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ABSTRACT
Background/Objective

During adolescence, chronotype shifts towards “eveningness.” “Eveningness” is related to
negative physical and mental health outcomes. Little is known about what influences the shift in
chronotype beyond pubertal status. The current study examined the influence of earlier
depression predicting later individual differences in adolescent chronotype, accounting for
pubertal status, and the prospective prediction of later increases in depression from earlier

chronotype.
Methods

Youth (age M=12.06, SD=2.35; 56.5% girls) from the community completed repeated
assessments of depression, including both self-reports (14 assessments) and diagnostic
interviews (8 assessments), over a 48-month period. At the 36-month time-point, participants
completed chronotype and pubertal development measures. Regression and ANOVA analyses
examined: (1) the influence of earlier depression levels (baseline to 36-months) upon

chronotype, and (2) chronotype (at 36 months) upon later depression (48 months).
Results

Youth with higher earlier depression symptoms (p=-.347, p<.001) and history of depression
diagnosis (p=-.13, p=.045) showed a greater eveningness preference controlling for pubertal
status, age and gender. Further, depression diagnosis history interacted with pubertal status to
predict chronotype: (F(1,243)=4.171, p=.045) such that the influence of depression on

chronotype was greatest among postpubertal youth (t=3.271, p=.002). Chronotype (greater



eveningness preference) predicted prospective increases in depression symptoms (p=-.16, p=.03)

and onset of depressive episode (b=-.085, OR=.92, p=.03) one year later.

Conclusion

Depression, experienced earlier in life, predicts greater preference for eveningness, especially
among postpubertal youth. In turn, later depression is predicted by evening preference. These
findings suggest the reciprocal interplay between mood and biological rhythms, especially

depression and chronotype, during adolescence.
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CHAPTER 1: INTRODUCTION

Prominent theories on biological rhythms and mood (Ehlers, Frank, & Kupfer, 1988;
Wehr, Wirz-Justice, Goodwin, Duncan, & Gillin, 1979) highlight the critical importance of
circadian patterns in the development of later depression and the likely reciprocal and
longitudinal relation between dysregulated circadian patterns and depression. However, limited
empirical evidence, especially using prospective longitudinal designs, exists regarding the
interplay between circadian patterns and depression over time. This paucity is particularly
notable during the critical developmental period of adolescence, when rates of depression
increase and circadian timings change.

Children, adolescents, and adults exhibit meaningful individual differences in their daily
patterns of sleep and alertness. Some demonstrate a pattern of falling asleep early, waking early,
and generally feeling most alert during earlier periods of the day (i.e., “larks”), whereas others
exhibit a much later timing (i.e., “owls”) (Danesi & Natale, 2002; Roenneberg, Wirz-Justice, &
Merrow, 2003b; Adan et al., 2012). Most individuals fall in between the extremes. These
relatively stable individual differences in overall alertness preference are referred to as
chronotype. It has previously been shown that questionnaire measures of chronotype, which
assess respondents on their degree of “morningness” or “eveningness” preference, correlate
reasonably well with objective measures of circadian rhythm, such as the nightly onset of
melatonin production (Duffy, Dijk, Hall, & Czeisler, 1999). Exhibiting a preference for
eveningness has been linked with various negative outcomes, including depression (Drennan,
Klauber, Kripke, & Goyette, 1991; Kitamura et al., 2010; Hidalgo et al., 2009; Merikanto et al.,
2013; Chelminski, Ferraro, Petros, & Plaud, 1999; Alvaro, Roberts, & Harris, 2014; Pabst,

Negriff, Dorn, Susman, Bin Huang, 2009), poor academic performance (Giannotti, Cortesi,
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Sebastiani, & Ottaviano, 2002; Merikanto et al., 2013), physical inactivity and higher rates of
smoking, alcohol use and obesity (Roenneberg, Allebrandt, Merrow, & Vetter, 2012; Urban,
Magyarodi, & Rigd, 2011).

The timing of sleep and alertness is believed to be governed by a complex interaction
between a homeostatic sleep system and a circadian system (Borbély, 1982). The homeostatic
system increases the “pressure” to sleep with each waking minute (then dissipates during sleep),
while the circadian system promotes patterns of alertness and sleepiness following a roughly 24-
hour rhythm. This rhythm is governed by a central pacemaker, the hypothalamic suprachiasmatic
nucleus (SCN), which sets the internal clock based on exposure to various zeitgebers (translated
as “time-givers”). The primary zeitgeber is the daily fluctuation in light and dark, however other
factors such as the timing of activity, meals, and social interactions, also contribute to
adjustments to this clock and the overall rhythm (Roenneberg & Merrow, 2007). Chronotype, in
theory, should reflect both the typical timing of an individual’s sleep-wake cycles as well as the
chronological patterning of their daily activities and feelings of alertness.

Chronotype is not static, but rather changes throughout the lifespan. Prepubertal youth
tend to hold a stronger preference towards morning, and then most youth shift toward an evening
preference during adolescence, followed by a slow reversion toward a morning preference in
adulthood (Kim, Dueker, Hasher, & Goldstein, 2002;Carskadon, Vieira, & Acebo, 1993;
Roenneberg et al., 2004). Puberty is the most clearly identified factor underlying the shift during
adolescence (Roenneberg et al., 2004; Carskadon et al., 1993), while other potential predictors
have been understudied. This change in preference toward eveningness is normative, however it
does not occur at the same time or to the same degree for all adolescents. Importantly, puberty is

also linked with a rise in depression, such that prevalence rates rise significantly for postpubertal



relative to prepubertal youth (Merikangas, He, Burstein, & Swanson, 2010; Hankin et al., 2015).
Thus, depression may be an important factor affecting individual differences in changes in
chronotype, though this possibility has not yet been studied.

The majority of studies have used a cross-sectional design (Hidalgo et al., 2009) or cross-
sectional analysis (Antypa, Vogelzangs, Meesters, Schoevers, & Penninx, 2015) to examine the
relationship between chronotype and maladaptive outcomes. This approach limits the ability to
rigorously test prospective associations and temporal precedence. Few studies employed a
longitudinal design, and in this small literature, chronotype has been used to predict later
depression diagnoses during adolescence (Mooney, 2015). To better understand the longitudinal
interplay between chronotype and depression, including both prediction of individual differences
in chronotype and later forecasting of depression during adolescence, a prospective design is
required. In the current study, we used a prospective multi-wave longitudinal approach with
repeated measures of depression to enable a more accurate and precise assessment of depression
predicting later individual differences in chronotype (Moffitt et al., 2010), and chronotype
predicting subsequent increases in depression.

We examined two main questions. First, we investigated whether individual differences
in depression (both categorical depression diagnoses and dimensional symptom levels) would
predict an increased evening preference after controlling for pubertal status. Further, we analyzed
whether pubertal status moderated the effect of depression upon chronotype such that the
influence of earlier depression would be greatest for postpubertal youth. The shift toward
evening preference appears to occur predominantly after the onset of puberty (Roenneberg et al.,
2004; Carskadon et al., 1993), thus the possibility of an effect among prepubertal youth is

unlikely. Second, we addressed whether a greater preference toward eveningness would predict



future increases in depression (diagnoses or symptoms). To examine these questions, the current
study used data from a longitudinal study of 39, 6™, and 9™ graders from the general community
who were followed for 4 years with repeated measures of depression (see Figure 1 for study
design and alignment to two main study questions). Chronotype was assessed only at 36 months
post-baseline, when participants were in 6", 9" and 12™" grades. An additional follow-up of
depression occurred one year after chronotype was measured (48 months post-baseline). This
prospective longitudinal design allows for an examination of both depression and individual
differences in chronotype during adolescence, a developmental period in which chronotype is

experiencing the most change and depression rates accelerate.



CHAPTER 2: METHODS

2.1 Participants

Participants were recruited by letters mailed to families within the broader Denver area
public schools with a child in 3, 6™ or 9" grade (Hankin et al., 2015). Youth and a caretaker
were then followed with repeated measures at regular intervals for 48 months (Figure 1). The
original sample consisted of 360 youth who were 8-16 years old at the baseline assessment
(M=12.06, SD=2.35) and one caregiver (mothers=85.5%). At the time that chronotype was
assessed (36-months post-baseline), the sample with data for analysis of chronotype, depression,
and pubertal status consisted of 255 youth who were 11-19 years old (M=15.03, SD=2.31).
Participants were 56.5% female. For ethnicity, 11% reported being Hispanic/Latino; for race,
youth indicated the following: 82% White, 5% African American, 4% Asian, 1% American
Indian and 8% more than one race. Hollingshead 4 factor index for SES (Weakliem & Adams,
2011) average was 48.65 (SD = 11.26), and 18% reported receiving free/reduced lunch. Youth
who did not provide data on chronotype at 36-months did not differ from those with complete
data on any baseline variable: gender (t=0.989, p=0.323), age (t=-1.29, p=0.198) or depression
scores (t=-1.629, p=0.104). Of the 255 participants with complete data at 36-months, 185
completed a 1-year follow-up after chronotype assessment (4-years post-baseline). Youth who
completed this follow-up at 4-years were not significantly different from those who completed
the 36-month assessment in terms of gender (t=0.149, p=0.881), age (t=1.426, p=0.155),
depression scores (t=-.169, p=0.866), or chronotype (t=-1.866, p=0.063). As there were no
significant differences due to patterns of missing data at the different measurement waves, Full
Information Maximum Likelihood (FIML) was used to address missing data and provide more

accurate, nonbiased, robust statistical estimates for data analysis (Graham, 2009).



2.2 Procedure

Figure 1 illustrates study timeline and when assessments were obtained. Participants
completed the Children’s Depression Inventory (CDI) and were interviewed via the Schedule for
Affective Disorders and Schizophrenia in School-Aged Children (KSADS) at baseline. The CDI
was given at follow-up assessments occurring every 3 months after the baseline visit for the
following three years. Diagnostic data on youth experiencing an episode of depression was
obtained via KSADS at regular 6-month intervals over the three-year period (Figure 1). At the
36-month follow-up, chronotype and pubertal status were assessed via child-report.
Approximately 12 months later (48 months post-baseline), CDI and KSADS again were
obtained. This resulted in 14 total CDI, and 8 KSADS assessments of depression, thus making
for a rigorous longitudinal study with reliable, accurate assessment of depression over time.

Parents provided informed consent, and youth provided assent. The Institutional Review
Board at the University of Denver approved all procedures. Youth and parents were reimbursed
for participation (Hankin et al., 2015).
2.3 Measures

2.3.1 Depression symptoms were assessed with the Children’s Depression Inventory
(CDI, Kovacs, 1992). The CDI is a widely-used questionnaire to measure self-reported
depression symptoms in children and adolescents. Youth were asked to respond to one of three
statements for each item (e.g., 0-1 am sad once in a while to 2-1 am sad all the time), with higher
scores indicating greater levels of depression symptoms and a theoretical minimum of 0 and a
maximum of 54. The CDI is reliable and valid (Klein, Dougherty, & Olino, 2005). Internal
consistency was good (o = .79 to .90 across all time points). The CDI assessments were averaged

across 13 timepoints (T1 to 36-month post-baseline) to create an overall score of depression



severity over 3 years, used to predict individual differences in chronotype (at 36 month post-
baseline). The 48-month CDI assessment was the sum of the items for the single timepoint being
predicted by chronotype (at 36 month post-baseline).

2.3.2 Depression diagnoses across the study were assessed via the Schedule for Affective
Disorders and Schizophrenia for School Aged Children — Present and Lifetime Version (K-
SADS-PL; Kaufman et al., 1997. The K-SADS-PL is a widely used semi-structured interview
used to assess past and present diagnoses of depression disorder among youths according to
Diagnostic and Statistical Manual of Mental Disorders (4th ed., text rev.; 2000). Youth and a
parent were interviewed individually and separately. Best estimate practices, which have been
shown to be a reliable and valid approach for integrating data (Klein et al., 2005), were used to
combine reports between parent and child in order to arrive at youth-diagnoses of depressive
episodes. Interrater reliability for the KSADS was good (k = .91). All K-SADS-PL data were
dichotomized to indicate the presence/absence of an episode of depression over 7 timepoints
(baseline to 36-month) to create an overall depression variable representing prospective onset of
depressive episode over the 3 years. At the 48 month timepoint, KSADS data was dichotomized
to indicate the presence/absence of an episode depression for the single assessment representing
the epoch elapsed from 36 to 48 months.

2.3.3 Chronotype was measured with the Morningness/Eveningness Scale in Children
(MESC, Carskadon et al., 1993). The MESC assessed chronotype with items about youth
preference towards morning or evening through ratings of the preferred timing of events and how
they may perform if activities were scheduled at specific times. Children were posed a scenario
and they have to identify the statement that best fits them and are scored on a1 — 4 or 5 scale

(e.g., “Gym class is set for 7:00 in the morning. How do you think you'’ll do? Answer choices:



“My best!”, “Okay”, “Worse than usual”, “Awful!”). Higher scores indicate a greater preference
for morning with a theoretical minimum of 10 and maximum of 43. Previous research has
suggested cutoffs of <23 for evening-type, and >30 for morning-type (Diaz-Morales & Sorroche,
2008). The MESC has good reliability and validity (Carskadon, Mancuso, & Rosekind, 1989;
Giannotti et al., 2002). Internal consistency in this study was acceptable (o = 0.79). The current
study assessed chronotype once at the 36-month timepoint when youth were in 6™, 9" and 12
grades.

2.3.4 Pubertal status was measured with the Pubertal Development Scale (PDS,
Petersen, Crockett, Richards, & Boxer, 1988). The PDS is a commonly used questionnaire to
determine pubertal status within youth. Children are asked about various aspects of physical
development and told to pick the answer that best describes them (e.g., Would you say your
height: Answer choices: “Has not begun to increase yet”, “Has just started to increase”, “Has
been increasing for a while”, “Seems to have reached its maximum”) with some items pertaining
to specific sexes (i.e., breast growth, menses, facial hair). We followed standard PDS scoring to
create prepubertal and postpubertal groups separately for girls and boys. Reliability and validity
of the PDS is high (Petersen et al., 1988; Shirtcliff, Dahl, & Pollak, 2009). Internal consistency
in this study was acceptable for both boys (a. = 0.80) and girls (o« = 0.84). The current study
assessed pubertal status of the participants at the 36-months follow-up when youth were in 6",

ot and 12 grades.



CHAPTER 3: DATA ANALYSIS PLAN

To assess question 1, we used linear regression analyses, implemented in R (Team,
2014), to examine the prospective relationship between earlier depression and chronotype while
controlling for gender, age and pubertal status. We then investigated the interaction between
depression and pubertal status in prospectively predicting chronotype by conducting a linear
regression with CDI-based dimensional depression symptoms and a 2x2 ANOVA for KSADS
depression diagnoses, with gender and age as covariates. For question 2, separate regression
analyses were used to examine chronotype predicting later CDI (linear regression) and
depression diagnosis (logistic regression) after controlling for prior depression to enable
prospective prediction of depression at 48 months as a function of earlier chronotype (at

36months).



CHAPTER 4: RESULTS

4.1 Preliminary analyses

Table 1 reports descriptive statistics for demographic information, chronotype and
depression measurements for the overall sample, by gender and grade. The mean for chronotype
in this sample (M=26.87, SD=5.38) fell within established norms (Carskadon et al., 1993) and
was consistent with an intermediate-type. The majority of youth were identified as an
intermediate-type (approximately 79%), with 11% being considered evening-type. T-tests
showed no significant gender difference for chronotype. Consistent with past work, postpubertal
participants showed significantly greater preference towards evening (t=3.54, d=0.46, p<.001).
There was a significant gender difference for the CDI, with girls reporting higher depression
symptoms (M=4.50) compared to boys (M=3.49; t=2.3, d=.30 p=.022). Over the entire duration
of the study, 39.7% of participants experienced at least one episode of depression with girls
displaying a marginally significant higher rate of depression diagnoses (X?(1)=3.034, p=.082).
Correlations are reported in Table 2. Chronotype was moderately correlated with puberty, age,
and depression (measured as a mean score from baseline to 36 months, and as a separate follow-
up at 48-months), such that eveningness was associated with postpubertal, older participants and

higher levels of depression.

4.2 Predicting Later Chronotype from Earlier Depression

Depression symptoms exhibited a significant effect upon chronotype such that
individuals with higher CDI scores showed a greater preference towards evening (p=-.347,
p<.001, SE=.08), when controlling for age, gender and pubertal status. Next, we conducted a

linear regression analysis with MESC scores as the dependent variable, earlier depression
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diagnosis as predictor, with pubertal status, age and gender as covariates. We found a significant
effect of depression diagnosis upon chronotype such that those who had experienced an episode
of depression over the 3 years exhibited a greater evening preference (p=-.13, p=.045, SE=.71).
Upon including depression (CDI or diagnosis) in the regression, the influence of pubertal status
is no longer significant. These regression analyses show that earlier depression (both symptoms
and diagnosis) predicts chronotype even after controlling for pubertal status, age and gender.
We further investigated whether depression and pubertal status interacted to predict
individual differences in chronotype. ANOVA revealed a significant interaction between
depression diagnosis and pubertal status (F(1,243)=4.171, p=.045) such that the effect of
depression upon chronotype was moderated by pubertal status (Figure 2). Follow-up analyses
showed that prepubescent youth show similar chronotype preferences regardless of history of
depression. However, postpubertal youth with a history of depression exhibit significantly
greater evening preference compared to postpubertal adolescents with no depression history
(t=3.271, p=.002)(Figure 3). The regression for CDI scores interacting with pubertal status was

not significant (p=-0.039, p=.85, SE=.215). Regression coefficients are reported in Table 3.

4.3 Predicting Prospective Depression from Earlier Chronotype

Our second question concerned whether eveningness would predict prospective changes
in depression. First, we conducted a logistic regression analysis, with pubertal status and history
of depression diagnosis through the 36 months of the study as covariates, to predict onset of
clinical depression one year later (at 48 month KSADS evaluation) based on individual
differences in chronotype (assessed at the 36-month follow-up). Chronotype significantly

predicted future onset of depressive episode (b = -.085, SE = .04, OR =.92, Wald =4.28,p =

11



.03) even after controlling for prior clinical depression, such that individuals with an evening
preference were more likely to have a future depressive episode. Next, we conducted a linear
regression analysis with CDI scores (48-month follow-up) as the dependent variable and
individual differences in chronotype as predictor with pubertal status as covariate. Chronotype (a
more evening preference) predicted significant prospective elevations of depression symptoms
one year later (B =-.16, t =-2.10, p = .03), even after controlling for earlier symptoms of
depression and pubertal status. Overall, these results show that earlier chronotype predicts later
depression prospectively assessed one-year later, such that adolescents with a more evening
preference were significantly more likely to receive a depression diagnosis episode and exhibit

dimensionally higher depressive symptoms.

4.4 Exploratory Analyses

The above results show that average dimensional depression scores (CDI averaged over
the 3 years) predicted individual differences in chronotype. Still, with our intensive repeated
measures design with 13 CDI measures, it is possible that growth trajectories in depressive
symptoms predict later individual differences in chronotype. To address this exploratory
analysis, we first conducted latent growth curve modeling to ascertain the best fitting
longitudinal growth model of CDI scores measured repeatedly across the 3 years. After
establishing depression growth, we conducted analyses that related individual differences in
chronotype with both intercept (mean levels) and slope (rate of longitudinal growth) of CDI.
Significant associations between chronotype and CDI score intercept would show relations for
average levels of depressive symptoms, whereas relations between chronotype and depression

slope would suggest that trajectories of earlier depressive symptoms are associated with later
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individual differences in chronotype. Growth curve analyses were conducted using Structural
Equation Modeling (SEM), implemented in R, and we specified linear and quadratic models.
Standard SEM model fit indices were used to determine which growth model most accurately
represented the data. We fit these models to the CDI data obtained from waves 3-33 months to
obtain a longitudinal growth model that did not contain any overlapping timepoints with other
predictor variables of interest (e.g., chronotype at 36 months).

The linear growth model provided the best fit to the data (CFI=.934, RMSEA=0.073)".
There was significant variance in both intercept (16.06, p < .001) and linear slope (0.016, p <
.001). SEM analyses that regressed individual differences in chronotype at 36 months onto the
latent intercept and slope showed that only the intercept was significantly related to chronotype,
such that youth with higher mean CDI scores showed a preference for eveningness (B = -.357;
p<.001). These findings confirm our initial approach and further show that earlier average levels
of depression significantly predict later individual differences in chronotype. Longitudinal
trajectories of depressive symptoms did not relate to chronotype after controlling for average

depression levels.

1 Please contact lead author for details about each model.
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CHAPTER 5: DISCUSSION

Youth chronotype, as an indicator of biological rhythms, is important as it has links to
mental and physical health problems (Urban et al., 2011; Fleig & Randler, 2009; Johnson,
Chilcoat, & Breslau, 2000; R. Roberts, Lewinsohn, & Seeley, 1995; Aronen, Paavonen,
Fjallberg, Soinninen, & Torronen, 2000; Gaultney, Terrell, & Gingras, 2005; Kahn, Van de
Merckt, Rebuffat, & Mozin, 1989; Owens, Spirito, & McGuinn, 2000; Gregory, 2002). But little
is known about reciprocal effects between depression and chronotype development during the
critical developmental period spanning childhood to later adolescence. Results from this
longitudinal study showed that high levels of depression across 3-years, including both
dimensional symptoms as well as a history of depression diagnosis, predicted a greater
preference towards eveningness above and beyond the effect of pubertal status. Moreover,
postpubertal youth with a history of depression diagnosis showed a greater shift towards evening
preference when compared to prepubertal youth without a history of depression. Finally, youth
exhibiting a more evening preference were significantly more likely to become depressed (both
diagnosis and dimensional symptom scores) one year later, even after controlling for prior
depression.

The National Sleep Foundation (2015) recommends that adolescents sleep between 8 and
10 hours, but only 15% report reaching 8.5 hours on weekdays. Among this age group,
inadequate nocturnal sleep has been associated with decreased self-esteem, academic functioning
and overall mental health (Fredriksen, Rhodes, Reddy, & Way, 2004; R. Roberts, Roberts, &
Duong, 2009). This chronic sleep deficiency is in part due to increased academic demands and
early school start times (Carskadon, Wolfson, & Acebo, 1998). Adolescents who hold an

evening preference tend to go to bed later (Randler, Bilger, & Diaz-Morales, 2009) and are often
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forced to wake up early to attend school, and as a result they are even less likely to get the
recommended 8 to 10 hours of nightly sleep, and thus experience excessive daytime fatigue
(Taillard, Philip, & Bioulac, 1999). An evening phase preference often forces a mismatch
between sleep and wake cycles to daily demands, such as school, and may place youth at
heightened risk for negative outcomes, including poor academic functioning and depressive
states (Vollmer, Schaal, Hummel, & Randler, 2011).

Specific results from this longitudinal study extend knowledge on the developmental
interplay between chronotype and the development of depression. Consistent with past work,
youth reporting a preference for eveningness were significantly more likely to exhibit later
depression (Drennan et al., 1991; Kitamura et al., 2010; Hidalgo et al., 2009; Merikanto et al.,
2013; Chelminski et al., 1999; Alvaro et al., 2014; Pabst et al., 2009). However, previous work
has been done using cross-sectional methodology, whereas the current study used a longitudinal
design that assessed depression again one year after measuring chronotype and after controlling
for past depression history. Moreover, a history of earlier depression predicted individual
differences in adolescents’ chronotype, such that youth who had experienced a history of
depression were more likely to exhibit an evening preference. Congruent with previous work, we
found the majority of youth fell within the intermediate range for chronotype preference.
Importantly, though, the percentage of youth with an evening preference doubled when
comparing post-pubertal adolescents with a history of depression relative to all the other groups
(evening preference from ~10% to 20%) (Figure 3). This shows that the development and
progression of the shift in chronotype during adolescence may be more complex than previously
understood. Depression history may play an influential role in a larger shifting system of youths’

chronotype.
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Taken together, these findings are consistent with an interdependent, reciprocal process
between youths’ chronotype and depression, in which higher rates of depression influence
individual differences in chronotype, resulting in an overall elevation of depression symptoms
and the endurance of the cycle. While presently the mechanisms underlying the chronotype shift
are unknown, one possibility suggested by these results is that depression-related emotions and
behaviors may play a role in altering circadian and sleep processes. Because the circadian
rhythm becomes entrained to the external light/dark schedule through timing of particular
environmental cues (e.g., exposure to light patterns, timing of meals, changing temperature,
social interactions), resulting in a preference towards morning or evening (Roenneberg, Daan, &
Merrow, 2003a), elevated levels of depression may result in the alteration of such cues. It has
been shown that exposure to light is the strongest regulator of circadian rhythms (Wirz-Justice,
2006), and the timing of such exposure may be altered while experiencing depression. For
example, individuals experiencing depression symptoms, such as experiencing low levels of
energy, will spend more time indoors with less exposure to natural light. In a study of 100
children and adolescents, Armitage et al. (2004) monitored activity and light exposure levels for
five consecutive days and found that depressed adolescents obtained less light exposure, spent
less time in bright light, and had lower activity levels than healthy controls. Such lack of
exposure can delay circadian rhythms and promote an evening chronotype (Wirz-Justice, 2006).

Further research has examined the influence of non-photic cues such as the timing of
particular activities (Mistlberger & Skene, 2004) and has suggested that it is difficult to
disentangle such cues from the influence of light due to the sensitivity to light in humans. It may
be the case that such cues play a role in altering/regulating the exposure to light (through

masking) rather than acting as strict zeitgebers themselves (Mistlberger & Skene, 2004). Keeping
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this in mind, it may be the case that depressive symptoms, such as social withdrawal and changes
in appetite and eating, will influence the timing of light exposure (e.g., refusing to go outside to
eat with colleagues and isolating oneself inside)(Stetler, Dickerson, & Miller, 2004), ultimately
altering the overall rhythm (towards an evening preference), resulting in further delay, disruption
and overall decrease of sleep periods (Szuba, Yager, Guze, Allen, & Baxter, 1992). Another
potential mechanism in which depression may alter chronotype pertains to core body
temperature. Individuals experiencing a depressive episode have demonstrated an increase in the
amount of variability of their circadian temperature phase when compared to controls (Rausch et
al., 2003). Declining core body temperature has been shown to be associated with sleep initiation
(Zulley, Wever, Aschoff, 1981; Campbell and Broughton, 1994), thus variability in circadian
patterns of temperature could play a role in disrupting or delaying sleep initiation and altering
chronotype. Further research examining these complex relationships is clearly needed.

This study has various strengths and weaknesses. Regarding strengths, the age of the
current sample aligns with the development of the shift in chronotype (Danesi & Natale, 2002;
Randler et al., 2009); along with an increase in experiencing depression (Hankin et al., 1998).
We also used repeated measurement of depression symptoms and diagnoses over an extended
period of time throughout adolescence to establish reliable and valid depression levels, including
both symptoms and diagnosis. A limitation is that chronotype was only measured at a single
time-point, so we could not investigate prospective change in chronotype. Future studies should
implement repeated measurements of chronotype so that overall change in chronotype and its
relationship to changing depressive symptoms can be examined.

Our findings suggest a cyclical interplay between chronotype and depression and that it

may be important to not only monitor post-pubertal youth for depressive symptoms, but also to
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inquire about the timing of their sleep and activity patterns. Adolescents with strong eveningness
tendencies may be at heightened risk for the emergence of depressive symptoms, and should be
monitored carefully. Helping youth establish regular sleep-wake patterns that are compatible

with their academic and social commitments may confer benefits across numerous domains.
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FIGURES AND TABLES

Table 1
Means, Standard Deviations and t-scores
Gender Pubertal Status Chronotype
Male Female Prepubertal Postpubertal Morning | Intermediate | Evening
(n=111) (n=144) t- P- (n=100) (n=148) t df p- Type Type Type
. score value score value
Variable Mean | SD | Mean | SD Mean | SD | Mean | SD
Chronotype | 27.42 | 5.11 | 26.45 | 5,57 | -1.43 | 253 | 0.153 | 28.13 | 5.13 | 25.74 | 5.28 | 3.54 | 246 | <.001 - - -
Age 1489 | 2.28 | 1514 | 233 | 085 | 253 | 0.398 | 13.74 | 1.89 | 1596 | 2.14 | -8.38 | 246 | <.001 14.12 15.2 15.54
Average
CDlI across 349 (279 | 45 392 23 |253]0.022| 3.33 2.6 461 | 3.98 | -2.84 | 246 | 0.005 2.87 3.83 6.58
36mo
CDl at
48mo 34 | 412 | 457 | 653 141 | 183 | 0.003 | 3.34 |4.09| 459 6.3 | -1.49 | 178 | 0.001 3.26 3.3 6.66

Chronotype (low score — Evening Preference)

Age at 36-month timepoint
CDI (Children’s Depression Inventory; low score — low depression symptoms)
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Table 2
Correlation Table

Chronotype Puberty at Hlstory_of Average CDI Depresswe CDl at Age at
Depression Episode at Gender
at 36mo 36mo across 36mo 48mo 36mo
across 36mo 48mo
Chronotype at 36mo 1 -0.22** -0.20** -0.36** -0.24** -0.36** 0.09 -0.23**
Puberty at 36mo 1 0.20** 0.17** 0.20** 0.11 -0.61** [ 0.47**
History of
Depression across 1 0.47** 0.44** 0.38** 20 0.29**
36mo
Average CDI across 1 0.32%* 0.66** | -011 | 0.24**
36mo
Depressive Episode 1 0.36%* -0.09 0.28%%
at 48mo
CDI at 48mo 1 -0.1 0.07
Gender 1 -0.05
Age at 36mo 1

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Chronotype (low score — Evening Preference)

Pubertal Status (0 — Prepubertal; 1 — Postpubertal)
History of Depression (0 — No history of depression; 1 — History of depression)
CDI (Children’s Depression Inventory; low score — low depression symptoms

Gender (0 — Female; 1 — Male)
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Table 3

Regression Coefficients

Average CDI Predicting

History of Depression

CDI/Puberty Interaction

History of

Depression/Puberty

Chronotype Predicting Chronotype .
yp 9 yp Interaction

. Mean
Variable B SEB B B SEB B B SEB B Square Df F
Puberty at 36mo -1.72 0.994 -0.159 -1.956 1.042 -0.178 -1.518 1.277 -0.14 153.03 1 5.73*
Gender -0.721 0.866 -0.067 -0.778 0.913 -0.072 -0.727 0.868 -0.068 28.17 1 1.059
Age at 36mo -0.145 0.173 -0.063 -0.234 0.181 -0.1 -0.151 0.175 -0.065 42.71 1 1.606
Averaged CDI 0454 00861  -0.327%* ; ; ; -0.414 0179  -0.208* - - ;
across 36mo
History of
Depression Across - - - -1.448 0.718 -0.131* - - - 42.09 1 1.56
36mo
CDI/Puberty ] ] ; ] - - -0.054 0.215 -0.039 - - ;
Interaction
History of
Depression/Puberty - - - - - - - - - 104.83 1 3.93*
Interaction

*p<.05, **p<.01
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Figure 1 Caption: The accelerated longitudinal design allowed for examination of our two questions developmentally. Question 1
examined depression symptoms and diagnosis measured prospectively across 3-years (blue section) to predict individual differences in
chronotype. Question 2 examined the influence of chronotype upon later depression (orange section). Average age of pubertal onset
(Patton & Viner, 2007) is indicated on the graph to show when the sample typically transitions.
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FIGURE 2:
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Figure 2 Caption: The effect of depression upon chronotype is moderated by pubertal status such that postpubertal youth with a
history of depression show a greater preference towards eveningness. MESC — Morningness/Eveningness Scale in Children
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FIGURE 3:
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Figure 3 Caption: The percentage of youth categorized as having an evening preference increases two-fold when considering
both history of depression and post-pubertal status. Intermediate type omitted from visualization to allow for proper scaling
between morning and evening preferences.
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This letter authorizes the use of human subjects in your project entitled Gene Environment and Mood
Study. The University of Illinois at Urbana-Champaign Institutional Review Board (IRB) approved, by
expedited review, the protocol as described in your IRB application. The expiration date for this protocol,
IRB number 17603, is 03/28/2018. The risk designation applied to your project is no more than minimal
risk.

Copies of the attached date-stamped consent form(s) must be used in obtaining informed consent. If there
is a need to revise or alter the consent form(s), please submit the revised form(s) for IRB review,
approval, and date-stamping prior to use.

Under applicable regulations, no changes to procedures involving human subjects may be made without
prior IRB review and approval. The regulations also require that you promptly notify the IRB of any
problems involving human subjects, including unanticipated side effects, adverse reactions, and any
injuries or complications that arise during the project.

If you have any questions about the IRB process, or if you need assistance at any time, please feel free to
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