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Behavioral Medicine

Undergraduate Student Stress, Sleep, and Health Before and during the 
COVID-19 Pandemic

Angela F. Lukowski , Katherine A. Karayianis, Deborah Z. Kamliot and Dmitry Tsukerman

department of Psychological Science, University of california irvine

ABSTRACT
Before the COVID-19 pandemic, undergraduate students experienced sleep problems and 
mental health issues that were negatively associated with academic achievement. Studies 
comparing undergraduate sleep and health pre- to mid-pandemic have yielded mixed results, 
necessitating additional research on other cohorts and examination of potential moderators. 
The present study was conducted to examine whether American undergraduate students 
tested mid-pandemic experienced poorer sleep, health, and academic achievement relative 
to students tested pre-pandemic, as well as to examine whether poor sleep during the 
pandemic was preferentially associated with poorer health in women. The current 
cross-sectional study included 217 participants tested pre-pandemic (February-December 
2019) and a separate sample of 313 participants tested mid-pandemic (November-December 
2020). Participants in both samples provided demographic information and completed 
questionnaires inquiring about participant sleep quality, insomnia, and cumulative grade 
point average (GPA); participants in the mid-pandemic sample also reported on measures 
of general, physical, and mental health. Participants tested mid-pandemic reported poorer 
global sleep quality, greater insomnia severity, greater stress, and higher cumulative GPAs 
relative to participants tested pre-pandemic. For the mid-pandemic sample only, poorer 
sleep quality was associated with reduced physical health; interactions indicated that women 
with poor sleep quality reported poorer mental health relative to both women with good 
sleep quality and men with poor quality sleep. Perceived stress mediated the association 
between sleep problems and GPA. These findings indicate that the pandemic negatively 
impacted the functioning of undergraduate students and highlights the need for future 
studies examining additional moderators of the reported effects.

Introduction

Even before the onset of the COVID-19 pandemic, 
undergraduate students experienced sleep problems 
(e.g., poor quality sleep, insomnia, insufficient sleep)1,2 
and mental health issues (e.g., anxiety, depression, 
stress)3–5 that were negatively associated with academic 
achievement.5,6 During the pandemic, students expe-
rienced additional stressors including the transition 
to online learning, potential loss of employment, and 
the threat of illness and death resulting from the 
COVID virus, among others.7,8 Importantly, these 
stressors more negatively impacted the sleep and men-
tal health of undergraduate women relative to men.9–11 
The present study was conducted to (1) examine 
undergraduate students’ self-reported sleep, stress, and 
academic achievement before and during the 

COVID-19 pandemic as well as (2) to determine 
whether poor quality sleep during the pandemic was 
preferentially associated with reduced health for 
female undergraduates relative to males. This research 
is important as other cross-sectional studies have 
revealed somewhat divergent findings when consid-
ering the impact of the pandemic on undergraduate 
student sleep and well-being (e.g., see references12–15) 
This work is also needed to elucidate whether female 
undergraduates are more negatively impacted by poor 
quality sleep during the pandemic relative to males, 
a question that has not been addressed to our knowl-
edge in the cross-sectional work conducted to date.

Data collected during the pandemic (without a 
pre-pandemic comparison sample) have revealed that 
undergraduates have experienced significant stress, 
anxiety, and depression during the pandemic, with 
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women and other minority groups most significantly 
affected.9–11 Research has also suggested that adults 
have modified their sleep phases during the pandemic 
in relation to changing responsibilities: perhaps due 
to reduced or altered work and school commitments, 
bedtime and wake times were later mid- relative to 
pre-pandemic, although participants reported poorer 
quality sleep overall.11,16,17 During a period of quar-
antine in Jordan, approximately 75% of university 
students met the criteria for categorically poor quality 
sleep, with the majority of students indicating that 
the quarantine negatively impacted their nighttime 
sleep duration (95%) and sleep habits (74%). The 
quarantine was also associated with poorer mental 
health for over half of the tested students (64%).11 
Indeed, independent reports of increased stress, men-
tal health issues, and sleep problems during the pan-
demic are individually concerning. The interactions 
between these conditions, however, are potentially 
even more problematic, as sleep problems may be 
both a cause and consequence of mental health 
issues.18–20

Stress, mental health issues, and sleep problems are 
also troubling given associations between these con-
ditions and academic achievement. Research con-
ducted before the onset of the COVID-19 pandemic 
revealed that these various factors were associated 
with reduced grade point averages (GPAs) in under-
graduate students.21–23 The additional challenges asso-
ciated with transitioning to online learning 
environments during the pandemic24 may amplify 
negative relations among academic achievement and 
stress, mental health issues, and sleep problems. On 
the other hand, the transition to online education was 
broadly accompanied by instructional changes consis-
tent with compassionate education,25 such as the 
implementation of flexible deadlines, elimination of 
late submission penalties, and enhanced communica-
tion, among others.26 As such, it is possible that sig-
nificant associations between stress, mental health, 
and sleep problems will be maintained during the 
pandemic but will co-occur with higher GPAs reported 
mid-pandemic relative to pre-pandemic.

Although a number of studies has examined the 
impact of the COVID-19 pandemic on stress, mental 
health issues, and sleep problems in undergraduate 
students around the world, the majority of these stud-
ies included one-time assessments of students tested 
during the pandemic;7,11 only a small subset has inves-
tigated these measures cross-sectionally in separate 
groups of undergraduates tested before and after the 
onset of the pandemic.12–15 When considering mental 
health, undergraduate students in Brazil reported 

heightened anxiety and depression during the pan-
demic relative to students tested before its onset.13 
Changes in participant sleep habits were also evident 
in American university students, such that participants 
tested after local COVID cases were identified reported 
later bedtimes, wake times, and spent more time in 
bed relative to participants tested before local cases 
were identified.15 These sleep-related findings have 
also been reported in community samples: perhaps 
due to reduced or altered work and school commit-
ments, later bedtimes and wake times were reported 
mid-pandemic relative to pre-pandemic, although par-
ticipants tested mid-pandemic had poorer sleep qual-
ity overall relative to those tested pre-pandemic.16,27

As indicated previously, mental health issues and 
sleep problems do not occur in isolation: in a com-
munity sample of Italian participants, increased stress, 
anxiety, and depression were related to greater sleep 
problems;16 in a community sample of Indian partic-
ipants, increased depression co-occurred with shorter 
sleep duration.27 Importantly, pandemic-related sleep 
problems and mental health issues differ by gender, 
with females reporting both poorer sleep quality11 and 
greater anxiety, depression, and stress9–11 relative to 
males (although see reference13 for non-significant 
gender differences on these constructs). As such, 
research is needed to better understand how males 
and females may differentially respond to the chal-
lenges associated with pandemic life. A specific empir-
ical focus on university students is also warranted: 
although there has been consistency in findings from 
university student to community samples, differences 
have emerged as well. Cross-sectional research con-
ducted with different undergraduate samples pre- and 
mid-pandemic at a Texas university confirmed previ-
ous findings indicating that participants tested 
mid-pandemic went to bed later, woke up later, and 
obtained more sleep during the pandemic relative to 
pre-pandemic. Contrary to previous reports, however, 
participant sleep quality and insomnia severity did 
not differ by group, and participants tested 
mid-pandemic did not report greater stress than stu-
dents tested pre-pandemic; in fact, one of the 
mid-pandemic samples reported in reference12 actually 
reported experiencing less stress relative to students 
tested pre-pandemic. The author of this work sug-
gested that this lack of significant group differences 
may be methodological: for example, the PSQI global 
score may have been too broad of a measure to reveal 
significant group differences (the individual subscores 
were more informative in revealing groups differences 
in particular aspects of sleep quality). However, more 
recent research conducted with the same measures 
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has revealed significant differences in global sleep 
quality and stress in separate groups of participants 
tested pre- and mid-pandemic,14 indicating that the 
utility of the PSQI global score should be reevaluated 
and other potential explanations for the lack of group 
differences should be explored.

To this end, the present study is a cross-sectional 
investigation with separate samples of undergraduate 
participants tested before and during the COVID-19 
pandemic. Analyses were conducted to determine 
whether participants tested mid-pandemic reported 
poorer functioning relative to students tested 
pre-pandemic when considering measures of global 
sleep quality, insomnia, stress, and cumulative GPA. 
We predicted that (1) participants tested mid-pandemic 
would report poorer global sleep quality relative to 
participants tested pre-pandemic, and that group dif-
ferences would be evident on continuous measures 
and the included subscales; (2) we anticipated that 
participants tested mid-pandemic would report greater 
symptoms of insomnia and stress than participants 
tested pre-pandemic; and (3) we expected that stu-
dents tested mid-pandemic would report poorer 
cumulative GPAs relative to students tested 
pre-pandemic. Additional analyses were conducted to 
determine whether poor quality sleep and female gen-
der were preferentially associated with poorer mental 
and physical health for students tested mid-pandemic. 
(4) We predicted that poor quality sleep would be 
associated with poorer health, with particularly prom-
inent negative effects apparent for women with poor 
quality sleep. (5) Finally, we also anticipated that per-
ceived stress would mediate the association between 
sleep problems (greater insomnia severity and poorer 
global sleep quality) and cumulative GPA.

Methods

Participants

Pre-pandemic sample
Two hundred seven undergraduate students (127 
females) were recruited from a large public university 
in the southwestern United States to participate in a 
dissertation study examining sleep and well-being in 
college club athletes and non-athletes;28 data concern-
ing associations between sleep and temperament in 
this sample have been published previously.29 
Participants were tested in-person in university testing 
space from February-December 2019. Additional 
details about the recruitment procedures, testing time-
lines, and participation incentives for the athlete and 
non-athlete groups are provided in reference.28

Mid-pandemic sample
Three hundred thirteen undergraduate students (267 
females) were recruited from the Human Subjects 
Lab Pool (HSLP) at the same university from which 
the pre-pandemic sample was recruited. Participants 
were tested from November-December 2020; Figure  1 
documents the state of the pandemic during this 
time. These students completed an online question-
naire and were provided with one point of extra 
credit to be allocated to an eligible psychology class 
in appreciation for their participation. Because the 
mid-pandemic data were collected online, the ques-
tionnaire included three “attention check” questions 
(e.g., “please select ‘sometimes;’” “please select ‘defi-
nitely false’”) embedded into banks of Likert-style 
questions to ensure that participants were reading 
and accurately responding to the presented items. 
The final dataset only includes the data from male 
or female undergraduates who correctly completed 
the attention check questions.

Measures

Participants in both samples completed the following 
questionnaires along with others that are not the focus 
of this report. This research was approved by the UC 
Irvine Institutional Review Board (HS #2018-4872: 
Sleep and Well-Being).

Demographic information
Participants tested in the pre-pandemic sample 
reported on their gender, age,1 academic standing, 
race and ethnicity, whether they were being treated 
for any sleep problems, and whether they were taking 
any medications that might impact their sleep. They 
also indicated whether they were college club athletes 
or not at the time of the study.

The same demographic questions were asked of 
participants in the mid-pandemic sample, with the 
exception that participants reported whether they were 
ever involved in college club or NCAA athletics, as 
sporting practices and events were disrupted during 
the pandemic. Additional questions inquired as to 
whether participants were in therapy (i.e., “Are you 
currently receiving therapy for a psychiatric or psy-
chological condition or disorder [e.g., depression or 
generalized anxiety disorder]?”) and whether they 
were taking any psychoactive medications at the time 
of the study; participants were also asked to report 
on their living and sleeping arrangements (e.g., 
“Which of the following options best describes your 
current living situation?”).
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GPA
Participants in the pre-pandemic sample were asked 
to access their unofficial university transcript online 
after completing the questionnaires associated with 
this research; the cumulative GPA shown on the 
screen was recorded by a research assistant. Participants 
in the mid-pandemic sample agreed to the release of 
GPA data by the university registrar through a Family 
Educational Rights and Privacy Act (FERPA) consent 
statement; these data were obtained after participant 
testing was complete. Given the procedural differences 
in which GPA data were obtained, the cumulative 
GPA data for participants tested pre-pandemic did 
not include grades from the quarter in which testing 
occurred, whereas grades from the quarter testing 
occurred were included in the cumulative GPA data 
obtained for participants tested mid-pandemic.

Global sleep quality
The Pittsburgh Sleep Quality Index (PSQI30) was used 
to assess self-reported sleep quality. This 19-item mea-
sure asks respondents to report on various aspects of 
their sleep over the previous 30 days (e.g., bedtime, 
wake time, subjective sleep quality). Responses to the 
individual items (e.g., “During the past month, what 
time have you usually gotten up in the morning?” and 

“During the past month, how often have you had trou-
ble staying awake while driving, eating meals, or engag-
ing in social activity?”) were reduced and combined to 
yield seven subscales (daytime dysfunction, sleep dis-
turbances, sleep duration, sleep efficiency, sleep latency, 
sleep quality, use of sleep medication) that were scored 
from 0 to 3. These scores were then summed to yield 
one measure of global sleep quality. Scores range from 
0 to 21, with higher scores indicating poorer global 
sleep quality; scores exceeding 5 indicate categorically 
poor quality sleep. This measure is commonly regarded 
as the gold standard for assessing self-reported sleep 
quality as it has adequate test-retest stability and has 
successfully differentiated the sleep profiles of patient 
samples (i.e., individuals with depression and diagnosed 
sleep problems) and healthy controls. Acceptable mea-
sures of internal consistency have been demonstrated 
in community samples, with slightly lower values 
obtained with university students (in the present study, 
α = .64; see references31,32 for similar values).

Insomnia severity
The 7-item Insomnia Severity Index (ISI33) was used 
to assess self-reported symptoms of insomnia and the 
extent to which they impacted daily life. Individual 
items (e.g., “How satisfied/dissatisfied are you with your 

Figure 1. The social-ecological context in los angeles and orange counties during mid-pandemic data collection.
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current sleep pattern?” and “How noticeable to others 
do you think your sleep problem is in terms of impair-
ing the quality of your life?”) were rated on a scale 
from 0 to 4 and were summed to yield one composite 
measure. Scores range from 0 to 28, with higher scores 
indicating greater sleep problems. This measure has 
demonstrated consistency with established indicators 
of insomnia in clinical populations and has adequate 
internal consistency (in the present study, α = .84).

Stress
The 10-item Perceived Stress Scale (PSS34) was used 
to assess the frequency with which participants expe-
rienced various indicators of stress. Individual items 
(e.g., “In the last month, how often have you felt 
confident about your ability to handle your personal 
problems?” and “In the last month, how often have 
you found that you could not cope with all the things 
you had to do?”) were rated on a scale from 0 to 4 
and were summed to yield one composite measure. 
Scores range from 0 to 40, with higher scores indi-
cating greater stress. This measure has demonstrated 
acceptable levels of convergent validity and adequate 
internal consistency in university student samples35 
(in the present study, α = .88).

Health
The RAND-3636 was used to assess general, physical, 
and mental health (this questionnaire can be accessed 
here). Participants responded to 36 items that were 
rescored and averaged as described here to yield four 
summary scores assessing physical health (i.e., energy 
and fatigue, pain, physical functioning, and role lim-
itations due to physical health), three summary scores 
assessing mental health (i.e., emotional well-being, 
role limitations due to emotional health, and social 
functioning), and one item assessing general health. 
Scores range from 0-100; higher summary scores indi-
cate better functioning. In previous research, scales 
assessing physical health adequately discriminated 
between participants with minor versus more severe 
physical health issues, and scales assessing mental 
health discriminated among individuals with and 
without psychiatric issues.37 In previous research,38 
measures of internal consistency for the various scales 
ranged from .65 to .94 (in the present study, αs for 
the individual scales ranged from .73-.89).

Procedure

Participants in the pre-pandemic sample signed writ-
ten informed consent statements prior to completing 

the study, whereas participants in the mid-pandemic 
sample read an online study information sheet (a 
waiver of written informed consent).

Pre-pandemic sample
Participants completed the questionnaire battery 
online in university testing space along with other 
tasks not featured in this report (see reference28 for 
more information).

Mid-pandemic sample
Participants read the study advertisement posted on 
the HSLP website and clicked forward to complete 
the online questionnaire battery.

Results

Statistical analysis

The outcome measures were examined to identify any 
outliers, defined as values that were 2.5 standard devi-
ations above or below the mean. Outlying values were 
truncated to the highest or lowest acceptable values 
in the dataset, respectively. Review of the raw data 
also revealed that a subset of the continuous sleep 
efficiency values exceeded 100% (approximately 7%); 
these values were truncated to 100% before evaluating 
the data for outliers.

Cross-sectional comparisons by group and gender
Preliminary between-subjects analyses of variance 
(ANOVAs) and chi square analyses were conducted 
to examine whether group (pre-pandemic or 
mid-pandemic) and gender (male or female) were 
associated with demographic characteristics. When 
significant differences were found, separate one-way 
ANOVAs were conducted to determine whether the 
demographic data were associated with the primary 
measures of interest. Demographic variables were 
included as covariates in the primary analyses of inter-
est when (a) significant differences were found by 
group or gender and (b) the demographic character-
istic was significantly associated with at least one of 
the primary outcome measures.

After identifying relevant covariates, partial cor-
relations were conducted between the study measures 
across participants tested pre- and mid-pandemic. In 
addition, between-subjects analyses of covariance 
(ANCOVAs) were conducted by group and gender on 
PSQI scores, the ISI composite, the PSS composite, 
and cumulative GPA.
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Sleep and well-being mid-pandemic
Preliminary between-subjects ANOVAs and chi square 
analyses were conducted to examine whether categor-
ical sleep quality (good or poor) and gender (male 
or female) were associated with demographic charac-
teristics for the mid-pandemic sample only. The same 
process described previously was used to determine 
when demographic characteristics were included as 
covariates. Based on previous research revealing 
poorer mental and physical health for women relative 
to men during the pandemic,9–11 between-subjects 
analyses were conducted to determine whether gender 
moderated the effect of sleep quality (good or poor) 
on the eight measures obtained from the RAND-36.

For participants tested in the mid-pandemic sam-
ple, we also evaluated competing mediation models 
to identify pathways among sleep patterns, perceived 
stress, and cumulative GPA. One set of models 
included sleep problems (insomnia severity or global 
sleep quality) as the predictors (x), perceived stress 
as the mediator (m), and cumulative GPA as the out-
come (y). In the other set of models, perceived stress 
was the predictor (x), sleep problems (insomnia sever-
ity or global sleep quality) were the mediators (m), 
and cumulative GPA was the outcome (y). Mediation 
was assessed using PROCESS Model 4 as outlined in 
reference.39 Mediation was supported when k = 10,000 
bias-corrected bootstrap confidence intervals did not 
include zero.

In the following sections, statistically significant 
results are reported when p < .05; conceptual inter-
pretations are only provided for the highest-order 
main effect or interaction that achieved statistical 
significance.

Preliminary analyses conducted by group and 
gender

As shown in Table 1, significant differences were not 
found when considering participant age in years. Chi 
square analyses revealed differences by group on par-
ticipant gender, however: χ2(1, N = 515) = 38.92, p < 
.001, r = .27, such that a greater percentage of females 
(85%) were tested mid-pandemic relative to 
pre-pandemic (61%). Differences were not found by 
group or gender when considering the distribution of 
participants by race, academic standing, or use of 
medications that might impact sleep.

Somewhat unexpectedly, chi square analyses 
revealed differences by group when considering the 
percentage of students who were being treated for 
sleep problems: χ2(1, N = 513) = 14.40, p < .001, r = 
.17, such that a greater percentage of participants 
tested pre-pandemic reported sleep problems (11%) 
relative to students tested mid-pandemic (3%). 
Differences by gender were also observed on this vari-
able: χ2(1, N = 513) = 4.23, p = .040, r = .09, as a 
greater percentage of males were being treated for 
sleep problems (10%) relative to females (5%). Because 
self-reported treatment for sleep problems differed by 
group, we conducted separate one-way ANOVAs to 
determine whether scores on this variable were asso-
ciated with the primary measures of interest in this 
study (i.e., summary scores from the PSQI, ISI, PSS, 
and GPA). Only one of the conducted analyses 
achieved statistical significance, such that participants 
who reported sleep problems had poorer global sleep 
quality scores on the PSQI (10.09 ± .89) relative to 
those who did not report sleep problems (6.25 ± .14): 
F(1, 458) = 18.30, p < .001, r = .20.

Table 1. demographic information by gender for participants tested pre- and 
mid-pandemic.

Pre-pandemic Mid-pandemic

Males Females Males Females

age (years) 20.54 ± .32 20.32 ± .25 20.93 ± .43 21.05 ± .18
* Gender 39% 61% 15% 85%
* athletic participation (% yes) 36% 30% 16% 11%
academic standing
  Freshman 10% 11% 4% 7%
  Sophomore 21% 20% 20% 20%
  Junior 29% 32% 29% 37%
  Senior 40% 37% 47% 36%
race
  asian 36% 47% 37% 39%
  hispanic 21% 30% 32% 31%
  White 34% 16% 20% 19%
  other 9% 7% 12% 12%
Sleep medication (% yes) 13% 9% 2% 6%
* Sleep problems (% yes) 13% 9% 4% 2%

Note: Means and standard errors are presented for participant age. Significant differences are marked 
with an asterisk (p < .05); information about whether differences were found by group, gender, or 
both is whether marked variables differ by group, gender, or both is reported in the text.
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Group: χ2(1, N = 515) = 31.82, p < .001, r = .25, 
and gender differences: χ2(1, N = 515) = 7.59, p = .006, 
r = .12, were also found when considering whether 
participants were involved in college sports, such that 
a greater percentage of males (29%) and participants 
tested pre-pandemic (32%) participated in sports rel-
ative to females (17%) and participants tested 
mid-pandemic (12%). Because of these differences, we 
conducted separate one-way ANOVAs to determine 
whether participation in college sports was associated 
with the primary measures of interest referenced ear-
lier. The analyses concerning perceived stress: F(1, 
512) = 12.85, p < .001, r = .16, and cumulative GPA 
were statistically significant: F(1, 482) = 17.80, p < 
.001, r = .19, such that participants who were never 
involved in college sports reported greater stress (20.32 
± .35) and higher GPAs (3.45 ± .02) than participants 

who were involved in college sports (perceived stress: 
17.52 ± .70; cumulative GPA: 3.23 ± .05).

Because of (1) the a priori group differences in 
self-reported treatment for sleep problems and par-
ticipation in college sports and (2) the associations 
between these demographic characteristics and at least 
one of the primary measures included in report, 
self-reported treatment for sleep problems (0 = no, 
1 = yes) and participation in college sports (0 = no, 
1 = yes) were included as categorical covariates in the 
following analyses.

Cross-sectional comparisons by group and gender

Partial correlations between the study measures are 
shown in Table 2; between-subjects ANCOVAs are 
presented in Table 3.

Table 3. Study measures by gender for participants tested pre- and mid-pandemic.
Pre-pandemic Mid-pandemic

overall Males Females Males Females

1. PSQi composite 6.05 ± .16 5.87 ± .36 5.58 ± .28 6.00 ± .43 6.74 ± .18
2. daytime dysfunction 1.33 ± .04 1.42 ± .10 1.36 ± .07 1.16 ± .12 1.39 ± .05
3. Sleep disturbance 1.13 ± .03 1.03 ± .06 1.12 ± .05 1.21 ± .07 1.18 ± .03
4. Sleep duration .58 ± .05 .70 ± .10 .60 ± .08 .49 ± .13 .52 ± .05
5. Sleep efficiency 0.39 ± .04 0.34 ± .09 0.28 ± .07 0.49 ± .11 0.45 ± .04
6. Sleep latency 1.26 ± .06 1.15 ± .13 1.10 ± .10 1.27 ± .16 1.53 ± .06
7. Sleep medication 0.11 ± .02 0.06 ± .04 0.08 ± .03 0.12 ± .05 0.18 ± .02
8. Sleep quality 1.15 ± .03 1.15 ± .07 1.04 ± .06 1.16 ± .09 1.24 ± .04
9. Bedtime 0.76 ± .10 0.31 ± .23 0.18 ± .18 1.33 ± .28 1.22 ± .12
10. Wake time 8.58 ± .12 7.71 ± .25 7.71 ± .20 9.50 ± .31 9.39 ± .13
11. Sleep latency 25.15 ± 1.43 20.94 ± 3.15 19.72 ± 2.45 26.83 ± 3.81 33.11 ± 1.58
12. Sleep efficiency 88.97 ± .63 89.81 ± 1.38 90.73 ± 1.07 87.78 ± 1.67 87.56 ± .69
13. Time in bed 7.81 ± .09 7.40 ± .21 7.53 ± .16 8.18 ± .25 8.14 ± .10
14. Time spent asleep 6.93 ± .07 6.61 ± .16 6.84 ± .13 7.17 ± .20 7.08 ± .08
15. iSi composite 7.89 ± .27 7.12 ± .57 7.51 ± .45 7.56 ± .74 9.39 ± .32
16. PSS composite 18.88 ± .38 17.11 ± .80 18.92 ± .63 18.29 ± 1.05 21.21 ± .44
17. cumulative GPa 3.36 ± .03 3.23 ± .06 3.26 ± .04 3.48 ± .07 3.49 ± .03

Note: Means and standard errors are presented. analyses were conducted controlling for athletic participation (0 = no, 1 = yes) and self-reported 
sleep problems (0 = no, 1 = yes). variables 2-8 are PSQi subscores; variables 9-14 are continuous measures obtained from the PSQi. Significant 
interactions between group and gender were not found on any of the listed variables; significant main effects are reported in the text.

Table 2. Partial correlations among study measures for participants tested pre- and mid-pandemic.
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16.

1. PSQi composite --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
2. dysfunction .53* --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
3. disturbance .54* .18* --- --- --- --- --- --- --- --- --- --- --- --- --- ---
4. duration .51* .18* .19* --- --- --- --- --- --- --- --- --- --- --- --- ---
5. efficiency .50* .02 .19* .19* --- --- --- --- --- --- --- --- --- --- --- ---
6. latency .70* .24* .33* .12* .24* --- --- --- --- --- --- --- --- --- --- ---
7. Medication .42* .13* .15* .00 .11* .22* --- --- --- --- --- --- --- --- --- ---
8. Quality .67* .33* .30* .31* .22* .38* .23* --- --- --- --- --- --- --- --- ---
9. Bedtime .20* .17* -.03 .23* -.05 .16* .05 .26* --- --- --- --- --- --- --- ---
10. Wake time .17* .08 .02 -.27* .30* .19* .15* .16* .63* --- --- --- --- --- --- ---
11. Sleep latency .58* .22* .21* .10* .21* .76* .27* .33* .23* .23* --- --- --- --- --- ---
12. Sleep efficiency -.54* -.10* -.23* -.22* -.89* -.28* -.13* -.25* .08 -.31* -.21* --- --- --- --- ---
13. Time in bed -.04 -.11* .03 -.62* .42* .06 .13* -.11* -.25* .58* .05 -.45* --- --- --- ---
14. Time spent asleep -.48* -.20* -.15* -.85* -.26* -.12* .03 -.33* -.17* .35* -.07 .32* .66* --- --- ---
15. iSi composite .73* .50* .43* .32* .20* .51* .28* .65* .28* .20* .49* -.25* -.09 -.30* --- ---
16. PSS composite .36* .34* .23* .12* .08 .17* .18* .29* .24* .20* .14* -.12* -.02 -.11* .45* ---
17. cumulative GPa .10* -.04 -.12* -.16* -.01 .02 -.03 -.11* .05 .13* .02 .01 .13* .15* -.13* -.16*

Note: correlations were conducted controlling for gender (0 = male, 1 = female), athletic participation (0 = no, 1 = yes), and self-reported sleep problems 
(0 = no, 1 = yes). variables 2-8 are PSQi subscores; variables 9-14 are continuous measures obtained from the PSQi. Significant associations are marked 
with an asterisk (p < .05).
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PSQI
Categorical differences in participant sleep quality 
were not found on chi square analyses conducted 
separately by group and gender, nor was there a sig-
nificant difference on PSQI global scores by group, 
gender, or their interaction. Significant group differ-
ences were found, however, on three of the seven 
PSQI subscales. That is, relative to students tested 
mid-pandemic, those tested pre-pandemic reported 
better functioning on the disturbance subscale 
(pre-pandemic: 1.07 ± .04; mid-pandemic: 1.19 ± .04): 
F(1, 454) = 4.76, p = .030, r = .10; efficiency subscale 
(pre-pandemic: .31 ± .06; mid-pandemic: .47 ± .06): 
F(1, 454) = 3.97, p = .047, r = .09; and latency sub-
scale (pre-pandemic: 1.12 ± .08; mid-pandemic: 1.40 
± .08): F(1, 454) = 5.52, p = .019, r = .11. Group 
differences were not found on the subscales pertaining 
to daytime dysfunction, sleep duration, sleep quality, 
and use of sleep medication.

Following previous research,12,16 additional analyses 
were conducted on the continuous data obtained from 
the PSQI. Main effects of group were found on each 
analyzed variable. Specifically, participants tested 
pre-pandemic reported earlier bedtimes (.24 ± .15) 
than participants tested mid-pandemic (1.28 ± .15): 
F(1, 454) = 23.72, p < .001, r = .22. Participants tested 
pre-pandemic (7.71 ± .16) also reported earlier morn-
ing wake times relative to those tested mid-pandemic 
(9.44 ± .17): F(1, 454) = 54.50, p < .001, r = .33. 
Participants reported shorter latency to sleep onset 
pre-pandemic (20.33 ± 2.01) relative to mid-pandemic 
(29.97 ± 2.07): F(1, 454) = 10.94, p = .001, r = .15, 
and participants tested pre-pandemic (90.27 ± .88) 
reported better sleep efficiency relative to those tested 
mid-pandemic (87.67 ± .91): F(1, 454) = 4.15, p = 
.042, r = .10. Finally, participants tested pre-pandemic 
reported spending less time in bed (7.47 ± .13) than 
participants tested mid-pandemic (8.16 ± .14): F(1, 
454) = 13.09, p < .001, r = .17; similarly, participants 
tested pre-pandemic reported spending less time 
asleep (6.73 ± .10) relative to participants tested 
mid-pandemic (7.12 ± .11): F(1, 454) = 6.99, p = 
.008, r = .12. Significant effects of gender were not 
found on any measures obtained from the PSQI; sim-
ilarly, interactions between group and gender were 
not apparent.

ISI
A main effect of group was found on the ISI composite: 
F(1, 504) = 4.43, p = .036, r = .09, as students tested 
pre-pandemic (7.31 ± .37) reported fewer symptoms 
of insomnia relative to students tested mid-pandemic 
(8.48 ± .41). A significant main effect of gender was 

also apparent: F(1, 504) = 4.24, p = .040, r = .09, such 
that males reported less severe insomnia (7.34 ± .47) 
relative to females (8.45 ± .27). A significant interaction 
between group and gender was not found.

PSS
Main effects of group: F(1, 506) = 4.97, p = .026, r 
= .10, and gender: F(1, 506) = 9.74, p = .002, r = 
.14, were found on the PSS composite, such that par-
ticipants tested pre-pandemic (18.01 ± .51) and males 
(17.70 ± .66) reported less stress than participants 
tested mid-pandemic (19.75 ± .57) and females (20.06 
± .38). An interaction between group and gender was 
not apparent.

Academic achievement
A main effect of group was found on cumulative GPA: 
F(1, 476) = 20.96, p < .001, r = .21, such that par-
ticipants tested pre-pandemic (3.24 ± .04) had lower 
GPAs than participants tested mid-pandemic (3.48 ± 
.04). A main effect of gender was not found, and a 
group by gender interaction was not apparent.

Preliminary analyses conducted by categorical 
sleep quality and gender

As shown in Table 4, a between-subjects ANOVA 
revealed no differences in participant age by sleep 
quality, gender, or their interaction; similarly, chi 
square analyses conducted separately by sleep quality 
and gender did not identify significant differences on 
academic standing, the use of medications that may 
impact sleep, the use of psychoactive medications, or 
participant sleep arrangements.

Significant differences by sleep quality were found, 
however, when considering participant race: χ2(3, 
N = 280) = 12.16, p = .007, r = .21, participation in 
therapy: χ2(1, N = 294) = 4.17, p = .041, r = .12, living 
arrangements: χ2(1, N = 294) = 4.42, p = .036, r = .12, 
and self-reported sleep problems: FET = .010. Visual 
examination of the data pertaining to sleep problems 
revealed that none of the participants with good qual-
ity sleep reported sleep problems; a subsequent chi 
square analysis indicated that there were no differences 
by gender in the incidence of sleep problems among 
participants with poor quality sleep. For these reasons, 
sleep problems were not given further consideration 
as a potential categorical covariate. We did, however, 
examine whether participant race, participation in 
therapy, and living arrangements were associated with 
measures of well-being obtained from the RAND-36.

Between-subjects ANOVAs conducted by race and 
participant living arrangements did not reveal any 
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significant associations with health. Group differences 
were found by participation in therapy when consid-
ering measures of emotional well-being: F(1, 292) = 
4.37, p = .038, r = .12, and pain: F(1, 292) = 7.35, p 
= .007, r = .16, such that participants who were not 
in therapy reported better functioning (emotional 
well-being: 57.35 ± 1.21; pain: 83.19 ± .95) relative to 
those who were in therapy (emotional well-being: 
49.47 ± 3.58; pain: 75.17 ± 2.80).

Because participation in therapy (0 = no, 1 = yes) 
differed by group and was associated with measures 
of health from the RAND-36, this variable was 
included as a categorical covariate in the following 
analyses.

Sleep and well-being mid-pandemic

Between-subjects ANCOVAs on the eight measures 
obtained from the RAND-36 are presented in Table 5.

General health
A main effect of sleep quality was found on the one 
question assessing general health: F(1, 289) = 6.69, p 
= .010, r = .15, such that participants with good qual-
ity sleep reported better general health at the time of 
the study (67.94 ± 2.47) relative to participants with 
poor quality sleep (58.80 ± 2.52).

Physical health
Main effects of sleep quality were found on physical 
functioning: F(1, 289) = 4.91, p = . 027, r = .13, and 
role limitations due to physical health: F(1, 289) = 

5.76, p = .017, r = .14, such that students with good 
quality sleep reported better physical functioning 
(94.09 ± 1.46) and fewer role limitations due to phys-
ical health (76.51 ± 4.27) relative to those with poor 
quality sleep (physical functioning: 89.47 ± 1.48; role 
limitations due to physical health: 61.86 ± 4.35). When 
considering energy and fatigue, significant main 
effects of sleep quality: F(1, 289) = 16.83, p < .001, 
r = .23, and gender: F(1, 289) = 10.59, p = .001, r = 
.19, were apparent, such that students with good qual-
ity sleep reported having more energy (49.62 ± 1.97) 
relative to students with poor quality sleep 
(38.06 ± 2.01) and males (48.40 ± 2.59) reported having 
more energy relative to females (39.27 ± 1.07). 
Significant effects were not found for pain.

Mental health
When considering emotional well-being, main effects 
of sleep quality: F(1, 289) = 14.15, p < .001, r = .22, 
and gender: F(1, 289) = 5.24, p = .023, r = .13, were 
qualified by an interaction with one another: F(1, 
289) = 10.51, p = .001, r = .19. Similarly, when con-
sidering role limitations due to emotional problems, 
a main effect of gender: F(1, 289) = 10.56, p = .001, 
r = .19, was qualified by an interaction with sleep 
quality: F(1, 289) = 15.04, p < .001, r = .22. Finally, 
when considering social functioning, a main effect of 
sleep quality: F(1, 289) = 4.93, p = .027, r = .13, was 
qualified by an interaction with gender: F(1, 289) = 
5.44, p = .020, r = .14. Follow-up pairwise compari-
sons conducted for these interactions revealed the 
same pattern of statistical significance. That is, among 
participants with poor quality sleep, males reported 

Table 4. demographic information by sleep quality and gender for participants tested 
mid-pandemic.

Good Sleep Quality Poor Sleep Quality

Males Females Males Females

  age (years) 20.27 ± .73 20.65 ± .33 21.50 ± .77 21.44 ± .29
  Gender 17% 83% 12% 88%
athletic participation (% yes) 14% 11% 20% 12%
  academic standing
   Freshman 9% 8% 0% 7%
   Sophomore 23% 19% 15% 18%
   Junior 36% 41% 20% 35%
   Senior 32% 32% 65% 40%
  race
   asian 41% 44% 20% 30%
   hispanic 27% 19% 35% 37%
   White 14% 21% 25% 17%
   other 9% 9% 15% 13%
  Sleep medication (% yes) 0% 7% 5% 6%
  Sleep problems (% yes) 0% 0% 10% 4%
  Psychoactive medication (% yes) 0% 7% 5% 6%
  Therapy (% yes) 5% 6% 15% 13%
  living arrangements (% alone) 9% 2% 15% 8%
  Sleeping arrangements (% alone in own room) 91% 74% 65% 73%

Note: Means and standard errors are presented for participant age.
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better emotional well-being (p < .001), social func-
tioning (p = .007), and fewer role limitations due to 
emotional problems (p < .001) relative to females; 
differences were not found by gender for participants 
with good quality sleep. Pairwise comparisons con-
ducted by gender indicated that females with good 
quality sleep reported better emotional well-being (p 
< .001), social functioning (p < .001), and fewer role 
limitations due to emotional problems (p < .001) rel-
ative to females with poor quality sleep; differences 
were not found by sleep quality for males.

Mediation models for the mid-pandemic sample

The results of the conducted mediation models are 
shown in Figure 2. As presented in Panel A, sleep 
problems (i.e., greater insomnia severity and poorer 
global sleep quality) were associated with greater per-
ceived stress, and greater perceived stress was nega-
tively related to cumulative GPA. The direct effects 
of sleep problems on cumulative GPA were not sta-
tistically significant, but there was evidence of medi-
ation, such that both greater insomnia severity and 
poorer global sleep quality negatively impacted cumu-
lative GPA through perceived stress.

Competing mediation models were also tested and 
are presented in Figure 2, Panel B. As shown, per-
ceived stress was associated with both greater insom-
nia severity and poorer global sleep quality. Variability 
in participant sleep problems, however, was unasso-
ciated with cumulative GPA. There was a significant 
direct effect of perceived stress on cumulative GPA, 
such that greater perceived stress was associated with 
poorer cumulative GPA. The indirect effects of per-
ceived stress on cumulative GPA through insomnia 

severity or global sleep quality were not statistically 
significant.

Discussion

The COVID-19 pandemic has been associated with 
poorer sleep and mental health in community sam-
ples17 and in undergraduate students.13–15 The present 
cross-sectional study was conducted to (1) determine 
whether undergraduate students tested before the 
COVID-19 pandemic reported poorer sleep, greater 
stress, and poorer academic achievement relative to 
students tested during the pandemic, (2) identify 
whether the impact of poor sleep quality on health 
was moderated by gender for students tested 
mid-pandemic, and (3) examine whether associations 
between sleep problems and GPA were mediated by 
perceived stress. As discussed below, our findings 
confirmed our hypotheses that students tested 
mid-pandemic would report poorer sleep and greater 
stress relative to students tested pre-pandemic and 
also revealed the anticipated gender disparity in men-
tal health that co-occurred with poor quality sleep.

As predicted based on some previous research,14,15 
students tested mid-pandemic reported poorer sleep, 
including greater symptoms of insomnia, and increased 
stress relative to students tested pre-pandemic. 
Although group differences were not found on either 
the categorical or continuous measures of global sleep 
quality obtained from the PSQI, group differences 
were found on a number of the PSQI subscales. 
Analyses of the continuous data in particular con-
firmed previous findings by indicating that partici-
pants tested mid-pandemic went to bed later at night, 
woke up later in the morning, took longer to fall 

Table 5. Study measures by sleep quality and gender for participants tested mid-pandemic.
Good quality sleep Poor quality sleep

overall Males Females Males Females

cross-study measures
* iSi composite 8.16 ± .35 5.30 ± .89 5.21 ± .40 9.59 ± .93 12.53 ± .35
* PSS composite 19.62 ± .52 17.45 ± 1.33 17.78 ± .60 19.37 ± 1.40 23.87 ± .52
* cumulative GPa 3.52 ± .04 3.42 ± .09 3.59 ± .04 3.63 ± .10 3.44 ± .04
rand-36
General health 63.37 ± 1.76 64.69 ± 4.49 71.20 ± 2.03 60.43 ± 4.71 57.18 ± 1.76
  Physical health
  energy or fatigue 43.84 ± 1.40 52.08 ± 3.58 47.15 ± 1.62 44.72 ± 3.76 31.39 ± 1.40
  Pain 83.29 ± 1.25 84.05 ± 3.19 86.83 ± 1.44 83.70 ± 3.35 78.59 ± 1.25
  Physical functioning 91.78 ± 1.04 92.44 ± 2.65 95.74 ± 1.20 90.30 ± 2.78 88.65 ± 1.04
  role limitations due to physical health 69.19 ± 3.04 73.71 ± 7.76 79.32 ± 3.51 64.81 ± 8.14 58.91 ± 3.04
  Mental health
  * emotional well-being 60.11 ± 1.43 64.16 ± 3.66 66.89 ± 1.65 62.62 ± 3.84 46.78 ± 1.43
  * role limitations due to emotional health 47.11 ± 3.20 49.95 ± 8.17 53.98 ± 3.69 65.05 ± 8.56 19.47 ± 3.20
  * Social functioning 71.82 ± 2.02 74.79 ± 5.17 77.88 ± 2.34 75.20 ± 5.42 59.41 ± 2.02

Note: Means and standard errors are presented. analyses were conducted controlling for self-reported participation in therapy (0 = no, 
1 = yes). Significant interactions between sleep quality group and gender are marked with an asterisk (p < .05); significant main 
effects are reported in the text.
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asleep, had poorer sleep efficiency, and spent more 
time in bed and more time asleep at night relative to 
participants tested pre-pandemic. As described in ref-
erence,16 these findings may be at least partially 
explained by social changes resulting from the pan-
demic, such that the transition to working and attend-
ing school online may have allowed participants 
greater ability to set and maintain their preferred 
sleep-wake schedule than may have been possible 
pre-COVID. Despite this increased flexibility, however, 
participants in this and in previous research reported 
poorer sleep quality on select PSQI subscales mid- 
relative to pre-pandemic, with greater sleep problems 
evident for those with poorer mental health.16,40 Our 
findings and those reported in reference12 confirm 
these associations, as greater stress was associated with 
poorer sleep on most measures (see Table 2 of this 
report). Taken together, these results indicate that the 
challenges associated with the COVID-19 pandemic 
may have been more harmful than the potential ben-
efits afforded by a more flexible sleep-wake schedule.

Although our findings demonstrate that participants 
tested mid-pandemic fared more poorly on almost 
every measured construct relative to those tested 
pre-pandemic, previous research conducted with 
undergraduate students has not always revealed similar 

associations. For example, one other study revealed 
that participants did not report greater stress during 
the pandemic relative to before its occurrence; on the 
contrary, one of the mid-pandemic samples in this 
research actually reported experiencing less stress rel-
ative to students tested pre-pandemic.12 Although 
some of our findings were consistent with theirs (e.g., 
analyses of the continuous data obtained from the 
PSQI as well as group differences on select PSQI 
subscales), the summary scores from the ISI and PSS 
were seemingly more sensitive to group differences 
in this research relative to that study (our findings 
from the PSQI global scores were consistent with 
those reported in reference12) The author of that work 
suggested that the relative lack of significant group 
differences on these scales may have resulted from 
the potential insensitivity of these broad measures, 
highlighting the significant effects obtained on indi-
vidual items from the PSQI or the PSQI subscales. 
Our results partially support this assertion, but also 
suggest the need for another explanation of the diver-
gence in findings across studies. Both studies included 
large samples of undergraduate students, and both 
samples were predominantly female. Whereas a greater 
proportion of Hispanic participants were tested in 
reference12 than in this research, both samples were 

Figure 2. competing mediation models testing associations among sleep problems, perceived stress, and cumulative GPa for 
participants tested mid-pandemic. Note: Mediation models were conducted controlling for self-reported participation in therapy 
(0 = no, 1 = yes). abbreviations are as follows: insomnia severity index (iSi), global sleep quality (GSQ), perceived stress (PSS), 
and cumulative GPa (GPa). Significant effects are marked with an asterisk (p < .05).
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racially and ethnically diverse. Given these method-
ological similarities, we evaluated whether study-related 
differences in the timing of participant testing might 
be influential, particularly when considering the 
COVID-related social-ecological context.

Figure 1 of this research and Figure 1 from refer-
ence12 document the timing of participant testing in 
relation to the broader social-ecological context. As 
shown in reference,12 participants in the Spring 2020 
mid-pandemic sample were tested at a time when 
COVID-related deaths were low and a stay-at-home 
order had been imposed by Texas Governor Abbott. 
Their Summer 2020 mid-pandemic data collection 
started shortly after businesses re-opened and the 
death toll rose from approximately 47 to 1200. The 
participants in the current study, however, were tested 
over a short 36-day interval in Fall 2020 amidst a 
rising death count and serious COVID-related social 
restrictions (e.g., non-essential businesses were closed, 
a mandatory nightly curfew was imposed by California 
Governor Newsom, and a stay-at-home order was in 
place for Los Angeles County residents). We suspect 
that the somewhat divergent pattern of findings across 
this and previous research – despite the use of iden-
tical measures and similarities in the undergraduate 
student samples – result from the unique 
social-ecological contexts in which participants were 
tested. These differences highlight the potential utility 
of (1) examining microgenetic changes in sleep and 
well-being within the same participants as the 
social-ecological context (e.g., transmission rates, 
death counts, hospital capacities, mask wearing prac-
tices, guidelines provided by local officials) fluctuates 
as well as (2) evaluating group differences in partic-
ipants tested in various parts of the country and the 
world at the same point in time. Significant group 
differences should emerge in both instances and 
should be examined in relation to potentially import-
ant social-ecological moderators.

Academic achievement should also be evaluated in 
relation to these potential moderators. Our findings 
revealed that the challenges students experienced with 
sleep and stress were not widely associated with aca-
demic achievement and that students tested 
mid-pandemic had higher cumulative GPAs relative 
to those tested pre-pandemic (a similar small 
mid-pandemic increase was reported in reference41) 
The slight apparent boost in students’ grades during 
the pandemic may have resulted in part from 
mid-pandemic instructional changes consistent with 
compassionate education,25 such as the implementation 
of flexible deadlines, elimination of late submission 
penalties, and enhanced communication, among 

others.26 Although gender differences were not found 
when considering academic achievement in this 
research, future studies should be conducted to exam-
ine whether women experience greater academic and 
psychological benefits when compassionate educational 
practices are used as has been recently documented 
in a small qualitative research study.42

Finally, additional analyses were conducted to iden-
tify whether gender moderated associations between 
sleep and health for participants tested mid-pandemic. 
The conducted analyses revealed main effects of sleep 
quality when considering general and physical health, 
such that students who had poor quality sleep also had 
poorer general health, poorer physical functioning, 
greater role limitations due to their physical health, 
and greater energy and fatigue. As expected, however, 
associations between sleep quality and mental health 
were qualified by interactions with gender when con-
sidering emotional well-being, role limitations due to 
emotional problems, and social functioning. The same 
pattern of significant effects was evident for each out-
come, such that women with poor quality sleep reported 
poorer mental health relative to both men with poor 
quality sleep and women with good quality sleep; none 
of the other follow-up pairwise comparisons were sta-
tistically significant. Taken together, these findings indi-
cate that poor quality sleep is associated with reduced 
general and physical health across genders, whereas 
poor quality sleep is preferentially associated with 
poorer mental health in female undergraduates.

The finding that female undergraduates experience 
poor sleep,43 mental health challenges,43,44 and the 
combination of poor sleep quality and mental health45 
has been confirmed in other research conducted 
during the COVID-19 pandemic. However, the mech-
anism underlying these significant group differences 
is not well understood. Previous research has indicated 
that poor sleep may be both a cause and consequence 
of mental health issues18–20 and, as such, longitudinal 
and experimental work is needed to better understand 
whether sleep problems precede mental health issues 
in undergraduates tested during the COVID pan-
demic, or vice versa.

Additional research should also be conducted to 
address some of the limitations of the present study. 
One of the primary shortcomings of this research is 
that the entire dataset was self-report and 
questionnaire-based. These measures were used 
because they could be easily implemented online, 
which was necessary during the pandemic due to 
university restrictions on in-person testing. Because 
we recruited a convenience sample of undergraduate 
students for the mid-pandemic sample, this group 
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included a greater proportion of female relative to 
male participants, and relative to the proportion of 
females included in the pre-pandemic sample. Future 
researchers should attempt to recruit a more balanced 
sample of participants, as issues with statistical power 
and Type I errors may result when sample sizes are 
unbalanced.46 Additional studies should also examine 
other moderators of sleep and health associations in 
pre- and mid-pandemic samples (e.g., participant race 
or ethnicity) to better characterize the impact of the 
pandemic on potentially unique subsets of the under-
graduate population. Future researchers should also 
conduct longitudinal studies to evaluate causal rela-
tions among changing pandemic-related environmental 
circumstances, sleep patterns, and health with the goal 
of developing a conceptual model that is amenable to 
statistical analysis. Testing a comprehensive model of 
this nature was unfortunately beyond the scope of the 
current study as the cross-sectional nature of the 
design precluded our ability to account for the 
dynamic nature of the pandemic in our analyses.

Despite the need for future research, the present 
study has significant clinical implications. This work 
indicates that the stressors associated with the pan-
demic have been non-trivial for university students, 
resulting in poorer sleep quality, greater insomnia 
severity, and poorer health relative to a pre-pandemic 
sample. Importantly, female undergraduates experi-
enced poorer functioning during the pandemic relative 
to males, suggesting that intervention efforts should 
focus on these individuals in particular. Although 
undergraduate student GPA was higher during the 
pandemic relative to pre-pandemic times, perceived 
stress was directly associated with poorer undergrad-
uate student achievement during the pandemic; in 
addition, poorer global sleep quality and greater 
insomnia severity indirectly impaired cumulative GPA 
through perceived stress. For this reason, interventions 
designed to improve undergraduate student academic 
achievement may be best focused on helping students 
reduce or better manage the stressors in their lives.

Conclusions

Although additional work remains to be done, the 
present study contributes significantly to the existing 
literature by indicating that (1) undergraduate students 
tested mid-pandemic report poorer sleep quality, 
greater symptoms of insomnia, greater stress, and 
higher cumulative GPAs relative to students tested 
pre-pandemic, (2) categorically poor sleep quality 
co-occurred with poorer physical health in students 
tested mid-pandemic, (3) females with poor quality 

sleep reported poorer mental health functioning during 
the pandemic relative to both men with poor quality 
sleep and women with good quality sleep, and (4) 
perceived stress mediated the association between sleep 
problems and cumulative GPA. Identifying potential 
mechanisms responsible for the observed pattern of 
effects should be of high priority in future research, 
with the ultimate goal of developing interventions to 
be tested and evaluated in experimental settings.

Note

 1. The procedure for collecting age information for the 
club athletes and non-club athletes differed in the 
pre-pandemic sample: whereas club athletes entered 
their ages into text boxes, non-club athletes responded 
to a multiple choice question with responses ranging 
from 18 years old to over 25 years old. We computed 
a continuous age variable for the four athletes were 
who over 25 years old and replaced the missing data 
for the three non-athletes who were over 25 years old 
with this value (i.e., 26 years old).
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