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Abstract
Background Environmental factors may contribute to short sleep duration and irregular bedtime in children. Neighborhood 
factors and children’s sleep duration and bedtime regularity remain a less investigated area. The aim of this study was to 
investigate the national and state-level proportions of children with short sleep duration and irregular bedtime and their 
neighborhood predictors.
Methods A total of 67,598 children whose parents completed the National Survey of Children’s Health in 2019–2020 were 
included in the analysis. Survey-weighted Poisson regression was used to explore the neighborhood predictors of children’s 
short sleep duration and irregular bedtime.
Results The prevalence of short sleep duration and irregular bedtime among children in the United States (US) was 34.6% 
[95% confidence interval (CI) = 33.8%–35.4%] and 16.4% (95% CI = 15.6%–17.2%) in 2019–2020, respectively. Safe neigh-
borhoods, supportive neighborhoods, and neighborhoods with amenities were found to be protective factors against children’s 
short sleep duration, with risk ratios ranging between 0.92 and 0.94, P < 0.05. Neighborhoods with detracting elements were 
associated with an increased risk of short sleep duration [risk ratio (RR) = 1.06, 95% CI = 1.00–1.12] and irregular bedtime 
(RR = 1.15, 95% CI = 1.03–1.28). Child race/ethnicity moderated the relationship between neighborhood with amenities 
and short sleep duration.
Conclusions Insufficient sleep duration and irregular bedtime were highly prevalent among US children. A favorable neigh-
borhood environment can decrease children’s risk of short sleep duration and irregular bedtime. Improving the neighborhood 
environment has implications for children’s sleep health, especially for children from minority racial/ethnic groups.
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Introduction

Poor sleep health has been increasingly recognized as an 
important public health issue due to its prevalence and 
negative consequences among both adults and children [1]. 
Sleep health includes various domains of sleep character-
istics, including regularity, alertness, timing, efficiency, 
and satisfaction [2]. It is estimated that every one of four 
children suffers from poor sleep health, ranging from short 

sleep duration, frequent night waking, sleep resistance, and 
daytime sleepiness to more severe sleep disorders, includ-
ing insomnia and sleep apnea [3]. Poor sleep health may 
contribute to poor physical health, poor mental health, and 
behavior problems in children [4]. Specifically, insufficient 
sleep duration is associated with increased child body mass 
index and obesity [5], poor executive functioning and school 
performance [6, 7], and increased risk for major depression 
[8], while regular bedtime contributes to children’s nighttime 
sleep consolidation and adolescents’ longer sleep duration 
and less daytime fatigue [9–11].

In recent years, various physical and social environmental 
factors have been recognized to impact child sleep health [12]. 
Socioeconomic status (SES) is one particular factor that has 
been increasingly studied [13]. Specifically, racial and eth-
nic minority children have a higher risk of insufficient sleep 
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duration and poorer sleep quality [14]. Low SES, such as pov-
erty, low educational attainment, poor family environment and 
poor neighborhood conditions, are predictive of poor sleep 
quality from early childhood to adolescence [15].

Among societal and environmental factors, neighborhood 
factors also play a role in shaping children’s sleep health [16]. 
A study conducted in Canada found that children with obstruc-
tive sleep apnea were more likely to reside in disadvantaged 
neighborhoods characterized by a higher level of poverty, 
higher population density, and a higher proportion of single-
parent households [17]. Singh and colleagues also found that 
unfavorable neighborhoods (neighborhoods with safety con-
cerns, garbage/litter in street, poor housing, or vandalism) were 
associated with a higher prevalence of serious sleep problems 
among children in the United States (US) [18]. It remains 
unclear whether the association between neighborhood social 
capital and built environments and children’s sleep health 
still exists in more recent years. Furthermore, neighborhood 
effects are beyond the concentration of poverty and consist 
of multiple salient dimensions of the residential setting [19]. 
In fact, physical and social environmental factors could influ-
ence sleep health [20]. People living in neighborhoods with 
lower SES may have poorer housing conditions and a greater 
risk of being exposed to light, noise, air pollution, etc. Thus, 
research on the prevalence of poor child sleep health and its 
wider and multi-dimensional neighborhood and societal pre-
dictors is warranted.

Previous research has found that the geographic distribution 
of insufficient sleep in the US adult population was uneven 
[21, 22]. Most variabilities in sleep duration across different 
neighborhoods are explained by both family-level SES and 
neighborhood-level SES [22]. Recently, a study found that the 
prevalence of short sleep duration was also uneven in the US 
child population during 2016–2018, with southeastern states 
having a higher prevalence [23]. It remains unclear whether 
this trend persists when several national campaigns and pro-
grams have been installed to target child sleep health [24].

Given the importance of neighborhood factors on child 
sleep health and given that sleep duration and regularity are 
two important dimensions that are highly relevant for pedi-
atrics and children’s optimal sleep health [11], we aim to 
utilize the most recent data from the 2019–2020 National 
Survey of Children’s Health (NSCH) to investigate the rela-
tionship between neighborhood factors and children’s short 
sleep duration and irregular bedtime.

Methods

Data sources and participants

This study used the NSCH 2019–2020 two-year combined 
dataset. The NSCH was a population-based nationally 

representative survey of parents of children aged 0–17 years 
in the US. It was initially conducted every four years in 
2003, 2007, and 2011/12, followed by every year starting 
from 2016 to 2020. The main purpose of this survey was to 
estimate the national and state-level prevalence of a wide 
range of child and family health outcomes to facilitate poli-
cies and health advocacy. The current study used the most 
recent two-year iteration and released public use dataset: 
NSCH 2019–2020. The NSCH 2019 was conducted from 
June 2019 to January 2020, with a total of 29,433 children 
whose parents completed the survey. Regarding NSCH 
2020, the survey was conducted between July 2020 and 
January 2021, with a total of 42,777 children whose parents 
completed the survey. The survey data were weighted by the 
NSCH team to reflect the demographic characteristics of 
non-institutional children and adolescents aged 0–17 years 
in each state [25]. The NSCH 2019–2020 public use data 
can be found at the United States Census Bureau website 
(https:// www. census. gov/ progr ams- surve ys/ nsch/ data/ datas 
ets. html).

Participants were US households with child(ren). Poten-
tial eligible households received a mail screener invitation 
asking if there was any child living in the household and if 
the adult was familiar with the child(ren)’s condition. Par-
ents were later invited to answer the child age-specific topi-
cal questionnaires via web or paper if they were identified 
as eligible for the NSCH [25]. The main topical questions 
include child and family demographics, physical and mental 
health status, access to health care, health insurance status, 
type, and adequacy, and family health and activities, among 
others.

Explanatory variables

Explanatory variables were generated using the following 
four neighborhood factors: safe neighborhoods, supportive 
neighborhoods, neighborhoods with detracting elements, 
and neighborhoods with amenities.

Safe neighborhoods were assessed by asking the parents 
one question: how much do you agree that this child is safe 
in your neighborhood?, with four answers: 1 = definitely 
agree, 2 = somewhat agree, 3 = somewhat/definitely disa-
gree. Children whose parents answered “definitely agree” 
were rated as living in a safe neighborhood.

Supportive neighborhoods were assessed with one vari-
able generated by the NSCH research team: does this child 
live in a supportive neighborhood? The variable was derived 
from parental responses to three statements: (1) people in 
this neighborhood help each other out; (2) we watch out 
for each other's children in this neighborhood; and (3) 
when we encounter difficulties, we know where to go for 
help in our community. Parents were asked whether they 
definitely agree, somewhat agree, somewhat disagree, or 

https://www.census.gov/programs-surveys/nsch/data/datasets.html
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definitely disagree with each statement. Children were con-
sidered to live in supportive neighborhoods if their parents 
reported “definitely agree” to at least one of the items above 
and “somewhat agree” or “definitely agree” to the other 
two items. Only children whose parents submitted valid 
responses to all three items are included in the denominator.

Neighborhoods with detracting elements were assessed 
with one question: in this child’s neighborhood, how many 
detracting elements—litter or garbage on the street or side-
walk, poorly kept or rundown housing, or vandalism—are 
there?, with three answers: 0 = none, 1 = 1 detracting ele-
ment, 2 = 2 detracting elements, 3 = 3 detracting elements. 
Children were rated as living in a neighborhood with detract-
ing elements if their parents did not answer “none”.

Neighborhood amenities were assessed with the follow-
ing question: in this child’s neighborhood, how many ameni-
ties—parks, recreation centers, sidewalks or libraries—does 
it contain?, with four answers: 0 = none, 1 = 1 amenity, 2 = 2 
amenities, 3 = 3 amenities, 4 = all 4 amenities. Children were 
rated as living in a neighborhood with amenities if their par-
ents answered any above number except for 0.

Outcome variables

Two variables were included as the outcome variables: 
short sleep duration and irregular bedtime. The first out-
come variable evaluated whether or not each child had short 
sleep duration, which was generated based on one question 
answered by the parents: during the past week, how many 
hours of sleep did this child get during an average day count 
both nighttime sleep and naps for children aged 0–5 years? 
For children aged 6–17 years, the question was adjusted as 
follows: during the past week, how many hours of sleep did 
this child get on most weeknights? The question had seven 
answers: 1 = less than 6 hours, 2 = 6 hours, 3 = 7 hours, 
4 = 8 hours, 5 = 9 hours, 6 = 10 hours, and 7 = 11 or more 
hours. Short sleep duration was defined based on child age 
and the appropriate sleep duration recommended by the 
American Academy of Sleep Medicine [26]. Specifically, 
short sleep duration was defined as < 12 hours (including 
naps) for infants aged 4–11 months, < 11 hours (including 
naps) for children aged 1–2 years, < 10 hours (including 
naps) for children aged 3–5 years, < 9 hours for children aged 
6–12 years, and < 8 hours for adolescents aged 13–17 years 
[25].

The second outcome variable was bedtime irregularity, 
which was captured by one question answered by parents: 
how often does this child go to bed at about the same time 
on weeknights?, with answers ranging from always, usu-
ally, sometimes to rarely or never. Children whose parents 
answered “always” or “usually” to this question were classi-
fied as having regular bedtime, while others were classified 
as having irregular bedtime.

Covariates

Based on previous literature, children and parental charac-
teristics shown to be correlated with children’s sleep health, 
such as children’s age [27], gender [28], race/ethnicity [29], 
and parental SES status [30], and when these variables were 
collected in the NSCH, were included in the analysis. Spe-
cifically, children’s age group (0–5 years, 6–11 years, and 
12–17 years), gender (male, and female), race/ethnicity (His-
panic, White non-Hispanic, Black non-Hispanic, and other/
multiracial non-Hispanic), their parents or caregivers’ high-
est education (less than high school, high school, some col-
lege or technical school, and college degree or higher), and 
household income level [< 99% federal poverty level (FPL), 
100%–199% FPL, 200%–399% FPL, and ≥ 400% FPL] were 
included as covariates. Furthermore, survey year (2019 vs. 
2020) was included as a covariate to explore whether chil-
dren’s sleep duration and bedtime regularity significantly 
changed before and during the coronavirus disease 2019 
(COVID-19) pandemic.

Data analysis

The national and state-level estimates of the percent of 
short sleep duration, percent of irregular bedtime, and other 
demographic characteristics were survey-weighted to make 
descriptive estimates that were representative of the national 
demographics. A survey-weighted Chi-square test was used 
to investigate group differences regarding demographic char-
acteristics in children with and without short sleep duration 
and children with and without irregular bedtime. Less than 
5% of children had missing values in the variables used in 
this study; thus, these children were excluded from the anal-
ysis. A total of 67,598 children aged 4 months to 17 years 
with complete data on neighborhood factors, covariates, and 
short sleep duration were included in the analysis of the rela-
tionship between neighborhood factors and children’s short 
sleep duration. Considering that irregular bedtime is com-
mon among infants and toddlers, we only included children 
older than 5 years old with complete data on neighborhood 
factors, covariates, and irregular bedtime (n = 48,941) to 
analyze the relationship between neighborhood factors and 
children’s irregular bedtime.

Multivariable Poisson regression was conducted to 
investigate the association between neighborhood factors 
and children’s short sleep duration and irregular bedtime. 
All analyses were adjusted for complex survey design. The 
interaction terms of each neighborhood factor and child age 
group, gender, and race/ethnicity were tested to explore 
whether these demographic factors were moderators. The 
Wald test was used to investigate if the interaction term was 
statistically significant. Only race/ethnicity was found to be 
a significant moderator for certain neighborhood factors and 
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children’s short sleep duration and irregular bedtime. When 
a statistically significant moderation effect was detected, 
subgroup analysis was conducted. The statistical software R 
(version 4.0.2) was used for all analyses. The “survey” pack-
age [31] was used for logistic regression. A P value < 0.05 
was considered statistically significant.

Results

Demographic characteristics

Compared to children in younger age groups, older chil-
dren (aged 12–17 years) had the lowest proportion of insuf-
ficient sleep duration [32.0%, 95% confidence interval 
(CI) = 30.8%–33.2%] and a higher proportion of irregular 
bedtime (21.1%, 95% CI = 19.9%–22.3%). In general, chil-
dren from non-White race/ethnic groups whose parents had 
lower educational attainment and with lower household 
income levels had higher proportions of short sleep dura-
tion and irregular bedtime. The proportion of children with 
irregular bedtime was significantly higher in 2020 (during 
the COVID-19 pandemic) than in 2019 (before the pan-
demic) (Table 1).

Prevalence of short sleep duration and irregular 
bedtime

The overall national prevalence of short sleep duration 
and irregular bedtime among US children in 2019–2020 
was 34.6% (95% CI = 33.8%–35.4%) and 16.4% (95% 
CI = 15.6%–17.2%), respectively. As shown in Supple-
mentary Fig. 1a, southern states such as Alabama (42.2%), 
Arkansas (45.1%), Louisiana (47.4%), and Mississippi 
(47.0%) had the highest prevalence of short sleep duration, 
while northern states such as Minnesota (23.1%) and Maine 
(28.0%) had the lowest prevalence. Similarly, the prevalence 
of irregular bedtime was among the highest in the southern 
region (Supplementary Fig. 1b). Specifically, Los Angeles 
(22.4%) has the highest prevalence of irregular bedtime in 
children, followed by the District of Columbia (22.2%) and 
Mississippi (22.1%).

Predictors of short sleep duration

Controlling for covariates, safe neighborhood, supportive 
neighborhood, and neighborhood with amenities were all 
found to be protective factors of children’s short sleep 
duration, with risk ratios (RR) ranging between 0.92 
and 0.94 (P < 0.05), indicating that these neighborhood 
factors were associated with an approximately 6%–8% 
lower risk of a child getting insufficient sleep duration 
(Table 2). A neighborhood with detracting elements was 

found to be associated with a 1.06-fold increase in the 
likelihood of having a short sleep duration (RR = 1.06, 
95% CI = 1.00–1.12). The association between neighbor-
hood amenities and short sleep duration was moderated 
by children’s race/ethnicity (Wald test for interaction 
term Chi-square = 11.23, P = 0.007), such that neighbor-
hood amenities were associated with a decreased risk of 
short sleep duration for White children (RR = 0.86, 95% 
CI = 0.80–0.93, P < 0.001) but an increased risk for His-
panic children (RR = 1.27, 95% CI = 1.00–1.62, P < 0.05) 
(Supplementary Fig. 2).

Predictors of irregular bedtime

After adjusting for child‒parent dyads’ demographic covari-
ates, living in a neighborhood with detracting elements was 
associated with a 1.15-fold increased risk of having irregu-
lar bedtime. Both safe neighborhoods and supportive neigh-
borhoods were associated with a decreased risk of irregular 
bedtime (Table 2). Neighborhood with amenities had no 
statistically significant relationship with children’s irregu-
lar bedtime (RR = 0.94, 95% CI = 0.81–1.08). No moderat-
ing relationship was found between parental SES factors, 
neighborhood factors, and school-aged children’s irregular 
bedtime.

Discussion

This study investigated the latest national prevalence of short 
sleep duration and irregular bedtime among US children, as 
well as their neighborhood predictors based on the NSCH 
2019–2020 data. The results showed that the national preva-
lence of short sleep duration and irregular bedtime among 
US children remained generally high in 2019–2020, affect-
ing around 34.6% of children and 16.4% of children, respec-
tively. Favorable neighborhood environments (safe neighbor-
hood and supportive neighborhood) were protective factors 
against children’s short sleep duration and irregular bedtime. 
Negative neighborhood factor (neighborhood with detracting 
elements) was associated with children’s short sleep duration 
and irregular bedtime.

Prevalence of short sleep duration and irregular 
bedtime

The national prevalence of short sleep duration and irregular 
bedtime in the US child population were 34.6% and 16.4% 
in 2019–2020, respectively, similar to the national preva-
lence found in previous years (34.9% for insufficient sleep in 
2016–2018 [23] and 14.5% for irregular sleep in 2017–2018 
[32]). Alabama, Arkansas, Louisiana, and Mississippi were 
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among the states with the highest prevalence (> 41%) of 
insufficient sleep duration, similar to the pattern found in 
the NSCH 2016–2018 [23].

The distribution of state-level irregular bedtime preva-
lence was generally similar to the distribution of short sleep 
duration. Specifically, southern states, including Louisiana, 

Table 1  Demographic characteristics

Data are presented as n (%). All proportions were survey weighted. FPL federal poverty level, GED general education development, NA not 
available. aDoes the child sleep age-appropriate hours according to the sleep duration recommendations from American Academy of Sleep Med-
icine; bdoes the child always go to bed at the same time during weekdays; cdoes this child live in a safe neighborhood; ddoes this child live in a 
supportive neighborhood; edoes the neighborhood the child living having any of the following detracting elements-litter or garbage on the street 
or sidewalk, poorly kept or rundown housing, or vandalism; fdoes the neighborhood the child is living having any of the following amenities: 
parks, recreation centers, sidewalks or libraries

Demographic characteristics Short sleep  durationa (n = 67,598) Irregular  bedtimeb (n = 48,941)

Total sample Yes No P Total sample Yes No P

Survey year
 2019 27,568 (50.1) 8686 (34.6) 18,882 (65.4)     0.500 20,067 (50.3) 2451 (14.1) 17,616 (85.9)  < 0.001
 2020 40,030 (49.9) 11,774 (34.0) 28,256 (66.0) 28,874 (49.7) 4641 (18.7) 24,233 (81.3)

Child age (y)
 0–5 18,657 (31.1) 5635 (35.4) 13,022 (64.6)  < 0.001 NA NA NA
 6–11 20,904 (33.9) 6505 (35.7) 14,399 (64.3) 20,904 (49.3) 1943 (11.5) 18,961 (88.5)  < 0.001
 12–17 28,037 (35.0) 8320 (32.0) 19,717 (68.0) 28,037 (50.7) 5149 (21.1) 22,888 (78.9)

Child sex
 Female 32,577 (49.1) 9920 (33.7) 22,657 (66.3)     0.600 23,615 (49.1) 3529 (16.8) 20,086 (83.2)     0.300
 Male 35,021 (50.9) 10,540 (33.9) 24,481 (66.1) 25,326 (50.9) 3563 (16.0) 21,763 (84.0)

Child race/ethnicity
 Hispanic 8571 (25.4) 3063 (39.0) 5508 (61.0)  < 0.001 6151 (25.5) 1143 (20.0) 5008 (80.0)  < 0.001
 White, non-Hispanic 45,938 (50.9) 12,492 (28.2) 33,446 (71.8) 33,277 (50.6) 4110 (11.5) 29,167 (88.5)
 Black, non-Hispanic 4264 (12.7) 2087 (50.7) 2177 (49.3) 3245 (13.2) 838 (27.4) 2407 (72.6)
 Other/multi-racial, non-His-

panic
8825 (11.0) 2818 (32.5) 6007 (67.5) 6268 (10.7) 1001 (17.2) 5267 (82.8)

Parent/caregiver highest education
 Less than high school 1649 (9.0) 720 (44.1) 929 (55.9)  < 0.001 1284 (10.0) 338 (24.4) 338 (75.6)  < 0.001
 High school of GED 8589 (18.7) 3665 (44.9) 4924 (55.1) 6507 (19.4) 1299 (21.7) 5208 (78.3)
 Some college or technical 

school
15,352 (21.1) 5734 (40.4) 9618 (59.6) 11,508 (21.2) 2006 (18.7) 9502 (81.3)

 College degree or higher 42,008 (51.3) 10,341 (26.2) 31,667 (73.8) 29,642 (49.4) 3449 (11.6) 26,193 (88.4)
Household income level
 0%–99% FPL 7788 (17.4) 3370 (47.1) 4418 (52.9)  < 0.001 5585 (17.1) 1219 (24.7) 4366 (75.3)  < 0.001
 100%–199% FPL 11,155 (21.4) 4131 (40.1) 7024 (59.9) 8077 (22.0) 1419 (18.9) 6658 (81.1)
 200%–399% FPL 21,033 (29.5) 6590 (34.0) 14,443 (66.0) 15,187 (29.7) 2186 (16.1) 13,001 (83.9)
 400% FPL or greater 27,622 (31.7) 6369 (23.6) 21,253 (76.4) 20,092 (31.2) 2268 (10.2) 17,824 (89.8)

Safe  neighborhoodc

 Yes 46,838 (65.0) 13,212 (31.6) 33,626 (68.4)  < 0.001 34,286 (65.2) 4361 (13.5) 29,925 (86.5)  < 0.001
 No 20,760 (35.0) 7248 (39.4) 13,512 (60.6) 14,655 (34.8) 2731 (21.7) 11,924 (78.3)

Supportive  neighborhoodd

 Yes 40,747 (55.4) 11,107 (30.9) 29,640 (69.1)  < 0.001 29,856 (55.7) 3375 (12.2) 26,481 (87.8)  < 0.001
 No 26,851 (44.6) 9353 (38.5) 17,498 (61.5) 19,085 (44.3) 3717 (21.6) 15,368 (78.4)

Neighborhood detracting  elementse

 Yes 15,919 (27.5) 5443 (40.2) 10,476 (59.8)  < 0.001 10,939 (26.9) 1985 (21.6) 8954 (78.4)  < 0.001
 No 51,679 (72.5) 15,017 (32.1) 36,662 (67.9) 38,002 (73.1) 5107 (14.4) 32,895 (85.6)

Neighborhood  amenitiesf

 Yes 59,633 (89.5) 17,711 (34.0) 41,922 (66.0)     0.005 42,987 (89.3) 6155 (16.2) 36,832 (83.8)     0.400
 No 7965 (10.5) 2749 (37.3) 5216 (62.7) 5954 (10.7) 937 (17.4) 5017 (82.6)
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Table 2  Survey-weighted Poisson regression of children’s sleep

Variables Insufficient sleep duration (n = 67,598) Irregular bedtime (n = 48,941)

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Survey year
 2019 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
 2020 0.99 (0.94–1.04) 0.99 (0.94–1.03) 1.34 (1.21–1.47)‡ 1.33 (1.21–1.47)‡

Child age (y)
 0–5 1.00 (reference) 1.00 (reference) NA NA
 6–11 0.99 (0.93–1.04) 0.99 (0.94–1.05) 1.00 (reference) 1.00 (reference)
 12–17 0.87 (0.82–0.92)‡ 0.88 (0.83–0.93)‡ 1.82 (1.64–2.01)‡ 1.82 (1.64–2.01)‡

Gender
 Female 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
 Male 1.01 (0.97–1.06) 1.01 (0.96–1.06) 0.95 (0.86–1.04) 0.94 (0.86–1.03)

Race/ethnicity
 White, non-Hispanic 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
 Hispanic 1.16 (1.08–1.24)‡ 0.77 (0.59–1.00) 1.29 (1.14—1.47)‡ 1.04 (0.62–1.75)
 Black, non-Hispanic 1.53 (1.44–1.62)‡ 1.47 (1.23–1.74)‡ 1.82 (1.63–2.04)‡ 1.69 (1.19–2.40)†

 Other/multi-racial, non-Hispanic 1.12 (1.05–1.19)† 1.10 (0.89–1.36) 1.40 (1.23–1.60)‡ 1.27 (0.81–1.97)
Parent/caregiver highest education
 Less than high school 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
 High school of GED 1.03 (0.92–1.15) 1.02 (0.92–1.14) 0.98 (0.81–1.19) 0.98 (0.80–1.19)
 Some college or technical school 0.98 (0.88–1.09) 0.97 (0.87–1.09) 0.93 (0.77–1.13) 0.93 (0.76–1.13)
 College degree or higher 0.75 (0.67–0.84)‡ 0.75 (0.67–0.84)‡ 0.72 (0.58–0.88)† 0.72 (0.58–0.88)†

Household income level
 0%–99% FPL 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
 100%–199% FPL 0.94 (0.87–1.01) 0.93 (0.87–1.00) 0.84 (0.73–0.97)* 0.83 (0.72–0.96)*

 200%–399% FPL 0.90 (0.84–0.97)† 0.90 (0.83–0.96)† 0.86 (0.74–1.00) 0.86 (0.74–1.00)
 400% FPL or greater 0.73 (0.67–0.79)‡ 0.73 (0.67–0.79)‡ 0.69 (0.59–0.80)‡ 0.69 (0.59–0.80)‡

Safe neighborhood
 No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
 Yes 0.94 (0.89–1.00)* 0.99 (0.93–1.06) 0.87 (0.79–0.97)* 0.84 (0.74–0.95)*

Supportive neighborhood
 No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
 Yes 0.94 (0.89–0.99)* 0.89 (0.84–0.95)‡ 0.72 (0.64–0.80)‡ 0.73 (0.65–0.82)‡

Neighborhood detracting elements
 No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
 Yes 1.06 (1.00–1.12)* 1.06 (0.99–1.13) 1.15 (1.03–1.28)* 1.10 (0.96–1.26)

Neighborhood amenities
 No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
 Yes 0.92 (0.86–0.98)† 0.84 (0.78–0.90)‡ 0.94 (0.81–1.08) 0.88 (0.76–1.02)

Interaction terms
 Neighborhood safety (ethnicity)
  Hispanic 0.89 (0.77–1.03) 1.03 (0.78–1.35)
  Black, non-Hispanic 0.92 (0.81–1.05) 1.17 (0.91–1.49)
  Other/multi-racial, non-Hispanic 1.00 (0.86–1.16) 1.01 (0.76–1.34)

 Supportive neighborhood (ethnicity)
  Hispanic 1.15 (0.99–1.34) 0.94 (0.70–1.27)
  Black, non-Hispanic 1.09 (0.95–1.24) 0.91 (0.71–1.16)
  Other/multi-racial, non-Hispanic 0.93 (0.80–1.07) 1.16 (0.87–1.56)

 Neighborhood detracting elements (ethnicity)
  Hispanic 1.05 (0.91–1.21) 1.09 (0.84–1.43)
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Mississippi, and South Carolina, had the highest prevalence 
(> 20%) of irregular bedtime. Interestingly, states such as 
Alabama and Arkansas had the highest prevalence of short 
sleep duration yet had the lowest prevalence or irregular 
bedtime. The exact reason for this discrepancy between the 
distribution of irregular bedtime and short sleep duration 
within the same state is unclear, although it could be due 
to the subjective nature of these two outcome variables and 
thus may include recall bias.

Favorable neighborhoods

In the current study, safe neighborhoods were found to be 
a protective factor against children’s short sleep duration. 
This is in line with previous studies that found an association 
between neighborhood safety and sleep in both adults [33] 
and children [18]. A recent systematic review also found 
that parent- or caregiver-reported neighborhood unsafety 
was associated with adverse child sleep outcomes [34]. 
Beyond subjectively reported sleep measures, neighborhood 
safety was also associated with actigraph-assessed time in 
bed and sleep duration in adolescents [35]. Worries about 
community safety and violence may lead to psychological 
and physiological arousal and a stressful state and thus lead 
to difficulty in attaining high-quality and regular sleep [36].

Supportive neighborhoods were also found to decrease 
the risk of children’s short sleep duration and irregular bed-
time. Perceived supportive neighborhood may reflect that a 
family had more resources to look for help when needed to 
keep family routine and children’s regular bedtime. There 
are several potential reasons that living in a favorable neigh-
borhood can protect children’s sleep health. First, a favora-
ble neighborhood generally has higher neighborhood SES 
and a better surrounding environment, such as lower noise 
[37] and air pollution [38], which have both been identified 
as robust predictors for child sleep [12]. Another potential 
reason is that children who live in favorable neighborhoods 
are likely to engage in more outdoor physical activities [39] 
and less screen time [40]. Physical activity is associated with 

decreased sleep latency for school-aged children [41] and 
increased slow-wave sleep [42], which then can increase 
sleep duration.

Unfavorable neighborhoods

We found that neighborhood with detracting elements 
(litter or garbage on the street or sidewalk, poorly kept or 
rundown housing, or vandalism) was a risk factor for both 
short sleep duration and irregular bedtime. Previous research 
documented that unfavorable neighborhood factors such as 
neighborhood poverty were associated with worse health 
outcomes such as obesity [43]. Indeed, neighborhoods with 
unfavorable environments often have limited resources to 
improve their built environment, which can contribute to 
children’s sleep health. Specifically, detracting elements in 
neighborhoods are associated with less favorable social envi-
ronments, such as less social cohesion and social capital and 
increased crime rates [43].

Race/ethnicity moderation

We found that child race/ethnicity moderated the relation-
ship between neighborhood with amenities and short sleep 
duration, highlighting the importance of race/ethnicity in 
shaping children’s sleep health. Thus, policy makers should 
consider the implications of advocating a favorable neigh-
borhood environment for minority children. A recent litera-
ture review found that compared to White non-Hispanic chil-
dren, Black and other race/ethnic minority children generally 
went to bed later, had shorter sleep durations, and napped 
more often [44]. Health literacy may also contribute to this 
relationship. Black and other race/ethnic minority parents 
were less likely to be aware of the recommended child age-
appropriate sleep duration and to overestimate sleep suffi-
ciency in their children [14].

Interestingly, the moderation effect of race/ethnicity 
on neighborhood amenities and short sleep duration was 
only significant among Hispanic and White children, and 

Table 2  (continued)

Variables Insufficient sleep duration (n = 67,598) Irregular bedtime (n = 48,941)

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

  Black, non-Hispanic 0.91 (0.80–1.03) 0.96 (0.76–1.21)
  Other/multi-racial, non-Hispanic 1.07 (0.91–1.25) 1.21 (0.91–1.62)

 Neighborhood amenities (ethnicity)
  Hispanic 1.53 (1.20–1.96)‡ 1.24 (0.74–2.06)
  Black, non-Hispanic 1.11 (0.95–1.29) 1.07 (0.77–1.48)
  Other/multi-racial, non-Hispanic 1.04 (0.86–1.26) 0.97 (0.61–1.55)

RR risk ratio, CI confidence interval, FPL federal poverty level, GED general education development, NA not available, since the modeling of 
irregular bedtime only include children older than 5 years. *P < 0.05, †P < 0.01, ‡P < 0.001
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neighborhood amenities acted as a risk factor for Hispanic 
children. A possible reason for this was that the percent of 
neighborhood amenity was a surrogate of other underlying 
neighboring disadvantage factors, such as greater popula-
tion densities and higher proportions of single mothers [17].

Strengths and limitations

There were several limitations in this study. First, all varia-
bles were parent- or caregiver-reported and thus may include 
recall bias. Second, the cross-sectional survey cannot draw 
causal relationships between neighborhood factors and child 
sleep health. Third, home environmental factors that may 
influence children’s sleep health, such as parenting qual-
ity and interpersonal factors such as interparental conflicts 
[13], were not included in this study. Fourth, state was the 
only geographic variable available in the NSCH public use 
dataset, while more nuanced geographic variables such as 
census tracts were not available. Using state as the random 
intercept in multilevel Poisson regression, we found that 
state explained little variance in children’s sleep duration 
[intraclass correlation coefficient (ICC) = 0.01] and bedtime 
irregularity (ICC = 0.01) (Supplementary Table 1). Thus, we 
were not able to investigate whether the effects of neigh-
borhood factors on children’s sleep duration and bedtime 
regularity vary across different geographic areas. Despite 
these limitations, this study provided the latest national and 
state-level prevalence of child sleep duration and irregular 
bedtime and was the first to explore the race/ethnicity mod-
eration effect on the relationship between multiple neighbor-
hood factors and child sleep duration and bedtime regularity. 
Future studies should include wider societal and geographic 
explanatory factors, consider incorporating both objective 
and subjective measures of child sleep and neighborhood 
effects, and employ a longitudinal design.

In conclusion, this study found that the national preva-
lence of short sleep duration and irregular bedtime among 
US children remained generally high in 2019 and 2020. A 
favorable neighborhood environment was associated with 
children’s short sleep duration and irregular bedtime. The 
findings suggest that both physical and social environment 
factors contribute to child sleep health and highlight the 
importance of social determinants of health. Public health 
initiatives should design targeted interventions to improve 
the community and neighborhood social and physical envi-
ronment to improve child sleep health, especially for those 
with a higher prevalence of short sleep duration and irregu-
lar bedtime places and those at higher risk.
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