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Temperamental negative affect and insufficient sleep have been independently associated with behavior prob-
lems during early childhood. However, it is unknown whether these factors interact to contribute to behav-
ioral difficulties in young children. The current study examined the interactions between temperamental
negative affect and both sleep onset time and sleep midpoint, assessed by actigraphy, in predicting externaliz-
ing and internalizing behaviors in a sample of 117 children (34–69 months of age). Children with high temper-
amental negative affect and either later sleep onset time or later sleep midpoint were more likely to exhibit
externalizing and internalizing behaviors. These results emphasize the association between temperamental
negative affect and behavioral difficulties, particularly for children with insufficient sleep.

Temperamental negative affect is a distinct temper-
ament dimension commonly associated with height-
ened rates of externalizing and internalizing
problems (Gartstein, Putnam, & Rothbart, 2012).
Marked by the propensity to react to stressors with
high levels of negative emotionality, temperamental
negative affect is characterized by a constellation of
high discomfort, fear, anger/frustration, aggression,
sadness, and low soothability (Rothbart, Ahadi,
Hershey, & Fischer, 2001). Because assessments of
temperamental negative affect focus on negative
affectivity and probe elements that are related to
both approach and avoidance motivation systems
(Gray, 1991), this broad dimension of temperament
uniquely poses risks for maladaptive behavior
problems across development (Henderson &
Wachs, 2007).

Importantly, a growing body of research sug-
gests that the association between temperamental
negative affect and behavioral problems may be
exacerbated or ameliorated depending on salient
factors early in development. Sleep, which under-
goes rapid changes in early childhood, may be

particularly relevant to understanding the rise
and persistence of poor behavioral outcomes.
During this developmental period, from 2 to
5 years of age, preschool enrollment typically
motivates the institution of regimented sleep and
wake schedules to prepare for the often early (7–
8 a.m.) start of the preschool day. Additionally,
sleep onset time is particularly irregular during
early childhood (Beltramini & Hertzig, 1983;
Fisher & McGuire, 1990). Like temperamental
negative affect, insufficient sleep has been associ-
ated with externalizing and internalizing prob-
lems (LeBourgeois, Carskadon, et al., 2013;
Yokomaku et al., 2008). Insufficient sleep is mea-
sured by late sleep onset time and late sleep
midpoint (which is the point in time halfway
between sleep onset and sleep offset). As the
preschool years are a time in which behavior
problems are common (e.g., Gilliom & Shaw,
2004), it is particularly important to evaluate the
prevalence and consequence of insufficient sleep
in this population and determine whether sleep
parameters and temperament interact to moder-
ate risk for maladaptive outcomes.
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Temperamental Negative Affect and Behavioral
Outcomes

A substantial body of research has linked high
levels of temperamental negative affect with mal-
adaptive outcomes such as externalizing and inter-
nalizing behaviors. Externalizing problems are
prevalent in early childhood and generally manifest
in the form of attention problems or aggression
issues. Also commonly occurring in childhood, but
less frequently reported as problematic in young
children, are internalizing problems that reflect
internal distress such as anxiety or depression
(Achenbach & Ruffle, 2000; Tandon, Cardeli, &
Luby, 2009). Although multiple factors may influ-
ence risk for maladaptive outcomes among chil-
dren, longitudinal work suggests that children high
in negative affectivity during infancy and toddler-
hood have an increased risk of externalizing and
internalizing problems during the preschool years
(Gartstein et al., 2012). Concurrent connections
between negative affectivity and maladaptive out-
comes have also been found among young children
(Gilliom & Shaw, 2004) as well as heightened risk
for externalizing and/or internalizing problems
throughout development (Lipscomb et al., 2012;
Vitaro, Barker, Boivin, Brendgen, & Tremblay,
2006).

Theoretical work further suggests that early neg-
ative affectivity can foreshadow later forms of psy-
chopathology (Frick & Morris, 2004), and evidence
of this association has emerged in respect to both
externalizing (Eisenberg et al., 2009) and internaliz-
ing problems (Leve, Kim, & Pears, 2005). Recently,
Olino, Dougherty, Bufferd, Carlson, and Klein
(2014) have explored the structure of psychopathol-
ogy in preschool-aged children and found a com-
mon latent vulnerability to both internalizing and
externalizing problems. Similarly, a cross-sectional
study of psychopathology in a broader age range of
children (2–18 years of age) supports the proposal
that combined aspects of emotional and behavioral
regulation, both of which are associated with tem-
peramental negative affect, contribute to the co-
occurrence of internalizing and externalizing symp-
toms in childhood and adolescence (Slobodskaya,
2014). This work is consistent with other studies
that have shown that high levels of temperamental
negative affect can correspond to a wide range of
developmental trajectories that include externalizing
and internalizing outcomes.

However, not all children who display high
levels of temperamental negative affect develop
maladaptive outcomes. Accumulating evidence

suggests that during early childhood, negative
affectivity interacts with environmental factors to
shape vulnerability to externalizing and internaliz-
ing behaviors (Rothbart & Bates, 2006; Shaw,
Owens, Giovannelli, & Winslow, 2001). Parenting
quality is one moderator of risk for externalizing
and internalizing outcomes, particularly among
children high in temperamental negative affect (e.g.,
Putnam, Sanson, & Rothbart, 2002). However, less
is known of how other aspects of the child’s experi-
ence may interact with temperamental characteris-
tics to impact risk for behavior problems. Previous
work examining increased vulnerability to behavior
problems among children highlights insufficient
sleep as a key risk factor (see Dahl, 1996 for
review). Specifically, children with shorter sleep
duration and later sleep onset times display more
maladaptive behaviors (e.g., externalizing and inter-
nalizing problems) relative to those with longer
sleep duration and earlier sleep onset times (Nixon
et al., 2008; Yokomaku et al., 2008). Moreover, a
number of studies show that insufficient sleep is
associated with dampening of cognitive functions
involved in self-regulation (Kurdziel, Duclos, &
Spencer, 2013; Miller, Seifer, Crossin, & LeBour-
geois, 2015). As sleep problems are common during
early childhood (Beltramini & Hertzig, 1983; Fisher
& McGuire, 1990), the presence and severity of
sleep deficits may underlie behavior problems that
emerge at critical stages of early development.
Moreover, given the pervasive nature of early child-
hood behavior problems, along with the develop-
mental changes in sleep patterns during this period,
it is essential to better understand how sleep con-
tributes to outcomes for young children with tem-
peramental vulnerabilities to behavioral issues. A
more thorough understanding of these factors has
important implications for the development of tar-
geted interventions.

Sleep as a Moderator of Behavioral Outcomes

Emerging work suggests that insufficient sleep
during early childhood may have a lasting impact
on trajectories of behavioral outcomes throughout
development. For instance, among infants charac-
terized as high in resistance to control (a tempera-
ment dimension that incorporates aspects of
negative affectivity), higher rates of sleep problems
were predictive of growth in externalizing behav-
iors from early to middle childhood (5–9 years of
age; Goodnight, Bates, Staples, Pettit, & Dodge,
2007). Although this study suggests a positive asso-
ciation between insufficient sleep and externalizing
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behaviors for children of specific temperaments, it
is unclear how concurrent associations between
temperament, sleep, and behavior interact, particu-
larly during early childhood when externalizing
and internalizing behaviors are prevalent (e.g., Gil-
liom & Shaw, 2004). Additionally, Goodnight
et al.’s (2007) measure of sleep sufficiency was
based on a broad assessment of sleep difficulties
(“overtired,” “trouble sleeping,” and “sleeps less
than most children”) through caregiver reports,
which are not as accurate as objective sleep mea-
sures such as actigraphy (Dayyat, Spruyt, Molfese,
& Gozal, 2011; Gregory & Sadeh, 2012).

Counter to the limitations of subjective assess-
ment of sleep, actigraphy enables accurate estima-
tion of sleep parameters such as sleep duration,
sleep onset time, and sleep midpoint (Acebo et al.,
2005; LeBourgeois, Carskadon, et al., 2013). Late
sleep onset time, or the transition from wakefulness
to sleep, has been associated with short sleep dura-
tion (Kohyama, Shiiki, & Hasegawa, 2000), which,
in turn, has been linked to a variety of externalizing
and internalizing problems throughout early child-
hood. Among school-aged children (approximately
7 years of age), sleep duration was significantly
shorter when bedtime was after 9 p.m. (Nixon
et al., 2008). Moreover, short sleep duration was
associated with high emotional lability according to
caregiver report. Bedtime has also been positively
correlated with aggressive, withdrawn, and anx-
ious/depressed behaviors, as well as internalizing
behaviors in children 4–6 years of age (Yokomaku
et al., 2008). Similarly, late sleep midpoint, a marker
of circadian phase, has been linked to internalizing
behaviors (i.e., anxiety) in young adults (Pace-
Schott et al., 2015). Taken together, these studies
suggest that sleep parameters indicative of sleep
timing (i.e., sleep onset time and sleep midpoint)
may be related to the emergence of behavior prob-
lems throughout development. Whether or not
associations between sleep timing and behavior
vary between children with distinct temperament
characteristics warrants further research as sleep
difficulties may exacerbate temperamental vulnera-
bilities to behavioral problems.

Current Study

Given the associations between sleep and behav-
ioral outcomes throughout development, the pur-
pose of this study was to evaluate the relations
between temperamental negative affect, sleep tim-
ing (i.e., sleep onset and sleep midpoint), and their
potential interactive contributions to behavioral

outcomes during early childhood. If sleep onset and
midpoint interact with negative affectivity to pre-
dict such outcomes, these variables can be targeted
(e.g., via behavioral intervention) to reduce the risk
of maladaptive behaviors in temperamentally vul-
nerable children.

In conjunction with caregiver reported measures
of temperament and behavior, we used an objective
measure of sleep (actigraphy) to evaluate measures
of sleep timing, sleep onset time and sleep mid-
point, as well as sleep duration. We posited that
sleep onset time is an important environmental fac-
tor that moderates the relation between tempera-
mental negative affect and behavior problems
during early childhood, a developmental period
during which sleep onset time is particularly irregu-
lar (Beltramini & Hertzig, 1983; Fisher & McGuire,
1990). Likewise, we hypothesized that sleep mid-
point, an index of circadian phase, would moderate
the association between temperamental negative
affect and behavior problems in young children.
Finally, as research in adults suggests that disrup-
tion to the circadian phase (reflected in measures of
sleep timing) confers risk for maladaptive outcomes
that is not ameliorated by sleep length (e.g., Genzel
et al., 2013; Haus & Smolensky, 2006), we hypothe-
sized that sleep duration would not influence asso-
ciations between temperament and behavior.

Regarding specific behaviors within the external-
izing and internalizing domains, we hypothesized
that the association between temperamental nega-
tive affect and sleep onset time would be strongest
for externalizing behaviors previously associated
with negative emotionality (Gartstein et al., 2012).
Alternatively, delayed sleep onset may confer
greater risk for internalizing behaviors among chil-
dren high in temperamental negative affect, as
young children with later bedtimes have been
reported to have more internalizing problems than
those with earlier bedtimes (Yokomaku et al., 2008).
Consistent with work in young adults, we pre-
dicted the association between temperamental nega-
tive affect and sleep midpoint would be strongest
for internalizing behaviors (Pace-Schott et al., 2015).

Method

Participants

Children were recruited from preschools in
western Massachusetts as part of a larger study.
Children were eligible to participate if they were
33–71 months of age and had normal or corrected-
to-normal vision. Exclusion criteria included
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caregiver-reported diagnosis of parasomnias or
other sleep disorders, developmental disabilities, or
use of medications affecting sleep or arousal. Data
were collected between October 2012 and July 2014.

Caregivers of 185 children (96 female;
Mage = 52.44 months, SD = 9.49 months) completed
questionnaires on child behavior and temperament.
Of these, 127 children (62 female; Mage = 53.49
months, SD = 9.01 months) had usable actigraphy
data for at least three weekdays. A subset of children
had available information pertaining to household
income. Thus, the final sample included 117 children
(58 female; Mage = 52.96 months, SD = 8.85 months).
Caregiver report indicated that 51.3% of children
were White/Caucasian, 11.1% Black/African Ameri-
can, 1.7% Native American/Alaskan Native, 0.9%
Asian Indian, 1.7% Chinese, 2.6% Vietnamese, 0.9%
Other, Pacific Islander, 16.2% multiracial, and 2.6%
identified as “other.”

Of the caregivers who completed questionnaires
included in our analyses, 55.6% of caregivers were
White/Caucasian, 8.5% were Black/African Ameri-
can, 2.6% Native American/Alaskan Native, 2.6%
Asian Indian, 0.9% Chinese, 3.4% Vietnamese, 10.3%
were multiracial, and 2.6% identified as “other.” For
household income, 4.3% reported an annual house-
hold income of $5,000 or less, 8.5% between $5,001
and $10,000 per year, 16.2% between $10,001 and
$20,000 per year, 26.5% between $20,001 and $40,000
per year, 9.4% between $40,001 and $70,000 per year,
12.8% between $70,001 and $100,000 per year, 13.7%
between $100,001 and $150,000 per year, and 8.5%
reported more than $150,000 per year. Of these care-
givers, 2.6% reported education < 12th grade, 10.3%
completed high school (or received a general educa-
tion diploma), 23.1% enrolled in college, 13.7%
earned an associate’s degree, 17.1% earned a bache-
lor’s degree, and 33.3% earned either a master’s
degree or doctorate.

The number of weeknights (maximum possi-
ble = 9) of usable actigraphy data for children in the
final sample ranged from 3 to 9 nights and averaged
7 nights (M = 7.23, SD = 1.75). Specifically, 28.2%
had 9 nights of usable data, 27.4% had 8 nights,
17.9% had 7 nights, 8.5% had 6 nights, 6.0% had 5
nights, 7.7% had 4 nights, and 4.3% had 3 nights.

Measures

Children’s Behavior Questionnaire

The Children’s Behavior Questionnaire (CBQ)
assesses the emotional reactivity in young children
and provides reliable measures of temperament on

three broad scales: surgency, negative affect, and
effortful control (a = .75, .72, and .74, respectively;
Putnam & Rothbart, 2006). We used an abbreviated
form of the CBQ (i.e., CBQ Very Short Form),
which comprised 36 questions. For each question,
caregivers rated the level of reactivity his or her
child would have in a particular situation on a 7-
point Likert scale, 1 (extremely not true), 2 (quite not
true), 3 (slightly not true), 4 (neither true nor false), 5
(slightly true), 6 (quite true), 7 (extremely true), or NA
(not applicable). The CBQ Very Short Form subscales
are significantly correlated with those reported by
the full CBQ (r = .83, .75, and .83 for surgency, neg-
ative affect, and effortful control, respectively; Put-
nam & Rothbart, 2006).

Child Behavior Checklist for Ages 1.5–5

The Child Behavior Checklist (CBCL) is an
assessment of a child’s emotional and behavioral
problems (Achenbach & Ruffle, 2000). Caregivers
rated the degree to which 100 statements reflected
his or her child’s typical behavior on a 3-point Lik-
ert scale, 0 (not true), 1 (somewhat or sometimes true),
and 2 (very true or often true). The CBCL is a reliable
assessment (test–retest, a = .90) of emotional and
behavioral problems in children 1.5–5 years of age
(Achenbach & Rescorla, 2001).

Sleep Diary

During the 16-day testing protocol, caregivers
recorded their child’s sleep habits in a daily sleep
diary logging naps, overnight sleep latency, sleep
onset time, and morning awakening time each day.
These logs were used to validate scoring of actigra-
phy data.

Actigraphy

An Actiwatch Spectrum (Spectrum 2; Philips
Respironics, Bend, OR), a wrist-worn device with
off-wrist detection and triaxial accelerometer, was
used to estimate sleep (Acebo et al., 2005). Enrolled
children were instructed to wear the Actiwatch on
their nondominant wrist continuously for the 16-
day testing period. The Actiwatch sampled activity
at 32 Hz, with a sensitivity of <.01 g and activity
was stored in 15 s epochs. Actigraphy is a reliable
measure of sleep and wakefulness among develop-
mental populations, with 94% agreement with
videosomnography and exceptional sleep detection
(sensitivity = 97%; Sitnick, Goodlin-Jones, &
Anders, 2008). Moreover, the Philips Actiwatch
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used in this study is particularly sensitive to the
detection of sleep onset time among preschool-aged
children (Meltzer, Walsh, & Peightal, 2015).

Procedure

All procedures were approved by the Institu-
tional Review Board at the University of Mas-
sachusetts Amherst. Caregivers provided consent
for their child’s (wearing the Actiwatch) and their
own (completing questionnaires) participation.
Child assent was obtained before fitting the Acti-
watch. On the first day of the protocol, the Acti-
watch was placed on the child’s nondominant
wrist. The caregiver and child were instructed to
press an event marker on the Actiwatch to mark
the “lights-out” and “lights-on” at the beginning
and end of each sleep bout during the 16-day test-
ing period. Caregivers were also provided instruc-
tions on Actiwatch use (e.g., wear continuously
during the 16-day testing period, document times
during which the Actiwatch was taken off-wrist).
At the same time, caregivers were given the CBCL,
CBQ, sleep diary, and an in-house demographic
questionnaire to complete at any time during the
16-day period. Experimenters returned to the pre-
school frequently (approximately every other day)
to check Actiwatches and answer questions regard-
ing testing procedures. At the end of the 16-day
period, the Actiwatches and questionnaires were
retrieved, and caregivers received monetary com-
pensation for their time completing the surveys and
children were given an age-appropriate book for
their participation.

Data Analysis

Questionnaires

Items from the CBQ and CBCL were collapsed
into subscales following standardized scoring pro-
cedures (Achenbach & Ruffle, 2000; Putnam &
Rothbart, 2006, respectively). In creating these
subscales, averages (across items used in each
scale) were used in place of sum scores to
account for item missing data. In accordance with
standard use of the CBCL in developmental
research, raw scores were used in all statistical
analyses (Achenbach & Rescorla, 2001). Higher
scores on the negative affect scale (CBQ) represent
greater child negative emotionality (e.g., fear, frus-
tration, distress, and sadness), whereas higher
scores on the CBCL scales (i.e., externalizing and
internalizing broad scales as well as all subscales)

represent a greater number of caregiver-reported
child behavior problems.

Actigraphy

Segments of time when the Actiwatch was not
worn (indicated either in the sleep diary or identi-
fied as off wrist by the Actiwatch sensor) were
excluded from analysis. If an excluded interval
interfered with the scoring of an overnight sleep
bout, data from that day was not included in analy-
ses. Data from children with < 3 weekdays of
usable actigraphy data were not included in analy-
ses based on previous work using the same, or less
stringent, criteria (Nixon et al., 2008; Penpraze
et al., 2006).

Actiware software (Philips Respironics) was used
to score actigraphy data. The overnight rest interval
(i.e., the period of time the child was in bed) was
defined as the longest sleep bout centered around
midnight. Rest intervals were scored with reference
to the event markers and caregiver sleep logs. Sleep
onset time was set at the first of three consecutive
minutes of sleep, and sleep offset (wake onset) was
set at the last of five consecutive minutes of sleep
(Acebo et al., 2005; LeBourgeois, Carskadon, et al.,
2013; LeBourgeois, Wright, LeBourgeois, & Jenni,
2013). Sleep midpoint was defined as the point in
time halfway between sleep onset and sleep offset
(LeBourgeois, Carskadon, et al., 2013). Sleep dura-
tion was defined as the total minutes of sleep
between night sleep onset and sleep offset.

As accumulating evidence highlights the impor-
tance of maintaining a consistent sleep schedule in
order to promote efficient cognitive functioning
throughout the school day (National Sleep Founda-
tion, 2014), weekday data were of primary interest
in the current study. Consistent with previous stud-
ies, weekend data (Friday–Sunday) were excluded,
as weekend sleep schedules are potentially irregular
and may not be representative of children’s typical
sleep patterns (e.g., Ward, Gay, Anders, Alkon, &
Lee, 2008). Sunday was considered a weekend vari-
able as sleep duration on Sunday evenings has been
reported to be significantly longer than sleep dura-
tions reported on weekdays (e.g., Basner et al.,
2007).

Statistical Analyses

Analyses were conducted in SPSS Version 21.0
(IBM Corp., Armonk, NY). Only children with com-
plete data sets (usable actigraphy data, completed
CBQ, CBCL, and information regarding child age,
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gender, and household income) were included
(N = 117). In preliminary analyses we screened for
missing data patterns and univariate distributions
of the variables were assessed to determine whether
any model assumptions were violated (for the mul-
tilevel model and separate hierarchical linear
regressions). We also examined partial correlations
(controlling for child age and gender) between pre-
dictor and outcome variables.

Both sleep patterns and the prevalence of behav-
ior problems differ between boys and girls across
development (e.g., Deater-Deckard, Dodge, Bates, &
Pettit, 1998; El-Sheikh, Kelly, Buckhalt, & Hinnant,
2010). Accumulating evidence also suggests that
sleep parameters differ between children of high
and low socioeconomic status (Acebo et al., 2005;
Biggs, Lushington, van den Heuvel, Martin, & Ken-
nedy, 2011). As such, child age and gender (di-
chotomous variable, where 0 = male and
1 = female), household income, average sleep dura-
tion (in models when sleep onset and midpoint
were moderating variables), average sleep onset
time (in models when sleep duration and midpoint
were moderating variables), and average sleep mid-
point (in models when sleep duration and onset
were moderating variables) were used as control
variables in preliminary hierarchical regression
models. Control variables that were significantly
associated with the outcome variables of interest
were included in final models, whereas control
variables that were not associated with the outcome
were removed from subsequent analyses.

Primary analyses included multilevel models
with multivariate outcome variables used to deter-
mine whether temperamental negative affect and
the sleep variables of interest (sleep onset, mid-
point, and duration) were related to externalizing
and internalizing behaviors while accounting for
the covariance of these outcomes. Although we
expected that these sleep variables would be
strongly linked to one another, sleep onset assesses
effects of timing related to the initiation of noctur-
nal sleep, whereas sleep midpoint evaluates the
effects of both sleep onset and offset (i.e., wake
onset). Thus, the moderating effects of sleep onset
and midpoint were evaluated independently to
determine if sleep timing factors (i.e., onset and
midpoint) and sleep length (i.e., sleep duration) had
similar effects on behavioral outcomes in tempera-
mentally vulnerable children.

Next, a series of hierarchical linear regressions
were run to determine whether temperamental neg-
ative affect and each of the moderating sleep timing
variables (sleep onset and sleep midpoint) were

differentially related to distinct behaviors within
each of these domains. Specifically, we examined
the subscales of attention problems and aggressive
behaviors in the externalizing domain and emo-
tional reactivity, anxiety/depression, withdrawal,
and somatic complaints in the internalizing domain.
As sleep duration did not interact with tempera-
mental negative affect in the primary multilevel
model, relations with distinct behaviors within the
externalizing and internalizing domains were not
assessed for this sleep parameter.

Control variables that were significantly associ-
ated with the outcome of interest in preliminary
models were entered as control variables in the first
block of final models. Predictor variables were
entered simultaneously in the second block. The
interaction product of these predictor variables was
entered in the third block to explore whether associ-
ations between negative affect and behavioral out-
comes (externalizing behaviors and internalizing
behaviors) were moderated by sleep onset time or
sleep midpoint. In all models, continuous variables
(i.e., child age, household income, average sleep
duration, average sleep onset time, average sleep
midpoint, and temperamental negative affect) were
centered at their respective sample means in order
to facilitate detection and interpretation of interac-
tion effects. The interaction term was calculated as
the product of the two centered predictor variables.

Significant interactions were then plotted at low
(�1 SD) and high (+1 SD) levels of the predictor
(temperamental negative affect) and moderator
(sleep onset time or sleep midpoint), following
Aiken and West’s (1991) guidelines. Slopes repre-
senting the association between the predictor and
outcome variables at each level of the moderator
were evaluated to determine if they were signifi-
cantly different from zero. For all models, unstan-
dardized residuals were plotted against the
adjusted predicted values for each outcome variable
to ensure there were no violations of (a) normality,
(b) linearity, or (c) homoscedasticity. Multivariate
outliers were identified using Cook’s (1977) dis-
tance and removed to confirm that results were not
sensitive to influential data points.

Results

Preliminary Analyses

The internal consistency (Cronbach’s alpha) for
the negative affect scale (CBQ) was .747. Internal
consistencies for the CBCL scales (and subscales)
ranged from .403 to .908. Descriptive statistics and
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partial correlations between predictor and outcome
variables are presented in Table 1. Controlling for
child age and gender, children of lower income
households had higher scores on temperamental
negative affect and internalizing problems
(rs ≤ �.35, ps ≤ .001) as well as later sleep onset
times (r = �.40, p < .001), less night sleep duration
(r = .35, p < .001), and later sleep midpoint
(r = �.33, p < .001).

Children with higher levels of temperamental
negative affect had significantly higher rates of
externalizing and internalizing behaviors (rs ≥ .41,
ps < .001). This pattern was consistent for subscales
within the externalizing and internalizing domains
(rs ≥ .22, ps ≤ .05). Higher temperamental negative
affect was also positively correlated with later sleep
onset time (r = .26, p = .004) and later sleep mid-
point (r = .28, p = .03). Sleep onset time was not
associated with either externalizing or internalizing
behaviors (rs ≥ .13, ps ≥ .1). However, children with
later sleep onset time also had less night sleep
duration (r = �.594, p < .001) and later sleep mid-
point (r = .92, p < .001).

Primary Analyses

Sleep Onset Time and Externalizing and Internalizing
Behaviors

Results of the multilevel model simultaneously
predicting externalizing and internalizing behaviors
are outlined in Table 2. This multilevel model did
not violate any model assumptions. There was a
strong correlation between these outcome variables
(r = .864), which was accounted for in this model.
For externalizing behaviors, the interaction between
temperamental negative affect and sleep onset time
was significant (B = 1.42, p = .039), suggesting that
the association between temperamental negative
affect and externalizing behaviors was strongest
among children with later sleep onset time. There
was also an interaction between temperamental
negative affect and sleep onset in predicting inter-
nalizing behaviors (B = 1.44, p = .003), again indi-
cating that the association between temperamental
negative affect and internalizing behaviors was
strongest among children with later sleep onset
time.

Associations between temperamental negative
affect and sleep onset time in predicting externaliz-
ing and internalizing behaviors are plotted in Fig-
ure 1. Fitted regression lines are plotted at low
(�1 SD) and high (+1 SD) levels of sleep onset
time. Simple slope analysis was used to determine

if the slopes of these regression lines were signifi-
cantly different from zero. The association between
temperamental negative affect and externalizing
behaviors was marginally significant among chil-
dren with earlier sleep onset times (B = 1.67,
p = .080). This association was significant among
children with later sleep onset times (B = 4.17,
p < .001; Figure 1a). Similarly, the association
between temperamental negative affect and inter-
nalizing behaviors was significant among children
with earlier sleep onset time (B = 1.63, p = .009) but
stronger among children with later sleep onset
times (B = 4.16, p < .001; Figure 1b).

Sleep Onset Time and Subscales of Externalizing
Behaviors

Results of the final models predicting specific
behaviors within the externalizing domain are out-
lined in Table 3. In the model predicting attention
problems, the interaction between temperamental
negative affect and sleep onset time was not signifi-
cant (B = 0.25, p = .213). These variables accounted
for 13% of the variability in attention problems
(R2 = .13, p = .003). For aggressive behaviors, the
interaction between temperamental negative affect
and sleep onset time was significant (B = 1.16,
p = .048), suggesting that the association between
temperamental negative affect and aggressive
behaviors is strongest among children with later
sleep onset time. The variables in this model
accounted for 20% of the variability in aggressive
behaviors (R2 = .20, p < .001).

Simple slopes analysis indicated that tempera-
mental negative affect and aggressive behaviors
were marginally associated among children with
earlier sleep onset time (B = 1.49, p = .056). How-
ever, this association was stronger among children
with later sleep onset time (B = 3.54, p < .001).
After removing potential multivariate outliers from
the model (identified using Cook’s distance), the
interaction term was marginally significant
(B = 1.07, p = .083).

Sleep Onset Time and Subscales of Internalizing
Behaviors

Results of the final models predicting specific
behaviors within the internalizing domain are out-
lined in Table 3. In a model predicting emotional
reactivity, the interaction between temperamental
negative affect and sleep onset time was significant
(B = .39, p = .026), suggesting that the association
between temperamental negative affect and
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emotional reactivity is strongest among children
with later sleep onset time. The variables in this
model accounted for 25% of the variability in emo-
tional reactivity (R2 = .25, p < .001). For the model
predicting anxiety/depression, the interaction

between temperamental negative affect and sleep
onset time was also significant (B = .58, p < .001),
suggesting that the link between temperamental
negative affect and anxiety/depression is strongest
among children with later sleep onset time. This

Table 2
Summary of Multilevel Model Predicting Externalizing and Internalizing Behaviors Simultaneously (Sleep Onset Time)

Variable

Externalizing behaviorsa Internalizing behaviorsa

B (SE) b B (SE) b

Fixed effects
Constant 8.88 (.62)*** — 6.16 (.44)*** —

Temperamental negative affecta 2.92 (.63)*** .53 2.89 (.44)*** .92
Sleep onset time (decimalized time)b 0.21 (.71) .03 0.08 (.50) .02
Temperamental Negative Affect 9 Sleep Onset Time 1.42 (.68)* .23 1.44 (.48)** .41
Variance components
Externalizing residual variance 30.85
Internalizing residual variance 9.82
Within-person residual variance 11.28
Model fit 1,414.12
Estimate parameters 12

Note. B = unstandardized regression coefficient; b = standardized regression coefficient. aCaregiver-reported questionnaire data. bActig-
raphy data. *p < .05. **p < .01. ***p < .001.
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model accounted for 48% of the variability in anxi-
ety/depression (R2 = .48, p < .001).

Similarly for withdrawal, the interaction between
temperamental negative affect and sleep onset time
was significant (B = .26, p = .048), again suggesting
that the association between temperamental nega-
tive affect and withdrawal is strongest among chil-
dren with later sleep onset time. Variables in this
model accounted for 20% of the variability in with-
drawn behavior (R2 = .20, p < .001). In the model
predicting somatic complaints, the interaction
between temperamental negative affect and sleep
onset time was not significant (B = 0.17, p = .325).
The variables in this model accounted for 6% of the
variability in somatic complaints (R2 = .06,
p = .089).

Simple slopes analysis indicated that associa-
tions between temperamental negative affect and
both emotional reactivity (Figure 1c) and anxiety/
depression (Figure 1d) were significant among
children with earlier (Bs ≥ 0.57, ps ≤ .011) and
later (Bs ≥ 1.24, ps ≤ .001) sleep onset times but
strongest among children with later sleep onset
times. In the model predicting withdrawal, the
interaction term was no longer significant after
removing influential multivariate outliers
(B = 0.11, p = .475).

Sleep Midpoint and Externalizing and Internalizing
Behaviors

Results of the multilevel model simultaneously
predicting externalizing and internalizing behaviors
are outlined in Table 4. This multilevel model did
not violate any model assumptions. There was a
strong correlation between these outcome variables
(r = .865), which was accounted for in this model.
For externalizing behaviors, the interaction between
temperamental negative affect and sleep midpoint
was marginally significant (B = 1.40, p = .072), sug-
gesting that the association between temperamental
negative affect and externalizing behaviors was
strongest among children with later sleep midpoint.
There was also a significant interaction between
temperamental negative affect and sleep midpoint
in predicting internalizing behaviors (B = 1.73,
p = .002), indicating that the association between
temperamental negative affect and internalizing
behaviors was strongest among children with later
sleep midpoint.

The simple slopes analysis showed that the asso-
ciation between temperamental negative affect and
externalizing behaviors was significant among chil-
dren with earlier sleep midpoint (B = 2.01, p = .033)T
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but strongest for children with later sleep midpoint
(B = 4.08, p < .001; Figure 2a). Similarly, the associ-
ation between temperamental negative affect and
internalizing behaviors was significant among chil-
dren with earlier sleep point (B = 1.68, p = .006) but
stronger among children with later sleep midpoint
(B = 4.24, p < .001; Figure 2b).

Sleep Midpoint and Subscales of Externalizing
Behaviors

Results of the final models predicting specific
behaviors within the externalizing domain are out-
lined in Table 5. For attention problems, the interac-
tion between temperamental negative affect and
sleep midpoint was not significant (B = 0.27,
p = .242). The variables in this model accounted for
12% of the variability in attention problems
(R2 = .12, p = .006). Likewise, the interaction term
was not significant for aggressive behaviors
(B = 1.13, p = .091). The variables in this model
accounted for 20% of the variability in aggressive
behaviors (R2 = 0.20, p < .001).

Sleep Midpoint and Subscales of Internalizing Behaviors

Results of the final models predicting specific
behaviors within the internalizing domain are out-
lined in Table 5. In the model predicting emotional
reactivity, the interaction between temperamental
negative affect and sleep midpoint was significant
(B = 0.41, p = .036), suggesting that the association
between temperamental negative affect and emo-
tional reactivity is strongest among children with
later sleep midpoint. The variables in this model
accounted for 27% of the variability in emotional
reactivity (R2 = .27, p < .001). In the model predict-
ing anxiety/depression, there was a significant
interaction between sleep midpoint and tempera-
mental negative affect (B = 0.70, p < .001), showing
that the association between temperamental nega-
tive affect and anxiety/depression is strongest
among children with a later sleep midpoint. Vari-
ables in this model accounted for 50% of the vari-
ability in anxiety/depression (R2 = .50, p < .001).

In the model predicting withdrawal, the interac-
tion between temperamental negative affect and
sleep midpoint was significant (B = 0.32, p = .030),
again indicating that the association between tem-
peramental negative affect and withdrawal was
strongest among children with later sleep midpoint.
The variables in this model accounted for 20% of
the variability in withdrawn behavior (R2 = .20,
p < .001). In the model predicting somatic com-
plaints, the interaction between temperamental neg-
ative affect and sleep midpoint was not significant
(B = 0.26, p = .186). These variables accounted for
7% of the variability in somatic complaints
(R2 = .07, p = .047).

Simple slope analysis showed that slopes were
significantly different from zero among children
with both early (Bs ≥ 0.54, ps ≤ .006) and late
(Bs ≥ 1.22, ps ≤ .001) sleep midpoints. However, the
associations between temperamental negative affect
and both emotional reactivity (Figure 2c) and anxi-
ety/depression (Figure 2d) were strongest among
children with later sleep midpoints. In the model
predicting withdrawal, the interaction term was no
longer significant after removing influential multi-
variate outliers, (B = 0.27, p = .181).

Sleep Duration and Externalizing and Internalizing
Behaviors

A separate multilevel model evaluating the mod-
erating role of sleep duration was run to assess the
specificity of the sleep timing variables discussed
above. The results of this model are outlined in

Table 4
Summary of Multilevel Model Predicting Externalizing and Internaliz-
ing Behaviors Simultaneously (Sleep Midpoint)

Variable

Externalizing
behaviorsa

Internalizing
behaviorsa

B (SE) b B (SE) b

Fixed effects
Constant 8.91 (.62)*** — 6.13 (.44)*** —

Temperamental
negative affecta

3.04 (.63)*** .54 2.96 (.44)*** .95

Sleep midpoint
(decimalized time)b

�0.32 (.86) �.04 �0.28 (.60) �.07

Temperamental
Negative
Affect 9 Sleep
Midpoint

1.40 (.77)t .20 1.73 (.54)** .44

Variance components
Externalizing
residual variance

31.44

Internalizing
residual variance

9.73

Within-person
residual variance

11.11

Model fit 1,412.94
Estimate
parameters

12

Note. B = unstandardized regression coefficient; b = standardized
regression coefficient. aCaregiver-reported questionnaire data.
bActigraphy data. tp < .08. **p < .01. ***p < .001.
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Table 6. This multilevel model did not violate any
model assumptions. There was a strong correlation
between the outcome variables (r = .872), which
was accounted for in this model. For externalizing
and internalizing behaviors, the interaction between
temperamental negative affect and sleep duration
was not significant (B = �0.02, p = .200 and
B = �0.003, p = .809, respectively). Taken together,
the results indicate that the associations between
temperamental negative affect and behavior out-
comes are dependent on sleep timing variables but
not sleep duration.

Discussion

A growing body of literature suggests that young
children with high levels of temperamental negative
affect are at heightened risk to concurrently experi-
ence, or eventually develop, a greater number of
behavior problems compared to children with low
levels of negative affectivity. Consistent with these
patterns, the results of the current study show posi-
tive associations between temperamental negative
affect and both externalizing and internalizing
behaviors. Moreover, these results extend the prior
literature by demonstrating that associations
between temperamental negative affect and

behavioral problems are moderated by distinct
facets of sleep timing: sleep onset and midpoint.
Although sleep onset reflects the initiation of noc-
turnal sleep, sleep midpoint also accounts for con-
straints on sleep offset or morning wake time.
Importantly, relations between temperament and
behavior were not moderated by sleep duration,
highlighting the specificity of sleep timing (i.e.,
sleep onset and midpoint) in modulating child out-
comes. Provided the culmination of sleep parame-
ters assessed in this study, a number of
interventions can be staged to improve sleep timing
in order to reduce risk of maladaptive outcomes
associated with negative affectivity. For example,
sleep onset time and sleep midpoint may be
advanced by instituting earlier bedtimes (National
Sleep Foundation, 2014). Additionally, reducing
misalignment between the child’s bedtime and cir-
cadian phase (LeBourgeois, Wright, et al., 2013)
may reduce the risk of behavior problems among
temperamentally vulnerable children.

Temperamental negative affect was strongly
associated with both internalizing and externalizing
outcomes, although externalizing behaviors were
more prevalent in our sample. Importantly, the
association between temperament and both
domains of behavior problems was moderated by
sleep. As delayed sleep onset time is strongly
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associated with shorter sleep duration and later
sleep midpoint in this study and others (Kohyama
et al., 2000; LeBourgeois, Carskadon, et al., 2013;
Nixon et al., 2008), this finding corresponds to
Dahl’s (1996) proposal that insufficient sleep exacer-
bates, or facilitates the emergence of, emotional and
behavioral control problems in children with preex-
isting difficulties regulating affect. Indeed, recent
work demonstrates that insufficient sleep impairs
self-regulation in young children (Miller et al.,
2015). Importantly, although sleep onset time and
sleep midpoint (both early and late) moderated vul-
nerability to maladaptive outcomes, risk was
greater among children with later sleep onset or
sleep midpoint. Moreover, sleep duration did not
moderate relations between temperamental negative
affect and the behavioral outcomes assessed. Con-
sistent with studies in adults (e.g., Genzel et al.,
2013; Haus & Smolensky, 2006), this finding sug-
gests that regardless of sleep length, initiating sleep
outside of the optimal circadian phase confers risk
for maladaptive outcomes. This risk is likely
because circadian phase shifts alter the proportion
of time spent in distinct sleep stages (e.g., REM
sleep) and reduces overall sleep quality (Akerstedt,
Kecklund, & Knutsson, 1991). Additional studies
assessing sleep physiology and circadian processes
are needed to better understand such affects in
young children.

Altogether, the current findings suggest that
sleep onset time and sleep midpoint moderate risk
for adverse behavioral outcomes among tempera-
mentally vulnerable children. However, it is impor-
tant to note that it is difficult to determine whether
the initial origin of risk lies in individual differences
in temperament or in the physiological effects of
delayed sleep onset and midpoint, which represent
aspects of circadian entrainment and may ulti-
mately cause emotional dysregulation and behavior
problems (Borb�ely, Achermann, Trachsel, & Tobler,
1989; Monk, Petrie, Hayes, & Kupfer, 1994).
Although the cross-sectional nature of this design
prevents us from determining directionality, the
results of our study and others (e.g., Bates, Viken,
Alexander, Beyers, & Stockton, 2002; Biggs et al.,
2011; Goodnight et al., 2007) suggest that children
who inherently experience heightened affect may
be more susceptible to the effects of insufficient
sleep associated with late sleep onset and midpoint.
Moreover, differences in maladaptive behavioral
outcomes have previously been documented as
products of altered sleep onset (e.g., Vriend et al.,
2012, 2013) and sleep midpoint (Pace-Schott et al.,
2015).T
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Interestingly, although sleep onset time and sleep
midpoint predicted externalizing and internalizing
behaviors in children with high levels of tempera-
mental negative affect, these findings were not con-
sistent across all subscales within each of these
domains. In the externalizing domain, sleep onset
time moderated risk for aggressive behaviors but
not attention issues among children high in temper-
amental negative affect. This finding aligns with the
notions of Frick and Morris (2004), who propose
two pathways through which negative affectivity
may impede development of emotional regulatory
skills and increase risk of conduct problems during
early childhood. In the first pathway, children with
heightened negative affectivity may lack the regula-
tory skills needed to deter expression of aggressive
behaviors in emotionally arousing contexts. Alterna-
tively, the second pathway suggests that children
with high levels of negative affectivity may be less
behaviorally inhibited and, thus, more likely to
engage in risk-taking behaviors associated with
aggression and conduct problems. Based on our
results, we posit that the interaction between tem-
peramental negative affect and sleep onset time in
predicting aggressive behaviors emerges via the
first proposed pathway involving poor emotion
regulation skills. Because children with tempera-
mental negative affect are already prone to height-
ened affect, those who also have later sleep onset
times may experience exacerbated emotional dys-
regulation, a common consequence of insufficient
sleep (e.g., Williams, Berthelsen, Walker, & Nichol-
son, 2015). In turn, these children likely have more
difficulty regulating behavior across various

socioemotional situations and may act out in an
aggressive manner more frequently. Likewise,
insufficient sleep may also contribute to ego deple-
tion: a state in which cognitive resources needed to
effectively regulate affective responses are depleted
(Baumeister, Bratslavsky, Muraven, & Tice, 1998).
Thus, children with later sleep onset may have less
cognitive resources available to effectively process
and respond to affective demands. Among children
who are already prone to negative reactivity, ego
depletion may be exacerbated when these children
experience later sleep onset.

In the internalizing domain, both sleep onset
time and sleep midpoint moderated risk for emo-
tional reactivity and anxiety/depression but not
withdrawal or somatic complaints among children
high in temperamental negative affect. Analogous
to the proposed pathway underlying the emergence
of externalizing behaviors, internalizing behaviors
that rely on regulatory processes may also be
greater among children with insufficient sleep.
Although externalizing problems may be a conse-
quence of lack of emotional regulation, children
who exhibit internalizing behaviors may experience
overregulation or “overcontrol” of emotional pro-
cesses, which may tightly constrain behavior and
manifest in the form of anxiety and depression
(Eisenberg et al., 2001). Although children with
high temperamental negative affect and later sleep
onset or later sleep midpoint displayed greater
emotional reactivity than those with earlier sleep
onset times or earlier sleep midpoint, the magni-
tude of change in behavior between these groups
was not profound. This finding is consistent with

Table 6
Summary of Multilevel Model Predicting Externalizing and Internalizing Behaviors Simultaneously (Sleep Duration)

Variable

Externalizing behaviorsa Internalizing behaviorsa

B (SE) b B (SE) b

Fixed effects
Constant 9.14 (.60)*** — 6.47 (.44)*** —

Temperamental negative affecta 3.03 (.61)*** .54 3.00 (.44)*** .90
Sleep duration (min)b �0.02 (.01) �.15 �0.01 (.01) �.13
Temperamental Negative Affect 9 Sleep Duration �0.02 (.02) �.14 �0.003 (.01) �.03

Variance components
Externalizing residual variance 31.02
Internalizing residual variance 11.20
Within-person residual variance 11.39

Model fit 1,420.32
Estimate parameters 12

Note. B = unstandardized regression coefficient; b = standardized regression coefficient. aCaregiver-reported questionnaire data. bActig-
raphy data. ***p < .001.
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the notion that children with low temperamental
negative affect may be less reactive (e.g., Fox, Hen-
derson, Rubin, Calkins, & Schmidt, 2001). Thus,
among those children, emotional reactivity and reg-
ulation may not be impaired by insufficient sleep.
Similarly, although temperamental negative affect
was predictive of withdrawal and somatic com-
plaints, these outcomes were not associated with, or
moderated by, sleep onset time or sleep midpoint.
As such, the current results suggest that insufficient
sleep assessed via later sleep onset time, and sleep
midpoint may confer greatest risk for symptoms of
anxiety and depression in preschool-aged children
with high levels of negative affectivity.

Limitations and Future Directions

Although the present study underscores the
importance of sleep timing among young children
with heightened temperamental negative affect,
there are several limitations to be addressed in
future research. One limitation of the current study
is the lack of assessments of bedtime routine and
sleep hygiene in the sample. It is possible that
delayed sleep onset time and later sleep midpoint
are a product of bedtime resistance in children with
negative emotionality. Having assessed sleep and
behavior outcomes at one time point, we are unable
to infer directionality of these associations and
change in such interactions overtime. However, lon-
gitudinal studies indicate that insufficient sleep dur-
ing infancy corresponds to difficulties with
emotional regulation and reduced self-regulation
later in development (Sadeh et al., 2015; Williams
et al., 2015), and suggests that connections between
negative emotionality and insufficient sleep may
emerge early and precede potential bedtime resis-
tance issues that can arise in early childhood.

Additionally, children are more likely to experi-
ence greater bedtime resistance and delayed sleep
onset if their bedtime does not align with their
physiological circadian phase (as measured by dim
light melatonin onset; LeBourgeois, Wright, et al.,
2013). Because circadian processes and child tem-
perament are thought to be innate, both bedtime
resistance and sleep onset delay may emerge as a
consequence of biological mechanisms. Although
we were unable to assess circadian phase directly
in our sample, both sleep onset and sleep midpoint
have been strongly linked to melatonin onset, a bio-
logical index of circadian phase (e.g., LeBourgeois,
Carskadon, et al., 2013; LeBourgeois, Wright, et al.,
2013). As such, our findings suggest that differences
in sleep timing drive relations between

temperamental negative affect and maladaptive
behaviors in young children. However, future stud-
ies should evaluate the effects of bedtime routine
and circadian processes (e.g., melatonin onset) to
better understand their impact on behavioral out-
comes in temperamentally vulnerable children.

Future work should also incorporate longitudinal
designs to assess directionality of these interactions
and potential changes overtime. To address the pos-
sibility of a bidirectional association between sleep
and behavior problems, experimental manipulations
of sleep schedules may be incorporated to empiri-
cally assess the mechanisms by which sleep onset
time and sleep midpoint alter behavioral outcomes.
For example, daytime sleepiness was reduced and
emotionality scores improved among school-aged
children when overnight sleep was extended, and
stabilized, by 1 hr across 5 nights (Gruber, Cassoff,
Frenette, Wiebe, & Carrier, 2012). Future studies
may stage interventions that target sleep hygiene
(i.e., consistent bedtime, avoiding stimulation, bed-
time routines), which may alleviate bedtime resis-
tance and ultimately advance sleep onset times and
sleep midpoint in children with high levels of tem-
peramental negative affect to facilitate more adap-
tive behavioral outcomes (Wilson et al., 2014).

Distal factors, such as parenting style and cul-
tural influences, may also contribute to bedtime
resistance, child bedtime, and sleep onset, as well
as the severity of behavior problems (Bates et al.,
2002). Although previous work highlights strong
associations between parenting style and behavioral
outcomes for children of various temperaments (see
Putnam et al., 2002 for review), future studies are
needed to examine the interplay between parenting,
child sleep patterns, and behavioral outcomes in
children with different temperaments across key
developmental time points. This distinction is par-
ticularly important as both excessive parental
involvement and low parental sensitivity have been
linked to insufficient sleep and greater sleep prob-
lems among young children (Erath & Tu, 2011).

Finally, having used the CBQ Very Short Form,
we were unable to parse apart distinct facets of
temperamental negative affect (e.g., anger, fear, sad-
ness) related to the behavioral outcomes assessed in
our sample. As this is one of the first studies
exploring the associations between temperament,
sleep, and behavior problems in this age range, we
used this abbreviated form to assess associations
globally and in their simplest form. However, com-
ponents of temperament may uniquely contribute
risk for behavioral outcomes as emerging evidence
links the facets of anger and frustration to
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externalizing and fear and sadness to internalizing
outcomes (e.g., Eisenberg et al., 2009; Gartstein
et al., 2012; Olino et al., 2014). Thus, future studies
should employ more comprehensive measures of
temperament components to better understand
moderating effects of sleep on behavior of children
high on temperamental negative affect.

Conclusion

Throughout development, children with high
levels of temperamental negative affect experience
behavioral problems. This study provides novel
and converging evidence highlighting the interplay
between temperamental negative affect and sleep in
conferring distinct risk for maladaptive outcomes
within the externalizing and internalizing domains.
As such, interventions designed to inform care-
givers about the importance of sleep timing and
teach strategies for good sleep hygiene may reduce
the risk of developing behavior problems during
early childhood for temperamentally vulnerable
children.
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