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Background: Previous studies have suggested a bidirectional association between sleep problems and
anxiety symptoms in adolescents. These studies used methods that do not separate between-person
effects from within-person effects, and therefore their conclusions may not pertain to within-person
mutual influences of sleep and anxiety. We examined bidirectional associations between sleep prob-
lems and anxiety during adolescence and young adulthood while differentiating between person effects
from within-person effects.
Methods: Data came from the Dutch TRacking Adolescents' Individual Lives Survey (TRAILS), a pro-
spective cohort study including six waves of data spanning 15 years. Young adolescents (N = 2230, mean
age at baseline 11.1 years) were followed every 2—3 years until young adulthood (mean age 25.6 years).
Sleep problems and anxiety symptoms were measured by the Youth Self-Report, Adult Self-Report and
Nottingham Health Profile. Temporal associations between sleep and anxiety were investigated using the
random intercept cross-lagged panel model.
Results: Across individuals, sleep problems were significantly associated with (B = 0.60, p < 0.001).
At the within-person level, there were significant cross—sectional associations between sleep problems
and anxiety symptoms at all waves (8 = 0.12—0.34, p < 0.001). In addition, poor sleep predicted greater
anxiety symptoms between the first and second, and between the third and fourth assessment wave.
The reverse association was not statistically significant.
Conclusions: Within-person associations between sleep problems and anxiety are considerably weaker
than between-person associations. Yet, our findings tentatively suggest that poor sleep, especially during
early and mid-adolescence, may precede anxiety symptoms, and that anxiety might be prevented by
alleviating sleep problems in young adolescents.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

potential mechanisms of how sleep disturbance may predict the
development of anxiety. For example, in a study by Yoo et al. [3],

According to the cognitive model of insomnia [1], excessive and
uncontrollable worry, anxiety, fear, and intrusive thoughts diminish
sleep quality and exacerbate insomnia. Consistent with this theory,
research has shown that individuals with high trait worry experi-
ence moderate sleep disturbances, and that worry predicts sleep
problems [2]. On the other hand, it is also possible that sleep
disturbance leads to anxiety symptoms. Several studies proposed
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one night of sleep deprivation led to an increased amygdala
response to a negative stimulus and decreased functional connec-
tivity between the amygdala and the medial prefrontal cortex.
Decreased brain activation and decreased functional connectivity
between brain regions may contribute to a diminished ability to
regulate anxiety-related processes [4]. In sum, research suggests
that there are bidirectional associations between sleep problems
and anxiety symptoms.

Symptoms of sleep problems and anxiety are known to change
throughout the lifespan. These symptoms often increase during
adolescence [5,6], and the quantity and quality of both symptom
domains change further in adults [7]. Adolescence may thus be a
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sensitive period for developing anxiety symptoms and sleep
problems [8]. The transition from child to adult is characterized by
significant biological, psychological, and social changes, which may
result in alterations in emotion regulation and delayed circadian
phase (internal clock) [9,10]. Notably, a study from New Zealand
showed that approximately one-third of young adolescents (33.4%)
reported experiencing at least one sleep problem, and the adoles-
cents who reported sleep problems were more likely to report
anxiety symptoms [11]. Another study found that as many as 90%
of young people with anxiety experience subjective sleep
complaints [12].

Several longitudinal studies have provided evidence that sleep
problems predict anxiety symptoms and anxiety disorder across
childhood, adolescence, and young adulthood. For instance, Jansen
et al. |13], reported that sleep problems in infancy and early
toddlerhood were associated with anxiety or depression symptoms
at three years. Gregory and O'Connor [14] reported that sleep
problems at age four predicted anxiety/depression symptoms in
mid-adolescence. Gregory et al. [15], reported that persistent poor
sleep at age five, seven, and nine predicted the presence of an
anxiety disorder at age 21 and 26. Furthermore, Shanahan et al.
[16], found that, in children and adolescents aged 9—16 years, poor
sleep predicted increases in the prevalence of generalized anxiety
disorder (GAD) and symptoms of depression/GAD one year later.
Although many longitudinal studies have found that sleep prob-
lems predict subsequent anxiety, less research has focused on
associations in the opposite direction [17]. The studies that did test
bidirectional associations between sleep problems and anxiety
symptoms in children and adolescents yielded mixed results
regarding the effect of anxiety on sleep: some found clear evidence
of an effect of anxiety on subsequent sleep problems [16,18,19],
others did not [13,20] or found only weak indications [21]. None of
these studies extended into young adulthood. Hence, the possible
bidirectional nature of the association between sleep and anxiety
requires further investigation.

In addition to being the first to investigate bidirectional associ-
ations between sleep problems and anxiety across adolescence and
young adulthood, our study also adds to the existing evidence
because our statistical approach made it possible to distinguish
between interindividual (between-person) and intra-individual
(within-person) differences. Many psychological theories pertain
to within-person effects because within—person processes offer the
best clues for — personalized — interventions. In practice, however,
associations are often tested at the between-person rather than the
within-person level. Statements at the between-person level cannot
be extrapolated to the within-person level [22]. For example, the
fact that adolescents who report many sleep problems are also likely
to report many anxiety symptoms does not necessarily imply that
individual adolescents will experience less anxiety when they
improve their sleep [22]. Only statistical models that separate
within-person effects from between-subjects allow one to make
valid statements regarding within—person processes; the often-
used cross-lagged panel model (CLPM) does not, most of the time.
The CLPM assumes that there are no stable intra-individual differ-
ences in the variables under study. This is often untrue; in the case of
anxiety and sleep, to a certain extent both variables are trait-like and
show some stability in between-person rank order. That means that
the assumption of the CLPM is not met and that the autoregressive
effects in the CLPM, which are supposed to estimate within-person
temporal stability of sleep and anxiety, also capture between-person
variation in these variables. This hampers straightforward inter-
pretation of the cross-lagged effects of sleep and anxiety, because
these effects cannot be understood as the within-person effect of
sleep at one assessment, on anxiety at the next assessment wave,
and vice versa. Hamaker et al. [23], showed that, depending on the

type of model, cross-lagged effects might be overestimated,
underestimated, or even reversed if the assumption of the CLPM is
not met. In other words, a mixture of within-and between-person
variance can lead to incorrect conclusions concerning the within-
person mutual influences of sleep and anxiety. The random inter-
cept cross-lagged panel model (RI-CLPM) accounts for time-
invariant individual differences by the inclusion of random in-
tercepts and hence yields less biased estimates of the within-person
effects than more traditional approaches [23]. Both within-person
and between-person effects may be relevant for intervention and
prevention; whereas within-person associations indicate possible
starting points for treatment, between-person associations can help
to identify target populations.

The Tracking Adolescents' Individual Lives Survey (TRAILS) is a
prospective cohort study in which the participants were followed
from early adolescence (11 years of age) to young adulthood (25
years of age). Six waves have been conducted so far, and every wave
included measurements of sleep and anxiety [24] adapted to the
age of the participants at the time of assessment. This longitudinal
study aimed to examine bidirectional associations between sleep
problems and anxiety symptoms from adolescence through young
adulthood, taking into account within-person and between-person
effects.

2. Methods
2.1. Participants

We used data from the longitudinal TRAILS study. TRAILS con-
tributes to the understanding of various determinants of mental
and physical health by following Dutch pre-adolescents (11 years
old) into adulthood (25 years old). The target sample consisted of
adolescents from 135 schools in five municipalities in the North of
the Netherlands, including both urban and rural areas. The sam-
pling procedure has been described in more detail elsewhere [25].
Of all participants who were approached (n = 3145), 210 (6.7%)
were excluded because of severe mental retardation, severe phys-
ical illness, or language limitations. Of the remaining 2935 young
adolescents, 76% participated in the study. Initial responders and
non-responders did not differ with respect to family composition
(ie, the proportion of single-parent families) or teacher-rated
mental health problems (including anxious/depressed behaviors).
However, the nonresponse group included more boys (61% vs. 47%),
children whose parents had a low educational level (44% vs. 33%),
and children who received help for learning difficulties (28% vs.
21%) at school. For more details, see De Winter et al., [25]. Of the
baseline sample, 11% originated from a non-western country
(mostly Morocco, Turkey, Surinam, the Dutch Antilles, and
Indonesia), 16% were raised in single-parent families, and 17% lived
in families with a disposable annual income up to € 13.620, which
is below the at-risk-of-poverty-threshold. Baseline assessment was
followed up by five additional waves, with intervals of two to three
years, with good retention rates (see Table 1). Compared to

Table 1
Participants in the population of TRAILS across the data collection six waves.
Wave N (retention rate®) Mean age, years (SD) Females %
1 2230 11.1 (0.6) 51%
2 2149 (96%) 13.6 (0.5) 51%
3 1819 (81%) 16.3 (0.7) 52%
4 1881 (84%) 19.1 (0.6) 52%
5 1782 (80%) 223 (0.6) 53%
6 1617 (73%) 25.6 (0.6) 54%

2 Retention rate refers to the proportion of the baseline sample participating in
each subsequent wave.
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adolescents who participated up until the sixth assessment waves,
those who dropped out before that were more likely to be male
(56% versus 47% %21 = 279, p < 0.001), to come from low-SES
families (38% versus 22% %21 = 41.7, p < 0.001); they reported
slightly fewer anxiety (0.31 + 0.29 versus 035 + 031, t
(df =2191) = 2.42, p = 0.02) and sleep problems (0.45 + 0.47 versus
0.50 + 0.46, t (df = 2194) = 2.02, p = 0.04) at baseline. Of all par-
ticipants, 28.0% had a lifetime diagnosis of any anxiety disorder, as
measured by the Composite International Diagnostic Interview
[26], at the fourth assessment wave; 12.4% had a social phobia,
11.5% a specific phobia, 2.9% a generalized anxiety disorder, 3.1% a
separation anxiety disorder, 1.6% a panic disorder, and 1.0% an
agoraphobia. Overall, the mean age of onset was 8.8 years (SD 4.2).
Specific phobias had a mean age of onset of 6.8 years (SD 3.5),
separation anxiety disorders of 9.1 years (SD 4.5), social phobia of
10.1 years (SD 3.6), agoraphobia of 11.6 years (SD 4.3), and gener-
alized anxiety disorder and panic disorder of 13.7 years (SD 3.4 and
4.2, respectively). Missing values were handled in two instances.
First, in case of missing item scores for anxiety and sleep problems,
we used the corrected item mean (CIM) substitution method that
replaces missing values by the item mean, which is corrected for
the ‘ability’ of the respondent [27]. Second, in the RI-CLPM, missing
data were handled by using the maximum likelihood robust (MLR)
estimator. This estimator can handle missing data when partici-
pants have valid data at one or more measurement waves. Three
participants were excluded because they had missing information
on sleep and anxiety at all six waves. Informed consent was ob-
tained from parents and adolescents. Each study wave was
approved by the Dutch Central Committee on Research Involving
Human Subjects (CCMO) and conducted according to the principles
of the Declaration of Helsinki.

2.2. Measures

2.2.1. Anxiety symptoms

At T1, T2, and T3, anxiety symptoms were measured by the
Youth Self-Report (YSR), which was developed for 11- to 18-year-
old respondents; it containes six items that cover anxiety
symptoms according to the DSM-IV [28]. The anxiety items were
“l am too dependent on adults”, “I am nervous or tense”, “I am
afraid of certain animals, situation or places other than school”, “I
am afraid of going to school”, “I am too fearful and anxious”, and
“I worry a lot”. Participants reported on their feelings during the
past six months. [tems were scored on a three-point Likert scale
(0 = not true, 1 = somewhat/sometimes true, and 2 = very/often
true). The scale scores represent the mean scores of these six
items. Cronbach's alphas of these scales ranged from 0.62 to 0.64.
Spearman-Brown corrected alphas were 0.74—0.75. At T4, T5, and
T6, anxiety was assessed with the Adult Self-Report [29], which
is the adult version of the YSR. The ASR Anxiety scale contains
seven items for measuring anxiety symptoms in the past six
months: “I am afraid of certain animals, situation or places other
than school”, “I worry a lot”, “I am too fearful and anxious, “I am
nervous or tense”, “I worry about my future”, “I worry about my
family”, and “Heart pounding or racing without known medical
cause”. As with the YSR, the items were scored on a three-point
Likert scale (0O = not true, 1 = somewhat/sometimes true and
2 = very/often true), and the scale scores represent the mean
item scores. Cronbach's alphas ranged from 0.75 to 0.80. The
concurrent validity of YSR anxiety symptoms has been deter-
mined [30]. Based on normative samples, sum scores of YSR and
ASR were categorized as falling in the normal (<«92nd percentile),
borderline (subclinical, 93-97th percentile), and clinical (>97th
percentile) range [28].

2.2.2. Sleep problems

At T1, T2, and T3, sleep problems were measured with the YSR.
The YSR sleep problems scale contains four items for measuring
sleep problems in the past six months. The items were “I have
nightmares,” “I sleep less than most kids,” “I sleep more than most
kids,” and “I have trouble sleeping.” We excluded “I sleep more than
most kids” because we hypothesized that associations between
sleep and anxiety are specific for sleeping less than other people, and
do not pertain to sleeping more than other people. The items were
scored on a three-point Likert scale (0 = not true, 1 = somewhat/
sometimes true, and 2 = very/often true) and transformed (0 = not
true, 0.5 = somewhat/sometimes true, and 1 = very/often true) to
achieve consistency with the scoring of the NHP (see below). The
mean score on these three items was used as scale scores. Cronbach's
alphas ranged from 0.55 to 0.57. Spearman-Brown corrected alphas
were 0.80—0.81.

At T4, T5, and T6, sleep problems were measured with the sleep
scale of the Nottingham Health Profile (NHP), a validated ques-
tionnaire to identify health problems in adults [31]. The NHP sleep
problems scale contains five items that reflect the overall experi-
ence of momentary sleep problems. The sleep problems items were
“I wake up in the early hours of the morning,” “I lie awake for most
of the night,” “It takes me a long time to get to sleep,” “I sleep badly
at night” and “I take pills to help me sleep.” Items were scored with
“yes = 1" or “no = 0". Because sleeping pills may affect the
reporting of sleep problems, we excluded 137 adolescents who
reported using sleeping pills at one or more of the three waves from
the analyses. We computed the mean score on these four items to
construct the scale scores. Cronbach's alphas ranged from 0.63 to
0.64. Spearman-Brown corrected alphas were 0.77—0.78.

2.3. Statistical analysis

SPSS 25.0 was used to calculate descriptive statistics. RI-CLPM
models were used to test whether sleep problems predicted
changes in anxiety symptoms over time and, conversely, whether
anxiety symptoms predicted sleep problems. RI-CLPM is an
extension of the CLPM that accounts for time-invariant, trait-like
stability by the inclusion of random intercepts [23]. Specifically, the
variance of the observed score was split into variances due to a
between-person stable invariant trait and variance due to within-
person fluctuation. First, we calculated intra-class correlations
(ICC) for sleep problems and anxiety symptoms. ICC can be defined
as the proportion of the variance explained by differences between
subjects. Second, we applied a random intercept cross-lagged panel
model (RI-CLPM), in which observed sleep and anxiety mean scores
were regressed on their own latent factor (each loading constrained
at 1). The resulting twelve latent factors were used to identify
autoregressive, cross-lagged paths, and cross—sectional associa-
tions (T1 correlation and correlated change). The residual variances
of the observed variables were constrained at zero, which allowed
the latent factor structure to capture the within- and between-
person variance. Next, we added two random intercepts (one for
sleep problems, the other for anxiety symptoms) with factor
loadings constrained at one. These random intercepts represent the
stable trait-like differences between individuals with respect to
sleep problems and anxiety symptoms. The correlation between
the random intercepts reflected how stable between-person dif-
ferences in sleep problems were linked with stable between-
person differences in anxiety symptoms (see Fig. 1). Autore-
gressive paths were interpreted as to what extent prior differences
from their expected scores predicted within-person deviations in
sleep problems and anxiety symptoms. The cross-lagged paths re-
flected to what extent sleep problems and anxiety problems are
linked bidirectionally and indicated whether deviations from
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Fig. 1. Six-waves Random Intercept Cross-Lagged Panel Model: (a)- cross-sectional paths, (b)- autoregressive paths, (c¢) cross-lagged paths), (d) correlation between stable traits of
sleep problems and anxiety symptoms at the between-person level. Square denote observed variables; circles represent “latent” variables.

expected scores in sleep problems predicted deviations from
expected scores in anxiety symptoms (and vice versa) at the next
assessment wave. Cross-sectional paths were interpreted as cor-
relations at T1 and as correlated changes at T2-T6. The correlation
at T1 reflected the extent to which a person's deviation of his/her
expected score for sleep problems was associated with the devia-
tion of his/her expected score for anxiety symptoms. Correlated
changes at T2-T6 reflected whether the within-person changes in
sleep problems were linked to the within-person changes in
anxiety problems.

In sensitivity analyses, we excluded two anxiety symptoms that
were only measured in the YSR or in the ASR, namely, “I am too
dependent on adults” from the YSR and “Heart poundings with a
known medical cause” from the ASR. Also, we excluded the YSR
item on nightmares because the NHP did not include questions on
nightmares.

RI-CLPM was tested with Mplus 5.1 using MLR. This method
estimates a mean-adjusted % that is robust to nonnormal dis-
tributions [32]. Model fit was evaluated using chi-square (xz),
the Comparative Fit Index (CFI), and the Root Mean Squared
Error of Approximation (RMSEA). A CFI larger than 0.95
and RMSEAs smaller than 0.05 indicate a good model fit [33].
Two-tailed p values smaller than 0.05 were considered statis-
tically significant. All presented results reflect standardized
coefficients.

3. Results
3.1. Descriptive statistics

Descriptive results are shown in Table 2. The mean scores of
anxiety symptoms were relatively stable during early and middle
adolescence and then increased during late adolescence and young
adulthood; the percentages of adolescents with anxiety symptoms
in the borderline range and clinical range followed the same
pattern. More sleep problems were reported at 11 years of age than
at 13 and 16 years of age. The mean score of sleep problems sharply
decreased from 16 to 19 years of age. This decrease may be due to a
different instrument introduced for sleep problems at T4. From 19
to 22 years, the reported sleep problems were stable, and they
slightly increased in the years afterward. Correlations between
anxiety scores over measurements and sleep scores over mea-
surements are reported in tables A1 and AZ2.

3.2. Relationship between anxiety symptoms and sleep problems

For anxiety symptoms, the intra-class correlation (ICC) was 0.79.
This indicates that differences between adolescents explained 79%
of the variance in anxiety symptoms in the six measurement waves,
and fluctuations explained the remaining 21% within persons. For
sleep problems, the ICC was 0.67, indicating that 67% of the variance
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Table 2
Descriptive statistics of anxiety symptoms and sleep problems.
Variable T1 T2 T3 T4 5 Te
N valid 2056 1954 1534 1560 1367 1189
Gender (female) 49.8% 50.0% 51.8% 53.4% 55.2% 58.0%
Mean age, SD 11.1 + 0.55 13.6 + 0.52 16.2 + 0.68 19.1 + 0.58 223 + 064 25.6 + 0.60
Anxiety
Mean score, SD 0.34 + 030 035+ 031 032+ 030 037 +0.35 039+ 035 047 + 040
Normal n % 1991 (96.8%) 1893 (96.9%) 1490 (97.1%) 1537 (98.5%) 1340 (97.9%) 1147 (96.5%)
Sub-clinical range n % 41 (1.6%) 36 (1.8%) 25 (1.6%) 10 (0.6%) 18 (1.3%) 20 (1.7%)
Clinical range n % 24 (1.2%) 25 (1.3%) 19 (1.2%) 13 (0.8%) 11 (0.8%) 22 (1.9%)
Sleep problems
Mean score, SD 024 + 023 0.18 + 0.21 0.18 + 0.21 0.11 £ 0.19 0.11 +0.18 0.13 + 020

SD - standard deviation.

in sleep problems was explained by differences between adoles-
cents and 33% by fluctuations within persons.

The associations between adolescent anxiety symptoms and
sleep problems, divided into within- and between-person effects,
are shown in Fig. 2. The overall model fit of the RI-CLPM was good,
¥? (15) = 156.18, p < 0.001, CFI = 0.97, RMSEA = 0.04. At the
between-person level, there was a strong positive association be-
tween stable traits of sleep problems and anxiety symptoms
(P = 0.60). This indicates that adolescents who had higher scores
on sleep problems across the six measurement waves reported
higher anxiety symptoms across the 15 years as well. Furthermore,
there were significant positive cross—sectional associations
(B = 0.12—0.34, p < 0.001) between sleep problems and anxiety
symptoms on a within-person level. This means that within-
person changes in sleep problems were associated with within-
person changes in anxiety symptoms. The autoregressive paths
of sleep problems and anxiety symptoms were significant, indi-
cating that within-person deviations from expected scores (ie, the
mean) predicted deviations from expected scores in the next wave.
Within-person cross-lagged paths from sleep problems to anxiety
symptoms were significant at T1-T2 ( = 0.14, 95% CI [0.07, 0.20],
p < 0.001) and T3-T4 (B = 0.15, 95% CI [0.08, 0.23], p < 0.001); at
those time points, sleep problems predicted anxiety symptoms at
the next measurement wave. There were no significant cross-
lagged effects from anxiety symptoms to sleep problems.

The overall model fit of the RI-CLPM was still good <2
(15) = 150.70, p < 0.001, CFI = 0.97, RMSEA = 0.04, after exclusion
of the items: “I am too dependent on adults” and “I have

Sleep Problems Sleep problems Sleep problems

Anxiety symptoms

T2

Between Sleep
Problems

nightmares” from the first three waves, and the item: “Heart
pounding or racing without known medical cause” from the last
three waves. The results were comparable with those of the
previous model (Figure Al).

4. Discussion

We investigated bidirectional associations between sleep
problems and anxiety symptoms using data from six waves while
distinguishing between within-person and between-person sour-
ces of associations. We found that sleep problems and anxiety
symptoms strongly correlated across preadolescence and adult-
hood at a between-person level; in other words, adolescents who
reported many sleep problems were likely to report many anxiety
symptoms as well. After controlling for these between-person trait
effects, consistent cross—sectional associations were found at each
measurement wave at a within-person level. Also, sleep problems
were associated with later anxiety symptoms at a within-person
level at two measurement points. No significant effects were
found in the opposite direction.

We found that sleep problems weakly predicted the develop-
ment of anxiety symptoms in two of the measurement waves.
Differences in the measures used to assess sleep and anxiety make
it difficult to compare the results of our study to previous reports
directly. Despite such methodological differences, our finding that
self-reported sleep problems at age 11 years predicted anxiety
symptoms at age 13 is consistent with those reported by Kelly and
El-Sheikh [21], who found that actigraphy-measured sleep
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16 N 26+

5
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Fig. 2. Six-waves Random Intercept Cross-Lagged Panel Model with Standardized effect (B). Bidirectional association sleep problems and anxiety symptoms. Statistically signifi-
cance lines are solid, whereas non-significant lines are dotted. *p < 0.05. **p < 0.01. ***p < 0.001.
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problems at age 10 predicted greater anxiety at age 13. Further-
more, sleep problems at age 16 predicted anxiety symptoms at 19.
This seems to indicate that inadequate sleep might contribute to
the development of later anxiety, particularly during early and
middle adolescence.

A possible mechanism through which adolescent sleep prob-
lems may influence anxiety is a change in circadian rhythms in
adolescence; the rhythm shifts towards later bedtime and later
[34], found that sleep and wake problems were associated with
high levels of emotional problems, including anxiety. The timing
of REM sleep is also connected to circadian rhythms, and the
amount of REM sleep decreases somewhat during adolescence
[35]. REM sleep plays an essential role in memory consolidation
and emotion regulation [35]. Furthermore, sleep problems have
been found to predict high cortisol reactivity to stress among
adolescents [36], which might lead to the development of anxiety
symptoms [37].

Despite the plausibility of a pathway from sleep problems to
anxiety during adolescence, we prefer not to overinterpret our
findings, because only two of the five cross-lagged paths from sleep
to anxiety were significant. Even though the p-values were <0.001,
this calls for caution. That no significant effects were found during
late adolescence and young adulthood could be related to selective
attrition: the nature of the sample may have changed in a way that
affected the associations during the follow-up period. Although we
cannot exclude this possibility, it is not very likely, because the
participants that remained in the sample throughout the follow-up
period reported more anxiety and sleep problems than the ones who
dropped out of the study. The mostly weak cross-lagged effects could
also be due to the relatively long time lags between the assessment
waves: two to three years. It is very well possible that sleep problems
affect anxiety more strongly on a shorter time scale, but that these
effects have largely disappeared after two years. That said, although
the associations we found were relatively weak and often non-
significant, effects might accumulate over time within some of the
individuals, potentially leading to clinically relevant effects [16].

Sleep problems may not only lead to the development of anxiety
symptoms but also precede other psychiatric problems, including
depression, substance abuse disorder, attention-deficit/hyperactivity
disorder (ADHD), and suicide in later life [38—40]. A systematic re-
view and a meta-analysis found that cognitive-behavioral sleep in-
terventions among adolescents yielded statistically significant
improvements in objective and self-reported sleep measurements, as
well as improvements in anxiety and depression [41]. Therefore,
interventions focused on sleep in young adolescents could theoret-
ically prevent the onset of a wide range of psychiatric conditions.

Contrary to our expectations, anxiety symptoms did not predict
the onset of sleep problems. Kelly and El-Sheikh [21] found that
anxiety symptoms at 10 years predicted poor sleep quality (actig-
raphy) at 13 years. Furthermore, Tochigi et al. [19], found that high
anxiety and depression levels delayed later years' bedtime among
adolescents aged 12—18 years. This difference between our study
and previous studies may be the result of different methods applied
by the studies. First, previous research findings combined between-
person and within-person effects, however we considered pure
within-person effects. Second, Tochigi's study sample was selected
from a high school in Tokyo, and their findings might not be
generalizable to other adolescent populations from other cultures.
Third, the study by Tochigi et al. [ 19], assessed anxiety utilizing the
General Health Questionnaire (GHQ), which includes anxiety items
but also includes items on depression and general distress [42].
Alfano et al. [43], found that anxiety was a significant predictor of
sleep problems in adolescents under 12 years old. However, among
adolescents aged 13—17 years, depression symptoms were a more
important predictor of sleep problems. This means that the

association between depression and sleep problems may be
stronger among older adolescents than the association between
anxiety and sleep problems. Kelly and El-Sheikh [21] assessed
anxiety symptoms by the Revised Manifest Anxiety Scale (RMAS),
which includes many fear items. Our anxiety scales included only a
few items on fears. Fear might increase the strength of the associ-
ation between anxiety and sleep problems, especially in children,
because of the generally early age of onset of fear, for example, a
specific phobia [44]. Therefore, fears may be more likely to predict
sleep problems in children or young adolescents, while distress and
worry may be more likely to predict sleep problems in older
adolescents.

Sleep problems and anxiety symptoms had significant
cross—sectional associations (for T2 to T6 implying correlated
changes) in each measurement wave. Thus, within-subjects, when
anxiety had increased compared to the previous assessment wave,
sleep problems were likely to have increased as well. These results
are in line with reports of Quach et al. [45], who found a positive
correlation between sleep problems and internalizing symptoms
(controlling for externalizing symptoms) at five time points, and of
Mulraney et al. [46], who found correlations between sleep prob-
lems and internalizing symptoms among children with ADHD.
Furthermore, cross-sectional studies found that both state and trait
anxiety affected non-rapid eye movement sleep parameters [47]
and that anxiety was modestly related to reduced sleep duration
[38]. McGowan and colleagues [2] found that day worry predicted
increased sleep problems the following night. These results indicate
that associations between anxiety symptoms and poor sleep quality
may be stronger over short periods than over longer periods.

This study had several strengths. This large longitudinal study
included six measurements that allowed us to examine bidirec-
tional associations in sleep problems and anxiety symptoms
covering the entire timespan from pre-adolescence (11 years) to
young adulthood (25 years), revealing differences in earlier versus
later time points. Another important strength was the use of the RI-
CLPM model, which splits variance into a within-person level and
between-person level, allowing us to study changes over time on a
within-person level.

Additionally, there were several limitations. First, the in-
struments to assess sleep and anxiety did not include the same
items in all assessment waves. While on the one hand, a strength of
the study was that symptoms were adapted to the participants’
developmental stages so that all questions were relevant and age-
appropriate, these adaptations also caused some continuity prob-
lems. For instance, the YSR that was used to assess sleep at the first
three measurements had different response categories than the
NHP that was used at the last three assessment waves, and the
latter did not include an item about nightmares. Although we
modified the scores to make the two questionnaires more consis-
tent, this may still have affected our results. Notably, the autore-
gressive path of sleep problems was weaker between the third and
the fourth wave than at the other time points, and variance might
have been artificially attributed to the cross-lagged path as a result.
Second, we used self-report questionnaires to study sleep; these
tend to be less reliable than objective measures such as actigraphy
and polysomnography. Self-reported assessments are subjective,
and there is a chance that some adolescents overestimated or
underestimated their problems. That said, perceived sleep prob-
lems might be as least as relevant as the actual amount of sleep.
Third, the internal consistencies of some of the scales used were
relatively low. This is not surprising considering the limited num-
ber of items and the fact that each of these items covered a different
aspect of the different concepts of sleep and anxiety. However, low
internal consistencies may have obscured association patterns [48].
Moreover, the validity of the YSR/anxiety scales used in this study is
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questionable; Van Lang and colleagues [30], found that the YSR
anxiety scale was less strongly associated with DSM-IV anxiety
symptoms than anxiety scales of the Revised Child Anxiety and
Depression Scale (RCADS). This suggests that our anxiety scale may
not be fully comparable to anxiety measures used in other studies.
Moreover, how the sleep scales used in this study relate to more
standardized measures has not yet been evaluated. The sample
included in this study was not fully representative of the popula-
tion at large. However, non-random drop-out did not result in an
overly healthy group with respect to anxiety and sleep. Despite this,
the problem levels were still rather low in our community-based
sample, and the relative scarcity of severe symptoms precludes
generalization to a clinical population.

In sum, our findings show that sleep problems and anxiety
problems have a strong association with each other at a between-
person level. Within persons, changes in sleep problems and anxi-
ety symptoms were cross-sectionally associated with each other
throughout pre-adolescence and young adulthood. Our study further
suggests that young adolescents who do not sleep adequately might
be at increased risk of developing subsequent anxiety symptoms. No
associations were found in either the other direction or in late
adolescence and young adulthood. Previous studies, which did not
distinguish between within-person and between-person effects,
consistently found that sleep problems predicted anxiety symptoms.
In contrast, some research that studied bidirectional effects found
evidence for the opposite effect as well. Our findings indicate that
part of these prior effects may reflect between-person differences
rather than processes that occur within individuals.
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