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Objective: The aim of this study was to examine whether baseline chronic stress and impulsive risk-

taking synergistically predict changes in visceral fat among healthy mothers in an observational, longitudi-

nal, 18-month study.

Methods: A prospective cohort of 113 adult women (age, mean 6 SD: 42.83 6 4.70; BMI, mean 6 SD:

24.86 6 4.32; 74%, n 5 84 white) completed assessments at baseline and 18-month follow-up. Chronically

stressed mothers caring for a child with an autism spectrum disorder (“caregivers”; n 5 72 participants)

were compared with lower stress mothers caring for a neurotypical child (“controls”; n 5 41). This study

objectively assessed impulsive risk-taking by using the Behavioral Analog Risk Task at baseline and

assessed visceral fat at baseline and 18-month follow-up by using bioelectrical impedance (ViScan; Tanita

Corporation, Tokyo, Japan).

Results: The interaction of baseline chronic caregiving stress and impulsive risk-taking predicted an 18-

month change in visceral fat, such that greater impulsive risk-taking was associated with greater 18-month

increases in visceral fat among caregivers (ß 5 0.423; P 5 0.005) but not among controls (ß 5 20.030;

P 5 0.802), both in unadjusted models and after accounting for covariates. Neither chronic stress nor impul-

sive risk-taking independently predicted 18-month changes in visceral fat.

Conclusions: The combination of high chronic stress and high impulsive risk-taking may increase risk for

visceral fat gain over time and therefore may be an important intervention target in obesity prevention.

Obesity (2018) 26, 869-876. doi:10.1002/oby.22150

Introduction
The neurobiology of stress overlaps with that of appetite and energy

regulation, which may explain why psychological stress is associated

with weight change over time (1). Stress may lead to weight gain

via several pathways, such as increased wanting (2) and eating of

highly palatable food (HPF) (3,4), decreased perceived satiety (5),

and physiological changes that drive abdominal adiposity (6,7).

Stress is a greater risk factor for weight gain over time among indi-

viduals with obesity (8); however, it remains unclear why some peo-

ple experience stress-related weight gain whereas others do not.

Impulsive risk-taking, which can involve the tendency to insufficiently

think, plan, and control one’s behavior, is associated with weight gain

over time (9). This association may be due, in part, to the modern envi-

ronment’s ever-present opportunities to consume HPF (e.g., processed

fast food), to opt for sedentary activities (e.g., television rather than exer-

cise), and to disrupt the natural circadian processes that dictate sleep

(e.g., to stay up long after dark using electronic screens). Thus, it may be

particularly difficult for individuals higher in impulsive risk-taking to

maintain a healthy lifestyle in the modern environment (10-13).

How might chronic stress promote impulsive overeating? Chronic

stress can impair the prefrontal cortex, a higher order region of the

brain used to self-regulate consumptive behavior (14). Under chronic

stress, individuals higher in one or more dimensions of impulsivity

may have a reduced capacity to regulate consumptive behaviors

such as eating, smoking, or other pleasurable activities. One aspect

of self-regulation that promotes healthy behaviors is the ability to

delay gratification by choosing unprocessed (healthier) foods rather

than highly processed, immediately rewarding foods, such as sweets

and desserts. Indeed, individuals higher in both chronic stress and

1 Osher Center for Integrative Medicine, University of California, San Francisco, San Francisco, California, USA. Correspondence: Ashley E. Mason
(ashley.mason@ucsf.edu) 2 Department of Psychiatry, University of California, San Francisco, San Francisco, California, USA 3 Center for Health and
Community, University of California, San Francisco, San Francisco, California, USA 4 Department of Medicine, Division of Cardiology, University of
California, San Francisco, San Francisco, California, USA.

Funding agencies This research was supported by awards from the National Institutes of Health to AEM (NHLBI; K23HL133442), KA (NHLBI; K23HL112955), and ESE

(NIA; R01AG030424-01A2). Additional support was provided to KA from The Institute for Integrative Health and the University of California, San Francisco, Nutrition

Obesity Research Center (P30DK098722). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Disclosure: The authors declared no conflict of interest.
§Elissa S. Epel and Kirstin Aschbacher contributed equally to this work.

Received: 2 August 2017; Accepted: 24 January 2018; Published online 22 March 2018. doi:10.1002/oby.22150

www.obesityjournal.org Obesity | VOLUME 26 | NUMBER 5 | MAY 2018 869

Original Article
OBESITY BIOLOGY AND INTEGRATED PHYSIOLOGY

Obesity

http://orcid.org/0000-0002-8744-0185


self-reported impulsive risk-taking tend to choose more highly proc-

essed snack foods (15,16) and report greater levels of alcohol misuse

(17). Hence, the combination of greater stress and impulsive risk-

taking may predispose individuals to engage in poorer dietary habits

and to experience difficulties self-regulating consumption.

In these analyses, we used objective measures of chronic stress and

impulsive risk-taking to test whether greater levels of stress and impul-

sive risk-taking together synergistically predict increases in visceral fat

over time. Specifically, we hypothesized that chronically stressed women

who are higher in trait-like impulsive risk-taking would experience

increases in visceral fat over a period of 18 months. In contrast, we

hypothesized that impulsive risk-taking would not be associated with

changes in visceral fat among women who were not chronically stressed.

Methods
Participants
Data were collected as part of a larger study on maternal caregiver

stress and cellular aging (18). Participants were 113 mothers living in

the San Francisco Bay area recruited through local schools, parenting

publications, social media, mailings, child development centers, and

(for caregivers) the University of California, San Francisco, Sensory

Neurodevelopment and Autism Program. Eligible mothers were non-

smokers between 20 and 50 years of age who had at least one child

between 2 and 16 years of age. In all, 117 potential participants pro-

vided data on the primary predictors and outcome (Balloon Analog

Risk Task [BART] and visceral adiposity change), and 4 were

excluded from the analyses because they were missing data on covari-

ates, leaving 113 with complete data. The inclusion criteria for moth-

ers in the high-stress group included caring for a child diagnosed with

an autism spectrum disorder (ASD) (e.g., autism, Asperger syndrome,

pervasive developmental disorder not otherwise specified). High-

stress mothers were excluded if their scores on the Perceived Stress

Scale (PSS) (19,20) were below 13 during the eligibility phone screen.

The inclusion criteria for mothers in the low-stress group included car-

ing for a neurotypical child without any chronic disease. Low-stress

mothers were excluded if their PSS scores were 19 or higher during

the eligibility phone screen. The mean PSS score for women in nation-

ally representative samples is roughly 16 (20), and an overlap in PSS

scores for the two groups was permitted to reduce longitudinal statisti-

cal regression to the mean (see Aschbacher et al. (18) for details).

Additional exclusion criteria included major chronic diseases (e.g.,

diabetes, cardiovascular, autoimmune, history of stroke, brain injury,

cancer, endocrine disorders), regular use of steroid prescription medi-

cations, or meeting criteria for current posttraumatic stress, bipolar, or

eating disorders. At baseline, chronically stressed mothers were not

excluded for antidepressant use, whereas control mothers were

excluded for antidepressant use as this would suggest that their non-

medicated or true levels of psychological distress could be higher than

the allowed cutoff. Two control mothers began taking antidepressants

after enrollment, and we elected to statistically control for this factor

rather than exclude them from analyses. This research was approved

by the Committee for Human Research at the University of California,

San Francisco, and all participants provided written consent and were

compensated for their time.

Measures
Participants completed all measures at baseline and 18 months.

Psychological stress. We included objective (exposure-based)

and subjective (perception-based) measures of chronic stress.

Chronic stress (objective). We operationalized chronic stress

(group status) by using the objective criteria of providing care for a

child with ASD versus caring for a neurotypical child (group status

defined as a caregiver versus control, respectively) (21).

Perceived stress (subjective). The PSS (19) is a standard 10-

item questionnaire that assesses subjective perceptions of average

stress levels over the previous month. Items reflect the perception

that one’s life is uncontrollable, unpredictable, and overwhelms

one’s capacity to cope. The response options form a 5-point Likert

scale ranging from 0 (never) to 4 (very often).

Impulsive risk-taking. We assessed impulsive risk-taking by

using the BART (22). The BART is a computerized behavioral mea-

sure of risk-taking and has been modified and used to assess impul-

sive risk-taking in a variety of contexts (22,23). In this study, each

participant chose whether to inflate a virtual balloon (linked to

increasing hypothetical monetary reward of $0.25) by clicking a

computer mouse. With each click, participants were given the

opportunity to inflate the virtual balloon (thereby potentially increas-

ing their monetary rewards) or to risk explosion (resulting in no

reward). This choice required participants to weigh the risk of losing

their accumulated reward versus the possible benefit of accruing

even greater rewards. Participants were instructed to imagine that

they would receive actual money as depicted in the task, although

participants were aware that their true compensation was delivered

as a flat fee for participation. Participants viewed a total of 20 bal-

loons, which exploded at a rate of 1/35. Participants could view

how many times they had pumped each balloon, their hypothetical

earning during each balloon, and how many balloons they had

completed. This study used the preferred adjusted score as the out-

come (22), which is computed as the average number of pumps dur-

ing the task minus the pumps from the balloons that terminated in

explosion.

Visceral fat. We used the commercially available ViScan AB-

140 (Tanita Corporation, Tokyo, Japan) bioelectrical impedance

analysis to assess visceral adipose tissue (24,25). Participants were

fitted with a wireless “electrode belt” on their bare midriff. This belt

uses dual frequency bioimpedance (6.25 and 50 kHz) to assess vis-

ceral fat resistance and transmits measurements via infrared to the

base unit. The ViScan device yields a measure of intra-abdominal

adipose tissue, which is expressed as visceral fat (ranging from 1 to

59 in arbitrary units). The intra-abdominal adipose tissue or visceral

adipose tissue area measured by computerized axial tomography in

centimeters squared corresponds to the ViScan visceral fat index

multiplied by 10.

Anthropometry. At baseline, participants completed physiological

assessments including weight (using a digital scale) and height

(using a wall-mounted Stadiometer).

Physical activity. At baseline, participants answered questions

about their daily exercise habits over the course of 7 days, and we

averaged their responses across the week (see Aschbacher et al.

(18)). We multiplied each activity’s Metabolic Equivalent of Task scores

(METs) (available at https://community.plu.edu/~chasega/met.html) by
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the number of minutes that participants reported engaging in that activity

that day.

Eating of sweet and/or dessert foods. We indexed the eating of

foods that are high-sugar and, often, high-fat by using the Food Fre-

quency Questionnaire Multi-Ethnic Study of Atherosclerosis (MESA)

subscale (26), wherein respondents indicated if they ate sweet foods

(e.g., cakes, cookies, ice cream, chocolate, candy) on the following

scale: 1 (rarely or never), 2 (1 time per month), 3 (2-3 times per month),

4 (1 time a week), 5 (2 times per week), 6 (3-4 times per week), 7 (5-6

times per week), 8 (1 time a day), 9 (2 times or more per day).

Covariates. We compiled an a priori list of potential covariates

(listed in Table 1) to consider for model inclusion. We included covari-

ates in the final adjusted model if they significantly differed by group

(Table 1) or were associated with the primary outcome (Table 2). We

selected these covariates a priori based on prior associations with

weight and/or health-related behavior over time (27). The considered

covariates at baseline included participant age (years), education

(0 5 no bachelor’s degree; 1 5 bachelor’s degree or more), child age

(years) (data on child age were missing for three participants), and race/

ethnicity (dichotomized as nonwhite 5 0; white 5 1). The considered

covariates at baseline and 18 months included antidepressant use

(0 5 no; 1 5 yes) and physical activity (see Physical Activity section).

Data analysis
Variable preparation. We created a residualized change score

representing the change in visceral fat over 18 months by entering

visceral fat at baseline as a predictor of visceral fat at 18 months

and saving the standardized residuals (there were no statistical

outliers; range: 22.15 to 2.42). We mean-centered BART scores

(impulsive risk-taking) and coded group status (chronic stress level)

as 0 (control) and 1 (caregiver). We computed the interaction term

as the product of BART 3 group.

Covariate and confound testing. We tested whether controls

and caregivers differed on covariates by using independent samples t

tests and v2 tests (Criteria 1; Table 1). We tested whether each covari-

ate correlated with residualized change in visceral fat (primary

TABLE 1 Group differences across covariates and adiposity measures over 18 months

Caregivers

(n 5 41)

Controls

(n 5 72)

Maternal age, mean (SD) 43.93 (0.76) 42.10 (0.53)*

Race/ethnicity, n (%) 31 (76%) 53 (74%)

Higher education, n (%) 13 (32%) 40 (56%)

Child age (mean, SD) 8.45 (2.94) 7.12 (3.37)**

Food Frequency Questionnaire: sweets and desserts 5.68 (2.10) 5.70 (2.07)

Perceived stress scores (baseline), mean (SD) 22.01 (4.50) 15.64 (4.37)***

Perceived stress scores (18 months), mean (SD) 20.38 (5.27) 15.72 (4.98)***

Physical activity METs (baseline), mean (SD) 982.25 (153.46) 1,160.31 (90.04)

Physical activity METs (18 months), mean (SD) 894.05 (152.82) 906.20 (107.28)

Antidepressant use (baseline), n (%) 6 (15%) 2 (3%)**

Antidepressant use (18 months), n (%) 6 (15%) 2 (3%)**

Visceral fat (baseline), mean (SD) 8.43 (0.65) 7.16 (0.41)*

Visceral fat (18 months), mean (SD) 8.59 (0.69) 7.19 (0.41)*

BMI (baseline), mean (SD) 25.50 (0.76) 24.50 (0.47)

BMI (18 months), mean (SD) 25.58 (0.78) 24.58 (0.51)

*P� 0.10.
**P� 0.05.
***P� 0.01.
Critical alpha 5 0.05. n 5 113. Age 5 participant age in years. Race/ethnicity coded as 0 5 nonwhite, 1 5 white; higher education coded as 0 5 less than a bachelor’s
degree, 1 5 bachelor’s degree or greater. Child age 5 age of child in years; Food Frequency Questionnaire, sweets and desserts 5 range from 1 (least frequent) to 9 (most
frequent) (see Methods); physical activity METs 5 physical activity Metabolic Equivalent of Task scores. Visceral fat 5 intra-abdominal adipose tissue indexed with ViScan,
arbitrary values range from 1 to 59. Intra-abdominal adipose tissue or visceral adipose tissue area measured by computerized axial tomography in centimeters squared
corresponds to visceral fat in arbitrary units obtained by ViScan multiplied by 10.

TABLE 2 Associations between potential confounds and
residualized change in visceral fat over 18 months

r

Maternal age 20.051

Child age 0.126

Race/ethnicity 20.055

Higher education 20.201*

Physical activity METs (baseline) 20.194*

Physical activity METs (18 months) 20.036

Antidepressant use (baseline) 20.064

Antidepressant use (18 months) 20.130

*P� 0.05; critical alpha 5 0.05.
n 5 113.
R values computed as Pearson correlations. See Table 1 note for variable
descriptions.
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outcome) by using Pearson correlations (Criteria 2; Table 2). We only

included covariates that met one or both criteria in adjusted analyses.

We did not include BMI as a covariate, as this would have yielded

high collinearity in the models, rendering them uninterpretable (BMI

and visceral fat at baseline, r 5 0.89; P< 0.001; at 18 months,

r 5 0.90; P< 0.001). Because model coefficients can become biased

when including too many covariates (especially highly correlated

covariates), we defined the antidepressant use covariate as any use at

baseline or 18 months, and computed child age as the standardized

residual after removing its correlation with maternal age. We divided

the METs covariate by 1,000, as the unstandardized regression coeffi-

cients were otherwise too small to report.

Primary hypothesis testing. We tested the primary hypothesis by

examining the ability of the BART 3 group interaction term to predict

residualized change in visceral fat. In this test, a positive regression

coefficient indicates that BART has a stronger prospective association

with visceral fat increases for caregivers (coded 1) than for controls

(coded 0). We computed (1) an unadjusted model including only the

main effects and interaction term and (2) a model adjusting for above-

described covariates (Table 3). We deconstructed each interaction

term to examine the simple effect associations between BART and

residualized change in visceral fat within each group separately. All

statistical tests used a critical alpha of 0.05. We used SPSS version 24

(IBM Corp., Armonk, New York) and Python 2.7.13 (Python Software

Foundation, Wilmington, Delaware) for all analyses.

Results
Covariate and confound testing
As shown in Table 1, caregivers had a significantly lower likelihood

of obtaining a bachelor’s degree (P 5 0.015). By study design,

caregivers had significantly a higher likelihood of having a higher

PSS score (P< 0.001) and being on antidepressants (see Methods;

P 5 0.018). Therefore, we included education and antidepressant use

as covariates in the adjusted models. Caregivers in this sample

tended to be slightly older than controls (P 5 0.060), and their target

child was also slightly older at baseline (P 5 0.039); hence, we

included both maternal and child age as covariates. Other covariates

(race/ethnicity, METs) did not statistically significantly differ across

groups (Table 1). Caregivers evidenced a trend toward higher levels

of visceral fat than control mothers at baseline (P 5 0.086) and 18

months (P 5 0.065).

Associations between covariates at baseline and 18 months with the

residualized change in visceral fat appear in Table 2. Participants

who obtained a bachelor’s degree or greater (P 5 0.033) or reported

more physical activity (P 5 0.039) had significantly smaller 18-

month increases in visceral fat. Participant age, child age, race/eth-

nicity, and antidepressant use were not significantly correlated with

a change in visceral fat.

Primary hypothesis testing
As hypothesized, the synergistic combination of being in the high-

stress group (caregivers) and BART scores (greater impulsive risk-

taking) predicted an 18-month residualized change in visceral fat

(Table 3). Simple effects analyses showed that higher BART scores

predicted visceral fat increases among caregivers (B(SE) 5 0.093

(0.029), t(39) 5 3.202; P 5 0.003) but did not predict such increases

among controls (B(SE) 5 0.005 (0.020), t(70) 5 0.250; P 5 0.803),

unadjusted for covariates (Figure 1) (the interaction term remained

significant with bootstrapping; therefore, relatively low or high

points do not drive the finding). Furthermore, the BART 3 group

interaction term remained statistically significant in analyses adjust-

ing for covariates. Higher BART scores continued to predict

TABLE 3 Chronic caregiver stress and impulsive risk-taking synergistically predict increases in visceral fat over 18 months

B (SE) t P 95% CI (lower, upper)

Unadjusted model (df 5 109)
Group 0.200 (0.152) 1.316 0.191 (20.101 to 0.178)

Impulsive risk-taking (BART) 0.005 (0.021) 0.233 0.816 (20.037 to 0.047)

Group 3 impulsive risk-taking interaction 0.088 (0.034) 2.612 0.010* (0.021 to 0.154)

Adjusted model (df 5 101)
Group 0.091 (0.157) 0.575 0.566 (20.222 to 0.403)

Impulsive risk-taking (BART) 0.002 (0.021) 0.078 0.938 (20.039 to 0.042)

Group 3 impulsive risk-taking interaction 0.095 (0.034) 2.844 0.005* (0.029 to 0.162)

Maternal age 20.014 (0.015) 20.888 0.377 (20.044 to 0.017)

Higher education 20.276 (0.149) 21.855 0.066** (20.571 to 0.019)

Physical activity METs/1,000 20.168 (0.084) 22.007 0.047*** (20.334 to 20.002)

Child age 0.136 (0.073) 1.869 0.065** (20.008 to 0.281)

Antidepressant use 20.005 (0.244) 20.020 0.984 (20.488 to 0.478)

*P� 0.01.
**P� 0.10.
***P� 0.05.
Critical alpha 5 0.05. ß 5 standardized regression coefficient. df 5 degrees of freedom. Group, 0 5 controls, 1 5 caregivers. See Table 1 note for variable descriptions. All
models conducted as linear regression analyses, including main effects, interaction term, and (for the adjusted model) covariates. Covariates selected based on association
with outcome or differing by group (see “data analysis”). Change in visceral fat computed as residualized change score representing change in visceral fat over 18 months
by entering visceral fat at baseline as predictor of visceral fat at 18 months and saving standardized residuals. We transformed METs by dividing by 1,000 to place the
units on a scale in which the regression coefficients would be larger and more interpretable.
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increases in visceral fat, but only among caregivers (B(SE) 5 0.086

(0.029), t(34) 5 2.989; P 5 0.005). Among controls, BART scores

did not predict a change in visceral fat (B(SE) 5 20.005 (0.019),

t(62) 5 20.252; P 5 0.802). We also confirmed that the pattern of

results for unadjusted and adjusted analyses remained the same

when employing a delta change score, after accounting for baseline.

Of note, higher education (B(SE) 5 20.276 (0.149), t(101) 5

21.855; P 5 0.066) and greater exercise at baseline (B(SE) 5

20.0.168 (0.084), t(101) 5 22.007; P 5 0.047) were associated with

lesser increases in visceral fat, which suggests that these might be

protective factors. In contrast, a higher age of the target child was

marginally associated with greater increases in visceral fat (Table

3), which may suggest a cumulative impact of parenting. In the

unadjusted and adjusted models, neither group (control versus care-

giver) nor impulsive risk-taking individually predicted 18-month

changes in visceral fat. To determine whether these effects were

specific to visceral fat, we also examined the interactive effect of

group and BART on the 18-month change in BMI, which was not

significant (B(SE) 5 20.010 (0.044), t(109) 5 20.218; P 5 0.828).

Potential explanatory factors
To ascertain whether impulsive risk-taking was related to the eating

of HPF, specifically sweets and desserts, we conducted regression

tests. Higher BART scores were significantly associated with more

frequent eating of sweets (r 5 0.203; P 5 0.032), and this association

remained significant after adjusting for caregiver group and covari-

ates (B(SE) 5 0.102 (0.045), t(102) 5 2.236; P 5 0.028) (three partic-

ipants were missing data on the eating of sweet/dessert foods; the

association between impulsive risk-taking and the eating of sweets

did not differ by group status; Figure 2). To investigate whether

chronic stress increases risk-taking or the eating of sweets, we

conducted t tests to evaluate whether caregivers, relative to controls,

have greater (1) impulsive risk-taking or (2) frequency of sweets

consumption (e.g., cakes, cookies, candy). First, caregivers (mean

Figure 1 Two-panel scatterplot depicting 18-month changes in visceral fat by impulsive risk-taking as indexed by the
Behavioral Analogue Risk Task (BART) among mothers of children with an autism spectrum disorder (caregivers, high
stress) and mothers of neurotypical children (controls, low stress). **P� 0.01. We indexed impulsive risk-taking by using
the BART and mean-centered scores. We quantified 18-month increases in visceral fat as the standardized residualized
change score (see “data analysis”).

Figure 2 Scatterplot depicting the association between impulsive risk-taking as
indexed by the Behavioral Analogue Risk Task and frequency of eating sweet/dessert
foods as indexed by the Food Frequency Questionnaire MESA subscale. *P� 0.05.
Mothers of children with an autism spectrum disorder (caregivers, high stress) are
depicted as filled circles, whereas mothers of neurotypical children (controls, low
stress) are depicted with open circles. Association did not significantly differ by group.
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(M) 6 SE: 9.340 6 0.725) did not have greater BART scores

than controls (M 6 SE: 10.597 6 0.507; t(111) 5 0.149; P 5 0.149).

Second, caregivers (M 6 SE: 5.675 6 0.333) did not report eating

more sweets than controls (M 6 SE: 5.700 6 0.247; t(108) 5 0.061;

P 5 0.952). We also tested the association between self-reported

stress (PSS) and the eating of sweets and found that they were not

significantly correlated (r 5 0.056; P 5 0.546).

To understand whether the effects of caregiver stress could be

explained by subjective reports of stress over the last month, we

regressed the interaction between PSS scores and BART scores on an

18-month increase in visceral fat. This interaction was not statistically

significant (P 5 0.906). BART remained a significant predictor of an

18-month change in visceral fat among caregivers (P 5 0.020),

whereas PSS did not predict visceral fat change in either group (all

Ps> 0.210). Additionally, an 18-month change in PSS was not sig-

nificantly associated with an 18-month change in visceral fat

(r 5 20.043; P 5 0.654), and an 18-month change in PSS did not

interact with BART to predict an 18-month change in visceral fat

(B(SE) 5 0.002 (0.005); P 5 0.738).

Discussion
To our knowledge, this is the first prospective observational study to

show that, among premenopausal women, greater trait-like impulsive

risk-taking and chronic psychological stress synergistically predict

increases in visceral fat over 18 months. Specifically, greater impul-

sive risk-taking predicted increases in visceral fat, but only among

chronically stressed women (mothers caring for a child with ASD).

Indeed, these mothers report more stress (28) than mothers of neuro-

typical children, possibly because children with ASD may engage in

unresponsive, oppositional, or aggressive behaviors more often than

neurotypical children (29). In these analyses, neither impulsive risk-

taking nor chronic stress alone predicted increases in mothers’ vis-

ceral fat over this 18-month period; however, together, they signifi-

cantly predicted larger increases in visceral fat.

Impulsive risk-taking can increase how often individuals seek out

rewarding experiences such as eating or drinking (30,31), which can

contribute to weight gain. Accordingly, we found that women with

greater impulsive risk-taking reported eating more sweets, which, over

time, can adversely affect metabolic health. Though caregivers reported

significantly higher stress levels than controls, they did not have greater

impulsive risk-taking or consume more sweets. Therefore, we cannot

conclude that being a highly stressed mother of a child with ASD alone

causes women to eat more sweets or make riskier choices. Furthermore,

impulsive risk-taking (BART) in isolation did not predict increases in

visceral fat. However, caregivers (relative to controls) who also had

higher levels of impulsive risk-taking gained significantly more visceral

fat over the following 18 months, and these effects remained after

adjusting for covariates including physical activity.

Even if caregiving stress does not directly increase impulsive risk-

taking or eating behavior, it may amplify any negative effects of

dietary choices through neural or peripheral biological pathways. Al-

though caregivers and controls may not differ in terms of basal impul-

sive risk-taking, chronic stress can impair aspects of top-down, pre-

frontal cortex regulatory capacities needed to restrain impulsive

behavior (14). Dysregulations in stress-related hormones such as

cortisol, together with impaired insulin sensitivity, can further enhance

the drive to eat comfort foods (4,6). If true, we might have expected

caregivers to eat differently (e.g., consume more sweet foods), which

we did not observe. However, self-reported measures of food intake,

such as those used herein, are subject to a myriad of biases (32). It is

also possible that the sweets subscale does not capture relevant differ-

ences in eating behavior. Future research might employ a laboratory

eating paradigm to test stress-related eating in this population.

Another possibility is that the stress of caregiving may work through

biological rather than behavioral pathways. In animals, chronic

stress enhances the secretion of peripheral neuropeptide Y, which

helps fat tissue expand more effectively, even with the same HPF

consumption. Moreover, these effects are strongest in highly vascu-

larized visceral fat (33), which may explain why we observed these

effects in visceral fat and not overall BMI. In humans, we have

found that the chronic stress of caregiving in combination with HPF

consumption to be associated with greater metabolic risk (7), and

this increased risk may have been mediated via increases in periph-

eral neuropeptide Y. In sum, animal and human data have suggested

that the physiologic burden of chronic stress may increase the risk

for visceral fat expansion with no changes in impulsive risk-taking

or consumption of sweet foods.

In contrast, neither women’s one-time self-reports of stress levels

over the last month nor changes in these self-reported stress levels

worked synergistically with impulsive risk-taking to predict changes

in visceral fat. This raises the question of why subjective perceived

stress was not as powerful a predictor as the objective stress of car-

ing for a child with ASD. Unlike caregiving status (34), self-

reported perceived stress levels are more susceptible to self-report

bias and random recent events. Caregiving captures stress that per-

sists over many years, whereas these subjective reports of perceived

stress only reflected the past month. Furthermore, perceived stress

levels do not consistently track with measures of biological stress

responses (35). Taken together, these data may reflect that stress

may need to be chronic over years to impact visceral fat, the PSS

may be too global to capture the nature of caregiving stress, and/or

that caregiving as an “umbrella” variable may reflect a multifaceted

burden that goes beyond the subjective perception of stress.

Though many studies examining longitudinal change in adiposity

have focused on weight or BMI (36), this study focused on visceral

(intra-abdominal) fat. Visceral fat, often indexed by the less accurate

proxy waist circumference, is more tightly associated with metabolic

health than subcutaneous (beneath the skin) fat (37). Changes in vis-

ceral fat are likely more important than changes in weight or BMI

in the identification of obesity-related disease risk (38,39). Whereas

many weight loss and diabetes prevention programs target changes

in diet and physical activity (40), this study identifies two alternative

psychological targets (impulsive risk-taking and chronic stress).

These results fit with a growing literature suggesting that facets of

impulsivity, such as impulsive responding, work synergistically with

other psychological processes involved in reward-related behavior to

predict health risks. The combination of high impulsive responding

(indexed by using delayed discounting) and high sensitivity to food

reward (which has been termed “reinforcement pathology”) has been

linked to overeating in several studies (41). For example, Appelhans

and colleagues (42) found that among individuals with higher levels of

impulsive responding, greater food-related sensitivity to reward was
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associated with greater consumption of highly palatable snacks. That is,

sensitivity to food reward impacted eating behavior only in the context

of high impulsive responding. Similarly, prior work has shown that

greater impulsive purchasing tendencies are associated with greater eat-

ing of sweets, but only among individuals who report difficulty control-

ling their eating (43). In other words, having heightened food-related

sensitivity in and of itself does not constitute an independent risk factor

as long as individuals with such sensitivity can exercise self-control

when confronted with food-related decisions.

Interventions that merely target impulsive eating may miss the impor-

tance of a stressful context. For example, many parents may have had

the experience of trying to cook dinner and maintain a resolution to eat

less and lose weight, all the while coping with a child’s tantrum. These

challenging behaviors are more frequent and intense among children

with ASD (29). Interventions targeting dimensions of impulsivity (e.g.,

cognitive retraining) (44) may not capture the extent to which coping

with daily stressors exhausts the capacity for effective self-regulation of

emotions and eating. Similarly, interventions targeting general stress

reduction (e.g., mindfulness-based stress reduction) may not provide

specific skills that allow individuals to recognize, in the moment, how

their circumstances affect food-related decision-making. Behavioral

interventions that target the intersections among dimensions of impul-

sivity, stress, and reward-driven processes hold promise for reducing

problematic overeating. For example, prior work has shown that train-

ing in eating mindfully, which teaches individuals to recognize links

between stress, reward, and eating, can lead to reductions in reward-

related eating and that such reductions do predict weight loss (45).

This study had some limitations. We cannot confirm whether stress

and impulsive risk-taking specifically altered caloric intake as we did

not collect complete dietary recall data. As is typical (22), the BART

featured hypothetical rather than actual monetary rewards, which could

have been less motivating and attenuated the effects of impulsive risk-

taking. This study operationalized caregiving as an objective index of

chronic stress; however, other unknown factors that differ across care-

givers for children with versus without ASD may be responsible for

the observed results. Although this study focused on a stress-impulsive

risk-taking interaction, these results are not mutually exclusive with

stress-eating pathways or with peripheral stress-diet pathways; rather,

they likely work together. Finally, it is unknown whether these results

are generalizable to men or postmenopausal women.

Conclusion
These results identify chronic stress (using a maternal caregiving

model) and greater impulsive risk-taking as synergistic risk factors

for increases in visceral fat over time. Furthermore, we posit that

interventions focusing on one target at a time may not address this

synergistic effect. Future work should evaluate the extent to which

mechanisms driving this synergistic effect are behavioral (eating

more and possibly differently) versus biological (gaining more fat

with the same intake).O

VC 2018 The Obesity Society
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