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BACKGROUND: Sleep in childhood is affected by behavioral, environmental, and parental factors. We propose that these factors
were altered during the COVID-19 pandemic. This study investigates sleep habit changes during the pandemic in 528 children 4–12
years old in the US, leveraging data from the Environmental Influences on Child Health Outcomes (ECHO) Program.
METHODS: Data collection occurred in July 2019–March 2020 (pre-pandemic) and two pandemic periods: December 2020–April
2021 and May–August 2021. Qualitative interviews were performed in 38 participants.
RESULTS: We found no changes in sleep duration, but a shift to later sleep midpoint during the pandemic periods. There was an
increase in latency at the first pandemic collection period but no increase in the frequency of bedtime resistance, and a reduced
frequency of naps during the pandemic. Qualitative interviews revealed that parents prioritized routines to maintain sleep duration
but were more flexible regarding timing. Children from racial/ethnic minoritized communities slept less at night, had later sleep
midpoint, and napped more frequently across all collection periods, warranting in-depth investigation to examine and address root
causes.
CONCLUSIONS: The COVID-19 pandemic significantly impacted children sleep, but parental knowledge of the importance of sleep
might have played a significant protective role.

Pediatric Research (2023) 93:586–594; https://doi.org/10.1038/s41390-022-02309-z

IMPACT:

● During the COVID-19 pandemic, US children changed their sleep habits, going to bed and waking up later, but their sleep
duration did not change. Sleep latency was longer. Parental knowledge of sleep importance might have played a protective
role. Regardless of data collection periods, children from racial/ethnic minoritized communities slept less and went to bed later.

● This is one of the first study on this topic in the US, including prospective pre-pandemic qualitative and quantitative data on
sleep habits.

● Our findings highlight the pandemic long-term impact on childhood sleep. Results warrants further investigations on
implications for overall childhood health.

INTRODUCTION
Sleep health in childhood is of paramount importance for overall
health and neurodevelopment, with poor sleep leading to
increased risk of chronic illnesses, behavioral difficulties, and
poorer memory and executive function.1–5 Although sleep is
regulated intrinsically by both homeostatic and circadian

processes, extrinsic factors play an important role in determining
sleep duration, timing, and quality.6 Behavioral factors (screen
time, physical activity, bedtime routine), physical environmental
factors (light and noise exposure), and parental factors
(parent–child attachment, parental education, parental stress) all
influence the sleep health of children.7 Many of the factors
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influencing sleep health have been significantly impacted by the
coronavirus disease 2019 (COVID-19) pandemic.8–10 Since the
declaration of the global pandemic by the World Health
Organization (WHO) in March 2020, COVID-19 infections increased
dramatically, leading to lockdowns and curfews to prevent the
spread of the virus. These measures were essential to protect the
public’s health, but profoundly impacted daily routines crucial for
circadian cues, such as physical activity or light exposure. In
addition, the pandemic exposed many families to an unprece-
dented level of stress and alterations of social support
networks.11,12 Furthermore, increasing literature shows that, due
to a system of structural inequity, the COVID-19 pandemic has
differentially impacted the health behaviors of children by
socioeconomic status, race and ethnicity and, in turn, potentially
exacerbated existing disparities in health behaviors.13

Several studies have reported how the pandemic has affected
sleep habits in childhood. Findings from early stages of the
pandemic and mostly in early epicenters, such as Italy and China,
indicate that during the COVID-19 pandemic children slept longer,
went to bed later, had more irregular sleep schedules, and
reportedly had more difficulties falling and staying asleep.14–17

One study has reported that after the lockdown period, sleep
habits returned to pre-pandemic ranges,18 while another found
that families of school-aged children still reported high prevalence
of bedtime resistance and sleep onset delay (February 2021).19

Few studies of child’s sleep health during the pandemic are based
on United States (US) populations; in a recent review only one
study out of 14 included data from the US, while most studies
were performed in China and Europe.20 One recent study that
investigated sleep, physical activity, and screen time in the US in a
sample of 7–12 year olds in spring and summer 2020 reported
findings similar to what was found in other countries: all
health behaviors were adversely altered during the COVID-19
pandemic.21

This study leveraged longitudinal data collected via the
Environmental influences on Child Health Outcomes (ECHO)
Program pre-pandemic (July 1, 2019–March 1, 2020) and two
intervals during the pandemic (December 1, 2020–April 30, 2021;
May 1, 2021–August 31, 2021). In addition, we report qualitative
data collected from a subset of participants (N= 38) from four of
the participating ECHO sites that sought and received supple-
mental funding to describe parent perceptions of how the COVID-
19 pandemic may have affected the sleep habits of their children
to provide contextual information.

MATERIALS AND METHODS
Study design and population
Our study was based on a subset of caregiver–child dyads prospectively
followed as part of the ECHO Program. ECHO is a consortium of 69
established pediatric cohort studies collecting new data under a common
protocol since 2019,22 with the primary aim to study the effects of early-life
environmental exposures on child health. Single and cohort-specific
institutional review boards monitored human subject activities and the
centralized ECHO Data Analysis Center. All participants provided written
informed consent.

Measurements
Pre-pandemic data were collected between July 1, 2019 and March 1,
2020, via the ECHO common protocol. Repeated measures of the same
health behaviors were collected twice during the pandemic (December 1,
2020–April 30, 2021, and May 1, 2021–August 31, 2021) from the same
dyads (Fig. 1). The pandemic data collection periods were selected a priori
in May 2020, before the length or extent of the pandemic was known. The
original intention was to assess behaviors during the school year and then
again after the pandemic was over. The sample included 528 children from
14 cohorts with recruitment sites in 14 US states and 4 US Census regions
(Fig. 2). Inclusion criteria for this study were: assessment of sleep habits in
the 8-month period before March 2020 among children aged 4–12 years

and at least one follow-up measure during December 1, 2020–April 30,
2021 or May 1, 2021–August 31, 2021. Participants’ recruitment occurred
by telephone, email, or text and assessments were completed in-person at
a research visit or remotely.

Sociodemographic characteristics. Sociodemographic variables were col-
lected via self-report or medical record abstraction. Categorical variables
included child sex assigned at birth (male or female); child race and
ethnicity (Hispanic all races, non-Hispanic Black, non-Hispanic other race,
non-Hispanic White); and highest level of maternal education (high school
or General Educational Development (GED); some college; Bachelor’s
degree; Master’s or doctorate degree). Child age at the time of assessment
was treated as a continuous variable in years.

Quantitative sleep habit measures. Sleep health measures during the past
week were assessed with the ECHO Program’s Sleep Health of Children and
Adolescents Questionnaire, which relied on child self-report for ages 8 and
older or a parent-proxy for younger children. Sleep domains assessed and
included in this study are: nocturnal sleep duration, sleep midpoint for
weekdays and weekends, sleep latency, frequency of delayed bedtime and
frequency of daytime naps. Nocturnal sleep duration was assessed with
the following question: “How many hours did your child usually spend
sleeping during the NIGHT?” It was treated as a continuous measure in
hours, with minimum and maximum values set as 5 and 14. Sleep
midpoints were identified based on the parental or child report of bedtime
and wakeup time. Values of bedtime and wakeup time outside the window
of median plus 3 times the interquartile range were excluded. Specifically,
the window was [17:39, 23:51] for weekday bedtime, [04:40,09:20] for
weekday wakeup time, [16:13,02:31] for weekend bedtime, and
[03:26,12:34] for weekend wakeup time. Sleep latency was assessed with
the following question: “How long did it typically take your child to fall
asleep when put to sleep at night?” It was treated as a continuous measure
in minutes, with minimum and maximum values set up as 0 and 60.
Frequency of delayed bedtime was assessed with the following question:
“In the past 7 days, my child “put-off” or delayed bedtime.” It was treated
as a categorical variable with the following categories: Never/Almost
Never; Sometimes; Almost Always/Always. Daytime nap frequency was
assessed with the following question: “How many days did your child take
a daytime nap?” It was treated as a categorical variable with the following
categories: None; 1–3 days a week; 4–7 days a week.

Statistical analyses for quantitative sleep habit measures. We computed
descriptive information on sociodemographic characteristics of the study
sample and sleep measures for the three time points when data was
collected. Linear mixed-effects models for continuous outcomes (using the
R package “lme4”23) and cumulative link mixed-models for categorical
outcomes (using the R package “ordinal”24) were conducted, with time
period of data collection as the exposure of interest (pre-pandemic,
pandemic 1, pandemic 2), sleep measures as dependent variables, and
random intercepts to control for within cohort correlation and repeated
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Fig. 1 Temporal distribution of data collection, July 2019 through
August 2021. Bars in light grey show the distribution of data
collection for the pre-pandemic assessment. Bars in grey show the
distribution of data collection for the first assessment during the
COVID-19 pandemic, while bars in dark grey show the distribution
of data collection for the second assessment during the COVID-19
pandemic.
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measures for the same child. Child age, sex (male as reference group), race,
ethnicity (non-Hispanic White as reference group), and maternal education
(master’s degree or higher as reference group) were included as covariates.
Non-Hispanic White children were chosen as reference group because
previous papers have shown that they generally sleep more and have
earlier bedtime compared to children from racial and ethnically
minoritized groups.25 For this reason, we hypothesized that our results
would mirror those already in the literature and thus non-Hispanic White
children would display the best sleep profile. In addition, they were the
largest group, and thus utilizing them as reference group was the optimal
choice from a precision perspective.26

Qualitative interviews. We conducted qualitative, semi-structured, 60-min
interviews via secure video conferencing among a subsample of parents
from each of the four sites that had sought supplemental funding to carry
out qualitative interviews, to assess parents’ perspectives on the effects of
the pandemic on children’s health behaviors. Most of the qualitative
interviews were conducted during December–April 2021. The focus was on
families’ daily routines during the pandemic and identifying the pathways
by which societal changes shaped behavior. The interview guide was
developed by a team with expertise in qualitative research, social
determinants of health, health disparities, pediatric nutrition, environ-
mental influences on child health, and life course approaches to obesity.
The team relied on Ecocultural Theory as an approach to understand the
factors that influence children’s health behaviors during the pandemic
period.27 This theory focuses on daily routines as the unit of analysis and is
based on the idea that families organize daily routines according to
available social and economic resources and cultural values. Two of the

components of Ecocultural Theory are the daily activities that are part of
the routine and parents’ goals and values for the daily routine. Ecocultural
Theory was selected for the current study because (1) household routines
have previously been linked to child sleep outcomes and, (2) conversation-
style interviews, in which families are asked to discuss a typical day-in-the
life during the pandemic, can provide insights into the pathways by which
the societal changes shaped children’s sleep.
Sample size was based on saturation, which occurs when adding new

data does not improve a researcher’s ability to answer the research
question.28 Interviews were conducted via secure video conferencing by
researchers at the Colorado site.

Analyses for qualitative data. Qualitative data from all four sites was
analyzed at the Colorado site. Each interview was recorded with the
participant’s permission. Audio recordings were transcribed verbatim and
anonymized. Transcripts were uploaded to Atlas.ti software (version 9,
Scientific Software Development GmbH, Berlin) for coding. Qualitative
content analysis was used to systematically analyze and interpret interview
transcripts.29 This primarily inductive approach is common in the health
sciences. Two members of the research team reviewed one transcript from
each site to identify topics that appeared repeatedly (e.g., “remote
schooling” or “bedtime routines”). Next, all transcripts were rigorously read
and re-read to identify sub-categories (herein defined as codes) that
appeared repeatedly. This process resulted in 28 distinct, inductively
generated codes relevant for the present manuscript and a codebook in
which each of the codes was assigned a definition, a sample quote, and
exclusion criteria. Two members of the research team independently
coded each transcript. After every three transcripts, the coders met as part
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Fig. 2 Map of cohort recruitment sites. On this map are shown the sites where participants were recruited for this study. Different
colors indicate the number of participants that each site contributed for the analyses: Yellow <25 participants; Green 25–49 participants;
Blue ≥ than 50 participants. In grey are shown sites that contributed only to the qualitative analyses.
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of consensus coding to review discrepancies and negotiate consensus. This
resulted in a single, agreed upon application of codes in all 38 transcripts.
Finally, the research team in Colorado reviewed a list of coded statements
to identify major themes. Themes were presented to investigators at all
four sites for discussion and feedback.

RESULTS
Table 1 provides demographic information for the 528 children
who met the inclusion criteria. Children were, on average, 7 years
old at baseline, and 48% were female. Fifty-six percent of the
children were non-Hispanic White, 8% non-Hispanic Black, and
21% Hispanic. Sixty-one percent of the mothers had a bachelor’s
degree or higher, and 10% of the mothers had a high school
diploma, GED, or did not complete high school. Although race and
ethnicity and maternal education attainment were correlated,
each racial and ethnic group was represented in each category of
educational attainment. Maternal educational attainment by race
and ethnicity can be found in Supplement Table 1.
Table 2 contains descriptive statistics of the sleep habits

outcomes at each of the three data collection periods. Median
nocturnal sleep duration was 10 h during the pre-pandemic
period and 9.5 h during both pandemic periods. Median weekday
bedtime was 20:30 pre-pandemic and 21:00 during the two
pandemic periods. Weekday waketime was 7:00 and sleep latency
was 20 min for all data collection periods. The proportion of
children who almost always/always delayed bedtime was 10.8%
pre-pandemic and 17.6 and 17.0% in the two pandemic time
periods, respectively. The proportion of children taking a nap
4–7 days a week was 12.3% pre-pandemic and 2.9 and 3.7% in the
pandemic periods, respectively.
Linear regression analyses revealed no statistically significant

change in nocturnal sleep duration between pre-pandemic and

pandemic data collection periods (Table 3). Shorter sleep duration
was reported among older children (−0.17 h per year of age older,
95% CI −0.22, −0.11). In Model 2, which only adjusted for race and
ethnicity, both Hispanic children and non-Hispanic Black slept less
than non-Hispanic White children, but after accounting for
maternal educational attainment only Non-Hispanic Black children
reported significantly shorter sleep duration than non-Hispanic
White children (−0.77 h, 95% CI −1.20, −0.33). Children of
mothers with some college education slept an average of 0.45 h
less than children of mothers with a master’s degree or higher
(95% CI −0.73, −0.16). A similar trend was observed for children of
mothers who reported having attained a high school degree, but
it did not reach significance.
Compared to pre-pandemic, children reported a significant

increase in sleep latency of 6.02 additional minutes in the first
pandemic data collection period (95% CI 2.09, 9.94), but this
increase was not sustained in the second pandemic data
collection period (Table 3). Children of mothers with some college
education reported an average of 7.74 min longer sleep latency
than children of mothers with a master’s degree or higher (95% CI
1.71, 13.77).
Weekday sleep midpoint shifted 11.10 min later during the first

pandemic data collection period (95% CI 6.21, 15.98) and
16.68 min later in the second (95% CI 11.00, 22.35). Older children
reported later weekday sleep midpoints (2.95 min per year of age
older, 95% 0.58, 5.31). Compared to non-Hispanic White children,
non-Hispanic Black children reported later sleep midpoints, even
after adjusting for maternal educational attainment (Model 2:
23.13 min later, 95% CI 9.67, 36.59; Model 3: 18.46 min later, 95%
CI 4.71, 32.22). Similarly, Hispanic children reported later sleep
midpoints, both before and after adjusting for maternal educa-
tional attainment (Model 2: 15.34 min later, 95% CI 6.19, 24.49;
Model 3:11.69 min later, 95% CI 2.26, 21.3). Children of mothers
with some college education reported later sleep midpoints than
those whose mothers have a master’s degree or higher (11.48 min,
95% CI 2.00, 20.96). Weekend sleep midpoint was also shifted later
in the first pandemic data collection period compared to pre-
pandemic (6.68 min, 95% CI 0.92, 12.43). Older children reported
later weekend sleep midpoints (8.05 min per year of age older,
95% CI 5.23, 10.86). Compared to non-Hispanic White children,
non-Hispanic Black children reported later sleep midpoints, even
after adjusting for maternal educational attainment (Model 2:
69.45 min later, 95% CI 46.32, 92.58; Model 3: 58.81 min later, 95%
CI 35.59, 82.02). Similarly, Hispanic children reported later sleep
midpoints, both before and after adjusting for maternal educa-
tional attainment (Model 2: 42.27 min later, 95% CI 27.97, 56.57;
Model 3:32.97 min later, 95% CI 18.64, 47.31). Weekend sleep
midpoint was later among children whose mothers had lower
levels of education (32.10 min less for mothers with a high school
degree or less, 95% CI 12.24, 51.96; 30.66 min later for mothers
with some college, 95% CI 15.70, 45.62).
Frequency of delaying bedtime did not increase during the

pandemic (Table 4). During the pandemic data collection
periods, children reported fewer daytime naps compared to
pre-pandemic: the odds of moving to a higher category of
daytime nap frequency were 74% lower in the first pandemic
time point (OR 0.26, 95% CI 0.17, 0.40) and 65% lower in the
second pandemic time point (OR 0.35, 95% CI 0.21, 0.56) than in
the pre-pandemic period. Older children were also less likely to
report a higher category of daytime nap frequency (OR 0.71,
95% CI 0.63, 0.79). Compared to non-Hispanic White children,
non-Hispanic Black children (Model 2: OR 5.23, 95% CI 2.4, 11.41;
Model 3: OR 4.49, 95% CI 2.00, 10.09) and Hispanic children
(Model 2: OR 2.24, 95% CI 1.24, 4.05; Model 3:OR 2.09, 95% CI,
1.14, 3.83) were more likely to report a higher category of
daytime nap frequency, both before and after adjusting for
maternal education.

Table 1. Descriptive characteristics of study sample of children at
ages 4–12 years in the Environmental Influences of Child Health
Outcomes (ECHO) Program.

Sociodemographic characteristics Analytic sample

N 528

Female sex, n (%) 253 (47.9%)

Child age at pre-pandemic assessment, years,
mean (SD)

7.2 (2.3)

Child age at pandemic 1, years, mean (SD) 8.3 (2.3)

Child age at pandemic 2 years, mean (SD) 8.7 (2.4)

Race and ethnicity, n (%)

Hispanic all races 110 (20.8%)

Non-Hispanic Black 44 (8.3%)

Non-Hispanic othera 80 (15.2%)

Non-Hispanic White 297 (56.3%)

Missing <5

Maternal education, n (%)b

Master’s degree or higher 159 (30.1%)

Bachelor’s degree 165 (31.3%)

Some college, no degree 146 (27.7%)

High school degree, GED or equivalent
or less

55 (10.4%)

Missing <5
aNon-Hispanic other includes 17 Asian, 22 American Indian or Alaska
Native, and 41 Multiple race.
bSome college, no degree also includes associate degrees and trade
school. Master’s degree or higher also includes doctoral degree.
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Thirty-eight qualitative interviews were conducted among
participants recruited from the cohorts in Colorado (n= 10),
California (n= 10), New Hampshire (n= 9), and South Dakota
(n= 9). Consistent with Ecocultural Theory, two themes emerged
related to children’s sleep routines: (1) the daily tasks or activities
and (2) parents’ goals and values.
For the first theme, many parents perceived no changes from

pre-pandemic to during the pandemic in the daily activities,
including wake time, bedtime, or sleep duration. However, several
parents described sleeping routines during the pandemic as “not
quite as structured,” “more go with the flow,” “more lenient with
bedtime,” and “a little bit more relaxed,” which often resulted in
later bedtimes. Another perceived cause of later bedtimes during
the pandemic was low physical activity during the day. One parent
said, “Sometimes, he just couldn’t fall asleep. He’s just like, ‘I can’t
fall asleep.’ There’s just too much energy, that didn’t get burned
off during the day.” Another common scenario was children
having a later wakeup time during remote schooling versus in-
person schooling. One parent said her child, “woke up at 7:00
instead of 8:00 because we had to get prepared to actually drive
to school versus them just waking up, rolling over, and turning
their computer on”.
For the second theme, the most reported goals and values were

maintaining consistent sleep routines and ensuring that children
got an adequate amount of sleep. Parents perceived that this
would ensure that the child was in a good mood in the morning

and support the child’s overall health. Parents said that “we’ve
always tried to keep a set bedtime because everybody is much
less grumpy when we get the right amount of sleep” and “I know
with kids’ brains and development that bedtimes are really
important.”

DISCUSSION
This longitudinal study investigated changes in multiple sleep
habits among children 4–12 years old across the US from before to
during the COVID-19 pandemic.
Results of quantitative data showed no significant changes in

sleep duration in the three collections periods, but there was a
shift to a later sleep midpoint both during the week and
weekends at both pandemic data collections period. We also
found a significant increase in sleep latency at the first pandemic
collection period but no increase in the frequency of bedtime
resistance, and a reduced frequency of daytime naps at both
pandemic data collection periods.
The findings from studies conducted during the early pandemic

lockdown are mixed; some indicate significant increases in
children’s sleep duration,30–33 while others show no differences34

or a slight decrease.35,36 The results presented in this study
provide novel data on changes beyond the initial lockdown
period, since data collection began in December 2020, 8 months
after the WHO declared COVID-19 a global pandemic. Thus, the

Table 2. Overview of sleep habits between pre-pandemic and pandemic data collection periods among children aged 4–12 years in the subset of
caregiver–child dyads from Environmental influences of Child Health Outcomes (ECHO) Program.

Pre-pandemica Pandemic 1b Pandemic 2c

N 528 415 323

Sleep habits, median (IQR)

n= 377 n= 377 n= 310

Nocturnal sleep duration, h 10 [9.0, 11.0] 9.5 [8.5, 10.0] 9.5 [8.7, 10.0]

Sleep patternd n= 403 n= 368 n= 310

Weekday bedtime 20:30 (20:00, 21:00) 21:00 (20:00, 21:30) 21:00 (20:30, 21:30)

Weekday wakeup time 7:00 (6:30, 7:00) 7:00 (6:30, 7:30) 7:00 (6:30, 7:30)

Weekday midpoint time 1:38 (1:15, 2:00) 1:53 (1:30, 2:15) 2:00 (1:30, 2:30)

Weekend bedtime 21:00 (20:30, 22:00) 21:30 (21:00, 22:30) 21:45 (21:00, 22:30)

Weekend wakeup time 7:30 (7:00, 8:30) 8:00 (7:00, 9:00) 8:00 (7:00, 9:00)

Weekend midpoint time 2:30 (1:45, 3:15) 2:45 (2:00, 3:30) 2:45 (2:00, 3:30)

n= 250 n= 195 n= 172

Sleep latency, min 20 [15, 30] 20 [15, 45] 20 [15, 30]

Missing 278 (52.7%) 220 (53.0%) 151 (46.7%)

Delayed bed frequency/week, n (%) n= 360 n= 367 n= 309

Never/almost never 156 (29.5%) 162 (39.0%) 140 (43.3%)

Sometimes 147 (27.8%) 132 (31.8%) 114 (35.3%)

Almost always/always 57 (10.8%) 73 (17.6%) 55 (17.0%)

Missing 168 (31.8%) 48 (11.6%) 14 (4.3%)

Daytime nap/week, n (%) n= 396 n= 366 n= 311

None 240 (45.5%) 297 (71.6%) 249 (77.1%)

1–3 days 91 (17.2%) 57 (13.7%) 50 (15.5%)

4–7 days 65 (12.3%) 12 (2.9%) 12 (3.7%)

Missing 132 (25.0%) 49 (11.8%) 12 (3.7%)
aJuly 1, 2019–March 15, 2020.
bDecember 1, 2020–April 30, 2021.
cMay 1, 2021–August 31, 2021.
dOut of range sleep time variables (weekday/weekend bedtime and wake-up time) have been coded as missing if outside the range of median+/− 3×IQR. 3,
43, 81, and 16 observations were coded as missing for weekday bedtime, weekday wake-up time, weekend bedtime, and weekend wake-up time variables,
respectively.
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absence of a significant change might reflect sleep duration
returning to pre-pandemic values. A similar pattern, in which sleep
duration returned to pre-pandemic length after the lockdown
period was also observed among US adults.37 These results are
supported by the emphasis that parents gave in the interviews on
the importance of enforcing good habits to maintain adequate
amount of sleep, even in face of changes in routines, to guarantee
optimal mood, learning and growth. This underlines the crucial
role of parental knowledge in buffering potential negative effects
of the pandemic on children sleep health.
Results on sleep timing are consistent across studies, since all

have shown a delay in bedtime and wakeup time, with a
consequent shift to later sleep midpoint.21,30 Some studies have
suggested that this shift might have benefited older children, who
generally display a later chronotype than in early childhood and
may experience circadian pressure to advance their sleep period
to align to social norms, such as school start time..38 At the same
time, a few studies have indicated that later bed/wake times are
associated with less physical activity and poorer diet.39,40 In
addition, another study found that during the pandemic late
wakeup was associated with higher odds of having mental
illnesses.30 Thus, further investigation is warranted to understand
the potential impact of a shift in sleep timing on physical and
mental health outcomes. The shift in bedtime documented with
sleep questionnaire was consistent with findings from the
qualitative interviews. Parents perceived that their children went
to bed later during the pandemic because (1) children were less
tired due to less physical activity and (2) parents were more
lenient about sleep-related rules during the pandemic.
Stressors and routine changes associated with the pandemic

may have impaired other sleep domains, such as sleep latency or
disturbances during the night, but less information is available on

these domains, because prior studies mostly utilized composite
indices of sleep health or sleep quality. We found that reported
sleep latency increased in the first data collection period during
the pandemic. This is in line with the reports from parents
indicating that the children were less tired due to less physical
activity. Increased sleep latency could also reflect the effect of
increased screen exposure.41,42 Similar results regarding sleep
latency were observed in a cohort of adolescents during the
pandemic, where participants who used electronic devices >4 h/
day compared with those who used them <4 h/day reported more
frequently long sleep latency, low sunlight exposure, less physical
activity, and weight gain.43

Our results indicated a significant decrease in frequency of
daytime napping, which is in line with other reports.16,32 Reasons
for the observed changes could be related to children being less
tired due to decreased physical activity and increased screen
exposure, in addition to the lack of structured routine generally
provided in school environments. A confounding factor could be
the natural developmental decrease in the frequency of daytime
napping as children get older, since in our cohort, the average age
at the pre-pandemic collection was 7.2 years (SD 2.3), while at the
second data collection period during the pandemic the average
age was 8.7 years (SD 2.4).
While some published studies on sleep in children during the

pandemic did include racially and ethnically diverse cohorts, they
did not examine whether sleep habits differed across racial/ethnic
groups.21 Within this sample of ECHO cohorts, we found that
regardless of the pandemic period, children from racial/ethnic
minoritized communities slept less at night, had later sleep
midpoint times both during the week and weekends, and took
naps more frequently. These results were statistically significant
even after adjusting for maternal education. These findings

Table 3. Estimated associations between sleep duration, sleep latency, and weekday and weekend sleep midpoint and data collection period.

Sleep duration (h) βa

(95% CI)
Sleep latency (min) β
(95% CI)

Weekday sleep midpointb

(min) β (95% CI)
Weekend sleep midpointb

(min) β (95% CI)

N of children 333 152 308 292

Time pointc

Pandemic 1 0.09 (−0.08, 0.26) 6.02** (2.09, 9.94) 11.10** (6.21, 15.98) 6.68* (0.92, 12.43)

Pandemic 2 0.16 (−0.03, 0.35) 0.92 (−3.44, 5.28) 16.68** (11.00, 22.35) 5.97 (−0.80, 12.75)

Age, years old −0.17**
(−0.22, −0.11)

0.24 (−1.59, 2.08) 2.95* (0.58, 5.31) 8.05** (5.23, 10.86)

Male −0.07 (−0.28, 0.14) 3.77 (−0.52, 8.06) −1.72 (−8.56, 5.12) −5.72 (−16.55, 5.10)

Race and ethnicity

Non-Hispanic White REF REF REF REF

Hispanic all races −0.19 (−0.47, 0.09) −0.07 (−5.77, 5.64) 11.69* (2.26, 21.13) 32.97** (18.64, 47.31)

Non-Hispanic Black −0.77**
(−1.20, −0.33)

−1.78 (−11.65, 8.09) 18.46** (4.71, 32.22) 58.81** (35.59, 82.02)

Non-Hispanic other −0.16 (−0.46, 0.14) 1.86 (−4.58, 8.30) 11.73* (1.92, 21.55) 25.82** (10.21, 41.44)

Maternal education

Master’s degree or higher Ref. Ref. Ref. Ref.

Bachelor’s degree −0.17 (−0.44, 0.09) 0.82 (−4.81, 6.44) 3.60 (−5.24, 12.44) 7.08 (−6.62, 20.78)

Some college, no degree −0.45**
(−0.73, −0.16)

7.74* (1.71, 13.77) 11.48* (2.00, 20.96) 30.66** (15.70, 45.62)

High school degree −0.35 (−0.77, 0.07) −2.39 (−11.86, 7.07) 8.68 (−4.94, 22.29) 32.10** (12.24, 51.96)

*p < 0.05; **p < 0.01; ***p < 0.001.
aBeta coefficients from linear mixed effects models that include cohort and child as random intercepts to adjust for the within cohort and within child
correlations. Maximum Likelihood method was used to fit model. p values were given from LMEM t test. The analysis was conducted using the R package
“lme4.”
bThe midpoint sleep outcome is modelled as minutes from 12:00:00 a.m.
cThe reference group is the pre-pandemic period: July 1, 2019–March 15, 2020. Pandemic 1 data collection occurred during December 1, 2020–April 30, 2021,
and Pandemic 2 during May 1, 2021–August 31, 2021.
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highlight disparities by race/ethnicity in sleep habits during
childhood are in line with previous studies indicating that non-
Hispanic White children are more likely to go to bed earlier and
more regularly, have longer nocturnal sleep, and nap less than
most racial and ethnic minoritized groups.44,45

Although there is an increasing amount of evidence in the
literature that attesting to sleep health disparities, the causal
mechanisms and principal contributory factors remain largely
unknown. Due to a system of structural discrimination, racial and
ethnic minoritized groups often have less resources and
opportunities (e.g., education, income, employment, housing)
and experience more psychosocial stressors linked to interperso-
nal discrimination, which are all factors known to negatively affect
sleep.25 In additional, various cultural beliefs and practices
regarding sleep and parenting might affect sleep specifically
during childhood. Nonetheless, the potential contribution of these
factors to racial and ethnic differences in sleep health, particularly
during childhood, has not been fully investigated. Further studies
are needed to evaluate these disparities through a socio-
ecological lens, incorporating factors at multiple levels, from the
individual, family and other direct interpersonal relationships,
broadening to neighborhood and community influences, and
public policy. Such studies are essential to identify upstream
determinants and potential points of intervention to reduce sleep
disparities.46 Given our limited sample size, we were not able to
investigate interactions between race/ethnicity and data collec-
tion periods, thus we were not able to assess whether changes
during the pandemic differed across racial/ethnic groups.
Differential changes might be expected because the COVID-19
pandemic disproportionately impacted racially and ethnically
minoritized groups.47,48 In particular, the pandemic might have
affected child health behaviors differently. For example, children
from some racial and ethnic minority groups were also more likely
to attend school via online learning compared with non-Hispanic

White counterparts. This might be due to the fact that lower
income neighborhoods received less state and local funding than
schools that serve a lower proportion of these groups with
implications for availability of student supports, classroom sizes,
and a myriad of other factors that affected school reopening.49 In
addition, neighborhood environment is tightly associated with
health behaviors, with living in high‐density neighborhoods being
a negative predictor for health behaviors during the pandemic.50

Consequently, several studies are reporting on how the pandemic
has exacerbated disparities in health outcomes in childhood. For
example, one study reported disparities in childhood health
behaviors during the pandemic leading to accelerated body mass
index gain in minoritized groups.51 Thus, further investigation is
needed to better understand potential exacerbation of sleep
health disparities in children during the COVID-19 pandemic.
Limitations of this study include the use of subjective sleep

data, which is known to present risk for bias.52 In addition, given
that the three data collection time periods occurred at different
times during the year, additional confounding factors might
include seasonal effects, and changes in routines due to school
calendars, especially since Pandemic 2 data collection mostly took
place during summer/non-school schedule. Nonetheless, we were
unable to account for this, since at each site different school
calendars were implemented. This study has also several
strengths, including a longitudinal design, with pre-pandemic
and post-pandemic data. In addition, we include data from several
site across the US, thus our sample is diverse in terms socio-
demographic and geographic representation. Lastly, we report
results on several sleep domains, and we include qualitative data
from parental interviews providing critical contextual information
for quantitative findings.
In conclusion, our findings support the hypothesis that the

pandemic has significantly impacted sleep health during child-
hood, and parental knowledge of the importance of sleep health

Table 4. Estimated associations between delayed bedtime frequency, daytime nap frequency, and data collection period.

Frequency of delayed bedtimea ORb (95% CI) Frequency of daytime napsc OR (95% CI)

N of children 309 341

Time pointd

Pandemic 1 1.21 (0.82, 1.77) 0.26*** (0.17, 0.40)

Pandemic 2 1.00 (0.66, 1.53) 0.35*** (0.21, 0.56)

Age, years 0.92 (0.82, 1.03) 0.71*** (0.63, 0.79)

Male 1.57 (0.96, 2.55) 1.24 (0.78, 1.98)

Race and ethnicity

Non-Hispanic White Ref. Ref.

Non-Hispanic Black 0.85 (0.34, 2.16) 4.49*** (2.00, 10.09)

Non-Hispanic other 0.56 (0.28, 1.13) 0.95 (0.48, 1.89)

Hispanic all races 0.82 (0.43, 1.56) 2.09* (1.14, 3.83)

Maternal education

Master’s degree or higher Ref. Ref.

Bachelor’s degree 1.98* (1.08, 3.64) 1.15 (0.62, 2.16)

Some college, no degree 1.40 (0.73, 2.68) 1.57 (0.83, 2.94)

High school degree, GED or less 0.86 (0.30, 2.40) 1.36 (0.60, 3.08)

*p < 0.05; **p < 0.01; ***p < 0.001.
aIn the past 7 days, I/my child “put-off” or delayed bedtime. Never/almost never, sometimes, almost always/always.
bOdds ratios estimating the odds of reporting a higher category of the outcome from Cumulative link mixed models fitted with the Laplace approximation.
We include cohort and child as random intercepts to account for within-cohort and within-child correlations. p values were given from LMEM Wald test. The
analysis was conducted by the R package “ordinal.”
cHow many days did you/your child take a daytime nap? None, 1–3 days, or 4–7 days.
dThe reference group is the pre-pandemic period: July 1, 2019–March 15, 2020. Pandemic data collection period 1 is December 1, 2020–April 30, 2021, and
pandemic period 2 is May 1, 2021–August 31, 2021.
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might have played a significant protective role. Thus, further
investigation is necessary to understand potential implications for
long-term health outcomes of the pandemic. Our study corrobo-
rates the existing literature by highlighting substantial racial/
ethnic disparities in sleep health in children in the US, warranting
further studies to examine and address root causes.

DATA AVAILABILITY
The datasets for this manuscript are not publicly available because, per the NIH-
approved ECHO Data Sharing Policy, ECHO-wide data have not yet been made
available to the public for review/analysis. Requests to access the datasets should be
directed to the ECHO Data Analysis Center, ECHO-DAC@rti.org.”

REFERENCES
1. Sadeh, A., Raviv, A. & Gruber, R. Sleep patterns and sleep disruptions in school-

age children. Dev. Psychol. 36, 291 (2000).
2. Owens, J. & Ordway, M. In The Social Epidemiology of Sleep 93–120 (Oxford

University Press, 2019).
3. Gruber, R., Cassoff, J., Frenette, S., Wiebe, S. & Carrier, J. Impact of sleep extension

and restriction on children’s emotional lability and impulsivity. Pediatrics 130,
e1155–e1161 (2012).

4. Taveras, E. M., Rifas-Shiman, S. L., Bub, K. L., Gillman, M. W. & Oken, E. Prospective
study of insufficient sleep and neurobehavioral functioning among school-age
children. Acad. Pediatr. 17, 625–632 (2017).

5. Van Dyk, T. R., Becker, S. P. & Byars, K. C. Mental health diagnoses and symptoms
in preschool and school age youth presenting to insomnia evaluation: prevalence
and associations with sleep disruption. Behav. Sleep. Med. 17, 790–803 (2019).

6. Jenni, O. G. & LeBourgeois, M. K. Understanding sleep-wake behavior and sleep
disorders in children: the value of a model. Curr. Opin. Psychiatry 19, 282–287
(2006).

7. Belmon, L. S., van Stralen, M. M., Busch, V., Harmsen, I. A. & Chinapaw, M. J. M.
What are the determinants of children’s sleep behavior? A systematic review of
longitudinal studies. Sleep. Med. Rev. 43, 60–70 (2019).

8. Hammons, A. J., Villegas, E. & Robart, R. “It’s been negative for us just all the way
across the board”: Focus group study exploring parent perceptions of child
screen time during the COVID-19 pandemic. JMIR Pediatr. Parent. 4, e29411
(2021).

9. Jansen, E. et al. Parental stress, food parenting practices and child snack intake
during the COVID-19 pandemic. Appetite 161, 105119 (2021).

10. Korman, M. et al. Outdoor daylight exposure and longer sleep promote wellbeing
under COVID-19 mandated restrictions. J. Sleep Res. 31, e13471 (2022).

11. Spinelli, M., Lionetti, F., Pastore, M. & Fasolo, M. Parents’ stress and children’s
psychological problems in families facing the COVID-19 outbreak in Italy. Front.
Psychol. 11, 1713 (2020).

12. Bernedo, I. M., Oliver, J., Urbano-Contreras, A. & González-Pasarín, L. Perceived
stress, resources and adaptation in relation to the COVID-19 lockdown in Spanish
foster and non-foster families. Child Fam. Soc. Work 27, 55–66 (2022).

13. Patrick, K. E., Millet, G. & Mindell, J. A. Sleep differences by race in preschool
children: the roles of parenting behaviors and socioeconomic status. Behav. Sleep.
Med. 14, 467–479 (2016).

14. Aguilar-Farias, N. et al. Sociodemographic predictors of changes in physical
activity, screen time, and sleep among toddlers and preschoolers in chile during
the covid-19 pandemic. Int. J. Environ. Res. Public Health 18, 176 (2021).

15. Bates, L. C. et al. COVID-19 impact on behaviors across the 24-hour day in chil-
dren and adolescents: physical activity, sedentary behavior, and sleep. Children 7,
138 (2020).

16. Okely, A. D. et al. Global effect of COVID-19 pandemic on physical activity,
sedentary behaviour and sleep among 3-to 5-year-old children: a longitudinal
study of 14 countries. BMC Public Health 21, 1–15 (2021).

17. Moore, S. A. et al. Impact of the COVID-19 virus outbreak on movement and play
behaviours of Canadian children and youth: a national survey. Int. J. Behav. Nutr.
Phys. Act. 17, 85 (2020).

18. Markovic, A., Mühlematter, C., Beaugrand, M., Camos, V. & Kurth, S. Severe effects
of the COVID-19 confinement on young children’s sleep: a longitudinal study
identifying risk and protective factors. J. Sleep. Res. 30, e13314 (2021).

19. Ustuner Top, F. & Cam, H. H. Sleep disturbances in school-aged children 6–12
years during the COVID-19 pandemic in Turkey. J. Pediatr. Nurs. 63, 125–130
(2022). https://doi.org/10.1016/j.pedn.2021.11.008

20. Sharma, M., Aggarwal, S., Madaan, P., Saini, L. & Bhutani, M. Impact of COVID-19
pandemic on sleep in children and adolescents: a systematic review and meta-
analysis. Sleep. Med. 84, 259–267 (2021).

21. Burkart, S. et al. Impact of the COVID-19 pandemic on elementary schoolers’
physical activity, sleep, screen time and diet: a quasi-experimental interrupted
time series study. Pediatr. Obes. 17, e12846 (2022).

22. Gillman, M. W. & Blaisdell, C. J. Environmental Influences on Child Health Out-
comes, a research program of the NIH. Curr. Opin. Pediatr. 30, 260 (2018).

23. Bates, D., Mächler, M., Bolker, B. & Walker, S. Fitting linear mixed-effects models
using lme4. J. Stat. Sofw. 67, 1–48 (2015).

24. Christensen, R. H. B. ordinal—regression models for ordinal data. R Package
version 2015.6–28. http://www.cran.r-project.org/package=ordinal/ (2015).

25. Guglielmo, D., Gazmararian, J. A., Chung, J., Rogers, A. E. & Hale, L. Racial/ethnic
sleep disparities in US school-aged children and adolescents: a review of the
literature. Sleep. Health 4, 68–80 (2018).

26. Peng, D. & MacKenzie, G. In Statistical Modelling in Biostatistics and Bioinformatics
159–184 (Springer, 2014).

27. Weisner, T. S. Ecocultural understanding of children’s developmental pathways.
Hum. Dev. 45, 275–281 (2002).

28. Malterud, K., Siersma, V. D. & Guassora, A. D. Sample size in qualitative interview
studies: guided by information power. Qual. Health Res. 26, 1753–1760 (2016).

29. Hsieh, H.-F. & Shannon, S. E. Three approaches to qualitative content analysis.
Qual. Health Res. 15, 1277–1288 (2005).

30. Zhao, J., Xu, J., He, Y. & Xiang, M. Children and adolescents’ sleep patterns and
their associations with mental health during the COVID-19 pandemic in Shang-
hai, China. J. Affect Disord. 301, 337–344 (2022).

31. Lim, M. T. C. et al. School closure during the coronavirus disease 2019 (COVID-19)
pandemic – Impact on children’s sleep. Sleep. Med. 78, 108–114 (2021).

32. Liu, Z. et al. Sleep of preschoolers during the coronavirus disease 2019 (COVID-
19) outbreak. J. Sleep. Res. 30, e13142 (2021).

33. Pietrobelli, A. et al. Effects of COVID-19 lockdown on lifestyle behaviors in chil-
dren with obesity living in Verona, Italy: a longitudinal study. Obesity 28,
1382–1385 (2020).

34. Medrano, M. et al. Changes in lifestyle behaviours during the COVID-19 con-
finement in Spanish children: a longitudinal analysis from the MUGI project.
Pediatr. Obes. 16, e12731 (2021).

35. Łuszczki, E. et al. Children’s eating habits, physical activity, sleep, and media
usage before and during COVID-19 pandemic in Poland. Nutrition 13, 2447
(2021).

36. Kharel, M. et al. Impact of COVID-19 pandemic lockdown on movement beha-
viours of children and adolescents: a systematic review. BMJ Glob. Health 7,
e007190 (2022).

37. Rezaei, N. & Grandner, M. A. Changes in sleep duration, timing, and variability
during the COVID-19 pandemic: large-scale Fitbit data from 6 major US cities.
Sleep. Health 7, 303–313 (2021).

38. Minges, K. E. & Redeker, N. S. Delayed school start times and adolescent sleep: a
systematic review of the experimental evidence. Sleep. Med. Rev. 28, 86–95
(2016).

39. Olds, T. S., Maher, C. A. & Matricciani, L. Sleep duration or bedtime? Exploring the
relationship between sleep habits and weight status and activity patterns. Sleep
34, 1299–1307 (2011).

40. Golley, R. K., Maher, C. A., Matricciani, L. & Olds, T. S. Sleep duration or bedtime?
Exploring the association between sleep timing behaviour, diet and BMI in
children and adolescents. Int. J. Obes. 37, 546–551 (2013).

41. Kahn, M. et al. Sleep, screen time and behaviour problems in preschool children:
an actigraphy study. Eur. Child Adolesc. Psychiatry 30, 1793–1802 (2021).

42. Li, X. et al. Screen use and mental health symptoms in Canadian children and
youth during the CoViD-19 pandemic. JAMA Netw. Open 4, e2140875–e2140875
(2021).

43. Moraleda-Cibrián, M., Albares-Tendero, J. & Pin-Arboledas, G. Screen media use
and sleep patterns in Spanish adolescents during the lockdown of the cor-
onavirus pandemic. Sleep Breath. https://doi.org/10.1007/s11325-021-02558-y
(2022).

44. Parsons, A. A., Ollberding, N. J., Smith, L. & Copeland, K. A. Sleep matters: the
association of race, bedtime, outdoor time, and physical activity with pre-
schoolers’ sleep. Prev. Med. Rep. 12, 54–59 (2018).

45. Smith, J. P., Hardy, S. T., Hale, L. E. & Gazmararian, J. A. Racial disparities and sleep
among preschool aged children: a systematic review. Sleep. Health 5, 49–57
(2019).

46. Billings, M. E. et al. Disparities in sleep health and potential intervention models: a
focused review. Chest 159, 1232–1240 (2021).

47. Garg, S. et al. Hospitalization rates and characteristics of patients hospitalized
with laboratory-confirmed coronavirus disease 2019—COVID-NET, 14 States,
March 1–30, 2020. Morb. Mortal. Wkly Rep. 69, 458 (2020).

48. Dalsania, A. K. et al. The relationship between social determinants of health and
racial disparities in COVID-19 mortality. J. Racial Ethn. Health Disparities 9,
288–295 (2022).

M. Lucchini et al.

593

Pediatric Research (2023) 93:586 – 594

https://doi.org/10.1016/j.pedn.2021.11.008
http://www.cran.r-project.org/package=ordinal/
https://doi.org/10.1007/s11325-021-02558-y


49. White, A., Liburd, L. C. & Coronado, F. Addressing racial and ethnic disparities in
COVID-19 among school-aged children: are we doing enough? Prev. Chronic Dis.
18, 210084 (2021).

50. Mitra, R. et al. Healthy movement behaviours in children and youth during the
COVID-19 pandemic: exploring the role of the neighbourhood environment.
Health Place 65, 102418 (2020).

51. Weaver, R. G. et al. COVID-19 leads to accelerated increases in children’s BMI
z-score gain: an interrupted time-series study. Am. J. Prev. Med. 61, e161–e169
(2021).

52. Bauer, K. M. & Blunden, S. How accurate is subjective reporting of childhood sleep
patterns? A review of the literature and implications for practice. Curr. Pediatr.
Rev. 4, 132–142 (2008).

ACKNOWLEDGEMENTS
The authors wish to thank our ECHO colleagues; the medical, nursing, and program
staff; and the children and families participating in the ECHO cohorts. We also
acknowledge the contribution of the following ECHO program collaborators: ECHO
Components—Coordinating Center: Duke Clinical Research Institute, Durham, North
Carolina: Smith PB, Newby KL; Data Analysis Center: Johns Hopkins University
Bloomberg School of Public Health, Baltimore, Maryland: Jacobson LP; Research
Triangle Institute, Durham, North Carolina: Catellier DJ; Person-Reported Outcomes
Core: Northwestern University, Evanston, Illinois: Gershon R, Cella D.ECHO Awardees
and Cohorts— Northeastern University, Boston, Massachusetts: Alshawabkeh, AN;
Albert Einstein College of Medicine, Bronx, New York: Aschner J; Cincinnati Children's
Hospital Medical Center, Cincinnati, Ohio: Merhar S; Children’s Hospital and Clinic
Minnesota, Minneapolis, MN: Lampland A; University of Buffalo, Buffalo, NY: Reynolds
A; University of Florida, College of Medicine, Jacksonville, FL: Hudak M; University of
Rochester Medical Center, Rochester, NY: Pryhuber G; Vanderbilt Children’s Hospital,
Nashville, TN: Moore P; Wake Forest University School of Medicine, Winston Salem,
NC: Washburn L; Kaiser Permanente Northern California Division of Research,
Oakland, CA: Croen L; University of Washington, Department of Environmental and
Occupational Health Sciences, Seattle, WA: Karr C; University of Tennessee Health
Science Center, Memphis, TN: Mason A; Women & Infants Hospital of Rhode Island,
Providence RI, Lester B; Children’s Mercy, Kansas City, MO: Carter B; Emory University,
Atlanta, GA: Marsit C; Helen DeVos Children’s Hospital, Grand Rapids, MI: Pastyrnak S;
Kapiolani Medical Center for Women and Children, Providence, RI: Neal C; Los
Angeles Biomedical Research Institute at Harbour-UCLA Medical Center, Los Angeles
CA: Smith L; Wake Forest University School of Medicine, Winston Salem, NC:
Helderman J; Oregon Health and Science University, Portland, OR: McEvoy C; Indiana
University, Riley Hospital for Children: Indianapolis, IN, Tepper R; Michigan State
University, East Lansing, MI: Kerver J; Henry Ford Health System, Detroit, MI: Barone, C;
Michigan Department of Health and Human Services, Lansing, MI: McKane, P;
Michigan State University, East Lansing, MI: Paneth N; University of Michigan, Ann
Arbor, MI: Elliott, M; New York University School of Medicine, Trasande L; Seattle
Children’s Research Institute, Seattle WA: Sathyanarayana S; University of California,
San Francisco, San Francisco CA: Bush N; University of Minnesota, Minneapolis, MN:
Nguyen R; University of Rochester Medical Center: Rochester, NY: Barrett E. We would
like to thank Meredith Palmore for her assistance in responding to reviewer
comments.

AUTHOR CONTRIBUTIONS
M. Lucchini, T.A.B., M.G., D.G.-D., D.G., M.H., C.W.H., M.R.K., A.J.E., A.F., J.M., K.S., D.D.,
and A.L.D. contributed to the conception, design, and acquisition of data. M. Lucchini,
T.A.B., C.F., S.B., M. Li, E.A.K., and Y.D. contributed to the analysis. All authors
contributed to interpretation of data, drafting the article or revising it critically for
important intellectual content, and provided final approval of the version to be
published.

FUNDING
The content is solely the responsibility of the authors and does not necessarily
represent the official views of the National Institutes of Health. Research reported in
this publication was supported by the Environmental influences on Child Health
Outcomes (ECHO) program, Office of The Director, National Institutes of Health, under
Award Numbers U2COD023375 (Coordinating Center), U24OD023382 (Data Analysis
Center), U24OD023319 (PRO Core), UH3OD023251 (Alshawabkeh), UH3OD023320
(Aschner), UH3OD023248 (Dabelea), UH3OD023313 (Deoni), UH3OD023318 (Dunlop),
UH3OD023279 (Elliott), UH3OD023289 (Ferrara), UH3OD023271 (Karr), UH3OD023347
(Lester), UH3OD023288 (McEvoy), UH3OD023285 (Kerver), UH3OD023305 (Trasande),
UH3OD023275 (Karagas), UH3OD023290 (Dr. Herbstman).

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
All participants provided written informed consent.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41390-022-02309-z.

Correspondence and requests for materials should be addressed to Maristella
Lucchini.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author self-archiving of the
accepted manuscript version of this article is solely governed by the terms of such
publishing agreement and applicable law.

ENVIRONMENTAL INFLUENCES ON CHILD HEALTH OUTCOMES

P. B. Smith13, K. L. Newby13, L. P. Jacobson14, D. J. Catellier15, R. Gershon16, D. Cella16, A. N. Alshawabkeh17, J. Aschner18, S. Merhar19,
A. Lampland20, A. Reynolds21, M. Hudak22, G. Pryhuber23, P. Moore24, L. Washburn25, L. Croen8, C. Karr26, A. Mason27, B. Lester28,
B. Carter29, C. Marsit30, S. Pastyrnak31, C. Neal32, L. Smith33, J. Helderman25, C. McEvoy34, R. Tepper35, J. Kerver36, C. Barone37, P. McKane38,
N. Paneth36, M. Elliott39, L. Trasande40, S. Sathyanarayana41, N. Bush42, R. Nguyen43 and E. Barrett23

13Duke Clinical Research Institute, Durham, NC, USA. 14Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD, USA. 15Research Triangle Institute, Durham,
NC, USA. 16Northwestern University, Evanston, IL, USA. 17Northeastern University, Boston, MA, USA. 18Albert Einstein College of Medicine, Bronx, NY, USA. 19Cincinnati Children’s
Hospital Medical Center, Cincinnati, OH, USA. 20Children’s Hospital and Clinic Minnesota, Minneapolis, MN, USA. 21University of Buffalo, Buffalo, NY, USA. 22University of Florida,
College of Medicine, Jacksonville, FL, USA. 23University of Rochester Medical Center, Rochester, NY, USA. 24Vanderbilt Children’s Hospital, Nashville, TN, USA. 25Wake Forest
University School of Medicine, Winston Salem, NC, USA. 26Department of Environmental and Occupational Health Sciences, University of Washington, Seattle, WA, USA.
27University of Tennessee Health Science Center, Memphis, TN, USA. 28Women & Infants Hospital of Rhode Island, Providence, RI, USA. 29Children’s Mercy, Kansas City, MO, USA.
30Emory University, Atlanta, GA, USA. 31Helen DeVos Children’s Hospital, Grand Rapids, MI, USA. 32Kapiolani Medical Center for Women and Children, Providence, RI, USA. 33Los
Angeles Biomedical Research Institute at Harbour-UCLA Medical Center, Los Angeles, CA, USA. 34Oregon Health and Science University, Portland, OR, USA. 35Indiana University,
Riley Hospital for Children, Indianapolis, IN, USA. 36Michigan State University, East Lansing, MI, USA. 37Henry Ford Health System, Detroit, MI, USA. 38Michigan Department of
Health and Human Services, Lansing, MI, USA. 39University of Michigan, Ann Arbor, MI, USA. 40New York University School of Medicine, New York, NY, USA. 41Seattle Children’s
Research Institute, Seattle, WA, USA. 42University of California, San Francisco, San Francisco, CA, USA. 43University of Minnesota, Minneapolis, MN, USA.

M. Lucchini et al.

594

Pediatric Research (2023) 93:586 – 594

https://doi.org/10.1038/s41390-022-02309-z
http://www.nature.com/reprints
http://www.nature.com/reprints

	Impact of the COVID-19 pandemic on children’s sleep habits: an ECHO study
	Introduction
	Materials and methods
	Study design and population
	Measurements
	Sociodemographic characteristics
	Quantitative sleep habit measures
	Statistical analyses for quantitative sleep habit measures
	Qualitative interviews
	Analyses for qualitative data


	Results
	Discussion
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Ethics approval and consent to participate
	ADDITIONAL INFORMATION




