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Abstract
Study Objectives:  To examine associations between cumulative socio-demographic risk factors, sleep health habits, and sleep disorder symptoms in 

young children.

Methods:  Two hundred five caregiver-child dyads (child mean age ± SD: 3.3 ± 1.1 years; 53.7% girls; 62.9% black, 22.4% non-Hispanic/Latinx white, 4.4% 

Hispanic/Latinx; 85.4% maternal caregiver reporter) completed caregiver-rated sleep measures (Brief Child Sleep Questionnaire [BCSQ]; Pediatric Sleep 

Questionnaire [PSQ] snoring subscale), which were used to generate indexes of poor sleep health habits, pediatric insomnia symptoms, and obstructive 

sleep apnea (OSA) symptoms. A cumulative risk index was created reflecting caregiver, family, and neighborhood risks.

Results:  Overall, 84.5% of children had ≥ 1 poor sleep health habit, 62.9% had ≥ 1 insomnia symptom, and 40.0% had ≥ 1 OSA symptom. Poisson 

regression indicated that each increase in the number of cumulative risk factors was associated with a 10% increase in poor sleep health habits, a 9% 

increase in insomnia symptoms, and an 18% increase in OSA symptoms. Specific caregiver risks (depressive symptoms, lower educational attainment) 

and family risks (single caregiver, crowded home) were most predictive of poor sleep outcomes.

Conclusions:  Poor sleep health habits and sleep disorder symptoms are highly prevalent in early childhood, particularly among families experiencing 

cumulative socio-demographic risks. Findings underscore the need for targeted screening and prevention for modifiable sleep behaviors and efforts to 

tailor such strategies for at-risk children and families, especially those living in crowded conditions, or with caregivers who are single or have a lower 

educational attainment or depressive symptoms.

Key words:  cumulative risk; early childhood; insomnia; obstructive sleep apnea; preschoolers; prevention; sleep; sleep 
health; sleep hygiene; toddlers

Statement of Significance

Study findings indicate that poor sleep health habits (insufficient sleep; inconsistent bedtime routine; bedroom electronics; bedtime later 
than 9:00 pm; caffeine consumption) and symptoms of pediatric insomnia and obstructive sleep apnea (OSA) impact over one-third of chil-
dren ages 2 to 5 years. Increased cumulative socio-demographic risk factors are associated with worse sleep health and greater sleep dis-
order symptoms. As sleep is a modifiable behavior contributing to child development, findings highlight the need for enhanced screening 
and preventive intervention, especially in at-risk families. Such services should be tailored to address malleable risk factors, such as having 
a caregiver with lower educational attainment or clinically significant depressive symptoms. Additional mechanistic research is needed to 
better understand how cumulative risk impacts sleep over time.
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Introduction

Early childhood is a critical period for preventing and treating 
sleep problems given the rapid neurobehavioral growth and de-
velopment that occurs during this time [1] and the deleterious 
effects of untreated sleep concerns [2–6]. Sleep disorders such 
as pediatric insomnia and obstructive sleep apnea (OSA) are 
highly prevalent in toddlers and preschoolers [2, 7–10] and have 
been linked to a number of adverse developmental outcomes, 
including both concurrent [9, 11] and longitudinal [2, 3, 6, 12] im-
pairments in social-emotional, academic, and neurobehavioral 
functioning. Obtaining insufficient sleep, which is one of the pri-
mary indicators of poor sleep health [13], in early childhood has 
also been linked to diminished neurobehavioral functioning in 
middle childhood [14]. Additional, modifiable poor sleep behav-
iors that are incorporated within the broader concept of sleep 
health, often referred to as sleep hygiene practices [15], include 
the use and presence of electronics items at bedtime and caf-
feine consumption, and have been associated with worse sleep 
quality and quantity [16–21]. Furthermore, a consistent bed-
time routine in early childhood can have benefits beyond sleep, 
including maternal and child wellbeing [20].

Socio-demographic risk factors such as caregiver depres-
sion [22–24] and socio-economic disadvantage [25–28] have been 
linked to poor sleep quality and increased sleep problems in 
childhood. However, few studies have examined the cumulative, 
or additive, effects of multiple socio-demographic risk factors in 
relation to early childhood sleep. Studies that use a cumulative 
risk index approach [29] sum or average a number of risk factors 
to reflect the aggregate effects of multiple and typically inter-
related risks. Such research has found that increased cumula-
tive risk exposure is predictive of poor long-term mental and 
physical health [30–33], particularly when risk exposure occurs 
in early childhood [34]. Unfortunately, there is no consensus 
about the specific socio-demographic risk factors included in 
the cumulative risk index approach [35], although previous cu-
mulative risk research often examines indexes consisting of 
caregiver (e.g. educational attainment; occupational status; 
stress exposure; depressive symptoms) and family (e.g. size and 
number of children in the home; income) factors [30, 31, 36, 37].

With regard to sleep research, one study of school-aged 
children found that a cumulative risk score consisting of four 
risk factors (marital status, maternal education, family pov-
erty, and stressful life events) was associated with decreased 
actigraphy-derived sleep duration and moderated the link be-
tween sleep parameters and zBMI, such that children with the 
highest levels of risk demonstrated the strongest association 
between poor sleep (short duration and poor quality) and in-
creased zBMI [38]. Another study of 5-year-old Latinx children 
showed that an index of family adversity was positively asso-
ciated with a measure of broad sleep problems, although this 
link was moderated by child autonomic reactivity, with children 
experiencing the most adversity and low autonomic reactivity 
showing the greatest odds of having sleep problems [39]. More 
recently, a study of child protective service-involved toddlers 
[40] found that a cumulative risk index reflecting child adver-
sity, which included caregiver depressive symptoms, caregiver 
divorce or separation, and potential maltreatment, among other 
risks, was associated with greater odds of having a caregiver-
identified sleep problem, although sleep problems were meas-
ured using a single item. McQuillan et al. additionally found that 

a cumulative risk index representing socio-demographic fac-
tors and parenting stress was associated with worse maternal 
sleep [35]. To date, however, studies have yet to examine rela-
tions among cumulative risk factors and specific symptoms of 
early childhood sleep disorders and aspects of poor sleep health 
habits.

Thus, the goal of this study was to examine associations be-
tween cumulative risk factors and sleep outcomes in a socio-
demographically diverse group of young children. Cumulative 
risk factors included in this study were summed to index the 
additive effects of multiple risk exposure. Risk factors were 
selected on the basis of previous cumulative risk studies and 
sleep research showing the impact of caregiver (e.g. marital 
status, educational attainment, depressive symptoms) [22, 38, 
40–42], family (e.g. household overcrowding, income) [25, 26, 
31, 36, 43], and neighborhood (e.g. disadvantage) [28, 44] factors 
on child outcomes. Sleep outcomes included poor sleep health 
habits and symptoms of pediatric insomnia and OSA, as these 
are the two most common early childhood sleep issues [2, 7]. 
The poor sleep health index was created to reflect commonly 
recommended guidelines for healthy pediatric sleep habits [16] 
and to encompass aspects of sleep health [13], which included 
sleep duration and sleep hygiene practices [15, 20]. We hypothe-
sized that increased exposure to cumulative socio-demographic 
risk factors would be associated with poorer sleep health and 
greater symptoms of pediatric insomnia and OSA.

Methods

Participants

A total of 205 caregiver-child dyads with a young child partici-
pated in this study. An additional 15 dyads consented to the 
study, but either did not initiate study procedures (n  =  4) or 
discontinued prior to completing study questionnaires (n = 11) 
due to lack of time. Socio-demographic characteristics for par-
ticipants who did not complete the study did not significantly 
differ from those who completed study questionnaires, p > .05. 
Study eligibility criteria included: (1) child age 2 to 5 years; (2) ab-
sence of child acute (e.g. influenza; cold) or chronic medical con-
dition (e.g. sickle cell disease; epilepsy) that could impact sleep; 
(3) absence of a diagnosed neurodevelopmental (e.g. autism) or 
behavioral health condition (attention-deficit/hyperactivity dis-
order); (4) absence of a diagnosed sleep disorder (e.g. OSA); (5) no 
current use of medications that would impact sleep (e.g. diphen-
hydramine; clonidine). Demographic information for the sample 
is provided in Table 1.

Procedure

Participants attending a well child or follow-up visit were re-
cruited from the waiting rooms of three urban and two suburban 
pediatric primary care clinics operated by a large tertiary-care 
children’s hospital in southeast Pennsylvania. A  mix of urban 
and suburban clinics were selected to include a diverse set of 
families that represented a broad socio-economic spectrum, 
with an overrepresentation of families from lower-income fam-
ilies intentionally included in order to obtain a sufficient sample 
of children exposed to a range of cumulative socio-demographic 
risk factors. Recruitment and data collection occurred over a 
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1-year period, from November 2016 through November 2017. 
Consent was provided by the accompanying caregiver, who was 
also the child’s legal guardian. After consent, a review of the 
child’s medical record was conducted to ensure study eligibility 
and to obtain child socio-demographic data. Caregivers then 
completed study questionnaires. Caregiver-child dyads received 
a $25.00 gift card following completion of study procedures. 
This study was approved by the Children’s Hospital Institutional 
Review Board.

Measures

Sleep.
Caregivers completed the expanded Brief Child Sleep 
Questionnaire (BCSQ), a widely used measure of early child-
hood sleep [45–47] that has shown good reliability and moderate 
correspondence with actigraphy [48, 49]. The BCSQ includes 30 
questions about a child’s typical sleep patterns over the last 
2 weeks (i.e. child bed and wake times, sleep onset latency, 
nighttime and daytime sleep duration, frequency and duration 
of nighttime awakenings), aspects of the sleep environment (i.e. 
sleep location, bedtime routine), and perceived sleep problems 
(i.e. bedtime resistance, difficulty falling asleep, overall sleep 
problems). Information about the scaling and structure of BCSQ 
items is reported in detail in previous research [10, 45, 47–49]. 
Caregivers are directed to estimate average child bedtime and 
waketime by inputting clock times (e.g. 08:00 pm) and to esti-
mate sleep onset latency, duration of night awakenings, and 

duration of nighttime and daytime (nap) sleep duration in hours 
and minutes. Caregivers select among various options to iden-
tify the child sleep arrangement (sleep space, location, caregiver 
presence; Table 2) and elements of the bedtime routine. Likert 
scale items ranging from never to every night are used to assess 
the consistency of the bedtime routine and the frequency of dif-
ficulty falling asleep and night awakenings. Likert scales are also 
used for caregivers to rate the degree of bedtime resistance (ran-
ging from very easy to very difficult) and the severity of the child’s 
sleep problem (ranging from no problem to a severe problem).

An additional sleep opportunity variable reflecting child time 
in bed was calculated by adding the number of hours between 
caregiver-reported child bed and wake times on the BCSQ. BCSQ 
caregiver estimates of total nighttime and daytime sleep were 
also added to create a total (24-hour) sleep duration variable. To 
further assess aspects of sleep health, caregivers also responded 
to two questions drawn from previous research [15, 50] that 
asked caregivers to identify the number and types of electronics 
items in the child’s bedroom and to indicate the number of caf-
feinated beverages that the child consumes per day, on average.

Poor sleep health index.
A poor sleep health index was constructed based on commonly 
recommended sleep health habits for young children [15, 16, 20]. 

Table 1.  Caregiver-reported child and caregiver socio-demographic 
information

Variables Mean (SD)/ %

Child age 3.3 years (1.1 years)
Child female sex 53.7
Child race/ethnicity
  Black 62.9
  Non-Hispanic/Latinx white 22.4
  Other or multiple races 7.4
  Hispanic/Latinx 4.4
  Asian 2.9
Child history of prematurity 4.9
Child developmental delays 7.8
Caregiver
  Mother 85.4
  Father 12.1
  Grandmother 2.0
  Other relative/legal guardian 0.5
Caregiver age (years)
  18–24 16.6
  25–29 25.4
  30–39 45.9
  ≥40 12.1
Caregiver race/ethnicity
  Black 57.6
  Non-Hispanic/Latino white 27.3
  Other or multiple races 4.8
  Asian 4.9
  Hispanic/Latino 5.4
Primary care site
  Urban 74.1
  Suburban 25.9

Table 2.  Descriptive statistics for caregiver-reported child sleep pat-
terns and environment

Variables Mean (SD)/ %

Sleep location and space
  Own room, own bed 52.2%
  Shared room with caregiver(s), shared 

bed with caregiver(s)
25.9%

  Shared room with caregiver(s),  
own bed

12.7%

  Shared room with sibling(s) or 
relative(s), own bed

6.3%

  Shared room, shared bed/couch with 
sibling(s) or relative(s)

2.9%

Falls asleep independently 51.2%
Number of electronics in bedroom 1.01 (1.01)
Type of electronics itema

  Television 46.3%
  Tablet 34.6%
  Smartphone/cellphone 18.0%
  Gaming device 5.4%
  Computer 3.4%
Bedtime 08:47 pm (51.2 minutes)
Sleep onset latency (minutes) 35.82 (36.12)
Number of night awakenings per night 0.79 (0.91)b

Duration of nighttime awakenings  
(minutes)

14.32 (27.57)

Wake time 07:22 am (67.2 minutes)
Nighttime sleep opportunity (hours) 10.57 (1.08)
Nighttime sleep duration (hours) 9.08 (1.51)
Takes naps 68.6%
Nap duration (minutes) 84.43 (65.60)b

Total (24-hour) sleep duration (hours) 10.53 (1.70)b

Number of caffeinated beverages/day 0.33 (0.77)
Number of cumulative risk factors 2.96 (1.83)

aCategories of electronics items are not mutually exclusive.
bIncreased in toddler (age 2 years) versus preschool (ages 3 to 5 years) age 

groups based on preliminary t-test and chi-square comparisons (p < .05).
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The following items from those described above were each di-
chotomously coded and summed to generate an index in which 
higher scores indicated worse sleep health: bedtime routine im-
plemented ≤ 4 nights per week (=1); bedtime later than 09:00 
pm (=1); any electronics items in the child’s bedroom (=1); in-
sufficient sleep (caregiver-reported total sleep duration ≤ the 
recommended [51] 11 hours total 24-hour sleep duration for 
2-year-olds and 10 hours total 24-hour sleep duration for 3- to 
5-year-olds = 1); and child consumption of ≥ 1 caffeinated bev-
erages per day.

Pediatric insomnia index.
A pediatric insomnia symptoms index was generated based on 
diagnostic criteria for pediatric insomnia [52, 53]. The following 
BCSQ items were each coded dichotomously and summed 
to generate an insomnia index, with higher scores indicated 
greater insomnia symptoms: bedtime resistance (somewhat 
difficult, difficult, or very difficult  =  1); difficulty falling asleep ≥3 
nights per week (=1); a sleep onset latency of ≥ 30 minutes (=1); 
night awakenings ≥ 3 nights per week (=1); and a  caregiver-
perceived sleep problem (small problem, moderate problem, or se-
vere problem = 1) [10].

OSA symptom index.
The 8-item snoring subscale of the Sleep-Related Disordered 
Breathing Scale (SRDB) from the Pediatric Sleep Questionnaire 
[54, 55] was used to index breathing symptoms suggestive of 
OSA, including the frequency and quality of snoring and ob-
served apneas (“have you ever seen your child stop breathing 
overnight?”). Validation research on the snoring subscale has 
demonstrated strong reliability and validity in predicting an 
OSA diagnosis on polysomnogram [54, 55]. Items were rated 
as Yes, No, or I don’t know. Yes responses were coded as 1 and 
summed to generate a total subscale score.

Child demographic variables.
Child demographic information, including child age, sex, race/
ethnicity, history of prematurity (<37 weeks gestation), and pres-
ence of developmental delays (e.g. speech; motor; language) was 
drawn from a review of the child’s electronic medical record.

Caregiver and family variables.
Caregivers self-reported their age, sex, racial/ethnic back-
ground, employment, marital status, and educational level, 
number of adults and children in the family home, number 
of times the family moved within the last year, and family in-
come. Family income, total family household size, and US fed-
eral poverty guidelines [56] were used to identify families living 
≤ 125% of the federal poverty level. Caregivers also completed 
the 10-item Center for Epidemiological Studies Depression Scale 
(CES-D-10) [57, 58] to report on depressive symptoms. The CES-
D-10 has shown good reliability and validity in diverse commu-
nity samples, with a cutoff score of 10 used to indicate clinically 
significant depressive symptoms [58, 59]. Items were rated on a 
4-point Likert scale ranging from Rarely or none of the time to All of 
the time and summed to create a total score.

Neighborhood context.
As a neighborhood-level indicator of exposure to adversity, we 
used zip codes drawn from the child’s medical record to obtain 

the Economic Innovation Group’s (www.eig.org/dci) Distressed 
Communities Index (DCI) for 2012–2016. The DCI is generated by 
combining seven economic indicators at the zip-code level from 
the US Census Bureau’s American Community Survey 5-Year 
Estimates and Business Patterns Datasets. These indicators are 
the percent of the population without a high school diploma or 
equivalent, the percent housing vacancy rate, the percent of the 
population ages 25–64 who are without work, the percent of the 
population living under the poverty line, the median income ratio 
as a percentage of the state’s median income, the percent change 
in the number of jobs from the previous Census period, and the 
percent change in the number of business establishments from 
the previous Census period. The DCI is calculated by ranking zip 
codes on each of these indicators, averaging the ranked indica-
tors, and then normalizing the averages [60]. The resulting DCI 
ranges from 0 to 100, with higher scores indicating a greater level 
of distress relative to other US zip codes. To facilitate interpret-
ation of the DCI, it has been grouped into the following quin-
tiles: prosperous (lowest quintile), comfortable, mid-tier, at-risk, 
and distressed (highest quintile, or most distressed community). 
Previous research has indicated that increased DCI scores are as-
sociated with worse healthcare quality and health outcomes [60].

Cumulative risk index.
As described above, the cumulative risk index included nine 
variables selected on the basis of previous cumulative risk and 
sleep research [25, 30, 31, 34, 38, 40, 44]. Items were coded di-
chotomously and summed to generate a risk index, with higher 
scores indicating greater cumulative risk exposure. Items were: 
caregiver unemployment (=1); caregiver high school level edu-
cation or less (=1); single caregiver household (=1); caregiver 
clinically significant depressive symptoms (CES-D-10 score of ≥ 
10 = 1); household includes ≥3 children (=1); household includes 
≥5 people total; family moved ≥1 time in the last year (=1); family 
income ≤ 125% of the US federal poverty guidelines; and family 
living in a distressed community (=1), based on zip-code level 
DCI score category quintiles (see above).

Statistical analyses

All analyses were conducted using IBM SPSS software version 
24. Means for continuous variables and proportions for categor-
ical variables were used to generate descriptive statistics for 
sleep and cumulative risk variables. Toddlers (age 2  years) and 
preschoolers (ages 3 to 5  years) were combined in all analyses 
to maximize statistical power and given few differences in sleep 
patterns by age (see below), with age included as a covariate in all 
analyses. Poisson regression models were used to examine asso-
ciations between the cumulative risk index and sleep outcomes 
(poor sleep health, pediatric insomnia symptoms, and OSA 
symptoms). Whereas using linear regression to examine count 
outcomes violates model assumptions, Poisson models use a 
count distribution, resulting in more appropriate standard errors 
and less biased significance tests [61, 62]. Poisson models pro-
vide an exponentiated regression coefficient that is interpreted 
as the percent increase or decrease in the outcome given a one-
unit shift in the predictor variable. Covariates in each model in-
cluded child sex, age, and racial/ethnic background (non-Latinx/
Hispanic white = 1), and child history of prematurity or develop-
mental delays. Given the low numbers of children with a history 
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of prematurity (4.8%) or developmental delays (7.8%) and overlap 
between these characteristics, these indicators were collapsed 
into a single prematurity or developmental delay covariate. Post-
hoc analyses were conducted to identify the relative contribution 
of each risk factor included in the cumulative risk index to the 
sleep outcomes. These Poisson models regressed sleep outcomes 
on covariates and each of the nine cumulative risk factors.

Results

Sleep patterns and sleep environment

Descriptive statistics for caregiver-reported child sleep patterns 
and the sleep environment appear in Table 2. On average, chil-
dren had a bedtime of 8:47 PM (SD = 51.2 minutes) and a wake 
time of 7:22 AM (SD = 67.2 minutes). Based on these data, sleep 
opportunity (time in bed, calculated by counting the hours be-
tween bed and wake times) averaged 10.57 hours per night 
(SD  =  1.08 hours), which was more than caregiver-estimated 
total nighttime sleep (9.08 hours, SD = 1.51 hours). Sleep onset 
latency was markedly prolonged in the sample, averaging about 
36 minutes. Children had about one waking per night, with a 
night awakening duration of close to 15 minutes on average. The 
majority of children (68.6%) napped during the day, in line with 
age-related expectations, for an average of about an hour and a 
half (84.43 minutes, SD = 65.60 minutes).

Child sleep patterns showed minimal differences by age and 
were in line with age-related expectations, in that 2-year-olds 
had a significantly longer total sleep duration (24-hour; daytime 
plus nighttime sleep duration) by about an hour (M = 11.18 hours, 
SD = 1.68 hours) compared to 3- to 5-year-old children (M = 10.24 
hours, SD = 1.63 hours; t(203) = 3.63, p < .001). This is likely due to 
2-year-olds having a longer nap by about an hour (M = 127.78 min-
utes, SD = 54.17 minutes) compared to older children (M = 64.64 
minutes, SD = 60.79 minutes; t(203) = 7.37, p < .001). Night awaken-
ings were also more frequent in 2-year-olds (M = 1.05, SD = 0.93; 
3- to 5-year-olds M = 0.67, SD = 0.88, t(203) = 7.37, p = .007).

Nearly half of the children shared a room (47.8%). Of room-
sharing children, one-quarter co-slept with a caregiver (25.9%) or a 
sibling or relative (2.9%). Fewer children slept in their own bed in a 
room shared with a caregiver (12.7%) or sibling (6.3%). It is unclear 
in these data whether co-sleeping with a caregiver was in response 
to a child sleep problem, due to economic constraints, or an inten-
tional choice. Although children who co-slept were significantly 
less likely to fall asleep independently (χ 2 (1, N = 205) = 36.72, p < 
.001), the prevalence of co-sleeping did not significantly differ ac-
cording to whether caregivers perceived their child’s sleep to be 
problematic (χ 2 (1, N = 205) = 2.83, p = .13) or whether families res-
ided in an impoverished home (χ 2 (1, N = 205) = 0.21, p = .76).

Poor sleep health

Poor sleep health habits were highly prevalent, with 84.5% of 
children engaging in one or more unhealthy sleep habits. Twenty 
percent of caregivers reported one unhealthy habit, 26.2% two 
unhealthy habits, 24.1% three unhealthy habits, 12.8% four un-
healthy habits, and 1.6% noted all 5 unhealthy habits. The most 
common poor sleep health habit (Figure 1) was the presence of 
electronics in the child’s bedroom, with the majority of children 
(62.9%) having one or more items in their bedroom. The most 
common electronics items were a television (46.3%) or a tablet 
device (34.6%; Table 2). Nearly half (48.3%) of children had a bed-
time later than 09:00 pm. A substantial proportion of children 
(35.9%) also obtained insufficient sleep for their age (<11 hours 
in a 24-hour period for 2-year-olds; <10 hours in a 24-hour period 
for 3- to 5-year-olds). In addition, many children consumed one 
or more caffeinated beverages per day (21.1%).

Pediatric insomnia symptoms

A total of 62.9% of children experienced at least one pedi-
atric insomnia symptom—28.8% experienced one symptom, 
12.2% experienced two symptoms, 10.7% experienced three 

40.0%
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62.9%
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35.9%
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Bedtime later than 
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Figure 1.  Prevalence of each poor sleep health habit. Note. Inconsistent routine = ≤ 4 nights/week; insufficient sleep = <11 hours total (24-hour) sleep duration for 2-year-

olds; <10 hours total (24-hour) sleep duration for 3- to 5-year-olds.
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symptoms, 6.3% experienced four symptoms, and 4.4% ex-
perienced all five symptoms. The most common insomnia 
symptom (Figure 2) was a prolonged sleep onset latency of 30 
minutes or greater, although only 20.5% of caregivers rated 
their child as having frequent sleep onset difficulties (≥ 3 
nights per week). Bedtime resistance was common and found 
in 28.3% of children. Overall, approximately one in seven 
caregivers (15.1%) rated their child’s overall sleep as being 
problematic.

Diagnostic criteria for pediatric insomnia [52, 53] include 
one or more difficulties related to initiating sleep, maintaining 
sleep, difficulty sleeping alone or bedtime resistance and either 
concern about the child’s sleep or one or more sleep-related 
impairments in functioning (e.g. energy/alertness; mood; be-
havior) with concerns occurring at least 3 times per week 
over the last 3  months. The symptoms cannot occur in the 
context of inadequate sleep opportunity or environment, or 
be better explained by another sleep disorder. Some of these 
criteria were not assessed in this study. However, extrapo-
lating from these diagnostic criteria, results indicate that at 
least 14.6% of children would potentially meet criteria on the 
basis of a having a caregiver-reported sleep problem in add-
ition to either a prolonged sleep onset latency, frequent dif-
ficulty falling asleep, frequent night awakenings, or bedtime  
resistance.

OSA symptoms

A substantial portion (40%) of the children exhibited OSA 
symptoms. A  total of 19.5% exhibited one symptom followed 
by 7.8% with two symptoms, 5.4% with three symptoms, 4.4% 
with four symptoms, and 3% with five or more symptoms. 
The most common OSA symptom (Figure 3) was having a dry 
mouth upon awakening (20.5%). Habitual snoring (more than 
half of the time) was also common (17.6%), with 8.8% of chil-
dren “always” snoring and 8.3% snoring loudly. Witnessed 
apneas (seeing the child stop breathing overnight) were the 
least common symptom (2.4%).

Cumulative risk exposure

The most common cumulative risk factor (Figure 4) was the pres-
ence of a single caregiver household (49.8%; of these, 45.9% were 
single/never married and 3.9% were single/previously married). 
The remaining sample of caregivers were married (42.4%) or un-
married but cohabitating with a partner (7.8%). The second most 
common cumulative risk factor was residing in a distressed neigh-
borhood (43.9%) according to the DCI score, with a total of 21.5% 
living in an at-risk community, 16.1% living in a mid-tier commu-
nity, 8.3% living in a comfortable community, and 10.2% living in 
a prosperous community. Almost half (42.4%) of families resided 
in a home with a family income of ≤125% of the US federal pov-
erty guidelines. Thirty-six percent of caregivers had a high school 
education or less, while 28.8% had completed junior college, 22.4% 
had completed college, and 12.7% held postgraduate degrees. 
Approximately one-third (29.3%) of families lived in a home with 
≥3 children and ≥5 people total. A total of 19.5% of caregivers had 
clinically significant depressive symptoms. Few caregivers (11.7%) 
were currently unemployed. The remainder of caregivers identi-
fied as being a full-time employee (48.3%), a part-time employee 
(20.5%), a homemaker (16.6%), or a student (2.9%).

The majority of the sample (90.7%) had been exposed to one 
or more cumulative risk factors. Relatively similar numbers of 
children had been exposed to between one and five cumulative 
risk factors, with 15.6% exposed to one risk, 17.6% exposed to 
two risks, 18.5% exposed to three risks, 16.6% exposed to four 
risks, and 15.1% exposed to five risks. Few children had been 
exposed to six (3.9%), seven (2.9%), or eight (0.5%) risks, and no 
children experienced all nine risks.

Associations between cumulative risk index 
exposure and sleep outcomes

Results of Poisson regression models appear in Table 3. Increased ex-
posure to cumulative risk factors was associated with a significantly 
greater likelihood of having increased poor sleep health habits and 
symptoms of pediatric insomnia and OSA, controlling for child sex, 
age, racial/ethnic background, and history of prematurity and/or 
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Figure 2.  Prevalence of each pediatric insomnia symptom. Note. Frequent = ≥3 nights per week.
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developmental delays. With each additional cumulative risk factor, 
there was a 10% increase in poor sleep health habits, Exp(B) = 1.10 
(95% CI 1.04, 1.17), p  =  .002, a 9% increase in pediatric insomnia 
symptoms, Exp(B) = 1.09 (95% CI 1.02, 1.17), p = .013, and an 18% in-
crease in OSA symptoms, Exp(B) = 1.18 (95% CI 1.08, 1.29), p < .001.

Associations between individual cumulative risk 
factors and sleep outcomes

Table 4 provides the results of post hoc Poisson regression 
models, which evaluated associations between each individual 

cumulative risk factor in the risk index and sleep outcomes 
(continuing to control for covariates noted above). In the model 
for poor sleep health, living in a single caregiver household was 
associated with a 31% increase in these habits Exp(B)  =  1.31 
(95% CI 1.03, 1.66), p = .026. In addition, having a caregiver with 
lower educational attainment (high school diploma or less) 
was linked to a 26% increase in poor sleep health [Exp(B) = 1.26 
(95% CI 1.01, 1.58), p  =  .045], while living in a crowded home 
with five or more people was linked to a 40% increase in these 
habits [Exp(B) = 1.40 (95% CI 1.03, 1.90), p = .030]. Having a care-
giver with clinically significant depressive symptoms was the 
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Figure 3.  Prevalence of each OSA symptom.
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Figure 4.  Prevalence of each cumulative risk index variable.
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only cumulative risk factor associated with greater pediatric 
insomnia symptoms, by 93%, Exp(B) = 1.93 (95% CI 1.48, 2.51), 
p < .001. Caregiver clinically significant depressive symptoms 
was also associated with a 181% increase in OSA symptoms, 
Exp(B) = 2.81 (95% CI 2.06, 3.84), p < .001. In this model, the only 
other significantly associated cumulative risk factor was living 
in a single caregiver household, which was linked to a 69% 
increase in OSA symptoms, Exp(B)  =  1.69 (95% CI 1.18, 2.41), 
p = .004.

Discussion
This study found associations between increased cumulative 
risk factors and greater sleep disturbances—specifically, poor 
sleep health, pediatric insomnia symptoms, and OSA symp-
toms—in a socio-demographically diverse group of young 
children. Overall, poor sleep health habits and sleep disorder 
symptoms were extremely common. Over 80% of preschoolers 
exhibited one or more unhealthy sleep habits, while over 60% 
of caregivers reported one or more symptoms of pediatric in-
somnia and 40% noted one or more sleep disordered breathing 
symptoms suggestive of child OSA. Each additional cumulative 
risk factor was associated with a 9%–18% increase in likelihood 
of a sleep concern, with individual caregiver risks (lower educa-
tional attainment, depressive symptoms) and household risks 
(single caregiver household, crowded home) most predictive of 
poor sleep outcomes.

The most common poor sleep health habit was having one or 
more electronics items in the child’s bedroom, which impacted 
nearly two-thirds of the sample. Whereas previous studies have 
shown that 17%–37% of toddlers and preschoolers have a tele-
vision in the bedroom [15, 18, 63], 46% of children in the present 
study had a bedroom television. Modifiable poor sleep health 
habits assessed in this study, such as having bedroom elec-
tronics, an inconsistent bedtime routine, a later bedtime, and 
consuming caffeine, have each been associated with diminished 

sleep quality and quantity [15, 17, 19, 21, 64]. In addition, as in 
other studies [15, 43], over one-third of young children in this 
study exhibited insufficient sleep, which confers increased risk 
for poor developmental outcomes [11, 65]. The increased preva-
lence of poor sleep health habits such as bedroom electronics 
could be due to the greater number of families sharing a sleep 
space, as almost half of children in this sample shared a room 
and over one-quarter shared a bed with a caregiver. A  shared 
sleep space, particularly with an older sibling or caregiver, could 
lead to later bedtimes and disrupted routines, as well as more 
limited nighttime sleep and increased access to electronic 
items, given the substantial proportion of older children and 
adults who obtain insufficient sleep and use electronic devices 
at bedtime [66]. Previous research has primarily examined the 
presence of bedroom electronics, usually televisions [15], and 
24-hour television viewing in relation to early childhood sleep 
[17, 18]; additional research is needed on the use of televisions 
and other devices specifically at bedtime and overnight in young 
children.

Room-sharing or household overcrowding and related in-
creased light or noise could also contribute to a prolonged (≥30 
minutes) sleep onset latency, which was the most common 
pediatric insomnia symptom in this sample, impacting 46% of 
children. Prolonged sleep onset latency could also be a result 
of bedtime resistance or due to having electronic items in the 
bedroom, although having a television in the bedroom was not 
significantly linked to sleep onset latency in a national study on 
healthy sleep practices [15]. Interestingly, despite a prolonged 
sleep onset latency and between 20% and 28% of caregivers re-
porting other seemingly problematic insomnia symptoms such 
as bedtime resistance and difficulty falling asleep, fewer (15%) 
caregivers endorsed a global child sleep problem although this 
represents one in seven families.

While the rate of a global sleep problem is comparable 
to other early childhood sleep research [7, 15, 45], study find-
ings indicate a need for a more in-depth investigation into 

Table 3.  Associations between cumulative risk exposure index and child sleep outcomes

Predictors

Poor sleep health habits

B SE p Exp(B) (95% CI)

Cumulative risk index 0.10 0.03 .002 1.10 (1.04, 1.17)
Prematurity and/or developmental delays 0.27 0.15 .072 1.31 (0.98, 1.75)
Child female sex 0.10 0.11 .361 1.10 (0.90, 1.35)
Child age 0.03 0.05 .585 1.03 (0.94, 1.13)
Child non-Latinx/Hispanic white background −0.67 0.17 <.001 0.51 (0.37, 0.71)
 Pediatric insomnia symptoms
Predictors B SE p Exp(B) (95% CI)
Cumulative risk index 0.09 0.04 .013 1.09 (1.02, 1.17)
Prematurity and/or developmental delays −0.15 0.22 .492 0.86 (0.57, 1.32)
Child female sex 0.10 0.12 .429 1.11 (0.87, 1.41)
Child age −0.13 0.06 .028 0.88 (0.79, 0.99)
Child non-Latinx/Hispanic white background 0.21 0.16 .204 1.24 (0.91, 1.69)
 OSA symptoms
Predictors B SE p Exp(B) (95% CI)
Cumulative risk index 0.17 0.04 <.001 1.18 (1.08, 1.29)
Prematurity and/or developmental delay 0.42 0.21 .044 1.52 (1.01, 2.29)
Child female sex 0.29 0.15 .057 1.34 (0.99, 1.82)
Child age −0.21 0.07 .004 0.81 (0.70, 0.93)
Child non-Latinx/Hispanic white background −1.31 0.35 <.001 0.27 (0.14, 0.54)

Exp (B) = exponentiated coefficient; SE = standard error.
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caregiver definitions of what behaviors constitute a child sleep 
problem [10]. Caregiver expectations for and beliefs about nor-
mative versus problematic sleep behaviors may vary by socio-
demographic factors, such as culture and context, which may 
be better identified in qualitative research endeavors [67, 68]. 
Nonetheless, findings suggest that providers inquiring about 
global sleep problems in early childhood may miss intervention 
targets if they do not ask caregivers about specific child sleep be-
haviors, such as resisting bedtime and having a prolonged sleep 
onset latency.

The high number of caregivers endorsing habitual child 
snoring, which aligns with previous research [2], highlights the 

importance of consistently screening for this particular OSA 
symptom at child well visits. This screening can be accom-
plished with a single item, automated into the medical record 
[69], and will conform with the American Academy of Pediatrics 
guidelines for OSA management [70]. While snoring and mouth 
breathing, the most common symptoms of OSA in this sample, 
do not necessarily confirm an OSA diagnosis, which requires 
assessment via polysomnography, regular screening for these 
concerns is important given the negative impacts of OSA on 
child neurobehavioral functioning [2–4, 70] and limited parental 
knowledge about snoring as a sign of an underlying sleep dis-
order [7, 71].

Table 4.  Associations between individual cumulative risk factors and child sleep outcomes

Predictors

Poor sleep health habits

B SE p Exp(B) (95% CI)

Cumulative risk index items     
  Single caregiver household 0.27 0.12 .026 1.31 (1.03, 1.66)
  Distressed neighborhood −0.07 0.11 .537 0.93 (0.75, 1.16)
  ≤125% US poverty level 0.02 0.13 .851 1.02 (0.80, 1.31)
  ≤Caregiver high school education 0.23 0.12 .045 1.26 (1.01, 1.58)
  ≥1 moves in the last year 0.03 0.11 .785 1.03 (0.83, 1.28)
  ≥3 children in the household −0.08 0.15 .614 0.93 (0.69, 1.25)
  ≥5 total in the household 0.34 0.15 .030 1.40 (1.03, 1.90)
  Caregiver clinically significant depressive symptoms 0.18 0.13 .171 1.19 (0.93, 1.53)
  Caregiver unemployment −0.10 0.17 .546 0.90 (0.65, 1.26)
Prematurity and/or developmental delays 0.19 0.16 .231 1.21 (0.89, 1.65)
Child female sex 0.09 0.11 .425 1.09 (0.88, 1.34)
Child age 0.02 0.05 .725 1.02 (0.93, 1.12)
Child non-Latinx/Hispanic white background −0.74 0.18 <.001 0.48 (0.34, 0.67)
 Pediatric insomnia symptoms
Predictors B SE p Exp(B) (95% CI)
Cumulative risk index items     
  Single caregiver household 0.16 0.14 .262 1.18 (0.89, 1.56)
  Distressed neighborhood −0.01 0.14 .473 0.91 (0.70, 1.18)
  ≤125% US poverty level 0.25 0.16 .119 1.28 (0.94, 1.75)
  ≤ Caregiver high school education −0.16 0.14 .270 0.85 (0.65, 1.13)
  ≥1 moves in the last year 0.002 0.14 .990 1.00 (0.77, 1.30)
  ≥3 children in the household 0.31 0.18 .085 1.36 (0.96, 1.93)
  ≥5 total in the household −0.10 0.18 .578 0.90 (0.63, 1.29)
  Caregiver clinically significant depressive symptoms 0.66 0.13 <.001 1.93 (1.48, 2.51)
  Caregiver unemployment −0.28 0.21 .180 0.76 (0.50, 1.14)
Prematurity and/or developmental delays −0.30 0.22 .179 0.74 (0.48, 1.15)
Child female sex 0.03 0.13 .840 1.03 (0.80, 1.31)
Child age −0.14 0.06 .025 0.87 (0.78, 0.98)
Child non-Latinx/Hispanic white background 0.10 0.17 .545 1.11 (0.80, 1.54)
 OSA symptoms
Predictors B SE p Exp(B) (95% CI)
Cumulative risk index items     
  Single caregiver household 0.52 0.18 .004 1.69 (1.18, 2.41)
  Distressed neighborhood 0.11 0.16 .502 1.12 (0.81, 1.53)
  ≤125% US poverty level 0.18 0.19 .340 1.20 (0.83, 1.73)
  ≤Caregiver high school education −0.18 0.17 .307 0.84 (0.60, 1.18)
  ≥1 moves in the last year −0.02 0.17 .903 0.98 (0.70, 1.36)
  ≥3 children in the household −0.14 0.22 .542 0.87 (0.56, 1.35)
  ≥5 total in the household −0.04 0.25 .869 0.96 (0.59, 1.55)
  Caregiver clinically significant depressive symptoms 1.03 0.16 <.001 2.81 (2.06, 3.84)
  Caregiver unemployment 0.32 0.21 .135 1.37 (0.91, 2.07)
Prematurity and/or developmental delay 0.22 0.22 .318 1.25 (0.81, 1.91)
Child female sex 0.23 0.16 .147 1.26 (0.92, 1.73)
Child age −0.20 0.08 .008 0.82 (0.71, 0.95)
Child non-Latinx/Hispanic white background −1.40 0.36 <.001 0.25 (0.12, 0.50)

Exp (B) = exponentiated coefficient; SE = standard error.
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Consistent with study hypotheses, increased cumulative 
risk exposure was associated with poorer sleep health and in-
creased pediatric insomnia and OSA symptoms. With each in-
crease in the number of cumulative risk factors, there was a 
9%–18% increase in problematic sleep outcomes. These find-
ings extend previous pediatric sleep research by linking mul-
tiple child risk factors with specific sleep health habits and 
sleep disorder symptoms. Notably, the cumulative risk index 
was significantly linked to sleep outcomes over and above other 
child factors that have been independently associated with 
variation in sleep health and sleep disorder symptoms in pre-
vious research, including child racial/ethnic background [28, 
42, 43, 72–74]. When examined separately as correlates of sleep 
outcomes, several individual variables comprising the cumula-
tive risk index were significantly linked to outcomes, including 
caregiver depressive symptomatology, lower caregiver educa-
tional attainment, a single-caregiver household, and living in a 
crowded home. These are relatively easily-identified risk factors 
that should lead to increased screening for sleep concerns, as 
discussed below. It is important to note that the null findings 
for other cumulative risks such as neighborhood context and 
family income, which have been linked to sleep outcomes in 
other studies [25, 27, 28], maybe due to limited power to detect 
small effects given the study sample size and the high number 
of predictors included in the analytic models.

Collectively these results provide important implications for 
targeted sleep problem screening and preventive intervention 
in primary care and in other child outpatient settings, including 
early intervention, childcare centers and services  (e.g. Head 
Start and early Head Start [75]; Nurse-Family Partnership), and 
health services settings (e.g. pediatric dental offices) [76]. The 
poor sleep health habits assessed in this study are modifiable 
and could be the focus of early childhood anticipatory guidance 
and broad psychoeducation in these contexts, although study 
findings suggest that recommendations may require tailoring 
for families facing increased adversity. For example, living in a 
single caregiver household, having a caregiver with lower edu-
cational attainment, and living in a crowded home were each 
associated with increased poor sleep health habits in this study. 
Thus, sleep health education efforts targeting the habits de-
scribed here and others identified in the literature [16] should 
utilize materials appropriate for lower levels of health-related 
literacy, which corresponds with educational attainment [41], 
and should consider methods to incorporate sleep health into 
families with a single caregiver or living in a crowded home. 
This may mean problem-solving with families to identify how 
to avoid having the television or other electronics items present 
in shared sleeping spaces and how to best implement a bed-
time routine—which can encompass and promote many posi-
tive health behaviors in addition to sleep [20]—when only one 
caregiver is available to manage multiple children.

In light of the emerging research on associations between 
behavioral child sleep problems and caregiver depressed mood 
[22, 24], it was not surprising that this cumulative risk factor 
was significantly and independently linked to increased child 
insomnia symptoms. It could be that caregivers with increased 
depressive symptoms are less tolerant of child bedtime resist-
ance and other insomnia symptoms and, drawing on bidir-
ectional research [24], that these child behaviors exacerbate 
low caregiver mood. However, the association between care-
giver depressive symptoms and increased OSA symptoms was 

surprising. Both caregiver depressed mood and OSA symptoms 
are linked to broad child behavioral impairments, specifically 
child hyperactivity and inattention [2–4, 77]. These OSA-related 
behavioral impairments, as well as parenting stress [35], which 
could emerge as a byproduct of managing difficult child behav-
iors and contending with increased depressed mood, could be 
third variables explaining this relationship. Single caregiver 
household was also associated with increased OSA symptoms, 
which is consistent with other studies [28] and also represents 
the potential influence of other variables. In this case, a single 
caregiver household may be a more proximal measure of an im-
poverished family environment than family income or neigh-
borhood distress, which have been linked to increased OSA [27, 
28]. Single caregiver status could also be a proxy for parenting 
stress that is related to the noted child behavioral difficulties 
that could manifest as a result of OSA. Additional research that 
replicates these results and assesses potential third variables is 
necessary to better understand this finding.

Overall, caregiver depressive symptoms appear to be a 
salient factor in identifying children with sleep disorder 
symptoms and in conceptualizing preventive intervention 
strategies to mitigate the onset or worsening of sleep prob-
lems. Unfortunately, research on implementing behaviorally-
based sleep treatment for families exposed to similar 
socio-demographic risks is limited [50, 75], particularly among 
families with a depressed primary caregiver. Likewise, there 
is a paucity of research on factors related to engagement in 
follow-up care (i.e. polysomnography; otolaryngology; treat-
ment consultation) for children who screen positive for OSA 
symptoms in outpatient settings. Underscoring the importance 
of caregiver mood in the context of sleep interventions, in a 
follow-up evaluation of a behavioral sleep treatment program 
for children with attention-deficit hyperactivity disorder, child 
outcomes were diminished in the context of parental depressed 
mood [78]. Research also indicates that behavioral sleep treat-
ment in early childhood can benefit maternal mood [46, 79], 
although studies to date have been conducted using predom-
inantly higher-income samples that likely experience fewer 
cumulative risks. In one high-risk sample, a parenting interven-
tion was found to moderate the link between cumulative risk 
and caregiver endorsement of a child sleep problem, suggesting 
that broad family-based interventions may buffer against the 
development of sleep problems in children exposed to adversity 
[40]. Future research on innovative methods to either incorp-
orate caregiver mood management into behavioral sleep inter-
ventions or to deliver stand-alone intervention to caregivers 
with low mood to prevent behavioral child sleep problems is 
critical. Additional research that considers the previously men-
tioned child and caregiver factors, such as child temperament 
[80] and behavioral functioning (i.e. comorbid diagnosed behav-
ioral health conditions) [81] as well as parenting stress, is also 
necessary to better understand the associations found in this 
study between caregiver mood and symptoms of both insomnia 
and OSA.

This study is limited by the nature of the cross-sectional data, 
which do not allow for an examination of casual relations. The 
interplay between cumulative risk factors and child sleep out-
comes is likely dynamic and complex, requiring multiple assess-
ment methods over a longitudinal period. This study relied on 
one caregiver reporter, which could contribute to shared method 
variance, and utilized subjective, as opposed to objective, 
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estimates of child sleep and behavior. Objective measurement 
of sleep, and especially OSA symptoms, would strengthen fu-
ture studies on this topic. Considering sleep patterns longitu-
dinally, sleep duration on weekdays versus weekends, and the 
impact of daycare or preschool schedules on sleep outcomes are 
other important directions for future work. Data for this study 
were collected over a 1-year period across all seasons, with care-
givers reporting on their child’s sleep over the previous 2 weeks. 
It should be noted that the season and timing of caregiver report 
on child sleep could also impact sleep patterns.

Future studies should additionally consider expanding 
sleep health indicators to include sleep time variability and 
caregiver-perceived child sleep quality [13, 15], as well as the use 
of electronics at sleep onset and overnight. This study’s use of 
dichotomous items to capture insomnia symptoms conforms 
with the dichotomous nature of pediatric insomnia diagnostic 
criteria [52, 53], but does not substitute for a formal diagnosis, 
given that all diagnostic criteria (e.g. duration of symptoms over 
3  months; other daytime impairments) were not measured in 
this study. In addition, dichotomizing these data do not address 
nuanced differences in the continuum of insomnia symptom se-
verity (i.e. degree of sleep problem; frequency of night awaken-
ings), which should be addressed in future work.

As noted previously, future research that considers unmeas-
ured child and family factors related to child sleep outcomes, 
such as child behavior and temperament [80, 81], household 
chaos [82], and other aspects of family functioning, is needed. 
Although we included a number of cumulative risk factors, fu-
ture research could examine additional risks that have been 
found to impact child outcomes, such as caregiver convic-
tions [30], stress [35], and adverse childhood experiences [83]. 
Research should also examine factors that theoretically have 
a direct impact on early childhood sleep and related routines, 
such as caregiver shift work or number of jobs, or whether 
single caregivers have additional support from relatives living 
outside the home or from another caregiver sharing child cus-
tody. In addition, as discussed above, the small sample size rela-
tive to the high number of predictors included in the post hoc 
Poisson models examining individual cumulative risk factors 
in relation to sleep outcomes could have contributed to null 
findings in this regard. Future research on cumulative risks and 
child sleep with a larger sample using multiple measurement 
methods and reporters is warranted. Finally, this study focused 
only on risk factors; future research should examine family re-
silience and other factors that may buffer against sleep prob-
lems in high-risk families.

Although additional research is needed to better understand 
linkages between cumulative risk factors and poor sleep health 
habits and sleep disorder symptoms in early childhood, this 
study extends existing pediatric sleep research by examining 
cumulative risk factors in relation to these sleep outcomes in a 
socio-demographically diverse sample. Findings underscore the 
importance of integrating routine screening of modifiable child 
sleep behaviors as well as specific sleep disorder symptoms in 
child outpatient settings, especially in families contending with 
socio-demographic risk factors. Study findings also highlight the 
need for preventive interventions to improve child sleep that are 
tailored for families experiencing less modifiable aspects of ad-
versity, such as single parenthood and overcrowded housing, 
and for caregivers who also experience depressive symptoms. 
Caregiver education about what constitutes healthy sleep habits 

in early childhood may be necessary. Enhanced screening and, 
more importantly, effective preventive interventions for early 
childhood sleep problems that consider these contextual risk 
factors are critical for improving child outcomes and for poten-
tially reducing the well-documented sleep health disparities 
that occur in later childhood and adulthood [84].
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