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Abstract: Background: When dietary behaviors are habitual, intentions are low, and environmental
cues, such as the consumer food environment, might guide behavior. How might intentions
to eat healthily and ultimately actual dietary behaviors, be influenced by the consumer food
environment (including the availability and affordability of healthy foods) in convenience stores?
This study will determine pathways between the healthfulness of convenience stores and college
students’ dietary intentions/behaviors, and body mass index (BMI). Methods: Through multilevel
structural equation modeling, a comparison was made of students’ healthful meal intentions (HMI);
intake (fruits/vegetables, %kcal/fat, sugar-sweetened beverages (SSBs) and whole-grains);
and measured BMI; as well as the healthfulness of convenience stores (fruits/vegetables
availability/quality, healthy food availability/affordability). Data was collected on 1401 students
and 41 convenience stores across 13 US college campuses. Results: Controlling for gender,
HMI was negatively associated with SSBs (β = −0.859) and %kcal/fat (β = −1.057) and positively
with whole-grains (β = 0.186) and fruits/vegetables intake (β = 0.267); %Kcal/fat was positively
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(β = 0.098) and fruits/vegetables intake (β = −0.055) negatively associated with BMI. Campus level,
fruits/vegetables availability were positively associated to HMI (β = 0.214, β = 0.129) and
directly/negatively to BMI (β = −2.657, β = −1.124). Conclusions: HMI modifies dietary behaviors,
with energy from fat and fruit/vegetable intake the most predictive of weight. Availability of
fruit/vegetables in convenience stores make it easier for young adults to eat well.

Keywords: young adults; consumer nutrition food environment; weight; fruit/vegetable intake;
college environment; percentage k-calories from fat

1. Introduction

The impact of the convenience store food environment on dietary behaviors and weight status
is not well studied among college students. Researchers have reported mixed results for the
association between dietary behaviors and the healthfulness of foods available in stores [1–4] and
restaurants [5]. In general, fruit and vegetable availability/variety/quality and price [6] and perception
of availability [7] have been found to relate positively to fruit and vegetable intake.

Various psychosocial and environment factors influence dietary behaviors and weight status.
At the community food environment level (access and density), some researchers have found that
access to grocery stores was correlated with dietary behaviors [8,9], but results are inconsistent [10–13].
The density of convenience stores and restaurants in a geographic area often has a negative effect on
dietary quality and/or weight [10,14–17]. Many food environment researchers have used geographic
information systems (GIS) analysis at an epidemiological level [11,18,19]. Fewer researchers have
focused on the consumer food environment itself (e.g., availability and affordability of healthy foods)
using objective environmental audits [3,20]. An assessment of the consumer food environment can
potentially provide higher sensitivity to identify associations between the food environment and
dietary attitudes, behaviors, and weight.

In the United States, most young adults transition to adulthood spending time on a post-secondary
education college campus [21]. It is an understudied environment [22–26], and to date, there are limited
connections discovered between campus convenience store food environment factors and young adults’
health-related attitudes and behaviors [23–25,27]. This environment might have a significant effect on
young adults’ emerging dietary habit patterns [28,29].

Since young adults are in a transitional phase of life, they are an ideal, yet challenging
sub-population for health behavior change [30]. The obesity rate for young adults has increased
over the last decade from 24% to 29% [31]. Young adults’ risk for weight gain [32–37] is due in part to
their poor dietary and exercise habits [36–39]. Additionally, their attitudes toward healthful eating and
meal management directly influence the quality of their dietary behaviors [40].

Dietary habits have a significant influence upon the dietary quality and energy intake [41].
This influence may be mediated by dietary intentions and environmental cues, such as the availability
and affordability of healthful food in the consumer food environment. However, research relating
intentions to eat healthfully, the consumer food environment, and actual dietary behaviors is limited.
Aggarwal and colleagues found supermarket shoppers’ attitude toward healthy eating was a key
mediator of diet quality, irrespective of food costs [42]. However, due to the time pressures and
transportation limitations, college students use convenience stores [27,29]. What are the associations
between the consumer food environment of convenience stores and young adults’ dietary intentions
and behaviors?

Bandura’s Social Cognitive Theory [43] construct of reciprocal determinism, with respect to the
influence of the environment on behavior, is a useful framework for considering the relationships
between the environment and college students’ attitudes and behaviors. The objective of this study was
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to determine the mediating factors and pathways between the components of the convenience store
consumer food environment and college students’ dietary intentions, behaviors, and weight status.

2. Materials and Methods

This study was approved by the Institutional Review Boards of the authors’ universities
(South Dakota State University, University of Maine, University of Florida, Tuskegee University,
West Virginia State University, University of Wisconsin, Kansas State University, Michigan State
University, University of Rhode Island, East Carolina University, University of New Hampshire,
Purdue University, and Syracuse University). All participants gave informed consent.

2.1. Design

Bandura’s Social Cognitive Theory [43] provided the evaluative framework for the environmental,
intentional, and behavioral variables selected. Bandura’s concept of reciprocal determinism—that
behaviors are influenced not only by beliefs or intentions but also by the environment or external
stimuli informed these theorized connections [43]. External stimuli or the environment included food
store environment healthfulness and affordability; intentions included healthful meal intentions; and
the influenced behaviors included fruit, vegetable, fat, and sugar-sweetened beverage intake.

Multilevel structural equation analysis was used to determine the relationship first on an
individual level, then on a campus level. On the individual level, we tested intentional/behavioral
variables: students’ healthful meal intentions/behaviors, fruits/vegetables intake, % kcal from fat,
sugar-sweetened beverages, and whole grains; and the direct variable: BMI; with gender as the control
variable. Then, environmental variables (availability and quality of fruit and vegetables, and the
availability and affordability of healthy foods) were added in for the campus level. This cross-sectional
study merged two datasets: (1) Young Adults’ Eating and Active for Health (YEAH) baseline-survey
conducted 2009 [44] and (2) Campus Environmental Audits for Food Stores [22] conducted 2008–2011.
Data are available on request.

2.2. Young Adults’ Eating and Activity for the Health Sample

Data on 1401 young adults from 13 universities included dietary attitudes and intake, and weight
status obtained from the YEAH baseline data [44]. A convenience sample of full-time, 18–24-year-old
students were recruited (6277 responded, 3334 eligible (52%), 1639 participated in YEAH (49%);
difference in this study were due to missing data). Participants were excluded from YEAH if they
were an exercise, nutrition, or health major; had a body mass index (BMI) ≤18.5 kg/m2; or a medical
diet-and/or activity-related restriction [44,45]. Data were collected using a web-based survey and
in-person physical assessments.

2.3. Young Adults’ Eating and Activity for Health Measures

2.3.1. Dietary Attitudes

Healthful mealtime intentions can be defined as the self-instruction to plan for healthful mealtime
behavior (i.e., planning, choosing, and assembling healthful meals). It was measured with six
items adapted [44] from interviews/focus groups conducted by Strong, et al [46]. Participants
indicated the frequency over the past three months they: thought about the importance and ease
of planning quick and simple meals; considered including healthy beverages and fruit/vegetables
at every meal; and reminded themselves to eat in moderation and allowed room for an occasional
treat. Healthful mealtime behaviors refers to self-regulation in consuming healthy snacks, beverages,
and meals. It was measured using four items adapted [44] from Strong, et al. [46]. Participants
indicated the frequency over the past three months they had planned healthy snacks, selected a healthy
beverage, purposely choose vegetables, and been flexible/sensible with food choices. Answers for both
dietary attitudes scales were assessed via a 5-point Likert scale (1 = never to 5 = always). Responses to
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each item were summed to create scale scores. For this sample, Cronbach alpha for the healthful meal
intentions scale was 0.73 and for the meal behavior scale was 0.71.

2.3.2. Dietary Intake

The National Cancer Institute (NCI) Fruit and Vegetable Screener was used to calculate daily intake
of fruit and vegetable in cups, and the NCI Fat Screener was used to determine the energy from fat as
the percentage of kilocalories per day [47,48] Tested with national samples, both screeners had high
correlations (0.5 to 0.8) with multiple 24-h recalls and food frequency results [47,48]. Sugar-sweetened
beverage (SSB) intake, in kilocalories per day, was estimated based upon eight consumption frequency
and amount questions regarding: non-diet soft drinks, fruit drinks, energy drinks, and specialty-coffee
drinks; Cronbach’s alpha = 0.44 [49]. Servings of whole grains consumed on average per day were
self-assessed via one question with choices ranging (<1 to ≥6). MyPlate description of whole grains
and serving sizes were provided for reference [50].

2.3.3. Demographics

Students also self-reported demographic data like age, gender, and race/ethnicity. Additionally,
they identified their university, school year, and residence (on or off campus).

2.3.4. Anthropometrics

The dependent variable, body mass index (BMI), was calculated from measured height and
weight of each participant as weight in kg divided by height in meters squared. Standard protocols
were used, equipment was calibrated prior to use, and data collectors were trained and demonstrated
acceptable inter-rater reliability prior to measurement [44].

2.4. Environmental Audit Food Store Sample

Teams at each of the 13 institutions comprising the North Central Multistate Research Project
(NC1028) defined the convenience food store environment. Each team defined their environment
as the campus plus a 1.5-mile radius beyond the campus geographic boundary. This definition
was adopted because many students live on or near their college campus within the defined area.
Then from local student input, each team selected the convenience food stores that students frequented.
Convenience/drug stores (n = 27), and on-campus stores (n = 14) were audited because these venues
carry food items and cater to students’ needs. Grocery stores were not included in this analysis
primarily because most students (over 75%) lived on campus with limited need for, or access to
transportation to, a full grocery store. Institutional Review Board approval was not necessary for these
food store audits, because no human subjects were involved. All data collectors were thoroughly
trained and met inter-rater reliability standards [22].

2.5. Environmental Audit Food Store Measures

Data collectors used a modified version of the Nutrition Environment Measures Survey for Stores
NEMS-S [51] to assess the availability and quality of fruit and vegetables, and the availability and
affordability of healthy foods. Interclass correlations were greater than 0.80 for all evaluators for this
study [22] and NEMS-S had high test-retest reliability and was valid in varied environments [51].

The availability of fruits and vegetables separately was determined as a total count of
the fresh, canned or frozen fruit or vegetables for a total possible sub-score for each of (0–24).
The fresh fruits included were: bananas, apples, oranges, grapes, cantaloupe, peaches, strawberries,
honeydew melon, watermelon and pears; and frozen/canned (no-added sugar) fruits were: peaches,
fruit cocktail/mixed fruit, pineapple, strawberries, blueberries and raspberries. The fresh vegetables
evaluated included: carrots, tomatoes, sweet peppers, broccoli, lettuce, corn, celery, cucumbers,
cabbage, and cauliflower; frozen/canned (no-added sauce or fat) vegetables included: green beans,
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corn, carrots, peas, broccoli, spinach, and mixed vegetables. The quality of the fresh fruit and vegetables
was determined based upon the percentage of the acceptable (e.g., crisp, minimal blemishes) fresh
produce as compared to the total fresh produce for possible sub-scores between (0 to 6) [22].

Healthy foods comprised low-fat/lean milk, low-fat/lean or vegetarian-alternative ground
beef/hot dogs, high fiber/low sugar cereal, low-fat baked-goods and healthy frozen meals, whole-grain
bread and baked chips, and diet/100% juice. The presence of each healthy food category was tallied,
with additional points earned for number of healthy alternatives within a food category, for a range
of possible sub-scores (0 to 33). For each category, a higher score indicated more healthful and/or
acceptable products. For healthy foods affordability, the original NEMS-S evaluated food categories as:
(−1 = healthy more expensive than unhealthy alternative; 0 = equally priced; 1 = healthy lower price
than unhealthy option). Price data were adjusted from original NEMS-S data to eliminate negative
scores and associate higher score with more affordable healthy foods for a total possible range of
sub-scores between (0 to 13). Average sub-scores per campus were calculated.

2.6. Analysis

Descriptive statistics and zero order correlations were calculated for all study variables and
differences determined by gender. To account for students were nested within 13 universities,
Multilevel Structural Equation Modeling with Robust Maximum Likelihood (MLR) Estimation was
conducted. Mplus 8.1 (Muthen & Muthen, Los Angeles, CA, USA, 2018) software was used to assess
the proposed model [52]. In the first analysis, individual level variables were entered in to the model to
assess the direct and indirect associations between healthful meal intentions, energy from fat, SSB Kcal,
whole grain intake, total fruit and vegetable intake, and students’ body mass index. Energy from fat,
servings of whole grains per day, and daily fruit and vegetable intake in cups were allowed to
intercorrelate in the model. Gender was included as a control variable. In the second model,
campus level variables (availability and quality of fruit and vegetables, and the availability and
affordability of healthy foods) were ground mean centered and entered in to the model.

Missing data less than 5% were addressed using Full information maximum likelihood
method (FIML). A probability level of 0.05 was used for statistical significance. The overall
goodness of fit for the within-level and multilevel effects were assessed by the Chi-square statistic,
degrees of freedom (df), Comparative Fit Index (CFI) [53], Root-Mean-Square Error of Approximation
(RMSEA) [54], and Standardized Root Mean Square Residual (SRMR). A Chi-square with p-value less
than 0.05 suggested goodness fit, as did CFI greater than 0.95, and RMSEA less than 0.05, and SRMR
values less than 0.10 indicated good fit for the model [54].

3. Results

The majority of the student sample (n = 1401) were white (65%), female (66%), of “normal”
weight status (67.9%), first- or second-year students (73.2%), who lived on campus (96.8%) and with
a mean age of 19.33 ± 1.07 SD years. Demographic characteristics of the sample population and the
convenience stores are in Table 1.

The zero-order correlations of model variables were shown in Table 2. Most variables differed
significantly by gender and energy from fat and whole grain intake, as shown in Table 3. Men had
higher BMI (p < 0.05), got more energy from SSB (p < 0.001), and had higher fruit and vegetable intake
(p < 0.05), while women had higher scores for healthful meal intention (p < 0.001), indicating a need to
use gender as a control variable in the model.
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Table 1. Mean and frequencies of demographic variables for college students (N = 1401) and
convenience stores (n = 41). BMI: body mass index.

Variable Statistics % (n) χ2 p

Age Mean ± SD (19.33 ± 1.07)

BMI category 803.77 (df = 2) <0.001
Normal weight 67.9% (951)
Overweight 23.6% (330)
Obese 8.4% (118)

Gender 141.34 (df = 1) <0.001
Male 34.1% (478)

School Year 935.58 (df = 4) <0.001
Freshman 38.7% (542)
Sophomore 34.5% (484)
Junior 23.9% (335)
Senior 1.3% (18)

Residence 2471.54 (df = 5) <0.001
On campus residence hall 63.4% (888)
On campus sorority or fraternity 3.8% (53)
On campus-other college housing 7.6% (107)
Off campus housing 20.6% (289)
Off campus parent/guardian’s home 2.4% (34)
Off campus -other 0.8% (11)

Race 2777.61 (df = 5) <0.001
White 64.6% (905)
Black or African American 12.9% (181)
Asian 9.0% (126)
American Indian or Alaska Native 0.8% (11)
Native Hawaiian or Other Pacific Islander 0.5% (7)
Other 4.0% (56)

Ethnicity
Hispanic 5.7% (80)

Convenience Store Variables Mean ± SD

Healthy food affordability 8.11 ± 0.09
Healthy food availability 9.75 ± 2.91
Fruit/vegetable quality 2.19 ± 1.85
Fruit availability 1.63 ± 0.64
Vegetable availability 1.05 ± 0.65

Table 2. Zero-order correlations and means for all study variables (n = 1401).

Individual
Variables 1. 2. 3. 4. 5. 6. 7. 8. Mean ± SD

1. Gender 1.0
2. BMI −0.059 ** 1.0 24.13 4.31

3. Healthful
meal intentions 0.212 ** −0.043 1.0 3.19 0.77

4. Healthful
meal behaviors 0.145 ** −0.127 ** 0.681 ** 1.0 3.32 0.77

5. % kcal/
Fat/day −0.019 0.125 ** −0.244 ** −0.300 ** 1.0 31.18 5.06

6. SSB kcal/day −0.134 ** 0.054 * −0.263 ** −0.284 ** 0.300 ** 1.0 157.45 243.28
7. Whole

grain/day −0.026 −0.037 0.171 ** 0.231 ** −0.115 ** −0.101 ** 1.0 2.07 1.48

8. F/V
intake/day −0.075 * −0.065 * 0.2420 ** 0.373 ** −0.098 ** −0.003 0.168 ** 1.0 2.72 2.33

BMI: body mass index, Healthful meal intentions: self-instruction to plan for healthful mealtime behavior
(i.e., planning, choosing, and assembling healthful meals); Healthful meal behaviors: the self-regulation for
consuming healthy snacks, beverages, and meals; % kcal/fat/day: energy from fat intake, SSB kcal/day:
sugar-sweetened beverages intake, whole grain/day: whole grain intake, F/V intake/day: fruit and vegetable
intake. * p < 0.05. ** p < 0.001.
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Table 3. Differences by gender for key variables (n = 1401).

Individual Variables
Male Female

t-Value (df = 1399) p
Mean ± SD Mean ± SD

BMI 24.48 ± 3.97 23.95 ± 4.47 2.273 <0.05
Healthful meal

intentions 2.97 ± 0.82 3.31 ± 0.72 −7.672 <0.001

Healthful meal
behaviors 3.17 ± 0.79 3.40 ± 0.74 −5.300 <0.001

% kcal/fat/day 31.31 ± 4.74 31.11 ± 5.22 0.686 NS
SSB/kcal/day 202.90 ± 276.74 134.21 ± 220.84 4.614 <0.001
Whole grain

servings/day 2.12 ± 2.12 2.04 ± 1.44 0.926 NS

Fruit and vegetable
intake cups/day 2.97 ± 2.97 2.60 ± 2.27 2.651 <0.05

BMI: Body mass index, calculated from assessed weight and height; Healthful meal intentions: self-instruction to
plan for healthful mealtime behavior (i.e., planning, choosing, and assembling healthful meals); Healthful meal
behaviors: the self-regulation for consuming healthy snacks, beverages, and meals; % kcal/fat/day = energy from
fat intake; SSB kcal: sugar-sweetened beverages intake/day; whole grain servings/day = daily servings consumed
of whole grains; fruit and vegetable intake cups/day: daily intake of fruits and vegetables as determined by NCI
food frequency.

3.1. Individual Level Analysis

We first assessed the associations between healthful meal intentions, energy from fat, SSB kcal,
whole grain intake, total fruit and vegetable intake, and BMI. The model fit indicated a good fit to
data: chi square (n = 1401, df = 4) = 7.09, p < 0.05, CFI = 0.992, RMSEA = 0.023, and SRMR = 0.018.
The direct and indirect associations shown in Figure 1 can be summarized as follows. After controlling
for gender, healthful meal intentions were negatively associated with energy from fat (β = −0.251,
p < 0.001), and SSB kcal (β = −0.249, p < 0.001), and positively associated with whole grain intake
(β = 0.186, p < 0.001), and total fruit and vegetable intake (β = 0.267, p < 0.001). There were direct
positive associations between energy from fat and BMI (β = 0.098, p < 0.05), and negative associations
between total fruit and vegetable intake and BMI (β = −0.055, p < 0.001). Healthful meal intentions was
indirectly associated with BMI via energy from fat (β = −0.025, p < 0.10), and total fruit and vegetable
intake (β = −0.015, p < 0.001).
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Figure 1. Multilevel structural equation modeling: Level 1—individual intentions/behaviors. * p < 0.05;
** p < 0.001 Definitions: Healthy meal intentions: self-instruction to plan for healthful mealtime behavior
(i.e., planning, choosing, and assembling healthful meals); Energy from Fat: % Kcal/Fat/day; SSB Kcal:
Sugar-sweetened beverages intake/day; Whole Grain: Whole grain intake/day, Fruit and vegetable
intake—intake per day as determined by NCI food frequency; BMI: body mass index, calculated from
assessed weight and height.
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3.2. Campus Level Analysis

Next, we assessed the relationships between campus level environmental variables (availability
and quality of fruit and vegetables, and the availability and affordability of healthy foods) and
student level mediating or intentional/behavioral variables: students’ healthful meal intentions,
fruits/vegetables intake, energy from fat, SSB kcal, and whole grains; and the direct variable, BMI.
The model fit indicated an acceptable fit to data: chi-square (n = 1401, df = 34) = 84.527, p < 0.001,
CFI = 0.909, RMSEA = 0.083, and SRMR = 0.019.

There was a direct positive association between the availability of fruit (β = 2.140 p < 0.05) and
availability of vegetable (β = 1.294, p < 0.05) and healthful meal intention indicating campuses which
had fruit and vegetable availability above the ground mean predicted higher levels of healthful
mean intentions (Figure 2). However, there were negative associations between quality of fruit and
vegetables (β = −2.467, p < 0.05), the availability (β = −0.490, p < 0.05) and affordability of healthy
foods (β = 0.693, p < 0.05) and healthful meal intention suggesting that college campuses which had
quality of fruit and vegetables, the availability and affordability of healthy foods below the ground
mean had higher levels of healthful meal intentions. Across campuses, higher levels of availability of
healthy foods were associated with lower levels of energy from fat (β = −0.846, p < 0.001).

Campus level healthy meal intentions were negatively associated with average individuals’ SSB
Kcal (β = −0.859, p < 0.001) and energy from fat (β = −1.057, p < 0.001). BMI was lower among
campuses which had higher scores of affordability of healthy foods (β = −1.742, p < 0.05), availability
of fruit (β = −2.657, p < 0.05), and availability of vegetable (β = −1.124, p < 0.05), whereas BMI was
higher among campuses which had higher scores of availability of healthy foods (β = 0.531, p < 0.05)
and quality of fruit and vegetables (β = 2.581, p < 0.05).
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Figure 2. Multilevel structural equation modeling: Level 2—Campuses healthfulness of store
environment and BMI. * p < 0.05; Definitions: Availability of Healthy Food: The total of 13 food
categories from NEMS-S, Quality of Fruits and Vegetables: for fresh produce; Affordability: healthy
food affordability; Fruits: Availability of fruits (fresh, frozen and canned); Vegetables: Availability of
vegetables (fresh, frozen and canned); Healthy meal intentions: self-instruction to plan for healthful
mealtime behavior (i.e., planning, choosing, and assembling healthful meals); Energy from fat:
% Kcal/Fat/day; SSB Kcal: Sugar-sweetened beverages intake/day; Whole Grains: Whole grain
intake/day, Fruit and vegetable intake: intake per day as determined by NCI food frequency; BMI: Body
Mass Index—calculated from assessed weight and height.
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4. Discussion

To our knowledge, this is the first report of an investigation of mediators between (1) convenience
store consumer environment, (2) meal intentions, (3) dietary intake, and (4) weight status for
college students. Using multilevel structural equation modeling, this study tested the relationships as
predicted by the Social Cognitive Theory [43] on an individual, and then a campus level. First on an
individual level, this study determined that although there were logical links between student’s
healthy meal intentions and the four dietary behaviors (increased whole grains and fruit and vegetable;
decreased energy from fat and sugar-sweetened beverages intakes), only decreased energy from fat and
increased fruit and vegetable intakes related to decreased BMI. Then for the campus level, there were
mixed results. Higher fruit and vegetable availability and affordability of healthy foods in convenience
stores for a campus related to decreased BMI. Whereas, increased quality of fruits and vegetables and
availability of healthy foods for a campus related to increased BMI. As for the relationship between
convenience store sub-scores and students’ healthy meal intentions: as the availability of fruits and
vegetables increased for a campus, so too did the students’ healthy meal intentions; whereas there was
a reverse relationship with quality of fruits and vegetables; affordability and availability of healthy
foods, as they were negatively related to healthy meal intentions.

On an individual level, healthful meal intentions were positively related to whole grains and fruit
and vegetable intake, and negatively associated with energy from fat and SSB intake. Energy from fat
and decreased fruits and vegetables were predictive of BMI. McDermott and colleagues found that age,
but not gender, was a modifier of the association between intentions and dietary behaviors [40].
In contrast, for the current study, with a narrow age range, we found that it was necessary to control
for gender. Women had higher intakes of whole grain and fruit and vegetables than men. The effect of
gender in the current study; is consistent with the findings of other studies [25,38,55].

On the campus level, using the Social Cognitive Theory [43], environmental variables such as,
availability of fruits and vegetables in convenience stores influenced BMI mediated by healthful
meal intentions and the dietary behaviors energy from fat and SSB intake. Quality of fruits
and vegetables, and availability and affordability of healthy foods were negatively associated with
healthful meal intentions. Availability of healthy foods was also negatively associated with energy
from fat. Environmental variables were also directly related to BMI: affordability of healthy foods,
and availability of fruit and vegetables were negative associated with BMI, while quality of fruits and
vegetables and availability of healthy foods were positively associated with BMI.

The mediation by healthful meal intentions between environmental and behavioral variables
was another important finding of the current study. These findings are consistent with findings
from two recent meta-analyses [40,56] of the strength of association between intentions and behaviors.
Adriaanse and colleagues [56] found a positive association between effective implementation intentions
and healthy eating behaviors with an overall medium effect size. A meta-analysis using the Theory
of Planned Behavior [40] found intentions were related to health-enhancing dietary behaviors and to
food avoidance behaviors.

Most researchers who have evaluated the effect of food environment on weight have utilized
an epidemiological approach, using GIS and store density [57]. Researchers have focused upon
neighborhoods in urban or suburban settings regarding the effect of the consumer food environment
on health habits and weight [1,13,58]. Gustafson, et al. [13] found a non-significant association,
between the availability of healthy foods and BMI for a group of North Carolina women,
and Cerin et al. [1] found no association between healthy food availability and BMI for higher-income
neighborhoods in Atlanta. On the other hand, Casagrande, et al. [58] found a positive association
between healthy food availability and higher BMI among individuals living in primarily white
neighborhoods near Baltimore. Like Casagrande et al. [58], in the current study of college students
from multiple areas of the north and southeast, there was a direct association between BMI and healthy
food availability and also the quality of fruits and vegetables.
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When considering the associations between healthful food in small stores and food intake, it is
hard to draw conclusions from the diverse results reported in the literature. In the current study,
at the campus level, although fruit availability and vegetable availability (mediated by healthy meal
intentions) were each inversely associated with students’ energy from fat and SSB intake, they were
not related to fruit and vegetable intake. Similarly, researchers in New York City reported that the
availability of fruits and vegetables in convenience stores were independently and inversely related
to SSB purchases [59]. In contrast, Bodor et al. [6] found a positive association between vegetable
availability and vegetable intake, but no association between fruit availability and fruit intake in
their study in central-city New Orleans. As previously mentioned, Gustafson et al. [13] found a
trend between the availability of healthy foods and fruit and vegetable intake. While healthful food
accessibility seems to be associated with diet quality, there is not strong evidence from these studies that
accessibility is related to fruit and vegetable intake. Although fruit and vegetable intake and decreased
energy from fat were predictive of BMI at an individual level, the effect of the environment had more
influence on energy from fat in this study. Therefore, more than just having fruits and vegetables
available in small stores may be necessary to affect intake. For example, using persuasive appeals to
direct students’ intentions [60], such as marketing fruits and vegetables and locating them at the front
of the store [59] or point of purchase [61] has been found to influence purchases and consumption.

The influence of healthy food affordability in this model was also interesting. The affordability of
healthy foods was negative related to both healthy meal intentions, energy from fat and BMI. So as
healthy food was more affordable, energy from fat and BMI decreased but so did the students’ healthy
meal intentions. It is possible that when healthy food is more affordable, students do not have to focus
as highly on their meal intentions to meet their goals. Powell et al. [62] found that the price of fruit
and vegetables was inversely related to fruit and vegetable intake for young adults. In comparison,
other consumer food environment researchers have found no relationship between healthy food
affordability and intake [9,63].

For this study, on the campus level, the convenience store consumer environment variables
of healthy foods availability and quality of fruit and vegetables did not meaningfully relate to
students’ behaviors. However, on the individual level, healthful meal intentions meaningfully related
to intake, positively with whole grains, fruits and vegetables and negatively with percentage of
calories from fat and SSB intake. Similarly, Graham et al. [64] found that as Minnesota college students
perceived more access barriers (including quality and affordability) to fruits and vegetables, but less
perceived personal barriers (skills, preference), they had higher consumption of fruits and vegetables.
These negative associations found in both studies regarding access indicates that those who intended to
eat healthy were willing to work harder to find healthy foods when the quality of fruits and vegetables
were lower.

A key implication of the fact that healthful meal intentions was the main mediator between
convenience store consumer environment and college students’ dietary behaviors is that healthful
meal intentions should be further assessed and may be an important target for driving improvements
in their dietary behaviors. Kattelmann et al. [44] found that healthful meal intentions were positively
influenced by a dietary intervention with young adults; however, Kothe and Mullan [65] found that
changes in implementation intentions for a sample of young adults did not correlate to their fruit and
vegetable consumption. Based on these mixed results, more research is necessary to determine the
ability to influence healthful meal intentions and their role in facilitating healthy dietary behaviors.
If healthful meal intentions can be influenced and do facilitate healthy dietary behaviors, then they
would be central to developing effective intervention and environmental supports.

Convenience stores consistently have been found to be less healthy than grocery stores [2,66].
While they are a potential avenue for affecting dietary change [59,67–69], numerous researchers
have identified barriers to making healthy choices in these stores [22]. The barriers include low
availability of fruits and vegetables (35–50%), healthy snacks, or healthy staple items [70,71]. In a
large national evaluation, small stores had only 0.60 relative availability of healthier food alternatives.
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Over 82% of convenience type stores carry every category of SSB, while only 36–42% carry 1%-skim
milk [72]. Young adults lack the motivation to eat fruit/vegetables as evidenced by their limited
intake [73,74], researchers need to advocate for changes in the environment/food industry, particularly
convenience stores to help young adults’ make “the healthy choice, the easy choice” [75,76].

Strengths of this study included a large sample size of young adults, objective measurement of
weight and height to determine BMI, and the use of valid and reliable questionnaires. In addition,
researchers objectively measured the healthfulness of the stores via the audit of the consumer
food environment.

Limitations

This study presents associations, not causation, and was based upon self-reported dietary intake
data and had a small effect size β < 0.30. This small effect size may be related to the study focus on
convenience stores on or around campus. However, because of the importance of convenience stores
to college students and the lack of research relating to convenience stores, the study finding of an
association is an important contribution to the literature. In addition, unequal cluster sizes and the
small number of clusters limit the generalizability of the results. Future research regarding this type
of structural equation modeling analysis should be expanded to include other psycho-social factors
which have been found to affect health behaviors, such as perceptions of the environment and social
support [64,76]. Perception should be included particularly since some researchers have found subjects’
perception of the environment to relate to behavior [13,77,78] while others have only found a weak
association [79]. Assessing a mix of community and consumer food environment variables together
with dietary and psycho-social variables should provide an improved comprehensive model with
better predictive power [5,25,78].

5. Conclusions

Young adults in college are at a pivotal point to determine their long-term health habits for
decreasing their risk for chronic diseases and obesity. Too many interventions focus only on the
behaviors students need to change. This study provides insight into the association between the
convenience store consumer food environment, healthy eating, and weight for a population of
college students. These findings can direct policies and interventions for healthful weight management
and health promotion on college campuses. Specifically, making fruits, vegetables, and healthy foods
affordable in small convenience stores on and near college campuses may positively affect students
weight status. Additionally, environmental supports and policy changes that encourage and make
the healthy choice the easier choice (marketing, placement, tastings, healthy snack deals) [59,60,75,76]
at convenience stores need to be tested to determine their ability to increase college students’
dietary quality. To compliment environmental interventions and supports, researchers have suggested
that healthful meal intentions are subject to change through intervention [44]. With this study, we found
they were an important mediator between the environment and the students’ actual dietary behaviors,
therefore may be an important target for interventions guiding college students to make healthy
dietary choices.

Author Contributions: All the authors have made substantial contributions (a) to either conception and design, or
acquisition of data, or analysis and interpretation of data, and (b) to drafting the article or revising it critically for
important intellectual content, and (c) on final approval of the version to be published and agree to its submission.
Specifically, T.H. designed the study, all authors acquired data, and T.H. and E.D.Y. analyzed and interpreted
the data. T.H. drafted the article and all authors revised it. All authors provided final approval of the version to be
reviewed and agreed to its submission.

Funding: This research was funded by National Research Initiative Grant 2009-55215-05460 from the USDA
National Institute for Food and Agriculture, Syracuse University, East Carolina University, and by the State
Agricultural Experiment Station North Central Research Project NC1028 in Alabama, Florida, Kansas, Indiana,
Maine, Michigan, New Hampshire, North Carolina, Rhode Island, South Dakota, West Virginia, and Wisconsin.



Nutrients 2018, 10, 1569 12 of 16

Acknowledgments: We sincerely appreciate the research assistants on each campus who worked to collect the
data for this project.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Cerin, E.; Frank, L.D.; Sallis, J.F.; Saelens, B.E.; Conway, T.L.; Chapman, J.E.; Glanz, K. From neighborhood
design and food options to residents’ weight status. Appetite 2011, 56, 693–703. [CrossRef] [PubMed]

2. Franco, M.; Diez-Roux, A.V.; Nettleton, J.A.; Lazo, M.; Brancati, F.; Caballero, B.; Glass, T.; Moore, L.V.
Availability of healthy foods and dietary patterns: The Multi-Ethnic Study of Atherosclerosis.
Am. J. Clin. Nutr. 2009, 89, 897–904. [CrossRef] [PubMed]

3. Gustafson, A.; Hankins, S.; Jilcott, S. Measures of the consumer food store environment: a systematic review
of the evidence 2000–2011. J. Community Health 2011, 37, 897–911. [CrossRef] [PubMed]

4. Izumi, B.T.; Zenk, S.N.; Schulz, A.J.; Mentz, G.B.; Wilson, C. Associations between neighborhood availability
and individual consumption of dark-green and orange vegetables among ethnically diverse adults in detroit.
J. Am. Diet. Assoc. 2011, 111, 274–279. [CrossRef] [PubMed]

5. Hermstad, A.K.; Swan, D.W.; Kegler, M.C.; Barnette, J.K.; Glanz, K. Individual and environmental correlates
of dietary fat intake in rural communities: a structural equation model analysis. Soc. Sci. Medicine 2010, 71,
93–101. [CrossRef] [PubMed]

6. Bodor, J.N.; Rose, D.; Farley, T.A.; Swalm, C.; Scott, S.K. Neighbourhood fruit and vegetable availability and
consumption: The role of small food stores in an urban environment. Public Health Nutr. 2008, 11. [CrossRef]
[PubMed]

7. Caldwell, E.M.; Miller, K.M.; DuBow, W.M.; Wytinck, S.M. Perceived access to fruits and vegetables associated
with increased consumption. Public Health Nutr. 2009, 12, 1743–1750. [CrossRef] [PubMed]

8. Michimi, A.; Wimberly, M.C. Associations of supermarket accessibility with obesity and fruit and vegetable
consumption in the conterminous united states. Int. J. Heal. Geogr. 2010, 9, 49. [CrossRef] [PubMed]

9. Zenk, S.N.; Lachance, L.L.; Schulz, A.J.; Mentz, G.; Kannan, S.; Ridella, W. Neighborhood retail food
environment and fruit and vegetable intake in a multiethnic urban population. Am. J. Heal. Promot. 2009, 23,
255–264. [CrossRef] [PubMed]

10. Boone-Heinonen, J.; Gordon-Larsen, P.; Kiefe, C.I.; Shikany, J.M.; Lewis, C.E.; Popkin, B.M. Fast food
restaurants and food stores: Longitudinal associations with diet in young to middle-aged adults: the
CARDIA study. Arch. Intern. Med. 2011, 171, 1162–1170. [CrossRef] [PubMed]

11. Caspi, C.E.; Sorensen, G.; Subramanian, S.V.; Kawachi, I. The local food environment and diet: a systematic
review. Health Place 2012, 18, 1172–1187. [CrossRef] [PubMed]

12. Cummins, S.; Flint, E.; Matthews, S.A. New neighborhood grocery store increased awareness of food access
but did not alter dietary habits or obesity. Heal. Aff. 2014, 33, 283–291. [CrossRef] [PubMed]

13. Gustafson, A.A.; Sharkey, J.; Samuel-Hodge, C.D.; Jones-Smith, J.; Folds, M.C.; Cai, J.; Ammerman, A.S.
Perceived and objective measures of the food store environment and the association with weight and diet
among low-income women in north carolina. Public Heal. Nutr. 2011, 14, 1032–1038. [CrossRef] [PubMed]

14. Hickson, D.A.; Diez Roux, A.V.; Smith, A.E.; Tucker, K.L.; Gore, L.D.; Zhang, L.; Wyatt, S.B. Associations
of fast food restaurant availability with dietary intake and weight among african americans in the jackson
heart study, 2000–2004. Am. J. Public Heal. 2011, 101, S301–S309. [CrossRef] [PubMed]

15. Hollands, S.; Campbell, M.K.; Gilliland, J.; Sarma, S. A spatial analysis of the association between restaurant
density and body mass index in Canadian adults. Prev. Med. 2013, 57, 258–264. [CrossRef] [PubMed]

16. Reitzel, L.R.; Regan, S.D.; Nguyen, N.; Cromley, E.K.; Strong, L.L.; Wetter, D.W.; McNeill, L.H. Density and
proximity of fast food restaurants and body mass index among african americans. Am. J. Public Heal. 2014,
104, 110–116. [CrossRef] [PubMed]

17. Yan, R.; Bastian, N.D.; Griffin, P.M. Association of food environment and food retailers with obesity in us
adults. Heal. Place 2015, 33, 19–24. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.appet.2011.02.006
http://www.ncbi.nlm.nih.gov/pubmed/21335040
http://dx.doi.org/10.3945/ajcn.2008.26434
http://www.ncbi.nlm.nih.gov/pubmed/19144728
http://dx.doi.org/10.1007/s10900-011-9524-x
http://www.ncbi.nlm.nih.gov/pubmed/22160660
http://dx.doi.org/10.1016/j.jada.2010.10.044
http://www.ncbi.nlm.nih.gov/pubmed/21272702
http://dx.doi.org/10.1016/j.socscimed.2010.03.028
http://www.ncbi.nlm.nih.gov/pubmed/20462682
http://dx.doi.org/10.1017/S1368980007000493
http://www.ncbi.nlm.nih.gov/pubmed/17617930
http://dx.doi.org/10.1017/S1368980008004308
http://www.ncbi.nlm.nih.gov/pubmed/19105861
http://dx.doi.org/10.1186/1476-072X-9-49
http://www.ncbi.nlm.nih.gov/pubmed/20932312
http://dx.doi.org/10.4278/ajhp.071204127
http://www.ncbi.nlm.nih.gov/pubmed/19288847
http://dx.doi.org/10.1001/archinternmed.2011.283
http://www.ncbi.nlm.nih.gov/pubmed/21747011
http://dx.doi.org/10.1016/j.healthplace.2012.05.006
http://www.ncbi.nlm.nih.gov/pubmed/22717379
http://dx.doi.org/10.1377/hlthaff.2013.0512
http://www.ncbi.nlm.nih.gov/pubmed/24493772
http://dx.doi.org/10.1017/S1368980011000115
http://www.ncbi.nlm.nih.gov/pubmed/21324229
http://dx.doi.org/10.2105/AJPH.2010.300006
http://www.ncbi.nlm.nih.gov/pubmed/21551382
http://dx.doi.org/10.1016/j.ypmed.2013.07.002
http://www.ncbi.nlm.nih.gov/pubmed/23859930
http://dx.doi.org/10.2105/AJPH.2012.301140
http://www.ncbi.nlm.nih.gov/pubmed/23678913
http://dx.doi.org/10.1016/j.healthplace.2015.02.004
http://www.ncbi.nlm.nih.gov/pubmed/25725484


Nutrients 2018, 10, 1569 13 of 16

18. He, M.; Tucker, P.; Gilliland, J.; Irwin, J.D.; Larsen, K.; Hess, P. The influence of local food environments on
adolescents' food purchasing behaviors. Int. J. Environ. Res. Public Health 2012, 9, 1458–1471. [CrossRef]
[PubMed]

19. Meyer, K.A.; Boone-Heinonen, J.; Duffey, K.J.; Rodriguez, D.A.; Kiefe, C.I.; Lewis, C.E.; Gordon-Larsen, P.
Combined measure of neighborhood food and physical activity environments and weight-related outcomes:
the cardia study. Health Place 2015, 33, 9–18. [CrossRef] [PubMed]

20. Farley, T.A.; Rice, J.; Bodor, J.N.; Cohen, D.A.; Bluthenthal, R.N.; Rose, D. Measuring the food environment:
shelf space of fruits, vegetables, and snack foods in stores. J. Urban Heal. 2009, 86, 672–682. [CrossRef]
[PubMed]

21. Snyder, T.D.; Dillow, S.A. Digest of Education Statistics 2013 (NCES 2015-011); N.C.f.E. Statistics, Ed.; Institute
of Education Sciences: Washington, DC, USA, 2015.

22. Horacek, T.M.; Erdman, M.B.; Reznar, M.M.; Olfert, M.; Brown-Esters, O.N.; Kattelmann, K.K.; Kidd, T.;
Koenings, M.; Phillips, B.; Quick, V.; et al. Evaluation of the food store environment on and near the campus
of 15 postsecondary institutions. Am. J. Heal. Promot. 2013, 27, e81–e90. [CrossRef] [PubMed]

23. Kapinos, K.A.; Yakusheva, O. Environmental influences on young adult weight gain: evidence from a natural
experiment. J. Adolesc. Heal. 2011, 48, 52–58. [CrossRef] [PubMed]

24. Kapinos, K.A.; Yakusheva, O.; Eisenberg, D. Obesogenic environmental influences on young adults: evidence
from college dormitory assignments. Econ. Hum. Biol. 2014, 12, 98–109. [CrossRef] [PubMed]

25. LaCaille, L.; Dauner, K.N.; Krambeer, R.; Pedersen, J. Psychosocial and environmental determinants of eating
behaviors, physical activity, and weight change among college students: a qualitative analysis. J. Am. Coll.
Heal. 2011, 59, 531–538. [CrossRef] [PubMed]

26. Goodwin, S.K. Development of the University Health Index to Examine the Interface between Campus
Environment and Nutrition, Physical Activity, and Weight in College Students. Virginia Polytechnic Institute
and State University: Blacksburg, VA, USA, 2011.

27. Laska, M.N.; Hearst, M.O.; Forsyth, A.; Pasch, K.E.; Lytle, L. Neighbourhood food environments: are they
associated with adolescent dietary intake, food purchases and weight status? Public Heal. Nutr. 2010, 13,
1757–1763. [CrossRef] [PubMed]

28. Lowry, R.; Galuska, D.A.; Fulton, J.E.; Wechsler, H.; Kann, L.; Collins, J.L. Physical activity, food choice,
and weight management goals and practices among US college students. Am. J. Prev. Med. 2000, 18, 18–27.
[CrossRef]

29. Nelson, M.C.; Story, M.; Larson, N.I.; Neumark-Sztainer, D.; Lytle, L.A. Emerging adulthood and college-aged
youth: an overlooked age for weight-related behavior change. Obesity 2008, 16, 2205–2211. [CrossRef]
[PubMed]

30. Arnett, J. Conceptions of the Transition to Adulthood: Perspectives from Adolescence through Midlife.
J. Adult Develop. 2011, 8, 133–143. [CrossRef]

31. Park, M.J.; Scott, J.T.; Adams, S.H.; Brindis, C.D.; Irwin, C.E. Adolescent and young adult health in the
united states in the past decade: little improvement and young adults remain worse off than adolescents.
J. Adolesc. Health 2014, 55, 3–16. [CrossRef] [PubMed]

32. Fedewa, M.V.; Das, B.M.; Evans, E.M.; Dishman, R.K. Change in weight and adiposity in college students:
A systematic review and meta-analysis. Am. J. Prev. Med. 2014, 47, 641–652. [CrossRef] [PubMed]

33. Gropper, S.S.; Simmons, K.P.; Connell, L.J.; Ulrich, P.V. Weight and Body Composition Changes during the
First Three Years of College. J. Obes. 2012, 2012. [CrossRef] [PubMed]

34. Gropper, S.S.; Simmons, K.P.; Connell, L.J.; Ulrich, P.V. Changes in body weight, composition, and shape:
a 4-year study of college students. Appl. Physiol. Nutr. Metab. 2012, 37, 1118–1123. [CrossRef] [PubMed]

35. Lloyd-Richardson, E.E.; Bailey, S.; Fava, J.L.; Wing, R.; Tobacco Etiology Research Network (TERN).
A prospective study of weight gain during the college freshman and sophomore years. Prev. Med. 2009, 48,
256–261. [CrossRef] [PubMed]

36. Racette, S.B.; et al. Weight changes, exercise, and dietary patterns during freshman and sophomore years of
college. J. Am. Coll. Health 2005, 53, 245–251. [CrossRef] [PubMed]

37. Racette, S.B.; Deusinger, S.S.; Strube, M.J.; Highstein, G.R.; Deusinger, R.H. Changes in weight and health
behaviors from freshman through senior year of college. J. Nutr. Educ. Behav. 2008, 40, 39–42. [CrossRef]
[PubMed]

http://dx.doi.org/10.3390/ijerph9041458
http://www.ncbi.nlm.nih.gov/pubmed/22690205
http://dx.doi.org/10.1016/j.healthplace.2015.01.004
http://www.ncbi.nlm.nih.gov/pubmed/25723792
http://dx.doi.org/10.1007/s11524-009-9390-3
http://www.ncbi.nlm.nih.gov/pubmed/19603271
http://dx.doi.org/10.4278/ajhp.120425-QUAN-220
http://www.ncbi.nlm.nih.gov/pubmed/23448419
http://dx.doi.org/10.1016/j.jadohealth.2010.05.021
http://www.ncbi.nlm.nih.gov/pubmed/21185524
http://dx.doi.org/10.1016/j.ehb.2013.05.003
http://www.ncbi.nlm.nih.gov/pubmed/23764142
http://dx.doi.org/10.1080/07448481.2010.523855
http://www.ncbi.nlm.nih.gov/pubmed/21660808
http://dx.doi.org/10.1017/S1368980010001564
http://www.ncbi.nlm.nih.gov/pubmed/20529405
http://dx.doi.org/10.1016/S0749-3797(99)00107-5
http://dx.doi.org/10.1038/oby.2008.365
http://www.ncbi.nlm.nih.gov/pubmed/18719665
http://dx.doi.org/10.1023/A:1026450103225
http://dx.doi.org/10.1016/j.jadohealth.2014.04.003
http://www.ncbi.nlm.nih.gov/pubmed/24815958
http://dx.doi.org/10.1016/j.amepre.2014.07.035
http://www.ncbi.nlm.nih.gov/pubmed/25241201
http://dx.doi.org/10.1155/2012/634048
http://www.ncbi.nlm.nih.gov/pubmed/23050127
http://dx.doi.org/10.1139/h2012-139
http://www.ncbi.nlm.nih.gov/pubmed/22978391
http://dx.doi.org/10.1016/j.ypmed.2008.12.009
http://www.ncbi.nlm.nih.gov/pubmed/19146870
http://dx.doi.org/10.3200/JACH.53.6.245-251
http://www.ncbi.nlm.nih.gov/pubmed/15900988
http://dx.doi.org/10.1016/j.jneb.2007.01.001
http://www.ncbi.nlm.nih.gov/pubmed/18174103


Nutrients 2018, 10, 1569 14 of 16

38. Boek, S.; Bianco-Simeral, S.; Chan, K.; Goto, K. Gender and race are significant determinants of students’
food choices on a college campus. J. Nutr. Educ. Behav. 2012, 44, 372–378. [CrossRef] [PubMed]

39. Greene, G.W.; Schembre, S.M.; White, A.A.; Hoerr, S.L.; Lohse, B.; Shoff, S.; Horacek, T.; Riebe, D.; Patterson, J.;
Phillips, B.W.; et al. Identifying clusters of college students at elevated health risk based on eating and
exercise behaviors and psychosocial determinants of body weight. J. Am. Diet. Assoc. 2011, 111, 394–400.
[CrossRef] [PubMed]

40. McDermott, M.S.; Oliver, M.; Simnadis, T.; Beck, E.J.; Coltman, T.; Iverson, D.; Caputi, P.; Sharma, R.
The theory of planned behaviour and dietary patterns: A systematic review and meta-analysis. Prev. Med.
2015, 81, 150–156. [CrossRef] [PubMed]

41. van’t Riet, J.; Sijtsema, S.J.; Dagevos, H.; De Bruijn, G.J. The importance of habits in eating behaviour.
An overview and recommendations for future research. Appetite 2011, 57, 585–596. [CrossRef] [PubMed]

42. Aggarwal, A.; Monsivais, P.; Cook, A.J.; Drewnowski, A. Positive attitude toward healthy eating predicts
higher diet quality at all cost levels of supermarkets. J. Acad. Nutr. Diet. 2014, 114, 266–272. [CrossRef]
[PubMed]

43. Bandura, A. Social Foundations of Thought and Action: a Social Cognitive Theory. Prentice Hall: Upper
Saddle River, NJ, USA, 1986.

44. Kattelmann, K.K.; Bredbenner, C.B.; White, A.A.; Greene, G.W.; Hoerr, S.L.; Kidd, T.; Colby, S.; Horacek, T.M.;
Phillips, B.W.; Koenings, M.M.; et al. The effects of young adults eating and active for health (yeah):
a theory-based web-delivered intervention. J. Nutr. Educ. Behav. 2014, 46, S27–S41. [CrossRef] [PubMed]

45. Brown, O.; Quick, V.; Colby, S.; Greene, G.; Horacek, T.M.; Hoerr, S.; Koenings, M.; Kidd, T.; Morrell, J.;
Olfert, M.; et al. Recruitment lessons learned from a tailored web-based health intervention project y.e.a.h.
(Young Adults Eating and Active for Health). Heal. Educ. 2015, 115, 470–479. [CrossRef]

46. Strong, K.A.; Parks, S.L.; Anderson, E.; Winett, R.; Davy, B.M. Weight gain prevention: identifying
theory-based targets for health behavior change in young adults. J. Am. Diet. Assoc. 2008, 108, 1708–1715.
[CrossRef] [PubMed]

47. Thompson, F.E.; Midthune, D.; Subar, A.F.; Kahle, L.L.; Schatzkin, A.; Kipnis, V. Performance of a short tool
to assess dietary intakes of fruits and vegetables, percentage energy from fat and fibre. Public Heal. Nutr.
2004, 7. [CrossRef] [PubMed]

48. Thompson, F.E.; Midthune, D.; Subar, A.F.; Kipnis, V.; Kahle, L.L.; Schatzkin, A. Development and evaluation
of a short instrument to estimate usual dietary intake of percentage energy from fat. J. Am. Diet. Assoc. 2007,
107, 760–767. [CrossRef] [PubMed]

49. West, D.S.; Bursac, Z.; Quimby, D.; Prewitt, T.E.; Spatz, T.; Nash, C.; Mays, G.; Eddings, K. Self-reported
sugar-sweetened beverage intake among college students*. Obesity 2006, 14, 1825–1831. [CrossRef] [PubMed]

50. ChooseMyPlate.gov. Available online: http://www.choosemyplate.gov/food-groups/grains-counts.html
(accessed on 1 September 2008).

51. Glanz, K.; Sallis, J.F.; Saelens, B.E.; Frank, L.D. Nutrition environment measures survey in stores (NEMS-S):
Development and evaluation. Am. J. Prev. Med. 2007, 32, 282–289. [CrossRef] [PubMed]

52. Muthén, L.K.; Muthén, B.O. Mplus User’s Guide; 8th ed.; Muthén & Muthén: Los Angeles, CA, USA, 2017.
53. Jöreskog, K.G.; Sörbom, D. Lisrel-VI User’s Guide; Scientific Software.: Mooresville, IN, USA, 1984.
54. Bollen, K.A.; Long, J.S. Alternative ways of assessing model fit. In Testing Structural Equation Models; Sage:

Beverly Hills, CA, USA, 1993.
55. Cluskey, M.; Grobe, D. College weight gain and behavior transitions: Male and female differences.

J. Am. Diet. Assoc. 2009, 109, 325–329. [CrossRef] [PubMed]
56. Adriaanse, M.A.; Vinkers, C.D.; De Ridder, D.T.; Hox, J.J.; De Wit, J.B. Do implementation intentions help

to eat a healthy diet? A systematic review and meta-analysis of the empirical evidence. Appetite 2011, 56,
183–193. [CrossRef] [PubMed]

57. Cobb, L.K.; Appel, L.J.; Franco, M.; Jones-Smith, J.C.; Nur, A.; Anderson, C.A. The relationship of
the local food environment with obesity: A systematic review of methods, study quality, and results.
Obesity (Silver Spring) 2015, 23, 1331–1344. [CrossRef] [PubMed]

58. Casagrande, S.S.; Franco, M.; Gittelsohn, J.; Zonderman, A.B.; Evans, M.K.; Fanelli Kuczmarski, M.;
Gary-Webb, T.L. Healthy food availability and the association with BMI in Baltimore, Maryland.
Public Health Nutr. 2011, 14, 1001–1007. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jneb.2011.12.007
http://www.ncbi.nlm.nih.gov/pubmed/22607739
http://dx.doi.org/10.1016/j.jada.2010.11.011
http://www.ncbi.nlm.nih.gov/pubmed/21338738
http://dx.doi.org/10.1016/j.ypmed.2015.08.020
http://www.ncbi.nlm.nih.gov/pubmed/26348455
http://dx.doi.org/10.1016/j.appet.2011.07.010
http://www.ncbi.nlm.nih.gov/pubmed/21816186
http://dx.doi.org/10.1016/j.jand.2013.06.006
http://www.ncbi.nlm.nih.gov/pubmed/23916974
http://dx.doi.org/10.1016/j.jneb.2014.08.007
http://www.ncbi.nlm.nih.gov/pubmed/25457733
http://dx.doi.org/10.1108/HE-06-2014-0075
http://dx.doi.org/10.1016/j.jada.2008.07.007
http://www.ncbi.nlm.nih.gov/pubmed/18926139
http://dx.doi.org/10.1079/PHN2004642
http://www.ncbi.nlm.nih.gov/pubmed/15548349
http://dx.doi.org/10.1016/j.jada.2007.02.006
http://www.ncbi.nlm.nih.gov/pubmed/17467371
http://dx.doi.org/10.1038/oby.2006.210
http://www.ncbi.nlm.nih.gov/pubmed/17062813
http://www.choosemyplate.gov/food-groups/grains-counts.html
http://dx.doi.org/10.1016/j.amepre.2006.12.019
http://www.ncbi.nlm.nih.gov/pubmed/17383559
http://dx.doi.org/10.1016/j.jada.2008.10.045
http://www.ncbi.nlm.nih.gov/pubmed/19167962
http://dx.doi.org/10.1016/j.appet.2010.10.012
http://www.ncbi.nlm.nih.gov/pubmed/21056605
http://dx.doi.org/10.1002/oby.21118
http://www.ncbi.nlm.nih.gov/pubmed/26096983
http://dx.doi.org/10.1017/S1368980010003812
http://www.ncbi.nlm.nih.gov/pubmed/21272422


Nutrients 2018, 10, 1569 15 of 16

59. Ruff, R.R.; Akhund, A.; Adjoian, T. Small convenience stores and the local food environment: an analysis of
resident shopping behavior using multilevel modeling. Am. J. Heal. Promot. 2016, 30, 172–180. [CrossRef]
[PubMed]

60. Fennis, B.M.; Adriaanse, M.A.; Stroebe, W.; Pol, B. Bridging the intention–behavior gap: inducing
implementation intentions through persuasive appeals. J. Consum. Psychol. 2011, 21, 302–311. [CrossRef]

61. Freedman, M.R.; Connors, R. Point-of-purchase nutrition information influences food-purchasing behaviors
of college students: a pilot study. J. Am. Diet. Assoc. 2010, 110, 1222–1226. [CrossRef] [PubMed]

62. Powell, L.M.; Zhao, Z.; Wang, Y. Food prices and fruit and vegetable consumption among young american
adults. Heal. Place 2009, 15, 1064–1070. [CrossRef] [PubMed]

63. Pearson, T.; Russell, J.; Campbell, M.J.; Barker, M.E. Do ‘food deserts’ influence fruit and vegetable
consumption?–A cross-sectional study. Appetite 2005, 45, 195–197. [CrossRef] [PubMed]

64. Graham, D.J.; Pelletier, J.E.; Neumark-Sztainer, D.; Lust, K.; Laska, M.N. Perceived social-ecological factors
associated with fruit and vegetable purchasing, preparation, and consumption among young adults.
J. Acad. Nutr. Diet. 2013, 113, 1366–1374. [CrossRef] [PubMed]

65. Kothe, E.J.; Mullan, B.A. A randomised controlled trial of a theory of planned behaviour to increase fruit
and vegetable consumption. Fresh Facts. Appetite 2014, 78, 68–75. [CrossRef] [PubMed]

66. Kersten, E.; Laraia, B.; Kelly, M.; Adler, N.; Yen, I. Small food stores and availability of nutritious foods: a
comparison of database and in-store measures, northern california, 2009. Prev. Chronic Dis. 2012. [CrossRef]

67. Gittelsohn, J.; Dennisuk, L.A.; Christiansen, K.; Bhimani, R.; Johnson, A.; Alexander, E.; Lee, M.; Lee, S.H.;
Rowan, M.; Coutinho, A.J. Development and implementation of baltimore healthy eating zones: a
youth-targeted intervention to improve the urban food environment. Heal. Educ. Res. 2013, 28, 732–744.
[CrossRef] [PubMed]

68. Gittelsohn, J.; Rowan, M.; Gadhoke, P. Interventions in small food stores to change the food environment,
improve diet, and reduce risk of chronic disease. Prev. Chronic Dis. 2012. [CrossRef]

69. Gudzune, K.; Hutfless, S.; Maruthur, N.; Wilson, R.; Segal, J. Strategies to prevent weight gain in workplace
and college settings: A systematic review. Prev. Med. 2013, 57, 268–277. [CrossRef] [PubMed]

70. Gebauer, H.; Laska, M.N. Convenience stores surrounding urban schools: an assessment of healthy food
availability, advertising, and product placement. J. Urban Heal. 2011, 88, 616–622. [CrossRef] [PubMed]

71. Sharkey, J.R.; Dean, W.R.; Nalty, C. Convenience stores and the marketing of foods and beverages through
product assortment. Am. J. Prev. Medicine 2012, 43, S109–S115. [CrossRef] [PubMed]

72. Zenk, S.N.; Powell, L.M.; Rimkus, L.; Isgor, Z.; Barker, D.C.; Ohri-Vachaspati, P.; Chaloupka, F. Relative and
absolute availability of healthier food and beverage alternatives across communities in the united states.
Am. J. Public Heal. 2014, 104, 2170–2178. [CrossRef] [PubMed]

73. Blondin, S.A.; Mueller, M.P.; Bakun, P.J.; Choumenkovitch, S.F.; Tucker, K.L.; Economos, C.D. Cross-sectional
associations between empirically-derived dietary patterns and indicators of disease risk among university
students. Nutrients 2015, 8. [CrossRef] [PubMed]

74. Larson, N.; Laska, M.N.; Story, M.; Neumark-Sztainer, D. Predictors of fruit and vegetable intake in young
adulthood. J. Acad. Nutr. Diet. 2012, 112, 1216–1222. [CrossRef] [PubMed]

75. Allan, J.L.; Johnston, M.; Campbell, N. Snack purchasing is healthier when the cognitive demands of choice
are reduced: a randomized controlled trial. Heal. Psychol. 2015, 34, 750–755. [CrossRef] [PubMed]

76. Hartman, H.; Wadsworth, D.P.; Penny, S.; van Assema, P.; Page, R. Psychosocial determinants of fruit and
vegetable consumption among students in a new zealand university. Results of focus group interviews.
Appetite 2013, 65, 35–42. [CrossRef] [PubMed]

77. Moore, L.V.; Diez Roux, A.V.; Franco, M. Measuring availability of healthy foods: agreement between directly
measured and self-reported data. Am. J. Epidemiology 2012, 175, 1037–1044. [CrossRef] [PubMed]

http://dx.doi.org/10.4278/ajhp.140326-QUAN-121
http://www.ncbi.nlm.nih.gov/pubmed/25806566
http://dx.doi.org/10.1016/j.jcps.2010.12.003
http://dx.doi.org/10.1016/j.jada.2010.05.002
http://www.ncbi.nlm.nih.gov/pubmed/20656098
http://dx.doi.org/10.1016/j.healthplace.2009.05.002
http://www.ncbi.nlm.nih.gov/pubmed/19523869
http://dx.doi.org/10.1016/j.appet.2005.04.003
http://www.ncbi.nlm.nih.gov/pubmed/15927303
http://dx.doi.org/10.1016/j.jand.2013.06.348
http://www.ncbi.nlm.nih.gov/pubmed/23958116
http://dx.doi.org/10.1016/j.appet.2014.03.006
http://www.ncbi.nlm.nih.gov/pubmed/24656949
http://dx.doi.org/10.5888/pcd9.120023
http://dx.doi.org/10.1093/her/cyt066
http://www.ncbi.nlm.nih.gov/pubmed/23766452
http://dx.doi.org/10.5888/pcd9.110015
http://dx.doi.org/10.1016/j.ypmed.2013.03.004
http://www.ncbi.nlm.nih.gov/pubmed/23523689
http://dx.doi.org/10.1007/s11524-011-9576-3
http://www.ncbi.nlm.nih.gov/pubmed/21491151
http://dx.doi.org/10.1016/j.amepre.2012.05.012
http://www.ncbi.nlm.nih.gov/pubmed/22898159
http://dx.doi.org/10.2105/AJPH.2014.302113
http://www.ncbi.nlm.nih.gov/pubmed/25211721
http://dx.doi.org/10.3390/nu8010003
http://www.ncbi.nlm.nih.gov/pubmed/26712784
http://dx.doi.org/10.1016/j.jand.2012.03.035
http://www.ncbi.nlm.nih.gov/pubmed/22698924
http://dx.doi.org/10.1037/hea0000173
http://www.ncbi.nlm.nih.gov/pubmed/25420063
http://dx.doi.org/10.1016/j.appet.2013.02.005
http://www.ncbi.nlm.nih.gov/pubmed/23415984
http://dx.doi.org/10.1093/aje/kwr445
http://www.ncbi.nlm.nih.gov/pubmed/22273535


Nutrients 2018, 10, 1569 16 of 16

78. Moore, L.V.; Diez Roux, A.V.; Nettleton, J.A.; Jacobs, D.R. Associations of the local food environment
with diet quality–a comparison of assessments based on surveys and geographic information systems:
the multi-ethnic study of atherosclerosis. Am. J. Epidemiology 2008, 167, 917–924. [CrossRef] [PubMed]

79. Minaker, L.M.; Raine, K.D.; Wild, T.C.; Nykiforuk, C.I.; Thompson, M.E.; Frank, L.D. Objective food
environments and health outcomes. Am. J. Prev. Med. 2013, 45, 289–296. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/aje/kwm394
http://www.ncbi.nlm.nih.gov/pubmed/18304960
http://dx.doi.org/10.1016/j.amepre.2013.05.008
http://www.ncbi.nlm.nih.gov/pubmed/23953355
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	South Dakota State University
	Open PRAIRIE: Open Public Research Access Institutional Repository and Information Exchange
	10-23-2018

	Multilevel Structural Equation Modeling of Students' Dietary Intentions/Behaviors, BMI, and the Healthfulness of Convenience Stores.
	Tanya M. Horacek
	Elif Dede Yildirim
	Kendra Kattelmann
	Carol Byrd-Bredbenner
	Onikia Brown
	See next page for additional authors
	Recommended Citation
	Authors


	Introduction 
	Materials and Methods 
	Design 
	Young Adults’ Eating and Activity for the Health Sample 
	Young Adults’ Eating and Activity for Health Measures 
	Dietary Attitudes 
	Dietary Intake 
	Demographics 
	Anthropometrics 

	Environmental Audit Food Store Sample 
	Environmental Audit Food Store Measures 
	Analysis 

	Results 
	Individual Level Analysis 
	Campus Level Analysis 

	Discussion 
	Conclusions 
	References

