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Abstract

Pubertal development has been separately linked to adolescents’ sleep problems and larger family functioning, but research
connecting these inter-related processes remains sparse. This study aimed to examine how pubertal status and tempo were
related to early adolescents’ sleep and their family functioning. Using longitudinal data from the Adolescent Brain and
Cognitive Development study, the study’s sample (N =4682) was 49.2% female, was an average of 9.94 years old at
baseline, and was 60.1% white. Analyses in the current study modeled the indirect associations between pubertal change and
changes in family conflict via adolescent sleep duration and variability of duration. The results suggested that pubertal status
and tempo predicted shorter adolescent sleep durations and greater variability in those durations, which predicted residual
increases in family conflict. The findings highlight the role of adolescents’ pubertal changes in their sleep and how such

changes can negatively affect family functioning.

Keywords

Introduction

Early adolescents’ development occurs within the larger
family system, which offers the potential for their intrain-
dividual changes to influence other aspects of the family.
The physiological changes associated with puberty are
documented to significantly impact adolescents’ sleep
(Crowley et al., 2018). Specifically, pubertal change is
accompanied by changes in adolescents’ circadian cycles
(Dahl & Lewin, 2002) and sleep drive, or the pressure of
needing to sleep that accumulates during the day to increase
their ability to sleep at night (Jenni et al., 2005). Recent data
suggest that over 70% of adolescents are getting deficient
sleep (i.e., poor-quality or short-duration sleep; Wheaton &
Claussen, 2021), and adolescents’ experiences of sleep
problems put them at risk for deleterious outcomes,

including mental, physical, and academic problems.
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Highlighted by Becker’s et al. (2015) biopsychosocial and
contextual model of adolescent sleep, adolescents are at the
center of an epidemic of inter-related processes that includes
deficient sleep and rising rates of mental health problems
(Gregory & Sadeh, 2016; Owens, 2014). However, ado-
lescent sleep problems affect more than just adolescents, so
understanding how their sleep is linked to other aspects of
the family (e.g., family conflict; El-Sheikh & Kelly, 2017)
remains critical to understanding this developmental period.
Accordingly, the current study examined the process of how
pubertal status and change (i.e., tempo) potentially influ-
ences larger family functioning via adolescents’ sleep.
Adolescence is generally marked by a relative increase in
conflict or tension during family interactions (Steinberg &
Morris, 2001), so understanding the consequences of early
adolescents’ sleep deficiency during puberty on family
functioning might illuminate important avenues for inter-
vention in families negatively impacted during this time.

Pubertal Development and Adolescent Sleep

During puberty, adrenal and gonadal changes are associated
with co-occurring changes to other biological, psychologi-
cal, and social systems for the individual (e.g., Becker et al.,
2015). Puberty, however, is a highly individualized process,
and understanding when a child begins puberty (i.e., status)
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as well as the pace at which they progress through this
period of development (i.e., tempo) is critical (Mendle et al.,
2019). Whereas initial pubertal status (also referred to as
timing) indicates children’s pubertal stage at baseline,
tempo requires longitudinal assessments (Mendle et al.,
2019). Children who enter puberty early relative to their
peers or for whom the rate of pubertal change is relatively
rapid (i.e., fast tempo) may experience challenges due to
their lack of readiness for such changes (Dorn & Biro,
2011). Although there is considerable interindividual var-
iation regarding the age at which one begins puberty, there
are numerous factors that have been shown to covary with
pubertal development. For instance, research suggests that
family socio-economic status and weight are important
influences on pubertal onset. Specifically, youth, especially
girls, from lower socioeconomic contexts (James-Todd
et al., 2010) and obese and overweight (i.e., body mass
index greater than 25) youth tend to start puberty earlier
than their counterparts (Jasik & Lustig, 2008).

One well-documented change during the transition into
puberty for early adolescents is the change to their sleep
patterns, specifically to their chronotype (e.g., Jenni et al.,
2005), which also serves as a critical covariate when ana-
lyzing adolescent sleep. Extensive research shows that
adolescents’ circadian phases shift to later in the day (i.e.,
phase delay) as puberty progresses, which leads to adoles-
cents’ biological predispositions to develop evening
chronotypes, or a need to stay up later and to want to wake
up later the next day (Carskadon et al., 1993, 1997). Within
the context of environmental and social constraints (i.e.,
early school start times), these changes result in adoles-
cents’ deficient sleep (Crowley et al., 2018). Explanations
for this phase delay include the lengthening of the endo-
genous circadian period as well as a decrease in sensitivity
to morning light and an increase in sensitivity to evening
light, although these latter hypotheses have not been sup-
ported (Akacem et al., 2018; Crowley et al., 2018). Despite
the lingering questions as to what is causing the phase
delay, recent research suggests that adolescents have greater
exposure to bright, phase-delaying light in the evening,
which may interact with other bioregulatory and emotion
regulation systems, thereby delaying sleep onset and ulti-
mately resulting in shorter, more variable sleep (Crowley
et al., 2018).

Early adolescents are not monoliths, and important dif-
ferences emerge in studying puberty and sleep. Recent
longitudinal studies have demonstrated that chronotype and
sleep durations may interact with pubertal changes in
unique ways for different populations of adolescents. For
instance, in a study of 966 children over the course of seven
years, researchers found that changes in girls’, but not
boys’, circadian patterns (i.e., eveningness preference) were
uniquely associated with their development of secondary
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sex characteristics, suggesting that sleep-related behaviors
are robustly linked to pubertal change (Foley et al., 2018). It
should be noted, however, that despite the longitudinal
nature of the assessments, sleep was only assessed twice via
self-reports during the study (Foley et al., 2018). Building
on research suggesting that girls, particularly Black girls,
evidenced earlier pubertal development (Marceau et al.,
2011; Susman et al., 2010), researchers found in a sample of
1239 youth that clinician-reported early pubertal status (i.e.,
early breast or pubic hair development) specifically in Black
girls, but not their faster tempo, predicted shorter self-
reported sleep durations across their 8-year study (Hoyt
et al., 2018). In a cross-sectional sample of twins (N = 596),
more advanced pubertal development was associated with
longer sleep durations specifically for Hispanic and white
girls (Lecarie et al., 2022). Notable methodological differ-
ences between the two studies included the use of parent-
reported pubertal development in addition to actigraphy-
based sleep assessments (Lecarie et al., 2022). Although it
is challenging to draw over-arching conclusions across
these studies, it appears possible that gender and ethnic/
racial differences exist in how and when pubertal changes
are linked with changes in sleep.

Regardless of why or for whom the circadian phase shift
occurs, adolescents’ sleep needs generally do not change
across the period of pubertal development (Crowley et al.,
2018). Although the majority of adolescents do not obtain
the recommended 8—10 h of sleep per night, when the sleep
opportunity exists, they tend to average approximately
9.25h (Wheaton & Claussen, 2021). Furthermore, adoles-
cents’ changing schedules and engagement in evening
activities often results in greater sleep duration variability
(Fuligni et al., 2018), which, in addition to insufficient
sleep, has been shown to impair their psychological, phy-
sical, and academic functioning (Gregory & Sadeh, 2016;
Shochat et al., 2014).

Pubertal Development and Family Functioning

The pubertal transition, especially for early maturing chil-
dren, places early adolescents at risk for both behavioral and
emotional problems (Ge et al., 2002; Hummel et al., 2013).
The risk may be even greater for children when they are
more biologically sensitive to their environments due to
higher stress reactivity (Ellis et al., 2011). For example,
children who are highly reactive to stress and who experi-
ence lower quality parent-child relationships in early
childhood (e.g., ages 3-5) tend to enter puberty earlier and
experience faster pubertal tempo (Ellis et al., 2011). How-
ever, the dynamic associations between the family context
and pubertal timing and tempo have largely examined
family context as a predictor of pubertal development.
Despite the focus on pubertal development as an outcome,
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family systems theory provides an alternative framework
for understanding these phenomena as it stresses the inter-
dependent nature of subsystems within families in addition
to the perturbations that reverberate throughout the family
when conflict arises (Becker et al., 2015; Minuchin, 1985).
In this light, the role of pubertal change as an evocative
change agent within the family remains an important phe-
nomenon to examine.

Early studies of pubertal change within the family con-
text found that pubertal maturation was linked with
increased emotional distance and conflict between children
and their parents (Haynie, 2003; Steinberg, 1987). Sub-
sequent research examining pubertal change has highlighted
the family environment as a potential context of risk, which
can also play a role in children’s development. Specifically,
in studies of African American boys (Klopack et al., 2020a)
and girls (Klopack et al., 2020b), earlier puberty pro-
spectively predicted harsh parenting one to two years later,
which subsequently predicted delinquent behavior.
Although these studies did not include adolescent sleep
within their models, the family environment acted as a
catalyst for poor outcomes, specifically in children who
experienced early puberty. Alternatively, researchers have
investigated pubertal development as a predictor of shifts to
evening chronotype in both cross-sectional (Diaz-Morales
et al., 2014) and longitudinal (Diaz Morales et al., 2023)
samples of children ages 12 and older. Their results suggest
that pubertal development co-occurred with increases in
family conflict, which ultimately led to changes toward
evening chronotypes. However, this area of research has
been limited by its reliance on self-reported sleep behaviors
(i.e., chronotype) and did not assess sleep quantity or
variability or the rate of pubertal change (Diaz Morales
et al.,, 2023). Given the epidemic of deficient sleep for
adolescents (Wheaton & Claussen, 2021), understanding
the determinants of adolescent sleep and its role in the lives
of adolescents and their families remains an important gap
to be filled.

Adolescent Sleep and Family Functioning

Although family functioning has been shown to strongly
predict adolescent sleep (El-Sheikh & Kelly, 2017; Peltz
et al., 2019), the opposite direction of influence has received
relatively little attention. Multiple studies highlight the
diverse impact of family dysfunction on adolescent sleep
disturbance, with stronger links emerging particularly in
lower SES families (El-Sheikh & Kelly, 2017). For
instance, not only has family chaos been shown to predict
adolescent sleep problems via issues in adolescents’ sleep
hygiene practices (Billows et al., 2009), but it has also been
a key predictor of adolescents’ mental health problems
through its impact on their sleep (Peltz et al., 2019). In

contrast, positive and more organized family environments
tend to ensure better sleep for adolescents. This is evidenced
by studies documenting better sleep outcomes for adoles-
cents when parents enforce bedtimes (Peltz et al., 2020;
Short et al., 2011), establish pre-bedtime routines (Bartel
et al., 2015), or engender more positive home environments
(Cousins et al., 2007; Doane et al., 2019).

The notion that an individual’s behavior or functioning
can influence the larger family environment is a hallmark of
family systems theory and emblematic of the inter-
dependence of subsystems within the family (Minuchin,
1985). The most extensive research done in this area has
focused on infants’ sleep (Meltzer & Montgomery-Downs,
2011), but research on older children, especially those
experiencing sleep disturbances (e.g., sleep-onset delay,
insufficient sleep), has shown that children’s sleep can also
evoke changes in parental functioning (Boergers et al.,
2007; Meltzer & Mindell, 2007). For instance, children’s
sleep problems (e.g., bedtime resistance, night wakings)
have been linked to poorer maternal sleep quality, greater
maternal and paternal daytime sleepiness, and higher levels
of maternal depressive symptoms (Boergers et al., 2007,
Meltzer & Mindell, 2007). Furthermore, there is some
evidence to support reciprocal effects between children’s
(ages 8-11) sleep and maternal parenting and child-parent
conflict (Bell & Belsky, 2008). Although adolescents’ sleep
problems tend to have multiple determinants, extensive
research highlights puberty as a critical factor in influencing
the development of sleep disturbances (Crowley et al.,
2018). Despite the potential for diverse mechanisms from
which pubertal change might affect family functioning (e.g.,
mood, autonomy-seeking), there is a paucity of research
examining the role of sleep in this process.

Current Study

Pubertal development has been separately linked to ado-
lescents’ sleep problems and larger family functioning, but
research connecting these inter-related processes remains
sparse. Understanding the processes through which pubertal
development may impact families would thus provide a
deeper understanding of both adolescent sleep and the
context in which adolescents sleep. Accordingly, this study
sought to examine the relative influence of pubertal change
on family functioning via sleep duration/variability in early
adolescence. To test these interrelations, the current study
utilized path modeling (Fig. 1) in a sample of youth who
took part in the Adolescent Brain and Cognitive Develop-
ment (ABCD) study across the first three years of the study
(i.e., baseline — age 10, 1-Year — age 11, and 2-Year follow-
up — age 12). The model thus supported an examination of
both the child’s initial pubertal status, in which
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Fig. 1 Results of Path Model
Analysis (N =4682). Note.
TST=total sleep time. All

presented coefficients have been
standardized. Covariate paths
are not pictured in the figure.
*p<0.05, *¥p <0.01,

Intercept
Self-perceived
Pubertal Development

Fitbit TST (mean)
Year 2

% < 0.001

Slope
Self-perceived
Pubertal Development
(Baseline to Year 2)

development tends to occur earlier in girls, in addition to
tempo (i.e., rate of change across three years) as predictors
of both their sleep and family functioning. Given the sig-
nificant links between children’s pubertal development and
their age, sex, race, BMI, chronotype, and socio-economic
status, the model included these constructs as covariates to
adjust for their potential influence. Building on previous
research, it was hypothesized that both more advanced
pubertal status at baseline and higher rates of pubertal
tempo would predict shorter sleep durations and greater
variability in children’s sleep duration (Hypothesis 1);
shorter sleep durations and greater variability would predict
higher levels of family conflict (Hypothesis 2); and ado-
lescent sleep would mediate the direct effect of pubertal
status/tempo on family conflict (Hypothesis 3). Given the
robust findings suggesting that pubertal development might
be more pronounced in girls’ sleep, the current study
explored this possibility through a secondary set of multi-
group analyses comparing males to females.

Methods
Participants

The current sample of adolescents (N =4682; 49.2%
female) were part of the ABCD study (data release 4.0,
2021), who wore Fitbit Charge HR watches 24 months after
baseline (Year 2; the only wave thus far to include objective
sleep data). Out of the initial sample of 11,887 early ado-
lescents at baseline, 5949 received and used Fitbit watches
to record their sleep. Of this group, 4682 early adolescents
with at least seven nights of recorded sleep (with a max-
imum of 31 nights) and who wore Fitbit on both weekdays
and weekends were included in the current study. Data were
accessed from the NIMH database, including baseline (TO;
Mgee = 9.94, SD =0.62), Year 1 (T1; My = 10.98, SD =
0.66), and Year 2 (T2; My, = 11.98, SD = 0.66) data. The
analytic sample’s racial-ethnic composition was 60.1%
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Family Conflict

(child-report, Year 2)

Fitbit TST (variability)
Year 2

white, 8.6% Black, 18.8% Hispanic, 2.4% Asian/Pacific
Islander, and 10.0% Other. The families were economically
diverse, with 13.7% reporting family incomes of <$35,000
and 13.4% with incomes of >$200,000. The demographic
information of the analytic sample is similar to the full
sample (N =11,887), with the exception that the analytic
sample had more white participants (60.1%) than the full
sample (46.8%), demonstrated lower levels of pubertal
development (measured with the Pubertal Development
Scale, Petersen et al., 1988) over the course of the study
(Baseline: Mpon = 8.4 vs. Mypaiyiic = 8.3; Cohen’s d = 0.05;
Year 1: Myon =9.2 vs. Mypayiic = 9.1; Cohen’s d = 0.06;
Year 2: My, = 10.7 vs. Mypayiic = 10.5; Cohen’s d = 0.08),
had slightly lower levels of family conflict study (Year 1:
Myon = 2.1 vs. Mygaiyiic = 1.9; Cohen’s d =0.11; Year 2:
Mon =2.0 vs. Mypayic = 1.8; Cohen’s d=0.11), had
higher family income Mpon=16.9 vs. Manayic=7.7;
Cohen’s d =0.35) and parental education (Mo, =3.6 vs.
Maparyiic = 4.0; Cohen’s d = 0.33), and were slightly older at
baseline  (Myon =9.90 vs.  Mgpaiyiic =9.94;  Cohen’s
d=0.08).

Procedure

The ABCD study, which was launched in 2015 by the
National Institutes of Health, is ongoing and originally
aimed to recruit approximately 12,000 youth and their
parents/guardians across 21 sites in the United States using
multi-stage probability sampling (for a detailed sample
description, see Garavan et al., 2018). Institutional review
boards at participating universities approved all study pro-
cedures. Primary caregivers and youth provided consent to
participate in the study. Participants had been selected to
capture the variation in age, sex, ethnicity, socioeconomic
status (household income), and urbanicity present in the
U.S. population (retention strategies are detailed in Feld-
stein Ewing et al., 2018). Data from the ABCD study are
publicly available and can be accessed via https:/a
bedstudy.org/scientists/data-sharing/.  Based on  best
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practices for capturing sleep via objective assessment
(Acebo et al., 1999), the current study included children
with a minimum of seven days of recorded sleep data.

Measures
Pubertal Development

To assess baseline pubertal status in addition to pubertal
tempo (assessed at baseline, T1, and T2), children com-
pleted the 5-item Pubertal Development Scale (PDS;
Petersen et al., 1988). The PDS produces a sex-normed
composite score, which is composed of growth in height,
growth of body hair, and skin changes for both boys and
girls; breast growth and menstruation for girls; and dee-
pening of voice and growth of facial hair for boys. Separate
composite scores for adrenal and gonadal development were
also formed based on a validated coding system (Shirtcliff
et al., 2009). Scores on the PDS range from 5 to 20, with
higher scores indicating more advanced physical/reproduc-
tive development. This extensively used measure has
demonstrated high internal consistency and correlations
with picture-based pubertal assessments, clinician-reported
physical exams, and hormonal data (Shirtcliff et al., 2009).

Sleep

Both mean daily sleep duration and variability of daily sleep
duration were assessed with the Fitbit Charge HR, which
was worn daily on participants wrists across both week and
weekend nights at T2 (range: 7-31 nights; M =15.1,
SD =4.8). Fitbit Charge HR 2 devices use proprietary
algorithms to continuously measure biobehavioral features
at up to a 1-s sampling rate with photoplethysmography and
an accelerometer to calculate sleep. Fitbit devices have been
validated in developmental samples of children and ado-
lescents with comparisons to polysomnography, the gold-
standard in sleep assessment (Godino et al., 2020). Mean
sleep duration represents the average total sleep time in
minutes (i.e., wake-after-sleep-onset minutes removed)
across all nights assessed, and variability of sleep duration
(i.e., SD) refers to the nightly variation in total minutes slept
across that same period.

Family Conflict

To assess family conflict, children completed the 9-item
family conflict subscale from the Family Environment Scale
(Moos & Moos, 1976) during the T1 and T2 assessments
(r=0.49, p<0.001). These items assessed the level of
conflict in the household (e.g., “We fight a lot in our
family.”; “Family members often criticize each other.”;
“Family members rarely become openly angry.” — reverse-

scored), were rated on 2-point scales (True — 1, False — 0),
and were summed so that higher scores indicated higher
levels of conflict in the family environment (o = 0.67;
o1 = 065)

Covariates

Six covariates were included in the model: child’s biolo-
gical sex assigned at birth, family SES, race (white vs. non-
white), child’s age at T2, BMI at T2, and chronotype at T2.
Families’ SES was calculated by averaging the standardized
values of total family annual income and caregivers’ years
of education (r=0.67, p<0.001). Higher scores indicate
higher family SES. Finally, chronotype was assessed using
the 19-item Munich Chronotype Questionnaire, with higher
values indicating greater preference for morning (Roenne-
berg et al., 2003).

Analytical Strategy

To examine whether sleep was a mediator in the association
between pubertal status/tempo on residual change (T1 to
T2) in family conflict, the current study employed path
modeling in Mplus (v. 8.8; Muthén & Muthén, 2021) and
used RMediation (Tofighi & Mackinnon, 2011), which
employs bootstrapping to accommodate asymmetry in
confidence intervals, to assess the significance of the
indirect paths. Controlling for covariates, the mediational
path model tested the hypotheses regarding the indirect
effect of both initial (TO) pubertal status and pubertal tempo
on residual changes in family conflict via children’s sleep
duration and sleep duration variability. Based on the
recommendations of Mendle and colleagues (2019), pub-
ertal tempo was represented by the linear change of pubertal
development ratings across three timepoints. To examine
residual change over time in family conflict, the current
study included T2 family conflict as the outcome within the
model with T1 family conflict as one of its predictors. This
modeling of the cross-lagged effect in family conflict
allowed the pubertal variables and all control variables to
predict residual change in family conflict. Finally, to assess
differences between boys and girls, the current study
included multigroup analyses and assessed significant dif-
ferences via chi-square tests of difference.

Missing data ranged from 0.00 to 18.7% across all study
variables.  Little’s MCAR test was  significant
(x}(181) = 508.3, p <0.001), suggesting that data were not
missing completely at random (MCAR). Thus, a correlation
analysis was subsequently utilized to determine if miss-
ingness on modeled variables was related to observed data.
Analyses were consistent with the assumption of data
missing at random (Schafer & Graham, 2002). A full
information maximum likelihood (FIML) algorithm was
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used to estimate missing data, and all study hypotheses
were tested using maximum likelihood estimation with
robust standard errors as it produces unbiased parameter
estimates (Enders & Bandalos, 2001). Current best practices
for determining model fit (e.g., Kline, 2011) suggest
reporting multiple model fit indices. Overall model fit was
assessed with the comparative fit index (CFI; Bentler, 1990;
values above 0.90 indicating good fit), the root-mean-square
error of approximation (RMSEA; Kline, 2011; values below
0.08 indicating good fit) and the standardized root-mean-
square residual (SRMR; Hu & Bentler, 1999; values below
0.10 indicating good fit). Finally, non-independence of
observations were expected due to clustering and stratifi-
cation effects of participants within families and sites. Thus,
the current analyses corrected for standard errors, and chi-
square test of model fit using the Mplus STRATIFICA-
TION and CLUSTER commands (Saragosa-Harris et al.,
2022).

Results
Preliminary Analyses

Descriptive statistics for the sample and intercorrelations
amongst the key variables are presented in Table 1. At
baseline, 11.5% of boys and 10.6% of girls were considered
“prepubertal” (i.e., average scores of 1 across the five
indicators of the Pubertal Development Scale; Petersen et al.

1988). By the final wave of the current study (i.e., wave 2),
6.2% of boys and 1.3% of girls were reporting to be “pre-
pubertal.” On average, children slept for 7 h and 26 min per
night (SD =37.5min) across all nights assessed by the
Fitbit, with weeknight sleep duration (M =7 h and 25 min.,
SD = 39.6) being significantly shorter than weekend night
M=7h and 28min., SD=524), #4638)=3.5I,
p<0.001, and with significantly less variability on week-
nights (M = 63.3 min., SD =33.0) compared to weekend
nights (M=66.6min., SD=43.1), #4414)=4.87,
p <0.001. Overall, the bivariate correlations were almost all
significant and in the expected directions.

Primary Analyses

The path model demonstrated  acceptable  fit
(X*(12) =98.31; RMSEA =0.04; CFI=0.99; SRMR =
0.01). First, as shown in Table 2, more advanced initial
pubertal status predicted both shorter sleep durations
(f=-0.08, p<0.001) and greater sleep variability
(#=0.12, p<0.001). In addition, faster pubertal tempo
predicted both shorter sleep durations (= —0.10,
p<0.001) and greater sleep duration variability (f = 0.08,
p <0.001). Including the contribution of baseline predictors,
this portion of the model explained approximately 12.6% of
sleep duration and 9.1% of variability. Second, longer sleep
duration predicted relative decreases in family conflict
(f=—0.04, p <0.05) and greater sleep variability predicted
relative increases in family conflict (#=0.07, p<0.01)

Table 1 Psychometrics and bivariate correlations between study variables

Measures (N =4682) Bivariate Correlations
Range M SD 1 2 3 4 5 6 7 8 9
Primary Variables
1. Pubertal development (T2) 5-20 10.5 32 -
Mediating Variables
2. Mean sleep duration (min.) 159-686 4456 375 —0.14 -
3. Sleep duration variability 0.7-428.2 67.2 313 0.18 —0.34 -
Outcome Variable
4. Family conflict (T2) 0-9 1.8 1.8 0.07 —-0.13 0.14 -
Control Variables
5. Sex (0 = male; 1 = female) 49.2% female 0.39 0.09 0.09 —0.03 -
6. Socio-economic status (SES) —3.4-25.5 0.1 0.7 —0.05 0.10 —-0.16 —-0.06 —0.01 -
7. Age (months; T2) 127-170 143.7 8.0 033 -0.13 0.07 0.03 —0.02 0.03 -
8. Chronotype (T2) 0.27-34.2 16.3 115 —0.03 0.18 -0.11 -0.10 0.10 0.07 0.02 -
9. Body mass index (T2) 12.8-42.1 20.3 4.6 0.26 —0.20 0.16 0.07 0.05 -0.11 0.07 -0.10 -
10. Race (white = 1; non- 60.1% white —0.11 021 -0.17 —-0.06 -0.02 0.19 0.05 0.14 -0.20

white = 0)

All bolded correlations are significant at the p <0.05 level. SES, assessed at T0, is a standardized composite of the sum of the standardized
versions of respondent’s primary caregiver’s education and family’s annual income. For chronotype, higher values reflect a greater preference for

morning

@ Springer



465

Journal of Youth and Adolescence (2024) 53:459-471

&

Qouardyard Sururow 03 19ja1 senfeA IoYSHy ‘O[qerrea adAjouoIyd Yy 10 Juedyrudis A[[eonsne)s aIe sonjeAa pap[oq pue ‘pazIpIepue)s dIe SJUAIOYJe0d patodar [y &l
0200 860°0— I¥€0 0200  6100— 0S00 0€0'0— €£90 0200 0100 §20'0 0€0'0— 9980 71000 200°0— (0 =2ym-uou ‘T = aym) 0ey
120°0— 660°0— 200°0 020°0  090°0— ¥#00°0— 6L0°0— 620°0 6100 TI¥0°0— STO'0— 8L0°0— T100°0> ¥#10°0 T1S0°0— adfjouoryd
6100 €€0'0— 10L°0 120°'0 8000 cLO0 8100— 1¥C0 €C0'0  L200 S¥0°0 ¥100—  SI€0 G100  S100 a3e s, pD
9%0°0 SE00—  €6L°0 1200  S00°0 9600 00— 0I80 §20'0 9000 LEOO §C0'0— €0L°0 910'0 9000 NEN
110°0 1S0°'0— 90C°0 910'0  0200— (Srewej=7 ‘o[ew=() XoS
14 510) €EV°0 100°0> 1200 €LV0 TI1S°0 €EV'0 100°0> 0200 TLVO 105°0 S 4] 100°0> ¥10°0 €LV°0 o1guod Amuey [ 1K
680°0 $00'0—  CLO0 €200 100 101°0 L1070 900°0 7200 6500 180°0 02070 100°0 910°0 0500 Anpiqerrea uopenp dodfs
L00'0— 880°0— TT0O0 1200  Lp0'0— 0100 ¥L0'0—  OFI0 1200 2€00— TI10°0— 690°0— L0000 S10°0  0v0°'0— uonemp dod[g
(54 4] SY0°0 100°0> €200  +60°0 8L0°0 00— 0vS0 0€00 6100 601°0 L2070 100°0 1200  890°0 (odway [eneqng) odofs
aro (401 X)) S€10°0 €200  290°0 990°0 wo0— 7990 L20'0  T100 080°0 600°0 S10°0 810°0  ¥¥0°0 (smess [euaqng) 1desreiug
JO1gu0d A[Twej g 189X owoonQ Junodipaid
°L00—  €91°0— T100°0> €200 LIT0O— SPO'0— LET'0O— T00°0> +20°0 160°0— I€T°0— LET0O— T00°0> LI0O0 +OT°0— (0 = anym-uou ‘1 = AIYM) o€y
0€T1°0 £€20°0 €00°0 L20°0  LLOO LIT°0 100 910°0 L20°0  S90°0 0100 €070 100°0> 610°0 1.0°0 Xapur ssew Kpogy
1L0°0— SST'0— T100°0> 1200 €I1'0— SI00 890'0—  80C0 12000 L200—  ¥$60°0— 660°0— 100°0> SI0°0 0L0°0— adKiouory)
190°0 €200—  LLEO 00 61070 $60°0 1000— €500 ¥20'0  LY00 010°0 €00°0 £€20°0 S10°0  S€0°0 a3e s, p[D
€r0'0—  8PI'0—  100°0> LT00 S60°0— T160°0— €L1'0— T100°0> TI200 <CEI'0— ¢€vI'0— 6¥I°0— 1000> 6100 CIT'0— NEN
S10°0 600°0 €10°0 810°0  +¥0°0 (Srewdy = [ 9w = Q) X98
€110 L00°0 920°0 L20°0 0900 91°0 700 010°0 9€0°0 160°0 8C1°0 9€0°0 100°0> €200 780°0 (odway [epeqng) odofs
961°0 vL0O'0 100°0> 1€0°0 S€1°0 8ST°0 70°0 100°0 0€0°0 001°0 v91°0 780°0 100°0> 1200 €<1°0 (smes [epaqng) 3desroiug
Anqerrea uoneinp da9[S :I10JeIpIJN Sunoipaig
S81°0 001°0 100°0> 2200 TvI'0 681°0 SOT°0 100°0> 1200 L¥I'0 SLT'0 viro 100°0> €100 +¥I°0 (0 =2Iym-uou ‘T = a)IYm) a0ey
0S0°0— 6ST'0— T100°0> 8200 ¥0I'0— 980°0— LLI'0O— T000> €200 <C€I'0— 180°0— CTST'0— T00°0> 8100 LIT0— xopur ssewr Apog
6LT°0 260°0 100°0> 2200 S€1°0 €91°0 £€80°0 100°0> 0200 €T1°0 091°0 101°0 100°0> ST10°0  0€T°0 adfjouory)
910°0— 90T°0— 800°0 €20°0  T190°0— T90°0— ¥9T°0— T100°0> 920°0 €IT°0— SS0°0— OTI'0— T100°0> LIOO LSO0O— a3e s, plD
980°0 12070 100°0 L10°0  ¥S0°0 ¥80°0 L0070 7200 020°0 S¥0°0 SLOO €20°0 100°0> €100 6¥0°0 SasS
L9T°0 001°0 100°0>  LT100 PET°0 (oreurey = [ ofew = () XaS
€50°0— 6ST°0— T100°0> LT00 901°0— LIOO— 6¥V1°0— ¥10°0 ve0’0  €80°0— 090°0— 6VI'0— T100°0> €200 $OI'0— (odway [emeqng) odofs
wo'0—  $IT'0—  T100°0 1€0°0  €0T°0— 900°0— CTTI'0— 1€0°0 0€0°0  ¥90°0— I¥0°0— TTI'0— 100°0> 1200 T180°0— (smess [eaqng) 1deoroyug

uoneinp dod[S :I0JRIPIJN SundIpald

1addny MO d 4qs g ddn 1m0 d gS q 1ddny RV | d qs d

1D %56 1D %56 1D %56 [opour Jo uonlod

(PO€T = u) so[ewog (8LE£T =) SoBIN (2897 = N 11e10A0

S[BAISJUT QOUAPYUOD 9,GG PUE SHUAIDLYFO0D [SpPOW PIZIpIepuelS g d|qel



466

Journal of Youth and Adolescence (2024) 53:459-471

across a 1-year span (T1 to T2). Finally, controlling for the
direct effects of pubertal status and tempo as well as the
other variables in the model, children’s sleep duration par-
tially mediated the effect of both initial pubertal status
(indirect effect: B=0.003, SE=0.002; 95% Confidence
Interval (CI) [0.001, 0.007]) and pubertal tempo (indirect
effect: B=0.004, SE = 0.002; 95% CI [0.001, 0.008]) on
residual changes in family conflict. In addition, children’s
sleep variability partially mediated the direct effect of both
pubertal status (indirect effect: B = 0.006, SE = 0.002; 95%
CI [0.002, 0.011]) and pubertal change (indirect effect:
B =10.004, SE=0.002; 95% CI [0.001, 0.008]) on residual
changes in family conflict. Although this model explained a
relatively modest percentage of the variability in changes in
family conflict (2.4%), taken together, these results suggest
that pubertal status and tempo predict changes in the family
environment partially via their association with children’s
sleep duration and variability.

Secondary Analyses

To examine the possibility that children’s sex moderated the
indirect effect of pubertal status/change on residual changes
in family conflict via sleep duration/variability, the current
study included a multigroup analysis comparing models
across boys and girls (Table 2). Using chi-square tests of
model difference, neither the individual paths nor the
mediational paths emerged as significantly different across
the groups. Despite previous research demonstrating dif-
ferences between boys and girls in terms of pubertal
development and its correlates (e.g., Foley et al., 2018),
these results suggest that the processes through which
pubertal development indirectly impacts family functioning
through sleep remain largely the same across the two
groups.

To ascertain if the models differed across mean sleep
duration and sleep variability during the week or the
weekend, the current study included separate models using
data from either the weekday or the weekend (see Supple-
mental Table 1). The weekday model was virtually identical
to the primary model, except that the indirect path linking
initial pubertal status to family conflict via mean sleep
duration was no longer significant (indirect effect:
B=0.003, SE=0.002; ns). However, in the model using
weekend sleep data, all mediation effects were non-
significant except for the indirect path linking pubertal
tempo to family conflict via mean sleep duration (indirect
effect: B=0.004, SE =0.002; 95% CI [0.001, 0.007]).

Finally, to assess if the models differed across adrenal or
gonadal development, separate models using pubertal data
based on adrenal or gonadal processes were -created
(Shirtcliff et al., 2009; see Supplemental Table 2). The
model using gonadal data replicated the primary model and
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all the indirect paths emerged as significant. In the adrenal
model, the indirect path linking pubertal tempo to family
conflict via sleep variability was no longer significant
(indirect effect: B =0.002, SE = 0.002; ns), while the other
three mediational pathways replicated the primary model.

Discussion

Research linking adolescents’ pubertal changes to both their
own behavior and to processes within the larger family
system is needed to provide a more detailed understanding
of both adolescent sleep but the environment in which they
sleep. Whereas research has demonstrated clear links in
which the family system impacts adolescents’ sleep and
pubertal development, less is known about the capacity for
adolescents’ intraindividual changes (i.e., puberty) to
influence the aspects of their environment. The current
study, therefore, sought to examine the potential links
between early adolescents’ pubertal change and family
functioning via their sleep. As depicted by the model and
results, children’s pubertal development appears to affect
family functioning partially via their sleep. These findings
elucidate associations between these inter-related constructs
(i.e., puberty, sleep, family)—seldomly examined within
the same model—and provide a more holistic picture of
early adolescents within a critical developmental context
(i.e., the family). These findings thus speak to the evocative
nature of pubertal change within the family by demon-
strating that biological changes within the adolescent (i.e.,
puberty) and their consequences for sleep have the potential
to influence other aspects of the family system.

Using a large, prospective, multi-wave design, the cur-
rent study demonstrated that both adolescents’ sleep dura-
tion and variability in their sleep duration partially mediated
the link between children’s baseline pubertal status (at
approximately age 10) and their pubertal tempo across three
years on residual changes in family conflict from age 11 to
age 12. Results from the current study build on extensive
research by not only demonstrating that adolescent sleep is
influenced by pubertal change, but also that the influence of
these developmental changes extends to the larger family
system (Dfaz Morales et al., 2023). Not only did more
mature pubertal status at the start of the study predict shorter
sleep duration and greater variability in sleep duration for
early adolescents, but the faster pace of pubertal change
(i.e., tempo) over three consecutive years was also asso-
ciated with children’s reduced sleep duration and higher
variability. Consistent with previous research in this area
(e.g., Hoyt et al., 2018), the current findings further support
the associations between pubertal change and sleep by
incorporating an objective measurement of sleep (i.e., Fit-
bit). Furthermore, while most models within this area of
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research focus on family functioning as a predictor of
children’s sleep (e.g., El-Sheikh & Kelly, 2017; Peltz et al.,
2019), the model demonstrated that early adolescent sleep
could also mediate the association between pubertal
development and changes in family functioning.

The Evocative Nature of Pubertal Change

The association between pubertal change and changes in
family conflict highlights the possibility that early adoles-
cents’ intraindividual changes might provoke changes in the
larger family system, a finding originally demonstrated in
Steinberg (1987). Findings from the current study thus extend
the research demonstrating that, consistent with younger
children’s sleep behavior (e.g., infant sleep disturbance;
McQuillan et al., 2019), adolescents are also active con-
tributors to their home contexts and influence factors such as
parental or family functioning. Consistent with previous
research that demonstrated that daily increases in adolescents’
sleep disturbance predicted subsequent increases in parents’
psychological distress the next day (e.g., Peltz & Rogge,
2022), the current findings suggest that both adolescents’
sleep duration and the variability of that duration are strong
predictors of higher levels of family conflict. This process is
notable as pubertal development and its influence on ado-
lescent sleep are natural and to be expected. However, con-
necting the biological changes inherent in puberty to a
families’ larger functioning via adolescent sleep may not be
obvious to parents. Our findings thus may have implications
for families struggling with increasing conflict as their chil-
dren enter adolescence. Specifically, they might add another
potential avenue of intervention if they can effectively
address their adolescent’s sleep needs. In this light, research
has shown that parental enforcement of adolescents’ bedtimes
can result in longer sleep durations for adolescents (Peltz
et al., 2020). One challenge that remains, however, is that
enforcing an adolescent’s bedtime can be a breeding ground
for conflict, so parents and children must find ways to work
collaboratively to establish effective sleep routines. Although
the current study did not specifically examine the transac-
tional nature of adolescent sleep and family functioning,
considering research in younger children that has demon-
strated bidirectionality with family processes (Peltz et al.,
2019), it seems likely that proactively addressing adolescents’
sleep needs may yield more cohesive family interactions.
Previous research suggests that boys and girls experi-
ence different trajectories regarding pubertal change and
sleep (e.g., Foley et al., 2018). Although girls typically
enter puberty earlier than boys (e.g., Susman et al., 2010),
boys and girls progress through puberty at different rates
(Marceau et al., 2011). In addition, in girls, changes in
bedtimes and waketimes, sleep duration, and chronotype
(i.e., evening preference) have been shown to be

specifically related to the development of secondary sex
characteristics, such as earlier pubic hair development and
faster breast development (Foley et al., 2018). As a result,
the dynamics between adolescents’ sleep and pubertal
development remain complex due to the multiple levels of
change and the timeframes in which these changes occur.
Previous research also suggests that the puberty-related
changes in sleep, such as delayed sleep phase and dis-
rupted sleep patterns, can appear prior to bodily changes
associated with puberty (Sadeh et al., 2009). This suggests
that sleep changes resulting from puberty might precede
the physical development captured by pubertal develop-
ment scales and thus necessitate biological assessments
(e.g., hormone levels) to ascertain the direction of effects.

In light of the complexities in measuring pubertal devel-
opment, it is important to acknowledge that a sizeable portion
of the current study’s baseline sample—11.5% of boys and
10.6% of girls—were considered “prepubertal” at the start of
the study. By the final wave of the current study (i.e., wave 2),
6.2% of boys and 1.3% of girls were reporting to be “pre-
pubertal,” which highlights the considerable variability across
the three years of pubertal assessment. Consistent with dif-
fering trajectories of pubertal development (Foley et al., 2018),
girls in the current sample reported greater levels of physical
development and greater variability at each of the three waves
of the study period. In this light, it is noteworthy that the
model did not demonstrate significant group differences when
comparing boys to girls. It is possible that such differences
were not as robust in the current study’s early adolescent
sample (ages 10—12) due to the relatively short 3-year window
of assessment. For instance, research has shown that sig-
nificant associations between girls’, but not boys’, sleep
changes and corresponding development of secondary sexual
characteristics, as measured through Tanner staging, were
demonstrated over a seven-year period (Foley et al., 2018).
This study, however, did not measure sleep objectively (Foley
et al., 2018), a relative strength of the current study. The
timing of assessment may also have played a role. In contrast
to the slightly older sample in the current study, gender dif-
ferences were found in a cross-sectional study of early ado-
lescents’ sleep in children (average age of 8.5 years) who had
recently entered puberty (Lecarie et al., 2022), although none
of the girls in this sample had started menstruation. Future
studies, especially with the ABCD dataset that are released as
participants mature, will provide greater clarity to the dynamic
associations between puberty and sleep.

The current results suggest that early adolescent sleep
partially mediated the link between puberty and family
functioning. Despite the relatively small mediation effects,
which may be a function of the size of ABCD’s dataset
(Owens et al., 2021), the current findings highlight the
possibility that early adolescents’ physical development and
its association with their sleep might evoke changes in
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family relations. Such findings align with family systems
theory, which suggests that changes in one family sub-
system (i.e., adolescent functioning) have the potential to
impact other areas of the family due to their inter-
dependence (Minuchin, 1985). Family conflict tends to be
multiply determined, but addressing adolescents’ sleep
needs — much less the needs of all family members—should
be considered as a useful point of intervention for reducing
family conflict. In addition to the interdependent nature of
subsystems within the family, family processes tend to
unfold cyclically and generally emerge as transactional or
bidirectional over time (Minuchin, 1985). Research has
shown that in stressful family environments, higher levels
of parental support are linked to longer sleep durations and
less sleep variability for adolescents (Tsai et al., 2018). As
such, it is likely that family members, especially adolescent-
age children, who experience better sleep will have greater
potential to effectively handle stressors and thus prevent
more serious conflicts from impairing family functioning.

Limitations and Future Research Directions

Despite the strengths of the current study, which include a
large, representative sample and objective sleep assessment,
there are also several limitations. First, the questionnaire-
based reports of pubertal development and family conflict
were both self-reported by the child participants, which
increases the potential for reporter bias and could inflate
associations amongst variables due to shared method and
reporter variance. With that said, large studies, such as the
ABCD study, might have difficulty obtaining physician-
based assessments of puberty or observational assessments of
family functioning due to the size of the sample and the
reluctance of children and families to participate in such
assessment procedures. Second, the current study relied on
pubertal assessments at only three timepoints. Despite its
longitudinal measurement in the current study, pubertal
change is not necessarily a linear process and that more
measurement occasions of pubertal development might
afford a more complex analysis of rates of change (i.e.,
quadratic change; Mendle et al., 2019). Finally, the current
study only had access to one wave of objective sleep data,
which precluded the examination of bidirectional relation-
ships amongst the primary constructs. Research has shown
that children’s sleep and family functioning have the poten-
tial to be bidirectionally related (El-Sheikh & Kelly, 2017,
Peltz et al., 2016), and future studies should seek to extend
the current analyses to ascertain the dynamic associations
amongst sleep, pubertal change, and family functioning.
Although the current results are consistent with previous
research, which demonstrated that changes in adolescents’
sleep patterns were associated with more advanced pubertal
development and family conflict (Diaz Morales et al.,
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2023), future studies might consider including alternative
pathways, such as children’s psychosocial functioning, to
explain how pubertal change and adolescent sleep can
impact families. For instance, previous studies have docu-
mented links between deviations in the timing and tempo of
pubertal development and psychosocial problems (e.g.,
Beltz et al., 2014). Whereas pubertal timing and tempo have
been less predictive of psychosocial functioning in boys,
earlier pubertal timing and faster tempo show stronger links
to internalizing symptoms in girls (Beltz et al., 2014;
Marceau et al., 2011). Given the robust links between
adolescent sleep and psychosocial functioning, it will be
important for future research to develop more holistic
models of adolescent development that can incorporate
these diverse factors (Becker et al., 2015).

Conclusion

Adolescents’ pubertal changes, their sleep, and their family
functioning are robustly linked, but research examining their
associations as transactional processes remains sparse.
Although the natural and expected biological changes to early
adolescents’ sleep during puberty are well documented, the
current study highlights the larger ramifications that these
factors might have for family functioning. Specifically, ado-
lescents who experienced a faster pace of pubertal change
demonstrated shorter sleep durations and greater variability in
their sleep durations, which ultimately predicted relative
increases in family conflict across a 2-year period. Although
some family conflict is to be expected as adolescents develop
greater levels of autonomy and independence, early adoles-
cents who experience high levels of sleep disturbance may be
especially at risk for family dysfunction. In this light, families
must take note that the individual changes that early adoles-
cents go through during puberty are not theirs alone to bear.
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tary material available at https://doi.org/10.1007/s10964-023-01882-8.
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