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Objective/Background: Adolescents who experience sleep problems are less able to resist impulses.
Furthermore, youths who show more impulsive behaviors are, in turn, assumed to have more sleep
problems, which sets the stage for a negative cycle over time. Empirical research has shown some evi-
dence that sleep problems affect impulse control, but the bidirectional link has previously not been
tested. Therefore, the aim of this study was to test this assumption.
Methods: In this study, we used cross-lagged models to investigate the bidirectional association between
sleep problems (ie, insomnia and sleep duration) and impulsive behaviors over two years in a cohort of
young adolescents (n ¼ 2767, mean age ~13.7, 47.6% girls). We also investigated the moderating role of
age and gender.
Results: The results showed that the links between sleep duration/insomnia and impulsive behavior are
bidirectional. Youths who experienced sleep problems also experienced increased difficulties with im-
pulse control, and problems regulating impulses were also linked with increases in sleep problems, and
these effects were systematic over two years. Moreover, age did not moderate these associations but
impulsive behaviors had a larger impact on girls’ insomnia as compared to boys.
Conclusions: By confirming the bi-directionality of this association, this study supports the importance of
developing interventions to promote sleep health in adolescents but also the need to tailor such pro-
grams to adolescents’ development because adolescents might not be able to prioritize sleep if they
cannot control their impulses.
© 2019 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Adolescents go through many biological and psychosocial
changes, which deeply affect both their sleep and their ability to
regulate emotions and behaviors [1]. There is growing evidence
that poor sleep, both quality and quantity, is associated with ado-
lescents' risk behaviors (eg, delinquency, unprotected sex, suicide
behaviors, and alcohol intoxication) [2,3]. Some research suggests
that the ability to regulate emotions and behaviors e impulse
controlemay be impaired by poor sleep [4]. Conversely, it has been
suggested that poor impulse control is related to irregular sleep
routines and heightened arousal, which is antithetical to sleep [1].
This assumption has not been tested previously, as most studies
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examined concurrent associations or the effects of sleep on
impulsive behavior but not the reverse [2,3]. Understanding the
interplay between sleep and impulse control over time is important
to inform interventions to promote sleep health and prevent ado-
lescents’ risk behaviors.

A growing body of research shows that adolescents do not get
enough sleep as sleep duration tends to decrease throughout
adolescence [5,6]. Moreover, adolescents report increases in sleep
complaints, especially problems falling asleep [7]. Specifically, girls
report more sleep disturbances than boys and these differences are
maintained through adulthood [8]. Gender differences in sleep
duration, conversely, are not as clear and have been mixed or non-
significant [9]. The negative consequences of poor sleep in ado-
lescents have gained much attention, ranging from emotional
problems such as depression [10] to daytime functioning such as
attention problems [11] and long-term consequences as poor
school performance [12] and worse physical health [13]. In partic-
ular, new attention has been given to the association between poor
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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sleep and adolescents’ involvement in risky behaviors because, in
parallel to an increase in sleep problems, adolescence is charac-
terized by an increase in impulsive behaviors and sensation
seeking [14].

Research shows a peak in impulsive behavior around middle
adolescence (before age 15 years), and this trend seems somewhat
more pronounced in boys as compared to girls [15,16]. Increases in
impulsive behavior have been explained by the faster maturation of
the socioemotional system, which is sensitive to rewards, in
contrast to the later maturation of the cognitive control system,
which is responsible for self-regulation [17]. Neuroimaging studies
support this dual-systems model [14] and provide evidence that
impulse control improves linearly from early adolescence into
adulthood whereas reward-seeking follows a curvilinear shape,
peaking in mid-adolescence [14]. Experimental studies show that
adolescents are capable of performing as well as adults (and better
than children) in tasks requiring impulse control, such as in a classic
Stroop coloreword task [18]. Yet, they act more impulsively in
situations that elicit emotional arousal [19], suggesting that the
emotional system interferes when adolescents try to control im-
pulses but that this interference is better controlled in adulthood.
Therefore, it seems that an imbalance between the control and
reward-seeking systems and an increase in sleep problems co-
occur in adolescents, yet an understanding of how and why they
are related is less developed.

The majority of experimental studies have focused on deter-
mining the effects of sleep on impulse control. The ability to control
impulses has been described as a limited resource that may be
running low when the individual is tired [20]. Moreover, several
studies show that poor sleep intensifies emotional reactivity to
both positive and negative stimuli [21]. Thus, one explanation is
that poor sleep increases emotional reactivity which in turn
worsens impulse control [22]. Several studies have found that one
night of sleep deprivation was associated with more impulsive re-
sponses to negative stimuli in GoeNoGo tasks in healthy adults
[23,24]. Similarly, 1-h sleep restriction (vs 1 h of extra sleep) in
children (age 7e11 years) showed clear increases in teacher-rated
impulsive behaviors [25]. Yet, other studies have found no effects
of sleep restriction on adolescents’ daytime impulsivity (including
self- and parent reports) (eg Refs. [26,27]). Finally, brain activity in
adolescents who reported poor sleep quality showed decreased
connectivity between cognitive control and reward-seeking areas
during a GoeNoGo task [4]. Thus, there is some evidence pointing
at sleep disturbances as an additional factor contributing to
impulsive behavior.

Conversely, increased impulsivity might explain why adoles-
cents report worse sleep routines [1]. For example, adolescents
scoring higher on impulsivity might have a harder time maintain-
ing a regular sleep routine and get easily caught in stimulating
activities, such as social networking late in the evening [28]. Fewer
studies have examined this direction; that is, whether impulsive
behavior is a risk for sleep disturbances. To support this idea, an
experimental study found that adolescents who perceived the
negative consequences of their risk-taking behaviors as mild also
kept playing video games longer and thus delayed their bedtimes
more [29]. This suggests, according to the dual-system model [14],
that a lack of impulse control and higher risk-taking may lead to
shorter sleep duration. Another study found that college students
who were more impulsive also reported more dysfunctional
thought control strategies (eg, worry), which in turnwere related to
more severe symptoms of insomnia [30]. Although this study gives
important information about potential mechanisms explaining
why lack of impulse control might exacerbate sleep problems, the
cross-sectional design limits the ability to ascertain directionality.
To conclude, there is some evidence supporting the idea that
impulsive behavior might be a risk factor for the development of
sleep problems, however, no study to our knowledge has explicitly
investigated whether impulsive behavior predicts later sleep dis-
turbances e and vice versa e over a longer period of time.

The aim of this study was to examine the bidirectional associ-
ations between sleep and impulsive behavior over three years in a
large cohort of adolescents. We considered two indicators of sleep:
sleep duration and symptoms of insomnia. In addition to testing the
bidirectional associations between sleep and impulsive behavior,
we also considered the potential moderating role of gender and
age. Research on gender and age differences in the links between
sleep and impulsivity is scarce. Thus, we included moderation by
gender and age as an exploratory question.

2. Method

2.1. Design

We used a cross-lagged panel design with three measurement
points over two years. The data are from the first three waves
(2014e2016) of a five-year longitudinal study (2014e2018) of
Swedish adolescents, the Three cities’ study [31]. Annual mea-
surements followed students from the upper levels of secondary
school through to high school.

2.2. Participants

Participants were 2767 adolescents attending one of 18 public
schools across three towns of central Sweden. Retention rate was
91% from wave 1 to wave 2 and 72% from wave 1 to wave 3,
N¼ 1982 participated at all threewaves. Common reasons for drop-
out were that students were not present at data collection or that
they changed school. The adolescents included in this study had to
be present at waves 1 and 2 or 3.

The mean age at wave 1 was 13.7 years (SD ¼ 0.65, range 12e15
years); 43.3% (N ¼ 1197) adolescents were ~13 years old at the first
year of data collection and 56.7% (N ¼ 1566) were ~14 years old.
Distribution across gender was even: 47.6% (N ¼ 1315) were girls,
and 52.4% (N ¼ 1449) were boys. Most adolescents were born in
Sweden (88.5%) and lived with both parents (71.7%).

2.3. Procedures

Data collection took place once per year, during the spring term.
Adolescents completed the paper and pen questionnaire in the
classroom, during school hours. Trained test leaders administered
the surveys allowing students 90 min to complete the question-
naires and a snack for each participant was distributed during data
collection. In addition, each class received 300 Swedish crowns in
recognition of participation. Before participationwe received active
consent from students and passive consent from parents. That is,
parents received information about the study via mail and were
invited to fill-out and send in a form if they did not want their child
to participate in the study. We then used parents’ passive consent
to increase participation rate and limit sampling bias [32,33].
Moreover, students were informed onsite about confidentiality,
that participation was voluntary and that they could choose to
withdraw from the study at any time, and they actively filled out a
consent form.

The retention rate in the first three waves of data used in this
paper was 68%. Adolescents who did not speak Swedish, or re-
ported other difficulties with understanding written language at
the time of data collection were excluded from the study. The
project was approved by the Regional Ethical Board in Uppsala,
Sweden.
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2.4. Measures

The survey contained a range of standardized measures as well
as questions developed specifically for the study (see Ref. [31]); not
all will be reported in this paper.

2.4.1. Sleep duration
Weekday sleep duration was estimated by calculating the in-

terval between students' self-reported bed time (‘What time do you
usually go to bed on school days?‘) and wake time (‘What time do
you usually wake up on school days?‘), subtracting self-reported
sleep onset latency (‘On school nights, after you go to bed, about
how long does it take for you to fall asleep?‘). These items were
drawn from the School Sleep Habits Survey [34], which has shown
good validity when compared with actigraphic measures [35].
Cronbach's alpha was 0.83 for this study.

2.4.2. Symptoms of insomnia
Symptoms of insomnia were assessed through the Insomnia

Severity Index (ISI) [36]. The scale includes seven items assessing
the symptoms of insomnia (ie falling asleep, waking up during the
night, or too early in the morning), overall satisfaction with sleep,
interferencewith daily activities, and worry about the current sleep
[36]. Answers range from 0 to 4 on a Likert scale with higher scores
indicating more severe sleep problems. The time frame was
changed from two weeks (in the original) to the last six months to
match the rest of the survey. The scale has good psychometric
properties, also when used in adolescent populations [37,38].
Cronbach's alpha was 0.88 for this study.

2.4.3. Impulsive behavior (urgency)
The urgency subscale of the UPPS (Urgency, Premeditation,

Perseverance, Sensation seeking) impulsive behavioral scale [39]
was used to assess strong impulses, especially when experiencing
negative feelings (eg, ‘When I am upset I often act without
thinking’). The original subscale included 12 items but the first item
was mistakenly excluded. Answers ranged from 0 to 3, with higher
scores indicating more impulsivity (except for one reverse item: ‘I
am always able to keep my feelings under control’). The UPPS
impulsivity behavior scale has good psychometric properties [39];
Cronbach's alpha was 0.97.

2.5. Analyses

First, we looked at descriptive statistics and correlations among
variables of interest (ie, sleep duration and quality and impulse
Fig. 1. Cross-lagged panel model of insomnia and impulsive behavior over two years disp
control). Second, we tested a longitudinal cross-path analysis using
the full imputation maximum likelihood (FIML) estimator in Mplus
version 8 [40]. The model tested bidirectional association between
sleep (ie insomnia and sleep duration) and impulsive behavior
across three waves of data, and included both stability paths and
concurrent correlations (not controlling for age and gender) (see
Figs.1 and 2). As a second step, we tested equivalence across groups
to control for potential gender and age differences; that is, testing
the model separately for boys vs girls and age 13 vs 14 years. We
used global fit indices to assess the fit of the model and for group
comparisons. In particular, we used Chi-squared, Comparative Fit
Index (CFI), Standardized Root Means Square Residual (SRMSR),
Root Mean Square Error of Approximation (RMSEA), and Chi-
squared difference for group comparisons [40].

2.6. Missing data

To handle missing data, we used the FIML estimator in Mplus
[40]. Cases with complete missing data patterns was low (<5%). At
Time 1 there were no significant differences between the adoles-
cents who participated in all three waves and those who dropped
out of the study regarding insomnia symptoms, sleep duration,
gender, age, and country of birth. However, adolescents retained in
all three waves were less likely to report impulsive behavior
(OR ¼ 0.69, p ¼ 0.02). Yet, this model only explained 3.4% of the
variance, thus we do not expect a significant impact on the results.

3. Results

3.1. Descriptive statistics

Table 1 shows the descriptive statistics of the total sample, boys
and girls, and age ~13 years and age ~14 years, including means for
total sleep time (TST), insomnia, and impulsive behavior at Times 1
through 3.

3.2. Links between youth insomnia, TST and impulsive behavior

To answer how youth insomnia and impulsive behavior are
related, we tested the cross-lagged panel design model presented
in Fig. 1. Standardized estimates of all cross-paths that we tested in
the model are presented in Table 1. The fit of this model was good,
c2 ¼ 1.75, degrees of freedom (df) ¼ 2, p ¼ 0.42, CFI ¼ 1.00,
RMSEA ¼ 0.01 (0.00e0.04), SRMR ¼ 0.004. Youth insomnia and
impulsive behavior had moderate stability over time (standardized
autoregressive coefficients ranged from 0.46 to 0.55). All cross-
laying regression weights and significance level (*p < 0.05, **p < 0.01, ***p < 0.001).



Fig. 2. Cross-lagged panel model of total sleep time (TST) and impulsive behavior over two years displaying regression weights and significance level (*p < 0.05, **p < 0.01,
***p < 0.001).

Table 1
Descriptives of total sleep time (TST), insomnia & impulsivity in the sample.

Main variables All (N ¼ 2767) Boys (N ¼ 1449) Girls (N ¼ 1315) Age 13 (N ¼ 1197) Age 14 (N ¼ 1566)

Sleep variables (Mean, SD)
TST Time 1 7:59 (1:09) 8:12 (1:03) 7:44 (1:11) 8:09 (1:02) 7:51 (1:12)
TST Time 2 7:49 (1:11) 7:59 (1:13) 7:37 (1:06) 7:56 (1:10) 7:43 (1:11)
TST Time 3 7:38 (1:12) 7:43 (1:12) 7:32 (1:11) 7:42 (1:14) 7:35 (1:10)
Insomnia Time 1 5.52 (4.9) 4.75 (4.43) 6.38 (5.25) 5.08 (4.67) 5.85 (5.05)
Insomnia Time 2 5.87 (5.11) 4.84 (4.47) 6.99 (5.51) 5.37 (4.75) 6.26 (5.35)
Insomnia Time 3 6.41 (5.46) 5.38 (5.96) 7.60 (5.77) 6.08 (5.39) 6.74 (5.52)

Impulsivity (Mean, SD)
Impulsive behavior Time 1 15.87 (5.77) 15.26 (5.49) 16.52 (5.99) 15.37 (5.44) 16.24 (5.98)
Impulsive behavior Time 2 15.99 (5.78) 15.16 (5.29) 16.91 (6.15) 15.64 (5.68) 16.27 (5.85)
Impulsive behavior Time 3 15.69 (5.96) 14.81 (5.46) 16.73 (6.34) 15.63 (5.99) 15.75 (5.93)
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paths in the model were significant. This suggests that youths who
report sleep problems at Time 1 display more impulsive behaviors
at Time 2 (b ¼ 11, p ¼ 0.000). It seems also that youths who report
higher levels of impulsive behavior at Time 1 report more sleep
problems at Time 2 (b ¼ 0.12, p ¼ 0.000). These effects were sig-
nificant over two years which suggests that the links between
insomnia and impulsive behavior are bidirectional in early through
middle adolescence. The model explained 37% and 46% of the
variance in insomnia symptoms at Time 2 and Time 3, respectively;
and 34% and 43% of the variance in impulsive behavior at Time 2
and Time 3, respectively.

Next, we tested relations between youths' TST and impulsive
behavior. The model fit was good, c2 ¼ 2.80, df ¼ 2, p ¼ 0.25,
CFI ¼ 1.00, RMSEA ¼ 0.02 (0.00e0.04), SRMR ¼ 0.005. For all cross-
path estimates tested in the model, see Fig. 2. Youths’ TST and
impulsive behavior shows moderate stability over time (standard-
ized autoregressive coefficients ranged from 0.40 to 0.55). Results
from this model show a significant negative bidirectional relation-
ship between total hours of sleep and impulsive behavior over two
years. Youths who reported fewer hours of sleep displayed more
impulsive behavior at Time 2 (b¼�0.09, p¼ 0.000), and youthswho
reported higher levels of impulsive behavior at Time 1 reported
sleeping fewer hours per night at Time 2 (b ¼ �0.04, p ¼ 0.000).
These effects were also significant between Time 2 and Time 3. The
model explained 26% and 28% of the variance in sleep duration at
Time 2 and Time 3, respectively; and 34% and 43% of the variance in
impulsive behavior at Time 2 and Time 3, respectively. Thus, our
findings suggest that youthswho report sleeping fewer hours during
the night reportmore impulsive behaviors and vice versae reporting
higher levels of impulsive behavior is linked with sleeping less.
Overall, our results show a consistent pattern where sleep
problems, measured as insomnia and total hours of sleep per night,
predict changes in impulsive behavior and, in turn, that impulsive
behavior predicts changes in both indicators of sleep problems in
adolescents.

3.3. Adolescent gender as a moderator

To examine whether adolescent gender moderated the links
between sleep problems and impulsive behavior, we repeated the
same set of analyses with gender-based group comparisons on all
cross-lagged paths, in all directions. We compared the constrained
model with the unconstrainedmodels inwhich the structural paths
were set free across adolescent gender. Equality constraints in
multiple group analyses were compared using c2 difference tests.
The only significant difference we found was that impulsive
behavior at Time 2 was a stronger predictor of insomnia problems
at Time 3 in girls (b ¼ �0.17, p < 0.001) as compared to boys
(b ¼ �0.08, p ¼ 0.004), c2(1) ¼ 6.18, p ¼ 0.014.

3.4. Adolescent age as a moderator

To examine whether age moderated the links between sleep
problems and impulsive behavior, we carried out the same pro-
cedure as for gender. No significant differences were found.

4. Discussion

This study tested the theoretical assumption that youths who
experience sleep problems are less able to resist impulses, and
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youths who show more impulsive behavior, in turn, report more
sleep problems. While empirical research has shown some evi-
dence that sleep problems affect impulse control, the bidirectional
link has previously not been tested. The results showed that the
links between sleep quantity and quality and impulsive behavior
are bidirectional. Youths who experience sleep problems also
experience increased difficulties with impulse control, and prob-
lems regulating impulses are also linked with increases in sleep
problems, and these effects were systematic over three years.
Moreover, there seem to be some gender differences. That is,
impulsive behavior seems to have a larger impact on girls' insomnia
as compared to boys’.

The bidirectional associations between sleep and impulsive
behavior found in this study are in line with several experimental,
neuroimaging studies and the theoretical assumption of a negative
cycle of sleep and impulsive behaviors [1e3]. Yet, this is the first
study to our knowledge to test this assumption with a rigorous
cross-lagged design. By confirming the bidirectionality of this as-
sociation, this study supports the importance of developing in-
terventions to promote sleep health in adolescents but also the
importance of tailoring such programs to adolescents' develop-
ment. In fact, adolescents might not be able to change sleep be-
haviors if they can not control their impulses (eg, of using their
phone before bed). Therefore, working to create an environment
that supports good sleep habits is strongly recommended to be able
to improve sleep behaviors. For example, adolescents whose par-
ents set clear rules about bedtime sleep longer than peers who do
not have set bedtimes [41]. Moreover, current sleep interventions
solely targeting adolescents have shown limited success, whereas a
recent intervention targeting smartphone use at bedtime showed
promising results [42]. Another example is that postponing school
start times have shown significant benefits [43]. These examples,
together with knowledge of adolescents’ development and the
current findings, suggest that structural changes that support
heathy sleep might be a more effective way of promoting good
sleep habits.

It is worth mentioning that although the bidirectional model
was clear for both symptoms of insomnia and sleep duration, the
bidirectional associations with impulsive behavior were stronger
for insomnia. This might be explained by the more precise measure
of sleep disturbance, which includes daytime impairment [36].
That is, aspects such as daytime sleepiness and fatigue rather than
sleep lengthmight bemore directly linked to the inability to control
impulses. In line with this idea, one study has suggested that
sleepiness and chronotype rather than sleep duration are more
closely associated with adolescents’ self-regulation and risk-health
behaviors [44]. Nevertheless, interventions targeting both sleep
duration and quality in at-risk adolescents have yielded positive
effects on problem behaviors [45,46]. Therefore, both sleep quality
and quantity seem to be viable targets for interventions aimed at
reducing risk behaviors.

Furthermore, the predictive association between impulsive
behavior and insomnia was stronger for girls as compared to boys.
This difference might be due to the measure of impulsive behaviors
(ie, urgency) which refers to reactions to negative affect [39].
Negative affect in turn is generally more elevated in teenage girls
than boys, and girls might also be more likely to respond with
maladaptive strategies, such as repetitive negative thinking, when
experiencing a negative mood state [47]. Repetitive negative
thinking in turn has been found to be associated with sleep dis-
turbances, and insomnia in particular [48]. Nevertheless, possible
mechanisms behind this difference should be investigated further.

This study has both strengths and limitations. One limitation is
the reliance on one subscale (urgency) to tap into impulsive
behavior. However, previous research shows that urgency, in
particular, is related to insomnia severity and other sleep distur-
bances [30]. Nevertheless, even though our results are in line with
previous studies using broader measures of impulsive behavior,
future studies should replicate our findings using a more compre-
hensive measure of impulsive behavior. Another limitation is the
reliance on youths' self-reports of sleep quality and quantity. Given
that there are objective means of attaining data on sleep (eg, acti-
graphs and electroencephalograms), our measures provide indi-
vidual perceptions of sleeping behavior. Conversely, adolescents’
self-reports have been found to be reliable when compared to
objectivemeasures [34,35]. Despite these limitations, this study has
a number of strengths. First, we used data from a large, community-
based sample. We included longitudinal data, which allowed us to
systematically test for direction of effects between sleep distur-
bances and impulsive behavior. Hence, our design provides unique
insight into the developmental processes at play in a large group of
young people.

5. Conclusions

Sleep and impulsive behaviors influence one another bidirec-
tionally during adolescence. Sleep interventions are warranted but
need to take into account that it might be challenging for adoles-
cents to control their impulses and they might therefore need
additional support and strategies to allow themselves to go to sleep
at bedtime. Therefore, programs to promote sleep health in ado-
lescents should target contextual factors (eg, parents, peers, tech-
nological devices) to support changes in sleep behaviors.
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