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Abstract

Background

University students are increasingly recognized as a vulnerable population, suffering from
higher levels of anxiety, depression, substance abuse, and disordered eating compared to
the general population. Therefore, when the nature of their educational experience radically
changes—such as sheltering in place during the COVID-19 pandemic—the burden on the
mental health of this vulnerable population is amplified. The objectives of this study are to 1)
identify the array of psychological impacts COVID-19 has on students, 2) develop profiles to
characterize students’ anticipated levels of psychological impact during the pandemic, and 3)
evaluate potential sociodemographic, lifestyle-related, and awareness of people infected with
COVID-19 risk factors that could make students more likely to experience these impacts.

Methods

Cross-sectional data were collected through web-based questionnaires from seven U.S.
universities. Representative and convenience sampling was used to invite students to com-
plete the questionnaires in mid-March to early-May 2020, when most coronavirus-related
sheltering in place orders were in effect. We received 2,534 completed responses, of which
61% were from women, 79% from non-Hispanic Whites, and 20% from graduate students.
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Results

Exploratory factor analysis on close-ended responses resulted in two latent constructs,
which we used to identify profiles of students with latent profile analysis, including high (45%
of sample), moderate (40%), and low (14%) levels of psychological impact. Bivariate associ-
ations showed students who were women, were non-Hispanic Asian, in fair/poor health, of
below-average relative family income, or who knew someone infected with COVID-19 expe-
rienced higher levels of psychological impact. Students who were non-Hispanic White,
above-average social class, spent at least two hours outside, or less than eight hours on
electronic screens were likely to experience lower levels of psychological impact. Multivari-
ate modeling (mixed-effects logistic regression) showed that being a woman, having fair/
poor general health status, being 18 to 24 years old, spending 8 or more hours on screens
daily, and knowing someone infected predicted higher levels of psychological impact when
risk factors were considered simultaneously.

Conclusion

Inadequate efforts to recognize and address college students’ mental health challenges,
especially during a pandemic, could have long-term consequences on their health and
education.

1 Introduction

A large number of studies support that the conclusion that the novel coronavirus (SARS-CoV-
2) and its corresponding disease (COVID-19) have dramatically impacted people’s mental
health and behavior [1-5], with very few studies suggesting otherwise [6]. Mental health hot-
lines in the United States experienced 1,000% increases during the month of April, when most
people were under lockdown because of the pandemic [7]. Some medical facilities have seen
more deaths from suicide, presumably because of exceedingly poor mental health, than from
COVID-19 infections [8]. Substance disorders in many people who were previously abstinent
are expected to relapse during COVID-19, which will cause long-term economic and health
impacts [9].

Although impacts are felt across populations—and especially in socially-disadvantaged
communities and individuals employed as essential workers—college students are among the
most strongly affected by COVID-19 because of uncertainty regarding academic success,
future careers, and social life during college, amongst other concerns [10]. Even before the
pandemic, students across the globe experienced increasing levels of anxiety, depressive
moods, lack of self-esteem, psychosomatic problems, substance abuse, and suicidality [11].
Therefore, students may need additional resources and services to deal with the physical and
mental health repercussions of the disease.

University administrators could best serve students if they better understood the impacts of
COVID-19 and the risk factors of its psychological impacts. These impacts are of critical
importance to warrant immediate mental health interventions focused on prevention and
treatment [12]. Psychiatric and counseling services have historically been underutilized by col-
lege students [13, 14]. Understanding what subpopulations may suffer from unique combina-
tions of psychological impacts may facilitate targeted interventions and successful treatment
and coping strategies for individuals at greatest risk.
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A recent review highlights some of the documented psychological impacts of COVID-19
on college students [15]. Many feel increased stress levels and anxiety and depressive symptoms
as a result of changed delivery and uncertainty of university education, technological concerns
of online courses, being far from home, social isolation, decreased family income, and future
employment. These impacts have been observed in universities across the world [10].

Studies of the psychological impacts of COVID-19 on college studies in the United States,
however, have been limited in their generalizability [10] due to examination of single institu-
tions only [10, 16, 17]. We are aware of no studies that have been conducted with college stu-
dents at multiple institutions across the United States during the pandemic. These schools
collectively represent a somewhat unique context within higher education. The United States
educates large numbers of students from around the world [18, 19]. Diverse student bodies
may show different risk factors from more culturally-homogenous student bodies because of
the diversity of value orientations [20] and sources of media consumption [16, 21-23]. Fur-
ther, colleges in the United States cost more than higher education institutions nearly any-
where else in the world [24]; therefore, financial concerns may be particularly apparent in the
United States. The United States also experienced the lowest global recovery rate from infec-
tion—in other words, the highest mortality rate post-infection—in the weeks leading up to the
timing of the current study (April and May, 2020) [25]. This country continues to witness the
highest incidence and mortality rates among Global North countries [26]. Such high rates
aggravate the psychological impacts of the disease on infected and non-infected individuals
[1].

In the current study, we investigate the psychological impacts of COVID-19 and associated
risk factors on college students at seven universities across the United States. Our objectives
are three-fold: 1) identify the array of psychological impacts COVID-19 has on students, 2)
develop profiles to characterize students’ anticipated levels of psychological impact during the
pandemic, and 3) evaluate potential sociodemographic, lifestyle-related, and awareness of peo-
ple infected with COVID-19 risk factors that could make students more likely to experience
these impacts.

2 Methods
2.1 Study population

In spring 2020, 14,174 participants were recruited cross-sectionally from representative and
targeted samples at seven large, state universities, which in sum enroll more than 238,000 stu-
dents. Universities included Arizona State University in Tempe, AZ (approximately 52,000
undergraduate/graduate students enrolled in 2019); Clemson University in Clemson, SC
(approx. 25,000); North Carolina State University in Raleigh, NC (approx. 34,000); Oregon
State University in Corvallis, OR (approx. 29,000); Pennsylvania State University in State Col-
lege, PA (approx. 54,000); University of Montana in Missoula, MT (approx. 11,000); and The
University of Utah in Salt Lake City, UT (approx. 33,000). One institution (North Carolina
State University) was able to utilize a university-wide representative sample. Other institutions
used targeted samples in the home college(s) or department(s) of the corresponding author.
Selection of sampling scheme (i.e., representative or targeted) was determined by human sub-
ject review board allowances and listserv availability. (Recruitment occurred over email list-
servs and course website announcements.)

This research was deemed exempt from the Clemson University Institutional Review
Board. Also, all subjects provided written consent when they completed the online survey.

Recruitment started as soon as human subject approval was awarded and occurred over a
two-to-three-week window at each institution. Because approval took longer at some
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Table 1. Sampling frames and recruitment windows across participating universities.

University

Arizona State University, Tempe,
AZ

Clemson University, Clemson,
SC

North Carolina State University,
Raleigh, NC

Oregon State University,
Corvallis, OR

Pennsylvania State University,
State College, PA

University of Montana, Missoula,
MT

The University of Utah, Salt Lake
City, UT

Recruitment
Window

April 2 -April 10,
2020

March 17 -April 12,
2020

March 26 -April 10,
2020

April 30 -May 11,
2020

April 27 -May 2,
2020

April 14 -April 27,
2020

March 26 -April 12,
2020

https://doi.org/10.1371/journal.pone.0245327.t001

Sampling Frame

Description N

Undergraduate students in large-enrollment course in the School of Sustainability 190

All undergraduate and graduate students in the Department of Parks, Recreation and Tourism as 1,168

well as all undergraduate students enrolled in large-enrollment introductory course in the

Department of Communication

Randomly sampled undergraduate and graduate students from across the university 10,000

All undergraduate and graduate students in the College of Forestry 1,207

141

All students in an undergraduate general education course offered by the Recreation, Park, and

Tourism Management Department.

All undergraduate and graduate students in the College of Forestry and Conservation 847

All undergraduate and graduate students in the College of Architecture and Planning 621
Total | 14,174

Overall Response Rate | 17.9%

institutions, nationwide recruitment was staggered. No compensation for participation was
provided. Sampling frames and recruitment windows are detailed in Table 1.
Of the 14,174 students invited to participate in the survey, we received 2,534 responses with

data on most of the relevant variables; thus, this sample size was available for most of the

descriptive statistics and bivariate associations. Missing/not reported data on race/ethnicity
and gender occurred in approximately 11% of respondents. Therefore, complete data for mul-

tivariate analyses with all risk factors entered simultaneously—including race/ethnicity and

gender—were available for 2,140 students. Table 2 provides the sample characteristics.

2.2 Measures

2.2.1 Psychological impacts. 2.2.1.1 Qualitative assessment. We expected that it would be
difficult to parsimoniously and comprehensively capture the broad array of impacts from
COVID-19 on students with quantitative measures. Therefore, we utilized an open-ended
questionnaire item that asked respondents, "We are interested in the ways that the coronavirus
(COVID-19) pandemic has changed how you feel and behave. What are the first three ways
that come to mind?" Three responses were required, and a fourth response was optional. This
question was placed at the beginning of the questionnaire to avoid priming and order effects
[27, 28].

2.2.1.2 Quantitative assessment. Regarding our selection of quantitative impacts to measure,
we chose nine survey items based on information gathered from a review of previous research
and new interview data. These nine survey items measured the following concepts: negative
emotion states, preoccupation with COVID-19, feeling stressed, worry, and time demands.

Regarding the review of previous research, we examined studies of other large-scale disas-
ters (i.e., the World Trade Center terrorist attacks on September 11, 2001; previous epidemics
requiring quarantine), which are almost always associated with psychological impacts on the
general population [29]. These studies provided some guidance on what impacts to measure
for the impacts of COVID-19 on college students.
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Table 2. Characteristics of student respondents (N = 2,534)".

Range
Item Mean (SD) / % (n) Possible Actual
Sociodemographic Factors
Female 60.8% (n = 1502)
Age
18 to 24 76.8% (n = 1940)
25to 32 18.0% (n = 455)
33to 44 3.5% (n = 89)
45 to 54 1.3% (n = 33)
55 to 64 0.3% (n=7)
65 to 74 0.1% (n=2)
Race/Ethnicity
Non-Hispanic White 78.6% (n=1772)
Non-Hispanic Black 4.2% (n =95)
Non-Hispanic Asian 12.8% (n = 289)
Hispanic 4.3% (n = 98)
Socioeconomic Status
Class (paternal) 3.06 (1.03) 1 (working class)- 5 (upper class) 1-5
Class (maternal) 3.01 (1.00) 1 (working class)- 5 (upper class) 1-5
Class (self) 2.83(1.02) 1 (working class)- 5 (upper class) 1-5
Educational Achievement (paternal) 4.55 (1.64) 1 (less than high school) -7 (doctorate) 1-5
Educational Achievement (maternal) 4.51 (1.50) 1 (less than high school) -7 (doctorate) 1-5
Relative Income 3.31(1.11) 1 (well below average)- 5 (well above average) 1-5
Academic Status
Graduate Student 19.8% (n = 499)
Undergraduate Student 81.0% (n = 2053)
Lifestyle-Related Factors
General Health 3.31(1.04) 1 (Poor)- 5 (Excellent) 1-5
Body Mass Index (BMI) 24.11 (4.67) - 5.35-60.08
Time Use (Last 24 Hours)
Screen time 7.74 (2.81) 0 hours- 12 hours 0-12
Outdoor time 1.62 (1.70) 0 hours- 12 hours 0-12
Exercise 0.97 (1.15) 0 hours- 12 hours 0-12

COVID-19 Victim Awareness

Knowing Someone Infected

24.6% (n = 591) |

Institutional Affiliation

Arizona State University

6.1% (153)

Clemson University

10.7% (271)

North Carolina State University

58.3% (1473)

Oregon State University 8.7% (219)
Pennsylvania State University 4.7% (119)
University of Montana 7.6% (193)
The University of Utah 3.9% (98)

“complete data for gender and race/ethnicity are available for 2,140 students.

https://doi.org/10.1371/journal.pone.0245327 1002

Regarding new interview data, the corresponding author of the current study conducted
unstructured interviews with adults on their experiences in the early stages of the COVID-19
pandemic. These interviews consisted of recruiting ten participants aged 18 years or older in
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February 2020. Recruitment occurred in both low-risk and high-risk regions of the United
States, including urban areas in Washington and rural areas in Tennessee, lowa, and South
Carolina. The interviews captured the feelings that interviewees experienced during the
pandemic.

Negative emotion states comprised four of the survey items. Each item explained one of the
basic negative emotions (i.e., being afraid, irritable, guilty, and sad) identified during the devel-
opment of the positive and negative affect schedule (PANAS) [30]. Items were measured using
the visual analogue scale (VAS) to provide data across a wide range of responses (1-100) with
minimal participant burden [31]. Prompts asked respondents to indicate the extent to which
they felt these things when they thought about the pandemic.

Preoccupation and feeling stressed comprised two more survey items. These were also mea-
sured with the VAS. Prompts once again asked respondents to indicate the extent to which
they felt these things when they thought about the pandemic.

One more survey item measured worry—specifically anxious arousal. It was measured with
a single item ("I worry a lot") from the Penn State Worry Questionnaire (PSWQ) that is
strongly associated with the entire 16-item PSWQ, r = 0.80 [32]. Therefore, this single item
succinctly captures the concept of worry/anxious arousal. A 5-point Likert-type agree-disagree
response scale was used.

Two more survey items measured time demands. These were developed from survey
prompts in the eating disorder literature [33]. Specifically, we asked to what extent respon-
dents believed they spent a lot of time/thought on the pandemic, and to what extent they
believed they spent foo much time/thought on the pandemic. Once again, a 5-point Likert-type
agree-disagree response scale was used.

The prompts for all nine of these survey items were delivered as reactions to the coronavi-
rus rather than measures of general psychological states. Example include: "how stressed do
you feel when you think about coronavirus," and "to what extent do you agree/disagree with
the following: I worry about coronavirus all of the time."

2.2.2 Risk factors. Sociodemographic factors were self-reported and allowed identifica-
tion of potential differences in impact levels by gender, age, race/ethnicity, socioeconomic sta-
tus (SES), and academic status (undergraduate vs. graduate-seeking). SES was measured with
perceived social class, which has been shown to accurately represent SES in student popula-
tions, using a battery of seven questions on class, parental education, and relative family
income [34, 35]. To measure academic status, we asked respondents whether they were in pur-
suit of an undergraduate or graduate degree.

To account for possible lifestyle-related risk factors, we first considered general health fac-
tors such as general health status and body mass index (BMI). Health status was measured
with a single item on respondents’ "health in general” and a 5-point response scale (poor to
excellent) [36]. BMI was calculated from self-reported height and weight. BMI has been impli-
cated as a risk factor or confounder of the psychological impacts of COVID-19 [37, 38].

Another set of plausible lifestyle-related risk factors was time use. We utilized a recent recall
question structure from the American Time Use Survey that strongly predicts objective time
use and activity measures [39]. Three items were used to ask respondents to indicate how
many hours they spent outdoors (at a park, on a greenway/trail, in a neighborhood/yard, etc.),
in front of a screen (on a smartphone/computer, watching television, online gaming, etc.), and
engaged in moderate or vigorous physical activity that caused an increase in breathing or heart
rate (fast walking, running, etc.) in the past 24 hours [40, 41].

Regarding awareness of COVID-19 victims as a potential risk factor, we included two mea-
sures of knowing people who were diagnosed with the virus: someone in their family and
someone in their community [42].
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2.3 Analyses

To accomplish Objective 1, qualitative data from the open-ended responses were analyzed
using content analysis with an inductive approach [43, 44]. Two independent researchers
examined the data systematically to identify patterns and codes [43]. Each response was coded
separately and reviewed for agreement [45, 46]. Interrater/intercoder agreement (kappa) score
was 94.94% [47].

Objective 2 was accomplished in three steps. These included data imputations, data reduc-
tion, and profile identification.

We imputed missing values by bag imputation, which fits a machine learning regression
tree model for each predictor as a function of all others [48]. In our dataset, 5.2% of the quanti-
tative data were missing and imputed.

Next, we reduced the survey items related to levels of psychological impact into latent con-
structs using exploratory factor analysis (EFA) with oblimin rotation [49]. Scree plots and
Very Simple Structure (VSS) criterion were used to identify the number of factors [50]. The
VSS criterion evaluates the magnitude of the changes in goodness of fit with each increase in
the number of extracted factors.

Last, using the composite scores from the EFA, we used the identified latent constructs
from the psychological impact survey items as input variables in a latent profile analysis (LPA)
[51]. Criteria for determining the number of profiles in the LPA included statistical adequacy
of the solution and interpretability of each profile [52]. Indices used to determine statistical
adequacy included the Akaike Information Criterion (AIC), Bayesian Information Criterion
(BIC) and sample-size adjusted Bayesian Information Criterion [53]. For each of these indices,
lower values represented better model fit. Also, the entropy criterion was calculated as a mea-
sure of classification precision [54]. We favored a parsimonious solution with fewer profiles
over a more complex solution if this improved the interpretability of the LPA [53]. Z-scores of
the input variables were used to interpret the profiles. The criteria to assign low and high val-
ues is not established and so we adopted previous studies’ thresholds [53]. These included stan-
dardized scores between +0.5 and -0.5 being labelled as moderate, scores above 0.5 being
labelled as high, and scores below -0.5 being labelled as low levels of psychological impact from
COVID-19.

Objective 3 was achieved by modeling unadjusted (bivariate) and adjusted (multivariate)
relationships between risk factors and profiles from the LPA. Unadjusted results are presented
because multivariate models used a dichotomous outcome variable to distinguish students in
the highest profile of psychological impact from those in the moderate or low profiles of
impact (see Results for profile development and sample sizes within each profile). Determining
risk factors for being in the high impact profile was deemed more important and actionable by
university administrators than determining risk factors for each of the lower impact profiles,
as would have been accomplished with a multinomial model. Thus, this modeling approach
served a practical function; results could inform university administrators with tight budgets
on how to prioritize funding for mental health interventions amongst students at greatest risk
of high levels of psychological impact. Unadjusted results remained relevant, however, since
they served the function of comparing risk factors between each level of impact profile in a
simpler format than the output of a multinomial regression model.

For the unadjusted results, risk factors were evaluated with chi-squared contingency tables.
Residuals from observed versus expected count comparisons determined the direction of
the effect of the risk factors (i.e., more or less likely that a group was classified to a higher
impact profile than another profile). Statistical significance of risk factors was calculated with
Bonferroni adjustments to reduce Type I Error [55]. Continuous measures were reduced to
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dichotomous or categorical factors based on clinically meaningful levels, past research, and
data distributions. BMI was classified into four categories (less than 18 = underweight; 18 to
24.99 = normal; 25 to 29.99 = overweight; 30.0 and over = obese) [56]. General health was sep-
arated into two groups: poor/fair health and good/very good/excellent health [53]. Screen time
was separated into less than eight hours on a device and eight or more hours on a device [57].
Time outdoors was split into three groups: Less than 1.00 hour, 1.00 to 1.99 hours, and 2.00
hours or more [58, 59]. Time spent exercising was also split into three groups: 30.00 minutes
or less, 30.01 to 59.99 minutes, and 1.00 hour or more [60]. In addition, social class and relative
income were split into three levels: below average, average, or above average. Levels of educa-
tion were split into two levels: less than a 4-year college degree and a 4-year college degree or
more [61].

For the adjusted results, we conducted generalized mixed-effects logistic regression to examine
risk factors simultaneously and control for random (grouping) effects by institutional affiliation.
To avoid collinearity in SES measures, whichever item correlated most strongly with psychological
impacts was entered in the model. We used Variance Inflation Factor (VIF) values to test for mul-
ticollinearity. The proportion of variance explained was measured with conditional and marginal
R coefficients of determination [62-64]. Marginal R represents the contribution of the predic-
tors, which are modelled as fixed effects, whereas conditional R* accounts for the additional con-
tribution of institutional affiliation (random effect) in addition to the fixed effects.

As a sensitivity analysis, we ran a logistic regression model with a subsample of respondents
from the university that obtained a representative sample (North Carolina State University).
This allowed us to evaluate the robustness of our nationwide sample, which otherwise utilized
a convenience sampling approach.

Analyses were conducted in Excel for Mac Version 16.38 and R Version 3.6.2.

3 Results
3.1 Array of impacts

Qualitative data from the open-ended responses demonstrated a broad array of impacts from
COVID-19 on college students’ feelings (Table 3) and behaviors (Table 4). The most common
changes in how students felt compared to before the pandemic were increased lack of motiva-
tion, anxiety, stress, and isolation. For example, one of the students reflected, “I'm normally
extremely motivated, and I've never struggled with depression, but have recently felt very slug-
gish and melancholy.” Another student described their feelings related to isolation as “I feel
trapped. I don’t have anywhere I need to go since I can’t socialize, and I have schoolwork. But
yet I still feel trapped due to actual restrictions and suggestions.” The most frequent changes in
student behavior compared to before the pandemic included more social distancing, more
education changes, and less going out. Other concerning changes ranged from entrapment,
boredom, fatigue, hopelessness, guilt, and inconvenience to hygiene, sleep, housing, employ-
ment, personal finances, and caretaking. For example, some students expressed their frustra-
tion with the financial situation, including one statement indicating: “I am BROKE. I lost my
job because of this pandemic and now I can’t pay for groceries.” Other students were con-
cerned about online learning. For example, one student commented: “I am constantly on edge
about coursework: Did the computer register I submitted my exam? Did I see everything my
teacher posted in Moodle? What happens if my internet goes out and I miss an assignment?”

Smaller numbers of students reported positive changes from the COVID-19 pandemic as
well. These included optimism, productivity, adaptation, and empathy, as highlighted in the
following quotes: “I've affirmed that people are capable of adapting in any circumstances” and
“[I felt a] higher degree of empathy toward my community”.
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Table 3. Open-ended responses on how COVID-19 changed how students feel.

Code

Lack of motivation
Anxiety

Stress

Isolation

Worry

Fear

Entrapment
Boredom
Uncertainty
Sadness
Depression
Annoyance
Missing out
Mental health
Fatigue
Appreciation
Anger

Relaxation
Optimism
Productivity
Hopelessness/ Helpless
Adaptation
Empathy

Trust

Freedom

Lack of safety
Guilt
Overreaction / Underreaction

Inconvenience

Description

Unmotivated/Hard to concentrate/Unproductive/Procrastinate more/Lazy
Feeling anxious

Overwhelmed

Lonely

Worry about health of self or others, health, germs, other people’s decisions, my own travel
Scared/paranoid/panicked

Limited/restricted/out of control/trapped/robbed

Feeling bored
Uneasy/directionless/confused/inquisitive/surreal
Negative emotions

Expressing depressive feelings
Annoyed/Irritable/frustrated

Disappointment

Mental health is affected

Exhausted, lack of energy

Appreciate/grateful for life, friends, health, technology
Feeling angry

calm/relaxed

Optimism/hopefulness/patient

More productive/organized/creative

Feeling hopeless/helpless

Flexible/adjustable to new situations

Empathy towards others

Feeling trust/distrust of other people

Independence, being in control

Unsecure, precarious

Guilt, shame, privilege

Primarily feeling overreaction/underreaction from others

Feeling inconvenienced

Note: Codes reported by 10% or more of the sample shown in bold.

https://doi.org/10.1371/journal.pone.0245327.1003

3.2 Psychological impact profiles

Mean values of the psychological impact survey items are shown in Table 5. Eight of these

% Sample Mentioned

21.5%
17.4%
14.6%
13.3%
8.3%
8.1%
6.7%
6.2%
6.0%
5.8%
5.7%
5.1%
5.1%
3.9%
3.4%
3.3%
1.8%
1.6%
1.5%
1.4%
1.3%
1.0%
1.0%
0.9%
0.8%
0.8%
0.5%
0.3%
0.3%

were included in the EFA. (Feeling guilty demonstrated low communality (h* = .21) and was
removed from further analyses.) All eight items displayed relatively normal distributions (S1

Fig). Criteria of the resulting model were acceptable: Tucker Lewis Index = 0.95; Kaiser-

Meyer-Olkin (KMO) factor adequacy measure of sampling adequacy (MSA) = .89 [65]; signifi-
cant Bartlett’s test of sphericity, 2°(28) = 10503, p < .001. The VSS Criterion [50] achieved a
maximum of .93 with a two-factor solution, compared to .89 for a one-factor solution or .94
for a three-factor solution (S1 Table, S2 and S3 Figs). We labelled the first factor as "Emotional
Distress" since it was composed largely of negative affect items (afraid, irritable, sad, preoccu-
pied and stressed). The second factor was composed of three items dealing with how time was
spent presumably in worry during the pandemic (worry, too much time and a lot of time), and

so we labelled it "Worry Time." This is a term from clinical psychology that describes time

spent reflecting on all the possible impacts of a health concern, including those worries that an
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Table 4. Open-ended responses on how COVID-19 changed how students behave.

Code

Socializing (less/
more)

Education (change)
Going out (less)
Exercise (change)

Eating pattern
(change)

Carefulness
Hygiene (better)
Sleep/ rest (change)
Schedule (change)

Housing (change)
Employment (loss)
Financial worry

Employment
(change)

Technology use
(change)

Shopping (change)
Physical contact (less)
Time (more/less)
Travel (change)

Outdoor activities
(change)

Self-reflection
News/ media
Leisure activity
Physical health
Caretaking
Slow life
Driving (less)

Description
Social distancing

Change to online, no graduation, canceled school
More at home, less out, quarantining, less going to restaurants
More/less exercise, being active

Hungry/Eating worse/Cook more/Not eating

Socially responsible, cautious
Improved hand washing. Overall cleanliness

Sleep, lay on the couch

No schedule/Different schedule/Change in daily routines/change in

planning/change in work-life balance

Moved in with family members, moved to another location
Temporary or permanently lost job, income

Concerns about potential or real financial challenges

Working from home, working less hours
Using less or more, avoidance

Less shopping, save money

More aware of people

Perception of more or less time for activities
Change in traveling plans/vacations

Spending more or less time in the outdoors, outdoor activities

Faith, self-reflection

Reading more or less news

Hobby/entertainment/projects

Back pain, headache, sore throat, weight gain

Take care of children, older adults, while working/studying
Slowing down

Driving car less

Note: Codes reported by 10% or more of the sample shown in bold.

https://doi.org/10.1371/journal.pone.0245327 1004

21.1%

15.7%
12.9%
9.5%
7.6%

7.5%
7.4%
6.9%
5.9%

5.3%
4.3%
4.2%
3.5%

3.4%

2.9%
2.7%
2.6%
2.0%
2.0%

1.7%
1.6%
1.4%
1.3%
1.0%
0.5%
0.2%

individual cannot do anything about [66]. The internal reliability of the factors was high,
Cronbach’s o = .87 for Worry Time and .83 for Emotional Distress.
A three-profile solution fit the data best for the LPA. Information criteria decreased with
additional profiles up to a five-profile solution, indicating a better model fit (S2 Table, S4 Fig).
The elbow plot suggested minor improvements in model fit after a three-profile solution. Add-
ing a fourth or fifth profile provided less interpretable results. Based on the combined informa-
tion from the statistical criteria and interpretability, we retained a three-profile solution as our

final model.

The three levels of psychological impact from COVID-19 resulting from the LPA are
depicted in Fig 1. Positive z-scores indicate higher levels of impact and negative z-scores indi-
cate lower levels of impact, compared to the average. Profile 1 ("high") represented students
with higher than average levels of the two factors measuring psychological impacts (Emotional
Distress, Worry Time) stemming from COVID-19. Profile 2 ("moderate") represented

% Sample
Mentioned
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Table 5. Description of individual COVID-19 psychological impact survey items.

Range
Impact Survey Item Mean (SD) Possible Actual
Worry "I worry about the coronavirus all of the time." 4.01 (1.69) 1 (Strongly disagree)- 7 (Strongly agree) 1-7
Too Much time "I give too much time/thought to coronavirus." 3.97 (1.75) Same ranges as above
Lot of Time "I spend a lot of time thinking about coronavirus." 4.34 (1.78)
Afraid "How afraid do you feel when you think about coronavirus?" 50.40 (27.78) 0 (Not at all)- 100 (Extremely) 0-100
Irritable "How irritable do you feel when you think about coronavirus?" 59.44 (28.91) Same ranges as above
Sad "How sad do you feel when you think about coronavirus?" 60.98 (27.64)
Preoccupied "How preoccupied do you feel when you think about coronavirus?" 53.44 (27.40)
Guilty "How guilty do you feel when you think about coronavirus?" 24.15 (26.38)
Stressed "How stressed do you feel when you think about coronavirus?" 63.97 (26.96)

https://doi.org/10.1371/journal.pone.0245327 1005

Mean

students with moderate levels of the two factors, and profile 3 ("low") represented students
with low levels of the two factors. Regarding profile membership, 45.2% of students

(n = 1,146) were within the high impact profile, whereas 40.4% (n = 1,025) were in the moder-
ate profile and 14.3% (n = 363) were in the low profile.

3.3 Risk factors

A summary of the risk factors with significant differences between impact profiles based on
bivariate Chi-square tests is depicted in Fig 2. With respect to sociodemographic factors,
women were more likely to be at risk than men (y*(2) = 88, p < .001). Specifically, women
were more likely to be in the high profile (residuals (RES) = 8.02, p < .001) and less likely to be
in the moderate (RES = -2.75, p = .036) or low (RES = -7.54, p < .001) profile. Men demon-
strated the opposite pattern. We did not observe differences by academic status (y*(2) = .3, p =
.9), although we did observe differences by age (x*(4) = 15, p = .005). Students who were 18 to
24 years old were more likely to be in the moderate profile (RES = 3.81, p = .0013), and stu-
dents who were 25 to 32 years old were less likely to be in the moderate profile (RES = -3.03,

Emotional Distress Worry Time

mHigh mMedium = Low

Fig 1. COVID-19 psychological impact profiles derived from z-scores of eight items reduced to two factors using data from college students
across the United States (n = 2,534). Means and standard errors shown.

https://doi.org/10.1371/journal.pone.0245327.9001
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A. Sociodemographic Risk Factors

Social class Relative family
Gender (above income (below
(woman) Age (18-24)  Age (25-32) Race (White) Race (Asian) average) average)

| IR

B. Lifestyle-Related Risk Factors

Residual Errors

General health (fair/poor) Time outdoors (2+ hrs/day) Screen time (8+ hrs/day)

C. COVID-19 Victim Awareness

Residual Errors

Knowing someone infected
10

B High

B Moderate

o N A O @

Residual Errors

-6 Low
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Fig 2. Sociodemographic (a), lifestyle (b), and COVID-19 victim awareness (c) risk factors associated with high, moderate, and low psychological
impact profiles for students across the United States. Residuals from Pearson’s chi-squared tests depict likelihood of profile membership based on
risk factor. Only significant factors (p < .05) are reported. Reference groups include men; over 32 age; other race/ethnicity; average/above average
SES (social class and relative family income); good/very good/excellent general health; less than 2 hours of time outdoors; less than 8 hours of screen
time; and not knowing someone infected (COVID-19).

https://doi.org/10.1371/journal.pone.0245327.9002

p =.022) than other profiles. No other significant differences between age groups by profile
were found, p > .05.

We also observed racial/ethnic and SES differences in psychological impact levels. Specifi-
cally, we found differences by race/ethnicity (¥*(6) = 18, p = .007) with non-Hispanic Whites
being more likely to be in the low profile (RES = 2.98, p = .035) and Non-Hispanic Asians
being less likely to be in the low impact profile (RES = -3.42, p = .0076). No differences in
impact profiles were observed for non-Hispanic Black students or Hispanic students, although
sample sizes were small (1 = 95 and 98, respectively). Parental educational achievement mea-
sures further showed no differences in profiles, p = .5 for maternal and .9 for paternal. No dif-
ferences were observed for parental social class either, p = .1 for maternal and .2 for paternal.
In contrast, student social class (y*(4) = 14, p =.008), and relative family income (*(4) = 14, p
=.008) differed by impact profile. Students who reported above-average social class were more
likely to be in the low profile (RES = 3.07, p = .019), and students who reported below-average
relative family income were more likely to be in the high profile (RES = 3.38, p = .0065). No
other significant differences between ethnoracial groups or SES measures by profile were
found, p > .05.

Lifestyle-related factors predicted differences in impact profiles. For instance, general health
predicted assignment to different impact profiles (y*(2) = 41, p < .001). Students with fair/
poor health were more likely to be in the high profile (RES = 5.90, p < .001) and less likely to
be in the moderate (RES = -2.67, p = .045) or low profile (RES = -4.58, p < .001). Students with
good/very good/excellent health displayed the opposite pattern. No difference in impact pro-
files was observed for BMI (y%(6) = 9, p =.2). We observed differences in impact profiles by
time outdoors (y*(4) = 13, p =.01) and screen time () = 14, p =.001) but not by exercise
time (y*(4) = 6, p = .2). Students who reported spending two or more hours outdoors were less
likely to be in the high profile (RES = -3.17, p = .014), and students who reported spending
more than eight hours on a device were more likely to be in the high profile (RES = 3.06, p =
.013) and less likely to be in the moderate profile (RES = -3.67, p = .0014). Students spending
less than eight hours on a device displayed the exact opposite trend. No other pair-wise com-
parisons in lifestyle-related factors were significant, p > .05.

Lastly, knowing someone who was infected with COVID-19 increased the likelihood of
being at risk of psychological impacts (y*(2) = 14, p < .001). Students who knew someone in
their family or community who was infected were more likely to be in the high profile
(RES =3.06, p = .013) and less likely to be in the moderate profile (RES = -3.67, p = .0014). Stu-
dents who did not know an infected person displayed the opposite pattern.

Five variables remained significant predictors of impact profiles in models adjusting for all
risk factors simultaneously while controlling for institutional affiliation (Table 6). The SES
measure entered in these models was social class of student, because it correlated more highly
with psychological impact levels than other measures (S5 Fig). Students who were women,
fair/poor general health, 18 to 24 years old, reporting 8 or more hours of screen time, and who
knew someone infected with COVID-19 were more likely to be in the high profile. Non-His-
panic Asian students were marginally more likely to be in the high impact profile, p = .091.
Effect sizes varied; women were approximately twice as likely to be assigned to the high impact
profile as the moderate/low profile. Other predictors increased (or decreased) the likelihood of
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Table 6. Results of mixed-effects binary logistic regression modelling likelihood of risk factors predicting assign-
ment to high COVID-19 psychological impact profile for students in seven United States universities (N = 2,140)
a

Log odds (95% CI)
Female 2.018 (1.675,2.431
Age (18 to 24) 1.375 (1.099, 1.719
Race/Ethnicity
Non-Hispanic White 0.868 (0.623, 1.208)
Non-Hispanic Asian 1.274 (0.962, 1.687) "
Class (Self) 0.908 (0.802, 1.028)
General Reported Health 0.619 (0.497, 0.772 """
BMI 1.036 (0.91, 1.178)
Time Use (Last 24 Hours)
Screen time 1.216 (1.008, 1.466)
Outdoor time 0.947 (0.834, 1.076)
Exercise 1.039 (0.93, 1.161)
Academic Status (Graduate) 0.946 (0.755, 1.186)
Knowing Someone Infected 1.453 (1.173, 1.799
Marginal R*/ Conditional R* (%) 6.8/7.3
ICC 0.005
Note
"p<.10
*p<.05
*p<.01

sk ok

p < .001. Predictors with p < .10 shown in bold. Due to identification with multiple races and missing values or
other categories (i.e., mixed, prefer not to answer) for race/ethnicity and gender, 2,140 responses were available for
multivariate analysis. These models were adjusted for random effects of institutional affiliation (S6 Fig), ICC = Intra-
Class Coefficient.

https://doi.org/10.1371/journal.pone.0245327.1006

being in the high impact profile by approximately 20% to 40%. No institutions emerged as sig-
nificant random effects (S6 Fig). VIF values < 2.0 indicated no multicollinearity. Approxi-
mately 7% of the variance was explained by the predictors and institutional affiliations.

Sensitivity analyses with a subsample of respondents from the representative sample at
North Carolina State University identified a similar set of predictors of psychological impact
levels (S3 Table). Gender, age, general health, and knowing someone infected remained signifi-
cant predictors. In contrast, screen time was no longer significant. Being Non-Hispanic Asian
as marginally significant, p = .070, and social class was significant, p = .0038. Students of above
average social class were 23.0% less likely to be assigned to the high impact profile.

4 Discussion
4.1 Key findings and interpretation of results

To evaluate the psychological impacts of COVID-19 on students in the United States, we col-
lected over 2,500 survey responses from students at seven universities in late-February to mid-
May 2020. Qualitative data from open-ended responses showed students experienced largely
negative impacts of COVID-19 on psychological health and lifestyle behaviors. Among the
most commonly reported changes were lack of motivation, anxiety, stress, and isolation, as
well as social distancing, education changes, and going out less. Similar findings were reported
by another study exploring the impact of COVID-19 on students at a single college in the
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United States, revealing increases in sedentary lifestyle, anxiety, and depressive symptoms
[16]. A global study examining experiences of students in 62 countries, including one univer-
sity in the United States, found that students’ expressed concerns about their academic and
professional careers, as well as feelings of boredom, anxiety and frustration [10]. Increased
anger, sadness, anxiety and fear were also reported by students in China [67]. Students in Swit-
zerland reported a decrease in social interaction and higher levels of stress, anxiety, and loneli-
ness [68]. More generally, adults have reported decreases in physical activity and food
consumption increases during the COVID-19 pandemic quarantine compared to beforehand,
as well as increases in binge drinking on average [69], which was identified in a small portion
of our student respondents as well. Slight differences between our studies’ results and results
from studies conducted elsewhere may be due to the differences in student experience by geo-
graphical location. The United States is providing relatively little financial relief to college stu-
dents during the pandemic compared to other Global North countries [70].

Quantitative survey measures captured the majority of the content that students entered in
the open-ended responses (i.e., worry, stress, and fear) and informed the development of
impact profiles. Students were assigned to one of three profiles—low (14% of the sample),
moderate (40%) and high (45%)—based on the psychological impacts they reported experienc-
ing in response to COVID-19.

In unadjusted models, students who were women, non-Hispanic Asian, in fair/poor health,
of below-average relative family income, or someone who knew a family/community member
infected with COVID-19 were at risk of higher levels of psychological impact. Students who
were non-Hispanic White, above-average social class, spent at least two hours outside in the
past day, or spent less than eight hours on screens in the past day were at less risk.

In multivariate models controlling, being a woman, being younger (18 to 24 years old), hav-
ing poor/fair general health, reporting more screen time, and knowing someone infected were
statistically significant risk factors. SES and identifying as non-Hispanic Asian were additional
significant risk factors in the subsample of respondents obtained from representative sam-
pling, whereas screen time was not significant in this sensitivity analysis.

These risk factor findings generally match those found in other studies that employed a
case study approach within single United States universities/colleges. One longitudinal study
of students at a public university in Nevada (n = 205) found that anxiety and depressive symp-
toms were greater in April 2020 than in prior months [17]. Women reported greater disrup-
tion to daily activities, mental and physical health, and personal finances than men. Contrary
to our unadjusted findings, Asian or Asian-American students in the Nevada study reported
lower levels of anxiety and depression than other races. A second longitudinal study with
undergraduate students (n = 217) at a small liberal arts college in New Hampshire also found
increases in anxiety, depression, and sedentary time during April 2020 relative to prior months
[16]. COVID-19 risk factors for college students at other countries have been strikingly similar,
as explained below.

Over ten studies, including several with college student populations, identify women as
being at greater risk of psychological distress during the COVID-19 pandemic [1, 10, 21, 71-
77]. Women are generally prone to depression and anxiety disorders [14], and although initial
evidence indicated men were more susceptible to infection [77], our study supports the asser-
tion that women appear to be more strongly impacted by the long-term psychological impacts
of the pandemic. This observation may be attributable to higher levels of pre-existing psycho-
pathology in women as well as gender differences in fear processing, which could translate to
exacerbations of symptoms [78]. Also, male students tend to have higher confidence in the
computer skills necessary for the transition to online course delivery [10]. Meanwhile, women
are more concerned about impacts on their professional career and ability to study than men,
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on average [10]. One study attributed these gender differences to greater emotional expression,
less tolerance for uncertainty, and less-effective coping strategies amongst students who are
women [75]. Women have also reported being more susceptible to "emotional hunger" and
subsequent increased food intake than men during COVID-19 quarantine; these behaviors
can lead to weight gain and poor mental health [73].

Our findings that fair/poor general health is a risk factor has been documented in numer-
ous other populations during COVID-19 [79, 80]. In addition to comorbidity between mental
and physical health status, people with pre-existing health problems and those with poor men-
tal health show lower preparedness for disasters and suffer disproportionately more from
disaster-related outcomes [81].

Several reasons explain our findings that younger students may be at greater risk than older
students. Younger students (i.e., 18 to 24 years old, regardless of academic status) tend to be
more worried about their future education and ability to pay for college education than older
students [10]. Younger people also engage in social media more than older people during the
pandemic [12, 82]. Given the dominance of the COVID-19 pandemic in the news, younger
"always-on" students may be exposed to greater amounts of risk-elevating messages, which can
lead to anxiety and poor mental health [16, 75].

Regarding our findings that non-Hispanic Asian students may be at greater risk than other
races/ethnicities, several studies show higher psychological distress from COVID-19 in this
population [10]. Asians and Asian Americans have reported being discriminated against by
other students on social media during the pandemic [83]. Further, this population has experi-
enced long-standing barriers to receiving and participating in mental health services [84].

The current study provides some support toward the mounting evidence that excessive
screen time, including during the pandemic, may negatively impact mental health [85]. People
who manage COVID-19 anxiety with excessive use of smartphones and other screen-based
technology inadvertently learn more about the virus from the news, which fuels anxiety and
ongoing coping through screens, thus causing a downward spiral [82]. Excessive use of digital
media also detracts from time that could be spent on other health-promoting activities such as
outdoor recreation [86]. Our study supports these relationships, suggesting negative impacts
of screen time and positive impacts of "green time" on students’ psychological health. The
unadjusted analyses suggested that outdoor time predicted psychological impacts of COVID-
19, although this variable was not significant in multivariate models. Other studies justify its
consideration as a risk factor by university administrators. Both outdoor recreation [87] and
nature exposure [88, 89] can improve psychosocial and eudaimonic well-being [90, 91]. Recent
studies of people across the world show protective psychological effects of park and green
space access during the pandemic [92] as well as lower rates of infection and mortality [93].

The finding that knowing someone infected is a risk factor for psychological impacts of
COVID-19 is intuitive. Familiarity can increase the salience and perceived risk of becoming
infected and dealing with subsequent health concerns, like COVID-19-related death [79].
Also, the threat of death from COVID has been associated with students’ mental health and
explainable by unhealthy levels of smartphone use [82].

As suggested in our unadjusted analyses and the multivariate model with the representative
sample, SES may influence students’ mental health during the pandemic. This might be a result
of financial concerns affecting college students and their families [10]. SES has been docu-
mented as a predictor of COVID-19 fear and mental health concerns in other populations [10,
74,79, 94-98]. Students coming from low-SES families may be more concerned about basic
needs, like food and shelter, caused by loss of their or their parent’s income [99]. Furthermore,
since low-SES families are more susceptible to COVID-19 infection [98], students may be
more concerned for their own and their families’ safety.
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4.2 Recommendations for universities

Given the large percentage of students assigned to the high psychological impact profile, uni-
versities would be well-served to address the mental health needs of their entire student body.
Select programs that have promoted mental health—such as those at the University of Con-
necticut, University of Kentucky, and Northeastern—include virtual group exercise and medi-
tation/mindfulness sessions, accountability buddies and exercise challenges and tele-
medicine/counseling visits [99]. These group meetings may be helpful not only in lowering
anxiety but also in decreasing the sense of isolation reported by the students in this study. Digi-
tal interventions for students with clinical levels of anxiety or depression as well as potential
for self-harm or suicide can involve automated and blended therapeutic interventions (such as
apps and online programs), calls/text messages to reach those with less digital resources, sui-
cide risk assessments, chatlines and forums, and other technologies to monitor risk either pas-
sively or actively [80]. Recently, Chen et al. [100] recommended a six-step intervention for the
reduction in psychological impact risk amongst Chinese college students. These steps included
the delivery of positive pandemic-related information, reduction in negative behavior, learning
about stress management techniques, improvements in family relationships, increases in posi-
tive behavior, and adjustments in academic expectations.

Given the likelihood of ongoing psychological distress from COVID-19, universities may
also consider helping students maintain healthy mindsets rather than avoiding stress [101]. In
support of this proposition are recent findings that cognitive and behavioral avoidance (i.e.,
avoiding situations where exposure is possible and difficult thoughts about the pandemic) was
the most consistent predictor of increased anxiety and depressive symptoms during the pan-
demic [17]. Cognitive reappraisal of stressful situations can alter their negative impacts [102,
103]. Training students to shift their educational experience mind-set to one that focuses on
the "silver linings" and emerging opportunities may lead to "stress-related growth" and "tough-
ening" [104, 105]. Adaptive mindsets can also help reorganize priorities to develop deeper rela-
tionships and greater appreciation of life [106], as well as help students to adjust to new ways
of learning. Since a portion of the students in this study reported feeling less motivated, pro-
ductive, and able to focus, switching to an adaptive mindset may help students persevere in
their education and later in life. Finally, mindset reappraisals can increase well-being, decrease
negative health symptoms, and boost physiological functioning under acute stress when a fam-
ily member becomes infected or the pandemic creates rapid shifts in policies and procedures
that affect students [107, 108].

Universities can further develop platforms that facilitate safe student social interaction.
Many students seek out social interaction during their university experience [109-111]. How-
ever, as the findings of this study revealed, students’ opportunities for socializing significantly
decreased in the early stages of COVID-19. Missing "going out" and important milestone
events (e.g., graduation, last sporting event) was a frequent response from our student partici-
pants. Other studies found that in order to maintain students’ mental health during the first
wave of the COVID-19 pandemic, they communicated online with close family members or
roommates at least daily [10]. With college students, physical distancing does not and should
not require "social distancing" [101]. Both synchronous (i.e., Zoom) and asynchronous (i.e.,
Facebook group) online interactions can foster bonding and bridging social connection [112—
115], which can extend beyond social media posts and email listservs. Normal venues where
people congregate such as places of worship, gyms, cafeterias, yoga studios and classes can be
replicated online or even held outdoors in temperate weather on a schedule similar to what
was in place prior to the pandemic [116]. Other recently-successful interventions include the
facilitated online sharing of recipes, books, and podcasts as well as virtual movie, game, trivia,
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or happy hour nights [99]. Providing support to student organizations to coordinate these vir-
tual social activities could accelerate the availability of these resources.

Colleges and universities also have a moral obligation to boost their outreach to particularly
vulnerable groups-that is, populations at risk of high levels of psychological impact from
COVID-19 [14]. As documented in the impact profiles of our study, people at increased risk
include women, younger students, students with pre-existing health concerns, students spend-
ing at least one-third of their day (including time spent sleeping) on screens, and students with
family or community members who are infected with COVID-19. Monitoring and reporting
rates of anxiety, depression, self-harm, suicide and other mental health issues within these
groups is necessary to allocate counseling services and intervene pre-emptively and at times of
acute symptomology [80]. Further, universities can provide accommodations for assignments
and exams using a more personalized approach to learning and create enhanced opportunities
for virtual social interactions with peers. These efforts may help at-risk groups succeed aca-
demically, build stronger relationships, and enhance their sense of belonging during distant
learning [117].

Students in this study also expressed stress and anxiety associated with changes in educa-
tion mode during the pandemics. As previous research has found, academic success may be
supported with virtual town halls, regular email check-ins, virtual office hours, and peer men-
toring [104]. Globally, students’ satisfaction with university response to COVID-19 is pre-
dicted by students’ satisfaction with pre-recorded videos during online course delivery,
sufficient information on exams, satisfaction with teaching staff, satisfaction with websites and
social media information with regular updates from the university, hopefulness, (lack of) bore-
dom, (lack of) study issues, being on scholarship, being able to pay for school, and study disci-
pline (social sciences tend to be less impacted than hard sciences or engineering) [10].
Universities may be encouraged by findings from another study on the switch to online
courses; this study found many students were not challenged by the transition because of their
aptitude toward digital learning and new technologies [118]. However, another study found
new software platforms can be a challenge for some students [10].

4.3 Strengths and limitations

The primary strength of this study is the development of psychological impact profiles using
data from universities across the United States. This sampling approach is also a limitation,
however. Whereas all the included universities were teaching exclusively online during the
study, their respective states and localities may have experienced differing levels of social dis-
tancing policy and enforcement. Another limitation related to the sample is the high percent-
age of non-Hispanic Whites. This occurrence was likely the result of the demographic
composition of the colleges and departments targeted for recruitment [119]. Selection bias
related to which students participated in the study questionnaire based on interest and access/
availability is also possible [3].

Another limitation is the quantitative assessment of the psychological impacts of COVID-
19, which could have limited the utility of our impact profiles. We did not measure substance
abuse, which is expected to be a ramification of the virus [116] and which anxious individuals
are prone to under-report [120]. Such counterproductive coping behaviors could be particu-
larly problematic for college students [121]. Further, because our predictors explained a small
amount of variance of the profiles, other unmeasured (or better measured) factors might pre-
dict students’ psychological risk. For example, our single-item measures of leisure time activi-
ties could be improved with a more comprehensive assessment of time budgets such as those
employed in episodic time use surveys [122].
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We were primarily interested in reactions to the pandemic rather than how people were
feeling/behaving during the pandemic. Therefore, we did not employ standardized measures
of stress, anxiety, depression, or well-being. This limits our findings from being directly com-
pared to other studies and pooled in meta-analyses.

Lastly, our measures were retrospective rather than longitudinal, which decreases our abil-
ity to say with confidence that the reported impacts were caused by COVID-19. However, we
are fairly confident that the findings are attributable to the pandemic given our survey
prompts. They specified students’ responses to COVID-19 rather than asked generalized psy-
chological states, and the findings strongly aligned with those of longitudinal studies of college
students during the pandemic [16, 17, 37, 123-125].

5 Conclusion

Our cross-sectional study found that being a woman, being of younger age, experiencing
poor/fair general health, spending extensive time on screens, and knowing someone infected
with COVID-19 were risk factors for higher levels of psychological impact during the pan-
demic among college students in the United States. Unadjusted analyses also suggested that
students who were non-Hispanic White, were not non-Hispanic Asian, were of higher-SES, or
spent at least two hours outside experienced lower levels of psychological impact. That said, all
students surveyed reported being negatively affected by the pandemic in some way, and 59%
of respondents experienced high levels of psychological impact.

At the time that these data were collected, the education of over 1.5 billion students across the
world were affected by COVID-19 [126]. Rates of student psychological distress were as high as
90% [17, 127]. Students must "Maslow before they can Bloom; " in other words, their basic physio-
logical, psychological, and safety needs must be met prior to them focusing on-much less excel-
ling-in academic life [99]. We recommend that university administrators take aggressive,
proactive steps to support the mental health and educational success of their students at all times,
but particularly during times of uncertainty and crisis—notably, the COVID-19 pandemic.

Supporting information

S1 Fig. Distributions and relationships between COVID-19 psychological impact survey
items, including histograms, Pearson correlation coefficients, and scatter plots.
(DOCX)

S2 Fig. Diagram of EFA on COVID-19 psychological impact survey items.
(DOCX)

S3 Fig. Scree plot of EFA on COVID-19 psychological impact survey items.
(DOCX)

S4 Fig. Elbow plot of the information criteria for the latent profile analysis.
(DOCX)

S5 Fig. Correlations between socio-economic measures and the two psychological impact
profiles.
(DOCX)

S6 Fig. Conditional mean values ("condval") and standard deviations of institutional affili-
ation (university) random effects from mixed-effects logistic regression predicting high
versus medium/low psychological impact profile from COVID-19.

(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0245327  January 7, 2021 19/27


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245327.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245327.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245327.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245327.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245327.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245327.s006
https://doi.org/10.1371/journal.pone.0245327

PLOS ONE

Student COVID psychological risk

S1 Table. Item loadings and fit statistics of EFA on COVID-19 psychological impact survey
items.
(DOCX)

$2 Table. Fit indices, entropy and model comparisons for estimated latent profile analyses
models.
(DOCX)

S3 Table. Results of binomial logistic regression modelling likelihood of risk factors
predicting high versus low/moderate levels of COVID-19 psychological impact for stu-
dents at North Carolina State University, where a representative sample was collected
(N=1,312).

(DOCX)

S1 Data.
(CSV)

Author Contributions

Conceptualization: Matthew H. E. M. Browning, Lincoln R. Larson, Iryna Sharaievska, Ales-
sandro Rigolon.

Data curation: Matthew H. E. M. Browning, Lincoln R. Larson, Iryna Sharaievska, Alessandro
Rigolon, Olivia McAnirlin, Lauren Mullenbach, Scott Cloutier, Jennifer Thomsen, Nathan
Reigner, Elizabeth Covelli Metcalf, Ashley D’Antonio.

Formal analysis: Matthew H. E. M. Browning, Iryna Sharaievska, Tue M. Vu.
Investigation: Matthew H. E. M. Browning, Lincoln R. Larson, Iryna Sharaievska.

Methodology: Matthew H. E. M. Browning, Lincoln R. Larson, Iryna Sharaievska, Alessandro
Rigolon, Tue M. Vu, Nathan Reigner, Marco Helbich, Gregory N. Bratman, Hector Olvera
Alvarez.

Project administration: Matthew H. E. M. Browning, Iryna Sharaievska.

Resources: Matthew H. E. M. Browning.

Software: Matthew H. E. M. Browning, Iryna Sharaievska, Marco Helbich.

Supervision: Matthew H. E. M. Browning.

Validation: Matthew H. E. M. Browning.

Visualization: Matthew H. E. M. Browning, Lincoln R. Larson, Tue M. Vu, Nathan Reigner.
Writing - original draft: Matthew H. E. M. Browning.

Writing - review & editing: Matthew H. E. M. Browning, Lincoln R. Larson, Iryna Shar-
aievska, Alessandro Rigolon, Olivia McAnirlin, Lauren Mullenbach, Scott Cloutier, Tue M.
Vu, Jennifer Thomsen, Nathan Reigner, Elizabeth Covelli Metcalf, Ashley D’Antonio,
Marco Helbich, Gregory N. Bratman, Hector Olvera Alvarez.

References

1. daSilva ML, Rocha RSB, Buheji M, Jahrami H, Cunha KDC. A systematic review of the prevalence of
anxiety symptoms during coronavirus epidemics. J Health Psychol. 2020; 71: 135910532095162—-11.
https://doi.org/10.1177/1359105320951620 PMID: 32830577

PLOS ONE | https://doi.org/10.1371/journal.pone.0245327  January 7, 2021 20/27


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245327.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245327.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245327.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245327.s010
https://doi.org/10.1177/1359105320951620
http://www.ncbi.nlm.nih.gov/pubmed/32830577
https://doi.org/10.1371/journal.pone.0245327

PLOS ONE

Student COVID psychological risk

10.

11.

12

13.

14.

15.

16.

17.

18.

Vindegaard N, Benros ME. COVID-19 pandemic and mental health consequences: Systematic review
of the current evidence. Brain, Behavior, and Immunity. Academic Press; 2020. https://doi.org/10.
1016/j.bbi.2020.05.048 PMID: 32485289

Machado DB, Alves FJO1, Teixeira CSS, Rocha AS, Castro-de-Araujo LF, Singh A, et al. Effects of
COVID-19 on anxiety, depression and other mental health issues: A worldwide scope review.
ResearchSquare. 2020. https://doi.org/10.21203/rs.3.rs-58186/v1

Loades ME, Chatburn E, Higson-Sweeney N, Reynolds S, Shafran R, Brigden A, et al. (2020). Rapid
systematic review: The impact of social isolation and loneliness on the mental health of children and
adolescents in the context of COVID-19. J Am Acad Child Adolesc Psychiatry. American Academy of
Child & Adolescent Psychiatry; 2020; 1—46. hitps://doi.org/10.1016/j.jaac.2020.05.009 PMID:
32504808

Luo M, Guo L, Yu M, Jiang W, Wang H. The psychological and mental impact of coronavirus disease
2019 (COVID-19) on medical staff and general public—A systematic review and meta-analysis. Psychi-
atry Research. Elsevier Ireland Ltd; 2020; 291: 113190. https://doi.org/10.1016/j.psychres.2020.
113190 PMID: 32563745

Gijzen M, Shields-Zeeman L, Kleinjan M, Kroon H, van der Roest H, Bolier L, et al. The bittersweet
effects of COVID-19 on mental health: Results of an online survey among a sample of the Dutch popu-
lation. osf.io. 2020. https://doi.org/10.3390/ijerph17239073 PMID: 33291765

Cunningham PW, Firozi P. The Health 202: Texts to federal government mental health hotline up
roughly 1,000 percent. In: washingtonpost.com [Internet]. 4 May 2020 [cited 23 Jun 2020] pp. 1-15.
Available: https://www.washingtonpost.com/news/powerpost/paloma/the-health-202/2020/05/04/the-
health-202-texts-to-federal-government-mental-health-hotline-up-roughly-1-000-percent/
5eaae16c602ff15fb0021568/

Hollyfield A. Coronavirus impact: Suicides on the rise amid shelter-in-place order, Bay Area medical
professionals say. In: abcnews.com [Internet]. 21 May 2020 [cited 23 Jun 2020] pp. 1-4. Available:
https://abc7news.com/suicide-covid-19-coronavirus-rates-during-pandemic-death-by/6201962/

Kim JU, Majid A, Judge R, Crook P, Nathwani R, Selvapatt N, et al. Effect of COVID-19 lockdown on
alcohol consumption in patients with pre-existing alcohol use disorder. Lancet Gastroenterol Hepatol.
2020; 5: 886—887. https://doi.org/10.1016/S2468-1253(20)30251-X PMID: 32763197

Aristovnik A, Kerzi¢ D, Ravselj D, Tomazevi¢ N, Umek L. Impacts of the COVID-19 pandemic on life of
higher education students: A global perspective. preprints.org. 2020. https://doi.org/10.20944/
preprints202008.0246.v2

Holm-Hadulla RM, Koutsoukou-Argyraki A. Mental health of students in a globalized world: Prevalence
of complaints and disorders, methods and effectivity of counseling, structure of mental health services
for students. Mental Health & Prevention. Elsevier; 2015; 3: 1-4. https://doi.org/10.1016/j.mhp.2015.
04.003

Stieger S, Lewetz D, Swami V. Psychological well-being under conditions of lockdown: An experience
sampling study in Austria during the COVID-19 pandemic. psyarxiv.com. 2020. https://doi.org/10.
31234/osf.io/qjhfp

Gruttadaro D, Crudo D. College students speak: A survey on mental health [Internet]. National Alli-
ance on Mental Health. Fairfax, VA; 2012 Nov pp. 1-24. Available: https://www.nami.org/Support-
Education/Publications-Reports/Survey-Reports/College-Students-Speak_A-Survey-Report-on-
Mental-H

Hunt J, Eisenberg D. Mental health problems and help-seeking behavior among college students.
Journal of Adolescent Health. Elsevier Ltd; 2010; 46: 3—10. https://doi.org/10.1016/j.jadohealth.2009.
08.008 PMID: 20123251

Sankhi S, Marasine NR. Impact of COVID-19 Impact of COVID-19 pandemic on mental health of the
general population, students, and health care workers: A review. preprints.org. 2020. https://doi.org/
10.20944/preprints202007.0616.v1

Huckins JF, daSilva AW, Wang W, Hedlund E, Rogers C, Nepal SK, et al. Mental health and behavior
of college students during the early phases of the COVID-19 pandemic: Longitudinal smartphone and
ecological momentary assessment study. J Med Internet Res. 2020; 22: €20185. https://doi.org/10.
2196/20185 PMID: 32519963

Zimmermann M, Bledsoe C, Papa A. The impact of the COVID-19 pandemic on college student men-
tal health: A longitudinal examination of risk and protective factors. psyarxiv.com. 2020. https://doi.org/
10.31234/osf.io/2y7hu

Altbach PG. Higher education crosses borders: Can the United States remain the top destination for
foreign students? Change: The Magazine of Higher Learning. 2004; 36: 18-25. https://doi.org/10.
1080/00091380409604964

PLOS ONE | https://doi.org/10.1371/journal.pone.0245327  January 7, 2021 21/27


https://doi.org/10.1016/j.bbi.2020.05.048
https://doi.org/10.1016/j.bbi.2020.05.048
http://www.ncbi.nlm.nih.gov/pubmed/32485289
https://doi.org/10.21203/rs.3.rs-58186/v1
https://doi.org/10.1016/j.jaac.2020.05.009
http://www.ncbi.nlm.nih.gov/pubmed/32504808
https://doi.org/10.1016/j.psychres.2020.113190
https://doi.org/10.1016/j.psychres.2020.113190
http://www.ncbi.nlm.nih.gov/pubmed/32563745
http://osf.io
https://doi.org/10.3390/ijerph17239073
http://www.ncbi.nlm.nih.gov/pubmed/33291765
http://washingtonpost.com
https://www.washingtonpost.com/news/powerpost/paloma/the-health-202/2020/05/04/the-health-202-texts-to-federal-government-mental-health-hotline-up-roughly-1-000-percent/5eaae16c602ff15fb0021568/
https://www.washingtonpost.com/news/powerpost/paloma/the-health-202/2020/05/04/the-health-202-texts-to-federal-government-mental-health-hotline-up-roughly-1-000-percent/5eaae16c602ff15fb0021568/
https://www.washingtonpost.com/news/powerpost/paloma/the-health-202/2020/05/04/the-health-202-texts-to-federal-government-mental-health-hotline-up-roughly-1-000-percent/5eaae16c602ff15fb0021568/
http://abcnews.com
https://abc7news.com/suicide-covid-19-coronavirus-rates-during-pandemic-death-by/6201962/
https://doi.org/10.1016/S2468-1253%2820%2930251-X
http://www.ncbi.nlm.nih.gov/pubmed/32763197
http://preprints.org
https://doi.org/10.20944/preprints202008.0246.v2
https://doi.org/10.20944/preprints202008.0246.v2
https://doi.org/10.1016/j.mhp.2015.04.003
https://doi.org/10.1016/j.mhp.2015.04.003
http://psyarxiv.com
https://doi.org/10.31234/osf.io/qjhfp
https://doi.org/10.31234/osf.io/qjhfp
https://www.nami.org/Support-Education/Publications-Reports/Survey-Reports/College-Students-Speak_A-Survey-Report-on-Mental-H
https://www.nami.org/Support-Education/Publications-Reports/Survey-Reports/College-Students-Speak_A-Survey-Report-on-Mental-H
https://www.nami.org/Support-Education/Publications-Reports/Survey-Reports/College-Students-Speak_A-Survey-Report-on-Mental-H
https://doi.org/10.1016/j.jadohealth.2009.08.008
https://doi.org/10.1016/j.jadohealth.2009.08.008
http://www.ncbi.nlm.nih.gov/pubmed/20123251
http://preprints.org
https://doi.org/10.20944/preprints202007.0616.v1
https://doi.org/10.20944/preprints202007.0616.v1
https://doi.org/10.2196/20185
https://doi.org/10.2196/20185
http://www.ncbi.nlm.nih.gov/pubmed/32519963
http://psyarxiv.com
https://doi.org/10.31234/osf.io/2y7hu
https://doi.org/10.31234/osf.io/2y7hu
https://doi.org/10.1080/00091380409604964
https://doi.org/10.1080/00091380409604964
https://doi.org/10.1371/journal.pone.0245327

PLOS ONE

Student COVID psychological risk

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

The Power of International Education. Number of International Students in the United States Hits All-
Time High [Internet]. 10 Sep 2020 pp. 1-5. Available: https://www.iie.org/en/Why-IIE/
Announcements/2019/11/Number-of-International-Students-in-the-United-States-Hits-All-Time-High

Germani A, Buratta L, Delvecchio E, Mazzeschi C. Emerging adults and COVID-19: The role of indi-
vidualism-collectivism on perceived risks and psychological maladjustment. IJERPH. 2020; 17: 3497—
15. https://doi.org/10.3390/ijerph17103497 PMID: 32429536

Xiong J, Lipsitz O, Nasri F, Lui LMW, Gill H, Phan L, et al. Impact of COVID-19 pandemic on mental
health in the general population: A systematic review. J Affect Disord. Elsevier B.V; 2020; 277: 55-64.
https://doi.org/10.1016/j.jad.2020.08.001 PMID: 32799105

Liu Q, Zheng Z, Zheng J, Chen Q, Liu G, Chen S, et al. Health communication through news media
during the early stage of the COVID-19 outbreak in China: Digital topic modeling approach. J Med
Internet Res. 2020; 22: €19118—12. https://doi.org/10.2196/19118 PMID: 32302966

Hart PS, Chinn S, Soroka S. Politicization and polarization in COVID-19 news coverage. Sci Commun.
2020; 107554702095073-19. https://doi.org/10.1177/1075547020950735

Marmolejo F. America spends more on college than virtually any other country. In: Forbes.com [Inter-
net]. 10 Sep 2020 [cited 10 Sep 2020] pp. 1-9. Available: https://www.forbes.com/sites/
prestoncooper2/2019/09/22/america-spends-more-on-college-than-virtually-any-other-country/
#2fe46f483348

Bhagavathula AS, Rahmani J, Aldhaleei WA, Kumar P, Rovetta A. Global, regional and national inci-
dence and case-fatality rates of novel coronavirus (COVID-19) across 154 countries and territories: A
systematic assessment of cases reported from January to March 16, 2020. medRxiv.org. 2020.
https://doi.org/10.1101/2020.03.26.20044743

John Hopkins University of Medicine. COVID-19 Dashboard by the Center for Systems Science and
Engineering (CSSE) at John Hopkins University (JHU) [Internet]. 17 Sep 2020 [cited 17 Sep 2020] pp.
1-1. Available: https://coronavirus.jhu.edu/map.html

Duval S, Hinz T. Different order, different results? The effects of dimension order in factorial survey
experiments. Field Methods. 2019; 32: 23-37. https://doi.org/10.1177/1525822X19886827

Hjortskov M. Priming and context effects in citizen satisfaction surveys. Public Admin. 2017; 95: 912—
926. https://doi.org/10.1111/padm.12346

Neria Y, Nandi A, Galea S. Post-traumatic stress disorder following disasters: A systematic review.
Psychological Methods. 2007; 38: 467—480. https://doi.org/10.1017/S0033291707001353 PMID:
17803838

Watson D, Clark LA. The PANAS-X: Manual for the positive and negative affect schedule-expanded
form. University of lowa; 1994.

Jiang B, Li D, Larsen L, Sullivan WC. A dose-response curve describing the relationship between
urban tree cover density and self-reported stress recovery. Environ Behav. 2016; 48: 607—629. https://
doi.org/10.1177/0013916514552321

Schroder HS, Clark DA, Moser JS. Screening for problematic worry in adults with a single item from
the Penn State Worry Questionnaire. Assessment. 2016; 26: 336—346. https://doi.org/10.1177/
1073191117694453 PMID: 29214862

Babbitt T, Rowland GL, Franken RE. Sensation seeking: Preoccupation with diet and exercise regi-
mens. Personality and Individual Differences. 1990; 11: 759—761. https://doi.org/10.1016/0191-8869
(90)90264-R

Rubin M, Kelly BM. A cross-sectional investigation of parenting style and friendship as mediators of
the relation between social class and mental health in a university community. Int J Equity Health.
International Journal for Equity in Health; 2015; 14: 1-11. https://doi.org/10.1186/s12939-014-0131-1
PMID: 25566790

LiuW, LeiH, LiL, YiJ, Zhong M, Yang Y, et al. Factorial invariance of the mood and anxiety symptom
questionnaire-short form across gender. Personality and Individual Differences. Elsevier Ltd; 2015;
87: 136—140. https://doi.org/10.1016/j.paid.2015.07.036

Centers for Disease Control and Prevention. Healthy Days Core Module: HRQOL-14 Measure. In:
cdc.gov. 31 Oct 2018 pp. 1-10.

Xiao J, Jiang Y, Zhang Y, Gu X, Ma W, Zhuang B. The impact of psychology interventions on changing
mental health status and sleep quality in university students during the COVID-19 pandemic.
medRxiv.org. 2020. https://doi.org/10.1101/2020.09.01.20186411

Huang Y, Wang Y, Zeng L, Yang J, Song X, Rao W, et al. Prevalence and correlation of anxiety,
insomnia and somatic symptoms in a Chinese population during the COVID-19 epidemic. Front Psy-
chol. 2020; 1-9. https://doi.org/10.3389/fpsyg.2020.00001 PMID: 32038435

PLOS ONE | https://doi.org/10.1371/journal.pone.0245327  January 7, 2021 22/27


https://www.iie.org/en/Why-IIE/Announcements/2019/11/Number-of-International-Students-in-the-United-States-Hits-All-Time-High
https://www.iie.org/en/Why-IIE/Announcements/2019/11/Number-of-International-Students-in-the-United-States-Hits-All-Time-High
https://doi.org/10.3390/ijerph17103497
http://www.ncbi.nlm.nih.gov/pubmed/32429536
https://doi.org/10.1016/j.jad.2020.08.001
http://www.ncbi.nlm.nih.gov/pubmed/32799105
https://doi.org/10.2196/19118
http://www.ncbi.nlm.nih.gov/pubmed/32302966
https://doi.org/10.1177/1075547020950735
http://Forbes.com
https://www.forbes.com/sites/prestoncooper2/2019/09/22/america-spends-more-on-college-than-virtually-any-other-country/#2fe46f483348
https://www.forbes.com/sites/prestoncooper2/2019/09/22/america-spends-more-on-college-than-virtually-any-other-country/#2fe46f483348
https://www.forbes.com/sites/prestoncooper2/2019/09/22/america-spends-more-on-college-than-virtually-any-other-country/#2fe46f483348
http://medRxiv.org
https://doi.org/10.1101/2020.03.26.20044743
https://coronavirus.jhu.edu/map.html
https://doi.org/10.1177/1525822X19886827
https://doi.org/10.1111/padm.12346
https://doi.org/10.1017/S0033291707001353
http://www.ncbi.nlm.nih.gov/pubmed/17803838
https://doi.org/10.1177/0013916514552321
https://doi.org/10.1177/0013916514552321
https://doi.org/10.1177/1073191117694453
https://doi.org/10.1177/1073191117694453
http://www.ncbi.nlm.nih.gov/pubmed/29214862
https://doi.org/10.1016/0191-8869%2890%2990264-R
https://doi.org/10.1016/0191-8869%2890%2990264-R
https://doi.org/10.1186/s12939-014-0131-1
http://www.ncbi.nlm.nih.gov/pubmed/25566790
https://doi.org/10.1016/j.paid.2015.07.036
http://cdc.gov
http://medRxiv.org
https://doi.org/10.1101/2020.09.01.20186411
https://doi.org/10.3389/fpsyg.2020.00001
http://www.ncbi.nlm.nih.gov/pubmed/32038435
https://doi.org/10.1371/journal.pone.0245327

PLOS ONE

Student COVID psychological risk

39.

40.

41.

42,

43.
44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Tudor-Locke C, Johnson WD, Katzmarzyk PT. Frequently reported activities by intensity for U.S.
adults: The American Time Use Survey. AMEPRE. Elsevier; 2010; 39: e13—e20. https://doi.org/10.
1016/j.amepre.2010.05.017 PMID: 20837277

Larson LR, Szczytko R, Bowers EP, Stephens LE, Stevenson KT, Floyd M. Outdoor Time, Outdoor
time, screen time, and connection to nature: Troubling trends among rural youth? Environ Behav.
2018; 26: 1-26. https://doi.org/10.1177/0013916518806686

Larson LR, Green G, Cordell K. Children’s time outdoors: Results and implications of the National Kids
Survey. JPRA. 2011; 29: 1-20.

Ghafoori B, Neria Y, Gameroff MJ, Olfson M, Lantigua R, Shea S, et al. Screening for generalized anx-
iety disorder symptoms in the wake of terrorist attacks: A study in primary care. Journal of Traumatic
Stress. 2009; 22: 218-226. https://doi.org/10.1002/jts.20419 PMID: 19475656

Lune H, Berg BL. Qualitative Research Methods for the Social Sciences. Pearson; 2016.
Maxwell JA. Qualitative Research Design: An Interactive Approach. SAGE; 2013.

Hruschka DJ, Schwartz D, John DCS, Picone-Decaro E, Jenkins RA, Carey JW. Reliability in coding
open-ended data: Lessons learned from HIV behavioral research. Field Methods. 3rd ed. Sage Publi-
cationsSage CA: Thousand Oaks, CA; 2004; 16: 307-331. https://doi.org/10.1177/
1525822X04266540

Creswell JW, practice DMTI, 2000. Determining validity in qualitative inquiry. High Ed Res Dev. 2000;
39: 124-130. https://doi.org/10.1207/s15430421tip3903_2

McHugh ML. Interrater reliability: The kappa statistic. Biochem Med (Zagreb). 2012; 22: 276-282.
PMID: 23092060

Kuhn M. caret: Classification and Regression Training. In: cran.r-project.org [Internet]. 20 Mar 2020
[cited 24 Jun 2020] pp. 1-2. Available: https://cran.r-project.org/web/packages/caret/index.html

Fabrigar LR, Wegener DT, MacCallum RC, Strahan EJ. Evaluating the use of exploratory factor analy-
sis in psychological research. Psychological Methods. American Psychological Association; 1999; 4:
272-299. https://doi.org/10.1037/1082-989X.4.3.272

Revelle W, Rocklin T. Very Simple Structure: An alternative procedure for estimating the optimal num-
ber Of interpretable factors. Multivariate Behavioral Research. 1979; 14: 403—414. https://doi.org/10.
1207/s15327906mbr1404_2 PMID: 26804437

Hennig C, Meila M, Murtagh F, Rocci R. Handbook of Cluster Analysis. Chapman and Hall/CRC;
2015.

Pastor DA, Barron KE, Miller BJ, Davis SL. A latent profile analysis of college students’ achievement
goal orientation. Contemporary Educational Psychology. 2007; 32: 8—47. https://doi.org/10.1016/j.
cedpsych.2006.10.003

Ekblom-Bak E, Stenling A, Salier Eriksson J, Hemmingsson E, Kallings LV, Andersson G, et al. Latent
profile analysis patterns of exercise, sitting and fitness in adults—Associations with metabolic risk fac-
tors, perceived health, and perceived symptoms. Fukumoto Y, editor. PLOS ONE. Public Library of
Science; 2020; 15: e0232210-13. https://doi.org/10.1371/journal.pone.0232210 PMID: 32330191

Tein J-Y, Coxe S, Cham H. Statistical Power to Detect the Correct Number of Classes in Latent Profile
Analysis. Structural Equation Modeling: A Multidisciplinary Journal. 6 ed. 2013; 20: 640-657. https:/
doi.org/10.1080/10705511.2013.824781 PMID: 24489457

Beasley TM, Schumacker RE. Multiple regression approach to analyzing contingency tables: Post hoc
and planned comparison procedures. The Journal of Experimental Education. 4 ed. 1995; 64: 79-93.
https://doi.org/10.1080/00220973.1995.9943797

Barr-Anderson DJ, Fulkerson JA, Smyth M, Himes JH, Hannan PJ, Rock BH, et al. Associations of
American Indian children’s screen-time behavior with parental television behavior, parental percep-
tions of children’s screen time, and media-related resources in the home. Preventing Chronic Disease.
2011; 8: 1-10.

Lepp A, Barkley JE. Cell phone use predicts being an “active couch potato”: results from a cross-sec-
tional survey of sufficiently active college students. Digital Health. 2019; 5: 205520761984487-8.
https://doi.org/10.1177/2055207619844870 PMID: 31019724

Shanahan DF, Bush R, Gaston KJ, Lin BB, Dean J, Barber E, et al. Health benefits from nature experi-
ences depend on dose. Sci Rep. Nature Publishing Group; 2016; 6: 28551. https://doi.org/10.1038/
srep28551 PMID: 27334040

Beyer K, Szabo A, Hoormann K, Stolley M. Time spent outdoors, activity levels, and chronic disease
among American adults. J Behav Med. Springer US; 2018; 41: 494-503. https://doi.org/10.1007/
s10865-018-9911-1 PMID: 29383535

PLOS ONE | https://doi.org/10.1371/journal.pone.0245327  January 7, 2021 23/27


https://doi.org/10.1016/j.amepre.2010.05.017
https://doi.org/10.1016/j.amepre.2010.05.017
http://www.ncbi.nlm.nih.gov/pubmed/20837277
https://doi.org/10.1177/0013916518806686
https://doi.org/10.1002/jts.20419
http://www.ncbi.nlm.nih.gov/pubmed/19475656
https://doi.org/10.1177/1525822X04266540
https://doi.org/10.1177/1525822X04266540
https://doi.org/10.1207/s15430421tip3903%5F2
http://www.ncbi.nlm.nih.gov/pubmed/23092060
http://cran.r-project.org
https://cran.r-project.org/web/packages/caret/index.html
https://doi.org/10.1037/1082-989X.4.3.272
https://doi.org/10.1207/s15327906mbr1404%5F2
https://doi.org/10.1207/s15327906mbr1404%5F2
http://www.ncbi.nlm.nih.gov/pubmed/26804437
https://doi.org/10.1016/j.cedpsych.2006.10.003
https://doi.org/10.1016/j.cedpsych.2006.10.003
https://doi.org/10.1371/journal.pone.0232210
http://www.ncbi.nlm.nih.gov/pubmed/32330191
https://doi.org/10.1080/10705511.2013.824781
https://doi.org/10.1080/10705511.2013.824781
http://www.ncbi.nlm.nih.gov/pubmed/24489457
https://doi.org/10.1080/00220973.1995.9943797
https://doi.org/10.1177/2055207619844870
http://www.ncbi.nlm.nih.gov/pubmed/31019724
https://doi.org/10.1038/srep28551
https://doi.org/10.1038/srep28551
http://www.ncbi.nlm.nih.gov/pubmed/27334040
https://doi.org/10.1007/s10865-018-9911-1
https://doi.org/10.1007/s10865-018-9911-1
http://www.ncbi.nlm.nih.gov/pubmed/29383535
https://doi.org/10.1371/journal.pone.0245327

PLOS ONE

Student COVID psychological risk

60.

61.

62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Kim YS, Park YS, Allegrante JP, Marks R, Ok H, Ok Cho K, et al. Relationship between physical activ-
ity and general mental health. Prev Med. 2012; 55: 458—463. https://doi.org/10.1016/j.ypmed.2012.08.
021 PMID: 22981733

Hill TD, Jorgenson A. Bring out your dead! A study of income inequality and life expectancy in the
United States, 2000—2010. Health Place. Elsevier Ltd; 2018; 49: 1-6. https://doi.org/10.1016/j.
healthplace.2017.11.001 PMID: 29128719

Nakagawa S, Johnson PCD, Schielzeth H. The coefficient of determination R2 and intra-class correla-
tion coefficient from generalized linear mixed-effects models revisited and expanded. Journal of The
Royal Society Interface. 2nd ed. 2017; 14: 20170213-11. https://doi.org/10.1098/rsif.2017.0213
PMID: 28904005

Johnson PCD. Extension of Nakagawa & Schielzeth’s R2GLMM to random slopes models. J R Soc
Interface. 2014; 5: 944—-946. https://doi.org/10.1111/2041-210X.12225 PMID: 25810896

Nakagawa S, Schielzeth H. A general and simple method for obtaining R2 from generalized linear
mixed-effects models. Methods in Ecology and Evolution. 2012; 4: 133—-142. https://doi.org/10.1111/j.
2041-210x.2012.00261.x

Tabachnick BG, Fidell LS. Using multivariate statistics. 5 ed. Boston, MA: Allyn & Bacon; 2007.

Nash J. Stress and diabetes: The use of “worry time” as a way of managing stress. Journal of Diabetes
Nursing. 2014; 18: 329-332.

Cao W, Fang Z, Hou G, Han M, Xu X, Dong J, et al. The psychological impact of the COVID-19 epi-
demic on college students in China. Psychiatry Research. Elsevier B.V; 2020; 112934. https://doi.org/
10.1016/j.psychres.2020.112934 PMID: 32229390

Elmer T, Mepham K, Stadtfeld C. Students under lockdown: Comparisons of students’ social networks
and mental health before and during the COVID-19 crisis in Switzerland. PLOS ONE. 2020; 15:
e0236337-22. https://doi.org/10.1371/journal.pone.0236337 PMID: 32702065

Ammar A, Brach M, Trabelsi K, Chtourou H, Boukhris O, Masmoudi L, et al. Effects of COVID-19
home confinement on physical activity and eating behaviour Preliminary results of the ECLB-
COVID19 international online-survey. medRxiv.org. 2020. pp. 1-24. https://doi.org/10.1101/2020.05.
04.20072447

Holzer HJ. The COVID-19 crisis: How do U.S. employment and health outcomes compare to other
OECD countries? In: Brookings Institute [Internet]. Jun 2020 [cited 17 Sep 2020] pp. 1-12. Available:
https://www.brookings.edu/research/the-covid-19-crisis-how-do-u-s-economic-and-health-outcomes-
compare-to-other-oecd-countries/

Anan C, Chunfeng X, Shuxin L, Lirui K, Jingjing Y, Chang L. Investigation on the mental health status
and risk factors among Chinese overseas students under COVID-19 outbreak. ResearchSquare.
2020. https://doi.org/10.21203/rs.3.rs-35535/v1

Lyttelton T, Zang E, Musick K. Gender differences in telecommuting and implications for inequality at
home and work. OSF Preprint. 2020. https://doi.org/10.31235/0sf.io/tdf8c

Di Renzo L, Gualtieri P, Cinelli G, Bigioni G, Soldati L, Attina A, et al. Psychological aspects and eating
habits during COVID-19 home confinement: Results of EHLC-COVID-19 ltalian online survey. Nutri-
ents. 2020; 12: 2152-14. https://doi.org/10.3390/nu12072152 PMID: 32707724

Solomou |, Constantinidou F. Prevalence and predictors of anxiety and depression symptoms during
the COVID-19 pandemic and compliance with precautionary measures: Age and sex matter. IJERPH.
2020; 17: 4924—19. https://doi.org/10.3390/ijerph17144924 PMID: 32650522

Sundarasen S, Chinna K, Kamaludin K, Nurunnabi M, Baloch GM, Khoshaim HB, et al. Psychological
impact of COVID-19 and lockdown among university students in Malaysia: Implications and policy
Recommendations. IJERPH. 2020; 17: 6206—13. https://doi.org/10.3390/ijerph17176206 PMID:
32867024

Wang C, Zhao H. The impact of COVID-19 on anxiety in Chinese university students. Front Psychol.
2020; 11: 1168. https://doi.org/10.3389/fpsyg.2020.01168 PMID: 32574244

Wenham C, Smith J, Morgan R, The Gender and COVID-19 Working Group. COVID-19: The gen-
dered impacts of the outbreak. Lancet. 2020; 395: 846—-848. https://doi.org/10.1016/S0140-6736(20)
30526-2 PMID: 32151325

Felmingham K, Williams LM, Kemp AH, Liddell B, Falconer E, Peduto A, et al. Neural responses to
masked fear faces: Sex differences and trauma exposure in posttraumatic stress disorder. Journal of
Abnormal Psychology. 2010; 119: 241-247. https://doi.org/10.1037/a0017551 PMID: 20141261

Bitan DT, Grossman-Giron A, Bloch Y, Mayer Y, Shiffman N, Mendlovic S. Fear of COVID-19 scale:
Psychometric characteristics, reliability and validity in the Israeli population. Psychiatry Research.
Elsevier Ireland Ltd; 2020; 289: 113100. https://doi.org/10.1016/j.psychres.2020.113100 PMID:
32425276

PLOS ONE | https://doi.org/10.1371/journal.pone.0245327  January 7, 2021 24/27


https://doi.org/10.1016/j.ypmed.2012.08.021
https://doi.org/10.1016/j.ypmed.2012.08.021
http://www.ncbi.nlm.nih.gov/pubmed/22981733
https://doi.org/10.1016/j.healthplace.2017.11.001
https://doi.org/10.1016/j.healthplace.2017.11.001
http://www.ncbi.nlm.nih.gov/pubmed/29128719
https://doi.org/10.1098/rsif.2017.0213
http://www.ncbi.nlm.nih.gov/pubmed/28904005
https://doi.org/10.1111/2041-210X.12225
http://www.ncbi.nlm.nih.gov/pubmed/25810896
https://doi.org/10.1111/j.2041-210x.2012.00261.x
https://doi.org/10.1111/j.2041-210x.2012.00261.x
https://doi.org/10.1016/j.psychres.2020.112934
https://doi.org/10.1016/j.psychres.2020.112934
http://www.ncbi.nlm.nih.gov/pubmed/32229390
https://doi.org/10.1371/journal.pone.0236337
http://www.ncbi.nlm.nih.gov/pubmed/32702065
http://medRxiv.org
https://doi.org/10.1101/2020.05.04.20072447
https://doi.org/10.1101/2020.05.04.20072447
https://www.brookings.edu/research/the-covid-19-crisis-how-do-u-s-economic-and-health-outcomes-compare-to-other-oecd-countries/
https://www.brookings.edu/research/the-covid-19-crisis-how-do-u-s-economic-and-health-outcomes-compare-to-other-oecd-countries/
https://doi.org/10.21203/rs.3.rs-35535/v1
https://doi.org/10.31235/osf.io/tdf8c
https://doi.org/10.3390/nu12072152
http://www.ncbi.nlm.nih.gov/pubmed/32707724
https://doi.org/10.3390/ijerph17144924
http://www.ncbi.nlm.nih.gov/pubmed/32650522
https://doi.org/10.3390/ijerph17176206
http://www.ncbi.nlm.nih.gov/pubmed/32867024
https://doi.org/10.3389/fpsyg.2020.01168
http://www.ncbi.nlm.nih.gov/pubmed/32574244
https://doi.org/10.1016/S0140-6736%2820%2930526-2
https://doi.org/10.1016/S0140-6736%2820%2930526-2
http://www.ncbi.nlm.nih.gov/pubmed/32151325
https://doi.org/10.1037/a0017551
http://www.ncbi.nlm.nih.gov/pubmed/20141261
https://doi.org/10.1016/j.psychres.2020.113100
http://www.ncbi.nlm.nih.gov/pubmed/32425276
https://doi.org/10.1371/journal.pone.0245327

PLOS ONE

Student COVID psychological risk

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94,

95.

96.

97.

98.

99.

Holmes EA, O’Connor RC, Perry VH, Tracey |, Wessely S, Arseneault L, et al. Multidisciplinary
research priorities for the COVID-19 pandemic: A call for action for mental health science. The Lancet
Psychiatry. 2020; 7: 547-560. https:/doi.org/10.1016/S2215-0366(20)30168-1 PMID: 32304649

Eisenman DP, Zhou Q, Ong M, Asch S, Glik D, Long A. Variations in disaster preparedness by mental
health, perceived general health, and disability status. Disaster Med Public Health Prep. Cambridge
University Press; 2009; 3: 33—41. https://doi.org/10.1097/DMP.0b013e318193be89 PMID: 19293742

Elhai JD, Yang H, McKay D, Asmundson GJG. COVID-19 anxiety symptoms associated with problem-
atic smartphone use severity in Chinese adults. J Affect Disord. Elsevier B.V; 2020; 274: 576-582.
https://doi.org/10.1016/j.jad.2020.05.080 PMID: 32663990

Duong V, Pham P, Yang T, Wang Y, Luo J. The Ivory Tower lost: How college students respond differ-
ently than the general public to the COVID-19 pandemic. arxiv.org. 2020.

Leong FT, Lau AS. Barriers to providing effective mental health services to Asian Americans. Ment
Health Serv Res. Kluwer Academic Publishers-Plenum Publishers; 2001; 3: 201-214. https://doi.org/
10.1023/a:1013177014788 PMID: 11859966

Twenge JM, Haidt J, Joiner TE, Campbell WK. Underestimating digital media harm. Nature Human
Behaviour. 2020; 4: 346—348. https://doi.org/10.1038/s41562-020-0839-4 PMID: 32303719

Oswald TK, Rumbold AR, Kedzior SGE, Moore VM. Psychological impacts of “screen time” and
‘green time’ for children and adolescents: A systematic scoping review. PLOS ONE. 2020; 15:
e0237725-52. https://doi.org/10.1371/journal.pone.0237725 PMID: 32886665

Holland WH, Powell RB, Thomsen JM, Monz CA. A systematic review of the psychological, social,
and educational outcomes associated with participation in wildland recreational activities. Journal of
Outdoor Recreation, Education, and Leadership. 2018; 10: 197—-225. https://doi.org/10.18666/
JOREL-2018-V10-13-8382

Twohig-Bennett C, Jones A. The health benefits of the great outdoors: A systematic review and meta-
analysis of greenspace exposure and health outcomes. Environ Res. 2018; 166: 628-637. https://doi.
org/10.1016/j.envres.2018.06.030 PMID: 29982151

Hartig T, Mitchell RJ, de Vries S, Frumkin H. Nature and health. Annual Reviews in Public Health.
Annual Reviews; 2014; 35: 207-228. https://doi.org/10.1146/annurev-publhealth-032013-182443
PMID: 24387090

White MP, Pahl S, Wheeler BW, Depledge MH, Fleming LE. Natural environments and subjective well-
being: Different types of exposure are associated with different aspects of wellbeing. Health Place.
2017; 45: 77-84. https://doi.org/10.1016/j.healthplace.2017.03.008 PMID: 28319857

Larson LR, Jennings VL, Cloutier SA. Public parks and wellbeing in urban areas of the United States.
PLOS ONE. Public Library of Science; 2016; 11: e0153211. https://doi.org/10.1371/journal.pone.
0153211 PMID: 27054887

LuY, Zhao J, Wu X, Lo SM. Escaping to nature in pandemic: A natural experiment of COVID-19in
Asian cities. osf.io. 2020. pp. 1-35. https://doi.org/10.31235/0sf.io/rq8sn

Klompmaker JO, Hart JE, Holland I, Sabath MB, Wu X, Laden F, et al. County-level exposures to
greenness and associations with COVID-19 incidence and mortality in the United States. medRxiv.
org. 2020. pp. 1-14. https://doi.org/10.1101/2020.08.26.20181644 PMID: 32908990

Sannigrahi S, Pilla F, Basu B, Basu AS, Molter A. Examining the association between socio-demo-
graphic composition and COVID-19 fatalities in the European region using spatial regression
approach. Sustainable Cities and Society. Elsevier Ltd; 2020; 62: 102418. hitps://doi.org/10.1016/j.
5¢s.2020.102418 PMID: 32834939

Sarmadi M, Marufi N, Kazemi Moghaddam V. Association of COVID-19 global distribution and envi-
ronmental and demographic factors: An updated three-month study. Environ Res. 2020; 188: 109748.
https://doi.org/10.1016/j.envres.2020.109748 PMID: 32516636

You H, Wu X, Guo X. Distribution of COVID-19 morbidity rate in association with social and economic
factors in Wuhan, China: Implications for urban development. IJERPH. 2020; 17: 3417—-14. https://doi.
org/10.3390/ijerph17103417 PMID: 32422948

Keeter S. People financially affected by COVID-19 outbreak are experiencing more psychological dis-
tress than others [Internet]. 30 Mar 2020 [cited 23 Jun 2020] pp. 1-7. Available: https://www.
pewresearch.org/fact-tank/2020/03/30/people-financially-a. . .9-outbreak-are-experiencing-more-
psychological-distress-than-others/

Smith JA, Judd J. COVID-19: Vulnerability and the power of privilege in a pandemic. Health Promot J
Austral. 2020; 61: 1-3. https://doi.org/10.1002/hpja.333 PMID: 32197274

Schlesselman LS, Cain J, DiVall M. Improving and restoring the well-being and resilience of pharmacy
students during a pandemic. AJPE. 2020; 84: ajpe8144. https://doi.org/10.5688/ajpe8144 PMID:
32665720

PLOS ONE | https://doi.org/10.1371/journal.pone.0245327  January 7, 2021 25/27


https://doi.org/10.1016/S2215-0366%2820%2930168-1
http://www.ncbi.nlm.nih.gov/pubmed/32304649
https://doi.org/10.1097/DMP.0b013e318193be89
http://www.ncbi.nlm.nih.gov/pubmed/19293742
https://doi.org/10.1016/j.jad.2020.05.080
http://www.ncbi.nlm.nih.gov/pubmed/32663990
http://arxiv.org
https://doi.org/10.1023/a%3A1013177014788
https://doi.org/10.1023/a%3A1013177014788
http://www.ncbi.nlm.nih.gov/pubmed/11859966
https://doi.org/10.1038/s41562-020-0839-4
http://www.ncbi.nlm.nih.gov/pubmed/32303719
https://doi.org/10.1371/journal.pone.0237725
http://www.ncbi.nlm.nih.gov/pubmed/32886665
https://doi.org/10.18666/JOREL-2018-V10-I3-8382
https://doi.org/10.18666/JOREL-2018-V10-I3-8382
https://doi.org/10.1016/j.envres.2018.06.030
https://doi.org/10.1016/j.envres.2018.06.030
http://www.ncbi.nlm.nih.gov/pubmed/29982151
https://doi.org/10.1146/annurev-publhealth-032013-182443
http://www.ncbi.nlm.nih.gov/pubmed/24387090
https://doi.org/10.1016/j.healthplace.2017.03.008
http://www.ncbi.nlm.nih.gov/pubmed/28319857
https://doi.org/10.1371/journal.pone.0153211
https://doi.org/10.1371/journal.pone.0153211
http://www.ncbi.nlm.nih.gov/pubmed/27054887
http://osf.io
https://doi.org/10.31235/osf.io/rq8sn
http://medRxiv.org
http://medRxiv.org
https://doi.org/10.1101/2020.08.26.20181644
http://www.ncbi.nlm.nih.gov/pubmed/32908990
https://doi.org/10.1016/j.scs.2020.102418
https://doi.org/10.1016/j.scs.2020.102418
http://www.ncbi.nlm.nih.gov/pubmed/32834939
https://doi.org/10.1016/j.envres.2020.109748
http://www.ncbi.nlm.nih.gov/pubmed/32516636
https://doi.org/10.3390/ijerph17103417
https://doi.org/10.3390/ijerph17103417
http://www.ncbi.nlm.nih.gov/pubmed/32422948
https://www.pewresearch.org/fact-tank/2020/03/30/people-financially-a9-outbreak-are-experiencing-more-psychological-distress-than-others/
https://www.pewresearch.org/fact-tank/2020/03/30/people-financially-a9-outbreak-are-experiencing-more-psychological-distress-than-others/
https://www.pewresearch.org/fact-tank/2020/03/30/people-financially-a9-outbreak-are-experiencing-more-psychological-distress-than-others/
https://doi.org/10.1002/hpja.333
http://www.ncbi.nlm.nih.gov/pubmed/32197274
https://doi.org/10.5688/ajpe8144
http://www.ncbi.nlm.nih.gov/pubmed/32665720
https://doi.org/10.1371/journal.pone.0245327

PLOS ONE

Student COVID psychological risk

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112,

113.

114.

115.

116.

117.

118.

119.

120.

Chen B, Sun J, Feng Y. How have COVID-19 isolation policies affected young people’s mental health?
Evidence From Chinese college students. Front Psychol. 2020; 11: 665. https://doi.org/10.3389/fpsyg.
2020.00665 PMID: 32373022

Bavel JJV, Baicker K, Boggio PS, Capraro V, Cichocka A, Cikara M, et al. Using social and beha-
vioural science to support COVID-19 pandemic response. Nature Human Behaviour. Nature Publish-
ing Group; 2020; 4: 460—-471. https://doi.org/10.1038/s41562-020-0884-z PMID: 32355299

Crum AJ, Jamieson JP, Akinola M. Optimizing stress: An integrated intervention for regulating stress
responses. Emotion. 2020; 20: 120—-125. https://doi.org/10.1037/emo0000670 PMID: 31961190

Jamieson JP, Crum AJ, Goyer JP, Marotta ME, Akinola M. Optimizing stress responses with reap-
praisal and mindset interventions: An integrated model. Anxiety, Stress & Coping. 2nd ed. Taylor &
Francis; 2018; 31: 245-261. https://doi.org/10.1080/10615806.2018.1442615 PMID: 29471669

Dienstbier RA. Arousal and physiological toughness: Implications for mental and physical health.
Psych Rev. 1989; 96: 84—100. https://doi.org/10.1037/0033-295x.96.1.84 PMID: 2538855

Epel ES, McEwen BS, Ickovics J. Embodying psychological thriving: Physical thriving in response to
stress. J Soc Issue. 1998; 54: 301-322.

Tedeschi RG, Calhoun LG. Posttraumatic growth: Conceptual foundations and empirical evidence.
Psychological Inquiry. 2004; 15: 1-18. https://doi.org/10.1207/s15327965pli1501_01

Crum AJ, Akinola M, Martin A, Fath S. The role of stress mindset in shaping cognitive, emotional, and
physiological responses to challenging and threatening stress. Anxiety, Stress & Coping. Taylor &
Francis; 2017; 30: 379-395. https://doi.org/10.1080/10615806.2016.1275585 PMID: 28120622

Crum AJ, Salovey P, Achor S. Rethinking stress: The role of mindsets in determining the stress
response. J Pers Soc Psychol. 2013; 104: 716-733. https://doi.org/10.1037/a0031201 PMID:
23437923

Ravert RD, Kim SY, Schwartz SJ, Weisskirch RS, Zamboanga BL, Ham LS, et al. The association
between sensation seeking and well-being among college-attending emerging adults. Journal of Col-
lege Student Development. 2013; 54: 17-28. https://doi.org/10.1353/csd.2013.0004

Morosanu L, Handley K, O’'Donovan B. Seeking support: Researching first-year students’ experiences
of coping with academic life. High Ed Res Dev. 2010; 29: 665-678. https://doi.org/10.1080/07294360.
2010.487200

Laidlaw A, McLellan J, Ozakinci G. Understanding undergraduate student perceptions of mental
health, mental well-being and help-seeking behaviour. Studies in Higher Education. Taylor & Francis;
2015; 41: 2156-2168. https://doi.org/10.1080/03075079.2015.1026890

Ellison NB, Steinfield C, Lampe C. The benefits of Facebook “friends:” Social sapital and college stu-
dents’ use of online social network sites. Journal of Computer-Mediated Communication. 2007; 12:
1143-1168. https://doi.org/10.1111/j.1083-6101.2007.00367.x

Robin L, Tiechty L. The Hogwarts Running Club and sense of community: A netnography of a virtual
community. Leisure Sci. Routledge; 2020; 0: 1-18. https://doi.org/10.1080/01490400.2020.1755751

Jones M, Beardmore A, Biddle M, Gibson A, Ismail SU, McClean S, et al. Apart but not Alone? A
cross-sectional study of neighbour support in a major UK urban area during the COVID-19 lockdown.
Emerald Open Res. 2020; 2: 37-14. https://doi.org/10.35241/emeraldopenres.13731.1

Corliss O, Shamaya B, Harrison P. Laughing while black: Resistance, coping and the use of humor as
a pandemic pastime among blacks. Leisure Sci. Routledge; 2020; 0: 1-10. https://doi.org/10.1080/
01490400.2020.1774449

Galea S, Merchant RM, Lurie N. The mental health consequences of COVID-19 and physical distanc-
ing. 2020; 180: 817-2. https://doi.org/10.1001/jamainternmed.2020.1562 PMID: 32275292

Gist-Mackey AN, Wiley ML, Erba J. “You're doing great. Keep doing what you’re doing”: Socially sup-
portive communication during first-generation college students’ socialization. Communication Educa-
tion. Routledge; 2017; 67: 52—72. https://doi.org/10.1080/03634523.2017.1390590

Kamarianos |, Adamopoulou A, Lambropoulos H, Stamelos G. Towards an understanding of university
students’ response in times of pandemic crisis (COVID-19). European Journal of Education Studies.
2020;7. https://doi.org/10.46827/ejes.v7i7.3149

Mowatt RA, Johnson CW, Roberts NS, Kivel BD. “Embarrassingly white:” Faculty racial disparities in
American recreation, park, and tourism programs. SCHOLE: A Journal of Leisure Studies and Recrea-
tion Education. 2016; 31: 37-55. https://doi.org/10.18666/SCHOLE-2016-V31-11-7268

Cox BJ, Swinson RP, Direnfeld DM, Bourdeau D. Social desirability and self-reports of alcohol abuse
in anxiety disorder patients. Behaviour Research and Therapy. 1994; 32: 175-178. https://doi.org/10.
1016/0005-7967(94)90100-7 PMID: 8135718

PLOS ONE | https://doi.org/10.1371/journal.pone.0245327  January 7, 2021 26/27


https://doi.org/10.3389/fpsyg.2020.00665
https://doi.org/10.3389/fpsyg.2020.00665
http://www.ncbi.nlm.nih.gov/pubmed/32373022
https://doi.org/10.1038/s41562-020-0884-z
http://www.ncbi.nlm.nih.gov/pubmed/32355299
https://doi.org/10.1037/emo0000670
http://www.ncbi.nlm.nih.gov/pubmed/31961190
https://doi.org/10.1080/10615806.2018.1442615
http://www.ncbi.nlm.nih.gov/pubmed/29471669
https://doi.org/10.1037/0033-295x.96.1.84
http://www.ncbi.nlm.nih.gov/pubmed/2538855
https://doi.org/10.1207/s15327965pli1501%5F01
https://doi.org/10.1080/10615806.2016.1275585
http://www.ncbi.nlm.nih.gov/pubmed/28120622
https://doi.org/10.1037/a0031201
http://www.ncbi.nlm.nih.gov/pubmed/23437923
https://doi.org/10.1353/csd.2013.0004
https://doi.org/10.1080/07294360.2010.487200
https://doi.org/10.1080/07294360.2010.487200
https://doi.org/10.1080/03075079.2015.1026890
https://doi.org/10.1111/j.1083-6101.2007.00367.x
https://doi.org/10.1080/01490400.2020.1755751
https://doi.org/10.35241/emeraldopenres.13731.1
https://doi.org/10.1080/01490400.2020.1774449
https://doi.org/10.1080/01490400.2020.1774449
https://doi.org/10.1001/jamainternmed.2020.1562
http://www.ncbi.nlm.nih.gov/pubmed/32275292
https://doi.org/10.1080/03634523.2017.1390590
https://doi.org/10.46827/ejes.v7i7.3149
https://doi.org/10.18666/SCHOLE-2016-V31-I1-7268
https://doi.org/10.1016/0005-7967%2894%2990100-7
https://doi.org/10.1016/0005-7967%2894%2990100-7
http://www.ncbi.nlm.nih.gov/pubmed/8135718
https://doi.org/10.1371/journal.pone.0245327

PLOS ONE

Student COVID psychological risk

121.

122,

123.

124.

125.

126.

127.

Kenney SR, DiGuiseppi GT, Meisel MK, Balestrieri SG, Barnett NP. Poor mental health, peer drinking
norms, and alcohol risk in a social network of first-year college students. Addictive Behaviors. 2018;
84: 151-159. https://doi.org/10.1016/j.addbeh.2018.04.012 PMID: 29684764

Stone AA, Schneider S, Krueger A, Schwartz JE, Deaton A. Experiential wellbeing data from the
American Time Use Survey: Comparisons with other methods and analytic illustrations with age and
income. Soc Indic Res. 2018; 136: 359-378. https://doi.org/10.1007/s11205-016-1532-x PMID:
29755178

Husky MM, Kovess-Masfety V, Swendsen JD. Stress and anxiety among university students in France
during Covid-19 mandatory confinement. Comprehensive Psychiatry. The Authors; 2020; 102:
152191. https://doi.org/10.1016/j.comppsych.2020.152191 PMID: 32688023

LiHY, Cao H, Leung DYP, Mak YW. The psychological impacts of a COVID-19 outbreak on college
students in China: A longitudinal study. IJERPH. 2020; 17: 3933-11. https://doi.org/10.3390/
ijerph17113933 PMID: 32498267

Zhang Y, Zhang H, Ma X, Di Q. Mental health problems during the COVID-19 pandemics and the miti-
gation effects of exercise: A longitudinal study of college students in China. IJERPH. 2020; 17: 3722—
16. https://doi.org/10.3390/ijerph17103722 PMID: 32466163

UNESCO. School closures caused by Coronavirus (Covid-19). In: en.unesco.org. 11 Sep 2020 pp. 1-
4.

Krakauer Hubner von C, Bruscatto ML, Lima RD. Distress among Brazilian university students due to
the Covid-19 pandemic: survey results and reflections. medRxiv.org. 2020. https://doi.org/10.1101/
2020.06.19.20135251

PLOS ONE | https://doi.org/10.1371/journal.pone.0245327  January 7, 2021 27/27


https://doi.org/10.1016/j.addbeh.2018.04.012
http://www.ncbi.nlm.nih.gov/pubmed/29684764
https://doi.org/10.1007/s11205-016-1532-x
http://www.ncbi.nlm.nih.gov/pubmed/29755178
https://doi.org/10.1016/j.comppsych.2020.152191
http://www.ncbi.nlm.nih.gov/pubmed/32688023
https://doi.org/10.3390/ijerph17113933
https://doi.org/10.3390/ijerph17113933
http://www.ncbi.nlm.nih.gov/pubmed/32498267
https://doi.org/10.3390/ijerph17103722
http://www.ncbi.nlm.nih.gov/pubmed/32466163
http://en.unesco.org
http://medRxiv.org
https://doi.org/10.1101/2020.06.19.20135251
https://doi.org/10.1101/2020.06.19.20135251
https://doi.org/10.1371/journal.pone.0245327

