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SUMMARY
The trajectories and stability of self-reported sleep duration recorded at
ages 13, 15, and 23 years on reported sleep duration at age 30 years
among 1105 students (55% male) who participated in the Norwegian
Longitudinal Health and Behaviour Study were examined. Questionnaire
data were used to obtain demographic and sleep variables. Dichoto-
mised short sleep duration was based on normative values and set as
≤8.5 h (age 13 years), ≤8 h (age 15 years) and ≤7 h (ages 23 and
30 years). Results indicated a significant overall reduction in total sleep
duration (h per night) across age groups. Sleep duration (continuous) at
age 15 and 23 years (whole group) was moderately but positively
correlated with sleep duration at age 30 years (P < 0.01). When split by
sex, at age 15 years, this association was present among females only
(P < 0.01); however, at age 23 years, this association was present in
both male and females (both P < 0.001). Categorical short sleep at age
23 years (whole group) was associated with short sleep at age 30 years
(unadjusted odds ratio = 3.67, 95% confidence interval 2.36–5.69).
Following sex stratification, this effect was significant for both males
(unadjusted odds ratio = 3.77, 95% confidence interval: 2.22–6.42) and
females (unadjusted odds ratio = 2.71, 95% confidence interval: 1.46–
5.04). No associations were noted for categorical short sleep at ages 13
or 15 years, and subsequent short sleep at 30 years. Habitual short
sleep duration during middle adulthood is not sustained from the time of
early adolescence. Rather, these trends appear to be formed during early
adulthood.

INTRODUCTION

Effective and regular regulation of the sleep/wake cycle is
fundamental in order to maintain optimal biological, metabolic
and physical functioning; however, it is often exogenously
mediated by aspects of socio-cultural, psychosocial, occu-
pational and familial demands (Iglowstein et al., 2003). A
number of cross-sectional and longitudinal studies have
demonstrated that both long and short habitual sleep periods
present as independent risk factors for impaired cardiovas-

cular functioning and subsequent increased rates of cardio-
vascular disease (Ayas et al., 2003; Qureshi et al., 1997),
increased weight (Patel and Hu, 2008) and higher rates of
obesity (Buxton and Marcelli, 2010), reduced immune func-
tion (Cohen et al., 2009), and an increased risk for all-cause
mortality (Cappuccio et al., 2010; Ferrie et al., 2007).
Sleep problems are common among children and adoles-

cents, with as many as 76% of 11–15 year olds surveyed
reporting some degree of sleep difficulties (Ipsiroglu et al.,
2002). Complaints of difficulty initiating or maintaining sleep
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constitute some of the most common issues (Kecklund and
�Akerstedt, 1992; Morphy et al., 2007); however, these
symptoms appear to decrease somewhat with age (Laberge
et al., 2001; Quach et al., 2009). Habitual total sleep duration
has been shown to be highly variable, at least among young
children and during periods of early adolescence (Iglowstein
et al., 2003; Jenni et al., 2007); however, the onset of early
maladaptive sleep habits may have implications for the later
development of sleep problems during subsequent develop-
mental phases. Evidence from cross-sectional and longitudi-
nal analyses suggests that the natural course of human sleep
maturation has important developmental phases during
infancy. Sleep patterns formed during infancy are to some
extent carried forward to later periods of childhood (Hysing
et al., 2014), and may have further implications in the
expression of habitual short and long sleep duration and
continuity throughout early adolescence to adulthood (Al
Mamun et al., 2012; Magee et al., 2014).
Despite the significant clinical implications of assessing

sleep duration from periods of adolescence to adulthood,
several areas of investigation still remain. Most notably, there
is currently a paucity of detailed longitudinal analyses
assessing the stability of sleep duration over time, and it is
unclear whether critical age ranges exist in the expression
and development of these associations. Moreover, little
research is available that examines these factors across
extended assessment periods. Of the available studies
assessing the natural course and stability of sleep duration
and periods of short sleep, much of the literature focuses on
periods of childhood (Jenni et al., 2007) or restricted periods
of adolescence (Jansson and Linton, 2006).
Given that sleep duration is strongly associated with many

chronic yet preventable conditions, a more accurate descrip-
tion of these associations may augment available treatment
modalities and improve clinical outcomes for these patients.
As a result, the aims of the current study are: (i) to assess the
natural development and stability of sleep duration from ages
13, 15, and 23 years to 30 years; and (ii) to identify the
association between short sleep duration at ages 13, 15, and
23 years on cases of short sleep duration at age 30 years.

MATERIALS AND METHODS

This study utilises data collected as part of the Norwegian
Longitudinal Health and Behaviour Study (NLHB). The NLHB
is a nine-wave, cluster-sample research study that followed a
cohort of adolescents from age 13 years (initial testing period
1990) to 30 years (final follow-up in 2007). As part of the
initial wave in 1990, a total of 1195 adolescents aged
13 years and their parents were invited to participate in the
study. An additional 47 students were invited to participate
during the two subsequent data collection waves 2 and 3 in
1991 and 1992, resulting in a total sample of 1242. Inclusion
for the study required consent from both the adolescent and
the parent/guardian, which resulted in a total of 1105 (55%
male) students (89% of the total invited sample).

The retention rate at age 30 years is 49% (based on the
number of persons who had participated at least once during
ages 13–21 years), representing 43% of the original sample.
A more detailed description of the sampling procedures

and data collection methods used in the NLHB study can be
found elsewhere (Birkeland et al., 2009; Jakobsen, 1997).
Study questionnaires were distributed at the participants’

school initially (at ages 13–15 years), and were then distrib-
uted by mail to the respondents’ home addresses for each
subsequent follow-up assessment period. Sleep variables
were not measured during all data collection waves, and for
this reason data were only used from the 1990, 1992, 2000,
and 2007 waves, for the age groups of 13, 15, 23, and
30 years, respectively.
Written informed consent was obtained for each study

participant, and the study has been approved by the
Norwegian Data Inspectorate. The study was approved by
The Regional Committee for Medical Research Ethics in
Western Norway.

Variables

Demographics

Sex was first reported in the initial data collection wave in
1990, and was noted at the time of each follow-up in order to
assess sex distribution for each study wave.

Sleep variables

Information regarding subjective sleep was collected via self-
report at the time of each data collection wave, and
information regarding self-reported bedtimes and wake times
was obtained separately for both weekdays and weekends.
For the current study, only information regarding weekday
sleep duration was used. Questionnaire items were modified
slightly to include age-relevant statements (i.e. refers to
school/work). Response options for bedtimes were graded on
a five-point scale. Response options for weekday bedtimes
included the following: ‘about 21:30 hours or earlier’; ‘about
22:00 hours’; ‘about 22:30 hours’; ‘about 23:00 hours’; or
‘about 23:00 hours or later’. Questionnaire items ‘time getting
up on a school/work day’ were presented on a four-point
scale, and included response options: ‘about 06:30 hours or
earlier’; ‘about 07:00 hours’; ‘about 07:30 hours’; or 08:00
hours or later’. Self-reported sleep-onset latency during
weekdays was obtained via the questionnaire item: ‘how
long does it take for you to fall asleep?’ Response options
were presented in a continuous format (hh : mm). Estimates
of weekday sleep-onset latency were used only as they are
more stable data.
Total sleep duration was calculated by the self-reported

time in bed (calculated from total difference between bedtime
and rise time: hh : mm) minus self-reported sleep latency.
These methods have also been employed by studies
assessing the correlates of sleep duration among similar
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cohorts (Bjorvatn et al., 2007; Ursin et al., 2005). For this
study, ‘short’ and ‘normal’ sleep duration were classified
differently for each data collection wave, in order to account
for age-related differences with regard to normative sleep
values frequently reported for each age group (Iglowstein
et al., 2003; Olds et al., 2010). Short sleep duration at age
13 years (wave 1 – 1990) was defined as ≤8.5 h (31.4%),
and normal sleep was >8.5 h per night. Short sleep duration
at age 15 years (wave 2 – 1993) was defined as ≤8 h
(31.9%), and normal sleep duration was >8 h. Sleep duration
of ≤7 h was considered ‘short’ for those aged 23 years
(25.5%) and 30 years (29.8%; waves 3 and 4 – 2000 and
2007, respectively), with >7 h considered within the normal
range.

Analyses

To illustrate the trajectories of short sleep across the four
waves (Figs 1a,b), the dichotomised sleep duration variables
(using the age-based cut-offs) were used to create the six
most common courses from age 13 to 30 years (Fig. 1a), and
30 to 13 years (Fig. 1b). Assessment of the association
between sleep duration in 2007 and previous waves indi-
cated a reasonable number of categories and dispersion, and

little indication of a marked non-monotonic association was
noted. The number of categories and dispersion were similar
when stratified for gender (results not shown). Chi-square
analyses were used to assess differences in dichotomised
sleep duration (short versus normal) between those who
completed all data waves and those who had missing sleep
data on any of the four data waves. One-way ANOVA was used
to assess differences in average sleep duration between
those who completed all data collection waves and those
who had missing sleep data on any of the four data waves.
ANOVA with repeated measures with Greenhouse–Geisser
correction and Bonferroni post hoc tests were used to test for
differences in sleep duration across the four waves. Spear-
man rank-order correlation coefficients (Spearman’s Rho)
were used to assess the correlations between sleep duration
(continuous) at ages 13, 15, and 23 years with sleep duration
at age 30 years. Binary logistic regression modelling was
used to examine short sleep duration (yes/no) at ages 13, 15,
and 23 years as a predictor of reporting poor sleep at age
30 years (yes/no). Statistical analyses including Chi-square
analyses, one-way ANOVA and Spearman rank-order correla-
tion coefficient (Spearman’s Rho) were assessed using the
SPSS statistical software package version 21 (SPSS, Chicago,
IL, USA), and all tests were two-tailed with conventional

(a)

(b)

Figure 1. The most common trajectories of short sleep duration across all four time points from age 13 to 30 years. (a) The most common
trajectories leading from short sleep duration at age 13 years. For example, among participants with short sleep duration at age 13 years, 5.8%
were classified as having short sleep duration throughout all waves (trajectory indicated with white triangles). (b) The most common trajectories
leading to short sleep duration at age 30 years. For example, among participants with short sleep duration at age 30 years, 7.5% had short
sleep duration also at all previous waves (trajectory indicated with white triangles).
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P < 0.05 as significance threshold. Due to missing informa-
tion about sleep duration across waves, the multiple missing
imputation procedure using the multivariate normal approach
with five imputations as available in Stata 13.1 for the binary
logistic regression models was employed.

RESULTS

Characteristics

Characteristics data and information for sleep variables
across all data collection waves for the whole group are
presented in Table 1. Sex distribution was comparable for
each data collection wave; however, more female participa-
tion was noted for the two later waves (waves 3 and 4 –
ages 23 and 30 years, respectively) and more males were
noted for the first two waves (waves 1 and 2 – ages 13 and
15 years, respectively). Total sleep duration (hh : mm) was
noted to decrease significantly as per each data collection
wave (F2.7,621.5 = 281.6, P < 0.001). While the average
sleep duration at age 13 and 15 years was 9:01 and 8:38,
this was reduced to 7:50 and 7:38 at age 23 and 30 years,
respectively (all P < 0.001). A general reduction was
observed for those reporting both ≥10 and 9 to <10 h of
sleep per night across age groups, and a general increase
was seen among those reporting 7 to <8 h across age
groups. A sleep duration of 8 to <9 h was most stable
across age groups.

Short sleep versus normal sleep

Fig. 1a describes the developmental trajectory of those
individuals who self-reported short sleep duration compared
with normal sleep duration at age 13 years through to age
30 years. A large proportion of individuals (39%) who
reported short sleep at age 13 years reported a stabilisation
of normal sleep duration by age 15 years, of which remained
until age 30 years. The second most common developmental
trajectory profile (22.1%) was noted for those individuals who
reported short sleep at age 13 years and were noted to

alternate between short and normal sleep duration over the
duration of the assessment waves. Only a small proportion
(5.8%) of individuals reported instances of sustained short
sleep from early adolescence (age 13 years) through to mid-
adulthood (age 30 years). A comparable proportion of
individuals (5.8%) was noted to initially report short sleep
duration at age 13 years then report normal sleep duration
during late adolescence/early adulthood (ages 15 and
23 years), only to again report short sleep at age 30 years.
Seven percent of individuals who reported short sleep during
both sampling periods of adolescence (ages 13 and
15 years, respectively) reported a stabilisation of normal
sleep duration during adulthood (ages 23 and 30 years,
respectively).
Fig. 1b displays the reverse developmental trajectory of

those individuals who reported short sleep duration com-
pared with normal sleep duration at age 30 years from age
13 years. The most common trajectories leading to short
sleep duration at age 30 years were seen among individuals
who reported normal sleep duration up until age 23 years
(34.3%). A small percentage of individuals who reported
short sleep duration at age 30 years were seen to initially
report normal sleep at age 13 years until 15 years, or
alternate between normal and short sleep between waves
(both 9.0%). Only a small proportion of individuals (7.5%)
reported consistently short sleep from age 13 years until age
30 years.

Sleep duration

To assess the predictive value of self-reported short sleep
duration (dichotomised) at ages 13, 15, and 23 years on
short sleep duration at 30 years, binary logistic regression
modelling was applied (Fig. 2). For the whole group, short
sleep duration at age 23 years was associated with short
sleep at age 30 years [unadjusted odds ratio (OR) = 3.67,
95% confidence interval (CI): 2.36–5.69]. Following sex
stratification, this association was similarly observed among
males (unadjusted OR = 3.77, 95% CI: 2.22–6.42) and
females (unadjusted OR = 2.71, 95% CI: 1.46–5.04).

Table 1 Demographics and sleep variables for whole sample

Age 13 years
(n = 653)

Age 15 years
(n = 855)

Age 23 years
(n = 560)

Age 30 years
(n = 493)

Sex
Girls, % (n) 46.9% (306) 45.3% (387) 54.8% (307) 54.6% (269)
Boys, % (n) 53.1% (347) 54.7% (468) 45.5% (253) 45.4% (224)

Sleep duration, mean (SD) 8 : 58 (0 : 33) 8 : 31 (0 : 35) 7 : 45 (0 : 50) 7 : 36 (0 : 45)
Sleep duration, % (n)
<7 h – – – – 11.4% (64) 11.6% (57)
7 to <8 h 2.6% (17) 8.4% (72) 37.5% (210) 48.1% (237)
8 to <9 h 28.8% (188) 56.4% (482) 39.5% (222) 35.1% (173)
9 to <10 h 62.0% (405) 33.1% (283) 9.8% (55) 4.5% (22)
≥10 h 6.6% (43) 2.1% (18) 1.6% (9) 0.8% (4)
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Chi-square analyses assessing differences between
completers versus non-completers, and short versus normal
sleep duration (data not shown) revealed that the proportion
of short sleepers is lower among those who completed all
data waves for ages 15, 23, and 30 years (all P < 0.05), but
not age 13 years.
Associations between self-reported sleep duration (contin-

uous) at ages 13, 15, and 23 years, and at age 30 years,
were assessed using Spearman rank-order correlation coef-
ficient (Spearman’s Rho). A moderate positive association
was noted for self-reported sleep duration at age 15 years
and similarly reported sleep habits at age 30 years (Spear-
man’s Rho 0.208, P < 0.001; see Fig. S1); however, when
split by sex, this association was present among females only
(Spearman’s Rho 0.246, P < 0.001). The corresponding
correlation between self-reported sleep duration at ages 23
and 30 years was notably stronger (Spearman’s Rho 0.362,
P < 0.001; see Fig. S2). When split by sex, this association
was present among both males (Spearman’s Rho 0.422,
P < 0.001) and females (Spearman’s Rho 0.291, P < 0.001).
No associations were noted for self-reported sleep duration
for those aged 13 years on sleep duration at age 30 years
(see Fig. S3).
One-way ANOVA revealed that, compared with non-compl-

eters, participants who completed all four data (13, 15, 23
and 30 years) waves reported increased sleep duration
during the second data collection wave (1992 – 15 years)
than those who did not complete data collection (P = 0.004).
No differences were noted between groups for any other data
collection wave.

DISCUSSION

The findings of the current study were in line with previous
research, which has demonstrated that a general trend exists
for a reduction in self-reported sleep duration with increasing
age. We also report that self-reported sleep duration at age
15 and 23 years (whole group) is positively associated with
self-reported habitual sleep duration at age 30 years; how-
ever, when split by sex, this association is differentially
represented between males and females across ages.
Assessment of the most common developmental trajectories
of poor sleep showed that a large proportion of those who
reported short sleep duration during early adolescence
(13 years) had stabilised into periods of normal sleep at the
time of mid-adolescence to adulthood (ages 15–30 years),
and that the development of poor sleep at age 30 years
occurs most frequently during periods of early adulthood
(23 years).
A gradual reduction in total sleep duration (hh : mm) as a

function of increasing age was reported. These findings
mirror other longitudinal assessments of sleep duration
among population-based cohorts that have used similar
age ranges (Hysing et al., 2014) and self-report measures
(Iglowstein et al., 2003). Such changes are thought to
primarily reflect changes in biologically driven sleep homeo-
static needs as we age (Cajochen et al., 2006), however they
are similarly recognised to be mediated and influenced by a
number of sociocultural, familial and occupational demands
characteristic of each life stage. A large portion of the
participants in the current study reported obtaining a habitual

Figure 2. Short sleep duration (dichotomised) at ages 13, 15 and 23 years, and risk factor for short sleep duration at age 30 years, and
Spearman’s rank-order correlations (Rho) based on the continuous sleep duration variables. Bars represent odds ratios (OR) and error bars
represent 95% confidence intervals (CI; y-axis has a logarithmic scale). For example, the bar furthermost to the right shows that participants with
short sleep duration at age 23 years had 3.67-fold increased odds of having short duration at age 30 years. Similarly, the corresponding
correlation between (continuous) sleep duration at age 23 and 30 years was 0.362.
Note: Logistic regression analyses are based on a multiple imputed dataset, whereas correlation analyses are based on the non-imputed
dataset. ***P < 0.001.
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nightly sleep duration, which is considered to fall within the
normative limits for each age range (Iglowstein et al., 2003;
Riemann et al., 2010); however, approximately 1/10th of
those aged both 23 and 30 years reported obtaining less
than 7 h of sleep per night. Given the aforementioned health
implications of short sleep duration, some vigilance is needed
among these individuals in order to maintain optimal asso-
ciated health outcomes.
Habitual sleep duration has been shown to be highly

variable among individuals from periods of childhood and
adolescence (Iglowstein et al., 2003; Jansson and Linton,
2006; Wolfson and Carskadon, 1998); however, interpreta-
tion of the stability of these factors over time is often impeded
by the relatively short assessment duration. It was demon-
strated that, for the whole group, self-reported sleep duration
at age 15 and 23 years is moderately positively associated
with reporting similar sleep duration at age 30 years. Indeed,
a trend of late-onset cases of short sleep duration was noted
among this cohort, a finding that was somewhat similarly
reflected in the assessment of common developmental
trajectories leading to short sleep duration at age 30 years
(Figs 1a and b). When split by sex, this association is
differentially represented between males and females across
ages. At age 15 years, this association was present among
females only. At age 23 years, this relationship was found in
both sexes. The strength of the trajectories of sleep duration
through the adolescent to adulthood transition period was
weaker than is often asserted for younger age groups
(Magee et al., 2014). Thus, it is possible that interplay
between occupational and socio-cultural demands during
these life stages, particularly during periods of later adoles-
cence, contribute to sleep duration (Jansson and Linton,
2006). Indeed, that there was no association between sleep
duration at age 13 years and age 30 years suggests that
sleep disturbances experienced early resolve themselves
with age and are not persistent, a finding that is concurrent
with the limited research describing a general reduction in
sleep complaints as a function of increasing age (Quach
et al., 2009). Despite these observations, a large degree of
intra-individual variation exists with regard to self-reported
sleep duration across the lifespan, often as a function of
differing occupational, social and health-related factors
associated with that particular life stage. As the causative
pathways attenuating this relationship remain unconfirmed,
there is a need for additional comprehensive longitudinal
assessments of the stability of these trends over time.
There is little research assessing the stability of categorical

short sleep duration from periods of early adolescence to
mid-adulthood. As short sleep duration has been previously
linked to deleterious health outcomes (Buxton and Marcelli,
2010; Patel and Hu, 2008), it is therefore surprising that little
detailed assessment in this area is currently available. It has
been demonstrated that those who reported categorical short
sleep duration at age 23 years (whole group) had greater
than a 3.6-fold increased odds of similarly reporting short
sleep at age 30 years. Following sex stratification, it was

demonstrated that men who reported short sleep duration at
age 23 years had greater than a 3.7-fold increased odds of
similarly reporting short sleep at age 30 years and, among
women, these odds were increased approximately 2.7-fold.
No such effect was noted for those who reported categorical
short sleep at age 13 years or 15 years similarly reporting
short sleep at age 30 years. To the authors’ knowledge, this
is the first research to demonstrate that self-reported short
sleep during early adulthood (23 years) predicts instances of
short sleep duration in mid-adulthood (30 years). Research
investigating the stability and trajectory of sleep duration
across the lifespan is typically restricted to periods of
childhood or adolescence, or measures different aspects of
maladaptive sleeping behaviours (Al Mamun et al., 2012).
This may in part be due to the greater perceived necessity of
these developmental periods in respect to health outcomes
later in life. Whilst assessments during these times are
indeed valuable, descriptions of these trends during later
developmental periods may have implications for sleep
habits later in life. Given the organic changes in sleep
architecture as we age, the early development of adaptive
sleep habits may foster improved outcomes during these
periods.
The current study has several identifiable strengths. Most

notably, to the authors’ knowledge, this study is the largest
assessment of the trajectories and stability of self-reported
sleep duration across an extended period of time from early
adolescence to mid-adulthood. The use of a longitudinal
design and inclusion of a representative cohort of participants
allowed to track the stability of these trends over time, and
across several critical developmental phases, thus address-
ing several of the limitations of past research. Moreover, the
use of a large, representative, community-based sample
combined with the generally high retention rate of participants
across data collection waves enables greater generalisability
of the reported findings to comparable populations.
The result from this study must be interpreted in light of

some methodological limitations. Most notably, the sleep
variables used in this study were obtained via self-report
questionnaire only, and were not corroborated by additional
objective sleep-monitoring devices. However, in-depth analy-
ses and description of objective sleep variables among these
participants was not an aim of this study. Secondly, self-
reported sleep duration was not assessed to the exact hours
and minutes, and was instead defined using predefined
categories. Therefore, some of the more subtle changes over
time may have been overlooked, and thus no inferences on
these trends were able to be made. Further, it is possible that
participants under- or overestimated their total sleep time, a
factor that may have somewhat attenuated the reported
findings. Despite this, a number of longitudinal and cross-
sectional studies have utilised similar methods (Jansson-
Fr€ojmark and Lindblom, 2008; Manber and Chambers, 2009),
and the use of pre-determined response categories may
better assist in describing overall trends in sleep duration at a
population level. Lastly, although the overall participant
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retention rate across data waves was high, some attrition was
noted between study waves, particularly among males, and
thus thismay have somewhat influenced the reported findings.
Indeed, assessment of sleep characteristics between those
who participated in all data collection waves compared with
those who missed one or more wave revealed a generally
lower proportion of short sleepers among those who com-
pleted data collection. Thus, there may be an underestima-
tion of the effect of the reported findings. Despite this, it was
noted that the differences were largely negligible with regard
to overall sleep duration across waves between completers
and non-completers, and thus it is not anticipated that these
differences are clinically significant.
In this longitudinal sample of individuals, the first research

assessing the stability and trajectory of sleep duration
characteristics from early adolescence through periods of
mid-adulthood are reported. Instances of self-reported short
sleep in mid-adulthood appear to be formed in late adoles-
cence/early adulthood, and these associations are seen to be
comparably strong for both men and women. Habitual short
sleep duration in early adolescence typically resolves by the
end of adolescence and does not predict short sleep during
mid-adulthood. Given the natural decline in a number of sleep
parameters associated with the natural aging process,
proactive maintenance of adaptive sleep habits during these
critical periods of early adulthood may assist in associated
functional sleep outcomes during periods of mid- to late
adulthood and/or older age.
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Figure S1. Scatterplot of sleep duration 1992 and sleep
duration 2007. Size of marker indicates relative number of
cases at each intersection. With linear fitline. N = 401.

Figure S2. Scatterplot of sleep duration 2000 and sleep
duration 2007. Size of marker indicates relative number of
cases at each intersection. With linear fitline. N = 385.

Figure S3. Scatterplot of sleep duration 1990 and sleep
duration 2007. Size of marker indicates relative number of
cases at each intersection. With linear fitline. N = 308.
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