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Exploration of Sex and Age as Moderators Between Social Cumulative Risk and Sleep in a
Representative Sample of Children and Adolescents Living in the United States
Abstract
Background: Youth who face adversity are at a disproportionate risk for poor sleep health across
the life course. Identifying whether the association between adversity and poor sleep varies based
upon age and sex is needed. This study aims to explore sex and age as moderators between social

risk and sleep in a sample of U.S. youth.

Methods: This study analyzed data of 36,997 U.S. youth (6-17 years) whose primary caregiver
participated in the 2017-2018 National Survey of Children’s Health. A social cumulative risk index
(SCRI) score was calculated from 10 parental, family, and community risk indicators. Nighttime
sleep duration was the number of hours the child slept during the past week. Weeknight sleep
irregularity was operationalized as whether the child sometimes/rarely/never went to bed at the
same time. Generalized logistic regression models estimated associations between SCRI and sleep
duration/irregularity, with age and sex as moderators.

Results: Age moderated the association between SCRI and short sleep (OR=1.12, p<0.001), such
that the magnitude of the SCRI-sleep relationship was 12% greater in school-age children. Sex
was not a significant moderator. In stratified models by age group, age was positively associated
with short sleep in both groups, with a greater magnitude in school-age children. Female school-
age children were less likely to have short sleep than males.

Conclusions: Younger children with greater social cumulative risk factors may be more
vulnerable to short sleep duration. Further research into the mechanisms underlying the
relationships between social risk and sleep health in school-age children is needed.
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Introduction

Nine in every ten children and adolescents (6-17 years) in the United States (U.S.) do not get
sufficient sleep for their age. Moreover, approximately 50% have an irregular (or variable) sleep
schedule that reduces overall sleep quality (1). Poor sleep health (i.e., inadequate sleep duration,
sleep irregularity, poor sleep quality) in childhood and adolescence weakens age-appropriate
cognitive (2), socio-emotional (3), and physical development (4), and predicts poor health (5) and
greater risk of death and disability in adulthood (6). Importantly, sleep deprivation (i.e., obtaining
inadequate sleep duration) is disproportionately represented in youth who face adversity.
Specifically, adolescents who are a member of an ethnic or minoritized group, live in a family
experiencing socioeconomic disadvantage, live in an unsafe neighborhood or have a parent with
low educational status and/or poor mental health have an increased likelihood of inadequate sleep
(7-9).

Youth is a critical window of opportunity to circumvent the negative effects of poor sleep
health in at-risk populations across the lifespan (6, 10). A necessary preliminary step in this feat is
identifying whether the association between adversity and poor sleep health varies based upon age
and sex, so that particularly vulnerable groups are prioritized in future sleep interventions. To this
end, the present study aimed to explore sex and age as moderators between social risk and sleep
duration/irregularity in a U.S. sample of youth aged 6-17 years.

Social Cumulative Risk and Sleep

The Cumulative Risk Model (11) proposes that children who experience a greater number of risk
factors at multiple levels, including individual (e.g., discrimination due to membership of socially
constructed racial and ethnic minoritized groups) (8, 12), caregiver (e.g., mental health symptoms,

educational level) (13), family (e.g., low-income, conflict, parenting stress, lack of support) (14-
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16) and community (e.g., unsafe neighborhood) (17) levels, have an increased likelihood of
developing poor sleep health and negative health outcomes (6, 17). There is a lack of consensus
surrounding which and how many factors should be included in cumulative risk models, however,
most incorporate multi-level factors. The conceptual framework suggests that the more social risk
factors a child encounters, the more overwhelmed their stress-response system becomes, and the
less likely they are able to maintain their bioregulatory systems, such as sleep (18). The cumulative
risk perspective posits the necessity of using composite risk scores that capture distal and proximal
levels of risk, versus examining singular risk factors when testing the association between social
risk and health outcomes such as sleep deprivation (11, 13, 14). Similarly, it highlights the
consideration of additive risk versus risk clusters, as the number of risk factors may pose more of
a risk to developmental outcomes than co-occurring risks (18).

Cross-sectional studies conducted among toddler (19), preschool (20) and school-age
children (21) have found that cumulative social risk integrating caregiver (e.g., marital, educational
and employment status) and family (e.g., household poverty and stress) factors are associated with
decreased actigraphy-derived sleep duration (21) and parent report of child sleep problems (19,
20). Similarly, in a cross-sectional study of preschoolers, each additional social cumulative risk
factor (including distressed neighborhood) was associated with a 9-18% increased likelihood of a
caregiver reported sleep concern (e.g., poor sleep health habits, pediatric insomnia and obstructive
sleep apnea symptoms) (13). Longitudinal evidence has also highlighted that childhood adversities
(e.g., parental loss and adjustment, child maltreatment and exposure to violence) predicts sleep
disturbances in youth (22). These studies point to the necessary consideration of multiple risk

factors when assessing the association between social risk and child sleep deprivation.
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The Contribution of Sex and Age to Sleep Deprivation in Youth

A necessary next step in the exploration of cumulative risk and sleep deprivation is the
consideration of whether such associations may vary based on age and sex. Prior research that has
examined the contribution of age and sex to sleep deprivation among at-risk populations have
reported mixed results. For example, among adolescents from families who face adversity, some
studies have found shorter sleep duration in males (23), while others have found shorter sleep
duration in females (24). In terms of age, the risk for short sleep duration has been found to increase
with increasing age in populations who are of low socioeconomic status and non-White (12, 24-
26).

There are a broader range of studies that examined sex and age in association with sleep
deprivation using large, national datasets representative of the general U.S. population, with
consistent findings described above among at-risk samples. For sex, adolescent females have been
found to have shorter sleep duration compared to males (27-29). In terms of age, most national
studies found older children to be at greater risk for short sleep duration, compared to their younger
counterparts (29-31). It is important to note that developmentally, sleep duration needs decrease
with age. The American Academy of Sleep Medicine (AASM) recommends that school-age
children obtain 9-12 hours of sleep, and adolescents obtain 8-10 hours of sleep per 24 hours to
promote optimal health (32). Yet, prior research indicates that school-age children and adolescents
alike are not obtaining these recommended durations, with adolescents being at a greater risk for
short sleep than school-age children (1). Elucidating age and sex differences in sleep health may

provide insight into the role of sleep deprivation in population health disparities (10, 33).
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Sleep Irregularity in Youth

An independent predictor of sleep deprivation is sleep irregularity, which is not as extensively
studied as sleep duration in the sleep health literature (34). Going to bed within one hour of the
prior night’s bedtime on a nightly basis is crucial to development, as it helps with circadian
alignment and the ability to obtain adequate nightly sleep duration (34). Consideration of sleep
irregularity is particularly pressing among adolescents, who experience a delayed sleep phase in
conjunction with puberty (35, 36), resulting in later bedtimes and a desire for later wake times
(37). However, early school start times decrease the feasibility of later waketime, resulting in
shorter sleep duration (38). Amplifying this delayed circadian phase are environmental factors
including less parental oversight of bedtime, increased academic load, excessive nighttime
technology use, work and social obligations (39). Furthermore, the biology of the human brain
changes significantly during adolescence. The most marked decline in non-rapid eye movement
(NREM) sleep (i.e., restorative sleep phase as detected by electroencephalogram [EEG]) that
allows the body to enter a deep sleep and feel more rested in the morning, occurs in adolescence
versus any other time in the life course (40). These maturational changes in sleep brain waves
coupled with irregular sleep schedules position adolescents to obtain inadequate and poor-quality
sleep (40).

The “24/7” lifestyle of adolescence (41), makes this developmental stage particularly
vulnerable to sleep irregularity (24, 42). Alarmingly, recent data suggests that sleep irregularity
may be a stronger prognostic indicator of poor health in young adults than sleep duration (43).
Moreover, the examination of sleep irregularity is particularly pressing among at-risk populations,
who may face barriers such as working multiple jobs, shift-work or room sharing due to

overcrowding, all of which may inhibit sleep regularity (44).
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Given this under-studied sleep metric, few studies have examined sex and age in
association with sleep irregularity. Those that have, found no significant association between sex
and sleep irregularity (33, 45) nor age and sleep irregularity (14, 34). Further examination of these
associations and characterization of sleep health, beyond the more common sleep duration metric,
is a public health priority (10).

Current Study

Improving sleep health in children and adolescents from families facing adversities could have a
profound effect on improving health across the lifespan and ameliorating health disparities (10).
Limiting the potential to improve sleep health in populations experiencing adversities, is a lack of
consideration of social risk and sleep health as multidimensional domains, as well as poor
understanding about the extent to which age and sex may modify the association of social risk on
multiple dimensions of sleep health (10, 33). To address these gaps, this study used a social
cumulative risk measure (46, 47) that encompassed caregiver, family and community factors
among a nationally representative U.S. sample of children and adolescents. Moreover, this study
considered the sleep health metrics of duration as well as irregularity. The aim of this study was
to identify whether the association between social risk and sleep duration/irregularity varied based
on the age and sex of youth. The study hypothesis was that age and sex would be significant
moderators such that the relationship between cumulative risk and short sleep duration would be
greater in adolescents versus school-age children and in females versus males. This hypothesis
was based on prior findings in national samples, since studies examining sex differences in at-risk
samples had small sample sizes [n=246 (23), n=500 (24)]. Additionally, an alternative hypothesis

was that age and sex will not moderate the association between social cumulative risk and sleep
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irregularity, given that current research has found insignificant direct associations between these
variables (14, 33, 34, 45).

Methods
Participants and Procedures
Data were obtained from the National Survey of Children’s Health (NSCH) 2017-2018 combined
dataset, available from the Health Resources and Services Administration’s Maternal and Child
Health Bureau (HRSA MCHB) and the U.S. Census Bureau (https://www.childhealthdata.org)
(48). 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 drawn 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 poverty and child presence, with one child randomly selected
from multiple children households (48). Primary caregivers completed questions about the child’s
mental and physical health, insurance coverage and characteristics of the child’s family and
neighborhood (48).

Using cross-sectional design, this secondary data analysis included a nationally
representative sample of 32,212 children aged 6-17 years who had complete data on sleep duration,
sleep regularity and social cumulative risk indicators. The mean age of participants was 12.13
years (SD=3.45), and nearly half (48.90%) were female. Eighty-two percent of participants
reported at least one social risk factor, such as non-White (51.73%), parental education level <high
school (26.74%), family income below 200% FPL (Federal Poverty Line: 39.21%), and living in
an unsafe neighborhood (28.50%). There were no significant differences in age and daily activity

levels, but there were sex and resilience differences between participants with (n=32,212) and
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without (n= 4,785) complete data. These variables were adjusted for in analyses. The proportion
of non-White race was higher in participants without complete data.
Measures
Social Cumulative Risk Index
Larson et al 2008 created a social cumulative risk index (SCRI) consisting of eight social risk
variables present in the 2003 NSCH dataset, and found that children with more than six social risk
factors were 17.31 times more likely to be of poorer health compared to those with no risk factors
(46). More recently, Yang and colleagues amended the SCRI by including two additional social
risks factors (related to parenting) using 2011-2012 NSCH dataset (47). To date, the SCRI has not
been examined using NSCH data with sleep as an outcome, yet it aligns with other cumulative risk
indexes used in association with sleep (17).

Thus, in line with Yang et al 2016, 10 social risk variables were dichotomized as follows:
(1) Household Education (1= < high school education, 0= > high school education); (2) Family
Income (1= <200% FPL, 0= > 200% FPL.: calculated as the ratio of total family income and the
family poverty threshold, and reported as a rounded percentage (48)); (3) High Level of Parent
Aggravation (1= one or more ‘usually/always’ responses to three forms of stress [child much
harder to care for than most children, parent feeling anger with the child, and child does things that
bothers the parent], 0=no ‘usually/always’ response; (4) Racial and Ethnic Minoritized Group
Membership (1= non-White, 0= White). Of note, race and ethnicity are social constructs that
consider social groupings made up of cultural and societal practices, norms, values, and belief
systems (12); (5) Children’s Health Insurance (1= currently uninsured, 0= currently insured); (6)
Poor Coping with Parenting Demands (1= ‘not well at all/not well/’somewhat well’, 0= ‘very

well’); (7) Suboptimal Maternal Mental Health Status (1= ‘poor/fair/good’, 0= ‘very
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good/excellent’); (8) No Social Support (1= not having someone to turn to for emotional support
regarding parenting, 0= having someone); (9) Domestic Violence (1= child seeing parental
violence, 0= not seeing parental violence); (10) Neighborhood Safety (1= ‘never/sometimes safe’,
0= ‘usually/always safe’) (47).

A SCRI score was calculated for each child by summing all 10 dichotomized social risk
factors. For each risk factor, if the risk was present the child received a ‘1’ and if it was not present,
the child received a ‘0’. Possible scores ranged from 0-10, suggesting the number of social risk
factors each child had (47).

Sleep Duration

Sleep duration was obtained by parent-report to the question “During the past week, how many
hours of sleep did this child get during an average day (counting both nighttime sleep and naps)?”.
Responses for this question were separated into seven categories: 1= less than 7 hours, 2=7 hours,
3= 8 hours, 4= 9 hours, 5= 10 hours, 6= 11 hours, and 7= 12 or more hours. HRSA MCHB then
dichotomized sleep duration to determine whether children were getting age-appropriate
recommended sleep duration, based on AASM guidelines (1= child sleeps the recommended age-
appropriate hours on most weeknights, 2= child sleeps less than recommended age-appropriate
hours on most weeknights) (48).

Sleep Irregularity

Sleep irregularity was obtained by parent-report of “How often does this child go to bed at about
the same time on weeknights?” Responses for this question were separated into five categories: 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 (49).
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Covariates
Covariates were chosen based on published literature and available variables in the dataset (23,
34, 42). Specifically, physical activity was controlled for given its association with sleep duration
and sleep regularity (23, 34). Physical activity was obtained by parent answers to the question
“During the past week, on how many days did this child exercise, play a sport, or participate in
physical activity for at least 60 minutes?” Responses to this question were separated into 4
categories: 1= 0 days, 2= 1-3 days, 3= 4-6 days, 4= every day.

Family resilience was included as a covariate given its protective effect on family social
risk (13), and its positive association with sleep (42, 50). Family resilience was a composite
measure based on responses to the following four survey items: “When your family faces
problems, how often are you likely to do each of the following?”: (a) Talk together about what to
do, (b) Work together to solve our problems, (c) Know we have strengths to draw on, (d) Stay
hopeful even in difficult times. Response options to the four items are 1= none of the time, 2= some
of the time, 3= most of the time, or 4= all of the time. Family resilience was then dichotomized into
answering “all or most of the time” to all 4 survey items (optimal), versus answering “all or most
of the time” to only 0-3 items (suboptimal).

Statistical Analysis

Stata 16 (svy package) was used to conduct data analysis, with adjustments for complex stratified
survey design (cluster: household, stratum: state) and sampling weights. Sample characteristics
were summarized using weighted means and percentages. At the bivariate level, SCRI and sample
characteristics were compared between the sleep groups (sufficient vs. short, regular vs. irregular)
using Chi-square and Mann-Whitney U tests. Accounting for age, sex, physical activity, and family

resilience, two logistic regression models estimated the association of SCRI (independent variable)
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with short sleep and irregular sleep (dependent variables), respectively. Next, interaction terms
between (1) SCRI and age groups (NSCH classification: 1= children aged 6-11 years, 2=
adolescents aged 12-17 years) (51) (2) SCRI and sex (1= males, 2= females) were added into the
models separately to test the moderating effect of age and sex. Wald test was performed to examine
the interaction terms, with p<0.05 indicating a significant interaction. Additionally, the Archer
Lemeshow goodness-of-fit statistic was used under complex sampling to test the overall model fit,
with p>0.05 indicating a good fit. Significant interactions were further examined and illustrated
using Stata's margins plots command.

Given the unique developmental changes in childhood and adolescence, we repeated
analyses in subsamples of children and adolescents, respectively. Age was used as a continuous
variable in these stratified multivariate models. All test values were 2-sided, with the significance
level set at 0=0.05 level.

Results
One-third of children and adolescents slept shorter than recommended age-appropriate hours;
however, most participants always/usually went to bed at the same time on weeknights (87.57%).
Table 1 shows counts and weighted percentages of sample characteristics by sleep groups. A
greater proportion of adolescents than children reported irregular sleep (16.34% vs. 7.45%,
respectively; x>= 606.59, p<0.001). Short sleepers (2.54+1.64 vs. 1.93+1.63, z= -26.70, p<0.001)
and irregular sleepers (2.96x1.74 vs. 2.03£1.62, z= -30.12, p<0.001) had significantly greater
mean SCRI scores compared with those who had sufficient and regular sleep. Figure 1 shows the
distribution of SCRI over sleep groups. In terms of individual SCRI factors, children who were
non-White or lacked health insurance reported higher proportions of short and irregular sleep

(p’s<0.05) compared with their counterparts.
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For household SCRI factors, children whose families had income < 200% FPL, lived in an
unsafe neighborhood, received < a high school education, lacked social support, experienced high
levels of parental aggravation or domestic violence, and whose mother had suboptimal mental
health and poor coping also had a higher proportion of short and irregular sleep (p’s<0.05) (Table
1). Asshown in Table 2, the differences in SCRI scores remained statistically significant in logistic
regression models on short and irregular sleep, controlling for age, sex, physical activity, and
family resilience. Specifically, each point increase in SCRI was associated with a 16% and 25%
increase in the odds of short sleep (OR=1.16, p<0.001) and irregular sleep (OR=1.25, p<0.001),
respectively.

Age was a significant modifier of the association between SCRI and short sleep
(OR=1.12, p<0.001) but not SCRI and irregular sleep (OR=0.98, p=0.72) (Table 2, Model 2).
Specifically, the average magnitude of the relationship between SCRI scores and short sleep was
12% greater in school-age children than adolescents. The margins plot (Figure 2) shows the
marginal effects of age on sleep with 95% confidence intervals when SCRI scores were held
constant at different values. The probability of having short sleep was greater in school-age
children, especially when SCRI was >2, and the gap between age groups became larger with

increasing SCRI scores.
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Overall Sample

Sleep duration, n(%)?

Sleep regularity, n(%)*

Sufficient Short Regular Irregular
Age
6-11 13687(49.89) 9715(66.52) 3972(33.48) 12719(92.56) 939(7.45)***
12-17 18525(50.11) 12469(65.62) 6056(34.38) 15756(83.66) 2725(16.34)
Sex
Male 16661(50.59) 11561(65.39) 5100(34.61) 14773(88.78) 1850(11.22)
Female 15551(49.41) 10623(66.77) 4928 33.23 13702 (87.4) 1814(12.6)
Household
Education
>high school 27709(73.26) 19494(68.67) 8215(31.33) 24777(89.72) 2867(10.26)
education
< high school 4503(26.74) 2690(58.93) 1813(41.07)*** 3698(83.6) 797(16.4)***
education
Family Income
>200% FPL 23892(60.79) 17033(69.98) 6859(30.02) 21508(90.57) 2328(9.43)
<200% FPL 8320(39.1) 5151(60) 3169(40.00)*** 6967(84.26) 1336(15.74)***
Parental
Aggravation
Always/ usually 30524(94.78) 21124(66.60) 9400(33.40) 27199(88.73) 3254(11.27)
Sometimes/ rarely/  1688(5.22) 1060(56.42) 628(43.58)*** 1276(76.63) 410(23.37)***
never
Race/ Ethnicity
White, non- 22702(51.7) 16163(71.02) 6539(28.98) 20362(90.97) 2284(9.03)
Hispanic
Non-White 9510(48.27) 6021(60.76) 3489(39.24)*** 8113(85.02) 1380(14.98)***
Child Insurance
Insured 30879(93.48) 21311(66.54) 9568(33.46) 27346(88.45) 3465(11.55)
Uninsured 1333(6.52) 873(59.33) 460(40.67)* 1129(83.07) 199(16.93)*
Coping with

Parental Demands
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Good 20022(62.23) 14189(67.29) 5833(32.71) 18200(90.28) 1777(9.72)
Poor 12153(37.78) 7972(63.95) 4181(36.05) ** 10246(84.19) 1880(15.81)***
Maternal Mental
Health
Very 24623(76.03) 17494(68.98) 7129(31.02) 2229(90.07) 2340(9.93)
good/excellent
Poor/fair/good 7589(23.97) 4690(56.83) 2899(43.17)*** 6246(81.85) 1324(18.15)***
Social Support
Yes 26154(74.93) 18390(67.57) 7764(32.43) 23429(89.52) 2665(10.48)
No 6058(25.07) 3794(61.59) 264(38.41)*** 5046(83.84) 999(16.16)***
Domestic Violence
No 30587(94.48) 21243(66.86) 9344(33.14) 27197(88.72) 3324(11.28)
Yes 1625(5.520) 941(52.59) 684(47.41)*** 1278(77.40) 340(22.60)***
Neighborhood
Safety
Usually/always safe  23030(71.50) 16313(68.47) 6717(31.53) 20683(90.25) 2298(9.75)
Sometimes/ never  9182(28.50) 5871(61.34) 3311(38.66)*** 7792(83.86) 1366(16.14)***
safe
Exercise Days Per
Week
0 days 2744(8.66) 1665(54.50) 1089(45.50) ™ 2101(74.49) 638(25.51)***
1-3 days 12315(39.63) 8244(64.82) 4071(35.18) 10773(87.60) 1511(12.40)
4-6 days 10395(29.29) 7422(69.58) 2973(30.42) 9424(91.23) 947(8.77)
7 days 6703(22.41) 4831(68.27) 1872(31.73) 6133(90.27) 558(9.73)
Family Resilience®
Optimal 5664(17.94) 18753(68.17) 7779(31.83) 24015( 90.45) 2458(9.55)
Suboptimal 26532(82.06) 3417(56.45) 2247(43.55)™" 4444(77.32) 1206( 22.68) ™

Note. ® weighted percentage; ® Family resilience: optimal is defined as families that endorsed all or most of the time to all 4
resilience items; fSleep regularity includes missing data; Chi-square and Mann Whitney U tests examine whether the overall
differences in proportions of short/irregular sleep are different between groups for each categorical variable with following

significance indicators: “p<0.05; “p<0.01;

* kK

p<0.001
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Fig. 1 Distribution of Social Cumulative Risk Index (SCRI) Scores in Sleep Groups (Weighted
Values)

Note. Lines across the box indicate the median, and error bars show upper and lower whiskers
adjacent values. Dots reflect outliers which were kept in analyses since their removal yielded
similar results. The mean SCRI scores were significantly higher in short and irregular sleepers.
The Archer-Lemeshow test suggests that models were a good fit for the data (p>0.05) and
adding the interaction term between age and SCRI showed a statistically significant improvement
in the logistic regression model fit predicting short sleep (Wald test, p<0.05). There was no
significant interaction between sex and SCRI on short sleep or irregular sleep (p>0.05). In logistic
regression models, children and adolescents who did exercise (>60 min) at least one day per week

(versus no exercise) and those from families with optimal resilience (versus suboptimal resilience)

tended to have decreased odds of short sleep and irregular sleep (p<0.05).
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Table 2

Logistic Regression Models [OR(SE)] on Short/Irregular Sleep?

Short sleep Irregular Sleep

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
SCRI 1.16 (0.02)™" 1.10(0.02) ™  1.16(0.03) ™ | 1.25(0.03) ™ 1.26(0.03) ™"  1.27(0.04) ™
Age (6-11 yrs)® 1.11(0.06) 0.82(0.07) " 1.11(0.06) 0.42(0.04) ™ 0.44(0.07)™  0.42(0.04)™"
Female® 0.91(0.05) 0.92(0.05) 0.93(0.08) 1.11(0.09) 1.11(0.09) 1.22(0.16)
Exercise per week®
1-3 days 0.80(0.08)"  0.79(0.08) " 0.80(0.08)" | 0.62(0.07)™ 0.62(0.07)""  0.62(0.07) ™
4-6 days 0.73(0.07)™ 0.73(0.07)™  0.73(0.07)™ | 0.52(0.07)™ 0.52(0.07)"  0.52(0.07) ™
7 days 0.72(0.08) ™ 0.72(0.08)™  0.72(0.08)™ | 0.61(0.09)™ 0.61(0.09)  0.61(0.09) ™
Optimal family 0.82(0.06)™  0.82(0.06)™ 0.82(0.06)™ | 0.55(0.05) ™ 0.55(0.05) ™"  0.55(0.05) ™"
resilience®
SCRIxAge (6-11 1.12(0.04) ™ 0.98(0.05)
yrs)
SCRIxFemale 0.99(0.04) 0.97(0.04)
Archer-Lemeshow F=1.90, F=1.11, F=1.38, F=0.38 F=0.68, F=0.60,
test p=0.05 p=0.35 p=0.19 p=0.94 p=0.72 p=0.80
Wald test F=11.33, F=0.02, F=0.13, F=0.35,

p<0.001 p=0.88 p=0.72 p=0.55

Note. SCRI= Social Cumulative Risk Index. ®lrregular sleep was controlled for in models on short sleep, and vice versa. Models
accounted for complex sampling weights. Results presented were odds ratio (standard error). Odds ratio for SCRI reflects how each
one-point increase in SCRI scores changes the odds of having short/irregular sleep. ® Age reference level: adolescents at 12-17 years
old. ¢ Female reference: male; ¢ Exercise reference: 0 days/week. ¢ Family resilience reference: suboptimal resilience.
Archer—Lemeshow test: p>0.05 indicates good model fit. Wald test: p<0.05 indicates adding the interaction term improves model fit.
“p<0.05; p<0.01; ““p<0.001.



Accepted Manuscript
Version of Record at: https://doi.org/10.1007/s12529-023-10175-0

17

.6
1

4
1

Probability of short sleep
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Fig. 2 Interaction Between SCRI Scores and Age Groups on Short Sleep

Note. The margins plot is derived using the Margins command in Stata based on logistic
regression with complex survey design. The x-axis is the SCRI score and the y-axis is the
probability of short sleep. Error bars show upper and lower whiskers adjacent values.

Table 3 shows results of the sensitivity analyses. The associations between SCRI and short
or irregular sleep in children (6-11 years old) and adolescents (12-17 years old) were consistent
with the interaction analyses using the whole sample. Whereas the relationship between SCRI and
short sleep was stronger in children (OR=1.31, p<0.001) than adolescents (OR=1.13, p<0.001),
associations between SCRI and irregular sleep were similar between age groups (OR=1.30,
p’s<0.05). Females (vs males) were associated with lower odds of short sleep in children
(OR=0.84, p=0.04) but not adolescents (OR=1.06, p=0.56). Neither age (continuous variable) nor

sex significantly modified the SCRI-sleep relationship in children and adolescents (p>0.05, data

not presented in table), respectively.
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Logistic Regression Models [OR(SE)] 2 on Short/Irregular Sleep by Age Groups

Children (6-11) Adolescents (12-17)
Short Sleep Irregular Sleep Short Sleep Irregular Sleep
SCRI 1.31 (0.04)™ 1.30 (0.06)™ 1.13(0.03) ™ 1.30(0.04) ™"
Age 1.21(0.03) ™ 1.12(0.05) 1.10 (0.02) ™  1.20(0.04) ™
Female® 0.84(0.07)*  0.92(0.05) 1.01(0.07) 1.06(0.10)
Exercise per week®
1-3 days 0.79(0.15) 0.75(0.20) 0.75(0.08) ™ 0.56(0.07) ™
4-6 days 0.64(0.12)"  0.52(0.14)" 0.79(0.09) * 0.52(0.08) ™"
7 days 0.76(0.15 0.54(0.16) " 0.67(0.09) ™ 0.65(0.11) "
Optimal family 0.87(0.10) 0.52(0.08)"" 0.65(0.06) ™ 0.48(0.05) ™"
resilience?

Note. SCRI= Social Cumulative Risk Index. 2Irregular sleep was controlled for in models on
short sleep, and vice versa. Models accounted for complex sampling weights. Results presented
were odds ratio (standard error). Odds ratio for SCRI reflects how each one-point increase in
SCRI scores changes the odds of having short/irregular sleep.  Female reference: male; ©
Exercise reference: 0 days/week. ¢ Family resilience reference: suboptimal resilience.

“p<0.05; “p<0.01; ““p<0.001. Interaction terms between SCRI and age, SCRI and sex were not
significant (data not presented).

Discussion

Bivariate findings indicated that families with social risks had a higher proportion of children who
achieved short and/or irregular sleep. Results of the moderation analyses showed age as a
significant moderator of the association between SCRI and short sleep, such that the magnitude of
the SCRI-sleep relationship was greater in school-age children compared to adolescents. Age did
not significantly moderate the association between SCRI and sleep irregularity. Finally, sex was
not a significant moderator of the association between SCRI and sleep duration nor sleep
irregularity. These moderation findings were supported by the sensitivity analyses with the
magnitude of the SCRI-sleep relationship remaining greater in school-age children versus
adolescents. A unique finding of the stratified analysis was female children having a decreased
risk for short sleep than their male counterparts.

The Role of Sex and Age on Sleep in Youth
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For the sleep duration outcome, our main results did not support the a priori hypothesis. The
primary study hypothesis was that the relationship between cumulative risk and short sleep
duration would be greater in adolescents versus school-age children and females versus males.
Instead, the main findings and sensitivity analysis revealed the association between SCRI and short
sleep duration was greater in school-age children versus adolescents. Further, the stratified analysis
found that female children (not adolescents) had lower odds of short sleep duration compared to
male children. These findings are contradictory to the current literature. In nationally
representative German samples, no sex differences were found in child sleep duration (26, 52).
Whereas among nationally representative U.S. samples of adolescents, greater odds of shorter
sleep duration were reported in females versus males (24, 29). This discordance in findings
warrants further exploration of the underlying mechanisms between cumulative risk, sleep
duration, and sex to identify at which developmental stage sex-related sleep disparities may
emerge.

Similarly, our finding that the magnitude of the SCRI-sleep duration relationship was more
pronounced in school-age children versus adolescents, was unexpected given current literature
highlighting an increased risk of short sleep in older children (12, 31, 45). Notably, however, in
stratified analysis, older age was associated with greater odds of short sleep in children and
adolescents, respectively (see Table 3), which aligns with current work (29-31). Our novel finding
that the relationship between SCRI and sleep duration is magnified in school-age children is
supported by the Cumulative Risk Model. It is possible that young children are particularly
vulnerable to the effects of social risk on short sleep, as adolescents may experience more
protective factors, such as peer support, engagement in extracurricular activities, and better

developed emotional regulation, that may make them more resilient against the cumulative effects
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of adversity on health outcomes (18, 53). Given that the risk for sleep disparities begin in early
childhood, this finding supports the implementation of sleep interventions starting in childhood
(13, 44). Indeed, sleep habits are established early in life and are often carried into adolescence
and ultimately adulthood (5). Therefore, sleep habits of school-age children may be more amenable
than adolescents, and improving such habits may attenuate the association between cumulative
risk and short sleep duration.

Our finding that the relationship between cumulative risk and sleep irregularity did not
vary based on youth sex and age is consistent with the current literature finding no direct
relationship between youth sex and sleep irregularity (33, 45), nor youth age and sleep irregularity
(14, 34). Our findings extend the current literature, however, by beginning to explore at-risk
subgroups, based on age and sex, within a nationally representative U.S. sample. Our stratified
analysis highlighted how when multivariate analyses were conducted in children and adolescents
separately, increasing age was as a risk factor for sleep irregularity (see Table 3). This finding is
timely, as sleep irregularity is emerging as an integral sleep health metric that may have worse
developmental implications than short sleep duration (30, 33, 43, 45). However, much of the extant
research is based upon cross-sectional design (28, 30, 33, 45) and self-report (4, 28, 30), making
this a continued gap with further research needed to explore objectively measured sleep irregularity
using longitudinal design, especially among at-risk populations, where it may be particularly
relevant (34).

Strengths and Limitations
The findings of our study must be interpreted in the context of its design and measurement
limitations. The cross-sectional design inhibits the examination of casual relationships. The

interplay between cumulative social and biological risk and child sleep duration/irregularity is
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likely dynamic and complex, requiring a variety of assessment methods completed over time (13).
Moreover, intraindividual differences cannot be examined across developmental trajectories,
making it difficult to characterize longitudinal changes in sleep duration and irregularity (27).
Similarly, cross-sectional design prohibits the capture of general sleep trends across the week,
weekdays versus weekends, or seasonality differences (26).

Regarding measurement limitations, using a single item to capture sleep duration and sleep
irregularity limits construct variability and may impede its proper capture. 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 (34). Capturing weeknight and weekend sleep is prudent in adolescents who
are at risk for “social jetlag” that contributes to later sleep onset and waketimes on the weekends
(30). Additionally, relying on parental self-report and using subjective as opposed to objective
measures of sleep, may contribute to shared method variance between sleep and cumulative risk
(13). Furthermore, parent-reported sleep data generally overestimate sleep duration and
underestimate bedtime irregularity (30), and are subject to recall and/or social desirability bias
(45). This implies that most likely more than one-third of this nationally representative sample
slept less than the recommended age-appropriate hours, and less than the majority of participants
always/usually went to bed at the same time. Adolescence is a developmental period of
independence and parents may be unaware of their child’s sleep patterns (1, 49). Having
adolescents self-report on their sleep duration/irregularity through validated measures is beneficial.
Also, we did not examine long-sleepers separately due to how sleep duration was collected (i.e.,
we were unable to identify those who slept 12 hours or more). In terms of the SCRI, classifying

risk based on the number of risk factors across domains precludes the possibility of uncovering



Accepted Manuscript
Version of Record at: https://doi.org/10.1007/s12529-023-10175-0

22
underlying mechanisms through examining possible synergistic or interactive effects among distal
and proximal risk factors (18). Moreover, future studies should examine the reliability and validity
of the SCRI for capturing social risks in a nationally representative sample. Finally, missing values
may influence the representativeness of study sample, which in turn, has an impact on the
generalizability of study findings.

Despite the above limitations, there are major strengths of our study including the use of a
large, U.S. dataset which increases the generalizability of our results. Additionally, using ten
constructs to capture caregiver, family, and community risk factors, is a measurement strength and
adds to the literature on disparate sleep outcomes. Finally, examining moderation in relation to
sleep irregularity is novel and necessary, as it may be more amenable than duration to sleep
intervention (34).

Future Research

Understanding temporal parameters (e.g., duration of risk exposure, age when exposed to risk) will
elucidate the amplification of risk and possible underlying biological and psychological processes
that account for social risk factors on sleep outcomes (18). Similarly, examination of different
clusters or combinations of risk factors in association with sleep outcomes may help inform
interventions, as social factors deemed to pose the most risk may be targeted in addition to sleep
habits (18). Further decomposing the SCRI and examining social risks as moderators would help
inform how different social advantages and disadvantages for different groups may interact with
other social risk factors on sleep outcomes (13). In terms of the examination of sex as a moderator,
it would be worthwhile to explore if results remain when gender (e.g., self-identification as male

or female) is studied. Finally, parallel to the consideration of risk factors, it is important to identify
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resilience factors that could protect against the development of short and irregular sleep throughout
childhood and adolescence (13).

Conclusion

The established associations between adversity, poor sleep and subsequent development of health
disparities across the life course highlights the critical need of addressing sleep in the most at-risk
groups as a potential mechanism to ameliorate disparity development (10). The current study
explored whether the association between social risk and short sleep duration/irregularity varied
based on age or sex among a U.S. sample. Age was a significant moderator of SCRI and short
sleep, such that the magnitude of the association was greater in school-age children than
adolescents. Age did not moderate the association between SCRI and sleep irregularity, and sex
was also not a significant moderator. These findings highlight how school-age children with social
cumulative risk factors are at risk for short sleep duration. This suggests that childhood represents
a critical period for early intervention and prevention of short sleep duration. Focusing on ways to
support children with multiple social risks prior to adolescence, may serve to prevent sleep, and
ultimately, health disparities (10).
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