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Abstract

Objectives—To assess changes in duration, timing, and social jetlag in adolescent sleep 

during the COVID-19 pandemic and evaluate the impact of mood, physical activity, and social 

interactions on sleep.

Study Design—An online survey queried adolescents’ sleep before (through retrospective 

report) and during the initial phase of COVID-19 in May 2020. Adolescents (N = 3,494), 13–19 

years old, in the United States (U.S.) answered questions about their current and retrospective 

(prior to COVID-19) sleep, chronotype, mood, and physical and social activities. Linear regression 

models were fit for time in bed, reported bed and wake times, and social jetlag during COVID-19, 

accounting for pre-COVID-19 values.

Results—Total reported time in bed (a proxy for sleep duration) increased on weekdays by an 

average of 1.3 ± 1.8 hours (p < 0.001) during COVID-19, compared to retrospective report of 

time in bed prior to COVID-19. During COVID-19, 81.3% of adolescents reported spending 8 

hours or more in bed on weekdays compared to only 53.5% prior to COVID-19. On weekdays, 

bedtimes were delayed on average by 2.5 hours and wake times by 3.8 hours during COVID-19 

compared to prior to COVID-19. On weekends, bedtimes were delayed on average by 1.6 hours 

and waketimes by 1.5 hours (all p’s < 0.001). Social jetlag of > 2 hours decreased to 6.3% during 

COVID-19 compared to 52.1% prior to COVID-19. Anxiety and depression symptoms and a 

decline in physical activity during COVID-19 were associated with delayed bed and wake times 

during COVID-19.

Conclusions—During COVID-19, adolescents reported spending more time in bed, with most 

adolescents reporting 8 hours of sleep opportunity and more consistent sleep schedules. As 

schools return to in-person learning, additional research should examine how sleep schedules may 
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change due to school start times and what lessons can be learned from changes that occurred 

during COVID-19 that promote favorable adolescent sleep.
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Introduction

The COVID-19 pandemic significantly disrupted routines and schedules for both youth 

and adults but the impact on sleep in United States (U.S.) adolescents is not fully known. 

Adolescence is a developmental period marked by multiple biological, environmental, and 

social factors contributing to high rates of insufficient and delayed sleep (Crowley, Wolfson, 

Tarokh, & Carskadon, 2018). According to Youth Risk Behavior survey data pre-pandemic, 

75% of 12th grade students reported obtaining < 8 hours of sleep per night and up to 25% 

report < 6 hours of sleep per night (Centers for Disease Control and Prevention, 2019) As 

evidence is emerging about the impacts of a pandemic on sleep, it has been posited that 

the COVID-19 pandemic may have both positive and negative effects on adolescents’ sleep 

(Becker & Gregory, 2020; Stearns, Ievers-Landis, McCrae, & Simon, 2021).

School closures and the implementation of virtual learning during the early months of the 

pandemic caused changes to school start times and academic demands for many adolescents. 

Many high schools in the U.S. have start times prior to 8:30AM, which, in combination 

with a physiological delay in circadian rhythms that results in later sleep onset, limits sleep 

opportunity for adolescents (Adolescent Sleep Working Group, Committee on Adolescence, 

& Council on School Health, 2014; Crowley et al., 2018). Additionally, this can create an 

increase in social jetlag, defined as a > 2-hour difference in sleep timing from weekdays 

to weekends, which may result in daytime tiredness or fatigue (Mindell & Owens, 2015). 

In adolescence, this often looks like going to bed later and waking up later on weekends 

compared to weekdays. A shift to a more flexible or delayed school schedule may provide 

the opportunity for adolescents, particularly those with an evening chronotype, or later 

sleep timing preference, to obtain significantly more sleep and reduce social jetlag (Becker 

& Gregory, 2020). Indeed, in a Canadian study of qualitative phone interviews during 

COVID-19, adolescents reported increased sleep duration (primarily due to later wake 

times), improved sleep quality, and less daytime sleepiness (Gruber, Saha, Somerville, 

Boursier, & Wise, 2020). Adolescents attributed these changes to not having to wake at a set 

time to attend school and reduced school stress (Gruber et al., 2020).

Overall, results from adolescent- and parent-reported online surveys and qualitative 

interviews consistently report sleep duration increased and bed/wake times delayed during 

COVID-19 compared to retrospective reports prior to COVID-19 (Bruni et al., 2021; 

Illingworth, Mansfield, Espie, Fazel, & Waite, 2022; Lim et al., 2021; López-Bueno et al., 

2020; Lu et al., 2020; Meltzer, Saletin, et al., 2021; Zhou et al., 2020). Across studies, risk 

factors for poor sleep (elevated insomnia symptoms, delayed sleep/wake schedule) included 

depression and anxiety symptoms, including COVID-19 specific sadness, fears, and worries 

(Becker et al., 2021; Bruni et al., 2021; Lim et al., 2021; López-Bueno et al., 2020; Lu et 
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al., 2020; Zhou et al., 2020). Factors associated with better sleep included physical activity 

and social support (Becker et al., 2021; Bruni et al., 2021; Lim et al., 2021; López-Bueno et 

al., 2020; Lu et al., 2020; Zhou et al., 2020). However, many of these studies are limited by 

reliance on parent report rather than direct adolescent report, mixed quality of the measures 

used to assess sleep, and comparison of assessments taken during COVID-19 to other 

samples evaluated prior to the pandemic.

While COVID-19 likely led to improved sleep opportunity and duration for adolescents, 

other factors such as increased mood symptoms, decreased social support and reduced 

physical activity may have negatively impacted sleep in adolescents during COVID-19. 

Pandemic-related stress and social isolation may increase anxiety and depression symptoms; 

social distancing measures and limited extracurricular activities may reduce social 

interactions with peers; and closures of sports teams and restrictions on use of outdoor 

spaces may have reduced physical activity of adolescents. Two online surveys of adolescents 

and young adults in China found high rates of insomnia symptoms in respondents during 

the COVID-19 pandemic, with depression and anxiety symptoms being risk factors for sleep 

disturbance (Lu et al., 2020; Zhou et al., 2020). However, no prior studies have evaluated 

risk and protective factors for multiple dimensions of sleep in a large sample of U.S. 

adolescents.

The objectives of the current study were to: 1) examine changes in time in bed, sleep 

timing, and social jetlag during the COVID-19 pandemic compared to pre-COVID-19 sleep; 

and 2) evaluate the impact of mood, sleep timing preference, insomnia symptoms, physical 

activity, and social interactions during COVID-19 as they relate to time in bed, bed and wake 

times, and social jetlag during the COVID-19 pandemic. We hypothesized that adolescents 

would report longer time in bed, delayed bed and wake times, and have reduced social 

jetlag during COVID-19 compared to pre-COVID-19. Additionally, we hypothesized that 

increased physical activity and social interactions during COVID-19 would be protective for 

sleep (increased time in bed and reduced social jetlag), while greater mood symptoms would 

be a risk factor for unfavorable sleep (shorter time in bed and greater social jetlag).

Methods

An online self-report survey was completed by U.S. high school students between the ages 

of 13- and 19-years old. Adolescents were recruited through social media ads on Facebook 

during a two-week period in May 2020. The ads linked to a description of the study and 

a screening and consent page on the Research Electronic Data Capture (REDCap; (Harris 

et al., 2009) platform through the University of Colorado Denver. Participants answered 

several screening questions and if they met inclusion criteria and provided informed consent 

(if over age 18) or assent, attesting to parent/guardian permission to participate (if under 

age 18) then participants completed the survey electronically. If participants did not provide 

consent or assent to participate or did not meet inclusion criteria, they were redirected to a 

page informing them they were not eligible to take the survey and thanking them for their 

time. Participants were allowed to opt out of any item and withdraw from the survey at any 

time. No compensation was provided. Study procedures were consistent with the Colorado 
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Multiple Institutional Review Board guidelines and IRB approval was obtained prior to 

adolescent participation and completion of study measures.

The survey used a combination of previously validated measures and items derived by the 

authors for the purpose of the study to assess sleep (time in bed, timing, and social jetlag), 

mood, and behaviors currently (during the COVID-19 pandemic) and retrospectively (prior 

to COVID-19). Participants were asked to complete a range of measures based on their 

current functioning during the COVID-19 pandemic and to think retrospectively on their 

functioning before the COVID-19 pandemic began. Specifically, participants were asked 

to report their bedtime and waketime on weekdays and weekends currently and prior to 

COVID-19, which was used to describe sleep timing. Time in bed was calculated as the 

difference between bed and wake times and was used as a proxy for sleep duration. This is 

a common approach utilized in pediatric sleep research (Paruthi et al., 2016). Social jetlag 

was calculated as the difference between weekend and weekday midpoints. Social jetlag 

of > 2 hours was used as a cut off based on commonly reported oversleep in adolescents 

and previous research indicating healthy sleepers have variability of 60 minutes or less in 

their sleep times and regularity in sleep contributes to overall sleep health (DeSantis et al., 

2019, Mindell & Owens, 2015; Okun et al., 2011). Sleep midpoints were calculated as the 

midpoint between reported bedtime and waketime.

The Pediatric Insomnia Severity Index (PISI) (Byars, Simon, Peugh, & Beebe, 2017) was 

used to assess insomnia symptoms both currently (during COVID-19) and retrospectively 

(prior to COVID-19). Items are rated on a 6-point scale from 0 = never to 5 = 

always and higher scores indicate more problems with sleep. Chronotype, assessed during 

COVID-19 only, was evaluated with the Morningness/Eveningness Scale for Children 

(MESC) (Carskadon, Vieira, & Acebo, 1993). Scores range from 10–42 with higher scores 

indicating greater morningness preference. MESC scores were categorized into eveningness, 

morningness, and intermediate preference for descriptive purposes. A MESC score of ≤ 

23 indicates evening preference, ≥ 24 and ≤ 27 indicates intermediate preference, and ≥ 

28 indicates a morning preference (Díaz-Morales, 2015). Current anxiety and depression 

symptoms during COVID-19 were measured with the PROMIS Anxiety and Depression 

short form measures (Irwin et al., 2012). Each item is rated on a 5-point scale based 

on symptoms over the past week and raw scores are summed and converted to T-scores. 

Descriptive categories were defined by the PROMIS developers, with T-scores of 50 and 

below described as “within normal limits,” 50–55 as “mild,” 55–65 as “moderate,” and 65 

and above as “severe” (Northwestern University, 2020).

Participants were asked to estimate whether their participation in various activities either 

increased, decreased, or stayed the same during COVID-19 compared to pre-COVID-19 

(e.g., physical activity, social interactions, electronics use, time in bed during the day). 

Demographic information (e.g., age, gender identity, race/ethnicity), school participation 

(e.g., grade, in-person vs virtual), and current local COVID-19 prevention measures (e.g., 

stay-at-home orders) were queried. To determine socioeconomic status, participants were 

asked to provide their zip code and this was categorized according to the Economic 

Innovation Group’s Distressed Communities Index (DCI; www.eig.org/dci). The complete 

questionnaire is available in Appendix A.
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Analyses

Self-reported demographic, clinical, and sleep characteristics were summarized using 

frequencies and percentages for categorical variables and means with standard deviations. 

Difference in sleep outcomes from pre-COVID-19 to during COVID-19 were assessed 

using paired t-test, with effect sizes calculated as the mean difference divided by the 

standard deviation of the difference. McNemar’s tests were used to compare pre- and during 

COVID-19 proportions of subjects who had time in bed ≥ 8 hours, social jetlag > 2 hours, 

bedtimes after midnight, and wake times before 7:00 AM.

Separate linear regression models were fit for each sleep outcome during COVID-19 (time 

in bed on weekdays and weekends, bedtimes on weekdays and weekends, wake times 

on weekdays and weekends, and social jetlag). For each of the outcomes, three models 

were fit including three different sets of variables: 1) change in physical activity and 

social interactions (self-reported as either an increase or same amount versus a decrease 

or never participating in the activity from pre-COVID to during COVID-19) and PISI score 

during COVID-19, 2) MESC score during COVID-19 and school type during COVID-19 

(self-reported as either in-person or not in-person), and 3) depression and anxiety diagnoses 

and current PROMIS score categories (categorized as Severe versus Moderate or below). 

The groupings of variables were chosen based on clinical reasoning. For each of the 21 

models fit, the self-reported baseline (pre-COVID-19) sleep outcome variable was included 

in the model as a covariate. For a given model, only individuals with complete data specific 

to that model were included. As a measure of effect size, partial R2 attributable to each sleep 

outcome variable are reported for each model.

A significance level of 0.05 was used to determine statistical significance. Data were 

visualized using boxplots. Data cleaning, analysis, and visualization was done in RStudio 

(version 2021.09.0.351, R version 4.1.2) (RStudio Team, 2020).

Results

Participant Characteristics

A total of 7,186 survey responses were received. Of those, 1,099 did not agree to consent 

for the study, and 854 did not meet age requirements and thus did not go on to answer 

survey questions. Additionally, 1,739 responses were excluded due to missing answers for 

bed and wake times, which are required to calculate the sleep variables. Data from a total 

of 3,494 adolescents with average age 16.2 ± 1.1 years old from 48 states in the U.S. were 

analyzed (see Table 1). Most participants identified as female (65.4%) and White (72.7%). 

Twenty-seven percent of respondents came from at-risk or distressed communities based 

on the DCI. Prior to COVID-19 shutdowns, 94.9% of participants reported attending a 

traditional, in-person high school, with the remainder attending online school, home-school, 

or another type of school. During COVID-19, 80.7% of participants reported their local 

community was on stay-at-home orders and only 7.3% stated they were still attending in 

person school.

Half of respondents endorsed an Evening chronotype (49.7%). During COVID-19, 

half of participants (52.6%) endorsed PROMIS Depression scores in the Severe range 

Wesley et al. Page 5

Behav Sleep Med. Author manuscript; available in PMC 2024 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(M=64.37 ±11.48), and one-third (31.4%) endorsed PROMIS Anxiety scores in the Severe 

range (M=57.85 ±13.50). During COVID-19, two-thirds (66.9%) of participants endorsed 

spending no time or less time engaging in social interactions and half (52.2%) reported 

engaging in no physical activity or less physical activity compared to before COVID-19.

Change in Time in Bed

During COVID-19, total reported time in bed increased on weekdays by an average of 

1.35 ± 1.78 hours (p < 0.001) and decreased on weekends by an average of 0.18 ± 1.76 

hours (p < 0.001) compared to retrospective report of before COVID-19 (see Table 2). 

Prior to COVID-19, 53.5% of adolescents reported more than 8 hours of sleep per night on 

weekdays and 88.2% on weekends, and this increased to 81.3% on weekdays and stayed 

relatively consistent at 82% on weekends during COVID-19 (both p’s < 0.001).

Change in Bedtimes

During COVID-19, bedtimes were delayed on weekdays by an average of 2.51 ± 1.91 hours 

(p < 0.001) and on weekends by 1.65 ± 1.79 hours (p < 0.001) compared to retrospective 

report of before COVID-19 (see Table 2 and Figure 1). Prior to COVID-19, 5.7% of 

adolescents reported a bedtime after midnight on weekdays and 37.2% on weekends, and 

this increased to 60.6% on weekdays and 71.6% on weekends during COVID-19 (both p’s < 

0.001).

Change in Waketimes

During COVID-19, waketimes were delayed on weekdays by 3.85 ± 2.40 hours (p < 

0.001) and on weekends by 1.47 ± 2.07 hours (p < 0.001) during COVID-19 compared to 

retrospective report of before COVID-19 (see Table 2 and Figure 1). Prior to COVID-19, 

73.2% of adolescents reported a waketime before 7:00 AM on weekdays and 3.2% on 

weekends, and this decreased to 4.4% on weekdays (p < 0.001) and 2.7% on weekends (p = 

0.12) during COVID-19.

Change in Social Jetlag

Prior to COVID-19, 52.1% of adolescents retrospectively endorsed social jetlag >2 hours, 

which decreased to 6.3% during COVID-19 (p < 0.001). During COVID-19, social jetlag 

was reduced to an average of 0.6 ± 0.98 hours from 2.2 ± 1.1 hours before COVID-19 (p < 

0.001) (see Table 2 and Figure 1).

Factors Associated with Changes in Time in Bed, Sleep Timing, and Social Jetlag

Change in Physical Activity, Social Interactions, and PISI Scores.—Models were 

fit for each sleep variable based on the following predictors: change in physical activity, 

change in social interactions, and PISI scores, controlling for pre-COVID-19 sleep.

Physical Activity.—Adolescents who reported no physical activity or a decrease in 

physical activity during COVID-19 had an estimated shift in bedtime of 24 minutes later 

(95% CI: 16.5, 31.6, p < 0.001) during weekdays and 25.3 minutes later during weekends 

(95% CI: 18.3, 32.3, p < 0.001), compared to those engaging in the same or more physical 
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activity during COVID-19 (Tables B.1 and B.2). Similarly, adolescents who reported no 

physical activity or a decrease in physical activity during COVID-19 had an estimated shift 

in waketime of 31 minutes later (95% CI: 21.8, 40.2, p < 0.001) during the weekdays and 

28.8 minutes later during the weekends (95% CI: 20.8, 36.7, p < 0.001), compared to those 

engaging in the same or more physical activity during COVID-19 (Tables B.7 and B.8). 

Change in physical activity was not significantly associated with change in time in bed or 

change in social jetlag (Tables B.13, B.14, and B.19).

Social Interactions.—Adolescents who reported no social interactions or a decrease in 

social interactions during COVID-19 had an estimated shift in waketime of 10 minutes 

later (95% CI: −19.8, −0.3, p-value = 0.44) on weekdays (Table B.7). Change in social 

interactions was not significantly associated with bedtime, weekend waketime, time in bed, 

or social jetlag during COVID-19 (Tables B.1, B.2, B.8, B.13, B.14, and B.19).

PISI Score.—During COVID-19, PISI scores were significantly higher by 2.06 ± 6.06 

points, indicating greater insomnia symptoms compared to retrospective report prior to 

COVID-19 (p < 0.001) (see Table 1). For each 1-point increase in current PISI score during 

COVID-19, indicating greater insomnia symptoms, bedtime was delayed by 1.4 minutes 

(95% CI: 0.8, 1.9, p-value < 0.001) on weekdays and 1.6 minutes (95% CI: 1.1, 2.2, p-value 

< 0.001) on weekends (Tables B.1 and B.2). Similarly, during COVID-19 waketimes were 

delayed by 1.3 minutes (95% CI 0.6, 2, p-value < 0.001) on weekdays and 1.9 minutes 

(95% CI: 1.3, 2.5, p-value < 0.001) on weekends (Tables B.7 and B.8). An increase in PISI 

score during COVID-19 was significantly associated with greater during COVID-19 social 

jetlag, but only by 0.5 minutes (95% CI: 0.2, 0.8, p-value = 0.001) (Table B.19). PISI score 

during COVID-19 was not significantly associated with time in bed during COVID-19 while 

adjusting for change in physical activity, change in social interactions, and pre-COVID-19 

time in bed (Tables B.13 and B.14).

Anxiety and Depression Symptoms and Diagnoses.—Models were fit for each 

sleep variable based on the following predictors: PROMIS Anxiety and Depression score 

categories and anxiety and depression diagnoses, controlling for pre-COVID-19 sleep.

Anxiety Symptoms.—Adolescents who scored in the Severe range on the PROMIS 

Anxiety scale during COVID-19 had a delay in weekday bedtimes by an estimated 15.9 

minutes (95% CI: 6.2, 25.5, p-value = 0.001) and weekend bedtimes by 15.2 minutes (95% 

CI: 6.2, 24.2, p-value = 0.001) compared to adolescents with Moderate or below levels of 

anxiety (Tables B.3 and B.4). A score in the Severe range on the PROMIS Anxiety measure 

was associated with a delay in waketime of 14.7 minutes on weekends (95% CI: 4.4, 25, 

p = 0.005), but there was no statistically significant change on weekdays (p-value = 0.286) 

(Tables B.9 and B.10). Anxiety PROMIS score was not significantly associated with time in 

bed or social jetlag during COVID-19 (Tables B.15, B.16, and B.20).

Depression Symptoms.—Participants with a score in the Severe range on the PROMIS 

Depression scale during COVID-19 delayed their weekday bedtimes by an estimated 21.8 

minutes (95% CI: 12.8, 30.8, p-value < 0.001) and their weekend bedtimes by 21.6 minutes 

(95% CI: 13.1, 30, p-value < 0.001) compared to adolescents with Moderate or below 
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levels of depression (Tables B.3 and B.4). Adolescents who scored in the Severe range on 

the PROMIS Depression measure had a greater delay in wake time on weekdays by an 

estimated 19.8 minutes (95% CI: 8.7, 30.9, p < 0.001) and weekends by 23.8 minutes (95% 

CI: 14.1, 33.5, p < 0.001) compared to those in the Moderate or below range (Tables B.9 and 

B.10). Depression PROMIS score was not significantly associated with time in bed or social 

jetlag during COVID-19 (Tables B.15, B.16, and B.20).

Anxiety and Depression Diagnoses.—A diagnosis of depression prior to COVID-19 

was associated with a greater delay in wake time on weekdays during COVID-19 by an 

estimated 15.1 minutes (95% CI: 1.1, 29, p = 0.034) compared to those without a prior 

diagnosis of depression (Table B.9). A diagnosis of anxiety was significantly associated with 

an estimated increase in weekday time in bed of 9.7 minutes during COVID-19 (95% CI: 

0.2, 19.1, p-value = 0.045) (Table B.15).

MESC Score.—Models were fit to predict each sleep variable based on MESC score 

during COVID-19, adjusting for school type during COVID-19 (in-person or online) and 

pre-COVID-19 sleep. For every 1-point increase in the MESC score (indicating greater 

morningness preference) bedtimes shifted earlier on weekdays by 6.9 minutes (95% CI: 

−7.6, −6.2, p-value < 0.001) and on weekends by 5.7 minutes (95% CI: −6.4, −5, p-value < 

0.001) (Tables B.5 and B.6). A 1-point increase in MESC score was also associated with an 

earlier wake time of 10 minutes on weekdays (95% CI: −10.8, −9.2, p-value < 0.001) and 

6.8 minutes on weekends during COVID-19 (95% CI: −7.6, −5.9, p-value < 0.001) (Tables 

B.11 and B.12). There was a significant decrease in time in bed on the weekdays, but only 

by 1.4 minutes (95% CI: −2, −0.8, p-value < 0.001) for every 1-point increase in MESC 

score. MESC score was not significantly associated with weekend time in bed or social 

jetlag during COVID-19.

Discussion

In our sample of almost 3,500 adolescents from across the U.S. in the early months of 

the COVID-19 pandemic, we found that adolescents increased their time in bed, shifted 

their bed and wake times later, and had less social jetlag during COVID-19 compared to 

retrospective report of their behaviors prior to COVID-19. Prior to COVID-19, only 53.5% 

of adolescents reported ≥ 8 hours in bed on weekdays while 81.3% of adolescents reported 

≥ 8 hours in bed on weekdays during COVID-19. This increased sleep opportunity was 

due to a notable delay in waketimes, averaging nearly 4 hours later on weekdays compared 

to pre-pandemic patterns. Prior to COVID-19, 52.1% of adolescents reported social jetlag 

with a > 2-hour difference between weekday and weekend sleep times but this reduced to 

just 6.3% of respondents during COVID-19, suggesting a more regular sleep/wake schedule. 

Unsurprisingly, without an enforced start time for in-person school, adolescents tended to 

sleep on a delayed sleep schedule which may align with the tendency for a circadian phase 

delay in adolescence. Significantly later wake times allowed for more sleep opportunity 

during COVID-19 and most adolescents reported time in bed in line with recommendations 

for their age during this time.
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The current findings seem comparable to the limited extant research on adolescent sleep 

patterns during COVID-19: both adolescent and parent report of youth sleep behaviors 

during COVID-19 indicate an increase in sleep duration and delay in bed/wake times 

compared to either retrospective report or other samples assessed prior to the pandemic 

(Bruni et al., 2021; Illingworth et al., 2022; Lim et al., 2021; López-Bueno et al., 2020; Lu et 

al., 2020; Meltzer, Saletin, et al., 2021; Zhou et al., 2020). Despite changes to schedules and 

stressors related to COVID-19 (e.g., changes in school, reduced opportunities for physical 

activity and social interaction) that may have impacted sleep, the majority of adolescents 

reported improvements in sleep during COVID-19 with reduced social jetlag as well as 

increased time in bed. These findings support recent research that supports later school start 

times as a means of providing increased sleep opportunity for teens (Meltzer, Saletin, et 

al., 2021; Meltzer, Shaheed, & Ambler, 2016; Meltzer, Wahlstrom, Plog, & Strand, 2021; 

Ziporyn et al., 2022).

Physical activity level during COVID-19 was associated with some aspects of sleep. 

Specifically, adolescents who endorsed a decrease or not participating in physical activity 

during COVID-19 had greater delays in bedtimes and waketimes during COVID-19 

compared to those adolescents that reported engaging in physical activity. Physical activity 

has been found to be protective for and associated with longer sleep duration, better sleep 

quality, and less variability in sleep duration and timing in adolescents prior to COVID-19 

(Hrafnkelsdottir et al., 2020; Lang et al., 2016; Xu, Adams, Cohen, Earp, & Greaney, 

2019). In a study conducted prior to COVID-19 that implemented an intervention promoting 

physical activity in adolescents (adding 30 minutes of moderate-intensity physical activity 

every weekday for 3 weeks), youth obtained longer sleep duration, shorter sleep onset 

latency, and improved sleep efficiency (Chennaoui, Arnal, Sauvet, & Léger, 2015). Thus, 

encouraging physical activity in adolescents may be a promising strategy to promote sleep 

health.

Contrary to hypotheses, engagement in social interactions was not significantly associated 

with change in time in bed, bedtime, or social jetlag during COVID-19. Participants that 

decreased or did not engage in social interactions during COVID-19 had a slight delay (~10 

minutes) in their waketimes, though the clinical significance of this change is unclear. This 

is in contrast to research in adults that found high levels of social support during COVID-19 

reduced risk for poor sleep quality compared to individuals with low levels of social support 

(Grey et al., 2020). In adolescents prior to COVID-19, those with higher levels of social 

support had better sleep quality and less insufficient sleep, and social support moderated 

the effects of stress on sleep (van Schalkwijk, Blessinga, Willemen, Van Der Werf, & 

Schuengel, 2015). Thus, social support may be helpful for promoting sleep during times 

of high stress, such as during the COVID-19 pandemic. It may be that our item querying 

social interactions was not fully able to capture the ways that adolescents were obtaining 

social support during COVID-19 (e.g., via online interactions). Further examination of how 

adolescents obtain social support and association with sleep is needed.

Adolescents with symptoms of depression and anxiety in the Severe range significantly 

shifted bed and wake times later during COVID-19, compared to those with symptoms 

in the Moderate or below range. Additionally, a reported diagnosis of depression before 
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COVID-19 was also associated with greater delay in waketimes, and a reported diagnosis 

of anxiety was associated with an increase in time in bed during COVID-19. A large, 

nationally representative survey of over 10,000 adolescents in the U.S., conducted prior to 

COVID-19, found that later weeknight bedtime, shorter weeknight sleep duration, greater 

bedtime delay on weekends, and weekend oversleep were associated with higher odds 

of depressed mood and anxiety disturbance, substance use, and behavior disorders, as 

well as increased suicidality (Zhang et al., 2017). Delays in bedtime may lead to shorter 

weeknight sleep opportunity when adolescents are attending school in person. They may 

also exacerbate previous mood symptoms leading to further sleep problems. These factors 

should be considered when determining appropriate school start times for adolescents.

Findings should be considered within the limitations of the study, which include a reliance 

on current and retrospective self-report of sleep, mood, and behaviors which may be subject 

to error and bias. However, this methodology is similar to other studies that also took place 

early in the pandemic and allows for more precise examination of individual change in sleep 

behaviors than other studies that used a different sample assessed prior to the pandemic 

as comparison. Because we did not account for sleep onset latency or night wakings, our 

values of time in bed are not true estimates of total sleep duration but more accurately 

reflect sleep opportunity. Additionally, chronotype was not assessed retrospectively before 

COVID-19 and participants may have responded differently on the MESC during COVID-19 

than they would have prior to COVID-19. Indeed, their behaviors during COVID-19 may 

have impacted their responses regarding how easy it is to wake in the morning, how 

alert they are when they wake up, and the flexibility to complete assignments at different 

times when engaged in online or remote learning. A strength of our study was inclusion 

of a large sample of adolescents across the U.S. While the sample demographics did not 

precisely match that of the U.S., perhaps limited by the diversity of users of the social media 

platforms that we recruited from, our sample was geographically and economically diverse. 

Moreover, the survey used validated measures and content-specific questions to assess both 

current and retrospective assessment of sleep both before and during COVID-19. Finally, the 

current results should be interpreted within the time frame of survey administration, which 

was limited to the early months of the COVID-19 pandemic (May 2020). While limitations 

in research conducted during this time are understandable given the restrictions, safety 

concerns, and significant stressors that occurred (Stearns et al., 2021), the current findings 

may not be applicable or comparable to sleep behaviors at later times in the pandemic.

Future research, clinical care, and policy decisions should take into consideration the 

changes in sleep that appear to have occurred during COVID-19, such as increased sleep 

opportunity and decreased social jetlag that have been shown to have positive implications 

for physical and mental health as well as academic achievement in adolescents. The 

increase in time in bed combined with delayed bed and wake times suggests that measures 

such as delaying high school start times may be valuable for allowing adolescents to 

obtain sufficient sleep. Yet, more research is needed on the potential consequences of 

late sleep timing for youth. Clinicians working with adolescents should consider assessing 

and promoting physical activity and social interactions, as well as adequate screening and 

treatment for mental health symptoms as a strategy to improve sleep.
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Conclusion

Results of this study reinforce prior observations indicating that adolescent sleep patterns 

are significantly impacted by academic and social schedules. Stay at home restrictions 

during the COVID-19 pandemic allowed adolescents to significantly improve time in bed by 

choosing their own bed and wake times. It is imperative to consider lessons learned during 

COVID-19 that may optimize and continue to promote sleep in adolescents.
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Figure 1. 
Bed and wake times during COVID-19 and before COVID-19 on weekdays and weekends. 

Box plots represent medians and first and third quartiles of bed and wake times with outliers 

expressed as dots. Mean times are expressed as stars. Bedtimes were delayed on weekdays 

by 2.51 ± 1.91 hours (A) and weekends and by 1.65 ± 1.79 hours (B) during COVID-19 

(light grey) compared to pre-COVID-19 (dark grey; all p’s < 0.001). Waketimes were 

delayed on weekdays by 3.85 ± 2.40 hours (C) and weekends and by 1.47 ± 2.07 hours 

(D) during COVID-19 (light grey) compared to pre-COVID-19 (dark grey; all p’s < 0.001). 

Social jetlag during COVID-19 and before COVID-19. Social jetlag was calculated as the 

difference in sleep times on weekends and weekdays. Box plots represent medians and first 

and third quartiles of bed and wake times with outliers expressed as dots. Mean times are 

expressed as stars. Social jetlag was 2.2 ± 1.1 hours pre-COVID-19 (dark grey), and this 

decreased to 0.6 ± 0.9 hours on average during COVID-19 (light grey; p < 0.001).
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Table 1.

Participant Demographic and Clinical Characteristics at Time of Survey Response

N=3,494

Gender

 Female 2,029 (65.4%)

 Male 905 (29.2%)

 Other 167 (5.4%)

Race

 American Indian or Alaska Native 26 (0.744%)

 Asian 69 (1.97%)

 Black 47 (1.35%)

 More than one race 369 (10.6%)

 Native Hawaiian or Pacific Islander 2 (0.0572%)

 Unknown 442 (12.7%)

 White 2539 (72.7%)

Ethnicity (% Hispanic) 331 (9.5%)

Age (M±SD) 16.24 ± 1.09

Reported Diagnosis of Depression 1162 (33.3%)

Reported Diagnosis of Anxiety 1399 (40.0%)

PROMIS Depression T-score (M±SD) 64.37 ±11.48

PROMIS Depression Categories

 Moderate and Below (T-score < 65) 1494 (47.4%)

 Severe (T-score > 65) 1660 (52.6%)

PROMIS Anxiety T-score (M±SD) 57.85 ±13.50

PROMIS Anxiety Categories

 Moderate and Below (T-score < 65) 2165 (68.6%)

 Severe (T-score > 65) 990 (31.4%)

MESC Score (M±SD) 21.08 ±5.37

MESC Categories

 Morning Type (MESC ≥ 28) 803 (25.7%)

 Evening Type (MESC ≤ 23) 1551 (49.7%)

 Intermediate Type (24 ≤ MESC ≤ 27) 768 (24.6%)

PISI Score (M±SD)

 Before COVID-19 11.69 (5.91)

 During COVID-19 13.71 (6.68)

School Type Pre-COVID-19

 In-person 3317 (94.9%)

 Online 88 (2.5%)

 Home-school 68 (1.9%)

 Other 21 (0.6%)

DCI Quantiles

 Prosperous 1024 (32.5%)
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N=3,494

 Comfortable 712 (22.6%)

 Mid-Tier 564 (17.9%)

 At-Risk 535 (17.0%)

 Distressed 320 (10.1%)

Note: PROMIS T-scores have a mean of 50 and SD of 10. T-scores of 50 and below = within normal limits, 50–55 = mild, 55–65 = moderate, 
and 65 and above = severe. DCI, Distressed Communities Index; MESC, Morningness Eveningness Scale for Children, scores range from 10–42, a 
score of ≤ 23 indicates evening preference, ≥ 24 and ≤ 27 indicates intermediate, and ≥ 28 indicates a morning preference; PISI, Pediatric Insomnia 
Severity Index, range 0–30, higher scores indicate greater insomnia symptoms.
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