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ABSTRACT 

Background: Adolescent obesity, which has been described as an epidemic among youth in 

America, shows links to disordered eating behaviors. There is evidence of sex differences in 

adolescent obesity, but little research has been conducted on these sex differences and the role of 

disordered eating behaviors in adolescent stress eating, especially among multicultural, low 

socioeconomic status, and non-metropolitan communities. Further research is also needed to 

address the role of cortisol recovery and body mass index (BMI) status in adolescent stress 

eating. Examining sex differences in stress eating may provide new information to inform the 

development of interventions to prevent adolescent obesity. 

Objectives: There were three main objectives of this paper: (1) to determine if there were sex 

differences in eating in response to stress, (2) to determine if sex differences in stress-related 

eating differed based on adolescents’ disordered eating behaviors, and (3) to determine if there 

were sex differences in cortisol responding and BMI in adolescents who consume more in 

response to stress compared to those who do not. 

Methods: Participants included 278 predominantly low-income and rural adolescents (mean age 

= 14.2 + 0.6) and their parents. Families were seen for two, 2.5-hour visits (i.e., one low-stress 

visit, one high-stress visit) that were ~1 week apart, which varied based on youth exposure to a 

psychosocial stress task. Pre- and post-weight intake was measured from an ad-libitum meal 

served at both visits. Youth height and weight were measured by trained research assistants. 

Adolescents provided a self-report of their disordered eating behaviors, including restrained 

eating, emotional eating, and external eating.  
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Results: Adolescents did not consume significantly more kilocalories (kcals) on the high-stress 

visits than the low-stress visits. No significant sex differences were found in eating in response to 

stress for difference in kcal intake; however, boys exhibited greater consumption during the meal 

at each home visit (for both low- and high- stress days) than girls. There were no sex differences 

in eating in response to stress based on adolescents’ disordered eating behaviors. There was a 

trend towards high-stress eating boys consuming greater kcals in response to stress than high-

stress eating girls. Additionally, there was a trend in low-stress eating boys consuming fewer 

kcals in response to stress than low-stress eating girls. There was a trend towards girls who were 

high-stress eaters showing blunted cortisol recovery in response to stress. There was a trend 

towards boys who were low stress-eaters having lower BMI z-scores compared to girls who were 

low stress-eaters. 

Conclusion:  There were no major sex differences in stress-related eating in this sample of 

adolescents from rural, poor households. Future studies are needed to further assess sex 

differences in stress eating and disordered eating behaviors in order to inform interventions that 

address eating behaviors that may influence adolescent obesity.  
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Chapter 1  
 

Introduction 

Adolescent Obesity 

Adolescent obesity has been described as an epidemic among youth in America 

(Sanyaolu, 2019), especially among multicultural, low-socioeconomic status (SES), and non-

metropolitan communities (Caprio et al., 2008). Those belonging to non-Hispanic Black, 

Hispanic, American Indian, and Alaskan Native populations exhibit greater levels of obesity 

compared to non-Hispanic White and non-Hispanic Asian as of 2015-2016 (Hales et al., 2017). 

Additionally, youth from lower-income populations and those with parents with lower levels of 

education have been shown to have higher rates of obesity compared to those from higher-

income families and those with parents with higher education levels (Ogden et al., 2018a). 

Moreover, trends in obesity show that youth from rural populations display higher rates of 

overweight and obesity compared to youth from urban populations (Johnson & Johnson, 2015).  

Adolescent obesity has been shown to be associated with a multitude of negative physical 

health outcomes, including chronic diseases such as type 2 diabetes, metabolic risk factors, 

asthma, and dental health issues (Delamater et al., 2013). Additionally, various psychosocial 

comorbidities include internalizing and externalizing disorders (Trent et al., 2009; Bell et al., 

2011; Eschenbeck et al., 2009; Fiese et al., 2009; Hillman et al., 2010; Gibson et al., 2008; Datar 

& Sturm, 2004; Anderson et al., 2006; Bell et al., 2007), attention-deficit hyperactivity disorder 

(Agranat-Meged et al., 2005; Kim et al., 2011), and sleep problems (Bayer et al., 2009; Nixon et 

al., 2008). Poor body image, social isolation, discrimination, and reduced quality of life may also 

be consequences of adolescent obesity (Delamater et al., 2013). Obesity in youth has been shown 

https://psycnet.apa.org/doiLanding?doi=10.1037%2F0022-006X.70.3.828
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to have both short- and long-term negative health outcomes and more research is required to 

understand its potential causes and best approaches to prevention. Sex differences in obesity 

have also been seen as obesity has proven to be greater and increasing in boys (20.6% as of 

2015-16) compared to girls (18.4%) in the U.S, as evidenced by a nationally representative study 

of obesity trends from 1999-2016 (Wang et al., 2020). 

The development of obesity in adolescents can partially be explained using the energy 

balance equation. The energy balance equation is derived from Newton’s first law of 

thermodynamics in which energy can neither be created nor destroyed (Hall et al., 2012). This is 

true for human biology in that energy consumed through food cannot be created nor destroyed 

but instead must be used or stored in the body. The energy balance equation determines the rate 

of change in body energy stores: energy balance = energy intake - energy expenditure. Thus, to 

gain weight, energy intake must be greater than energy expenditure. To lose weight, energy 

expenditure must be greater than energy intake. To maintain weight, energy in would be 

equivalent to energy out (Hall et al., 2012). For the purposes of this thesis, the energy intake side 

of the equation will be focused on with an emphasis on disordered eating behaviors. We 

hypothesized that disordered eating behavior impacts energy intake in ways that may lead to 

weight gain and eventual obesity. 

Disordered Eating Behaviors in Adolescents 

Disordered eating is a prevalent issue in the U.S., and among adolescents, body 

dissatisfaction and disordered eating are prevalent across all socioeconomic backgrounds (Larson 

et al., 2021). Disordered eating behaviors are linked with adolescent obesity (Braet et al., 2008; 
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Neumark-Sztainer et al., 2006) as well as other negative health outcomes such as malnutrition (in 

the case of restrictive disordered eating, such as dieting), and diabetes (in the case of overeating 

eating behaviors, such as binge eating) (Johnson et al., 2002; Kelly et al., 2005). Adolescent 

disordered eating behaviors are often a precursor to eating disorders, which have considerable 

morbidity and mortality rates (Neumark-Sztainer, 2011). Disordered eating is also prevalent 

among adolescents from diverse racial/ethnic backgrounds; however, large gender and 

racial/ethnic disparities exist. For example, disordered eating behaviors have been shown to be 

greater in girls, especially those from Hispanic and American Indian races (Croll et al., 2002). 

The intersectionality of belonging to a racial/ethnic minority and a gender minority may place 

girls of racial/ethnic identities at the most risk (Beccia et al., 2019). Disordered eating behaviors 

describe a wide range of different eating behaviors (Ackard, 2004), but for the purposes of this 

thesis, 4 dimensions of eating behaviors known to be potential risk factors for obesity will be 

reviewed: restrained, emotional, external, and stress-related eating. 

Restrained Eating 

Restrained eating is an eating behavior in which individuals cognitively suppress their 

energy intake, typically for weight control purposes (Fedoroff et al., 1997). Although it seems as 

though this eating behavior should be associated with lower levels of body mass index (BMI), 

results from studies have found that restrained eating is associated with a high BMI trajectory in 

early adolescence (Stice, 2001; Lluch et al., 2000; Rutters et al., 2011; Wardle et al., 1992). 

Additionally, studies have shown that restrained eating is associated with overweight and obesity 

in adolescents (Braet et al., 2008). Snoek et al. (2013) also found that in adolescents ages 13-15 
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years old, restrained eating was related to BMI, but only in early adolescence. Other studies in 

adolescents have suggested a bidirectional association between restrained eating and obesity in 

that BMI predicted restrained eating more than restrained eating predicted BMI (Snoek et al., 

2008; Lawless et al., 2021). Moreover, other studies have shown that the relationship between 

restrained eating and obesity varies by population. In normal weight adult populations, a positive 

association was found between higher restrained eating and obesity (de Lauzon-Guillain et al., 

2006; Lluch et al., 2000; Bellisle et al., 2004; Provencher et al., 2003), but in people with 

obesity, the opposite was true (Bellisle et al., 2004; Provencher et al., 2003; Cappelleri et al., 

2009; Foster et al., 1998). These results may indicate that restrained eating is an obesogenic 

eating behavior in people with normal weights whereas it separates those who attempt to restrain 

eating behavior in people with obesity, in which overeating is common (Johnson et al., 2012). 

Overall, there is clear evidence of an association between restrained eating and obesity.  

Some studies report that restrained eaters demonstrate self-control in food intake (van 

Koningsbruggen et al., 2013); however, restraint theory suggests that restrained eating leads to 

disinhibited eating behaviors and results in increased calorie intake (Johnson et al., 2012). For 

the purposes of this study, restraint theory is used to explain potential associations between 

restrained eating and obesity. Restraint theory originally evolved as a part of the Theory of 

Externality (Herman & Polivy, 1980). It was thought that chronic caloric restraint led to food 

deprivation, reduced internal cues, and thus, resulted in more sensitivity to external stimuli and 

overeating (Stroebe et al., 2008). 
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Emotional Eating 

Emotional eating is a type of disinhibited eating behavior as it is influenced by factors 

other than hunger (Stunkard & Messick, 1985), and is defined as eating in response to negative 

emotions such as depression, sadness, stress, etc. as evidence shows that negative emotions have 

a greater impact on calorie consumption in high emotional eaters compared to positive emotions 

(van Strien et al., 2013; van Strien et al., 2016a). Emotional eating relates to the psychosomatic 

theory in which emotional eaters do not respond to internal cues of satiety, but to their emotions 

instead, especially with feelings of anxiety and stress (Kaplan & Kaplan, 1957). 

Evidence shows that there are mixed results between emotional eating and obesity in 

adolescent studies. A systematic review by Limbers and Summers (2021) found that across 13 

different studies (including both cross-sectional and longitudinal) of 12- to 19-year-old youths, 

most studies did not show a link between emotional eating and weight status; however, findings 

from other studies have provided evidence that emotional eating is indeed associated with higher 

weight status and BMI in adolescents (Shriver et al., 2019; van Strien et al., 2016a). van Strien 

(2018) suggests that emotional eating may emerge during adolescence, possibly due to the 

increase of estrogen during puberty (Klump, 2013; Klump et al., 2016). Further research is 

needed to examine the associations between emotional eating and BMI in adolescents. 

External Eating 

Schachter’s Theory of Externality suggests that people with obesity are more sensitive to 

external stimuli, such as sight, smell, or appearance of palatable foods, and less responsive to 

internal cues of satiety, thus leading to overeating and weight gain (Schachter, 1971; Schachter 
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& Rodin, 1974). This phenomenon is referred to as external eating, which is another type of 

disinhibited eating due its influence by factors other than hunger (Stunkard & Messick, 1985). 

Many older studies have supported the link between external eating and obesity (Goldman et al., 

1968; McArthur & Burstein, 1975; Nisbett, 1968; Ross, 1974; Schachter & Friedman, 1974; 

Schachter et al., 1968; Schachter & Gross, 1968; Tom & Rucker, 1975). 

Moreover, more recent studies have linked external eating behavior to increased BMI. 

Braet et al. (2008) found that 38.4% of youth ages 7-13 who were overweight reported external 

eating. Additionally, another study found that children who were overweight scored higher in 

external eating and food responsiveness compared to normal-weight children (Jahnke & 

Warschburger, 2012). For adults, a seperate study found that men and women ages 35-55 who 

regained weight over a period of 2 years after losing it scored higher for external eating and other 

disordered eating behaviors compared to those who kept off the weight (Neumann et al., 2018). 

External eaters may have more difficulty losing weight in general for adults (Dohle et al., 2018) 

and youth ages 8-12 (Nederkoorn et al., 2007). While these studies focus on populations other 

than adolescents, it demonstrates the need for more research on adolescents to confirm the 

relationship between external eating and increased BMI. 

Stress Eating 

Stress is known to be linked with obesity through various interacting pathways, including 

cognitive (executive function and self-regulation), physiological (Hypothalamic-pituitary-adrenal 

axis), behavioral (eating, physical activity, and sleep), and others (Tomiyama, 2019). Stress has 

been linked to changes in eating behaviors; studies have shown that stress may lead to unhealthy 
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eating behaviors through an indirect pathway in which stress results in deviations in normal, 

healthy behaviors (O’Connor et al., 2008). In rodent models, stress has been shown to have 

various effects on eating behaviors, from not eating at all to increasing food intake so much that 

they gain weight (Patterson & Abizaid, 2013). Dallman et al. (2003) proposed that people 

increase their consumption of comfort food while under stress to reduce the activity of the 

chronic stress-response network. For the purposes of this thesis, we hypothesized that stress may 

be associated with obesity in adolescents due to its effects on disordered eating behavior, namely 

eating in response to stress. Stress-related eating may be a maladaptive response to stress, and 

adolescents may use food to soothe themselves after a stressful experience. Previous studies have 

shown that comfort eating may help to decrease the negative affect resulting from stress, and 

may provide emotional relief (Klatzkin et al., 2019). Another study found that negative feelings 

of self-worth were associated with external eating while feelings of physical incompetence were 

associated with emotional eating (Braet & Van Strien, 1997). Differences in stress eating may be 

sex-related and evident in youth with other disordered eating behaviors.  

Sex Differences in Disordered Eating Behaviors 

There is evidence of sex differences in disordered eating behaviors among adolescent 

girls and boys. Prevalence of disordered eating behaviors is typically higher in females than 

males (Nagata et al., 2018). In preadolescent and adolescent girls, restrained eating was linked to 

a higher risk of developing obesity (Stice et al., 1999; Stice et al., 2005). With respect to 

emotional eating, Snoek et al. (2007) found no significant association between BMI and 

emotional eating in girls, but a negative correlation in boys. That is, boys with higher levels of 
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emotional eating had lower BMIs. Additionally, in a study of patients ages 7-19 with extreme 

obesity in an obesity treatment program, significant sex differences were found in that boys with 

high external eating and low behavioral inhibition (a measure of self-control) lost the most 

weight in the program (Naets et al., 2020). Sex differences in the associations between 

disordered eating and obesity in youth warrants further research, especially in youth from rural, 

low-income populations (Hirsch et al., 2014) and those among racial/ethnic minority groups 

(Lincoln et al., 2014).  

Sex differences in disordered eating behaviors may vary based on biopsychosocial 

differences between boys and girls. Keller et al. (2019) proposed a biopsychosocial model to 

describe sex differences in youth eating behavior and described a number of biological and 

psychosocial pathways linking eating behaviors to youth obesity, and how these pathways vary 

by sex. These potential factors will be discussed further in the next section.  

Factors That May be Related to Sex Differences in Eating Behaviors in Adolescents 

Biological Factors 

 Stress can influence health outcomes through a direct, biological pathway involving 

activation of the Hypothalamic-Pituitary-Adrenal (HPA) axis (Ulrich-Lai & Herman, 2009). The 

HPA-axis is responsible for releasing corticotropin releasing hormone (CRH), adrenal 

corticotropic hormone (ACTH), and cortisol during times of stress. (Jacobson & Sapolsky, 

1991). However, chronic stress causes a constant production of cortisol, which may lead to a 

blunted cortisol response over time and HPA-axis dysregulation as it takes longer for cortisol 

levels to return to their baseline under chronic exposure to stress (Juster et al. 2010; McEwen 
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2000; Wingenfeld et al. 2009). This dysregulation may harm the body as the HPA-axis becomes 

more sensitive and may result in greater levels of cortisol during stress (McEwen & Gianaros, 

2010), especially in late adolescence (15-17) in which youths display greater stress-induced 

cortisol levels compared to early adolescents (9-13) (Gunnar et al., 2009; Stroud et al., 2009). 

Higher levels of stress and a blunted cortisol response have been shown to be associated with 

higher BMIs and obesity in adolescents (Ruttle et al., 2013). Some evidence suggests that sex-

specific susceptibility for chronic, non-communicable diseases, such as obesity, originates in 

childhood as a result of permanent alterations in the HPA-axis due to stress (Hanson & 

Gluckman, 2014). Moreover, there is evidence to show that sex differences exist in HPA-axis 

reactivity in adolescence (Van den Bergh & Van Calster, 2009; McCormick & Mathews, 2007; 

Lupien et al., 2009; Sondeijker et al., 2007). While little research exists on sex differences in 

disordered eating behaviors and HPA-axis in adolescents, evidence shows that cortisol levels in 

response to acute stress may be related to differences in disordered eating between adult women 

with restrained eating compared to those without (Paris et al., 2010). Adults and adolescents may 

be comparable in response to stress due to evidence that basal cortisol levels increase from 

childhood to adulthood (Gunnar & Vazquez, 2015). Sex differences can be seen in adolescent 

stress response as these levels increase consistently for girls but not boys (Schiefelbein & 

Susman, 2006). Additionally, adults and adolescent physiological response to stress in a lab 

setting have been shown to peak and demonstrate adult-like responses in mid-adolescence (14-

15) (Gunnar et al., 2009; Sumter et al., 2010).  
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Psychosocial Factors 

There are various psychosocial sex influences on adolescent’s eating behaviors. Girls 

often demonstrate a greater dissatisfaction with their bodies at as young as 8 years old 

(Ricciardelli & McCabe, 2001; Williamson & Delin, 2001; Phares et al., 2004; Gustafson-Larson 

& Terry, 1992; Robinson et al., 2001; Collins, 1991; Thelen & Cormier, 1995) and have more 

thoughts surrounding their weight, including a desire to lose weight (Phares et al., 2004) and 

feelings of guilt regarding overeating (Gustafson-Larson & Terry, 1992). School-aged girls also 

report more dieting compared to boys their age (Elfhag et al., 2008). Overall, these various 

factors may explain differences in eating behaviors demonstrated by girls compared to boys. 

 Social norms and expectations surrounding food and young women may also contribute 

to the food-body association and the emphasis on an ideal body type. Boys are often expected to 

consume more food and consume for physical performance, whereas girls are expected to 

consume less food and consume healthier foods for appearance purposes (McKinley et al., 2005; 

Turner et al., 2013). While girls model more healthy behaviors (Hendy, 2002; Oliver & Thelen, 

1996) such as greater behavioral self-regulation (Francis & Susman, 2009; Kochanska & Aksan, 

2006), disordered eating may be more common in girls than boys as a result (Keller et al., 2019).  

Summary and Objectives 

As evidenced from the literature, adolescent obesity is a prevalent issue that is associated 

with disordered eating and is increasing more in boys compared to girls. Thus, the purpose of 

this thesis is to investigate sex differences among adolescents’ biological responses to emotional, 

external, and restrained eating in response to stress, and to examine whether disordered eating 
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and biological factors (cortisol regulation and BMI) are also related to these sex differences. The 

potential role of adolescents’ restrained, emotional, and external eating on their caloric intake in 

response to a psychosocial stressor will be examined in this study. As shown in Figure 1, our 

conceptual model depicts sex and restrained eating, emotional eating, and external eating as 

moderators in the relationship between stress and stress eating. We hypothesized that disordered 

eating may potentially explain why stress eating may be higher in one sex versus the other. The 

results from this study may be used to design programs to prevent adolescent obesity. 

Implications for prevention will be discussed in Chapter 4.  

 

Figure 1. Conceptual Model 
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Research Question and Hypotheses 

The 3 main objectives of this paper are to address the following research questions: 

1. Are there sex differences in stress eating? 

2. Do sex differences in stress eating differ based on adolescents disordered eating 

behaviors? 

3. Are there differences in cortisol responding and BMI in adolescents who consume more 

in response to stress compared to those who do not? 

We hypothesized that girls would be more likely to consume more calories in response to 

stress than boys. We also hypothesized that these sex differences in stress eating would be 

explained by greater disordered eating behaviors in girls, who will also have greater cortisol 

dysregulation and BMIs.  
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Chapter 2  
 

Methods 

Participants 

Data were drawn from the Family Life Project (FLP) (Vernon-Feagans & Cox, 2013), a 

longitudinal, birth cohort study of predominantly poor youth and families residing in rural 

communities in the United States. Extensive details about study recruitment and data collection 

procedures are provided on the study web site (https://flp.fpg.unc.edu). Briefly, pregnant, 

English-speaking mothers residing in six poor rural counties in eastern North Carolina and 

Central Pennsylvania were recruited between 2003 and 2004 at the time that they gave birth; 

low-income families and Black families were oversampled. A total of 1,292 youths were 

followed from birth to 12 years of age. A subsample of 509 of the 1,292 (39.4%) participated in 

an ancillary research study (the Family Health Study (FHS)) that was designed to examine 

exposure to stress and its relation to obesity when youth were 14 years of age. Eligibility criteria 

for participation in the FHS ancillary study included living with both biological parents, the 

absence of severe food allergies or chronic medical problems affecting food intake, and the 

absence of dietary restrictions involving animal products; families were not recruited based on 

weight status or concern about adolescent weight. Descriptive statistics are provided in Table 7 

in the Appendix. This study was approved by the Institutional Review Boards at the sponsoring 

universities for the North Carolina and Pennsylvania sites. 



14 

Design and Procedures 

The FHS used a planned missingness design (Graham et al., 2006), with gold-standard 

measures of study construct collected objectively in one subsample of families through home 

visits (n=312), and subjective survey measures of the same constructs collected via web surveys 

in the home visit sample and in a smaller web-survey-only sample of (n=187) youth and their 

primary caregivers; primary caregivers will be referred to as “parent” from here on. Data 

collected in the home visit sample are the focus of this paper. Home visit families were seen for 

two 2.5-hour visits (i.e., one low-stress visit, one high-stress visit) that were ~1 week apart, 

which varied based on youth exposure to a psychosocial stress task. The order of the visit was 

not randomized. Before each home visit, families were contacted by phone to confirm the 

scheduled visit and to remind youth to refrain from eating or drinking anything other than water 

for at least 2 hours before the visit; the majority of youth were fasted for 4+ hours. Upon arrival 

to the home, parent and adolescent anthropometrics were measured by trained research assistants 

(RAs). Both parents and adolescents then completed a series of computer-based questionnaires 

and tasks over the course of ~1.5 hours. Next, adolescents and their immediate family members 

were given a standard meal and were seated together. Parents ($100) and youth ($25) received a 

gift card at the end of each home visit. Youth were excluded from the current analyses if they 

refused to participate (n=1), had food allergies or dietary limitations related to the foods served 

(n=7), were ill (e.g. rhinovirus) on the day of data collection (n=3), or had incomplete data (n=1). 

Additionally, at the home visit, one adolescent with an Autism Spectrum Disorder was 

discovered and removed from the dataset. This resulted in a final sample of 278 youth, referred 

to as “adolescents” from here on, and their parents.  
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Measures 

Stress Regulation. Adolescents’ reactivity to and recovery from a psychosocial set of 

stressors was assessed on the low- and high-stress visits in identical time increments (see Figure 

3 in the Results section). Salivary cortisol changes were assessed twice at baseline (B1 and B2), 

immediately, 20 minutes, and 40 minutes following a 20-minute stress protocol (see Figure 2 for 

the timeline). On the low-stress visit, saliva was collected over the course of a number of 

questionnaires not thought to elicit stress (e.g., activity preferences) and executive function tasks 

that have been found to elicit low levels of arousal (e.g., delay discounting), based on 

unpublished pilot work completed before the study began. The first stress task was a Star-

Tracing Task, which is a well-established cognitive stressor for youth (Matthews et al., 1987). 

This task required adolescents to trace a star for 3 minutes, with their non-dominant hand, while 

viewing the star’s reflection in an adjacent mirror. This task has been shown to produce reliable 

responses to challenges, and performance on the task is linked to externalizing problems in youth 

(Keller & El-Sheikh, 2009; El-Sheikh et al., 2007). The second task was a 4-minute Impossible 

Perfect Circle Task, modified based on the Impossibly Perfect Circle Task from the Laboratory 

Temperament Assessment Battery (LAB-TAB, Goldsmith & Rothbart, 1996). In this task, 

adolescents were asked to try their best to draw a perfect circle. Throughout the task, the 

interviewer constantly stopped to interrupt the adolescent, examined the circle, and asked them 

to try again. The interviewer also pointed out imperfections in the circle. The third and final task 

is an adaptation of the Block Design Test originally developed by Kohs (1923). This task was 

designed to measure intelligence as well as visual-spatial and motor skills. Participants used red 

and white colored blocks to reproduce two dimensional, square geometric designs. Kohs blocks 

have given rise to a variety of tasks, all based on the same principle, including the Weschler 



16 

Intelligence Scale for Children (WISC-V) (Wechsler, 2014). For the current protocol, the task 

was modified by starting with relatively easy designs with generous completion times and then 

gradually increasing the design difficulty while decreasing the amount of time given to complete 

each design, which made it nearly impossible to complete the design. The RA also rushed the 

adolescent and counted down for the seconds remaining to add to the level of stress incurred 

during the task. Total task time with instructions averaged approximately 5 minutes. 

 

Figure 2. Stress Task Timeline 

 

To improve saliva production and avoid sample contamination, adolescents were asked to 

quickly swish their mouths with water approximately 10 minutes before the start of the 

assessment. All samples were stored in a -80 degree freezer until they were shipped to 

Salimetrics, Inc. to be assayed using highly sensitive, commercially available assays 

(Salimetrics, LLC). The test requires only 25 μl of saliva (for singlet determinations) and has a 

range of sensitivity from 0.007 to 1.2 µg/dl, and average intra- and inter-assay coefficients of 

variation (CV) of 5.34% and 9.86%. The standard curve is highly reproducible; performance is 

robust for samples with ph ranging from 4.0 to 9.0 (Schwartz et al., 1998). 

 Standardized, Ad-Libitum Meal: Each family member participating in the meal was 

instructed to eat only from their own plate and not to share food with the target adolescent or eat 

off of their plate. The entrée and side foods were chosen during a scheduling phone call before 
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the home visit, and included the following choices: pizza (supreme, pepperoni, or cheese), salad 

(Caesar, southwest, or Asian), fruit side (mandarin orange cup or applesauce), and cookies 

(chocolate chip or oatmeal raisin). Total available meal calories ranged from 1090-1220 

kilocalories (kcals), depending on the entrée chosen. Every effort was made to use the same 

brands/varieties across the length of the study; substitutions were noted and tracked. All foods 

were prepared and pre- and post-weighed in the home during the visit; each adolescent was 

served two slices of pizza, one and a half cups of salad, one fruit side, two cookies, and a bottle 

of water. Additional servings of each food were available. Foods (for the adolescent only) were 

pre- and post-weighed to the nearest .01 grams. Adolescents were flagged for a sensitivity 

analysis (see Design and Procedures section) if the following occurred during data collection: the 

pizza was substituted with a different brand (n=20), the pizza was partly burned (n=4), or a 

sibling ate off of the target adolescent’s plate. 

Dutch Eating Behavior Questionnaire for Children and Adolescents (DEBQ-C). The 

DEBQ-C is a 33-item measure designed to assess disordered eating behaviors and it consists of 

three subscales: the restrained eating scale, the emotional eating scale, and the external eating 

scale. Adolescents provided a self-report on this questionnaire. Response options ranged from 1 

(never) to 5 (very often). 12 of the items also had a 0 (N/A) response option. Items 1 through 10 

ask about eating less and restraining eating in response to concerns such as weight. Items 11 

through 23 deal with eating in response to various emotions. Items 24 through 33 asks about 

external and environmental influences on the desire to eat. All three subscales and the total scale 

had good internal consistency and reliability with Cronbach’s alpha ranging from 0.80 to 0.95, 

which is consistent with past studies (Hunot-Alexander et al., 2019). 
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Adolescent Body Mass Index (BMI).  During the home visit, youth weight (nearest 0.01 

kg) and height (nearest 0.01 cm) were measured in duplicate by trained RAs using standardized 

protocols. Centers for Disease Control and Prevention (CDC) growth charts were used to 

generate BMI indices and define non-overweight (BMI <85th percentile), overweight (BMI ≥ 

85th percentile), and 3 categories of obesity: class I obesity as ≥95th BMI percentile, class II 

obesity (severe obesity) as ≥120% of the 95th BMI percentile, and class III (severe obesity) as ≥

140% of the 95th percentile (Kuczmarski & Flegal, 2000).  

Sociodemographics. At the 12-year home visit, parents reported on household 

sociodemographics, which included household income, maternal education, and state of 

residence. Maternal education was coded as 0 = high school diploma/GED or less, and 1= some 

college or more. Household income was determined based on any earner who resided in the 

home. Individuals were considered to be residents of the household if he/she spent 3+ 

nights/week in the youth’s home. Income-to-needs ratio (INR) was calculated using the 2014 

poverty threshold values (family income/poverty threshold), based on household size.  

Statistical Analysis  

All analyses were conducted using SAS version 9.4. All variables were assessed for 

normality. Descriptive statistics were generated for all variables. Natural logarithmic 

transformation was performed on cortisol data as recommended by Gordis et al. (2006). Cortisol 

regulation indices (reactivity and recovery) were created by dissecting the cortisol response 

curve; cortisol reactivity was calculated as changes in cortisol from baseline to 20 minutes post-

stress. Cortisol recovery was calculated as changes in cortisol from 20 minutes post-stress to 40-
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minute post-stress. Francis et al. (2013) showed that cortisol reactivity and recovery were related 

to dysregulated overeating in children ages 8 to 9 years when using this approach to dissecting 

the curve. In addition, area under the curve with respect to ground (AUCg) and increase (AUCi) 

was calculated using widely used formulas (Pruessner et al., 2003). AUCg provides a measure of 

overall cortisol output for all measures, which AUCi provides a measure of changes in cortisol 

output during the stress manipulation. Repeated measures ANOVA models were used to evaluate 

whether adolescents’ consumption in response to the stress challenge increased between the low- 

and high-stress visits. All models were adjusted for adolescent race, state, maternal education, 

and income-to-needs ratio. Alpha levels were set to p<.05. 
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Chapter 3  
 

Results 

Descriptive Statistics 

Table 7 in the Appendix provides descriptive information on the sample. The total sample 

consisted of 278 adolescents with complete data for both home visits, and their parents. 

Adolescents ranged in age from 13-16 years (mean = 14.2, SD ± 0.6 years); parent ages ranged 

from 29-60 years (mean = 40.5, SD ± 6.0 years) with 52.5% of mothers reporting education over 

12 years and 47.5% less than or equal to 12 years. The majority of adolescents in the study were 

male (53.3%) and white (82.5%) while 27.5% were black. Overall, the average BMI percentile 

for adolescents was in the 72.9th percentile with a range from 2.8-99.8 (SD ± 27.3). The average 

body mass index z-score (BMIz) was 0.9 with a range from -1.9-2.9 (SD ± 1.1). 14.9% of 

adolescents were classified as overweight (BMI ≥ 85th percentile), 14.1% were obese (BMI ≥ 

95th percentile), and 15.9% were severely obese (BMI≥120% of the 95th BMI percentile). The 

combined prevalence of youth with obesity (30.0%) was disproportionately high in our sample, 

compared to recent national prevalence rates for U.S. adolescents ages 12 to 19 years (Hales et 

al., 2018).  However, the prevalence of obesity has also been found to be higher in rural youth 

(Davis et al., 2011; Jackson et al., 2005; Johnson & Johnson, 2015). The average INR was 2.0 

ranging from 0.0-16.5 (SD ± 1.7). Approximately 38.8% of the sample was from North Carolina. 
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Manipulation Check: Cortisol Reactivity across Low- and High-Stress Conditions 

Figure 3 displays the overall pattern of salivary cortisol reactivity and recovery on the 

low- and high-stress visits. As shown in Table 1, cortisol responses differed across the low- and 

high-stress visit. After adjusting for adolescent sex and race, AUCg (F(274) = 8.13, p= 0.004), 

AUCi (F(274) = 21.44, p < 0.001), and cortisol reactivity (F(274) = 36.34, p < 0.001) were 

higher on the high-stress visit than on the control day, demonstrating that the high-stress visit 

was more stressful than the low-stress visit. However, there were no differences in cortisol 

recovery scores (F(277) = 1.53, p = 0.217).  

 

Figure 3. Cortisol Response on Stress and Control Days. B1=Baseline saliva measure 1, B2=Baseline 

saliva measure 2 

 

 

 

 

p<.001 
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 Table 1. Mean (SE) differences in cortisol response on low- and high-stress visits, adjusted for adolescent sex 

and race 

 Low-Stress 

Visit 

High-Stress 

Visit 

F statistic (DF), p-value 

AUCg 15.2 (1.1) 16.6 (1.1) F(274) = 8.13, p= 0.004 

AUCi -10.6 (0.5) -8.9 (0.5) F(274) = 21.44, p < 0.001 

Cortisol 

Reactivity 

0.11 (0.01) 0.17 (0.01) F(274) = 36.34, p < 0.001 

Cortisol 

Recovery 

-0.43 (0.02) -0.41 (0.02) F(277) = 1.53, p = 0.217 

Note: AUCg = area under the curve with respect to ground, AUCi = area under the curve with 

respect to increase 

Differences in Consumption Across Low- and High-Stress Visits  

 Next, differences in consumption during the meal on low- versus high-stress visits were 

examined. As shown in Table 2, adolescents did not consume significantly more kcals on high-

stress visits than low-stress visits (F(198) = .55, p=.46). 

 Table 2. Mean (SE) differences in food intake on low- and high-stress visits, adjusted for adolescent sex and race 

Consumption Low-Stress 

Visit 

High-Stress 

Visit 

Adjusted p-

value 

F-Statistic 

Kcal 957.62 (24.88) 940.38 (24.88) .46 F(198) = .55 

Note: kcal = kilocalories 
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Sex Differences in Stress-Related Consumption During the Meal 

Next, adolescent sex was examined as a moderator of the effect of stress on consumption 

during the meal. There were sex differences in kcal consumption at each visit in that boys 

exhibited greater consumption during the meal at each home visit (for both low- and high-stress 

visits) than girls (F(195) = 14.8, p<.001; results not shown). As shown in Table 3, there was no 

significant interaction of sex on the effect of stress on dinner consumption in kcals (F(197) = 

1.03, p=.31), thus, there were no sex differences in the amount consumed in response to stress 

between visits. While boys did consume 5.5 kcals more on the stress day and girls consumed 

41.7 kcals less, the boys’ consumption was not significantly greater. 

 Table 3. Mean (SE) differences in dinner intake on low- and high-stress visits for boys and girls 

 Boys Girls   

 

Low-Stress 

Visit 

High-

Stress Visit 

Low-Stress 

Visit 

High-

Stress Visit 

F-Statistic 

Day X Sex 

interaction  

p-value  

Kcal 

1025.20 

(34.27) 

1030.74 

(34.27) 

890.86 

(34.34) 

849.18 

(34.34) 

F(197) = 1.03 .31 

Sex Related Differences in Stress Eating Based on Disordered Eating Behaviors 

 As shown in Table 4, there were no significant effects for the interaction between day, 

sex, and disordered eating behavior. That is, none of the disordered eating behaviors were 

significantly associated with sex differences in eating in response to stress (see Figures 4-6). No 

differences were seen in restrained eating as a moderator (F(195) = 0.05, p=.82; Figure 4), no 
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differences in emotional eating as a moderator (F(195) = 0.13, p=.72; Figure 5), and no 

differences in external eating as a moderator (F(194) = 0.67, p=.41; Figure 6). 

 Table 4. Mean (SE) differences in food intake by sex and disordered eating behavior 

 Boys Girls F-Statistic 

Day X Sex X 

Eating 

Behavior 

interaction p-

value 

 

Low 

Restrained 

Eating 

High 

Restrained 

Eating 

Low 

Restrained 

Eating 

High 

Restrained 

Eating 

 

 

Kcal (low-

stress visit) 

1000.03 

(43.08) 
1065.78 (53.6) 902.81 (56.73) 885.12 (42.79) 

 F(195) = 0.05 .82 
Kcal (high-

stress visit) 

1010.56 

(43.08) 
1063.76 (53.6) 855 (56.73) 846.96 (42.79) 

 

Low 

Emotional 

Eating 

High 

Emotional 

Eating 

Low 

Emotional 

Eating 

High 

Emotional 

Eating 

 

 

Kcal (low-

stress visit) 

1007.29 

(43.66) 
1052 (52.94) 908.02 (58.73) 882.89 (42.54) 

F(195) = 0.13 .72 
Kcal (high-

stress visit) 

1010.77 

(43.66) 

1060.52 

(52.94) 
840.04 (58.73) 854.35 (42.54) 

 
Low External 

Eating 

High External 

Eating 

Low External 

Eating 

High External 

Eating 
 

 

Kcal (low-

stress visit) 
998.41 (45.75) 1066.6 (50.22) 910.72 (55.61) 880.05 (43.66) 

F(194) = 0.67 .41 
Kcal (high-

stress visit) 

1022.77 

(45.75) 

1051.29 

(50.22) 
844.76 (55.61) 852.93 (43.66) 

Note: kcal = kilocalories 
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Figure 4. Mean Differences in Dinner Intake between Low-Stress and High-Stress Visits by Level of Restraint and Sex 

 

  

Figure 5. Mean differences in Dinner Intake between the No Stress Visit and Stress Visit by Level of Emotional Eating 

and Sex 
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Figure 6. Mean Differences in Dinner Intake between the Low-Stress Visit and High-Stress Visit by Level of External 

Eating and Sex 

Correlations Among Disordered Eating Behaviors, Consumption in Response to Stress, 

Adiposity, and Cortisol Responding in Adolescents 

 Given that there was no evidence of sex differences in eating in response to stress, nor 

were there associations with disordered eating, post-hoc analyses were conducted to better 

understand biobehavioral characteristics of stress eaters. Correlations among disordered eating 

behaviors, consumption in response to stress, BMIz, and cortisol responses were examined. First, 

adolescent weight status as a moderator of the stress effect on dinner intake was examined. As 

shown in Table 5, there was a positive correlation between BMIz and restrained eating for both 

girls (r = .28, p<.01) and boys (r = .21, p<.05). There was also a positive correlation between 

BMIz and emotional eating in girls (r = .30, p<.01) but not in boys. There was no association 

between BMIz and external eating for either boys or girls, or between BMIz and stress-related 
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consumption (the difference in kcals consumed between the high- and low-stress visits). 

Moreover, BMI z-score was not significantly associated with cortisol reactivity or recovery in 

boys or girls. 

 Emotional and restrained eating were positively correlated in girls (r = .36, p<.001) and 

boys (r = .29, p<.01). Additionally, there was a positive association between external and 

restrained eating in girls (r = .20, p<.05) but not in boys. External eating was positively 

associated with emotional eating in both girls (r = .57, p<.001) and boys (r = .44, p<.001). Stress-

related consumption was not significantly associated with any of the disordered eating behaviors 

(restrained, emotional, external) in girls or boys. However, cortisol reactivity was associated with 

stress-related consumption in boys (r = .20, p<.05) but not in girls; boys who exhibited greater 

increases in cortisol in response to stress consumed more during the high-stress visit than they 

consumed on the low-stress visit. Cortisol recovery was negatively correlated with cortisol 

reactivity in both girls (r = -.56, p<.001) and boys (r = -.43, p<.001); cortisol recovery was not 

associated with any other variable.  
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 Table 5. Intercorrelations 1 between disordered eating behaviors, dinner kcal, BMIz, cortisol reactivity and 

cortisol recovery 

 Restrained 

Eating 

Emotional 

Eating 

External 

Eating 

Stress-Related 

Consumption 

BMIz Cortisol 

Reactivity 

Emotional 

Eating 

.36*** 

.29** 

     

External 

Eating 

.20* 

-.01  

.57*** 

.44*** 

    

Stress-

Related 

Consumption 

.02 

.00 

.06 

-.01  

.00 

-.08 

   

BMIz .28** 

.21*  

.30** 

.05  

.05 

-.10  

-.08 

.04 

  

Cortisol 

Reactivity 

.09 

-.15  

.01 

-.00 

-.12 

-.05  

-.08 

.20*  

.06 

-0.14 

 

Cortisol 

Recovery 

.02 

.10  

-.10 

.03  

-.02 

.06 

.06 

-.12  

.05 

.09  

-.56*** 

-.43*** 

Note: 1Adjusted for youth sex (0=boys, 1=girls), maternal education (years), household income-to-

needs ratio (INR), and state of residence (0=Pennsylvania, 1=North Carolina). BMIz = body mass 

index z-score. 

*p < .05, **p < .01, ***p < .001. 

Correlation coefficients for girls appear in bold; estimate for boys are not in bold type. 

Characteristics of Stress Eaters 

 The characteristics of adolescents who increased their intake in response to stress was 

examined, along with how they differed from adolescents who showed no change or decreases in 

intake. A dichotomous variable was created to indicate adolescents who were low- and high-
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stress eaters. High-stress eaters are defined as adolescents who increased their consumption 

during the meal on the high-stress visit compared to the low-stress visit, and low-stress eaters are 

adolescents who exhibited no change or reductions in consumption during the meal on the high-

stress visit compared to the low-stress visit. Interactions with sex were examined for all relations.  

 Sex differences in consumption (kcals) in response to stress were examined for low- and 

high-stress eaters. As expected, high-stress eaters consumed significantly more kcals in response 

to stress than low-stress eaters (F(198) = 248.58, p <.001; results not shown) as seen in Figure 7; 

however, there was no interaction between stress eating and sex, meaning that there were no 

significant differences between how much either sex ate (whether they were low- or high- stress 

eaters) in response to stress (F(198) = 3.28, p=.07; Table 6). There was, however, a trend 

towards high-stress eating boys consuming greater kcals in response to stress than high-stress 

eating girls. Additionally, low-stress eating boys consumed fewer kcals in response to stress than 

low-stress eating girls. Regarding BMIz, there were no significant sex differences in BMIz 

between low- and high-stress eaters; however there was a trend toward low-stress eating boys 

having lower BMIz than low-stress eating girls (F(198) = 2.67, p=.10). 

 Lastly, sex differences in stress-induced cortisol responses for low- and high-stress eaters 

were examined. There were no significant sex differences in cortisol reactivity in low- and high-

stress eaters (F(188) = 2.52, p=.11). Compared to girls who were low-stress eaters, there was a 

trend towards girls who were high-stress eaters showing poorer recovery following the stressor 

indicated by a greater increase in cortisol once the stressor ended (F(187) = 3.12, p = .08; Figure 

8). No other differences with cortisol were noted. 
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 Table 6. Mean (SE) differences in food intake on low- and high-stress visits for Cortisol Recovery Subgroups 

 Boys Girls   

 

Low-stress 

Eaters 

High-stress 

Eaters 

Low-stress 

Eaters 

High-stress 

Eaters 

Sex X Stress-

Eating 

Interaction p-

value 

F-Statistic 

Stress 

Eating (Meal 

Kcaldiff) 

-274.74 

(38.12) 

265.821 

(31.30) 

-227.05  

(27.75) 

196.642 

(21.92) 
.07 

F(198) = 

3.28 

BMIz 0.49 (0.17) 0.90 (0.15) 1.04 (0.13) 0.86 (0.16) 0.10 

F(198) = 

2.67 

Cortisol 

Reactivity 

(µg/dl) 

-0.47 (0.07) -0.27 (0.07) -0.44 (0.06) -0.50 (0.06) 
0.11 

F(188) = 

2.52 

Cortisol 

Recovery 

(µg/dl) 

0.19 (0.04) 0.12 (0.05) 0.14 (0.05) 0.25 (0.04) 0.08 

F(187) = 

3.12 

Meal Kcaldiff = differences in consumption (kcals) between the high-stress and low-stress visits, BMIz = 

body mass index z-score 

1 High stress eating boys showed greater intake in response to stress than low stress eating boys (p < .001) 

2 High stress eating girls showed greater intake in response to stress than low stress eating boys (p < .001) 
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Figure 7.  Changes in Meal Consumption in Response to Stress 

 

 

Figure 8. Cortisol Recovery Following a Psychosocial Stressor 

  

* 

* 
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Chapter 4  

Discussion 

The main objective of this paper was to determine if there were sex differences in eating 

in response to stress, or stress-induced eating. Overall, the findings from the study show that 

there was no evidence of eating in response to stress. Additionally, while there were no sex 

differences in the amount consumed in response to stress between visits, the results showed that 

there were sex differences in that boys exhibited greater consumption during the meal at each 

home visit (for both low- and high-stress visits) than girls. Additionally, this paper aimed to 

determine if disordered eating behaviors moderated the relationship between sex related 

differences in stress eating. The results showed that disordered eating behaviors (restrained, 

emotional, external) did not moderate the sex related differences in stress eating. The final 

objective of this paper was to determine if there were differences in cortisol responding or BMI 

in adolescents who consume more in response to stress compared to those who do not. While 

there was no main interaction between cortisol responding and sex, girls who were low-stress 

eaters showed lower levels of cortisol recovery (indexed by increases in cortisol following the 

stressor) than girls who were high-stress eaters. This indicates that girls who were high-stress 

eaters took a longer time to recover biologically following the stressor (Figure 8). Also, there 

were no significant differences in BMI z-scores in high-stress eaters; however, there was a trend 

in that low-stress-eating boys had lower BMI z-scores than low-stress-eating girls (Table 6). 

We hypothesized that girls would consume more at dinner while under stress. This 

hypothesis was not supported; there were no sex differences in eating in response to stress. We 

also hypothesized that girls would exhibit more of these disordered eating behaviors with blunted 
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cortisol responses and higher BMIs. These hypotheses were driven by the concept that 

disordered eating behaviors often correlate with higher levels of obesity (Braet et al., 2008; 

Neumark-Sztainer, 2006). Keller et al. (2019) described a biopsychosocial model of sex 

differences in the eating behavior of youth and suggest that the pressure placed on girls for 

external validation based on appearance may make them less susceptible to internal cues 

involving satiety, and thus, lead to higher risk for development of disordered eating behaviors 

that may lead to obesity. Moreover, changes in early adolescence involving social pressures for 

thinness and a slender body ideal may influence the development of eating disorders in girls 

(Levine et al., 1994). It is possible that a relationship between girls consuming more in response 

to stress and disordered eating behaviors was not seen as evidence indicates that adolescent girls 

may demonstrate more weight control behaviors in the presence of their friends, demonstrating 

that they change eating behaviors based on social influence (Higgs & Thomas, 2016). The girls 

in our study could have potentially been more sensitive to their eating behaviors while being 

watched by researchers. 

Exposure to acute daily stressors has been associated with increased food intake in 

obese/overweight adolescents with disordered eating behaviors, which moderate the link 

between stress and food intake (Ajibewa et al., 2021). In adolescents, patterns of blunted cortisol 

were associated with higher BMIs and obesity (Ruttle et al., 2013). In 8- to 9-year-old boys and 

girls, cortisol AUCi was associated with higher levels of BMI and increased disinhibited eating 

in the absence of hunger, which indicated a potential link between biological stress regulation 

and children’s eating behaviors (Francis et al., 2013). Thus, based on this evidence, we 

hypothesized that girls would show greater consumption in response to stress, and that they 

would exhibit more of a blunted cortisol response. Although the hypothesis on sex differences in 
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eating in response to stress was not supported, the findings showed that girls who increased their 

consumption in response to stress also showed increases in cortisol during the recovery period 

after the stressor passed (an indicator of biological dysregulation). Although this association 

approached significance, this may suggest that stress regulation is associated with stress-related 

eating (a measure of eating regulation). A possible reason as to why this association only 

approached significance could be due to a power issue in which not enough participants were 

recruited for this study. 

There is research to support that adult women who are high cortisol reactors (increased 

cortisol in response to stress) consume more calories following a psychosocial stressor compared 

to low cortisol reactors, which confirms that a psychophysiological response to stress may 

impact eating behaviors in adult women (Epel et al., 2001). Further research is needed to 

determine whether this relation holds true in adolescents, especially within adolescents from 

rural, poor populations. The present study also showed that boys who were low-stress eaters had 

lower BMI z-scores compared to girls who were low-stress eaters. This finding is counter to 

what has been shown in past literature, as one study found greater rates of overweight/obesity in 

stress eating boys compared to girls; however, it also found that stress-related eating behaviors 

were more common in girls than boys (Jääskeläinen et al., 2014). Moreover, Roy et al. (2021) 

found that the presence of overweight/obesity and stress was higher in adolescent males from 

urban areas. Few studies on eating behavior has been focused on rural, poor adolescents, and 

further research is needed to better understand factors that may influence stress eating in 

adolescents in this vulnerable population. 

BMI differences in eating behaviors under stress were expected to emerge, as previous 

research shows food intake varies based on BMI. One study found that high cortisol reactivity in 
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overweight adolescents was related to decreased calorie consumption after an acute stressor 

(Nagy et al., 2019). Boggiano et al. (2017) found that there were sex differences in hedonic 

eating patterns in that reward enhancement in girls was associated with increased BMI, anxiety-

related, and depression-related eating while reward enhancement in boys was associated with 

anger/frustration-eating. Few sex differences related to BMI were found in the present study. 

More research is needed to determine whether relations among stress eating, BMI and cortisol 

responding vary by sex, particularly given the greater and increasing levels of obesity in boys 

compared to girls currently seen in the U.S. (Wang et al., 2020).  

Limitations 

There are several limitations to this study. Our sample was predominantly rural and poor, 

which limits our ability to generalize findings to non-rural, non-poor youth in the U.S. 

Adolescents in our sample had a disproportionately higher rate of obesity than the national rate 

for adolescents in the U.S. between 2015-2016 (Hales et al., 2018). Rates of obesity in youth 

have been shown to be higher in those from low-SES families (Rossen & Schoendorf, 2012), and 

in rural youth (Ogden et al., 2018b), which suggest that our sample may be representative of 

rural, poor youth in the U.S. The statistical power of this study was not enough to examine 

interactions by race, sex and weight status. It is possible that interesting interactions between sex 

and weight status may have been uncovered, however, the main interest of this study was on the 

role of eating behaviors as a moderator between stress and sex differences in food intake.  

Additionally, parental influences on the relations examined were not addressed. A 

previous study has found evidence that parental stress may influence adolescent eating behaviors 
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to be more obesogenic and stress-motivated (Dimitratos et al., 2022). Moreover, this paper did 

not address food insecurity, which may impact stress eating as indicated by evidence that early 

life experiences of low-SES, which predicts less food security and environmental safety, play a 

role in higher consumption of food despite energy need (Proffitt Leyva et al., 2020). 

Conclusion 

The purpose of this study was to determine if there were sex differences in stress eating, 

if disordered eating behaviors moderated the relationship between sex related differences in 

stress eating, and if there were differences in cortisol responding or BMI in adolescents who 

consume more in response to stress compared to those who do not. Overall, no sex differences 

were seen in stress eating and these were not modified by disordered eating behaviors; however, 

there were some trends in low- and high-stress eating boys' intake compared to low- and high-

stress eating girls’ intake. The results showed some evidence of poorer biological stress 

regulation in girls who were high stress eaters. Additionally, low-stress eating boys had lower 

BMI z-scores compared to low-stress eating girls, which provides some evidence of sex 

differences in stress-induced eating behaviors and BMI. Further studies are required to assess the 

issues of sex differences in obesity as well as create interventions to address disordered eating 

behaviors under stress to prevent obesity. Mindfulness-based interventions have shown some 

evidence of preventing worsening stress-eating behaviors and stabilizing weight for adolescents 

at risk for excess weight gain (Bernstein et al., 2021). However, more information is needed on 

factors related to stress eating in adolescent boys and girls, and which combination of factors 

may increase their risk for obesity.  
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Appendix A 

 

Appendix Title 

Tables 

 Table 7. Sample characteristics (n=278) 

Characteristics Mean (SD) Range 

Youth 

     Age in years, mean (SD) 14.2 (0.6) 13.1 – 15.6 

     Sex, % female 46.7  

     Race, % black 27.5  

     BMI percentile 72.9 (27.3) 2.8 – 99.8 

     BMI z-score 0.9 (1.1) -1.9 – 2.9 

     BMI classifications, %   

          Overweight 14.9  

          Obese 14.1  

          Severely Obese 15.9  

Parent 

      Maternal age in years, mean (SD) 40.5 (6.0) 28.9 – 59.8 

     Maternal education, %   

           ≤ 12 years 47.5  

          > 12 years 52.5  

Household 

     Income-to-needs ratio (INR) 2.0 (1.7) 0.0 – 16.5 

     North Carolina residence, % 38.8  

SD, standard deviation; %, percentage; BMI, body-mass-index. 
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 Table 8. Descriptive Statistics for Restrained Eating Scale 

Descriptive Statistics 

 N Mean 

Std. 

Deviation 

Sum Minimum Maximum 

Boys 104 1.62 0.68 168.70 1.00 3.70 

Girls 96 2.00 0.85 191.80 1.00 4.40 

 

 Table 9. Descriptive Statistics for Emotional Eating Scale 

Descriptive Statistics 

 N Mean 

Std. 

Deviation 

Sum Minimum Maximum 

Boys 104 1.49 0.67 154.54 1.00 3.69 

Girls 96 1.87 0.86 179.54 1.00 5.00 

 

 
 Table 10. Descriptive Statistics for External Eating Scale 

Descriptive Statistics 

 N Mean 

Std. 

Deviation 

Sum Minimum Maximum 

Boys 103 2.25 0.74 231.50 1.00 4.20 

Girls 96 2.54 0.66 244.30 1.00 4.10 
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 Table 11. Descriptive Statistics for TC BMI (FHS HV) 

Descriptive Statistics 

 N Mean 

Std. 

Deviation 

Sum Minimum Maximum 

Boys 104 23.34 6.73 2427 16.07 50.55 

Girls 96 25.07 6.73 2406 15.32 44.49 

 
 Table 12. Descriptive Statistics for Pct for BMI-for-age (FHS HV) 

Descriptive Statistics 

 N Mean 

Std. 

Deviation 

Sum Minimum Maximum 

Boys 104 67.03 29.72 6971 5.16 99.85 

Girls 96 75.59 23.25 7257 2.90 99.53 

 

 
 Table 13. Descriptive Statistics for Z-score for BMI-for-age (FHS HV) 

Descriptive Statistics 

 N Mean 

Std. 

Deviation 

Sum Minimum Maximum 

Boys 104 0.70 1.15 72.90 -1.63 2.98 

Girls 96 0.96 0.98 92.37 -1.90 2.60 
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 Table 14. Descriptive Statistics for Total kcals consumed at dinner HV1 

Descriptive Statistics 

 N Mean 

Std. 

Deviation 

Sum Minimum Maximum 

Boys 104 1050 369.89 109201 98.33 2134 

Girls 96 902.82 252.97 86671 308.94 1358 

 
 Table 15. Descriptive Statistics for Total kcals consumed at dinner HV2 

Descriptive Statistics 

 N Mean 

Std. 

Deviation 

Sum Minimum Maximum 

Boys 104 1056 390.32 109818 61.83 2046 

Girls 96 861.14 287.08 82669 153.78 1564 
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