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A B S T R A C T

In the United States, college students experience disproportionate food insecurity (FI) rates compared to the national prevalence. The
experience of acute and chronic FI has been associated with negative physical and mental health outcomes in this population. This narrative
review aims to summarize the current methodologies for assessing health outcomes associated with the experience of FI in college students
in the United States. To date, assessing the health outcomes of FI has predominately consisted of subjective assessments, such as self-
reported measures of dietary intake, perceived health status, stress, depression, anxiety, and sleep behaviors. This review, along with the
emergence of FI as an international public health concern, establishes the need for novel, innovative, and objective biomarkers to evaluate
the short- and long-term impacts of FI on physical and mental health outcomes in college students. The inclusion of objective biomarkers
will further elucidate the relationship between FI and a multitude of health outcomes to better inform strategies for reducing the perva-
siveness of FI in the United States college student population.
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Statements of significance
This review highlights the assessment tools used to evaluate the physiological and cognitive health outcomes associated with the experience of

food insecurity in college students and confirms the need for objective biomarkers to expand the generalizability of findings and develop effective
interventions aimed at improving food security status.
Introduction

College students are disproportionately impacted by food
insecurity (FI), with an estimated 40% of college students in the
United States reporting a reduced quality or quantity diet,
compared to the national prevalence of 10.2% [1,2]. Because of
Abbreviations: BRIEF-2, behavior rating inventory of executive function-2; DASS-2
FS, food secure; FSS, food security status; FSSM, food security survey module.
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the underlying economic pressures of higher education,
including the expensive cost of tuition and inflated cost of living
in proximity to a college campus, the newfound autonomy over
dietary choices and purchasing behaviors, and often perpetuated
by limited nutrition knowledge and financial literacy, college
students are at an increased risk for experiencing FI [3].
Emerging concerns regarding the inordinate prevalence of FI in
college students have provided the impetus to explore the
1, depression anxiety and stress scales – 21-item short form; FI, food insecurity;
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physiological, psychosocial, and cognitive impacts associated
with acute and chronic FI in this population [4,5].

FI, as defined by the USDA, is the inability to maintain or
acquire adequate food, which may result in disrupted eating
patterns and decreased nutrient intake [6]. Food security status
(FSS) is predominately evaluated using the validated USDA Food
Security Survey Module (FSSM), which can screen for risk of FI
using a 2-item screener (Hunger Vital Sign) or assess FSS at the
individual or household level with the 6, 10, or 18 question
version [7]. The Hunger Vital Sign was designed to serve as a
screening tool to identify individuals and households at risk for
experiencing FI but does not determine the severity of FI through
the classification of high, marginal, low, and very low FFS [8].
Additional FI assessment methods, often adapted from the USDA
FSSM to be utilized in specific populations, such as low- or
middle-income countries, are utilized less frequently in the
United States [9,10]. An additional emphasis has been placed on
the inclusion of nutrition security to address not only the
underconsumption of essential nutrients but also the
juxtaposition of overconsuming energy-dense, nutrient-poor
foods, leading to an increased risk for nutrient deficiencies in
conjunction with chronic disease development [11].

To date, a majority of studies evaluating the impacts of FI on
health-related outcomes in college students utilize subjective
measures through self-report because of the reduced researcher
and participant burden; however, self-reported assessments of
health outcomes are prone to systematic selection and informa-
tion biases [12,13]. Although larger sample sizes are more
feasible in cross-sectional and observational studies, which tends
to improve the generalizability of the findings with a more
diverse and robust population, this study design limits causal
inferences. Additionally, inducing FI for research purposes
would be considered unethical, as food is considered a basic
human right, resulting in a dearth of randomized controlled
trials to elucidate the cause-and-effect relationship of FI on
health outcomes [14,15].

Assessing the mechanisms involved in developing negative
health outcomes associated with FI is essential to establish
sustainable and effective intervention strategies [16]. The
reduction in either the quality or quantity of food in the diet may
decrease the intake of macronutrients, vitamins, and minerals
that are essential in regulating metabolic processes, subsequently
increasing risk of adverse physical or mental health outcomes
[17]. Conversely, a reduced quality diet may also be associated
with the increased consumption of ultra-processed and fast foods
that contribute to increases in calories, total and saturated fats,
added sugars, and sodium, ultimately contributing to weight
gain, hypertension, and other chronic disease risk factors [17,
18]. Ultra-processed and fast foods are sold in large quantities,
often multiple servings in a single meal or package, at low cost
[19], which is economically favorable for individuals
experiencing FI [20].

This narrative review provides an overview of the
methodologies implemented in recent research exploring the
relationship between FI and physiological and cognitive health
outcomes in college students. The predominant use of self-
reported and subjective health status measures demonstrates
the need for additional research using objective biomarkers to
understand further the impact of acute and chronic FI on health
outcomes in this population. As FI rates are significantly elevated
2

in the United States college student population, this review urges
a call to action for strategic policies and resources aimed at
increasing FFS among college students, with the goal of
improving physical and mental health outcomes.
Methods

This narrative review of relevant research features an overview
of the assessment tools used to evaluate the physical and mental
health outcomes associated with the experience of FI in college
students. The literature published within the last 10 y (January 1,
2013–August 31, 2023) was systematically searched using 3 da-
tabases: PubMed, Google Scholar, and Web of Science, using tar-
geted inclusion criteria identified apriori. With the
implementationof theUSDAFSSMbeing administered for thefirst
time in the 1996 census, literature focusing on FI prevalence and
health outcomes in the college student population has only been
recently explored within the last decade. Inclusion criteria con-
sisted of studies conducted in the United States in 2- or 4-y in-
stitutions and graduate and professional schools. Articles were
excluded if FFS was classified using an assessment tool other than
the 6, 10, or 18-item USDA FSSM. Studies that used the 2-item
screener (Hunger Vital Sign) were not included in this analysis,
as this tool only assesses the potential risk of FI, not an affirmative
classification. Assessment tools for physiological, mental, and
cognitive health must have utilized a previously validated mea-
surement tool to assess 1 or more identified health outcomes,
therefore excluding qualitative research studies using focus
groups or interview-based research methodologies. An overview
of the assessment tools implemented in the recent literature on FI
and health outcomes in the college student population is provided
in Figure 1.

The initial literature search was performed in December
2022, with a gap search performed in August 2023 to ensure all
relevant literature was included. Search terms for the title and
abstract review included “Food Security,” “Food Insecurity,”
“College,” “University,” “Health,” “Physical Health,” “Mental
Health,” “Cognitive Health,” and “Cognition,” among other
keywords (Supplemental Table 1). Using the Covidence litera-
ture search platform, 3615 articles were identified based on
specified search terms, following the removal of duplicates (n ¼
764) [21]. Screening was performed by 1 of the authors (MDR),
where a total of 123 articles were identified for full-text review.
Articles identified as potential for inclusion were reviewed (by
MDR and RES) independently, with 59 articles meeting the in-
clusion criteria and included in this review. Any discrepancies
were discussed prior to consensus. The following data were
extracted by (MDR) and reviewed for extraction accuracy by
(RES): sample size, participant characteristics, version of the
USDA FSSM used to assess FSS, health outcomes of interest, a
validated tool used to measure physiological, psychological, and
cognitive health and main outcomes. Figure 2 details the article
selection process using a PRISMA diagram.
FI and general health

The majority of research studies exploring FI and physiological
health outcomes in college students are cross-sectional study
designs that implement a varietyofquestionnaires to assess various



Figure 1. Assessment tools used to evaluate the physiological, psychosocial, and cognitive outcomes associated with the experience of food
insecurity in the college student population. The bracketed numbers correspond with the literature published from 2013–2023 that included the
corresponding health outcomes.
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components of health. Self-rated health status is frequently
assessedusing a Likert scale ranking of excellent, good, fair, or poor
[22–39]. Compared to food secure (FS) peers, students experi-
encing FI had significantly poorer overall general health rankings
[22–39] (Table 1).

Research validating subjective measures of self-reported
health status with objective biomarkers of health has reported
conflicting results, such that some studies have observed
inconsistencies and attenuation biases, with respondents
underreporting health or disease burden [40], and others have
found convergence between self-report and health outcomes
[41]. To better understand the mechanisms causing health
outcomes in the experience of FI, objective clinical and
subclinical biomarkers are needed. The implementation of novel
biomarkers in this emerging adult population may elucidate the
role of FI on cardiac function [42], systemic inflammation [43],
and body composition [44] to promote early detection and
treatment of FI-related chronic disease development [45] into
older adulthood.

FI and dietary intake

Changes in dietary intake are the first primary outcome
observed in acute or chronic FI. The experience of FI may result
in the physiological expression of undernutrition [46],
overnutrition [47], or a combination of the 2 (Table 1).
FI and undernutrition
FI may be characterized by the reduction in total calorie

intake, as well as specific nutrient deficiencies and inadequacies
due to the underconsumption of diverse foods in the diet. The
experience of FI is negatively associated with structured daily
3

mealtimes, such as skipping breakfast or consuming only 1 meal/
d [48]. College students who experience FI are more likely to
report decreased intake of fruits and vegetables, which may
result in inadequate fiber intake and a multitude of vitamins and
minerals [22,29,39,48–55]. In the college student population,
research exploring the relationship between FI and dietary
intake has only consisted of subjective dietary and beverage
assessment methods, such as Food Frequency Questionnaires
(FFQs) [29], National Cancer Institute (NCI) Dietary Screener
Questionnaire [48–51], Automated Self-Administered 24-h
Dietary Assessment Tool [56,57], All Day Fruit and Vegetable
Screener [34], the Food Intention Scale in the FLASHE (Family
Life, Activity, Sun, Health, and Eating) survey [53], Healthy
Eating Index scores [52,57], renditions of a self-reported fruit
and vegetable intake questionnaire [22,36,54,55,58], and the
Beverage Intake Questionnaire-15 [34,51]. A recent study
assessing dietary intake and FI in the college student population
used the Nutrition Data System for Research, which is currently
referenced as the gold-standard for dietary intake data collection
in free-living populations [59,60], but dietary changes resulting
from differences by FSS were not reported [61].

Specific nutrients can be measured objectively to determine if
an individual experiencing FI is nutrient deficient; however, such
assessment methods are invasive and require plasma, serum, or
tissue samples to extrapolate nutrient concentrations. These
methods have been used to quantify nutrients of concern, such as
folate, iron (ferritin and transferrin), copper, retinol, and zinc, in
children, adolescents, and older adult populations [62,63];
however, objective measures of nutrient status have yet to be
explored in college student populations experiencing FI. Innova-
tive, noninvasivemeasures of nutrient status may be used to assess
nutrient adequacy, including sensor-based technologies to detect
sound and movement associated with eating patterns [64],



Figure 2. PRISMA diagram detailing the literature search selection process.
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wearable image-based devices to capture dietary intake [65], and
spectroscopy-basedmeasurements tomeasure nutrients in the skin
and tissue [66], among other emerging assessments [61,67,68].

Novel objective measures of dietary intake also include
relative changes to the microbiome. Exploration into the role of
FI on gut microbiome composition has been a topic of interest in
the college student population, as the microbiome directly
influences nutritional status [69,70]. Emerging evidence sup-
ports differences in the abundance and diversity of microbiota
and metabolites by FSS; however, the physiological implication
of these microbial changes is unknown [69]. Accounting for the
challenges with obtaining fecal samples from college students,
the use of improved collection and sequencing technologies,
such as ingestible sampling devices or passive monitoring by
smart toilets, may improve future research on the impact of FI on
microbial imbalances [70,71].
4

FI and overnutrition
Encompassed with the definition of the double burden of

malnutrition, the experience of overnutrition may still be
accompanied by undernutrition or micronutrient deficiencies, as
high-calorie intake may result in the underconsumption of
essential vitamins and minerals [72–74]. Weight status, as it
relates to nutritional adequacy, is often overlooked, as it is
presumed that being overweight or obese corresponds to
overnutrition of all nutrients [73]. In the experience of FI, a
strategy for satiation is to consume calorically dense foods, thus
often exceeding nutrient recommendations for added sugars, fat,
and sodium, leading to an increased risk for overweight and
obesity [22,25,28,29,33,39,49,50,75]. To assess the role of FI on
body composition in college students, height and weight, along
with abdominal and waist circumference, are either self-reported
or collected by a trained researcher. Self-reported BMI (in



Table 1
Included studies published within the years 2013–2023 examining the relationship between food insecurity and physiological health outcomes in college students in the United States

Citation Sample size (n) Participant
characteristics

USDA FSSM version Health outcomes Assessment tool Outcomes associated
with FI

Patton-Lopez et al., 2014 [37] 354 Western Oregon
University
Female: 72.9%
Latinx: 8.2%
FI: 58.8%

6-item 1. General health 1. Self-reported
description of general
health

1. ↓ General health

Bruening et al., 2016 [54] 209 Arizona State
University
Female: 62%
Latinx: 27%
FI: 32%

6-item 1. Body composition
2. F/V intake

1. Anthropometrics:
BMI collected by a
trained researcher
2. Self-reported
weekly serving

1. No Δ in BMI
2. No Δ in F/V intake

Mirabitur et al., 2016 [55] 514 University of
Michigan
Female: 72.2%
Underrepresented
minorities: 15.8%
FI: 41.5%

6-item 1. F/V intake 1. 2-item screener
validated against
serum carotenoids

1. ↓ F/V

Knol et al., 2017 [23] 351 University of Alabama
Female: 72.4%
Latinx: 8%
FI: 37.6%

10-item 1. Body composition
2. General health

1. Anthropometrics:
self-reported BMI
2. Self-reported
description of general
health

1. No Δ in BMI
2. ↓ General health

Bruening et.al., 2018 [48] 1138 Multiple Universities
in Arizona
Female: 65%
Non-White: 49%
FI: 32.8%

6-item 1. Body composition
2. Eating behaviors

1. Anthropometrics:
BMI collected by a
trained researcher
2. NCI 26-item DSQ

1. No Δ in BMI
2. ↓ Diet quality

Hagedorn et al., 2018 [38] 716 West Virginia
University
Female: 71.0%
Non-White: 12.7%
FI: 36.6%

10-item 1. General health 1. Self-reported
description of general
health

1. ↓ General health

McArthur et al., 2018 [24] 1093 Appalachian State
University
Female: 68.4%
Non-White: 8.3%
FI: 46.2%

10-item 1. Body composition
2. General health

1. Anthropometrics:
self-reported BMI
2. Self-reported
description of general
health

1. ↑ BMI
2. ↓ General health

McArthur et al., 2018 [25] 456 Appalachian State
University
Female: 72.7%
Non-White: 17.5%
FI: 21.5%

10-item 1. General health 1. Self-reported
description of general
health

1. ↓ General health

Payne-Sturges et al., 2018
[26]

237 University of
Maryland
Female: 81%
Non-White: 51%
FI: 15%

18-item 1. Body composition
2. General health

1. Anthropometrics:
self-reported height
and weight
2. Self-reported
description of general
health

1. No results reported
2. ↓ General health

(continued on next page)

M
.D
.R

adtke
et

al.
A
dvances

in
N
utrition

15
(2024)

100131

5



Table 1 (continued )

Citation Sample size (n) Participant
characteristics

USDA FSSM version Health outcomes Assessment tool Outcomes associated
with FI

El Zein et al., 2019 [80] 855 8 United States
Universities
(University of Florida,
University of Maine,
University of
Tennessee, Auburn
University, South
Dakota State
University, Kansas
State University,
Syracuse University,
and West Virginia
University
Female: 68.8%
Non-White: 37.6%
FI: 19%

10-item 1. Body composition 1. Anthropometrics:
BMI and waist
circumference
collected by a trained
researcher

1. No Δ in BMI or
waist circumference

Leung et al, 2019 [50] 851 University of
Michigan
Female: 52.3%
Non-White: 39.4%
FI: 31.3%

10-item 1. Body composition
2. Dietary intake

1. Anthropometrics:
self-reported BMI
2. NCI 26-item DSQ

1. ↑ BMI in very low
FSS only
2. ↓ F/V; ↓ Whole-
grains; ↓ fiber; ↑
added sugars; ↑ SSB

Martinez et al., 2019 [22] 8705 UC campuses (UC
Berkeley, UC Davis,
UC San Francisco, UC
Riverside, UC Merced,
UC San Diego, UC
Santa Cruz, UC Santa
Barbara, UC Los
Angeles, UC Irvine)
Female: 67%
Non-White: 66%
FI: 39.5%

6-item 1. F/V intake
2. Body composition
3. General health

1. Self-reported daily
servings
2. Anthropometrics:
self-reported BMI
3. Self-reported
description of general
health

1. ↓ Daily servings of
F/V
2. ↑ BMI
3. ↓ General health

Soldavini et al., 2019 [28] 4819 University of North
Carolina at Chapel
Hill
Female: 72%
Non-White: 26.7%
FI: 39.5

10-item 1. Body composition
2. General health

1. Anthropometrics:
self-reported BMI
2. Self-reported
description of general
health

1. ↑ BMI
2. ↓ General health

El Zein et al., 2020 [49] 683 8 United States
universities
(University of Florida,
University of Maine,
University of
Tennessee, Auburn
University, South
Dakota State
University, Kansas
State University,
Syracuse University,

10-item 1. Obesity
2. Dietary intake

1. Anthropometrics:
BMI, waist, hip, and
neck circumference
collected by a trained
researcher
2. NCI 26-item DSQ

1. ↑ BMI; ↑ waist and
hip circumference in
females only
2. ↓ F/V; ↑ added
sugars; ↑ SSB

(continued on next page)
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Table 1 (continued )

Citation Sample size (n) Participant
characteristics

USDA FSSM version Health outcomes Assessment tool Outcomes associated
with FI

and West Virginia
University
Female: 69.6%
Non-White: 52.2%
FI: 25.5%

Olfert et al., 2020 [33] 22,153 Multiple United States
universities Female:
74.0%
Non-White: 17.7%
FI: 44.1%

10-item 1. Body composition
2. General health

1. Anthropometrics:
self-reported BMI
2. Self-reported
description of general
health

1. ↑ BMI
2. ↓ General health

Soldavini et al., 2020 [27] 4829 University of North
Carolina at Chapel
Hill Female: 72.0%
Non-White: 30.5%
FI: 22.2%

10-item 1. General health 1. Self-reported
description of general
health

1. ↓ General health

Umeda et al., 2020 [79] 176 University of Texas at
San Antonio
Female: 45.5%
Non-White: 84.1%
FI: 24.4

10-item 1. Body composition 1. Anthropometrics:
self-reported BMI

1. No Δ in BMI

Boone et al., 2021 [39] 226 Appalachian State
University
Female: 65%
Non-White: 23.9%
FI: 46%

10-item 1. General health
2. Daily servings of F/
V
3. Body composition

1. Self-reported
description of general
health
2. MyPlate food recall
3. Anthropometrics:
self-reported BMI

3. ↓ General health
4. ↓ F/V; ↑ added
sugars and sweets
5. ↑ BMI

Davitt et al., 2021 [29] 1434 Iowa State University
Female: 61.2%
Non-White: 18.1%
FI: 17.4%

6-item 1. Dietary intake
2. Body composition
3. General health

1. Validated food
frequency screener for
fruit, vegetables, and
fiber
2. Anthropometrics:
self-reported BMI
2. Self-reported
description of general
health

1. No Δ in total F/V
intake, ↓ whole fruit
and “other
vegetables”
2. ↑ BMI
3. ↓ General health

Frank et al., 2021 [78] 232 Kent State University
Female: 82.3%
Non-White: 16.8%
FI: 37.5%

6-item 1. Body composition 1. Anthropometrics:
self-reported BMI

1. No Δ in BMI

Hiller et al., 2021 [32] 675 Iowa State University
Female: 66.4%
Non-White: 20.9%
FI: 32.0%

10-item 1. General health 1. Self-reported
description of general
health

1. ↓ General health

Huelskamp et al., 2021 [75] 547 University of North
Carolina Wilmington
Female: not reported
Non-White: not
reported
FI: 62.6%

10-item 1. Body composition 1. Anthropometrics:
self-reported BMI

1. ↑ BMI

(continued on next page)
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Table 1 (continued )

Citation Sample size (n) Participant
characteristics

USDA FSSM version Health outcomes Assessment tool Outcomes associated
with FI

Leung et al., 2021 [31] 793 University of
Michigan
Female: 50%
Non-White: 43%
FI: 33.6%

10-item 1. General health 1. Self-reported
description of general
health

1. ↓ General health

Mei et al., 2021 [51] 1033 University of
Michigan
Female: 48%
Non-White: 45%
FI: 14%

6-item 1. Dietary intake
2. Beverage intake

1. NCI 26-item DSQ
2. BEV-Q

1. ↓ F/V intake, ↓
fiber, ↑ added sugars
2. ↑ SSB

Ryan et al., 2021 [34] 257 New York University
Female: 81%
Non-White: 72%
FI: 41%

6-item 1. General health
2. Dietary intake
3. Beverage intake

1. Self-reported
description of general
health
2. All-day F/V
screener
3. BEV-Q

1. ↓ General health
2. No Δ in F/V intake
3. ↑ SSB (>100 kcals/
d)

Sackey et al., 2021 [58] 302 Rutgers University
Female: 77.5%
Non-White: 46.3%
FI: 28.5%

6-item 1. Diet quality 1. Self-reported rating
of diet quality

1. ↓ Diet quality

Silva et al., 2021 [56] 502 Texas Women’s
University
Female: 87.5%
Non-White: 59.6%
FI: 34.5%

6-item 1. Dietary intake
2. Body composition

1. ASA24, HEI
2. Anthropometrics:
self-reported BMI

1. ↓ HEI
2. No results reported

Willis, 2021 [36] 300 University of Missouri
at Kansas City
Female: 73.3%
Non-White: 22.3%
FI: 28.7%

6-item 1. Body composition
2. General health
3. F/V intake

1. Anthropometrics:
self-reported BMI
2. Self-reported
description of general
health
3. Self-reported
weekly servings

1. No Δ BMI
2. ↓ General health
3. Δ Between groups
not reported

Ahmed et al., 2022 [30] 1989 2 community colleges
and 1 4-y university in
the City University of
New York
Female: 71.6%
Non-White: 84%
FI: 31.8%

10-item 1. General health 1. Self-reported
description of general
health

1. ↓ General health

Aldaz et al., 2022 [57] 250 University of
California, Merced
Female: 69.6%
Latinx: 54.4%
FI: 55.2%

6-item 1. Dietary intake
2. Diet quality
3. Body composition
4. Vascular function
5. Blood glucose

1. ASA24
2. HEI
3. Anthropometrics:
BMI collected by a
trained researcher;
BIA
4. BP; EndoPat
5. Glucometer

1. No Δ dietary intake
2. No Δ HEI scores
3. No Δ blood glucose
4. No Δ bp; No Δ
endothelial function
5. No Δ blood glucose

Levy et al., 2022 [53] 749 Texas State University
Female: 76.0%
Non-White: 20.3%
FI: not reported

6-item 1. F/V intake 1. F/V intention ccale
and FLASHE

1. ↓ F/V

(continued on next page)

M
.D
.R

adtke
et

al.
A
dvances

in
N
utrition

15
(2024)

100131

8



Ta
bl
e
1
(c
on

tin
ue
d
)

C
it
at
io
n

Sa
m
pl
e
si
ze

(n
)

Pa
rt
ic
ip
an

t
ch

ar
ac
te
ri
st
ic
s

U
SD

A
FS

SM
ve

rs
io
n

H
ea
lt
h
ou

tc
om

es
A
ss
es
sm

en
t
to
ol

O
ut
co
m
es

as
so
ci
at
ed

w
it
h
FI

So
ld
av

in
ie

t
al
.,
20

22
[3
5]

26
3

U
ni
ve

rs
it
y
of

N
or
th

C
ar
ol
in
a
at

C
ha

pe
l

H
ill

Fe
m
al
e:

57
%

N
on

-W
hi
te
:N

ot
re
po

rt
ed

–
al
l

in
te
rn
at
io
na

ls
tu
de

nt
s

FI
:2

5%

10
-it
em

1.
Bo

dy
co
m
po

si
ti
on

2.
G
en

er
al

he
al
th

1.
A
nt
hr
op

om
et
ri
cs
:

se
lf-
re
po

rt
ed

BM
I

2.
Se

lf-
re
po

rt
ed

de
sc
ri
pt
io
n
of

ge
ne

ra
l

he
al
th

1.
N
o
Δ

BM
I

2.
↓
G
en

er
al

he
al
th

M
ar
sh
al
le

t
al
.,
20

23
[5
2]

18
9

H
ow

ar
d
U
ni
ve

rs
it
y

an
d
U
ni
ve

rs
it
y
of

Io
w
a

Fe
m
al
e:

68
.8
%

N
on

-W
hi
te
:5

5.
7%

FI
:4

6%

10
-it
em

1.
D
ie
t
qu

al
it
y

1.
sH

EI
1.

↓
F/

V
;↑

ad
de

d
su
ga

rs
;↑

SS
B

A
SA

24
,a

ut
om

at
ed

se
lf-
ad

m
in
is
te
re
d
24

-h
di
et
ar
y
as
se
ss
m
en

tt
oo

l;
BE

V
-Q

,b
ev

er
ag

e
in
ta
ke

qu
es
ti
on

na
ir
e-
15

;B
M
I,
bo

dy
m
as
s
in
de

x;
BP

,b
lo
od

pr
es
su
re
;D

SQ
,d

ie
ta
ry

sc
re
en

er
qu

es
ti
on

na
ir
e;
F/

V
,

fr
ui
ta

nd
ve

ge
ta
bl
es
;F

I,
fo
od

in
se
cu

ri
ty
;F

LA
SH

E,
fa
m
ily

lif
e,
ac
ti
vi
ty
,s
un

,h
ea
lt
h,

an
d
ea
ti
ng

su
rv
ey

;F
SS

,f
oo

d
se
cu

ri
ty

st
at
us
;F

SS
M
,f
oo

d
se
cu

ri
ty

su
rv
ey

m
od

ul
e;
H
EI
,h

ea
lt
hy

ea
ti
ng

in
de

x;
N
C
I,

na
ti
on

al
ca
nc

er
in
st
it
ut
e;

sH
EI
,
sh
or
t
he

al
th
y
ea
ti
ng

in
de

x;
SS

B,
su
ga

r
sw

ee
te
ne

d
be

ve
ra
ge

;
U
C
,
U
ni
ve

rs
it
y
of

C
al
if
or
ni
a;

U
SD

A
,
U
ni
te
d
St
at
es

de
pa

rt
m
en

t
of

ag
ri
cu

lt
ur
e;

BI
A
,
bi
oe

le
ct
ri
ca
l

im
pe

da
nc

e
an

al
ys
is
;E

nd
oP

at
,e

nd
ot
he

lia
la

nd
pe

ri
ph

er
al

ar
te
ri
al

to
ne

.
Δ

¼
ch

an
ge

;↑
¼

in
cr
ea
se
;↓

¼
de

cr
ea
se
.

M.D. Radtke et al. Advances in Nutrition 15 (2024) 100131

9

kg/m2) is habitually underestimated by both biological sexes,
although the underestimation of weight occurs to a greater
magnitude in females than males; therefore, the impact of FI on
weight status may be higher than reported [76,77]. As college
students are generally classified as young, healthy adults, inde-
pendent of FSS, some research findings did not detect significant
differences in BMI between individuals who were FS compared
to those who were FI [23,35,36,48,54,57,78–80]. It has also
been observed that college students tend not to adhere to dietary
or physical activity guidelines, leading to an increased risk of
universal weight gain, regardless of socioeconomic status [81,
82]. In recent research, only 1 study included the use of
bioelectrical impedance to assess body composition [57], with
no known literature on the influence of FI on body composition
in college students using dual-energy x-ray absorptiometry,
bone, and total water density or other more accurate and
objective measures of adiposity.

The overconsumption of total energy and nutrient intake can
be assessed through traditional dietary intake measurements,
although the recorded stigmatization of the experience of FI for
college students may result in additional reporting biases when
asked to self-report eating behaviors [83]. Objective measures of
overnutrition are generally more financially burdensome and
require substantially more resources, such as time and
geographic proximity, to collect participant body composition
data. The use of blood glucose monitors and EndoPat, a nonin-
vasive measure of endothelial dysfunction, to determine differ-
ences by FSS was implemented in 1 study; however, no
significant differences in hemoglobin A1C or endothelial func-
tion outcomes were observed between FI and FS participants,
respectively [57]. This highlights the challenges associated with
using clinical outcomes that may not be sensitive enough to
detect changes in health-related biomarkers because college
students are a relatively healthy young adult population despite
the high prevalence of FI. To better capture the experience of FI
on overnutrition in college students, user-prompted technolo-
gies, such as phone camera adiposity measurements [84] and
wearable dietary monitors for assessing nutrients of concerns for
both under- and overconsumption [85], may provide additional
objective measures of dietary intake and health status in this
population. These technologies are historically underutilized in
low-income populations and have yet to be implemented in
college students experiencing FI [86].
FI and psychosocial health outcomes

With the emergence of the field of nutritional psychology and
nutritional psychiatry, the relationship between diet and mental
health and the mechanisms driving the psychological response is
advancing [87,88] (Table 2).
FI and psychological distress
Psychological distress includes a multitude of mental health

outcomes, such as depression and anxiety, and the associated
feelings that can accompany these concerns [89]. In the experi-
ence of FI in college students, psychological distress was
measured using the Diener Flourishing Scale, which measures
various aspects of human functioning, such as positive relation-
ships, life purpose, and feelings of competence [90]. Studies



Table 2
Included studies published within the years 2013–2023 examining the relationship between food insecurity, mental health, and cognitive outcomes in college students in the United States

Citation Sample size (n) Participant
characteristics

USDA FFSM version Health outcomes Assessment tool Outcomes associated
with FI

Bruening et al., 2018
[48]

1138 Multiple universities
in Arizona
Female: 65%
Non-White: 49%
FI: 32.8%

6-item 1. Stress
2. Depression

1. Cohen’s PSS
2. ACHA-NCHA

1. ↑ Stress
2. ↑ Depression

Payne-Sturges et al.,
2018 [26]

237 University of
Maryland
Female: 81%
Non-White: 51%
FI: 15%

18-item 1. Depression 1. PHQ-9 1. ↑ Depressive
symptoms

Wattick et al., 2018
[101]

1956 West Virginia
University
Female: 67.5%
Non-White: not
reported
FI: 36.7%

Used the USDA tool –
version not specified

1. Depression
2. Anxiety

1. and 2. CDC healthy
days core module

1. ↑ Depression
2. ↑ Anxiety

Diamond et al., 2019
[106]

1229 University of
Minnesota – Twin
Cities
Female: 64.7%
Non-White: 23.9%
FI: 32% long term;
36% short-term

6-item 1. Depression
2. Stress
3. Social isolation
4. Resiliency

1. PHQ-9
2. Cohen’s PSS
3. 3-item loneliness
scale
4. 6-item brief
resiliency scale

1. ↑ Depression
2. ↑ Stress
3. ↑ Social isolation
4. ↓ Perceived
resiliency

El Zein et al., 2019
[80]

855 8 United States
universities
(University of Florida,
University of Maine,
University of
Tennessee, Auburn
University, South
Dakota State
University, Kansas
State University,
Syracuse University,
and West Virginia
University
Female: 68.8%
Non-White: 37.6%
FI: 19%

10-item 1. Stress
2. Sleep
3. Disordered eating
behaviors

1. Cohen’s PSS
2. PSQI
3. Eating attitudes
Test-26

1. ↑ Stress
2. ↓ Sleep
3. ↑ Risk of disordered
eating behaviors

Raskind et al., 2019
[104]

2377 7 Georgia colleges and
universities
Female: 64%
Non-White: 38%
FI: 29%

6-item 1. Depression
2. Anxiety
3. Hope

1. PHQ-9
2. ASI-3
3. 6-item adult state
hope scale

1. ↑ Depression
2. ↑ Anxiety
3. ↓ Hope

(continued on next page)
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Table 2 (continued )

Citation Sample size (n) Participant
characteristics

USDA FFSM version Health outcomes Assessment tool Outcomes associated
with FI

Becerra et al., 2020
[96]

302 California State
University, San
Bernardino
Female: 63%
Latinx: 67.9%
FI: 37.5%

6-item 1. Psychological
distress

1. Kessler-6 scale 1. ↑ Psychological
distress

Becerra et al., 2020
[133]

282 California State
University, San
Bernardino
Female: 86.6%
Latinx: 64.8%
FI: not reported

6-item 1. Sleep 1. Berlin sleep
questionnaire

1. ↑ Tiredness,
sleepiness, fatigue; ↓
sleep duration

Haskett et al., 2020
[94]

1330 North Carolina State
University
Female: 55.7%
Non-White: 25%
FI: 15.5%

10-item 1. Well-being 1. WHO-5 1. ↓ Psychological
well-being

Martinez et al., 2020
[166]

8765 UC campuses (UC
Berkeley, UC Davis,
UC San Francisco, UC
Riverside, UC Merced,
UC San Diego, UC
Santa Cruz, UC Santa
Barbara, UC Los
Angeles, UC Irvine)
Female: 67%
Non-White: 66%
FI: 39.5%

6-item 1. Mental health 1. ACHA-NCHA 1. ↑ Poor mental
health

Reeder et al., 2020
[105]

131 Mississippi State
University
Female: 72.5%
Non-White: 29%
FI: 38.2%

6-item 1. Depression
2. Substance abuse

1. PHQ-9
2. AUDIT

1. ↑ Depression
2. No Δ in AUDIT
scores

Richard et al., 2020
[132]

153 University of
Tennessee at Martin
Female: 76.1%
Non-White: 16.6%
FI: 34%

6-item 1. Sleep
2. Stress
3. Dietary cognitive
restraint

1. PSQI
2. PSS
3. TFEQ-R18V2

1. ↓ Sleep
2. ↑ Stress
3. ↑ Uncontrolled
eating

Umeda et al., 2020
[79]

176 University of Texas at
San Antonio
Female: 45.5%
Non-White: 84.1%
FI: 24.4%

10-item 1. Depression
2. Pain

1. BDI-II
2. BDS

1. No Δ in depressive
symptoms
2. ↑ Pain interference

Barry et al., 2021
[150]

851 University of
Michigan
Female: 50.4%
Non-White: 35%
FI: 35.1%

10-item 1. Disordered eating
behaviors

1. SCOFF-5 1. ↑ Positive SCOFF-5
screens

(continued on next page)
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Table 2 (continued )

Citation Sample size (n) Participant
characteristics

USDA FFSM version Health outcomes Assessment tool Outcomes associated
with FI

Cockerham et al.,
2021 [110]

55 Sam Houston State
University
Female: 87.3%
Non-White: not
reported
FI: 60%

6-item 1. Social support 1. MSPSS 1. ↓ Social support

Coffino et al., 2021
[108]

263 University at Albany
Female: 69%
Non-White: 31.1%
FI: 40.3%

6-item 1. Depression
2. Anxiety
3. Stress

1.– 3. DASS-21 1. ↑ Depression
2. ↑ Anxiety
3. ↑ Stress

DeBate et al., 2021
[92]

1743 University of South
Florida
Female: 69.2%
Non-White: 47.1%
FI: 46.8%

6-item 1. Psychological well-
being
2. Psychological
distress
3. Loneliness
4. Resilience
5. Suicidal behaviors

1. Diener flourishing
scale
2. Kessler-6 scale
3. UCLA 3-item
loneliness scale
4. CD-RISC
5. SBQ-R

1. ↓ Psychological
well-being
2. ↑ Psychological
distress
3. ↑ Loneliness
4. ↓ Resiliency
5. ↑ Suicidal behaviors

Frank et al., 2021 [78] 232 Kent State University
Female: 82.3%
Non-White: 16.8%
FI: 37.5%

6-item 1. Disordered eating
behaviors

1. EES 1. ↑ Emotional eating

Hagedorn et al., 2021
[99]

17,686 Multiple (n ¼ 22)
United States
universities Female:
74.8%
Non-White: 16.5%
FI: 43.4%

10-item 1. Sleep quality
2. Mental well-being

1. PSQI
2. CDC healthy days
core module

1. ↓ Sleep
2. ↑ Days with poor
mental health

Leung et al., 2021
[31]

793 University of
Michigan
Female: 50%
Non-White: 43%
FI: 33.6%

10-item 1. Depression 1. PHQ-4 1. ↑ Depression

Matias et al., 2021
[120]

171 University of
California, Berkeley
Female: 62.6%
Non-White: 88.9%
FI: 52.1%

6-item 1. Stress 1. PSS 1. No Δ in stress levels

Royer et al., 2021
[151]

533 Arizona State
University
Female: 77.7%
Non-White: 52.9%
FI: 39.4%

10-item 1. Disordered Eating
Behaviors

1. EDE-Q 1. ↑ Global DEBS,
eating concern, shape
concern, weight
concern, no Δ in
restraint

Ryan et al., 2021 [34] 257 New York University
Female: 81%
Non-White: 72%
FI: 41%

6-item 1. Sleep 1. PSQI 1. No Δ in sleep
patterns

(continued on next page)
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Table 2 (continued )

Citation Sample size (n) Participant
characteristics

USDA FFSM version Health outcomes Assessment tool Outcomes associated
with FI

Willis, 2021 [36] 300 University of Missouri
at Kansas City
Female: 73.3%
Non-White: 22.3%
FI: 28.7%

6-item 1. Depression 1. CES-D 1. ↑ Depressive
symptoms

Ahmed et al., 2022
[30]

1989 2 community colleges
and 1 4-y university in
the City University of
New York
Female: 71.6%
Non-White: 84%
FI: 31.8%

10-item 1. Psychological well-
being

1. Diener flourishing
scale

1. ↓ Psychological
well-being

Aldaz et al., 2022 [57] 250 University of
California, Merced
Female: 69.6%
Latinx: 54.4%
FI: 55.2%

6-item 1. Cognitive tests for
attention and memory

1. Immediate memory
recall; attention test

1. ↓ Cognitive
performance

Coakley et al, 2022
[100]

833 University of New
Mexico
Female: 65.8%
Non-White: 62.8%
FI: 25.6%

10-item 1. Depression
2. Anxiety
3. Mental well-being

1. PHQ-2
2. GAD-2
3. CDC healthy days
core module

1. ↑ Depression
2. ↑ Anxiety
3. ↑ Risk of fair/poor
mental health

ElTohamy et al., 2022
[98]

59,250 Multiple United States
universities (ACHA-
NCHA n ¼ 75)
Female: 68.1%
Non-White: 48.5%
FI: 35.9%

Used the USDA tool –
version not specified

1. Psychological
distress

1. Kessler-6 scale 1. ↑ Psychological
distress

Guerithault et al.,
2022 [121]

40 Arizona State
University
Female: 50%
Non-White: 57.5%
FI: 50%

10-item 1. Brain Activity
2. Executive function
3. Childhood trauma

1. Structural and
functional MRI
2. BRIEF-2
3. ACEs

1. Δ Functional
connectivity between
key cognitive
networks
2. ↓ Executive
function
3. ↑ ACEs

Guzman et al., 2022
[95]

441 San Diego State
University
Female: 76.7%
Non-White: 63.5%
FI: 33.8%

6-item 1. Psychological
distress
2. Loneliness

1. Kessler-6 scale
2. UCLA 3-item
loneliness scale

1. ↑ Psychological
distress
2. ↑ Loneliness

Harris et al., 2022
[111]

2062 University of
Washington
Female: 72.0%
Non-White: 47.5%
FI: 17.9%

6-item 1. Eating competence
2. Discrimination

1. ecSI 2.0
2. EDS

1. ↓ Eating
competence
2. ↑ Discrimination

(continued on next page)
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Table 2 (continued )

Citation Sample size (n) Participant
characteristics

USDA FFSM version Health outcomes Assessment tool Outcomes associated
with FI

Mahoney et al., 2022
[97]

308 California State
University, San
Bernardino
Female: 63.0%
Latinx: 82.9%
FI: 37.4%

6-item 1. Psychological
distress
2. Discrimination

1. Kessler-6 scale
2. EDS

1. ↑ Psychological
distress
2. ↑ Discrimination

Marmolejo et al.,
2022 [91]

48,103 Multiple United States
universities (ACHA-
NCHA n ¼ 75)
Female: 68.5%
Non-White: 37.7%
FI: 40.7%

6-item 1. Psychological well-
being
2. Loneliness
3. Psychological
distress

1. Diener flourishing
scale
2. UCLA 3-item
loneliness scale
3. Kessler-6 scale

2. ↑ Psychological
distress
3. ↑ Loneliness
4. ↓ Psychological
well-being

Neal et al., 2022 [103] 589 Southern Connecticut
State University
Female: 69.4%
Non-White: 41.9%
FI: 38.5%

6-item 1. Depression 1. PHQ-9 1. ↑ Depression

Kim et al., 2023 [107] 375 Virginia
Commonwealth
University
Female: 82.9%
Non-White: 46.9%
FI: 35.0%

6-item 1. Mental health
symptoms

1. PHQ-4 1. ↑ Mental health
symptoms

Umeda et al., 2023
[109]

360 University of Texas at
San Antonio
Female: 50.6%
Non-White: 83.3%
FI: 19.4%

10-item 1. Depression
2. Anxiety
3. Pain

1. BDI-II
2. Trait anxiety
inventory
3. BDS

1. ↑ Depressive
symptoms
2. ↑ Anxiety
3. ↑ Pain interference
score

ACE, adverse childhood experiences; ACHA-NCHA, American college health association national college health assessment; ASI-3, anxiety sensitivity index; AUDIT, alcohol use disorders
identification test; BDI-II, beck depression inventory-II; BDS, bodily pain scale; BRIEF-2, behavior rating inventory of executive function-2; CDC, centers for disease control and prevention; CD-
RISC, Connor-Davison resiliency scale; CES-D, Center for Epidemiologic Studies Depression Scale; Cohen’s PSS, Cohen’s perceived stress scale; DASS-21, depression anxiety and stress scales – 21-
item short form; ecSI 2.0, eating competency scale; EDE-Q, Eating Disorder Examination Questionnaire; EDS, emotional eating survey; EES, everyday discrimination scale; GAD-2, generalized
anxiety disorder screener; GAD-7, general anxiety disorder – 7; MRI, magnetic resonance imaging; MSPSS, multidimensional scale of perceived social support; PHQ-2, patient health questionnaire-
2; PHQ-9, patient health questionnaire – 9; PSQI, Pittsburg sleep quality index; SBQ-R, suicidal behaviors questionnaire; SCOFF-5, sick, control, one stone, fat, food; TFEQ-R18V2, three factor
eating questionnaire revised; UC, University of California; UCLA, University of California, Los Angeles; USDA, United States department of agriculture; WHO-5, world health organization 5 factor
well-being index; DEBS, disordered eating behavior survey.
Δ ¼ change; ↑ ¼ increase; ↓ ¼ decrease.
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using the Diener Flourishing Scale found that college students
with FI had significantly higher psychological distress than their
FS counterparts [30,91,92]. Psychological well-being was also
assessed in select studies through the Kessler-6 Scale [93] or the
WHO Five Factor Well-being Index [94], in which individuals
experiencing FI had lower overall psychological well-being than
FS peers [91,92,94–98]. A more general mental health assess-
ment through the Centers for Disease Control and Prevention
Healthy Days Core Module found that college students with FI
were at an increased risk for poor mental health status [99–101].

The relationship between depression and FI in college students
was primarily assessed using a version of the patient health ques-
tionnaire, which estimates risk of depression in accordance with
the criteria presented in the Diagnostic and Statistical Manual of
Mental Disorders [102]. The experience of FI resulted in higher
rates of depressive symptoms in every study that used the patient
health questionnaire assessment [26,31,100,103–107]. Other
measures of depression and depressive symptoms have also been
implemented in the research setting, such as the Depression Anx-
iety and Stress Scales – 21-item short form (DASS-21) [108], the
Center for Epidemiologic Studies Depression Scale [36], the Beck
Depression Inventory-II [79, 109],with only 1 study implementing
the Beck depression inventory-II not to report significant differ-
ences in depression symptoms between FI and FS college students
[79].

Similarly, with depression, the relationship between anxiety
and FI was predominately measured using an adapted version of
the Generalized Anxiety Disorder questionnaire [100], the
DASS-21 [108], the Trait Anxiety Index [109], and the Anxiety
Sensitivity Index [104]. It was observed that anxiety symptoms
increased with the experience of FI in the college student popula-
tion, independent of the measurement tool used [100,104,108,
109]. Additional psychological outcomes associated with depres-
sion and anxiety include feelings of loneliness [91,92,95,106,110],
hopelessness [104], resiliency [92,106], discrimination [97,111],
pain [79,109], and suicidal behaviors [92], all of which were
measured by validated subjective assessments andwere negatively
impacted by the experience of FI (Table 2).

Reliance on subjective and self-reported mental health
measures is a common practice when assessing psychological
outcomes. However, developing active and passive data collec-
tion procedures may provide more consistent mental health
monitoring that reduces recall bias [112,113]. Gamified appli-
cations are emerging as a strategy for identifying college in-
dividuals experiencing mental health concerns and providing
immediate services for support [114]. With the increased sup-
port for mental health resources on college campuses, electronic
health records may be used to determine risk factors for medical
diagnoses health care practitioners to quantify mental health
pervasiveness better [115]. Research on developing clinical and
subclinical biomarkers for personalized mental health risk fac-
tors is ongoing [116].

FI and stress
Feelings of stress are not isolated to the experience of FI in the

college student population. Stress in the college environment is
ubiquitous, stemming from academic, financial, social, familial,
or other life stressors [117]. The experience of stress may serve
as a bidirectional mediator to increasing the etiologies of
15
overnutrition with FI, as stress status may result in the
consumption of highly palatable foods, which, over time, can
cause excessive weight gain [118].

Stress levels are commonly measured as a psychological
health outcome of FI using the validated Cohen’s Perceived
Stress Scale [48,80,106,119,120] and the DASS-21 [108].
Individuals experiencing FI consistently had higher self-reported
stress levels than their FS counterparts. The implementation of
the Adverse Childhood Experiences Survey is used as a measure
of stress and FI during childhood [121], although this assessment
only provides a glimpse into the severity and duration of stress
across the lifespan [122]. Expectedly, risk of experiencing FI
during college years is significantly associated with adverse
childhood experiences exposures [123].

Few objective measures of stress are implemented in the
clinical research setting. Because of the variability in diurnal
fluctuations in plasma and salivary cortisol, using less volatile
biomarkers may better discern the relationship between FI and
stress [124]. The development of more stable measures of
cortisol to be quantified through wearable heat conductance
patches [125], hair cortisol concentration [126,127], or telo-
mere length [128] may provide a more in-depth understanding
of how stress levels are impacted by the experience of FI in the
college student population.

FI and sleep
Whether attributed to elevated stress and cortisol levels or the

underconsumption of nutrients involved in sleep regulation,
such as protein (amino acid tryptophan), folic acid, zinc, or
vitamin B-12, the experience of FI can influence the quality and/
or quantity of sleep [129,130]. Independent of FSS, college
students often experience reduced sleep duration and higher
sleep disturbances because of increased academic and social
responsibilities [131]. Under the experience of FI, these negative
sleep outcomes are further exacerbated in college students.

Research on the association between FI and sleep outcomes in
college students has been measured using the Pittsburg Sleep
Quality Index [34,80,99,119] and the Berlin Sleep Questionnaire
[132]. The Pittsburg Sleep Quality Index is a clinically validated
18-item assessment that estimates sleep quality and disturbances
over a 1-mo period [133], whereas the Berlin Sleep Questionnaire
measures is designed to measure obstructive sleep-related disor-
ders, suchas sleep apnea [134]. Itwas observed that the experience
of FI resulted in a reduction in a multitude of sleep-related be-
haviors, including sleep duration, frequency of interruptions, sleep
latency, and feelings of fatigue and tiredness [80,99,119,132],
with the exception of 1 study that did not report significant dif-
ferences in sleep by FSS [34].

There are objective measures of sleep that have been measured
in relationship to FI, although to date, these assessments have not
been implemented in the college student population [135].
Actigraphy continuously measures an individual’s movement and
heart rate to derive circadian rhythmic parameters to estimate
sleep/wake cycles [136]. Such actigraphy devices can be found in
commercially available activity-based trackers [137,138] and
sleep rings [138–140], making them easily accessible for research
purposes. Assessing the accuracy and validity of sleep tracking
technology is ongoing, as there are many internal and environ-
mental factors that can affect sleep duration and quality, such as
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biological sex, body weight, and pulse oxygen rates with sleep
apnea, among others [141]. Although these discrepancies between
sleep monitoring devices have been previously identified, objec-
tive measures of sleep may provide more reliable estimates of
sleep-related outcomes than self-report [142,143].

FI and substance abuse
In the experience of FI, it has been observed that individuals

struggling with addiction may prioritize drug or alcohol intake
over food [144]. Validated for use in college student populations,
the Alcohol Use Disorders Identification Test measures risk for a
range of alcohol-related behaviors [145]. Only 1 study within
the last 5 y assessed alcohol abuse risk using the Alcohol Use
Disorders Identification Test tool, and no significant differences
were observed by FSS [105]. Additional studies prompt students
to report alcohol and drug habits through questions such as
“During the past 30 days, how many days did you drink alcohol
or use drugs?” [103]. Standardized assessments specifically for
use in the college student setting include 9 tools to determine
alcohol-related problems [146]. Novel assessments, including
the digital communication strategies for identifying, diagnosing,
and treating drug- and alcohol-related behaviors, are ongoing in
the college student population [147]; further, implementing the
USDA FSSM would provide additional insight into the role of FI
on drug and alcohol intake.

FI and disordered eating behaviors
Because of disrupted eating patterns under the experience of

FI, risk of disordered eating behaviors may subsequently increase
[148]. In the college student population, disordered eating be-
haviors include binge eating, body dysmorphia, and concerns
about weight [149]. Using the Eating Attitudes Test [80], 5-item
Sick, Control, One Stone, Fat, Food Questionnaire-5 [149], the
Eating Disorder Examination Questionnaire [150], the Eating
Competency Scale (ecSI 2.0) [111], and the emotional eating
survey [78], positive associations between FI and risk of disor-
dered eating behaviors were observed in all assessments. The
continued screening and detection of disordered eating behav-
iors in the college student population is warranted to explore the
efficacy of pharmacological and community-based interventions
aimed at reducing the compounded risk of FI with disordered
eating behaviors [151,152].

FI and cognitive outcomes

Cognitive function refers to the ability to acquire, store, and
process information through 6 domains: memory and learning,
language, executive function, complex attention, social cogni-
tion, and perceptual and motor functions [153]. The experience
of FI may affect 1 or more domains of cognitive function because
of the impact of nutritional deficiencies, elevated stress levels,
lack of sleep, or a combination of the various health outcomes
previously discussed [154]. Inverse relationships between neural
connectivity, cognitive function, and FI have been observed
across the lifespan [155,156], with a considerable focus on the
older adult population [154,157–159]; however, there is limited
research addressing this relationship in college students [121].

Cognitive function can be assessed both objectively and sub-
jectively. Objective measures used to determine the relationship
between FI and cognitive outcomes include MRI to determine the
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anatomical structure of the brain and fMRI to assess neural
network activity [121,160]. MRI imaging can be burdensome to
participants, as the process for obtaining images is both
time-intensive and physically uncomfortable, as it requires the
subject to remain still for an extended period of time. Addi-
tionally, implementing brain imaging technology requires
advanced facilities and technicians, which is costly.

Cognitive function may also be determined using objective
assessment tools, such as those found within an automated
cognitive battery assessment [161]. In the college student pop-
ulation, both memory-based and attention-based cognitive pro-
cessing skills were impacted by the experience of FI [57].
Additional research is needed on the different domains of exec-
utive function to determine the impact of FI on decision-making
behavior in this population, where cognitive development and
maturation are still in progress. Subjective measures of cognition
used in the college student population include the behavior
rating inventory of executive function-2 (BRIEF-2) assessment, a
self-reported questionnaire that has participants rate the fre-
quency of difficulty with tasks, the inability to problem solve,
and other intrapersonal cognitive qualities [121]. In college
students, individuals experiencing FI had higher BRIEF-2 scores,
which reflects poorer cognitive function. Although the BRIEF-2
assessment is subjective and relies on participant perception,
BRIEF-2 scores were correlated with the objective outcome of
neural connectivity from fMRI output in various brain regions
[121].

Cognitive restraint with regard to food-making decisions has
also been assessed as it relates to the FI in the college student
population [119].Using the Three Factor EatingQuestionnaire-18,
a self-reported questionnaire that calculates a score for emotional
eating, uncontrolled eating, and cognitive restraint, it was
observed that only uncontrolled eating scores were significantly
associated with the experience of FI [119]. Further research into
the role of FI on cognitive function is warranted as many college
students are still experiencing brain maturation that impacts
cognitive development up through the age of 24 y [162]. Concerns
regarding the high prevalence of FI impacting cognitive processes
in college students may also be recognized through decreased ac-
ademic performance [3,26,30,92,104,163–169] and other cogni-
tively derived outcomes.

The use of objective measures of the domains of cognitive
function is critical to understand further the driving mechanisms
behind the experience of FI on neural development and cognitive
function. Research findings have elucidated the potential anti-
oxidant role of carotenoids [170], flavonoids [171], and other
phytochemicals [172] on cognitive health. As the diet quality is
impacted by the experience of FI, health-promoting phytonu-
trients may not be consumed as frequently, and neuro-
inflammatory foods, such as saturated fats and added sugars,
may be consumed more regularly, ultimately resulting in
increased intestinal permeability, causing gut-brain dysbiosis to
compromise the blood-brain barrier [173]. Future research to
explore the potential for cognitive flexibility and reversibility of
cognitive decline with the experience of acute and/or chronic FI
on brain development is needed.
Limitations
It is apparent from reviewing the recent literature that the

field of FI research in college students consists predominately of



M.D. Radtke et al. Advances in Nutrition 15 (2024) 100131
subjective assessments for health outcomes. The studies included
in this review are predominately cross-sectional and, therefore,
have the opportunity for larger sample populations, ranging
from 40 to 59,250 participants. Because of the observational
nature of this work, elucidating cause-and-effect relationships is
not plausible. For this reason, only studies that used previously
validated assessment tools were included, resulting in the
omission of qualitative research studies that relied on participant
verbal responses. The focus of this review on the college student
population was selected because of the disproportionate rates of
FI compared to the United States household prevalence; how-
ever, research in other populations, such as children, adoles-
cents, or older adults, may yield additional assessment tools not
yet implemented in the college setting.

In conclusion, this narrative review explores the recent liter-
ature on assessment methods used to determine physiological,
psychosocial, and cognitive outcomes that are impacted by the
experience of FI in college students. Findings from this review
highlight the myriad of negative health outcomes associated
with the experience of FI in college students. The dearth of
clinical and subclinical biomarkers makes it challenging to assess
other determinants of FI, such as the severity of acute and
chronic FI on physical andmental well-being [174]. It is essential
to identify the underlying mechanisms and pathways between FI
and health outcomes to develop targeted interventions aimed at
improving FSS in the college student population.

Future directions
The disproportionate rates of FI in the college student popu-

lation, along with the implicated health outcomes, are impera-
tive to address. College students as a study population present a
unique set of juxtaposed challenges in that the demographic is
relatively young, healthy, and well-educated, yet experience
excessive stress levels, poor sleep, adverse mental health out-
comes, and high rates of FI. Although the health outcomes
associated with FI are not siloed to the college student popula-
tion, the high prevalence of FI during this crucial period of the
life stage may leave devastating long-term health consequences
into older adulthood. This review serves as a call for action to
implement objective biomarkers to assess the outcomes of FI in
all populations, emphasizing the distinct yet concerning char-
acteristics of college students.

Future directions are 2-fold: incorporating objective bio-
markers to address the clinical research gaps and the develop-
ment of effective interventions at the public health and policy
level to improve FSS. The incorporation of food, nutrition, and
financial literacy programs into primary and secondary school
curricula to develop awareness around food and budgeting, as
well as in the collegiate setting, when dietary behaviors are more
autonomous, may serve as effective interventions to reduce
health disparities from the experience of FI [175, 176].
Geographic Information Systems may also be a novel approach
to geocoding dietary behaviors by socioeconomic status to better
identify at-risk college student populations [177]. As FI is an
interdisciplinary and multifaceted public health concern, effec-
tive interventions to alleviate the health impacts require
collaboration in areas of nutrition, medicine, agriculture, sus-
tainability, and technology, among many others.
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