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Abstract

It is well-established that sleep and behavior are interrelated. Although studies have investigated 

this association, not many have evaluated the bidirectional relationship between the two. To our 

knowledge this is the first systematic review providing a comprehensive analysis of a reciprocal 

relationship between sleep and externalizing behavior. Five databases (PsycINFO, PubMed, Web 

of Science, Scopus, and Google Scholar) were utilized to yield a total of 3,762 studies of 

which 20 eligible studies, empirical articles examining bidirectionality of sleep and externalizing 

behavior, were selected for analysis. According to the guidelines of the Preferred Reporting 

Items for Systematic Review and Meta-Analysis, the varying methodological approaches used 

in these studies were analyzed and synthesized, including examining differences and similarities 

in outcomes between distinct study designs (longitudinal vs cross-sectional), sleep measures 

(objective vs subjective vs a combination of both), informants (parents, self-report, teachers), and 

recruited participants (clinical, subclinical and typical populations). The assessment of risk of bias 

and quality of studies was guided by the instruments employed in research on sleep and behavior 

in the past. This review establishes that a bidirectional relationship between sleep problems 

and externalizing behavior clearly exists, and identifies limitations in the existing literature. 

Furthermore, the importance of early interventions that target both externalizing behaviors and 

sleep problems is highlighted as a potentially effective way of breaking the sleep-externalizing 

behavior relationship. Nonetheless, causality cannot be claimed until more trials that manipulate 

sleep and evaluate changes in externalizing behavior are conducted.
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1. Introduction

It is well established that sleep problems are correlated with externalizing behavior 

problems. 1-3 A growing number of studies are beginning to assess the directionality of 

this relationship in order to better understand whether sleep problems lead to externalizing 

problems or vice versa. 4-7 Examining the nature of this dynamic relationship may enable 

clinicians to improve interventions for both sleep and behavioral problems. For example, 

currently, interventions for externalizing problems rarely focus on improving sleep quality 

and quantity as a method for potentially improving externalizing problems. Knowledge that 

sleep problems may contribute to or exacerbate externalizing problems could be helpful in 

informing the development of such interventions. 8,9

In this systematic review, we aim to analyze the available studies on the bidirectional 

relationship between sleep (sleep duration, sleep quality, sleep/wake problems, insomnia) 

and externalizing behavior (aggression, hyperactivity, delinquency, impulsivity, attentional 

problems). We aim to provide initial answers to the following research questions: Does 

externalizing behavior cause sleep problems? Do sleep problems cause externalizing 

behavior? Or is the relationship reciprocal, with sleep problems predisposing to 

externalizing behavior which then feeds into further sleep problems? Could it also be 

that externalizing behaviors predispose to sleep problems which then feed further in more 

externalizing problems? Alternatively, is any bidirectional relationship confounded by other 

factors? Furthermore, do different sleep measures (objective vs subjective vs a combination 

of both) influence study outcomes? Finally, what are the limitations of existing studies, and 

how may these gaps be addressed in future research?

2. Methods

This systematic review, as illustrated in Fig. 1 and Table S1, was performed in compliance 

with PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 

guidelines 10, 11 in order to provide valid reporting in this systematic review (see Table S3 

and Table S4).

2.1. Search strategy

Five search engines, Google Scholar, Web of Science, PsycINFO, PubMed, and Scopus 

were used to identify articles eligible for inclusion; the search was concluded on 

06/09/2022. In these databases, searches were conducted with an emphasis placed on a 

variety of different terms related to sleep and externalizing behaviors. A sample search 

was: ((bidirectional) OR (reciprocal) OR (two-way)) AND ((sleep) OR (insomnia) OR 

(hypersomnia) OR (sleep/waking disorder) OR (bedtime resistance) OR (sleep quantity) 

OR (sleep duration) OR (sleep quality) OR (sleep difficulty) OR (sleep disturbance)) 

AND ((behavior) OR (conduct) OR (aggression) OR (inattention) OR (hyperactivity) OR 
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(opposition) OR (impulsivity)). Furthermore, certain database search functions were used 

to enhance the sensitivity and specificity of the search. For example, Google Scholar 

searches were refined by the “with at least one of the words” function, while searches in 

PubMed were accompanied by additional MeSH terms, such as “Sleep”, “Sleep disorders”, 

“Insomnia”, “Actigraphy”, “Polysomnography”, “Externalizing behavior”, “Hyperactivity”, 

“Impulsivity”, and “Aggression”. The precise search strategy is explicated in Table S1. 

No time restriction for publication dates of selected studies was introduced. Backward and 

forward citation searches were performed for studies identified as potentially relevant after 

initial assessment to maximize the scope of this systematic review.

2.2. Inclusion criteria

2.2.1. Types of studies—Observational and experimental studies on both community 

and clinical human populations were a target of database searches. Cross-sectional and 

longitudinal research for populations of all ages were taken into consideration. Cross-

sectional studies were qualified for inclusion due to their advantageous methodology: 

they frequently utilized objective sleep measures, which allowed for a comprehensive and 

comparative view on the subject, and considerations regarding subjective versus objective 

sleep measures in the context of the bidirectionality of sleep and externalizing behavior were 

a major component of this systematic review. All non-empirical scholarly sources (such as 

systematic reviews, comprehensive reviews, commentaries, editorials, and narrative pieces) 

as well as case studies were excluded.

2.2.2. Type of predictor and outcome—Given the presumed reciprocal nature 

of the empirical relationship under scrutiny in this review, the type of exposure and 

the type of outcome had to be considered simultaneously within inclusion criteria. In 

order to be included, studies needed to directly assess sleep, externalizing behavior, and 

their bidirectional association. Studies that implemented either objective (e.g., actigraphy, 

polysomnography) or subjective (e.g., self-reports, parental reports) sleep measures qualified 

for inclusion. Nonetheless, studies whose objective was not to examine the reciprocal nature 

of the relationship were excluded. For example, studies whose key aim was not to investigate 

externalizing behavior as both cause and outcome in the context of sleep disturbances, even 

when they may have included behavior variables, were not incorporated.

Externalizing behavior was defined as a behavior directed towards the outer environment, 

which is in accordance with the classical understanding of this term in the field. 12 All 

three typical classes of externalizing behavior (aggression, hyperactivity, delinquency) were 

targeted in database searching. 13 Synonymous terms and behaviors closely associated with 

the aforementioned three categories (such as impulsivity, antisocial traits, conduct problems, 

attention problems, disruptive behaviors) were also taken into consideration. Studies that 

were suitable for inclusion included those that assessed reciprocity between sleep and 

overall externalizing behaviors and also those that focused on the bidirectionality between 

a specific aspect of sleep (such as insomnia, hypersomnia, and sleep/wake problems) and a 

specific aspect of externalizing behavior (e.g., attentional difficulties, impulsivity) or a given 

mental disorder (e.g., conduct disorder, ODD, antisocial personality disorder).
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2.2.3. Study selection—Articles examined in this systematic review were located with 

the use of electronic databases. Duplicates were removed, after which remaining studies 

were gauged in terms of relevance to the paper. Subsequently, titles and abstracts were 

analyzed and empirical sources classified as possibly admissible were assessed for eligibility 

in accordance with the inclusion criteria. Additional screening was employed for potentially 

eligible articles within references of publications identified through database searches. All of 

the above-mentioned procedures were conducted independently by the first and the second 

author in order to maximally decrease the risk of bias.

2.2.4. Database searching—Databases searching yielded a total of 3755 studies. 7 

additional sources were identified through screening the references of publications that were 

identified with the use of search engines, which translated into a total of 3762 studies. 

Having analyzed titles and abstracts against the inclusion criteria, we initially identified 

54 studies as possibly relevant sources. Thirteen studies did not fulfill the bidirectionality 

inclusion criterion; 14-26 seven publications assessed unidirectional relationships, 27-33 six 

were reviews, 6, 34-38 four assessed bidirectionality but not for non-sleep variables of 

interest,39-42 three did not assess directionality, 43-45 and one study did not distinguish 

between internalizing and externalizing behavior. 46 Overall, 34 studies were excluded, 

resulting in 20 studies for inclusion.

2.2.5. Data extraction—As shown in Tables 1 and 2 , the following data were 

obtained from the eligible studies: study type, authors, study design and setting, sample 

characteristics, sleep measures, behavior measures, covariates, major findings, strengths, and 

limitations. Results of the quality assessment of the selected studies were collected in Table 

3 and Table S2. Information regarding directionality of the reported associations between 

sleep and externalizing behaviors, informants for the externalizing behaviors variable, and 

sleep measure (objective/subjective) were gathered (see Table 4).

2.2.6. Quality assessment—An assessment of study quality of each selected article 

was performed with minor adjustments to an instrument that was implemented in 

a systematic review performed by Alvaro and colleagues, who concentrated on the 

bidirectionality of sleep disturbances, anxiety, and depression; 1 the tool was adapted from 

other meta-analyses. 47, 48 The 15-item checklist was modified to focus on externalizing 

behavior; item 8 was divided into two items and item 10 was removed. Studies that fulfilled 

a given criterion were marked with a “1′, whereas those that did not were marked with a 

“0′. As Table S2 shows, depending on study type, an article could be awarded a maximum 

of either 12 (for cross-sectional design) or 15 (for longitudinal design) points. In item 11 

(“Does the sleep variable assess a specific sleep-related problem?”), a point was given 

whenever at least one sleep measure assessed a specific sleep-related problem, even if other 

instruments measuring general sleep problems were also implemented. In order to make the 

quality assessment results comparable to one another, percentage values were reported for 

total scores. Following past systematic reviews, a 60% score was used as a benchmark for 

“high quality” studies. 48, 49 Each item from the quality assessment tool was independently 

evaluated by the first and the second authors to ensure internal validity and minimize the risk 

of bias, and all disputes were resolved upon additional review of the studies.
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3. Results

3.1. Overall characteristics of studies

Tables 1 and 2 provide information about study type, objectives, study design and setting, 

sample characteristics, sleep measures, behavior measures, covariates, major findings, 

strengths, and limitations. Table 3 shows the quality assessment ratings and Table 4 shows 

data on the directionality of the observed relationships, informants for the externalizing 

behavior measure, and sleep variables (objective/subjective).

Eight studies were conducted in the United States, five in Australia, two in the Netherlands, 

two in China, and one in Finland, Sweden, and Norway. Sample sizes ranged from 25 

subjects to 12,283 subjects. Participants’ age extended from toddlerhood to 27 years, with 

the majority of studies (n = 16) focusing on school-aged subjects. Most studies (n = 13) 

recruited participants from the general population. Four studies involved subjects from either 

clinical or subclinical populations, one study recruited twins, one enrolled adolescents who 

experienced an earthquake, and one included children from adoptive families. More than one 

study used data from the following cohorts: the Longitudinal Study of Australian Children 9, 

54, 55 and the Child Regulation Study. 51, 56 However, given the fact that these publications 

focused on different aspects of a given cohort (i.e., Williams et al., 2017 and Quach et al., 

2018), 1, 54 considered additional measures/variables (e.g., health-related quality of life in 

the case of Williamson et al., 2021), 55 or analyzed different waves of measurements for a 

given cohort (i.e., Kelly & El-Sheikh, 2014 and Kouros & El-Sheikh, 20 15),51, 56 they were 

classified as distinct studies in this systematic review. Two studies were cross-sectional and 

the remainder (n = 18) were longitudinal.

For longitudinal studies, the average duration between baseline and final follow-up 

measurements was 4.94 years (median: 4 years, standard deviation: 3.86 years). Regarding 

measurement of sleep, most studies (n = 19) employed subjective measures, while five 

studies employed objective measures, and four of these studies used both subjective and 

objective instruments. With regard to measurement of behavior, fourteen studies used 

parents as informants, ten applied self-reports, and one study included teachers’ reports. 

Some authors utilized more than one measure: four studies used both parental reports and 

self-reports while one study gathered information from parents, children, and teachers.

In terms of quality assessment, ratings ranged from 33.3% to 80%, with an average of 

61.6%. Eight of the studies qualified as of high quality. Data from all twenty publications 

were transformable for use in a meta-analysis. Eighteen studies described inclusion and 

exclusion criteria, thirteen studies studied ≥ 75% of the originally selected populations, 

twelve studies outlined information about responders and non-responders, and thirteen 

corrected for potential demographic confounders. Eight studies corrected for potential non-

demographic confounders, and two studies corrected for circadian rhythm disorders, alcohol 

and drug use, exercise, or caffeine intake. Half of the studies employed a sleep variable that 

assessed a specific sleep-related problem and five studies lost to follow-up < 20% of the 

originally recruited sample < 20%. Two studies assessed sleep disturbances using clinical 

diagnosis, while 2 studies assessed externalizing behavior using clinical diagnosis.
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3.2. Sleep variables

Ten studies applied sleep measures assessing general non-specific sleep problems. These 

instruments, similar to those assessing behavior, consisted of items investigating specific 

sleep problems whose compilation provided a total overall sleep problem score (e.g., 

Children’s Sleep Habits Questionnaire (CSHQ) including ratings of sleep duration, bedtime 

resistance, daytime sleepiness etc.). Among general sleep measures, the Achenbach System 

of Empirically Based Assessment (ASEBA) framework is the most popular (60%); the 

Child Behavior Checklist (CBCL) (n = 4) was the most prevalent, followed by the Youth 

Self-Report (n = 2), and the CSHQ (n = 2). In publications implementing sleep measures 

assessing specific sleep difficulties, problems that were assessed included sleep duration (n = 

4), sleep quality (n = 4), sleep/wake problems (n = 3), sleepiness (n = 1), insomnia (n = 1), 

and specific sleep disorder, including insomnia, sleepwalking, hypersomnia, and nightmare 

disorder (n = 1). Some studies included both general and specific sleep problems measures, 

while others employed multiple specific sleep measures.

3.3. Externalizing behavior variables

General externalizing problems rather than specific types of externalizing behavior (such as 

impulsivity) were most often assessed (n = 14). The CBCL and Strengths and Difficulties 

Questionnaire (SDQ) were the two most popular general measures of externalizing behavior, 

used by, respectively, five and six studies. Other studies (n = 6) either implemented 

measures which concentrated exclusively on a specific facet of externalizing behavior (e.g., 

impulsivity, psychopathy, attention deficits) or involved a psychiatric assessment aimed at 

providing perspectives on specific mental disorders, such as oppositional-defiant disorder. 

Methods for measuring general externalizing problems did account for specific externalizing 

difficulties (for instance, through the use of subscales gaging hyperactivity/inattention and 

conduct problems in the SDQ). Additionally, authors who used general instruments could 

emphasize a certain aspect of the instrument; for example, Gregory & O’Connor used the 

CBCL while providing details on relationships between aggression and sleep as well as 

attention problems and sleep.60

3.4. Summary of directionality of the reciprocal relationships

3.4.1. Bidirectional relationships—As Table 4 shows, out of twenty studies, 80% 

(n = 16) reported a significant bidirectional relationship between sleep and externalizing 

behavior. Of these, ten focused on general sleep problems, whereas six focused on 

specific sleep problems: sleep duration, sleep quality, insomnia, sleepiness, and sleep/wake 

problems. Among articles which revealed bidirectionality between sleep and externalizing 

behavior, seven studies concentrated on specific behavioral difficulties: conduct problems, 

hyperactivity, impulsive behavior, self-regulation, ODD, ADHD symptoms, and attention 

issues. Some studies employed a combined approach: among ten assessing general sleep 

problems, five also assessed a specific behavior variable. At the same time, out of nine 

publications in which nonspecific externalizing behavior was measured, less than half (n = 

4) also focused on specific sleep problems.

The majority of studies that reported significant bidirectional relationships employed 

subjective sleep measures (n = 12). Of these, six referred to parents as exclusive informants 
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for the externalizing behavior variable, four utilized self-reports only, one relied on both 

parental reports and self-reports, and one had three informants (participants, their parents, 

and their teachers). Out of these sixteen publications which reported significant bidirectional 

relationships, four studies either employed an objective sleep measure alone or employed 

both an objective and a subjective sleep measure.

In terms of the quality of the studies that reported significant bidirectional relationships, five 

studies were of high quality, four were at the cutoff point of 60%, and the remaining seven 

were of low quality. Among studies that discovered reciprocal relationships, the average 

score equaled 60.3%, exceeding the benchmark for high quality studies in our assessment.

3.4.2. Unidirectionality and non-significant studies—Six studies (30%) reported 

unidirectional relationships between sleep and externalizing behaviors. The directionality of 

these associations varied. Three studies reported that externalizing behavior unidirectionally 

predicted later sleep problems: impulsivity → subjectively reported poor sleep quality,67 

attention deficit hyperactivity disorder (ADHD) → increased risk of insomnia,2 

externalizing behavior → increased bedtime resistance.50 At the same time, the following 

one-way links with sleep affecting externalizing behavior were observed: sleep disturbances 

→ externalizing problems,58 insomnia → conduct disorder,2 and early life sleep difficulties 

→ aggression,60 and sleep problems → conduct problems.64 One study2 reported both 

types of sleep-externalizing behavior directionalities, although they pertained not to the 

same variables but instead distinct facets of behavioral problems. Significant bidirectional 

relationships were not seen for subjective sleep quality and externalizing problems, 

impulsivity and sleep, antisocial traits and sleep, externalizing behavior and sleep in children 

with ADHD, externalizing behavior and trouble getting to sleep, conduct disorder and sleep 

problems, and ADHD and sleep problems.

3.4.3. Controlling for covariates—Because many covariates and confounders can be 

attributed to both sleep and behavior, the rigor of these studies can be partially dependent 

on which types of covariates have been adjusted. Our analysis shows that studies vary in 

their control for covariates. As shown in Table 1, all twenty studies accounted for age 

and gender. The second most popular covariates were ethnicity, which was reported in 

eleven publications, and socioeconomic status or its proxies (such as parental education 

and parental income), which eleven studies controlled for. Other confounds included both a 

physiological indicator (puberty, BMI) and social/family environment (number of siblings, 

attended school, language spoken at home). Furthermore, some studies involved clinical 

populations, with covariates including sleep medication, psychotropic medication, ADHD 

subtype, ADHD medication, adoptive status, mental disorders comorbidities, and autism 

spectrum disorder (ASD).

3.4.4. Controlling for baseline sleep or behavior—Controlling for baseline for 

either sleep or behavior could be important in order to examine whether such manifestations 

are the result of outcomes from underlying sleep or behavior problems or the result of 

truly causal relationships. However, among the studies we selected, only six explicitly 

controlled for baseline sleep and/or behavior problems.9, 53, 60, 61, 64, 65 All of these 

studies had large sample sizes ranging from 215 to 4109. In these studies, the average 
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number of years between baseline and final follow-up measurements was bigger than 

the median (4 years) of all included studies. Studies which controlled for baseline sleep 

or behavior problems reported significant bidirectional relationships between sleep and 

general externalizing behavior,53 sleep and attention problems,9, 60 sleep and ODD,61 sleep 

and ADHD symptoms,64 sleepiness and externalizing behavior,65 and sleep duration and 

externalizing behavior.65 Nevertheless, it is possible that other studies controlled for baseline 

sleep or behavior as well (e.g., through implementing cross-lagged methods), but this control 

was not mentioned explicitly in their methodology sections.

4. Discussion

To our knowledge, this is the first systematic review investigating the bidirectionality of 

sleep and externalizing behavior. Of the 20 studies included, 18 employed longitudinal 

study designs. Sixteen publications reported significant bidirectional associations between 

sleep and externalizing behavior. Thus, our systematic review demonstrated the existence 

of a two-way relationship between sleep and externalizing behavior. Gaining more insights 

into reciprocal links between sleep and externalizing behavior is of potential importance 

to clinical practice in that both sleep and behavioral symptoms, rather than one and not 

the other, may be targeted in therapy to effectively tackle a self-perpetuating deleterious 

sleep-mental health cycle. We posit that this finding might be particularly beneficial for 

subclinical populations struggling with sleep and/or behavioral problems. Breaking their 

cycle with such a two-pronged therapeutic approach at early stages of the impairment can 

prevent more severe clinical health problems from emerging.

While behavior was exclusively gauged subjectively due to its nature, sleep was measured 

either objectively or subjectively. Hence, we stratified the sections below by this variable. To 

investigate why certain studies reported the bidirectionality of interest while others did not, 

we reviewed their methodological approaches and outcomes.

Because the majority of studies involved relatively large sample sizes, subjective sleep 

measures were the most popular instruments for gaging sleep due to their relative ease of 

implementation and reduced cost compared to objective sleep measures. This is particularly 

true for the study of bidirectionality which involves a follow-up period. Only five (25%) 

of the selected studies employed objective sleep measures. While utilizing subjective sleep 

measures have their advantages (enabling the assessment of facets of sleep that are not 

objective by nature, e.g., troubles with falling asleep, daytime sleepiness), their common use 

could affect the observed results as they are intrinsically prone to error.

Generally speaking, objective sleep measures are considered to be more valid and reliable 

in comparison to subjective measures.64, 65 On the other hand, subjective sleep measures 

are capable of measuring other dimensions of sleep-related phenomena not suited for 

actigraphy or polysomnography (e.g. daytime sleepiness). Hence, subjective and objective 

sleep measures may be complementary, providing a comprehensive perspective on the 

matters associated with sleep. Nevertheless, the publications that we analyzed frequently 

employed well-validated subjective sleep measures.
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Interestingly, studies which assessed general sleep problems predominantly included 

measures drawn from the Achenbach System of Empirically Based Assessment framework, 

which is widely used to assess behavior problems but also contains sleep items.68 Given 

the fact that the CBCL, which is one of the ASEBA instruments, was the most prevalent 

among general sleep measures in the selected studies, it is important to point out that this 

instrument is considered adequate for assessing sleep in epidemiological studies but not for 

research into specific sleep problems and disorders (unless individual CBCL items instead of 

the entire checklist are used).69 However, an issue arising here, method variance, could have 

contributed to the significant results observed. When both sleep and behavior are measured 

using the same instrument, a halo effect may occur which increases all the correlations 

between scales. Since four studies50, 53, 59, 60 utilized the CBCL for assessing both behavior 

and sleep, and since all reported significant bidirectional relationships, method variance is 

crucial to consider when interpreting the outcomes of these studies. We observed that there 

was no clear relationship between instrument quality and findings in the studies reviewed 

here, as different levels of quality suggested by Lewandowski and others in compliance with 

EBA criteria did not translate into differential findings.70

Of the three studies that implemented subjective measures and did not report significant 

bidirectional relationships, two recruited participants from non-typical populations. 

Mulraney and colleagues recruited children with ADHD,52 while Conway and others 

recruited a toddler population with sleep and behavior problems.50 It may be the case 

that high levels of behavioral and sleep problems at baseline, which remained high at 

follow-up, influenced the lack of a significant longitudinal relationship. As Mulraney and 

colleagues hypothesize, researching a sample with relatively modest impairments at baseline 

could have yielded different results.52 On the other hand, developmental considerations 

should be taken into account. As Conway and colleagues state, “bedtime resistance at this 

period may be a developmentally normative behavior, which does not lead to increases 

in externalizing behavior. For boys who have high levels of early externalizing behavior, 

however, bedtime resistance increases”.50 The last study which employed subjective sleep 

measures and which did not report significant bidirectional relationships between sleep 

and externalizing behavior was Pieters and colleagues, where developmental aspects of 

adolescence and other third-party factors were suggested to possibly affect the results of 

this research.58 Therefore, we would suggest that different outcomes of these studies could 

be associated with specific elements of their design (participants, developmental influences, 

confounds unaccounted for). We believe the ambiguity concerning the bidirectionality of 

sleep and externalizing behavior is related to implementation of subjective sleep measures 

since, as stated previously, their accuracy is moderate when compared to objective sleep 

measures.

Only one study utilized objective sleep measures alone. In a large sample (n = 142), Kouros 

and El-Sheikh51 were able to assess sleep variables without the risk of self-report bias or 

parents’ not being fully aware of their children’s sleeping habits impacting the observed 

outcomes. Due to the application of various sleep parameters, an objective comprehensive 

sleep assessment was possible, with the authors arguing that, in comparison to sleep 

duration, sleep quality may be more significant in the context of negative behavioral 
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effects.51 Given the methodological rigor of this study, we believe it presents the strongest 

evidence on the relationship between sleep and externalizing problems.

Four studies applied both subjective and objective measures to assess sleep variables. We 

believe that results from these studies could be particularly useful in determining specificity 

of the bidirectionality of sleep and externalizing behavior. Van Dyk and colleagues reported 

that increased externalizing behavior was associated with shorter sleep and vice versa. 

However, no significant bidirectionality between subjective sleep quality and externalizing 

problems was observed.66 Yaugher and Alexander discovered that impulsivity was a 

predictor of subjectively reported poor sleep quality, but it was not a predictor of objectively 

measured sleep duration and efficiency, as measured by actigraphy. Moreover, they did 

not find any bidirectional relationships between sleep and externalizing behavior, with 

impulsivity unidirectionally predicting later sleep problems.67 A third study which also 

assessed both objective and subjective sleep measures reported bidirectionality between 

sleep and externalizing behavior.56 At the same time, Kelly and colleagues (2022) reported 

bidirectionalities between sleepiness and externalizing behavior as well as sleep duration 

and externalizing behavior.65 This heterogeneity of outcomes in relatively similar studies 

dictates that more sophisticated and methodologically stronger research is needed to firmly 

establish causality in this relationship.

4.1. Implications and future directions

Given the variability in methods and outcomes reported in the selected studies, future 

research should aim to establish more unequivocal support for the bidirectionality 

between sleep and externalizing behavior. Importantly, specific aspects of both sleep (e.g., 

insomnia, hypersomnia, sleep/wake problems) and externalizing behavior (e.g., aggression, 

delinquency, impulsivity) should be closely examined, and determining relationships 

between specific facets of the two variables would be especially informative for future 

early interventions that could break the cycle of mutually exacerbating sleep and behavioral 

disturbances.9 At the same time, there are other important sleep parameters that have 

not received enough attention in the selected studies, including intraindividual variability 

in sleep duration and quality. Investigating this phenomenon could lead to a better 

understanding of transactional dynamics between sleep and externalizing behavior.71, 72

Additionally, interventions and objective sleep measures can be employed in future study 

design to gain more conclusive evidence about the relationships being reported. Another 

important factor to underscore in future studies is to control for baseline behavior and sleep 

problems, for which only a few studies explicitly controlled. By controlling for baseline 

sleep and behavior, precise bidirectional relationships could be determined.

4.2. Limitations of the current systematic review

Several limitations should be considered. First, we did not conduct a meta-analysis. Taking 

into consideration how diverse the included studies were in terms of recruited participants, 

assessments employed, and operationalization of the variables of interest, and considering 

that studies with seemingly similar study designs yielded quite different outcomes, this 

heterogeneity precluded the conduction of a meta-analysis at this point in time. Without 
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it, definite conclusions about the bidirectional relationship between our variables of 

interest cannot be made. When future empirical studies gather more homogenous data 

on the bidirectionality between sleep and externalizing behavior, meta-analysis should be 

performed to quantify this association using inferential statistics. Another possible limitation 

of this review stems from our search approach. Publications written in English which 

directly focused on reciprocity between sleep and externalizing behavior were considered. 

Taking into account sources that either assessed bidirectionality indirectly or were written 

in other languages could expand the scope of our systematic review, possibly allowing for 

a quantitative analysis of the role of gender or age in the observed reciprocal relationships. 

Moreover, publication bias should be considered. To present a wide spectrum of results 

reported by the studies, we accounted for insignificant bidirectional relationships and 

unidirectional associations among these publications. Of course, they can still be impacted 

by selective reporting, which would distort our reviewing endeavors. Lastly, more definite 

conclusions could have been drawn if more studies were of high quality, which was the case 

for 40% of studies in this systematic review.

5. Conclusions

Overall, the literature on the subject of bidirectional relationship of sleep and externalizing 

behavior suggests that reciprocal associations between these two variables likely exist, 

though the strength of these associations is unclear due to heterogeneous methodological 

approaches of the studies reviewed. More studies applying objective sleep measures and 

focusing on specific sleep disturbances and externalizing symptoms are needed. We believe 

that such an approach will inform clinical practice, helping to prevent mutual exacerbation 

of worsening sleep and behavioral symptoms at early stages of the impairment.
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Fig. 1. 
Bidirectionality of sleep and externalizing behavior: PRISMA flow diagram illustrating the 

studies selection process.11.
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Table 3

Studies which met each of the quality assessment criteria.

Question

Number of 
studies
which met a 
given
criterion Studies

1. Sample procedure of cohort described? 18 S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13, S14, S15, 
S16, S17, S18

2. Population characteristics described? 20 S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13, S14, S15, 
S16, S17, S18, S19, S20

3. Inclusion and exclusion criteria described? 18 S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S14, S15, S17, 
S18, S19, S20

4. Studied population ≥ 75% of the originally selected 
population?

13 S1, S2, S3, S4, S6, S7, S9, S10, S12, S14, S15, S17, S20

5. Information about responders vs non responders? 12 S1, S2, S3, S5, S6, S7, S8, S9, S11, S14, S15, S17

6. Lost to follow-up < 20%? 5 S1, S3, S9, S16, S18

7. Information about completers vs non-completers? 20 S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13, S14, S15, 
S16, S17, S18, S19, S20

8. Are sleep disturbances assessed for clinical 
diagnosis?

2 S2, S14

9. Are externalizing behaviors assessed for clinical 
diagnosis?

2 S2, S14

10. Same measures for baseline and follow-up? 18 S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13, S14, S15, 
S16, S17, S18,

11. Does the sleep variable assess a specific sleep-
related problem?

10 S2, S4, S9, S10, S11, S15, S16, S18, S19, S20

12. Correction for potential demographic 
confounders?

13 S1, S3, S4, S5, S7, S8, S9, S11, S14, S17, S18, S19, S20

13. Correction for circadian rhythm disorders, alcohol 
& drug use, exercise, or caffeine intake?

2 S2, S11

14. Correction for other potential non-demographic 
confounders, such as physical disorders or 
medication?

8 S1, S3, S4, S5, S9, S14, S19, S20

15. Are given data usable/transformable for meta-
analysis?

20 S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13, S14, S15, 
S16, S17, S18, S19, S20
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