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Abstract

Study Objectives: This study investigated the role of pubertal status and hormones in the association between sleep
satisfaction and self-reported emotion functioning in 256 children and adolescents aged 8-15.

Methods: Self-report data was provided on sleep duration, sleep satisfaction, and emotion reactivity and regulation, and a
saliva sample was obtained for hormone measures. A subset of children also wore an Actigraph watch to measure sleep for
a week.

Results: Latent-class analysis revealed three classes of sleepers: Satisfied, Moderately Satisfied, and Dissatisfied.
Dissatisfied sleepers reported more difficulties with emotion regulation and greater emotion reactivity than Satisfied
sleepers. High difficulties with emotion regulation was associated with shorter objective sleep duration, and high emotion
reactivity was associated with lower sleep efficiency. For girls, Dissatisfied sleepers reported being further through pubertal
development than Satisfied sleepers. There were also significant correlations between pubertal development and shorter
sleep duration and longer sleep latency in girls, and shorter and more irregular sleep in boys. Finally, pubertal development
in girls was a significant moderator in the relationship between sleep satisfaction and difficulties with emotion regulation
in Dissatisfied sleepers, such that being further through puberty and having unsatisfactory sleep resulted in the highest
emotion regulation difficulties.

Conclusions: This study expands on previous literature by considering the role of sleep satisfaction and the interaction
with puberty development on emotion function. Specifically, a role for pubertal development was identified in the
association between unsatisfactory sleep and emotion regulation in girls.

Statement of Significance

This study provides evidence that puberty and poor sleep may have a synergistic impact on emotion function and high-
lights this period of hormonal change as important for intervention on improved sleep hygiene. Future research should
further investigate the role for sex hormone concentration in this association during puberty.
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Introduction

Experimental manipulation of sleep shows behavioral and
neural reactivity to emotional stimuli after sleep deprivation in
adults [1]. As well, there is evidence of self-reported poor sleep
quality being associated with difficulty in regulating emotions
[2]. Although less research has been performed in school-aged
children, similar results to adults have been found for the im-
pact of poor sleep on emotional functioning. McGlinchey and
colleagues [3] found that adolescents (ages 11-15) were more
susceptible than adults to sleep deprivation as evidenced by
reduced vocal expression of positive emotions in adolescents.
Studies comparing multiple nights of sleep restriction to sleep
extension in children and adolescents found sleep restriction to
be associated with worse emotion regulation on tasks and by
self-report measures [4, 5] and greater pupil reactivity to nega-
tive audio clips [6]. Despite this pattern, an experimental study
by Reddy, Palmer, Jackson, Farris, and Alfano [7] did not find an
effect of 4-hour sleep restriction compared to an extended sleep
period of 9.5 hours on reactivity to emotional images or on an
emotion regulation task in adolescents.

Few studies have been conducted on the association be-
tween natural variations in sleep quantity and quality and emo-
tion functioning in children and adolescents. The National Sleep
Foundation recommends between 9 to 11 hours of sleep for
school-aged children (ages 6-13) and 8 to 10 hours for teenagers
(14-17 years) [8]. In a large cross-sectional study of adolescents,
sleep disturbances, such as difficulty falling asleep and awaken-
ings, were associated with greater mental health complaints,
which was partially mediated by poor emotion regulation strat-
egies (greater use of rumination, avoidance, and suppression)
[9]. In a sample of children, shorter sleep duration reported by
parents was associated with greater reactivity in emotion pro-
cessing regions, such as the amygdala and insula when viewing
negative emotional faces [10]. This study replicates results in
adult populations showing increased reactivity of emotion
processing regions after insufficient sleep [11]. Together, these
studies support similar findings to the impact of poor sleep in
adolescents and children as to adults.

During adolescent development, puberty has been associ-
ated with changes in sleep. Puberty coincides with the onset of
subjective sleep complaints in girls [12, 13] and a shift towards
later bedtimes [13]. As well as changes in satisfaction with sleep,
one study also reported shortening of sleep duration with pro-
gression through the Tanner stages [14]. These changes in sleep
satisfaction and duration may be associated with the well-
documented shift in sleep timing associated with puberty and
adolescence e.g. [15, 16]. Frey and colleagues [17] found that the
onset of menarche was associated with a 5-year-long period of
shift to preference for a later bedtime before a shift to earlier
bedtime in adulthood. Another study found that late bedtimes
during childhood were associated with early development of
secondary sex characteristics such as pubic hair [18]. This circa-
dian shift towards later bedtimes can result in conflicts between
sleep and waking commitments, such as school start times,
which can leave adolescents sleep-deprived and with waking
deficits [16]. This research supports a role for pubertal timing
and sex hormones in sleep quality, duration, and satisfaction
that should be investigated for a role in emotion functioning.

Previous research by our group has supported a role for
hormones in the relationship between sleep duration and
quality and emotion functioning [19, 20]. For instance, greater

progesterone concentration in sleep-restricted women in the lu-
teal phase of the menstrual cycle was associated with greater
processing of emotional faces reflected by a larger N170 ampli-
tude [20]. This association could be due to the interactive impact
of poor sleep and hormone concentration on emotion reactivity
when both these factors are often associated with increased re-
activity on their own [21, 22]. Increased amygdala reactivity re-
sulting from progesterone has been proposed to occur through
activation of GABA, receptors and inhibition of inhibitory inter-
neurons [23]. The effect of poor sleep on amygdala reactivity
may be driven by changes to the cholinergic system, potentially
due to loss of REM sleep [24, 25]. As well, changes in functional
connectivity reported with sleep loss reflect reductions of top-
down regulatory control over the amygdala [11, 26]. Thus, we
expect the effects of both hormones and sleep loss to produce
an amplification on behavior as each of these factors acts via
different mechanisms. Specifically, we expect to see a greater
impact of sleep loss on emotion for individuals with a specific
hormone status, specifically higher cortisol, progesterone and
testosterone. For instance, in a sample of university students,
we reported a moderating role of cortisol in the association be-
tween sleep quality and difficulties with emotion regulation,
where poor sleepers with the highest concentration of cortisol
had the greatest difficulties with emotion regulation [19].

In the current study, we investigated the role of hormones
and pubertal status in the relationship between sleep and emo-
tion during a developmental window in which there is a nat-
ural change in sex hormone concentrations due to puberty. This
time is an interesting window to investigate these questions
due to the changes in both sleep quality and timing, as well as
changes in hormone concentration. In this study, we aimed to
address several questions. We investigated the effect of different
patterns of sleep duration and satisfaction on self-reported
emotion functioning. We expected to find more reactivity and
difficulties with emotion regulation in children reporting low
sleep satisfaction or duration. As we were interested in the
role of individual differences and naturally occurring sleep pat-
terns, we used Latent Class Analysis [27]. This analysis allows
us to examine different patterns of sleepers naturally present
within the sample, and to then compare these groups on emo-
tional outcomes. As such, it allows for a data-driven separation
of data into groups for analysis. It provides an opportunity to
examine the potential combination of multiple measures of
sleep to identify poor sleepers. However, as we were also inter-
ested in the role of individual differences in sleep and pubertal
status, we also aimed to examine relationships among variables
in the continuous data using a correlation/regression strategy.
Both data approaches have strengths in investigating the re-
search questions and have connections to past research. Next,
we investigated if good and poor sleepers differed on hormone
concentrations or on pubertal status. Based on previous find-
ings showing worse sleep with advancing pubertal development
[12-14, 18], we expected that groups of good and poor sleepers
would differ on pubertal status, and poor sleep would be associ-
ated with greater concentration of the sex hormones and more
advanced pubertal development. Our final, central aim was to
investigate whether there was a role for pubertal status and sex
hormone concentration in the relationship between sleep and
emotion functioning. Based on our previous research [19, 20],
we expected that children with a combination of poor sleep and
greater sex hormone or cortisol concentration, or being further



through puberty, might have greater emotion complaints due to
a synergistic impact of deficits in emotional functioning from
both poor sleep and greater hormone concentration. We aimed
to investigate the nature of this relationship and whether these
variables interact to influence behavior.

Methods
Participants

Participants (N = 1515; Mage = 11.79, SD = 1.81, range 8-15 years),
were recruited from 15 elementary schools in a mid-sized city
in Canada as part of a larger 3-year longitudinal study on social
psychological risk factors for behavioral outcomes. All schools
that were approached agreed to participate. Sixty-three per-
cent of the children and adolescents received parental consent
to participate in the study. Parent report indicated that 84.20%
of the children and adolescents were White, 1.70% were Black,
2.12% were Asian, 2.76% were Hispanic, 0.85% Indigenous, and
7.53% were Mixed ethnicity (a further 0.85% of parents indi-
cated that they preferred not to answer the question). Data
on socioeconomic status indicated that mean levels of edu-
cation for mothers and fathers was, on average, “completed
an associate degree and/or technical diploma.” From the total
sample, a subset of participants from each grade and sex were
randomly chosen to complete a mobile lab session starting in
the second year of the study. The current study focused on this
subset of students as they completed the measures of interest.
The subset consisted of 256 children and early adolescents (127
girls, 129 boys, Mage = 11.25, range 8-15 years). There were no
significant differences on the study variables between the full
sample and the subset of participants used in the current study
(ps > .05 for boys and girls — note that analysis was conducted
separately for boys and girls given the different pubertal ques-
tions). See Table 1 for sample description.

Materials

Subjective sleep

Students were asked to report what time they normally fall
asleep and wake up during the week and on weekends, and
these variables were used to calculate typical sleep duration
during the week and on weekends. To determine sleep satis-
faction, the question, “Since the beginning of summer last year,
how often has not getting enough sleep bothered you?” was
used from a measure of Daily Hassles [28]. Response options

Table 1. Number of participants by grade, age, and sex

Boys Girls
Grade n M Age n M Age
3 1 8 3 8
4 27 9.11 28 9.19
5 25 10.08 24 10.25
6 19 11.05 21 111
7 25 12.16 17 12.06
8 23 13.27 20 13.25
9 9 14 14 14.14
Total 129 11.25(1.686) 127 11.24(1.785)
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included “almost never bothers me,” “sometimes bothers me,”
“often bothers me,” and “almost always bothers me.”

Objective sleep

Actigraphy was recorded using an Actiwatch Spectrum Pro
(Phillips Respironics, Murrysville, Pennsylvania). Epoch length
was set to 15 seconds, and watches were analyzed in Actiware
software. Mean sleep duration, sleep efficiency (total sleep time/
time between sleep onset and offset) and sleep latency were cal-
culated for the week participants wore the watch (M = 6.58 days
of data, SD = 1.24 days). The Sleep Regularity Index (SRI) was also
calculated to determine the consistency of sleep/wake states
across 24-hour periods [29]. Participants who had fewer than
four days of data were removed to avoid artificial inflation of
sleep regularity (10 participants). Although diary data was not
present to adjust bedtimes, all watch data was screened for ob-
vious artifact and off-wrist data.

Emotion

Emotion regulation was assessed with four items out of the 36
items from the Difficulties in Emotion Regulation Scale (DERS;
e.g. “When I'm upset or stressed, I have difficulty concentrating.
When I am upset or stressed, I have difficulty thinking about
anything else. When I am upset or stressed, I know I can find
a way to feel better. When I am upset or stressed, I start to feel
bad about myself.” [30]. Responses were given on a 4-point
Likert scale ranging from “almost never” to “almost always.”
Cronbach’s alpha was .690. Participants also completed three
items from the Emotional Reactivity Scale (ERS (e.g. “My feelings
get hurt easily. When I am upset/angry, it takes me a long time to
calm down. When something bad happens, other people tell me
I overreact.”), with responses on a 4-point Likert scale ranging
from “not at all like me” to “completely like me” [31]. Cronbach’s
alpha was .702. For both measures, the mean score was used for
analysis with a higher score reflecting greater difficulties with
emotion regulation and greater emotion reactivity.

Pubertal status

Puberty status was measured by administering the Pubertal
Development Scale [32]. Participants were asked to rate their
pubertal development on various symptoms such as growth in
height, presence of body hair, and skin changes. Boys were asked
about growth of facial hair and a deeper voice, while girls were
asked about breast development and whether they had reached
menarche. Each item was rated on a 4-point Likert scale from
“not yet started” to “seems complete.” The Cronbach’s alpha was
.495 for girls, and .763 for boys.

Saliva sampling

Saliva was collected in Salivettes (Sarstedt Inc). Participants
were instructed to chew the cotton swab for 60 seconds and
then place back in the tube. Saliva samples were then frozen at
—-20 degrees until analysis.

Procedure

Students were invited to participate in the study during visits
by research assistants to schools. For each of the 3 years of the
larger longitudinal study, students completed a survey that was
completed in two separate halves, occurring approximately
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1 month apart within a 4-month period (January-April). The
survey included the subjective sleep, emotion regulation, and
pubertal status measures. Trained researchers administered the
surveys to participants in their classrooms during school hours.
Surveys were completed at the time of day that was convenient
for the school; therefore, all participants did not complete the
survey measures at the same time during the day. Participants
were compensated with small gifts (e.g. backpacks, pencils).
Parents reported on demographic variables, such as child age,
grade, and sex, initially in a survey that was completed at home
and submitted with the parents’ consent form. All procedures
were cleared by a university research ethics board.

In the second year of the larger study, a subset of participants
from each grade and sex were randomly chosen to participate in
a mobile lab session which was an RV parked at school in either
a morning (09:00-10:30 am) or afternoon session (01-02:30 pm).
Students came to the mobile lab individually and completed a
performance task battery while EEG was recorded (not included
here). During their time in the mobile lab, they provided a saliva
sample in order to assess hormonal concentrations (thus, some
participants provided the sample in the morning session and
the others in the afternoon session). Actigraph watches for
these students also were handed out in waves of 10 to 20 stu-
dents as the watches became available, and so were not directly
connected to the dates of mobile lab participation. Participants
were instructed to wear the watch on their non-dominant hand
for one week. The mobile lab sessions were conducted between
October and June in the second year of the study. The mobile lab
sessions took a longer time to complete than the surveys as the
lab sessions were conducted individually and only two partici-
pants could complete the session each school day. The survey
data and actigraphy data from this second-year time point were
analyzed for this report.

Data analysis

Hormones

Progesterone, cortisol, and testosterone were quantified using
liquid chromatography coupled with tandem mass spec-
trometry following methodology outlined in Gao, Stalder, and
Kirschbaum’s recent article [33]. However, the hormone con-
centrations for progesterone appeared artificially high, perhaps
due to interference from the cotton swab for measuring sex
hormones [34]. The mean progesterone in girls was 165 pg/ml
(range = 60.8-362), while other studies have shown anovulatory
levels before menarche to be 41 pg/ml, with 100 pg/ml used as
a sign of ovulation [35], and means of 14.5 to 43.4 pg/ml in chil-
dren under the age of 12 (BioVendor, Czech Republic). The pro-
gesterone data from girls was therefore excluded.

Missing data

Missing data occurred because some students did not com-
plete all the questions in surveys (average missing data 7.9%
on emotion questionnaires and 10.5% on sleep questions),
and because some students did not complete each part of the
survey (the survey was split into two parts completed at dif-
ferent time periods; missing data was due to absenteeism but
also occasionally to time conflicts, students declining to partici-
pate in one part of the survey, and students moving to another
school district). Thus, missing data were estimated using the full

information maximum likelihood (FIML) estimation method in
the Latent Class Analysis [36]. Additionally, only a subset of par-
ticipants wore Actigraphy watches (see Objective Measures in
Results section) due to manufacturer delay.

Statistical analysis

Latent class analysis (LCA) was conducted using Mplus Version
8.0 (Muthen and Muthen). Latent class indicators included sub-
jective sleep satisfaction, and subjective sleep duration during
the week and weekend, while controlling for both age and sex
(see Supplementary Material for more detail on LCA models). To
address the first research question, classes based on sleep in-
dicators were compared on emotion outcomes using one-way
ANOVAs. Additionally, we conducted correlations between sleep
and emotion variables not considering class for both subjective
and objective measures of sleep (as no clear latent class model
was produced for the smaller sample of objective measures).
To address the relationship between sleep and pubertal status
or hormone concentration, we compared classes on pubertal
status/concentration with one-way ANOVAs and conducted cor-
relations between pubertal status and sleep outcomes. Finally,
to address the central question of whether there is a role for
pubertal status in the relationship between sleep and emo-
tion functioning, we conducted correlations separately in each
class and performed a moderation regression analysis using
sleep class as a predictor for difficulties with emotion regula-
tion and pubertal development in girls as a moderator. We used
the Bejamini and Hochberg [37] method for false discovery rate
for the correlational analyses, and we conducted this method
separately based on research question and dependent variable.

Results

Relationships between sleep quality and emotion
functioning

Subjective measures of sleep
Latent Class Analysis revealed three distinct classes using sub-
jective measures of sleep (sleep duration during the week, sleep
duration during the weekend, and the extent “bothered” by sleep
pattern). Class 1 had 99 participants (46 girls), Class 2 had 72 par-
ticipants (34 girls), and Class 3 had 70 participants (37 girls). Class
1reported “almost never” being bothered by their sleep (M = 1.0),
Class 2 reported being “sometimes” bothered (M = 2.0), and fi-
nally, Class 3 reported being between “often” and “almost always”
bothered by sleep (M = 3.4, SD =.5, (F(2,229) = 1606.15, p < .001). As
the groups did not differ on self-reports of sleep duration during
the week, (range = 9.10 to 9.44 hours, F(2,226) = 1.103, p =.334),
or on weekends, (range = 9.04 to 9.62, F(2,206 = 1.140, p =.322),
the classes were labeled as Satisfied, Moderately Satisfied and
Dissatisfied respectively. To determine that the 3-class solution
was the best model fit, we considered entropy, class size, BLRT
(bootstrap loglikelihood ratio test) and LMR-LRT (Lo-Mendell-
Rubin-adjusted likelihood ratio). This model fit had an entropy
greater than .7, class sizes larger than 5% of the sample, and a
significant BLRT and LMR-LRT. The 4- class solution had a BIC
that increased, a nonsignificant LMR-LRT, and a class with less
than 5% of the sample.

We then compared the classes on emotion variables. There
was a significant effect of class on both emotion reactivity
(F(2,221) =9.542, p< .001) and difficulties with emotion regulation
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(F(2,220) = 11.97, p<.001). The Dissatisfied sleepers (M = 2.21,
SD = .734) reported more reactivity (t(160) = -4.554, p < .001) and
regulation difficulties (M = 2.57, SD = .785) (t(160) = —4.707, p<
.001) than the Satisfied sleepers (M = 1.72, SD = .610; M = 2.05,
SD = .602). The Dissatisfied sleepers also reported more emo-
tion reactivity than the Moderately Satisfied sleepers (M = 1.92,
SD = .760) (t(126) = 2.138, p = .034), and the Moderately Satisfied
sleepers (M = 2.35, SD = .628) reported more Difficulties with
Emotion Regulation than the Satisfied sleepers (t(155) = -2.995,
p =.003).

To further investigate the association between sleep and
emotion, we conducted correlations between subjective and
objective sleep quality and self-reported emotion without
separating by classes. See Table 2 for correlations. Difficulties
with emotion regulation was correlated with the extent parti-
cipants felt bothered by their sleep schedule, such that feeling
more bothered by their sleep was associated with greater dif-
ficulties. Additionally, emotion reactivity was correlated with
the extent participants felt bothered, such that feeling more
bothered by their sleep was associated with greater emotion
reactivity.

Objective measures of sleep

As there was a smaller sample size of participants who pro-
vided at least one night of actigraphy data, we computed the
LCA separately for the subset of participants who wore the
watch. This analysis included 99 participants, due to a delay
in receiving the Actigraph watches from the manufacturer
at the onset of the study, or to participants not wearing the
watch. These students were relatively evenly spread across
grades (19 Grade 4, 17 Grade 5, 14 Grade 6, 14 Grade 7, 19 Grade
8 and 16 Grade 9). Class indicators included mean duration,
mean latency, and mean sleep efficiency for the week period,
and the sleep regularity index. Within this sample, the Latent
Class Analysis did not come to a good model fit, producing
non-significant LRT and BLRT values. As such, the LCA results
for the objective data was not used any further. Additionally,
as the LCA did not come to a good fit with these data, we
moved forward with a correlational approach to address re-
lationships between our research questions on the objective
sleep data with puberty and emotion measures.

To further investigate the association between sleep and
emotion, we conducted correlations without separating by
classes. See Table 2 for correlations. Difficulties with emotion
regulation was correlated with mean sleep duration from the
watches, such that a shorter sleep duration was associated with
greater difficulties with emotion regulation (See Figure 1; one
multivariate outlier removed).
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Relationships between sleep and pubertal status/
hormone concentration

Pubertal status
Sleep classes were then compared on their pubertal status sep-
arately for boys and girls. In girls only, there was a significant
effect of class membership on pubertal status (F(2,103) = 4.284,
p = .016). Scores indicated that Dissatisfied sleepers (M = 2.55,
SD = .787) were further through pubertal development than the
Satisfied sleepers (M = 2.05, SD = .722) (t(74) = 2.924, p = .005).
We conducted correlations of the puberty scale score with
sleep quality. In girls, puberty score was correlated with ob-
jective mean duration of sleep (r = -.490, p < .001; 2 multivariate
outliers removed; see Figure 2), objective sleep latency (r = .459,
p = .001), and the extent to which they felt bothered by their
sleep (r = .243, p = .014), such that pubertal development was
associated with shorter sleep duration, longer sleep latency, and
more dissatisfaction. In boys, puberty score was correlated with
the sleep regularity index (r = -.476, p = .002; see Figure 3), such
that being further through puberty was associated with more
irregular sleep.

Hormone concentration

There were no significant differences between classes based on
hormone concentration, or any correlations with hormone con-
centration and emotion functioning. Outliers greater than 3 SD
over their group mean were removed (9 for cortisol and 2 for
testosterone) (see Table 3).

Investigation of the role of pubertal status/hormone
concentration in the relationship between sleep and
emotion functioning

To investigate pubertal development for a role in the relation-
ship between sleep and emotion functioning, we examined
correlations between hormone concentration and pubertal
development score with emotion functioning within each
class. In the Dissatisfied sleeper group only, there was a sig-
nificant correlation between difficulties with emotion regula-
tion and pubertal development in girls (r = .422, p = .013), such
that being further along in development was associated with
greater emotion regulation difficulties (Figure 4). Although
this association would not survive correction due to multiple
comparisons, we present the more robust moderation model
as a test of our hypotheses. Since class is a categorical vari-
able with more than two groups, we used dummy coding with
the Satisfied sleepers as the reference group. The Satisfied
sleepers were selected as a reference group to be able to com-
pare each of the groups to the most satisfied sleepers, so we

Table 2. Correlations between objective and subjective sleep variables and emotion functioning

Difficulties with emotion regulation P-value Emotion reactivity P-value
Extent bothered 0.323 <.001* 0.310 <.001"
Sleep duration during the week (Subj) -0.129 .061 -0.100 .148
Sleep duration during the weekend (Subj) -0.061 .400 0.015 .833
Sleep regularity index (Obj) 0.037 .740 -0.142 194
Sleep duration (Obj) -0.323 .002* -0.198 .056
Sleep efficiency -0.180 .082 -0.211 .0417
Sleep latency 0.196 .059 0.029 .783

“Indicates statistical significance.

This significant association did not survive use of the Bejamini & Hochberg method.
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Figure 1. Correlation between mean duration on the watches and difficulties with emotion regulation in the sample of children who wore the Figure 1. Correlation
between mean duration on the watches and difficulties with emotion regulation in the sample of children who wore the watches (r = -0.323, p = .002).
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Figure 2. Correlation between pubertal development in girls and the mean sleep duration measured by actigraphy (r = —0.490, p < .001).

could understand the contributions of poorer sleep com-
pared to satisfied sleep. On the first step, we included the two
dummy coded variables, and step one accounted for a signifi-
cant portion of difficulties with emotion regulation, R? = .115,
F(2,103), = 6.68, p = .002. An interaction term was created for
each dummy coded variable with mean-centered pubertal de-
velopment in girls. These interaction terms were entered in
the second step. The second step led to a significant change
in R? (R? = .081, F(2,101) = 5.075, p = .008). When comparing
the interaction terms, there was a significant interaction be-
tween pubertal development in girls and the dummy coded
variables for the Dissatisfied compared to Satisfied sleeper
variable (b =.292,t = 3.12, p = .002). In a separate analysis with
the Dissatisfied and Satisfied sleepers alone, simple slopes
analyses revealed a significant effect of class at high pubertal
development in girls (+1SD, b = .409, t(72) = 2.816, p = .006).

Discussion

The current study investigated the association between sleep
satisfaction and quality and emotion reactivity and regulation
in a sample of children and adolescents. The central aim was to
investigate a role for puberty and hormones in the relationship.

Relationships between sleep quality and emotion
functioning

Three classes emerged that differed on the extent they felt
satisfied with their sleep pattern. Dissatisfied sleepers re-
ported greater emotion reactivity than Moderately satisfied and
Satisfied sleepers. Dissatisfied sleepers reported greater diffi-
culties with emotion regulation than the Satisfied sleepers, and
Moderately satisfied sleepers reported greater difficulties than
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Figure 3. Correlation between pubertal development in boys and the Sleep Regularity Index (r = .476, p = .002).

Table 3. Hormone concentrations by class

Moderately Moderately
Satisfied (n)  Satisfied (M)  satisfied (n) satisfied (M)  Dissatisfied (n)  Dissatisfied (M)  F(df) P-value
Cortisol 87 1.95(1.04) 69 1.88(0.79) 63 2.00 (0.88) 0.310 (2,216) 734
Testosterone 49 70.70 (35.62) 38 81.75 (48.58) 28 72.78 (37.78) 0.832 (2,112) 438

Satisfied sleepers. These results support previous findings that
have shown that poor sleep is associated with greater emotion
reactivity and regulation complaints [3-7]. These findings also
suggest a potential role for sleep satisfaction, as the classes had
differences in their emotion functioning despite not being dif-
ferent in their sleep durations. In fact, all groups had average
durations within the acceptable ranges outlined by the National
Sleep Foundation [8]. Despite this, previous research has shown
that even with no differences in sleep duration, some individ-
uals may be satisfied with their sleep, while others feel sleep re-
stricted due to variability in sleep need [38]. Asking participants
to rate their sleep satisfaction may be a way to gage the discrep-
ancy between actual sleep duration and ideal sleep duration to
highlight sleep debt, as low satisfaction despite a sleep duration
within recommended range for one’s age group may be due
to greater sleep need for an individual. A study in adolescents
found that sleep debt after a stressful life event was associated
with more negative affect and less positive affect the following
morning or greater “affective spillover” [39]. The current study
indicates that despite comparable sleep durations, the students
could be experiencing sleep debt that is influencing their emo-
tion functioning.

In the sample of participants not separated by class, asso-
ciations between sleep and emotion functioning emerged. For
emotion reactivity, there was a significant relationship with
sleep satisfaction. As expected, better quality was associated
with lower emotion reactivity. For emotion regulation, more
emotion regulation difficulties were associated with lower sleep
satisfaction and shorter sleep duration. These results support
the previous literature that finds associations between sleep
quality and duration and emotion functioning in children,

adolescents and adults [1, 3-5, 9, 10]. Having associations with
subjective emotion functioning and objective sleep measures
lends some support to the role of sleep in emotion, instead of
the association being fully explained by another variable such
as low life satisfaction or greater life complaints.

Relationships between sleep and pubertal status/
hormone concentration

When comparing the classes on pubertal status, for girls,
Dissatisfied sleepers reported being further through puberty
than Satisfied sleepers. Thus, it is possible that girls further
through puberty may not be meeting their sleep need. An asso-
ciation between pubertal development and sleep complaints is
supported by Knutson [12], who found the relationship in girls
and not boys for more insomnia complaints and waking feeling
tired, although not for reporting insufficient sleep on a yes or no
response. It is possible that with a four-point scale in the current
study, we were better able to measure the more subtle differ-
ences in sleep satisfaction. Another study found a link between
sleep changes and pubertal timing in girls only [18]. In their
longitudinal study, they found that girls with later bedtimes
and shorter sleep durations in childhood experienced earlier
onset of secondary sex characteristics. The timing of puberty
has been linked to the developmental decrease in delta power
during slow-wave sleep [40]. These studies highlight changes
in sleep and sleep quality that occur during puberty that could
have an impact on sleep satisfaction as puberty progresses.
This interpretation is also supported by the correlations with
puberty score that we found in the full sample, where in girls,
being further through puberty was associated with shorter sleep



8 | SLEEPO, 2021,Vol. 2, No. 1

Difficulties with Emotion Regulation

A Class
Membership

A ® Santsfied

A Dissahsfied
A Moderately
< Satisfied
™ Dissatisfied
"« Moderately

1.50 ® © 4 L]
L] A L]
1.00f ® A e e
1.00 1.50 2.00 2.50 3.00 3.50 4.00

Pubertal Development in Girls

Figure 4. Correlation between difficulties with emotion regulation and pubertal development in girls by class (Dissatisfied sleepers: r = 422, p = .013).

duration and longer sleep latency, both of which may contribute
to worse sleep satisfaction. In boys, puberty was associated with
less consistency in sleep periods. This inconsistency could be
due to the circadian shift that occurs with puberty, particularly
in boys, and staying up late on the weekends resulting in an in-
consistent bedtime [41]. As boys were less developed than girls
in this age group, it is possible that with more pubertal develop-
ment, we may see greater effects emerge in boys.

Investigation of the role of pubertal status/hormone
concentration in the relationship between sleep and
emotion functioning

Next, we conducted correlations within each class between pu-
berty score and emotion outcomes to determine if a combin-
ation of sleep and puberty status were associated with emotion
outcomes. There was a significant correlation in the Dissatisfied
sleeper group only, indicating that being further through pu-
berty was associated with greater emotion regulation difficul-
ties in the poor sleepers. When tested as a moderation model,
only the interaction between Dissatisfied sleepers and puberty
score in girls was a significant predictor of difficulties with emo-
tion regulation. Simple slopes revealed that there was an effect
of class at higher pubertal development scores. Due to issues
with the measurement of progesterone in the current sample,
we were unable to test the role of progesterone concentra-
tion in this relationship. This result is similar to our previous
work in which sleep-restricted women in the luteal phase of
the menstrual cycle with greater progesterone concentrations
showed more neural reactivity to emotional images [20]. Since
poor sleep on its own is associated with poor emotion regula-
tion, and higher levels of progesterone are also associated with
greater emotion reactivity, together these conditions may have
a synergistic impact on emotion regulation. Progesterone ad-
ministration and being in the luteal phase has been associated
with greater amygdala activation [22, 42]. This greater emotion

reactivity may thus be exacerbated by poor sleep, which would
also bias an individual towards greater reactivity and emotion
regulation difficulties. As adolescence is a time that is associ-
ated with the development of emotion regulation [43], the com-
bination of poor sleep and hormonal fluctuations could have an
important impact on the development of emotion regulation
and reactivity. In a study by Forbes, Williamson, Ryan and Dahl
[44], girls with depression who were in mid-to-late puberty ex-
perienced greater negative affect than boys, girls without de-
pression, or girls who had not yet undergone puberty, showing
a potentially summative impact on affect. Adolescence has
been shown to be a time for the onset of emotional disorders,
especially in girls [45, 46], which may be associated with white
matter structure development [47]. Due to the changes in sleep
and emotion functioning during this time, it is likely that adoles-
cence is an important window for setting up good sleep behav-
iors to assist with emotional development and protect against
negative emotional outcomes.

Limitations and Future Directions

Due to the nature of correlational data in the current study,
there are open questions about the direction of effects in the
relationship between sleep and emotion. Additionally, as the
questionnaire and actigraphy data were collected at different
times, there may be an effect of timing and separation of data
collection on relationships between subjective and objective
sleep data, and objective sleep data and pubertal status. As
such, the relationships identified in this sample may there-
fore reflect one’s typical sleep behavior, as opposed to the prior
night’s sleep in particular. Since some measures were delivered
based on convenience for the participating schools, there was
some variability in time of day of measures taken between in-
dividual participants. Saliva measures also were taken from ei-
ther the morning or afternoon session based on scheduling of



the various schools. There is the possibility for a response bias
in the current study in that the simple measures of subjective
sleep and emotion were administered at the same time, possibly
inflating their association. We think the findings cannot be com-
pletely attributed to any such inflation because the results were
supported by associations with objective measures of sleep
from actigraphy in the current sample. Future studies however
could address this issue by implementing other objective meas-
ures. As this study had a correlational strategy, there is a po-
tential for confounding variables, such as school setting, etc, to
have impacted the results. Although Grade 9 was the only grade
that was faced with a change in school setting, there may have
been variability in school start times between different schools
and this variation could be a potential confounding factor. As
such, there is a need for further experimental research in this
population.

This study did not have a direct measure of sleep need, so al-
though differences in sleep satisfaction may be reflective of dif-
ferences in sleep need but not sleep duration, future research is
needed to directly measure the role of sleep need and verify the
role of sleep satisfaction. Additionally, as the question of sleep
satisfaction from this study has not been previously validated,
future research should investigate these questions with other
measures of sleep satisfaction and subjective sleep assessment.
Due to the length of the DERS scale for this population, only 4 of
36 questions were used from the scale; this combination of ques-
tions has not been previously externally validated. However, this
simpler measure did relate to constructs as expected.

To address some of the questions of causality, in-laboratory
studies could be conducted to examine the role of sleep the
night before on emotion functioning, and how daily fluctuations
in sleep quality may contribute to next day functioning. This
study did not find the expected relationships with hormone
concentration and emotional functioning; however, issues with
sampling time and methods may have masked effects. The
question of the role of sex and stress hormone concentration
in this association for children and adolescents should thus be
followed up in future research. More research could additionally
be done in boys during puberty, as greater effects with puberty
may emerge at a greater age than the current sample. As well,
as this report focused on cross-sectional data, future research
should focus on longitudinal data to determine cause and effect
relationships between sleep and puberty. As actigraphy data
was not collected with diary data, there could be some meas-
urement error in timing of sleep and wake onset, and these as-
sociations with pubertal status should be investigated in future
studies with concurrent diary collection. However, based on the
high quality of individual watch data, we feel the actigraphy
data is quite reliable.

Conclusions

The current study contributes to the literature by exploring
both subjective and objective measures of sleep in a large
sample of children to investigate the association with emotion
functioning. It also allows for the consideration of the role of
puberty and development on this relationship. These results in-
dicate that puberty may be a time period in which there can be
a synergistic impact with poor sleep on emotion complaints, at
least in girls, and may be an important intervention period for
better sleep hygiene practices as these children also transition
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to later bedtimes and develop sleep habits in adolescence and
adulthood.
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