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Abstract

Background: Food insecurity, a state of not being able to consistently access nutritious food due
to financial constraints, has been associated with poor dietary intake among college students. The
extent to which campus food resources contribute to this association is unknown.

Obijectives: This study examined the association between food insecurity and dietary intake in
a sample of undergraduate students with unlimited meal plans and dining hall access at a large,
public Midwestern university.

Design: The study design is cross-sectional. The data used are baseline data from part of a
broader sugar-sweetened beverage intervention study that were collected using a Qualtrics survey
prior to the intervention.

Participants/setting: The sample consisted of 1,033 undergraduate students recruited from
three dining halls. The data were collected in November 2018.
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Main outcome measures: Food security was assessed using the 6-item Short Form Food
Security Survey Module. Dietary intake was assessed using the National Cancer Institute 26-item
Dietary Screener Questionnaire and the Beverage Intake Questionnaire-15.

Statistical analyses performed: Generalized linear regression models were used to
examine differences in dietary intake by students’ food security status, adjusting for students’
sociodemographic characteristics.

Results: In the sample, 14% of students were food-insecure. After adjusting for
sociodemographic variables, food-insecure students reported 9% lower intake of fruits (P=0.02),
9% lower intake of vegetables (P<0.001), 10% higher intake of dairy (P=0.002), 6% higher

intake of total added sugars (P=0.01), 10% higher intake of added sugars from sugar-sweetened
beverages (P= 0.01), 4% higher intake of calcium (P=0.01), and 4% lower intake of fiber (P=0.01),
compared to food-secure students. With respect to beverage intake, food-insecure students had
56% higher intake of total sugar-sweetened beverages (P=0.002), which was driven by 185%
higher intake of energy and sports drinks (P=0.001), and 121% higher intake of sweetened teas
(P=0.001).

Conclusions: Despite having identical food resources within campus dining halls, there were

significant differences in the diets of college students by food security status.

Keywords
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INTRODUCTION

Food insecurity is the state of being unable to access sufficient nutritious food due to
financial constraints and is influenced by sociodemographic factors including race/ethnicity,
income, and household size.l: 2 In the United States, 10.5% of households experienced food
insecurity during 2019.3 Compared to the general population, the high prevalence of food
insecurity among the college student population is striking with approximately 14-59%4*-7
of students on college campuses reporting food insecurity at some point in their college
career, with an average food insecurity rate of 42% across peer-reviewed studies.? These
estimates for food insecurity prevalence refer to one given year within the multi-year college
time period. In the U.S. population, food insecurity has been linked to a multitude of risk
factors and negative health outcomes, including cardiovascular disease risk,8 9 obesity,10
and depression and mental health issues.1! Food insecurity has also been associated with
poor dietary intake in U.S. adults,12 which is a major health concern due to the link between
poor diet and chronic disease risk.13 Hanson and Connor found that food insecurity in adults
was adversely associated with dietary intake, especially lower fruit, vegetable, and dairy
intake.1* Leung et al. also found that food insecurity was associated with poor dietary intake
in low-income adults.® In a systematic review of 24 studies, food-insecure adult women had
lower intakes of some food groups (e.g. dairy, fruits, vegetables, grains) and nutrients (e.g.
protein, vitamins, iron, magnesium) compared to food-secure women.18 Furthermore, food
insecurity has been associated with increased sugar sweetened beverage (SSB) intake, 1’
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which can lead to increased risk of obesity, cardiovascular diseases,8 diabetes,® and some
cancers.20 21

Though multiple studies have established the health consequences of food insecurity in

the adult population, 22-25 fewer studies have focused on U.S. college students. Students

in four-year, public institutions in California who are food-insecure have reported that
insufficient financial resources, time, transportation, and kitchen facilities contribute to food
insecurity and poor diet intake.28 Additionally, among college students at a large, four-year
Midwestern university, Leung et al. found that food insecurity was associated with poor
dietary intake and higher body mass index.2’ In another study conducted by Martinez et

al. at the University of California’s 10-campus system, food insecurity was associated with
decreased fruit and vegetable intake, higher body mass index, fewer days of adequate sleep,
and fewer days of moderate to vigorous physical activity.28 While these studies establish
the basics of the relationship between food insecurity and overall dietary intake in college
populations, a major limitation is that they do not account for the potential role of dining
plans.

College campuses are a unique food environment, especially for undergraduate students,
many of whom live in residence halls and access meals through pre-paid dining plans they
redeem at dining halls. Meal plan participation is an important factor to consider because
students with unlimited access to food resources would be expected to have marginal or high
food security. The prevalence of food insecurity in college populations would presumably
decrease if students had unrestricted, and identical, access to the same food environment.

El Zein et al. reported a 19% food insecurity rate among first-year college students across
eight U.S. universities, with those not participating in a meal plan more likely to be food-
insecure, and subsequently, had higher odds of disordered eating behaviors.2® When meal
plan participation is accounted for, food insecurity prevalence is expected to be substantially
lower. Moreover, having access to the same food environment would anticipate more similar
dietary intake among food-secure and food-insecure individuals, compared to students
without dining hall access. The current study adds critical information to evidence regarding
the associations between food insecurity and dietary intake among college students by
assessing the outcomes of dietary intake among students who all have unlimited meal plans,
and therefore made food choices in identical food environments.

In this study, the association between food security status and dietary intake was examined
using data from 1,033 undergraduate students with unlimited meal plans in a large, public
Midwestern university. To the authors’ knowledge, this study is the first to examine food
insecurity and dietary intake among college students with identical access to and resources
for food within campus dining halls. Compared to what has been observed in previous
studies that did not account for meal plans, the food insecurity prevalence in the present
study was expected to be lower, and dietary intake was expected to be similar among
food-secure and food-insecure students, given that the students in the sample all had the
same unrestricted access to the same food environment.
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Study population

Measures

Participants for the study were recruited from three large dining halls of a large, public
Midwestern University as part of a broader SSB quasi-experimental intervention study
(NCT04435145).30 Briefly, warning labels were affixed to SSB dispensers at one of the
dining halls, which served as the intervention site. The other two dining halls served as
control sites and no changes were made to any food or beverage dispensers. The data for
the present study comes from the baseline survey, which was administered prior to the
implementation of SSB warning labels.

Michigan Dining, the campus unit that manages all on-campus dining halls and eateries,
provided the study investigators with a list of 3,032 students frequenting the three dining
halls during the Fall 2018 term. To be included in the study, the participant had to be a
student of the university who visited the same dining hall at least 100 times within the

first two months of the semester, which translated into eating at the same dining hall at
least once per day or more. The dining halls are open to the entire university community,
though primarily serve students with meal plans. All students in the sample were assumed
to have unlimited meal plans, because the university requires students living in residence
halls to purchase unlimited meal plans. However, this information was not verified in the
survey. Unlimited meal plans provide unrestricted access to all campus dining halls during
the academic year, each of which provides food through an “all-you-care-to-eat” style buffet,
i.e. students swipe their cards upon entry and can consume as much or as little food as they
desire without being charged for individual items.

In November 2018, all 3,032 eligible students were contacted through their university e-mail
to complete a survey, anticipating a sample size of 1,000 respondents. The survey was sent
to their university e-mail address via a personalized link (Qualtrics, Provo, UT).31 Within the
first two days, 1,084 responses were received and the survey was closed to new responses.
The sample size was determined based on the statistical power needed for an expected
effect size for the broader SSB intervention study. The survey took approximately 10-15
minutes to complete and informed consent was obtained at the beginning of the survey.
Students received a $10 Amazon.com gift card upon completion. For the current study, the
analytic sample was comprised of all individuals with complete information on all variables
of interest (n=1,033). The study was approved by the University of Michigan Institutional
Review Board.

Food insecurity—Food security status over the past 30 days was assessed using the
6-item Short Form Food Security Survey Module.32 Questions were adapted to capture the
individual’s food security status, rather than that of their household over the past 30 days.
According to the United States Department of Agriculture guidelines, food security status
was assigned based on the number of affirmative responses to questions such as “In the last
30 days, did you ever cut the size of your meals or skip meals because there wasn’t enough

o

money for food?”. Responses of “yes”, “often”, and “sometimes” were coded as affirmative.
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The total raw score, ranging from 0-6, determined food security status: high or marginal
food security (0-1), low food security (2-4), and very low food security (5-6). For the
analyses, full and marginal food security were combined to form a “food-secure” category,
and low and very low food security were combined to form a “food-insecure” category.

Dietary intake—Dietary intake over the past month was assessed using the National
Cancer Institute 26-item Dietary Screener Questionnaire (DSQ).33 The DSQ has been
previously validated.34 Dietary outcomes from the DSQ included fruits (cup equivalents),
vegetables including legumes (cup equivalents), whole grains (ounce equivalents), dairy
(cup equivalents), added sugars from sugar-sweetened beverages (tsp equivalents), total
added sugars (tsp equivalents), calcium (mg), and fiber (g).33 Daily intakes for each dietary
component were estimated using publicly available SAS macros.3®

Beverage intake over the past month was assessed using a modified Beverage Intake
Questionnaire-15 (BEV-Q).36 The BEV-Q has been previously validated.36 The instrument
was modified by separating out flavored milk from plain/unflavored milk due to the
broader intervention focused on SSB intake. Outcomes assessed with the BEV-Q included
intake of regular/sweetened soda, fruit-flavored drinks, energy or sports drinks, sweetened
teas, sweetened coffees, flavored milk, plain/unflavored milk, 100% fruit juice, diet soda,
artificially sweetened or unsweetened tea/coffee, and water.36 Total SSB intake was
calculated by summing intakes of regular soda, fruit-flavored drinks, energy or sports drinks,
sweetened tea, sweetened coffee, and flavored milk. Usual amount for each beverage was
assessed using the following categories: less than 6 fluid ounces, 8 fluid ounces, 12 fluid
ounces, 16 fluid ounces, or more than 20 fluid ounces. Daily intake (in ounces) for each
beverage was then estimated by multiplying the frequency of intake and the usual amount
for each beverage consumed.

Other covariates—In the same survey, students reported their demographic
characteristics, including age, sex, race/ethnicity, and parental educational attainment.
Students were also asked if they were Pell grant recipients. Pell grant is a type of federal
financial aid typically awarded to undergraduate students who have not earned a degree

yet and demonstrate serious financial need. Recipient status of this grant was used as an
indicator of family socioeconomic status, which in the context of this study, is important as a
potential correlate of a student’s food security status.

Statistical analysis—First, differences in sociodemographic characteristics were
compared by food security category using simple linear regression and chi-squared tests.
Next, the association between food insecurity status and dietary variables was assessed
through comparing unadjusted means of dietary variables between food-insecure and food-
secure students. Finally, generalized linear models with a gamma distribution and log-link
function were used to examine differences in dietary intake by food insecurity status.3” The
models were adjusted for all sociodemographic variables. All statistical tests were two-sided
and significance was considered at the P<0.05 level. Statistical analyses were performed in
the statistical software SAS Version 9.4 (SAS Institute, Cary, NC).38
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In the analytic sample of 1,033 students, the mean age was 18.5 years and 48% were
female (Table 1). Approximately 55% of students identified as non-Hispanic White, 4%
as non-Hispanic Black, 5% as Hispanic, 28% as Asian, and 8% as another race/ethnicity.
The distributions of sex and race/ethnicity in the analytic sample closely resembled that of
the broader undergraduate student population. Additionally, 76% were first-year students,
18% were second-year students, and 6% were students in their third, fourth, or fifth

year. Approximately 14% experienced food insecurity within the past 30 days. Table

1 describes the sociodemographic characteristics of the sample by food security status.
Students experiencing food insecurity were more likely to identify as non-Hispanic Black,
Hispanic, or another race or ethnicity; as first-generation students; and as Pell grant
recipients (P<0.0I1). Although there were significant differences in racial/ethnic composition,
the majority of food-secure and food-insecure students alike were non-Hispanic White.

Table 2 displays the unadjusted mean daily intake results from both the DSQ and the BEV-Q
for all students and stratified by food security status. On average, food-insecure students
reported lower mean intakes of fruits and vegetables than food-secure students. There were
also significant differences with respect to dietary fiber intake and added sugar from SSBs.
There were no other significant unadjusted differences in dietary intake by students’ food
security status.

Table 3 presents relative differences in reported dietary intake between food-insecure

and food-secure students after adjusting for student’s sociodemographic characteristics.
Compared to food-secure students, food-insecure students had 9% lower intake of fruits
(Relative Difference (RD)=0.91, 95% CI: 0.84, 0.99), 9% lower intake of vegetables,
including legumes (RD=0.91, 95% CI 0.87, 0.96), 10% higher intake of dairy (RD=1.10,
95% CI 1.04, 1.17), 10% higher intake of added sugars from SSBs (RD=1.10, 95% CI 1.02,
1.18), 6% higher intake of total added sugars (RD=1.06, 95% CI 1.01, 1.12), 4% higher
intake of calcium (RD=1.04, 95% CI 1.01, 1.08), and 4% lower intake of fiber (RD=0.96,
95% ClI 0.93, 0.99). The difference for whole grain intake by food security status was not
statistically significant.

There were also significant differences in reported beverage intake between the food-secure
and food-insecure groups after multivariate-adjustment (Table 3). Food-insecure students
had 185% higher intake of energy and sports drinks (RD=2.85, 95% ClI 1.54, 5.28), 121%
higher intake of sweetened teas (RD=2.21, 95% CI 1.37, 3.58), and 56% higher intake of
total sugar-sweetened beverages (RD=1.56, 95% CI 1.18, 2.06) compared to food-secure
students. There were no statistically significant differences for regular soda, fruit-flavored
drinks, sweetened coffees, flavored milk, plain milk, 100% fruit juice, diet soda, plain tea/
coffee, and water by food security status.

DISCUSSION

In the sample, 14% of undergraduate students with unlimited meal plans experienced food
insecurity. Compared to food-secure students, food-insecure students reported lower intakes
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of fruits, vegetables, and fiber, and higher intakes of dairy and calcium, after adjusting

for sociodemographic characteristics. Food-insecure students also reported higher intakes of
total added sugar and added sugars from SSBs, which were likely driven by higher intakes
of energy and sports drinks and sweetened teas. These findings suggest that food insecurity
was associated with aspects of poor dietary intake among college students, despite having
identical access to and resources for food within campus dining halls

Previous research has found that food insecurity is associated with poor dietary intake
among U.S college students.28:39 In 20142015, Martinez et al. investigated food insecurity
in 8,705 California college students from public, four-year universities and found that
food-insecure students consumed fewer fruits and vegetables than food-secure students,
with food-insecure students reporting, on average, 0.5 fewer servings than food-secure
students.2® Another study at a large, Midwestern, public university conducted in 2012-2013
by Mirabitur et al. found that students with mild or moderate food insecurity had lower
intakes of fruits and vegetables than food-secure students; however, this association was
attenuated among students in housing with food provision (e.g. residence hall, fraternity

or sorority house, cooperative).3 Bruening et al. found that food insecurity was inversely
associated with healthy eating and physical activity behaviors as well as a higher risk

of feeling stressed and depressed in a longitudinal study from 2015-2016 of university
freshmen in a public, four-year institution in Arizona.? A study conducted at the University
of Alberta in Canada, another public, four-year institution, recruited students through a
university food bank and found that severely food-insecure students were less likely to
consume vegetables, fruits, and legumes daily, and more likely to report fair or poor general
and mental health than their food-secure counterparts.! In 2018, a study at a large, public,
four-year Midwestern university found that across a representative sample of all university
students, those with moderate food insecurity had lower intakes of fruits, and those with
severe food insecurity had higher intakes of added sugar from SSBs and total added sugar.2”
The results of the present study extend the current literature to show that dietary differences
are observed even among students with identical access to campus eateries and resources for
food.

There are a few potential explanations for the observed association between food insecurity
and dietary intake among students in the current analytic sample. First, although students
all had identical meal plans and unlimited access to dining halls, food-insecure students
may have different availability to access campus dining halls if they also had outside
employment. Thus, potential differences in economic circumstances could explain not only
differences in dietary intake but food security status differences as well, for students

who otherwise share the same food environment. A prior report found a graded, positive
relationship between higher food insecurity levels and the number of hours a student worked
per week, likely due to students needing to earn income to pay for tuition and other
academic expenses.*2 The same report also found that food-insecure students were more
likely to work evening shifts, which may affect their ability to access campus dining halls
during regular meal times. While campus dining halls are open all day, food offerings vary
throughout the day with greatest availability at main meal times.
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Another explanation could be the relationship between food insecurity, stress, and food
intake. Food insecurity has been associated with higher stress levels,*3 and higher stress
levels have been associated with higher processed food intake.** It is possible that even
when presented with an array of healthy foods, food-insecure students may select unhealthy
foods as a coping mechanism for the stress related to food insecurity and its correlates.

In a similar vein, food insecurity has been associated with poorer sleep outcomes;2?

thus, students with food insecurity may opt to consume higher levels of SSBs (including
caffeinated drinks and energy drinks) to stay awake and maintain focus in classes. Another
potential explanation could be previous dietary habits and preferences. Although food
insecurity is not a fixed condition, there is a possibility that food-insecure college students
may have experienced food insecurity at an earlier stage in life and adopted similar eating
habits in the dining hall setting, such as higher levels of processed foods.#> However, this
does not account for the dietary intake of food-insecure students who may be experiencing
this condition for the first time in college. It is important to note that the prior food security
status of the students was not obtained, so this explanation is only a hypothesis that is not
empirically verified. Finally, even students with meal plans do not exclusively eat in dining
halls. Food-insecure students could be accessing unhealthy foods outside of the dining

hall food environment more frequently than food-secure students. A combination of these
factors could potentially explain the differences in dietary intake between food-insecure and
food-secure students noted in this study despite identical access to food resources and food
environments.

The higher intake of SSBs by the food-insecure students compared to the food-secure
students is a particularly important finding. SSBs are generally more economically
accessible on the national level compared to healthier food options, ¢ and food insecurity
has been associated with higher SSB consumption in lower-income U.S. adults.#” Because
SSB intake has been associated with increased chronic disease risk#® while providing little
to no nutrition or satiety, interventions in campus dining halls to promote unsweetened
and lightly sweetened drinks in place of SSBs might differentially benefit food-insecure
students and narrow the health gap between food-insecure and food-secure students without
significantly compromising hunger or energy levels. In the intervention study from which
the baseline data was used for the present analysis, the warning labels on SSBs in the
dining hall were found to significantly reduce consumption of SSBs among students at the
intervention site compared to students at the control sites.30 Further research is necessary
to understand whether food-insecure students may respond differently to environmental
interventions to promote healthier beverages when compared to food-secure students.

The primary limitation of this study is the cross-sectional design which does not allow for
determining a causal relationship between food insecurity and dietary intake in college
students. Other limitations were 1) the fact that the study sample was composed of

primarily first-year students living in dormitories with access to dining halls, such that this
information could not be generalizable to older students living off-campus, 2) students living
in university residence halls are required to have unlimited meal plans, but the presence of

a meal plan was not explicitly confirmed in the survey, and 3) information about outside
employment, other basic needs, or students’ intended major, all of which could modify the
relationship between food insecurity and dietary intake, was not asked. Additionally, the
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dietary instruments that were utilized were designed to capture snapshots of dietary intake
rather than total dietary intake. Although the students in the sample had unlimited access to
the campus dining halls, information on if certain foods were consumed in the dining hall
setting or in a different setting was not obtained. In similar regard, the study did not have
data available on the number of dining hall visits, thus, the results could not be compared
for those who may have visited the dining hall more or less frequently. Finally, the data
collected was self-reported, which may be subject to social desirability bias.#® That being
said, validated tools, including the DSQ34 and the BEV-Q,36 were used to reduce reporting
errors and bias.>0

A major strength of this study is the fact that the association between food insecurity and
dietary intake was examined independent of the effects of food environment. Typically, in
addition to the financial constraints that lead to food insecurity, food-insecure individuals
may experience difficulty consuming healthy foods due to lower access to healthy foods
in their food environment.®? In this study, students were observed at similar stages of
their academic career, with identical meal plans and unrestricted dining hall access. Still,
the observed associations might still be explained by differential access to food resources
outside of campus dining halls. Other factors, such as limited time availability, stress, or
individual dietary preferences, may also be mediating these associations.

CONCLUSION

This study found that food insecurity was associated with aspects of poor dietary intake
among college students with identical meal plans and access to campus dining halls.

Due to the high prevalence of food insecurity observed on college campuses,* the known
adverse associations between food insecurity, health,2 and academic outcomes,2:53 and the
disproportionate number of low-income, first-generation, and racial/ethnic minority students
affected by food insecurity, 29 food insecurity on college campuses is an important health
disparity that needs to be addressed. Future research should include qualitative approaches
to better understand the experiences of food-insecure students in diverse college settings, as
well as longitudinal studies to see how food insecurity affects long-term health and academic
outcomes. Together, these studies can help to inform the development of programs and
policies to alleviate food insecurity on college campuses.
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RESEARCH SNAPSHOT
Research Question:

Is food insecurity associated with dietary intake in college students with unlimited meal
plans?

Key Findings:

In a cross-sectional sample of 1,033 college students with unlimited meal plans, food
insecurity was significantly associated with lower intake of fruits, vegetables, and fiber
as well as higher intake of dairy, calcium, total added sugars, added sugars from
sugar-sweetened beverages, energy drinks, sweetened teas, and total sugar-sweetened
beverages.
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