
SLEEP, Vol. 39, No. 7, 2016 1441 Sleep Problems and Antisocial Behavior—Chang et al.

SLEEP IN ADOLESCENCE

The Effects of Sleep Problems on the Trajectory of Antisocial Behavior from 
Adolescence through Early Adulthood in Taiwan: Family Functioning as a 
Moderator
Ling-Yin Chang, PhD1; Chi-Chen Wu, MS1; Linen Nymphas Lin, MD, PhD2,3; Lee-Lan Yen, ScD1,4; Hsing-Yi Chang, DrPH1

1Institute of Population Health Sciences, National Health Research Institutes, Zhunan Town, Miaoli County, Taiwan; 2Department of Psychiatry, En Chu Kong Hospital, New 
Taipei, Taiwan; 3Department of Psychology, Chung Yuan Christian University, Taoyuan, Taiwan; 4Institute of Health Policy and Management, College of Public Health, National 
Taiwan University, Taipei, Taiwan

Study Objectives: To examine the longitudinal relationship between sleep problems and development of antisocial behavior from adolescence through 
young adulthood, and to investigate whether family functioning moderates the association being examined. Potential sex differences were also explored.
Methods: A total of 2,491 adolescents participated in a prospective study spanning 2009 through 2014 in northern Taiwan. Measures included sleep 
problems, family functioning (parental support, family interaction, and family conflict), antisocial behavior, and other individual characteristics (sex, age, 
parental education, family economic stress, depressive symptoms, and stressful life events). Random coefficient growth models were used to test study 
hypotheses.
Results: Sleep problems were significantly and positively associated with antisocial behavior (B = 0.088 and 0.038 for males and females, respectively). 
Sex differences further emerged in the moderating effects of family functioning. Among males, those with high family interaction had a weaker association 
between sleep problems and antisocial behavior; among females, the examined association was weaker in those with high parental support. For both sexes, 
the association between sleep problems and antisocial behavior was stronger for those with high family conflict.
Conclusions: Our findings highlight the robust link between sleep problems and adolescent antisocial behavior over time. We also show for the first time that 
the association depends on family functioning. Prevention methods and treatment of sleep problems in youths that incorporate family functioning may yield 
significant benefits for decreasing antisocial behavior. Sex-specific intervention and prevention approaches should also be considered.
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INTRODUCTION
Sleep in adolescents has received increasing public health at-
tention because it has an important role in the development 
of psychological and behavioral functioning.1,2 Nevertheless, 
sleep problems in adolescents are still prevalent and have con-
tinued to grow in recent years.3 Epidemiological studies have 
shown that the prevalence of sleep problems in children and 
adolescents ranges between 8% and 40%.4–6 Sleep disorders 
such as excessive daytime sleepiness, insomnia, sleep-disor-
dered breathing, and restless legs syndrome are also frequently 
observed among children and adolescents.7,8

Research has found that sleep problems during childhood 
and adolescence constitute a risk factor for psychopathological 
symptoms later in life.9,10 For example, a longitudinal study re-
ported that greater levels of sleep impairment was significantly 
associated with more severe manic and depressive symptoms 
over a 2-year period.11 Sleep problems in childhood were also 
found to predict increases in later anxiety disorder and opposi-
tional defiant disorder, as well as elevated risks of externalizing 
problems.12,13 However, many questions still remain regarding 
the relationship between sleep problems and antisocial be-
haviors in the adolescent population. Notably, most previous 
studies were constrained by a relatively small sample size, a 
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Significance
The results of the present study shed new lights on the associations among sleep problems, family functioning, and antisocial behavior through a 
developmental lens. We demonstrated for the first time that the negative effects of sleep problems on antisocial behavior could be lessened by targeting 
family functioning for intervention. The current findings also highlight the need for sex-specific strategies for antisocial behavior intervention and 
prevention programs. While the present study provided evidence that the association between sleep problems and antisocial behavior is modifiable, 
little is known about the specific mechanisms through which sleep problems may affect antisocial behavior or vice versa. More research is needed to 
understand the nature of the association between sleep problems and antisocial behavior.

cross-sectional study design, a selected sample population of 
toddlers or young children, and a reliance on data that encom-
pass only a limited time span in the developmental process.

Different underlying mechanisms have been proposed to 
explain the predictive links between sleep and antisocial be-
havior.14 One hypothesis emphasizes the role of the prefrontal 
cortex (PFC) in the relationship between sleep problems and 
rule-breaking behaviors. The PFC is associated with the ability 
to anticipate, delay, and initiate behavioral responses based 
on cognitive and social contexts, and evidence suggests that 
sleep problems may reduce PFC functioning,15 resulting in 
the loss of inhibition that characterizes context-inappropriate 
responses.16 Uncontrolled, rule-breaking behaviors may con-
sequently follow. Some evidence also suggests that sleep loss 
elevates stress hormone levels in the brain, which in turn inter-
feres with attention management and behavioral regulation.17

Certain individuals may be more susceptible to the effects of 
sleep problems.14 Evidence has shown that children with high 
temperamental resistance to control are more vulnerable to the 
negative effects of sleep problems on externalizing behaviors 
than those with moderate or low temperamental resistance 
to control.18 In addition, stronger associations between sleep 
disruptions and externalizing behaviors were observed for 
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African Americans and lower socioeconomic status children 
in comparison with European Americans and children with 
higher socioeconomic status.19 These findings imply that the 
relationship between sleep problems and antisocial behavior 
may vary by certain characteristics. Research has also called 
for a closer examination of the issue of moderators in the longi-
tudinal relationships between sleep and behavioral problems.9 
However, no study has yet examined the potential moderating 
role of family functioning in the relationship between sleep 
problems and antisocial behavior despite the evidence that it 
may act as a stressor or an ameliorator and therefore interact 
with an adolescent’s sleep.10,20

The possible synergistic effects of sleep problems and family 
characteristics on antisocial behavior are supported by the eco-
logical model of youth development21,22 and the perspectives 
of the resilience model.23,24 The ecological model posits that 
characteristics of different contexts, such as families, schools, 
and neighborhoods in which adolescents reside, may collec-
tively influence their development, including sleep. The resil-
ience model proposes that the existence of protective factors 
may reduce the extent to which risk factors influence outcomes. 
Additionally, other risks could enhance the negative effects of 
risk factors on outcomes. Family functioning such as parental 
support, family interaction, and family conflict are potential 
moderators in the relationship between sleep problems and 
antisocial behavior. Research has demonstrated that adoles-
cents with more parental support report better sleep outcomes 
compared with those who have less parental support.25 Benoit 
et al. found that secure maternal attachment was negatively 
associated with children’s sleep problems.26 Further, poor 
parent-child relations have been linked to sleep problems in 
a sample of 2,004 elementary school children.27 Consequently, 
improving family interactions could help reduce sleep prob-
lems.28 Conversely, family conflict was found to be positively 
associated with sleep problems.29,30 Specifically, Gregory et al. 
found that more family conflict during childhood predicted 
later insomnia symptoms at age 18.30 Similarly, exposure to 
marital conflict predicted a reduced amount of sleep, poorer 
sleep quality, increased sleep fragmentation, and a higher 
level of subjective sleepiness31; such relationships were more 
robust for African American children and those from lower 
socioeconomic status homes.32 By using structural equation 
modeling, El-Sheikh et al. further revealed that marital con-
flict first increased emotional insecurity, which in turn pre-
dicted increased sleep problems.33 Considering the effects of 
family characteristics in the association between sleep prob-
lems and antisocial behavior is essential, especially for adoles-
cents in Taiwan. Under the influence of Confucianism, the role 
of family plays an important part of daily life in Taiwan. In 
fact, the majority of the “five relationships” (i.e., sovereign and 
subject, father and son, husband and wife, elder and younger 
siblings, and friend and friend) defined by Confucius to pro-
vide a basis for the norms of interpersonal behavior are family 
relations, thus clearly showing the importance of family in Tai-
wanese culture.34

Research regarding sex differences in the relationships be-
tween sleep and behavioral problems shows inconsistent re-
sults. In 763 French adolescents, poor sleep was related to illicit 

drug use in boys but not in girls.20 However, a stronger associa-
tion between sleep problems and substance use was found in 
girls than in boys in a study of 13,381 US adolescents.35 Other 
longitudinal studies19,36 have reported no significant sex differ-
ence in the sleep-child development link. Because there is a 
dearth of studies regarding sex differences, in addition to the 
inconsistent results across research, it is important to ascertain 
whether the effects of sleep problems on antisocial behavior 
vary by sex.

The current study builds on the existing literature by ex-
amining the longitudinal relationship between sleep problems 
and development of antisocial behavior from adolescence 
through young adulthood. Moreover, we investigated whether 
family functioning moderated the effects of sleep problems on 
outcomes. We hypothesized that the negative effects of sleep 
problems on antisocial behavior would be buffered by parental 
support and family interaction but are exacerbated by family 
conflict. Finally, we explored whether the effects of sleep prob-
lems and the moderating effects of family characteristics on 
antisocial behavior vary by sex. We had no specific hypoth-
esis regarding sex differences in the effects of sleep problems 
on antisocial behavior, given the inconsistent findings across 
studies.

METHODS

Data and Sample
The study data came from the Child and Adolescent Behaviors 
in Long-term Evolution (CABLE) project,37 a multi-wave lon-
gitudinal study of health and risk behaviors in children and ad-
olescents. Nine elementary schools from an urban area (Taipei 
City) and 9 from a rural area (Hsingchu County) in northern 
Taiwan were selected. The 1st and 4th grade students in each 
school were sampled to be followed annually. There were 14 
waves of data collection at 1-year intervals from 2001 to 2014. 
Informed consent was obtained from either a child’s parent or 
a guardian at baseline. The CABLE study was approved by 
the Internal Review Board of the National Health Research In-
stitutes (approval code: EC9009003). The current study used 
data from the final 6 waves (waves 9–14), which were the only 
waves to include measurements of sleep problems. Response 
rates ranged between 67.11% and 84.69% during waves 9–14. 
The study sample included participants who were 14–16 years 
old in 2009 and 19–21 years old in 2014, and it excluded those 
who had missing data on age across all waves (n = 228) and 
those who completed only one wave of data collection (n = 138). 
The final sample had 2,491 participants. Of those in the anal-
ysis sample, 58.61% participated in all 6 waves, and 19.03%, 
10.84%, 6.38%, and 5.14% participated only in 5, 4, 3, and 2 
waves, respectively. There was no significant difference re-
garding covariates, family functioning, or antisocial behavior 
between participants included in the analysis sample and those 
who were excluded. Approximately half of the sample was 
male (50.58%), and the most frequently reported parental edu-
cation level was senior high school (50.94% and 60.80% for 
father and mother, respectively). In 2009, only 13.58% of the 
participants came from a single-parent household, and 37.27% 
indicated that their family economic stress was low.
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Measures

Sleep Problems
Adolescents were asked, “how often have you had the fol-
lowing sleep problems in the past month?” Six sleep problems 
were listed: “having trouble sleeping,” “having sleep disrup-
tion,” “waking in the middle of the night or early morning,” 

“being unable to breathe comfortably,” “having excessive day-
time sleepiness,” and “taking medicine to help sleep.” All re-
sponses were on a 5-point scale ranging from 1 for “never” to 
5 for “every day.” An overall sleep problems score was com-
puted by averaging the 6 items, with higher scores indicating 
more sleep problems. Cronbach α was 0.65 in 2009.

Antisocial Behavior
Nine items were used to assess antisocial behavior in each 
wave. Participants were asked “During the past month, how 
often have you done the following things (to others)?” The 9 
items were “cursed,” “fought,” “hit,” “purposely destroyed 
public property,” “stolen,” “used weapon or object to attack,” 

“used force to get money or things,” “destroyed things when 
angry,” and “cheated on school tests.” The response catego-
ries ranged from never (1) to every day (4). The nine items 
were averaged to reflect participants’ involvement in antisocial 
behaviors. Higher scores indicated higher levels of antisocial 
behaviors. Cronbach α was 0.78 in 2009.

Family Functioning
Parental support was measured at each wave and included six 
items about whether each parent “encourages me when I face 
hardships,” “tells me when I do a good job on things,” “com-
forts me when I am upset,” “takes care of me when I am not 
feeling well,” “pays attention to me when I am talking,” and 
“proactively cares about my school life.” Response categories 
ranged from never (1) to every time (4). Items were averaged, 
with higher scores indicating more parental support. Cron-
bach α was 0.90 in 2009. Family interaction was measured by 
4 items in each wave asking participants how often they did 
the following with parents in the past week: “chatted,” “ate to-
gether,” “did activities,” and “hung out.” Response categories 
ranged from never (1) to every day (4). Items were averaged, 
with higher scores reflecting more family interaction. Cron-
bach α was 0.80 in 2009. Family conflict was measured only at 
wave 9 and consisted of 5 items asking participants whether in 
the past month they “argued with siblings,” “hit siblings,” “ar-
gued with parents or other adults at home,” and whether their 
father and mother “argued” or “hit” each other. Items were 
rated on a 4-point scale from never (1) to every day (4) and 
were averaged to create a family conflict score. Higher scores 
indicated more family conflict. Cronbach α was 0.57 in 2009.

Control Variables
Participants reported biological sex and current age for each 
wave of data collection. Father’s education and mother’s educa-
tion were measured by participants’ report of the highest level 
of education attained by parents across waves, ranging from 
junior high school or less (0) to college or more (2). Family 
structure indicated whether the participants reported living 

in a single-parent household in each wave of data collection. 
Family economic stress was measured by an item asking par-
ticipants’ perceptions about their family economy. The re-
sponse categories ranged from good (1) to bad (3). Depressive 
symptoms were measured based on the Center for Epidemio-
logical Studies Depression Scale for Children (CES-DC) and 
included 7 items (e.g., “had a loss of appetite,” “felt sad, cried 
for no reason,” “got upset over nothing”). Items were measured 
on a 3-point scale and were averaged to create a depressive 
symptoms score, with a higher score indicating more depres-
sive symptoms. Cronbach α was 0.79 in 2009. Stressful life 
events were measured in 2009 and 2010, and consisted of 14 
items (e.g., “broken romantic relationship,” “serious illness,” 

“house moving”). Response categories (1 = yes and 0 = no) 
were first summed to a total score and then averaged across 
2 years to reflect a mean score of stressful life events. Higher 
scores indicated more stressful life events.

Data Analysis
Missing data were handled through multiple imputation using 
SAS PROC MI and PROC MIANALYZE.38 Ten sets of missing 
values were imputed using multiple-chain Markov Chain Monte 
Carlo methods. Random growth curve models conducted 
using Proc Mixed in SAS Version 9.338 was used to test study 
hypotheses. We first determined the optimal unconditional 
growth curve model of antisocial behavior by using age as the 
primary metric of time to estimate the average trajectory of 
antisocial behavior from ages 14 to 21. For both sexes, the best-
fitting unconditional model of antisocial behavior was a linear 
model with an autoregressive error structure and included two 
random effects (individual random intercept and individual 
random slope). To adjust for non-normality in the distribution 
of the outcome, the repeated measures for antisocial behavior 
were log-transformed. Study hypotheses were then tested by 
estimating a series of conditional growth curve models. All 
time-varying variables (family structure, family economic 
stress, depressive symptoms, sleep problems, parental support, 
and family interaction) were person-mean centered and time 
invariant variables (parental education, stressful life events, 
and family conflict) were grand-mean centered before mod-
eling.39 Next, we examined the relationships between sleep 
problems and antisocial behavior trajectories by estimating a 
model that included sleep problems, family functioning, and 
individual covariates. To test hypotheses about moderators, we 
added various sets of interaction terms between sleep prob-
lems and each family functioning measure to the model and 
determined the joint significance of their contribution using 
multivariate Wald tests (α = 0.05). Post hoc analyses were used 
to probe the nature of significant interactions. Finally, models 
were stratified by sex to examine potential sex differences.

RESULTS

Descriptive Analyses
Table 1 presents the descriptive statistics and Spearman cor-
relations for sleep problems, family functioning, and antiso-
cial behaviors from 2009 to 2014. The correlations showed that 
sleep problems were positively and significantly associated 
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with antisocial behavior across years. In addition, higher levels 
of parental support and higher levels of family interaction were 
significantly associated with lower levels of antisocial behavior. 
Conversely, higher levels of family conflict were found to be 
correlated with higher levels of antisocial behavior.

Relationships between Sleep Problems and Antisocial 
Behavior
The results of the model assessing the effects of sleep problems 
on antisocial behavior trajectory after controlling for family 
functioning and individual covariates are presented in Table 2 
(Model 1). Sleep problems were significantly and positively 
related to levels of antisocial behavior with stronger effects 

observed in males than in females (B = 0.088 and 0.038 for 
males and females, respectively). The effects of sleep problems 
on antisocial behavior were also found to vary over time (sleep 
problems × age: B = −0.014 and −0.007 for males and females, 
respectively). Specifically, adolescents with high levels of sleep 
problems had higher initial levels of antisocial behaviors and 
a faster rate of decrease in antisocial behavior over time than 
those with low levels of sleep problems (Figure 1). However, 
additional analyses show that after controlling for covariates, 
the mean scores of antisocial behavior remained significantly 
higher in adolescents with more sleep problems than in those 
with less sleep problems by age 20 and age 18 for males and 
females, respectively.

Table 1—Descriptive statistics and correlations for sleep problems, moderators, and antisocial behaviors.

Variable Mean SD Range 1 2 3 4
Year 2009

1. Sleep problems 1.494 0.442 1–5 –
2. Parental support 2.507 0.808 1–4 −0.156 ‡ –
3. Family interaction 2.042 0.612 1–4 −0.157 ‡ 0.549 ‡ –
4. Family conflict 1.323 0.368 1–4 0.231 ‡ −0.121 ‡ −0.055* –
5. Antisocial behavior 1.381 0.331 1–4 0.277 ‡ −0.182 ‡ −0.123 ‡ 0.231 ‡

Year 2010
1. Sleep problems 1.314 0.318 1–3.5 –
2. Parental support 2.594 0.696 1–4 −0.108 ‡ –
3. Family interaction 2.422 0.648 1–4 −0.141 ‡ 0.581 ‡ –
4. Family conflict 1.323 0.368 1–4 0.162 ‡ −0.090 ‡ −0.038 –
5. Antisocial behavior 1.289 0.232 1–3.78 0.294 ‡ −0.164 ‡ −0.154 ‡ 0.210 ‡

Year 2011
1. Sleep problems 1.326 0.320 1–3.33 –
2. Parental support 2.551 0.702 1–4 −0.050* –
3. Family interaction 2.350 0.648 1–4 −0.102 ‡ 0.572 ‡ –
4. Family conflict 1.323 0.368 1–4 0.127 ‡ −0.073 ‡ −0.070 † –
5. Antisocial behavior 1.319 0.238 1–4 0.265 ‡ −0.162 ‡ −0.135 ‡ 0.188 ‡

Year 2012
1. Sleep problems 1.326 0.309 1–3.17 –
2. Parental support 2.556 0.714 1–4 −0.036 –
3. Family interaction 2.251 0.631 1–4 −0.092 ‡ 0.557 ‡ –
4. Family conflict 1.323 0.368 1–4 0.121 ‡ −0.068 † −0.060 † –
5. Antisocial behavior 1.305 0.236 1–4 0.245 ‡ −0.123 ‡ −0.114 ‡ 0.193 ‡

Year 2013
1. Sleep problems 1.296 0.337 1–3.17 –
2. Parental support 2.592 0.695 1–4 −0.045* –
3. Family interaction 2.253 0.633 1–4 −0.116 ‡ 0.492 ‡ –
4. Family conflict 1.323 0.368 1–4 0.119 ‡ −0.043 −0.031 –
5. Antisocial behavior 1.264 0.188 1–3.56 0.230 ‡ −0.101 ‡ −0.132 ‡ 0.184 ‡

Year 2014
1. Sleep problems 1.254 0.327 1–4 –
2. Parental support 2.537 0.668 1–4 −0.033 –
3. Family interaction 2.227 0.621 1–4 −0.095 ‡ 0.483 ‡ –
4. Family conflict 1.323 0.368 1–4 0.171 ‡ −0.039 −0.016 –
5. Antisocial behavior 1.238 0.163 1–2.33 0.247 ‡ −0.066 † −0.131 ‡ 0.166 ‡

Because family conflict was measured only in year 2009, the same value was used for years 2011–2014. SD, standard deviation. Ns range from 1,902 to 
2,410 due to missing data. *P < 0.05; † P < 0.01; ‡ P < 0.001.
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Family Functioning as a Moderator
Supporting our study hypotheses, parental support, family 
interaction, and family conflict were found to moderate the 
association between sleep problems and the trajectory of anti-
social behavior (Model 2 in Table 2). However, varying mod-
eration patterns emerged for males and females. For males, 
the negative effects of sleep problems on antisocial behavior 
were buffered by family interaction. Specifically, the nega-
tive effects of sleep problems were less in male adolescents 
with high levels of family interaction than in those with low 
levels of family interaction (B = 0.061 and 0.092, respectively; 
Figure 2A). For females, the negative effects of sleep problems 
on antisocial behavior were buffered by parental support. As 
shown in Figure 3A, the negative effects of sleep problems 
on antisocial behavior were less for female adolescents with 
high levels of parental support than for those with low levels 
of parental support (B = 0.024 and 0.045, respectively). For 
both male and female adolescents, family conflict exacerbated 
the negative effects of sleep problems on antisocial behavior 
such that stronger effects were observed in adolescents with 
high levels of family conflict compared with those with low 
levels of family conflict (Males: B = 0.088 and 0.062, respec-
tively, Figure 2B; Females: B = 0.043 and 0.027, respectively, 
Figure 3B).

DISCUSSION
This study addressed gaps in the literature by longitudinally 
examining the effects of sleep problems and the moderating 
effects of family functioning on antisocial behaviors trajectory 
from adolescence to young adulthood. The results confirm that 

Table 2—Family functioning measures as moderators of the association between sleep problems and antisocial behavior from ages 14 through 21.

Male Female
Variable Model 1 Model 2 Model 1 Model 2
Fixed Effects B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Intercept 0.877 (0.871, 0.885) 0.877 (0.870, 0.884) 0.823 (0.819, 0.828) 0.823 (0.818, 0.828)
Age −0.010 (−0.012, −0.009) −0.010 (−0.011, −0.009) −0.005 (−0.006, −0.004) −0.005 (−0.006, −0.004)
Father’s education −0.001 (−0.004, 0.002) −0.001 (−0.004, 0.002) −0.002 (−0.005, 0.001) −0.002 (−0.005, 0.001)
Mother’s education 0.001 (−0.002, 0.004) 0.001 (−0.002, 0.004) 0.000 (−0.003, 0.003) 0.000 (−0.003, 0.003)
Single-parent household 0.013 (−0.007, 0.033) 0.010 (−0.007, 0.027) −0.016 (−0.032, −0.001) −0.017 (−0.033, −0.001)
Family economic stress −0.003 (−0.008, 0.002) −0.003 (−0.008, 0.003) 0.004 (−0.001, 0.008) 0.004 (−0.001, 0.008)
Depression 0.032 (0.024, 0.041) 0.033 (0.025, 0.041) 0.038 (0.031, 0.044) 0.037 (0.031, 0.044)
Stressful life event 0.009 (0.005, 0.013) 0.009 (0.005, 0.013) 0.013 (0.009, 0.017) 0.013 (0.009, 0.017)
Sleep problems 0.088 (0.064, 0.113) 0.077 (0.059, 0.094) 0.038 (0.022, 0.055) 0.034 (0.019, 0.050)
Parental support −0.007 (−0.013, −0.001) −0.007 (−0.013, −0.001) −0.005 (−0.010, −0.000) −0.004 (−0.010, 0.001)
Family interaction −0.006 (−0.011, −0.000) −0.006 (−0.011, −0.001) −0.003 (−0.007, 0.001) −0.004 (−0.008, 0.000)
Family conflict 0.041 (0.028, 0.055) 0.043 (0.031, 0.056) 0.046 (0.036, 0.055) 0.046 (0.036, 0.056)
Sleep problems × age −0.014 (−0.020, −0.009) −0.012 (−0.016, −0.007) −0.007 (−0.012, −0.003) −0.007 (−0.011, −0.003)
Sleep problems × parental 

support
−0.008 (−0.035, 0.019) −0.026 (−0.044, −0.007)

Sleep problems × family 
interaction

−0.037 (−0.062, −0.012) −0.000 (−0.018, 0.018)

Sleep problems × family 
conflict

0.035 (0.012, 0.059) 0.022 (0.001, 0.043)

Bold indicates statistical significance (P < 0.05). B, unstandardized coefficients; CI, confidence interval. 

Figure 1—The effects of sleep problems on the trajectory of antisocial 
behavior from ages 14 to 21 years by sex.
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adolescents with sleep problems are more likely to develop an-
tisocial behavior. Our findings are the first to show that the 
negative effects of sleep problems on antisocial behavior are 
moderated by family functioning. Significant sex differences 
were also observed in the main effect of sleep problems and in 
the buffering effect of family functioning on the trajectory of 
antisocial behavior.

Sleep problems appear to be a robust risk factor for anti-
social behavior. This result corresponds to previous findings 
relating sleep to various adolescent risk behaviors.36,40 We 
further demonstrated that the effects of sleep problems on 
antisocial behavior vary by time. Although higher levels of 
sleep problems were associated with higher levels of antisocial 
behavior in early and middle adolescence, the effects dimin-
ished over time. By late adolescence, sleep problems were no 
longer predictive of individual differences in levels of antiso-
cial behavior. This phenomenon suggests that sleep problems 
alone may not be sufficient to explain persistence of antisocial 
behavior throughout a lifetime. Moffitt’s theory41 described 
a number of different forces (e.g., genetic factors, social and 
structural aspects of the environment) that, together with sleep 
problems, may contribute to the development of antisocial be-
havior. Accordingly, our results indicate the need to consider 
the influences of time and multiple risk factors in examining 
the effects of sleep problems on antisocial behavior.

The findings that sleep problems 
had a less pronounced effect on an-
tisocial behavior for adolescents 
in families with more support and 
interaction are consistent with the 
perspective of the protective model 
of resilience.23 Specifically, parental 
support and family interaction op-
erated as protective factors that re-
duced the negative effects of sleep 
problems on antisocial behavior. 
Although sleep problems may alter 
stress hormone levels and PFC func-
tioning and lead to inappropriate be-
haviors, interpersonal relationships 
that involve support and interaction 
can enhance the ability of adoles-
cents to cope and respond,42 which 
can decrease the risk of exhibiting 
antisocial behavior promoted by 
sleep problems. Adolescents with 
high levels of parental support and 
family interaction may also have 
ingrained prosocial values that help 
reduce antisocial behavior when they 
lose their inhibitions and are prone to 
inappropriate responses because of 
sleep problems. The current findings 
also agree with the views of the so-
cioecological framework suggesting 
that factors from different domains 
of life may combine to influence ado-
lescent development. Although there 

is currently no other study examining the moderating effects 
of parental support and family interaction in the relationship 
between sleep problems and antisocial behavior, the potential 
buffering effects of family functioning have been reported for 
other adolescent behaviors.43

Our findings that family conflict enhanced the negative ef-
fects of sleep problems on antisocial behavior also are in accor-
dance with the view of the resilience model,24 in which family 
conflict is seen as a vulnerable reactive factor that heightens 
the disadvantages associated with increasing levels of risks. 
That is, the risk of antisocial behavior associated with sleep 
problems is higher for adolescents with more family conflicts 
than for those with less family conflicts. Deep sleep requires 
a relative cessation of awareness and responsiveness to the 
external environment; however, family conflict contributes to 
increased vigilance, which requires a heightened sensitivity 
to the external environment, and may exacerbate sleep prob-
lems.10 Similar findings were also reported by Lemola and col-
leagues,44 but their study suffers from the limitations of small 
sample size and cross-sectional study design. Therefore, our 
study contributes to the current understanding of family con-
flict as a moderator in the longitudinal associations between 
sleep problems and antisocial behavior.

In terms of sex differences, we found that the negative ef-
fects of sleep problems on antisocial behavior were stronger for 

Figure 2—The moderating effects of parental interaction and family conflict in the association between 
sleep problems and antisocial behavior in male adolescents.
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males than for females. Such varia-
tion could be explained by the sex 
differences in sleep. Compared to 
girls, boys generally have more sleep 
problems,45,46 and these sex differ-
ences may affect how sleep problems 
impact the antisocial behavior of 
boys differently from girls. Further, 
we found different buffering effects 
of family support and family inter-
action for males and females. Spe-
cifically, family support buffered the 
negative effects of sleep problems on 
antisocial behavior for girls, but not 
for boys. Research on social support 
during adolescence has shown that 
girls perceived more support from 
their parents than boys did.47 Our 
data also showed significantly higher 
levels of parental support reported 
by girls than by boys. A develop-
mental study further demonstrated 
that from middle to late adolescence, 
parental support significantly in-
creased for girls but stabilized for 
boys.48 Perhaps the different levels 
and patterns of parental support re-
ceived by girls and boys contributed 
to the sex differences in the modera-
tion effects of parental support. We 
also found significant buffering ef-
fects of family interaction for boys 
only. Research has suggested that the 
effects of family interaction depend on the communication and 
process involved in the interaction.49 Given the sex differences 
in communication during family interaction,50 varying protec-
tive effects of family interaction on antisocial behavior may be 
observed for boys and girls. Because of the lack of research 
that has explored sex differences in the joint effects of sleep 
problems and protective family functioning on behavioral out-
comes, more studies are needed to understand why and how 
family support and interaction differentially protect males and 
females from the negative effects of sleep problems on antiso-
cial behavior.

Some limitations of our study should be noted. First, our 
measures of sleep problems were based solely on self-report of 
adolescents. The self-reported measures of both sleep problems 
and antisocial behavior may also produce common method 
variance and increase or decrease the association being exam-
ined. The use of objective data in addition to subjective data 
may better reflect the sleep problems that adolescents experi-
ence. Another limitation of using self-reported data is that an-
tisocial behavior might be underestimated in the current study 
due to social desirability biases. However, because the CABLE 
project has been conducted over a decade, we believe that the 
trusting relationship built between participants and study 
staff during this period might help participants to respond 
truthfully. To encourage honest reporting, students were also 

assured that their answers were confidential and would not be 
disclosed to parents, teachers, or other authorities. In addition, 
the measurements of our study variables were adopted from 
various existing scales to increase their applicability to adoles-
cents in Taiwan; therefore, validity data were not available and 
internal consistency was not very high. Furthermore, unlike 
other time-varying measures of family functioning in the cur-
rent study, family conflict was treated as a time-invariant vari-
able in our model because it was not assessed at other waves. 
Our results involving family conflict must be interpreted with 
caution because the levels of family conflict may change over 
time. Finally, this study cannot infer causality. Therefore, an 
opposite association between sleep problems and antisocial be-
havior may exist such that antisocial behavior may be associ-
ated with academic failure51 or peer rejection52 and thus affect 
sleep quality, suggesting the need for more research examining 
the nature of the association between sleep problems and anti-
social behavior.

Nonetheless, our study has several strengths. The longitu-
dinal nature of the data structure allowed us to examine the 
relationships between sleep problems and antisocial behavior 
over time, which increases the current understanding of the 
effects of sleep problems through a developmental view-
point. Another unique aspect of our study is the examination 
of the potential role of family functioning in moderating the 

Figure 3—The moderating effects of parental support and family conflict in the association between 
sleep problems and antisocial behavior in female adolescents.
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association between sleep problems and the trajectory of anti-
social behavior. To the best of our knowledge, no other study 
has tested whether the effects of sleep problems on adolescent 
risk behaviors vary based on family functioning. In addition, 
we used multiple imputation procedures to replace missing 
values to minimize the effects of attrition, and we noted that 
88% of adolescents completed at least four of the six surveys. 
Finally, several important individual covariates that might 
confound the relationship being examined were taken into ac-
count in the model.

In conclusion, our findings highlight the detrimental effects 
of sleep problems on adolescent antisocial behavior over time. 
The magnitude of the effects, however, depends on adolescent 
sex, age, and family functioning. Therefore, prevention and 
treatment of sleep problems in children and adolescents may 
yield significant benefits of decreasing antisocial behavior by 
considering the effects of the studied moderators. The differ-
ential effects of sleep problems on antisocial behavior in ado-
lescents also deserve continued attention in future research.
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