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Abstract

This study examined the relationships between chronic stress, food cravings, and body mass index.
A community-based sample of adults (V= 619) completed a comprehensive assessment battery
and heights and weights were measured. Chronic stress had a significant direct effect on food
cravings, and food cravings had a significant direct effect on body mass index. The total effect of
chronic stress on body mass index was significant. Food cravings partially mediated the
relationship between chronic stress and body mass index. These findings are consistent with
research that chronic stress may potentiate motivation for rewarding substances and behaviors and
indicate that high food cravings may contribute to stress-related weight gain.
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Currently, 34.9 percent of adults in the United States are obese, and little progress has been
made in reducing the number of individuals with this complex problem (Ogden et al., 2014).
The increasing societal burden of obesity has prompted the development of numerous
interventions for prevention and treatment. While these interventions are multifaceted and
heterogeneous, with varied behavioral and biological targets, lifestyle modifications form the
foundation of prevention and treatment options.

Obesity interventions are diverse in terms of delivery and duration, although the
conventional cornerstones are dietary, physical activity, and behavioral changes (Jensen et
al., 2013). Many obesity interventions focus on strategies to improve nutrition, increase
physical activity, and decrease sedentary behavior (e.g. self-monitoring calorie intake,
increasing fruit and vegetable intake, decreasing fat intake, goal setting pertaining to
physical activity, and learning to read nutrition labels). Although there are a multitude of
obesity interventions, many result in only modest and short-term improvements in weight
(Lemmens et al., 2008; Seo and Sa, 2008).
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There are multiple reasons why only modest and short-term improvements result from
current obesity interventions, including the challenges of finding the correct fit between
treatments and individuals. Solutions to this challenge require a more nuanced understanding
of the mechanisms related to obesity. Studying mechanisms of behaviors is crucial to
intervention development and enhancement. It can allow for amplification, optimization, and
targeting of interventions to relevant processes. In addition, studying mechanisms can help
advance what is known about a problem, develop solutions, and simplify complex
interventions. One such relationship in which further clarification is needed is that between
chronic stress and obesity.

Chronic stress and obesity

Stress is a complex and multidimensional concept referring to a real or perceived disruption
in homeostasis (Chrousos and Gold, 1992). While there are some studies that demonstrate
the relationship between increased stress and higher body mass index (BMI), the literature is
mixed (Torres and Nowson, 2007; Wardle et al., 2011). This is partially due to the varying
conceptualizations and measures of stress. While some focus on specific stress events (e.g.
traumas, lay-offs, divorce; Udo et al., 2014), this study will focus on the role of chronic
stress, the subjective experience of continuous stressors or ongoing life problems and hassles
that can last for months to years (Turner and Lloyd, 1995).

While it is recognized that chronic stress is associated with obesity (Chen and Qian, 2012;
Kouvonen et al., 2005; Wardle et al., 2011), the mechanisms underlying this process are
unclear. There are several potential mechanisms that may contribute to the relationship
between chronic stress and obesity including decreased physical activity, increased
sedentary behavior, changes in stress-related hormones, changes in eating patterns,
decreased sleep duration, and increased food cravings. The current study focuses on a
possible mechanism in which there is a paucity of literature and that may provide beneficial
knowledge for obesity intervention development: food cravings.

Stress and food cravings

The etiology of food craving, defined as an intense and specific desire to consume a certain
food or food type that is difficult to resist (Weingarten and Elston, 1990, 1991), has
generated much interest from the research community: multiple theories pertaining to the
etiology of food cravings have been proposed. Physiological theories include those
pertaining to nutritional and energetic homeostatic mechanisms and the psychoactive
influences of components of craved foods on neurotransmitter systems (Pelchat, 2002). For
example, some researchers have found that food deprivation increases food cravings
(Massey and Hill, 2012) while others have found no relationship between food deprivation
and cravings (Pelchat and Schaefer, 2000; Polivy et al., 2005). Learning theories posit that
food cravings are conditioned to food-related cues. These may be emotional cues or external
food cues such as a location or the smell or sight of a food (Jansen et al., 2011).
Psychological and affect-based theories include the roles of mood and emotional states such
as stress (Nijs et al., 2007; Rogers and Smit, 2000).
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According to the Reward Based Stress Eating Model and Selye’s Theory of Stress, stress
results in physiological responses to prepare the body to cope with stress, including
activation of the hypothalamic—pituitary—adrenocortical (HPA) axis (Adam and Epel, 2007;
Selye, 1956). Activation of the HPA axis results in the secretion of cortisol, a steroid
hormone that regulates eating behaviors and choices (Pacék and Palkovits, 2001). Although
acute stress typically results in decreased food intake, chronic activation of the HPA axis
may result in the prolonged action of cortisol and a subsequent orexigenic response
(Dallman et al., 2003; Torres and Nowson, 2007). This response may manifest as cravings
for certain foods: neurobiological mechanisms related to stress may potentiate motivation
and reward of highly palatable foods thus increasing food cravings and the risk for
overeating (Sinha and Jastreboff, 2013). In prior studies, researchers have found that after
HPA axis activation, there is an increase in sweet cravings in individuals with binge eating
disorder (Rosenberg et al., 2013).

Food cravings and BMI

Food cravings are a commonly experienced phenomenon among the general population
(Weingarten and Elston, 1991). Although not all food cravings are pathological, cravings are
typically for foods that are high in fat, sugar, and carbohydrates such as chocolate, pizza, and
fast foods (White et al., 2002). Researchers have also found that higher food cravings are
associated with higher intake of respective food types craved and higher BMIs (Chao et al.,
2014; Martin et al., 2008). Given the observed relationships among stress, food cravings,
overeating, and BMI, it is possible that food cravings mediate the relationship between
chronic stress and BMI.

The primary aim of this study was to examine the relationships between chronic stress, food
cravings, and BMI. Based on prior literature, we hypothesized that food cravings would
mediate the relationship between chronic stress and BMI.

Materials and methods

Design

The hypothesis was tested using a cross-sectional design from a large observational data set
obtained from a collaborative, interdisciplinary set of studies that examined the effects of
stress and self-control on the maladaptive behaviors of overeating, excessive alcohol use,
and nicotine smoking.

Participants

The sample for this study is a convenience sample of adult men and women who were
recruited from weekly advertisements in local newspapers and flyers at community centers
and churches in and around New Haven, Connecticut. Participants include individuals from
a variety of racial and socioeconomic backgrounds. Some individuals have the addictive
behaviors of cigarette smoking, alcohol drinking, and/or overeating, while others do not
engage in these behaviors. Inclusion criteria were that participants were between the ages of
18-50 years and were able to read English at least at the sixth-grade level. Exclusion criteria
were dependence on any drug other than alcohol or nicotine, use of prescribed medications

J Health Psychol. Author manuscript; available in PMC 2018 October 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chao et al.

Procedures

Measures

Page 4

for any psychiatric disorders, pregnancy, and medical conditions that would preclude
participation in the study (e.g. current cancer, type 1 diabetes, major head trauma). Study
procedures were conducted at the Yale Stress Center, and participants received compensation
for completion of assessment sessions.

The mean age of the sample was 29.55 (standard deviation (SD) = 9.06) years with a mean
BMI of 27.42 (SD = 5.53) kg/m2. A little more than half (54.9%) of the sample was female.
The sample was 67.0 percent White, 20.9 percent Black, and 12.2 percent “other.”

The Yale University Institutional Review Board approved the parent study protocol.
Potential participants completed an initial screening over the telephone or in person to
determine eligibility based on inclusion and exclusion criteria. Following screening, eligible
participants met with a research assistant for an intake session to obtain informed consent.
Participants then completed an assessment battery including physical examinations,
diagnostics, and cognitive and psychological assessments. Heights were collected using a
height rod and weight was collected using a standard procedure.

Chronic stress.—Chronic stress was measured using the chronic stress subscale of the
Cumulative Adversity Interview (Turner and Lloyd, 1995). The Cumulative Adversity
Interview is a well-established, 140-item interview that assesses for the accumulation of
stressful life events over a lifetime. The chronic stress subscale consists of 62 items relating
to the subjective experience of continuous stressors or ongoing life problems and hassles.
Items are on a 3-point Likert-type scale ranging from not true to very true and refer to
perceived difficulties with ongoing interpersonal, social, and financial relationships and
responsibilities including difficulties in the work and home environment and relationships
with family and significant others. A 3-month test-retest reliability for the chronic stress
subscale was .79 (Ansell et al., 2012). The use of interview techniques is recommended to
decrease participant recall bias (Dohrenwend et al., 2006).

Food cravings.—Food cravings were measured using the Food Craving Inventory (FCI;
White et al., 2002). The FCI is a 28-item self-report measure that assesses general and
specific types (high fat foods, complex carbohydrates/starches, sweets, and fast-food fats) of
food cravings. Participants are asked to rate how often each food was craved over the past
month using a 5-point Likert-type scale ranging from 1 (never) to 5 (always/almost every
day; White et al., 2002). The FCI has established content validity from experts in the field of
eating behaviors (White et al., 2002). Concurrent validity has been established with the
Conceptual Craving Scale (Hill et al., 1991) and disinhibition and hunger scales of the
Three-Factor Eating Questionnaire (TFEQ); Stunkard and Messick, 1985), and discriminant
validity with the restraint scale of the TFEQ. The FCI has demonstrated acceptable internal
consistency reliability and test—retest reliability in adults (White et al., 2002) as well as
diverse community and clinical samples (Barnes and Tantleff-Dunn, 2010; Barnes and
White, 2010; White and Grilo, 2005). In the current study, Cronbach’s alpha was .93 for
general food cravings.
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BMI.—BMI was calculated from measured heights and weight using the formula weight
(kg)/[height (m)]2.

Age, gender, race/ethnicity.—Age, gender, and race/ethnicity were assessed using a
demographic questionnaire designed for this study.

Statistical analysis

Results

We calculated descriptive statistics and examined the bivariate associations using Pearson’s
correlations for continuous variables, point-bise-rial correlations for a dichotomous and
continuous variable, and phi coefficients for two dichotomous variables. To test our primary
hypothesis, we used a mediation analysis with bootstrapping as recommended by Preacher
and Hayes (2008). We used the SPSS macro provided by Preacher and Hayes (2008) to
calculate direct and indirect effects using 1000 bootstrap samples and a 95 percent
confidence interval. For the mediation model (Figure 1), chronic stress was the independent
variable, food cravings (FCI total score) was the mediator variable, and BMI was the
dependent variable. All models were estimated with and without adjusting for age, gender,
and race/ethnicity.

Descriptive statistics

Correlations

The mean score on the chronic stress subscale was 10.03 (SD = 5.93) and the mean of the
food cravings (FCI) total score was 1.95 (SD = 0.62). Almost all participants (97.9%)
endorsed having at least one food craving over the past month.

The correlations between study variables are shown in Table 1. Chronic stress was positively
correlated with food cravings, BMI, age, and Black race/ethnicity (/(617) = .14 to .24, p<.
001) and negatively correlated with White race/ethnicity and being male (/(617) = —.24 and
-.14, p<.001, respectively). Food cravings were positively correlated with BMI, age, and
Black race/ethnicity (#/(617) = .12 to .28, p< .001) and negatively associated with White
race/ethnicity (/(617) = -.27, p<.001).

Mediation analysis

Results from the bootstrapped analysis supported the hypothesis that food cravings mediate
the relationship between chronic stress and BMI. Figure 1 displays the mediation models
with and without adjusting for age, gender, and race/ethnicity. Unadjusted results
demonstrated that chronic stress had a significant direct effect on food cravings (B=.03 £.
004; p<.001), and food cravings had a significant direct effect on BMI (B = 1.29 + .36, p
<.001). The total effect of chronic stress on BMI was significant (B=.18 + .04, p<. 001).
Food cravings partially mediated the relationship between chronic stress and BMI (effect of
chronic stress on BMI controlling for food cravings was 8= .15 + .04, p< .001; unadjusted,
bootstrapped 95 percent bias-corrected confidence interval of .01 to .06). Both unadjusted
and adjusted confidence intervals exclude 0, suggesting mediation (Preacher and Hayes,
2008).
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Discussion

These findings from a large and diverse community sample of adults support our hypothesis
that food cravings statistically mediate the relationship between chronic stress and increased
BMI albeit the effect size was small. To our knowledge, this is one of the first studies to
examine the role of food cravings as a statistical mediator of this relationship. These results
serve to generate hypotheses about possible mechanisms underlying the association between
chronic stress and BMI and demonstrate the potential effect of food cravings in this
relationship.

This work supports the Reward Based Stress Eating Model and Selye’s Theory of Stress
(Adam and Epel, 2007; Selye, 1956) and builds upon previous research exploring eating-
related correlates and mechanisms related to chronic stress and BMI. Researchers have
found that stress-related eating is associated with greater preference for calorie-dense and
highly palatable foods (Dallman, 2010; Epel et al., 2004; Laitinen et al., 2002). Furthermore,
stress has been shown to potentiate brain motivation and habit regions that are active under
craving for high calorie foods (Page et al., 2011; Pelchat et al., 2004). Thus, we have posited
that stress and brain food and reward circuits overlap significantly and stress potentiates
food craving via activation of habit-based circuits as in other types of addictions (Sinha and
Jastreboff, 2013). Our results are in concordance with this research as well as research
demonstrating that perceived stress and chronic stressor exposure are associated with an
increased drive to eat as measured by disinhibition, hunger, binge eating, and palatable, non-
nutritious food consumption (Groesz et al., 2012). Our findings support this relationship and
add to the literature by demonstrating the relationship with food cravings. Food cravings are
differentiated from other constructs such as hunger and food consumption as a food craving
is a subjective experience that is intense and specific for a certain food (Hill, 2007; White et
al., 2002). Although food cravings are associated with increased consumption of craved
foods (Chao et al., 2014; Martin et al., 2008), food cravings are not synonymous with
increased consumption, and food cravings can occur in the absence of hunger (Hill, 2007;
Weingarten and Elston, 1990).

Few studies have examined mediators and mechanisms relating chronic stress to increased
BMI. Aligning with our results, researchers have suggested that among older adults, poor
health habits (i.e. low physical activity, high sedentary activity, and unhealthy dietary intake)
mediate the relationship between chronic stress and the metabolic syndrome (Vitaliano et al.,
2002). Our results also align with findings from basic research demonstrating the role of
reward circuitry and hedonic mechanisms in the consumption of unhealthy foods and obesity
(Corwin et al., 2011; Finlayson et al., 2007; Jastreboff et al., 2013; Patterson and Abizaid,
2013).

Given the suggestion that there are differences in stress and obesity by gender and race/
ethnicity, it is of note that although there was some attenuation, the statistical mediation
remained after controlling for these factors. Researchers have demonstrated that the
relationships between stress, weight gain, and obesity are stronger in women than men
(Laitinen et al., 2002; Sinha and Jastreboff, 2013; Udo et al., 2014). There is evidence
indicating that in comparison to Whites, Blacks have higher levels of stress (Geronimus et
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al., 2006; Troxel et al., 2003) and obesity (Ogden et al., 2014). Our results suggest that food
cravings may be an important factor accounting for the relationship between stress and
obesity across these groups.

The results of this study must be interpreted in light of several limitations. First, this study
was cross-sectional and non-experimental; thus, causality and temporality cannot be
inferred. The cross-sectional nature of these data does not allow us to discriminate between
our hypothesis and alternative hypotheses. Additionally, alternative hypotheses were not
tested statistically as the FCI assesses food craving over the past month whereas the
Cumulative Adversity Interview assesses chronic stress over months to years. Thus, the
results from this analysis would not have been theoretically valid (lacobucci et al., 2007).
Longitudinal and experimental studies are necessary to provide more insight into the
directionality of these relationships and alternative models cannot be ruled out. Second,
despite the diversity and size of the sample, a convenience sampling approach was used
which may limit generalizability. Third, there are several potential mechanisms that may
contribute to the relationship between stress and obesity-related metabolic abnormalities
including behavioral changes in eating behaviors and physical activity, sympathetic nervous
system activation, and changes in HPA axis function (De Vriendt et al., 2009; Kyrou and
Tsigos, 2009).

Previous work has established that chronic stress is associated with increased BMI, but to
our knowledge, this study is one of the first studies to propose and demonstrate that food
cravings statistically mediate this relationship. These findings suggest that creating
interventions to help adults cope with stress and with food cravings may help them attain a
healthier weight. Further longitudinal and experimental studies as well as exploration of
behavioral and physiological mechanisms related to chronic stress, food cravings, and BMI
are needed.
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1.29(.36)***
b 85(.36)*

©02(.004)***
©.02(.004)%**

Total effect: *.18(.04)***; ® 13(.03)***

Direct effect: ®.15(.04)***; ®.12(.04)**

Figurel.
Food cravings mediate the effect of chronic stress on body mass index (BMI; n= 619).

Unstandardized coefficients are provided. Total effect = effect of chronic stress on BMI.
Direct effect = effect of chronic stress on BMI after controlling for food cravings.
aUnadjusted.

bAdjusted for age, gender, and race/ethnicity.

*p<.05; **p<.01; ***p<.001.
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