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Although studies have investigated and found an association between victimization and insufficient sleep among
adolescents, few studies have examined the association between exposure to neighborhood violence and insuf-
ficient sleep among adolescents. The objective of this study was to investigate the cross-sectional association
between exposure to neighborhood violence and insufficient sleep among adolescents. Data for this study came
from the 2021 Youth Risk Behavior Survey. An analytic sample of 17,033 adolescents aged 14-18 (51.7 % male)
was analyzed using binary logistic regression. The outcome variable investigated was insufficient sleep, and the
main explanatory variable was exposure to neighborhood violence. Of the 17,033 adolescents, 76.5 % did not
obtain the recommended 8 hours of sleep on an average school night, and 18.7 % were exposed to neighborhood
violence. Controlling for the effects of other factors, exposure to neighborhood violence was associated with 1.33
times higher odds of having insufficient sleep (AOR = 1.33, 95 % CI = 1.13-1.58). Adolescents were more likely
to get insufficient sleep if they were older, non-Hispanic Black, had poor mental health during COVID, felt sad or
hopeless, engaged in excessive screen-time behaviors, or used alcohol. Physical activity, school connectedness,
and parental monitoring all had protective effects on insufficient sleep. This study found that exposure to
neighborhood violence was associated with insufficient sleep among adolescents over and above demographic
and other covariates. Future studies that employ longitudinal designs may offer additional insight into the
mechanisms underlying the association between exposure to neighborhood violence and insufficient sleep.

1. Introduction American countries and found that the proportion of adolescents not

getting the recommended sleep on school days ranged from 14 % to 68

A good night’s sleep plays a vital role in brain function (Holm et al.,
2009; Maski & Owens, 2016). The American Academy of Sleep Medicine
(Paruthi et al., 2016) and the National Sleep Foundation (Hirshkowitz
et al., 2015) recommend that adolescents ages 13-18 should sleep 8-10
hours per 24 hour period regularly to promote optimal health and
mental well-being. However, various studies have found that most ad-
olescents in the United States (U.S.) are not getting the recommended
hours of sleep (Baiden et al., 2023; Gerber, 2014; Meldrum et al., 2018;
Owens et al., 2014; Wheaton et al., 2018). Gariepy et al. (2020) exam-
ined sleep patterns among adolescents across 24 European and North

%. Data from the 2017 national Youth Risk Behavior Survey (YRBS)
indicated that only one in four adolescents got the recommended eight
or more hours of sleep on an average school night (Kann et al., 2018).

Insufficient sleep among adolescents has therefore been identified as
a major public health issue (Hale & Troxel, 2018; Owens et al., 2014)
and has been found to negatively impact language development (Edgin
et al., 2015), neurodevelopmental conditions (Telzer et al., 2015), and
academic performance (Dewald et al., 2010; Owens et al., 2014; Shochat
et al., 2014). More importantly, insufficient sleep during adolescence is
considered a significant risk factor for adverse consequences later in
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adulthood (Baiden et al., 2015; Medic et al., 2017). As a result, optimal
sleep is increasingly being recognized as an important factor for school
achievement and mental well-being (Evers et al., 2020). The purpose of
this study is to examine the association between exposure to neighbor-
hood violence (NV) as a potential risk factor for insufficient sleep among
adolescents.

1.1. Literature review

Risk factors associated with insufficient sleep among adolescents are
complex and undoubtedly multifaceted (Baiden et al., 2019; Owens
et al., 2014). The extant literature has demonstrated that several factors
may influence insufficient sleep among adolescents, including family
history of sleep disorder (Kose et al., 2017), poor mental health (Orchard
et al., 2020; Zhang et al., 2017), and substance use (Baiden et al., 2023;
Bilsky et al., 2016; Winsler et al., 2015). Several studies have also found
that the COVID-19 lockdown-related measures worsened adolescent
mental health (Anderson et al., 2022; Deng et al., 2023; Li et al., 2022),
thereby significantly disrupting sleep habits and routine (Bruni et al.,
2022; Melegari et al., 2023; Troxel et al., 2022). Wesley et al. (2023)
investigated changes in duration, timing, and social jetlag in adolescent
sleep during the COVID-19 pandemic among 3,494 adolescents aged
13-19 years old in the U.S. and found that on weekdays, bedtimes were
delayed on average by 2.5 hours and wake times by 3.8 hours during
COVID-19 compared to pre-COVID-19. They also found that depressive
symptoms and decline in physical activity during COVID-19 were
associated with delayed bed and wake times during COVID-19.

Other studies have also found that excessive screen time has the
potential to negatively affect adolescents’ sleep quality (Baiden et al.,
2019; Kenney & Gortmaker, 2017; Woods & Scott, 2016). The American
Academy of Pediatrics recommends limiting screen-time activities not
relating to schoolwork to not more than 2 hours per day for children and
adolescents (Chassiakos et al., 2016), as well as avoiding screen-time at
least 1 hour before bedtime (Hill et al., 2016). Wang et al. (2020) found
avoiding screen-time at least 1 hour before bedtime to be effective in
mitigating against stressors and anxiety related to the COVID-19
pandemic among adolescents and consequently improved sleep quality.
Moreover, research indicates that during the COVID-19 pandemic, ad-
olescents were less physically activity and engaged in more screen-time
behaviors compared to pre-pandemic levels (Burkart et al., 2022; Dun-
ton et al., 2020; Moore et al., 2020). Burkart et al. (2022) compared
sedentary behaviors among children during the spring and summer of
the COVID-19 pandemic and two years prior to COVID-19 pandemic and
found that compared to pre-pandemic measures, children’s physical
activity level, sedentary behavior, sleep, screen time, and diet were
adversely altered during the COVID-19 pandemic. Moreover, whereas
psychosocial stressors such as bullying victimization (Donoghue &
Meltzer, 2018; Sampasa-Kanyinga et al., 2018; Tang et al., 2023) and
sexual violence victimization (Kajeepeta et al., 2015; Langevin et al.,
2017; Wang et al., 2022) have been found to be associated with insuf-
ficient sleep among adolescents, one psychosocial stressor that has
received relatively less research attention is exposure to NV. Indeed,
chronic insomnia and recurrent nightmares are frequent occurrences
among individuals with a history of traumatic life events (Baiden et al.,
2015; Brownlow et al., 2016).

NV has been identified as a major public health issue affecting many
individuals and communities in the U.S. (Centers for Disease Control and
Prevention, 2022; Smith et al., 2019). Various studies have established a
link between exposure to NV and a myriad of mental health problems
(Butcher et al., 2016; Cooley et al., 2019; Phan & Gaylord-Harden,
2022), including the onset and development of posttraumatic stress
disorder (Affrunti et al., 2018; Aisenberg et al., 2008), suicidal behaviors
(Castellvi et al., 2017), substance use (Harper et al., 2023; Meza et al.,
2023; Udell et al., 2017), and risky sexual behaviors (Voisin et al., 2012,
2018). However, few studies have examined the association between
exposure to NV and sleep among adolescents drawing on a large
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nationally representative sample.

A growing body of studies in the U.S. has investigated the association
between exposure to NV (Kliewer et al., 2019; Mrug et al., 2021;
Semenza & Stansfield, 2021) as well as perception of neighborhood
violence (Bagley et al., 2016; Meldrum et al., 2018; Philbrook et al.,
2020) and adolescent sleep disruption. However, the majority of these
studies used small and unrepresentative samples (Mrug et al., 2021;
Semenza & Stansfield, 2021), focused on adolescents of specific de-
mographic populations (Kliewer et al., 2019), or were from specific
geographical locations (Meldrum et al., 2018; Philbrook et al., 2020),
thereby limiting the generalizability of the findings. For instance,
Kliewer et al. (2019) investigated the link between exposure to NV and
sleep disruption in a sample of 107 African American adolescents in low-
income urban areas of central Virginia and found a significant positive
association between exposure to NV and sleep disruption. Mrug et al.
(2021) followed a sample of 84 adolescents, 95 % African Americans,
and investigated the bidirectional relationship between exposure to NV
and sleep problems. They found that exposure to NV at age 13 predicted
more sleep problems at age 16, but exposure to NV at age 16 did not
predict sleep problems at age 17 (Mrug et al., 2021).

In addition to risk factors, studies have found that factors such as
school connectedness (Marsh et al., 2019; Steiner et al., 2019) and
parental monitoring (Booth & Shaw, 2023; Villarreal & Nelson, 2018;
Voisin et al., 2012) are important for the maintenance of mental well-
being and may be protective against traumatic life events. A large
cross-sectional study in Brazil found that lack of parental monitoring
was associated with a higher prevalence of loneliness and sleep prob-
lems (Machado et al., 2020). The extant literature has also demonstrated
the protective role of physical activity against problematic adolescent
health behaviors (Kwan et al., 2012; Oman et al., 2018), including sleep
difficulties (Baiden et al., 2019; Lang et al., 2013; Wunsch et al., 2017).

1.2. Current study

Although several studies have investigated and found an association
between victimization and insufficient sleep (Donoghue & Meltzer,
2018; Langevin et al., 2017; Sampasa-Kanyinga et al., 2018; Tang et al.,
2023; Wang et al., 2022) as well as NV and insufficient sleep (Bagley
et al., 2016; Kliewer et al., 2019; Meldrum et al., 2018; Mrug et al.,
2021; Philbrook et al., 2020; Semenza & Stansfield, 2021), to our
knowledge, few studies have investigated the association between
exposure to NV and insufficient sleep among adolescents drawing on a
large nationally representative sample. Thus, drawing on a large na-
tionally representative sample, the current study examines the cross-
sectional association between exposure to NV and insufficient sleep
among adolescents. We hypothesized that controlling for demographic,
risk, and protective factors, adolescents who were exposed to NV would
have a greater likelihood of reporting insufficient sleep. From a public
health perspective, examining the association between exposure to NV
and insufficient sleep using a more rigorous approach could help in
identifying adolescents at risk for problematic health outcomes. Such an
examination could also help inform the development of public health
interventions aimed at helping adolescents who might be at risk of
having insufficient sleep.

2. Methods
2.1. Data source and participants

Data for this study came from the 2021 Youth Risk Behavior Survey
(YRBS). The YRBS is a cross-sectional, school-based national survey
conducted by the CDC every two years to ascertain the prevalence,
patterns, and co-occurrence of health risk behaviors that contribute to
the leading causes of death and disability among adolescents in the U.S.,
provide comparable national, state, territorial, tribal, and local data, and
to monitor progress toward achieving the Healthy People objectives and
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other program indicators. Detailed information about the YRBS,
including the objectives, methodology, and sampling procedure, is
available (Brener et al., 2013; Mpofu et al., 2023) and in other publi-
cations by the authors (Baiden, Fugene, Nicholas, Spoor., & LaBrenz,
2023; Baiden, Jahan, Mets, & Adeku, 2023; Baiden, LaBrenz, Kim,
Muehlenkamp, & Thrasher, 2023; Baiden, Mengo, & Small, 2021; Bai-
den, Morgan, & Logan, 2022; Baiden, Szlyk, et al., 2023; Baiden &
Tadeo, 2020; Baiden, Wood, et al., 2023; Ziminski et al., 2022). The
2021 YRBS is a comprehensive instrument comprised of approximately
100 items covering various health risk behaviors including, risky driving
behaviors, violence-related behaviors, victimization, mental health,
suicidal thoughts and behaviors, sexual behaviors, substance use be-
haviors, dietary behaviors, sleep, screen-time, mental health during
COVID-19, physical activity, concussion, school connectedness, parental
monitoring, among others. The YRBS has been used extensively and has
been found to demonstrate test-retest reliability of weighted kappa
mean scores of 58 % or higher among community middle school (Zullig
et al., 2006) and high school (Raghupathy & Hahn-Smith, 2012) ado-
lescents. Brener et al. (2013) assessed reliability of the items in the YRBS
and found that 72 % of the items had “substantial” or higher reliability
with kappa coefficients ranging between 61 and 100 %. More recently,
Charles et al. (2022) assessed test-retest reliability of the YRBS using
kappa and weighted kappa analyses and found moderate to substantial
reliability for nearly all items, suggesting that at-risk adolescents reli-
ably reported their engagement in health risk behaviors across multiple
administrations. Additional information about the validity of the items
in the YRBS has been provided in a review by Brener et al. (2003). Items
about sleep, mental health, suicidal ideation, sedentary behaviors, and
substance use have been used in previous studies and have been found to
adequately measure the constructs they intended to measure (Baiden
et al., 2019, 2023; Dai et al., 2020; Hawkins et al., 2022; Johns et al.,
2018; Lowry et al, 2021; Mantey et al.,, 2020, 2021, 2023;
McBee-Strayer et al., 2020; Onyeaka et al., 2022). The study protocol for
conducting the YRBS was approved by the CDC’s Institutional Review
Board (IRB), and the data are publicly available. The current study was
exempted from IRB approval by the lead author’s institution as the data
had already been de-identified and contained no personal information.

2.2. Sample

The YRBS recruited 9th to 12th graders from both public and private
schools to complete self-administered surveys. The YRBS utilized a
three-stage cluster sample design to create a nationally representative
sample of high school students. First, schools were selected systemati-
cally with probability proportional to enrollment in grades 9 through 12
using a random start from primary sampling units (PSUs), made up of
entire counties, groups of smaller adjacent counties, or parts of larger
counties. PSUs were categorized into different strata based on their
metropolitan statistical area status (e.g., urban or rural) and the per-
centages of non-Hispanic Black (Black) and Hispanic students in each
PSU. For the second-stage sampling, secondary sampling units were
sampled with probability proportional to school enrollment size. The
third and final stage of sampling comprised of a random sampling of one
or two classrooms in each of grades 9 through 12 from either a required
subject (e.g., English or social studies) or a required period (e.g.,
homeroom or second period). All students in sampled classes were
eligible to participate. Schools, classes, and students who refused to
participate were not replaced in the sampling design.

There were 17,232 respondents in the 2021 YRBS; however, the
analyses conducted in this study were based on 17,033 adolescents aged
14 to 18 years. The percentage of missing data ranged from less than 1 %
for sex to 47 % for parental monitoring. Missing data analysis was
conducted using Pearson chi-square test of association to assess whether
a group of respondents with observed data on one variable significantly
differs from a group of respondents with missing data on another vari-
able. We found that data were missing completely at random (MCAR),
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that is, the probability of missingness on one variable was not dependent
on any observed data or unobserved data (Van Ginkel et al., 2020).
Given that data were MCAR, Multiple Imputation using Chained Equa-
tions (MICE) was chosen as the most appropriate technique to impute
complete data (Van Buuren, 2018). We followed the four steps recom-
mended by Azur et al. (2011) in imputing missing data and generated 20
imputed datasets. This number is generally considered sufficient to
improve the model’s robustness (Azur et al., 2011; Graham et al., 2007).
The authors have used a similar approach in handling missing data in
previous studies (Baiden, Eugene, Nicholas, Spoor., & LaBrenz, 2023;
Baiden, Jahan, Mets, & Adeku, 2023; Baiden, Onyeaka, et al., 2023;
Baiden, Szlyk, et al., 2023; Baiden, Wood, et al., 2023).

2.3. Variables

2.3.1. Outcome variable

The outcome variable examined in this study was insufficient sleep
and was measured as a binary variable. The original question asked
respondents, “On an average school night, how many hours of sleep do
you get?” with the following response options: “4 or less hours,” “5
hours,” “6 hours,” “7 hours,” “8 hours,” “9 hours,” and “10 or more
hours.” Following the recommendations of the CDC (Kann et al., 2018)
and the American Academy of Sleep Medicine (Paruthi et al., 2016),
adolescents who reported getting less than 8 h of sleep on an average
school night were considered to have insufficient sleep and were reco-
ded as 1, whereas adolescents who reported getting eight or more hours
of sleep on an average school night were considered to have sufficient
sleep and were recoded as 0. This measure has been found to provide
reliable estimates of insufficient sleep among adolescents (Baiden et al.,
2019, 2023; Meldrum et al., 2018; Merianos et al., 2021; Sampasa-
Kanyinga et al., 2018; Wheaton et al., 2018).

2.3.2. Explanatory variable

The main explanatory variable examined in this study was exposure
to NV and was measured as a binary variable based on response to the
question, “Have you ever seen someone get physically attacked, beaten,
stabbed, or shot in your neighborhood?” Consistent with past research
(Harper et al., 2023; Holloway et al., 2023), adolescents who answered
“yes” were coded as 1, whereas adolescents who answered “no” were
coded as 0.

2.3.3. Covariates

Covariates examined in this study included risk (i.e., poor mental
health during COVID-19, feeling sad or hopeless, suicidal ideation,
excessive screen time behaviors, current alcohol use, current cigarette
smoking, and current use of marijuana) and protective factors (physical
activity, school connectedness, and parental monitoring). These cova-
riates were chosen based on the extant literature (Baiden et al., 2023;
Bilsky et al., 2016; Burkart et al., 2022; Kenney & Gortmaker, 2017;
Sampasa-Kanyinga et al., 2018; Wesley et al., 2023; Woods & Scott,
2016). Following the recommendations of the American Academy of
Pediatrics (Chassiakos et al., 2016) and prior studies (Friel et al., 2020;
Kann et al., 2018; Przybylski, 2019), responses for screen time were
dichotomized into “0 = <3 hours per day per” versus “1 = >3 hours per
day.” Detailed information about how each covariate was measured and
the exact questionnaire wording are provided in Table 1.

2.3.4. Demographic variables

We controlled for the following demographic variables. Age was
measured in years, whereas sex was coded as “0 = Male” versus “1 =
Female.” Sexual identity was coded as a nominal variable into “0 =
Straight,” “1 = Lesbian/gay,” “2 = Bisexual,” and “3 = Other/ques-
tioning” with “Straight” as the reference category. Race/ethnicity was
coded as a nominal variable into the following categories “0 = non-
Hispanic White,” “1 = non-Hispanic Black,” “2 = Hispanic,” “3 = Asian,”
“4 = Native American/American Indian,” and “5 Other race/ethnicity”
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Table 1

List of risk and protective factors

Variable name

Question

Response options (analytic
coding)

Poor mental
health during
COVID

Symptoms of

depression

Suicidal ideation

Excessive screen
time behavior

Current alcohol
use

Current cigarette
smoking

Current use of
marijuana

Physically active

School
connectedness

Parental
monitoring

During the COVID-19
pandemic, how often was your
mental health not good? (Poor
mental health includes stress,
anxiety, and depression.)
During the past 12 months, did
you ever feel so sad or
hopeless almost every day for
two weeks or more in a row
that you stopped doing some
usual activities?

During the past 12 months, did
you ever seriously consider
attempting suicide?

On an average school day,
how many hours do you spend
in front of a TV, computer,
smart phone, or other
electronic device watching
shows or videos, playing
games, accessing the Internet,
or using social media (also
called “screen time™)? (Do not
count time spent doing
schoolwork.)

During the past 30 days, on
how many days did you have
at least one drink of alcohol?

During the past 30 days, on
how many days did you smoke
cigarettes?

During the past 30 days, how
many times did you use
marijuana?

During the past 7 days, on how
many days were you
physically active for a total of
at least 60 minutes per day?
(Add up all the time you spent
in any kind of physical activity
that increased your heart rate
and made you breathe hard
some of the time.) Adolescents
who engaged in physical
activity that met the CDC
recommended physical
activity guidelines of 60
minutes per day were recoded
as 1; otherwise, they were
recoded as 0.

Do you agree or disagree that
you feel close to people at your
school?

How often do your parents or
other adults in your family
know where you are going or
with whom you will be?

Never, Rarely, Sometimes,
Most of the time, and
Always (Most of the time/
Always versus Sometimes/
Rarely/Never)

No, yes (No versus Yes)

No, yes (No versus Yes)

Less than 1 hour per day, 1
hour per day, 2 hours per
day, 3 hours per day, 4
hours per day, and 5 or more
hours per day (Less than 3
hours per day versus 3 or
more hours per day)

0 days, 1 or 2 days, 3to 5
days, 6 to 9 days

E. 10 to 19 days, 20 to 29
days, and All 30 days (0
days versus 1 or more days)
0 days, 1 or 2 days, 3to 5
days, 6 to 9 days

E. 10 to 19 days, 20 to 29
days, and All 30 days (0
days versus 1 or more days)
0 days, 1 or 2 days, 3to 5
days, 6 to 9 days

E. 10 to 19 days, 20 to 29
days, and All 30 days (0
days versus 1 or more days)
0 days, 1 day, 2 days, 3 days,
4 days, 5 days, 6 days, and 7
days (Not active versus
Active)

Strongly agree, Agree, Not
sure, Disagree, and Strongly
disagree (Strongly agree/
Agree versus Not sure/
Disagree/Strongly disagree)
Never, Rarely, Sometimes,
Most of the time, and
Always (Most of the time/
Always versus Sometimes/
Rarely/Never)

with non-Hispanic White as the reference category.

2.4. Data analyses

Data were analyzed using descriptive, bivariate, and multivariable
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analytic techniques. The general distribution of all the variables
included in the analysis was first examined using percentages. Bivariate
associations among the explanatory and control variables were exam-
ined to check for the presence of multicollinearity. There was moderate
correlation among poor mental health during COVID-19, symptoms of
depression, and suicidal ideation. However, the results suggest that none
of the variables had a variance inflation factor greater than four to pose a
problem of multicollinearity. We then examined the bivariate associa-
tion between demographic characteristics and exposure to NV using
binary logistic regression. For the main analysis, we employed binary
logistic regression to examine the cross-sectional association between
exposure to NV and insufficient sleep while controlling for demographic
characteristics, risk, and protective factors. Three binary logistic
regression models were fitted with variables entered in a hierarchical
order. In Model 1, we regressed insufficient sleep on exposure to NV
while controlling for demographic factors due to their a priori impor-
tance. Model 2 consists of variables in Model 1 plus risk factors. The fully
adjusted model consists of variables in Model 2 plus protective factors.
To examine whether the effects of exposure to NV on insufficient sleep
differs based on demographic characteristics (i.e., age, sex, sexual
identity, and race/ethnicity), we tested a two-way interaction between
exposure to NV and each of the demographic characteristics. We found
that none of the two-way interaction effects were statistically signifi-
cant. Adjusted odds ratios (AORs) are reported with their 95 % Confi-
dence Intervals (CI). Variables were considered significant if the p-value
was less than 0.05. Stata’s “svyset” command was used to adjust for the
weighting and complexity of the multistage cluster sampling design
employed by the YRBS. All analyses were performed using STATA 17 MP
(Stata Corp., College Station, Texas, USA).

3. Results
3.1. Sample characteristics

The distribution of the study variables is presented in Table 2. Of the
17,033 adolescents examined, a little over three in four (76.5 %) got
insufficient sleep on an average school night. About one in five adoles-
cents (18.8 %) were exposed to NV. Nearly four in ten adolescents (39.8
%) reported feeling sad or hopeless, 34.6 % had poor mental health
during COVID, and 21.4 % experienced suicidal ideation during the past
12 months. The distribution of substance use factors are as follows:
current alcohol use (22.9 %), current use of marijuana (15.7 %), and
current cigarette smoking (3.9 %). Less than half of the adolescents
(46.0 %) met the recommended physical activity level. About six in ten
adolescents (60.8 %) had high school connectedness, and 86.3 % had
high parental monitoring.

3.2. Bivariate association between demographic characteristics and
exposure to NV

In Table 3, we found that each additional year increase in age
increased the odds of exposure to NV by 5 % (OR = 1.05, p =.038, 95 %
CI = 1.01-1.10). Compared to males, adolescent females had 8 % lower
odds of being exposed to NV (OR = 0.92, p =.033, 95 % CI = 0.85-0.99).
Adolescents who self-identified as bisexual had 1.73 times higher odds
of being exposed to NV when compared to adolescents who self-
identified as straight (OR = 1.73, p <.001, 95 % CI = 1.47-2.03). The
odds of being exposed to NV were 2.42 times higher for non-Hispanic
Black adolescents (OR = 2.42, p <.001, 95 % CI = 1.90-3.09), 2.02
times higher for Hispanics (OR = 2.02, p <.001, 95 % CI = 1.66-2.45),
1.87 times higher for adolescents who self-identified as American In-
dian/Native Hawaiian/Pacific Islander (OR = 1.87, p =.006, 95 % CI =
1.21-2.91), and 1.84 times higher for adolescents who self-identified as
other (OR = 1.84, p <.001, 95 % CI = 1.42-2.38) when compared to
their non-Hispanic White counterparts. Adolescents who self-identified
as Asian had 41 % lower odds of being exposed to NV when compared
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Table 2
Sample characteristics (n = 17,033).

Variables Frequency (Weighted %)

Outcome variable
Had insufficient sleep
No 4,004 (23.5)
Yes 13,029 (76.5)
Explanatory variable
Exposure to neighborhood violence

No 13,837 (81.2)
Yes 3,196 (18.8)
Demographic variables
Age
14 years 3,403 (20.0)
15 years 4,427 (26.0)
16 years 4,276 (25.1)
17 years 3,904 (22.9)
18 years 1,023 (6.0)
Sex
Male 8,804 (51.7)
Female 8,229 (48.3)
Sexual identity
Straight 12,769 (74.9)
Lesbian/gay 526 (3.1)
Bisexual 1,900 (11.2)
Other/questioning 1,838 (10.8)
Race/ethnicity
Non-Hispanic White 9,300 (54.6)
Non-Hispanic Black 2,369 (13.9)
Hispanic 3,259 (19.1)
Asian 851 (5.0)
Native American/American Indian 240 (1.4)
Other race/ethnicity 1,014 (6.0)
Risk factors
Poor mental health during COVID
No 11,139 (65.4)
Yes 5,894 (34.6)
Symptoms of depression
No 10,258 (60.2)
Yes 6,775 (39.8)
Suicidal ideation
No 13,395 (78.6)
Yes 3,638 (21.4)
Excessive screen behaviors
No 4,161 (24.4)
Yes 12,872 (75.6)
Currently drink alcohol
No 13,139 (77.1)
Yes 3,894 (22.9)
Current cigarette smoking
No 16,362 (96.1)
Yes 671 (3.9)
Current marijuana use
No 14,358 (84.3)
Yes 2,675 (15.7)
Protective factors
Physically active
No 9,196 (54.0)
Yes 7,837 (46.0)
School connectedness
Low 6,685 (39.2)
High 10,348 (60.8)
Parental monitoring
Low 2,329 (13.7)
High 14,704 (86.3)

to their non-Hispanic White counterparts (OR = 0.59, p =.003, 95 % CI
= 0.42-0.83).

3.3. Multivariable logistic regression examining the association between
exposure to NV and insufficient sleep

Table 4 shows the multivariable logistic regression results examining
the association between exposure to NV and insufficient sleep while
controlling for demographic, risk, and protective factors. Controlling for
demographic factors in Model 1, adolescents who were exposed to NV
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Table 3
Bivariate association between demographic factors and exposure to neighbor-
hood violence (N = 17,033).

Variables OR (95% C.1.) p-
value
Age in years 1.05 (1.01- .038
1.10)
Sex (Male)
Female 0.92 (0.85- .033
0.99)
Sexual identity (Straight)
Lesbian/gay 1.25 (0.95- .105
1.63)
Bisexual 1.73 (1.47- <.001
2.03)
Other/questioning 1.16 (0.98- .086
1.38)
Race/ethnicity (Non-Hispanic White)
Non-Hispanic Black 2.42 (1.90- <.001
3.09)
Hispanic 2.02 (1.66- <.001
2.45)
Asian 0.59 (0.42- .003
0.83)
American Indian/Native Hawaiian/Pacific 1.87 (1.21- .006
Islander 2.91)
Other 1.84 (1.42- <.001
2.38)

Note: Reference category is indicated in parenthesis.
OR indicates odds ratio.

had 1.54 times higher odds of having insufficient sleep when compared
to adolescents who were not exposed to NV (adjusted odds ratio (AOR)
=1.54, p <.001, 95 % CI = 1.32-1.79). This significant association was
partially attenuated with the addition of other factors in Models 2 and 3.
In the fully adjusted model, exposure to NV was associated with 1.33
times higher odds of having insufficient sleep (AOR = 1.33, p=.001, 95
% CI = 1.13-1.58).

Age was significantly associated with the odds of having insufficient
sleep in all three models. In the fully adjusted model, each additional
year increase in age was associated with 1.23 times higher odds of
having insufficient sleep (AOR = 1.23, p<.001, 95 % CI = 1.18-1.29).
Sex lost its significance once we adjusted for risk factors in Model 2 and
protective factors in Model 3. In the fully adjusted model, the odds of
having insufficient sleep were 1.53 times higher for adolescents who
self-identified as non-Hispanic Black (AOR = 1.53, p=.001, 95 % CI =
1.22-1.93) and 1.39 times higher for adolescents who self-identified as
Asian (AOR = 1.39, p=.007, 95 % CI = 1.10-1.75), both when compared
to adolescents who self-identified as non-Hispanic White. Adolescents
were more likely to have insufficient sleep if they had poor mental
health during COVID-19 (AOR = 1.62, p<.001, 95 % CI = 1.41-1.85),
felt sad or hopeless (AOR = 1.31, p=.002, 95 % CI = 1.11-1.54),
engaged in excessive screen time behaviors (AOR = 1.25, p<.001, 95 %
CI =1.11-1.42), or currently use alcohol (AOR = 1.31, p=.006, 95 % CI
= 1.09-1.59). Controlling for other factors, cigarette smoking was
associated with 37 % lower odds of having insufficient sleep (AOR =
0.63, p=.013, 95 % CI = 0.44-0.91). All three protective factors
included in Model 3 were significantly associated with lower odds of
having insufficient sleep. Controlling for other factors, adolescents who
met the recommended physical activity level had 19 % lower odds of
having insufficient sleep when compared to their counterparts who did
not meet the recommended physical activity level (AOR = 0.81, p=.012,
95 % CI = 0.69-0.95). Compared to adolescents with low school
connectedness, adolescents with high school connectedness had 15 %
lower odds of having insufficient sleep (AOR = 0.85, p=.005, 95 % CI =
0.77-0.95). Lastly, adolescents with high parental monitoring had 17 %
lower odds of having insufficient sleep when compared to their coun-
terparts with low parental monitoring (AOR = 0.83, p=.020, 95 % CI =
0.71-0.97).
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Table 4
Multivariable logistic regression results examining the association between exposure to neighborhood violence and insufficient sleep (n = 17,033).
Variables Model 1 Model 2 Model 3
AOR (95% C.I.) p-value AOR (95% C.I) p-value AOR (95% C.L.) p-value
Exposure to neighborhood violence (No)
Yes 1.54 (1.32-1.79) <.001 1.36 (1.15-1.60) .001 1.33 (1.13-1.58) .001
Demographic variables
Age in years 1.27 (1.21-1.33) <.001 1.25 (1.20-1.30) <.001 1.23 (1.18-1.29) <.001
Sex (Male)
Female 1.27 (1.12-1.44) <.001 1.04 (0.91-1.18) .538 1.02 (0.90-1.15) 721
Sexual identity (Straight)
Lesbian/gay 1.19 (0.83-1.70) .343 0.97 (0.67-1.40) .867 0.93 (0.64-1.34) .684
Bisexual 1.34 (1.11-1.62) .003 1.04 (0.85-1.27) 715 1.00 (0.82-1.22) 981
Other/questioning 1.13 (0.92-1.39) 227 0.98 (0.80-1.20) .856 0.94 (0.77-1.14) .510
Race/ethnicity (Non-Hispanic White)
Non-Hispanic Black 1.48 (1.19-1.85) .001 1.64 (1.31-2.05) <.001 1.53 (1.22-1.93) .001
Hispanic 0.94 (0.80-1.10) 435 0.95 (0.81-1.11) .518 0.91 (0.77-1.07) 244
Asian 1.31 (1.04-1.66) .023 1.42 (1.12-1.79) .004 1.39 (1.10-1.75) .007
Native American/American Indian 1.05 (0.62-1.77) .863 1.04 (0.63-1.74) .864 1.01 (0.60-1.71) .955
Other race/ethnicity 1.37 (0.98-1.93) .065 1.40 (0.99-1.98) .059 1.37 (0.96-1.95) .082
Risk factors
Poor mental health during COVID (No)
Yes 1.63 (1.43-1.86) <.001 1.62 (1.41-1.85) <.001
Symptoms of depression (No)
Yes 1.36 (1.15-1.60) <.001 1.31 (1.11-1.54) .002
Suicidal ideation (No)
Yes 1.09 (0.93-1.29) 277 1.07 (0.91-1.27) .388
Engaged in excessive screen time behaviors (No)
Yes 1.25(1.11-1.41) <.001 1.25(1.11-1.42) <.001
Alcohol use (No)
Yes 1.30 (1.07-1.57) .009 1.31 (1.09-1.59) .006
Smoke cigarette (No)
Yes 0.65 (0.45-0.93) .019 0.63 (0.44-0.91) .013
Marijuana use (No)
Yes 0.94 (0.75-1.17) .547 0.91 (0.72-1.13) .389
Protective factors
Physically active (No)
Yes 0.81 (0.69-0.95) .012
School connectedness (Low)
High 0.85 (0.77-0.95) .005
Parental monitoring (Low)
High 0.83 (0.71-0.97) .020

Note: Reference category is indicated in parenthesis.
4. Discussion

Drawing on a large nationally representative sample, the objective of
this study was to examine the cross-sectional association between
exposure to NV and insufficient sleep among adolescents. We found that
about one in five adolescents were exposed to NV, and more than three
in four adolescents had insufficient sleep on an average school night.
The proportion of adolescents exposed to NV is consistent with some
past studies (Farrell & Zimmerman, 2019; Mrug et al., 2021), but at the
same time lower than what some other studies have found (Gaylord-
Harden et al., 2020; Meza et al., 2023). Differences in prevalence esti-
mates of exposure to NV could be due to the use of an at-risk population
or a single item to measure exposure to NV. Meza et al. (2023) measured
NV using a single item from the adverse childhood experiences ques-
tionnaire and found that 56 % of their African American and Hispanic
adolescents with a history of juvenile incarceration were exposed to NV.
Mrug et al. (2021) found that 19 % of adolescents in their study said they
were beaten up by someone in their neighborhood, 21 % saw somebody
they knew being beaten up, and 12 % saw someone they knew being
chased or seriously threatened. The proportion of adolescents not get-
ting the recommended amount of sleep is consistent with past research
(Baiden et al., 2019; Meldrum et al., 2018; Wheaton et al., 2018).

We found support for our hypothesis that there would be an associ-
ation between exposure to NV and insufficient sleep after controlling for
demographic, risk, and protective factors. The findings of this study add
to the existing literature that has found that experiencing stressful
events could adversely affect sleep health (Donoghue & Meltzer, 2018;

Langevin et al., 2017; Sampasa-Kanyinga et al., 2018; Tang et al., 2023;
Wang et al., 2022). At the same time, the findings of the present study
extend previous work that has examined exposure to NV and sleep using
unrepresentative samples. Exposure to NV can significantly affect sleep
patterns of adolescents, potentially resulting in difficulties falling asleep
or staying awake during sleep. One possible mechanism through which
NV may adversely impact sleep is the development of frequent night-
mares. Indeed, chronic insomnia and recurrent nightmares are regular
occurrences among individuals with a history of traumatic life events
(Baiden et al., 2015; Brownlow et al., 2016). These nightmares could
potentially disrupt the normal sleep cycle, making it challenging for
adolescents to initiate sleep and maintain sleep continuity. In addition,
exposure to NV could increase stress levels, making it difficult to initiate
and maintain sleep (Heissel et al., 2018). Recognizing the psychological
impact of NV and addressing the underlying distress associated with
nightmares is crucial in developing interventions aimed at improving
sleep quality and reducing sleep disturbances among adolescents
exposed to NV.

Regarding the interaction between exposure to NV and race/
ethnicity, our study may have been underpowered to detect a significant
interaction between exposure to NV and race/ethnicity on insufficient
sleep. However, the finding that non-Hispanic Black adolescents were
more likely to be exposed to NV and more likely to have insufficient
sleep aligns with the existing literature on this topic. For instance,
Philbrook et al. (2020) used data from the Family Stress Study at Auburn
University in Alabama and investigated the association between NV
concerns and adolescents’ sleep and found that African American
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adolescents who showed higher levels of concern for NV were more
likely to report fewer sleep minutes and had lower sleep efficiency.
While our study did not specifically examine the mechanisms underlying
the association between race/ethnicity, exposure to NV, and insufficient
sleep, a similar pattern of results suggests that race-related stressors,
such as NV concerns, may contribute to sleep difficulties among non-
Hispanic Black adolescents. Further research is needed to explore the
underlying mechanisms and identify strategies to address these dispar-
ities, with the goal of promoting healthier sleep outcomes among
racially/ethnically diverse populations exposed to NV.

The association between poor mental health, specifically during the
COVID-19 pandemic, and insufficient sleep in our study aligns with
existing literature on the association between mental health and sleep.
The COVID-19 pandemic has brought about unique stressors and chal-
lenges that have had a profound impact on individuals’ mental well-
being. The findings of our study highlight how these unprecedented
circumstances, coupled with symptoms of depression, contribute to
insufficient sleep among adolescents. While the link between mental
health and sleep has been extensively studied (Orchard et al., 2020;
Zhang et al., 2017), the impact of the COVID-19 pandemic adds a novel
dimension, emphasizing the importance of considering the specific
context and stressors associated with the pandemic. Understanding the
interplay between mental health and sleep during times of crisis can
inform interventions and support systems that address both aspects of
well-being, ultimately promoting better sleep and mental health out-
comes for adolescents.

Excessive screen time, particularly from social media use, has
emerged as a significant concern affecting the sleep patterns of adoles-
cents. Woods and Scott (2016) demonstrated the negative impact of
social media use on various aspects of well-being, including sleep
quality. Their findings indicate that adolescents who engaged in higher
levels of social media use, particularly during nighttime, and those with
a strong emotional investment in social media experience poorer sleep
quality, increased anxiety and depression, and lower self-esteem. The
findings of the present study corroborate a growing body of evidence
that highlights the detrimental effects of excessive screen time, specif-
ically social media use on adolescent sleep quality (Baiden et al., 2019;
Garmy et al., 2018; Ghekiere et al., 2019; Kenney & Gortmaker, 2017).
Acknowledging the influence of excessive screen time on sleep health is
crucial in developing targeted interventions and guidelines to promote
healthier technology habits among adolescents and mitigate the po-
tential negative consequences on sleep and overall well-being. Our study
builds upon this knowledge by providing further support for the asso-
ciation between excessive screen-time and insufficient sleep among
adolescents. Examining nighttime-specific social media use and
emotional investment in social media are two important avenues for
future investigation in relation to adolescent sleep.

Our study identified three protective factors associated with meeting
the recommended hours of sleep among adolescents: physical activity,
school connectedness, and parental monitoring. Regular physical ac-
tivity promotes better sleep quality and duration by regulating energy
levels and inducing relaxation (Wunsch et al., 2017). School connect-
edness, which refers to a sense of belonging and support within the
school environment, may help establish structured routines that facili-
tate healthy sleep habits. In addition, parental monitoring has been
found to play a crucial role in shaping adolescent health risk behaviors
(Booth & Shaw, 2023; Villarreal & Nelson, 2018; Voisin et al., 2012),
including the establishment of regular bedtime routines and ensuring
sufficient sleep duration (Machado et al., 2020). Parents who regularly
monitor their adolescent’s activities, including their screen-time and
sleep patterns, can positively influence their sleep habits and promote
healthier behaviors (Canadian Paediatric Society, 2019; Meltzer et al.,
2021). By setting clear expectations and enforcing consistent bedtime
routines, parents can help their adolescents develop regular sleep
schedules thereby ensuring they get the recommended sleep hours.
Additionally, parental monitoring provides an opportunity for open
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communication and guidance regarding the importance of sleep for
overall health and well-being. When parents engage in monitoring their
adolescent’s sleep, they can identify potential barriers or issues that may
disrupt sleep and address them effectively.

4.1. Implications

The findings of this study have some implications for school
personnel, researchers, healthcare professionals, and parents aiming to
promote healthy sleep among adolescents. By understanding the asso-
ciation between exposure to NV and insufficient sleep, interventions can
be developed to address these two public health concerns effectively.
First and foremost, adolescents should be educated about the impor-
tance of sleep and the potential impact of exposure to NV on their sleep
health. Some cognitive and behavioral interventions have been found to
be effective in improving sleep among school-age children and adoles-
cents (Aslund et al., 2018). While these have largely focused on
individual-level therapies with adolescents, findings from our study also
highlight the importance of understanding family and community con-
texts that may contribute to poor sleep. Indeed, recent studies have
explored school and community-based interventions to improve sleep
outcomes for children (Cain et al., 2011; Egan et al., 2022). Thus,
schools and community organizations can implement sleep education
programs that raise awareness about the benefits of sufficient sleep and
provide strategies for managing stress related to NV. This may provide
opportunities to target adolescents in neighborhoods with higher rates
of community violence or discord. Adolescents should be encouraged to
prioritize their sleep and establish consistent sleep schedules, aiming for
the recommended 8-10 hours of sleep per night.

Second, regular physical activity has been identified as an important
factor in promoting healthy sleep among adolescents. Encouraging ad-
olescents to engage in regular exercise can improve sleep quality and
duration. However, it is important to note that physical activity should
not be too close to bedtime, as it can stimulate the body and make it
difficult to fall asleep (Baiden et al., 2023). Therefore, it is recommended
that adolescents engage in physical activity earlier in the day, allowing
for a sufficient wind-down period before bedtime. Third, parental
involvement and support are crucial in promoting healthy sleep habits
among adolescents. Parents should be encouraged to participate in sleep
intervention studies and programs to enhance their knowledge and skills
in supporting their adolescent’s sleep health. These interventions can
provide parents with strategies to create a sleep-conducive environment,
establish consistent bedtime routines, and foster open communication
about sleep-related concerns. Furthermore, healthcare professionals
should routinely screen adolescents for sleep difficulties and assess the
potential impact of exposure to NV on their sleep patterns. Sleep inter-
vention studies and programs can be integrated into school settings to
provide tailored interventions and support to adolescents and their
families.

4.2. Limitations and direction for future research

This study has some limitations that are worth acknowledging. First,
the cross-sectional nature of the data restricts our ability to draw any
causal conclusion regarding the association between exposure to NV and
insufficient sleep, as well as other covariates. Thus, only association can
be inferred. Future research should employ longitudinal designs to
better understand the temporal order and potential causal mechanisms
linking exposure to NV to insufficient sleep among adolescents. Second,
insufficient sleep was assessed using a single item, which may not cap-
ture the full complexity of sleep quality. Future research should consider
incorporating standardized measures or utilizing sleep tracking devices,
such as Fitbit, to provide a more comprehensive assessment of sleep
duration, quality, and patterns. Third, the use of secondary data con-
strained our ability to examine other important factors that could in-
fluence the association between exposure to NV and insufficient sleep.
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For instance, measuring mental health diagnosis instead of symptoms
could provide a more comprehensive understanding of this association.
Future studies should incorporate more detailed assessments of mental
health and consider additional relevant factors, such as socioeconomic
status, neighborhood characteristics, and social support.

4.3. Conclusion

In conclusion, our study revealed that adolescents exposed to NV had
higher odds of experiencing insufficient sleep, even after adjusting for
various demographic, risk, and protective factors. To promote healthy
sleep among adolescents, educating them about the benefits of sufficient
sleep and implementing sleep education programs is crucial. Parental
involvement is essential, and engaging parents in sleep intervention
studies can equip them with knowledge and strategies to support ado-
lescents’ sleep habits. Tailored interventions should be developed to
address the specific needs of adolescents exposed to NV to improve sleep
health outcomes. This, in turn, can also have a protective effect on other
physical and mental health outcomes that have been linked through
prior research as influencing insufficient sleep among adolescents.
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