
Stress, cortisol, and other appetite-related hormones: 
Prospective prediction of 6-month changes in food cravings and 
weight

Ariana M. Chao, PhD, CRNP1,2,*, Ania M. Jastreboff, MD, PhD3,4, Marney A. White, PhD, 
MS5,6, Carlos M. Grilo, PhD5,7,8, and Rajita Sinha, PhD5,9

1University of Pennsylvania School of Nursing, Philadelphia, PA

2University of Pennsylvania Center for Weight and Eating Disorders at the Perelman School of 
Medicine, Philadelphia, PA

3Department of Internal Medicine, Section of Endocrinology, Yale University School of Medicine, 
New Haven, CT

4Department of Pediatrics, Section of Endocrinology, Yale University School of Medicine, New 
Haven, CT

5Department of Psychiatry, Yale University School of Medicine, New Haven, CT

6Yale School of Public Health, New Haven, CT

7Department of Psychology, Yale University, New Haven, CT

8National Center on Addiction and Substance Abuse, New York, NY

9Yale Stress Center, New Haven, CT

Abstract

Objective—To examine whether baseline chronic stress, morning cortisol, and other appetite-

related hormones (leptin, ghrelin, and insulin) predict future weight gain and food cravings in a 

naturalistic longitudinal 6-month follow-up study.

Methods—A prospective community cohort of three hundred and thirty-nine adults 

(age=29.1± 9.0 years; BMI=26.7±5.4 kg/m2; 56.9% female; 70.2% White) completed assessments 

at baseline and 6-month follow-up. Fasting blood draws were used to assess cortisol and other 

appetite-related hormones levels at baseline. At baseline and follow-up, body weight was 

measured and the Cumulative Adversity Interview and Food Craving Inventory were administered. 

Data were analyzed using linear mixed models adjusting for demographic and clinical covariates.

Results—Over the 6-month period, 49.9% of the sample gained weight. Food cravings and 

chronic stress decreased over 6 months (ps<0.05). However, after adjusting for covariates, 

individuals with higher baseline total ghrelin had significantly higher food cravings at 6 months 

Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research, 
subject always to the full Conditions of use:http://www.nature.com/authors/editorial_policies/license.html#terms
*Corresponding Author: Ariana M. Chao; 418 Curie Blvd, Philadelphia, PA 19104; AriChao@nursing.upenn.edu; Phone: 
215-746-7183. 

HHS Public Access
Author manuscript
Obesity (Silver Spring). Author manuscript; available in PMC 2018 April 01.

Published in final edited form as:
Obesity (Silver Spring). 2017 April ; 25(4): 713–720. doi:10.1002/oby.21790.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.nature.com/authors/editorial_policies/license.html#terms


(p=0.04). Furthermore, higher cortisol, insulin, and chronic stress were each predictive of greater 

future weight gain (ps<0.05).

Conclusions—These results suggest that ghrelin plays a role in increased food cravings and 

reward-driven eating behaviors. Studies are needed that examine the utility of stress reduction 

methods for normalizing disrupted cortisol responses and preventing future weight gain.

Keywords

Stress; food cravings; ghrelin; leptin; weight

Introduction

Energy intake and weight regulation in the modern food environment is challenging. In the 

United States, the prevalence of obesity is 37.7%.1 On average, American adults gain 0.2 to 

0.9 kg each year.2,3 Energy and weight regulation involves complex homeostatic and non-

homeostatic mechanisms including central regulatory systems, peripheral feedback from 

adipose and the gastrointestinal tract, and psychological factors.4 Among these mechanisms, 

stress, cortisol, and orexigenic and anorexigenic metabolic hormones have been identified as 

possible clinical targets. However, few studies have prospectively examined how these 

factors are related to weight gain.

Stress, a real or perceived disruption in homeostasis, influences eating behaviors and food 

choices. The effects of stress differ based on the type and duration of stressor. During acute 

stress, appetite is typically suppressed.5 Chronic stress generally promotes wanting, seeking, 

and intake of palatable high-fat and energy-dense foods.6 Stress, particularly chronic stress, 

has been linked with obesity and weight gain in several but not all studies.7,8 The effects of 

chronic stress on food intake and weight may be related to perturbations in the 

hypothalamic-pituitary-adrenal (HPA) axis. HPA axis activation results in secretion of 

cortisol, a glucocorticoid that stimulates appetite and increases intake of highly palatable 

foods.9 However, results of the relationship between cortisol and weight status are 

inconsistent and largely rely on cross-sectional data.

Other hormones such as ghrelin, leptin, and insulin communicate with the central nervous 

system (CNS) to signal information about energy homeostasis, though the precise role each 

of these hormones has in relation to weight changes is unclear. Ghrelin is secreted from the 

stomach as well as peripheral tissues and stimulates appetite and food intake.10 Cross-

sectional analyses have demonstrated that obese individuals have lower fasting ghrelin levels 

and attenuated postprandial ghrelin suppression,11 though central and peripheral 

administration of ghrelin result in weight gain in pre-clinical models.12 Insulin and leptin are 

adiposity signals.13 The beta cells of the pancreas produce insulin to utilize glucose in 

peripheral tissues of the body. Leptin is an adipokine made in adipocytes and is involved in 

satiety signaling. Leptin and insulin levels are increased in individuals who are overweight/

obese compared to individuals who are normal weight, but despite higher levels resistance to 

insulin, and possibly leptin, may contribute to dysregulation of hunger/satiety signaling and 

thus affect eating behavior. Little is known about the interactions between stress and 

appetite-related hormones, though it has been hypothesized that the effects of cortisol and 
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stress may potentiate the rewarding value of food and increase food cravings, similar to the 

effects of stress on cravings in substance use disorders.

Craving, a strong desire or sense of compulsion to take a substance, is a central feature of 

addictions and has been added into the Diagnostic and Statistical Manual of Mental 

Disorders-5 criteria for substance use disorders. Stress and cortisol increase addiction 

vulnerability and are associated with cravings among individuals with drug and alcohol 

addictions. Chronic substance use results in neuroadaptations in brain reward and also stress 

pathways, including the HPA axis, that in turn contribute to increased cravings, drug intake 

and alteration of the reinforcing effects of substances.14,15 Brain reward pathways are 

involved in the reinforcing effects of drugs of abuse and also rewarding foods, however, the 

associations between stress, cortisol, appetitive hormones and food cravings are unclear.

Food cravings are an intense desire to consume a specific food or food type that is difficult 

to resist.16 Food cravings are common, with the majority of the population having 

experienced a food craving at some point. While all food cravings are not pathological, 

frequent food cravings are associated with greater intake of the respective craved foods and 

increased body mass index (BMI).17,18 We previously reported in a cross-sectional analysis 

that chronic psychosocial stress was associated with increased food cravings and BMI.19 In 

the present study, we report findings from the prospective 6-month follow-up data from a 

subsample of these participants who were followed longitudinally. Our aim was to examine 

whether higher chronic stress, cortisol, and circulating appetite-related hormones (ghrelin, 

leptin, and insulin) were predictive of future food cravings and weight 6-months later. We 

hypothesized that individuals with higher baseline cortisol, chronic stress, and appetite-

related hormones would have more frequent food cravings and greater weight gain at follow-

up.

Methods

Participants

This study reports on 6-month longitudinal changes in weight from a community cohort who 

participated in studies that examined the mechanisms underlying stress, self-control, and 

addictive behaviors.19 The longitudinal component was added in the third year of data 

collection and thus was available on a subsample of 339 participants who completed initial 

baseline measures and also attended a 6-month follow-up assessment. Participant inclusion 

criteria were age between 18 and 50 years, and able to read English at the sixth-grade level. 

Exclusion criteria were pregnancy, dependence on drugs other than nicotine, use of 

prescribed medications for any psychiatric disorders, and serious and chronic medical 

conditions.

Procedures

The Yale University Institutional Review Board approved the study. Study procedures were 

performed at the Yale Stress Center. Potential participants completed an initial screening 

over the telephone or in-person to determine eligibility. Following screening, eligible 

participants met with a research assistant for a 2-hour intake session to obtain informed 
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consent and begin assessments. Participants had a morning biochemical evaluation session 

after fasting overnight. They also completed psychological measures and self-report 

questionnaires over three to four additional sessions. Participants attended a follow-up visit 

six months after their initial visit where weight was measured and assessments were 

completed. Participants were compensated for study participation.

Demographics/BMI—Demographics including age, sex, smoking status and race/

ethnicity were collected via a questionnaire designed for this study. A research nurse or 

trained research staff member measured participant’s weight at baseline and follow-up. 

These weights and measured heights were used to calculate BMI.

Chronic stress—Chronic stress was assessed using the chronic stress subscale of the 

Cumulative Adversity Interview administered at baseline and 6 months.20 The Cumulative 

Adversity Interview is a well-established, 140-item interview that assessed for the 

accumulation of stressful life events. The chronic stress subscale consisted of 62 items 

relating to the subjective experience of continuous stressors or ongoing life problems and 

hassles. Items were rated as not true, some to very true and referred 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. The Cumulative Adversity Interview and its chronic stress subscale has excellent 

reliability ranging from an overall 0.86 and 0.82 for the chronic stress subscale.21

Food cravings—Food cravings were assessed at baseline and follow-up using the Food 

Craving Inventory (FCI), a 28-item measure of general and specific food cravings over the 

past month.22 The instrument defined craving as “an intense desire to consume a particular 

food (or food type) that is difficult to resist.” Participants rated how often each food was 

craved on a 5- point Likert scale ranging from 1 (never) to 5 (always/almost every day). 

Items were formed into a total score and 4 subscale scores: sweets, high fats, carbohydrates/

starches and fast-food fats. The FCI has established content validity and reliability for 

assessing food cravings in adults.22

Biochemical evaluation—On a separate day from intake and baseline assessments and 

after overnight fasting, participants came to the laboratory at 7:30 AM, at which time an 

intravenous line was inserted and 4 repeated samples of cortisol were drawn 15 minutes 

apart over the course of 1 hour and then averaged across time points. In addition, circulating 

plasma total ghrelin, leptin, insulin, and plasma glucose levels were drawn once and tested in 

duplicate. All samples were immediately placed on ice, spun, and separated by 

centrifugation. Separated plasma was stored at −80°C. The homeostatic model assessment of 

insulin resistance (HOMAIR) was used as a surrogate measure for insulin resistance and 

calculated as [glucose (mg/dL) × insulin (µU/mL)]/405. Total ghrelin was measured because 

we were assessing basal levels and not hormonal response to short term manipulations of 

food intake or hunger.
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Data Analysis

Descriptive statistics were computed using means, standard deviations and percentages. We 

calculated full and partial correlations (adjusting for baseline BMI) to examine the cross-

sectional relationships among variables. We also assessed baseline relationships among 

morning levels of cortisol, ghrelin, leptin, insulin, and chronic stress and baseline values of 

our two primary outcomes (weight and food cravings). These analyses were conducted using 

general linear models adjusting for demographic factors (age, years of education, smoking 

status, sex, race/ethnicity). Models examining food cravings included baseline BMI.

Paired t-tests were used to assess changes in food cravings, BMI, and chronic stress over 6 

months. Morning cortisol levels, ghrelin, leptin, insulin and chronic stress were used to 

predict changes in weight and the frequency of food cravings over the 6-month period. 

Longitudinal analyses were conducted using linear mixed-effects models. For analyses 

predicting weight change, covariates included baseline demographic factors and baseline 

weight. In analyses predicting changes in food cravings, covariates included demographic 

factors, baseline BMI, and baseline food cravings. Continuous variables were centered in 

models. Chronic stress was examined as a time-varying predictor while all other dependent 

variables were time-invariant. Post-hoc models were constructed to assess changes in 

specific types of food cravings using subscale scores from the FCI. Analyses were 

conducted using SPSS version 24 and a two-tailed significance level set at p<0.05.

Results

Cross-Sectional Analyses

Three hundred and thirty-nine adults completed the baseline and follow-up assessment. 

Sample characteristics are presented in Table 1. The sample had a mean age of 29.1±9.0 

years and BMI of 26.7±5.4 kg/m2. On average, participants had 15.3±2.5 years of education. 

A little more than half of the sample (56.9%) was female. The majority of the sample 

(70.2%) identified as White. Current smokers comprised 27.4% of the sample. Males were 

heavier than females (p<0.001; Table 1). Males had significantly higher glucose (p=0.008) 

and cravings for high fats (p=0.02). Females had significantly higher baseline ghrelin 

(p=0.02), leptin (p<0.001), cortisol (p<0.001), chronic stress (p=0.003) and cravings for 

sweets (p=0.001).

Full and partial correlations (adjusting for BMI) are shown in Table 2. Baseline BMI was 

significantly positively correlated with chronic stress (r=0.18, p=0.001), total and specific 

food cravings (r=0.16 to 0.24, ps<0.05), leptin (r=0.55, p<0.001), insulin (r=0.48, p<0.001), 

fasting plasma glucose (r=0.30, p<0.001), and HOMA-IR (r=0.49, p<0.001). BMI was 

inversely associated with fasting total ghrelin (r= −0.18, p=0.002) and morning cortisol (r= 

−0.29, p<0.001). In unadjusted analyses, total food cravings were positively associated with 

leptin (r=0.18, p=0.002), insulin (r=0.26, p<0.001), glucose (r=0.16, p=0.008), and HOMA-

IR (r=0.26, p<0.001). Morning cortisol was inversely associated with chronic stress (r= 

−0.14, p=0.01), cravings for high-fat foods (r= −0.12, p=0.04), leptin (r= −0.14, p=0.02), 

insulin (r= −0.12, p=0.048) and HOMA-IR (r= −0.12, p=0.04) in unadjusted correlations. 

Leptin was positively associated with total food cravings (r=0.19, p=0.002) and insulin 

Chao et al. Page 5

Obesity (Silver Spring). Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(r=0.41, p<0.001). Ghrelin was not associated with food cravings in cross-sectional analyses 

(ps>0.05).

In cross-sectional analyses, adjusting for demographic characteristics, BMI was positively 

associated with leptin (B=0.34, SE=0.03, p<0.001) and insulin (B=0.10, SE=0.04, p=0.01) 

and was negatively associated with ghrelin (B= −0.003, SE= 0.001, p=0.01). Cortisol and 

chronic stress were not significantly associated with weight in the cross-sectional model 

(ps>0.05). Insulin was replaced with HOMA-IR and was also significant (B=0.39, SE=0.15, 

p=0.01). In models examining food cravings, there were significant relationships with 

chronic stress (B=0.22, SE=0.06, p<0.001) and HOMA-IR (B=0.05, SE=0.02, p=0.048). 

Ghrelin, leptin, insulin, and cortisol were not significant (ps>0.05).

Prospective Longitudinal Analyses of 6-month Food Craving and Weight Outcomes

Food cravings—Total and specific food cravings and chronic stress significantly 

decreased from baseline to follow-up (ps<0.001; Table 1). After adjusting for demographic 

and baseline BMI and food cravings, higher baseline levels of total ghrelin predicted having 

higher total food cravings over 6 months (p=0.04; Table 3 and Figure 1). Cortisol (p=0.09) 

leptin (p=0.06), insulin (p=0.85), and chronic stress (p=0.17) did not predict change in food 

cravings over time (Table 3). Total food craving at 6 months was positively correlated with 

BMI at 6 months (r=0.14, p=0.02). However, neither baseline food craving nor change in 

food cravings was associated with weight change (ps=0.63, 0.69, respectively).

Post-hoc analyses were conducted with each of the FCI subscales using a Bonferroni 

correction of p<0.0125. Higher baseline ghrelin predicted increases in the frequency of 

cravings for carbohydrates/starches over 6 months (p=0.002). Baseline ghrelin was not 

significant in models predicting changes in cravings for high fats, sweets, or fast-food fats 

(ps>0.05).

Weight—Of the total sample, 49.9% gained weight over 6 months. Among individuals who 

gained weight, the average gain was 3.54±3.16 kgs and 4.63±4.08% of initial body weight. 

Of individuals who stayed the same or lost weight, the average loss was 2.54±2.67 kgs and 

3.26±3.36% of initial body weight. Weight gain did not differ between males (1.12±4.28 

kgs; 1.28±4.63%) and females (0.61±4.18 kgs; 1.00±5.98%; ps=0.29, 0.62). Using a 

median-sample split, participants with higher baseline chronic stress had a mean 6-month 

weight gain of 1.05±0.36 kgs compared to 0.50±0.32 kgs for those with lower chronic stress 

(Figure 2). Individuals with higher baseline cortisol gained an average of 1.12±0.33 kgs 

whereas those with lower baseline cortisol gained 0.53±0.37 kgs. In adjusted models, higher 

baseline cortisol, insulin, and increases in chronic stress predicted greater weight gain from 

baseline to 6 months (p=0.02, 0.008, 0.03, respectively; Table 3). As a post-hoc analysis, we 

replaced insulin with HOMA-IR in mixed models. Higher HOMA-IR was associated with 

greater weight gain (B=0.34, SE=0.01, p=0.007).

Discussion

To our knowledge, this is the first prospective naturalistic study in a community sample 

which demonstrates that higher levels of fasting total ghrelin were predictive of future food 
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cravings. These results suggest that ghrelin plays a role in increasing motivation and 

subjective craving for foods and in reward-based eating, particularly for complex 

carbohydrates and starches. Ghrelin has well known homeostatic functions on feeding. 

Ghrelin increases with fasting, peaking prior to meal ingestion, and decreases after eating. 

Peripheral administration of ghrelin promotes food intake and stimulates food intake by 

activating homeostatic hypothalamic circuits.23 More recently, it has been demonstrated that 

ghrelin plays a role in hedonically motivated food behavior, partially by its effects on 

mesolimbic reward circuits.23 Ghrelin can shift preferences to high palatable foods and 

increase the motivational aspects of food reward. Administration of ghrelin stimulates more 

vivid imagination of food compared to a placebo.24 Neuroimaging studies have 

demonstrated that ghrelin administration increases the neural response to food pictures in 

areas associated with hedonic eating (i.e., amygdala, hippocampus, orbitofrontal cortex, 

striatum, and ventral tegmental area).25 Additionally, there is growing evidence that feed-

forward and feed-back circuitry between stress and food reward are partly mediated by 

ghrelin.26 It is important to note that the majority of this previous research reported total 

ghrelin levels, as in our study. Total ghrelin values include the most abundant form of 

unacylated ghrelin and the less stable and active, acylated ghrelin.27 Acylated ghrelin may 

be more responsive and active in response to food intake and motivational aspects and is 

associated with obesity.28 In the current study, the effect size was small. It is possible that 

measurement of acylated ghrelin alone would have been a more robust and sensitive 

predictor of future food cravings and weight gain. Despite this caveat, the previous research 

cited above together with the present study findings, suggests that ghrelin increases food 

craving and possibly the hedonic value of food over time, thereby contributing to increased 

food intake. Development of therapies targeting the ghrelin system may help individuals 

with high levels of food cravings.

The present study extends findings from cross-sectional studies by examining relationships 

among appetite-related hormones, stress, and weight change in a large community sample of 

healthy adults followed prospectively and naturalistically. Similar to some previous 

studies,29 we observed an inverse relationship between cortisol and BMI, as well as cortisol 

and stress, in cross-sectional analyses. However, higher baseline cortisol, chronic stress, 

insulin and HOMA-IR (a measure of insulin resistance) predicted short-term weight gain 

over a 6-month period. These findings are consistent with studies that demonstrated 

increased cortisol and self-reported stress promote weight gain.30,31 Our results indicate that 

while morning cortisol may be blunted among individuals with higher BMI when examined 

in cross-sectional analyses, future weight gain may be related to complex feedforward and 

feedback HPA axis dynamics wherein individuals may use food to regulate stress and HPA 

axis responses.32 Cortisol also helps to regulate feeding behavior and choice, with higher 

levels of cortisol predicting stress-induced eating as well as binge-eating.33 These results 

may be due to the direct effects of cortisol and insulin on lipid accumulation through 

activation of lipoprotein lipase.34 Insulin and cortisol may also act synergistically to 

upregulate lipogenesis.35 Elevated cortisol stimulates gluconeogenesis, which can result in 

insulin resistance.36 In previous neuroimaging work, we have shown cortisol increases under 

the physiologic stress of mild hypoglycemia, which in turn increased brain activation in 

stress and reward motivation pathways and also increased wanting for high calorie foods.37 
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We also recently showed that lower dynamic prefrontal activation during stress predicted 

emotional eating scores in a community sample38 and that higher insulin was associated 

with greater brain activation in reward regions in response to stress and to food cue 

exposure, but only in overweight individuals.39 These findings suggest that dynamic stress-

related cortisol changes as well as adaptations in cortisol and insulin may modulate brain 

extrahypothalamic reward and motivation regions to influence future weight gain. Future 

experimental studies are necessary to elucidate the relationships among cortisol, insulin, and 

eating behavior to fully understand their role in weight gain. Furthermore, our findings 

suggest the potential relevance of interventions targeting stress and/or disrupted cortisol 

responses for weight management. For example, in a recent 8-week trial, 52 participants 

were randomized to placebo or treatment with Ashwagandha, a standardized root extract that 

has been suggested to help counteract the negative effects of stress.40 Relative to placebo, 

treatment with Ashwagandha resulted in significant improvements in perceived stress, food 

cravings, cortisol, and weight.

Despite cross-sectional associations between food cravings and BMI, neither baseline nor 

change in food cravings were predictive of weight change. Our sample mean on the FCI was 

low which may have resulted in floor effects. The low scores are possibly related to the use 

of a community cohort and geographical differences in food preferences between items on 

the FCI, which was developed in the Southern region of the US, and the current sample from 

the Northeast. It is also possible that visual or olfactory food stimuli to provoke craving may 

be a more sensitive predictor of weight relative to self-report. The effects of food cravings on 

weight status may be subtle and take a longer duration of time to manifest.

In this sample recruited from the community, 49.9% of participants gained weight over the 6 

months and the average weight gain was 3.5±3.2 kgs. This weight gain is significantly 

higher than the 0.2 to 0.9 kg each year (i.e., 0.1 kg to 0.45 kg over 6 months) reported in 

previous studies. This is possibly because the average age of our participants was 29.1 years. 

College-aged individuals and young adults between the ages of 25 to 34 years are 

particularly susceptible to weight gain, which may have contributed to the large weight 

increases seen in this sample. If this rate of weight gain continued, it would be significant in 

terms of obesity risk and population health.

There are several limitations to this study. While the effect sizes of the findings were small, 

it is important to note that we studied the natural course and outcome of a community 

sample and individuals were generally healthy. Results may not generalize to other groups. 

There may have been floor effects as there were low levels of chronic stress, and metabolic 

parameters were largely within normal limits. Several laboratory-based stress paradigms 

have been used to investigate the effect of stress on eating and weight. We chose to use 

participant’s naturalistic self-report of chronic stress and circulating hormone measures 

while participants were fasting. It is possible that different responses would be seen during 

acute or laboratory-based stress or feeding paradigms. Our results included a prospective 

short-term (6-month) follow-up assessment for prediction of future food cravings and weight 

gain. The longer-term effects of cortisol, stress and appetitive hormones and their associated 

weight outcomes are unknown and longer follow-up studies are needed. Biochemical data 

were collected under fasting conditions but only at baseline and at a single time point for the 
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metabolic hormones. We were not able to assess how the dynamics of 24-hour cortisol 

profiles or changes in cortisol or appetite-related hormones may effect changes in weight or 

food cravings.

In conclusion, ghrelin was associated with future higher frequencies of food cravings over 

the 6-month follow-up period, suggesting its role in motivation for food and reward-based 

eating. Chronic stress, cortisol levels, insulin levels, and HOMA-IR each predicted future 

weight gain over the 6-month assessment period in a sample of adult volunteers recruited 

from the community. Future research is needed to test whether interventions targeting stress 

and disrupted cortisol responses may help to mitigate weight gain in community samples.
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Study Importance

What is already known about this subject?

• Stress, cortisol, and other metabolic hormones have been identified as 

possible clinical targets related to eating behaviors and weight regulation.

• Findings on the relationships between cortisol and weight status are 

inconsistent and largely rely on cross-sectional data.

• Little is known about the prospective effects of stress and appetite-related 

hormones on food cravings and weight.

What does your study add?

• In this naturalistic longitudinal cohort of participants recruited from the 

community, 49.9% of individuals gained weight over 6 months.

• Individuals with higher baseline ghrelin had significantly higher food cravings 

at follow-up.

• Higher baseline cortisol, insulin, HOMA-IR and chronic stress predicted 

greater weight gain from baseline to 6 months.
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Figure 1. 
Mean±SE of baseline-adjusted changes in food cravings over 6 months using a sample-

median split of high (≥762 pg/mL) and low ghrelin (<762 pg/mL). A median split was used 

for graphical display only.
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Figure 2. 
a. Mean±SE of weight change (kgs) over 6 months using sample-median splits of high and 

low cortisol and chronic stress. The median splits were as follows: cortisol≥14.67 mcg/dL 

and chronic stress≥9.

b. Mean±SE of weight change (kgs) over 6 months using sample-splits of high and low 

values of appetite-related hormones. The median splits were as follows: ghrelin≥762 pg/mL; 

leptin≥8.56 ng/mL. A clinical-cut off was used for insulin≥15 µU/mL; glucose≥100 mg/dL; 

HOMA-IR≥3. Splits were used for graphical display only.
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