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Abstract 

  

Objective To investigate the prevalence of adolescent sleep disturbances and their relation 

with psychosocial difficulties and health risk behaviours we analysed data of a province-wide health 

survey (n=16,781).   

Methods Psychosocial difficulties were measured with the Strength and Difficulties 

Questionnaire. Additional assessments included self-reported sleep disturbances, suicidality and 

health risk behaviours including current use of tobacco, alcohol and drugs, physical inactivity and 

compulsive use of multimedia. We used multi-level analyses to investigate the relations including 

differences between boys and girls, as well as the mediating role of emotional problems.  

Results  Just under 20 % of adolescents reported sleep disturbances in the previous month. 

These sleep disturbances were associated with psychosocial problems (OR: 6.42, p<0.001), suicidality 

(OR: 3.90 - 4.14, p<0.001) and all health risk behaviours (OR: 1.62-2.66, p<0.001) but not with 

physical inactivity. We found moderation by gender for the relations between sleep and suicide 

attempts (OR: 0.38, p<0.002) and sleep and cannabis use (OR: 0.52, p=0.002), indicating attenuated 

relations in girls compared to boys. Emotional problems partially mediated the relations between 

sleep disturbances and multimedia use.  

Conclusions The current study reiterates the high prevalence of sleep disturbances during 

adolescence. These sleep disturbances were strongly related to psychosocial problems and a wide 

range of health risk behaviours. Although the direction of causality cannot be inferred, the current 

study emphasizes the need for awareness of impaired sleep in adolescents. Moreover, the gender 

differences in associated suicide attempts and cannabis use call for further research into tailored 

intervention strategies.  
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What’s New 

Aside from confirming strong associations between adolescent sleep disturbances, psychosocial 

difficulties and health risk behaviour, we are the first to show a gender difference in the relationship 

between sleep disturbances, attempted suicide and cannabis use.  
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Introduction 

 

Alterations in sleep-wake pattern are among the many developmental changes that occur during 

adolescence. Several studies report that adolescents have an increased need for sleep. The average 

adolescent requires around 9 hours of sleep per night (for a review, see 1). However, it is also 

generally accepted that this age group is specifically vulnerable for experiencing sleep disturbances: 

Data from the Youth Risk Behavior Surveillance System showed that only 27.3% of American students 

from grade 9-12 acquired 8 or more hours of sleep per night, which, according to the American 

Academy of Pediatrics, is the required sleep duration for teenagers between 13-18 years old 2,3. 

Moreover, prevalence rates of insomnia range between 4-24% 4–6.  

Impaired sleep in adolescents is associated with a wide range of psychosocial problems and general 

health issues. Adolescents who report sleep disturbances have an increased risk for depressed mood, 

anxiety disorders and suicide attempts 7–9. Moreover, a recent prospective study found that 

insufficient sleep in the pre-school and early school years is associated with psychosocial difficulties 

in mid-childhood 10. Lack of sleep is also associated with a wide range of health risk behaviours, such 

as increased substance use, electronic multimedia use and physical inactivity 11–13. As these health 

risk behaviours frequently co-occur with emotional problems, the question remains whether the link 

between sleep disturbances and health risk behaviour is (partly) mediated by emotional problems 14.  

In addition to the role of emotional problems, another important modifier is of note. Whereas the 

relation between sleep and psychosocial difficulties has gained increasing attention, the presence of 

gender differences has remained largely unnoticed. However, evidence suggests that compared to 

boys, fewer girls acquire the recommended 8 hours of sleep 2. Girls have a higher incidence of sleep 

disturbances, a finding that most likely emerges after the onset of menses 4. Gender differences are 

also prevalent for psychosocial problems and health risk behaviours. Boys more frequently report the 

use of drugs, excessive multimedia and tobacco, while girls have a higher incidence of suicidal 
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behaviour 15,16. Therefore, in order to adequately assess the sleep disturbances in adolescents and 

their relation to psychosocial problems and health risk behaviours, it is necessary to investigate 

gender differences in order to refine these relations per gender.  

The current study investigates the prevalence of sleep disturbances in a large sample of secondary 

school adolescents from the Netherlands. We examine the association between reported sleep 

disturbances, psychosocial difficulties and health risk behaviours, including substance use, physical 

inactivity and compulsive multimedia use. We subsequently asses differences in these relations 

between boys and girls and investigate the potential mediating role of emotional problems.   
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Methods 

Sample 

The current study used data from a Youth Health Care questionnaire by the Dutch Community Health 

Service of the greater Utrecht area. This area, located in the central part of the country, contains 

both urban and rural communities and 76.7% of the 12-18 year olds in the area are native Dutch.  

In the Netherlands, children around age 12 change from primary to secondary school. Based on their 

academic levels, students enter one of four different educational attainment levels:  pre-vocational, 

higher pre-vocational, higher secondary and pre-university. Schools can offer one or more of these 

four educational attainment levels. 

The primary aim of the Youth Health Care questionnaire was to identify second and fourth grade 

students at risk for developing psychosocial and general health problems and provide follow-up from 

a Community Health Service nurse if needed. Dutch second grade students are around 13 years old, 

comparable to the second year of middle school in the American school system. Fourth grade 

students are around 15 years old, similar to sophomores in American high schools. 

All participating schools were provided with a digital health check questionnaire, which students 

completed in school, under the supervision of a teacher. Participation was not mandatory. We used 

anonymised data that were acquired in the academic year of 2014-2015. A total of 9,535 second year 

students and 9,747 fourth year students from 55 schools were invited to participate in the survey. 

The response rate for second year students was 91% and for fourth year students 83%. Reasons for 

not participating were refusal by the student or their parents or absence due to illness, doctor visits 

or internships.  In 3 schools data were only available of a small selection of students, because 

screening for health difficulties was done face-to-face. Data from these schools were excluded from 

further analyses (n=22). The remaining 53 schools comprised 82.8 % of all schools in the greater 

Utrecht area, with an average of 418 included students per school (range 63-616). In 22 schools, 
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face-to-face screening was preferred over questionnaires with regard to pre-vocational level 

students. Data from these schools only included higher pre-vocational, higher secondary and pre-

university students. This resulted in a relative underrepresentation of pre-vocational students of 10% 

in the total sample (see Table 1). 
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Measures 

Sleep disturbances 

We determined the presence of sleep disturbances with the question: “In the past 4 weeks, how 

often did you experience trouble sleeping?” , which was answered with  “never”, “almost never”, 

“sometimes”, “often” or “very often”. This question was dichotomized into (almost) never/sometimes 

versus (very) often.  

 

Strengths and Difficulties Questionnaire 

We assessed the presence of psychosocial problems with the self-report version of the Strength and 

Difficulties Questionnaire (SDQ; Goodman et al., 1998). This behavioural screening measure was 

originally designed for children between ages 11 and 16, although previous research also proved its 

construct validity in a wider age range (10-19 years) 18. It encompasses 25 items, all answered on a 

three-point scale ranging from “not true”, “somewhat true” to “certainly true”. The items are divided 

into 5 subscales: emotional problems, behavioural problems, hyperactivity-inattention, peer 

problems and pro-social behaviour, of which the first four subscales are summed to generate a total 

difficulties score. To aid clinical interpretation of the results, we used validated categorization of the 

questionnaire into ‘normal’, ‘borderline’ and ‘clinical’ 17, and focussed on clinical outcomes relative to 

normal and borderline. Validation of the Dutch version of the SDQ indicated that the total difficulties 

score has sufficient internal consistency (α=0.70-0.78). The emotional problems subscale which was 

used as mediator, was found to have similar sufficient internal consistency (α=0.63-0.71) 19,20. 
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Suicidality 

Suicidal ideation was assessed with the following question: “In the previous year, have you seriously 

considered ending your own life?”  Students rated this question on a five-point scale (“never”, “once 

or twice”, “sometimes”, “often”, “very often”). We dichotomized suicidal ideation into present versus 

absent. Suicide attempts were assessed with the question:  “In the previous year, have you tried to 

commit suicide?”, on which either “yes” or “no” was answered.  

 

Health risk behaviours 

A short version of the Compulsive Internet Use Scale (CIUS) 21 was used to inquire compulsive use of 

social media and games. All six questions were answered on a 5-point scale ranging from “never” to 

“very often” and provided information regarding risky behaviour, including the inability to spend less 

time using multimedia, whether multimedia use was preferred over face-to-face contact, whether it 

affected their mood and if homework was neglected due to multimedia use.  Average scores of 3 or 

higher are indicative of compulsive use of social media and games.  

Additionally, the following substances were examined: current use of tobacco, daily consumption of 

energy drinks, use of alcohol and cannabis in the past 4 weeks and life-time use of drugs other than 

cannabis (hard drugs). Lastly, we inquired how many days respondents were physically active for at 

least an hour in the previous week. This resulted in two activity variables. First, following the Dutch 

guidelines for moderate physical activity 22, students were rated as inactive when they were not 

physically active for at least one hour on a daily basis. For the second activity variable we rated 

students as inactive when they were not physically active for an hour on any of the previous seven 

days.  
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Statistical analyses 

All analyses were performed using R statistical software 23 and SPSS 23.0. We had 14 missing values 

for the sleep disturbances questionnaire, 82 for the SDQ, 55 for suicidality, and between 8-115 for 

the health risk behaviours. All missing data were deleted listwise, resulting in 0.3-1% of dropped 

cases per analysis. Differences in characteristics between adolescents with and without reported 

sleep disturbances were analysed using Mann-Whitney U rank sum test. The association between 

sleep disturbances and psychosocial difficulties were analysed using multilevel logistic regression 

analyses with total SDQ score or suicidality as dependent variables, sleep disturbances as 

independent variable. School and grade were added as random factors, in order to account for the 

possibility of a nested structure of the data (i.e. data nested within school and within grade). 

Similarly, the associations between sleep disturbances and health risk behaviours were analysed with 

separate multilevel logistic regression analyses for all types of health risk behaviour as dependent 

variables and sleep disturbances as independent variable.  

For all health risk behaviour measures that were significantly associated with sleep disturbances, we 

investigated whether emotional problems mediated this relationship. As both the mediator 

(emotional problems) and the outcome (health risk behaviours) were dichotomous variables we used 

a method based on the analyses of Mackinnon and Dwyer 24. To account for the fact that predictor 

and outcome variables have different scales in logistic regression, we standardized the coefficients 

(for details see supplementary materials). To test whether the indirect effect of emotional problems 

on health risk behaviour was significantly different from zero we calculated Sobel Z. In case of 

significant mediation, we reported the corresponding proportion mediated. 

Lastly, the interaction between sleep disturbances and gender was tested by adding an interaction-

term for sleep disturbance X gender to the previous psychosocial and health risk regression analyses. 

In case of significant interaction-terms, stratified analyses by gender were performed.  
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To adjust for age, gender and educational level, we added these variables as covariates to all 

regression analyses. Bonferroni-corrected p-value was set at 0.0045 to adjust for the separate 

analyses of psychosocial difficulties and health risk behaviours. 

Results 

Sample characteristics 

Table 1 shows the characteristics of the complete sample which consisted of 8479 boys (50.5%) and 

8302 girls (49.5 %). Age ranged between 12 and 18 years, with a mean age of 14.5 (sd = 1.2). About 

half of the students (n=8666 , 51.6%) attended the second grade of secondary education and 8112 

students (48.3%) attended the fourth grade. In total, 3337 adolescents (19.9%) reported sleep 

disturbances. Age, grade and ethnicity did not differ between adolescents with and without sleep 

disturbances (U=22204789.0, p=0.40; U=22252384.0, p=0.49; U=21837543.5, p=0.31) but 

significantly more girls reported sleep disturbances compared to boys (U=19120672.0, p<0.001). 

Also, level of education differed between the two groups, with more sleep disturbed adolescents 

attending lower educational levels (U=20615952.5, p<0.001). 

 

Association between sleep disturbances and psychosocial problems 

See Table 2 for a summary of the multilevel logistic regression analyses of the associations between 

sleep disturbances and psychosocial difficulties. We found that the presence of sleep disturbances 

was associated with a borderline-clinical score on the SDQ, as well as previous suicide attempts and 

suicidal ideation.  
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Association between sleep disturbances and health risk behaviour  

Table 3 shows the results of the multilevel logistic regression analyses testing the association 

between sleep disturbances and health risk behaviours. Except for physical inactivity, all measures of 

health risk behaviour were related to sleep disturbances. Analysing no days of physical activity versus 

at least one day of physical activity we found that sleep disturbances were related to physical 

inactivity with an odds ratio of 1.45 (95% CI: 1.02-2.05) and p=0.036. However, this p-value did not 

exceed the Bonferroni-corrected p-value of 0.0045. The emotional problems subscale was a 

significant mediator in all health risk behaviours, although it only survived corrections for multiple 

testing in the relation between sleep disturbances and compulsive use of social media and gaming 

(Table 4). Given that the direct effect (c’) remained significant in both the relation between sleep 

disturbances and compulsive use of social media and compulsive gaming, emotional problems are 

considered as a partial mediator (Figure 1 and 2).  

 

Gender differences 

The interaction term sleep disturbances X gender had a significant relation with suicide attempts (OR 

= -0.96, p<0.001) and cannabis use (OR: -0.65, p<0.001). Stratified analyses (Figure 3A) further 

showed that the association between sleep disturbances and suicide attempts is more pronounced 

for girls (OR: 5.71 [3.78-8.63], p<0.001) than for boys (OR: 2.32 [1.47-3.65], p<0.001). Additionally, 

we found that girls with sleep disturbances more often report cannabis use (OR: 3.66 [2.67-5.02], 

p<0.001) compared to boys (OR: 1.93 [1.50-2.47], p<0.001) (Figure 1B). 
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Discussion 

In this large sample of Dutch secondary school adolescents (n=16,781) we found a prevalence of 

sleep disturbances just under 20%. These sleep disturbances were associated with psychosocial 

difficulties and suicidality, with girls showing a stronger relation between sleep disturbances and 

suicide attempts compared to boys. Furthermore, sleep disturbances were related to nearly all 

assessed health risk behaviours, including the use of substances (i.e. alcohol, tobacco, cannabis and 

other illicit drugs) and compulsive multimedia use. We found that girls who reported sleep 

disturbances more frequently used cannabis compared to boys. 

The incidence of sleep disturbances corroborates previous studies that estimated the prevalence of 

adolescent sleep disturbances between 7-36 %. (for a review see Gradisar et al., 2011). Similarly, a 

nation-wide survey of students in the U.S. (Youth Risk Behavior Surveillance) found that only 27.3% 

of students from grade 9-12 acquired 8 or more hours of sleep, with an even lower prevalence in girls 

compared to boys 2.This age dependent vulnerability for sleep disturbances is thought to originate 

from a multitude of interacting factors. For one, the preferred bed time delays markedly during the 

early teen years 26. However, since the majority of school times follow strict morning schedules, total 

sleep time reduces significantly during week days. To compensate for the acquired ‘sleep debt’, 

adolescents often increase the total sleep time and delay their bed times during weekends, thereby 

shifting their sleep pattern which increases subsequent difficulties initiating and maintaining sleep 

during the following week days 1. These delayed sleep patterns have been linked to circadian phase 

delays, such as self-report phase preference and delayed Dim Light Melatonin Onset 27. This problem 

is compounded by developmental and psychosocial changes that accompany adolescence (i.e. 

increased late-night social activities, screen time and preferred autonomy regarding bed times) and 

further aggravate the disruptions of the sleep-wake patterns 27.   

We showed that the presence of sleep disturbances is strongly associated with psychosocial 

difficulties and suicidality. These results are consistent with various studies that report of the 
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relations between adolescent sleep, mood and anxiety disorders and suicidal behaviour 7–9. Possibly, 

these disorders result from impaired emotion regulation that follows sleep disturbances. Indeed, a 

recent study found that impaired emotion regulation strategies (such as decreased problem solving, 

suppression and rumination) mediated the relation between sleep disturbances and both anxiety and 

mood disorders 28. We also showed that sleep disturbances are related to several health risk 

behaviours. A possible explanation lies in the impaired inhibition and emotion regulation that 

accompany sleep disturbances and fatigue resulting in increased engagement in health risk 

behaviours 29. Our study is one the first to show gender differences in the relation between sleep 

disturbances, psychosocial difficulties and health risk behaviours. These results may indicate that 

girls are more severely affected by sleep disturbances compared to boys. However, the opposite 

could also be true; perhaps girls are more vulnerable to the disruptive effects that health risk 

behaviours, (such as use of cannabis) can have on sleep. Our results warrant further studies of 

gender differences in these relations in an adolescent population. 

We found that emotional problems partly mediate the relation between sleep disturbances and 

compulsive use of multimedia and gaming. However emotional problems do not entirely explain this 

relationship. Sleep disturbances were still associated with a two-fold increased risk for these health 

risk behaviours after adjustment for emotional problems. Also, emotional problems did not mediate 

the relation between sleep disturbances and substance use. These results are consistent with 

suggestions that sleep disturbances in itself may lead to increased health risk behaviours 30. Although 

the underlying mechanism for this relation remains elusive, a study by Gujar et al. (2011) found that 

sleep deprived individuals show an amplified reactivity in the mesolimbic network after being 

exposed to pleasure-invoking stimuli, suggesting that sleep deprived adolescents are more 

susceptible to the rewarding experiences following health risk behaviours.  

Of note is that our cross-sectional design limits inferences of causality, so it is also possible that the 

health risk behaviours may have (partially) caused the reported sleep disturbances. The excessive use 
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of electronic media and the daily consumption of energy drinks are in particular factors that 

predispose to impaired sleep 32. Another limitation of the current study concerns the fact that we 

inquired sleep disturbances with one question (i.e. whether respondents had trouble sleeping). 

Although this is the most prominent symptom of a diagnosis of insomnia, we were not able to 

separate specific sleep impairments (e.g. difficulties initiating versus maintaining sleep), nor were we 

able to determine the validity of this measure compared to previous studies in adolescents  that used 

multi-question assessments of sleep disturbances 33. Furthermore, the time frame for the assessment 

of suicidality (previous year) and hard drugs (life-time) was longer than the time frame used for the 

assessment of sleep disturbances (previous 4 weeks). Therefore, the possibility exists that in some 

individuals these behaviours did not coincide. Also, it is possible that the self-report nature of our 

study has led to biased responses. However, a comparison between survey, sleep diary and 

actigraphy measures showed that in adolescents, these methods corresponded with medium to large 

correlations, supporting the validity of self-reported sleep estimates 34. Another limitation comes 

from the fact that several schools did not include lower educated students and in absence of data 

from adolescents not participating in the survey, we were unable to examine whether non-response 

was in any way selective for instance with regards to social-economic status. At the same time, the 

large sample and 82.8% coverage of the greater Utrecht area also does not suggest selection bias. 

The question does remain whether our results generalize to other countries outside the Netherlands.  

In conclusion, our study found evidence for strong associations between sleep disturbances and 

psychosocial problems. Moreover, we found that these sleep disturbances were related to an 

increased risk for health risk behaviours that could only partially be explained by the presence of 

emotional problems. Both the increased prevalence of psychosocial problems and health risk 

behaviours warrant special attention from parents and school health care staff when sleep 

disturbances are reported by adolescents. Our study is one of the first to identify gender differences 

in the association between sleep disturbances and mental health measures and more research is 
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warranted to determine tailored strategies for prevention and treatment of sleep disturbances in 

boys and girls. 
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Figure 1 – Standardized coefficients showing the association between sleep disturbances and 

compulsive social media use, mediated by emotional problems. Indirect path (c’) in bold. 

** p<0.001 

 

 

Figure 2 – Standardized coefficients showing the association between sleep disturbances and 

compulsive gaming, mediated by emotional problems. Indirect path (c’) in bold. 

** p<0.001 
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Fig. 3 a: The relation between sleep disturbances and suicide attempts, separately displayed for boys 

and girls; b: Relation between sleep disturbances and cannabis use, separately displayed for 

boys and girls 
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Table 1 – Sample characteristics 

    

Kolom1 n=16,781 

 
n (%) 

Age     

 12 years  110 (0.7%) 

13 years  4660 (27.8) 

14 years  3740 (22.3%) 

15 years  4366 (26.0%) 

16 years  3238 (19.3%) 

17 years  631 (3.8%) 

18 years 36 (0.2%) 

Male gender    8479 (50.5%) 

Level of education   

 pre-vocational 1686 (10.0%) 

higher pre-vocational 4455 (26.5%) 

higher secondary 5994 (35.7%) 

pre-university 4642 (27.7%) 

Year of education (2nd) 8666 (51.6%) 

Ethnicity (Dutch)   15306 (91.2%) 

Sleep disturbances  3337 (19.9%) 

Clinical SDQ score  1539 (9.2%) 

Emotional problems subscale        1290 (7.7%) 

Suicide attempt    144 (0.9%) 

Suicidal ideation    1766 (10.5%) 

Current smokers  1180 (7.0%) 

Energy drinks  (daily)  190 (1.1%) 

Alcohol (< 4 weeks)  3035 (18.1%) 

Cannabis (<4 weeks)  438 (2.6%) 

Hard drugs (ever)  142 (0.8%) 

Physical inactivity (Dutch guidelines) 10992 (65.5%) 

Physical inactivity (<1 hr per week) 123 (0.7%) 

Compulsive social media use  4008 (23.9%) 

Compulsive gaming  2636 (15.1%) 
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Table 2 – Association between sleep disturbances, clinical SDQ score and suicidality 

  Sleep disturbances (N=3,337) No sleep disturbances (N=13,430)       

  N / % N / % OR 95% CI p-value 

Clinical SDQ score    848 / 25.4 689 / 5.1 6.42 5.32-7.76 <0.001* 

Suicide attempt 88 / 2.6 56 / 0.4 4.14 2.97-5.77 <0.001* 

Suicidal ideation 817 / 24.5 949 / 7.1 3.90 3.51-4.33 <0.001* 

Odds ratio (OR) and 95% confidence interval (CI); age, gender and level of education were added as covariates and school and grade as random factor (no sleep disturbances as reference category).  

* Significant at Bonferroni-corrected p-value of 0.0045 

 

 

Table 3  - Association between sleep disturbances and health risk behaviours  

 

Sleep disturbances (N=3,337) No sleep disturbances (N=13,430) 

     N / % N / % OR 95% CI p-value 

Current smokers 396 / 11.9 784 / 5.8 2.13 1.85-2.44 <0.001* 

Energy drinks (daily) 66 / 2.0 124 / 0.9 1.95 1.48-2.56 <0.001* 

Alcohol (< 4 weeks) 780 / 23.4 2255 / 16.8 1.62 1.45-1.80 <0.001* 

Cannabis (<4 weeks)  166 / 5.0 272 / 2.0 2.42 1.96-2.98 <0.001* 

Hard drugs (ever)  66 / 2.0 76 / 0.6 2.66 1.92-3.69 <0.001* 

Physical inactivity  2189 / 65.6 8802 / 65.5 1.02 0.94-1.11 0.578 

Compulsive social media use 1281 / 38.4 2726 / 20.3 2.20 2.02-2.40 <0.001* 

Compulsive gaming 628 / 18.8 1908 / 14.2 2.16 1.92-2.42 <0.001* 

Odds ratio (OR) and 95% confidence interval (CI); age, gender and level of education were added as covariates and school and grade as random factors (no sleep disturbances as reference category). 

* Significant at Bonferroni-corrected p-value of 0.0045 
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Table 4 – Mediation effect of emotional problems on health risk behaviours 

  Mediated effect Sobel Z p-value Proportion Mediated 

Current smokers 0.01 2.35 0.02 - 

Energy drinks (daily) 0.03 2.10 0.04 - 

Alcohol (< 4 weeks) 0.00 -0.39 0.69 - 

Cannabis (<4 weeks)  0.04 2.16 0.03 - 

Hard drugs (ever)  0.02 3.06 0.002 - 

Physical inactivity  Ɨ   - - - - 

Compulsive social media use 0.03 10.80 <0.001* 0.24 

Compulsive gaming 0.04 4.68 <0.001* 0.16 

* Significant at Bonferroni-corrected p-value of 0.0045 

Ɨ  Mediation analysis was not performed for physical inactivity since it was unrelated to sleep disturbances 

 

 

 

Page 25 of 25




