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Abstract
Study Objectives:  This study examined associations between average and intraindividual trajectories of stress, sleep duration, and sleep 
quality in college students before, during, and after transitioning to online learning due to the COVID-19 pandemic.

Methods:  One hundred and sixty-four first-year college students answered twice-weekly questionnaires assessing stress exposure and 
perception, sleep duration, and sleep quality from January until May, 2020 (N = 4269 unique observations).

Results:  Multilevel growth modeling revealed that prior to distance learning, student stress was increasing and sleep duration and quality 
were decreasing. After transitioning online, students’ stress exposure and perception trajectories immediately and continuously decreased; 
sleep quality initially increased but decreased over time; and sleep duration increased but then plateaued for the remainder of the semester. 
Days with higher stress exposure than typical for that student were associated with lower sleep quality, and both higher stress exposure and 
perception at the transition were linked with simultaneous lower sleep quality. Specific groups (eg, females) were identified as at-risk for 
stress and sleep problems.

Conclusions:  Although transitioning to remote learning initially alleviated college students’ stress and improved sleep, these effects 
plateaued, and greater exposure to academic, financial, and interpersonal stressors predicted worse sleep quality on both daily and average 
levels. Environmental stressors may particularly dictate sleep quality during times of transition, but adaptations in learning modalities may 
help mitigate short-term detrimental health outcomes during global emergencies, even during a developmental period with considerable 
stress vulnerability. Future studies should examine longer-term implications of these trajectories on mental and physical health.
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Statement of Significance

This study used twice-weekly assessments from January to May 2020 to prospectively examine trends and associations between sleep 
quality, sleep duration, and stress in 164 U.S. college students before, during, and after transitioning to distance learning due to the COVID-
19 pandemic. Students demonstrated better sleep quality, longer sleep duration, and decreased stress immediately upon transitioning 
online, but effects plateaued. Greater stress exposure was associated with worse sleep quality on daily and average levels across the se-
mester. Given that sleep is a restorative process susceptible to stress and predictive of student academic trajectories and health, clinicians, 
universities, and administrators may learn from the global transition online and promote student sleep by monitoring unique stressors and 
benefits associated with distance learning.
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Introduction 

With over 24 000 cases confirmed in the United States by March 
21, 2020 [1], the novel coronavirus disease 2019 (COVID-19) 
prompted lockdowns of social, academic, and industry gather-
ings in at least 42 states by late April [2]. Almost all U.S.  uni-
versities transitioned to distance learning, limited student 
gatherings, and reduced in-person contact for students by 
mid-March in response to state-mandated Stay-at-Home or-
ders, a strategy used to mitigate community spread of the virus. 
Students faced immediate dormitory closures, job loss and fi-
nancial strain, and suspension of in-person social activities 
inherent in young adult prosocial development [3], all while pro-
ceeding with expected academic obligations amid course-related 
confusion and frustration with coursework delivery [4]. The es-
tablished consequences of social withdrawal on emerging adult 
well-being [5, 6], coupled with the COVID-19 pandemic’s social 
distancing requirements and ensuing restrictions in learning 
environments, created a potential compounded vulnerability to 
problems in students’ stress and sleep [7], two determinants of 
health that are particularly susceptible to biopsychosocial and 
contextual influences [8]. However, there is a dearth of longi-
tudinal literature substantiating claims of the detrimental ef-
fects of the COVID-19 pandemic and the sudden transition to 
online learning on college student sleep and stress, despite the 
fact that both sleep and stress are critical mediators of mental 
well-being [9], and mental health problems in college students 
are prevalent prior to and since the beginning of the pandemic 
[10–12]. Cross-sectional studies have found both negative and 
positive stress and sleep outcomes in university students and 
adults after Stay-at-Home orders were enacted [13, 14], but lon-
gitudinal research has yet to demonstrate trajectories and inter-
actions of these health indicators in college students before and 
after the onset of the pandemic’s residual effects on learning 
modalities. In line with calls for attention to college student 
mental health in the COVID-19 pandemic [15, 16], this study 
used an intensive ecological momentary assessment design to 
uncover how the transition to remote learning in the context 
of the pandemic may have altered intra-individual trends in 
college students’ self-reported stress exposure, stress percep-
tion, sleep duration, and sleep quality, in addition to examining 
the covariation between average and intra-individual trends in 
stress and sleep across the semester of pandemic onset.

Sleep and stress in college students

Older adolescence, which often precedes the transition to col-
lege in the United States, is a developmental period character-
ized by unique susceptibility to biopsychosocial and contextual 
influences on sleep [8]. Although adolescents require about 9 
hours of sleep [17, 18], later bedtimes and slower accumulation 
of sleep pressure are normative as youth get older [19, 20], con-
flicting with the inherent demands of entering college during 
young adulthood. Sleep quantity [21] and quality improve overall 
across the emergence into adulthood and the transition to col-
lege, but students still sleep below developmental recommenda-
tions [22], almost 40% of college students report poor sleep 
quality on a regular basis, and first-year students experience the 
shortest sleep duration—particularly on weekdays (as opposed 
to weekends)—compared to upperclassmen [23, 24]. Indeed, both 
sleep quality and duration in college students typically improve 

on the weekends [24–26], potentially implicating school-related 
stressors or demands during the week as determinants of worse 
sleep across the transition to college. Truncated sleep duration 
and poorer self-reported sleep quality in young adults in college 
are consequently directly and bidirectionally linked with greater 
depressive and anxiety symptoms [22] and poorer psychosocial 
functioning [27], and directly linked with worse academic per-
formance [28]. 

Sleep is closely linked with stress, in that they function as 
opposing processes in a fluctuating cycle of arousal [29]. Where 
stress represents an increase in arousal and responsivity to en-
vironmental demands, sleep is a restorative process that oc-
curs in the parallel context of low arousal, but both processes 
are regulatory mechanisms that respond to an individual’s 
biopsychosocial and contextual state [8]. Each is subject to 
dysregulation as a result of simultaneous problems with the 
other: one of the body’s primary stress-regulation systems—the 
hypothalamic-pituitary-adrenal (HPA) axis—is a potential mech-
anism linking sleep and stress, the diurnal pattern of which os-
cillates opposite the sleep-related circadian rhythm. Deviations 
in HPA axis functioning as a result of acute or chronic stress 
may interrupt the body’s ability to initiate and maintain sleep 
homeostasis [30, 31]. In turn, sleep difficulties negatively affect 
next-day cognitive and behavioral functioning, thus lowering 
an individual’s distress tolerance and increasing sensitivity to 
stress exposure [32, 33].

Self-reported stress has been examined as a predictor of 
concurrent sleep quality and sleep duration in college students 
[23, 34, 35], and prior-night sleep problems likewise are linked 
with heightened next-day stress [36]. Delineating definitions of 
stress and their varying interactions with sleep in college stu-
dents is key to understanding stress-sleep transactions: overall 
emotional responses to stress (ie, stress perception [37]) may par-
ticularly influence sleep quality, which may better predict short-
term physical and emotional health compared to sleep quantity 
[38]. Conversely, the presence of environmental stressors (ie, 
stress count or exposure) may negatively affect sleep quantity or 
duration [39], a process that is likely linked with more long-term 
health outcomes [40]. Ecological momentary assessment studies 
(EMA), which involve repeated sampling of particpants’ experi-
ences in their natural environments to reduce recall bias and 
augment ecological validity [41], allow researchers to evaluate 
such isolated and transactional changes in sleep and stress on 
the individual- and group-level. Prior EMA studies reveal within-
person patterns in students, such that greater daily stress ex-
posure than what is typical for an individual was associated 
with shorter sleep duration and poor sleep quality, which in turn 
predicted greater subsequent stress [42]. Similar bidirectional 
models using daily diary methods also link less sleep with prior 
day stressful demands and next-day increases in anxiety, de-
pressive feelings, and fatigue [43], and poor quality sleep with 
more stressors the next day [44]. No study to date, to our know-
ledge, has isolated the potentially distinct interactions of stress 
exposure versus stress perception with sleep in the broader con-
text of the global COVID-19 pandemic.

Large-scale studies prior to the COVID-19 pandemic reported 
that rates of anxiety, depression, and suicide were rising across 
college campuses, the prevalence of which may reflect increasing 
rates of academic, interpersonal, and financial stress, as well as 
sleep problems, among college students [45]. Thus, examining 
sleep and its biopsychosocial correlates (eg, stress) during a time 
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in which college students are being asked to drastically adjust 
their academic and interpersonal routines becomes imperative.

Sleep and stress in college students during the 
COVID-19 pandemic

The COVID-19 pandemic has introduced novel challenges to 
managing both stress and sleep, but the majority of research 
to date has focused on cross-sectional, post-pandemic-onset 
designs in countries outside of the United States. International 
cross-sectional studies of adults [46, 47] and university stu-
dents [13, 48, 49] confirm predictions of lower sleep quality, 
increased time in bed, delayed sleep time, and higher rates of 
insomnia after the onset of the pandemic, with some linking 
such sleep difficulties to greater concurrent stress [47]. However, 
such cross-sectional designs are unable to determine whether 
these changes represent true increases from pre-pandemic ex-
periences, nor do they capture the timing and fluctuations of 
changes in stress or sleep. Longitudinal designs have the po-
tential to provide causal inferences (as long as findings meet 
assumptions [50, 51]), but such paradigms that capture trends 
before and after the onset of the COVID-19 pandemic are cur-
rently sparse, particularly in young adult samples. Longitudinal 
studies of adults demonstrate mixed patterns, including in-
creased objectively-measured sleep duration but decreased 
sleep quality among older, predominantly male adults in France 
[52]; and unchanged and even improved sleep quality after the 
height of the pandemic, but worsened sleep quality in those 
with greater stress in the United States [14]. Studies of college 
students before and after the onset of COVID-19 have similarly 
found increased sleep duration after Stay-at-Home orders [53, 
54] along with potentially unchanged sleep quality on average, 
but increased likelihood of depression among those with poor 
sleep quality [55], similar to cross-sectional studies linking sleep 
quality with depression and anxiety in young adults during the 
pandemic [56].

College students in the U.S. notably cite the transition to dis-
tance learning and social isolation as particular sources of stress 
after the start of the pandemic [57]. Indeed, distance learning 
has been shown to generate feelings of isolation even prior to 
the pandemic [58]. This attribution aligns with prior research 
elucidating the biopsychosocial consequences of social connec-
tion on both sleep and stress during transitional periods: young 
adults in their first year of college reporting greater daily so-
cial connection experienced next-day benefits in their HPA axis 
functioning (ie, more robust cortisol awakening response), and 
within-person increases in daily social connection were associ-
ated with longer time spent in bed and more actual time asleep 
among those who scored high on trait-loneliness [5]. Similarly, 
sleep quality suffers during months when first-year college stu-
dents see fewer friends [59]. As states enacted Stay-at-Home 
orders and universities shifted to online learning around mid-
March 2020, college students were systematically restricted 
from seeing peers in classes, attending large gatherings, or even 
spending time with individual friends indoors, all activities 
that promote emotional and physical well-being, particularly 
during the emergence into adulthood [6, 60]. Students’ sleep 
might have also suffered from increased exposure to their com-
puters’ blue light throughout the day [61], and both stress and 
sleep might have been particularly negatively impacted among 
those with attentional difficulties [62] or without substantial 

access to technological resources or adequate space. However, 
students simultaneously experienced reductions in commuting 
time to class, fewer late-night social gatherings, and potentially 
fewer social stressors, providing more opportunities to go to bed 
earlier and get better quality sleep. Thus, the combination of 
social withdrawal and simultaneous environmental flexibility 
introduced by the shift to online learning may engender com-
plex interactions of both global and day-to-day sleep and stress 
experiences among young adults, compounding both benefits 
and risks for long-term health repercussions among a signifi-
cant portion of the future U.S. workforce.

Importantly, most studies of stress and sleep during the 
COVID-19 pandemic are limited to between-individual differ-
ences, but identifying within-individual changes is key to under-
standing sources of variation in a sample. Ecological momentary 
assessment studies can offer insight into how stress and sleep 
may be a function of time and intra-individual (ie, observed 
within the same person across different times or situations) 
differences. Although sleep is considered a key restorative and 
regulatory mechanism for both daily and long-term mental and 
biological functioning [8, 29], and its interactions with stress ex-
posure may exacerbate existing mental health and academic 
problems [31], no studies, to our knowledge, have demonstrated 
whether the sudden transition to online learning during the 
COVID-19 pandemic amplified trajectories of stress perceptions; 
financial, academic, and interpersonal stressors; and respective 
changes in sleep duration and quality in college students. In 
addition, no studies, to date, have examined whether sleep and 
stress patterns interacted across the semester of pandemic 
onset on both between- and within-person levels.

The present study

Leveraging diary data pre- and post-the transition to online 
schooling due to pandemic-related policy changes during the 
first year of college, the first aim of this study was to describe 
the overall trajectories of stress exposure and sleep across an 
academic semester, including before, during, and after tran-
sitioning online. We anticipated the following: (Hypotheses 1a 
and 1b) stress exposure and stress perception would increase 
across the semester, with a marked increase in both stress out-
comes immediately after the transition to school online [12, 63]; 
(Hypothesis 2) sleep quality would decrease across the semester 
[26], but there would be a marked decrease in sleep quality after 
the transition to school online [46], given that sleep quality in 
young adults might be particularly susceptible to the inherent 
social withdrawal associated with distance learning during a 
pandemic [56, 59]; and (Hypothesis 3) sleep duration would de-
crease across the semester [26] with a marked increase in sleep 
duration after the transition to school online [13, 53, 64], due to 
Stay-at-Home orders’ reduction in environmental and social de-
mands that typically require young adults to stay up late or get 
up early.

The second aim was to examine the covariation between 
stress and sleep to explore both within- and between-person as-
sociations across the semester and account for the transition 
to online schooling. Within-person analyses explored whether 
nights following greater stress count than usual were char-
acterized by worse sleep quality and shorter sleep durations 
for each individual. Accounting for linear trajectories and the 
shift to online learning, (Hypothesis 4) we expected a negative 
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within-person association between the number of stressors and 
sleep quality and duration, as well as between stress perception 
and sleep quality and duration, such that on days when an indi-
vidual reported more stressors or greater stress perception than 
was typical for them, they experienced lower sleep quality [14] 
and fewer sleep hours [65]. At the between-person level, we ex-
plored whether individuals who experienced more stress overall 
had worse sleep quality and lower sleep durations as compared 
to those who reported fewer stressors or lower perceptions of 
stress. Accounting for linear trajectories and the shift to online 
learning, we hypothesized (Hypothesis 5) a negative association 
between overall stress count and sleep parameters, such that in-
dividuals who reported more stressors over the semester would 
experience lower sleep quality and shorter sleep duration [23]. 
(Hypothesis 6) We hypothesized a similar direction of effects as 
stress count for the associations between overall stress percep-
tions and sleep quality and duration.

Methods

Participants

Two hundred and fifty-two incoming first-year undergraduate 
college students (54% female, Mage = 19.7, SD = 0.62) at a large 
Southwestern public university in the United States were re-
cruited during the university’s freshmen orientation and con-
sented to a study examining daily and overall changes in 
identities and behaviors (eg, stressors and other health-related 
behaviors) across the transition to college during the summer 
prior to beginning the academic year of 2019–2020. The 212 (84%) 

participants who fully completed the initial baseline survey 
were invited to participate in twice-weekly questionnaires. 
Individuals were excluded if they withdrew from the univer-
sity (n  =  1), withdrew from select study procedures (n  =  5), or 
did not respond to any twice-weekly survey (n = 5), resulting in 
201 students who completed any diary questionnaire, with 164 
participants who provided data of interest (ie, answered stress 
and sleep variables in diary report) during the analytic window 
(January-May 2020). Eighty percent of participants were living 
in university housing (eg, dorm) in the beginning of the Spring 
2020 semester, compared with 15% living with parents and 6% 
living with other relatives, family friends, alone, or with friends 
in an apartment. Participants represented a diverse distribution 
of socioeconomic status and race/ethnicity (see Table 1), the 
proportions of which were similar to the university from which 
they were recruited.

Procedure

The university and funder institutional review boards approved 
all procedures. Participants provided written consent (from self 
or parent if under age 18)  prior to participation. Participants 
were asked to complete a baseline questionnaire assessing 
demographic variables from June 5th to August 15th, 2019, and an 
additional survey between December 11th, 2019, and February 9th, 
2020 assessing living situation. Beginning January 1st until May 
6th, 2020, a total of 37 short (4–5 minutes) twice-weekly online 
questionnaires assessing sleep duration, quality, and stress were 
sent on Sunday and Wednesday afternoons (N  =  4317 unique 
observations; mean surveys completed per participant = 25.95, 

Table 1.  Summary of demographic information and study variable descriptive statistics

Demographic summary n %

Gender
  Female 98 59.8%    
  Male 65 39.6%    
  Other 1 .6%    
Race/ethnicity†
  White/European American 116 70.7%    
  Hispanic/Latino(a)/Latinx 43 26.2%    
    Mexican/Mexican American 35 21.3%    
  Asian/Indian/Asian American 24 14.6%    
  Black/African American 14 8.5%    
  Native American/Alaska Native 6 3.7%    
  Middle Eastern/Arab/Arab American 5 3.0%    
  Other 1 .6%    
Perceived socioeconomic class‡
  Upper/Upper-middle class 51 31.1%    
  Middle class 80 48.8%    
  Lower-middle/Working class 32 19.5%    
  Other/Unsure 1 .6    

Study variables M SD Range Correlations

 1 2 3

1. Overall stress count§ 3.15 1.90 1.00–11.00 --   
2. Overall stress perception 5.48 2.75 0.00–10.00 .18* --  
3. Overall sleep quality 5.97 2.22 0.00–10.00 –.13* –.06* --
4. Overall sleep hours (duration) 8.10 1.85 0.00–17.75 –.03* –.05* .24*

Analytic N = 164; 4269 total completed surveys. 
†Participants reported multiple racial/ethnic groups, resulting in a proportion greater than 100%. 
‡Socioeconomic status measured in analyses as composite of subjective family social class, parent education level, and Family Economic Hardship scale. 
§Overall stress count: number of stressors endorsed since the last survey. 

*p < .05. 
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SD  =  12.55). Participants were given 24 hours to respond and 
were sent regular text reminders to maintain adherence (mean 
response rate per survey period = 57.8%, SD = 3.24%). Survey re-
sponses that did not include answers about stress or sleep were 
excluded from analyses (48 survey responses out of 4317 total 
surveys received; 1.1%). Thus, a total of 4269 surveys from 164 
participants were included in final analyses.

Measures

Sleep.  In twice-weekly short surveys across the semester, parti-
cipants reported the approximate time (hour and minute) they 
fell asleep the previous night and woke up that morning in re-
lation to the session that they answered the questionnaire (ie, 
for Sunday questionnaires, participants were asked to report 
Saturday night bedtime and Sunday morning wake time), which 
was used to calculate sleep duration. Sleep quality was assessed 
using five questions asking how participants slept last night, 
how refreshed they felt when they woke up that morning, how 
soundly they slept last night, how closely their sleep met their 
expectations for last night, and how easy it was to wake up that 
morning. Questions were framed in a day-specific format, re-
ferring to the same night as the sleep duration questions, and 
adapted from the Karolinska Sleep Diary, a standardized diary 
measure of self-reported sleep quality [66]. Participants re-
sponded to each question using a Likert scale ranging from 1 
to 10 (10 being the best). A total mean score of sleep quality was 
calculated using responses to all five questions. Higher scores 
indicated better sleep quality (α = .90).

Stress count.  Participants were asked whether they experienced 
different stressors since the last survey period (eg, if they were 
filling out the Sunday survey, they reported the stressors that 
applied to them since last Wednesday). The list of stressors 
included 12 common stressful events: feeling pressured by a 
partner, friends, or parents; arguments with a partner, friends, 
or parents; and worries about money, getting drunk, using drugs, 
exercising, how they look, or academic performance. Questions 
were adapted from the Adolescent Perceived Events Scale [67]. 
Exposure to greater daily hassles such as these is a common 
way to measure stress levels and has been linked with college 
student adjustment [68] and general health outcomes in both 
retrospective and ecological momentary assessment studies 
[69]. Adaptation to shorter forms using representative items 
is common for momentary assessment studies in order to re-
duce participant time commitment [41]. Higher stressor count 
indicated greater perceived exposure to stressors in that survey 
period.

Stress perception.  To assess stress perceptions (ie, as opposed to 
number of stressors [37]) in diary surveys, participants were 
asked to report qualitatively on “the most stressful situation or 
event you encountered today” and subsequently report on, “How 
stressful was this event today (Sunday/Wednesday)?” Responses 
ranged from 0 (not stressful at all) to 10 (extremely stressful).

Transition to online schooling.  A binary dummy code for school-
in-person (0; January 1st through March 11th) versus school-online 
(1; March 12th through May 6th) reflected the timing of the email 
announcement that the university would be requiring remote 

learning for the remainder of the semester on the evening of 
March 11th, 2020. This indicator was used to represent the first 
tangible transition for university students in this southwestern 
state, as infection rates did not peak in the state until late June 
[1]. The date of transition also coincided with the declaration of 
a statewide public health emergency (albeit with no restrictions 
on gatherings or access to public facilities enacted) on March 
12th [70], and on March 30th, the state’s governor declared a state-
wide closure for all schools with the option to finish the school 
year online, but the focal university had already enacted dis-
tance learning for the remainder of the semester on the evening 
of March 11th. It should be noted that students at this focal uni-
versity were allowed to remain in residential halls during this 
period but had the option to move out (and receive monetary 
compensation if they chose to do so), the deadline of which was 
April 15th, 2020.

Covariates.  Gender (0 = male, 1 = female), socioeconomic status, 
race/ethnicity, living situation (assessed between December 
2019 and February 2020; 0 = living with parents/relatives/family 
friends, 1  =  living on own/in apartment/university housing/
other), and weekday/weekend differences [24, 53] were included 
as covariates. Socioeconomic status was a mean composite 
variable of parental education level, perceived socioeconomic 
class, and measures of Family Economic Hardship (α = .84) [71]. 
To account for potential disparities in the effects of the COVID-
19 pandemic on individuals of color in the United States [72], 
race/ethnicity was coded as two dummy variables representing 
the largest non-White racial/ethnic subgroup in the present 
sample (Hispanic race/ethnicity) and non-Hispanic/non-White 
race/ethnicity, where all other racial/ethnic groups (not White 
or Hispanic) were coded as 1. White participants were coded as 
0 for both dummy variables.

Data analysis

Longitudinal sleep and stress data were analyzed in Mplus ver-
sion 8.3 [73] using multilevel models to account for the depend-
ency in the data due to their longitudinal nature. Missing data 
were handled using full information maximum likelihood esti-
mation (FIML) [74]. Model 1 included Stress Count, Sleep Quality, 
and Stress Duration outcomes of interest, whereas a separate 
model (Model 2)  included Stress Perception, Sleep Quality, and 
Sleep Duration as outcomes of interest. Level-1 and level-2 
models were run for each model. The level-1 equation in the 
multilevel model for each construct was specified as:

	

yti = b0i + b1i ·monthti + b2 · onlineti
+b3 ·monthti · onlineti + b4 ·wkdayti + eti� (1)

Where yti is the outcome of interest (eg, Sleep Quality, Sleep 
Duration, Stress Count or Perception) measured at assess-
ment t for case i, monthti is the number of months relative to 
March 11, 2020 (the evening of which students were informed 
of transition to online learning), onlineti is a binary variable 
that indicates whether the observation took place before 
(onlineti  =  0) or after (onlineti  =  1) the university moved to an 
online format, and wkdayti is a binary variable that indicates 
whether the observation took place on a weekday (wkdayti = 1) 
or a weekend day (wkdayti  =  0). The model parameters have 
the following interpretations: b0i is the random intercept and 
represents the expected outcome score for case i at the time 
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of the transition to online schooling, b1i is a random slope and 
represents the rate of change for case i prior to the transition 
to online school, b2 is a fixed slope and represents the imme-
diate effect of the transition to online school, b3 is a fixed slope 
and represents the effect of the transition to online school 
on the random slope b1i, b4 is a fixed slope and represents the 
difference in the outcome when the survey was completed on 
Wednesday versus Sunday, and eti is the residual assessment 
t for case i that is assumed to be normally distributed with a 
zero mean and estimated variance.

The level-2 equation for this model was specified as:

	

b0i = β00 + β01 · femalei + β02 ·NonWHi + β03 · Hispi+
β04 · liv_indi + β05 · SEScompi + d0i

b1i = β10 + β11 · femalei + β12 ·NonWHi + β13 · Hispi+
β14 · liv_indi + β15 · SEScompi + d1i � (2)

where femalei, Hispi, NonWHi, and liv_indi are binary variables 
indicating the sex of the participant, whether the partici-
pant is Hispanic, Non-White and Non-Hispanic, and whether 
the participant is living independently, and SEScompi is the 
socioeconomic status composite variable. The level-2 param-
eters indicate the effects of these variables on the level of out-
come during the transition to online school and the rate of 
change in the outcome. The level-2 disturbances (d0i and d1i) are 
assumed to be normally distributed with zero means, estimated 
variances, and covariance. Multivariate models were estimated 
to allow for the estimation of correlations between level-1 re-
siduals (eti) indicating within-person associations between Sleep 
Quality, Sleep Duration, and Stress Count (or Stress Perception 
in Model 2), and correlations between level-2 disturbances (d0i 
and d1i) indicating between-person associations between Sleep 
Quality, Sleep Duration, and Stress Count or Stress Perception.

Results
Table 1 presents descriptive statistics. A total of 164 participants 
completed questions related to this study’s primary variables 
in their twice-weekly diary reports: 160 participants completed 
2410 surveys (56.5%) before the transition online, and 144 parti-
cipants completed 1859 surveys (43.5%) after the transition on-
line. One hundred and forty participants completed at least one 
survey both before and after the transition online (M = 26 sur-
veys total per participant; SD = 12.6).

Aim 1

Level 1—within-individual trajectories.  Sleep quality and dur-
ation estimates were consistent in direction, magnitude, and 
statistical significance across Model 1 and Model 2. Results for 
stress count, sleep quality, and sleep duration trajectories were 
examined in Model 1 and are reported below. Fixed and random 
effect parameters of the unconditional models for Model 1 are 
found in Table 2. Stress perception, sleep quality, and sleep 
duration trajectories were examined in Model 2, and Table 3 
presents fixed and random effect parameters of the uncondi-
tional models. Figure 1 shows univariate trajectories across the 
semester.

Stress count.  Stress count was lower on weekdays compared 
with weekends (b = –.091, p < .01). Prior to the transition to on-
line learning, stress was increasing, on average (b = .175, p < .01). 
When the university went online, stress decreased significantly 
(b  =  –.305, p < .001). The change in the slope after the transi-
tion online was significant (b = –.203, p < .001), such that average 
stress count was fairly constant after the transition to online 
learning (ie, slope after transition was b = –.028, p = .54).

Stress perception.  Full results for Model 2 are in Table 3. 
Findings for sleep quality and sleep duration in Model 2 were 
consistent with Model 1 values. Level-1 within-individual tra-
jectories of stress perceptions were consistent with stress 
count trends with respect to both direction and significance: 
prior to the transition to online learning, stress perception was 
increasing, on average (b  =  .676, p < .01). When the university 
went online, stress perception decreased significantly (b = –.493, 
p < .001), and the change in the slope after the transition online 
was negative (b = –.508, p < .001), such that average stress per-
ception was continuing to increase but at a smaller magnitude 
after the transition (b = .168, p < .05). Weekend and weekday dif-
ferences were not significant (b = –.024, p = .666).

Sleep quality.  Sleep quality was lower on weekdays as com-
pared to weekends (b  =  –.157, p < .01). Prior to the transition 
to online learning, sleep quality did not change significantly, 
on average (b = .007, p = .91). When the university went online, 
sleep quality significantly improved (b = .418, p < .001). However, 

Table 2.  Parameter estimates of the unconditional multilevel models for stress count, sleep duration, and sleep quality

Parameters

Stress count Sleep duration Sleep quality

b(SE) b(SE) b(SE)

Fixed effects
  Intercept, b0i 3.365(.132)** 8.1(.096)** 5.998(.138)**
  Rate of change prior to transition to online, b1i .175(.037)** –.125(.053)* .007(.056)
  Immediate effect of transition, b2i –.305(.061)** .528(.107)** .418(.100)**
  Effect of transition online on rate of change, b3i –.203(.051)** .022(.089) –.276(.083)**
  Weekday, b4i –.091(.030)** –.421(.053)** –.157(.049)**
Random effects
  Variances of between-individual random intercept, b0i ↔ b0i 2.369(.281)** .533(.079)** 2.177(.265)**
  Variances of between-individual random slope, b1i ↔ b1i .060(.011)** .016(.010) .104(.020)**
  Covariance between random intercept random slope, b0i ↔ b1i –.063(.040) .057(.020)** –.016(.052)
  Residual variance from within-individual, eti ↔ eti .845(.020)** 2.829(.065)** 2.487(.057)**

Analytic N = 164; 4269 total completed surveys. 

↔, nondirective relationship/random effect such as a variance or covariance. 

*significant parameter at p < .05. 

**significant parameter at p < .01.
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thereafter, the change in slope after the transition online was 
significant, such that the average sleep quality decreased over 
time (b = –.276, p < .01).

Sleep duration.  Overall sleep duration was lower on week-
days as compared to weekends (b = –.421, p < .001). Prior to the 
transition to online learning, sleep duration was significantly 
decreasing (b = –.125, p < .05). When the university went online, 
sleep duration increased significantly (b  =  .528, p < .001). The 
change in slope after the transition online was positive but not 
significant (b = .022, p = .80).

Level 2—covariates.  At the online transition, females reported 
greater stress count (b = .519, SE = .251, p < .05), whereas indi-
viduals identifying as non-White/non-Hispanic reported lower 
stress counts (b = –.877, SE = .274, p < .01). Females also experi-
enced worse sleep quality (b = –.718, SE = .241, p < .01), but indi-
viduals reporting higher socioeconomic status reported better 
sleep quality (b  =  .374, SE  =  .175, p < .05). Living situation (ie, 
living on one’s own/in an apartment/on campus) was positively 
correlated with sleep duration (b  =  .519, SE =  .186, p < .01). In 
Model 2 with stress perception as the stress outcome of interest, 
females experienced greater perceptions of stress at the online 

Table 3.  Parameter estimates of the unconditional multilevel models for stress perception, sleep duration, and sleep quality

Parameters

Stress perception Sleep duration Sleep quality

b(SE) b(SE) b(SE)

Fixed effects
  Intercept, b0i 6.228(.174)** 8.098(.096)** 5.994(.138)**
  Rate of change prior to transition to online, b1i .676(.067)** –.127(.053)* .006(.056)
  Immediate effect of transition, b2i –.493(.113)** .529(.107)** .419(.100)**
  Effect of transition online on rate of change, b3i –.508(.094)** .021(.089) –.278(.083)**
  Weekday, b4i –.024(.056) –.421(.053)** –.156(.049)**
Random effects
  Variances of between-individual random intercept, b0i ↔ b0i 3.666(.456)** .533(.079)** 2.180(.265)**
  Variances of between-individual random slope, b1i ↔ b1i .181(.033)** .016(.010) .105(.021)**
  Covariance between random intercept random slope, b0i ↔ b1i –.085(.091) .056(.020)** –.015(.052)
  Residual variance from within-individual, eti ↔ eti 2.975(.070)** 2.828(.065)** 2.486(.057)**

Analytic N = 164; 4269 total completed surveys. 

↔, nondirective relationship/random effect such as a variance or covariance. 

*significant parameter at p < .05. 

**significant parameter at p < .01.

Figure 1.  Univariate plots of stress count, stress perception sleep quality, and sleep duration trajectories during the Spring 2020 academic semester. Trajectories mod-

eled using 37 survey periods (twice-weekly assessments from January 1 until May 6, 2020). Shift in intercept and slope centered at the university’s transition to online 

learning on March 11, 2020. 
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transition (b =  .915, SE =  .301, p < .01), and students reporting 
higher socioeconomic status experienced lower perceptions 
of stress at the online transition (b = –.697, SE =  .215, p < .01). 
Participants who were living on their own, in an apartment, 
or in university housing experienced a significant decrease in 
stress perception across the semester (b = –.291, SE = .123, p < 
.05). None of the other covariates predicted changes in stress 
exposure or perception, changes in sleep quality, or changes in 
sleep duration across the study period.

Aim 2

Tables 4–7 present model variances and covariances at within- 
and between-individual levels for Models 1 and 2 respectively.

Within-individual associations.  At the within-individual level, we 
report covariances between stress count, sleep quality, and sleep 
duration from Model 1. Higher stress count than was typical for 
an individual was significantly associated with lower sleep quality 
(c = –.073, p < .01), and longer sleep duration than usual was as-
sociated with greater sleep quality (c = .674, p < .001). The covari-
ation between stress count and sleep duration was not significant 
(c = –.009, p = .72). In Model 2, within-individual associations be-
tween stress perception and sleep quality (c = .036, p = .425) and 
sleep duration were not significant (c = –.029, p = .552).

Between-individual analysis. At the between-individual level, 
we also report covariances for the associations between sleep 
quality, sleep duration, stress count, and their changes from 
Model 1. Participants with greater sleep duration at the online 
transition tended to have less decrease in sleep duration over the 
observation period (c = .057, p < .01). Participants reporting greater 
stress count at the online transition tended to report lower sleep 
quality at the transition (c = –.538, p < .01), but stress count at the 
online transition was not significantly associated with the slope 

of sleep quality, nor was it associated with sleep duration at 
the online transition (ie, intercept) or with the rate of change in 
sleep duration across the semester (ie, slope; see Tables 4 and 5  
for exact estimates). Participants with higher sleep quality at 
the online transition tended to have greater sleep duration at 
the online transition (c =  .262, p < .05). Between-individual as-
sociations for stress perception from Model 2 were consistent 
with stress count models in both direction and statistical signifi-
cance, such that participants reporting greater stress perception 
at the online transition tended to report lower sleep quality at 
the transition (c = –.939, p < .001), but no other associations be-
tween stress perception and sleep intercepts and slopes were 
significant (see Tables 6 and 7).

Discussion
This study is the first, to our knowledge, to leverage intensive 
longitudinal data and multilevel growth models to identify sleep 
problem and stress trajectories, and the associations between 
these trajectories, in college students prior to, during, and after 
the transition to online learning associated with the COVID-19 
pandemic. Findings revealed varying short- and longer-term 
trends after transitioning online, notably demonstrating overall 
short-term improvements in sleep and stress, but worse quality 
sleep after greater stress count on both daily levels across the 
semester and average levels at the online transition. In add-
ition, worse average quality sleep at the online transition was 
associated with greater average perceptions of stress at the 
transition. Given U.S. first-year college students’ attribution of 
online learning as a key stressor during the onset of the pan-
demic [57]—but the potential for distance learning to reduce 
daily environmental demands (eg, commuting to class, late-
night gatherings)—accommodations of learning methodologies 
during global crises may have contributed to ameliorating im-
mediate student sleep health and stress experiences, but overall 

Table 4.  Within-individual random effects variances and fixed effects covariances of stress count and sleep parameters

  Stress count Sleep quality Sleep duration

Stress Count .845(.020)**
Sleep Quality –.073(.024)** 2.487(.057)**
Sleep Duration –.009(.026) .674(.047)** 2.829(.065)**

Analytic N = 164; 4269 total completed surveys. Within-person effects while controlling for growth before, during, and after transition online. Diagonal elements 

indicate variances of Level 1 within-individual random-effects of each outcome; off-diagonal elements indicate fixed-effects covariances between within-individual 

outcomes (Level 2).

*significant parameter at p < .05.

**significant parameter at p < .01.

Table 5.  Between-individual random intercept and random slope variances and covariances of stress count and sleep parameters

 
Stress count  
intercept

Stress count  
slope

Sleep qual.  
intercept

Sleep qual.  
slope

Sleep dur.  
intercept

Sleep dur.  
slope

Stress Count Intercept 2.369(.281)**
Stress Count Slope –.063(.040) .060(.011)**
Sleep Qual. Intercept –.538(.204)** .038(.039) 2.177(.265)**
Sleep Qual. Slope .071(.056) –.012(.010) –.016(.052) .104(.020)**
Sleep Dur. Intercept –.022(.106) –.006(.020) .262(.104)* –.010(.028) .533(.079)**
Sleep Dur. Slope .031(.039) –.010(.007) .053(.036) .017(.010) .057(.020)** .016(.010)

Analytic N = 164; 4269 total completed surveys. Diagonal elements indicate variances of random intercept and random slope for each outcome variable; off-diagonal 

elements indicate covariance between random intercept and random slope for each process.

*significant parameter at p < .05.

**significant parameter at p < .01.
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long-term trends in sleep quality, in particular, should be con-
textualized by students’ individual exposures to stress.

The first goal of our study was to examine stress, sleep 
quality, and sleep duration before, during, and after the tran-
sition to online learning. Trajectories of stress count, stress 
perception, and sleep duration prior to the transition online 
were consistent with our hypotheses and research on norma-
tive trends across an academic semester [26, 75]. Further in 
line with hypotheses, sleep duration increased once the uni-
versity announced remote learning; however, it then plateaued 
(rather than decreased, as hypothesized) as the semester con-
tinued, indicating an initial and long-term potentially promo-
tive association between the transition to remote learning and 
the ability to get more sleep, perhaps due to less time spent 
commuting and fewer evening social gatherings as a result of 
statewide restrictions. Exposure to stress experiences, as well 
as perceptions of stress experiences, also demonstrated short-
term reductions after the transition online, and both stress 
parameters continued to increase at significantly lower mag-
nitudes as school continued online compared to the beginning 
of the semester, contradicting our hypotheses and suggesting 
that remote learning and the onset of the pandemic may have 
coincided with a reduction of academic, financial, and interper-
sonal stress—as well as lower perceptions of stress—in college 
students both immediately and over the proceeding academic 
semester online. The finding that stress count during week-
days was lower than on weekends overall was unexpected, 
particularly given that students did not report differences in 
stress perception across the week. Such changes in stress ex-
posure, in particular, could reflect heightened exposures to fa-
milial, interpersonal, or financial stressors over the weekend; 
an apparent shift in weekend expectations from normative 
weekend activities to social isolation during the pandemic’s 
restrictions; or changes in routine to prepare for the beginning 
of the week.

Although sleep quality did not demonstrate marked de-
creases prior to the transition online as expected, it decreased 
during the latter half of the semester. Sleep quality initially im-
proved after the transition online, contrary to our predictions 
but accordant with recent findings of improved sleep quality in 
a small sample of high school students after transitioning on-
line [76]. Such short-term increases in sleep quality may have 
represented the novelty of having a break from everyday aca-
demic and social demands, but the long-term decreases in sleep 
quality, which ultimately regressed to pre-pandemic levels, may 
have also coincided with end-of-semester final projects and 
exams, an accumulation of typical daily demands in addition 
to simultaneous increases in local COVID-19 cases, or a natural 
adaptation to socially-distant lifestyles and remote learning.

Findings from the first aim of our study support preliminary 
evidence that the onset of the pandemic significantly altered 
sleep and stress experiences [77]; however, we illuminate the 
potentially adaptive consequences of remote learning during 
the pandemic among college students, findings which may 
aid in monitoring and mitigating future mental health crises 
in the COVID-19 era and beyond [15]. These results build off of 
biopsychosocial and contextual models of sleep [8], revealing 
that certain deviations in the expected cycle of young adult 
circadian and homeostatic rhythms may result from wide-
spread changes in daily routine (eg, distance learning) and so-
cietal changes (eg, global pandemic). Indeed, we corroborate 
cross-sectional findings suggesting that rates of stress and sleep 
problems were high during the onset of the pandemic [13, 47–
49], but our findings offer a pre-pandemic point of comparison 
centered at the transition to online learning, elucidating how 
stress and sleep problems may not necessarily have increased 
among college students, and previously increasing trends of 
stress exposure, stress perception, and sleep duration prior to 
pandemic onset may have actually improved after transitioning 
online. Health professionals and university administrators 

Table 6.  Within-individual random effects variances and fixed effects covariances of stress perception and sleep parameters

  Stress perception Sleep quality Sleep duration

Stress Perception 2.975(.070)**
Sleep Quality .036(.045) 2.486(.057)**
Sleep Duration –.029(.049) .673(.047)** 2.828(.065)**

Analytic N = 164; 4269 total completed surveys. Within-person effects while controlling for growth before, during, and after transition online. Diagonal elements 

indicate variances of Level 1 within-individual random-effects of each outcome; off-diagonal elements indicate fixed-effects covariances between within-individual 

outcomes (Level 2).

*significant parameter at p < .05.

**significant parameter at p < .01.

Table 7.  Between-individual random intercept and random slope variances and covariances of stress perception and sleep parameters

 
Stress per.  
intercept

Stress per.  
slope

Sleep qual.  
intercept

Sleep qual.  
slope

Sleep dur.  
intercept

Sleep dur.  
slope

Stress Per. Intercept 3.66(.456)**
Stress Per. Slope –.085(.091) .181(.033)**
Sleep Qual. Intercept –.939(.257)** .029(.068) 2.180(.265)**
Sleep Qual. Slope .050(.069) .012(.018) –.015(.052) .105(.021)**
Sleep Dur. Intercept .002(.134) .008(.036) .258(.104)* –.010(.028) .533(.079)**
Sleep Dur. Slope .008(.048) –.012(.013) .053(.037) .018(.011) .056(.020)** .016(.010)

Analytic N = 164; 4269 total completed surveys. Diagonal elements indicate variances of random intercept and random slope for each outcome variable; off-diagonal 

elements indicate covariance between random intercept and random slope for each process.

*significant parameter at p < .05.

**significant parameter at p < .01.
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should note that adapted learning with remote options during 
a global crisis may have both short- and long- term benefits on 
students’ stress exposure, stress perception, and sleep duration; 
however, maintaining good quality sleep, in particular, may not 
be sustainable as the repercussions of crises (eg, cases and 
deaths due to COVID-19) increase [1] and students take classes 
online without necessary peer interactions and support [59].

The second goal was to examine intraindividual and average 
associations between stress and sleep over the five-month 
period. Our hypotheses of within-individual associations were 
partially supported: periods with higher stress exposure were 
associated with worse subsequent sleep quality. We also found 
that days with high sleep quality were also linked with sim-
ultaneous longer sleep duration. Surprisingly, we did not find 
any significant within-individual associations between sleep 
and stress perception, perhaps indicating that daily changes in 
exposures to stress experiences are more robustly associated 
with indicators of immediate sleep. Between-individual differ-
ences also supported our hypotheses: higher stress exposure 
and perception were associated with worse sleep quality at the 
online transition. Sleep quality and duration at the transition 
were also positively associated. However, the absence of an as-
sociation between stress exposure or perception and sleep dur-
ation at both within-and between-individual levels across the 
semester conflicted with our predictions. These findings may be 
attributed to differential or quadratic sleep duration trends [78] 
in response to general or daily stress, such that some students 
might sleep more or less in response to stress. In addition, some 
research has shown that sleep quality—but not necessarily 
quantity—is associated with next-day HPA axis stress response 
[79]. We also note that, after Mid-March, the transition to online 
learning may have resulted in a diminution of environmental 
restrictions (eg, accountability to be on time for class) that 
would obstruct sleep duration, such that sleep quality would 
suffer more than duration in response to stress in this context. 
Together, within- and between-individual results indicate that 
stress on both a daily and average basis, centered at the on-
line transition, is associated with insufficient sleep quality in 
first-year college students during and across the onset of the 
COVID-19 pandemic.

Public health implications

Transitioning to online learning and related changes in environ-
mental, social, and academic demands may have unintention-
ally contributed to buffering student stress and sleep patterns 
for a short period during the COVID-19 pandemic. However, in 
line with other studies [15, 77], we encourage caregivers, admin-
istrators, and peers to be aware of the long-term negative im-
pact of social isolation and stress on sleep quality, in particular. 
Attention should be paid to the significant daily and average ef-
fects of stress exposure on sleep quality—compared with stress 
perception’s effects on average sleep quality only. Specifically, 
cognitive or behavioral interventions targeting individuals’ ap-
praisals of stressful events (ie, stress perception) during the shift 
to online learning (or during a global crisis) may help with stu-
dents’ overall sleep quality, but exposures to academic, financial, 
interpersonal, and environmental stressors—which are often 
influenced by sociocultural factors (eg, socioeconomic status, 
familial emphasis on academics) beyond an individual’s con-
trol—may be particularly detrimental to college students’ daily 

and overall sleep health. Given our findings that the transition on-
line was associated with a reduction in exposure to some envir-
onmental stimuli (eg, social or academic pressures), universities 
and institutions interested in promoting students’ long-term 
sleep quality may consider flexibility in learning modalities as a 
useful tool for reducing stress and promoting sleep health, par-
ticularly during times of global stress. In addition, given signifi-
cant findings that stress exposure (rather than stress perception) 
was linked with sleep quality on multiple levels, universities and 
institutions may also consider structural reforms (eg, financial 
aid, programs with psychoeducation on healthy relationships) to 
provide opportunities to reduce daily stress exposures.

In addition, specific student demographics are particu-
larly at-risk for detrimental outcomes. While non-White/
non-Hispanic ethnical/racial minority students reported fewer 
stressors overall, students who identified as female and stu-
dents reporting lower socioeconomic status experienced 
increased stress perception and worse sleep quality at the tran-
sition to distance learning. Findings related to gender are con-
sistent with prior literature highlighting increased stress and 
overall wellbeing vulnerabilities among female college students 
across the pandemic onset [16]. In addition, as almost 60% of 
college students report decreasing food security as a result of 
the COVID-19 pandemic (often due to employment and housing 
changes) [80], ongoing attention should be paid to the sleep 
health and stress experiences of students at-risk for significant 
financial concerns even after the pandemic. Leaders in univer-
sities and resource centers should consider these demographics 
when tailoring outreach and program development to support 
student mental health during and after the COVID-19 era [16]. 
Further, students who were living on their own or in university/
campus housing slept more overall than those living at home 
or with family. Although familial support during the COVID-19 
pandemic has been linked with decreased anxiety and depres-
sion [81], living with family may introduce additional obligations 
(eg, caretaking, assistance with schooling) that potentially ob-
struct students’ abilities to get to sleep or sleep in. Thus, it is in 
the interest of professors, staff, families, and clinicians to con-
sider a student’s living situation during remote learning when 
setting expectations for class performance.

Limitations

Our study would be enhanced by objective measurements of 
sleep (eg, actigraphy) rather than our use of self-report meas-
ures to reduce recall bias; however, self-reported diary reports 
have been shown to be accurate when reporting certain sleep 
parameters (eg, duration) [82]. In terms of our indicator of 
stress count, participants were asked to recall stress-related 
experiences across 2–3  days prior to their twice-weekly as-
sessment which introduced the potential for recall bias. 
Although we adapted our measure from a validated survey to 
include common stressors experienced by young adults, our 
interpretation of stress count was potentially more closely 
reflective of the types of stress exposures rather than stress 
levels. In addition, while participants were asked to recall 
stress exposures across the most recent few days (ie, “since 
the last survey”), they were asked to report sleep from the 
past night, and the timespan of stress experiences precluded 
the ability to establish directional associations between 
stress and sleep indicators. However, the stress perception 
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variable assessing same-day stress confirmed stress count 
trends, strengthening our confidence in characterizing stress 
as a whole across the semester. Although the study design 
aimed to represent weekend and weekday differences and 
capture the broadest range of experiences by using Sunday 
and Wednesday questionnaires, our data were limited to the 
same respective weekday and weekend day each week, thus 
potentially restricting our ability to better capture daily vari-
ability, particularly related to sleep duration and quality dif-
ferences across the week [24]. Future long-term EMA studies 
may consider variable interval sampling throughout the week 
[41]. Furthermore, assessing student access to technology 
during the transition to remote learning, whether students 
have been diagnosed with COVID-19, have been experien-
cing COVID-19 related symptoms or COVID-19 related stress, 
or have had close relatives affected by COVID-19, would have 
provided more robust information regarding unique sources 
of stress during this time period. Although our sample was 
representative of university demographics, and the study 
likewise had large proportions of both Hispanic/Latino and 
White students, we had a small proportion of non-White 
and non-Hispanic ethnic/racial groups, and the sample was 
limited to students attending one large university in the U.S. 
Southwest, thus restricting our ability to generalize trends to 
different racial/ethnic groups and individuals living in states 
that were differentially impacted by COVID-19 in the pan-
demic (eg, with earlier peak-rates of infections, such as states 
in the Northeastern region of the U.S.).

Of importance, this was the first study to intensively docu-
ment and identify trajectories of both sleep and stress and 
their covariation in college students before and after the tran-
sition to online learning due to the COVID-19 pandemic. The 
transition to online learning may have coincided with ameli-
orated trends in student stress and sleep problems overall, 
but worse sleep quality during the transition online was as-
sociated with greater simultaneous academic, financial, and 
interpersonal stress, altogether qualifying prior predictions of 
the pandemic’s negative biopsychosocial and contextual im-
pacts on youth [7] and young adult sleep to include both posi-
tive and deleterious health outcomes in a population at-risk 
for sleep problems. Particular groups of students (eg, females, 
lower-income) may be uniquely vulnerable to derivatives of 
the COVID-19 pandemic restrictions. Health professionals and 
leaders in higher education should aim to alleviate instances 
of increased stress and its associated sleep problems in col-
lege students during and after the COVID-19 era. Future studies 
should examine long-term implications of variations of stress 
and sleep and the extent to which these trends predict mental 
and physical health outcomes as students progress through a 
generational epoch of adapted online learning.

Funding
This work was supported by the Army Research Institute [grant 
#W911NF-17-1-0175].

Acknowledgments
The authors would like to thank Jennifer Kennedy and the under-
graduate research assistants involved in our study for their hard 
work and dedication to implementing study protocols.

Disclosure Statement
Financial disclosure: none. Non-financial disclosure: none.

Data Availability
A preprint of this manuscript is available on PsyArxiv Preprints 
(https://psyarxiv.com/m5zv9/) as of March 31, 2021. Submission 
to SLEEP does not infringe any copyright or license agreement.

References
	1.	 Centers for Disease Control and Prevention. United States 

COVID-19 Cases and Deaths by State over Time; 2020. 
https://data.cdc.gov/Case-Surveillance/United-States-
COVID-19-Cases-and-Deaths-by-State-o/9mfq-cb36. 
Accessed March 12, 2021.

	2.	 Mervosh  S, Lu  D, Swales  V. See Which States and Cities 
Have Told Residents to Stay at Home - The New York Times. 
https://www.nytimes.com/interactive/2020/us/coronavirus-
stay-at-home-order.html. Accessed March 29, 2021.

	3.	 Pan H. A glimpse of University Students’ family life amidst 
the COVID-19 virus. J Loss Trauma. 2020;25(6–7):594–597.

	4.	 Tasso  AF, et  al. COVID-19 disruption on college students: 
academic and socioemotional implications. Psychol Trauma. 
2021;13(1):9–15.

	5.	 Sladek MR, et al. Daily diary reports of social connection, ob-
jective sleep, and the cortisol awakening response during ado-
lescents’ first year of college. J Youth Adolesc. 2015;44(2):298–316.

	6.	 Viner RM, et al. Adolescence and the social determinants of 
health. Lancet. 2012;379(9826):1641–1652.

	7.	 Becker SP, et al. Editorial perspective: perils and promise for 
child and adolescent sleep and associated psychopathology 
during the COVID-19 pandemic. J Child Psychol Psychiatry. 
2020;61(7):757–759.

	8.	 Becker SP, et al. Advancing a biopsychosocial and contextual 
model of sleep in adolescence: a review and introduction to 
the special issue. J Youth Adolesc. 2015;44(2):239–270.

	9.	 Williams KE, et al. A developmental cascade model of behav-
ioral sleep problems and emotional and attentional self-regula-
tion across early childhood. Behav Sleep Med. 2017;15(1):1–21.

	10.	 Cao W, et al. The psychological impact of the COVID-19 epidemic 
on college students in China. Psychiatry Res. 2020;287:112934.

	11.	 Center for Collegiate Mental Health. 2015 Annual Report 
(Publication No. STA 15-108). 2016.

	12.	 Son C, et al. Effects of COVID-19 on College Students’ mental 
health in the United States: interview survey study. J Med 
Internet Res. 2020;22(9):e21279.

	13.	 Marelli  S, et  al. Impact of COVID-19 lockdown on sleep 
quality in university students and administration staff. J 
Neurol. 2020;1:3.

	14.	 Gao C, et al. Sleep health early in the coronavirus disease 
2019 (COVID-19) outbreak in the United States: integrating 
longitudinal, cross-sectional, and retrospective recall data. 
Sleep Med. 2020;73:1–10.

	15.	 Cohen AK, et al. A descriptive study of COVID-19-related ex-
periences and perspectives of a National Sample of College 
Students in Spring 2020. J Adolesc Health. 2020;67(3):369–375.

	16.	 Hoyt LT, et al. “Constant stress has become the new normal”: 
stress and anxiety inequalities among U.S. college students 
in the time of COVID-19. J Adolesc Health. 2021;68(2):270–276.

	17.	 Gaudreau  H, et  al. Age-related modifications of NREM 
sleep EEG: from childhood to middle age. J Sleep Res. 
2001;10(3):165–172.

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/44/12/zsab193/6332862 by guest on 13 D

ecem
ber 2021

https://psyarxiv.com/m5zv9/
https://data.cdc.gov/Case-Surveillance/United-States-COVID-19-Cases-and-Deaths-by-State-o/9mfq-cb36
https://data.cdc.gov/Case-Surveillance/United-States-COVID-19-Cases-and-Deaths-by-State-o/9mfq-cb36
https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-home-order.html
https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-home-order.html


12  |  SLEEPJ, 2021, Vol. 44, No. 12

	18.	 Tarokh L, et al. Dissipation of sleep pressure is stable across 
adolescence. Neuroscience. 2012;216:167–177.

	19.	 Jenni OG, et al. Homeostatic sleep regulation in adolescents. 
Sleep. 2005;28(11):1446–1454. doi: 10.1093/sleep/28.11.1446.

	20.	 Taylor DJ, et  al. Sleep tendency during extended wakeful-
ness: insights into adolescent sleep regulation and be-
havior. J Sleep Res. 2005;14(3):239–244.

	21.	 Maslowsky  J, et  al. Developmental trends in sleep dur-
ation in adolescence and young adulthood: evidence 
from a national United States sample. J Adolesc Health. 
2014;54(6):691–697.

	22.	 Doane LD, et al. Multi-method assessments of sleep over the 
transition to college and the associations with depression 
and anxiety symptoms. J Youth Adolesc. 2015;44(2):389–404.

	23.	 Lund HG, et al. Sleep patterns and predictors of disturbed 
sleep in a large population of college students. J Adolesc 
Health. 2010;46(2):124–132.

	24.	 Tsai LL, et al. Sleep patterns in college students: gender and 
grade differences. J Psychosom Res. 2004;56(2):231–237.

	25.	 Strauch  I, et  al. Sleep need in adolescents: a longitu-
dinal approach. Sleep. 1988;11(4):378–386. doi: 10.1093/
sleep/11.4.378.

	26.	 Hawkins J, et al. Self-reported sleep quality in college stu-
dents: a repeated measures approach. Sleep. 1992;15(6):545–
549. doi: 10.1093/sleep/15.6.545.

	27.	 Tavernier R, et al. Bidirectional associations between sleep 
(quality and duration) and psychosocial functioning across 
the university years. Dev Psychol. 2014;50(3):674–682.

	28.	 Okano K, et al. Sleep quality, duration, and consistency are 
associated with better academic performance in college 
students. NPJ Sci Learn. 2019;4:16.

	29.	 Dahl RE. The regulation of sleep and arousal: development 
and psychopathology. Dev Psychopathol. 1996;8:3–27.

	30.	 Elder  GJ, et  al. The cortisol awakening response–applica-
tions and implications for sleep medicine. Sleep Med Rev. 
2014;18(3):215–224.

	31.	 Van Reeth O, et al. Interactions between stress and sleep: 
from basic research to clinical situations. Sleep Med Rev. 
2000;4(2):201–219.

	32.	 Difrancesco  S, et  al. The day-to-day bidirectional longitu-
dinal association between objective and self-reported sleep 
and affect: an ambulatory assessment study. J Affect Disord. 
2021;283:165–171.

	33.	 Cox  RC, et  al. Time of day effects on the relationship be-
tween daily sleep and anxiety: an ecological momentary 
assessment approach. Behav Res Ther. 2018;111:44–51.

	34.	 Galambos  NL, et  al. Who sleeps best? Longitudinal pat-
terns and covariates of change in sleep quantity, quality, 
and timing across four university years. Behav Sleep Med. 
2013;11(1):8–22.

	35.	 Amaral AP, et al. Sleep difficulties in college students: the 
role of stress, affect and cognitive processes. Psychiatry Res. 
2018;260:331–337.

	36.	 Yap Y, et al. Bi-directional relations between stress and self-
reported and actigraphy-assessed sleep: a daily intensive 
longitudinal study. Sleep Res Soc. 2020;40(3). doi:10.1093/
sleep/zsz250

	37.	 Lazarus  RS, et  al. Stress, Appraisal, and Coping. New York: 
Springer Publishing; 1984.

	38.	 Pilcher JJ, et al. Sleep quality versus sleep quantity: relationships 
between sleep and measures of health, well-being and sleepi-
ness in college students. J Psychosom Res. 1997;42(6):583–596.

	39.	 Verlander LA, et al. Stress and sleep patterns of college stu-
dents. Percept Mot Skills. 1999;88(3 Pt 1):893–898.

	40.	 Kripke  DF, et  al. Mortality associated with sleep duration 
and insomnia. Arch Gen Psychiatry. 2002;59(2):131–136.

	41.	 Shiffman S, et al. Ecological momentary assessment. Annu 
Rev Clin Psychol. 2008;4:1–32.

	42.	 Doane LD, et al. Associations among sleep, daily experiences, 
and loneliness in adolescence: evidence of moderating and 
bidirectional pathways. J Adolesc. 2014;37(2):145–154.

	43.	 Fuligni  AJ, et  al. Daily variation in adolescents’ sleep, 
activities, and psychological well-being. J Res Adolesc. 
2006;16(3):353–378.

	44.	 Summers  C, et  al. Depression and stress generation: can 
sleep quality bridge the gap? Sleep. 2020;43(Supplement_1).
doi: 10.1093/sleep/zsaa056.1080.

	45.	 Francis PC, et al. Mental health issues and counseling services 
in US higher education: an overview of recent research and 
recommended practices. High Educ Policy. 2017;30:263–277.

	46.	 Cellini N, et al. Changes in sleep pattern, sense of time and 
digital media use during COVID-19 lockdown in Italy. J Sleep 
Res. 2020;29(4):e13074.

	47.	 Robillard R, et al. Profiles of sleep changes during the COVID-
19 pandemic: demographic, behavioural and psychological 
factors. J Sleep Res. 2021;30(1):e13231.

	48.	 Zhuo  K, et  al. Stress and sleep: a survey based on wear-
able sleep trackers among medical and nursing staff in 
Wuhan during the COVID-19 pandemic. Gen Psychiatr. 
2020;33(3):e100260.

	49.	 Zhou SJ, et al. Sleep problems among Chinese adolescents 
and young adults during the coronavirus-2019 pandemic. 
Sleep Med. 2020;74:39–47.

	50.	 Wegener DT, et al. Analysis and design for nonexperimental 
data: addressing causal and noncausal hypothesis. In: 
Reis  HT, Judd  CM, eds. Handbook of Research Methods in 
Social and Personality Psychology. New York, NY: Cambridge 
University Press; 2000:412–450. https://psycnet.apa.org/
record/2000-07611-016

	51.	 Shadish  WR, et  al. Experimental and Quasi-Experimental 
Designs for Generalized Causal Inference. Boston, MA: 
Houghton Mifflin Company; 2002.

	52.	 Pépin  JL, et  al. Greatest changes in objective sleep 
architecture during COVID-19 lockdown in night-owls with 
increased REM sleep. Sleep. 2021;44(9). doi:10.1093/sleep/
zsab075

	53.	 Wright  KP Jr, et  al. Sleep in university students prior to 
and during COVID-19 Stay-at-Home orders. Curr Biol. 
2020;30(14):R797–R798.

	54.	 Benham G. Stress and sleep in college students prior to and 
during the COVID-19 pandemic. Stress Heal. 2021;37(3):504–
515. doi:10.1002/smi.3016

	55.	 Evans S, et al. Effects of the COVID-19 lockdown on mental 
health, wellbeing, sleep, and alcohol use in a UK student 
sample. Psychiatry Res. 2021;298:113819.

	56.	 Hyun S, et al. Psychological correlates of poor sleep quality 
among U.S. young adults during the COVID-19 pandemic. 
Sleep Med. 2021;78:51–56.

	57.	 Fruehwirth  JC, et  al. The Covid-19 pandemic and mental 
health of first-year college students: examining the effect 
of Covid-19 stressors using longitudinal data. PLoS One. 
2021;16(3):e0247999.

	58.	 Woods  RH, et  al. Interaction and immediacy in online 
learning. Int Rev Res Open Distance Learn. 2004;5(2):1–10. 
doi:10.19173/irrodl.v5i2.186

	59.	 Galambos  NL, et  al. Rise and fall of sleep quantity and 
quality with student experiences across the first year of 
University. J Res Adolesc. 2010;21(2):342–349.

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/44/12/zsab193/6332862 by guest on 13 D

ecem
ber 2021

https://doi.org/10.1093/sleep/zsz250
https://doi.org/10.1093/sleep/zsz250
https://psycnet.apa.org/record/2000-07611-016
https://psycnet.apa.org/record/2000-07611-016
https://doi.org/10.1093/sleep/zsab075
https://doi.org/10.1093/sleep/zsab075
https://doi.org/10.1002/smi.3016
https://doi.org/10.19173/irrodl.v5i2.186


Gusman et al.   |  13

	60.	 Arnett  JJ. Emerging adulthood. A  theory of development 
from the late teens through the twenties. Am Psychol. 
2000;55(5):469–480.

	61.	 Moderie C, et al. Circadian phase, dynamics of subjective sleepi-
ness and sensitivity to blue light in young adults complaining 
of a delayed sleep schedule. Sleep Med. 2017;34:148–155.

	62.	 Becker  SP, et  al. Prospective examination of adolescent 
sleep patterns and behaviors before and during COVID-19. 
SleepJ. 2021;44(8). doi:10.1093/sleep/zsab054

	63.	 Charles  NE, et  al. Increased mood disorder symptoms, 
perceived stress, and alcohol use among college stu-
dents during the COVID-19 pandemic. Psychiatry Res. 
2021;296:113706.

	64.	 Sinha M, et al. Association of mid sleep time and social jetlag 
with psychosocial behaviour of Indian population during 
COVID-19 lockdown. J Public Health Res. 2020;9(4):1870.

	65.	 Chiang  JJ, et  al. Daily interpersonal stress, sleep dur-
ation, and gene regulation during late adolescence. 
Psychoneuroendocrinology. 2019;103:147–155.

	66.	 Akerstedt T, et al. The subjective meaning of good sleep, an 
intraindividual approach using the Karolinska Sleep Diary. 
Percept Mot Skills. 1994;79(1 Pt 1):287–296.

	67.	 Compas BE, et al. Assessment of major and daily stressful 
events during adolescence: the Adolescent Perceived 
Events Scale. J Consult Clin Psychol. 1987;55(4):534–541.

	68.	 Brooks JH, et al. Individual and environmental predictors of 
adjustment during the first year of college. J Coll Stud Dev. 
1995;36(4):347–360.

	69.	 Kamarck  TW, et  al. Psychosocial stress and cardiovas-
cular risk: what is the role of daily experience? J Pers. 
2005;73(6):1749–1774.

	70.	 Fischer H. Gov. Ducey declares health state of emergency for 
Arizona to fight coronavirus outbreak | Arizona and Regional 
News | tucson.com. Tucson.com. March 2020. https://tucson.
com/news/state-and-regional/gov-ducey-declares-health-
state-of-emergency-for-arizona-to/article_65d68ab2-63e6-
11ea-bbdc-3779fda48cb1.html. Accessed June 17, 2021.

	71.	 Conger  RD, et  al. Pathways of economic influence 
on adolescent adjustment. Am J Community Psychol. 
1999;27(4):519–541.

	72.	 Benitez  J, et  al. Racial and ethnic disparities in COVID-
19: evidence from six large cities. J Econ Race, Policy. 
2020;3(4):243–261.

	73.	 Muthén LK, Muthén BO. Mplus User’s Guide. 8th ed. Los 
Angeles, CA: Muthén & Muthén; 1998–2017.

	74.	 Enders  CK. Applied Missing Data Analyses. New York: The 
Guilford Press; 2010.

	75.	 Baghurst T, et al. An examination of stress in college stu-
dents over the course of a semester. Health Promot Pract. 
2014;15(3):438–447.

	76.	 Gruber R, et al. The impact of COVID-19 related school shut-
down on sleep in adolescents: a natural experiment. Sleep 
Med. 2020;76:33–35.

	77.	 Liu CH, et al. Evidence for elevated psychiatric distress, poor 
sleep, and quality of life concerns during the COVID-19 pan-
demic among U.S. young adults with suspected and reported 
psychiatric diagnoses. Psychiatry Res. 2020;292:113345.

	78.	 Buxton  OM, et  al. Short and long sleep are positively as-
sociated with obesity, diabetes, hypertension, and cardio-
vascular disease among adults in the United States. Soc Sci 
Med. 2010;71(5):1027–1036.

	79.	 Bassett SM, et al. Sleep quality but not sleep quantity effects 
on cortisol responses to acute psychosocial stress. Stress. 
2015;18(6):638–644.

	80.	 Mialki K, et al. Covid-19 and College Students: food security 
status before and after the onset of a pandemic. Nutrients. 
2021;13(2):628.

	81.	 Liu  CH, et  al. Factors associated with depression, anx-
iety, and PTSD symptomatology during the COVID-19 
pandemic: clinical implications for U.S.  young adult 
mental health. Psychiatry Res. 2020;290:1–7. doi:10.1016/j.
psychres.2020.113172

	82.	 Sadeh  A. Iii. Sleep assessment methods. Monogr Soc Res 
Child Dev. 2015;80(1):33–48.

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/44/12/zsab193/6332862 by guest on 13 D

ecem
ber 2021

https://doi.org/10.1093/sleep/zsab054
https://tucson.com/news/state-and-regional/gov-ducey-declares-health-state-of-emergency-for-arizona-to/article_65d68ab2-63e6-11ea-bbdc-3779fda48cb1.html
https://tucson.com/news/state-and-regional/gov-ducey-declares-health-state-of-emergency-for-arizona-to/article_65d68ab2-63e6-11ea-bbdc-3779fda48cb1.html
https://tucson.com/news/state-and-regional/gov-ducey-declares-health-state-of-emergency-for-arizona-to/article_65d68ab2-63e6-11ea-bbdc-3779fda48cb1.html
https://tucson.com/news/state-and-regional/gov-ducey-declares-health-state-of-emergency-for-arizona-to/article_65d68ab2-63e6-11ea-bbdc-3779fda48cb1.html
https://doi.org/10.1016/j.psychres.2020.113172
https://doi.org/10.1016/j.psychres.2020.113172

