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Study Objectives: To assess the direction of the relationship and degree of shared associations between symptoms of depression and difficulty
initiating sleep (DIS) from early adolescence to early adulthood.

Design: Cross-sectional and longitudinal assessment of the symptoms of depression-DIS association from early adolescence (age 13 y) to early
adulthood (age 23 y).

Setting: Hordaland, Norway.

Participants: There were 1,105 individuals (55% male) who took part in the Norwegian Longitudinal Health Behaviour Study (NLHB) and
participated at least once across seven data collection waves during the years 1990-2000.

Interventions: N/A.

Measurements and Results: Characteristic data were obtained during the first assessment. Symptoms of depression and instances of DIS were
assessed during each data collection wave. Symptoms of depression and DIS were associated in all data waves, and one-step cross-lagged
bivariate correlations were significant and comparatively high for both factors. Structural equation modelling indicated that DIS and symptoms
of depression at wave 1 remain relatively stable across waves (all P < 0.001), and a significant and consistent unidirectional cross-lagged effect
was noted running from symptoms of depression to DIS from early adolescence to early adulthood. DIS is only marginally and inconsistently
associated with the lagged symptoms of depression score across waves.

Conclusions: These results suggest that symptoms of depression established in early adolescence are a moderate predictor of difficulty initiating
sleep (DIS) in early adulthood, whereas the reverse association of DIS predicting depression was not convincingly supported. These findings are

http://dx.doi.org/10.5665/sleep.5056

in contrast to previous findings that suggest sleep problems as a risk factor for the later development of depression.
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INTRODUCTION

A number of cross-sectional and longitudinal studies have
demonstrated that both individual symptomatic components of
insomnia, such as sleep onset difficulties? as well as defined
clinical instances of insomnia are closely related to depres-
sive illness.** Prospective studies have shown that instances
of insomnia in early adulthood predict the later development
of depressive symptoms,’ and that depressive symptoms can
precede the later onset of sleep problems.! Despite this, there is
lack of specificity in regard to the age of onset of these symp-
toms, the developmental course of these symptoms across time,
and whether each condition is differently represented with re-
spect to directionality of the association, particularly among
population-based cohorts.
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Mechanistically, it has been suggested that the reciprocal
association between depression and insomnia is primarily
driven by shared neurobiological and behavioral deficits with
regard to the sleep-wake regulatory dysfunction, which in
turn acts to mediate deficits in emotional reactivity.® Indeed,
successful amelioration of sleep difficulties among depressed
individuals demonstrates improvements in self-reported
mood states as well as higher remission rates among these
individuals.” As such, the causal association of underlying
sleep pathology leading to the subsequent development of
depressive illness is perhaps the most prominent theoretical
perspective.® Many of the available epidemiological studies
assessing sleep pathology at baseline and the subsequent de-
velopment of depressive illness have yielded range risk es-
timates of between 3.8-6.7.%!° Meta-analyses have similarly
demonstrated that depressive illness and sleep problems are
often observed to naturally co-occur®; a finding shown to be
relatively consistent among cohorts of children, adults, and
older individuals.?

The reverse model, whereby depression predicts the later de-
velopment of sleep problems has also been explored, albeit in
less detail and with less specificity.” To our knowledge, there
are only a few prospective studies that have examined, and
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1990 1991 1992 1993
Age (y) 13 14 15 16
N 924 958 963 789

Table 1—Age and number of participants included for analyses for each data collection wave.
1995

1996 1998 2000 2007
19 21 23 30
643 634 627 536

found, depression to be a risk factor for the future development
of general sleep problems"!" or clinically defined insomnia.'>**
Some studies utilizing retrospective analysis design have re-
ported no association between depressive symptoms at base-
line and the subsequent development of sleep problems at
follow-up.” Other studies assessing the depressive symptoms-
sleep problems relationship often feature sleep as a function of
underlying physical disease,'s and thus any confirmative con-
clusions regarding the strength of the observed relationship
are equivocal. Compared to the amount of literature focusing
on sleep difficulties as a proxy for the later development of
depressive symptoms, the proposed evidence supporting the
reverse path is less clear, with the implication that sleep dis-
turbance is an emergent symptom of a depressive phenotype.
Evidence supporting the depression-to-sleep problem associa-
tion has been primarily derived from clinical treatment studies,
of which have demonstrated improvements in insomnia symp-
tomology following the application of cognitive behavioral
therapy for insomnia (CBT-I) or pharmacotherapy targeting
depressive symptoms.’

Although a significant amount of data has demonstrated a
link between sleep problems and depressive illness, particu-
larly among adults, several areas of investigation remain. In-
deed, much of the available literature spans only brief periods
of early adolescence or adulthood,' includes only a limited
number of sampling phases,” or fails to accurately describe
the strength of these associations and role of possible periph-
eral confounders. Consistent assessment of these factors over
several time points will allow for greater specificity in regard
to subtle changes over time, and assist in describing the natural
course of these associations. Moreover, there is a paucity of
information assessing the specific role of sleep onset difficul-
ties with regard to depressive symptomology, as the available
literature typically focuses on instances of general insomnia
complaints only. Currently, there is a lack of empirical evi-
dence that accurately quantifies the developmental trajectory
of these associations from the time of early adolescence to
early adulthood. Such investigations may lend evidence to help
delineate whether this relationship can be considered causal, or
if it instead represents an epiphenomenon or occurs as a result
of peripheral factors.

METHOD

For the current study, we used data from the Norwegian
Longitudinal Health Behaviour Study (NLHB). The NLHB
is a nine-wave, cluster-sample research study that followed
a cohort of adolescents from age 13 y (initial testing period
1990) to 30 y (final follow-up in 2007). As part of the initial
wave in 1990, a total of 1,195 13-y-olds and their parents were
invited to participate in the study. As the data collection was
conducted during school hours in the first three waves, 47
students who joined the sampled school classes after the first
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wave were invited to participate during the two subsequent
waves, resulting in a total sample of 1,242. Inclusion for the
study required consent from both the adolescent and the parent/
guardian, which resulted in a total of 1,105 students (55% male,
89% of the total invited sample).

Six hundred twenty-seven of the 1,105 students responded
in the eighth wave (at age 23 y), indicating a retention rate of
57% (and representing 50% of the original sample). A more
detailed description of the sampling procedures and data col-
lection methods used in the NLHB-study can be found else-
where.'""7 Actual participation rates across data waves are
presented in Table 1.

Study questionnaires were distributed at the partici-
pants’ schools at the time of the first few years of the study
(age 13—15 y), and were later distributed by mail to the respon-
dents’ home addresses at the time of each follow-up assess-
ment wave. This paper presents data from the years 1990, 1991,
1992, 1993, 1996, 1998, and 2000 (that is, at ages 13, 14, 15, 16,
19, 21, and 23 y). Data from the fifth wave (age 18 y) was not
included because no sleep item was included in this survey. To
use the longitudinal data in an optimal way, full information
maximum likelihood (FIML) were used in order to obtain a
likelihood function for each individual based on the variables
that were present for each data wave (n = 1,076).

Written informed consent was obtained for each study par-
ticipant 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

Sex was first reported in the initial data collection wave,
and was noted at the time of each follow-up in order to assess
sex distribution for each wave. Symptoms of depression were
assessed using the seven-item depression inventory originally
proposed by Alsaker et al.'® Inventory items include statements
that relate to hopelessness, sadness, and depressive feelings.
Assessment of the internal consistency yielded acceptable
values, with Cronbach o being high across all seven waves,
ranging from 0.82 to 0.92, and also Guttman Split-half correla-
tions were comparably acceptable (ranging from 0.79 to 0.92
across all seven waves). Test-retest reliability was assessed
during the data assessment wave 1991 among 80 respondents.
Results indicated an acceptable temporal stability between
total scores (Guttman Split-half correlations 0.87); however,
this was variable for assessment of single items (between 0.52
and 0.80). Questionnaire items included the following state-
ments; “I often feel depressed without knowing why,” “Some-
times I think everything is so hopeless that I don’t feel like
doing anything,” “I don’t think I have anything to look for-
ward to,” “Sometimes I am just so depressed that I feel like
staying in bed for the whole day,” “I am often sad without
seeing any reason for it,” “I think my life is mostly miserable”
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Symptoms of Depression

Table 2—Descriptive statistics for sex, symptoms of depression and difficulties initiating sleep across time.

Difficulties Initiating Sleep

Time Female (%)® Mean SD N
1 453 23 0.9 663
2 44.4 2.2 1.0 894
3 44.3 24 1.1 824
4 458 2.1 1.0 668
6 52.7 2.2 1.1 609
7 53.3 2.0 1.0 548
8 51.0 1.9 1.0 599

4Based on participation in each wave for those with complete sleep and depression information. Cl, confidence interval; SD, standard deviation.

Mean SD Weekly (%)  95% CI N
1.5 0.6 5.7 41-17 671
1.5 0.7 8.9 7.2-11.1 850
1.5 0.6 8.1 6.5-10.1 903
14 0.6 5.8 4.3-78 706
1.4 0.6 7.1 5.4-9.4 644
14 0.6 6.5 4.8-8.8 585
1.5 0.7 8.7 6.7-11.1 624

and “Sometimes I think my life is not worth living.” Response
options were presented on a six-point Likert-style scale, and
included the statements “Does not apply at all,” “Does not
apply well,” “Applies somewhat,” “Applies fairly well,” “Ap-
plies well,” and “Applies exactly” (scored as 05, respectively).

Difficulties initiating sleep (DIS) at all seven waves (at
ages 13, 14, 15, 16, 18, 21, and 23 y) were measured using
the following item “Have you had difficulties falling asleep
during the last 3 months?” For the first three waves (ages
13, 14, and 15 y) participants scored this item on a four-point
Likert-scale, with the following response option: “Seldom
or never,” “Sometimes,” and “1-3 nights per week” and “4
nights per week or more often.” For the last four waves (ages
16, 18, 21, and 23 y) the response options were “Seldom or
never,” “Sometimes,” and “Very often (weekly).” To enable
comparisons across all seven waves, the four response op-
tions in the first three waves were reduced to three by com-
bining “1-3 nights per week” and “4 nights per week or more
often into “Very often (weekly).”

Statistics/Analytic Strategy

Pearson product-moment correlation coefficient (Pearson 7)
analyses were performed to determine how symptoms of de-
pression were associated with DIS within each data collec-
tion wave as well as between the seven time points, for the
entire group. A Wald test of parameter constraints was used
to compare the autocorrelations of DIS and depression scores
across time. To examine possible causal models of the relation-
ship between symptoms of depression and difficulty initiating
sleep, we employed structural equation modeling (SEM), and
cross-lagged longitudinal models were tested in Mplus version
7 using full information maximum-likelihood and MLR as es-
timator."” The cross-lagged longitudinal approach was chosen
to perform an analysis including both variables (symptoms
of depression and DIS) across multiple time points. The ap-
proach enables the simultanecous modeling of within-concept
cross-time effects (for example symptoms of depression at t;,
t,, and so on), cross-concept within-time relations (for example,
symptoms of depression and DIS at t,) and the cross-time
cross-concept effects (for example symptoms of depression at
t; influencing DIS at t,). By employing SEM instead of other,
more simpler models (such as regression analysis), a complex
and simultaneous investigation of how symptoms of depres-
sion and DIS affect each other across multiple time-points was
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possible, and it is possible to shed light on the temporal rela-
tionship between the two phenomena.

Four different models were investigated, from the simplest
to the most complex model. In M1, autoregressions within
each time span for both symptoms of depression and DIS were
included (for example symptoms of depression at t, regressed
on symptoms of depression at t;), and the cross-lagged effects
of both symptoms of depression and DIS (for example DIS
at t, regressed on depression at t;). For both symptoms of de-
pression and DIS, the variables at t; were exogenous, whereas
they were endogenous at all other time points, meaning that
the former is not thought to be caused by other variables in
the model, whereas the latter is thought to be caused by other
variables (here depression and DIS at t) in the model. M2 ex-
panded on M1 by allowing for the long-term effects within
concepts to be estimated (for example, symptoms depression at
t; regressed on t;). M3 also expanded on M1 by also including
cross-concept cross-time effects (correlation of residual vari-
ance between symptoms of depression and problems initiating
sleep at t, and onward). M4 was the most complex model, and
included symptoms of depression and DIS as exogenous at t;,
but also included intraconceptual autoregressive paths, the
long-term within-concept coefficients, cross-lagged paths, and
cross-concept cross-time effects.

RESULTS

Bivariate Cross-sectional and Longitudinal Analyses

Descriptive statistics for sex, DIS, and symptoms of de-
pression across all time points are presented in Table 2. Sex
distribution is comparable across waves; however, a higher
proportion of males compared to females were seen in the first
four data collection waves, and vice versa in the final three
data collection waves. Mean depression scores were rela-
tively stable over time; however, an incremental reduction in
mean depression scale scores was noted with increasing age.
Mean DIS scores were also noted to be relatively stable over
time, but were incrementally lower during the later data col-
lection waves 4, 6, and 7 (ages 16, 19 and 21 vy, respectively)
(F(6,1584) = 3.063, P = 0.006).

Comparisons of baseline (age 13 y) variables between re-
sponders (individuals who completed all waves) and nonre-
sponders (those who dropped out at any of the waves following
baseline) showed that there were no significant differences
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between responders and nonresponders on either DIS or symp-
toms of depression, nor on reports of smoking, alcohol use, and
body mass index (BMI). Moreover, no differences were found
for parental, occupational, or cohabitant status. However, sig-
nificantly more girls completed all waves (48% compared to
boys, 32%, P <0.001).

In all of the seven waves, DIS was consistently highly cor-
related with symptoms of depression, and the strength of these
associations was noted to increase incrementally with ad-
vancing age (see Table 3). This association was strongest at
data collection wave 8 (age 23 y), and weakest at data collec-
tion wave 1 (age 13 y).

Table 3—Cross-conceptual bivariate cross-sectional correlations for
symptoms of depression and difficulties initiating sleep across time
points.

Symptoms of Depression and DIS

R 95% Cl Lower 95% Cl Upper P N
Time 1 0.26 0.20 0.32 <0.001 643
Time2 0.28 0.22 0.34 <0.001 802
Time3  0.36 0.30 0.41 <0.001 806
Time4  0.29 0.22 0.36 <0.001 666
Time6  0.30 0.23 0.37 <0.001 609
Time7  0.34 0.26 0.41 <0.001 544
Time8 040 0.33 0.49 <0.001 595

Cl, confidence interval; DIS, difficulties initiating sleep.

Table 4 shows the one-step cross-lagged bivariate correla-
tions between DIS and symptoms of depression across time
points. Associations between DIS and symptoms of depression
were comparably high across time; however, the association
between symptoms of depression at t, with DIS at t,., were
slightly stronger than the associations of DIS at t, with symp-
toms of depression at t,.;, with the exception of t;—ts and te—t.

SEM: Cross-lagged Longitudinal Model

Table 5 describes the standardized coefficients of the initial
correlation, autoregressive and cross-lagged paths for insomnia
and depression from wave 1 to wave 8. The initial correlation
between DIS and symptoms of depression indicated a mod-
erate positive association (r = 0.27, P < 0.001).

Autoregressive analyses were used to assess the stability of
time for both DIS and symptoms of depression. Results indicated
that both DIS and symptoms of depression at wave 1 remain
relatively stable across waves (all P < 0.001). The autocorrela-
tions for DIS were, however, smaller across time than the auto-
correlations for symptoms of depression. In order to compare
the autocorrelations of DIS and depression scores across time,
we performed a series of Wald tests of parameter constraints.
There was strong statistical evidence that the autocorrelations
for depression scores were stronger than DIS, both when tested
sequentially (all P <0.001) and collectively (P <0.001).

The main purpose of the current study was to explore the
mutual relations between symptoms of depression and DIS
across time. Cross-lagged paths were used to assess the cross-
concept effects of both symptoms of depression and DIS. It

Table 4—Cross-conceptual bivariate cross-lagged correlations (t, correlated with t,.1) for symptoms of depression and difficulties initiating sleep across

Cl, confidence interval; DIS, difficulties initiating sleep.

time points.
Symptoms of Depression at t, Correlated with DIS at t,.1 DIS at t, Correlated with Symptoms of Depression at ty.
R 95% CI Lower 95% Cl Upper P N R 95% CI Lower 95% Cl Upper P N

tand t, 0.21 0.13 0.28 <0.001 615 0.19 0.11 0.26 <0.001 636
t,and ts 0.27 0.22 0.34 <0.001 801 0.22 0.15 0.29 <0.001 720
tyand & 0.23 0.15 0.30 <0.001 617 0.27 0.20 0.34 <0.001 627
tsand tg 0.21 0.13 0.29 <0.001 502 0.16 0.07 0.24 <0.001 500
ts and t7 0.23 0.14 0.31 <0.001 484 0.24 0.15 0.32 <0.001 475
t7and ts 0.29 0.20 0.37 <0.001 451 0.24 0.15 0.32 <0.001 470

across time points (n = 1,076).

Table 5—Standardized coefficients of the correlations, autoregressive and cross-lagged paths for symptoms of depression and difficulties initiating sleep

Ty T, Ts Ts Ts T Ts

Correlation

Sleep and depression 0.267 (0.036) - - - - - -
Autoregressive paths

Sleep - 0.346 (0.035)°  0.313(0.033)c 0.343 (0.036)° 0.258 (0.041)°  0.306 (0.042)c  0.281 (0.042)°

Depression - 0.524 (0.029)°  0.618 (0.023)° 0.612 (0.027)° 0.556 (0.032)°  0.626 (0.028)° 0.596 (0.030)°
Cross-lagged paths

Lagged depression on sleep - 0.063 (0.034)  0.063 (0.031)> 0.082 (0.034)> 0.035(0.037)  0.090(0.038)> 0.065 (0.038)

Lagged sleep on depression - 0.138 (0.037)°  0.209 (0.034)  0.124 (0.041)>  0.149 (0.044)>  0.306 (0.042)c  0.281 (0.042)°

Values presented as standardized coefficients (standard error). 2P < 0.05. °P < 0.01. °P < 0.001.
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was demonstrated that symptoms of depression are substan-
tially and consistently associated with the lagged DIS scores
across all waves (all P <0.01), however DIS is only marginally
and inconsistently associated with the lagged symptoms of de-
pression score across waves, with significant associations only
seen in waves 3, 4, and 7 (all P < 0.05) (see Table 5).

Considering model fit, there were differences between the
models:

* MI, where both symptoms of depression and DIS were
entered as exogenous at t;, had a moderate fit [root mean
square error of approximation (RMSEA): 0.069 (C190%
0.063-0.076), comparative fit index (CFI): 0.826,
Tucker-Lewis Index (TLI): 0.762)].

* M2, which assumed both symptoms of depression and
DIS were entered as exogenous at t;, but also includes
the long-term within-concept coefficients, demonstrated
similar fit indices [[RMSEA): 0.068 (C190% 0.062—
0.072), (CFI): 0.843, (TLI): 0.768)].

* M3, where both symptoms of depression and DIS were
entered as exogenous at t;, but also includes the cross-
concept cross-time effects demonstrated an improved
fit (RMSEA): 0.053 (CI190% 0.046—0.060), (CFI): 0.907,
(TLI): 0.860)].

* M4, which assumes that symptoms of depression
and DIS are exogenous at t;, but also includes intra-
conceptual autoregressive paths, the long-term
within-concept coefficients, cross-lagged paths and
cross-concept cross-time effects demonstrated the best
fit; (RMSEA): 0.045 (CI190% 0.038—0.053), (CFI): 0.943,
(TLI): 0.898)].

The differences between the four models in relation to the
path coefficients of interest in the current study (auto-regres-
sive and cross-lagged paths) were not substantial. We therefore
chose to present the results from M1 because this was the less
complex model (see Figure 1).

DISCUSSION

The results of the current study suggest that there is a strong
cross-sectional association between symptoms of depression
and DIS, and that the strength of this relationship is similarly
observed from early adolescence to early adulthood. Longitu-
dinally, we report that when assessed individually, symptoms
of depression at baseline remain relatively and comparably
stable from early adolescence to early adulthood. For DIS, this
association is somewhat less stable across time. Notably, we
report that although symptoms of depression are substantially
and consistently associated with the lagged sleep score, DIS is
only marginally and inconsistently associated with the lagged
depression score across time.

The results of our cross-sectional analyses are consistent
with previous research which has demonstrated a strong asso-
ciation between depressive symptoms and sleep problems.?*?!
We report that the strength of this association was sustained
in every data collection wave from early adolescence through
to early adulthood, which is consistent with, and builds on,
previous research that has demonstrated a close association
between these factors during this age period. Markedly, our
research is the first to describe that these associations remain
significant across such an extended period of time, as much of
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the available literature is typically focused on periods of child-
hood,* brief period of adolescence, or periods of late adoles-
cence/early adulthood.

Considering the longitudinal analyses, several interesting
findings were noted. First, we report that when assessed cross-
sectionally, DIS and symptoms of depression are moderately
correlated. Moreover, when assessed individually at baseline,
symptoms of depression demonstrated a moderate correlation
but a high internal stability across data assessment waves over
time from early adolescence to adulthood. Furthermore, we
report a decline in severity of depressive symptoms and DIS
at ages 13 and 23 y, a time when depression and insomnia are
typically observed to increase in prevalence. Previous longi-
tudinal assessments have demonstrated that depressive symp-
toms and depressive disorders that appear during periods of
early adolescence have a lifetime prevalence of between 3.7%—
11.2%,%** suggesting that a sensitive developmental period may
exist which influences the natural development of these symp-
toms over time and thus help to maintain them throughout the
lifespan. Thus, it is possible that these endogenous factors may
in fact have a greater influence on the expression of depressive
symptoms among young adolescence than external factors per
se. For DIS, descriptions of the natural development of these
symptoms across the lifespan and the lifetime prevalence rates
are less clear. Some studies have found that the development
of sleep problems during periods of adolescence are often as-
sociated with a number of biological, physiological, and social
transitions that often characterize adolescence and affect sleep/
wake regulation during this time.? It is therefore plausible that
these symptoms are similarly developed during critical periods
of early adolescence, and subsequently maintained throughout
the lifespan via continuous feedback from a variety of behav-
ioral, physiological, and biological inputs associated with these
developmental periods during early adulthood. Such explana-
tions may, in part, help to explain our reported findings, and
lend argument to the often high lifetime prevalence and dis-
ability observed among those who report chronic insomnia
syndrome and often low rates of disease remission.*®

We describe a significant and consistent unidirectional ef-
fect running from symptoms of depression to DIS from the
time of early adolescence to early adulthood. A substan-
tial portion of longitudinal studies suggest that the reverse
is true, that sleep problems precede the onset of later mood
disturbances®’; however, it must be noted that the assessment
framework used is often confined to specific developmental
stages, such as defined periods of adolescence’ or adulthood."
Research investigating depression as a predictor of the later de-
velopment of sleep problems are also limited, and are similarly
restricted to periods of adolescence' or older age," or focus
on specific clinical populations only." Currently, comprehen-
sive and inclusive assessments of these relationships from
periods of adolescence through to adulthood are inadequate,
and thus assumptions regarding the underlying mechanistic
assumptions are incomplete. Therefore, it is possible that the
expression of these associations when evaluated during these
transitional periods of adolescence/adulthood presents a hith-
erto unassessed characteristic in the depressive-sleep matrix.
Thus, our findings lend weight to the small number of pre-
vious studies that have shown depressive symptoms to predict
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Figure 1—The longitudinal relationship between symptoms of depression and DIS. Auto-regressive and cross-lagged paths.

later sleep problems and to our knowledge, present the first ~ moderate strength. However, given that the long-term within-
research that evaluates these relationships across these critical concept coefficients, cross-concept cross-time and autoregres-
developmental periods.'? Additionally, they build on previous sive associations were controlled for in the development of the
studies that demonstrate the incidence, but do not adequately =~ models, the cross-lagged associations should be weaker than in
describe the persistence of comorbid sleep and psychiatric ill-  analyses in which no such adjustments are made. Despite this,
ness over time.'>? When considering these findings, it is impor-  the observed strength of the association was preserved and the
tant to note that the reported longitudinal associations are of =~ model was robust, and thus the simplest model was chosen.
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Given these considerations, it is therefore unlikely that the ob-
served associations are attributable to erroneous variance or
error; rather, it is likely that these associations represent a true
and persistent relationship between symptoms of depression
and DIS scores across time.

Unlike several studies assessing these factors, we did not
find clear evidence for a bidirectional relationship between
symptoms of depression and DIS, as DIS at age 13 y was not a
significant risk factor for symptoms of depression at age 23 y.
Conceptually, it is possible that this relationship is represented
only among complete diagnoses of insomnia and depressive
syndrome, as was shown in previous studies,” and that typical
methodological considerations and statistical analyses used
are insufficient at identifying more subtle aspects of individual
symptoms of both conditions.

Sex distribution is comparable across waves; however, a
higher proportion of females compared to males participated
in the last three data collection waves. These values are reflec-
tive of participation trends and retention rates for the overall
study.'® Several population-based cross-sectional and longitu-
dinal analyses have highlighted that female sex represents a
significant and independent risk factor for both insomnia and
depressive illness,””*® and that these symptoms are consistently
more prevalent among women.”** We did not stratify these
data by sex for cross-sectional analyses; however, sex strati-
fication techniques were initially employed for longitudinal
models (data not shown). No effect for sex was identified, and
thus these techniques were not maintained in the development
of the final model. It is possible that sex is not an attenuating
factor when assessing individual symptom expression of these
factors, as is often observed when assessing the entire syn-
drome. The primary strengths of the current study were the
use of a longitudinal study design, which allowed for detailed
assessment of the relative association between the target vari-
ables across all assessment periods, as well as the extended
duration of total data collection from early adolescence to early
adulthood (10 y). Such methods provided a detailed descrip-
tion of the strength of these associations across the transition
period of adolescence to adulthood, thus addressing the limita-
tions of some past studies. Indeed, in the available comparable
literature, there is a lack of studies tracking the natural devel-
opment of these associations over such an extended testing pe-
riod. Often, the longitudinal associations between symptoms
of depression and sleep problems are ascribed following a brief
total assessment period, or are based on retrospective analysis.’

There are still some limitations within the design of the
current study. First, because depressive symptomology was
assessed using a validated, but not widely used inventory, it
is possible that the prevalence of these symptoms were un-
derrepresented among this cohort. We also concede that the
use of the relatively unknown depression scale in the current
study also limits the generalizability of the reported findings.
Despite this, other longitudinal studies using the NLHB have
used similar methodology,*" and psychometric assessment of
the inventory have yielded similar indices to other, more well-
known depression scales that use frequency indicators, such
as the Centre for Epidemiological Studies Depression Scale
(CES-D).*>** Moreover, as only a single sleep item assessing
sleep onset difficulties was used in this study, we are unable to
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generalize these findings to other individual subtypes of sleep
problems often characteristic of insomnia disorder, such as
sleep maintenance problems or complaints of early morning
awakenings. Despite this, the purpose of the current study
was to assess this singular insomnia symptom, and not the
whole syndrome, per se. Indeed, other, comparable studies
have used similar sleep metrics when assessing these factors
among cohort of children and adolescents.’>**We assessed the
relative distribution and contribution of several health and life-
style factors between responders (individuals who completed
all waves) and non-responders (those who dropped out at any
wave following baseline). We did not find any differences be-
tween groups with regard to characteristic factors and DIS or
symptoms of depression, and thus these factors were not in-
cluded in the development of our subsequent analytic strategy.
It is acknowledged, however, that assessment of confounders
was limited to those available, which differs from the list of
theoretically possible, and thus analysis was limited to the data
available and these factors may have influenced the reported
findings. Despite this, the comprehensive assessment of these
peripheral factors was not a primary aim of the current study,
and as no differences were revealed at initial assessment, we
do not anticipate that these factors significantly attenuated our
reported findings. Finally, the changes in sex distribution and
participant attrition rate over the course of the data collection
waves may also restrict the generalizability of the findings.

In conclusion, this study confirms cross-sectional and lon-
gitudinal findings showing that a strong relationship exists be-
tween symptoms of depression and DIS, and contributes more
information suggesting the role of early depressive symptoms
as a predictor of later sleep difficulties. Longitudinal assess-
ment of symptoms of depression and DIS during the time of
early adolescence is advantageous, as increasing evidence
has suggested that these factors, which may indicate proxy
markers for depressive illness and insomnia, develop early,
and often remain stable across the lifespan. As both depres-
sive illness and sleep problems represent significant areas of
morbidity and disability among both adolescents and adults,
assessing and describing the developmental origins of these
conditions are important for public health initiatives.
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