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Abstract 

The purpose of the current study was to examine self-reported wanting and liking of high and 

low calorie food images following an acute psychosocial stressor in individuals differing in body 

mass index (BMI). Participants (N = 51) completed the Trier Social Stress Test (TSST; 

Kirschbaum, Pirke, & Hellhammer, 1993) to investigate stress system response. A visual food 

image task assessed hedonic (i.e. liking) and motivational (i.e. wanting) responses to food 

images. Self-reported positive and negative affect, state anxiety, hunger, and physiological 

measures (Blood pressure and heart rate) were recorded. Overall, it was hypothesized that 

overweight and obese individuals would have higher self-reported ‘wanting’ but not ‘liking’ of 

high calorie food images as compared to normal weight individuals. The results from this study 

showed that acute stressors could have an impact on self-reported “wanting” after viewing 

images of high calorie food.  That is, individuals who were subjected to an acute stressor (n = 21) 

had a decrease in the ‘wanting’ of high calorie food images (p = .035), as compared to control 

participants (n = 30). These findings may have basic science and clinical implications.  

Keywords: Trier Social Stress Test, state anxiety, stress system response, incentive 

salience, obesity, food images 
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Effects of Acute Psychosocial Stress on Self-Reported Wanting and Liking for High Calorie 

Foods: Role of Body Mass Index  

Introduction 

More than one third (78 million) of adults in the United States are considered overweight 

or obese (Centers for Disease Control and Prevention, 2015). Obesity is linked to many negative 

health outcomes including coronary heart disease and Type II diabetes (Centers for Disease 

Control and Prevention, 2015). These negative health outcomes accounted for approximately 

$147 billion in medical costs in 2008 (Centers for Disease Control and Prevention, 2015). Since 

the early 1960s, the prevalence of obesity among adults ages 20 and older more than doubled in 

the United States, increasing from 13.4 to 35.7 percent. Among children and adolescents, the 

prevalence of obesity also increased in the 1980s and 1990s, but now is mostly stable (National 

Institutes of Health, 2012).  

Neural Correlates of Obesity  

The brain reward pathway can be activated by substances other than drugs of abuse 

(Maisto, Galizio, & Conners, 2011). Brain opioids and dopamine are released in the ventral 

tegmental area (VTA) and nucleus accumbens (NAc) by pleasant foods, especially when the 

food high in sugar and/or fat (Avena, Rada, & Hoebel, 2008).  Preclinical and clinical studies 

show that food overconsumption can lead to the development of compulsive eating (Johnson & 

Kenney, 2010; Wang, Johnston, Ball, & Brinton, 2005). For instance, Johnson and Kenney 

allowed rodents to consume energy-dense foods (2010). They found that over time, the rodents 

were hyposensitive to the food, a counterintuitive finding. That is, areas in the rodent brain, such 

as the mesolimbic dopamine pathway became less activated. Thus, these findings suggest that 
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individuals may overconsume food to increase mesolimbic dopamine in reward pathway, 

specifically, the nucleus accumbens, to maintain allostasis. 

 Human studies have also investigated reward pathways in obese versus normal weight 

individuals. In one study, participants were presented with food images. Wang and colleagues 

(2001), used positron emission tomography (PET) in striatal and cerebellum regions to study the 

role of dopamine in participants who were either normal body weight or pathologically obese.  

Similar to Johnson and Kenney (2010), results provided evidence for the involvement of 

dopamine in the motivation of food intake (Wang et al., 2001).  Normal weight individuals, in a 

fasted state, were shown food that could not be consumed.  They showed increases in the striatal 

extracellular dopamine, while pathologically obese individuals had reductions in the striatal D2 

receptor availability (Wang et al., 2001).  The authors concluded that low levels of dopamine 

activity in obese individuals inclines them to overconsume food (Wang et al., 2001). These 

studies show that the mesolimbic dopamine reward pathway may be involved in 

overconsumption of food, both in rodents and humans, possibly due to down regulation of 

dopamine receptors. However, the literature is mixed with other studies showing enhanced 

activation in the nucleus accumbens, a brain area associated with reward, using fMRI in obese 

individuals as compared to healthy weight controls (Jastreboff et al., 2013; Martin et al., 2010; 

for review see Carnell, Gibson, Benson, Ochner, & Geliebter, 2012).  

A separate set of studies concerns the primary taste cortex. Regions of interest in these 

fMRI studies typically include the gustatory regions. Several studies involving neuroimaging and 

obesity assessed the neural responses to visual food cues (Martin et al., 2010; Simmons, Martin, 
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& Barsalou, 2005), as well as the brain’s reward pathway (Wang et al., 2001). Simmons, Martin, 

& Barsalou (2005) found that images of food activate both gustatory processing areas, which 

includes the left orbitofrontal cortex and right insula/operculum. These areas represent a neural 

circuit of food knowledge (Simmons, Martin, & Barsalou, 2005). The insula becomes active 

during the tasting of foods, as well as when viewing images of foods, therefore suggesting that 

gustatory regions are activated by food pictures and produce inferences about taste (Simmons, 

Martin, & Barsalou, 2005). Thus, obese individuals may have exaggerated responsivity in 

gustatory areas of the brain to visual food cues.  

These brain differences may lead to changes in eating behavior. Halford, Boyland, 

Hughes, Stacey, McKean, & Dovey (2007) found that food related advertisements on television 

were associated with an increase in food consumption in children. The children were tested on 

two occasions. In one condition, they viewed food advertisements followed by a standard 

cartoon. In the other condition they viewed non-food advertisements followed by the same 

standard cartoon. The results demonstrated that exposure to the food advertisements produced 

significant increases in food consumption (Halford et al., 2007). These results are important for 

obesity research and understanding the causes of obesity. 

The Addiction Model: Compulsive Eating May Parallel Neural Processes Found in Drug 

Addiction 

 

Addiction is a complex phenomenon and often includes multiple systems including the 

behavioral, emotional, and cognitive systems (Lemieux & al’Absi, 2016). The chronic use and 

withdrawal of a substance of abuse (i.e. drugs or alcohol) elicits a stress system response (Kassel 

et al., 2007). Negative affect associated with withdrawal symptoms causes further drug 

intoxication to alleviate the negative symptoms. That is, drug or alcohol use is negatively 

reinforcing, and drug use behavior continues as a way to alleviate aversive withdrawal symptoms 
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(Koob & LeMoal, 1997; Koob & LeMoal, 2001). Many coping techniques used to reduce the 

stress system response may not be effective (Everly & Lating, 2013). Stress system response 

dysfunction (i.e. hypoactive cortisol response following stressor or enhanced adrenal sensitivity) 

may be a risk factor or consequence of drug and alcohol addiction (Lovallo, 2006; Lovallo, 

Dickensheets, Myers, Thomas, & Nixon, 2000; Sinha, Fox, Hong, Hansen, Tuit, & Kreek, 2011), 

and possibly behavioral addiction (Franco, Paris, Wulfert, & Frye, 2010; Geisel, Panneck, 

Hellweg, Wiedemann, & Muller, 2015). 

Hypothalamic-Pituitary-Adrenal Axis 

The hypothalamus pituitary adrenal axis (HPA axis) includes the hypothalamus, the 

pituitary gland, and the adrenal glands. Cortisol is the main hormone released following the 

activation of the HPA axis (Tsigos & Chrousous, 2002). Automatic nervous system activation, 

physical activity, and illness all influence the amount of corticotropin hormone from the 

hypothalamus. This causes the synthesis of adrenocorticotropic hormone (ACTH) from the 

anterior pituitary (Tsigos & Chrousos, 2002). Subsequently, ACTH then triggers the production 

of glucocorticoids, including cortisol from the adrenal gland. Often, strategies used by people to 

reduce the physiological arousal caused by a stressor are unsuccessful, leading to chronic 

elevation of cortisol. Evidence suggests that stress increases dopamine production, a 

neurotransmitter associated with the rewarding properties of drug use (Boyson et al., 2014). Both 

stress and substance abuse cause a similar excitation of dopamine cells (Adinoff, 2004). Chronic 

stress in humans, especially early in development, can dysregulate the HPA axis and is known to 

be a risk factor for drug abuse initiation and maintenance (Lemieux & al’Absi, 2016).  

Both biogenic and psychosocial stressors are used experimentally to activate the 

hypothalamic-pituitary-adrenal (HPA) axis. A stressor is defined as a stimulus that elicits a stress 
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response (Everly & Lating, 2013). The term “stressor” refers to a biogenic or psychological 

experience, while “stress response” refers to the physiological changes that occur (Lemieux & 

al’Absi, 2016). With this being said, a “stressor” can then be defined as the situation that causes 

a stress response. There are two different forms of stressors. A biogenic stressor, such as extreme 

heat or cold, caffeine, and nicotine, directly initiate a stress response (Everly & Lating, 2013). Of 

relevance to the current project, a second type of stressor is known as a psychosocial stressor. A 

psychosocial stressor is described as real or imagined events that elicit a stress response through 

interpretation (e.g., public speaking, mental arithmetic tasks; Everly & Lating, 2013; Kirschbaum 

et al., 1993; Lemieux & al’Absi, 2016).  

Stress, Eating, and Obesity 

Research has shown that there is a connection between stress and food (American 

Psychological Association, 2013). People seek foods that are high in fat and calories when they 

are stressed due to corticotrophin releasing factor that dramatically changes food reward 

signaling (Born et al., 2009). Stress is an important factor to consider when examining the causes 

of obesity, given the recent research on stress and how it may influence our eating habits 

(American Psychological Association, 2013). According to the American Psychological 

Association, (2013), 38% of adults admitted to overeating or eating unhealthy foods due to stress 

related events. Although controversial at this time, “food addiction” or “eating addiction” is a 

rising topic and has also been related to stress system response and the dopaminergic reward 

system (Adam & Epel, 2007; Gearhardt, Corbin, & Brownell, 2012). Further, binge eating 

disorder was added to the Diagnostic and Statistical Manual for Mental Disorders, Fifth Edition 

(DSM-5), however, not to the addictive disorders section (American Psychiatric Association, 

2013).  
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Chronic activation of the HPA axis can also influence multiple appetite-related hormones 

and hypothalamic neuropeptides (Adam & Epel, 2007), leading to excessive food consumption 

and possibly obesity. Takeda and colleagues (2004) found that eating is suppressed during a 

stressful situation because of the anorectic effects of corticotrophin releasing hormone. Eating is 

increased, however, during the recovery from a stressful situation, due to the effects of residual 

cortisol (Takeda et al., 2004). Glucocorticoid secretion that results from prolonged stress is also 

correlated with the promotion of abdominal fat deposition (Dallman, Pecoraro, & la Fleur, 2004). 

Individuals who have chronic stress tend to eat more under acute stress situations (Gibson, 2005) 

and show preferences for the consumption of foods high in sugar and fat (Torres & Nowson, 

2007). Thus, acute and chronic stress system responses may also be a factor in excessive weight 

gain.  

Incentive Salience and Stress System Response 

The act of using drugs does not constitute an addiction itself (Robinson & Berridge, 

1993). In order to learn more about addiction, then, Robinson and Berridge, sought to understand 

how drug taking behavior evolved into a compulsion, and developed the Incentive-Sensitization 

Theory of Addiction. This theory of addiction states that progressive neuroadaptations from 

repeated drug use are what causes addictive behavior (Robinson & Berridge, 1993). The 

experience of reward is accompanied by activation of the mesolimbic dopamine pathway (Maisto 

et al., 2011). The mesolimbic dopamine pathway includes the nucleus accumbens, which is a 

collection of neurons located in the basal forebrain and is rich in dopamine (Maisto et al., 2011). 

Although the nucleus accumbens has traditionally been studied for its role in drug addiction, it 

plays an equal role in processing natural rewards such as food and sex (Baik, 2013). The 

mesolimbic dopamine pathway travels from the ventral tegmental area (VTA) and projects to the 
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nucleus accumbens (NAc), modulating the activity of neurons within the NAc (Maisto et al., 

2011). Many addictive drugs have the ability to activate the VTA and NAc and motivate drug 

use behavior (Wise, 1998). Dopamine activation appears to determine the motivational state of 

‘wanting’ (Berridge, 2007; Luscher & Malenka, 2011). It is suggested that addictive drugs have 

the ability to elevate dopamine levels beyond that of the natural level, and therefore increase 

incentive salience (Robinson & Berridge, 1993).  

Obese individuals are suggested to have more responses in brain emotion and reward 

motivation regions than normal weight individuals to visual food stimuli (Jastreboff et al., 2014). 

In a functional MRI study, 25 obese individuals and 15 normal weight individuals were exposed 

to images that were high calorie food, low calorie food, or non-food visual stimuli. Individuals 

were also instructed to rate their ‘liking’ and ‘wanting’ of these food images based off of a 9-

point Likert scale. Obese individuals showed exaggerated neural responses in striatal-limbic 

regions, which are involved in reward motivation and emotion (Jastreboff et al., 2014). This 

study was the first to suggest that increased leptin levels contribute to neural responses to high 

calorie foods, which then increase the possibility of overconsumption of high calorie foods in 

obese individuals (Jastreboff et al., 2014). This study concluded that the dysregulation of brain 

regions involved with reward motivation and emotion may increase consumption of high calorie 

foods due to the lack of control, specifically in individuals who are obese and may be vulnerable 

to food cues (Jastreboff et al., 2014), such as those commonly appearing in food advertising.   

 Notably, although Jastreboff and colleagues (2014) had found significant neural 

differences between obese and lean individuals, there were no differences between the ‘liking’ 

and ‘wanting’ of high calorie food images between obese and lean individuals.  Jastreboff and 

colleagues (2013) assessed both lean and obese participants using a functional MRI scanning 
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when participants were exposed to stress and favorite-food cues. Although obese and lean 

individuals had similar identified favorite-foods, with the majority of the favorite-foods being 

high in calories, only obese individuals had corticolimibic-striatal activations and striatal 

activation to stress cues (Jasteboff et al., 2013). Therefore, it is suggested that the way 

information is processed in individuals, not differences in desired food, is what causes these 

differences in obese and lean individuals (Jasteboff et al., 2013). These results exemplify the 

importance of brain function differences that are associated with food motivation in obese versus 

normal weight individuals.  

Hypotheses 

The primary objective of this study is to extend the results of Jastreboff and colleagues, 

(2014) to examine the self-reported liking and wanting of food images in individuals differing in 

BMI status and to examine whether an acute psychosocial stressor would have an effect on these 

responses. It is hypothesized that the self-reported ‘wanting’ but not ‘liking’ of high calorie food 

images in overweight and obese individuals will be more pronounced than in normal weight 

individuals. This study will also empirically investigate the effect of an acute stress test on the 

‘liking’ and ‘wanting’ of food images. It is predicted that those who are subjected to an acute 

stress test should show an increase in their self-reported ‘liking’ and ‘wanting’ of high calorie 

foods, and report feeling more hungry after completion of the acute stress test than those who did 

not complete an acute stress test. These results will be more pronounced in obese individuals as 

compared to controls. Additional outcome variables, including self-reported mood and 

physiological measures, will be used to assess TSST effectiveness in individuals who receive the 

acute stressor versus controls.   
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Method 

Participants 

Participants aged 18-33 years (M = 19.02 years), were recruited through the online 

SONA system at the University of Minnesota Duluth. Females are more likely to turn to food 

when managing stress (Nguyen-Rodriguez, Unger, & Spruijt-Metz, 2009), therefore, only female 

participants were recruited. Participants were categorized into two BMI groups, normal (BMI< 

25) and high (BMI>=25), according to the CDC (2010). Of the 51 participants, 32 (62.7%) were 

categorized into the normal BMI group, and 19 (37.3%) were categorized into the high BMI 

group. No participants were categorized as underweight. Participants were randomly assigned to 

receive or not receive the Trier Social Stress Test (TSST; Kirschbaum et al., 1993). Due to 

limited availability of confederates for the TSST condition, there were less total participants in 

the TSST condition. Of the total 51 participants, 30 were in the control condition, and 21 were in 

the TSST condition. Thus, the study included four experimental groups: low BMI – control (n = 

19), low BMI – 

experimental (n = 13), high BMI – control (n = 11), and high BMI – experimental (n =8). The 

ethnic composition of the sample was as follows:  White (88.2%), Black/African American (2%), 

American/Alaskan Native (2%), and Other (7.8%). Informed consent was obtained prior to 

participation and individuals received compensation for participation. Procedures and materials 

were approved by the Institutional Review Board at the University of Minnesota.  

Screening procedures 

 Potential participants were screened in a 10 minute in-person interview for 

psychotherapeutic history, neurological or medical disorders that could affect HPA axis or 
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cognitive function. Exclusionary criteria included, but were not limited to: self-reported history 

of being diagnosed with psychosis, bipolar mood disorder, or anxiety disorders (panic, 

generalized anxiety, post-traumatic stress disorder) or currently taking medication for a 

psychiatric condition or hypertension. Persons with medical conditions which affect the HPA 

axis (i.e., Addison’s Disease or Cushing’s Disease) or neurological conditions (serious head 

injury, prolonged unconsciousness, epilepsy) were also excluded. Due to the nature of tasks in 

this study, participants were also screened for having worse than 20/40 uncorrected vision, being 

red/green color blind, or not being proficient at reading and speaking English (i.e., must have 

been speaking English for at least 10 years). Of the total 87 participants who went through the 

screening process, 36 (41%) did not meet the criteria or were not interested in the laboratory 

session.  

Measures 

 Self-reported state anxiety. The state version of the State-Trait Anxiety Inventory, Form 

Y-1 (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) was used to assess 

participants’ state anxiety levels throughout the laboratory protocol. The STAI is a survey 

consisting of 20 questions (e.g. “I feel calm”) answered on a 4-point Likert-type scale (1 = not at 

all, 2 = somewhat, 3 = moderately so, 4 = very much so). Scores could range from 20 to 80, with 

higher scores indicating a greater level of anxiety. Internal reliability is excellent for the STAI (α 

= 0.86 to α = 0.95), (Spielberger et al., 1983), meaning this survey is likely measuring the 

construct of anxiety accurately. Test-retest reliability coefficients have ranged from 0.65 to 0.75 

(Spielberger et al., 1983). The STAI was found to be highly reliable in the current study, 

calculated for all participants at baseline prior to experimental manipulation. (α = 0.80).  
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Positive and negative affect. The Positive and Negative Affect Scale (PANAS; Watson, 

Clark, & Tellegan, 1988) was used to assess positive and negative affect during the standardized 

laboratory stress manipulation. Participants were asked to rate the extent to which they were 

experiencing each out of the 20 emotions on a 5-point Likert scale which ranges from “very 

slightly” to “very much.” Participants were asked how they felt at the current moment. Half of 

the emotion words are related to negative affect (distressed, upset, guilty, etc.) and the other half 

are related to positive affect (interested, alert, attentive, etc.). The PANAS scale alpha 

reliabilities are highly acceptable, ranging from α = 0.86 to α = 0.90 for positive affect and from 

α = 0.84 to α = 0.87 for negative affect (Watson, Clark, & Tellegan, 1988). The PANAS 

correlates with other measures of positive and negative affect, thus offering a reliable, valid, and 

efficient means for measuring mood (Watson, Clark, & Tellegan, 1988). Internal reliability was 

found to be excellent in current sample at baseline (α = 0.96).  

Food addiction. The Yale Food Addiction Scale (YFAS; Gearhardt, Corbin, & 

Brownell, 2012) is a measure that was developed to identify those who are most likely to be 

exhibiting markers of substance dependence with the consumption of high fat/high sugar foods. 

This measure was included to examine the differences between low and high BMI participants. 

The YFAS is a 25 item self-report measure that includes a mixture of dichotomous and Likert 

scale formats.  A food addiction symptom (e.g., tolerance, withdrawal, loss of control) count can 

be obtained which is similar to the criteria for substance dependence of the DSM-IV-TR 

(American Psychiatric Association, 2000). Additionally, two items assess clinically significant 

impairment or distress from eating. Food addiction can be “diagnosed” when three symptoms 

and clinically significant impairment or distress are present (Gearhardt et al., 2012). During a 

preliminary validation assessment, this measure yielded a high internal reliability coefficient of α 



STRESS, FOOD, INCENTIVE SALIENCE   19 
 

= 0.86 (Gearhardt, Corbin, & Brownell, 2009). Internal consistency for the current study was 

excellent at baseline, α = 0.86.  

Eating behavior. To measure participants’ hunger, cognitive restraint of eating, and 

disinhibition, the Three Factor Eating Questionnaire (Stunkard & Messik, 1984) was used. The 

purpose of this questionnaire was to assess if there were any differences between low BMI and 

high BMI participants on their hunger, disinhibition, and restraint of eating. This 51-item 

questionnaire consists of two parts. Part I consists of 36 true/false questions (e.g., “I often feel so 

hungry that I just have to eat something”). Part II consists of 15 questions (e.g. “How conscious 

are you of what you are eating?”) answered on a 4-point Likert scale (1 = not at all, 2 = slightly, 

3 = moderately, 4 = extremely). Factor I measures cognitive restraint of eating (21 items), factor 

II measures disinhibition (16 items), and factor III measures hunger (14 items). Each item scores 

either 0 or 1 point. Therefore the minimum score for Factors I, II, and III is 0. The possible 

maximum scores, respectively are 21, 16, and 14. Coefficient alpha reliabilities at baseline were 

α = 0.92 for Factor I, α = 0.91 for Factor II, and α = 0.85 for Factor III. Reliability coefficients 

for the current study were acceptable (α = 0.74 for Factor I, α = 0.77 for Factor II, and α = 0.80 

for Factor III).    

State hunger. State hunger was measured with a 1-item visual analogue scale, adapted 

from Nederkoorn and colleagues, (2009), ranging from 1 (not hungry at all at this moment) to 10 

(very hungry at this moment; Nederkoorn et al., 2009).  

Hedonic and non-hedonic self-reports. “Liking” and “wanting” are interpreted as 

rewarding value (Born et al., 2009). Blum, Gardner, Oscar-Berman, & Gold, (2012), described 

“liking” as a hedonic value, and “wanting” as a non-hedonic motivational value. “Liking” and 

“wanting” scores were obtained through a visual analogue scale. The scales were established 
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from Jastreboff and colleagues (2014) and ranged from 1 (I don’t like/want the item in the image 

at all) to 9 (I want/like the item in the image very much).  

 Body mass index. Body mass index (BMI) was calculated during the screening interview 

from self-reported height and weight. Participants were also weighed on laboratory day using an 

Etekcity weight scale (Etekcity Corporation, Anaheim, CA, USA). Height was measured on 

laboratory day using a Gen-Rule height scale (Gen-Rule Storefront). BMI is calculated by weight 

(in kilograms) over height squared (in centimeters). According to the Centers of Disease Control 

and Prevention (2015), a healthy BMI range is from 18.5 – 24.9. A BMI range from 25 – 29.9 is 

considered overweight, and a BMI from 30 and above is considered obese. These standard 

ranges are the same for men and women. Participants were grouped into two categories based on 

BMI scores (Normal/Healthy, and Overweight/Obese).  

Blood pressure and heart rate. A ReliOn blood pressure monitor (Omron Healthcare, 

Inc. Bannockburn, IL, USA) was used to assess blood pressure and heart rate at baseline, after 

delivery of each speech and at the end of the testing day following 30 minutes of relaxation. The 

cuff was secured on participants arm above the elbow. Blood pressure was measured in terms of 

systolic and diastolic blood pressure. Heart rate was measured using the ReliOn monitor arm 

band. Heart rate was measured in beats per minute.  

Materials 

Food images. The protocol suggested by Graham and colleagues (2010) guided selection 

of food images. Food images were found using internet searches and grouped into three 

categories based on nutritional value. Chosen images appeared on white backgrounds and 

consisted of the following: high calorie (n = 15), low calorie (n = 15), and neutral office supplies 

(n = 15). These images were reviewed by two individuals not familiar with the study in order to 
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confirm the proper identity of food images and their placement in the three categories. Images 

were further made alike by pixel size (575 x 545). Nutritional information was obtained from the 

U.S. Department of Agriculture National Nutrient Database (2016). High calorie savory foods 

(HCSAV) are those that had relatively high amounts of total fat and saturated fats. They include 

images such as pizza, fried chicken, and cheeseburgers. The average total fat content for these 

images was 24.93g/100g. Low calorie (LC) images consist of fruits and vegetables and have an 

average total fat of .029g/100g. Neutral office supply images were compromised from the IAPS 

database (Lang, Bradley, & Cuthbert, 1997).  

Procedure 

Participants were randomly assigned into a control group (n = 30) and an experimental 

group (n = 21). Again, due to limited availability from confederates, the participants were not 

truly randomized, which contributed to uneven group sizes. Table 1 in Appendix A provides a 

laboratory day timeline. The participants arrived in the lab and provided informed consent.  

A light breakfast (choice of Kellog’s Nutri-Grain bar or GoGo Squeez Applesauce for those with 

gluten intolerance) was provided. The visual food task involved a series of 60 pictures (20 high 

calorie, e.g., pizza, cheeseburger; 20 low calorie, e.g., apples, cucumbers; 20 neutral, e.g., office 

chair, pencil) that were be presented randomly. Each picture was presented for 6 seconds. After 

the image disappeared, participants were then asked to rate their liking and wanting for the item 

on a 9-point Likert scale (Jastreboff et al., 2014). At the end of each trial, a fixation point was 

presented for 3 seconds during which the participant relaxed before the start of the next trial (See 

Appendix A, Figure 1). This was a pre-post design.  

Immediately following the visual food trials, the experimental group was administered an 

acute mental stress test (Kirschbaum et al., 1993). This consisted of a public speaking exercise 
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and a mental math test. Participants were instructed to prepare a 5 minute speech that they had to 

administer in front of an assistant and video camera. They were told that they were going to be 

rated on their performance and that the video was going to be shown to a group of peers who 

would rate their speech. Following their speech they were instructed to count down from 1,022 

by 13 repeatedly for another 5 minutes (Kirschbaum et al., 1993). The assistant provided no 

empathy or encouragement, but rather negative feedback when they answered incorrectly (i.e., 

asking to start over from 1,022). The control group participants were alternatively given 20 

minutes to read from a magazine. Following, participants were administered the visual food task 

a second time. At the conclusion of the session, participants were debriefed regarding the 

psychosocial stressor and their experimental group assignment. Participants were compensated 

$30 for laboratory day. Form of payment for this study included an Amazon gift card worth $30. 

The completion of laboratory session was approximately 2 hours.  

Results 

Statistical analyses 

 

A post hoc power analysis was conducted using GPower (Faul & Erdfelder, 1992). 

Achieved power, with a small effect size of 0.03, alpha of 0.05, and a total 51 participants, was 

0.70. To achieve a statistical power of 0.80, a small effect size of 0.03, and alpha at α = .05, 

sample sizes would need to increase to 64. Statistical analyses were completed using IBM SPSS 

Statistics for Windows (v.23).  

 An independent-samples t-test was conducted to compare demographic group 

differences between normal weight and obese/overweight individuals. The hypothesis that 

overweight and obese individuals would have higher ‘wanting’ ratings for high calorie food 
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images, as compared to normal weight individuals was analyzed using the baseline (T+0) data in 

a one-way ANOVA to compare the effect of BMI on the ‘wanting’/’liking’ of food images. 

The hypothesis that those who were subjected to an acute stress test would show an 

increase in their self-reported ‘liking’ and ‘wanting’ of high calorie foods following the acute 

stress test, as compared to those who did not complete the acute stress test, and would be more 

pronounced in obese individuals as compared to controls, was analyzed using a 2 x 2 x 2 (BMI 

[low, high], x Group [control, stress condition], x Time [pre, post]) repeated measures ANOVA. 

Finally, to assess state hunger across time, a 2 x 2 x 2 (BMI [low, high], x Group [control, stress 

condition], x Time [pre, post]) repeated measures ANOVA was used to compare BMI and 

condition differences. 

Demographic characteristics 

Demographic characteristics for low and high BMI participants are presented in Table 1. 

There was a significant difference in BMI between the low BMI group (M = 22.31, SD = 1.75)

and the high BMI group (M = 30.17, SD = 4.51), t(49) = -8.85, p < .001. There were no 

significant differences between the low and high BMI groups for the Three Factor Eating 

Questionnaire, the Yale Food Addiction Scale, or Depression (see Table 1).  

Stress Responsivity 

 

A manipulation check was conducted to assess Trier Social Stress Test (TSST) 

effectiveness, baseline and stress reactivity data, including subjective reports, by using a repeated 

measures ANOVA for baseline, + 0, + 20, + 50 and + 70 time points with Group [control, stress 

condition] as a factor. Results indicated that as expected, negative affect was significantly 

different between groups, F(2.953, 144.676) = 12.67, p < .001. Post hoc analyses revealed that 

negative affect was significantly higher for the TSST group at the +20 time point as compared to 
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the control group (p < .001). Self-reported state anxiety was significantly different between 

groups, F(2.542, 122.026) = 15.05, p < .001. Post hoc analyses showed that the TSST group had 

significantly higher self-reported state anxiety at the +20 time point as compared to the control 

group (p < .001). Systolic blood pressure was significantly different between groups, F(2.822, 

135.464) = 7.78, p < .001. Post hoc analyses revealed that the TSST group had significantly 

higher systolic blood pressure at the +20 time point as compared to control (p = .004). Diastolic 

blood pressure was also significantly different between groups, F(2.37, 113.66) = 6.92, p < .001, 

and post hoc analyses determined that diastolic blood pressure was significantly higher for the 

TSST group at the +20 time point as compared to control (p = .001) (see Figures 1 - 4). Means 

for self-reported measures are presented in Table 2. 

Self-Reported Liking and Wanting and Subjective State Hunger 

The first hypothesis predicted the self-reported ‘wanting’ but not ‘liking’ to high calorie 

food images would be more pronounced (higher), in overweight and obese individuals than 

normal weight individuals. Overall, the wanting of high calorie food images by overweight/obese 

individuals did not statistically differ from lean individuals at the + 0 time point, F(1, 49) = .843, 

p = .363. The ‘liking’ of high calorie food images also did not differ between overweight and 

lean individuals at the + 0 time point, F(1, 49) = 1.125, p = .294, (see Figures 5 - 6).  

The second hypothesis predicted that those who were subjected to an acute stress test 

would show an increase in their self-reported ‘liking’ and ‘wanting’ of high calorie foods 

following the acute stress test, as compared to those who did not complete the acute stress test, 

and would be more pronounced in obese individuals as compared to controls. Analyses revealed 

a significant Group x Time interaction, F(1,47) = 4.630, p = .037 (see Figure 7). Post hoc tests 

showed that the TSST experimental group had less wanting following the psychosocial stressor, 
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(p < .001). However, visual inspection suggested that there may be differences between BMI 

groups within experimental TSST condition. Thus, analyses were conducted to compare low and 

high BMI groups in the experimental TSST condition. These analyses showed that the high BMI 

group had greater wanting following the TSST as compared to the low BMI group, t(19) = -

2.590, p = .018. Differences prior to the TSST between low and high BMI groups were non-

significant, p = .079. Concerning ‘liking’ of high calorie foods, the Group x BMI, Group x Time 

and the Group x Time x BMI interactions were not significant (see Figure 8).  

The final hypothesis predicted that those who were subjected to an acute stress test would 

report feeling hungrier after the completion of the acute stress test (+ 20 min) than those who did 

not complete the acute stress test. These results were predicted to be more pronounced in 

overweight individuals. Overall, with a Greenhouse – Geisser correction, results showed that 

there were significant differences in subjective state hunger over time, F(2.13, 100.13) = 13.68, p 

< .001. Post hoc analyses revealed that state hunger decreased at the + 0 time point, after they 

had been fed a light breakfast, (p = .044) (see Figure 9). However, there were no significant 

differences between BMI groups (p = .391), or TSST groups (p = .333). 

In further exploration, reaction times to each of the images was recorded to examine if 

there were any differences in how long it took to make a decision on their self-reported liking 

and wanting. Using a Greenhouse – Geisser correction, reaction times for the ‘wanting’ of high 

calorie food images was significantly different across time, F(1,47) =  112.96, p < .001. Post hoc 

analyses showed that reaction time decreased across the laboratory session, (p < .001), but this 

was not dependent on BMI (p = .583) or whether participants were in the control or experimental 

group (p = .778). Likewise, using a Greenhouse – Geisser correction, the reaction times for 

‘liking’ of high calorie food images was significantly different across time, F(1, 47) = 38.65, p < 
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.001, but this was not dependent on whether they were in the control or experimental group (p = 

.656).  

Discussion 

The current obesity epidemic in the United States has several repercussions. Obesity is 

linked to coronary heart disease and Type II diabetes and also accounts for approximately 

$147 billion in medical costs (Centers for Disease Control and Prevention, 2015). The 

percentage of individuals in the United States with obesity has steadily increased since the 

1960’s (Centers for Disease Control and Prevention, 2015). The purpose of this study was to 

assess the effects of an acute stressor on food ‘liking’ and ‘wanting’. The study was informed by 

the behavioral response of the ‘liking’ and ‘wanting’ between visual stimulus conditions results 

of Jastreboff and colleagues (2014). This study found that both groups (obese and lean) wanted 

and liked high calorie foods the most (Jastreboff et al., 2014) The main purpose of this 

investigation was to examine whether there were differences in the liking and wanting of food 

images based on individual’s BMI, and to see how a psychological stressor influenced these self-

reported responses. 

Stress has also been known to contribute to overeating of unhealthy foods, when 

individuals are faced with a stress related event (Adam & Epel, 2007). As of now, “food 

addiction” or “eating addiction” is a controversial subject (Adam & Epel, 2007; Gearhardt, 

Corbin, & Brownell, 2012). This topic has been related to stress system response and the 

dopaminergic reward system. Few studies have addressed the effect of stress system function and 

food wanting versus liking in normal and obese individuals, and therefore, this study aimed to 

contribute to this topic.  
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It was hypothesized that the self-reported ‘wanting’ but not ‘liking’ of high calorie food 

images in overweight and obese individuals would be more pronounced than normal weight 

individuals. This study also empirically investigated the effect of an acute stress test.  It was 

predicted that those who were subjected to an acute stress test would show an increase in their 

self-reported ‘liking’ and ‘wanting’ of high calorie foods, and report feeling hungrier after 

completion of the acute stress test (+ 20 min) than those who did not complete an acute stress 

test. Consistent with the work of Kirschbaum and colleages, (1993), the acute psychosocial stress 

test was effective in eliciting moderate physiological arousal, consisting of elevated systolic and 

diastolic blood pressure, as well as greater negative affect and state anxiety as compared to those 

in the neutral condition.  

The hypothesis stating self-reported ‘wanting’ but not ‘liking’ to high calorie food images 

would be more pronounced in overweight and obese individuals than normal weight individuals 

was non-significant. Although the wanting of high calorie foods changed over time for all 

participants, BMI was not a significant factor in these results. These results are similar to those 

of Jastreboff and colleagues (2014). Although Jastreboff and colleagues had found significant 

differences in the neural responses in reward-motivation and emotion pathways, they found no 

statistically significant differences in the liking and wanting ratings between obese and lean 

individuals (Jastreboff et al., 2014). Therefore, although neural responses and the way the brain 

functions in response to food images may show differences between lean and obese individuals, 

the subjective ratings individuals provide may be influenced by conscious decisions (Jastreboff 

et al., 2014). Societal norms and expectations from cultural norms could have an impact on the 

subjective ratings (Jastreboff et al., 2014). Thus, the ‘liking’ and ‘wanting’ ratings from the 

current participants could have been misleading if participants had felt pressure from societal 
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norms to respond in a certain way. One methodological difference from the Jastreboff study was 

that their participants were young adolescents (aged 12-17), slightly younger than the 

participants in the current study. Also, ratings were not made after psychosocial stress, as in the 

current study. Similar null findings in the self-reported measures of the current study may 

suggest that fMRI techniques are needed to have sufficient sensitivity to assess differences 

between lean and obese young adults.  

The second hypothesis stated that those who were subjected to an acute stress test would 

show an increase in their self-reported ‘liking’ and ‘wanting’ of high calorie foods following the 

completion of the acute stress test (+ 20 min), as compared  to those who did not complete the 

acute stress test. Overall, participants who were subjected to an acute stress test did have 

significant differences in the ‘wanting’ of high calorie foods. Participants who were subjected to 

an acute stress test decreased their ‘wanting’ of high calorie foods post-TSST, which was the 

opposite direction of what was expected. However, visual inspection and follow-up statistical 

analysis showed that the Group X Time interaction was carried by the low BMI group, as the 

high BMI group was statistically higher than the low BMI group, (p = .018). Therefore, these 

analyses show that the Group x Time effects of lower wanting following the TSST were carried 

by the low BMI group. There are several factors to consider when looking at these results. The 

second visual food task was administered immediately following the Trier Social Stress Test. As 

stress causes corticotrophin-releasing factor to increase, food intake seems to decrease 

(Arborelius, Owens, Plotsky, & Nemeroff, 1999). Results may have been different if the visual 

food task was administered at a later time. Sapolsky (1998) explained that stress has different 

effects on eating. Due to the anorectic effects of corticotrophin-releasing hormone, eating is 
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thought to be suppressed during a stressful event. However, during recovery from stress, eating 

is thought to increase due to the stimulating effects of residual cortisol (Sapolsky, 1998).  

Another factor to consider is the differential effects on stress-related eating in restrained 

and emotional eaters. Wallis and Hetherington (2004) found that restrained and emotional eaters 

overeat in response to stress. They also suggest that unrestrained and non-emotional eaters tend 

to stay the same in the intake of food, or even decrease under stress (Wallis & Hetherington, 

2004). Given that participants had also completed the TFEQ, exploratory analyses were 

conducted to investigate significance between each factor and high calorie wanting. These 

analyses showed that susceptibility to hunger (Factor III) was significantly correlated with high 

calorie wanting at time 1, r = 0.474, p = 0.008, and at time 2, r = 0.493, p = 0.006. The results 

from the Pearson r correlation represents a moderate positive relationship between high calorie 

wanting and susceptibility to hunger. Therefore, the more susceptible an individual is to hunger, 

the more likely they are to want high calorie foods. Future work could be more beneficial by 

focusing on restrained and emotional eating, as well as hunger results from the TFEQ, and 

comparing them to the high calorie wanting and liking of food images. There were also no 

differences in the ‘liking’ of high calorie foods between those who were subjected to an acute 

stress test and those who were not. 

Lemmens, Rutters, Born, & Westerterp-Plantenga, (2011) also found that satiety had a 

role in the ‘liking’ and ‘wanting’ of high calorie food images. “Wanting” for snacks when 

individuals were satiated as well as in the stress condition, was higher for overweight individuals 

as compared to normal weight individuals (Lemmens et al., 2011). Normal weight individuals 

were not affected by the induced stress, while those who were overweight had higher means of 

‘wanting’ in both the stress condition and control condition. Their findings suggest that in the 
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absence of hunger, acute stress influenced the ‘wanting’ of high calorie foods, as well as 

consumption of foods, for overweight individuals. The ‘liking’ of images, however, was not 

affected by the induced stress for either normal or overweight participants (Lemmens et al., 

2011). Relating to the current study, if individuals were adequately satiated before completing 

the acute psychosocial stress test, this could have had an impact on their ‘liking’ and ‘wanting’ 

ratings pre and post-TSST. Specifically, according to Lemmens and colleagues (2011), mean 

food ‘wanting’ could decrease in the absence of hunger for normal weight individuals. 

Differences in findings between Lemmens and colleagues (2011) and the current study may be 

caused by participant satiety, or timing of self-reported assessments following the psychosocial 

stressor. Additional studies are needed that experimentally manipulate factors such as timing of 

the self-reported assessment and stressor duration that may explain differences in self-reported 

wanting of high calorie food in obese and lean individuals. 

The final hypothesis predicted that those who were subjected to an acute stress test would 

report feeling more hungry after the completion of the acute stress test than those who did not 

complete the acute stress test. Results indicated that although state hunger changed over time, it 

was not dependent on BMI. Participants were fed a light breakfast following baseline measures, 

that decreased their hunger at the + 0 time point. State hunger, thereafter, was relatively stable 

for all groups. Although reaction time was significantly different across time for the ‘wanting’ 

and ‘liking’ of high calorie food images, the most likely explanation is that participants had 

experienced task familiarity during the second food image task. After completing the food image 

task in the first round, participants were familiar with the task as well as an idea of their previous 

ratings, therefore, leading them to respond more quickly during the second round of the task.  
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Limitations and Future Work 

There were several limitations pertaining to this study. These limitations leave several 

issues to consider for future research. One major limitation was that participants were not truly 

randomized. There were unequal group sizes, with more participants in the control group. Thus, 

any differences between groups may not be confidently attributed to the experimental treatment. 

Another limitation was that this study had mainly focused only on BMI as a factor in responses 

to food images. As mentioned earlier, future research should focus more on the effects of 

restrained and emotional eating, as compared to simply the differences in BMI status. Another 

consideration for future research would be to include both males and females. This would not 

only increase the number of available participants, but also give insight to gender differences in 

wanting versus liking of food images following an acute stressor. The timing of the self-reported 

measures is also of critical importance. This study measured the ‘liking’ and ‘wanting’ of food 

images immediately following the acute stress test. Future research would benefit by waiting for 

the recovery phase from an acute stress test to assess these responses. Future work could also 

assess the differences between acute and chronic stress. Results from this study were taken in 

one laboratory day. The stressor that participants had gone through were brief. Chronic stress 

may have different effects on eating habits. Finally, results of this study would be clearer if there 

were more participants.

Conclusions 

 In conclusion, the results from this study showed that acute stressors could have an 

impact on the wanting of high calorie food images. Individuals who were subjected to an acute 

stressor had a decrease in the ‘wanting’ of high calorie food images, independent of BMI. Future 

work would benefit by assessing the subjective responses at a later time rather than immediately 
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after the acute stress test. Literature on restrained and emotional eaters has shown to have 

important implications on the role of stress and overeating. Therefore, future work should not 

simply focus on BMI status, but rather on individual eating behavior.    
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Tables and Figures 

Table 1 

Means and Standard Deviations of Participant Demographic Characteristics 

 Low BMI High BMI  

 (n = 32) (n = 19)  

 M (SD) M (SD) p 

Age (years) 18.72 (.89) 19.53 (3.36) 0.201 

Ethnicity (C/O) 27/5 18/1 0.390 

Height (inches) 65.06 (2.49) 64.21 (2.68) 0.256 

Weight (pounds) 130.87 (24.30) 177.92 (34.84) 0.001 

BMI (kg/m2) 22.31 (1.75) 30.17 (4.51) 0.001 

YFAS 2.38 (2.31) 2.63 (2.24) 0.700 

TFEQ    

  Factor I 7.61 (3.84) 7.89 (3.99) 0.790 

  Factor II 5.53 (3.15) 5.21 (3.95) 0.098 

  Factor III 6.20 (2.99) 6.11 (4.03) 0.079 

C, Caucasian; O, Other; YFAS, Yale Food Addiction Scale (Gearhardt et al., 2012); TFEQ, 

Three Factor Eating Questionnaire (Stunkard et al., 1984). 
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Table 2  

Mean and Standard Deviations for Scores on the STAI, PANAS, and State Hunger 

 Control Experimental  

Measure 
(n = 30) 

M (SD) 

(n = 21) 

M (SD) 
p 

State Anxiety     

  Time 1 46.03 (6.85) 42.90 (5.65) 0.208 

  Time 2 45.30 (8.28) 43.43 (6.03) 0.338 

  Time 3 43.48 (5.77) 53.10 (8.38) 0.014 

  Time 4 43.33 (6.10) 43.95 (6.04) 0.036 

  Time 5 43.97 (6.50) 46.86 (9.13) 0.117 

Positive Affect     

  Time 1 31.87 (6.85) 29.14 (6.84) 0.919 

  Time 2 30.53 (7.31) 27.19 (8.21) 0.422 

  Time 3 30.30 (8.33) 25.38 (6.72) 0.451 

  Time 4 29.20 (8.65) 25.62 (7.43) 0.698 

  Time 5 28.77 (8.59) 24.48 (6.56) 0.253 

Negative Affect     

  Time 1 13.90 (4.15) 12.43 (3.06) 0.404 

  Time 2 11.97 (3.48) 11.48 (2.16) 0.557 

  Time 3 11.90 (2.86) 15.71 (5.15) 0.017 

  Time 4 11.67 (2.09) 11.57 (1.81) 0.891 

  Time 5 12.43 (2.51) 11.57 (1.50) 0.056 

State Hunger     

  Time 1 3.87 (2.31) 3.96 (2.49) 0.675 

  Time 2 1.75 (1.62) 2.79 (1.98) 0.301 

  Time 3 1.96 (1.76) 2.76 (2.28) 0.150 

  Time 4 2.65 (2.13) 2.73 (2.20) 0.857 

  Time 5 3.05 (2.34) 3.27 (2.34) 0.484 

STAI, Spielberger State Anxiety Inventory (Spielberger, 1983); PANAS (Watson et al., 1988); 

State Hunger Scale (Nederkoorn et al., 2009) 
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Figure 1. Self-reported negative affect across time for control and experimental groups. There 

was a Group x Time interaction, F(2.953, 144.676) = 12.67, p < .001. Post hoc analyses revealed 

that negative affect was significantly higher for the TSST group at the +20 time point as 

compared to the control group (p < .001). 
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Figure 2. Self-reported state anxiety across time for control and experimental participants. 

Results for self-reported state anxiety revealed a Group x Time interaction, F(2.542, 122.026) = 

15.05, p < .001. Post hoc analyses showed that the TSST group had significantly higher self-

reported state anxiety at the +20 time point as compared to the control group (p < .001). 
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Figure 3. Systolic blood pressure across time for control and experimental groups. Results 

determined a Group x Time interaction, F(2.822, 135.464) = 7.78, p < .001. Post hoc analyses 

revealed that the TSST group had significantly higher systolic blood pressure at the +20 time 

point as compared to control (p = .004). 
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Figure 4. Diastolic blood pressure across time for control and experimental participants. Results 

determined a Group x Time interaction,  F(2.37, 113.66) = 6.92, p < .001, and post hoc analyses 

determined that diastolic blood pressure was significantly higher for the TSST group at the +20 

time point as compared to control (p = .001).
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Figure 5. High calorie ‘wanting’ for low and high BMI participants at the + 0 time point. 

Overall, the wanting of high calorie food images did not statistically differ from lean individuals 

at the + 0 time point, F(1, 49) = .843, p = .363. 
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Figure 6. High calorie ‘liking’ for low and high BMI participants at the + 0 time point. Overall, 

the ‘liking’ of high calorie food images did not differ between overweight and lean individuals, 

F(1, 49) = 1.125, p = .294.   
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Figure 7. High calorie wanting scores across time. Participants who were subjected to an acute 

stress test had significant decreases in the ‘wanting’ of high calorie food images, F(1, 47) = 4.72, 

p = .035.  
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Figure 8. High calorie liking scores across time. There were no significant differences in the 

‘liking’ of high calorie foods between those who were subjected to an acute stress test and those 

who were not, F(1, 47) = .384, p = .538. 
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Figure 9. Subjective state hunger for all participants. There were significant differences in 

subjective state hunger over time, F(4, 188) = 13.68, p < .001. Post hoc analyses revealed that 

state hunger decreased at the +0 time point, after they had been fed a light breakfast, (p = .044). 

However, there were no significant differences between BMI groups (p = .391), or TSST groups 

(p = .333). 
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Appendix A 

Table 1  

Laboratory Day Timeline 

8:00 a.m.  8:10 a.m.  8:30 a.m.  8:40 a.m.  8:55 a.m.  

Arrive in lab: 

consent, BMI 

Baseline BP, HR, 

STAI, PANAS, 

State Hunger (1)   

 

Breakfast 

provided by lab 

(controlled for 

calories, sugar 

and fat) 

Demographic 

Questionnaires 

BP, HR, STAI, 

PANAS, State 

Hunger (2) 

Visual Food Task 

Stress test 

explanation, 

Speech Prep (5 

min) 

Speech Delivery 

(5 min) 

Mental 

Arithmetic Test 

(5 min) 

BP, HR, STAI, 

PANAS, State 

Hunger (3) 

9:00 a.m.  9:25 a.m.  9:30 a.m.  9:50 a.m.  10:00  

Visual Food Task 

Read from 

magazine (15 

min) 

BP, HR, STAI, 

PANAS, State 

Hunger (4) 

Yale Food 

Addiction, 

Three-Factor 

Eating 

Questionnaire, 

BEC, DEP 

 

BP, HR, STAI, 

PANAS, State 

Hunger, (5) 

 

Debrief 

STAI: Spielberger State Anxiety Inventory (Spielberger, 1983); PANAS: Positive and Negative 

Affect Schedule (Watson et al., 1988); Yale Food Addiction Scale (Gearhardt et al., 2012); 

Three-Factor Eating Questionnaire (Stunkard et al., 1984); State Hunger Scale (Nederkoorn et 

al., 2009) 
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Picture Presentation Liking Rating Wanting Rating Fixation Cross 

 

How much do you 

like the item in the 

picture? 

(scale 1-9) 

How much do you 

want the item in the 

picture? 

(scale 1-9) 

 

6 seconds 3 seconds 3 seconds 3 seconds (jitter) 

 

 

Figure 1. Visual food task procedure. A series of 60 images (20 high calorie, e.g., pizza; 20 low 

calorie, e.g., fruit; and 20 neutral, e.g., office chair) were presented in random trials.  


