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Study Objectives: To examine the patterns of insomnia and sleep-related movement from ages 4.5 to 9 years, their concurrent associations with
mental health symptoms in childhood, and the longitudinal associations of sleep-problem persistence with mental health symptoms at ages 9 and
18 years.

Design: A 14-year prospective follow-up study. Assessments included maternal report on the Children’s Sleep Habits Questionnaire at ages 4.5
and 9, and child mental health symptoms via maternal report at age 4.5, multi-informant (child, teacher, mother) report at age 9, and adolescent
report at age 18.

Setting: Community.

Participants: A total of 396 children (51% female).

Interventions: N/A.

Measurements and Results: Sleep problems were more common at age 4.5 than 9; symptoms of insomnia and abnormal sleep movement
both had persistence rates of 9-10%. At age 4.5, insomnia was associated with hostile-aggressive and hyperactive-distractible behavior, but
there were no significant associations for sleep movement. At age 9, both insomnia and sleep movement were associated with symptoms of
depression, externalizing, and attention deficit hyperactivity disorder (ADHD). Insomnia persistence was associated with symptoms of depression,
externalizing, and ADHD at age 9 and anxiety and externalizing at age 18; sleep- movement persistence was associated with externalizing and
ADHD at age 9, and ADHD at age 18. The age 18 persistence effects for insomnia and anxiety and for sleep movement and ADHD were significant
when controlling for earlier mental health.

Conclusions: Childhood insomnia and sleep movement are common and associated with mental health symptoms. Their persistence from middle
to late childhood predicts associations with specific types of mental health symptoms at age 18.
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INTRODUCTION

Child sleep difficulties have been associated with emotional
and behavioral problems,'* echoing findings in adolescents**
and adults.”'° Sleep problems are prevalent in childhood, and
aspects of insomnia, such as difficulties with sleep onset, night-
time awakening, and morning awakening, are among the most
common nonrespiratory sleep problems during the preschool
and early school years.!"!? Sleep-related movements are often
observed among children as well."*!* In contrast, the prevalence
of parasomnias, such as night terrors and enuresis, is lower and
diminishes further with age'*'*; hypersomnia is also uncommon
in childhood." Prior research has linked prevalent child sleep
difficulties to a range of mental health problems. For example,
childhood insomnia has been linked to anxiety,'¢ depression,'”!®
conduct problems and aggression,' and attention deficit hyper-
activity disorder (ADHD).?**' Similarly, associations have been
found for sleep-related movement, with restless sleep associ-
ated with mood and anxiety disorders* and ADHD,**! and
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bruxism related to internalizing'**** as well as bad temper and
hyperactivity.?

Most of this work, though, has been cross-sectional or
occasionally retrospective, with little prospective longitudinal
research examining the links between childhood sleep prob-
lems and mental health later in life. There is some shorter-term
longitudinal work, linking persistent sleep problems at age 4-5
years to emotional and behavioral problems 2 years later*® and
connecting sleep problems at age 8 to depression and/or anxiety
at age 10.77%® Longer-term research includes several studies led
by Gregory. In one, persistent sleep problems across child-
hood (ages 5 and/or 7 and age 9) predicted increased rates of
anxiety—but not depressive—disorders in early adulthood.”
In two others, preschool sleep problems predicted elevated
anxiety, conduct problems, and hyperactivity at age 7°° and
similar emotional problems at age 15.*! Echoing this work, two
studies led by Wong found that sleep problems in preschool and
later childhood predicted internalizing and externalizing prob-
lems during childhood and early adolescence.***

Although this work suggests that childhood sleep problems,
especially persistent ones, may have implications for later
mental health problems, each of these prior studies has been
limited by reliance on nonspecific, global measures of sleep
difficulties. Rather than assessing particular types of sleep
problems, these studies used items about unspecified “sleep
problems,” “sleeping difficulties,” and/or “trouble sleeping,”
sometimes combined with additional questions about insomnia,

b
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hypersomnia, somnambulism, somniloquy, and/or nightmares.
Only one recent longitudinal study focused specifically on
insomnia, linking persistent insomnia to poorer mental health
at its second assessment (average age 14) while controlling for
mental health at baseline (average age 9).** The mental health
measures in that study were limited, however, with an undiffer-
entiated global mental health score examined alongside single
items for hyperactivity and temper outbursts.

Thus, as outlined above and noted recently by others,*”*> most
of the research on childhood sleep problems and mental health
is limited to cross-sectional or retrospective studies, and existing
prospective longitudinal work has used relatively nonspecific
sleep measures and/or more global mental health measures.
Further, these studies typically consider a limited number of
assessment times that often cover short periods of development.
As a result, the prevalence and patterns of persistence of child
sleep problems over time and the connections between specific
childhood sleep problems and specific current, and especially
later, mental health symptoms are not well understood.

The current study seeks to begin addressing these gaps in
the literature by using a well-established measure of specific,
common child sleep problems alongside well-validated
measures of specific child and adolescent mental health prob-
lems; by employing data analytic strategies that minimize
measurement artifacts and consider possible confounding vari-
ables; and by utilizing assessments that extend from middle and
late childhood into adolescence. The current study considers
three main questions. First, what are the patterns of insomnia
and sleep-related movement from ages 4.5 to 9 in a community
sample? Second, what are the concurrent associations of these
specific sleep problems with specific types of mental health
symptoms at each age? Third, what are the associations of
longitudinal patterns (i.e., persistence) of these sleep problems
with mental health symptoms at ages 9 and 18?

METHODS

Participants

Subjects were drawn from the Wisconsin Study of Families
and Work (originally called the Wisconsin Maternity Leave and
Health Project®®), a community sample of 570 families recruited
from health care clinics in the Milwaukee (80%) and Madison
(20%) areas and followed from mothers’ second trimester of
pregnancy through child age 18 years. Based on the study’s
original focus on work and parental leave, eligible mothers were
cohabiting with the baby’s father, either working for pay/profit
or full-time homemakers, and older than 18. The current study
includes the 396 families with complete childhood sleep data, 341
of whom also have mental health data at age 18. At each assess-
ment, children selected a toy as a thank-you gift, and adolescents
and adults were paid for completing study activities. Informed
consent and parental permission for minors were obtained at each
assessment. All procedures were reviewed and approved by the
University of Wisconsin Institutional Review Board.

Insomnia and Sleep Movement

At child ages 4.5 and 9 years, childhood sleep problems were
measured via mother-report with a version of the widely used
and well-validated*”*® Children’s Sleep Habits Questionnaire.*
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Sleep problems covered included insomnia, sleep movement,
hypersomnia, and a range of parasomnias, and a single question
assessed snoring (“Child snores loudly”). However, the prev-
alence of persistent hypersomnia (4.5%) and persistent para-
somnias (2.8%) was too low for consideration here, because of
problems related to limited power and imbalanced cell sizes.

For each item, mothers reported how often children exhib-
ited the sleep behavior during the most recent typical week.
Five symptoms of insomnia and three types of sleep-related
movement were assessed (Tables 1 and 2). Responses were
scored as 1 (“Usually, 5-6 times a week” or “Always, 7 times
a week”) or 0 (“Never, less than once a week”; “Rarely, once
a week”; or “Sometimes, 2—4 times a week”). At each age,
cases of insomnia were defined as the presence of one or more
symptoms, as were cases of sleep movement. Insomnia persis-
tence was then defined based on whether children had exhibited
insomnia at neither, either, or both ages 4.5 and 9, and sleep-
movement persistence was similarly defined.

Mental Health Symptoms

At child age 4.5, mothers completed the Preschool Behavior
Questionnaire (PBQ),* which yields three summed scores:
anxious-fearful (nine items; e.g., “Is worried, worries about
many things,” “Cries easily”), hostile-aggressive (11 items;
e.g., “Is disobedient,” “Fights with other children”), and hyper-
active-distractible (four items; e.g., “Has poor concentration or
short attention span,” “Squirmy, fidgety child”).

At child age 9, mothers, teachers, and children reported on
child mental health symptoms using the MacArthur Health and
Behavior Questionnaire (HBQ).*'** At age 18, adolescents them-
selves completed an age-appropriate version of the HBQ. The
four HBQ scales considered here are anxiety, computed as the
mean of generalized anxiety (seven to 13 items; e.g., “Nervous,
high-strung, or tense”) and either social inhibition at age 9 (five
items; e.g., “Gets quiet around children he/she does not know”)
or social anxiety at age 18 (12 items; social-inhibition items plus
others, e.g., “I try to get out of doing things in front of others”);
depression (11 to 13 items; e.g., “Unhappy, sad, or depressed,”
“Feels worthless or inferior”); externalizing, computed as the
mean of oppositional defiant (six to 10 items; e.g., “Argues
a lot with adults”), conduct problems (nine to 12 items; e.g.,
“Lies or cheats”), and overt aggression (four to eight items; e.g.,
“Taunts and teases other children”); and ADHD, computed as
the mean of inattention (five to nine items; e.g., “Cannot concen-
trate, cannot pay attention for long”) and impulsivity (six to nine
items; e.g., “Impulsive or acts without thinking”).

The adult- and child-report HBQ instruments were devel-
oped in tandem to provide parallel measures across respon-
dents. Multi-informant scores at age 9, derived using principal
components analysis (PCA) for each scale, provide a measure
of each characteristic that is more reliable and valid than scores
based on a single reporter or a combinational approach that
does not control extraneous variance.* To retain the largest
sample, subjects were included in analyses at age 9 if HBQ data
were available from at least two reporters. Thus, as in earlier
work,* multi-informant scores comprising mother-, teacher-
and child-reports were used where available (n = 354), and
PCA-derived scores employing data from mother and teacher
(n = 7) or mother and child (n = 28) were used for cases with

Childhood Sleep Problems and Mental Health—Armstrong et al.



one missing reporter; seven cases with neither

teacher- nor child-report data were excluded Table 1—Overall sleep-problem prevalence and persistence (n = 396)

from age 9 analyses. Insomnia Sleep movement
Items potent1glly confounded Wlth the sleep Age 4.5 Age 9 Age 4.5 Age 9

problems examined here were omitted from

scale scores to avoid inflated associations due Sleep-problem presence

to measurement overlap, i.e., insomnia-related No 254 (64%) 315 (80%) 289 (73%) 324 (82%)

items were dropped from the measures of gener- Yes 142 (36%)  81(20%) 107/(27%) 72 (18%)

alized anxiety (e.g., “I have trouble sleeping”) # of symptoms

and depression (e.g., “Underactive, slow-moving, 1 116 (82%) 71 (88%) 92(86%) 66 (92%)

or lacks energy”). Additionally, in secondary 2 21 (15%) 9 (11%) 14 (13%) 6 (8%)

analyses reported below, consideration was given 3 4 (3%) 1(1%) 1(1%) 0(0%)

to potential connections between sleep move- 4 1(1%) 0(0%) n/a nla

ment and daytime movement-related symptoms Sleep-problem persistence

of ADHD assessed on the HBQ impulsivity Neither age 4.5 nor age 9 214 (54%) 254 (64%)

subscale (two items per reporter, e.g., “Fidgets” Either age 4.5 or age 9 141 (36%) 105 (27%)

and “Cannot stay seated when required to do so0”). Both age 4.5 and age 9 41 (10%) 37 (9%)

Psychostimulant Use

Atage 9, mothers reported on children’s current
medication use, and open-ended responses were double-coded
by investigators and trained research assistants. Regular use of
psychostimulants (i.e., amphetamine and dextroamphetamine
[Adderall]; methylphenidate [Ritalin]) was coded as yes (1) or
no (0). In secondary analyses reported below, consideration was
given to the possible role of psychostimulants in the association
of sleep problems and mental health symptoms.

Analytic Plan and Preliminary Analyses

Item-level missing data were minimal; scores were computed
for respondents who answered at least 75% of the items on a
given scale. Descriptive statistics were produced, and data were
inspected to screen for violations of statistical assumptions. Four
multivariate analyses of variance (MANOVAs) were run to
examine the overall associations of (1) age 4.5 concurrent sleep
problems and mental health symptoms; (2) age 9 concurrent sleep
problems and mental health symptoms; (3) sleep-problem persis-
tence and age 9 mental health symptoms; and (4) sleep-problem
persistence and age 18 mental health symptoms. Univariate anal-
yses of variance (ANOVAs) were examined to probe significant
multivariate findings, and post hoc comparisons used Bonfer-
roni correction for multiple testing as appropriate. In addition,
for significant univariate findings at age 18, ANCOVAs were
conducted to ascertain whether effects persisted when control-
ling for age 9 levels of the outcome of interest.

After examining descriptive statistics, all outcome variables
were transformed with a base-10 logarithm to normalize posi-
tively skewed distributions and ensure the homogeneity of vari-
ance and equality of variance-covariance matrices. Multivariate
outliers were screened by computing Mahalanobis distance for
each case on the outcome variables, and two potential outliers
were identified at age 18; although the overall pattern of results
was unchanged with their inclusion or omission, these cases
were excluded from age 18 analyses to limit the influence of
extreme values.

In a set of secondary analyses, primary analyses were
repeated as MANCOVAs to separately rule out possible effects
of snoring and psychostimulants and moderation by child sex,
and analyses were re-run with the ADHD daytime movement
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items omitted given their similarity to some of the sleep move-
ment items. Including snoring in the models described below
did not produce significant associations between snoring and
outcomes, nor did it change the pattern of other results. The
pattern of results was also unchanged when childhood psycho-
stimulant use was included as a covariate, with all major findings
remaining significant or nearly so; e.g., all univariate associa-
tions between ADHD and sleep movement or sleep-movement
persistence were significant at P < 0.056. Further, multivariate
analyses found no significant moderation by child sex of the
associations between sleep problems and outcomes. Finally, the
patterns of association were unchanged when daytime move-
ment items were omitted from the HBQ ADHD scale, with all
major findings remaining significant.

RESULTS

Sample Characteristics

At recruitment (1990-1991) during the prenatal period, 15%
of the 396 mothers and 18% of the fathers had a high-school
degree or less, 27% and 31% had some college, and 58% and
51% had at least a 4-y college degree; median annual family
income was $48,000 (range = $7,500 to $200,000+); mothers’
average age was 29.6 years (standard deviation [SD] = 4.3) and
fathers’ average age was 31.6 years (SD = 5.3); 96% of couples
were married; and most were non-Hispanic caucasians (89%).
Participating youth are almost evenly divided between females
(201, 51%) and males (195, 49%). The 396 participants and
the remainder were not significantly different on most demo-
graphics, although participating parents on average were slightly
older (0.9 years for mothers, 1.1 years for fathers, P <0.05) and
had slightly more education (0.5 years for mothers and fathers,
P < 0.05). Among participants, there were no differences in
either demographics or proportion with childhood sleep prob-
lems among those with and without data at age 18.

Patterns of Childhood Sleep Problems
Table 1 presents the overall prevalence of sleep problems
at ages 4.5 and 9 and their persistence. More children had
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Table 2—Item-level sleep-problem prevalence and persistence (n = 396)
Age 4.5 Age 9 Persistence
% of % of # with % of those with
# with allwith % of # with allwith % of symptom at symptom atage 4.5 % of
symptom insomnia total symptom insomnia total both ages also with itatage 9 total
Insomnia

Difficulty initiating sleep 27 19% 7% 16 20% 4% 2 7% 1%
Difficulty maintaining sleep 61 43% 15% 14 17% 4% 4 % 1%
Early awakening 52 37% 13% 48 59% 12% 20 38% 5%
Nonrestorative sleep 21 15% 5% 3 4% 1% 0 0% 0%
Not enough sleep 13 9% 3% " 14% 3% 3 23% 1%

Sleep movement
Movement while falling asleep 13 12% 3% 7 10% 2% 4 31% 1%
Movement during sleep 80 75% 20% 50 69% 13% 23 29% 6%
Bruxism 30 28% 8% 21 29% 5% 10 33% 3%

insomnia at age 4.5 than 9 (36% versus 20%, respectively),
and the same was true for sleep movement (27% versus 18%,
respectively). Among those with a given sleep problem at each
age, most were characterized by only one symptom, with only
8—-18% experiencing two or more symptoms. Approximately
one third of children (36%) experienced insomnia at either age
4.5 or 9, with 10% at both times and the remainder at neither.
Approximately one fourth (27%) experienced sleep movement
at either age, and 9% at both ages.

Table 2 details item-level prevalence and persistence of sleep
problems. The most common insomnia symptoms at age 4.5
were difficulty maintaining sleep and early awakening, the
latter of which was also most common at age 9. At both ages,
the most common sleep movement symptom was movement
during sleep. Early awakening was the most persistent insomnia
symptom, with 38% of children who exhibited it at age 4.5 also
doing so at age 9. The three sleep movement symptoms were
persistent at rates similar to one another, i.e., 29—33% of chil-
dren with a given symptom at age 4.5 also exhibited it at age 9.

Possible sex differences in the prevalence of sleep problems
and their persistence were examined in a series of chi-square
tests, which yielded no significant findings (P = 0.13-0.82).

Associations of Childhood Concurrent Sleep Problems With
Mental Health Symptoms

Multivariate and univariate results for concurrent sleep prob-
lems are presented in Table 3. In the MANOVA for age 4.5,
insomnia was significantly associated with PBQ mental health
symptoms; probing via univariate ANOVAs indicated that
insomnia was significantly associated with hostile-aggressive
and hyperactive-distractible; insomnia and anxious-fearful
were not significantly associated. In pairwise comparisons,
children with insomnia at age 4.5 scored higher on average
than those without on the measures of hostile-aggressive
(mean + SD; 0.81 + 0.26 versus 0.73 £ 0.30) and hyperactive-
distractible (0.58 £+ 0.23 versus 0.50 + 0.26). For sleep move-
ment, the MANOVA produced no significant association with
mental health symptoms at age 4.5.

At age 9, there was a significant multivariate association
between insomnia and HBQ mental health symptoms, and
univariate ANOVAs indicated that insomnia was significantly
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associated with depression, externalizing, and ADHD); insomnia
was not significantly associated with anxiety. In pairwise
comparisons probing the significant univariate effects, children
with insomnia scored higher than those without on the measures
of depression (0.48 + 0.15 versus 0.45 + 0.12), externalizing
(0.50+0.14 versus 0.44 + 0.13), and ADHD (0.50 £ 0.13 versus
0.44 + 0.14). Along with the insomnia findings, the MANOVA
also yielded a significant association between sleep movement
and mental health symptoms. Like insomnia, sleep movement
was significantly associated with depression, externalizing, and
ADHD but not anxiety. Children with sleep movement at age
9 scored higher than those without on the measures of depres-
sion (0.48 + 0.14 versus 0.45 + 0.12), externalizing (0.52 + 0.13
versus 0.44 +0.14), and ADHD (0.52 4+ 0.12 versus 0.44 £0.14).

Associations of Childhood Sleep-Problem Persistence With
Mental Health Symptoms

Multivariate and univariate results for sleep-problem persis-
tence are reported in Table 4. Insomnia persistence was signifi-
cantly associated with age 9 mental health symptoms overall,
and univariate ANOVAs indicated that insomnia persistence
was significantly associated with depression, externalizing,
and ADHD but not anxiety. In post hoc tests using Bonfer-
roni correction for multiple testing, children with insomnia
at both age 4.5 and 9 scored higher than those with insomnia
at neither time on the depression measure (both, 0.50 + 0.15,
versus neither, 0.44 + 0.12, adjusted P = 0.019; both versus
either, 0.45 + 0.13, adjusted P=0.061). Children with persistent
insomnia also scored higher than those without on the measures
of externalizing (both times, 0.54 + 0.15, versus neither,
0.44 £ 0.13, adjusted P < 0.001; both versus either, 0.46 £+ 0.14,
adjusted P = 0.004) and ADHD (both, 0.53 + 0.13, versus
neither, 0.43 £ 0.14, adjusted P < 0.001; both versus either,
0.46 £+ 0.14, adjusted P = 0.034). As reported in Table 4, sleep-
movement persistence was also associated with age 9 mental
health symptoms overall, and ANOVAs indicated that it was
significantly associated with externalizing and ADHD; it was
not significantly associated with either anxiety or depression.
In post hoc tests, children with sleep movement at both ages 4.5
and 9 scored higher than those with sleep movement at neither
age on the measures of externalizing (both 0.52 + 0.13, versus
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Table 3—Multivariate and univariate results associating childhood sleep problems with mental health symptoms

Wilks’ lambda F df P n?
Age 4.5 concurrent sleep problems
and mental health symptoms
Insomnia 0.974 3.42 3,382 0.018
Anxious-fearful 1.84 1,384 NS (0.18) 0.005
Hostile-aggressive 715 1, 384 0.008 0.018
Hyperactive-distractible 8.74 1, 384 0.003 0.022
Sleep movement 0.993 0.86 3,382 NS (0.46)
Age 9 concurrent sleep problems
and mental health symptoms
Insomnia 0.973 2.63 4,382 0.034
Anxiety 0.17 1,385 NS (0.68) <0.001
Depression 4.05 1, 385 0.045 0.010
Externalizing 9.66 1, 385 0.002 0.024
ADHD 8.18 1,385 0.004 0.021
Sleep movement 0.951 4.89 4,382 0.001
Anxiety 2.07 1,385 NS (0.15) 0.005
Depression 4.57 1, 385 0.033 0.012
Externalizing 14.74 1, 385 <0.001 0.037
ADHD 17.00 1,385 <0.001 0.042

Rows in bold are significant at P < 0.05. Univariate results are not shown for sleep movement at age 4.5 because the multivariate effect was nonsignificant.
See Methods for secondary analyses that considered alternate models, such as those with sex or snoring included as covariates. ADHD, attention deficit
hyperactivity disorder.

Table 4—Multivariate and univariate results associating childhood sleep-problem persistence with mental health symptoms

Wilks’ lambda F df P n?
Sleep-problem persistence and
age 9 mental health symptoms
Insomnia persistence 0.940 3.00 8,760 0.003
Anxiety 1.1 2,383 NS (0.33) 0.006
Depression 3.86 2,383 0.022 0.020
Externalizing 7.82 2,383 <0.001 0.039
ADHD 7.44 2,383 0.001 0.037
Sleep-movement persistence 0.944 2.80 8,760 0.005
Anxiety 115 2,383 NS (0.32) 0.006
Depression 2.15 2,383 NS (0.12) 0.011
Externalizing 3.42 2,383 0.034 0.018
ADHD 4.88 2,383 0.008 0.025
Sleep-problem persistence and
age 18 mental health symptoms
Insomnia persistence 0.952 2.05 8, 662 0.039
Anxiety 4.82 2,334 0.009 0.028
Depression 240 2,334 NS (0.09) 0.014
Externalizing 453 2,334 0.011 0.026
ADHD 1.78 2,334 NS (0.17) 0.011
Sleep-movement persistence 0.932 2.95 8, 662 0.003
Anxiety 0.84 2,334 NS (0.43) 0.005
Depression 0.84 2,334 NS (0.43) 0.005
Externalizing 1.10 2,334 NS (0.33) 0.007
ADHD 6.68 2,334 0.001 0.038

Rows in bold are significant at P < 0.05. See Methods for secondary analyses that considered alternate models, such as those with sex or snoring included
as covariates. ADHD, attention deficit hyperactivity disorder.
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Figure 1—Post hoc comparisons for significant associations between
sleep-problem persistence and age 18 mental health symptoms,
specifically (A) insomnia persistence and anxiety, (B) insomnia
persistence and externalizing, and (C) sleep-movement persistence and
attention deficit hyperactivity disorder (ADHD). Although analyses were
run on log-transformed variables, untransformed variables are graphed
for easier interpretation. Whiskers represent + 1 standard error of the
mean and are centered on group means. P values reflect Bonferroni
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neither, 0.45 £ 0.14, adjusted P = 0.005; both versus either,
0.46 + 0.14, adjusted P = 0.053) and ADHD (both, 0.51 +0.13,
versus neither, 0.44 + 0.14, adjusted P = 0.008; both versus
either, 0.47 + 0.13, adjusted P = 0.53).

Insomnia persistence was significantly associated with
mental health symptoms at age 18. ANOVAs indicated that
insomnia persistence was significantly associated with adoles-
cent anxiety and externalizing but neither depression nor ADHD.
Bonferroni-corrected post hoc tests revealed that children with
insomnia at both age 4.5 and 9 scored higher on the anxiety
measure (0.45 + 0.12) than those with insomnia at neither age
(0.38 + 0.14, adjusted P = 0.016) or either age (0.37 = 0.14,
adjusted P = 0.004); see Figure 1A. Similarly, children with
insomnia at both ages scored higher on the adolescent external-
izing measure (0.31 £ 0.11) than those with insomnia at neither
age (0.23 £0.13, adjusted P =0.007) or either age (0.23 £0.13,
adjusted P = 0.010); see Figure 1B. In the age 18 MANOVA,
there was also an overall association between sleep-movement
persistence and mental health symptoms; as reported in Table
4, univariate ANOVAs showed that sleep-movement persis-
tence was significantly associated only with ADHD, and not
anxiety, depression, or externalizing. In post hoc tests, chil-
dren with sleep movement at both ages (0.42 + 0.14, adjusted
P=0.003) or either age (0.37 £ 0.15, adjusted P = 0.023) scored
higher on ADHD than those with sleep movement at neither age
(0.33 £ 0.15); see Figure 1C.

To further probe the significant effects at age 18, univariate
ANCOVAs examined the effects of controlling on age 9 levels
of the symptom in question. Insomnia persistence was signifi-
cantly associated with age 18 anxiety when controlling for age
9 anxiety, F(2, 330) = 5.96, P = 0.003, n? = 0.035. The asso-
ciation between insomnia persistence and age 18 externalizing
was not significant when controlling for age 9 externalizing,
F(2,331)=1.86, P=0.16. Finally, sleep-movement persistence
remained significantly associated with age 18 ADHD when age
9 ADHD was entered as a covariate, F(2,331)=3.87,P=0.022,
n?=0.023.

DISCUSSION

Sleep problems are common in childhood, and the current
study of an unselected birth cohort found that insomnia and
sleep-movement problems were reported for sizeable minorities
of children at ages 4.5 and 9. Overall prevalence rates observed
here and the occurrence of specific sleep-problem symptoms
are consistent with prior studies of preschoolers and early
elementary school students.'*'** Further, the prevalence of both
insomnia and sleep movement diminished over time, consistent
with epidemiological*® and longitudinal® studies. From middle
to late childhood, certain sleep problems may resolve for many
children as their sleep regulatory systems mature.'s This idea
is supported in the current study, particularly by the marked
decrease over time in the number of children who had difficulty
sleeping through the night. Nevertheless, a subset of children
had sleep problems that continued over time; for insomnia and
for sleep movement, 9-10% of children exhibited the problem
at both ages 4.5 and 9.

Sleep difficulties were associated with an array of mental
health symptoms in childhood. Insomnia in preschool was asso-
ciated with externalizing and ADHD problems, and at age 9 both
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insomnia and sleep movement were associated with depression,
externalizing, and ADHD symptoms. These cross-sectional
findings are in line with the frequent clinical observation that
childhood sleep difficulties and emotional and behavioral prob-
lems often present as a constellation of intertwined complaints
that can be mutually exacerbating.*” However, sleep movement
in preschool was not associated with mental health problems,
suggesting that movement during sleep, movement while
falling asleep, and/or nocturnal bruxism do not necessarily
signal increased risk for co-occurring emotional or behavioral
issues at age 4.5; however, associations were found at age 9
and, as discussed below, at ages 9 and 18 for sleep-movement
persistence. Although there was little specificity at age 9 in the
associations of insomnia, sleep movement, and their persistence
with mental health symptoms, the associations of persistent
child sleep problems with mental health at age 18 were specific,
with unique associations for insomnia persistence compared
with sleep-movement persistence. These findings are especially
noteworthy given the strengths of the methodological design
and data-analytic strategies detailed in the Methods section.
Specifically, when considering possible confounding variables,
such as snoring and psychostimulant use, the observed pattern
of results was unchanged. Further, steps were taken to limit the
problem of inflated associations due to measure overlap and
shared method variance by, for example, excluding a number of
sleep-related items from the mental health measures and pairing
sleep data from mothers with mental health data from multiple
informants at age 9 and adolescents themselves at age 18.
Children with insomnia at both ages 4.5 and 9 exhibited
higher levels of anxiety symptoms at age 18 than those who
had experienced no or only isolated insomnia; at age 18, chil-
dren with persistent insomnia also reported elevated external-
izing symptoms, but not depression or ADHD. The adolescent
anxiety findings are striking in that no concurrent associations
were found in childhood between either insomnia and anxiety
or sleep movement and anxiety, nor were persistent sleep prob-
lems associated with anxiety at age 9. These age 18 findings
are consistent with prior work that found recurrent (although
nonspecific) sleep problems from ages 5 to 9 predictive of
higher rates of anxiety disorders, but not depression, in early
adulthood.” As in that study, prediction here of later anxiety
from childhood sleep problems was significant even when
controlling for childhood symptom levels. The current study
extends earlier reports regarding nonspecific sleep problems
by associating persistent childhood insomnia with later anxiety
symptoms, a finding that may provide clues regarding the
developmental progression of anxiety in some children. The
specificity of the link between early insomnia and later adoles-
cent (rather than concurrent childhood) anxiety, and the lack of
a link between persistent childhood insomnia and adolescent
depression symptoms, suggests that processes may be at work
that are unique to anxiety, despite its common comorbidity
with mood disorders. Persistent childhood insomnia may repre-
sent subclinical, prodromal precursors of anxiety,” perhaps
reflecting the beginning of the presleep cognitive arousal and
hypervigilance that can lengthen sleep onset and disrupt deep
sleep and that also have been theorized to underlie the devel-
opment of anxiety.*#* Childhood insomnia was also linked
to externalizing symptoms at age 18, thus extending prior

SLEEP, Vol. 37, No. 5, 2014

research.’’* Childhood insomnia (rather than sleep problems
generally), and especially persistent insomnia, was associated
with externalizing at age 9 and age 18; the latter finding was not
significant when controlling for age 9 externalizing, indicating
that the age 9 finding persists into but is not further amplified in
adolescence. Links between sleep problems and externalizing
behaviors such as aggression, conduct problems, and opposi-
tional-defiant behavior have received much less attention than
other disorders such as anxiety, depression, and ADHD* and
thus is an area ripe for further study.

The connections between sleep-movement persistence and
mental health tell a somewhat different story than insomnia.
Sleep-movement persistence was associated with ADHD and
externalizing symptoms at age 9 and only ADHD at age 18. The
adolescent findings were significant even after controlling for
earlier ADHD. Unlike insomnia, where children with childhood
insomnia at both ages 4.5 and 9 had higher anxiety and exter-
nalizing symptom levels at age 18 than those with insomnia at
neither or either age, children with persistent sleep movement
in childhood as well as those with sleep movement limited to
either age 4.5 or 9 had higher levels of ADHD symptoms in
adolescence than children with no reported sleep movement.
Although children with isolated versus persistent sleep move-
ment were not significantly different on age 18 ADHD, visual
inspection of Figure 1C suggests that, with a larger sample size
and increased power, we might have detected a linear dose-
response effect. Regardless, the findings suggest that child-
hood sleep movement is most closely associated with ADHD
symptoms over time. Cross-sectional observational studies
have previously found increased nocturnal motor activity
among children with ADHD.* The current findings suggest
that the link between childhood sleep movement and ADHD
extends well into adolescence. Further research is needed to
better understand how sleep movement and ADHD are related,
for example, by considering whether this association may be
partially indicative of biological processes, such as dopami-
nergic dysfunction, that have been postulated to underlie both
sleep problems and ADHD .24

Limitations and Strengths

There are several limitations of the current study. Only ques-
tionnaires were used to assess sleep, and findings may differ
with other measures of sleep problems such as polysomnog-
raphy and actigraphy. Further, prevalences of only persistent
insomnia and persistent sleep movement were sufficient for
study here, thus excluding other sleep difficulties from consid-
eration. The relative ethnic/racial homogeneity of the sample
also limits generalizability. Although the community setting of
the current study provided an opportunity to study a sample that
was not preselected, future research should seek to extend this
work to clinical samples.

The study has a number of strengths as well. It used a well-
established measure of child sleep problems to distinguish
specific types of sleep disturbances, and repeated assessment
allowed for consideration of the persistence of both insomnia
and sleep movement from middle to late childhood. This study
also carefully assessed mental health symptoms, with multi-
informant measures at age 9 and adolescent self-report at age 18
that limited the problem of inflated associations due to shared
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variance with mother-report of child sleep problems. In addi-
tion, a series of secondary analyses helped rule out the possi-
bility that observed effects were due to measurement artifacts
or factors such as psychostimulant use. The study’s prospective,
longitudinal design enabled consideration of the associations of
persistent childhood insomnia and sleep-related movement with
child and adolescent mental health symptoms, most notably
finding connections of childhood insomnia with anxiety at age
18 and childhood sleep movement with adolescent ADHD that
remained significant after controlling for earlier mental health
symptoms. These findings suggest that persistent sleep prob-
lems in childhood may provide an important opportunity for
early intervention to help forestall the development of mental
problems from childhood to adolescence. Future research
should build on these findings to further explicate the ways that
specific child sleep problems and mental health symptoms and
disorders relate to one another over time.
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