were not significantly correlated with proportion of energy from high 

calorie or sweet foods, proportion of energy intake from high-calorie sweet foods, or energy 

density in any of the conditions (Table 3). Secondary post-hoc analyses controlling for sex 

yielded similar statistical conclusions as above.

Discussion

This study is one of the first to compare different types of cues and how they influence 

hunger and food snack consumption in a Food Snack Test. Relative to the stress and neutral 

conditions, food cue exposure significantly increased hunger. Compared to the neutral 

condition, 48.6% of participants consumed more calories in the food cue condition. Similar 

to previous self-report studies that have found that 35–60% of people report eating more 

calories when stressed,28–30 we found that 50.7% consumed more calories in the stress 

condition relative to the neutral condition. Consistent with our hypothesis, among 

individuals with obesity, exposure to both the food cue and the stress conditions shifted 

consumption to greater high-calorie and energy-dense snack foods within a well-controlled 

experimental setting. Higher cue-induced hunger was associated with greater subsequent 

intake of total snack foods, particularly for participants with obesity. These results extend 

previous research by demonstrating that obesity is associated with increased reactivity to 

food cues and stress, which contributes to intake of high-calorie and energy-dense foods.
19,21,22 Snack food consumption contributes 23% of daily dietary energy among adults in the 

US.31 Decreasing consumption of high-calorie snacks in response to food cues and stress 

may help to improve nutrition and weight among people with obesity.
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Relative to the neutral condition, the food cue condition significantly increased subjective 

feelings of hunger. These data are consistent with prior findings that rewarding food stimuli 

increase motivation and wanting of food.17,32,33 Food cues may exert their effects on the 

experience of hunger through psychological processes such as conditioning and cue 

reactivity.33 Research also supports that physiological processes contribute to cue-motivated 

behaviors.33 For example, food cues can activate cephalic responses, signals initiated by the 

central nervous system to prepare the gastrointestinal tract to process the anticipated 

nutrients, which can result in feelings of hunger.32,34 Interventions that decrease food cue 

responsiveness or exposure may help to decrease perceptions of hunger such as mindfulness, 

environmental changes including limiting high-calorie foods in the home or keeping it out of 

sight, and policy initiatives to reduce advertisements for high-calorie foods.

Food and stress cue reactivity were more pronounced in those with obesity relative to those 

with normal weight. Compared to participants with normal weight, among individuals with 

obesity, food and stress cues each shifted preferences and choice of foods towards high-

calorie and energy-dense food items. The percent of calories from high-calorie foods did not 

differ after the neutral cue across weight groups, demonstrating the specificity of the effects 

for food and stress cues on food snack intake. These findings are consistent with previous 

findings of differences in food-cue response between individuals with and without obesity.35 

Findings from fMRI studies show that overweight and obese individuals, in comparison with 

normal-weight individuals, have greater responses to visual food cues, particularly in 

response to energy dense cues, in reward-related brain areas (e.g., insula and orbitofrontal 

cortex).35 Similar changes in palatable food intake have been reported in preclinical models 

during stress. When rodents are exposed to stress, they eat a greater portion of their daily 

calories from highly-palatable food.36,37 These findings are also consistent with previous 

research suggesting that stress may not involve greater consumption of food per se but 

selective consumption favoring palatable and high-calorie foods.10,29,38 External food cues 

can signal what to eat and how much of a food to consume, leading to alterations in 

consumption patterns. Collectively, the current study’s findings suggest that modifying one’s 

exposure and response to food cues and to stress might represent specific targets for 

interventions to decrease consumption of high-calorie foods among people with obesity.

Among individuals with obesity, the stress condition increased high-calorie food intake. 

However, there was no evidence that stress, relative to the neutral condition, resulted in 

increased feelings of hunger in individuals with obesity. This indicates that stress may have 

less influence on subjective feelings of hunger, and alternate physiologic and metabolic 

factors may be contributing to the stress-related increases in high-calorie food intake. It is 

also possible that individuals with obesity were using intake of high-calorie food helps to 

cope with negative feelings or to dampen stress following a stressor exposure.15 Our results, 

taken together with previous studies,15,39,40 indicate that individuals with obesity increase 

preference and consumption of high-calorie “comfort foods” possibly as a way to reduce the 

stress response and improve mood.

It is important to note that despite differences in feelings of hunger between the food cue and 

other conditions, and the shift towards higher consumption of energy dense foods during 

food cue and stress conditions in the obesity group, total caloric intake and the percent of 
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energy from high-calorie foods were similar across conditions. While higher subjective 

hunger was significantly associated with greater total caloric intake across conditions, 

especially in the obesity group, we did not find evidence that stress altered food selection 

towards eating a greater proportion from high-calorie foods in the overall sample. These 

findings are contrary to previous studies using self-report measures7,38,41 and studies using 

laboratory measures in college aged females.42,43 It is possible that these differences are 

related to the type of cue exposures used. This study is unique because it used a highly 

salient cue that was personalized to each individual, whereas other studies have used 

standardized stimuli sets. Further study is needed to examine whether the salience of the 

food cue is an important determinant in driving cue-responsiveness across the weight 

spectrum. It is also possible that differences were due to variations in sample characteristics, 

particularly since we found that weight status was an important factor related to cue 

response.

This study is strengthened by the well-controlled laboratory design with a precise measure 

of food intake and standardized tasks, personalized to each individual, to assess cue 

reactivity. The sample was also racially diverse. Limitations of this study include that 

participants were relatively healthy without pre-diabetes or metabolic syndrome. Stress, food 

cues, and eating behaviors were measured in a laboratory setting and may differ from more 

naturalistic situations. Given the ubiquitous nature of food cues, a future direction would be 

to examine the effects of stress cues paired with and without food cues on appetite and 

eating behaviors. It is possible that the stress cue described was not conditioned with food 

intake, in particular for those with normal weight. Future research could ask participants to 

describe stress scenarios that were specifically linked to changes in food intake. Stress 

scenarios focused on specific, personalized stressful life events, and further study is needed 

to assess the effects of chronic stress. This study also focused on snack consumption and 

further research is needed to examine whether findings generalize to meals. This study 

looked at a single food snacking session each day. Additional research is needed to examine 

whether food cues and stress increase the frequency of snacks consumed. Future 

longitudinal studies are necessary to examine whether changes in food and stress cue 

responsivity contribute to long-term changes in weight.

Nonetheless, this laboratory-based study found that individuals with obesity consumed a 

greater proportion of calories from high-calorie foods relative to those of normal weight in 

response to food cues and stress. The present results are congruent with previous work and 

specifically identify greater vulnerability to food cues and stress in people with obesity, in 

that exposures to food cues and stress result in a shift in consumption to high-calorie and 

energy-dense foods in those with obesity. Results suggest that interventions that decrease 

cue reactivity to food and stress may help reduce intake of high-calorie foods among 

individuals with obesity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Importance

What is already known about this subject?

• Exposures to energy-dense foods and stressful events are associated with self-

reported consumption of high-calorie foods.

• These findings, however, are limited by recall and other biases.

What are the new findings in your manuscript?

• The present study assessed the effects of exposures to food cues and stress on 

hunger and food intake and examined whether cue responses differ by weight 

status.

• The present study examined whether the effects of an experimental paradigm 

using brief imagined cue exposure to personal favorite food or to personal 

discrete stressful events separately and differentially increased hunger, 

anxiety, and food intake compared to neutral cues.

• Among individuals with obesity, exposure to food and stress cues shifted 

consumption to high-calorie and energy-dense snack foods within a well-

controlled experimental setting.

How might your results change the direction of research or the focus of clinical 
practice?

• Findings suggest interventions focused on reducing cue reactivity to food and 

stress may help decrease intake of high-calorie foods among individuals with 

obesity.

Chao et al. Page 13

Obesity (Silver Spring). Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Changes in hunger for the food, stress, and neutral cues during the image period, 
presentation of the snack tray, food consumption, and post-consumption period.
Mean ± SE. Hunger was assessed using visual analog scales ranging from “not at all” 

(scored 0) to “extremely high” (scored 10). Analyses are adjusted for day of condition.
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Figure 2. Changes in anxiety for the food, stress, and neutral cues during the image period, 
presentation of the snack tray, food consumption, and post-consumption period.
Mean ± SE. Anxiety was assessed using visual analog scales ranging from “not at all” 

(scored 0) to “extremely high” (scored 10). Analyses are adjusted for day of condition.
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Figure 3. Percent of energy from high-calorie foods for participants with normal weight, 
overweight, and obesity during each condition.
Mean ± SE. Analyses are adjusted for day of condition.
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Table 1.

Estimated mean±SE food consumption by stimuli type

P-Value

Food Cue Stress Neutral Food Cue vs 
Neutral

Stress vs 
Neutral

Food Cue vs 
Stress

Total energy intake (kcal) 479.9±28.9 484.1±28.9 484.3±28.9 0.91 0.99 0.92

Total food intake (g) 213.2±11.1 210.9±11.0 215.8±11.1 0.87 0.76 0.88

Proportion of energy from high-calorie 
foods (%)

73.8±2.2 77.0±2.2 75.2±2.2 0.68 0.55 0.32

Proportion of energy from sweet foods 
(%)

64.5±2.2 63.6±2.2 60.9±2.2 0.24 0.38 0.77

Proportion of energy from high-
calorie, sweet foods (%)

45.2±2.4 46.9±2.4 43.9±2.4 0.70 0.38 0.63

Energy density (kcal/g) 2.3±0.1 2.4±0.1 2.3±0.1 0.80 0.38 0.26

Note: Values shown are means ± SE adjusted for day of condition. For each variable, the three conditions were compared using pair-wise 
comparisons.
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