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Abstract

Adolescent sleep research has focused heavily on duration and quality with less work examining
chronotype, defined as individual differences in sleep-wake timings driven by the circadian
rhythm. This study filled a gap in the literature by utilizing actigraphy-based sleep estimates in an
accelerated longitudinal design in order to better understand the developmental trajectory and
individual stability of chronotype during adolescence, as well as the associations between
chronotype with risky behaviors, substance use, and depressive symptoms. A total of 329
adolescents (57% female; 21% Asian American, 31% European American, 41% Latino, 7% other
ethnicity) provided actigraphy-based estimates of sleep and completed questionnaires at up to
three time points, two years apart, beginning at 14 to 17 years of age. Multilevel modeling
revealed a non-linear developmental trend in chronotype whereby eveningness increased from 14
to 19 years of age followed by a trend toward morningness. Individual differences in chronotype
exhibited modest stability during adolescent development. Furthermore, greater evening
chronotype was associated with more risky behaviors and substance use among males, and more
substance use among older adolescents, whereas depressive symptoms were not associated with
chronotype. The findings from this study may have practical implications for adolescent
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behavioral health interventions targeted at reducing risky behaviors and substance use among

youth.
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Introduction

Chronotype

Whereas much of the growing research on adolescent sleep has focused heavily on duration
and quality, less attention has been given to chronotype, an influential characteristic of
human sleep-wake activity (Buysse, 2014). Circadian rhythms are known to regulate various
bodily functions including sleep and wake timings (Takahashi et al., 2018), and individual
variations result in morning chronotypes who engage in early bed and wake times and
evening chronotypes whose nightly sleep begins and ends later (Roenneberg, Wirz-Justice,
& Merrow, 2003). Prior studies have suggested a general shift toward eveningness during
adolescence, but there have been few longitudinal studies to support such developmental
trends or to allow for the estimation of the stability of individual differences in chronotype.
Additionally, most previous studies have utilized self-reports of preferring morning or
evening activities and sleep timings whereas few have estimated chronotype from
objectively-assessed actual sleep behaviors. The current study utilized actigraphy-based
sleep estimates in an accelerated longitudinal design in order to better understand the
developmental trajectory and individual stability of chronotype during adolescence.
Actigraphy also allowed for an examination of whether previously-observed associations
between self-reported chronotype and risk-taking, substance use, and depressive symptoms
were supported by the use of a more objective measure of sleep. Finally, the current study
examines potential age and sex variations in the association of chronotype with adjustment
due to the differential base rates in behavioral and mental health difficulties according to
these factors.

Changes & Stability during Adolescence

Prior cross-sectional research demonstrates that most individuals evidence greater
morningness (i.e., morning chronotype) during childhood, shift toward eveningness (i.e.,
evening chronotype) during adolescence, and slowly revert back toward morningness
starting in the late teens and early 20s through adulthood (Fischer, Lombardi, Marucci-
Wellman, & Roenneberg, 2017). Both biological maturation, such as puberty and brain
development, and changes in social and structural constraints such as school, work, and
family schedules, are thought to drive these developmental changes (Hagenauer & Lee,
2012).

Interestingly, surprisingly few longitudinal assessments have confirmed these developmental
trends and most studies have relied upon self-reports of preferences for evening or morning
activities (e.g., studying, socializing) and sleep times (e.g., Duarte et al., 2014; Fisher et al.,
2017; Randler, 2011; Roenneberg et al., 2004). The only exception was a recent study of
approximately 100 adolescents who wore wrist actigraphs, well-validated devices that
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estimate sleep timing from movement (Sadeh, Sharkey, & Carskadon, 1994), that observed
greater eveningness from 8 to 17 years of age (Kuula et al., 2018). The current study
combined an accelerated longitudinal design with the use of wrist actigraphs to estimate
changes in chronotype from 14 to 22 years of age. Bed and wake time estimates from the
actigraphs on days with relatively unconstrained wake times (e.g., weekends) can be used to
estimate chronotype from the midsleep point (MSP), the halfway point between an
individual’s bed and wake time, after correcting for any accumulated sleep debt on previous
days (Roenneberg et al., 2004). An earlier MSP is indicative of greater “morningness” (i.e.,
earlier bed and wake times) while a later MSP is indicative of greater “eveningness” (i.e.,
later bed and wake times). MSP correlates well with commonly-used chronotype preference
questionnaires, but it has the unique value of being an estimate of chronotype from actual
sleep behavior rather than idealized sleep schedules and activity preferences (Santisteban,
Brown, & Gruber, 2018).

In addition to providing more empirical support for overall developmental trends,
longitudinal objective estimates of chronotype would provide insight into the degree and
timing of group differences during the adolescent years. It has been suggested that due to
earlier pubertal timing, females begin the shift toward eveningness earlier than males, but
males may catch up and show greater eveningness in the later years of adolescence
(Hagenauer & Lee, 2012). Additionally, there have been virtually no studies of ethnic
differences in chronotype during adolescence. Reports of group differences in sleep as well
as bed and wake times among adolescents suggest that some ethnic groups, such as Asian
Americans, may evidence greater eveningness at an earlier age than other groups potentially
due to study time or family activities (Adam, Snell, & Pendry, 2007; Fuligni & Hardway,
2006), but the existing evidence base is fairly thin. As such, both sex and ethnic differences
in the levels and changes in chronotype during adolescence were examined in the current
study.

Longitudinal data allow for the assessment of actual developmental change in chronotype as
well as the ability to estimate the stability of individual differences in chronotype. An
assumption of stability of chronotype comes from genetics research that has shown links
between chronotype and the CLOCK and PERIOD genes as well as other genetic variants
(Kalmbach et al., 2017; Merikanto et al., 2018). However, few studies have utilized
longitudinal data to examine the actual stability of individual differences in chronotype
across time during adolescence, and recent formulations of chronotype have suggested that
changing situational constraints across age may produce only modest stability (Roenneberg,
Pilz, Zerbini, & Winnebeck, 2019). One study reported that chronotype as estimated by the
MSP of self-reported sleep and wake times was correlated at .45 across a one-year period
during high school (Bai, Karan, Gonzales, & Fuligni, 2020). An additional study of
individuals aged 18-56 that revealed moderate stability (r = .56) across a seven-year period
of time (Druiven et al., 2020), although this study did not include adolescents and used self-
reports of preferred activities and sleep times. The current study utilized actigraphy-based
estimates of actual sleep to determine the amount of stability in individual differences in
chronotype during the adolescent years. Given the potential association of chronotype with
aspects of adjustment, the degree of stability versus change in individual differences could
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inform potential interventions to improve mental and behavioral health through sleep
routines (Harvey et al., 2018).

Chronotype and Adjustment during Adolescence

A large body of research has documented associations between chronotype and indicators of
behavioral and mental health among adults, with greater eveningness generally being
associated with higher levels of risky behavior, substance use, and internalizing problems
(Au & Reece, 2017; Taylor & Hasler, 2018). Those with more evening chronotypes have
circadian rhythms that are out of synch with the early morning expectations of school, work,
and family life, a concept termed as social jet-lag (Wittmann, Dinich, Merrow, &
Roenneberg, 2006). This discordance could create difficulties with emotion and mood
regulation that leads to greater internalizing problems and a tendency to self-medicate with
greater substance use. Additionally, being awake at later hours is seen as providing more
opportunity to engage in risk-taking and substance use in late-night social settings (Staff et
al., 2010).

Much less work has examined the association between chronotype and adjustment during
the teenage years, and as noted earlier, research has been limited by the almost exclusive use
of self-report measures of morning and evening preferences. Obtaining a more definitive
understanding of the potential role of chronotype in relation to other aspects of sleep such as
duration and quality is important given that the teenage years is a period of increased risk for
behavioral and mental health problems for some youth (Paus, Keshavan, & Giedd, 2008).
Additionally, the possibility that eveningness presents greater risk for different sexes and
ages who have differential rates of risky behavior, substance use, and internalizing problems
should be explored.

Chronotype may be particularly consequential for risky behavior and substance use during
the adolescent years. One of the hallmarks of adolescence is an increased tendency to
engage in risky behaviors as youth explore their environment and novel situations (e.g.,
Duell et al., 2018). The tendency to do so may be greater among those with more evening
chronotypes because of the ease of engaging in such behaviors in the evening hours away
from adult supervision, particularly on nights before unscheduled days when they can sleep
later (Diaz-Morales, Escribano, Jankowski, Vollmer, & Randler, 2014). Indeed, a number of
studies using self-report measures of chronotype have documented a link between
eveningness and a tendency toward impulsivity and poor emotion regulation abilities (Taylor
& Hasler, 2018). The similar findings for a variety behaviors, including substance use,
suggest that the association may have more to do with a general tendency toward riskiness or
thrill-seeking among more evening chronotypes.

Adolescents’ chronotype also may play a role in their experiences with depressive
symptoms, which like risky behavior and substance use, also rise during the teenage years
for some youth (Clayborne, Varin, & Colman, 2019). Many adolescents experience sleep
problems during high school through the transition to young adulthood (Park et al., 2019),
and multiple indicators of poor sleep (e.g., shorter duration, poorer quality, and greater
variability) have been associated with increased reports of depressive symptoms (Lemola,
Perkinson-Gloor, Brand, Dewald-Kaufmann, & Grob, 2015; Raniti et al., 2017). As such,
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there has been some interest in whether a more evening chronotype is also a risk factor for
internalizing problems, but findings have been inconsistent. Cross-sectional results based
upon self-report measures of preference for morning and evening activities suggest that
eveningness is associated with more depressive symptoms among adolescents (Haraden,
Mullin, & Hankin, 2017), but other studies using MSP derived from self-reported bed and
wake times have not found a link with depressive and other internalizing symptoms (Bai et
al., 2020).

The emerging research base of the role of chronotype in adolescent adjustment would
benefit from several additions. First, understanding the role of chronotype in adolescent
adjustment requires the use of more objective assessments of eveningness in order to avoid
the shared method variance evident in much of the previous research in which participants
self-reported both their morning and evening preferences and their behavioral and mental
health. Second, studies should take into consideration the differential rates by which youths
of different ages and sexes evidence behavioral and psychological difficulties. Specifically, it
would be important to test whether the association of chronotype with risky behavior and
substance use is greater for older and male youths who are more likely to engage in such
behaviors (Duell et al., 2018). Similarly, greater eveningness may be linked with depressive
symptoms more strongly for older and female adolescents who experience higher levels of
internalizing problems (Alloy, Hamilton, Hamlat, & Abramson, 2016). Finally, estimates of
the association between chronotype and adjustment should take into account the potential
role of other sleep parameters known to predict behavioral and mental health. Sleep duration
and quality are consistently associated with risky behavior, substance use, and depressive
symptoms. Including such measures would allow provide key information as to whether
efforts to improve sleep during adolescence should pay attention to chronotype along with
sleep duration and quality.

Current Study

Prior research on chronotype development has left a gap by focusing primarily on self-report
preference scales of sleep-wake timing. Using an accelerated longitudinal design and
objective estimates of sleep behavior, this study examined the developmental trajectory and
individual stability of chronotype, as well as its association with risky behavior, substance
use, and depressive symptoms as a function of age and sex. The first aim of this study was to
assess whether chronotype differed as a function of age during adolescence. In light of
previous research, it was hypothesized that there would be intraindividual shifts in
chronotype toward eveningness as adolescents aged, with eveningness peaking around 19 to
20 years of age followed by a shift toward morningness. The second aim was to assess the
rank order stability of individual differences in chronotype during this developmental
transition. It was hypothesized that individual differences in chronotype would be
moderately stable such that those with an evening chronotype at wave 1 would be more
likely to evince an evening chronotype at the follow-up waves. The final aim was to evaluate
whether chronotype is associated with substance use, risky behaviors, and depressive
symptoms. It was hypothesized that evening chronotype would be associated with greater
risky behavior and substance use, particularly among older adolescents and males, whereas
as the association with depressive symptoms would be stronger for older youth and females.
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The associations between chronotype and adjustment were expected to exist over and above
the impact of sleep duration and quality.

Methods

Participants

A total of 350 101" and 11t grade high school students were recruited to participate in a
three-wave accelerated longitudinal study, each wave occurring at 2 year intervals, that took
place from 2011-2016. Of this total, 329 participants had sufficient actigraphy-based sleep
data to compute chronotype during at least one of the three waves. Those with only one
wave of sleep data were included in the analyses of age trends and associations with
adjustment, but not in estimates of the stability of individual differences.

The 329 (57% female) ethnically-diverse (21% Asian American, 31% European American,
41% Latino, 7% other ethnicity) adolescents were recruited from four public high schools in
the Los Angeles metropolitan area. Participants’ primary caregivers reported education
levels for themselves and for their spouse (1 = some elementary school; 2 = completed
elementary school; 3 = some junior high school; 4 = completed junior high school; 5 = some
high school; 6 = graduated from high school; 7 = trade or vocational school; 8 = some
college; 9 = graduated from college; 10 = some medical, law, or graduate school; 11 =
graduated from medical, law, or graduate school). Averaging across both caregivers’ level of
education suggested that caregivers averaged slightly above trade or vocational school (M=
7.29, SD=1.85).

At wave 1, 282 of 316 participants had sufficient sleep data (i.e., at least one full night of
sleep onset and offset time) to compute chronotype. At wave 2, 214 of the original 316
participants returned the study sample was replenished by recruiting 34 additional
participants who were matched for age. A total of 194 participants had sufficient data to
compute chronotype at the second wave. At wave 3, 180 adolescents who participated in one
or both of the first two waves returned, and 135 had sufficient data to compute chronotype.
Across the 3 waves, 138 participants contributed 1 estimate of chronotype (41.9%), 100
participants contributed 2 estimates of chronotype (30.4%), and 91 participants contributed
all 3 estimates of chronotype (27.7%).

Papers previously published from this dataset have examined developmental changes in
sleep duration (Park et al., 2019) as well as the links of sleep with inflammation (Park et al.,
2016), HPA-axis functioning (Chiang et al., 2016), discrimination (Huynh, Guan, Almeida,
McCreath, & Fuligni, 2016), mood (Chiang et al., 2017), and family stress (Tsai et al., 2018)
in high school. No published papers have examined chronotype.

Procedure

During a home visit at each wave, participants completed questionnaires tapping various

psychological and health outcomes and were instructed on how to wear an actigraph watch
while a primary caregiver participated in an interview in which they provided demographic
information. Adolescent participants were compensated with $50 at wave 1, $75 at wave 2,
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and $120 at wave 3. All procedures were approved by the Institutional Review Board at the
University of California, Los Angeles.

Chronotype.—Participants were instructed to wear actigraphs (Micro Motionlogger Sleep
Watch, Ambulatory Monitoring, Inc.; Ardsley, NY) on their non-dominant wrist for 8
consecutive nights at each wave of data collection; participants provided an average of 6.30
days (SD = 1.53) of actigraphy data across the waves. They were instructed to press the
“event marker” button on the actigraph during the following instances: 1) when they turned
out the light to go to bed, 2) if they got out of bed in the middle of the night (i.e., to use the
restroom), and 3) when they got out of bed in the morning. Actigraphy data was coded and
scored using Action4 software (Ambulatory Monitoring Inc.; Ardsley, NY). Sleep onset was
defined as the first three minutes of uninterrupted sleep and sleep offset was the last five or
more minutes of uninterrupted sleep.

Chronotype was computed by calculating participants’ average midsleep point (i.e., midway
time between sleep onset and offset, scaled in hours past midnight) on free days (M= 2.82
days, SD = 1.47) correcting for sleep debt accrued on scheduled days (abbreviated as MSFc,
see formula below), (M = 4.24 days, SD = 1.14) (Roenneberg et al., 2004). Free days were
defined as non-school days (i.e., summer, school holidays, weekend days) when participants
were attending high school, and as weekend days (i.e., Friday, Saturday night) when
participants were post-high school. Free days provide a more accurate measure of an
individual’s chronotype since individuals typically do not have restricted bed and wake
times due to predetermined school or work schedules. The formula is as follows:

MSF = MSF — 0.5(SDg — SDyy) @

MSF stands for midsleep point on free days and SDk is indicative of sleep duration on free
days. SD4yq represents average sleep duration across free and scheduled days.

Risky Behavior.—Risky behavior was measured using 11 items adapted from the
Domain-Specific Risk-Taking Scale (DOSPERT) and the Adolescent Risk Taking Scale
(Alexander et al., 1990; Weber, Blais, & Betz, 2002). Participants rated how frequently they
engaged in risky behaviors (e.g., “Stealing or shoplifting from a store”; “Passing off
someone else’s work for your own”; “Doing something risky or dangerous on a dare”) on a
scale from 1 to 6 (1 = never, 2 = once in my life, 3 = twice in my life, 4 = a few times (3-5),
5 = many times, 6 = frequently/all the time). Responses were averaged to compute a mean
score of risky behavior. To distinguish this measure from substance use, items referring to
substances (e.g., getting drunk at a party) were removed. The internal consistency of this
measure was high at each wave (a range = .77-.81).

Substance Use.—L.ifetime substance use was measured through a modified version of the
Youth Risk Behavior Survey (CDC, 2010). Seven items assessed adolescents’ lifetime
substance use ranging from alcohol to illicit drugs (e.g., “If you have ever used smoked more
than one or two puffs of a cigarette, how old were you when you smoked that much for the
first time?”). If participants reported first trying a drug at a certain age, that substance was

J Youth Adolesc. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Karan et al.

Page 8

coded as being used by that adolescent. The number of substances used was summed to
determine lifetime substance use at each wave. The internal consistency of this measure was
moderate to high at each wave (a range = .60-.73).

Depressive Symptoms.—Depressive symptoms were assessed by the Center for
Epidemiologic Studies Depression Scale (CES-D) (Andresen, Malmgren, Carter, & Patrick,
1994; Radloff, 1991). The scale contains 20 items (e.g., “I felt lonely”) and participants were
asked to rate each item on a scale from 0 to 3 (0 = rarely or none of the time, 1 = some or
little of the time, 2 = moderately or much of the time, 3 = most or almost all the time)
accounting for the past month. In order to avoid a confound between chronotype and the
measure of depressive symptoms, one item (i.e., “My sleep was restless™) was removed, thus
an average was taken of the remaining 19 items. The internal consistency of the CES-D was
high at each wave (a range = .90-.91).

Sleep Duration.—Actigraphy data were used to compute sleep duration by subtracting
sleep onset time from sleep offset time.

Pittsburgh Sleep Quality Index.—Sleep quality was measured using the PSQI (Buysse,
Reynolds, Monk, Berman, & Kupfer, 1989). Youth completed 19 items regarding their sleep
over the past month. Following traditional and well-validated scoring methods, global scores
of sleep quality were computed from the seven component scores. Participants received a
score from 0 to 21, wherein higher scores indicated worse sleep quality. The internal
consistency of the PSQI was moderate to high at each wave (a range = .68-.75).

Analytic Strategy

Descriptive statistics by age are presented in Table 1. Bivariate correlations and intraclass
correlation coefficients (ICCs) were computed to estimate the within-person stability of
chronotype. Multilevel growth curve models, with waves nested within individuals, were
estimated to examine the association between age and chronotype, controlling for sex,
ethnicity, and parental education. Age and parent education were grand-mean centered while
sex (Male = 0) and ethnicity (European American = 0) were dummy-coded. Linear,
quadratic, and cubic age trends were estimated given the hypothesized quadratic trend in the
development of chronotype.

Multilevel modeling was also employed to estimate concurrent associations of chronotype
with risky behaviors, substance use, and depressive symptoms, controlling for age, sex,
ethnicity, and parent education. Initial models estimated the main effect of chronotype on the
outcomes of interest, with subsequent models examining the interaction of chronotype with
age and sex. Chronotype was included as a random slope in all models. Analyses were run
on STATA 15.1 (College Station, TX). Given previously established links between sleep and
the outcomes of interest, sleep duration and sleep quality were entered as additional control
variables in the models.
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Results

Participation Analyses

Some participants began at wave 2 and some wave 1 participants missed wave 2 but returned
at wave 3, therefore participation and attrition rates were estimated by computing the percent
of possible waves in which youth could have participated over the course of the study. On
average, youth participated in 60% (SD = 31%) of their possible waves (i.e., three possible
waves for those who started at wave 1 and two possible waves for those who started at wave
2). Participation rates varied by ethnicity (A3, 325) = 3.66, p=.013), such that Asian
Americans participated in fewer waves than the other three ethnic groups. Rate of
participation did not differ by sex (£322) = -1.67, p=.095) nor parental education (r= .07,
p=.230). Chronotype was not associated with participation rate (6=0.49, SE=0.21, p
=.211) when controlling for age and sex. Similarly, neither risky behaviors (6= -0.21, SE=
0.17, p=.320), substance use (b= -0.15, SE=0.34, p = .668), nor depressive symptoms (&
=0.00, SE=0.12, p=.989) were associated with participation rate when controlling for age
and sex. Sleep quality was not associated with participation rate (6= -0.15, SE=0.34, p

= .668), but more sleep duration was associated with greater participation (6= 0.73, SE=
0.25, p=.003) when controlling for age and sex.

Age Differences in Chronotype

The multilevel growth curve model revealed a significant cubic trend (6= -0.04, SE=0.01,
p<.001) of age (Table 2) whereby chronotype shifted toward eveningness across
adolescence until approximately 19 years of age, after which it shifted back toward
morningness (Figure 1). Chronotype became later by 1 hour and 54 minutes between ages
14 to 19. Additionally, a significant ethnic difference emerged indicating that Asian
American adolescents had a 28 minute later chronotype compared to their European
American peers (b= 0.48, SE=0.19, p=.010) at the mean-centered age of the sample (i.e.,
17 years, 11 months) (Table 2).

Stability of Individual Differences in Chronotype

Analyses yielded small to medium-sized correlations between the chronotype (MSFc)
estimates across the three waves suggesting a modest degree of stability in chronotype
within individuals across the two and four-year intervals. The correlation value between
waves 1 and 2 was r=.19 (p =.018), r=.35 (p < .001) between waves 2 and 3, and r=.30 (p
=.002) between waves 1 and 3. The ICC, derived from the multilevel growth curve model,
was .23 which suggests that 23% of the variance in MSFc was due to between-person
differences.

Risky Behaviors, Substance Use, and Depressive Symptoms

Initial main effect multilevel models did not indicate direct associations between chronotype
and the outcome variables of interest: risky behaviors, substance use, and depressive
symptoms (see Table 3). However, subsequent models examining moderations by age and
sex revealed a significant chronotype x sex interaction in predicting risky behavior whereby
an evening chronotype was associated with more risky behavior among males but not
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females (Figure 2a). Furthermore, a significant chronotype x sex interaction was also
observed for substance use. Males with more of an evening chronotype reported more
substance use but the same was not found for females (Figure 2b). Additionally, older
adolescents with more of an evening chronotype reported more substance use compared to
younger and mid-aged adolescents (Figure 3). Follow-up sensitivity analyses suggested that
the chronotype x sex interactions predicting risky behaviors and substance use maintained
statistical significance after controlling for sleep duration and quality, but the chronotype x
age interaction was reduced to become non-significant due to a slightly inflated standard
error from introducing additional covariates into the model as opposed to a reduced
coefficient (Table 4).

Discussion

Prior research demonstrates that chronotype, individual differences in bed and wake times
determined by the circadian rhythm, shows developmental shifts throughout the life course
with a notable delay toward evening chronotype (i.e., late bed and wake times) during
adolescence contrasted with greater morning chronotype (i.e., early bed and wake times)
during childhood and adulthood. The majority of this work, however, has utilized cross-
sectional, self-report surveys to estimate developmental change. In addition, little work has
examined the rank order stability of individual differences in chronotype. Lastly, although
prior research suggests that evening chronotype adolescents evince poorer adjustment, less is
known about how age and sex may moderate the link between chronotype with substance
use, risky behaviors, and depressive symptoms. This study used actigraphy-based sleep
measurement in an accelerated longitudinal design to provide several insights into the
developmental patterns and behavioral implications of chronotype during the transition from
adolescence to young adulthood.

First, results showed that chronotype developed in a non-linear pattern with increased
eveningness from 14 to 19 years of age followed by a shift back toward morningness in
young adulthood. Second, chronotype exhibited only modest stability in individual
differences across this development phase, suggesting a potential malleability that may be
responsive to intervention efforts. Finally, chronotype was differentially associated with
risky behavior and substance use as a function of sex and age, but was not associated with
depressive symptoms.

Consistent with prior cross-sectional data (Duarte et al., 2014; Fisher et al., 2017; Kuula et
al., 2018; Randler, 2011; Roenneberg et al., 2004) and what the current study hypothesized,
the results indicated that chronotype shifted toward eveningness until approximately 19
years of age and then shifted back toward morningness. The evening shift in adolescence is
consistent with maturational accounts of later chronotype after puberty (Tarokh, Short,
Crowley, Fontanellaz-Castiglione, & Carskadon, 2019), and the move back toward
morningness in the twenties could be due to increased responsibilities and work schedules
typical in adulthood as well as the reduction in social jetlag (Paine, Gander, & Travier, 2006;
Roenneberg et al., 2019). Although not a part of the a priori hypotheses, results also showed
that Asian American adolescents may have a later chronotype at an earlier age as compared
to their European American peers. This finding is supported by prior research showing that
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Asian American adolescents experience poorer sleep compared to their Asian international
counterparts (Karan & Park, 2020) possibly because of greater time spent studying in the
evenings (Fuligni & Hardway, 2006). Given that there is limited research assessing ethnic
differences in chronotype, future work should seek to replicate this finding and uncover how
ethnic differences manifest in sleep timing preferences.

The modest stability of individual differences in chronotype during the transition from
adolescence to young adulthood suggests a degree of malleability, despite existing research
on the genetic underpinnings of sleep-timing (Kalmbach et al., 2017; Merikanto et al.,
2018). Previous findings suggested more within-person stability in chronotype based on self-
report measures of preference (Kuula et al., 2018). The use of an objective measure of sleep
in this study, as well as the developmental period of transition, could have resulted in more
variability in chronotype across time. Furthermore, the day of obtaining data may have
contributed to the modest within-person stability since school days preclude the body’s
natural rhythm due to set schedules and weekends typically allow for natural sleep with less
scheduled activities. Additional studies of actual sleep behaviors across more days over a
longer period of time should be conducted in order to obtain a fuller understanding of the
individual stability of chronotype in everyday life. Clearer results may be obtained from
studies examining the stability of chronotype among twins using actigraphy. Nevertheless,
this finding is consistent with recent re-conceptualizations of chronotype as more of a state
than a trait due to the powerful influence of environmental cues (i.e., zeitgebers) and other
situational factors influencing on sleep-timing and the circadian rhythm (Roenneberg, et al.,
2019).

In terms of mental health, results suggested that a later chronotype may be associated more
with externalizing-type behaviors, such as risk-taking and substance use, than with
internalizing behaviors, such as depressive symptoms, and more so for males and older
youth. The links with risk-taking and substance use should not be surprising, given previous
findings (Hasler, Casement, Sitnick, Shaw, & Forbes, 2017; Haynie et al., 2018) and the
probability that these behaviors are more likely to occur during the evening hours when
parental supervision is reduced (Randler, Bilger, & Diaz-Morales, 2009; Staff et al., 2010).
A more evening chronotype, therefore, provides greater opportunity to engage in such
behaviors, however, more research is needed to clarify the directionality of the association.
Finally, although studies have observed a link between evening chronotype and heightened
depressive symptoms among adolescents, they have predominantly employed self-report
scales of circadian preference thus associations with internalizing symptoms could be a
result of common method-variance and reporter bias (Alvaro et al., 2014; Chiu, Yang, &
Kuo, 2017; Haraden et al., 2017; Pabst et al., 2009). This may explain why the current study
did not see a link between depressive symptoms and chronotype as hypothesized.

Few previous studies have tested for such differential associations according to sex, but the
present findings are consistent with those from a study that found that adult males with an
evening chronotype engaged in more risky decisions compared to females (Wang &
Chartrand, 2015). To our knowledge, no other studies have examined variations in the
association of chronotype with substance use by age in adolescence thus future work would
need to replicate the finding of a link between eveningness and substance use among older
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youth. Taken together, the moderations observed in this study suggest that chronotype may
be more predictive of risky behavior and substance use among subgroups of youth who are
already more likely to engage in higher levels of these behaviors, such as males and older
youth (Choi, Lu, Schulte, & Temple, 2018; Duell et al., 2018).

The results from this investigation should be considered in conjunction with study
limitations and future directions. Although weekend days and holidays were used to
compute MSFc, the current study lacked data on activities that may have influenced
participant bed and wake times on free days. Future research should ensure that MSFc is
computed using days on which subjects’ bed and wake times are free from all scheduled
activities. Extracurricular activities such as volunteering and sports may artificially induce
early wake times among adolescents, therefore ensuing research should collect information
on weekend activities that may influence MSFc computations. Attrition was another
limitation; however, attrition did not differ according to the key constructs of the study and
multilevel modeling was used with maximum likelihood estimations that account for
missing data. Work examining age-related changes and individual stability in chronotype
among younger developmental age groups, such as children along with adolescents, would
help fill remaining gaps in the literature. Furthermore, although the current study did not
find an association between depressive symptoms and chronotype, prior research
demonstrates an association; however, future research examining chronotype and depression
among adolescents should seek to measure chronotype using an objective indictor such as
MSP and a self-report measure to assess the role of common method-variance and report
bias in the link between chronotype and depression. Additionally, research should focus on
investigating the mediating processes through which chronotype might influence risky
behaviors, substance use, and depressive symptoms to further shed light on promising
intervention efforts to improve these behaviors through chronotype.

The present study’s findings have important implications for behavioral health interventions
that aim to prevent substance use and reduce other risky behaviors in adolescence, however,
it is important to note that the current study cannot make directional claims about
chronotype and risk-taking during adolescence with the current data. Nonetheless, many
interventions focus on sleep duration or disturbance (Blake, Latham, Blake, & Allen, 2019),
but the current study found that chronotype is associated with risky behaviors over and
above sleep duration. Moreover, when measured objectively, chronotype was only modestly
stable across time. Therefore, chronotype could be a key component of sleep health
assessments, which should be developmentally-informed and interpreted in the context of an
individual’s biological maturation. More importantly, chronotype may be a malleable target
of intervention (Harvey et al., 2018) that when changed, could reduce adolescent risk-taking
behaviors. Additionally, the consistent links between chronotype and substance use, over
and above sleep duration, indicate that a later chronotype is implicated in the risk for
substance use. As such, interventions that target sleep to reduce substance use (e.g., Britton
et al., 2010; Conroy & Arnedt, 2014) may be improved with a specific focus on chronotype
in addition to sleep duration and quality.
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Conclusion

Prior studies have demonstrated a development toward eveningness during adolescence, but
there have been few longitudinal studies to support such developmental trends or to allow
for the estimation of the stability of individual differences in chronotype. Additionally, most
previous studies have administered self-reports of preferring morning or evening activities
and sleep timing and relatively few have computed chronotype from objectively-assessed
sleep. The current study makes important contributions to the adolescent sleep literature by
utilizing an objective measure of chronotype to examine developmental trends and
individual stability in adolescence and young adulthood. Furthermore, associations between
chronotype and risky behaviors, substance use, and depressive symptoms were assessed with
respect to age and sex differences, expanding upon prior studies that have found associations
between chronotype and these outcomes. Results supported prior studies of self-reported
chronotype and age by demonstrating a non-linear trend of chronotype by age wherein
adolescents demonstrate more eveningness followed by a shift toward morningness in young
adulthood. Chronotype was modestly stable among individuals during this developmental
period. Furthermore, greater evening chronotype was associated with more risky behaviors
and substance use among males, and more substance use among older adolescents, whereas
depressive symptoms were not associated with chronotype. Findings were maintained when
controlling for sleep duration and sleep quality, suggesting a unique role of chronotype in
risk-taking among adolescents. Taken together, chronotype is a malleable construct that is
associated with adolescent adjustment and it should be further studied to leverage as a
meaningful agent of intervention.
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Figure 1.
Chronotype by Age
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Substance Use by Chronotype and Age

Simple slopes were derived at centered age (17.95 years) and 1 SD above (19.68 years) and

below (16.22) the mean.
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Table 2

Age Differences in Chronotype

Intercept

Age
Age?
Age?

Sex

Asian

Latino

Other

Parent Education

Chronotype
B SE
Ak
413 0.33
Ak A
062 0.06
-0.01 0.02
HAA
~0.04 0.01
-0.14 0.13
0.48 0.19
-0.00 0.15
0.25 0.27
0.04 0.04
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Note. Age and parent education were grand mean centered. Sex was coded as Male = 0 and Female =1. Ethnicity was dummy coded with European
American as the baseline.

p

Aok

<.05

p<.01

*ok

*
p <.001
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Risky Behavior, Substance Use, and Depressive Sx According to Chronotype Controlling for Sleep

Table 4

Risky Behavior SubstanceUse  Depressive Sx
B SE B SE B SE
Ak A Ak Ak
Intercept 186 0.17 135 0.35 068 0.12
Chronotype 0.09 **+* - 0.01 0.09 0.05 0.03 0.02
HAA
Age 0.03 0.01 0.35 0.02 0.00 0.01
Ak *
Sex 023 0.07 035 0.14 0.08 0.05
Asian -0.12 009 -0.02 0.20 0.13 0.08
1 *
Latino 0.07 0.08 0.40 0.17 0.10 0.06
Other -0.12 009 -024 0.30 0.13 0.10
Sleep Duration 0.00 0.02 015 ** 0.04 0.03 0.02
H Ak *Kk Ak
Sleep Quality 0.05 0.02 0.06 0.02 007 0.01
Parent Education 0.00 0.02 0.02 0.04 -0.00 0.01
Chronotype x Age 0.00 0.03 0.03 0.02 0.01 0.01
*k * —_
Chronotype x Sex ~0.10 0.03 ~0.13 0.06 0.03  0.02
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Note. Age, parent education, sleep duration, and sleep quality were grand mean centered. Sex was coded as Male = 0 and Female =1. Ethnicity was

dummy coded with European American as the baseline. Higher sleep quality indicates poorer sleep quality.

*
p<.05

Hok

p<.01

Aok

*
p <.001
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