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A B S T R A C T   

Rationale: Understanding how health has changed in response to the COVID-19 pandemic is critical to recovering 
from the pandemic. 
Objective: This study focused on how sleep characteristics in the United States may be different from before to 
during the COVID-19 pandemic. 
Methods: To this end, the sleep characteristics of a nationally representative sample of U.S. adults collected before 
the COVID-19 outbreak (i.e., 2018 National Health Interview Survey, n = 19,433) were compared to the sleep 
characteristics of a nationally representative sample of U.S. adults recruited via Luc.id, an online survey sampling 
company, during the COVID-19 outbreak (i.e., 2020 Luc.id, n = 2059). 
Results: While average sleep duration did not change between 2018 and 2020, the prevalence of both shorter and 
longer than recommended sleep duration were greater in 2020. Moreover, the number of days with difficulty 
falling asleep, difficulty staying asleep, and not feeling rested was greater in 2020 than 2018. Adults younger 
than 60 had larger differences than those 60 or older. 
Conclusions: Sleep health in U.S. adults was worse in 2020 than in 2018, particularly in adults younger than 60. 
Findings highlight sleep as target in future research and interventions seeking to understand and reduce the 
effects of the COVID-19 pandemic.   

1. Introduction 

The typical operations of everyday life have been substantially 
altered since the emergence and spread of COVID-19 in the U.S. In 
March 2020, U.S. government officials began to issue stay-at-home or-
ders to prevent the spread of the virus. Accompanying these orders were 
major changes and restrictions in education, business operations, rec-
reation, and socialization (Cheng et al., 2020; Haffajee and Mello, 
2020). Educational, business, and recreation establishments across the 
country closed, began work/learn-from-home practices, or substantially 
restricted work hours and how many people could be in their physical 
space at once (Abouk and Heydari, 2020; Baldwin and Weder di Mauro, 
2020; Bartik et al., 2020). These changes, along with the uncertainty and 
stress surrounding the virus, have posed massive challenges to the U.S. 
population. Understanding how the physical and mental health of the U. 
S. has changed in response to the spread of COVID-19 is crucial to 
reducing and recovering from the pandemic. 

Sleep is one such factor likely to have changed due to the spread of 

COVID-19. Understanding how sleep has changed during this time is 
important because sleep plays a critical role in maintaining and pro-
moting both mental and physical health (Buysse, 2014; Gallicchio and 
Kalesan, 2009; Goldstein and Walker, 2014). Notably, it plays a central 
role in the functioning of the immune system; healthy sleep is critical to 
prevent and recover from illnesses (Lange et al., 2010; Prather et al., 
2015). Unfortunately, as outlined by Altena and colleagues, changes in 
work and home life, increased stress, and home confinement during the 
spread of COVID-19 are likely to impair sleep (Altena et al., 2020). In 
support of these assertions, recent findings show unusually high pro-
portions of people reporting sleep disturbances or poor sleep quality in 
Italian, Chinese, Belgian, French, and Greek populations (Cellini et al., 
2020, Cellini et al., 2021; Huang and Zhao, 2020; Xiao et al., 2020; 
Voitsidis et al., 2020; Casagrande et al., 2020; Beck et al., 2021). 
However, a recent study in U.S. adults identified that not everyone 
experienced worse sleep as a composite measure of sleep was not 
impacted in this sample, and even showed a trend toward improvement 
(Gao and Scullin, 2020). Indeed, only approximately 25% of the sample 
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experienced a decline in sleep health. This evidence corroborates with 
other findings that some people, particularly younger populations who 
have biologically driven later sleep-wake schedules, tended to have 
increased sleep duration during the COVID-19 pandemic, likely as a 
result of relaxed school/work schedules after quarantine and 
work-from-home orders were instituted (Leone et al., 2020; Sinha et al., 
2020; Roenneberg et al., 2003). Evidence from Belgian and Italian 
samples suggest that students and remote workers experience in. 

Altogether this evidence suggests that the COVID-19 pandemic has 
not ubiquitously deteriorated all sleep characteristics for all pop-
ulations. To better understand the effects of the COVID-19 pandemic on 
sleep, it is necessary to examine how sleep characteristics in different 
populations are being affected. While prior evidence implicates younger 
populations may experience less detriments or even improvements in 
sleep during the pandemic, it is unknown whether the sleep of particular 
racial groups may be differentially affected. Minority racial groups 
routinely face discrimination and social, healthcare, and many other 
disadvantages, and these experiences may exacerbate the negative ef-
fects of the COVID-19 pandemic on sleep (Hardeman and Medina, 2019; 
Howard and Navarro, 2016; Slopen et al., 2016). Identifying whether 
particular age or racial groups are more or less affected by the pandemic 
can help provide evidence for targeted future research and intervention. 

In addition to considering how different populations may have been 
affected by the pandemic, the above evidence also suggests that it is 
necessary to examine how different sleep characteristics may have been 
impacted. For instance, while general theorizing focuses on negative 
consequences of the pandemic, particular sleep characteristics, such as 
sleep duration may have actually improved (Altena et al., 2020). Sleep 
duration may have increased because quarantine and work-from-home 
orders may relax rigid early morning work/school start times that can 
conflict with a person’s natural sleep schedule and curtail sleep dura-
tion. The relaxation of work/school times during the pandemic may 
allow for a greater sleep opportunity and allow for people to obtain a 
longer, more sufficient sleep duration, particularly in younger pop-
ulations who have later sleep schedules which frequently conflict with 
early work/school schedules. In contrast to sleep duration, stressors and 
negative affect associated with the pandemic may have impaired other 
sleep characteristics, such as sleep onset latency or awakenings during 
the night. Because the pandemic may have differentially affected sleep 
characteristics, prior studies utilizing composite indices of sleep health 
or sleep quality may provide limited or obscured insight into how sleep 
is being affected, thus research is needed that looks at the effects of the 
pandemic on distinct sleep characteristics. 

Finally, while findings from other countries likely extend to the U.S., 
it is unknown how sleep in the U.S. has been affected. To better un-
derstand how sleep may have changed in the U.S. during the COVID-19 
pandemic, this study uses similar methods as Casagrande and colleagues 
who compared the sleep characteristics of a large sample of Italian 
adults during quarantine to the sleep characteristics of normative sam-
ples of the general Italian population before quarantine (Casagrande 
et al., 2020). Similarly, the current study compared the sleep charac-
teristics of a large sample of U.S. adults in 2020 to the sleep character-
istics of a large nationally representative sample U.S. adults taken in 
2018 (the National Health Interview Survey). Importantly, the current 
study improves upon the methodology used in Casagrande et al. (2020) 
by a.) using a normative comparison sample that is much closer in time 
to provide a clearer understanding of how sleep changed from before to 
during the pandemic, and by b.) recruiting a sample that is matched with 
the normative comparison samples on socio-demographic variables, 
thereby ruling out many socio-demographic factors as confounds. 

Using this methodology, this study examined if different sleep 
characteristics (i.e., sleep duration, difficulties falling asleep, difficulties 
staying asleep, and feelings of restedness) may have changed during the 
pandemic. The large and diverse size of each sample further allow for a 
highly powered examination of what age and racial groups may or may 
not be particularly experiencing impairments in sleep since the onset of 

the COVID-19 pandemic. 

2. Methods 

2.1. Participants 

The 2018 National Health Interview Survey (NHIS) was conducted to 
track the health of the general U.S. population. The 2018 survey is a 
publicly available data set (available here) and was selected because it 
was the most recent NHIS survey administered before the global spread 
of COVID-19 (which began in 2019). The NHIS uses a multistage area 
probability design to draw a representative sample of noninstitutional-
ized U.S. citizens each month over a year. Data from a total of 25,417 
participants were collected through a personal household interview 
conducted by trained U.S. Census Bureau employees. NHIS is approved 
by the Research Ethics Review Board of the National Center for Health 
Statistics and the U.S. Office of Management and Budget. All NHIS re-
spondents provided oral consent before participation. The annual 
response rate for the survey in the mid-2010s was approximately 70%, 
though response rates appear to have declined over time (Czajka and 
Beyler, 2016). Because all data from the 2020 U.S. sample was collected 
via an online survey (see below), only participants from the 2018 NHIS 
sample who reported that they use the internet (n = 19,433) were 
included to increase comparability between the samples. 

The 2020 national sample of U.S. adults was recruited via Luc.id, an 
online survey panel that collects nationally representative samples for 
social science research using advance screening for gender, race, age, 
and region. This recruiting platform aims to recruit samples matched on 
census demographics, producing samples that are more comparable 
than MTurk on demographic and psychosocial characteristics to na-
tionally representative surveys such as the American National Election 
Survey (Coppock and McClellan, 2019). Luc.id has previously been used 
for COVID-19 related research (Burszytyn et al., 2020). After reading the 
consent form for the study, 97.5% agreed to participate. Participants 
earned approximately $1 for completing the survey. The 2020 survey 
was reviewed by the San Diego State University Institutional Review 
Board and declared exempt, and informed consent was obtained from 
participants. All Luc.id 2020 data was collected on April 27, 2020 (n =
2060), which was approximately one month since many states issued 
stay-at-home orders and several months since the rise of COVID-19 as a 
global health concern. As a testament to the representativeness of this 
sample to the general U.S. adult population, the demographic charac-
teristics of the 2020 Luc.id sample were extremely similar to the de-
mographic characteristics of the 2018 NHIS sample (see Table 1). 

2.2. Measures 

Demographic characteristics. Both surveys collected demographic 
information on participants, including age, gender, education, race, 
Hispanic ethnicity, U.S. region, living with a significant other in the 
household, and the presence of children under age 18 in the household. 
See Table 1 for demographics of both samples. 

Sleep. Participants reported the number of days in the past week 
they (1) had trouble falling asleep, (2) had trouble staying asleep, and 
(3) woke up feeling rested. The number of days participants reported 
feeling rested was reverse scored to reflect number of days not feeling 
rested. In addition, participants reported, on average, how many hours 
of sleep they get in a 24-h period. All sleep questions were worded the 
same way in both the 2018 NHIS and Luc.id 2020 samples. However, 
response options for sleep duration ranged in whole numbers from 1 to 
24 h in the 2018 NHIS sample and ranged in whole numbers from 1 to 
16+ hours in the Luc.id 2020 sample. Sleep duration responses were 
capped at 4 on the lower end of the scale and 12 at the higher end of the 
scale in both samples (75 observations in Luc.id 2020 and 138 obser-
vations in NHIS 2018) to reduce the influence of outliers and erroneous 
answers. 
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In addition to the above sleep variables, additional dichotomous 
clinically relevant sleep variables were created to evaluate if differences 
in mean levels of sleep characteristics between 2018 and 2020 may have 
clinical importance. Based upon the National Sleep Foundation’s 
recommendation for adult sleep duration, the prevalence of shorter than 
recommended sleep duration was calculated by dichotomizing reported 
sleep duration into 7 h of sleep or more (0) and less than 7 h of sleep (1) 
(Hirshkowitz et al., 2015). Additionally, a variable representing the 
prevalence of longer than the National Sleep Foundation’s recom-
mended sleep duration (greater than 9 h for adults between 18 and 64 
and greater than 8 h for adults 65+) was created wherein 1 represented 
exceeding the recommended sleep duration and 0 represented meeting 
the recommended sleep duration (Hirshkowitz et al., 2015). To examine 
whether the number of people experiencing any sleep disturbances 
differed between 2018 and 2020 and to facilitate interpretation of 
findings with prior work examining these sleep characteristics in the 
NHIS data (Hisler et al., 2019) the number of days over the past week 
than participants reported difficulty falling asleep, difficulty staying 
asleep, and not feeling rested were each dichotomized into variables 
reflecting zero days (0) and one or more days (1). Note that sleeping less 
than the recommended hours, experiencing difficulties falling asleep, 
staying asleep, and not feeling rested can suggest symptoms of sleep 
disorders, particularly insomnia. Thus, effects on these binary variables 
directly model increases in the number of people sleeping fewer hours 
than recommended and beginning to experience sleep difficulties, 
thereby providing a translation of the practical and clinical significance 
of observed effects on the continuous variables (Funder and Ozer, 2019; 
Rosenthal and Rubin, 1982). 

2.3. Analytic strategy 

Comparisons between the mean levels of each continuous sleep 
characteristic in 2018 vs. 2020 U.S. adult national samples were con-
ducted via analysis of covariance (ANCOVA). In addition, the clinical 
significance of the differences between the samples was evaluated by 
predicting the prevalence of each clinically relevant sleep variables in a 
series of logistic regression. Finally, to explore whether particular soci-
odemographic factors may be associated with greater differences in 
sleep between 2018 and 2020, age (categorized into bins of age 18–29, 
30–44, 45–59, and 60+) and race (categorized into White, Black, Asian, 
and Other racial groupings) were examined as moderators in ANCOVA 
and logistic regression analyses when estimating the difference in sleep 
characteristics between 2018 and 2020. The false-positive rate was set to 
0.01 (i.e., α = 0.01) as opposed to .05 to provide increased protection 
from false positives associated with multiple hypothesis testing. Note 
that because the NHIS 2018 data was collected over the course of a year 
whereas the Luc.Id 2020 data was collected all in April, seasonal effects 
on sleep outcomes were controlled for by including a set of dummy 
coded variables indicating the month the assessment (using January as 
the reference category) in analyses. 

2.4. Missing data 

Missing data on any sleep variable was extraordinarily low in both 
the NHIS 2018 and Luc.id 2020 samples (182 cases out of 19,433 in 
NHIS 2018 & 21 cases out of 2060). To investigate whether missing data 
may bias results, we used the NHIS data to conduct binary regressions 
examining if demographic or individual sleep variables were related to 
probability of having missing data on any sleep variables (this was not 
examined in Luc.id 2020 because sample of missing data was so small, i. 
e., 21 cases). Only the variable of not living with significant other was 
associated with an increased likelihood of having missing data on any 
sleep variables (B = 0.71, p < .001). Thus, because 1.) missingness in 
either large sample is less than 0.9%, 2.) probability of missingness on 
these variables was largely unrelated to any other study variable, and 3.) 
the sample size in both datasets is large and losing cases will not 
demonstrably affect the power or precision of the study, pair-wise 
deletion was used in instances of missing data. 

3. Results 

3.1. Differences in sleep characteristics of U.S. adults between 2018 and 
2020 

Results from ANCOVAS comparing sleep characteristics for U.S. 
adults in the NHIS 2018 and Luc.id 2020 samples are presented in 
Table 2 and results are depicted in Fig. 1. There was a small, but not 
statistically significant difference in sleep duration between the 2018 
and 2020 samples (Mdiff = − 0.05, 99% CI = − 0.17 to 0.09, d = − 0.02, 
F(1, 21,415) = 1.17). In contrast, mean levels of number of days with 
difficulty falling asleep (Mdiff = 1.13, 99% CI = 0.93 to 1.32, d = 0.35, 
F(1, 21,416) = 230.92) difficulty staying asleep (Mdiff = 0.62, 99% CI =
0.39 to 0.84, d = 0.17, F(1, 21,414) = 52.18), and not feeling rested (Mdiff 
= 0.76, 99% CI = 0.54 to 0.98, d = 0.21, F(1, 21,377) = 80.03) were larger 

Table 1 
Demographic characteristics of NHIS 2018 sample of internet users (n = 19,433) 
and Luc.id April 2020 online nationally representative sample (n = 2059).   

NHIS 2018 Luc.id 2020 

Age 48.16 (17.22) 48.16 (17.22) 
Age group 

18-29 17.6% 22.5% 
30-44 27.1% 28.6% 
45-59 25.4% 25.1% 
60+ 30.0% 23.8% 

Gender: Percentage female 54.6% 51.1% 
Education 

Did not finish high school 5.8% 2.5% 
High school or GED 20.5% 20.3% 
Some college or 2-year degree 32.7% 28.9% 
Bachelor’s degree 25.4% 29.1% 
Graduate or professional degree 15.5% 19.2% 

Race 
White 81.4% 73.6% 
Black 10.8% 11.4% 
Asian 5.7% 6.8% 
Other 1.8% 8.2% 

Hispanic 11.1% 12.0% 
Region 

Northeast 17.2% 20.4% 
Midwest 22.5% 18.6% 
South 36.1% 37.4% 
West 24.1% 23.6% 

Living with significant other: Percentage yes 52.6% 55.2% 
Living with children under 18: Percentage yes 27.0% 35.7%  

Table 2 
Mean level comparisons of sleep characteristics in NHIS 2018 sample of internet users vs. Luc.id April 2020 online nationally representative sample.   

NHIS 2018 Luc.id 2020     

M (SE) n M (SE) n Mdiff (99% CI) d (99% CI) F (df) 

Sleep duration 7.01 (.01) 19,369 6.96 (.04) 2059 − 0.05 (− 0.17 to 0.09) − 0.02 (− 0.06 to 0.02) 1.17 (1, 21,415) 
Days with difficulties falling asleep 1.42 (.02) 19,381 2.55 (.07) 2048 1.13 (0.93–1.32) 0.35 (0.32–0.39) 230.92 (1, 21,416) 
Days with difficulties staying asleep 1.90 (.02) 19,373 2.51 (.08) 2054 0.62 (0.39–0.84) 0.17 (0.13–0.21) 52.18 (1, 21,414) 
Days feeling not rested 2.85 (.02) 19,333 3.61 (.08) 2057 0.76 (0.55–0.93) 0.21 (0.17–0.24) 80.03 (1, 21,377) 

Note. Positive Mdiff values reflect increases in variable from 2018 to 2020. d = Cohen’s d adjusted for uneven group sample sizes. 
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in 2020 than in 2018. Thus, in comparison to 2018, U.S. adults in 2020 
reported approximately one more day a week with difficulty falling 
asleep, staying asleep, and not feeling rested. 

Logistic regressions predicting differences in the prevalence of clin-
ically relevant sleep characteristics for U.S. adults in the NHIS 2018 vs. 
Luc.id 2020 samples are presented in Table 3 and results are depicted in 
Fig. 2. More U.S. adults in 2020 reported shorter than recommended 
sleep duration than in 2018 (40.7% vs. 34.0%, respectively, OR = 1.36, 
99% CI = 1.14 to 1.62). Interestingly, more U.S. adults in 2020 reported 
longer than recommended sleep duration than in 2018 (7.4% vs. 4.2%, 
respectively, OR = 2.32, 99% CI = 1.55 to 3.48). Additionally, nearly 
twice as many adults reported days with difficulties falling asleep 
(39.1% vs. 76.1%, respectively, OR = 4.55, 99% CI = 3.80 to 5.46) and 
staying asleep (41.4% vs. 72.7%, respectively, OR = 2.98, 99% CI = 2.50 
to 3.55) in 2020 than in 2018. Moreover, substantially more adults re-
ported days not feeling rested in 2020 (2018: 66.5% vs. 2020: 86.9%, 
OR = 3.21, 99% CI = 2.59 to 3.98). 

Finally, because different states implemented responses to COVID-19 
at different timelines and magnitudes, analyses were reconducted after 
accounting for region of the U.S. the participant lived in. Although par-
ticipants who lived in Southern states reported more days with difficulties 
falling asleep in 2020 than participants from other states, accounting for 
region of the U.S. did not alter results nor their interpretation. 

3.2. Differences in sleep characteristics of U.S. age groups between 2018 
and 2020 

When examining whether age group moderated differences in sleep 

characteristics between the 2018 and 2020 samples, age group signifi-
cantly moderated the differences in difficulties falling asleep (Wald =
18.73, df = 3, p < .001) and difficulties staying asleep (Wald = 12.44, df 
= 3, p < .001) between 2018 and 2020. Probing these interactions 
revealed that for difficulties falling asleep, the 60+ age group had 
significantly smaller differences between 2018 and 2020 than all other 
age groups as demonstrated by non-overlapping confidence intervals 
around mean difference point estimates (see Fig. 3). For difficulties 
staying asleep, the 60+ age group did have any differences in difficulties 
staying asleep between 2018 and 2020 (Mdiff = 0.06, 99% CI = − 0.40 to 
0.46), which tended to be a smaller difference than other age groups, 
though this was only statistically significant with the 18- to 29-year-old 
age group as evident by non-overlapping confidence intervals (see 
Fig. 4). 

In terms of clinically relevant sleep characteristics, age group also 
moderated differences in the prevalence of exceeding recommendations 
for sleep length (Wald = 29.50, df = 3, p < .001), experiencing any 
difficulties falling asleep (Wald = 17.21, df = 3, p = .001), and expe-
riencing any difficulties staying asleep (Wald = 17.21, df = 3, p = .001). 
Probing these interactions revealed that for the 60+ age group had 
smaller increases in the prevalence of exceeding recommendations for 
sleep length (OR = 0.31, 99% CI: 0.17 to 0.58), any days experiencing 
difficulty falling asleep (OR = 0.35, 99% CI: 0.23 to 0.53), and any days 
experiencing difficulty staying asleep (OR = 0.38, 99% CI: 0.26 to 0.56) 
between 2018 and 2020 in comparison to the other age groups. 

Fig. 1. Sleep characteristics in 2018 vs. 2020. Error bars indicate standard 
error of the mean. * indicates statistically significant difference. 

Table 3 
Results from logistic regressions predicting clinical sleep characteristics of NHIS 
2018 sample of internet users vs. Luc.id April 2020 online nationally represen-
tative sample.   

NHIS 2018 Luc.id 2020   

% yes (total 
N) 

% yes (total 
N) 

OR (99% CI) 

Shorter than recommended 
sleep duration 

34.0% 
(19,369) 

40.7% 
(2059) 

1.36 
(1.14–1.62) 

Longer than recommended sleep 
duration 

4.2% 
(19,369) 

7.4% 
(2059) 

2.32 
(1.55–3.48) 

1+ days of difficulty falling 
asleep 

39.1% 
(19,381) 

76.1% 
(2048) 

4.55 
(3.80–5.46) 

1+ days of difficulty staying 
asleep 

41.4% 
(19,373) 

72.7% 
(2054) 

2.98 
(2.50–3.55) 

1+ days of not feeling rested 66.5% 
(19,333) 

86.9% 
(2057) 

3.21 
(2.59–3.98) 

Note. OR = Odds ratio. OR over one indicates increase in risk for outcome from 
2018 to 2020. 

Fig. 2. Percentage of participants reporting clinically relevant sleep charac-
teristics in 2018 vs. 2020. * indicates statistically significant difference. 

Fig. 3. Mean difference between 2020 and 2018 in number of days with dif-
ficulty falling asleep across age groups. Positive values reflect increases from 
2018 to 2020. Error bars represent 99% confidence interval. 
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3.3. Differences in sleep characteristics of U.S. Racial groups between 
2018 and 2020 

When examining differences in sleep characteristics between 2018 
and 2020 across racial groups, no clear patterns emerged. 

4. Discussion 

Multiple sleep characteristics of U.S. adults were different in the 
2020 sample as opposed to the 2018 sample, suggesting that sleep may 
have changed during the spread of COVID-19 (see Figs. 1 and 2). On 
average, sleep duration was not statistically significantly shorter in 2020 
than in 2018; however, U.S. adults reported approximately one more 
day a week of difficulty falling asleep, staying asleep, and not feeling 
rested in 2020. Furthermore, these mean level differences translated 
into differences on clinically relevant sleep characteristics. More adults 
either slept less or exceeded the National Sleep Foundation recom-
mendations for sleep duration in the 2020 sample than in the 2018 
sample (Hirshkowitz et al., 2015). Moreover, the number of U.S. adults 
experiencing any difficulties falling asleep and staying asleep nearly 
doubled from 2018 to 2020. Finally, the number of adults reporting any 
days not feeling rested was also substantially greater in 2020 than in 
2018. These findings converge with cross-sectional findings of greater 
sleep disturbances and poorer sleep quality during the pandemic in 
Chinese, Greek, and Italian populations (Casagrande et al., 2020; Cellini 
et al., 2020; Huang and Zhao, 2020; Xiao et al., 2020; Voitsidis et al., 
2020). The current findings provide an important advancement to these 
prior studies by a.) examining sleep characteristics in another distinct 
population using larger and more representative samples, but also b.) 
provide insight into the extent to which U.S. sleep characteristics may 
differ from before to during the COVID-19 pandemic. 

At first glance, it may be surprising that mean sleep duration did not 
show a statistically significant difference when large differences in dif-
ficulties in falling asleep and staying asleep emerged. However, the ef-
fects of the pandemic may depend on individual characteristics, such as 
sleep/circadian timing. For instance, stay-at-home orders relaxed 
morning work/school schedules which may provide greater sleep op-
portunity for people with later sleep timing, such as adolescents and 
young adults, and counteract negative effects of the pandemic on sleep 
duration (Cellini et al., 2020; Sinha et al., 2020; Leone et al., 2020). This 
possibility dovetails with findings that even individuals such as students 
and remote workers had a longer sleep opportunity (i.e., longer time in 
bed) during quarantine, there was not a corresponding increase in sleep 
duration, speculatively because of co-occurring difficulties falling asleep 
and staying asleep (Cellini et al., 2021). Examining the effects of the 
pandemic across individual differences in sleep/circadian timing may 

reveal more nuanced effects on sleep duration. Additionally, it may seem 
counterintuitive that larger differences in sleep duration were not 
observed given the sizeable changes in difficulties falling asleep and 
staying asleep. This may also be explained by greater flexibility in 
school/work schedules. Assuming a rigid morning wake-up time, a night 
in which someone experiences difficulty falling asleep or staying asleep 
should lead to similar decreases sleep duration; still, relaxation or lack of 
work/school obligations during the COVID-19 pandemic may allow for a 
person to sleep-in on a night with such difficulties, thereby buffering the 
impact of these difficulties on sleep duration. Finally, the proportion of 
people either not meeting or exceeding the National Sleep Foundation’s 
sleep duration recommendations was greater in 2020 than 2018. More 
people sleeping less than recommended and more people sleeping more 
than recommended may obscure differences between the samples when 
examining mean level changes. 

While mean levels of sleep duration appear to have only been slightly 
different from before to during the COVID-19 pandemic, difficulties 
falling asleep and staying asleep were greater in 2020 than 2018. Yet, 
adults aged 60 and older showed smaller differences than younger age 
groups (see Figs. 3 and 4). Though this study cannot directly speak to 
why these groups are less and more affected, respectively, possible 
speculations are offered. Older adults already have greater difficulty 
falling asleep and staying asleep than younger adults; thus, there may be 
less room for their sleep to be further impacted by other factors such as 
COVID-19 (Ohayon et al., 2004). Additionally, older adults may already 
be living more sheltered lives and may be more habituated to the side 
effects of stay-at-home orders. Interestingly, results from a population 
study in France reported that adults under the age of 65 experienced the 
most improvements in sleep problems after confinement mandates were 
lifted. Given that results from the current study show that adults over the 
age of 65 may be experiencing the least changes in sleep during the 
COVID-19 pandemic, it may be that these limited effects on sleep curtail 
any detectable improvement in sleep once quarantine mandates are 
lifted (Beck et al., 2021). 

4.1. Limitations 

While the current findings provide an important advancement in 
understanding how sleep characteristics may different from before to 
during the COVID-19 pandemic, there are important limitations to 
consider. First, while both the NHIS 2018 and Luc.id 2020 samples were 
designed to be representative of the U.S. adult population and the 
samples were extremely similar in socio-demographic variables, it 
cannot be ruled out that other sociodemographic, psychological, or 
methodological differences may account for any observed differences in 
sleep between the two samples. This limitation is notable as other health 
factors related to sleep, such as weight, physical activity, or substance 
use, may differ across the two samples and influence differences in sleep 
between the two samples. Future longitudinal studies will be necessary 
to rule out such an alternative explanation. Despite this alternative 
explanation, this study makes a contribution by identifying sleep as a 
factor that future studies should examine given possible declines in the 
sleep health of U.S. adults and the importance of sleep for health 
(Buysse, 2014). Second, this study examined differences between two 
different samples, each of which were collected on different years. Any 
detected differences in sleep characteristics may reflect other factors 
influencing sleep between 2018 and 2020. For instance, Hisler and 
colleagues previously reported trends in increased difficulty falling 
asleep and staying asleep from 2013 to 2017 in the U.S. NHIS data 
(Hisler et al., 2019). The deteriorations in these sleep characteristics 
observed between the NHIS 2018 and Luc.id 2020 samples may solely 
reflect this time trend rather than effects of the COVID-19 pandemic. 
Yet, given that magnitude of changes observed in this prior study were 
much smaller (i.e., increases in prevalence of sleep difficulties by 
~1–3% from 2013 to 2017) than the magnitude of changes in the cur-
rent study, this factor seems extremely unlikely to fully account for 

Fig. 4. Mean difference between 2020 and 2018 in number of days with dif-
ficulty staying asleep across age groups. Positive values reflect increases from 
2018 to 2020. Error bars represent 99% confidence interval. 
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observed differences in this study. Third, all sleep measures were 
self-reported and are therefore subject to self-report biases and limita-
tions. Future studies using non-self-report measures, such as actigraphy, 
are needed to reinforce findings from this study. Fourth, this study was 
not able to separately examine effects on weekday and weekend sleep. 
Because some of the effects the pandemic on sleep may be due to 
changes in work/school, which typically occur on weekdays, examining 
the separate influence on weekday vs. weekends may provide further 
nuanced insight into how the pandemic and changes in social obliga-
tions affect sleep. Finally, analyses looking at particular age and race 
groups may be less precise and less reliable due to smaller sample sizes 
when examining subgroups in comparison to full sample analyses. 
Future work should continue examining how the COVID-19 pandemic 
impacted people across different sociodemographic groups and seek to 
replicate our finding that adults over 60 experienced less effects of the 
pandemic on their sleep characteristics. 

5. Conclusions and implications 

These findings implicate reductions in the sleep health of the U.S. 
adult population since the spread of COVID-19. In particular, the prev-
alence of people having difficulties falling asleep, staying asleep, and not 
feeling rested, and not meeting recommendation sleep duration guide-
lines may have increased, especially among adults 18 to 59. The overall 
picture is that sleep has deteriorated during the pandemic; given that 
sleep plays an important role in biological and psychological health, 
such deteriorations implicate concomitant deteriorations in other as-
pects of health or may foreshadow them. For instance, emerging studies 
suggest that mental health has declined during the COVID-19 pandemic 
(Casagrande et al., 2020; Rajkumar, 2020). Because mental health and 
sleep are tightly connected, changes in mental and sleep health during 
the pandemic are likely to be associated with each other and intervening 
on one aspect of health may improve the other (Casagrande et al., 2020; 
Freeman et al., 2017; Rajkumar, 2020). Moreover, given that insomnia 
is characterized by difficulty falling asleep, difficulty staying asleep, and 
not feeling rested, these findings suggest that the prevalence of insomnia 
symptoms may have increased during the pandemic and may be more 
prevalent in adults under age 60. Finally, these findings highlight 
particular populations and sleep characteristics that may warrant extra 
consideration by clinicians and should be targeted in future research. 
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