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Abstract

Problems with sleep, emotion regulation, and externalizing psychopathology are interrelated, but little is known about their
day-to-day associations in youth. We examined self-reported daily sleep quality as a bidirectional predictor of next-day posi-
tive and negative affect (PA/NA), with externalizing symptoms as a moderator. Data were drawn from an ecological momen-
tary assessment (EMA) study involving 82 youths (ages 9-13; 50% female; 44% White, 37% Black/African American) at
high (n = 41) or low (n = 41) familial risk for psychopathology. Parents rated youths’ externalizing symptoms at baseline.
Youths then completed a 9-day EMA protocol, reporting sleep quality 1x/day and affect 4-8x/day. Daily means, peaks, and
variability in PA and NA were computed. Multilevel models examined bidirectional associations between sleep and affect
(between- and within-person), testing externalizing symptoms as a moderator and controlling for age and sex. In models
of sleep predicting affect: Within-person, poorer-than-usual sleep quality predicted greater variability and higher peaks in
next-day NA, but only for youth with higher levels of externalizing symptoms. Between-person, poor sleep quality and higher
levels of externalizing symptoms predicted lower mean and peak PA. In models of affect predicting sleep: Within-person,
lower-than-usual mean PA predicted poorer subsequent sleep quality, but only for youth with higher levels of externalizing
symptoms. Between-person, youths with higher mean and peak PA had better sleep quality. These findings suggest that
affective functioning is bidirectionally linked to daily self-reported sleep quality among high- and low-risk youth. Specific
disturbances in daily sleep-affect cycles may be distinctly associated with externalizing psychopathology.

Keywords Externalizing - Sleep - Affect - Ecological momentary assessment - Developmental psychopathology -
Disruptive behavior disorders
Introduction Williams et al., 2017), with each being associated with
risk for and maintenance of psychopathology—including

Sleep disturbance and emotion dysregulation undergo
key developmental changes during early adolescence
and covary across development (Palmer & Alfano, 2017,
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externalizing problems (Williamson et al., 2021). For
example, youth with symptoms of Oppositional Defiant
Disorder (ODD) (Aronen et al., 2014) and Attention-Def-
icit/Hyperactivity Disorder (ADHD) (Lycett et al., 2014)
experience significantly greater sleep problems than their
peers, which may exacerbate the emotional and behavioral
challenges they encounter. Given that emotion dysregula-
tion is central to these forms of psychopathology (Cole
et al., 2017; Evans et al., 2017; Kircanski et al., 2017;
Shaw et al., 2014), gaining a clearer understanding of the
daily associations between affect and sleep in relation to
externalizing problems could have important implications
for developing interventions and identifying mechanisms
of change during a critical developmental period. How-
ever, little is known about this topic, underscoring the need
for intensive-longitudinal research among youth at risk for
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psychopathology. The present study aims to address this
gap by investigating the day-to-day associations between
perceived sleep quality and affective functioning and their
relation to externalizing psychopathology in youth.

Emotion Dysregulation and Externalizing
Psychopathology in Youth

Emotion regulation has been defined as changes that occur
in the valence, intensity, or duration of an activated emo-
tion (Cole et al., 2004; Thompson, 1994). In this way, emo-
tion regulation is distinct from emotions themselves, and
has come to be understood as a central vulnerability, pro-
cess, or trait relevant to the development and maintenance
of psychopathology (Cole et al., 2004, 2017). Adolescence
is a critical period for emotion regulation, given the unique
developmental changes that alter the intensity and frequency
of emotional experiences and cognitive abilities to regulate
such emotions (Ahmed et al., 2015). When considering emo-
tion regulation via intensive-longitudinal designs, two fur-
ther points warrant attention (Reitsema et al., 2022; Schatten
et al., 2020; Shiffman et al., 2008). First, it is common to
model superordinate domains of positive affect (PA; e.g.,
joyful, satisfied, relaxed) and negative affect (NA; e.g., wor-
ried, sad, irritated). Second, consistent with the view of emo-
tion regulation as process, it is ideal to capture the temporal
dynamics of these variables, such as a person’s mean level,
variability, and peaks in PA and NA over a day. As discussed
below, these variables carry particular importance in relation
to externalizing and sleep problems.

Although emotion dysregulation has more often been
examined in internalizing conditions like depression (Bylsma
et al., 2008; Hyde et al., 2008) and anxiety (Newman &
Llera, 2011; Young et al., 2019) in adults, a growing body
of research has identified emotion regulation as a transdiag-
nostic factor that contributes to externalizing problems across
the lifespan (Compas et al., 2017; Lahey et al., 2017). For
instance, emotion dysregulation is implicated in the social,
behavioral, and clinical impairments experienced by youth
with ADHD (Bunford et al., 2015; Shaw et al., 2014). Emo-
tion dysregulation is not only correlated with externalizing
problems, it is central to them. Research on ODD symptoms
robustly identifies a core dimension of irritability or nega-
tive affect (Burke et al., 2014; Herzhoff & Tackett, 2016).
The World Health Organization now recognizes in ICD-11 a
subtype of ODD characterized by prevailing chronic irritabil-
ity/anger (Evans et al., 2017). Others have argued that ODD
should be redefined in its entirety as “a disorder of emotion
dysregulation” (Cavanagh et al., 2017).

Although most research has focused on the dysregula-
tion of negatively valenced emotions, evidence also points
to the role of positive affect in contributing to externalizing
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problems (Toro et al., 2020). Both PA and NA are impli-
cated in disruptive behavior problems in childhood (Nigg
et al., 2020). Later in early adolescence, greater intensity of
and variability in PA and NA may emerge as part of typi-
cal or atypical trajectories. For example, a subdimension
of emotion dysregulation, emotional lability—defined as
“frequent, excessively rapid, and intense changes in emo-
tions,” including positive and negative emotional responses
(p- 1319) (Leaberry et al., 2020b)—is distinctly associated
with externalizing symptoms (Cole et al., 2017) including
ADHD and ODD (Sobanski et al., 2010).

Youth with elevated externalizing symptoms experience
more pronounced difficulties with PA and NA in several
ways. Global or mean levels of NA, and to some extent
PA, are related to symptoms of inattention, hyperactivity-
impulsivity, and oppositionality (Frick & Brocki, 2019;
Karalunas et al., 2019; Martel, 2009). For instance, child-
hood irritability predicts neuroticism, personality disor-
ders, anxiety, depression, ODD, suicidal behaviors, and
other problems into adolescence and adulthood (Burke,
2012; Burke & Stepp, 2012; Vidal-Ribas et al., 2016). One
study of clinically referred youth found that those with
ADHD alone tended to report higher overall positive affect
and lower negative affect, relative to those with ADHD
and a comorbid diagnosis, most often ODD or Conduct
Disorder (CD) (Okado et al., 2016). Thus, greater overall
severity on the externalizing spectrum may be linked to
more NA and less PA.

Due to limitations in the designs of previous studies, fluc-
tuations in youths’ daily affect remain poorly understood.
To our knowledge, only a few studies using ecological
momentary assessment (EMA) have probed such questions
along the externalizing spectrum. Using parent-report EMA,
Rosen and colleagues reported that youth with ADHD and
externalizing problems showed greater overall emotional
variability (Rosen & Factor, 2015; Rosen et al., 2015),
including variability in both PA and NA (Factor et al., 2014;
Leaberry et al., 2020a) as well as poorer emotional aware-
ness (Factor et al., 2016), relative to various comparison
groups. Further, emotional variability was linked to greater
levels of and variability in functional impairment among
youth with ADHD but not healthy controls (Walerius et al.,
2018). These studies point to the promise of daily EMA for
uncovering daily variations and predictors of affect among
youth with varying degrees of externalizing symptoms.

Such findings suggest that externalizing symptoms might
function as a predictor or moderator of youths’ daily affect
patterns. That is, youth with higher levels of externalizing
symptoms have greater daily affective problems and vari-
ability in PA and NA. In particular, externalizing symptoms
may play a role in amplifying their experience of affect-
related difficulties on a day-to-day basis. For example,
consider the association with sleep quality. Although many
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youths experience an uptick in in NA and affective variabil-
ity after a night of poor sleep, these associations between
sleep quality and affective patterns may be especially pro-
nounced among youth with externalizing problems. As
reviewed below, sleep quality appears to be one significant
and modifiable variable linked to affective functioning in
youth with externalizing psychopathology, with potentially
important clinical implications.

The Role of Daily Sleep Quality

Sleep is a dynamic phenomenon that also undergoes dra-
matic changes during the early adolescent years and across
development (Carskadon, 2011). Indeed, sleep timing shifts
later and homeostatic sleep drive builds more slowly dur-
ing adolescence (Hagenauer et al., 2009), which along with
increasing social and scholastic demands and early school
start times results in the majority of adolescents not receiv-
ing sufficient sleep (Carskadon, 2011). Other sleep prob-
lems, such as difficulty falling and staying sleep (insomnia),
also increase following the onset of puberty (Hysing et al.,
2013). Poor perceived sleep quality has been consistently
linked to greater emotion dysregulation over time (Palmer &
Alfano, 2017), with even more immediate effects observed
the next day (Konjarski et al., 2018). Experimental stud-
ies demonstrate the impact of poor sleep on next-day affect
among adolescents (Baum et al., 2014; McMakin et al.,
2016), with sleep restriction leading to next-day increases
in NA and decreases in PA.

Given that both sleep quality and emotions fluctuate
considerably on a day-to-day basis (Hamilton et al., 2022;
Reitsema et al., 2022), intensive monitoring designs are
needed to better understand their temporal dynamics and
daily associations. Studies using daily diaries have shown
links between various sleep domains and next-day PA and
NA in childhood and adolescence (Cousins et al., 2011;
Fuligni et al., 2019; Kouros & El-Sheikh, 2015). Fuligni
et al. (2019) found that younger adolescents showed more
pronounced effects of sleep loss on daily distress, high-
lighting the importance of developmental considerations.
However, most prior studies only assessed affect once per
day, with an exception by van Zundert et al. (2015). In this
study, EMA methods and morning sleep diaries were used to
assess sleep and affect (9x/day for 6 days) among youth ages
13-16, with affect aggregated for a daily mean. Results indi-
cated that poorer sleep quality was associated with higher
NA and lower PA the next day (van Zundert et al., 2015).
Extending such findings, EMA provides the opportunity to
study more dynamic aspects of daily sleep and affect, such
as variability and upticks (peaks) in PA and NA over the
course of a day, which may be more common after a night
of poor sleep.

It may be particularly important to understand daily
sleep-affect associations among youth with externalizing
symptoms. Sleep problems are common among youth with
behavior problems (Gregory & Sadeh, 2012) such as aggres-
sion, delinquency, and hyperactivity-impulsivity (Chervin
et al., 2003; Gruber et al., 2012; Rubens et al., 2017). Rel-
ative to their peers, youths with ADHD and ODD or CD
symptoms have less healthy sleep patterns per subjective
and objective measures (Aronen et al., 2014). Longitudinal
associations have also been established; sleep difficulties in
early and middle childhood predict greater ADHD, ODD,
and CD symptoms as in adolescence, and vice-versa (Quach
et al., 2018; Shanahan et al., 2014; Tomasiello et al., 2021).
Thus, youth with externalizing symptoms may be particu-
larly impacted by poor sleep, given pre-existing difficulties
with emotion regulation (Modecki et al., 2017). Sleep dis-
turbances may also exacerbate these emotion regulation dif-
ficulties. For instance, one study indicates that higher next-
day NA may be one mechanism linking daily poor sleep to
subsequent externalizing symptoms (Kouros & El-Sheikh,
2015), further highlighting the importance of intensive lon-
gitudinal designs in this area.

The Present Study

In sum, sleep quality and affective functioning are associated
with one another, and both are associated with externaliz-
ing psychopathology in youth. A deeper understanding of
daily sleep-affect processes could provide important insights
into the causes, correlates, and course of externalizing prob-
lems, with possible implications for intervention. But such
research questions require intensive longitudinal designs,
which have received little use in externalizing research
to date. Accordingly, this study examines youth-reported
EMA data on perceived sleep quality and PA/NA in rela-
tion to externalizing psychopathology. To better understand
sleep-affect dynamics, we evaluated these associations both
between-person (Do youth who report worse sleep quality,
relative to their peers, experience greater daily affect dys-
regulation?) and within-person (Do youth who experience
a night of worse-than-usual sleep quality, compared to their
own baseline, experience upticks in affect dysregulation
the following day?). Affect was examined in terms of daily
means, peaks, and variability in PA and NA. Considering
the research reviewed above, we investigated these questions
testing externalizing symptoms as a moderator (Are daily
sleep-affect associations exacerbated by higher levels of
externalizing symptoms?) and bidirectionality (Does sleep
quality predict next-day affect, and vice versa?).

More specifically, this study had two aims: First, we
investigated daily perceived sleep quality as a predictor of
next-day affect variables, testing externalizing symptoms
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as a moderator. Second, given evidence for bidirectional
sleep-affect associations (van Zundert et al., 2015), we esti-
mated bidirectional versions of these models to investigate
whether daily affect variables predicted next-day sleep qual-
ity, again testing externalizing symptomsas a moderator. We
hypothesized that youth with poorer sleep quality would
have higher daily mean NA, lower mean PA, as well as
greater peaks and variability in both PA and NA. We also
expected that the daily time-varying associations of interest
in each model-broadly, between changes in one’s usual pat-
terns of daily sleep quality (or affect) one day, and poorer
outcomes in affect (or sleep quality) the next day—would
be moderated by externalizing symptoms. In other words,
we expected that youth with higher levels of externalizing
symptoms would experience stronger associations between
their perceived sleep quality and their affective functioning
on a day-to-day basis, as compared to youth with lower
levels of externalizing symptoms.

The present sample was well-suited for these research
questions in terms of both developmental considerations
and psychopathology risk. Early adolescence (specifically,
ages 9-13 here) is a period of dynamic changes in emotional
reactivity with the onset of puberty (Guyer et al., 2016)
and heightened risk for initial emergence of externalizing
and internalizing disorders (Lawrence et al., 2021). There
is also evidence for feasibility, validity, and reliability of
self-report EMA among youth in this age range (Russell
& Gajos, 2020). In addition, half our sample had familial
history of depression, an important risk factor for youth
psychopathology, including externalizing and internalizing
conditions, through myriad genetic, environmental, and GXE
pathways (Gruhn et al., 2016; Moffitt, 2005; Reising et al.,
2013; Swales et al., 2022). By considering risk for psychopa-
thology as part of the study design and analytic plan, results
may have implications for the emergence, maintenance, and
mitigation of emotion dysregulation and sleep problems in
early adolescence.

Method
Participants

Data were collected from 82 youths (ages 9-13, M =
11.12, SD = 1.46) and their caregivers participating in a
study on neurobehavioral indices of emotional function-
ing in depression risk (KO1MH104325; see also Hamilton
et al., 2020a, b). The sample was evenly distributed by sex
(50% male, 50% female) and relatively diverse in terms of
race and ethnicity (37% Black or African American, 44%
White, 16%; see Table 1 for more sample characteristics).
As part of the study design, participants were categorized
into two groups: high risk (50%), based on having at least
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one biological parent with a history of two or more episodes
of major depression; or low risk (50%), based on no life-
time history of psychopathology in biological parents. As
summarized in Table 1, the high-risk group showed higher
levels of externalizing symptoms, lower mean and SD in
PA; otherwise, the two groups were comparable in terms of
sex, race, ethnicity, age, pubertal development, sleep, and
other affect variables. Exclusion criteria included parental
lifetime history of bipolar disorder, mania, or psychosis;
and youth lifetime history of depressive disorder, pervasive
developmental disorder, intellectual disability, substance
abuse/dependence, or serious head injury or neurological
condition. The sample was recruited using local advertising
methods online and in print (e.g., research registries, web-
sites, clinics, listservs). Informed consent for parents and
assent for youth were obtained prior to participation. Parents
and youth received compensation for their time and par-
ticipation. All procedures were approved by the institutional
review board affiliated with the University of Pittsburgh.

Procedure

Parents first participated in a screening by phone and
answered questions about both parental and child men-
tal health history. Eligible parent-child dyads were then
scheduled for their first laboratory visit, including diag-
nostic assessments with trained interviewers using the
Kiddie Schedule for Affective Disorders and Schizophre-
nia for youths (Kaufman et al., 1997) and the Structured
Clinical Interview for DSM-IV (Spitzer et al., 1992) for
parents. These interviews were used only to ascertain par-
ent and youth diagnoses for inclusion and exclusion cri-
teria and group assignment, and were not applicable to
the present analyses (e.g., no ADHD or ODD diagnoses).
After the diagnostic interview, participants completed sur-
veys rating their child’s level of ODD and ADHD symp-
toms, among other measures. Each youth participant was
provided with a study smartphone with a custom EMA
application and instructed on how to use it.

EMA Protocol The youth EMA component was administered
over a 9-day period standardized to the weekly calendar. It
always began on a Saturday and ended on the Sunday of
the following weekend; thus, study participation included
5 weekdays and 4 weekend days for all participants. The
protocol included affect and sleep items on different sched-
ules as described below, with differences only for weekday
vs. weekend schedules. On Saturdays and Sundays, youths
were asked to complete a total of 8 PA/NA prompts, dis-
tributed at quasi-random intervals between 10:00 AM and
10:00 PM. On Monday through Friday, youths were asked
to complete 4 PA/NA prompts per day, including one dis-
tributed in the morning and 3 distributed at quasi-random
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Table 1 Participant characteristics

Variable Full Sample Familial Risk for Psychopathology
W=282) Low Risk High Risk Group Comparison
(N=41) (N=41) and Effect Size
Categorical Variables, N (%) 7~V
Sex - - - ns
Male 41 (50.0) 19 (46.3) 22 (53.7) -
Female 41 (50.0) 22 (53.7) 19 (46.3) -
Race - - - ns
Black or African American 30 (36.6) 16 (39.0) 14 (34.1) -
White 36 (43.9) 21(51.2) 15 (36.6) -
Multi-Racial 13 (15.9) 3(7.3) 10 (24.4) -
Other 3@3.7) 1(2.4) 2(4.9) -
Ethnicity - - - ns
Hispanic 5(6.1) 1(2.4) 4.(9.8) -
Not Hispanic 77 (93.9) 40 (97.6) 37 (90.2) -
Continuous Variables, M (SD) t,d
Age in Years 11.12 (1.46) 11.27 (1.40) 10.98 (1.52) ns
PDS Pubertal Development (Scale: 1-5) 2.84 (1.09) 2.76 (1.09) 2.92 (1.10) ns
SNAP Externalizing Symptoms (Scale: 0-78) 12.75 (13.44) 7.85 (7.54) 17.64 (16.12) d=0.78, 1(80) = 3.52""
ODD Symptom Subscale (Scale: 0-24) 4.07 (4.79) 2.12 (2.86) 6.02 (5.52) d = 0.89, #(80) = 4.02°""
ADHD Symptom Subscale (Scale: 0-54) 8.68 (9.75) 5.73 (5.82) 11.62 (11.87) d=0.63,1(80)=2.85"
Person-Mean Sleep - - - -
Sleep Quality (Scale: 0-100) 72.08 (17.93) 73.73 (16.07) 70.34 (19.77) ns
Sleep In-Bed Time (Clock Hours, 0-24) 23.13 (1.48) 22.98 (1.37) 23.28 (1.58) ns
Sleep Wake Time (Clock Hours, 0-24) 8.13 (1.22) 7.96 (1.10) 8.31(1.32) ns
Sleep Duration in Hours 9.02 (0.93) 9.01 (0.96) 9.03 (0.92) ns
Person-Mean Affect (Scale: 0—100) - - - -
PA Mean 46.04 (20.91) 51.25 (20.58) 40.82 (20.17) d=0.51,#80) =2.32"
PA SD 11.68 (6.36) 11.94 (7.10) 11.42 (5.61) ns
PA Peak 57.95 (21.32) 63.35 (20.83) 52.54 (20.65) d=0.52,180) =2.36"
NA Mean 8.66 (7.35) 8.15(6.37) 9.18 (8.27) ns
NA SD 5.81(3.53) 5.97 (3.79) 5.65 (3.28) ns
NA Peak 16.06 (10.48) 16.10 (10.38) 16.02 (10.72) ns

PDS Pubertal Development Scale (Petersen et al., 1988), SNAP Swanson, Nolen, and Pelham scale (Swanson et al., 2001), ODD oppositional
defiant disorder symptoms, ADHD attention-deficit/hyperactivity disorder symptoms, PA positive affect, NA negative affect

sk

“p <0.05,"p <0.01, " p <0.001

intervals between 4:00 PM and 9:30 PM. The software was
programmed to send no more than 1 EMA prompt within
the same 1.5-h bin. There was no difference in self-reported
sleep quality for weekends vs. weekdays #(149) = 1.30, p =
0.20. The standard EMA protocol did not change to account
for holidays, school breaks, vacations, sick days, etc. About
30% of the sample participated during their summer break,
but they showed no difference in sleep quality as compared
to those who participated during the school year, #81) =
0.19, p = 0.85.

The EMA protocol also included a daily sleep diary.
Rather than being sent as an interval prompt, the sleep diary
was a user-initiated data collection tool that youths were
instructed to complete within 1 h of waking, same for week-
days and weekend (with observed M waketimes of 7:39
AM and 8:49 AM, respectively). The sleep diary included
questions about sleep quality, sleep times, and waketimes.
Table 1 summarizes all sleep statistics for descriptive pur-
poses; however, primary analyses focus solely on sleep
quality, as described below (Measures). We focus on sleep
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quality as it provides a single global index of how well
individuals perceive they slept without adding undue com-
plexity and multiplying the number of models even further
(e.g., given 6 affect variables).

Participating youths completed 582 (78.9%) of 738 total
possible sleep diaries, or sleep diaries for a mean of 7.10
days out of the 9-day protocol. For the affect data, youths
completed 3,112 (73.0%) of 4,264 total possible PA/NA rat-
ings, or a mean of 37.95 ratings per person, or 4.22 per day
(averaging about 5.52 on weekends and 2.95 on weekdays).
When aggregated at the day level (described below), the six
PA/NA variables were available on 651-682 (88.2-92.4%)
of the 738 total study days. This translates to participant
day-level PA/NA data being available for 7.94-8.32 out of
9 days, on average. These compliance rates are similar to
most other youth EMA studies per recent reviews and meta-
analyses (averaging 76—-78%, with individual studies ranging
from 51 to 96%; Heron et al., 2017; Wen et al., 2017).

Measures

Positive and Negative Affect (PA/NA) At each EMA prompt,
participants rated their momentary emotional state on 8 NA
items (mad, sad, guilty, embarrassed, scared, worried, bored,
irritated) and 8 PA items (happy, joyful, proud, interested,
energetic, satisfied, relaxed, excited) on a sliding scale from
0 (Not at all) to 100 (A great deal). Higher scores reflect
higher levels of that emotion subjectively experienced in the
moment. For each person at each prompt, momentary NA
and PA values were computed as the average of their 8 item
ratings. We further operationalized PA/NA via daily means,
peaks, and variability, as described below (Analytic Over-
view). These 8 PA and 8 NA items have shown evidence
of reliability, validity, and feasibility in prior youth EMA
research (Silk et al., 2011).

Perceived Sleep Quality As part of the EMA protocol, youths
received a daily sleep diary within 1 h of waking each morn-
ing. Items asked participants to rate their perception of their
prior night’s sleep. Sleep quality was assessed as follows:
“How well would you say you slept last night?” rated on a
sliding scale from O (Not well at all) to 100 (Extremely well).

Externalizing Symptoms Externalizing symptoms were
measured dimensionally using the SNAP-IV, which was
completed by parents at the baseline visit. The SNAP-IV is a
revised version of the Swanson, Nolen, and Pelham (SNAP)
scale (Swanson et al., 2001) that includes 90 items (26 of
which were used here) to assess children’s disruptive behav-
ior symptoms. Parents are asked to respond on a four-point
scale from O (Not at all) to 3 (Very much). A total score was
computed as the sum of 26 externalizing symptom severity
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items: 8 ODD items plus 18 ADHD items, corresponding to
the ODD/ADHD diagnostic criteria over the last 3 decades
(DSM-1V through DSM-5-TR). The SNAP-IV has shown
evidence of test-retest reliability and convergent and discri-
minant validity (Swanson, 1992). Internal consistency was
excellent, overall (externalizing o = 0.96) and by subscale
(ADHD a = 0.95; ODD « = 0.92).

Although we are unable to report ADHD and ODD diag-
noses from the K-SADS, parent-report SNAP scores allow for
estimates of clinically significant symptom rates. Based on the
mean scale score cutoff of > 1.0 adopted by the measure’s devel-
oper (Swanson et al., 2001), n = 14 (17.1%) had clinical symp-
toms of inattention, n = 7 (8.5%) had hyperactivity/impulsivity,
and n = 13 (15.9%) had ODD symptoms; and n = 18 (22.0%)
had at least one of the above. In other words, more than 1 in 5
participants had clinically meaningful SNAP scores (External-
izing Symptoms M = 31.75, SD = 15.43), as compared to the
other 4 in 5 participants who showed little to no symptoms (M =
5.99, SD = 15.43). Importantly, these estimates do not consider
impairment, teacher/self-report, or other key considerations for
diagnosing ODD and ADHD.

Puberty The Pubertal Development Scale (PDS; (Petersen
et al., 1988) is a well-validated measure of self-reported
pubertal timing and course. Scores parallel the Tanner
Stages and convert to a 5-point scale (Shirtcliff et al., 2009)
with higher scores indicating more pubertal maturation.
Pubertal development is linked to sleep (Colrain & Baker,
2011) but was only correlated with age in the present data.
Analyses already controlled for age, so PDS scores are
reported in Table 1 only for descriptive purposes.

Analytic Overview

Data Preparation For analysis, each person’s available EMA
affect ratings—originally collected as mean PA and NA scores
at up to 8 occasions per day (as described above)—were aggre-
gated to create day-level variables that summarize the person’s
affective experiences over the course of an entire day. Specifi-
cally, we computed three variables for both PA and NA, or
six variables total: each person’s daily mean (M) level of PA,;
their daily variability or standard deviation (SD) in PA; and
their daily peak or maximum level of observed PA; as well as
their daily M, SD, and peak of NA. This day-level aggrega-
tion brought our PA/NA data structure to mirror that of sleep
quality ratings, which were collected once per day.

Daily sleep and affect variables retained their original
0-100 scales when used as dependent variables; but when used
as predictor variables, centering was used to parse within- vs.
between-person variance. Sleep quality ratings were centered
in two ways: person-mean centered (within-person, level-1),
such that O = each person’s usual level of sleep quality, and
higher or lower values reflect deviations from their usual (i.e.,
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better-than-usual sleep quality or worse-than-usual sleep qual-
ity, respectively); and grand-mean centered (between-person,
level-2), such that 0 = the grand mean sleep quality rating
of about 72 on a 0-100 scale, with higher or lower values
reflecting between-person variations relative to the sample.
Affect ratings were similarly centered in two ways: person-
mean centered (within-person, level-1), such that 0 = each
person’s usual level of affect (PA or NA; M, SD, or peak),
and deviations from their usual; and person-mean ratings
(between-person, level-2), which retained their original 0—-100
scale properties but functioned in models as between-person
variations relative to the sample. When testing bidirectional
associations, sleep quality values were shifted forward in the
dataset to evaluate the effect of one day’s affective variables
in predicting the next day’s sleep quality.'

Statistical Analysis Descriptive statistics, correlations, and
group comparisons were examined with attention to distri-
butional characteristics, associations of interest, and covari-
ates. Primary analyses were conducted as multilevel models
(MLMs) with daily observations of outcome variables (level
1) nested within person (level 2). In interpreting MLMs,
intra-class correlation coefficients (ICCs) were estimated to
indicate the percentage of variance in outcomes accounted
for at a between-person level; and total model r-squares were
computed to indicate the total amount of variance that was
accounted for by all model terms (Hoffman, 2020).

The planned sequence of MLMs was carried out in two
phases: sleep quality predicting affect, then affect predicting
sleep quality. Base MLMs were estimated first to examine
sleep quality (between- and within-person) as a predictor of
the next-day affect variables; then, cross-level interactions
were added to test externalizing symptoms as a moderator
of the effects of sleep quality at both levels (i.e., six models
[PA and NA; x M, SD, and peak], where each model has two
steps, base and externalizing). Next, the converse models
were estimated to examine longitudinal bidirectionality in
these paths. That is, all 6 PA/NA variables were respecified
this time as predictors (between- and within-person, with
externalizing moderator terms) of next-day sleep quality.
Given the redundancy of the two-step MLM approach, we
focus here on main results concerning externalizing prob-
lems; results of base models are reported in the Supplement.

Considering our analytic plan, sample size, and results,
we estimated power post hoc through the EMATools R
package and based on summary-statistics from mixed-
effects model results (Murayama et al., 2022). Based on

! The centering and coding of other variables in our models is as fol-
lows: SNAP externalizing symptoms were left such that 0 = no symp-
toms and higher scores reflecting higher externalizing symptoms. Age
was centered such that 0 = 9 years, the youngest age in the sample.
Sex is coded as 0 = male, 1 = female.

these analyses, we obtained adequate power (1-f > 0.80)
to detect any large effects; and nearly adequate power (1-f
> 0.75) to detect medium effects for models with adequate
variance (ICCs > 0.4), but underpowered (1-f > 0.60) to
detect medium effects (when ICCs < 0.4) or smaller effects.

All MLMs control for child sex and age based on the
relevance of these variables to externalizing psychopathol-
ogy, sleep, and affect. We also estimated all models with and
without controlling for familial risk for psychopathology as a
between-person predictor. This inclusion of risk as a covari-
ate did not lead to any changes in results. For parsimony, we
therefore report results from models without controlling for
risk group status. MLMs were estimated using maximum
likelihood estimators via the PROC MIXED command in
SPSS. At level 1, MLMs included random intercepts and
random effects for the time-varying predictor of interest. At
level 2, models included fixed effects for the time-varying
predictor between-person as well as age, sex, and external-
izing symptoms, with interaction terms for externalizing
symptoms with the time-varying predictor at levels 1 and
2. In some cases (including all models of affect predicting
sleep), it was necessary for convergence to specify time-
varying predictors as fixed effects.

Significant interactions, when found, were probed in
a manner intended to be clinically, normatively, and idi-
ographically meaningful, as follows (see footnotes and
figures for elaboration). For externalizing symptoms, we
probed interactions at scores of O (no symptoms, scale floor,
and -1SD), 13 (low symptoms, M), 26 (moderate symptoms,
sample +1SD), and 39 (high symptoms, sample +2SD).>
For perceived sleep quality and affect variables, we probed
interactions at each person’s “usual” level or their within-
person mean; and we used increments of +1 within-person
SDs to represent days on which each time-varying variable
was higher or lower than “usual” at a within-person level.?

2 SNAP Externalizing Symptom scores had a possible range from 0
to 78, with our sample’s M and SD both falling at 13 (rounded), mak-
ing this a useful increment for probing different symptom levels from
“none” to ‘“high.” For reference, participants with any “elevated”
ADHD or ODD scales (based on Swanson et al.’s, 2001 cutoffs)
showed a total Externalizing Symptoms Score of M = 31.75 (SD =
15.43), as compared to those with all their SNAP scale scores below
the cutoffs (M = 5.99, SD = 15.43).

3 Time-varying variables (sleep quality and PA/NA variables) were
grand- and person-mean-centered such that a value of O represents a
“usual” day for the average participant in our sample. Relative to that
mean/usual value, interactions were probed at within-person high and
low values. Specifically, time-varying sleep-quality was probed at 0 +
17, representing days on which each person’s sleep quality was better
or worse than their usual by about 1 within-person SD. Similarly, per-
son-mean PA variables were probed at O + 11, representing days on
which each person’s mean PA levels were higher or lower than their
usual by about 1 within-person SD. These values for within-person
SDs (17, 11) represent the mean of the within-person SDs, averaged
across all participants.
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Results
Perceived Sleep Quality Predicting Affect

Table 2 presents the results of models of daily sleep qual-
ity predicting daily PA and NA variables. The ICC esti-
mates revealed that between-person variance accounted
for as little as 27.9% (NA variability) to as much as 74.6%
(PA mean) of the variance in daily affective variables,
possibly being related to person mean differences or
other between-persons variables such as externalizing
symptoms. In other words, this left 72.1-25.4% of the
remaining variance that could potentially accounted for
by within-person variables.

In the models predicting individual daily variability (SD)
and peaks in NA, externalizing symptoms significantly mod-
erated the effects of within-person sleep quality on these
NA outcomes. These effects are plotted in Fig. 1. As shown,
youth with higher levels of externalizing symptoms showed
higher levels of peak NA (Fig. 1a) and greater variability in

NA (Fig. 1b) on days after they received worse-than-usual
quality sleep. In contrast, for youth without externalizing
symptoms, worse-than-usual sleep quality did not predict
changes in next-day NA. There were no significant effects
on daily mean NA.

In models predicting PA (right side of Table 2), there
were no significant within-person effects or cross-level
interactions; only between-person effects emerged, consist-
ent with the high ICCs. At a between-person level, higher
levels of average sleep quality and lower levels of external-
izing symptoms each predicted higher mean and peak PA.

Overall, daily sleep quality, externalizing symptoms, and
covariates accounted for 1.4% (NA peak outcome) to 37.1%
(PA peak outcome) of the total variance in daily affect (Table 2).

Affect Predicting Perceived Sleep Quality

The ICC for sleep quality (lagged forward to next day) was
0.395, suggesting that 39.5% of the observed variance in

Table 2 Multilevel models examining sleep quality, externalizing symptoms, and covariates as predictors of daily PA and NA variables

Model Effects Dependent Variables
Daily NA (NA) Daily Positive Affect (PA)
NA Mean NA SD NA Peak PA Mean PA SD PA Peak
Model for the Means
Intercept 9.395 (1.804)™  6.649 (0.951)™"  18.101 (2.866)"  55.796 (4.403)™"  13.528 (1.702)™"  69.936 (4.274)""
Age -0.086 (0.498)  -0.373 (0.269) -0.442 (0.807) -0.327 (1.260) -1.234 (0.480)"  -1.490 (1.215)
Female 3116 (1.428)°  -0.012 (0.771) 2,552 (2.314) -2.441 (3.604) 0.391 (1.373) -2.623 (3.478)
BP Sleep Quality -0.015 (0.061) 0.026 (0.032) 0.027 (0.097) 0.902 (0.149)™  0.025 (0.058) 0.879 (0.145)"™
WP Sleep Quality  -0.009 (0.028) 0.019 (0.017) 0.011 (0.047) 0.085 (0.050) -0.035 (0.026) 0.051 (0.056)
ExtSx 0.072 (0.071)  -0.006 (0.036) 0.025 (0.109) -0.603 (0.163)™  0.041 (0.064) -0.549 (0.160)™"
ExtSx*BPSlpQual 0.001 (0.003)  -0.002 (0.002) -0.001 (0.005) -0.014 (0.007) 0.003 (0.003) -0.009 (0.007)
ExtSx*WPSIpQual  -0.002 (0.002)  -0.003 (0.001)  -0.006 (0.003)" 0.001 (0.003) 0.002 (0.001) 0.002 (0.003)
Model for the Variance
Random Intercept ~ 42.656 (7.816)™"  8.415 (1.886)™"  93.196 (18.021)" 231.124 (39.996)"" 30.973 (6.151)"" 216.932 (38.571)""
WP Sleep Quality  0.010 (0.003)™  0.000 (0.001) 0.019 (0.009)" 0.021 (0.011)" 0.003 (0.003) 0.027 (0.014)
Covariance -0.491 (0.147)™  -0.057 (0.046) -0.819 (0.384)"  -0.398 (0.534) -0.243 (0.140) -1.007 (0.626)
Residual 33.416 (2.168)™ 21.436 (1.404)™" 117.531 (7.648)" 121.266 (7.987)""  47.596 (3.141)™" 152.855 (10.096)""
ML Model Fit
N Parameters 12 12 12 12 12 12
2LL 3887.0 3462.7 45823 4668.1 3949.4 4779.2
AIC 3911.0 3486.7 4606.3 4692.1 3973.4 4803.2
BIC 3963.3 3538.8 4658.6 47445 4025.6 4855.6
Empty Means ICC 0.478 0.279 0.391 0.746 0.416 0.704
Total R-Square 0.025 0.029 0.014 0.360 0.064 0.371

Coefficient and variance terms are reported as estimate (standard error). Models were estimated first without externalizing problem terms
included; for clarity those results are not included here, but see Supplement (Table S1) for results of those base models

BP between-person (level 2) effects, WP within-person (level 1) effects, ExtSx = externalizing symptoms, /CC Intra-class correlation

EETY

“p <0.05, "p <0.01, " p <0.001
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Fig. 1 Worse-than-usual perceived sleep quality predicts increases in
daily NA peaks (a) and variability (b), but only among youth with
higher levels of externalizing symptoms. Note. Time-varying sleep
quality is person-mean-centered, and the mean within-person stand-
ard deviation was about 17. Thus, a score of 0 represents each per-
son’s mean sleep quality from day-to-day, and scores of + 17 repre-
sent days on which each person’s sleep quality was better or worse

sleep quality was attributable to person mean differences
or other between-persons variables such as externalizing
symptoms. This left the remaining 60.5% of the variance
to be potentially accounted for by within-person variables.

Tables 3 and 4 report results of models with NA and PA,
respectively, as predictors of sleep quality. The NA models did
not show any significant predictors (Table 3). That is, virtu-
ally none of the variance (0.4% to 0.9%) in daily sleep quality
was accounted for by these models’ covariates, NA variables
(mean, SD, or peak), or externalizing problem variables.

In contrast, PA models (Table 4) showed significant
between-person effects of mean and peak levels of PA on
sleep quality. That is, youth who experienced higher aver-
age levels of PA, and those who experienced more highly
positive moments, also tended to have better quality sleep
throughout the study. One significant cross-level interac-
tion emerged: externalizing symptoms moderated the link
between within-person mean PA and sleep quality. As shown
in Fig. 2, youth with higher levels of externalizing symp-
toms showed significantly worse sleep quality after they
experienced lower-than-usual PA; however, this effect was
not observed among youth without externalizing symptoms

than their usual sleep quality by about 1 standard deviation. Exter-
nalizing symptoms are a between-person variable assessed at base-
line, plotted as specified in the figure. Dependent variables are time-
varying on their original scales as computed for peak NA (range: 0
to 99.13), and SD of NA (range: 0 to 53.48). See Table 1 for descrip-
tive statistics on all variables

(similar to the interactions shown in Fig. 1). Overall, these
models accounted for 5.9% to 23.9% of the variance in daily
PA variables.

Lastly, supplemental sensitivity analyses were conducted
by re-estimating all these MLMs, controlling for familial
risk for psychopathology. Results did not change, supporting
the robustness of findings reported above.*

4 Specifically, when adding risk group as a covariate, the significance
status (i.e., p < 0.05 vs. p > 0.05) of the 84 fixed effects reported in
Tables 2—4 and Tables S1-S3 remained the same. Risk emerged only
as a significant covariate in two base models, predicting next-day PA
mean (B = -7.837, SE = 3.825, p = 0.044) and the model predict-
ing next-day PA peak (B = -8.528, SE = 3.610, p = 0.021); however,
it was not associated with dependent variables in any of the Step 2
models (all risk coefficient ps > 0.152), suggesting that any effect of
risk was overshadowed by externalizing symptoms. See also Table 1
for a breakdown of primary study variables by risk group: few group
differences emerged, with risk being correlated as expected with
externalizing symptoms (r = 0.37, p = 0.001), and with both vari-
ables being modestly associated with PA means and peaks (rs = -0.22
to -0.26, ps = 0.021 to 0.047).

@ Springer



Research on Child and Adolescent Psychopathology

Table 3 Multilevel models examining NA (NA), externalizing symptoms, and covariates as predictors of daily perceived sleep quality

Model Effects Model for NA Mean as Predictor Model for NA SD as Predictor Model for NA Peak as Predictor
Model for the Means
Intercept 75.301 (6.364)""" 68.606 (7.144)""" 72.290 (6.852)""
Age -0.146 (1.409) -0.176 (1.445) -0.121 (1.411)
Female 0.683 (4.124) 0.295 (4.216) 0.851 (4.174)
BP Term: NA Mean -0.396 (0.550) NA SD 0.737 (0.921) NA Peak -0.011 (0.337)
WP Term: NA Mean 0.128 (0.223) NA SD 0.067 (0.255) NA Peak 0.033 (0.110)
ExtSx -0.314 (0.300) 0.251 (0.438) -0.204 (0.360)
ExtSx*BPTerm 0.026 (0.031) -0.065 (0.071) 0.007 (0.022)
ExtSx*WPTerm -0.015 (0.014) -0.010 (0.014) -0.004 (0.007)
Model for the Variance
Random Intercept 253.941 (51.414)™ 254.536 (52.227)"" 253.954 (51.485)™"
Residual 391.860 (26.439)"" 394.204 (26.976)""" 392.961 (26.517)"""
ML Model Fit
N Parameters 10 10 10
2LL 4671.9 4557.6 4673.2
AIC 4691.9 4577.6 4693.2
BIC 47343 4619.8 4735.6
Total R-square 0.005 0.009 0.004

Coefficient and variance terms are reported as estimate (standard error). The dependent variable in all models is sleep quality as rated the follow-
ing day, with an intra-class correlation of 0.395 in the empty means models. The only difference between models is the affective variable speci-
fied as predictor BP Term and WP Term. Models were estimated first without any externalizing problem terms included; for clarity those results
are not included here, but see Supplement (Table S2) for results of those base models

BP between-person (level 2) effects, WP within-person (level 1) effects

“p <0.05, “p <0.01, " p <0.001

Table 4 Multilevel models examining positive affect (PA), externalizing symptoms, and covariates as predictors of daily perceived sleep quality

Model Effects Model for PA Mean as Predictor Model for PA SD as Predictor Model for PA Peak as Predictor

Model for the Means

Intercept 44.356 (6.542)™ 69.404 (7.201)™ 36.281 (7.125)™

Age 0.167 (1.086) 0.334 (1.394) 0.659 (1.043)

Female 2.922 (3.146) 1.272 (3.985) 3.196 (3.022)

BP Term: PA Mean 0.456 (0.107)"™" PA SD 0.069 (0.480) PA Peak 0.484 (0.098)"™

WP Term: PA Mean -0.013 (0.120) PA SD -0.062 (0.198) PA Peak 0.040 (0.115)

ExtSx -0.081 (0.266) -0.596 (0.319) -0.141 (0.278)

ExtSx*BPTerm 0.010 (0.007) 0.047 (0.028) 0.008 (0.006)

ExtSx*WPTerm 0.017 (0.007)" 0.012 (0.012) 0.010 (0.005)
Model for the Variance

Random Intercept 124.536 (30.172)"" 226.053 (47.984)""" 110.162 (27.813)™"

Residual 381.106 (25.717)" 393.984 (27.001)" 381.022 (25.709)"
ML Model Fit

N Parameters 10 10 10

2LL 4618.7 4550.3 4612.4

AIC 4638.7 4570.3 4632.4

BIC 4681.1 4612.5 4674.8

Total R-square 0.218 0.059 0.239

Coefficient and variance terms are reported as estimate (standard error). The dependent variable in all models is sleep quality as rated the follow-
ing day, with an intra-class correlation of 0.395 in the empty means models. The only difference between models is the affective variable speci-
fied as predictor BP Term and WP Term. Models were estimated first without any externalizing problem terms included; for clarity those results
are not included here, but see Supplement (Table S3) for results of those base models

BP between-person (level 2) effects, WP within-person (level 1) effects

“p <0.05, "p <0.01, " p <0.001
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Fig.2 Lower-than-usual positive affect predicts decrements in next-
day’s reported sleep quality, but only among youth with higher lev-
els of externalizing symptoms Note. Time-varying positive affect is
a person-mean-centered and the mean within-person standard devia-
tion of positive affect was about 11. Thus, a score of 0 represents
each person’s mean positive affect from day-to-day, and scores of

Discussion

This study examined how youths’ affective functioning
and perceived sleep quality are related to one another on
a day-to-day basis and across varying levels of externaliz-
ing symptoms. Several interesting findings emerged. At a
within-person level, we found that worse-than-usual sleep
quality predicted higher levels of, and greater variability in,
next-day NA—but only for youth with elevated externalizing
symptoms. Conversely, lower-than-usual mean PA predicted
poorer sleep quality that night—but again, this was evident
only for youth with elevated externalizing symptoms. At a
between-person-level, youths with lower average sleep qual-
ity and higher externalizing symptoms had lower means and
peaks in their PA. Similarly, youths with lower means and
peaks in their PA tended to have poorer overall sleep quality.

Consistent with our general hypotheses, the observed
time-varying effects (i.e., daily affective dynamics predict-
ing daily sleep quality decrements; and vice versa) were evi-
dent only among youth with higher levels of externalizing
symptoms—where “higher” refers both to relative differences
in externalizing scores in this sample and to thresholds for
clinical elevations. This is important because it presents an
externalizing-specific view of daily cycles between sleep
and emotion regulation, rather than a view that is common to

m—— High externalizing
symptoms (SNAP
ODD/ADHD = 39)

Moderate externalizing
symptoms (SNAP
ODD/ADHD = 26)

Low/mean externalizing
symptoms (SNAP
ODD/ADHD = 13)

No externalizing

symptoms (SNAP
ODD/ADHD =0)

-1

Lower Than Usual

+11 represent days on which each person’s overall positive affect was
higher or lower than usual by about 1 standard deviation. External-
izing symptoms are a between-person variable assessed at baseline,
plotted as specified in the figure. The sleep quality dependent vari-
able is based on its original scale ranging from 0-100. See Table 1 for
descriptive statistics on all variables

youths in typically developing or internalizing samples that
have traditionally been studied (Baum et al., 2014; Cousins
et al., 2011; Fuligni et al., 2019; Kouros & El-Sheikh, 2015;
McMakin et al., 2016).

The present findings also reveal important patterns of bidi-
rectionality in the associations between daily sleep quality and
affect. Similar bidirectional findings have been documented
before, particularly in studies focusing on internalizing prob-
lems (Cousins et al., 2011; van Zundert et al., 2015). The pre-
sent study extends this body of evidence into the externalizing
domain. Consistent with this prior literature, our findings sug-
gest that associations between sleep and affect are not uniform
across different degrees and forms of psychopathology. It is
important to note that perfectly bidirectional conclusions are
not warranted given the asymmetries in the results for pre-
dictors and outcomes. That is, among youth with external-
izing problems, we documented three day-to-day effects: (a)
decreases in sleep quality predict increases in peak NA; (b)
decreases in sleep quality predict increases in variability of
NA; and (c) decreases in PA predict decreases in sleep qual-
ity. Regarding the former two, a poor night’s sleep predicts
greater NA dysregulation the next day, possibly including
behavioral outbursts (e.g., Hirsch et al., 2022) that are directly
negatively valenced (i.e., interwoven with angry, irritable, or
distressed affect). Poor sleep quality could also predict forms
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of disruptive behavior that may elicit NA in a more indirect
manner (e.g., “acting out” in class leading to school discipline
and negative emotion).

Regarding the third finding, it is interesting that these
same NA problems—identified above as outcomes of poor
sleep quality—are not also functioning as predictors. Instead,
it is decreased PA that seems to be deleterious to sleep qual-
ity for youth with externalizing problems. When a youth
with externalizing problems has a day where they experience
less overall positive emotion (not necessarily more negative
emotions) than usual, this may lead to poorer sleep because
(a) they are in a low mood (even if not especially distressed,
in line with Clark and Watson’s Tripartite Model), or (b)
they were in a relatively lower-than-expected reward context
(e.g., they were grounded for misbehaving, their fun plans
were interrupted; in line with frustrative nonreward mod-
els), or (c) they did not engage in “third-variable” activities
(e.g., sports, social activities) that may bring higher PA and
better sleep. These possibilities provide testable hypotheses
for future research. There is much work to be done to clarify
how different patterns of sleep quality may be bidirectionally
tied to various PA/NA parameters in context.

This study is the first to evaluate the daily temporal and
bidirectional associations between sleep quality and PA/NA
specifically in relation to youth externalizing problems. Our
findings highlight the value of intensive monitoring designs
for modeling the dynamics between sleep and affect, to more
fully capture the heterogeneity of daily affective experiences
that youth encounter. Whereas most past research aggre-
gates PA and NA in the form of daily means, we went a step
further and modeled their daily peaks and variability, yield-
ing several interesting findings not captured by mean lev-
els alone. Findings are consistent with the view that youths
are leading daily lives characterized by rich, temporally
dynamic, positive and negative emotional experiences that
affect, and are affected by, their sleep—particularly for those
with externalizing problems. This is especially relevant dur-
ing the early adolescent period when youth are experiencing
developmental changes in sleep and emotional experiences
(Carskadon, 2011) and given the importance of early inter-
vention for behavioral problems that can affect longer-term
outcomes into later adolescence and adulthood. In the future,
research integrating intensive- and long-term-longitudinal
designs would be useful for understanding these dynamics in
relation to developmental, functional, and clinical outcomes.
The present study design also allowed us to probe the poten-
tial bidirectional effects using a temporal, lagged approach,
with findings indicating that sleep quality and PA affect one
another, where sleep quality more directly affects next-day
NA. We also parsed out the extent to which sleep and affect
influence one another at the between-person (compared to
other youth) and within-person (daily fluctuations) levels,
offering novel insights at the individual level.

@ Springer

Study strengths include an innovative approach to inten-
sive longitudinal monitoring among a diverse youth sample
enriched for familial risk for psychopathology. Still, limi-
tations should be noted. First, the original study was not
designed to examine externalizing symptoms, which has
downstream implications for the both the sample recruited
(potential range restriction, constraints on generalizability)
and for how externalizing symptoms were measured (e.g.,
no ADHD, ODD, or CD diagnoses available). Specifically,
SNAP Externalizing scores (M = 12.75, range = 0-72)
showed a right skew, with fewer cases falling toward the
high-severity tail. This distribution precluded us from exam-
ining more fine-grained dimensions (e.g., inattention, hyper-
activity, irritability, defiance, oppositionality); instead, we
focused here on externalizing symptoms more broadly. This
is a common approach, to use DSM-based ODD/ADHD
symptom scales to measure of total externalizing severity,
but it lacks strong normative data or empirically based cut-
offs specific to the SNAP and to our sample’s age range.
Still, results can be interpreted dimensionally as an indicator
of overall externalizing severity. Further, we did observe a
reasonable distribution of externalizing symptoms for results
modeled here, suggesting that these problems may have been
well-represented given the high-risk design.

Second, we only examined one aspect of sleep (subjec-
tive sleep quality). It is imperative to evaluate multiple
dimensions of sleep (e.g., sleep duration, timing, efficiency,
insomnia, nighttime awakenings, and daytime sleepiness),
which may provide more information about sleep quality
rather than perceived sleep quality (assessed in this study).
In addition, using multiple approaches and more objective
measures (e.g., actigraphy) are needed to better understand
the nature of subjective compared to objective aspects of
sleep linked with emotional experiences, particularly for
externalizing youth. Third, although our sample size (N =
82) was similar to that of other youth EMA studies (mean N
= 77) (Heron et al., 2017) and provided adequate power to
detect medium-to-large effects, we were slightly underpow-
ered to detect small-to-medium effects in models, particu-
larly for the cross-level interaction terms.

Fourth, affective variables were derived from PA and
NA ratings, not necessarily the most precise operationali-
zation of clinically relevant constructs like emotion dys-
regulation, regulation, and lability. Moreover, these data
were aggregated at the day-level in this analysis; future
research may benefit from a more complex approach to
modeling of EMA data to better understand the temporal
dynamics of youth affect across and within days. Finally,
sleep, affect, and externalizing problems are probably
jointly related to factors such as racial/ethnic discrimi-
nation experience (Johnson et al., 2019), sexual/gender
minority stress (Levenson et al., 2020), general family
stress (Sperber et al., 2022), and various other factors
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(e.g., social and family relationships, peer victimization,
school and community) beyond the scope of the present
study. Future research should adopt a more ecological
approach that considers a range of contextual variables.

Regarding clinical implications, our findings point to
two key targets that are malleable and ripe for interven-
tion among youth with externalizing problems: sleep qual-
ity and affective functioning. Broadly, a thorough assess-
ment of regulation (emotions, behaviors, and thoughts, and
strengths and difficulties in regulating them) is already an
important part of the clinical services for youths experienc-
ing externalizing symptoms (Evans et al., 2021; Southam-
Gerow, 2013). Yet, our study points to the importance of
routinely including assessment and psychoeducation around
sleep in intervention and prevention programs, particularly
for youth with externalizing problems. Externalizing symp-
toms may exacerbate the affective state and regulatory abili-
ties of youth with these problems, and likely contribute to
worse outcomes in the short- and long-term. Further, sleep
problems are also common among youth with externaliz-
ing problems (Chervin et al., 2003; Gruber et al., 2012;
Rubens et al., 2017). Thus, it is possible that addressing
and improving sleep among youth with externalizing prob-
lems may be a less stigmatized approach to providing youth
mental health services for some families at a broader scale,
with potential upstream effects on improving the range of
their emotional experience.

Given that low PA predicts poor sleep, it also may be
clinically beneficial to promote PA, which can be achieved
through positive, parent-child “one on one” activities, in line
with behavioral parent training, or through planful positive
social and physical activities, in line with behavioral activa-
tion. It is also possible that addressing sleep preventatively
during this key developmental period, when these problems
may first onset or be exacerbated, may help keep these prob-
lems from emerging in the first place. For instance, CBT-I
is effective treatment for insomnia (Zachariae et al., 2016)
and the Transdiagnostic Intervention for Sleep and Circadian
Dysfunction (TranS-C) is a modularized CBT-I approach
for youth (Harvey, 2016). Integrating these approaches and
targeting sleep in family-based or school-based prevention
programs when youth show early signs of externalizing
symptoms may be particularly beneficial. However, research
is needed to test whether integrating sleep-focused treatment
for youth with externalizing problems improves affective
and behavioral problems from day to day.

In sum, the present study offers new insights into the daily
associations between sleep quality and affective functioning
experienced by youth with externalizing symptoms. Findings
suggest that—-among youth with higher levels of externalizing
symptoms and irrespective of familial risk for psychopathol-
ogy—poorer sleep quality on a given night predicts greater
variability and peaks in negative affect the following day; and

lower positive affect on a given day predicts poorer sleep qual-
ity later that night. Greater NA variability and peaks may result
in greater daily behavioral disturbances or problems with both
potential short- and long-term consequences for youth during a
critical developmental period for adjustment and emergence of
mental health problems. Of note, sleep and affect are dynamic
variables that likely reflect a larger system explaining their
time-varying systems among individuals with and without
externalizing problems. Further research is needed to better
understand these systems and to fully translate and disseminate
findings into more effective clinical approaches for youth and
families.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10802-023-01087-4.

Acknowledgements The authors thank the youth and parents who
participated in this research. We are also grateful to all the research
assistants who contributed to portions of this work, including Amanda
Adams and Lorraine Scott for their assistance with study data col-
lection, and Hilary Skov for helping prepare the data for the present
analysis. Portions of these results were presented at the 2023 Meeting
of the Anxiety and Depression Association of America (ADAA).

Funding This study was funded by KOIMH104325, awarded to LMB.
Participant recruitment was also supported by a NIH grant to the
University of Pittsburgh Clinical and Translational Science Institute
(UL1TRO01857). LMB was also supported by L30MH101750 dur-
ing study data collection. SCE received support from L30MH120708
during the preparation of this manuscript. JLH received support from
K01MH121584 and L30MH117642.

Compliance with Ethical Standards

Research Involving Human Participants and/or Animals The study was
approved by the appropriate institutional and/or national research ethics
committee and was performed in accordance with the ethical standards
as laid down in the 1964 Declaration of Helsinki and its later amend-
ments or comparable ethical standards. This study was approved by the
institutional review board at the University of Pittsburgh.

Informed Consent Informed consent was obtained from the legal
guardians of all minors who participated in the study, and youth assent
was obtained from all participating minors.

Competing Interests The authors declare they have no potential con-
flicts of interest to disclose.

References

Ahmed, S. P., Bittencourt-Hewitt, A., & Sebastian, C. L. (2015).
Neurocognitive bases of emotion regulation development in
adolescence. Developmental Cognitive Neuroscience, 15,
11-25. https://doi.org/10.1016/j.dcn.2015.07.006

Aronen, E. T., Lampenius, T., Fontell, T., & Simola, P. (2014). Sleep
in children with disruptive behavioral disorders. Behavioral
Sleep Medicine, 12(5), 373-388.

Baum, K. T., Desai, A., Field, J., Miller, L. E., Rausch, J., & Beebe,
D. W. (2014). Sleep restriction worsens mood and emotion
regulation in adolescents. Journal of Child Psychology and
Psychiatry, 55(2), 180-190. https://doi.org/10.1111/jcpp.12125

@ Springer


https://doi.org/10.1007/s10802-023-01087-4
https://doi.org/10.1016/j.dcn.2015.07.006
https://doi.org/10.1111/jcpp.12125

Research on Child and Adolescent Psychopathology

Bunford, N., Evans, S. W., & Wymbs, F. (2015). ADHD and emotion
dysregulation among children and adolescents. Clinical Child
and Family Psychology Review, 18(3), 185-217.

Burke, J. D. (2012). An affective dimension within oppositional
defiant disorder symptoms among boys: personality and psy-
chopathology outcomes into early adulthood. Journal of Child
Psychology and Psychiatry, 53(11), 1176-1183.

Burke, J. D., Boylan, K., Rowe, R., Duku, E., Stepp, S. D., Hipwell,
A. E., & Waldman, I. D. (2014). Identifying the irritability
dimension of ODD: application of a modified bifactor model

across five large community samples of children. Journal of

Abnormal Psychology, 123(4), 841-851. https://doi.org/10.
1037/a0037898

Burke, J. D., & Stepp, S. D. (2012). Adolescent Disruptive behavior
and borderline personality disorder symptoms in young adult men.
Journal of Abnormal Child Psychology, 40(1), 35—44. https://doi.
org/10.1007/s10802-011-9558-7

Bylsma, L. M., Morris, B. H., & Rottenberg, J. (2008). A meta-analysis
of emotional reactivity in major depressive disorder. Clinical Psy-
chology Review, 28(4), 676-691. https://doi.org/10.1016/j.cpr.2007.
10.001

Carskadon, M. A. (2011). Sleep in adolescents: the perfect storm. Pedi-
atric Clinics of North America, 58(3), 637-647. https://doi.org/
10.1016/j.pcl.2011.03.003

Cavanagh, M., Quinn, D., Duncan, D., Graham, T., & Balbuena, L.
(2017). Oppositional defiant disorder is better conceptualized as
a disorder of emotional regulation. Journal of Attention Disorders,
21(5), 381-389. https://doi.org/10.1177/1087054713520221

Chervin, R. D., Dillon, J. E., Archbold, K. H., & Ruzicka, D. L. (2003).
Conduct problems and symptoms of sleep disorders in children.
Journal of the American Academy of Child & Adolescent Psy-
chiatry, 42(2), 201-208.

Cole, P. M., Hall, S. E., & Hajal, N. J. (2017). Emotion dysregula-
tion as a vulnerability to psychopathology. Child and adolescent
psychopathology (3rd ed., pp. 346-386). Hoboken, NJ: Wiley.

Cole, P. M., Martin, S. E., & Dennis, T. A. (2004). Emotion regulation
as a scientific construct: methodological challenges and direc-
tions for child development research. Child Development, 75(2),
317-333.

Colrain, I. M., & Baker, F. C. (2011). Changes in sleep as a function
of adolescent development. Neuropsychology Review, 21, 5-21.

Compas, B. E., Jaser, S. S., Bettis, A. H., Watson, K. H., Gruhn, M.
A., Dunbar, J. P., Williams, E., & Thigpen, J. C. (2017). Cop-
ing, emotion regulation, and psychopathology in childhood and
adolescence: a meta-analysis and narrative review. Psychological
Bulletin, 143(9), 939.

Cousins, J. C., Whalen, D. J., Dahl, R. E., Forbes, E. E., Olino, T. M.,
Ryan, N. D., & Silk, J. S. (2011). The bidirectional association
between daytime affect and nighttime sleep in youth with anxiety
and depression. Journal of Pediatric Psychology, 36(9), 969-979.
https://doi.org/10.1093/jpepsy/jst036

Evans, S. C., Burke, J. D., Roberts, M. C., Fite, P. J., Lochman, J. E.,
Francisco, R., & Reed, G. M. (2017). Irritability in child and ado-
lescent psychopathology: an integrative review for ICD-11. Clinical
Psychology Review, 53, 29—45.

Evans, S. C., de la Pefia, F. R., Matthys, W., & Lochman, J. E. (2023).
Disruptive behaviour and dissocial disorders and attention-deficit/
hyperactivity disorder. In G. M. Reed, P. L.-J. Ritchie, & A. Mae-
rcker (Eds.), A psychological approach to diagnosis using the
ICD-11 as a framework. American Psychological Association and
International Union of Psychological Science.

Factor, P. I, Reyes, R. A., & Rosen, P. J. (2014). Emotional impul-
sivity in children with ADHD associated with comorbid-not
ADHD-symptomatology. Journal of Psychopathology and
Behavioral Assessment, 36(4), 530-541. https://doi.org/10.1007/
$10862-014-9428-z

@ Springer

Factor, P. I, Rosen, P. J., & Reyes, R. A. (2016). The relation of poor
emotional awareness and externalizing behavior among children
with ADHD. Journal of Attention Disorders, 20(2), 168—177.

Frick, M. A., & Brocki, K. C. (2019). A multi-factorial perspective
on ADHD and ODD in school-aged children: what is the role of
cognitive regulation, temperament, and parental support? Journal
of Clinical and Experimental Neuropsychology, 41(9), 933-945.

Fuligni, A. J., Bai, S., Krull, J. L., & Gonzales, N. A. (2019). Indi-
vidual differences in optimum sleep for daily mood during ado-
lescence. Journal of Clinical Child & Adolescent Psychology,
48(3), 469-479.

Gregory, A. M., & Sadeh, A. (2012). Sleep, emotional and behavioral
difficulties in children and adolescents. Sleep Medicine Reviews,
16(2), 129-136.

Gruber, R., Cassoff, J., Frenette, S., Wiebe, S., & Carrier, J. (2012).
Impact of sleep extension and restriction on children’s emotional
lability and impulsivity. Pediatrics, 130(5), e1155—-e1161.

Gruhn, M. A., Dunbar, J. P, Watson, K. H., Reising, M. M., McKee, L.,
Forehand, R., Cole, D. A., & Compas, B. E. (2016). Testing specific-
ity among parents’ depressive symptoms, parenting, and child inter-
nalizing and externalizing symptoms. Journal of Family Psychology,
30(3), 309.

Guyer, A. E., Silk, J. S., & Nelson, E. E. (2016). The neurobiology of the
emotional adolescent: from the inside out. Neuroscience and Biobe-
havioral Reviews, 70, 74-85. https://doi.org/10.1016/j.neubiorev.2016.
07.037

Hagenauer, M. H., Perryman, J. I, Lee, T. M., & Carskadon, M. A.
(2009). Adolescent changes in the homeostatic and circadian reg-
ulation of sleep. Developmental Neuroscience, 31(4), 276-284.
https://doi.org/10.1159/000216538

Hamilton, J. L., Chand, S., Reinhardt, L., Ladouceur, C. D., Silk, J.
S., Moreno, M., Franzen, P. L., & Bylsma, L. M. (2020a). Social
media use predicts later sleep timing and greater sleep variability:
an ecological momentary assessment study of youth at high and
low familial risk for depression. Journal of Adolescence, 83(1),
122-130. https://doi.org/10.1016/j.adolescence.2020.07.009

Hamilton, J. L., Hutchinson, E., Evankovich, M. R., Ladouceur, C. D.,
& Silk, J. S. (2022). Daily and average associations of physical
activity, social media use, and sleep among adolescent girls during
the COVID-19 pandemic. Journal of Sleep Research, 32,e13611.

Hamilton, J. L., Ladouceur, C. D., Silk, J. S., Franzen, P. L., & Bylsma,
L. M. (2020b). Higher rates of sleep disturbance among offspring
of parents with recurrent depression compared to offspring of
nondepressed parents. Journal of Pediatric Psychology, 45(1),
1-11. https://doi.org/10.1093/jpepsy/jsz079

Harvey, A. G. (2016). A transdiagnostic intervention for youth sleep
and circadian problems. Cognitive and Behavioral Practice, 23(3),
341-355. https://doi.org/10.1016/j.cbpra.2015.06.001

Heron, K. E., Everhart, R. S., McHale, S. M., & Smyth, J. M. (2017).
Using mobile-technology-based ecological momentary assessment
(EMA) methods with youth: a systematic review and recommenda-
tions. Journal of Pediatric Psychology, 42(10), 1087-1107. https://
doi.org/10.1093/jpepsy/jsx078

Herzhoff, K., & Tackett, J. L. (2016). Subfactors of oppositional
defiant disorder: converging evidence from structural and latent
class analyses. Journal of Child Psychology and Psychiatry,
57(1), 18-29.

Hirsch, E., Davis, K., Cao, Z., & Roy, A. K. (2022). Understand-
ing phasic irritability: anger and distress in children’s temper
outbursts. Child Psychiatry & Human Development, 53(2),
317-329. https://doi.org/10.1007/s10578-021-01126-5

Hoffman, L. (2020). Longitudinal analysis: modeling within-person
fluctuation and change. Routledge. https://doi.org/10.4324/
9781315744094

Hyde, J., Mezulis, A., & Abramson, L. (2008). The ABCs of depres-
sion: integrating affective, biological, and cognitive models to


https://doi.org/10.1037/a0037898
https://doi.org/10.1037/a0037898
https://doi.org/10.1007/s10802-011-9558-7
https://doi.org/10.1007/s10802-011-9558-7
https://doi.org/10.1016/j.cpr.2007.10.001
https://doi.org/10.1016/j.cpr.2007.10.001
https://doi.org/10.1016/j.pcl.2011.03.003
https://doi.org/10.1016/j.pcl.2011.03.003
https://doi.org/10.1177/1087054713520221
https://doi.org/10.1093/jpepsy/jsr036
https://doi.org/10.1007/s10862-014-9428-z
https://doi.org/10.1007/s10862-014-9428-z
https://doi.org/10.1016/j.neubiorev.2016.07.037
https://doi.org/10.1016/j.neubiorev.2016.07.037
https://doi.org/10.1159/000216538
https://doi.org/10.1016/j.adolescence.2020.07.009
https://doi.org/10.1093/jpepsy/jsz079
https://doi.org/10.1016/j.cbpra.2015.06.001
https://doi.org/10.1093/jpepsy/jsx078
https://doi.org/10.1093/jpepsy/jsx078
https://doi.org/10.1007/s10578-021-01126-5
https://doi.org/10.4324/9781315744094
https://doi.org/10.4324/9781315744094

Research on Child and Adolescent Psychopathology

explain the emergence of the gender difference in depression.
Psychological Review, 115,291-313. https://doi.org/10.1037/
0033-295X.115.2.291

Hysing, M., Pallesen, S., Stormark, K. M., Lundervold, A. J., &
Sivertsen, B. (2013). Sleep patterns and insomnia among ado-
lescents: a population-based study. Journal of Sleep Research,
22(5), 549-556. https://doi.org/10.1111/jsr.12055

Johnson, D. A., Jackson, C. L., Williams, N. J., & Alcantara, C. (2019).
Are sleep patterns influenced by race/ethnicity — a marker of rela-
tive advantage or disadvantage? Evidence to date. Nature and
Science of Sleep, 11, 79-95. https://doi.org/10.2147/NSS.S169312

Karalunas, S. L., Gustafsson, H. C., Fair, D., Musser, E. D., & Nigg, J.
T. (2019). Do we need an irritable subtype of ADHD? Replication
and extension of a promising temperament profile approach to
ADHD subtyping. Psychological Assessment, 31(2), 236.

Kaufman, J., Birmaher, B., Brent, D., Rao, U. M. A., Flynn, C., Moreci,
P., ... & Ryan, N. (1997). Schedule for affective disorders and
schizophrenia for school-age children-present and lifetime ver-
sion (KSADS-PL): initial reliability and validity data. Journal of
the American Academy of Child & Adolescent Psychiatry, 36(7),
980-988.

Kircanski, K., Leibenluft, E., & Brotman, M. A. (2017). Emotion reg-
ulation in severe irritability and disruptive mood dysregulation
disorder. In C. A. Essau, S. LeBlanc, & T. H. Ollendick (Eds.),
Emotion regulation and psychopathology in children and adoles-
cents (pp. 281-301). Oxford University Press. https://doi.org/10.
1093/med:psych/9780198765844.003.0014

Konjarski, M., Murray, G., Lee, V. V., & Jackson, M. L. (2018).
Reciprocal relationships between daily sleep and mood: A sys-
tematic review of naturalistic prospective studies. Sleep Medicine
Reviews, 42, 47-58.

Kouros, C. D., & El-Sheikh, M. (2015). Daily mood and sleep: recipro-
cal relations and links with adjustment problems. Journal of Sleep
Research, 24(1), 24-31. https://doi.org/10.1111/jsr.12226

Lahey, B. B., Krueger, R. F., Rathouz, P. J., Waldman, I. D., & Zald,
D. H. (2017). A hierarchical causal taxonomy of psychopathol-
ogy across the life span. Psychological Bulletin, 143(2), 142—-186.
https://doi.org/10.1037/bul0000069

Lawrence, H. R., Burke, T. A., Sheehan, A. E., Pastro, B., Levin, R.
Y., Walsh, R. F. L., Bettis, A. H., & Liu, R. T. (2021). Prevalence
and correlates of suicidal ideation and suicide attempts in pre-
adolescent children: a US population-based study. Translational
Psychiatry, 11(1), 1. https://doi.org/10.1038/541398-021-01593-3

Leaberry, K. D., Rosen, P. J., Fogleman, N. D., Walerius, D. M., &
Slaughter, K. E. (2020a). Comorbid internalizing and externaliz-
ing disorders predict lability of negative emotions among children
with ADHD. Journal of Attention Disorders, 24(14), 1989-2001.
https://doi.org/10.1177/1087054717734647

Leaberry, K. D., Walerius, D. M., Rosen, P. J., & Fogleman, N. D.
(2020b). Emotional lability. In V. Zeigler-Hill & T. K. Shackelford
(Eds.), Encyclopedia of personality and individual differences (pp.
1319-1329). Springer International Publishing. https://doi.org/10.
1007/978-3-319-24612-3_510

Levenson, J. C., Thoma, B. C., Hamilton, J. L., Choukas-Bradley, S.,
& Salk, R. H. (2020). Sleep among gender minority adolescents.
Sleep, 44(3), zsaal85. https://doi.org/10.1093/sleep/zsaal 85

Lycett, K., Mensah, F. K., Hiscock, H., & Sciberras, E. (2014). A pro-
spective study of sleep problems in children with ADHD. Sleep
Medicine, 15(11), 1354-1361. https://doi.org/10.1016/j.sleep.
2014.06.004

Martel, M. M. (2009). Research review: a new perspective on atten-
tion-deficit/hyperactivity disorder: emotion dysregulation and
trait models. Journal of Child Psychology and Psychiatry, 50(9),
1042-1051.

McMakin, D. L., Dahl, R. E., Buysse, D. J., Cousins, J. C., Forbes, E.
E., Silk, J. S., Siegle, G. J., & Franzen, P. L. (2016). The impact

of experimental sleep restriction on affective functioning in social
and nonsocial contexts among adolescents. Journal of Child Psy-
chology and Psychiatry, 57(9), 1027-1037. https://doi.org/10.
1111/jcpp.12568

Modecki, K. L., Zimmer-Gembeck, M. J., & Guerra, N. (2017). Emo-
tion regulation, coping, and decision making: three linked skills
for preventing externalizing problems in adolescence. Child
Development, 88(2), 417-426.

Moftitt, T. E. (2005). The new look of behavioral genetics in develop-
mental psychopathology: gene-environment interplay in antisocial
behaviors. Psychological Bulletin, 131, 533-554.

Murayama, K., Usami, S., & Sakaki, M. (2022). Summary-statistics-
based power analysis: a new and practical method to determine
sample size for mixed-effects modeling. Psychological Methods,
27,1014-1038. https://doi.org/10.1037/met0000330

Newman, M. G., & Llera, S. J. (2011). A novel theory of experiential
avoidance in generalized anxiety disorder: a review and synthe-
sis of research supporting a contrast avoidance model of worry.
Clinical Psychology Review, 31(3), 371-382. https://doi.org/10.
1016/j.cpr.2011.01.008

Nigg, J. T., Karalunas, S. L., Gustafsson, H. C., Bhatt, P., Ryabinin,
P., Mooney, M. A., Faraone, S. V., Fair, D. A., & Wilmot, B.
(2020). Evaluating chronic emotional dysregulation and irritabil-
ity in relation to ADHD and depression genetic risk in children
with ADHD. Journal of Child Psychology and Psychiatry, 61(2),
205-214. https://doi.org/10.1111/jcpp.13132

Okado, 1., Mueller, C. W., & Nakamura, B. J. (2016). Positive and
negative affect in clinic-referred youth with ADHD. Journal of
Attention Disorders, 20(1), 53-62.

Palmer, C. A., & Alfano, C. A. (2017). Sleep and emotion regulation:
an organizing, integrative review. Sleep Medicine Reviews, 31,
6-16. https://doi.org/10.1016/j.smrv.2015.12.006

Petersen, A. C., Crockett, L., Richards, M., & Boxer, A. (1988). Puber-
tal development scale. https://doi.org/10.1037/t06349-000

Quach, J. L., Nguyen, C. D., Williams, K. E., & Sciberras, E. (2018).
Bidirectional associations between child sleep problems and inter-
nalizing and externalizing difficulties from preschool to early ado-
lescence. JAMA Pediatrics, 172(2), e174363—-e174363.

Reising, M. M., Watson, K. H., Hardcastle, E. J., Merchant, M. J.,
Roberts, L., Forehand, R., & Compas, B. E. (2013). Parental
depression and economic disadvantage: the role of parenting in
associations with internalizing and externalizing symptoms in
children and adolescents. Journal of Child and Family Studies,
22(3), 335-343. https://doi.org/10.1007/s10826-012-9582-4

Reitsema, A. M., Jeronimus, B. F., van Dijk, M., & de Jonge, P. (2022).
Emotion dynamics in children and adolescents: a meta-analytic
and descriptive review. Emotion, 22(2), 374.

Rosen, P. J., & Factor, P. I. (2015). Emotional impulsivity and emotional
and behavioral difficulties among children with ADHD: an eco-
logical momentary assessment study. Journal of Attention Disor-
ders, 19(9), 779-793. https://doi.org/10.1177/1087054712463064

Rosen, P. J., Walerius, D. M., Fogleman, N. D., & Factor, P. I. (2015).
The association of emotional lability and emotional and behavio-
ral difficulties among children with and without ADHD. ADHD
Attention Deficit and Hyperactivity Disorders, 7(4), 281-294.
https://doi.org/10.1007/s12402-015-0175-0

Rubens, S. L., Evans, S. C., Becker, S. P, Fite, P. J., & Tountas, A. M.
(2017). Self-reported time in bed and sleep quality in associa-
tion with internalizing and externalizing symptoms in school-age
youth. Child Psychiatry & Human Development, 48(3), 455-467.

Russell, M. A., & Gajos, J. M. (2020). Annual research review: eco-
logical momentary assessment studies in child psychology and psy-
chiatry. Journal of Child Psychology and Psychiatry, and Allied
Disciplines, 61(3), 376-394. https://doi.org/10.1111/jcpp.13204

Schatten, H. T., Allen, K. J. D., & Armey, M. F. (2020). Assessment of
emotion dysregulation using ecological momentary assessment.

@ Springer


https://doi.org/10.1037/0033-295X.115.2.291
https://doi.org/10.1037/0033-295X.115.2.291
https://doi.org/10.1111/jsr.12055
https://doi.org/10.2147/NSS.S169312
https://doi.org/10.1093/med:psych/9780198765844.003.0014
https://doi.org/10.1093/med:psych/9780198765844.003.0014
https://doi.org/10.1111/jsr.12226
https://doi.org/10.1037/bul0000069
https://doi.org/10.1038/s41398-021-01593-3
https://doi.org/10.1177/1087054717734647
https://doi.org/10.1007/978-3-319-24612-3_510
https://doi.org/10.1007/978-3-319-24612-3_510
https://doi.org/10.1093/sleep/zsaa185
https://doi.org/10.1016/j.sleep.2014.06.004
https://doi.org/10.1016/j.sleep.2014.06.004
https://doi.org/10.1111/jcpp.12568
https://doi.org/10.1111/jcpp.12568
https://doi.org/10.1037/met0000330
https://doi.org/10.1016/j.cpr.2011.01.008
https://doi.org/10.1016/j.cpr.2011.01.008
https://doi.org/10.1111/jcpp.13132
https://doi.org/10.1016/j.smrv.2015.12.006
https://doi.org/10.1037/t06349-000
https://doi.org/10.1007/s10826-012-9582-4
https://doi.org/10.1177/1087054712463064
https://doi.org/10.1007/s12402-015-0175-0
https://doi.org/10.1111/jcpp.13204

Research on Child and Adolescent Psychopathology

The Oxford handbook of emotion dysregulation (pp. 411-426).
Oxford University Press.

Shanahan, L., Copeland, W. E., Angold, A., Bondy, C. L., & Costello,
E.J. (2014). Sleep problems predict and are predicted by general-
ized anxiety/depression and oppositional defiant disorder. Jour-
nal of the American Academy of Child & Adolescent Psychiatry,
53(5), 550-558.

Shaw, P., Stringaris, A., Nigg, J., & Leibenluft, E. (2014). Emotion
dysregulation in attention deficit hyperactivity disorder. American
Journal of Psychiatry, 171(3), 276-293. https://doi.org/10.1176/
appi.ajp.2013.13070966

Shiffman, S., Stone, A. A., & Hufford, M. R. (2008). Ecological momentary
assessment. Annual Review of Clinical Psychology, 4(1), 1-32. https://
doi.org/10.1146/annurev.clinpsy.3.022806.091415

Shirtcliff, E. A., Dahl, R. E., & Pollak, S. D. (2009). Pubertal develop-
ment: correspondence between hormonal and physical develop-
ment. Child Development, 80(2), 327-337.

Silk, J. S., Forbes, E. E., Whalen, D. J., Jakubcak, J. L., Thompson,
W. K., Ryan, N. D., Axelson, D. A., Birmaher, B., & Dahl, R.
E. (2011). Daily emotional dynamics in depressed youth: a cell
phone ecological momentary assessment study. Journal of Exper-
imental Child Psychology, 110(2), 241-257. https://doi.org/10.
1016/j.jecp.2010.10.007

Sobanski, E., Banaschewski, T., Asherson, P., Buitelaar, J., Chen, W.,
Franke, B., Holtmann, M., Krumm, B., Sergeant, J., Sonuga-
Barke, E., Stringaris, A., Taylor, E., Anney, R., Ebstein, R. P., Gill,
M., Miranda, A., Mulas, F., Oades, R. D., Roeyers, H., & Faraone,
S. V. (2010). Emotional lability in children and adolescents with
attention deficit/hyperactivity disorder (ADHD): clinical corre-
lates and familial prevalence. Journal of Child Psychology and
Psychiatry, 51(8), 915-923. https://doi.org/10.1111/j.1469-7610.
2010.02217.x

Southam-Gerow, M. A. (2013). Emotion regulation in children and
adolescents: a practitioner’s guide. Guilford Press.

Sperber, J. F., McQuillan, M. E., Hoyniak, C. P, Staples, A. D., Rudasill,
K. M., Molfese, V.]J., & Bates, J. E. (2022). Sleep and negative affect
across toddlerhood in the context of stress. Affective Science, 3(2),
370-382. https://doi.org/10.1007/s42761-021-00094-2

Spitzer, R. L., Williams, J. B., Gibbon, M., & First, M. B. (1992). The
structured clinical interview for DSM-III-R (SCID): I: history, ration-
ale, and description. Archives of General Psychiatry, 49(8), 624—629.

Swales, D. A., Snyder, H. R., Hankin, B. L., Sandman, C. A., Glynn,
L. M., & Davis, E. P. (2022). Maternal depressive symptoms pre-
dict general liability in child psychopathology. Journal of Clinical
Child & Adolescent Psychology, 51(1), 85-96. https://doi.org/10.
1080/15374416.2020.1723598

Swanson, J., Nolan, W., & Pelham, W. E. (1992). The SNAP-1V rating
scale. Irvine, CA: University of California at Irvine.

Swanson, J. M., Kraemer, H. C., Hinshaw, S. P., Arnold, L. E., Conners, C.
K., Abikoff, H. B., ... & Wu, M. (2001). Clinical relevance of the pri-
mary findings of the MTA: success rates based on severity of ADHD
and ODD symptoms at the end of treatment. Journal of the American
Academy of Child & Adolescent Psychiatry, 40(2), 168—179.

Thompson, R. A. (1994). Emotion regulation: A theme in search of
definition. Monographs of the Society for Research in Child
Development, 59(2/3), 25-52.

@ Springer

Tomasiello, M., Temcheff, C. E., Martin-Storey, A., Bégin, V., Poirier,
M., & Déry, M. (2021). Self and parent-reported sleep problems
of adolescents with childhood conduct problems and comorbid
psychological problems. Journal of Adolescence, 92, 165-176.

Toro, R. A., Garcia-Garcia, J., & Zaldivar-Basurto, F. (2020). Factorial
analysis and invariance testing for age and gender of the reactive-
proactive aggression questionnaire (RPQ). International Journal
of Psychological Research, 13(1), 62-70.

van Zundert, R. M., van Roekel, E., Engels, R. C., & Scholte, R. H.
(2015). Reciprocal associations between adolescents’ night-time
sleep and daytime affect and the role of gender and depressive
symptoms. Journal of Youth and Adolescence, 44(2), 556-569.

Vidal-Ribas, P., Brotman, M. A., Valdivieso, 1., Leibenluft, E., & Strin-
garis, A. (2016). The status of irritability in psychiatry: a concep-
tual and quantitative review. Journal of the American Academy of
Child & Adolescent Psychiatry, 55(7), 556-570.

Walerius, D. M., Reyes, R. A., Rosen, P. J., & Factor, P. I. (2018).
Functional impairment variability in children with ADHD due
to emotional impulsivity. Journal of Attention Disorders, 22(8),
724-737. https://doi.org/10.1177/1087054714561859

Wen, C. K. F,, Schneider, S., Stone, A. A., & Spruijt-Metz, D. (2017).
Compliance with mobile ecological momentary assessment pro-
tocols in children and adolescents: a systematic review and meta-
analysis. Journal of Medical Internet Research, 19(4), e132.

Williams, K. E., Berthelsen, D., Walker, S., & Nicholson, J. M. (2017).
A developmental cascade model of behavioral sleep problems and
emotional and attentional self-regulation across early childhood.
Behavioral Sleep Medicine, 15(1), 1-21. https://doi.org/10.1080/
15402002.2015.1065410

Williamson, A. A., Zendarski, N., Lange, K., Quach, J., Molloy, C., Clifford,
S. A., & Mulraney, M. (2021). Sleep problems, internalizing and
externalizing symptoms, and domains of health-related quality of life:
bidirectional associations from early childhood to early adolescence.
Sleep, 44(1), zsaal39. https://doi.org/10.1093/sleep/zsaal 39

Young, K. S., Sandman, C. F., & Craske, M. G. (2019). Positive and
negative emotion regulation in adolescence: links to anxiety and
depression. Brain Sciences, 9(4), 76. https://doi.org/10.3390/brain
5¢i9040076

Zachariae, R., Lyby, M. S., Ritterband, L. M., & O’Toole, M. S. (2016).
Efficacy of internet-delivered cognitive-behavioral therapy for
insomnia — A systematic review and meta-analysis of randomized
controlled trials. Sleep Medicine Reviews, 30, 1-10. https://doi.
org/10.1016/j.smrv.2015.10.004

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1176/appi.ajp.2013.13070966
https://doi.org/10.1176/appi.ajp.2013.13070966
https://doi.org/10.1146/annurev.clinpsy.3.022806.091415
https://doi.org/10.1146/annurev.clinpsy.3.022806.091415
https://doi.org/10.1016/j.jecp.2010.10.007
https://doi.org/10.1016/j.jecp.2010.10.007
https://doi.org/10.1111/j.1469-7610.2010.02217.x
https://doi.org/10.1111/j.1469-7610.2010.02217.x
https://doi.org/10.1007/s42761-021-00094-2
https://doi.org/10.1080/15374416.2020.1723598
https://doi.org/10.1080/15374416.2020.1723598
https://doi.org/10.1177/1087054714561859
https://doi.org/10.1080/15402002.2015.1065410
https://doi.org/10.1080/15402002.2015.1065410
https://doi.org/10.1093/sleep/zsaa139
https://doi.org/10.3390/brainsci9040076
https://doi.org/10.3390/brainsci9040076
https://doi.org/10.1016/j.smrv.2015.10.004
https://doi.org/10.1016/j.smrv.2015.10.004

	Daily Associations Between Sleep and Affect in Youth at Risk for Psychopathology: The Moderating Role of Externalizing Symptoms
	Abstract
	Introduction
	Emotion Dysregulation and Externalizing Psychopathology in Youth
	The Role of Daily Sleep Quality
	The Present Study

	Method
	Participants
	Procedure
	Measures
	Analytic Overview

	Results
	Perceived Sleep Quality Predicting Affect
	Affect Predicting Perceived Sleep Quality

	Discussion
	Anchor 16
	Acknowledgements 
	References


