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Abstract

The purpose of this study was to explore Adverse Childhood Experiences (ACEs) as a moderator between sleep duration/
irregularity and overweight/obesity in U.S. adolescents. Using the National Survey of Children’s Health 2017-2018 cross-
sectional dataset, we included adolescents with available sleep and Body Mass Index (BMI) data. In a sample of 24,100
adolescents (mean age = 13.56 years, 49.35% female; 51% White), parents reported adolescent’s sleep duration/irregularity,
and number of ACEs. Logistic regression estimated the interaction between sleep duration/irregularity and the number of
ACEs on overweight/obesity risk (BMI > 85th percentile-for-age) using a stepwise approach and accounting for complex
survey design. In the 24,100 adolescents, 33% were overweight/obese, 50% had > 1 ACE, 37% slept < 8-10 h/night, and
14% had irregular sleep. Accounting for covariates and ACEs, every hour increase in sleep duration was associated with 6%
decrease in overweight/obesity odds. There was a significant interaction between sleep duration and ACEs; the association
between increasing sleep duration and decreasing odds of overweight/obesity was significant only in adolescents without
ACEs (OR=0.87,95% CI [0.80, 0.95], p<0.001). Increasing sleep duration is a recognized intervention target to decrease
obesity risk, yet in adolescents experiencing > 1 ACE, this protective role may be dampened. Future work may explore
mechanisms for overweight/obesity development to inform interventions for adolescents facing adversity.
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Introduction

The World Health Organization classifies childhood obesity
as a global epidemic [1]. The prevalence of overweight and
obesity has doubled in children and quadrupled in adoles-
cents over the past 30 years, with about one-third of chil-
dren and adolescents classified as overweight or obese and
over 100,000 deaths per year attributed to adiposity-related
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health problems [2, 3]. Conventional interventions targeting
individual health behavior change (e.g., caloric restriction,
increased physical activity) and energy balance have not sub-
stantially decreased obesity prevalence, potentially due to
lack of consideration of complex risk factors [4].

Such contributing risk factors to the obesity epidemic
include poor sleep and the presence of Adverse Childhood
Experiences (ACEs), with strong associations consistently
found between short (<7 h/night)[5] and irregular sleep
(i-e., not going to bed within one hour of the prior night’s
bedtime on a nightly basis) [6] and the presence of ACEs
increasing obesity risk in adolescence and into adulthood
[1, 7, 8]. The Centers for Disease Control (CDC) defines
ACE:s as potentially traumatic events that occur in childhood
(0-17 years). They can include experiencing family vio-
lence, abuse or neglect; witnessing neighborhood violence;
growing up in a household with substance misuse, mental
health problems and instability due to parental separation
or imprisoned household members [9]. In the United States
(U.S.), close to two-thirds of individuals report experienc-
ing at least one ACE, and 25% report experiencing three
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or more ACEs [10]; with Americans from ethnic/minor-
ity and low socioeconomic groups reporting greater ACE
exposure [11]. Regarding sleep, national data estimates
that 58% of U.S. middle school students and 73% of high
school students obtain inadequate sleep duration [12, 13],
and approximately 50% of U.S. youth have irregular sleep
patterns [14]. Obtaining adequate sleep, overweight/obesity
prevention and decreasing the prevalence of ACEs in young
adults are all Healthy People 2030 goals [15]. Not known is
the complexity of the relationships between sleep, ACEs and
overweight/obesity, which is necessary to inform interven-
tion development and address these 2030 goals.

Complex and Nuanced Relationships Exist
at the Intersection Between Sleep, ACEs and Obesity
Among Adolescents

Multiple systematic reviews and meta-analyses have shown a
consistent association between short and irregular sleep and
increased risk for overweight/obesity, with this risk increas-
ing following exposure to adverse social risks [1, 6, 7, 16].
Adolescence may amplify the sleep-obesity association
due to developmental shifts in sleep regulatory processes,
including diminishing sleep pressure and circadian phase
delay. Such maturational changes are then exacerbated by
the external constraint of early school start times which may
contribute to shorter sleep duration. Moreover, the ‘“24/7”
lifestyle of adolescence [17], makes this developmental stage
particularly vulnerable to sleep irregularity [18]. To this end,
the mechanisms by which poor sleep confers obesity risk
may be more complex in adolescence than in childhood and
adulthood [7].

Similarly, decades of research show a direct and
dose-response relationship between ACEs and obesity
risk into adulthood [15, 16, 19, 20]. More recent work has
uncovered the presence of this association as early as ado-
lescence [4, 8, 21]. Disruptions in the family microsystem
may contribute to chronic stress activation of the hypotha-
lamic—pituitary—adrenal (HPA) axis and increasing allostatic
load (physiological wear and tear of the stress response sys-
tem), which may interfere with self-regulation, psychosocial
and neuroendocrine processes, and subsequent obesity risk
[4, 8,22, 23].

Analogously, potential mechanisms underlying the
ACEs-poor sleep association may also be driven by acti-
vation of the HPA axis and subsequent neurobiological
consequences such as sleep disturbances [24]. Indeed, the
association between ACEs and poor sleep has been found
in U.S. samples of adolescents, with an increased number
of ACEs increasing the risk for irregular and short sleep
duration [25, 26]; and this negative association tracking into
adulthood [24].
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These lifelong effects of childhood adversity and poor
sleep on obesity risk underscore the necessity of examining
their interrelationships during the sensitive period of ado-
lescence [27]. Adolescence may be a potentially opportune
period of the life course for obesity intervention. However,
prior to the development of sleep interventions to improve
obesity risk, it is necessary to have a more nuanced examina-
tion of situations where the influence of sleep and ACEs on
obesity risk is amplified or attenuated, so the most vulner-
able groups are prioritized in targeted interventions [23].

Theoretical Framework

The Socioecological model guides this work [28]. It consid-
ers the influence of family, interpersonal and environmental
factors, including interactions and relationships, economic
resources, and neighborhood community; all of which may
contribute to acquirement of ACEs [21]. Similarly, the
degree of safety and dysfunction within the family context
is important for sleep initiation and maintenance, which con-
tribute to adequate sleep duration and sleep regularity [29].
Consideration of these family variables within the interper-
sonal and environmental domains of the socioecological
model is necessary when accounting for their interplay with
obesity development [12].

Current Study

Short sleep duration/sleep irregularity and the prevalence of
ACE:s are independent predictors of obesity risk in adoles-
cence; thus, it is possible that the presence of ACEs could
serve to intensify the relationship between poor sleep and
obesity risk, yet few studies have examined ACEs as a mod-
erator of this relationship. Cross-sectional and longitudinal
studies that have examined familial and socioeconomic risk
as moderators between sleep and body mass index (BMI) in
school-age children found that the association between irreg-
ular/short sleep duration and BMI was amplified in children
experiencing higher levels of familial and socioeconomic
risk [22, 23]. Extending this past work and identifying vari-
ance in this association will allow us to identify the most
at-risk sub-groups (based on adversity experience) for sleep
and obesity-related health disparities in adolescence. Indeed,
ACEs exposure could make adolescents more susceptible
to the negative effects of poor sleep on overweight/obesity
[23]. Not all adolescents are at equal risk for the sleep-obe-
sity relationship [16, 22, 23]. In the absence of adversity,
sleep may be protective against obesity risk however, among
vulnerable groups, we need to identify what may attenuate
this protective effect.

Characterizing the complex nature of the association
among ACEs, sleep and obesity risk is essential to inform
interventions to prevent childhood obesity among at-risk
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populations [16, 30]. Thus, the aim of this study is to explore
the interaction between ACEs and sleep duration/sleep irreg-
ularity on obesity risk in a national sample of U.S. adoles-
cents. We hypothesized that the association between short
sleep duration/sleep irregularity and overweight/obesity will
be amplified in adolescents with one or more ACEs.

Methods
Participants and Procedures

The study team obtained cross-sectional data from the
National Survey of Children’s Health (NSCH) 2017-2018
combined datasets from the Health Resources and Services
Administration’s Maternal and Child Health Bureau (HRSA
MCHB) and the United States Census Burcau [31]. The
NSCH is the largest national-level and state-level survey
with data on the well-being of children and adolescents aged
0-17 years, as well as the health care needs of their families
and communities in the U.S. Participants were derived from
a sample of households from the Census Master Address
File across 50 states and the District of Columbia. Selection
of households were stratified by state, neighborhood pov-
erty, and child presence, with one child randomly selected
from multiple children households [31]. Primary caregivers
completed questions about the child’s mental and physical
health, insurance coverage and characteristics of the child’s
family and neighborhood [31].

Measures
Overweight/Obesity

The outcome variable of overweight/obesity was cre-
ated through parent report of their adolescent’s height and
weight. The NSCH calculated BMI as weight (kg)/height
(m)? and used CDC’s BMI-for-Age Growth Charts [31] to
classify overweight/obesity as BMI > 85th percentile for age,
and healthy BMI as 5th percentile to < 85th percentile for
age [31].

Sleep Variables

Sleep Duration Parents reported their child’s sleep dura-
tion through answering the following question: “During
the past week, how many hours of sleep did this child get
during an average day (counting both nighttime sleep and
naps)?” There were seven categories of responses for this
question: 1 =less than 7 h,2=7h, 3=8 h,4=9h, 5=10h,
6=11 h, and 7=12 or more hours. HRSA MCHB then
used the American Academy of Sleep Medicine (AASM)
guidelines to classify children as getting age-appropriate

recommended sleep duration: 1 =child sleeps the recom-
mended age-appropriate hours on most weeknights, 2 = child
sleeps less than recommended age-appropriate hours on
most weeknights[31].

Sleep Regularity Parents reported about their adoles-
cent’s sleep regularity through responding to the question:
“How often does this child go to bed at about the same time
on weeknights?”: 1 =always, 2 =usually, 3 =sometimes,
4 =rarely, 5 =never. Sleep irregularity was characterized
by whether the child went to bed “sometimes/rarely/never”
about the same time each weeknight (vs. always/usually).

Adverse Childhood Experiences

The NSCH did not include all possible ACEs. It only
included items that could be validly reported by the adoles-
cents’ parent/caregiver. Questions about abuse and neglect
were excluded [32]. In the 2017 and 2018 combined dataset,
two versions of ACE’s measures were present: (a) includ-
ing all 9-items asked in the survey and (b) excluding the
“economic hardship” item. The present study used the ACEs
version based on all 9-items [33].

ACEs were based on parent-report of the following
question: “Had this child experienced one or more adverse
childhood experiences from the list of 9 ACEs?” The nine
childhood traumas were: (1) financial hardship; (2) parental
divorce/separation; (3) parental death; (4) parental impris-
onment; (5) domestic violence; (6) neighborhood violence;
(7) living with a mentally ill, suicidal, or severely depressed
person; (8) living with someone who has a substance use
problem; and (9) experienced unfair treatment because of
their race or ethnicity. Cumulative exposure to ACEs was
created by summing the total number of adverse experiences
and categorized as: 1 =*“No adverse childhood experiences’;
2="“Experienced I or more adverse childhood experiences”.
This categorization was chosen based on the distribution of
the ACEs variable (i.e., approximately 50% of the sample
experienced > 1 ACE).

Covariates

The socioecological model [28] and availability of variables
in the NSCH dataset guided selection of potential covariates
at the individual, social and environmental level.
Individual-level Covariates Adolescents reported their
age as a continuous level variable, and sex was assessed
categorically: 1 =male, 2=female. Adolescent’s physical
health was captured through parent-report of their child’s
physical activity level: “During the past week, on how many
days did this child exercise, play a sport, or participate in
physical activity for at least 60 min?”’ We categorized physi-
cal activity into: 1 =daily, 2=not daily. Adolescent’s mental
health was captured based on parent-report of past or current
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diagnosis of depression: “Has a doctor or other health care
provider EVER told you that this child has depression?”
Responses to this question were separated into 3 catego-
ries: 1 =does not have condition, 2 =ever told, but do not
currently have condition, 3 = currently have condition. We
combined category 1 and 2 to show “currently having/not
having depression”.

Social Covariates Adolescent’s race/ethnicity was opera-
tionalized as a social construct, self-reported and catego-
rized as: 1 =Hispanic, 2= White, non-Hispanic, 3 = Black,
non-Hispanic, 4 = Multi-racial (two or more race catego-
ries) or other (Asian, Indian/Alaska Native, Native Hawai-
ian/Other Pacific Islanders), non-Hispanic. Family poverty
level (FPL) was calculated as a percentage of household
income where the child dwelled. We categorized FPL into
two categories: 1 =0-199%, 2= >200% [34]. Primary car-
egiver education was based on the highest level of educa-
tion among reported parents and was categorized as: 1 =/ess
than high school, 2 =high school or GED, 3 = some college
or technical school. We combined categories 1 and 2 due
to the small number of primary caregivers with less than
high school education. Finally, adolescents’ neighborhood
condition was measured by asking “Does this child live in a
neighborhood where there is poorly kept or rundown hous-
ing.” Responses to this question were based on the following
categories: 1 =good, 2=poorly kept or dilapidated housing.

Environmental Covariate Exposure to second-hand
household smoke was identified through a yes/no question:
“Does anyone living in your household use cigarettes, cigars,
or pipe tobacco?”.

Statistical Analysis

We conducted data analyses using Stata 16.0 (svy package),
accounting for sampling weights and design (stratum = state,
cluster =household). First, we performed descriptive statis-
tics using weighted means and percentages. Second, using
Wald test (continuous variables) and weighted Pearson
Chi-square Statistic with Rao-Scott correction (categorical
variables), we tested differences in sample characteristics
and sleep duration/regularity between adolescents with and
without overweight/obesity. Third, we performed logistic
regression to obtain odds ratios (ORs) and 95% confidence
intervals (CIs) for associations of sleep duration/regularity
and ACEs with overweight/obesity (dependent variable),
adjusting for age and sex in the basic model. Sleep duration
was used as a continuous variable in the adjusted model.
We used a hierarchical model-building approach to select
additional covariates, including individual, social and envi-
ronmental factors (see details in covariates). Covariates were
selected according to Wald tests for covariates’ significance
(p<0.05) and Archer Lemeshow goodness-of-fit statistics
for model fit (p> 0.05). The final models were adjusted for
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covariates at the individual (age, sex, depression diagnosis,
daily physical activity), social (race/ethnicity, family pov-
erty, primary caregiver education and neighborhood con-
ditions) and environmental (household smoke exposure)
levels. Fourth, we added interaction terms between ACEs
and sleep duration, and, between ACEs and sleep regularity,
separately, to test the moderating effect of ACEs. Finally, we
tested the significance of interaction terms using the Wald
test and compared the model fit using Archer—-Lemeshow
goodness-of-fit statistics. We further examined and illus-
trated significant interactions using margins plots command
in Stata 16.0. The significance level was set at a=0.05 (two-
tailed tests) for all statistical tests.

Results
Sample Characteristics

The final sample included 24,110 adolescents who had com-
plete data on BMI, sleep duration/regularity and ACEs. The
weighted mean age of the study sample was 13.56 years old
(ranged 10-17 years old). Nearly half of participants were
female (49.35%) and White (51%). Thirty-three percent of
adolescents (weighted percentage) had overweight/obesity
(n=7,108), and 37% (n=28,243) slept shorter than AASM’s
age-appropriate hours. The majority (86%) always/usually
(n=20,784) went to bed at the same time on weeknights.
Half of the sample (n=11,331) experienced one or more
ACE:s.

Bivariate Associations

Table 1 shows counts and weighted percentages/means
of sample characteristics by BMI status. Sleep duration
shorter than age-appropriate hours (design-based F=21.87,
p<0.001) and having > 1 ACEs (design-based F=57.25,
p<0.001) were positively associated with overweight/
obesity. The proportion of overweight/obesity significantly
differed between sleep regularity groups (design-based
F=8.94, p<0.001), and post hoc tests suggested that ado-
lescents usually going to bed at the same time reported the
lowest proportion of overweight/obesity (29.71%) compared
to those who sometimes/rarely/never (36.86%) went to bed
at the same time, or even always (36.93%) went to bed at the
same time (p’s < 0.05). We found a slightly higher propor-
tion of overweight/obesity in males than females (34.32%
vs. 31.66%, design-based F=3.53, p=0.06). Adolescents
who exercised for at least 60 min every day (design-based
F=20.47, p<0.001) or who did not have a depression
diagnosis (design-based F=22.93, p <0.001) or household
smoking exposure (design-based F=27.90, p <0.001) had



Journal of Community Health (2024) 49:809-819 813
Table 1 Descriptive statistics® Overall sample Overweight/obesity status, n (%)
of the study sample.overall and (N=24,110) ‘ .
by overweight/obesity status Not overweight/obese Overweight/
(n=17,002) Obese ?
(n=7108)
Age, M+SD 13.56+0.03 13.66+0.04 13.36+0.06™
Sex, n (%)
Male 12,430 (50.48) 8411 (65.87) 4019 (34.13)
Female 11,680 (49.52) 8591 (68.52) 3089 (31.48)

Sleep duration, n (%)
Healthy
Insufficient
Sleep regularity, n (%)
Always
Usually
Sometimes/rarely/never
ACE, n (%)
No ACE
Experienced>1 ACE
Parent education, n (%)
> High school
< High school
Family income, n (%)
0-199% FPL
>200% % FPL
Race/Ethnicity, n (%)
White, non-Hispanic
Hispanic
Black, non-Hispanic

Multi-racial/other

Neighborhood condition, n (%)

Good
Poorly kept/rundown
Household smoking, n (%)
No exposure
Having exposure
Daily exercise, n (%)
No
Yes
Current depression, n (%)
No
Yes

15,867 (62.81)
8243 (37.19)

5880 (27.71)
14,979 (57.79)
3263 (14.49)

12,779 (49.56)
11,331 (50.44)

20,152 (69.16)
3958 (30.84)

6391 (32.82)
17,719 (67.18)

17,185 (50.87)
2699 (25.70)
1561 (13.96)
2803 (9.47)

21,576 (88.32)
2403 (11.68)

20,287 (84.54)
3717 (15.46)

20,051 (81.11)
4222 (18.89)

22,321 (94.63)
1647 (5.37)

11,495 (69.75)
5507 (62.85)

3936 (63.07)
10,850 (70.29)
2169 (63.14)

9585 (72.56)
7417 (61.90)

14,670 (71.80)
2332 (56.83)

4016 (59.95)
12,986 (72.13)

12,343 (72.37)
1721 (60.56)
916 (58.78)
2022 (69.67)

15,358 (68.36)
1558 (58.33)

14,674 (68.63)
2258 (59.33)

13,777 (65.53)
3190 (74.22)

15,928 (67.79)
981 (56.29)

sk

4372 (30.25)
2736 (37.15)
1869 (36.93)"
4129 (29.71)
1094 (36.86)
3194 (27.44)"
3914 (38.10)
5482 (28.20)""
1626 (43.17)
2375 (40.05)""
4733 (27.87)
4704 (27.63)™
978 (39.44)

645 (41.22)

781 (30.33)

6218 (31.64)"™
845 (41.67)

5613 (31.37)™"
1459 (40.67)

6113 (34.47)™
984 (25.78)

6393 (32.21)™
666 (43.71)

Healthy BMI: 5th to < 85th percentile-for-age

Wald test (age) and weighted Pearson Chi-square Statistic with Rao-Scott correction (categorical variables)
tested group differences

*p<0.05; “p<0.01; "p<0.001*Weighted mean + linearized standard deviation and weighted percentage
®Overweight/obesity: BMI > 85th percentile-for-age

a lower proportion of overweight/obesity compared to their
counterparts (p <0.001).

In terms of social factors, adolescents who were His-
panic or Non-Hispanic Black (vs. White) (design-based

F=21.84, p<0.001), whose primary caregiver’s edu-
cation <high school (vs.>high school) (design-based
F=74.35, p<0.001) or family income levels <200% FPL
(vs.>200% %) (design-based F=66.65, p<0.001), lived
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in a neighborhood with poorly kept or rundown housing
(design-based F=17.67, p<0.001) also had a higher per-
centage of overweight/obesity than their counterparts.

Adjusted Associations Between Sleep
and Overweight/Obesity Status

In Table 2, Model 1 (without interaction terms) shows
results from a logistic regression of overweight/obesity
after controlling for covariates. For sleep duration, every
level increase in a nominal scale from 1 to 7 (represent-
ing the range from <6 h to> 11 h) tended to associate with
a 6% decrease in the odds of having overweight/obesity
(OR=0.94, 95% confidence interval (CI) [0.88, 1.00]) and
this trend reached marginal significance (p=0.05). Com-
pared with those who sometimes/rarely/never went to bed
at the same time, adolescents who had better sleep regu-
larity did not show different odds of overweight/obesity

after controlling for covariates (p > 0.05). Adolescents who
had experienced at least one ACE had 40% increased odds
of overweight/obesity (OR=1.40, 95% CI [1.21, 1.61],
P <0.001). Social factors including being Hispanic and
Black (non-Hispanic) American, family income <200%
FPL, living in neighborhoods with poorly kept houses, hav-
ing a diagnosis of depression and household smoking expo-
sure remained significantly associated with greater odds of
having overweight/obesity compared with their counterparts
(p<0.05). Additionally, females and those having daily exer-
cise had decreased odds of overweight/obesity (p <0.05).

Interaction Between Sleep and ACEs

Reporting one or more ACEs (OR=1.13, 95% CI [ 1.01,
1.31], p=0.04) significantly interacted with sleep duration
on overweight/obesity (Table 2, Model 2). Specifically,
increasing sleep duration and decreasing odds of overweight/

Table 2 Survey logistic regression models * on overweight/obesity [OR (95% CI)]

Model 1

Model 2

Model 3

Age
Female
Sleep duration
Sleep regularity (vs. sometimes/rarely/never)
Always
Usually
ACE>1 (vs.no ACE)
Parent education < high school (vs.> high school)
Family income <200% FPL (vs.>200%)
Race/ethnicity (vs. white)
Hispanic
Black, non-Hispanic
Multi-racial/other
Neighborhood conditions (vs. not poorly kept)
Poorly kept
Household smoking
Daily exercise
Depression
Interaction terms
Sleep duration x ACE
Sleep regularity x ACE
Always regular, ACE>0
Usually regular, ACE>0
Archer-Lemeshow test
Wald test

sk

0.92 (0.89, 0.94)
0.86 (0.75, 0.98)"
0.94 (0.88, 1.00)"

1.17 (0.94, 1.45)
0.89 (0.74, 1.08)
1.40 (1.21, 1.61)
1.55 (1.30, 1.83)
1.19 (1.02, 1.39)"

sk

sokon

1.35(1.12, 1.62)""
1.48 (1.21, 1.81)™
1.03 (0.85, 1.24)

1.25(1.01, 1.55)"

1.29 (1.09, 1.54)
0.59 (0.49, 0.71)"
1.54 (1.23, 1.93)

F=1.73,p=0.08

otk

0.91 (0.89, 0.94)
0.86 (0.75, 0.98)"
0.87 (0.80, 0.95)""

0.76 (0.65, 0.89)""
0.86 (0.69, 1.07)
0.84 (0.51,1.38)
1.54 (1.26, 1.88)
1.18 (1.30, 1.83)"

sk

1.43 (1.19, 1.72)"

1.54 (1.26, 1.88)
1.05 (0.88, 1.27)

1.25(1.01, 1.55)"
1.25 (1.06, 1.49)™

sk

0.59 (0.49, 0.71)

stk

1.56 (1.25, 1.95)

1.13 (1.01, 1.27)"

F=1.59,p=0.11
F=10.44, p<0.001

otk

0.92 (0.89, 0.94)’
0.86 (0.75, 0.98)"
0.94 (0.88, 1.00)

1.32 (0.93,1.88)
1.01 (0.73,1.39)
1.65 (1.16,2.35)""

1.55 (1.31, 1.83)’
1.19 (1.02, 1.39)"

1.43(1.19, 1.72)"

1.52 (1.25, 1.86)
1.05 (0.88, 1.26)

1.25 (1.01, 1.55)"
1.26 (1.06, 1.50)"
0.59 (0.49, 0.71)"™"

sk

1.53 (1.23, 1.92)’

0.82 (0.53,1.27)
0.83 (0.56,1.22)

F=1.66, p=0.10
F=6.67, p<0.001

EETY

p=0.05; p<0.05; “p<0.01; “p<0.001

*Model 1: basic model accounting for complex sampling design and weights, and controlling for covariates. Model 2: Model 1+ sleep duration
(continuous variable) and ACEs interaction. Model 3: Model 1 + sleep regularity and ACEs interaction

"Overweight/obesity: BMI> 85th percentile-for-age; healthy BMI: 5th to <85th percentile-for-age. Archer—Lemeshow test: p>0.05 indicates

good model fit. Wald test: p<0.05 indicates adding the interaction term improves model fit
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obesity was significant only in adolescents without ACEs
(OR=0.87,95% CI [0.80, 0.95], p<0.001). Figure 1 shows
a margins plot of the interaction between sleep duration and
ACEs on overweight/obesity. As shown in Fig. 1, compared
with those having at least one ACE, adolescents without
ACEs had a smaller likelihood of overweight/obesity and
the group differences in probability of overweight/obesity
were intensified with increasing sleep duration (p <0.05).
Adding the interaction terms showed improved model fit
(Wald test, p<0.05) and the model was a good fit for the
data (Archer-Lemeshow test, p>0.05). There was no sig-
nificant interaction between sleep regularity and ACEs on
overweight/obesity (Model 3, p> 0.05).

Discussion

The purpose of this study was to explore the interaction
between ACEs and sleep duration/irregularity on obesity
risk to inform future childhood obesity interventions among
at-risk populations. Results of the moderation analysis
showed that the association between increased sleep dura-
tion and lower odds of overweight/obesity was only signifi-
cant in adolescents who experienced no ACEs. There was
no significant interaction between sleep regularity and ACEs
on obesity risk. Increasing sleep duration is a conventional
intervention target to decrease obesity risk, yet our findings
imply that in children experiencing > 1 ACEs, this protective
role may be dampened.

This is one of the first studies, to the best of our knowl-
edge, to systematically test how sleep health is related to
obesity risk in the context of ACEs. As such, our findings
extend previous work. Our a priori hypothesis that the
association between poor sleep and obesity risk would be
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amplified in children experiencing>1 ACEs was not sup-
ported by our findings. Instead, we found that the protective
role of long sleep duration on decreased obesity risk was
only significant in adolescents who experienced no ACE:s.
Prior work has found that obtaining adequate sleep duration
associates with lower risk of obesity development among
children who face less familial and socioeconomic risk in
early life [22, 23, 30]. Our work extends these findings as
ACEs encompasses additional traumas, such as parental
death and imprisonment, domestic violence and racial dis-
crimination, which were not collectively captured in prior
work. Moreover, our dichotomization of ACEs (>1 vs. 0)
is unique, given past studies’ exploration of dose-response
relationship or categorization of a greater number of ACEs
(i-e., 3—4 ACEs) [19, 20, 25]; and makes our findings clini-
cally and nationally relevant, given the high prevalence of
children and adolescents experiencing at least one ACE.
Moreover, our nationally representative sample increases
the generalizability of our findings to U.S. adolescents.
The lack of the sleep-obesity relationship being
amplified in adolescents who experienced ACEs may be
explained by the multifactorial causes of obesity develop-
ment in groups who experience trauma. Indeed, trauma
is intergenerational, contributing to epigenetic changes
that can predispose children to poor physiological regula-
tion and subsequent metabolic effects [35, 36]. As such,
improving sleep may not provide enough defense against
overweight/obesity development in groups experiencing
trauma [36]. Therefore, future obesity interventions need
to include trauma informed practices in addition to target-
ing health behavior changes that are culturally sensitive
[4, 16]. On the other hand, adolescents who experience
no childhood trauma, and whose prior generations expe-
rienced minimal trauma and/or properly addressed their

Sleep Regularity x ACE
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plots. The plots show when holding sleep duration/regularity (x-axis)
constant at different values, what the probability of overweight/obe-
sity is with 95% confidence intervals
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trauma, and are obtaining adequate sleep, may have less
allostatic load and therefore, are less likely to develop
overweight/obesity. This juxtaposition between groups
who face and do not face adversity further contributes to
the growing disparities in obesity and health.

Approximately one-third of our sample was categorized
as overweight/obese which aligns with national estimates
of obesity [3]. Only half of our sample reported experienc-
ing > 1 ACE, which is less than the two-thirds prevalence
reported nationally [10]. Similarly, a little over one-third of
our sample was categorized as sleeping less than the age-
recommended sleep duration, which is below the 58-73%
reported nationally [12, 13]. Our data’s underestimation of
short sleep and ACEs may be due to parental report. Indeed,
parents often overestimate their child’s sleep duration [37]
and may be less likely to report family dysfunction or may
be unaware of all ACEs experienced by their child [8, 20,
21, 25]. Both parental report of sleep duration and ACEs
may be subject to social desirability and/or recall bias. This
implies that most likely more than one-third of this nation-
ally representative sample slept less than the recommended
age-appropriate hours and more than 50% experienced > 1
ACEs.

Consistent with prior findings, adolescents with social
risk factors are at a disproportionate risk for overweight and
obesity [38]. There are a variety of explanations for such
findings in our sample. Adolescents experiencing > 1 ACEs
may be growing up in a risky and stressful family environ-
ment, potentially contributing to chronic stress activation of
the HPA axis and increasing allostatic load which may inter-
fere with self-regulation of health behaviors, including sleep,
and ultimately obesity development [4, 8, 22, 23]. Ethnic and
minority families and those with low socioeconomic status
are often forced by “redlining” (the historically discriminat-
ing housing policy) to live in disadvantaged neighborhoods
[39]. Living in poor neighborhood conditions (i.e., rundown
housing, lack of cleanliness, vandalism/graffiti) contributes
to poor sleep health in adolescents [39]. Moreover, lack of
access to green and safe spaces for physical activity or the
presence of food desserts (lack of access to affordable and
high-quality fresh food) in disadvantage neighborhoods may
further contribute to overweight/obesity risk [40].

Our marginally significant finding that greater sleep dura-
tion was associated with decreased odds of overweight/
obesity is consistent with prior work. Indeed, longitudinal
research suggests that children who experience longer sleep
duration on average (via parent-report and actigraphy) have
slower growth in BMI scores and decreased risk of being
overweight/obese in adolescence [30, 41]. Our finding
that adolescents with regular sleep schedules did not have
decreased odds of overweight/obesity was unexpected given
that prior work has found sleep irregularity to be associated
with obesity risk [6]. However, more recent work has found
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sleep duration to have a stronger effect than sleep irregular-
ity on obesity development in adolescents. [42]

Study Limitations

The findings of our study must be interpreted in the context
of its design and measurement limitations. The cross-sec-
tional design prohibits the examination of causal relation-
ships. As previously mentioned, the relationships between
sleep, ACEs and overweight/obesity risk are nuanced and
complex, and therefore require a variety of assessment meth-
ods over long periods of time [30]. Similarly, cross-sectional
design inhibits the ability to examine intra-individual differ-
ences in BMI and sleep duration/irregularity over time [43],
and the capture of social jetlag or seasonality differences in
both sleep and BMI [26].

Concerning measurement limitations, using a single item
to quantify sleep duration and irregularity on weeknights
only, limits construct variability and may hinder its accu-
rate measurement. Indeed, classifying sleep irregularity as
the standard deviation in actigraphy or sleep diary captured
sleep onset time over an extended period of time (including
weekends) is more reliable than a one-item sleep regularity
measure [6]. Moreover, other metrics of sleep health, such as
sleep quality, may have stronger biological underpinnings of
metabolic and endocrine systems related to weight, hunger
and satiety, which could be affected by sleep and ACEs [12].
The parent-report nature of ACE:s is also concerning for the
following reasons: (1) parents may be less likely to report
family dysfunction (possibly due to mandatory reporting of
abuse), (2) parents may not know about all of adolescent’s
exposure to ACEs, (3) the questionnaire does not ask about
timing, duration and severity of ACEs exposure, and (4) the
person completing the survey and the relationship to the
child may vary from family-to-family and result in inaccu-
racies [8, 20, 21, 25]. This implies that the 50% prevalence
of ACE:s in this sample is an underestimation. Further, the
measurement of specific types of ACEs was not comprehen-
sive. The NSCH survey did not include measures of emo-
tional, physical or sexual abuse [26], dating violence nor
peer-to-peer bullying which may be particularly prevalent
in adolescence [20]. Moreover, there was a lack of behav-
ioral data on other factors affecting weight status, such as
dietary intake/quality and screen time/screen-based seden-
tary behaviors.

Provider Implications and Future Research

A recent American Academy of Pediatrics (AAP) Survey
of Fellows revealed that few pediatricians ask about ACEs
and 89% are unfamiliar with the original ACEs study [8].
Primary care is the ideal setting for ACEs screening as
providers can build trust and rapport with families over
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the frequent intervals they see and care for them. During
this time providers can (1) screen children and families for
ACEs, (2) offer empathetic and evidence-based anticipatory
guidance, including providing education and interventions
around sleep, healthy relationships, nutrition, mindfulness,
physical activity and mental health, and (3) provide trauma-
informed and family-centered resources and referrals when
needed (which may be particularly necessary in families
with low socioeconomic status) [4, 27]. Such screening and
interventions may attenuate the negative impact of ACEs on
health outcomes [26].

Similarly, the primary care setting is an ideal venue to
screen for sleep problems and overweight/obesity develop-
ment. The AAP recommends annual pediatric sleep screen-
ing, yet only a fraction of children seen for well-care visits
are appropriately screened for sleep problems [44]. Pediatric
providers are challenged with screening for a plethora of
developmental issues when they have limited time with a
growing number of patients [39]. Moreover, there are eco-
nomic inequities in access to primary care [4]. As such,
collaboration between interdisciplinary team members,
including psychologists, social workers, school nurses, and
educators may lead to more efficient identification of ACEs,
unhealthy sleep and weight, particularly among low socio-
economic groups [39].

Once ACEs, sleep and/or weight problems are identi-
fied by interdisciplinary providers, culturally sensitive and
family-centered interventions are needed. Intervention
development would benefit from a clearer depiction of the
nuanced associations between these concepts and potential
underlying mechanisms. Specifically, future work may aim
to understand why the protective effect of adequate sleep
on overweight/obesity risk is lessened among adolescents
experiencing > 1 ACEs. Additionally, exploring how ACEs
may mediate the relationship between sleep and obesity and
seeing if intervening to improve ACEs mitigates long-term
effects of ACEs and their associated negative impacts on
weight management is warranted [26]. Finally, examining
whether the effects of ACEs may vary based on the age the
first ACE occurred and/or the chronicity of exposures and
the co-occurrence of ACEs types across developmental peri-
ods may inform ideal intervention timing [20].

Identification of such mechanisms will be strengthened
by proper capture of the concepts under exploration. Use
of actigraphy (objective measure of sleep and wake time)
over parental-report and one-item sleep measures is ideal for
capturing sleep duration and regularity among community
settings. Additionally, more standardization of the measure
of ACEs is needed in healthcare and research venues alike
[4]. Finally, although BMI is a standard measure for assess-
ing obesity, especially in large samples, future research may
benefit from a more detailed evaluation of central adiposity
or percent body fat [22], and expanded measures of physical

health, such as blood pressure and blood serum markers of
cardiovascular risk (e.g., triglyceride levels, insulin resist-
ance) [12].

Successful interventions may need to focus on the chal-
lenges of changing health-promoting behaviors in stressful
contexts [25]. Often, ACEs interventions emphasize ensur-
ing child safety, addressing mental health effects of ACEs
and implementing trauma-informed practices. In contrast,
obesity interventions customarily focus on physical activity,
diet quality and other health behaviors; while sleep interven-
tions focus on education and sleep routines. Thus, there is
an untapped potential for integration of ACEs-sleep-and-
obesity-focused interventions. Given the high prevalence of
ACEs and inadequate sleep in adolescents, amending the
sleep-obesity relationship may require a trauma-informed
approach [4].

Conclusions

Given the disproportionate risk of poor sleep and obesity
among adolescents facing adversity, our findings extend
prior work by uncovering how ACE:s interacts with sleep on
overweight/obesity among a national sample of U.S. ado-
lescents. Longer sleep is associated with lower risk of over-
weight and obesity among adolescents who experience no
ACEs compared to adolescents who experience > 1 ACE:s.
Upon verification of these findings longitudinally, future
work is needed to explore additional mechanisms for obe-
sity development that will inform meaningful and culturally
sensitive interventions for adolescents living within adverse
environments. Interdisciplinary research and healthcare
teams are particularly poised to move this agenda forward
and enact trauma-informed care to address sleep and weight
problems among adolescents facing adversity.

Author Contributions Lauren Covington conceptualized and drafted
the initial article, assisted with interpreting data, and reviewed and
revised the article. Xiaopeng Ji conceptualized and assisted in draft-
ing the initial article, completed data analysis and interpretation, and
reviewed and revised the article. Janeese Brownlow conceptualized,
assisted with the draft of the initial article, and reviewed and revised the
article. Ming Ji assisted with data analysis and interpretation, and criti-
cally reviewed and revised the article. Freda Patterson conceptualized,
reviewed, and revised the article. All authors approve the final article
as submitted and agree to be accountable for all aspects of the study.

Funding Dr. Covington’s work is supported by the Rockefeller
University Heilbrunn Family Center for Research Nursing through
the generosity of the Heilbrunn Family and the National Center for
Advancing Translational Sciences, National Institutes of Health,
through Rockefeller University, under Grant [# UL1 TR001866], and
an Institutional Development Award (IDeA) from the National Insti-
tute of General Medical Sciences of the National Institutes of Health
under Grant [U54-GM 10494 1] (PI: Hicks). Dr. Patterson’s work is sup-
ported by the National Institute of Drug Addiction [ROIDA051321],

@ Springer



818

Journal of Community Health (2024) 49:809-819

the National Institute of Minority Health and Health Disparities
[ROIMDO012734] and the National Institute of General Medical Sci-
ences [2P20GM113125] of the National Institutes of Health.

Data Availability Data and materials to replicate the findings here are
available at the following URL: https://www.childhealthdata.org/help/
dataset. The analytic code to reproduce the analyses presented in this
paper is available from the second author.

Declarations

Competing Interests The authors report there are no competing inter-
ests to declare.

Ethical Approval All procedures performed in studies involving human
participants were in accordance with ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
This study was deemed exempt by University of Delaware Institutional
Review Board.

Informed Consent Informed consent was not required by this second-
ary data analysis, which was deemed exempt by University of Delaware
Institutional Review Board.

References

1. Miller, M. A., Kruisbring, M., Wallace, J., Ji, C., & Cappucio, F.
P. (2018). Sleep duration and the incidence of obesity in infants,
children and adolescents: A systematic reivew and meta-analysis
of prospective studies. Sleep, 41(4), 1-19.

2. National Center for Health Statistics. (2012). Health, United
States, 2011: With special feature on socioeconomic status and
health.

3. Ogden, C. L., Carroll, M. D., Kit, B. K., & Flegal, K. M. (2014).
Prevalence of childhood and adult obesity in the United States,
2011-2012. JAMA, 311(8), 806-814. https://doi.org/10.1001/
jama.2014.732

4. Schroeder, K., Schuler, B. R., Kobulsky, J. M., & Sarwer, D. B.
(2021). The association between adverse childhood experiences
and childhood obesity: A systematic review. Obesity Reviews,
22(7), e13204. https://doi.org/10.1111/0br.13204

5. Hirshkowitz, M., Whiton, K., Albert, S. M., Alessi, C., Bruni,
0., DonCarlos, L., Hazen, N., Herman, J., Katz, E. S., Kheiran-
dish-Gozal, L., Neubauer, D. N., O’Donnell, A. E., Ohayon, M.,
Peever, J., Rawding, R., Sachdeva, R. C., Setters, B., Vitiello,
M. V., Ware, J. C., & Adams Hillard, P.J. (2015). National sleep
foundation’s sleep time duration recommendations: Methodology
and results summary. Sleep Health, 1(1), 40-43. https://doi.org/
10.1016/j.s1eh.2014.12.010

6. Becker, S. P, Sidol, C. A., Van Dyk, T. R., Epstein, J. N., &
Beebe, D. W. (2017). Intraindividual variability of sleep/wake pat-
terns in relation to child and adolescent functioning: A systematic
review. Sleep Medicine Reviews, 34, 94—121. https://doi.org/10.
1016/j.smrv.2016.07.004

7. Cappuccio, F. P, Taggart, F. M., Kandala, N. B., Currie, A., Peile,
E., Stranges, S., & Miller, M. A. (2008). Meta-analysis of short
sleep duration and obesity in children and adults. Sleep, 31(5),
619-626. https://doi.org/10.1093/sleep/31.5.619

8. Davis, L., Barnes, A.J., Gross, A. C., Ryder, J. R., & Shlafer, R. J.
(2019). Adverse childhood experiences and weight status among
adolescents. Journal of Pediatrics, 204, 71-76. https://doi.org/10.
1016/j.jpeds.2018.08.071

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Centers for Disease Control and Prevention. (2022). Fast facts:
Preventing adverse childhood experiences. Retrieved November
7 from https://www.cdc.gov/violenceprevention/aces/fastfact.
html

Merrick, M. T., Ford, D. C., Ports, K. A., & Guinn, A. S. (2018).
Prevalence of adverse childhood experiences from the 2011-2014
behavioral risk factor surveillance system in 23 states. JAMA Pedi-
atrics, 172(11), 1038—1044. https://doi.org/10.1001/jamapediat
rics.2018.2537

Mersky, J. P., Choi, C., Plummer Lee, C., & Janczewski, C. E.
(2021). Disparities in adverse childhood experiences by race/eth-
nicity, gender, and economic status: Intersectional analysis of a
nationally representative sample. Child Abuse and Neglect. https://
doi.org/10.1016/j.chiabu.2021.105066

Phu, T., & Doom, J. R. (2022). Associations between cumula-
tive risk, childhood sleep duration, and body mass index across
childhood. BMC Pediatrics, 22(1), 529. https://doi.org/10.1186/
$12887-022-03587-6

Wheaton, A. G., Jones, S. E., Cooper, A. C., & Croft, J. B. (2018).
Short sleep duration among middle and high school students—
United States. MMWR Morbidity and Mortality Weekly Report,
67, 85-90. https://doi.org/10.15585/mmwr.mm6703al

Buxton, O. M., Chang, A. M., Spilsbury, J. C., Bos, T., Emsellem,
H., & Knutson, K. L. (2015). Sleep in the modern family: Protec-
tive family routines for child and adolescent sleep. Sleep Health,
1(1), 15-27. https://doi.org/10.1016/j.sleh.2014.12.002

Office of Disease Prevention and Health Promotion, Office of the
Assistant Secretary for Health, Office of the Secretary, & U.S.
Department of Health and Human Services. (2021). Healthy Peo-
ple 2030 Objectives. Retrieved Jan 5 from https://health.gov/healt
hypeople/objectives-and-data/browse-objectives

Miller, A. L., & Lumeng, J. C. (2018). Pathways of association
from stress to obesity in early childhood. Obesity, 26(7), 1117-
1124. https://doi.org/10.1002/0by.22155

Calamaro, C. J., Mason, T. B., & Ratcliffe, S. J. (2009). Adoles-
cents living the 24/7 lifestyle: Effects of caffeine and technology
on sleep duration and daytime functioning. Pediatrics, 123(6),
¢1005-1010. https://doi.org/10.1542/peds.2008-3641

Miguez, M. J., Bueno, D., & Perez, C. (2020). Disparities in sleep
health among adolescents: The role of sex, age and migration.
Sleep Disorders. https://doi.org/10.1155/2020/5316364

Felitti, V. J., Anda, R. F., Nordenberg, D., Williamson, D. F,,
Spitz, A. M., Edwards, V., Koss, M. P., & Marks, J. S. (1998).
Relationship of childhood abuse and household dysfunction
to many of the leading causes of death in adults. The Adverse
Childhood Experiences (ACE) Study. American Journal of Pre-
ventive Medicine, 14(4), 245-258. https://doi.org/10.1016/s0749-
3797(98)00017-8

Schuler, B. R., Vazquez, C. E., Kobulsky, J. M., & Dumenci, L.
(2022). Adversity and child body mass index in Fragile Fami-
lies over 15 years: Do type and timing matter? SSM—Population
Health, 19(101197), 1-10. https://doi.org/10.1016/j.ssmph.2022.
101197

Lynch, B. A., Agunwamba, A., Wilson, P. M., Kumar, S., Jacob-
son, R. M., Phelan, S., Cristiani, V., Fan, C., & Finney Rutten,
L. J. (2016). Adverse family experiences and obesity in children
and adolescents in the United States. Preventive Medicine, 90,
148-154. https://doi.org/10.1016/j.ypmed.2016.06.035

Bagley, E. J., & El-Sheikh, M. (2013). Familial risk moderates
the association between sleep and zBMI in Children. Journal of
Pediatric Psychology, 38(7), 775-784. https://doi.org/10.1093/
jpepsy/jst031

Bagley, E. J., Kelly, R. J., & El-Sheikh, M. (2015). Longitudi-
nal relations between children’s sleep and body mass index: The
moderating role of socioeconomic risk. Sleep Health, 1(1), 44—49.
https://doi.org/10.1016/j.sleh.2014.12.001


https://www.childhealthdata.org/help/dataset
https://www.childhealthdata.org/help/dataset
https://doi.org/10.1001/jama.2014.732
https://doi.org/10.1001/jama.2014.732
https://doi.org/10.1111/obr.13204
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1016/j.smrv.2016.07.004
https://doi.org/10.1016/j.smrv.2016.07.004
https://doi.org/10.1093/sleep/31.5.619
https://doi.org/10.1016/j.jpeds.2018.08.071
https://doi.org/10.1016/j.jpeds.2018.08.071
https://www.cdc.gov/violenceprevention/aces/fastfact.html
https://www.cdc.gov/violenceprevention/aces/fastfact.html
https://doi.org/10.1001/jamapediatrics.2018.2537
https://doi.org/10.1001/jamapediatrics.2018.2537
https://doi.org/10.1016/j.chiabu.2021.105066
https://doi.org/10.1016/j.chiabu.2021.105066
https://doi.org/10.1186/s12887-022-03587-6
https://doi.org/10.1186/s12887-022-03587-6
https://doi.org/10.15585/mmwr.mm6703a1
https://doi.org/10.1016/j.sleh.2014.12.002
https://health.gov/healthypeople/objectives-and-data/browse-objectives
https://health.gov/healthypeople/objectives-and-data/browse-objectives
https://doi.org/10.1002/oby.22155
https://doi.org/10.1542/peds.2008-3641
https://doi.org/10.1155/2020/5316364
https://doi.org/10.1016/s0749-3797(98)00017-8
https://doi.org/10.1016/s0749-3797(98)00017-8
https://doi.org/10.1016/j.ssmph.2022.101197
https://doi.org/10.1016/j.ssmph.2022.101197
https://doi.org/10.1016/j.ypmed.2016.06.035
https://doi.org/10.1093/jpepsy/jst031
https://doi.org/10.1093/jpepsy/jst031
https://doi.org/10.1016/j.sleh.2014.12.001

Journal of Community Health (2024) 49:809-819

819

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Chapman, D. P., Wheaton, A. G., Anda, R. F., Croft, J. B.,
Edwards, V. J., Liu, Y., Sturgis, S. L., & Perry, G. S. (2011).
Adverse childhood experiences and sleep disturbances in adults.
Sleep Medicine, 12(8), 773—779. https://doi.org/10.1016/j.sleep.
2011.03.013

Lewis-de Los Angeles, W. W. (2022). Association between
adverse childhood experiences and diet, exercise, and sleep in
pre-adolescents. Academic Pediatrics. https://doi.org/10.1016/j.
acap.2022.06.007

Lin, S. X., Cheslack-Postava, K., McReynolds, L., Amsel, L.,
Bresnahan, M., & Hoven, C. W. (2022). Adverse childhood expe-
riences and insufficient sleep among U.S. children and adoles-
cents. Academic Pediatrics, 22(6), 965-971. https://doi.org/10.
1016/j.acap.2022.02.007

Gilgoft, R., Singh, L., Koita, K., Gentile, B., & Marques, S. S.
(2020). Adverse childhood experiences, outcomes, and interven-
tions. Pediatric Clinics of North America, 67(2), 259-273. https://
doi.org/10.1016/j.pc1.2019.12.001

Bronfenbrenner, U. (1986). Ecology of the family as a context
for human development: Research perspectives. Developmental
Psychology, 22, 723-742.

Chang, L.-Y., Wu, C.-C,, Yen, L.-L., & Chang, H.-Y. (2019). The
effects of family dysfunction trajectories during childhood and
early adolescence on sleep quality during late adolescence: Resil-
ience as a mediator. Social Science and Medicine, 222, 162—-170.
https://doi.org/10.1016/j.socscimed.2019.01.010

Breitenstein, R. S., Doane, L. D., & Lemery-Chalfant, K. (2019).
Early life socioeconomic status moderates associations between
objective sleep and weight-related indicators in middle childhood.
Sleep Health, 5(5), 470-478. https://doi.org/10.1016/j.sleh.2019.
04.002

US Census Bureau. (2019). 2018 national survey of children’s
health methodology report. Retrieved Dec 23 from https://www?2.
census.gov/programs-surveys/nsch/technical-documentation/
methodology/2018-NSCH-Methodology-Report.pdf

HRSA Maternal & Child Health. (2020). Adverse childhood expe-
riences: NSCH data brief. Retrieved Nov 30 from https://mchb.
hrsa.gov/sites/default/files/mchb/data-research/nsch-ace-databrief.
pdf

Child and Adolescent Health Measurement Initiative. (2018).
2018 national survey of children’s health (NSCH) data query.
Data resource center for child and adolescent health supported
by the U.S. department of health and human services, health
resources and services administration (HRSA ), maternal and child
health bureau (MCHB). Retrieved 08 Feb 2022 from www.child
healthdata.org

Yang, A. J., Gromoske, A. N., Olson, M. A., & Chaffin, J. G.
(2016). Single and cumulative relations of social risk factors
with children’s dental health and care-utilization within regions
of the united states. Maternal and Child Health Journal, 20(3),
495-506. https://doi.org/10.1007/s10995-015-1847-2

Bridgett, D. J., Burt, N. M., & Edwards, E. S. (2015). Intergenera-
tional transmission of self-regulation: A multidsciplinary review
and integrative conceptual framework. Psychological Bulletin,
141(3), 602-654.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Hairston, I. S., Waxler, E., Seeng, J. S., Fezzey, A. G., Rosenblum,
K. L., & Muzik, M. (2011). The role of infant sleep in integenera-
tional transmission of trauma. Sleep, 34(10), 1373-1383.
Gariepy, G., Danna, S., Gobina, I., Rasmussen, M., Gaspar de
Matos, M., Tynjala, J., Janssen, I., Kalman, M., Villerusa, A.,
Husarova, D., Brooks, F., Elgar, F. J., Klavina-Makrecka, S.,
Smigelskas, K., Gasper, T., & Schnohr, C. (2020). How are ado-
lescents sleeping? Adolescent sleep patterns and sociodemo-
graphic differences in 24 european and north american countries.
Journal of Adolescent Health, 66, S81-S88. https://doi.org/10.
1016/j.jadohealth.2020.03.013

Ogden, C. L., Fryar, C. D., Hales, C. M., Carroll, M. D., Aoki, Y.,
& Freedman, D. S. (2018). Differences in obesity prevalence by
demographics and urbanization in US children and adolescents,
2013-2016. JAMA, 319(23), 2410-2418. https://doi.org/10.1001/
jama.2018.5158

Billings, M. E., Cohen, R. T., Baldwin, C. M., Johnson, D. A.,
Palen, B. N., Parthasarathy, S., Patel, S. R., Russell, M., Tapia, 1.
E., Williamson, A. A., & Sharma, S. (2021). Disparities in sleep
health and potential intervention models: A focused review. Chest,
159(3), 1232-1240. https://doi.org/10.1016/j.chest.2020.09.249
Jackson, C. L. (2017). Determinants of racial/ethnic disparities in
disordered sleep and obesity. Sleep Health, 3(5), 401-415. https://
doi.org/10.1016/j.s1eh.2017.08.001

El-Sheikh, M., Bagley, E. J., Keiley, M. K., & Erath, S. A. (2014).
Growth in body mass index from childhood into adolescence: The
role of sleep duration and quality. The Journal of Early Adoles-
cence, 34(8), 1145-1166. https://doi.org/10.1177/0272431613
519499

Schneider, A. C., Zhang, D., & Xiao, Q. (2020). Adolescent sleep
characteristics and body-mass index in the family life, activity,
sun, health, and eating (FLASHE) study. Scientific Reports, 10(1),
13277. https://doi.org/10.1038/s41598-020-70193-w

Lin, L. N., Chang, L. Y., Hurng, B. S., Wu, C. C,, Yen, L. L., &
Chang, H. Y. (2018). Sex differences in sleep patterns and changes
in 7th to 12th graders: A longitudinal follow-up study in Taiwan.
Sleep, 41(3), 1-10. https://doi.org/10.1093/sleep/zsx211
Meltzer, L. J., Plaufcan, M. R., Thomas, J. H., & Mindell, J. A.
(2014). Sleep problems and sleep disorders in pediatric primary
care: Treatment recommendations, persistence, and health care
utilization. Journal of Clinical Sleep Medicine, 10(4), 421-426.
https://doi.org/10.5664/jcsm.3620

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

Springer Nature or its licensor (e.g. a society or other partner) 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.

@ Springer


https://doi.org/10.1016/j.sleep.2011.03.013
https://doi.org/10.1016/j.sleep.2011.03.013
https://doi.org/10.1016/j.acap.2022.06.007
https://doi.org/10.1016/j.acap.2022.06.007
https://doi.org/10.1016/j.acap.2022.02.007
https://doi.org/10.1016/j.acap.2022.02.007
https://doi.org/10.1016/j.pcl.2019.12.001
https://doi.org/10.1016/j.pcl.2019.12.001
https://doi.org/10.1016/j.socscimed.2019.01.010
https://doi.org/10.1016/j.sleh.2019.04.002
https://doi.org/10.1016/j.sleh.2019.04.002
https://www2.census.gov/programs-surveys/nsch/technical-documentation/methodology/2018-NSCH-Methodology-Report.pdf
https://www2.census.gov/programs-surveys/nsch/technical-documentation/methodology/2018-NSCH-Methodology-Report.pdf
https://www2.census.gov/programs-surveys/nsch/technical-documentation/methodology/2018-NSCH-Methodology-Report.pdf
https://mchb.hrsa.gov/sites/default/files/mchb/data-research/nsch-ace-databrief.pdf
https://mchb.hrsa.gov/sites/default/files/mchb/data-research/nsch-ace-databrief.pdf
https://mchb.hrsa.gov/sites/default/files/mchb/data-research/nsch-ace-databrief.pdf
http://www.childhealthdata.org
http://www.childhealthdata.org
https://doi.org/10.1007/s10995-015-1847-2
https://doi.org/10.1016/j.jadohealth.2020.03.013
https://doi.org/10.1016/j.jadohealth.2020.03.013
https://doi.org/10.1001/jama.2018.5158
https://doi.org/10.1001/jama.2018.5158
https://doi.org/10.1016/j.chest.2020.09.249
https://doi.org/10.1016/j.sleh.2017.08.001
https://doi.org/10.1016/j.sleh.2017.08.001
https://doi.org/10.1177/0272431613519499
https://doi.org/10.1177/0272431613519499
https://doi.org/10.1038/s41598-020-70193-w
https://doi.org/10.1093/sleep/zsx211
https://doi.org/10.5664/jcsm.3620

	Adverse Childhood Experiences May Dampen the Protective Role of Sleep Duration on Adolescent Obesity Risk
	Abstract
	Introduction
	Complex and Nuanced Relationships Exist at the Intersection Between Sleep, ACEs and Obesity Among Adolescents
	Theoretical Framework
	Current Study

	Methods
	Participants and Procedures
	Measures
	OverweightObesity
	Sleep Variables
	Adverse Childhood Experiences
	Covariates

	Statistical Analysis

	Results
	Sample Characteristics
	Bivariate Associations
	Adjusted Associations Between Sleep and OverweightObesity Status
	Interaction Between Sleep and ACEs

	Discussion
	Study Limitations
	Provider Implications and Future Research

	Conclusions
	References




