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Abstract

Study Objective: The aim of this study was to assess sleep behavior, sleep problems and mental health in childhood as possible candidate
precursors for the development of delayed sleep phase (DSP) during adolescence.

Methods: A longitudinal cohort study of 2200 children at age 7-9 (T1), 11-13 (T2), and 16-19 (T3) years. DSP was assessed at T3, and mental health
problems by the Strength and Difficulties Questionnaire and time in bed and sleep problems at T1 and T2. Logistic regression analyses were used
to examine associations between sleep and mental health at T1 and T2, and subsequent DSP at T3. Estimated marginal means were computed to
compare mental health at T1 and T2 in adolescents with and without DSP.

Results: Sleeping less than 9 hours per night at age 11-13 was significantly associated with DSP at 16-19 years (adjusted odds ratio = 3.37).
Sleep problems at 11-13 years of age were more frequent among those who developed DSP compared to children who did not develop DSP
(20% vs. 12%) but the results did not remain significant when controlling for early mental health problems. Sleep problems and mental
health at 7-9 years of age was not related to later DSP. In the crude analyses, all Strengths and Difficulties Questionnaire (SDQ) subscales at
11-13 years was significantly associated with later DSP, but in the fully adjusted analysis, only the SDQ total score and hyperactivity subscale
remained statistically significant.

Conclusion: Children with DSP in adolescence possess identifiable risk indicators in childhood.

Statement of Significance

Delayed sleep phase (DSP) is associated with health and daily-life functioning in adolescence, but there is a sparsity of longitudinal studies investi-
gating the childhood precursors of DSP in adolescence. This study extends on previous studies by examining mental health and sleep at two time
points in school-age children to assess precursors of DSP. While mental health and sleep problems at 7-9 years of age were not significant pre-
dictors of later DSP, mental health problems (as indicated by the Strengths and Difficulties Questionnaire [SDQ] total score) and sleep problems at
11-13 years of age were both significant predictors of later DSP. More longitudinal studies are needed to replicate the findings in different samples.
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Introduction

A delay in sleep phase usually occurs during puberty [1, 2]. For
some adolescents, the circadian delay will be quite pronounced,
difficult to reverse, and have negative functional impacts and
thus fulfill the diagnostic criteria for Delayed Sleep-Wake
Phase Disorder (DSWPD) [3]. DSWPD is a clinical sleep disorder,
whereas, delayed sleep phase (DSP) comprises a delay in sleep
phase without meeting diagnostic criteria. Still, the functional
impact of DSP is often significant for the individual, families and
the society with reduced academic performance [4] and school
absenteeism as consequences [5-7]. The etiology of DSP is not
fully understood, but is most likely a combination of biological,
behavioral, psychological, and social factors [6, 8]. Adolescents
with DSP have a higher rate of mental health problems than
their peers [9, 10] in terms of depressive symptoms, anxiety
symptoms [1, 4, 9] as well as co-occurring ADHD-symptoms [9,
11]. Furthermore, a meta-analysis showed that late bedtime,
which can be considered as a hallmark of DSP was associated
with negative family environment, video gaming, phone, inter-
net and computer use, as well as evening light exposure [12].

The vast majority of previous studies on factors associated
with DSP are based on cross-sectional designs. This precludes
conclusions about the temporal association between mental
health and DSP. Accordingly, mental health problems may both
be a cause and a consequence of DSP. Consistently, a Japanese
study including 12- to 18-year-old adolescents, with five yearly
assessment points, found a reciprocal association between bed-
time and mental health [13]. This may also hold true for the
association between DSP and mental health. Indeed, in a recent
review of the etiology of DSP, prepubescent longitudinal stud-
ies were called for to in order to investigate whether those who
develop DSP in adolescence are characterized by specific risk
indicators in childhood [14], which could be targeted through
preventive efforts.

Based on the above considerations, the aim of the present
study was to explore sleep problems, time in bed (TIB), and
mental health in childhood among adolescents who have DSP
in adolescence in comparison to peers without DSP.

Materials and Methods
Participants

Data stems from the first, second and fourth wave of the Bergen
Child Study (BCS), carried out in the autumn of 2002, spring of
2006 and winter/spring 2012, respectively. The BCS represents a
longitudinal total population study of children in all public and
private schools in the city of Bergen, Norway. The last wave of
the BCS is also called the youth@hordaland-survey, and included
all adolescents in Hordaland County, in which the municipality
of Bergen is the largest metropolitan area. The protocol and the
population of the BCS have previously been described in detail
elsewhere [15]. In short, in the first wave, the target population
consisted of 9430 primary school children aged 7 to 9 years, for
whom 7007 (74.3%) parents provided informed consent to partici-
pate. The second wave was performed 4 years later, and 5683 chil-
dren, at that time aged 11 to 13 years, participated. The last wave
was conducted 6 years later, in which 10254 of the 19439 invited
adolescents participated (participation rate of 53%). The longitu-
dinal sample in the current study with complete data on all three

waves included a total of 2200 individuals of the original study
population, making the participation rate 31.4% of the 7007 chil-
dren in the first wave, and 38.7% of the children who completed
the second wave. For ease of reading, the three waves used in the
current study will be labeled T1, T2, and T3, respectively.
Adolescents who completed all three assessments (respond-
ers) were more likely to be female, have parents with higher
education, and come from a family financially better off than
individuals who did not complete all three assessments (nonre-
sponders) (all ps <.001;). There were, however, no significant dif-
ferences on any of the sleep measures between those who only
participated at T3 and the longitudinal sample [16].

Procedure

The questionnaire at T1 was completed by the parents, while
the two last waves were completed by the children/adolescents
themselves. The data collection at T1 and T2 were paper-based,
while T3 used an Internet-based questionnaire. At T3 the ado-
lescents were informed about the study through their official
school e-mail, and one school hour (approximately 45 minutes
during regular school hours) was allocated for them to complete
the electronic questionnaire. A teacher was present to organize
the data collection and to ensure confidentiality.

Measures

DSP-T3

The following questions were used to assess DSP: “At what time
do you usually go to bed,” “How much time does it take before
you fall asleep (hours and minutes),” “When do you usually rise
in the morning,” “How many nights per week do you have dif-
ficulties falling asleep (0-7),” “How many nights per week do you
have problems with nightly awakenings (0-7),” “How often do
you oversleep (‘never’, ‘seldom’, ‘sometimes’, ‘mostly’, ‘always’).”
The participants provided sleep data separately for weekdays
and weekends. No information regarding the time-frame of
these symptoms were collected. To establish a proxy for assess-
ing DSP (as close as possible given the available sleep items) in
line with the International Classification of Sleep Disorders-3 [3],
we employed the following criteria, as specified in Johnson et al.
[17] published in Pediatrics (1) minimum 1-hour shift in sleep-
onset AND wake times from the weekdays to the weekend, (2)
complaint of frequent (>3 days per week) difficulty falling asleep,
(3) report of little or no (<1 day per week) difficulty maintain-
ing sleep, and (4) frequent difficulty awakening (oversleeping
“sometimes” or more often). This operationalization has been
used in recent publications from the youth@hordaland-survey
[5,9,18].

Sleep behavior (T2 and T3)

At T2, the parents reported TIB, operationalized as the difference
between the usual bedtime and rise time. No data was available
on sleep onset latency and wake after sleep onset for purposes
of the present study, TIB was analyzed categorically using the
following categories (in hours:minutes): <9:00, 9:00-9:59, 10:00-
10:30, and >10:30. Nine hours in bed was chosen as the cutoff for
short sleep duration, as the National Sleep Foundation recom-
mends 9-11 hours for school-aged children from 6 to 13 years,
and 8-10 hours of sleep per night for teenagers [19].



Difficulties with initiating and/or maintaining sleep—T1-T3

Sleep problems at all three time points were assessed by parent
reports with one question encompassing difficulties initiating
and/or maintaining sleep, rated on a three-point Likert scale
(“not agree”, “partly agree”, and “agree”). To avoid empty/small
data cells, which may arise especially in longitudinal samples,
dichotomous variables were used such that responding either
“agree” or “partly agree” was defined as constituting a sleep
problem. This operationalization has previously been applied in
the BCS [20]. No data on the severity or duration of difficulties
initiating or maintaining sleep (DIMS) were collected.

Mental health problems (T1-T3)

The Strengths and Difficulties Questionnaire (SDQ) is a brief
mental health screening questionnaire for children between 4
and 16 years [21]. The SDQ has good psychometric properties
[22] and is comprised of five subscales; Emotional Problems,
Hyperactivity-inattention, Peer Problems and Prosocial
Competence. The first four subscales constitute a composite
problem score. Parent report is used in the present study.

Other variables

Gender and date of birth were identified through personal iden-
tity number in the Norwegian National Register. Exact age was
estimated by calculating the interval of time between date of
birth and date of participation. Socioeconomic status (SES) was
assessed both by parental education and perceived family finan-
cial circumstances. Maternal and paternal education were re-
ported separately with three response options; “primary school,”
“secondary school,” and “college or university.” Perceived family
financial circumstances (i.e. how well off the adolescent per-
ceived their family to be) was assessed by asking the adoles-
cents how their financial circumstances were compared to most
others. Response alternatives were (1) “better financial circum-
stances,” (2) “approximately like most others,” and (3) “poorer fi-
nancial circumstances. We have previously shown that ratings
of family financial circumstance on this question correlate sig-
nificantly (r = 0.586, p < .001) with data on taxable monetary in-
come of their parents, which were available for a subsample of
642 participants [23].

Statistics

All analyses were performed using the SPSS statistical software
package, version 24 (SPSS Inc., Chicago, IL). Logistic regression
analyses were used to examine associations between the sleep
and mental health variables at waves 1 and 2, and subsequent
DSP at wave 3. Estimated marginal means (EMM) were com-
puted to compare SDQ scores at wave 1 and 2 in adolescents
with and without DSP. The analyses were done separately for
each of the mental health subscales. Both crude/unadjusted
and adjusted analyses were conducted. Adjustment variables
included age, gender, socioeconomic status, and previous sleep
and mental health problems (depending on the outcome). For
the EMM analysis, we controlled for multiple comparisons using
the standard false discovery rate (FDR) method with a false-pos-
itive rate of 5% (q = 0.05, as outlined by Benjamini and Hochberg,
[24]). To assess the clinical significance of mental health prob-
lems, Fisher’s Exact test was used to examine if the proportion
of high scorers on the SDQ (above 90th percentile on the SDQ
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total score) at wave 2 differed in adolescents with and without
DSP. Missing data were handled using listwise deletion.

Ethics

Each of the study waves were approved by the Regional
Committee for Medical and Health Research Ethics in Western
Norway (2015/ 800). For the first two waves, written informed
consent was obtained from all parents whose child was in-
cluded in the present study. For T3, the adolescents’ parents
were informed about the study, while the adolescents them-
selves consented to participate as Norwegian regulations state
that individuals aged 16 years and older are required to provide
consent themselves. No payment was given for participation.

Results
Sample characteristics

The longitudinal sample included in the present study com-
prised 2200 individuals, of which 57% were girls. The educational
level of the parents was high compared with the national aver-
age [25]. Specifically, 61% and 57% of the mothers and fathers,
respectively, had an educational level beyond high school. The
prevalence of DSP at T3 was 3.9%, and there were no significant
gender differences.

History of sleep problems and TIB in adolescents
with or without DSP

Figure 1 depicts the rate of DIMS at 7-9 and 11-13 years of age
in adolescents with and without DSP at age 16-19. Children
developing DSP during adolescence had a higher rate of sleep
problems at 11-13 years of age compared to children not devel-
oping DSP (19.8% vs. 11.8%; p < .030), but not at 7-9 (8.6% and
7.6%, respectively; p < .728). As displayed in Figure 2, adjusting
for age and gender only, the odds for DSP in adolescence was
significantly higher for children with than without sleep prob-
lems at 11-13 (odds ratio [OR] = 1.93 [95% confidence interval
[CI]: 1.07-3.48]). While further adjustment for SES did not at-
tenuate this association, additional adjustment for early mental
health problems reduced the association to a nonsignificant
level (OR = 1.46; 95% CI: 0.76-2.80).

Children with short TIB (less than 9:00) at age 11-13 had
significantly higher odds of later DSP (OR = 3.36; 95% CI: 1.05-
10.75) compared to those sleeping more than 10:30. Additional
adjustment for both SES and early mental health problems did
not reduce the magnitude of this association, which remained
significant in the fully adjusted analysis (OR = 3.37; 95% CI:
1.04-10.91). The other TIB categories (9:00-9:59 and 10:00-10:30)
were not significantly associated with later DSP (see Figure 3 for
details).

Mental health problems in childhood and the
association with later DSP

Table 1 details the association between mental health problems
at 7-9 and at 11-13 years and later DSP. While no differences in
mental health problems between those with and without ado-
lescent DSP were observed at 7-9 years of age, at age 11-13 all
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Figure 1. History of DIMS at T1 (7-9 years) and T2 (11-13 years) in adolescents with and without delayed sleep phase at T3 (16-19 years). Error bars represent 95% con-
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Figure 2. DIMS at T1 (7-9 years) and T2 (11-13 years) as risk factor for DSP at T3 (16-19 years). Bars represent odds-ratios and error bars represent 95% confidence

intervals.

subscales of the SDQ were significantly higher (while prosocial
subscale was significantly lower, indicating lower prosocial com-
petence) among those with adolescent DSP. When adjusting for
SES, the SDQ total score, and emotional and hyperactivity-inat-
tention subscales were still significant, but after further adjust-
ment of co-occurring sleep problems in childhood, only the SDQ
total score and hyperactivity-inattention subscale remained sig-
nificantly higher in the DSP group.

In order to examine the clinical significance of these find-
ings, we compared the rate of high SDQ-scorers (above the 90th

percentile on the SDQ total score) in adolescent with and with-
out DSP. These findings showed that significantly more ado-
lescents had an SDQ score in the clinical range compared to
adolescents in the no-DSP (20% vs. 7.1%, respectively, p < .001).

Discussion

In this longitudinal study, children who presented with DSP in
adolescence had more sleep problems and mental health prob-
lems than their peers at 11-13 years of age, but not at 7-9 years
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Figure 3. Time in bed at T2 (11-13 years) as risk factor for DSP at T3 (16-19 years). Bars represent odds ratios and error bars represent 95% confidence intervals.

Table 1. Emotional and behavioral problems (SDQ) at age 7-9 (T1) and 11-13 (T2) in adolescents with and without DSP at age 16-19 (T3)

Model 1: Adjusted
for age and gender

Model 2: Model 1 +
adjustment for SES

Model 3: Model 2 +
adjustment for DIMS

No DSP DSP No DSP DSP No DSP DSP
EMM (SE) EMM (SE) P-value*  EMM (SE) EMM (SE) P-value  EMM (SE) EMM (SE) P-value
T1: 7-9 years
SDQ Total score 4.86 (0.09)  5.14 (0.46) .579 4.69 (0.10)  5.06 (0.48)  .519 4.69 (0.10) 5.11(0.46) .474
SDQ Emotional problems ~ 1.13(0.03)  1.35(0.18) .343 1.08 (0.04) 1.29(0.18)  .380 1.08 (0.04) 1.31(0.17) .343
SDQ Conduct problems 0.77 (0.03)  0.85(0.13) .564 0.73(0.03)  0.90(0.13)  .343 0.73(0.03) 0.91(0.13) .343
SDQ Hyperactivity 2.27 (0.04)  2.41(0.21) .579 2.20(0.05)  2.31(0.22)  .630 2.20(0.05)  2.33(0.22)  .595
SDQ Peer problems 0.70 (0.03)  0.53(0.14) .343 0.69 (0.03)  0.56(0.15)  .503 0.69 (0.03)  0.57(0.15)  .519
SDQ Prosocial 8.60 (0.03)  8.43(0.16) 409 8.60 (0.04) 8.43(0.17) .433 8.60 (0.04) 8.43(0.17) .429
T2: 11-13 years
SDQ Total score 5.52(0.10)  7.90 (0.50)  <.001 5.27 (0.11) 7.10(0.52)  .001 5.28 (0.11)  6.91(0.50)  .006
SDQ Emotional problems  1.47 (0.04)  2.07 (0.19) .006 1.38(0.04) 1.86(0.20) .049 1.38(0.04) 1.79(0.19) .094
SDQ Conduct problems 0.89(0.02)  1.21(0.13) .049 0.86 (0.03)  1.10(0.13) .176 0.86 (0.03)  1.07(0.13)  .252
SDQ Hyperactivity 2.22(0.04) 3.25(0.22) <.001 2.14 (0.05)  2.90(0.23)  .001 2.15(0.05) 2.84(0.23)  .015
SDQ Peer problems 0.95(0.03)  1.37(0.15) .032 0.89(0.03) 1.24(0.16)  .094 0.89(0.03) 1.21(0.16) .122
SDQ Prosocial 8.57 (0.03)  8.17(0.16) .049 8.57 (0.04) 822(0.18) .122 8.57(0.04) 824(0.18) .146

SE = standard error.

2P-values are corrected for multiple comparisons, based on FDR, as outlined by Benjamini and Hochberg (1995).

of age. In the crude analyses, all SDQ subscales at 11-13 years
were significantly associated with later DSP, but in the fully
adjusted analysis, only the SDQ total score and hyperactivity-
inattention subscale remained statistically significant.

Sleep problems and short TIB were more frequent among
children who later developed DSP relative to their peers at 11 and
13 years. This supports the notion of relative stability of sleep
problems in general [16] and for sleep timing [26]. The general
pattern suggested that there was no association between adoles-
cence DSP and mental health and sleep in prepubescent children
(7-9). However, when the children were in early adolescence (11—
13) a significant association between the total SDQ scores and
DSP emerged. At this age, a significant association between being

in the clinical range of mental health problems and DSP was also
found. The lack of an association with sleep problems at 7-9 may
be due to a number of factors, which the present study cannot
answer, either due to lower stability over time, but also quali-
tatively different processes taking place in late than in middle
childhood, of which puberty would be one candidate [2].

The longitudinal association between some of the mental
health problems at 11-13 and DSP is in accordance with find-
ings from cross-sectional studies on adolescents in which both
depressive and ADHD symptoms co-occur with DSP [9, 10]. The
associations reported in the present study were independent of
sleep problems in childhood for the total problems score and
the hyperactivity-inattention subscale (but not for the other
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SDQ subscales). The mean SDQ total score for the two groups
was both in the normal range based on British norms. However,
when comparing the rate of high-scorers on the SDQ total score,
the rate was significantly higher in the DSP group, suggesting
that they also had more clinically significant mental health
problems.

The indication that mental health problems, as indicated by
the SDQ total score, were an independent risk factor of later DSP,
suggest that also children without manifest sleep problems may
be atrisk of later DSP, and that preventive efforts should focus on
a broad range of variables and include children with other risk
indicators than sleep problems. This may also support a model
in which psychological factors play a role in the development of
the DSP [27]. The reciprocal association between sleep in general
and mental health, support the notion that mental health may
be an independent predictor as well as a consequence of sleep
problems [13]. However, in terms of the specific SDQ subscales,
only hyperactivity-inattention problems remained a significant
predictor after adjusting for early sleep problems and multiple
comparisons, and the results should thus be interpreted with
caution.

Although stability of the sleep problem was evident, it is
important to note that sleep problems increased from early
to late adolescence, and while the risk of developing DSP was
higher among those with early sleep problems, many of the ado-
lescents with DSP did not have sleep problems at an earlier age.
Sleep problems were no longer significant predictors of later
DSP after adjusting for early mental health problems, empha-
sizing the importance of the interplay between mental health
and sleep.

Taking a prevention perspective, it seems that 11-13 years of
age and early puberty, may be an important intervention time to
prevent the development of DSP. Both mental health problems
and sleep problems are possible targets for such interventions.
As we did not have sufficient data points, we were precluded
from assessing the interaction between these problems at
a closer level. Future studies should thus address this issue
further.

There are several limitations of the present study that should
be highlighted. Firstly, we did not measure DSP during the first
two assessment points. Thus, while we accounted for the pres-
ence of sleep problems and TIB, we did not have a proxy for DSP
at the T1 and T2. Secondly, our definition of DSP is based on
questionnaire-based self-report, and consequently lacks clin-
ical evaluation and measurement by actigraphy or sleep diary.
Thus, we had no information regarding the desired bedtime or
adolescents’ inability to fall asleep at the desired time which,
according to the ICSD-3, is required in order to meet the criteria
for a clinical diagnosis of DSWPD [3]. Thirdly, we chose to the TIB
variables categorically as they represent clinically more mean-
ingful entities, but this approach may have reduced the statis-
tical power of the analysis.

Fourth, DIMS was assessed by parent-report using only a
joint variable, precluding separate analysis of each construct
separately. In addition, no measures of the severity and dur-
ation of the sleep problems were included. Although DIMS
constitute the core nocturnal symptoms of insomnia disorder
according to the DSM-5, the lack of a validated and psychomet-
ric sound measure of sleep problems limits the generalizability
of the findings. A more extensive assessment battery of sleep
problems would have been preferable. A final and important

limitation is the small sample size and the attrition rate, which
could impact the generalizability of the results. Some of the
relevant groups had very small numbers, which is likely to have
reduced the possibility to detect significant differences. The
subscale scores may be especially vulnerable for lack of detec-
tion of significant differences given the small sample sizes and
correction for multiple comparisons, while the composite score
might be more robust.

A strength of the present study is the longitudinal design
that allowed us to identify the temporal association between
study variables. The inclusion of multiple informants, and the
assessment of both mental health and sleep patterns as predic-
tors are also noteworthy strengths of the present study. While
the longitudinal sample is smaller than cross-sectional samples
in this study, a previous study still found no differences in rate
of sleep problems among those who completed all three waves
compared to those who did not [16]. As school start times in
Norway have been stable for years, it is not conceivable that this
has acted as a confounder regarding the results.
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