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Abstract: Food cues in the environment may contribute to obesity as the consumption of unhealthy
foods may reinforce reward pathways in the brain. To understand how person-level differences in
reward sensitivity may be associated with diet quality, this study aimed to examine the moderating
role of the availability of fast food in the environment on the relationship between reward sensitivity
and diet quality in adolescents. Participants (1 = 152; 55% female; Mage: 12.5 & 0.93 y) completed the
drive and reward subscales of the Behavioral Inhibition System (BIS)/Behavioral Activation System
(BAS) Scale to assess reward sensitivity and completed two 24 h dietary recalls from which Healthy
Eating Index (HEI) scores (total score and subscales of adequacy and moderation) were calculated.
Fast-food environment (FFE) was operationalized as the total number of fast-food outlets within
1 km around participants’ home address. Linear regressions were used to examine the main effects
and interactions between reward sensitivity and FFE in relation to HEI score. Interactions were found
between FFE and BAS drive (p = 0.02) and BAS reward (p < 0.01) on HEI adequacy. There were no
interaction effects on HEI moderation or HEI total scores. For individuals who had lower access
exposure to fast-food outlets (—1 SD), there was a stronger positive association between higher BAS
drive (t = 2.85, p = 0.01, 95% CI (0.35, 1.94)) and HEI adequacy scores and between higher BAS reward
(t=3.27,p > 0.01, 95% CI (0.72, 2.93)) and HEI adequacy scores. By examining reward sensitivity
to potential food cues in residential neighborhood food environments, it is possible to understand
which adolescents are more sensitive to environmental food cues and implement interventions to
buffer these influences.
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1. Introduction

The World Health Organization defines adolescence as the life period between child-
hood and adulthood, from ages 10 to 19 [1]. The prevalence of obesity worldwide has
increased in children and adolescents (age 5-19) in recent years, from 4% in 1975 to 18%
in 2016 [2]. Further, the prevalence of obesity in the U.S. has increased in adolescents in
recent years, from 13.9% in 2000 to 18.5% in 2016 [3,4].

One individual difference factor that may increase obesity risk is reward sensitivity.
Gray’s model of reinforcement sensitivity includes the behavioral activation system (BAS)
which is sensitive to signals of reward and represents higher approach motivation [5]. A
previous study in Flemish children and adolescents, ages 6 to 13 years, has suggested
that reward sensitivity is associated with impulsive eating behaviors and obesity due to
the rewarding nature of food [6]. Research has found in adolescents a strong relationship
between heightened levels of reward sensitivity and higher levels of intake of sugar-
sweetened beverages and unhealthy snacks [7]. It appears that preference is developed
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for foods that are fatty and sweet in individuals higher in reward sensitivity since they
provide greater reinforcement value compared to less palatable food [8,9].

However, not all reward-sensitive adolescents display poor diet quality. Food avail-
ability, affordability, and desirability in adolescents’ proximal surroundings also influence
dietary patterns [10-12]. Obesogenic food environments promote the consumption of less
healthy and more unhealthy food options and are impacted by wider population factors
such as food industry policies and government regulations as well as individual factors
such as food availability at home or work/school and proximity to food outlets. Increased
cueing and temptation for fatty and sweet foods may occur as a result of high availability
and accessibility of fast food in the surrounding environment. A report by the United
Nations International Children’s Emergency Fund showed that 46% of adolescents in low-
and middle-income countries consume fast food at least once/week and 42% drink sugar-
sweetened beverages once/day and these rates increase to 49% and 62% for high-income
countries [13].

Early adolescents are typically restricted to areas in their neighborhoods accessible
by walking due to their inability to drive independently, and thus are more susceptible
to the food environment around their home. Consistently, some global studies have
shown associations between the presence of food establishments surrounding adolescents’
homes and actual dietary patterns. A U.S. study observed a negative association between
proximity to fast food and fruit or vegetable consumption and a positive association with
servings of soda [14]. Australian children (10-12) with at least one fast-food outlet within
800 m of their home were 36% less likely to consume two or more pieces of fruit daily [15].
Further, Canadian Grade 7 and 8 students with greater proximity to convenience stores
from home had lower overall diet quality scores [16]. However, a comprehensive systematic
review of articles evaluating the food environment-diet relationship only found moderate
overall evidence to support neighborhood food environments influencing dietary outcomes
with mixed support that higher access to fast food is associated with worse diet quality and
higher rates of obesity [17]. This suggests that some adolescents may be more responsive
to the food environment.

While it is essential to better understand the main effects that reward sensitivity and
food environment have on adolescents’ dietary behaviors, an important next step is to
study the interactive role of these factors (i.e., person x environment interaction). The
purpose of this study was to build upon previous work examining the association between
reward sensitivity and eating behavior to cross-sectionally examine the moderating role
of availability of fast-food outlets on the relationship between individual differences in
reward sensitivity and dietary quality in adolescents. Based on previous research, it was
hypothesized that adolescents with higher reward sensitivity would be more motivated by
increased environmental cues to seek opportunities for fast-food consumption, replacing
the consumption of foods more aligned with dietary recommendations, leading to poorer
diet quality.

2. Materials and Methods
2.1. Methods

The Mothers” and Their Children’s Health (MATCH) Study was a three-year longitu-
dinal study that examined how psychosocial, behavioral, and physical factors contribute
to obesity risk in dyads of mothers and children. All investigations were carried out in
accordance with the Declaration of Helsinki. The study was approved by the institutional
review board at the University of Southern California (HS-12-00446). Informed consent
or assent was obtained from mothers and children. Participants were diverse mothers
and children recruited from the greater Los Angeles metropolitan area through flyers and
public school and community events. The study recruited children in 4th or 5th grade
and excluded participants who had conditions that would interfere with the consent or
questionnaire process. The complete protocol for the study, including full inclusion and
exclusion criteria, can be found elsewhere [18].
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At Wave 6 of the study, 152 early adolescents completed a paper and pencil question-
naire assessing reward sensitivity. Parental consent and child assent were obtained prior to
participation. Mothers reported their child’s ethnicity, age, family income level, and sex at
birth. Research staff took anthropometric measures of height and weight, and body mass
index (BMI, kg/ m?) was calculated. Height was measured by a stadiometer (PE-AIM-101)
to the nearest 0.1 cm and weight was measured by a calibrated digital scale (Tanita WB-11A)
to the nearest 0.1 kg. Two 24 h dietary recalls (one weekday and one weekend day) were
conducted with the children over the phone by trained research staff members using the
Nutritional Data System for Research (NDSR). Children were asked to recall what they
ate during the most recent 24 h period (midnight to midnight) using the standardized
multiple-pass interview approach. Mothers only provided assistance to clarify or were
consulted for additional information when deemed necessary [19]. Healthy Eating Index
(HEI) scores were calculated from the dietary data using HEI-2010 criteria [20].

2.2. Measures

Fast-food environment (FFE). Participants” home addresses were geocoded at each
wave and 1 km network buffers were created surrounding each location coordinate using
geographic information systems (GIS) to assess for a variety of environmental context
indicators. Buffering classifies what is within a given proximity based on distance outward
in all directions from a point. FFE for this analysis was operationalized as the total number
of the top 20 fast-food outlets in the US within 1 km around participants’ home address in
2017 as a measure of average exposure to unhealthful food cues.

Reward sensitivity. The drive and reward responsiveness subscales of the original
Behavioral Inhibition System and Behavioral Activation System (BIS/BAS) scales were
used [5]. Only two of the three BAS subscales were used in analysis as previous research
has shown poor reliability from the fun-seeking subscale in this sample of adolescents [18].
Specifically, the drive subscale (BAS drive) (« = 0.74) measures pursuit of desired goals, and
the reward responsiveness subscale (BAS reward) («x = 0.72) measures increased response
to the prospect for reward. The subscale has been validated in previous neuroimaging and
survey research [17,21]. Higher scores represent greater reward sensitivity.

Diet quality. Healthy Eating Index (HEI) is a measure of diet quality based on con-
cordance with federal dietary guidelines from the U.S. Department of Agriculture [22].
Components that reflect the key recommendations are assigned a standard for achieving
a maximum score, assessed, and scored separately per 1000 kcal and then summed to a
total score out of 100. A higher total score indicates better concordance with recommen-
dations established in the Dietary Guidelines for Americans. The HEI-2010 is made up of
12 components, including nine components associated with adequacy (encouraged food
groups): total fruit, whole fruit, total vegetables, greens and beans, whole grains, dairy,
total protein foods, seafood, and plant proteins and fatty acids and three components
associated with moderation (dietary elements to limit): refined grains, sodium, and empty
calorie consumption [20]. For the adequacy components, higher scores reflect higher intake
while, for the moderation components, higher scores reflect lower intakes, which are more
appropriate.

2.3. Data Analysis Plan

Data were processed in SPSS Version 25 for statistical analysis. All analyses were based
on 152 participants. Descriptive statistics and bivariate correlations were calculated for the
study measures. The SPSS PROCESS macro was used to generate linear regression models
examining the main effects and interactions of BAS reward x FFE and BAS drive x FFE in
relation to three diet quality outcomes: total HEI score, adequacy subscale, and moderation
subscale, resulting in 6 models. Variables were centered to reduce multicollinearity and
improve result interpretation before creating the interaction terms. Conditional effects
generated from SPSS PROCESS were reported for significant interactions. Covariates
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included participants’ sex, age, BMI, ethnicity, and family income level. The significance
level for statistical tests was set at 0.05.

3. Results

The early adolescents in the study had a mean age of 12.5 (SD = 0.93) and 55% were
female. Fifty-eight percent of participants identified as Hispanic or Latino. Average BMI
was 21.26 kg/m? (SD= 4.90). Of the sample, 27.8% had an annual household income of
<USD 35,000. Table 1 displays other participant demographics and descriptive statistics of
the study variables.

Bivariate correlations showed no main effects of BAS subscales or FFE on HEI total
score. BAS drive was statistically significantly correlated with FFE (r = 0.21, p = 0.01) and
BAS reward (r = 0.41, p < 0.001). There was no association between BAS reward and FFE
(r=—0.02,p = 0.82).

Table 2 displays the multiple regression analyses for the six models. There was a main
effect of FFE on HEI adequacy (p = 0.04) but not of BAS drive (p = 0.08). There was no main
effect of FFE or BAS reward on HEI adequacy (p = 0.07 and p = 0.12). Interactions were
found between FFE and BAS drive (p = 0.02) and BAS reward (p = 0.005) on HEI adequacy.
Interactions were plotted one SD above and one SD below the mean and are displayed in
Figures 1 and 2, respectively.

Conditional effect analysis showed that for individuals who had lower exposure to
fast-food outlets (—1 SD), there was a positive association between BAS drive and HEI
adequacy scores (t = 2.85, p = 0.01, 95% CI (0.35, 1.94)). Higher exposure to fast-food
outlets (+1 SD) showed a negative association, although it was not significant (t = —0.68,
p = 0.50, 95% CI (—1.3, 0.63)) (Figure 1). Similar results apply to BAS reward such that
individuals with lower exposure to fast food outlets (—1 SD) showed a positive association
between BAS reward and HEI adequacy scores (t = 3.27, p > 0.01, 95% CI (0.72, 2.93)) and
a non-significant association (t = —0.84, p = 0.40, 95% CI (—1.39, 0.56)) for adolescents
living in areas with higher density of fast-food outlets (Figure 2). Therefore, higher reward
sensitivity was associated with better diet adequacy in adolescents who live near less
dense fast-food environments. There were no main effects or interactions of FFE or reward
sensitivity on HEI moderation or total score.

We conducted post hoc power analysis for all six linear multiple regression models
with G-power. Our models had eight predictors (two main effects, one interaction, five
covariates) and partial R? ranging from 0.12-0.17. We set alpha error prob to 0.05 and had
a total sample size of 152 participants. Power (1-beta error prob) ranged from 0.91-0.99,
indicating our analyses were sufficiently powered. We had power B = 0.41 to detect a small
effect size (0.02), and B = 0.99 to detect a medium (0.15) and large (0.35) effect size.
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Table 1. Participant demographics and descriptive statistics of study variables.

n =152

Variable Mean (SD) or N (%)
Age 12.50 (.93)
Hispanic 86 (57.72%)
Female 83 (55.33%)
BMI 21.26 (4.90)

Household Income

<USD 35,000 32 (21.62%)
USD 35,000-USD 65,999 32 (21.62%)
USD 65,000-USD 94,999 27 (18.24%)
USD 95,000-USD 124,000 30 (20.27%)
>USD 125,000 27 (18.24%)
BAS Drive Score 10.57 (2.66)
BAS Reward Score 17.46 (2.23)
FFE 3.15(3.13)
HEI Total Score 53.41 (0.66)
HEI Adequacy Score 30.73 (8.81)
HEI Moderation Score 22.36 (6.49)

Notes: BAS = Behavioral Activation System Scale; FFE = Fast-food environment (number of fast-food outlets

within 1 km of home); HEI = Healthy Eating Index.

Table 2. Summary of multiple regressions of approach motivation and fast-food environment (FFE)

in relation to HEI scores.

Outcome: HEI Adequacy Score

Model B SE t P R?
1 0.12
BAS Drive 0.41 0.31 1.29 0.20
FFE 0.37 0.26 1.42 0.16
Interaction 0.24 0.10 2.33 0.02*
2 0.14
BAS Reward 0.71 0.36 1.97 0.05
FFE 0.35 0.25 1.41 0.16
Interaction 0.36 0.12 2.90 >0.01*
Outcome: HEI Moderation Score
Model B SE t P R?
3 0.16
BAS Drive 0.18 0.22 0.79 0.43
FFE 0.10 0.19 0.54 0.59
Interaction 0.01 0.07 0.09 0.93
4 0.17
BAS Reward 0.10 0.26 0.41 0.68
FFE 0.09 0.18 0.53 0.60
Interaction 0.01 0.09 0.09 0.92
Outcome: HEI Total Score
Model B SE t p R?
5 0.14
BAS Drive 0.58 0.46 1.27 0.20
FFE 0.47 0.38 1.24 0.22
Interaction 0.24 0.15 1.65 0.10
6 0.14
BAS Reward 0.60 0.53 1.15 0.25
FFE 0.45 0.37 1.22 0.22
Interaction 0.35 0.18 1.93 0.06

Note: *: p < 0.05 significance.
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Figure 1. Two-way interaction of BAS drive and fast-food environment in relation to adequacy Healthy Eating Index
subscores in early adolescents. High and low levels of the variables are plotted at +1 and —1 standard deviation from

the mean.
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Figure 2. Two-way interaction of BAS reward and fast-food environment in relation to adequacy Healthy Eating Index
subscores in early adolescents. High and low levels of the variables are plotted at +1 and —1 standard deviation from

the mean.

4. Discussion

Previous research has found positive correlations between the density of fast-food
outlets and poor dietary patterns, which is alarming given the recent dramatic global
increase in fast food restaurants [23]. To examine whether certain adolescents may be more
impacted by dense fast-food environments, the current study investigated the interactions
among reward sensitivity and fast-food environment in relation to diet quality in early
adolescents. We hypothesized that early adolescents with higher reward sensitivity living
in more dense fast-food environments would have poorer diet quality. We found no main
effects or interactions between BAS drive or reward and HEI total score or moderation, yet
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there was an interaction between reward sensitivity and fast-food environment in relation
to adequacy. Specifically, higher reward sensitivity was associated with better diet quality
among adolescents living in less dense fast-food environments.

Our finding that higher reward sensitivity was associated with greater HEI adequacy
among adolescents living in less dense fast-food environments does not align with our
original hypothesis. We expected that higher reward sensitivity would be associated with
higher HEI moderation and lower HEI adequacy in denser fast-food environments. One
reason for these unexpected findings may be that at this age, children obtain unhealthy
foods though outlets other than fast-food outlets, such as vending machines, snacks after
youth sports games, friends” houses, or grocery store food purchased by parents. If true, the
density of fast-food environments would contribute less to children’s need to satisfy reward
craving through the consumption of fast food. Additionally, the fact that reward sensitivity
was related to greater HEI adequacy in less dense fast-food environments may be due to
children learning to view healthy foods as rewarding (or parents giving children healthy
foods as a reward) when fast food is not as readily available. Moreover, it is possible that
reward sensitivity may be adaptive in less obesogenic environments. Adolescents living
in less dense FFEs may have learned to seek alternative rewards or targets for their high
reward sensitivity besides food. Alternatively, due to a lack of fast food in the environment,
these adolescents may eat more food at home, which typically involves food of better
nutritional quality [24].

It was surprising that we only observed effects for HEI adequacy and not moderation
score. It was expected that participants with higher adequacy HEI scores should be more
likely to have lower moderation scores because they consume a greater amount of fruit,
vegetables, and whole grains and are more likely to consume less unhealthy food. Our
finding could be due to the fact that the average diet of adolescents does not conform to
dietary recommendations due to the normative nature of consuming unhealthy foods [25].
While the FFE affects the association between reward sensitivity and intake of appropriate
food groups, it does not seem to change the consumption of refined grains, sodium, and
empty calories.

In this analysis, there was no association between the number of fast-food outlets in
the home environment and HEI score. The insignificant finding may be due to our sample
of younger adolescents who are less autonomous in their neighborhoods than adolescents
in other studies. This finding supports a previous systematic review of papers that found
higher availability and accessibility of fast food in the surrounding environment may not
increase the risk of poor diet quality [17]. This also motivates our further investigation into
the interaction of FFE with reward sensitivity to examine reactivity to the food environment.

No previous papers have examined the moderating role of fast-food availability on
the relationship between reward sensitivity and dietary intake in adolescents. Similar to a
Paquet et al. study in adults, our paper provides evidence that responsiveness to the food
environment depends upon individual differences in reward sensitivity [26]. In their paper,
the authors found that reward-sensitive adults living in denser fast-food environments
(500 m around the home) consumed more fast food. Our results may differ due to the
measure of diet used, as while Paquet et al. measured self-reports of visiting a fast-food
restaurant in the past week, our study focuses on diet quality broadly. While our young
adolescents had an average of 3.15 4:3.13 fast-food outlets 1 km around the home, the
adults in the Paquet er al study lived in denser FFEs with 2.9 + 2.6 fast-food outlets 500
m around the home. Moreover, there are differences between adolescents and adults
such that adolescents are more reward sensitive [27] and more restricted to their home
neighborhoods.

This study sheds new light on previous research by examining the interactional role of
reward sensitivity and fast-food environment in relation to diet quality. The strengths of the
current study include the diverse sample in regard to demographic characteristics, use of
GIS to measure the fast-food environment around the early adolescents” homes, and use of
a comprehensive 24 h dietary recall to calculate the Healthy Eating Index score. However,
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a limitation is the cross-sectional analysis of the data which limits conclusions about the
directionality of relationships. Additionally, it is possible that additional interactions
would be found with a larger sample size. In the study, we only examined fast food
surrounding the home environment but, since youth move between environments during
the day, the fast-food environment around schools is also important to evaluate. Previous
studies examining the relationship between food environment and dietary intake have
found statically significant clustering of fast-food restaurants within walking distances of
schools [28,29]. Additionally, participants self-reported the data used to calculate the BAS
scores; however, BAS scores correlate with activation in relevant brain regions [21]. Diet
quality and HEI scores of participants are subject to parent feeding and dietary patterns of
the family and we cannot discern who purchased the food/drinks, drove the decision to
consume the food /drinks, or whether foods/drinks were part of meals or snacks.
Increased knowledge on the associations between reward sensitivity, obesogenic
food environment, and diet quality can inform the development of more effective obesity
prevention interventions. As adolescents are more sensitive to reward processes than
adults [27], research should continue to study this population and account for individual
differences in sensitivity to reward in obesity prevention and efforts to promote healthy
eating. Future research should aim to replicate these findings in a larger sample and
examine if reward sensitivity is a risk factor for poor diet and obesity into adulthood using
longitudinal data. Interventions may target adolescents who are high in reward sensitivity
to lessen the temptation of fast food by targeting responses to food cues, improving
self-regulation, or turn attention towards non-food related stimuli or transform their
approach motivation toward engaging in healthy eating behaviors. Reward sensitivity is
an important factor that could be associated with response to obesity and diet treatments.

5. Conclusions

Adolescents’ diet adequacy can be explained through an interaction of personal and
environmental characteristics. In this study, we found that adolescents who were more
reward sensitive had better diet quality if they lived in less dense fast-food environments.
By examining reward sensitivity to potential food cues in residential neighborhood food
environments, it is possible to understand which adolescents are more sensitive to envi-
ronmental food cues and implement interventions to help adolescents develop the skills
to resist food temptations in their neighborhoods and frequently traveled routes. Fur-
ther research should longitudinally investigate associations between reward sensitivity,
obesogenic food environment, and diet quality in adolescents and adults. Due to the
difficult nature of policy changes, this may be more feasible than trying to lower the density
of fast-food restaurants in neighborhoods or incentivizing restaurants to offer healthier
food options.
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