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bstract Purpose: To estimate prevalence and chronicity of insomnia and the impact of chronic insomnia
on health and functioning of adolescents.
Methods: Data were collected from 4175 youths 11–17 at baseline and 3134 a year later sampled
from managed care groups in a large metropolitan area. Insomnia was assessed by youth-reported
DSM-IV symptom criteria. Outcomes are three measures of somatic health, three measures of mental
health, two measures of substance use, three measures of interpersonal problems, and three of daily
activities.
Results: Over one-fourth reported one or more symptoms of insomnia at baseline and about 5%
met diagnostic criteria for insomnia. Almost 46% of those who reported one or more symptoms of
insomnia in Wave 1 continued to be cases at Wave 2 and 24% met DSM-IV symptom criteria for
chronic insomnia (cases in Wave 1 were also cases in Wave 2). Multivariate analyses found chronic
insomnia increased subsequent risk for somatic health problems, interpersonal problems, psycho-
logical problems, and daily activities. Significant odds (p � .05) ranged from 1.6 to 5.6 for poor
outcomes. These results are the first reported on chronic insomnia among youths, and corroborate,
using prospective data, previous findings on correlates of disturbed sleep based on cross-sectional
studies.
Conclusions: Insomnia is both common and chronic among adolescents. The data indicate that the
burden of insomnia is comparable to that of other psychiatric disorders such as mood, anxiety,
disruptive, and substance use disorders. Chronic insomnia severely impacts future health and
functioning of youths. Those with chronic insomnia are more likely to seek medical care. These data
suggest primary care settings might provide a venue for screening and early intervention for
adolescent insomnia. © 2008 Society for Adolescent Medicine. All rights reserved.
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Sleep disturbance is common among adolescents, and the
ost common sleep symptoms reported by youths involve

nsomnia [1–3]. Symptoms of insomnia affect about one-
ourth of adolescents in several large epidemiologic studies
1–3]. Point prevalence of diagnosable insomnia has been
eported to affect 4% to 5% of adolescents [1–3]. One study
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as estimated the lifetime prevalence of insomnia to be
lmost 11%, with 88% occurring in the past year [2].

Although evidence from prospective studies on the ef-
ects of sleep deprivation on functioning of adolescents is
till limited [4,5], overall, the evidence suggests that poor
leep (most studies focus on insomnia) is associated with
oth behavioral and emotional problems among adolescents
4,6,7]. Most data have come from cross-sectional studies.
dolescents with insomnia report more depression, anxiety,

rritability, fearfulness, anger, tenseness, emotional instabil-

ty, inattention and conduct problems, drug use, and alcohol
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se [8–15]. Youths also report more suicidal ideation and
ttempts [11,16]. Adolescents with symptoms of insomnia
lso have been found to have more fatigue, less energy,
ymptoms of headache, stomachache, backache, and worse
erceived health [9,11,12,17].

From the available evidence, however, it is not possible
o specify what the temporal associations might be. Do
ymptoms of insomnia lead to deficits in functioning, or do
eficits in functioning lead to sleep deprivation? This is
ecause there have been few longitudinal studies of adoles-
ents that have examined this question. Strauch and Meier
18] found that insomnia at baseline did not predict future
sychological problems. Fredriksen et al [19] found that
dolescents with sleep loss over time reported more symp-
oms of depression and lower self-esteem. Others also have
eported that insomnia increases risk of future psychological
ysfunction [8,20]. Roberts, Roberts, and Chen [21] found
hat symptoms of insomnia at baseline increased the odds of
ysfunction a year later across 11 indicators of somatic,
sychological, and interpersonal functioning. The average
dds ratio was 2.5, and for nine of the 11 outcomes there
as a clear dose–response relation such that moderate levels
f insomnia increased risk of negative outcomes and risk
ncreased with greater insomnia.

Clearly, there is a paucity of prospective studies that
ocus on the epidemiology of sleep deprivation or insomnia
mong adolescents, as our review indicates. In addition,
ery few of the available studies focus on consequences of
nsomnia using prospective designs to address this issue.
urthermore, definitions of sleep problems have varied
normously. Only three previous studies have examined
leep disorders using diagnostic nomenclature [1–3]. Only
ve studies have focused on consequences of disturbed
leep, and only two of these did so using insomnia as the
ocus [21]. None have examined chronic insomnia. The
urpose here is to reexamine the question of the effects of
nsomnia on adolescent functioning, focusing on chronic
nsomnia. We do so using a large, community sample of
dolescents studied prospectively over 12 months, for
hich data are available on a broad array of measures of

unctioning, using symptoms that operationalize DSM-IV
riteria for insomnia. Based on the literature reviewed,
e expect chronic insomnia to increase the risk of neg-

tive sequelae across multiple domains of adolescent
unctioning, with the greatest impact on psychological
unctioning.

ethods

ample

The data were from Teen Health 2000 (TH2K), a
ommunity-based, prospective study of the epidemiology

f psychiatric disorders among adolescents [3]. The sample t
as selected from households in the Houston metropolitan
rea enrolled in local health maintenance organizations
HMOs). One youth, age 11–17 years, was sampled from
ach eligible household, oversampling for ethnic minority
ouseholds. Every household with a child 11–17 years of
ge was eligible. Initial recruitment was by telephone con-
act with parents. A brief screener was administered to
onfirm ethnic status, age, and gender of youths. Because
here were proportionately fewer minority subscriber house-
olds, sample weights were developed and adjusted by
oststratification to reflect the age, ethnic, and gender dis-
ribution of the five-county Houston metropolitan area in
000. The precision of estimates are thereby improved and
ample selection bias reduced to the extent that it is related
o demographic composition [22]. Thus, the weighted esti-
ates generalize to the population 11–17 years of age in a
etropolitan area of 4.7 million people. Chi-square tests
ere used to compare ethnicity, gender, and age distribu-

ions between census data for the five-county area and
ample data. After the weighted procedure, no difference
as identified between the two distributions with respect to

he three demographic factors of age, gender, and ethnic
roup (p � .99, p � .93, p � .99).

Data were collected at baseline on sample youths and
ne adult caregiver using computer-assisted personal inter-
iews and self-administered questionnaires. Data collection
as face to face, in the household or rarely, in another

ocation specified by the family. The computerized inter-
iew contained a structured psychiatric interview (see be-
ow), demographic data on the youths and the household, as
ell as queries about stress exposure. The interviews were

onducted by trained, lay interviewers and took on average
–2 hours, depending on the number of psychiatric prob-
ems present. The questionnaires contained questions on
ymptoms of sleep deprivation and insomnia and items
ssessing different risk and protective factors. These took
bout 30 minutes to complete. Interviews and question-
aires were completed with 4175 youths (66% of the eligi-
le households). There were no significant differences
mong ethnic groups in completion rates. Youths and care-
ivers were followed up approximately 12 months later
sing the same assessment battery used at baseline. The
ave 1–Wave 2 cohort consisted of 3134 youths plus their

aregivers (75% of Wave 1 dyads). All youths and parents
ave written informed consent prior to participation. All
tudy forms and procedures were approved by the Univer-
ity of Texas Health Sciences Center Committee for Pro-
ection of Human Subjects.

easures

There have been almost no studies of insomnia using
SM-IV diagnostic criteria for adolescents [1], and few thus

ar in the United States [2,3]. None of the existing diagnos-

ic interviews designed for epidemiologic research on psy-
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hiatric disorders originally included modules eliciting
ymptoms of sleep disorders. TH2K used the National In-
titute of Mental Health diagnostic Interview Schedule for
hildren, Version IV (DISC-IV) [23].

To operationalize DSM-IV symptom criteria [24] for a
iagnosis of insomnia, the insomnia items are: difficulty
nitiating asleep, difficulty maintaining sleep (1 and 2, two
tems), early morning awakening, and nonrestorative sleep.
he time referent is the past 4 weeks. The DSM-IV symptom
riteria for insomnia include all of these symptoms, and the
ymptoms should cause significant distress or impairment.
o qualify for a diagnosis of primary insomnia, the symp-

oms must not occur exclusively during another sleep dis-
rder, another psychiatric disorder, or be due to the effects
f alcohol, drugs, or medication.

A number of risk factors and sequelae of sleep depriva-
ion or insomnia among adolescents have been examined
for a review, see Roberts et al [21]). Covariates included
ere are age and gender of youths, family income, ethnic
tatus, physical health functioning, mental health function-
ng, and life stress. Age was treated as continuous variable
s was family income. Ethnic contrasts at baseline are lim-
ted to European (n � 1479), African (n � 1476), and

exican Americans (n � 857). For these analyses the Wave
sample is 3812 rather than 4175, and the Wave 1–Wave 2

able 1
nweighted sample characteristics, Teen Health 2000

haracteristics Wave 1
N � 4175

Wave 1 cohort
N � 3134

Wave 2 cohort
N � 3134

% % %

ender of youths
Male 51.14 50.77 50.77
Female 48.86 49.23 49.23

ge of youths
16 � 24.91 23.42 40.36
Between 13 and 15 48.05 49.74 48.63
12 or less 27.04 26.83 11.01

thnicity of youth
European
American

35.43 37.01 37.01

African American 35.35 34.59 34.59
Latino American 24.57 23.64 23.64
Others 4.65 4.75 4.75

amily income
$65,000 � 35.29 22.33 40.73
$ 35,000–$ 64,999 40.71 39.86 39.16
�$35,000 24.00 37.87 20.11

arental Marital
status
Married 75.71 76.26 76.10
Others 24.29 23.74 23.90

Note: No significant differences were found comparing distribution for
ach characteristic of W1 sample and W1 cohort using chi-square analyses.

Note: Age (W1 cohort vs. W2 cohort): p � .0001. Income (W1 cohort
s. W2 cohort): p � .03.
ohort is 2855. The smaller sample reflects the fact that 0
here were not sufficient numbers of ethnic groups other
han European, African, or Mexican Americans to permit
nalyses.

Psychiatric disorders among youths were assessed
ith the DISC-IV, a highly structured instrument admin-

stered by lay interviewers. TH2K included anxiety dis-
rders (agoraphobia, generalized anxiety, panic, social
hobia, posttraumatic stress disorder), mood disorders
major depression, dysthymia, mania, hypomania), be-
avioral disorders (conduct, oppositional defiant, atten-
ion– deficit/hyperactivity disorders), eating disorders
bulimia, anorexia nervosa), and substance use (alcohol,
arijuana, and other substance disorders). Three mea-

ures were constructed from the DISC-IV modules on
ood disorders and substance use disorders. Because

iagnostic criteria for depression include indicators of
uicidal behaviors, disturbed mood was measured
whether youths had experienced depressed mood, anhe-
onia, or irritable mood) for a period of at least 2 weeks
n the past year. Alcohol use was measured by reports of
onsuming any alcohol in the past year. Drug use simi-
arly was assessed by use of marijuana and any other
ubstances in the past year. The effects of substance use
sing a more stringent definition of six or more times in
he past year also were examined. The results were es-
entially unchanged in terms of odds ratios. The less
tringent definition increased effective sample size.

Outcomes examined are drawn from three conceptual
omains representing somatic, psychological, and interper-
onal functioning, and constitute major components of the
ives of adolescents. See previous research by the authors
21,25]. Psychological functioning was measured with two
ther indicators. One item asked youths to rate their life
atisfaction as very satisfied, pretty satisfied, about equal,
retty dissatisfied, and very dissatisfied. A second item
sked youths to rate their emotional or mental health as
xcellent, good, fair, poor and very poor.

Interpersonal functioning was measured by three items
hat inquired about the extent of problems (a lot, some, only

few, no problems) experienced with friends or peers, at
ome with family members, and at school. These measures
ave been used in previous research by the authors [21].

Somatic functioning, or physical health problems, was
easured with three indicators. One item asked youths to

ate how they perceived their health: excellent, very good,
ood, fair, or poor. A second measure consisted of a scale
sking how difficult in the past 4 weeks had physical health
roblems made it to perform nine activities of daily living.
esponses were not difficult, a little difficult, somewhat
ifficult, or very difficult. The score ranged from 0 to 27
Cronbach’s � � 0.88). A third measure assessed how often
n the past 4 weeks health problems impacted six types of
amily activities. Responses were very often, fairly often,
ometimes, almost never, and never. Scores ranged from

–24 (Cronbach’s � � 0.87).
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Evidence cited earlier suggests school and work activi-
ies may impact sleep. Accordingly, the analyses included
hree items related to these domains. Each inquired whether
uring the past 4 weeks, the respondent slept less than usual
1) because of studying or homework, (2) because of school
ctivities such as sports, clubs, an so forth, and (3) because
f having a job. The percent still attending school in the
nitial wave was 97.8.

Covariates included in the current paper were age and
ender of youths, ethnic status, family income, puberty
tatus, and perceived body weight. Puberty status was
easured by asking youths to rate the growth of their

ody parts (height, body hair, breast, or voice). The score
anged from 0 to 9 (� � 0.75 for females and 0.74 for
ales) [26]. Youths were asked to describe their body
eight with five categories: skinny, somewhat skinny,

verage weight, somewhat overweight, or overweight.
his item was adapted from the Oregon Adolescent De-
ression Project [27,28]. Although there is a literature on
ody weight and sleep disturbance [29], there also is
vidence that body image and related attitudes may be
ore important than body weight per se in relation to

sychosocial outcomes [30]. For that reason, we included
ody image rather than body weight per se. Age, family
ncome, puberty status, and perceived body weight were
reated as continuous variables. Ethnic status was treated
s a categorical variable (European, African American,
nd Mexican Americans).

nalyses

Analyses are presented defining insomnia several ways.
irst, data are presented on prevalence of any symptoms of

nsomnia. Youths with at least one of the insomnia symp-
oms without any exclusions were cases. This is termed P1.

e then present prevalences of insomnia following DSM-IV
riteria as closely as our data permitted. This is done in two
ays. First, prevalence is estimated of at least one symptom
f disturbed sleep with either daytime fatigue or daytime
leepiness (as indicators of impairment). This is termed P2.
econd, that rate is then adjusted by excluding any subject

able 2
ave 1 and Wave 2 prevalence of symptoms of insomnia for cohort

nsomnia Point preval

Wave 1

%, 95% CI

ne or more symptoms (P1) 26.83 (25.36
t least one symptom plus daytime fatigue or
sleepiness or both (P2)

7.15 (6.29–

2 plus exclusion for mood, anxiety and
substance use disorders (P3)

5.08 (4.37–

CI � confidence interval.
a Percent of cases in Wave 1 who were also cases in Wave 2.
ho met the first two criteria who also met DSM-IV diag- r
ostic criteria for a mood disorder, an anxiety disorder or a
ubstance use disorder in the past year. This is termed P3.
his is not equivalent to a full DSM-IV diagnosis of primary

or secondary) insomnia, but approximates such a diagnosis
s measures permit.

Chronicity is defined as youths who met criteria for P1,
2, or P3 in Wave 1 and again in Wave 2. Here the focus is
n the impact on functioning among youths who met criteria
or P1, P2, or P3 in both Wave 1 and Wave 2. That is, they
ad to be a case in both waves.

For generation of confidence intervals for prevalence and
he odds ratio, survey mean (Proc surveymeans) and survey
ogistic regression (Proc surveylogistic) procedures in SAS
9.1 [31] were employed. This procedure uses Taylor series

pproximation to compute the standard error of the odds
atio. Lepowski and Bowles [32] have indicated that the
ifference in computing standard error between this method
nd other repeated replication methods such as the jackknife
s very small.

Definitions of functioning outcomes for analyses are as
ollows. Perceived health (self-evaluated health status) has
wo categories: fair or poor (10%) and good and above
90%); Lower 50% of cumulative distribution of limitations
nd lower 50% of cumulative distribution of impact of
llness were defined as low risk. Caseness groups for inter-
ersonal problems were some/a lot problems (23%), a few/
ome/a lot problems (54%), some/a lot problems (27%) for
ome, peers, and school, respectively. In terms of psycho-
ogical problems, satisfied and dissatisfied/pretty dissatis-
ed/very dissatisfied were categorized as lower life satis-
action; any one who had at least one of three depression
ymptoms was defined as depressed mood; overall emo-
ional or mental health of fair or below were in the high risk
roup. Alcohol use/other drug use were set to anyone who
sed alcohol/other drugs in the past 12 months. Sleep less
ecause of activities has three categories: sleep less often/
lmost everyday because of school work/school activities in
he past 4 weeks was the high risk; sleep less sometimes/
ften/almost everyday because of having a job was the high

W1–W2 chronicitya

Wave 2

%, 95% CI

26.48 (24.79–28.17) 45.85 (42.14–49.55)
8.11 (7.06–9.15) 33.52 (26.80–40.24)

6.65 (5.69–7.60) 22.31 (15.44–29.18)
ence

–28.31)
8.01)

5.79)
isk group.



Table 3
Relationsa between chronic insomnia and functioning (odds ratio [OR] and confidence intervals [CI])

Chronic
insomnia

Somatic problems, W2
(n � 3108)

Interpersonal problems, W2
(n � 3087)

Psychological problems,W2
(n � 3131)

Substance use, W2
(n � 3134)

Activities, W2
(n � 3086)

OR, 95% C.I. OR, 95% C.I. OR, 95% C.I. OR, 95% CI OR, 95% CI

Perceived
health

Limitations Impact of
illness

Problems at
home

Problems
with peers

Problems at
school

Life
satisfaction

Perceived
mental
health

Depressed
mood

Alcohol use Other drug
use

School
work

School
activities

Job

P1 1.87b

(1.24–2.82)
1.42b

(1.11–1.81)
1.65b

(1.28–2.13)
2.42b

(1.86–3.16)
1.59b

(1.10–2.30)
2.09b

(1.56–2.79)
3.27b

(2.48–4.32)
2.74b

(2.04–3.66)
1.86b

(1.45–2.37)
1.38b

(1.00–1.89)
1.63b

(1.10–2.41)
2.33b

(1.74–3.11)
2.64b

(1.93–3.59)
2.64b

(1.78–3.92)
P2 2.77b

(1.19–6.45)
2.44b

(1.39–4.27)
2.81b

(1.54–5.10)
2.87b

(1.72–4.78)
2.44b

(1.29–4.61)
2.25b

(1.26–4.03)
4.45b

(2.58–7.67)
5.27b

(2.98–9.32)
2.69b

(1.56–4.64)
2.00b

(1.15–3.48)
2.60b

(1.21–5.59)
2.86b

(1.70–4.81)
3.23b

(1.78–5.88)
4.06b

(1.95–8.47)
P3 3.08b

(1.18–8.07)
2.36b

(1.02–5.45)
2.45b

(1.14–5.23)
1.75
(0.85–3.61)

2.85b

(1.20–6.80)
3.47b

(1.63–7.38)
4.22b

(1.85–9.58)
5.33b

(2.24–12.66)
2.01
(0.97–4.17)

0.99
(0.45–2.16)

0.86
(0.28–2.67)

2.34b

(1.16–4.72)
3.48b

(1.53–7.92)
3.65b

(1.26–10.51)

P1 � chronicity of one or more symptoms.
P2 � chronicity of at least one symptom plus daytime fatigue or sleepiness or both.
P3 � chronicity of P2 plus exclusion for mood, anxiety and substance use disorders.
a Adjusting for Wave 1 values of functioning problems.
b Odds ratios are statistically significant (p � .05) using logistic regression analyses.

Table 4
Multivariate relationsa between chronic insomnia and functioning (odds ratio [OR] and confidence intervals [CI])

Chronic
Insomnia

Somatic problems, W2
(n � 3108)

Interpersonal problems, W2
(n � 3087)

Psychological problems, W2
(n � 3131)

Substance use, W2
(n � 3134)

Activities, W2
(n � 3086)

OR, 95% CI OR, 95% CI OR, 95% CI OR, 95% CI OR, 95% CI

Perceived
health

Limitations Impact of
illness

Problems at
home

Problems
with peers

Problems at
school

Life
satisfaction

Perceived
mental
health

Depressed
mood

Alcohol use Other drug
use

School
work

School
activities

Job

P1 1.63b

(1.02–2.60)
1.31
(0.99–1.31)

1.63b

(1.23–2.16)
1.98b

(1.47–2.66)
1.32
(0.86–2.02)

2.07b

(1.50–2.85)
3.25b

(2.37–4.44)
2.73b

(1.97–3.77)
2.00b

(1.52–2.64)
1.27
(0.88–1.85)

1.33
(0.82–2.14)

2.21b

(1.58–3.07)
2.45b

(1.73–3.47)
2.73b

(1.75–4.26)
P2 2.62b

(1.02–6.71)
2.76b

(1.30–2.76)
3.11b

(1.57–6.14)
5.02b

(4.00–6.30)
1.49
(0.61–3.66)

1.74
(0.86–3.54)

3.58b

(1.78–7.20)
4.95b

(2.45–9.97)
2.74b

(1.44–5.21)
1.70
(0.83–3.48)

1.30
(0.45–3.76)

2.67b

(1.46–4.88)
2.48b

(1.23–5.01)
2.71b

(1.07–6.84)
P3 2.08

(0.63–6.86)
2.46
(0.82–2.46)

3.47b

(1.50–8.04)
2.03b

(1.10–3.75)
2.67
(0.96–7.41)

3.17b

(1.33–7.58)
4.32b

(1.74–10.70)
5.30b

(1.92–14.61)
2.80b

(1.22–6.44)
0.64
(0.23–1.75)

0.23
(0.03–1.78)

2.25b

(1.07–4.72)
2.82b

(1.18–6.77)
3.90b

(1.23–12.38)

P1 � chronicity of one or more symptoms.
P2 � chronicity of at least one symptom plus daytime fatigue or sleepiness or both.
P3 � chronicity of P2 plus exclusion for mood, anxiety, and substance use disorders.
aAdjusting for Wave 1 values of functioning problems, age, gender, ethnicity, family income, puberty status, and perceived body weight.
b Odds ratios are statistically significant (p � .05) using logistic regression analyses.
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esults

Table 1 presents characteristics of the Wave 1 sample
nd the Wave 1–Wave 2 cohort. The only difference in

ave 1 was lower income of the two minority groups. The
nly difference in the Wave 1–Wave 2 cohort was that
ouths were older and family income increased modestly.

Table 2 presents data on prevalence of the array of sleep
utcomes in both Wave 1 and Wave 2. There was little
hange between waves. About one-fourth reported P1, 7%
o 8% P2, and 5% to 6% P3. Nearly 46% of those in Wave

who reported one or more symptoms of insomnia (P1)
gain reported such problems in Wave 2, and thus are
efined as chronic. Over a third (33.5%) had symptoms and
aytime fatigue or sleepiness (P2) in Wave 1 and again in
ave 2. Nearly a fourth (22.3%) met our definition for

hronic clinical insomnia (P3), for example, had insomnia
n Wave 1 and again in Wave 2.

Table 3 presents odds for subsequent problems in func-
ioning for those with chronic insomnia problems, adjusting
or prior levels of functioning. Out of 42 contrasts, only four
ere not statistically significant. After adjusting for
SM-IV disorders, problems at home seemed little affected
y chronic sleep problems. The remaining odds ratios were
ostly in the twofold to fivefold risk categories. In fact,

everal nonsignificant odds ratios (ORs) were in the range
f two or more, but the wide confidence intervals resulted in
he associations not being significant.

Table 4 reexamines the data in the previous table using
ultiple logistic regression analyses in which the effects of

rior functioning, age, gender, ethnicity, and family income
re controlled. As can be seen, out of 42 contrasts, 13 are
ot significant. P3 seems to have the fewest consequences.
nly 9 of 14 ORs were significant. On closer inspection, all
f these are 2 or greater, but because of low prevalence the
onfidence intervals are quite wide.

able 5
ultivariate relationsa between chronic insomnia and functioning (odds ra

hronic
ymptoms

Somatic problems, W2
(n � 3108)

OR, 95% CI

Perceived
health

Limitations Impa
illnes

IS 2.39b

(1.02–5.63)
1.66
(0.90–1.66)

1.75
(0.95

MS1 6.98b

(2.20–22.08)
2.65
(0.82–2.65)

3.47
(0.98

MS2 1.55
(0.41–5.90)

1.81
(0.74–1.81)

1.78
(0.62

MA 19.37b

(4.60–81.60)
2.75
(0.55–2.75)

3.35
(0.76

RS 1.65
(0.91–2.97)

1.17
(0.82–1.17)

1.40
(0.97
We then examined the same set of outcomes looking at a
ndividual chronic symptoms of insomnia. Table 5 presents
he relationship between chronicity of individual items of
nsomnia and functioning problems controlling for prior
unctioning, age, gender, ethnicity, family income, puberty
tatus, and perceived body weight. Out of 70 contrasts, only
7 were statistically significant. However, a third (32.6% of
onsignificant ORs were in the range of 2 to 7, but the wide
onfidence intervals resulted in the associations not being
ignificant. Chronic nonrestorative sleep predicted 8 of the
4 outcomes, with ORs ranging from 2.0 to 3.3, followed by
hronic difficulty initiating asleep with six significant out-
omes, with ORs ranging from 2.5 to 6.7. Chronic difficulty
aintaining sleep was least predictive of the symptoms

xamined. Chronic early morning awakening was strongly
elated to perceived health (OR � 19.4), life satisfaction
OR � 15.1), and school work (OR � 19.0).

iscussion

This is the first study to examine the effects of chronic
SM-IV insomnia on subsequent functioning of adolescents
sing a prospective design. Rates of chronicity were sub-
tantial, with 46% reporting symptoms of insomnia in both

ave 1 and Wave 2, and nearly one-fourth meeting our
efinition of clinical insomnia. Our data on chronicity cor-
oborate earlier studies of stability of symptoms of insomnia
mong adolescents [2,8,20,33].

The implications of the chronic burden of insomnia for
dolescent well-being also are profound. With minor excep-
ions (e.g., peer relations), chronic insomnia increased the
dds of poor outcomes across multiple indicators of inter-
ersonal, somatic, and psychological functioning. For most
f these outcomes, the odds of poor functioning were in-
reased from twofold to fivefold without adjustment for
ovariates. Even after adjustment, most of the prospective

] and confidence intervals [CI])

Interpersonal problems, W2
(n � 3087)

OR, 95% CI

Problems at
home

Problems
with peers

Problems at
school

1.49
(0.85–2.63)

1.44
(0.61–3.42)

3.00b

(1.62–5.55)
1.74
(0.66–4.53)

0.47
(0.09–2.49)

1.88
(0.54–6.51)

1.89
(0.66–5.42)

0.49
(0.10–2.49)

0.98
(0.31–3.14)

5.40b

(1.53–19.02)
2.85
(0.41–19.62)

3.95
(0.87–17.97)

1.99b

(1.37–2.90)
1.34
(0.75–2.38)

2.32b

(1.55–3.47)
tio [OR

ct of
s

–3.22)

–12.24)

–5.13)

–14.81)
ssociations remained. These results extend the findings
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rom prior prospective studies concerning the impact of
leep problems on future functioning of adolescents [19–
1]. Only two previous epidemiologic studies have pro-
ided data on changes in sleep over time and their impact on
dolescents. Data from these studies are corroborated by our
esults. Fredriksen et al [19] reported sleep deprivation over
ime increased risk of depression and lower self-esteem but
ot poor academic functioning. Gregory and O’Connor [20]
eported that the correlation of sleep problems (including
ymptoms of insomnia) with depression and anxiety in-
reased over time. Other measures of functioning were not
xamined in either paper. Roberts et al [21] found that
ymptoms of insomnia at baseline increased future risk of
oor functioning for multiple indicators of somatic, psycho-
ogical, and interpersonal functioning. However, they did
ot examine the effects of chronic insomnia nor insomnia
pproximating DSM-IV criteria.

When individual symptoms of insomnia were examined,
hronic nonrestorative sleep posed the greatest risk for

ave 2 outcomes, followed by chronic difficulty initiating
leep in terms of number of outcomes affected.

Taken together, these previous prospective studies, to-
ether with the results presented here, confirm the findings
n factors associated with insomnia reported from numer-
us cross-sectional studies of both adolescents [2,4,5] and
dults [34].

The key contribution of the results reported here is that
any of the findings about factors associated with the oc-

urrence of insomnia, which emanate overwhelmingly from
ross-sectional studies, may be the consequences rather the

sychological problems, W2
n � 3131)

Substanc
(n � 313

R, 95% CI OR, 95%

ife satisfaction Perceived mental
health

De-pressed
mood

Alcohol u

.69b

3.61–12.40)
5.19b

(2.81–9.58)
2.50b

(1.36–4.60)
1.11
(0.49–2.5

.78b

1.16–6.66)
4.44b

(1.38–14.21)
0.73
(0.27–1.97)

2.04
(0.75–5.5

.82b

1.85–12.59)
3.12b

(1.08–9.04)
2.13
(0.79–5.74)

3.40b

(1.38–8.4
5.05b

3.12–72.62)
7.06
(0.82–60.45)

2.28
(0.49–10.52)

0.82
(0.10–6.4

.56b

1.70–3.87)
2.59b

(1.73–3.86)
1.76b

(1.23–2.51)
1.21
(0.74–1.9

DIS � chronicity of trouble falling asleep.
DMS1 � chronicity of waking up in the middle of the night and find i
DMS2 � chronicity of waking up frequently but able to go back to sle
EMA � chronicity of waking up very early.
NRS � chronicity of nonrestorative sleep.
a Adjusting for Wave 1 values of functioning problems, age, gender, et
b Odds ratios are statistically significant (p � .05) using logistic regress
auses of insomnia. Like many other emotional and behav- c
oral disorders, insomnia often is a chronic disorder, with a
ultifactorial etiology. In fact, in a recent paper based on

nalyses of TH2K prospective data, Roberts et al [35] report
hat risk of incident insomnia is predicted by many of the
ame somatic, psychological, and interpersonal factors in-
luded in the analyses reported here. The implications seem
lear. There appear to be strong reciprocal relations over
ime between insomnia and psychosocial risk factors, such
hat these factors increase future risk of insomnia and, in
urn, insomnia particularly chronic insomnia predicts nega-
ive psychosocial outcomes.

imitations

The nature of our study imposed certain limitations on
ur analyses and interpretations. First, we were not able to
istinguish between primary and secondary sleep disorders,
or were we able to examine the role of comorbid sleep
isorders in relation to ethnicity. Although our measures
ermitted us to assess Criteria A, B (to a limited degree), D,
nd E, we were not able to assess Criteria C (presence of
ther sleep disorders). Nonetheless, our symptom criteria
apture the major core research diagnostic criteria for in-
omnia proposed by the AASM Work Group [36]. As noted
y the Work Group, there is great diversity in definitions of
nsomnia in the literature. Our inability to assess comorbid
leep disorders, however, may have little effect on our
verall prevalence estimate for insomnia. Based on their
nalyses of data on adolescents, Ohayon and Roberts [37]

2 Activities, W2
(n � 3086)

OR, 95% CI

Other drug
use

School work School
activities

Job

1.36
(0.51–3.61)

1.72
(0.89–3.34)

0.96
(0.39–2.35)

2.78b

(1.18–6.51)
0.72
(0.04–12.21)

6.57b

(1.82–23.66)
1.83
(0.59–5.71)

3.23
(0.59–17.70)

2.43
(0.53–11.14)

2.19
(0.74–6.48)

1.79
(0.61–5.30)

5.22b

(1.48–18.48)
0.35
(0.02–6.91)

19.01b

(2.62–138.12)
4.94
(0.81–30.20)

7.92b

(1.27–49.43)
1.34
(0.74–2.40)

2.51b

(1.66–3.78)
3.27b

(2.13–5.03)
2.54b

(1.48–4.38)

o go back sleep.

family income, puberty status, and perceived body weight.
lyses.
e use, W
4)

CI

se

2)

5)

0)

7)

6)

t hard t
ep.

hnicity,
oncluded that multiple diagnoses of sleep disorders are a



m
l

o
A
a
e
W
m
l
s
i
f
i
i
r

m
f
m
w
i
S

C

s
t
r
m
s

o
a
4
p
p

l
s
t
e

a
h
h
f
h
t
m
.
m
a
(

c
r
p
a
f
d
l
o
A
A
v
t
e
c
O
m
t
e
s
s

A

4
t
p
h
o

R

301R.E. Roberts et al. / Journal of Adolescent Health 42 (2008) 294–302
inor issue, and affect rates of individual disorders very
ittle.

Another limitation is that we did not have objective data
n insomnia. That is, we did not have physiologic studies.
lthough such data would be useful to have, self-reports

nd interview-based measures remain the most viable strat-
gies in community surveys. Our study was no exception.
e should note that there are data suggesting that subjective
easures of sleep from children and adolescents are corre-

ated with objective measures of disturbed sleep [10]. Even
o, future strategies could improve the knowledge base by
ncorporating more clinically based assessments of sleep
unctioning. One option might be to use a two-stage design
n which a sample of cases and noncases identified by
nterview or questionnaire would be assessed using actig-
aphy, sleep diaries, and in-home polysomography.

We should also note that although our results provide
uch needed prospective data on chronic insomnia and

unctioning, the followup period was relatively brief (12
onths on average). Also, as noted in Methods, the sample
as from one large metropolitan area and should not be

nterpreted as necessarily generalizeable to the United
tates as a whole.

onclusion

Although there are limited data on the chronicity of
ymptoms of insomnia, our results add to growing evidence
hat the burden of insomnia among adolescents is compa-
able to that of other major psychiatric disorders such as
ood disorders, anxiety disorders, disruptive disorders and

ubstance abuse [38,39].
Furthermore, our data presented here and those from

ther studies [2,8,20,33] suggest one-fourth to one-half of
dolescents report experiencing insomnia for periods of 1 to
years. Clearly, insomnia is not only a major public health

roblem, but a major chronic disease affecting a substantial
roportion of the adolescent population.

The results presented here, as well as the results from the
imited number of studies published on chronicity, also
uggest that chronic insomnia severely impacts future func-
ioning and provides prospective confirmation of results
manating from cross-sectional or prevalence studies.

We further examined impact of chronic insomnia by
nalyzing data on medical care. Parents reported that nearly
alf of the youths in Wave 1 (50%) and in Wave 2 (44%)
ad two or more medical care contacts in the previous year
or somatic health problems. Many fewer received mental
ealth services in a school setting (about 6%) or in an outpa-
ient mental health services (12%). The odds for two or more
edical care contacts were 1.65 for P2 and 1.50 for P3 (p �

05). Those with chronic sleep problems also received more
ental health services at school (P1: OR � 1.8; P2: OR � 2.2)

nd other outpatient mental health services: P1 (OR � 1.6), P2

OR � 2.0), and P3 (OR � 2.0).
One implication is that screening and intervention for
hronic insomnia may present a potential opportunity for
educing its impact on functioning and, in the longer term,
erhaps reduce burden on the health care system. Pediatric
nd adolescent medical care settings may provide one venue
or such screening. However, in many cases, it is difficult to
ifferentiate between insomnia and related psychiatric prob-
ems such as depression, attention-deficit/hyperactivity dis-
rder, and substance abuse [5]. As noted by the American
cademy of Pediatrics Working Group on Sleepiness in
dolescents/Youth Adults [6], there is no established and
alidated algorithm for clinicians to use for diagnosing and
reating sleep disorders in this age group. Suggested strat-
gies include the BEARS Pediatric Sleep History and the
linical assessment flowchart developed by Mindell and
wens [40]. Greater attention to symptoms of insomnia
ay contribute to more accurate differential diagnosis, and

hus, more effective treatment. However, much of the rem-
dy for adolescent sleep deprivation lies in the broader
ocietal context of adolescent lives, particularly as related to
chool, leisure, and work [4,5].
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