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Abstract

Background
COVID-19 has impacted mental health globally, however, relationships between anxiety and eating
behaviors during the pandemic have not been explored. This study evaluated anxiety, eating attitudes and
behaviors, and associations between anxiety and eating behaviors in students at a large public University
in the United States during the COVID-19 pandemic.

Methods
Current undergraduate and graduate/professional students completed a cross-sectional survey in fall
2020. Demographic information, indicators of anxiety in the past two weeks assessed by the Generalized
Anxiety Disorder Screener (GAD-7), and eating behaviors assessed by the Adult Eating Behavior
Questionnaire (AEBQ) were evaluated. A score ≥ 10 on the GAD-7 indicated anxiety (≥ 15 indicated severe
anxiety). Eating behaviors were reported via Likert scale and combined into eight AEBQ subscales;
subscale mean and standard deviation were reported. Differences in mean AEBQ subscale scores were
examined between participants with and without anxiety via Mann-Whitney U tests. Multivariate linear
regression was utilized to examine associations between GAD-7 score and individual AEBQ subscale
scores, adjusting for age, gender, race/ethnicity, and student status.

Results
The �nal sample included 1243 students (57% undergraduates). In the full sample, 51.9% experienced
anxiety in the past two weeks; 24.6% had severe anxiety. Subgroups with the highest prevalence of
anxiety included non-cisgender participants (73.6%), the youngest age group [18–20 years of age (62%)],
undergraduate students (60.7%), and Hispanic/Latino participants (57.5%). Participants with anxiety had
signi�cantly lower AEBQ scores for enjoyment of food and signi�cantly higher scores for emotional over
and under-eating, food fussiness, food and satiety responsiveness, and hunger than those with no
anxiety (p < 0.01). In adjusted analyses, GAD-7 score was signi�cantly and positively associated with
hunger, food responsiveness, emotional over-eating, satiety responsiveness, and food fussiness and
negatively associated with enjoyment of food.

Conclusions
The prevalence of anxiety is overwhelming in undergraduate and graduate/professional students amidst
the COVID-19 pandemic. Eating behaviors differ signi�cantly in those with anxiety; increasing anxiety
severity was associated with undesirable eating behaviors including hunger and emotional over-eating.
Universities and health professionals must consider strategies to address anxiety, particularly in younger
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students, non-cis-gender students, and across race/ethnicities keeping in mind associations between
anxiety and eating behaviors.

Background
The novel coronavirus 2019 (COVID-19) pandemic has impacted mental health around the world (1). Fear
of contracting the virus combined with the implementation of public health measures including social
distancing and stay-at-home orders can cause signi�cant stress which may induce or exacerbate anxiety
(2). By June 2020, over 40% of the general population in the United States reported one or more adverse
mental or behavioral health symptom (3). Prior to the COVID-19 pandemic, anxiety disorders were the
most common mental illness in the United States, affecting 18.1% of the population 18 years and older
(4). Since the start of the COVID-19 pandemic, anxiety is now evident in more than one in four U.S. adults
(3). Rising prevalence of anxiety is not unique to the United States; symptoms of anxiety are now present
in approximately 6.33–50.9% of the general population worldwide (5).

In young adults, prevalence of anxiety during the pandemic is even higher. The Centers for Disease
Control and Prevention (CDC) reported 49% of young adults 18–24 years of age in the United States had
anxiety by June 2020 compared to 25.5% of the general population (3). Anxiety is a growing concern in
young adult university students in particular, as institutions of higher education moved to remote and
online delivery in response to the pandemic (6, 7). Worldwide, estimates of the prevalence of anxiety in
university students range from 25% in China in early 2020 (8) and 27.5% in France in April 2020 (9) to
38.5% in the United States (10) and 42.9% in Bangladesh in May 2020 (11). More current estimates of the
burden of anxiety in students in fall 2020, as many Universities continue remote or hybrid education
models, have not yet been reported.

Anxiety impacts physical health, lifestyle, and academic performance and during the COVID-19 pandemic,
university students report di�cultly coping with stress adequately (10, 12). Stress is a known trigger for
undereating and overeating (13) and even in non-pandemic times, the relationship between anxiety and
eating behaviors and attitudes is documented (14, 15). In college students, anxiety and depression are
associated with changes in food choices and total caloric intake (16) and anxiety is associated with food
insecurity (17). College students are already at-risk for disordered eating including caloric restriction,
binge eating, and compensatory behaviors (18, 19). Disordered eating, even in the absence of a
diagnosed eating disorder is associated with body weight perception and dissatisfaction, depression and
perceived stress, and risk for underweight and overweight/obesity (19, 20). In the United States, adults
with self-reported eating disorders have been particularly impacted by the COVID-19 pandemic, reporting
increased restrictive behaviors, fears regarding �nding food, and increased urges to binge and actual
binge eating episodes (21). In undergraduate students, public health measures including quarantining
have also been associated with concerns about body weight and shape and eating habits (22). In
summary, the COVID-19 pandemic has created an environment conducive to stress, anxiety, and
potentially undesirable eating behaviors.
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Despite the high prevalence of anxiety worldwide, there is limited evidence on the burden of anxiety in
university students in late 2020, or the relationship between anxiety and eating attitudes and behaviors
during a global pandemic. This study aimed to examine the prevalence of anxiety in university students,
including by demographic groups, amidst the COVID-19 pandemic and to examine associations between
anxiety and eating attitudes and behaviors.

Methods
A cross-sectional survey-based study was conducted in fall 2020, during a second wave of the COVID-19
pandemic in the United States. The authors followed the STROBE-nut Statement to report results (23).

Participants and Recruitment
Participants were currently enrolled undergraduate or graduate/professional students at a large, public
University in the southwest region of the United States. All participants were at least 18 years of age.
Participants were recruited for four weeks from September to October 2020 during a second wave of
COVID-19 cases in the University’s state. A recruitment email was distributed to all undergraduate and
graduate students currently enrolled in each of the University’s Colleges; one College declined to distribute
the email. The recruitment email was also sent via the University’s Graduate and Professional Student
listserv. Participants provided consent by starting the survey and no consent signature was required. At
the end of the survey, students could choose to provide their email address to enter a drawing for a $20
gift card incentive. Five email addresses were randomly selected to receive $20 gift cards after data were
collected. The study was approved by the University’s O�ce of the Institutional Review Board.

Data Collection
Data were collected via Opinio, an online survey tool approved for research. The survey included two
screening questions assessing the potential participant’s age (≥ 18 years) and con�rming current
enrollment as a full-time or part-time undergraduate or graduate student at the University. The survey then
included four demographic questions (gender, age, race/ethnicity, and academic status); the seven-item
Generalized Anxiety Disorder Scale (GAD-7), a validated measure of anxiety in the past two weeks in the
general population (24, 25); and the 35-item Adult Eating Behavior Questionnaire (AEBQ), a validated
measure of appetitive traits and eating behaviors (26, 27). The AEBQ includes eight subscales divided
into four food approach behaviors (hunger, food responsiveness, emotional over-eating, and enjoyment of
food) and four food avoidance behaviors (satiety responsiveness, emotional under-eating, food
fussiness, and slowness in eating) (27). Food responsiveness is de�ned as the tendency to eat (or eat
more) in response to food cues including the sight and smell of food (28). Satiety responsiveness is
de�ned as the capacity to adjust eating and food intake in response to feelings of satiety and fullness
(28).

Data Analysis
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A power analysis was not conducted due to the exploratory nature of the study. All participants who
completed the GAD-7 were included in data analyses. Since all survey questions were optional, some
demographic data were missing and were reported as such. All data analyses were performed using
Statistical Analysis Software (SAS; version 9.4; SAS Institute, Cary, NC, USA).

Demographic data were presented with descriptive statistics. Continuous variables including age, GAD-7
score, and AEBQ subscale scores were assessed for normality using the Shapiro-Wilk test. GAD-7 score
ranges from 0 to 21 and, per standard guidelines, was dichotomized to indicative of anxiety (score ≥ 10)
or not indicative of anxiety (score < 10) (25). GAD-7 scores were also used to categorize the severity of
anxiety: mild (score of 5–9), moderate (score of 10–14), or severe (score ≥ 15) (25). The AEBQ was
scored according to standard guidelines by reverse scoring four of the 35 questions and then calculating
the average of Likert scale responses (scale 1–5) for questions included in each of the eight subscales.

The prevalence of anxiety, including by severity, was calculated for the full sample and by demographic
subgroups including age category, gender, race/ethnicity, and student status (undergraduate or
graduate/professional). Differences in the prevalence of anxiety severity (no anxiety, mild anxiety,
moderate anxiety, severe anxiety) within demographic groups were assessed using Chi-square tests.
Differences in mean AEBQ subscale scores were compared between participants with symptoms of
anxiety versus those with no symptoms of anxiety using Mann-Whitney U tests. Spearman’s correlation
coe�cients were calculated between individual AEBQ indicators and GAD-7 score. Multivariate linear
regression was utilized to examine the association between GAD-7 score and individual AEBQ indicators,
adjusting for age (continuous), gender, race/ethnicity, and student status. A p < 0.05 was considered
statistically signi�cant for all tests.

Results
Eight of the nine Colleges at the University and the Graduate and Professional Student Association sent
the recruitment email to all currently enrolled undergraduate and graduate/professional students in
September 2020. The number of students who received the recruitment email was not documented;
however, 1,367 students started the survey. Of those, 17 (1.2%) were excluded based on responses to the
two screening questions and an additional 107 (7.8%) were excluded for not completing the GAD-7. Thus,
1243 (90.9%) participants were included in the �nal analysis.
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Table 1
Demographic characteristics of study participants (n = 1243)

Demographicsa n %

Age (years)    

18–20 353 29.5

21–24 326 27.2

25–30 205 17.1

>30 314 26.2

Gender    

Female 909 73.1

Male 281 22.6

Non-cisgender 53 4.3

Race/Ethnicity    

American Indian or Alaskan Native 60 4.9

Asian 99 8.0

Black or African American 27 2.2

Hispanic/Latino 239 19.3

White 732 59.2

More than one race/ethnicity or other 79 6.4

Student Status    

Undergraduate 702 57.0

Graduate/Professional 530 43.0

Anxiety Severity (GAD-7 score)    

No Anxiety (< 5) 238 19.2

Mild Anxiety (5–9) 360 29.0

Moderate Anxiety (10–14) 339 27.3

Severe Anxiety (≥ 15) 306 24.6

aAge missing for 45 participants; race/ethnicity missing for 7 participants; student status missing for
11 participants



Page 7/17

Demographic characteristics of the study sample are presented in Table 1. The mean age of participants
was 26.5 ± 9.2 years (range 18–82). The majority were female (n = 909; 73.1%), white (n = 732; 59.2%) or
Hispanic/Latino (n = 239; 19.3%), and undergraduate students (n = 702; 57%). The study sample differed
from the general population of the University in fall 2020, with an overrepresentation of females (73.1%
versus 57.4%) and white students (59.2% versus 33.3%) and an underrepresentation of undergraduate
students (57% versus 70.9%). The study sample did, however, accurately represent the University’s
composition of American Indian/Alaskan Native and Black/African American students. Mean age in this
study (26.5 years) was comparable to the University’s overall average of 25.7 years, re�ecting the large
population of non-traditional students.

In the full sample, the mean GAD-7 score was 10.1 ± 5.6. GAD-7 score was not normally distributed (p < 
0.05). Over half of participants (n = 645; 51.9%) experienced anxiety in the past two weeks based on a
GAD-7 score of 10 or more. In the full sample, 29% had mild anxiety, 27.3% had moderate anxiety, and
24.6% had severe anxiety. Nearly 90% of participants indicated symptoms of anxiety made it somewhat
di�cult (54.9%), very di�cult (22.2%), or extremely di�cult (10.9%) to do work, take care of things at
home, or get along with other people. The prevalence of anxiety differed signi�cantly by age category,
gender, and level of education (p < 0.01) but not by race/ethnicity (p = 0.13) (Table 2). The youngest age
category (18–20 years of age) had the highest prevalence of anxiety (62%) including moderate anxiety
(33.7%) and severe anxiety (28.3%) compared to older age groups. The oldest age category (> 30 years of
age) had the lowest prevalence anxiety (39.8%) including moderate anxiety (20.4%) and severe anxiety
(19.4%). Non-cisgender participants, including transgender, gender �uid, non-binary, and other-gendered
participants, had the highest prevalence of anxiety (73.6%) including moderate (34%) and severe anxiety
(39.6%) compared to females and males. Male participants had the lowest prevalence of anxiety (n = 111;
39.5%).
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Table 2
Prevalence of anxiety by severity in university students by demographic characteristics

  Anxiety
(GAD-7 ≥ 
10)

Mild Anxiety
(GAD-7 score
5–9)

Moderate Anxiety
(GAD-7 score 10–
14)

Severe Anxiety
(GAD-7 score ≥ 
15)

 

  N % N % n % n % pa

Full Sample 645 51.9 360 29.0 339 27.3 306 24.6  

Age (years)                 < 
0.01

18–20 219 62.0 82 23.2 119 33.7 100 28.3  

21–24 174 53.4 102 31.3 91 27.9 83 25.5  

25–30 105 51.2 62 30.2 56 27.3 49 23.9  

>30 125 39.8 101 32.2 64 20.4 61 19.4  

Gender                 < 
0.01

Female 495 54.5 269 29.6 260 28.6 235 25.9  

Male 111 39.5 80 28.5 61 21.7 50 17.8  

Non-cisgender 39 73.6 11 20.8 18 34.0 21 39.6  

Student Status                 < 
0.01

Undergraduate 426 60.7 178 25.4 223 31.8 203 28.9  

Graduate/
Professional

212 40.0 178 33.6 112 21.1 100 18.9  

Race/Ethnicity                 0.13

American
Indian/ Alaskan
Native

33 55.0 19 31.7 17 28.3 16 26.7  

Asian 37 37.4 32 32.3 20 20.2 17 17.2  

Black/African
American

15 55.6 6 22.2 7 25.9 8 29.6  

Hispanic/Latino 138 57.7 70 29.3 69 28.9 69 28.9  

White 376 51.4 207 28.3 202 27.6 174 23.8  

aChi-square test for difference in prevalence of anxiety severity (no anxiety, mild anxiety, moderate
anxiety, severe anxiety) within demographic groups; p < 0.05 indicates statistical signi�cance
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  Anxiety
(GAD-7 ≥ 
10)

Mild Anxiety
(GAD-7 score
5–9)

Moderate Anxiety
(GAD-7 score 10–
14)

Severe Anxiety
(GAD-7 score ≥ 
15)

 

>1 Race/Other 44 55.7 22 27.9 24 30.4 20 25.3  

aChi-square test for difference in prevalence of anxiety severity (no anxiety, mild anxiety, moderate
anxiety, severe anxiety) within demographic groups; p < 0.05 indicates statistical signi�cance

Undergraduate students had a signi�cantly higher prevalence of GAD-7 scores indicating anxiety (60.7%)
compared to graduate students (40.0%) (p < 0.01). While anxiety severity was not signi�cantly different
by race/ethnicity (p = 0.13), Asian participants had the lowest prevalence of anxiety (37.4%) compared to
all other race/ethnicity groups (> 50%). Hispanic/Latino participants had the highest prevalence of
anxiety (57.7%), followed by students reporting other or more than one race/ethnicity (55.7%). The
prevalence of severe anxiety, however, was highest in Black/African American students (29.6%), followed
by Hispanic/Latino students (28.9%).
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Table 3
Mean AEBQ scores in participants by anxiety status

  All Participants (n = 
1243)

No Anxiety (n = 
598)

Anxiety* (n = 
645)

 

AEBQ Indicators Mean SD Mean SD Mean SD pa

Food approach
subscales

             

Hunger 3.10 0.75 2.98 0.74 3.21 0.75 < 
0.01

Food responsiveness 3.18 0.75 3.08 0.73 3.27 0.75 < 
0.01

Emotional over-eating 2.85 1.01 2.69 0.93 2.99 1.05 < 
0.01

Enjoyment of food 4.14 0.80 4.24 0.71 4.04 0.86 < 
0.01

Food avoidance
subscales

             

Satiety responsiveness 2.74 0.82 2.66 0.77 2.81 0.86 < 
0.01

Emotional under-eating 3.11 0.96 3.03 0.89 3.18 1.02 < 
0.01

Food fussiness 2.03 0.84 1.95 0.79 2.11 0.88 < 
0.01

Slowness in eating 2.71 1.01 2.66 0.94 2.75 1.06 0.23

*Anxiety de�ned as GAD-7 score ≥ 10; aMann-Whitney U test comparing mean subscale score by
anxiety status; p < 0.05 indicates statistical signi�cance

Table 3 shows mean AEBQ subscale scores in the full sample and by anxiety status. Subscale scores
were not normally distributed (p < 0.05). Mean scores for food approach subscales (hunger, food
responsiveness, emotional over-eating) were signi�cantly higher in those with anxiety, except enjoyment
of food which was signi�cantly lower (p < 0.01). Mean scores for three of four food avoidance subscales
(satiety responsiveness, emotional under-eating, and food fussiness) were signi�cantly higher in those
with anxiety compared to those without anxiety (p < 0.01).
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Table 4
Unadjusted and adjusted associations between GAD-7 score and AEBQ indicators

  GAD-7 score correlationa Multivariate Regressionb

AEBQ Indicators r-square p β p

Food approach subscales        

Hunger 0.24 < 0.01 0.027 < 0.01

Food responsiveness 0.14 < 0.01 0.014 < 0.01

Emotional over-eating 0.18 < 0.01 0.034 < 0.01

Enjoyment of food -0.11 < 0.01 -0.014 < 0.01

Food avoidance subscales        

Satiety responsiveness 0.13 < 0.01 0.012 < 0.01

Emotional under-eating 0.07 0.01 0.003 0.50

Food fussiness 0.08 < 0.01 0.011 0.01

Slowness in eating 0.03 0.29 0.000 0.07

aSpearman’s correlation coe�cients; bGAD-7 score as predictor, adjusted for age, gender,
race/ethnicity, and student status

In the full sample, seven of the eight AEBQ indicators were signi�cantly correlated with GAD-7 score
based on Spearman’s correlation coe�cients (Table 4). Six of the eight indicators were positively
correlated with GAD-7 score; hunger and emotional over-eating had the strongest correlations (r-square = 
0.24 and 0.18, respectively; p < 0.01). Enjoyment of food was signi�cantly negatively correlated with GAD-
7 score (r-square=-0.11; p < 0.01) and slowness in eating was not correlated with GAD-7 score (p = 0.29).
In multivariate linear regression adjusting for age, gender, race/ethnicity, and student status, associations
between GAD-7 score and AEBQ indicators remained signi�cant, except for emotional under-eating (p = 
0.50) and slowness in eating (p = 0.07).

Discussion
Over half of undergraduate and graduate/professional students at a large University in the southwest
United States experienced moderate to severe anxiety in fall 2020 amidst the COVID-19 pandemic. The
prevalence of anxiety in this study was much higher than estimates from spring 2020 which ranged from
25–43% in college students around the world (8, 11). While all demographic groups in this study
experienced anxiety, estimates of moderate and severe anxiety were most worrisome in younger
participants 18–20 years of age, non-cisgender participants, and undergraduate students compared to
graduate/professional students. As the COVID-19 pandemic lingers, a global mental health crisis is
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hypothesized (29) and, based on mounting evidence, may disproportionately affect young adults
including university students (3).

This study suggests anxiety is associated with eating attitudes and behaviors. All eating behaviors
except slowness in eating differed signi�cantly between participants experiencing anxiety and those not
experiencing anxiety. Participants with anxiety had higher scores for food approach and food avoidant
behaviors than those not experiencing anxiety, except enjoyment of eating which was signi�cantly lower
(p < 0.01). Moreover, participants with anxiety in this study had higher mean scores for emotional over-
eating, emotional under-eating, and hunger compared to a study examining the AEBQ in the general
population in Australia and the United Kingdom prior to the COVID-19 pandemic (26). Another study of
Greek and Spanish adults conducted in April 2020 during the COVID-19 pandemic also found high scores
for inappropriate eating behaviors including restraint eating, external eating, and emotional eating (30).
All three behaviors were signi�cantly associated with GAD-7 score in this study suggesting a link between
anxiety and eating behaviors during COVID-19.

Individuals experiencing anxiety may either turn to food or avoid food as coping mechanisms since both
food approach and food avoidance behaviors were signi�cantly higher in participants with anxiety.
Previously published evidence also suggests both emotional over-eating and emotional under-eating are
responses to anxiety (31). Attempting to manage anxiety through undesirable eating behaviors may be
even more pronounced due to the additional stress and worry of the COVID-19 pandemic. Evidence also
suggests a bi-directional relationship between anxiety and eating behaviors. While anxiety could lead to
undesirable eating patterns, it could very well be that undesirable or disordered eating behaviors induce
anxiety (32). Additional longitudinal research in healthy individuals and those with diagnosed eating
disorders must address the cause and effect of anxiety and eating behaviors to help inform prevention
and treatment.

In this study, GAD-7 scores were strongly associated with most AEBQ subscales. Particularly concerning
is the positive correlation between GAD-7 score and hunger indicating increasing anxiety severity is
associated with increasing hunger. In addition, the positive correlation between GAD-7 score and
emotional over-eating indicates increasing anxiety severity is associated with increasing over-eating
behaviors. Finally, the positive correlation between GAD-7 score and food responsiveness indicates
increasing anxiety severity is associated with increased tendency to eat more in response to food cues,
potentially in excess of requirements. These associations remained directional and signi�cant after
adjusting for age, gender, race/ethnicity, and student status. A similar study conducted during the COVID-
19 pandemic also suggests GAD-7 score is signi�cantly correlated with Dutch Eating Behavior
Questionnaire (DBEQ) scales including restrained eating, emotional eating, and external eating (30). In
light of the pandemic, undesirable eating behaviors may be even more exacerbated and, coupled with
media-driven concepts like the “quarantine 15”, may increase the risk for clinical eating disorders (22).
Hunger and emotional over-eating, for example, are predominant symptoms of anorexia nervosa and
binge eating disorder. Additional research is needed to examine speci�c relationships between AEBQ
subscales and risk for clinical eating disorders.
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Limitations
Limitations must be considered when interpreting results of this study. All data were self-reported and
certain demographic groups (females, white participants, and undergraduate students) were
overrepresented. Data were also missing for demographic questions including 45 missing responses for
age. In addition, data were collected during the second wave of the COVID-19 pandemic in fall 2020
which almost certainly in�uenced experienced anxiety and potentially its relationship with eating
behaviors and attitudes. Finally, given the cross-sectional design of the study, it is impossible to
determine if anxiety led to undesirable eating behaviors or if those with undesirable eating behaviors were
more likely to experience anxiety. The directionality of the relationship between anxiety and eating
behaviors, particularly hunger, emotional over-eating, emotional under-eating, and food responsiveness
must be explored in future studies.

Conclusions
In a large sample of undergraduate and graduate/professional students in the United States, the
prevalence of anxiety during the COVID-19 pandemic suggests a mental health crisis, particularly in
younger undergraduate students and those who identify as a gender other than male or female.
University students experiencing anxiety reported higher degrees of undesirable eating behaviors
including hunger, food responsiveness, emotional over-eating and under-eating, food fussiness, and less
enjoyment of food than those with no anxiety. Anxiety severity is also strongly positively associated with
hunger, emotional over-eating, and food responsiveness.

As health professionals prepare to tackle the mental health crisis left in the wake of the COVID-19
pandemic, relationships between anxiety and eating behaviors in university students and the general
population should be considered. University students with moderate to severe anxiety may experience
undesirable attitudes and behaviors toward eating, potentially increasing the risk of eating disorders.
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