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Abstract

Background: College students may be vulnerable to food insecurity due to limited financial resources, decreased
buying power of federal aid, and rising costs of tuition, housing, and food. This study assessed the prevalence of
food insecurity and its sociodemographic, health, academic, and food pantry correlates among first-year college
students in the United States.

Methods: A cross-sectional study was conducted among first-year students (n = 855) across eight U.S. universities.
Food security status was assessed using the U.S. Department of Agriculture Adult Food Security Survey Module.
Cohen’s Perceived Stress Scale, Pittsburgh Sleep Quality Index, and Eating Attitudes Test-26 were used to assess
perceived stress, sleep quality, and disordered eating behaviors, respectively. Participants self-reported their grade
point average (GPA) and completed questions related to meal plan enrollment and utilization of on-campus food
pantries.

Results: Of participating students, 19% were food-insecure, and an additional 25.3% were at risk of food insecurity.
Students who identified as a racial minority, lived off-campus, received a Pell grant, reported a parental education of high
school or less, and did not participate in a meal plan were more likely to be food-insecure. Multivariate logistic regression
models adjusted for sociodemographic characteristics and meal plan enrollment indicated that food-insecure students
had significantly higher odds of poor sleep quality (OR = 2.32, 95% CI: 1.43–3.76), high stress (OR = 4.65, 95% CI: 2.66–8.11),
disordered eating behaviors (OR = 2.49, 95% CI: 1.20–4.90), and a GPA < 3.0 (OR = 1.91, 95% CI: 1.19–3.07) compared to
food-secure students. Finally, while half of the students (56.4%) with an on-campus pantry were aware of its existence,
only 22.2% of food-insecure students endorsed utilizing the pantry for food acquisition.

Conclusions: Food insecurity among first-year college students is highly prevalent and has implications for academic
performance and health outcomes. Higher education institutions should screen for food insecurity and implement policy
and programmatic initiatives to promote a healthier college experience. Campus food pantries may be useful as short-
term relief; however, its limited use by students suggest the need for additional solutions with a rights-based approach to
food insecurity.

Trial Registration: Retrospectively registered on ClinicalTrials.gov, NCT02941497.
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Background
Today nearly 70% of high school graduates directly tran-
sition to post-secondary education in pursuit of a college
degree [1]. Despite this ostensibly accessible system of
higher education, the cost of attending college greatly
exceeds the financial means of most students [2]. Major
cuts in state support for public colleges has precipitated
a rise in the price of attending a public college, a rise
that has outpaced growth in median income [2, 3]. Fed-
eral support through student aid and tax credits has
done little to compensate [2] and, although financing
through student loans is nearly ubiquitous, students are
not always able to secure adequate support through
loans or deliberately choose not to out of fear of accru-
ing excess debt [4]. Thus, transitioning to college might
be more difficult than many college students anticipated
[5]. The increased financial burden that students en-
counter may impact their spending priorities. Students
often have to prioritize their available budget for rent,
tuition, and utilities, while using the remaining insuffi-
cient balance for food, which increases their risk of food
insecurity [6]. While there is a consensus that pursuing
a university degree is an important determinant of social
capital and health [7], experiences with food insecurity
undermine the socioeconomic agenda of post-secondary
education.
Food insecurity is defined as the limited or uncertain

access to nutritionally adequate, safe, and acceptable
foods that can be obtained in socially acceptable ways
[8]. Experiences with food insecurity can refer to run-
ning out of food and being unable to afford more; having
anxiety about affording meals, or eating a poor-quality
diet as a result of limited financial ability [8]. The United
States Department of Agriculture (USDA) classifies indi-
viduals on a continuum with respect to food security
status. Those with high food security do not experience
any issues stemming from consistent access to adequate
food items. Marginally food-secure individuals experi-
ence anxiety over food sufficiency but are still able to
maintain access to desired foods. Individuals with low
food security experience reduced quality, variety, and de-
sirability of their dietary choices but with little or no in-
dication of a reduction in food intake. Finally,
individuals who experience very low food security dem-
onstrate multiple indications of disrupted eating patterns
and reduced food intake [8].
First-year college students are uniquely susceptible to

food insecurity as they are in a period of transition into
their new-found autonomy [5], while also learning how
to cope with an environment away from home [5]. Many
of these students experience considerable difficulty in
managing a variety of tasks that they are unaccustomed
to, including managing their finances [9]. Added to this
challenge is the diminished social support resulting from

prolonged emotional and physical separation from their
family and friends [10], the effects of which may
jeopardize normal eating patterns. First-year college stu-
dents may also have poor nutrition knowledge, limited
earning potential, and lack of budgeting skills and re-
sources required for healthy food preparation [11–13].
Additionally, they may experience higher rates of weight
gain and poor eating behaviors, compared to older stu-
dents [14]. For these reasons, the first year of college has
been described as a ‘critical developmental window’ for
preventing weight gain, [15] that is paradoxically associ-
ated with food insecurity [16].
An increasing number of studies have drawn attention

to the high rates of food insecurity experiences on col-
lege campuses in the United States [17]. In a recent sys-
tematic review [17], the average student food insecurity
rate in the U.S. was found to be 32.9% with a range of
14.1% [18] in an urban university in Alabama to 59.0%
at a rural university in Oregon [19]. The pervasiveness
of campus-based food pantries is also a potential indica-
tor that food insecurity is a salient problem at
post-secondary institutions [20]. Across studies,
post-secondary students who report food insecurity are
more likely to identify as racial minority [21], be finan-
cially independent, have an annual income < $15,000,
live off-campus with roommates [19], receive a Pell
grant [21], be employed while in school [19] and have
low self-efficacy for cooking nutritious meals [18] and fi-
nancial and food literacy skills [18, 22].
Even if student food insecurity is only experienced

during the time required to earn a degree, limited access
to nutritious foods can precipitate poor health behaviors
and increased risks of chronic disease over time. Com-
pared with food-secure students, food insecure students
eat fewer fruits, vegetables, and legumes [23], consume
more processed meals in order to afford enough food
[13], have lower odds of consuming breakfast and
home-cooked meals [24] and are less physically active
[25]. Consequently, prolonged exposure to food insecur-
ity may contribute to the development of obesity [16]
and associated co-morbidities such as hypertension, dia-
betes, and cardiovascular diseases [26, 27]. Food insecur-
ity also appears to be related to poor mental health and
academic performance. Indeed, it has been posited that
food insecure students endorse increased rates of de-
pression and anxiety [24, 28], decreased ability to con-
centrate [29], and low grade point averages compared to
their counterparts [29]. Thus, food insecurity can lead to
sub-optimal health and lower academic achievement,
undermining the goals of tertiary education.
The extent to which first-year college students are at

risk of food insecurity remains to be characterized, as re-
search related to food insecurity among this population
is currently limited [24, 28, 30]. Unlike the present study
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that included students from eight geographically diverse
institutions and utilized on-site anthropometric and sur-
vey assessments, previous studies were limited to small
samples from a single institution and reliance on
self-reported data collection methods. The present study
also provides a rare glimpse of the use and awareness of
campus-based food pantries, one of the fastest growing
movements to combat food insecurity on university
campuses.
To address these gaps in the literature, the present

study aimed to: (i) identify and describe the prevalence
of food insecurity, (ii) assess the awareness and use of
campus food pantries, and (iii) examine the differences
in health, academic, and sociodemographic characteris-
tics by food security status of first-year college students
from eight U.S. universities. Our overall research ques-
tion was, Is food insecurity related to health and aca-
demic outcomes in U.S. first-year college students? We
hypothesized that food-insecure students would have
poorer mental and physical health outcomes, and lower
academic performance compared to food-secure stu-
dents. Findings from this project will support the devel-
opment of evidence-based campus initiatives and
policies to address student hunger and financial
challenges.

Methods
Study design
Data were acquired during the project development
phase of a USDA-funded, multi-state, prospective health
promotion study, Get FRUVED. Participants included
first-year students (n = 855) from eight U.S. universities
(University of Florida, University of Maine, University of
Tennessee, Auburn University, South Dakota State Uni-
versity, Kansas State University, Syracuse University, and
West Virginia University). These universities were mem-
bers of an established multi-state research team
(NC1193). Assessments were conducted at each univer-
sity during fall 2015 and late spring 2016 academic se-
mesters by trained research assistants. To reflect on
food insecurity experienced during the students’ first
year of college, data from the second assessment point
were utilized for this investigation. The University of
Tennessee Institutional Review Board reviewed and pro-
vided ethical approval for all study activities at West Vir-
ginia University, South Dakota State University,
University of Maine, Syracuse University and the Univer-
sity of Tennessee. The Institutional Review Boards at the
University of Florida, Auburn University, and Kansas
State University reviewed and approved the study for
their respective campuses. Participants provided written
informed consent prior to completing the assessment
procedures.

Participant recruitment and enrollment
Recruitment of first-year students occurred by
campus-wide announcements and advertising through
e-mails, orientation events, social media, and campus in-
formational booths. To be eligible, participants had to
report eating less than 2 cups of fruits and/or less than 3
cups of vegetables as measured by the National Cancer
Institute’s screener [31] and having at least one add-
itional risk factor for weight gain during the college
years. The risk factors included any of the following:
have a body mass index (BMI) ≥ 25 kg/m2, be a
first-generation college student, have a parent who is
overweight or obese, identify as a racial minority or be
of a low-income background [32]. These eligibility cri-
teria were selected in accordance with the objectives of
the larger study which was to improve fruit and vege-
table intake and other health behaviors among college
students. After providing consent, participants com-
pleted on-site anthropometric measurements and sur-
veys administered through a secure web-based format.

Measures
Food insecurity
The prevalence of food insecurity over the last 12
months was assessed using the 10-item validated USDA
Adult Food Security Survey Module (AFSSM) [33]. The
AFSSM measures several conditions and behaviors that
are characteristic of food insecurity, including anxiety
over food supply, reduced quality and quantity of food
consumed, and meal skipping due to lack of financial re-
sources to obtain food. According to the Guide to Meas-
uring Food Security [34], the number of affirmative
responses was summed to obtain a raw score ranging
from 0 to 10. Students were then designated to one of
four food security categories: high food security (i.e., no
food access problems, defined as having a raw food se-
curity score zero), marginal food security (i.e., anxiety
over food supply, defined as having a raw food security
score 1–2), low food security (i.e., reduced diet quality
and variety, defined as having a raw food security score
3–5), or very low food security (i.e., multiple indications
of disrupted eating patterns and reduced food intake, de-
fined as having a raw food security score 6–10). For ana-
lysis, food security status was dichotomized into
food-secure (high food security or marginal food security
status) and food-insecure (low food security or very low
food security status) in accordance with the U.S. Depart-
ment of Agriculture (USDA) Economic Research Service
(ERS) [8].

Anthropometry
Anthropometric measurements (weight, height, and
waist circumference) for study participants were con-
ducted by trained research assistants using a
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standardized protocol and calibrated equipment. Partici-
pants were weighed on a digital scale (Tanita Scale
SECA 874) to the nearest 0.1 kg while wearing minimal
clothing. Standing height was measured using a portable
stadiometer (SECA 213) to the nearest 0.1 cm. BMI was
calculated by dividing weight in kilograms by the height
in square meters (kg/m2). Waist circumference was mea-
sured at the midpoint between the lowest palpable rib
and the top of the iliac crest and was recorded to the
nearest 0.1 cm. Height, weight, and waist circumference
measurements were taken twice, and measurements
within a pre-specified margin of error were averaged.

Sleep quality
Sleep quality was measured using the 19-item Pittsburgh
Sleep Quality Index (PSQI) [35], a reliable and valid
questionnaire designed to assess sleep quality over the
past month [35, 36]. The PSQI yields a total score ran-
ging from 0 to 21 with higher scores indicating worse
sleep quality. A total score greater than 5 indicates a
“poor” sleeper [35].

Perceived stress
Perceived stress was measured using the 14-item
Cohen’s Perceived Stress Scale (PSS) [37]. The PSS mea-
sures the degree to which situations experienced during
the past month are perceived as stressful. Each PSS item
yields a score that ranges from 0 to 4, with 4 indicating
the highest perception of stress. These item scores were
summed to yield a total score ranging from 0 to 56 with
higher scores indicating higher stress. Based on previous
studies [38, 39], a stress score of 28 or higher was classi-
fied as high stress.

Disordered eating
Disordered eating behaviors were measured using the
Eating Attitudes Test-26 (EAT-26) [40], which assesses
symptoms characteristic of eating disorders. Survey items
scores were summed for a total score that ranges from 0 to
78. A score of 20 or higher indicates problematic eating be-
haviors and high risk of disordered eating [41]. The EAT-26
is a reliable and valid instrument that correlates with clin-
ical and psychometric variables [40, 42].

Food pantry use and awareness
Students were asked to report whether a campus-based
food pantry existed on their campus. Subsequent ana-
lysis of the awareness of the food pantry was assessed by
calculating the number of students affirming the exist-
ence of a food pantry on their campuses when a food
pantry was operating at the time of the assessment. For
those affirming that their school had a food pantry, they
were asked whether they utilize the pantry to obtain
food. Finally, the preference for the pantry location was

assessed. The three response options included ‘in the
center of the campus’, ‘in the center of the campus and
hidden’ and ‘on the outskirts of campus with bus access’.

Sociodemographic characteristics
Data on participants’ age, sex, race/ethnicity, meal plan,
parental education, place of residence, employment, uni-
versity, and Pell grant status (need-based federal finan-
cial aid) were collected. Age was assessed using nine
categorical options, which were then grouped into two
levels (i.e., 18 years or 19 years and older) due to skew-
ness. Place of residence was assessed with five categor-
ical options, which were then grouped into the
‘On-campus’ and ‘Off-campus’ levels. Participants were
asked whether they were enrolled in a meal plan or re-
ceived a Pell grant with responses available as ‘yes’ or
‘no’. Mother’s and father’s education were assessed using
five response options, which were then coded as ‘some
college or higher’ and ‘high school or less’. Participants
also identified their race using seven response options
asking respondents to select all that apply. Another
question asked for self-identified ethnicity (i.e., ‘Are you
Hispanic or Latino?’) and the available options were ‘yes,’
‘no,’ and ‘I don’t know/not sure.’ These were then coded
as one race and ethnicity variable with four levels:
‘Non-Hispanic white’, ‘Non-Hispanic black’, ‘Hispanic/La-
tino’, and ‘Other/multi-racial’. Finally, GPA response op-
tions included 0.5-point range options from < 2.5 to
3.5–4.0.

Statistical analysis
Descriptive statistics were used to describe the prevalence
of food insecurity and participants’ characteristics.
Chi-square test of independence was used to determine the
bivariate associations of food insecurity and sociodemo-
graphic variables. Whenever the number in any cell was < 5
in a 2 × 2 contingency table, Fisher’s exact test was used.
The difference between food-secure and food-insecure stu-
dents on health-related parameters was analyzed using in-
dependent t-test for data that pass the normality test and
Mann–Whitney’s U test for those not. To model the associ-
ation of health and academic outcomes (i.e., BMI, perceived
stress, disordered eating behaviors, sleep quality, and
self-reported GPA) and food security status, multiple logis-
tic regressions were used. These models were adjusted for
variables found to be significant in the bivariate analyses
(i.e., Pell grant status, parental education, place of residence,
and meal plan status) and variables known to affect out-
come measures (age, sex, university, and employment sta-
tus) based on previous literature [6, 19, 43, 44]. Results
from these regression models were reported as odds ratios
and 95% confidence intervals. All analyses were conducted
using the IBM SPSS Statistics for Windows, version 24
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(Armonk, NY). Statistical significance was determined at P
< 0.05.

Results
Participant eligibility and sample size
A total of 5426 students completed eligibility surveys
from all eight universities. Of these, 85.3% (n = 4630)
were enrolled in one of the eight universities and were
at least 18 years old. Among the 4630 students, 86.5% (n
= 4007) had less than optimal fruit and vegetable con-
sumption (< 2 cups of fruit/d and/or < 3 cups of vege-
table/d), 24.3% (n = 1127) had a BMI ≥ 25 kg/m2, 17.6%
(n = 814) self-identified as first-generation college stu-
dent, 35.7% (n = 1651) had overweight or obese parent,
27.4% (n = 1269) self-identified as a racial minority, and
0.8% (n = 35) were from low-income background. This
criteria resulted in 2757 students eligible to enroll in the
study.
Across the eight campuses, 1149 (41.7%) of eligible

students chose to enroll in the study and completed a
baseline assessment in the fall of 2015. Of these, 860
(74.8%) completed the second assessment during late
spring 2016 which was utilized for this investigation.
Participants who did not provide a full response to the
ten USDA AFSSM questions were excluded from ana-
lyses (n = 5), leaving data from 855 students as the study
sample of this investigation.

Participant characteristics
Respondents were predominantly female (68.8%), 19
years old (65.4%), and non-Hispanic white (62.4%).
Around 43% of the students were employed, and the
majority lived on-campus (84.4%) and had a meal plan
(80%). The mean BMI was 24.7 ± 5.2 kg/m2. Over half of
the respondents (58.6%) fell in the normal BMI category
(i.e., BMI ranging from 18.5 to 24.9), followed in preva-
lence by the overweight (i.e., BMI ranging from 25.0 to
29.9) category (25.9%). About 28.5% of the students that
were assessed came from the University of Florida,
followed by Syracuse University (15.2%), University of
Maine (15.0%), Kansas State University (11.0%), Univer-
sity of Tennessee (10.3%), West Virginia University
(8.2%), Auburn University (6.5%), and South Dakota
State University (5.2%).
Descriptive statistics of the student sample by food se-

curity status and associations between food security status
and sociodemographic characteristics are presented in
Table 1. Using bivariate analysis, food security status was
significantly associated with race/ethnicity (p < 0.001), Pell
grant status (p < 0.001), meal plan status (p = 0.001), place
of residence (p = 0.001), and mother’s and father’s educa-
tion (p < 0.001). Specifically, the proportion of students
who identified as Black or Hispanic/Latino was greater
among food-insecure than food-secure students, and a

greater proportion of food-insecure students reported
having a parent with a high school degree or less. Findings
also indicated that students residing off-campus, receiv-
ing a Pell grant, or not enrolled in a meal plan were sig-
nificantly more likely to be food-insecure than their
counterparts. Of note, meal plan enrollment was sig-
nificantly associated with place of residence (p < 0.001).
A higher proportion of students participating in a meal
plan resided on-campus compared to their counterparts
(92.5% versus 7.5%).

Prevalence of food insecurity
Responses to the AFSSM indicated that 692 (81.0%) stu-
dents were food-secure with 476 (55.7%) having high
food security and 216 (25.3%) with marginal food secur-
ity. The remaining 163 (19%) students were classified as
food-insecure, consisting of 103 (12.0%) with low food
security and 60 (7.0%) with very low food security (Table
2). The highest prevalence of food insecurity (low + very
low food security) was observed among students attend-
ing the University of Tennessee (25.0%) while the lowest
was for West Virginia University (7.1%).

Health correlates of food insecurity
Significant associations were noted when comparing
food-insecure and food-secure students on health vari-
ables (Table 3). Accordingly, food-insecure students had
significantly higher perceived stress (p < 0.001), disor-
dered eating behaviors (p = 0.001), and poorer sleep
quality compared to food-secure students (p < 0.001).
There were no significant differences between
food-insecure and food-secure students with respect to
BMI and waist circumference.
Multivariate logistic regression analyses controlling for

age, sex, race/ethnicity, parental education, meal plan
enrollment, employment status, place of residence, and
Pell grant status (Table 4) showed that food-insecure
students had significantly higher odds of being classified
as having high stress (OR = 4.65, 95% CI: 2.66–8.11), dis-
ordered eating behaviors (OR = 2.49, 95% CI: 1.20–4.90),
and poor sleep quality (OR = 2.32, 95% CI: 1.43–3.70).
Association of food insecurity with being overweight
was not statistically significant.

Academic correlates of food insecurity
Findings revealed that food security status was significantly
associated with self-reported GPA (p = 0.001) (Table 3). A
significantly higher proportion of food-secure students had
a GPA in the 3.50–4.00 category (53.3% versus 38.9%),
while a higher proportion of food-insecure students had a
GPA in the 2.50–2.59 and < 2.50 categories compared to
food-secure students (20.8% versus 13.4%; 8.2% versus 4.4%
respectively) (Table 3). When controlling for sociodemo-
graphic characteristics (Table 4), food-insecure students
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had almost twice the risk of having a GPA < 3.00 compared
to food-secure students (OR = 1.91, 95% CI: 1.19–3.07).

Food pantry use and awareness
To assess the students’ knowledge of the food pantry as
a food assistance resource on their campus, analysis of
actual versus reported food pantry availability was con-
ducted. Among the eight universities, only three had
campus food pantries in operation at the time of the as-
sessment: University of Florida, University of Maine, and
Syracuse University. While most University of Florida
students were aware of the existing campus food pantry
(85.6%, n = 209), only a third of students attending

Syracuse University (29.5%, n = 38) and the University of
Maine (28.7%, n = 37) reported the existence of an
on-campus food pantry.
Utilization of the food pantry was also assessed among

students reporting the existence of campus food pantries
in these three universities (n = 284). Results indicated that
only 7.7% utilized the pantry for food acquisition (Table
5). Food pantry utilization was also significantly associated
with food security status (p < 0.001). While a higher pro-
portion of food-insecure students used the food pantry
compared to food-secure students (22.2% versus 4.1%),
most food-insecure students (77.8%) did not utilize the
pantry for food acquisition. Lastly, most of the students

Table 1 Descriptive characteristics by food security status among first-year college students at risk of weight gain in the United
States (n = 855), 2016

All Students (n = 855)a Food-Secure (n = 692 [81%]) Food-Insecure (n = 163 [19%]) P-valueb Insecure vs. Secure

Age (y), n (%) 0.310

18 293 (34.6) 243 (35.3) 50 (31.2)

≥ 19 555 (65.4) 445 (64.7) 110 (68.8)

Sex, n (%) 0.391

Male 262 (31.2) 217 (31.8) 45 (28.3)

Female 579 (68.8) 465 (68.2) 114 (71.7)

Race/ethnicity, n (%) < 0.001

Non-Hispanic white 434 (62.4) 376 (66.0) 58 (46.0)

Non-Hispanic black 87 (12.5) 59 (10.4) 28 (22.2)

Hispanic/Latino 72 (10.3) 51 (8.9) 21 (16.7)

Other/multi-racial 103 (14.8) 84 (14.7) 19 (15.1)

Father’s Education Level, n (%) < 0.001

Some college or higher 406 (49.8) 355 (53.1) 51 (34.5)

High school or less 410 (50.2) 313 (46.9) 97 (65.5)

Mother’s Education Level, n (%) < 0.001

Some college or higher 469 (56.3) 401 (59.3) 68 (43.3)

High school or less 364 (43.7) 275 (40.7) 89 (56.7)

Employment Status, n (%) 0.652

Employed (Part-time/full-time) 366 (43.3) 295 (42.9) 71 (44.9)

Unemployed 479 (56.7) 392 (57.1) 87 (55.1)

Pell Grant Recipient, n (%) < 0.001

Yes 323 (39.7) 233 (35.4) 90 (58.4)

No 490 (60.3) 426 (64.6) 64 (41.6)

Place of Residence, n (%) 0.001

On-campus 718 (84.4) 599 (86.3) 119 (75.8)

Off-campus 133 (15.6) 95 (13.7) 38 (24.2)

Meal Plan Enrollment, n (%) 0.001

Yes 681 (80.0) 568 (82.2) 113 (70.6)

No 170 (20.0) 123 (17.8) 47 (29.4)
aCounts will not always sum to 855 because of missing data
bχ2 P-values compare the difference by food security status and sociodemographic characteristics; P-value < 0.05 is statistically significant
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preferred an on-campus and central location for the food
pantry but approximately one third (34.7%) preferred a
hidden location in the center of the campus.

Discussion
This survey of 855 first-year students from eight U.S. uni-
versities indicated that towards the end of their first year of

college, 19% were food-insecure and 7.1% reported severe
food insecurity. An additional 25.3% of first-year students
experienced anxiety about food shortage. Food-insecure
students reported higher perceived stress, a greater preva-
lence of disordered eating behaviors, and poorer sleep qual-
ity compared to food-secure students, a finding that
remained significant after controlling for sociodemographic

Table 2 Prevalence of high, marginal, low, and very low food security among first-year college students at risk of weight gain in the
United States (n = 855), 2016

University Total
(n)

Food-secure n (%) Food-insecure n (%)

All High Food Security Marginal Food
Security

All Low Food
Security

Very Low Food
Security

Auburn University 56 43 (76.8) 32 (57.1) 11 (19.6) 13 (23.2) 10 (17.9) 3 (5.4)

University of Florida 244 191 (78.3) 129 (52.9) 62 (25.4) 53 (21.7) 34 (13.9) 19 (7.8)

Syracuse University 130 110 (84.6) 83 (63.8) 27 (20.8) 20 (15.4) 13 (10.0) 7 (5.4)

University of Tennessee 88 66 (75.0) 47 (53.4) 19 (21.6) 22 (25.0) 11 (12.5) 11 (12.5)

University of Maine 129 108 (83.7) 75 (58.1) 33 (25.6) 21 (16.3) 14 (10.9) 7 (5.4)

South Dakota State University 44 38 (86.4) 26 (59.1) 12 (27.3) 6 (13.6) 3 (6.8) 3 (6.8)

West Virginia University 70 65 (92.9) 40 (57.1) 25 (35.7) 5 (7.1) 3 (4.3) 2 (2.9)

Kansas State University 94 71 (75.5) 44 (46.8) 27 (28.7) 23 (24.5) 15 (16.0) 8 (8.5)

Total 855 692 (80.9) 476 (55.7) 216 (25.3) 163 (19.1) 103 (12.0) 60 (7.0)

Table 3 Health and academic variables by food security status among first-year college students at risk of weight gain in the United
States (n = 855), 2016

All Students (n = 855) Food-Secure (n = 692 [81%]) Food-Insecure (n = 163 [19%]) P-valuea Insecure vs.
Secure

Waist Circumference (cm), Mean ± SD 76.7 ± 5.9 79.1 ± 7.4 79.9 ± 13.2 0.471

BMI (kg/m2)

Mean ± SD 24.70 ± 5.23 24.5 ± 5.0 25.2 ± 5.8 0.112

Overweight/obese (BMI≥ 25), n (%) 310 (37.1) 247 (36.5) 63 (39.9) 0.423

Perceived Stress

Mean ± SD 27.0 ± 5.9 26.2 ± 5.8 30.2 ± 5.7 < 0.001

High stressb, n (%) 457 (54.2) 342 (49.8) 114 (73.7)

Sleep Quality

Mean ± SD 5.8 ± 2.5 5.4 ± 2.4 6.8 ± 2.8 < 0.001

Poor sleep qualityc, n (%) 542 (64.7) 416 (61.1) 126 (80.3) < 0.001

Disordered Eating

Mean ± SD 7.49 ± 7.49 7.0 ± 6.9 9.5 ± 9.1 0.001

Yesd, n (%) 62 (7.6) 43 (6.5) 19 (12.3) 0.011

GPA, n (%) 0.001

3.50–4.00 423 (50.6) 361 (53.3) 62 (38.9)

3.00–3.49 246 (29.4) 195 (28.9) 51 (32.1)

2.50–2.99 124 (14.8) 91 (13.4) 33 (20.8)

< 2.50 43 (5.1) 30 (4.4) 13 (8.2)
aP-value < 0.05 is statistically significant
bOn a scale of 0 to 56, with higher numbers indicating more stress. The score was dichotomized at 28, with scores ≥ 28 considered high stress [37, 38]
cOn a scale of 0 to 21, with higher numbers indicating worse sleep quality. The score was dichotomized at 5, with scores ≥ 5 considered poor [35]
dOn a scale of 0 to 78, with higher numbers indicating higher level of problematic eating behaviors and a high level of concern about dieting and body weight.
The score was dichotomized at 20, with scores ≥ 20 indicating disordered eating [40, 41]
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correlates of food insecurity. Food security status was
also associated with race/ethnicity, place of residence,
Pell grant status, parental education, GPA, meal plan
enrollment, and food pantry use.
The prevalence of food insecurity in the current

study is markedly lower than prevalence estimates re-
ported in previous studies of college students [19, 24,
28, 45]. Of two studies specific to first-year college
students, Bruening et al. [24] found a prevalence of
32% while Darling et al. [28] reported a prevalence of

28%. It is worth noting that, not only are the sample
sizes considerably smaller than that of the present
study, but each is representative of a single institu-
tion. Heterogeneity in food security prevalence at the
institutional or regional level may partly explain the
discrepancy. Furthermore, the availability and extent
of support available to prevent food insecurity among
students may widely differ between schools. Another
factor may be the influence of self-selection bias. As
a sub-study of the larger Get FRUVED project, the
present investigation was limited to students who
volunteered for a multi-year study tied to health and
wellness and attended a follow-up at the end of their
first year in college.
Findings from this study shed light on the multifaceted

impact food insecurity may have on college students’
physical and mental health. Students who experienced
food insecurity during their first year of college were
four times more likely to have high perceived stress and
two times more likely to have poor sleep quality com-
pared to food-secure students. These findings are in line
with previous results in the scientific literature. Studies
among college students have linked food insecurity to
poor mental health and high rates of anxiety [28] and
perceived stress [25, 28]. Similarly, in a longitudinal
study, Heflin and colleagues [46] reported that food in-
security might be a causal or contributing factor for de-
pression among women. With respect to sleep quality,
although the association between food insecurity and

Table 4 Multivariate logistic regression models examining the
association between food insecurity and health and academic
outcomes among first-year college students at risk of weight
gain in the United Statesa (n = 855), 2016

Dependent Variable Odds Ratio 95% CI P-value

Overweight/obese (BMI ≥ 25 kg/m2) 1.28 0.84 to 1.96 0.242

High Stressb 4.65 2.66 to 8.11 < 0.001

Poor Sleep Qualityc 2.32 1.43 to 3.76 0.001

Disordered Eatingd 2.49 1.20 to 4.90 0.010

GPA (< 3.0) 1.91 1.19 to 3.07 0.007
aModels controlled for age, sex, race/ethnicity, place of residence, meal plan,
employment, Pell grant status, university, and parental education
bOn a scale of 0 to 56, with higher numbers indicating more stress. The score
was dichotomized at 28, with scores ≥ 28 considered high stress [37, 38]
cOn a scale of 0 to 21, with higher numbers indicating worse sleep quality.
The score was dichotomized at 5, with scores ≥ 5 considered poor [35]
dOn a scale of 0 to 78, with higher numbers indicating a higher level of
problematic eating behaviors and a high level of concern about dieting and
body weight. The score was dichotomized at 20, with scores ≥ 20 indicating
disordered eating [40, 41]

Table 5 Associations between campus food pantry variables and food security status among first-year college students at risk of
weight gain in the United States, 2016

Total n (%) Food-secure n (%) Food-insecure n (%) P-valuea Insecure vs. secure

Campus Has a Food Pantry 855 0.582

Yes 407 (47.7) 326 (47.2) 81 (49.7)

No 258 (30.2) 207 (30.3) 51 (31.3)

Choose not to answer 188 (22.0) 157 (22.8) 31 (19.0)

Missing 2

Utilize Food Pantry < 0.001

Among all respondentsb 407

Yes 26 (6.7) 11 (3.5) 15 (20.5)

No 363 (93.3) 305 (96.5) 58 (79.5)

Among respondents from campuses with a food pantry 274 < 0.001

Yes 21 (7.7) 9 (4.1) 12 (22.2)

No 253 (92.3) 211 (95.9) 42 (77.8)

Food Pantry Location Preference 0.161

In the center of campus 381 (44.6) 316 (45.7) 65 (39.9)

In the center of campus and hidden 297 (34.7) 228 (32.9) 69 (42.3)

On the outskirts of campus with bus access 96 (11.2) 80 (11.6) 16 (9.8)

Choose not to answer 81 (9.5) 68 (9.8) 13 (8.0)
aχ2 test was used. P-value < 0.05 is statistically significant. bQuestion displayed for students who reported the existence of a campus food pantry
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sleep has not been examined yet among college students,
a study of food insecurity and sleep among men and
women reported similar findings [47]. Food-insecure
men and women were more likely to report sleep com-
plaints compared to their food-secure counterparts [47].
Thus, students experiencing food insecurity may fre-
quently experience other hardships related to physical
and mental health [28].
Food insecurity can further influence the students’

health by eliciting disordered eating behaviors. Consist-
ent with a previous study among first-year college stu-
dents [28], results from this study suggest that students
who have experienced food insecurity had higher odds
of disordered eating behaviors than their food-secure
counterparts. However, it is worth highlighting the pos-
sible overlap between disordered eating indices and
compensatory behaviors stemming directly from food in-
security. For example, routine abstinence from eating
when hungry could be indicative of disordered eating or
simply a food-insecure individual’s coping strategy to
prolong food supplies. Other studies have shown that
food-insecure individuals adopt a ‘feast or famine’ cycle
determined by food availability [48] wherein food intake
is intentionally limited as resources diminish followed by
overeating when food is more available [49]. Although
such behaviors may not represent ‘traditional’ disordered
eating, previous work suggests that food insecurity may
precipitate binge eating behaviors in children [50]. Re-
gardless of the underlying cause, the increased odds of
disordered eating behaviors among food-insecure stu-
dents indicates heightened eating-related psychological
stress and possible deviations from healthy eating pat-
terns. Finally, while no difference was found in BMI by
food security status, the observed health risks associated
with food insecurity may lead to weight gain and associ-
ated co-morbidities over time [51–54].
Our results indicate that the burdens of food insecurity

may translate to academic challenges. Food-insecure stu-
dents were approximately two times more likely to have a
GPA < 3.00 compared to food-secure students. This find-
ing is similar to previous evaluations of GPA among
food-insecure college students [29, 45]. Morris et al. [45]
noted a significant association between food insecurity
and GPA in which students in the highest GPA range (≥
3.00) were more food-secure than students with lower
GPAs. Psychological aspects of food insecurity include fa-
tigue, anxiety, sleep deprivation, and physical weakness
[55, 56], which may impair the ability to concentrate dur-
ing class. Previous work has shown that student energy
and ability to concentrate worsens as the food insecurity
score increases [57]. Thus, the development of support
systems to address food insecurity may be an additional
approach for schools interested in enhancing students’
academic experience. Nevertheless, self-reported GPA

does not provide the full picture when examining stu-
dents’ success in college. Future research should consider
incorporating additional metrics of academic success such
as retention and on-time graduation rates.
This investigation provides insight into the relationship

between food security status and students’ characteristics.
Significant associations were identified between food inse-
curity and race/ethnicity, parental education, Pell grant
status, place of residence, and meal plan enrollment. Stu-
dents who identified as Black or Hispanic/Latino and had
a low parental education were at increased risk of food in-
security, which is consistent with national data from the
general population [41] as well as findings from a large
study among college students [45]. Although living
off-campus and not being enrolled in a meal plan were
each associated with food insecurity, these two variables
are highly related as meal plan enrollment is generally re-
quired among students residing on-campus but not for
those off-campus. This observation is substantiated by a
significant association between meal plan enrollment and
place of residence among our sample. Access to affordable
food off-campus may be more limited than through cam-
pus dining halls. Food-insecure students also reported that
the lack of reliable transportation hindered food access
[6]. Hence, living and eating off-campus may challenge
students’ financial management skills more than living
on-campus with a meal plan. Collectively, these character-
istics can provide a framework for the development of in-
terventions and support systems targeted to those most at
risk of food insecurity.
College students who experience financial hardships

or inability to afford food may seek aid from a few avail-
able resources. The United States Department of Educa-
tion distributes the Federal Pell grant, a need-based
program that is awarded for low-income students for 12
semesters. In the present study, students receiving Pell
grant awards were more likely to be food-insecure. The
implications of this finding may challenge the adequacy
of the buying power of Pell grants currently available for
students in financial need. While the cost of tuition
reached an average of $9970 in the year of 2017–2018
[58], the maximum Pell grant awarded in the year of
2017–2018 was $5920 [59]. In addition to the Pell grant
program, the Supplemental Food Assistance Program
(SNAP) provides a safety net for food insecure individ-
uals; however, its eligibility criteria are very restrictive
for university students. To be eligible, students must
work at least 20 h per week, have dependents and not
have child care, and participate in work-study programs.
Lastly, meal plan enrollment alone does not appear to
promote food security, as approximately 70% of
food-insecure students reported having a meal plan. The
term ‘meal plan’ traditionally encompasses a range of
plans offered by the school, each based on the extent of
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access provided to the student. While some plans allow
for unlimited access throughout the week, others are
limited to one meal per day and even no meals on week-
ends. Clearly these limited plans would not guarantee
food security and, the all-you-can-eat policy at most
campus dining halls may even perpetuate the
feast-famine eating cycle, previously associated with
binge eating, and weight gain [50, 54]. Thus, even stu-
dents who are enrolled in a meal plan or receive federal
financial help may still be vulnerable to food insecurity.
In the wake of the cuts in federal and state funding

and heightened food insecurity, campus food pantries
have been the fastest growing form of emergency relief.
Despite the recent increase in the number of food pan-
tries [20], descriptions of students’ use of this resource
are limited. In the present study, only 7.7% of the stu-
dent population utilized the food pantry, a finding that
is comparable to our previous results of students at the
University of Florida [21]. Many students refuse to use
an on-campus food pantry because of the stigma at-
tached to its use or the sense that the food pantry is not
intended for them [21], as its need implies a personal
failure. Access barriers such as limited hours, regulated
frequency of use, and lack of knowledge on the logistics
of its use, have also been reported by students [60].
Nonetheless, while the best-funded U.S. approaches to
household food insecurity are charitable food-assistance
programs, food pantries cannot end hunger or provide a
nutritious food supply [61]. Donated food is often not
appealing and limited in key nutrients [60]. In fact, food
pantry users prefer and need fresh produce, dairy
products, eggs, and meat above the canned food pro-
vided in the emergency food systems [62]. Collectively,
to make the college experience more equitable for stu-
dents, research and upstream solutions to student food
poverty should go beyond the boundaries of need-based
food pantries, to a broader food system, with a “right-
s-based approach to food security” [63].
The results of this study should be interpreted with

consideration of its limitations. Sampling bias stemming
from the study design may have influenced overall food
insecurity prevalence. Thus, it is important to consider
when interpreting these findings that the study popula-
tion is restricted to students who met the eligibility for
the Get FRUVED project. Nevertheless, although the
prevalence of food insecurity may have been lower than
other studies of first-year college students [24, 28, 30],
the relationship between food insecurity, sociodemo-
graphic, health and academic parameters is similar to
other reports in the literature [24, 28, 29]. The
cross-sectional design of this study only permitted exam-
ining associations rather than establishing potential
causation between food insecurity and health and aca-
demic parameters. Longitudinal and intervention studies

that elucidate the mechanisms by which food security
can improve health and educational outcomes are
needed. Despite the anonymity of the survey, the food
security questionnaire items are prone to recall and so-
cial desirability biases related to self-report and social
stigma associated with food insecurity [21, 64], which
may limit the validity of the results. Additionally, food
security survey items address questions referencing the
past 12-months. Given that data collection occurred at
the end of the spring semester (April 2016), a portion of
that 12 months window included time prior to students’
enrollment in college. However, consistent with other
studies [24, 30] we believe that capturing the experience
of first-year college students is of utmost importance, as
attending a university is a period where food insecurity
may become an issue, for those experiencing financial
constraints and social pressures in their new-found au-
tonomy [5]. Finally, although we used USDA AFSSM to
assess food insecurity among our sample, the psycho-
metric properties of this survey among college students
have not been evaluated.

Conclusion
This study provides insight into the relatively obscure
area of food insecurity among first-year college stu-
dents and builds upon the scant literature currently
available. Findings identify important sociodemographic
correlates of food insecurity, affirm observations from
single universities about student hunger, and indicate
that the prevalence of food insecurity is high. Our data
support previous limited evidence that food-insecure
students are at increased risk of adverse health and aca-
demic outcomes, the effects of which may impact stu-
dent retention and health behaviors beyond the college
years. If this is indeed the case, the impact would not
be limited to the individual, presumably carrying over
to the school, state, and national level. Our results sub-
stantiate the need for screening for food insecurity
among college students and the development of
evidence-based support modalities to address food inse-
curity. Both short-term and long-term approaches can
provide an untapped opportunity to mitigate the conse-
quences of food insecurity. These may include indexing
Pell grants to tuition inflation, expanding work-study
opportunities, providing full meal plan subsidies, host-
ing on-campus farmers' markets, expansion of the Sup-
plemental Nutrition Assistance Program outreach, and
providing university support for financial and food lit-
eracy training. Finally, this study underscores several
areas in need of development to progress food security
research among college students. Specifically, future
prospective studies should examine the effect of food
insecurity on college student retention, graduation, and
health outcomes over time. Additionally, with respect
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to intervention work, future studies should seek to
evaluate strategies aimed at addressing student food in-
security. Such progress is essential for accurately
depicting the consequences of food insecurity and ul-
timately going beyond food security to realizing food
rights.

Abbreviations
AFSSM: Adult Food Security Survey Module; BMI: Body mass index;
CI: Confidence interval; GPA: Grade point average; OR: Odds ratio;
USDA: United States Department of Agriculture

Acknowledgments
The authors would like to acknowledge the efforts of the undergraduate
student research assistants who were involved in data collection at each
university.

Funding
Funding for this study was provided by the National Institute of Food and
Agriculture, U.S. Department of Agriculture, under award number 2014-
67001-21851. The funding source had no role in the design, data collection,
analysis or writing of this manuscript.

Authors’ contributions
AEZ, AEM, SC, GG, JM, KPS, and MDO conceptualized the research design.
AEZ, AEM, SC, MDO, MJV, and KR collected data; AEZ conducted the
statistical and data analyses with contributions from WZ. AEZ and AEM wrote
the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
The University of Tennessee Institutional Review Board reviewed and
provided ethical approval for all study activities at West Virginia University,
South Dakota State University, University of Maine, Syracuse University and
the University of Tennessee. The Institutional Review Boards at the University
of Florida, Auburn University, and Kansas State University reviewed and
approved the study for their respective campuses. All participants signed a
written informed consent form prior to participation and had the right to
withdraw from study at any time without any penalty.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Food Science and Human Nutrition Department, University of Florida, PO
Box 110370, Gainesville, FL 32611-0370, USA. 2Department of Family, Youth &
Community Sciences, University of Florida, PO Box 110310, Gainesville, FL
32611-0370, USA. 3Department of Nutrition, University of Tennessee, 229
Jessie Harris Bldg., Knoxville, RN 37996, USA. 4Department of Business
Analytics and Statistics, University of Tennessee, 916 Volunteer Blvd, UT SMC
247, Knoxville, TN 37996, USA. 5Nutrition and Food Sciences, University of
Rhode Island, 125 Fogarty Hall, Kingston, RI 02881, USA. 6Animal and
Nutritional Sciences, West Virginia University, 1194 Evansdale Drive, G28 Ag.
Sc. Bldg., Morgantown, WV 26506, USA. 7Agriculture, Nutrition, and Food
Systems, University of New Hampshire, 115 Kendall Hall, 129 Main Street,
Durham, NH 03814, USA.

Received: 13 April 2018 Accepted: 7 May 2019

References
1. National Center for Education Statistics. Immediate college enrollment rate.

Institute of Educational Sciences 2018. https://nces.ed.gov/programs/coe/
indicator_cpa.asp. Accessed 19 Sept 2018.

2. College Board. Trends in college pricing 2016. https://trends.collegeboard.
org/sites/default/files/2016-trends-college-pricing-web_0.pdf. Accessed 19
Jan 2018.

3. Mitchell M, Leachman M, Lasterson K. State cuts to higher education
threaten quality and affordability at public colleges. 2018. https://www.
cbpp.org/research/state-budget-and-tax/funding-down-tuition-up. Accessed
15 Aug 2016.

4. Joint Center for Housing Studies of Harvard University. Student loan debt
and the housing decisions of young households. 2015. http://jchs.harvard.
edu/sites/jchs.harvard.edu/files/lew_research_brief_student_loan_11_2015.
pdf. Accessed 4 July 2017.

5. Pancer SM, Hunsberger B, Pratt MW, Alistat S. Cognitive complexity of
expectations and adjustment to university in the first year. J Adolesc Res.
2000;15(1):38–57.

6. Henry L. Understanding food insecurity among college students:
experience, motivation, and local solutions. Ann Anthropol Pract. 2017;
41(1):6–19.

7. Winkleby MA, Jatulis DE, Frank E, Fortmann SP. Socioeconomic status and
health: how education, income, and occupation contribute to risk factors
for cardiovascular disease. Am J Public Health. 1992;82(6):816–20.

8. United States Department of Agriculture Economic Research Service.
Definitions of food security. https://www.ers.usda.gov/topics/food-nutrition-
assistance/food-security-in-the-us/definitions-of-food-security.aspx. Accessed
12 Mar 2019.

9. Worthy SL, Jonkman, J. & Blinn-Pike, L. Sensation-seeking, risk-taking, and
problematic financial behaviors of college students. J Fam Econ Issues.
2010;31:161–170.

10. Bozick R. Making it through the first year of college: the role of students'
economic resources, employment, and living arrangements. Sociol Educ.
2007;80(3):261–84.

11. Larson IN, Perryl CL, Story M, Neumark-Sztainer D. Food preparation by
young adults is associated with better diet quality. J Am Diet Assoc. 2006;
106(12):2001–7.

12. Clifford D, Anderson J, Auld G, Champ J. Good Grubbin': impact of a TV
cooking show for college students living off campus. J Nutr Educ Behav.
2009;41(3):194–200.

13. McArthur LH, Ball L, Danek AC, Holbert D. A high prevalence of Food
insecurity Among University students in Appalachia reflects a need for
educational interventions and policy advocacy. J Nutr Educ Behav. 2018;
50(6):564–72.

14. Anderson DA, Shapiro JR, Lundgren JD. The freshman year of college as a
critical period for weight gain: an initial evaluation. Eat Behav. 2003;4(4):363–7.

15. Lloyd-Richardson EE, Bailey S, Fava JL, Wing R. A prospective study of
weight gain during the college freshman and sophomore years. Prev Med.
2009;48(3):256–61.

16. Pan L, Sherry B, Njai R, Blanck HM. Food insecurity is associated with obesity
among US adults in 12 states. J Acad Nutr Diet. 2012;112(9):1403–9.

17. Bruening M, Argo K, Payne-Sturges D, Laska MN. The struggle is real: a
systematic review of food insecurity on postsecondary education campuses.
J Acad Nutr Diet. 2017;117(11):1767–91.

18. Gaines A, Robb CA, Knol LL, Sickler S. Examining the role of financial factors,
resources and skills in predicting food security status among college
students. Int J Consum Stud. 2014;38(4):374–84.

19. Patton-Lopez MM, Lopez-Cevallos DF, Cancel-Tirado DI, Vazquez L.
Prevalence and correlates of food insecurity among students attending a
midsize rural university in Oregon. J Nutr Educ Behav. 2014;46(3):209–214.

20. College and university Food Bank Alliance. Find a pantry. https://sites.
temple.edu/cufba/members/.

21. El Zein A, Mathews AE, House L, Shelnutt KP. Why are hungry college
students not seeking help? Predictors of and barriers to using an on-
campus Food pantry. Nutrients. 2018;10(9):1163.

22. Watson T, Malan H, Glik D, Martinez S. College students identify university
support for basic needs and life skills as key ingredient in addressing food
insecurity on campus. Calif Agric. 2017;71(3):130–8.

El Zein et al. BMC Public Health          (2019) 19:660 Page 11 of 12

https://nces.ed.gov/programs/coe/indicator_cpa.asp
https://nces.ed.gov/programs/coe/indicator_cpa.asp
https://trends.collegeboard.org/sites/default/files/2016-trends-college-pricing-web_0.pdf
https://trends.collegeboard.org/sites/default/files/2016-trends-college-pricing-web_0.pdf
https://www.cbpp.org/research/state-budget-and-tax/funding-down-tuition-up
https://www.cbpp.org/research/state-budget-and-tax/funding-down-tuition-up
http://jchs.harvard.edu/sites/jchs.harvard.edu/files/lew_research_brief_student_loan_11_2015.pdf
http://jchs.harvard.edu/sites/jchs.harvard.edu/files/lew_research_brief_student_loan_11_2015.pdf
http://jchs.harvard.edu/sites/jchs.harvard.edu/files/lew_research_brief_student_loan_11_2015.pdf
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/definitions-of-food-security.aspx
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/definitions-of-food-security.aspx
https://sites.temple.edu/cufba/members/
https://sites.temple.edu/cufba/members/


23. Farahbakhsh J, Hanbazaza M, Ball GDC, Farmer AP, Maximova K, Willows ND.
Food insecure student clients of a university-based food bank have
compromised health, dietary intake and academic quality. Nutr Diet. 2017;
74(1):67–73.

24. Bruening M, Brennhofer S, van Woerden I, Todd M, Laska M. Factors related
to the high rates of food insecurity among diverse, urban college freshmen.
J Acad Nutr Diet. 2016;116(9):1450–7.

25. Bruening M, van Woerden I, Todd M, Laska MN. Hungry to learn: the
prevalence and effects of food insecurity on health behaviors and
outcomes over time among a diverse sample of university freshmen. Int J
Behav Nutr Phys Act. 2018;15:9.

26. Ford E. Food security and cardiovascular disease risk among adults in the
United States: findings from the National Health and nutrition examination
Survey, 2003–2008. Prev Chronic Dis. 2013;10(9):130244.

27. Seligman HK, Laraia BA, Kushel MB. Food insecurity is associated with chronic
disease among low-income NHANES participants. J Nutr. 2010;140(2):304–10.

28. Darling KE, Fahrenkamp AJ, Wilson SM, D'Auria AL, Sato AF. Physical and
mental health outcomes associated with prior food insecurity among
young adults. J Health Psychol. 2015:1–10.

29. Maroto M. Food insecurity among community college students: prevalence
and relationship to GPA. Community Coll J Res Pract. 2015;39(6):515–626.

30. Hagedorn RL, Olfert MD. Food insecurity and behavioral characteristics for
academic success in young adults attending an Appalachian university.
Nutrients. 2018;10:361.

31. Thompson FE, Subar AF, Smith AF, Midthune D, Radimer KL, Kahle LL, et al.
Fruit and vegetable assessment: performance of 2 new short instruments
and a food frequency questionnaire. J Am Diet Assoc. 2002;102(12):1764–72.

32. Boyce W, Torsheim T, Currie C, Zambon A. The family affluence scale as a
measure of national health: validation of an adolescent self-report measure.
Soc Indic Res. 2006;78(3):473–87.

33. U.S. Adult Food Security Survey Module: Three-stage design, with screeners.
US Department of Agriculture Economic Research Service. https://www.ers.
usda.gov/media/8279/ad2012.pdf. Accessed 10 Sept 2018.

34. Bickel G, Nord M, Price C, Hamilton W, Cook J. Guide to measuring
household food security. Revised. Alexandria; 2000. p. 2000.

35. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
sleep quality index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28(2):193–213.

36. Manzar MD, Moiz JA, Zannat W, Spence DW, Pandi-Perumal SR, Hussain ME.
Validity of the Pittsburgh sleep quality index in Indian university students.
Oman Med J. 2015;30(3):193–202.

37. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J
Health Soc Behav. 1983;24(4):385–96.

38. Amr M, Hady El Gilany A, El-Hawary A. Does gender predict medical
students’ stress in Mansoura, Egypt? Med Educ Online. 2008;13:12.

39. Shah M, Hasan S, Malik S, Sreeramareddy CT. Perceived stress, sources and
severity of stress among medical undergraduates in a Pakistani medical
school. BMC Med Educ. 2010;10:2.

40. Garner DM, Olmsted MP, Bohr Y, Garfinkel PE. The eating attitudes test:
psychometric features and clinical correlates. Psychol Med. 1982;12(4):871–8.

41. Constain GA, Rodriguez-Gazquez ML, Ramirez Jimenez GA, Gomez Vasquez
GM, Mejia Cardona L, Cardna Velez J. Diagnostic validity and usefulness of
the eating attitudes Test-26 for the assessment of eating disorders risk in a
Colombian male population. Aten Primaria. 2017;49(4):206–13.

42. Pope Z, Gao Y, Bolter N, Pritchard M. Validity and reliability of eating
disorder assessments used with athletes: a review. J Sport and Health Sci.
2015;4(3):211–21.

43. Alaimo K, Olson CM, Frongillo EA. Family food insufficiency, but not low
family income, is positively associated with dysthymia and suicide
symptoms in adolescents. J Nutr. 2002;132(4):719–25.

44. Jung NM, de Bairros FS, Pattussi MP, Pauli S, Neutzling MB. Gender
differences in the prevalence of household food insecurity: a systematic
review and meta-analysis. Public Health Nutr. 2017;20(5):902–16.

45. Morris LM, Smith S, Davis J, Null DB. The prevalence of food security and
insecurity among Illinois university students. J Nutr Educ Behav. 2016;48(6):
376–82.

46. Heflin CM, Siefert K, Williams DR. Food insufficiency and women's mental
health: findings from a 3-year panel of welfare recipients. Soc Sci Med. 2005;
61(9):1971–82.

47. Ding M, Keiley MK, Garza KB, Duffy PA, Zizza CA. Food insecurity is associated
with poor sleep outcomes among US adults. J Nutr. 2015;145(3):615–21.

48. Dinour LM, Bergen D, Yeh MC. The food insecurity-obesity paradox: a
review of the literature and the role food stamps may play. J Am Diet
Assoc. 2007;107(11):1952–61.

49. Townsend MS, Peerson J, Love B, Achterberg C, Murphy SP. Food insecurity
is positively related to overweight in women. J Nutr. 2001;131(6):1738–45.

50. Tester J, Lang T, Laraia BA. Disordered eating behaviors and food insecurity:
a qualitative study about children with obesity in low-income households.
Obes Res Clin Pract. 2016;10(5):544–52.

51. Laugero KD, Falcon LM, Tucker KL. Relationship between perceived stress
and dietary and activity patterns in older adults participating in the Boston
Puerto Rican health study. Appetite. 2011;56(1):194–204.

52. McCuen-Wurst C, Ruggieri M, Allison KC. Disordered eating and
obesity: associations between binge-eating disorder, night-eating syndrome,
and weight-related comorbidities. Ann N Y Acad Sc. 2018;1411(1):96–105.

53. Beccuti G, Pannain S. Sleep and obesity. Curr Opin Clin Nutr Metab Care.
2011;14(4):402–12.

54. Dietz WH. Does hunger cause obesity? Pediatrics. 1995;95(5):766–7.
55. Zekeri AA. Livelihood strategies of food-insecure poor, female-headed

families in rural Alabama. Psychol Rep. 2007;101(3 Pt 2):1031–6.
56. Hamelin AM, Habicht JP, Beaudry M. Food insecurity: consequences for the

household and broader social implications. J Nutr. 1999;129(2S Suppl):525s–8s.
57. Maroto ME. Food insecurity among community college students:

prevalence and relationship to GPA, energy, and concentration: Morgan
State University; 2013.

58. Average Published Undergraduate Charges by Sector and by Carnegie
Classification, 2017–18. College Board. https://trends.collegeboard.org/
college-pricing/figures-tables/average-published-undergraduate-charges-
sector-2017-18. Accessed 10 Sept 2018.

59. U.S. Department of Education. Pell Grant Payment and Disbursement
Schedules. https://ifap.ed.gov/dpcletters/GEN1619.html. Published 2018.
Accessed 19 Sept 2018.

60. Smith-Carrier T, Ross K, Kirkham J, Decker Pierce B. ‘Food is a right …
nobody should be starving on our streets’: perceptions of food bank usage
in a mid-sized city in Ontario, Canada. J Hum Rights Pract. 2017;9(1):29–49.

61. Anderson MD. Beyond food security to realizing food rights in the US. J
Rural Stud. 2013;29:113–22.

62. Campbell E, Hudson H, Webb K, Crawford PB. Food preferences of users of
the emergency food system. J Hunger Environ Nutr. 2011;6(2):179–87.

63. Chilton M, Rose D. A rights-based approach to food insecurity in the United
States. Am J Public Health. 2009;99(7):1203–11.

64. Purdam K, Garratt EA, Esmail A. Hungry? Food insecurity, social stigma and
embarrassment in the UK. 2015;50(6):1072–88.

El Zein et al. BMC Public Health          (2019) 19:660 Page 12 of 12

https://www.ers.usda.gov/media/8279/ad2012.pdf
https://www.ers.usda.gov/media/8279/ad2012.pdf
https://trends.collegeboard.org/college-pricing/figures-tables/average-published-undergraduate-charges-sector-2017-18
https://trends.collegeboard.org/college-pricing/figures-tables/average-published-undergraduate-charges-sector-2017-18
https://trends.collegeboard.org/college-pricing/figures-tables/average-published-undergraduate-charges-sector-2017-18
https://ifap.ed.gov/dpcletters/GEN1619.html

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial Registration

	Background
	Methods
	Study design
	Participant recruitment and enrollment
	Measures
	Food insecurity
	Anthropometry
	Sleep quality
	Perceived stress
	Disordered eating
	Food pantry use and awareness
	Sociodemographic characteristics

	Statistical analysis

	Results
	Participant eligibility and sample size
	Participant characteristics
	Prevalence of food insecurity
	Health correlates of food insecurity
	Academic correlates of food insecurity
	Food pantry use and awareness

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Funding
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

