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Abstract
Study Objectives: To determine the sociodemographic, behavioral, and clinical risk factors associated with the persistence, remission, and incidence of insomnia 

symptoms in the transition from childhood to adolescence.

Methods: The Penn State Child Cohort is a random, population-based sample of 700 children (5–12 years at baseline), of whom 421 were followed-up as adolescents 

(12–23 years at follow-up). Subjects underwent polysomnography, clinical history, physical exam, and parent- and self-reported scales at baseline and follow-up. 

Insomnia symptoms were defined as a parent- or self-report of difficulty falling and/or staying asleep.

Results: The 421 subjects with baseline (Mage = 8.8 years) and follow-up (Mage = 17 years) data were 53.9% male and 21.9% racial/ethnic minorities. The persistence 

of childhood insomnia symptoms (CIS) was 56% (95% CI = 46.5–65.4), with only 30.3% (95% CI = 21.5–39.0) fully remitting. The incidence of adolescent insomnia 

symptoms was 31.1% (95% CI = 25.9–36.3). Female sex, racial/ethnic minority, and low socioeconomic status as well as psychiatric/behavioral or neurological 

disorders, obesity, smoking, and evening chronotype were associated with a higher persistence or incidence of insomnia symptoms.

Conclusions: CIS are highly persistent, with full remission occurring in only a third of children in the transition to adolescence. Sex-, racial/ethnic-, and 

socioeconomic-related disparities in insomnia occur as early as childhood, while different mental/physical health and lifestyle/circadian risk factors play a key 

role in the chronicity of CIS versus their incidence in adolescence. CIS should not be expected to developmentally remit and should become a focus of integrated 

pediatric/behavioral health strategies.
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Statement of Significance

The present study is one of the first to follow a large, population-based cohort of children into adolescence to evaluate the natural history of insomnia symptoms 

and a broad number of relevant clinically and objectively assessed risk factors. Novel long-term, longitudinal results indicate low full remission of childhood in-

somnia symptoms and high incidence rates of insomnia symptoms in adolescence. The findings also allow for an informed approach to evaluating the risk for 

persistent and incident insomnia symptoms in youth, and indicate that girls, racial/ethnic minorities, children of low socioeconomic status, those with psychi-

atric/behavioral, neurological or metabolic disorders, and evening circadian preference should be monitored for chronicity or development of insomnia symptoms 

during this important developmental period.
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Introduction

Difficulties falling and/or staying asleep (DFA/DSA) are the most 

common parent-reported insomnia symptoms in youth [1], and 

their prevalence in childhood and adolescence is about 20%–25% 

[1–3]. Few longitudinal studies have examined the persistence 

and remission of childhood insomnia symptoms (CIS) as well 

as the incidence of insomnia symptoms in adolescence and the 

unique contributions of various risk factors in youth [4–6].

Estimates of persistence rates of insomnia symptoms in 

youth vary from 0% over a 12-year period to 52% over a 4-year 

period [7, 8]. Shorter follow-up periods indicate that 46% of ado-

lescents continue exhibiting insomnia symptoms 12  months 

later [9] and have a relatively high 1-year incidence rate (14%) 

[10]. Moreover, insomnia symptoms are more persistent in adult-

hood than childhood, with only 20%–25% of adults with chronic 

insomnia fully remitting [11–13]. Given the high prevalence but 

variable persistence rates reported, it is critical to examine in-

dividual risk factors that contribute to the persistence and inci-

dence of insomnia symptoms in youth. Cross-sectional studies 

in population-based child and adolescent samples indicate 

that a number of demographic, environmental, health, and be-

havioral factors are associated with a higher prevalence of in-

somnia symptoms. Demographic factors include female sex in 

adolescence (but not childhood) [1], low socioeconomic status 

(SES) [14], racial/ethnic minority status [15], and single-parent 

household [14]. Environmentally, parental stress, exposure to 

childhood adversity, and neighborhood- and school-related 

stress are associated with increased insomnia symptoms [14, 

16]. Somatic and psychological problems such as anxiety dis-

orders [3, 17] and behavioral factors such as caffeine intake [18] 

and media use [14] have also been linked to greater prevalence 

of insomnia symptoms among youth. In contrast, limited longi-

tudinal studies examining risk factors for insomnia symptoms 

in youth are available. To date, some studies have found that 

family conflict, parasomnias, and technology use are associated 

with the persistence or incidence of insomnia symptoms over 

the course of 6–12 months [4–6].

Although the state of the field has advanced greatly, there 

are several notable limitations within the existing longitu-

dinal literature. First, there is a need for large population-based 

studies that allow estimating naturally occurring persistence, 

remission, and incidence rates with higher generalizability and 

replicability. Second, none of the previous studies had avail-

able objectively assessed sleep-related problems, such as sleep 

disordered breathing (SDB). Third, most studies had limited 

availability of comprehensive clinical assessments of physical 

health conditions, instead relying on behavioral health meas-

ures. Lastly, most previous studies of insomnia symptoms in 

youth were prospective within either childhood or adolescence, 

whereas examining changes between, rather than within, de-

velopmental periods will allow for better understanding of the 

natural course of insomnia symptoms.

As such, we sought to examine the natural history of in-

somnia symptoms in a random, general population sample 

of young children (5–12  years old) followed up as adolescents 

(12–23  years old) to establish population-based rates for their 

persistence, full remission, and incidence. Given the variability 

in these rates found in previous longitudinal studies of CIS, we 

hypothesized that identification of their full remission would 

provide a better understanding of their high persistence in the 

transition to adolescence; we did not have a priori hypotheses 

regarding the specific rates to be estimated. Furthermore, we 

sought to expand the study of individual risk factors associated 

with insomnia symptoms to include sociodemographic deter-

minants, physical and mental health conditions, as well as sleep 

problems including SDB, periodic limb movements (PLMS), and 

objective short sleep duration (OSSD). We hypothesized that 

demographic factors related to social determinants of health 

(i.e. sex, race/ethnicity, and SES), clinical factors related to phys-

ical health (including, but not limited to, neurological and re-

spiratory disorders), and mental health (particularly mood/

anxiety disorders) as well as behavioral health (particularly 

substance use), will be key predictors of the natural history of 

insomnia symptoms during this developmental period. Thus, 

our overarching goal was to address these issues and study the 

natural history of insomnia symptoms in a population-based 

sample of 421 children followed up as adolescents to establish 

population-based rates for their persistence, remission, and in-

cidence and to ascertain the contributions of social determin-

ants and clinical risk factors.

Methods

Sample

The baseline portion of the Penn State Child Cohort was de-

signed as a two-phase study of a random, general popula-

tion sample; specific recruitment details have been reported 

in prior studies [19]. In brief, 7,312 questionnaires were sent 

home with students and 5,740 were returned in phase I (78.5% 

response rate); thereafter, 1,000 children (5–12 years) were ran-

domly selected from the 5,740 to participate in an in-lab study 

(phase II) and 700 agreed to participate (70.0% response rate). 

Out of these subjects, 421 completed a follow-up examination 

at age 12–23 years (60.1% response rate) [20]. No differences in 

baseline demographic characteristics were observed in the 279 

lost to follow-up [20]. The average length between baseline and 

follow-up in the 421 subjects was 7.8 (1.4) years, the minimum was 

5.8 years and the maximum 13 years (25th percentile = 6.8 years, 

median = 7.4 years, and 75th percentile = 8.7 years). The Penn 

State College of Medicine Institutional Review Board approved 

the study (IRB 98–228). Written informed consent from the 

parent/legal guardian and assent from those ˂18  years were 

obtained. Written informed consent was obtained at follow-up 

from subjects ≥18 years.

Insomnia symptoms

Subjects or their parents completed the Pediatric Behavior Scale 

(PBS) [21] and the Pediatric Sleep Questionnaire (PSQ) [22]. At 

baseline, CIS were defined as a parent-report of “often/mod-

erate” or “very often/severe” DFA and/or DSA on the PBS [1, 

23–25]; for three cases missing PBS data, a positive response to 

DFA and/or DSA on the PSQ was used. Whereas parents are con-

sidered best reporters of young children’s behavior, youth self-

report of behaviors that parents may not witness such as sleep 

is preferred in adolescents [26]. Therefore, at follow-up, adoles-

cent insomnia symptoms (AIS) were defined as self-report of 

DFA and/or DSA on the PSQ; for 13 cases missing PSQ data, a 

parent-report of “often/moderate” or “very often/severe” DFA 
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and/or DSA on the PBS was used [25, 27]. Persistence of CIS was 

defined by presence of insomnia symptoms at follow-up among 

those with insomnia symptoms at baseline. Remission of CIS 

was defined by absence of insomnia symptoms at follow-up 

among those with insomnia symptoms at baseline. Full remis-

sion of CIS was defined by the complete absence of insomnia 

symptoms at follow-up, based on the PSQ and PBS (i.e. absence 

of “sometimes/mild” DFA and/or DSA), among those with base-

line insomnia symptoms. Incidence of AIS was defined by pres-

ence of insomnia symptoms at follow-up among those without 

baseline insomnia symptoms.

Sociodemographic factors

Subjects or their parents completed a standard questionnaire 

with demographic information [19, 20]. At follow-up, subjects 

also completed a Tanner stage rating scale [28]. Parents reported 

their own occupational status at baseline and follow-up, which 

was used to define SES [23]; subjects self-reported their occu-

pational status at follow-up. Commensurate with our previous 

studies, parent occupation was classified as “professional” if the 

parent reported a managerial or professional occupation and as 

“non-professional” if the parent reported a secretarial or non-

managerial occupation or was unemployed, disabled, retired, or 

a student based on US census data [23]. Subjects with at least 

one parent in the household defined as “professional” were 

classified as “higher SES,” whereas those with neither parent re-

porting a professional occupation were classified “low SES.”

Clinical factors

At both baseline and follow-up, height and weight were meas-

ured in the lab, and a thorough clinical history and physical 

examination were conducted to identify physical health and 

psychiatric/behavioral conditions [19, 20, 23]. Body mass index 

(BMI) percentile for sex and age was calculated using standard 

growth curves and the presence of obesity was defined as a 

BMI percentile ≥ 95. At baseline, a pulmonologist evaluated re-

spiratory functioning, and an ear, nose, and throat (ENT) spe-

cialist performed an examination of the nose and throat [19]. 

Medication use was reported by parents at baseline and/or 

subjects at follow-up during the clinical history and physical 

examination and on an evening questionnaire completed be-

fore the in-lab polysomnography (PSG) study. Medications were 

classified into three categories by an experienced registered 

pediatric nurse (C.K.S.): psychoactive (e.g. stimulants, anti-

depressants, anxiolytics, and sleep), other (e.g. steroids, asthma/

allergy, cardiac, and insulin), and oral contraceptives (in females 

at follow-up).

During the clinical history, parents at baseline and subjects or 

their parent at follow-up were asked whether there was a pres-

ence of a lifetime history of a psychiatric or behavioral disorder 

with the question “Has your child/have you ever been treated 

for a psychiatric/behavioral disorder?,” which was used to clas-

sify subjects as having any history of a psychiatric/behavioral 

disorder (None vs. Yes). This question was followed-up with the 

option of specifying whether the disorder was attention-deficit/

hyperactivity disorder (ADHD), a learning disorder, or another 

psychiatric/behavioral disorder. For the latter, parents/subjects 

were asked to specify the psychiatric/behavioral diagnosis with 

an open-ended question. The vast majority of subjects reporting 

another psychiatric/behavioral disorder at baseline or follow-up 

were reported to have mood/anxiety disorders, either alone or 

comorbid with other conditions. In order to evaluate the nat-

ural history rates of insomnia symptoms associated with ADHD, 

learning disorders, and mood/anxiety disorders, comparisons 

were made against those without any history of a psychiatric/

behavioral disorder (None) as the common reference group in 

univariate analyses.

Circadian preference was ascertained using the Morningness–

Eveningness Questionnaire (MEQ) at follow-up: morning 

(M-type), intermediate (I-type), and evening types (E-type) were 

identified using validated scores on the MEQ [29]. To assess sub-

stance use, four binary variables of caffeine, tobacco, alcohol, 

and recreational drug use (yes/no) were created. These data 

were gathered from: (1) parent- or self-report during the clin-

ical history (i.e. caffeine use, tobacco product use, and alcohol 

use); (2a) subjects ˂18 years, three parent-reported items on the 

Child Behavior Checklist (CBCL) [30] assessing the frequency of 

tobacco (including smokeless tobacco), alcohol, and recreational 

drug use over the past 6 months or (2b) for subjects ≥18 years, 

three corresponding self-reported items on the Adult Self Report 

(ASR) [31], assessing the frequency of tobacco, alcohol, and rec-

reational drug use (i.e. drugs for nonmedical purposes, such as 

marijuana, cocaine, etc.); and/or (3) three parent-reported items 

on the PSQ assessing whether their child uses caffeine, tobacco 

products, and/or recreational drugs. Tobacco, alcohol, and/or 

recreational drug use were considered to be present if there 

was a positive response on any of the three sources of infor-

mation (i.e. clinical history, CBCL/ASR, or PSQ). Female subjects 

at follow-up self-reported whether they had ever been pregnant 

and the severity of pre-menstrual symptoms (PMS) on a four-

point Likert scale from none to severe; the presence of PMS was 

defined as moderate-to-severe symptoms.

Polysomnography

At baseline and follow-up, sleep was monitored in all 421 

subjects with 9-h PSG [1, 19, 20] and scored according to standard 

criteria [32]. Based on the apnea/hypopnea index (AHI), SDB was 

defined by the presence of primary snoring (AHI < 2 events/h 

and the presence of snoring) or pediatric OSA (AHI ≥ 2)  [20]. 

The presence of abnormal PLMS was defined as a periodic limb 

movement index ≥ 5 [33, 34]. We defined the presence of OSSD as 

PSG-measured total sleep time <7.7 h, the median of the entire 

cohort [24, 25].

Statistical analyses

Descriptive statistics were used to estimate the characteris-

tics (Supplementary Table S1) and persistence, remission, full 

remission, and incidence rates in the overall sample. Analyses 

were conducted among the 109 subjects with CIS at baseline 

for the persistence, remission, and full remission of CIS and 

among the 312 subjects without CIS at baseline for the inci-

dence of AIS. General linear models for binary data were used 

to test for statistically significant differences in estimated 

rates (%) and their 95% confidence intervals (95CI) across 

sociodemographic and clinical risk factors. Missing data were 

minimal (<8%, Mmissing = 2.42%) and pairwise deletion was 
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employed. p-values ≤0.05 were considered statistically signifi-

cant, while p-values >0.05 and ≤0.10 were deemed marginally 

significant and interpreted cautiously based on sample size 

and 95CIs. All tables include the effective sample size for each 

sociodemographic and clinical risk factor. Univariate odds 

ratios (OR) and their 95CI for persistent CIS, fully remitted CIS, 

and incident AIS are provided in Supplementary Tables S2–S4. 

In order to examine the relative association of demographic 

and clinical risk factors, while simultaneously adjusting for 

each other, with persistent or fully remitted CIS and incident 

AIS, multivariable-adjusted ORs were estimated using binary 

logistic regression models that included each individual child-

hood or adolescence clinical risk factor (backward conditional 

elimination, p-entry < 0.05, p-removal > 0.10, classification 

cutoff  =  0.5, 20 maximum iterations), while simultaneously 

adjusting for sex, age, race/ethnicity, and SES (forced entry). 

All analyses were conducted using SPSS v24.

Results

Characteristics of the cohort

The characteristics of the cohort at baseline and follow-up 

have been previously reported [19, 20] and can be found in 

Supplementary Table S1. Overall, 46.1% of the sample was female 

and 21.9% identified as a racial/ethnic minority (12.6% Black/

African-American and 6.4% Hispanic/Latinx). The mean age was 

8.7 years (1.7) at baseline and 16.5 years (2.3) at follow-up, with 

39.0% of children from low SES households since baseline.

Persistence of CIS

Among subjects with CIS (n = 109), the persistence rate in the 

transition to adolescence was 56.0% (n = 61). Follow-up length 

was not significantly or marginally associated with the persist-

ence of CIS (p = 0.742). As shown in Table 1, females and racial/

ethnic minorities had a significantly higher persistence rate of 

CIS compared with males and non-Hispanic whites. SES played 

a role in the association of race/ethnicity with the persistence of 

CIS (p-interaction = 0.044). Compared with non-Hispanic whites 

of higher SES (42.0%), the persistence rate of CIS was signifi-

cantly higher in non-Hispanic whites of low SES (65.8%) and in 

racial/ethnic minorities regardless of whether they belonged to 

higher (88.9%) or low (63.6%) SES households (Figure 1).

Children and adolescents with a psychiatric/behavioral 

disorder had significantly higher persistence rates than those 

without such disorders (see Tables 2 and 3). Adolescents with 

obesity, those taking psychoactive medications, or using tobacco 

had significantly higher persistence rates of CIS than adoles-

cents without such disorders/lifestyle factors. Adolescents with 

a respiratory or neurological disorder had a marginally higher 

persistence rate of CIS compared with adolescents without such 

disorders.

As shown in Table  4, multivariable-adjusted logistic re-

gression models showed that females, non-Hispanic whites 

of low SES, and racial/ethnic minorities remained independ-

ently associated with a higher likelihood of persistent CIS, as 

did clinical factors such as childhood or adolescent psychi-

atric/behavioral disorders, adolescent obesity, and adolescent 

tobacco use.

Table 1. Rates for the natural history of insomnia symptoms by sociodemographic factors

n

Persistence Remission Full remission

n

Incidence

% (95CI) % (95CI) % (95CI) % (95CI)

Overall 109 56.0 (46.5–65.4) 44.0 (34.6–53.5) 30.3 (21.5–39.0) 312 31.1 (25.9–36.3)

Sex

 Male 60 46.7 (33.7–60.0) 53.3 (40.3–66.3) 35.0 (22.6–47.4) 167 24.0 (17.4–30.5)

 Female 49 67.3 (53.7–81.0)* 32.7 (19.0–46.3)* 24.5 (12.0–37.0) 145 39.3 (31.3–47.4)**

Age

 5–7 years 39 51.3 (34.9–67.7) 48.7 (32.3–65.1) 30.8 (15.6–45.9) 81 28.4 (18.4–38.4)

 8–10 years 55 56.4 (42.8–69.9) 43.6 (30.1–57.2) 29.1 (16.7–41.5) 176 31.8 (24.9–38.8)

 11–12 years 15 66.7 (39.6–93.7) 33.3 (6.3–60.4) 33.3 (6.3–60.4) 55 32.7 (19.9–45.5)

 12–14 years 24 58.3 (37.1–79.6) 41.7 (20.4–62.9) 20.8 (3.3–38.4) 66 30.3 (18.9–41.7)

 15–17 years 50 52.0 (37.7–66.3) 48.0 (33.7–62.3) 34.0 (20.4–47.6) 147 27.9 (20.6–35.2)

 18–23 years 35 60.0 (42.9–77.1) 40.0 (22.9–57.1) 31.4 (15.3–47.6) 99 36.4 (26.7–46.0)

Tanner stage

 Pre-to-mid puberty 11 63.6 (29.7–97.5) 36.4 (2.5–70.3) 27.3 (0.0–58.6) 53 28.3 (15.8–40.8)

 Late puberty-to-adulthood 94 55.3 (45.1–65.6) 44.7 (34.4–54.9) 30.8 (21.3–40.4) 248 31.8 (26.0–37.7)

Race/ethnicity

 Non-Hispanic White 89 51.7 (41.1–62.3) 48.3 (37.7–58.9) 34.8 (24.7–44.9) 240 30.8 (24.9–36.7)

 Racial/Ethnic Minority 20 75.0 (54.2–95.8)* 25.0 (4.2–45.8)* 10.0 (0.0–24.4)** 72 31.9 (20.9–43.0)

Socioeconomic status

 Higher–Higher 26 46.1 (25.6–66.7) 53.9 (33.3–74.4) 42.3 (22.0–62.7) 87 24.1 (15.0–33.3)

 Low–Higher 4 25.0 (0.0–100.0) 75.0 (0.0–100.0) 75.0 (0.0–100.0) 24 29.2 (9.6–48.8)

 Higher–Low 29 55.2 (35.9–74.4) 44.8 (25.6–64.1) 27.6 (10.3–44.9) 86 29.1 (19.3–38.9)

 Low–Low 49 65.3 (51.5–79.1) 34.7 (20.9–48.5) 22.4 (10.3–34.6)T 115 38.3 (29.2–47.3)*

Data are number of total cases (n), rates (%), and their 95% confidence interval (95CI).
Tp < 0.10.

* p < 0.05.

** p < 0.01
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Remission of CIS

Among subjects with CIS (n  =  109), the remission rate in the 

transition to adolescence was 44.0% (n = 48), with 30.3% experi-

encing full remission (n = 33). Follow-up length was not signifi-

cantly or marginally associated with the full remission of CIS 

(p  =  0.319). Remission rates of CIS were significantly lower in 

females and racial/ethnic minorities, while full remission rates 

were not statistically different between females and males. Low 

SES was marginally associated with a lower full remission rate 

as compared to high SES (Table  1). Full remission rates were 

10% in racial/ethnic minorities regardless of SES and 26.3% in 

non-Hispanic whites of low SES, while highest (42.0%) in non-

Hispanic whites of higher SES (Figure 1).

Children with psychiatric/behavioral disorders, particularly 

a mood/anxiety disorder, had lower full remission rates than 

those without such disorders. Similarly, the presence of obesity, 

musculoskeletal disorders, or primary snoring in childhood was 

associated with lower full remission rates. In contrast, children 

with asthma/allergies, cardiovascular disorders or who were 

on any type of non-psychoactive medication had higher re-

mission rates than children without such conditions (Table 2). 

Adolescents with obesity, psychiatric/behavioral disorders, or 

taking psychoactive medications had significantly lower full re-

mission rates of CIS than adolescents without such conditions 

(Table 3). Furthermore, adolescents with a respiratory disorder 

had a marginally lower full remission rate of CIS as compared 

with adolescents without such disorder.

As shown in Table 4, multivariable-adjusted logistic regres-

sion models showed that racial/ethnic minorities remained 

independently associated with a lower likelihood of full remis-

sion of CIS, as did clinical risk factors such as childhood and 

adolescent obesity, whereas non-Hispanic whites of low SES, 

childhood psychiatric/behavioral disorders, and musculoskel-

etal disorders were only marginally associated with a lower 

likelihood of full remission of CIS. These models also showed 

that childhood asthma/allergies and cardiovascular disorders 

remained independently associated with a higher likelihood of 

full remission of CIS.

Incidence of insomnia symptoms in adolescence

Among subjects without CIS (n  =  312), the incidence rate of 

AIS was 31.1% (n = 97). Follow-up length was not significantly 

or marginally associated with the incidence of AIS (p = 0.929). 

Females and children of low SES had significantly higher inci-

dence rates of AIS compared with males and children of higher 

SES, respectively (Table 1). The higher incidence rate in females 

was significant at the age of 15–17 years old. There were no sig-

nificant differences in terms of race/ethnicity, except Hispanic/

Latinx showing a significantly lower incidence rate (n = 20, 10.0% 

[0.0–24.4]) than non-Hispanic whites (n = 240, 30.8% [24.9–36.7]). 

As shown in Figure 1, the incidence rate was significantly higher 

in those of low SES, regardless of whether they identified as non-

Hispanic white (38.2%) or as a racial/ethnic minority (38.5%), 

when compared with those of higher SES (26.5% in non-Hispanic 

whites and 28.3% in racial/ethnic minorities).

Children with psychiatric/behavioral disorders had a signifi-

cantly higher incidence rate of AIS than those without such dis-

orders, whereas children with ADHD had a marginally higher 

incidence rate of insomnia symptoms (Table  2). Children who 

were on psychoactive medications had marginally higher in-

cidence rates of AIS than those not taking such medications. 

Interestingly, those with a childhood history of an ENT disorder 

had a marginally lower incidence rate of AIS than those without. 

Adolescents with psychiatric/behavioral or neurological dis-

orders, who used tobacco or drank alcohol had significantly 

higher incidence rates of AIS than those without such disorders/

lifestyle behaviors (Table  3). Adolescents classified as E-types 

had a significantly higher incidence rate of AIS than those iden-

tified as I-types or M-types. Adolescents with respiratory or 

gastrointestinal disorders had a marginally higher incidence 

rate of AIS as compared to those without such disorders.

As shown in Table 4, multivariable-adjusted logistic regres-

sion models showed that females and those of low SES remained 

independently associated with a higher likelihood of incident 

AIS as did clinical factors such as childhood or adolescent psy-

chiatric/behavioral disorders, E-types, and, to a lesser extent, 

neurological disorders. In contrast, childhood ENT disorders 

and, to a lesser extent, adolescent gastrointestinal disorders re-

mained associated with a lower likelihood of incident AIS.

Clinical risk factors not reported above were not associated 

with the natural course of insomnia symptoms or had a fre-

quency in childhood or adolescence too low (n < 10) to be reliably 

analyzed and interpreted (e.g. adolescent full-time employment, 

childhood endocrine disorder, childhood PLMS, adolescent 

Figure 1. Natural history rates of insomnia symptoms as a function of 

socioeconomic and racial/ethnic status. Racial/ethnic minorities, regardless of 

their SES, and non-Hispanic whites of low SES had a significantly higher persist-

ence rate of CIS than non-Hispanic whites of higher SES. Children of low SES had 

a significantly higher incidence rate of AIS than those of higher SES, regardless 

of their race/ethnicity.
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contraceptive medication, and adolescent pregnancy) and all 

can be found in Supplementary Tables S5 and S6.

Discussion

This study examined the natural history of insomnia symptoms 

in 421 children followed up after a median of about  7.5  years 

in the transitional period from childhood (median 9  years) to 

adolescence (median 16  years), with detailed assessments of 

clinically relevant risk factors. The persistence of CIS in the pre-

sent study was 56%, with a full remission rate of only 30%, con-

sistent with some studies in youth and adults [11–13, 35, 36]. 

While previous studies with different follow-up lengths have 

reported varying persistence rates, this study did not find a stat-

istically or marginally significant impact of length of follow-up, 

despite the overall persistence rate decreasing from 64% among 

subjects followed-up 6 years later to 50% among those who were 

followed-up 9 or more years later. Nevertheless, these data sug-

gest that insomnia symptoms should not be regarded as a tran-

sient phenomenon in a significant proportion of children. The 

incidence of AIS in the present study was 31%, which is higher 

than studies that relied on shorter follow-ups of about a year 

[10, 35] but comparable to rates reported in adults [12, 37]. These 

data also suggest that insomnia symptoms should be thor-

oughly screened for in adolescents regardless of whether they 

had insomnia symptoms earlier during childhood.

Our novel data indicate that sex-related, racial/ethnic, and 

socioeconomic disparities in insomnia symptoms occur early in 

development, and these social determinants differentially im-

pact their natural course over time. Girls with CIS had higher 

persistence rates in the transition to adolescence than boys. 

Furthermore, girls without CIS had a 15% higher incidence 

rate of AIS than boys. In a previous cross-sectional study, girls 

entering puberty had a significantly higher prevalence of in-

somnia symptoms, while the prevalence in boys remained 

Table 2. Rates for the natural history of insomnia symptoms by clinical risk factors in childhood

Childhood risk factor

Persistence Remission Full remission Incidence

n % (95CI) % (95CI) % (95CI) n % (95CI)

Psychiatric/behavioral disorder

 No 70 50.0 (38.0–62.0) 50.0 (38.0–62.0) 32.9 (21.6–44.1) 260 27.7 (22.2–33.2)

 Yes 39 66.7 (51.2–82.1)T 33.3 (17.9–48.8)T 25.6 (11.3–40.0) 52 48.1 (34.0–62.1)**

 ADHD 28 60.7 (41.4–80.0) 39.3 (20.0–58.6) 28.6 (10.7–46.4) 24 45.8 (24.3–67.3)T

 Learning disorder 15 66.7 (39.6–93.7) 33.3 (6.3–60.4) 20.0 (0.0–42.9) 24 29.2 (9.6–48.8)

 Mood/anxiety disorder 13 84.6 (61.9–100.0)** 15.4 (0.0–38.1)** 7.7 (0.0–24.4)* 11 72.7 (41.3–100.0)**

Psychoactive medication

 No 95 54.7 (44.5–64.9) 45.3 (35.1–55.5) 30.5 (21.1–40.0) 294 29.9 (24.7–35.2)

 Yes 14 64.3 (35.6–93.0) 35.7 (7.0–64.4) 28.6 (1.5–55.6) 18 50.0 (24.4–75.6)T

Obesity

 No 85 51.8 (40.9–62.6) 48.2 (37.4–59.1) 36.5 (26.0–46.9) 257 30.4 (24.7–36.0)

 Yes 24 70.8 (51.2–90.4) 29.2 (9.6–48.8) 8.3 (0.0–20.3)** 55 34.5 (21.6–47.5)

Asthma/allergies

 No 63 61.9 (49.6–74.2) 38.1 (25.8–50.4) 22.2 (11.7–32.8) 191 29.8 (23.3–36.4)

 Yes 46 47.8 (32.8–62.8) 52.2 (37.2–67.2) 41.3 (26.5–56.1)* 117 34.2 (25.5–42.9)

ENT disorder

 No 37 62.2 (45.8–78.6) 37.8 (21.4–54.2) 24.3 (9.8–38.8) 118 37.3 (28.4–46.1)

 Yes 72 52.8 (41.0–64.6) 47.2 (35.4–59.4) 33.3 (22.2–44.5) 193 27.5 (21.1–33.8)T

Cardiovascular disorder

 No 93 58.1 (47.8–68.3) 41.9 (31.7–52.2) 26.9 (17.7–36.1) 281 32.0 (26.5–37.5)

 Yes 16 43.7 (16.4–71.0) 56.3 (29.0–83.6) 50.0 (22.5–77.5)T 28 25.0 (7.9–42.1)

Musculoskeletal disorder

 No 94 54.3 (44.0–64.5) 45.7 (35.5–56.0) 33.0 (23.3–42.7) 278 32.4 (26.8–37.9)

 Yes 15 66.7 (39.6–93.7) 33.3 (6.3–60.4) 13.3 (0.0–32.8)T 31 22.6 (7.0–38.2)

Any other medication

 No 65 63.1 (51.0–75.1) 36.9 (24.9–49.0) 24.6 (13.9–35.4) 204 31.9 (25.4–38.3)

 Yes 44 45.4 (30.1–60.8)T 54.6 (39.2–69.9)T 38.6 (23.7–53.6) 108 29.6 (20.9–38.4)

SDB

 No 81 53.1 (42.0–64.2) 46.9 (35.8–58.0) 33.3 (22.8–43.8) 200 32.0 (25.5–38.5)

 Yes 28 64.3 (45.4–83.2) 35.7 (16.8–54.6) 21.4 (5.2–37.6) 112 29.5 (20.9–38.0)

 Primary snoring 17 64.7 (39.4–90.0) 35.3 (10.0–60.6) 11.8 (0.0–28.8)T 72 31.9 (20.9–43.0)

 Pediatric OSA 11 63.6 (29.7–97.5) 36.4 (2.5–70.3) 36.4 (2.5–70.3) 40 25.0 (11.0–39.0)

OSSD

 No 52 51.9 (37.9–66.0) 48.1 (34.0–62.1) 36.5 (23.0–50.1) 165 32.1 (24.9–39.3)

 Yes 57 59.6 (46.5–72.8) 40.4 (27.2–53.5) 24.6 (13.0–36.1) 147 29.9 (22.4–37.4)

Data are number of total cases (n), rates (%), and their 95% confidence interval (95CI); only seven subjects had a childhood history of psychoactive medication use 

other than stimulants (n = 28), thus, the two were merged together (n = 32). ADHD, attention deficit hyperactivity disorder; ENT disorder, ear-nose-throat disorder; 

OSA, obstructive sleep apnea; OSSD, objective short sleep duration; PLMS, abnormal periodic limb movements; SDB, sleep disordered breathing.
Tp < 0.10.

*p < 0.05.

**p < 0.01.
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similar at ages 5–12 [1]. The present study expands upon these 

findings, revealing the incidence of AIS was significantly higher 

in girls age 15–17 years and suggesting that mid-adolescence is 

a second developmental period for the onset of insomnia symp-

toms in girls that should be a target of preventative efforts. This 

finding is also clinically important considering the limited evi-

dence for the effectiveness of cognitive behavioral therapies for 

insomnia in adolescents, as compared with adults.

Children belonging to a racial/ethnic minority showed higher 

persistence and lower remission rates of CIS than non-Hispanic 

white children; in fact, the full remission rate was as low as 10% 

in racial/ethnic minorities. Furthermore, among non-Hispanic 

white children, belonging to a low SES household was associ-

ated with a higher persistence of CIS when compared to those 

of higher SES. Also, the incidence rate of AIS was significantly 

higher in subjects belonging to a low SES household regardless 

Table 3. Rates for the natural history of insomnia symptoms by clinical risk factors in adolescence

Adolescence risk factor

Persistence Remission Full remission Incidence

n % (95CI) % (95CI) % (95CI) n % (95CI)

Psychiatric/behavioral disorder

 No 49 44.9 (30.5–59.3) 55.1 (40.7–69.5) 36.7 (22.7–50.7) 227 26.9 (21.1–32.7)

 Yes 60 65.0 (52.6–77.4)* 35.0 (22.6–47.4)* 25.0 (13.7–36.3) 85 42.4 (31.6–53.1)*

 ADHD 42 59.5 (44.0–75.0) 40.5 (25.0–56.0) 28.6 (14.3–42.8) 56 39.3 (26.1–52.5)T

 Learning disorder 17 52.9 (26.5–79.4) 47.1 (20.6–73.5) 35.3 (10.0–60.6) 22 40.9 (18.6–63.2)

 Mood/anxiety disorder 19 79.0 (58.8–99.0)** 21.0 (1.0–41.2)** 10.5 (0.0–25.7)* 31 38.7 (20.5–56.9)

Psychoactive medication

 No 91 50.5 (40.1–61.0) 49.6 (39.0–59.9) 34.1 (24.1–44.0) 290 30.3 (25.0–35.7)

 Yes 18 83.3 (64.3–100.0)** 16.7 (0.0–35.7)** 11.1 (0.0–27.2)* 22 40.9 (18.6–63.2)

Obesity

 No 87 48.3 (37.6–59.0) 51.7 (41.0–62.4) 36.8 (26.4–47.1) 270 31.5 (25.9–37.1)

 Yes 22 86.4 (70.8–100.0)** 13.6 (0.0–29.2)** 4.5 (0.0–14.0)** 42 28.6 (14.3–42.8)

Respiratory disorder

 No 73 50.7 (38.9–62.4) 49.3 (37.6–61.1) 35.6 (24.4–46.9) 247 28.3 (22.7–34.0)

 Yes 35 68.6 (52.4–84.7)T 31.4 (15.3–47.6)T 20.0 (6.1–33.9)T 65 41.5 (29.2–53.8)T

Gastrointestinal disorder

 No 78 53.8 (42.5–65.2) 46.2 (34.8–57.5) 33.3 (22.6–44.0) 241 28.2 (22.5–33.9)

 Yes 30 63.3 (45.0–81.6) 36.7 (18.4–55.0) 23.3 (7.3–39.4) 71 40.8 (29.1–52.6)T

Neurological disorder

 No 54 48.1 (34.4–61.9) 51.9 (38.1–65.6) 37.0 (23.7–50.3) 197 25.9 (19.7–32.1)

 Yes 54 64.8 (51.7–78.0)T 35.2 (22.0–48.3)T 24.1 (12.3–35.8) 115 40.0 (30.9–49.1)*

Any other medication

 No 62 53.2 (40.4–66.0) 46.8 (34.0–59.5) 32.3 (20.3–44.2) 186 30.1 (23.4–36.8)

 Yes 47 59.6 (45.0–74.1) 40.4 (25.9–55.0) 27.7 (14.4–40.9) 126 32.5 (24.2–40.8)

SDB

 No 40 55.0 (38.9–71.1) 45.0 (28.9–61.1) 25.0 (11.0–39.0) 115 28.7 (20.3–37.1)

 Yes 69 56.5 (44.5–68.5) 43.5 (31.5–55.5) 33.3 (21.9–44.7) 197 32.5 (25.9–39.1)

 Primary snoring 27 48.1 (28.0–68.3) 51.8 (31.7–72.0) 33.3 (14.3–52.3) 80 33.7 (23.2–44.3)

 Pediatric OSA 42 61.9 (46.6–77.2) 38.1 (22.8–53.4) 33.3 (18.5–48.2) 117 31.6 (23.1–40.2)

PLMS

 No 80 60.0 (49.0–71.0) 40.0 (29.0–51.0) 30.0 (19.7–40.3) 238 32.8 (26.8–38.8)

 Yes 29 44.8 (25.6–64.1) 55.2 (35.9–74.4) 31.0 (13.1–48.9) 74 25.7 (15.5–35.9)

OSSD

 No 56 57.1 (43.8–70.5) 42.9 (29.5–56.2) 25.0 (13.3–36.7) 152 32.2 (24.7–39.7)

 Yes 53 54.7 (40.9–68.6) 45.3 (31.4–59.1) 35.8 (22.5–49.2) 160 30.0 (22.8–37.2)

Tobacco

 No 94 51.1 (40.8–61.4) 48.9 (38.6–59.2) 35.1 (25.3–44.9) 282 28.4 (23.1–33.7)

 Yes 15 86.7 (67.2–100.0)** 13.3 (0.0–32.8)** 0.0 30 56.7 (37.8–75.5)**

Alcohol

 No 80 58.7 (47.7–69.8) 41.2 (30.2–52.3) 30.0 (19.7–40.3) 225 27.6 (21.7–33.4)

 Yes 25 56.0 (35.1–76.9) 44.0 (23.1–64.9) 28.0 (9.1–46.9) 81 43.2 (32.2–54.2)*

Chronotype

 M-type 26 42.3 (22.0–62.7)T 57.7 (37.3–78.0)T 34.6 (15.0–54.2) 109 21.1 (13.3–28.9)

 I-type 41 63.4 (48.0–78.8) 36.6 (21.2–52.0) 29.3 (14.7–43.8) 113 27.4 (19.1–35.8)

 E-type 42 57.1 (41.5–72.7) 42.9 (27.2–58.5) 28.6 (14.3–42.8) 89 48.3 (37.7–58.9)**

Data are number of total cases (n), rates (%), and their 95% confidence interval (95CI). ADHD, attention deficit hyperactivity disorder; BMI, body mass index; E-type, 

evening chronotype; I-type, intermediate chronotype; M-type, morning chronotype; OSA, obstructive sleep apnea; OSSD, objective short sleep duration; PLMS, ab-

normal periodic limb movements; SDB, sleep disordered breathing.
Tp < 0.10.

*p < 0.05.

**p < 0.01.
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Table 4. Multivariable-adjusted logistic regression models for persistent and fully remitted CIS and for incident AIS

Persistent CIS Fully Remitted CIS Incident AIS

OR (95CI) OR (95CI) OR (95CI)

Demographic factors

Sex

 Male 1.00 1.00 1.00

 Female 2.45 (1.02–5.86)* 0.70 (0.26–1.87) 2.25 (1.35–3.76)**

Age

 5–7 years 1.00 1.00  

 8–10 years 1.38 (0.55–3.46) 1.17 (0.42–3.24)  

 11–12 years 1.49 (0.37–5.96) 1.52 (0.35–6.59)  

 12–14 years   1.00

 15–17 years   0.91 (0.46–1.80)

 18–23 years   1.13 (0.55–2.31)

Racial/ethnic minority

 No   1.00

 Yes   1.15 (0.63–2.11)

Low SES

 No   1.00

 Yes   1.58 (1.01–2.66)*

Racial/ethnic minority*Low SES

 Non-Hispanic White High SES 1.00 1.00  

 Non-Hispanic White Low SES 3.12 (1.22–7.99)* 0.39 (0.14–1.04)T  

 Racial/Ethnic Minority 3.83 (1.14–12.92)* 0.14 (0.03–0.73)*  

Childhood factors

Any psychiatric/behavioral disorder

 No   1.00

 Yes   2.04 (0.99–4.19)T

Mood/anxiety disorder

 No 1.00 1.00 1.00

 Yes 6.27 (1.19–32.95)* 0.16 (0.02–1.39)T 4.74 (1.04–21.56)*

Obesity

 No  1.00  

 Yes  0.14 (0.03–0.76)*  

Asthma/allergies

 No  1.00  

 Yes  3.00 (1.11–8.12)*  

ENT disorder 

 No   1.00

 Yes   0.55 (0.33–0.94)*

Cardiovascular disorder

 No  1.00  

 Yes  3.75 (0.95–14.79)T  

Musculoskeletal disorder

 No  1.00  

 Yes  0.21 (0.04–1.24)T  

Adolescence factors

Any psychiatric/behavioral disorder

 No 1.00  1.00

 Yes 2.86 (1.04–7.92)*  2.10 (1.14–3.88)*

Obesity

 No 1.00 1.00  

 Yes 7.97 (1.89–33.66)** 0.07 (0.01–0.55)*  

Gastrointestinal disorder

 No   1.00

 Yes   0.36 (0.11–1.17)T

Neurological disorder

 No   1.00

 Yes   1.62 (0.94–2.79)T

Tobacco

 No 1.00   

 Yes 6.88 (1.19–39.93)*   

Chronotype

 M-type   0.62 (0.32–1.20)

 I-type   1.00

 E-type   1.94 (1.03–3.67)*

Data are multivariable-adjusted odds ratios (OR) and their 95% confidence interval (95CI); Multivariable-adjusted binary logistic regression models were ran separately for persistent CIS, fully remitted CIS 

and incident AIS. Demographic factors (i.e. sex, age, race/ethnicity, and SES) were always entered in the models (forced entry), while childhood or adolescence clinical factors were submitted to stepwise 

selection (backward conditional elimination). The interaction between race/ethnicity and SES on the persistence of CIS was statistically significant (see text), thus, the resulting three groups were based 

on the data shown in Figure 1. As the interaction was not statistically significant for the incidence of AIS, race/ethnicity, and SES were entered into the models as separate, individual variables.
Tp < 0.10.

*p < 0.05.

**p < 0.01.
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of their racial/ethnic identification. These data have important 

public health and clinical implications. First, they suggest that 

social determinants of health in disadvantaged groups (i.e. low 

SES and racial/ethnic minorities) puts them at greater risk of 

persistent CIS throughout adolescence. Potential factors ex-

plaining these findings, particularly such low full remission rate 

in racial/ethnic minorities, include experienced discrimination, 

which has a negative impact on sleep [38], structural racism, 

and implicit biases toward race, ethnicity, and poverty in the 

healthcare system, which may lead clinicians to not consider 

insomnia symptoms clinically relevant in these children [14], 

lack of access to adequate healthcare, which may preclude early 

parental education, prevention, and intervention [39], among 

many other potential factors. Second, these data reinforce the 

need to implement community-based and clinical interven-

tions in children and families of racial/ethnic minority and/or 

low SES backgrounds in order to prevent the chronicity and de-

velopment of insomnia symptoms over time, rather than ex-

pecting these symptoms to resolve with normal development. 

From a social policy standpoint, these health disparities re-

inforce the need to target the underlying inequalities that our 

current cultural and economic systems perpetuate since early 

childhood, particularly in light of their effects on downstream 

health consequences [38, 40].

Clinical risk factors such as psychiatric/behavioral or neuro-

logical disorders, obesity, smoking, alcohol use, or an evening 

chronotype were associated with the persistence of CIS or the 

incidence of AIS. Interestingly, other clinical risk factors, such as 

pediatric OSA or specific physical health problems, did not con-

tribute to the persistence or incidence of insomnia symptoms 

in youth. The presence of a childhood mood/anxiety disorder 

was associated with very high persistence and low full remis-

sion rates of CIS as well as a very high incidence rate of AIS. 

The presence of ADHD was only marginally associated with the 

course of insomnia symptoms. Given this marginal association, 

the finding must be interpreted with caution and replication 

is needed before strong conclusions are drawn. Nevertheless, 

these data are consistent with the established association of in-

ternalizing disorders with insomnia and suggest that the course 

of insomnia symptoms in youth with ADHD may depend upon 

the presence of comorbid mood/anxiety disorders, which occur 

more frequently in ADHD [41]. Commensurate with these find-

ings, psychoactive medication use in adolescence, was asso-

ciated with higher persistence and lower full remission rates; 

however, its use did not remain as independently associated in 

multivariable models. This suggests that CIS may remain per-

sistent despite pharmacological treatment of the psychiatric/

behavioral disorder, indicating that behavioral sleep treatments 

in youth should be a clinical priority.

Obesity and, to a lesser extent, a musculoskeletal dis-

order or childhood primary snoring, were also associated with 

lower full remission of CIS, whereas obesity was not associ-

ated with higher incidence rates of AIS. Interestingly, primary 

snoring was no longer associated with lower full remission of 

CIS in multivariable models. These findings suggest that child-

hood obesity is a key risk factor for the persistence of CIS and 

strategies should be implemented early to treat this modifiable 

risk factor in order to prevent the chronicity of both childhood 

SDB [42] and insomnia symptoms. Similarly, the presence of 

a respiratory or neurological disorder in adolescence was as-

sociated with marginally higher persistence rates of CIS, but 

these associations did not remain in multivariable models. 

Neurological and gastrointestinal disorders were associated 

with a significantly higher incidence of AIS but these associ-

ations became marginally significant in multivariable models. 

Together, these data suggest that the comorbidity or clustering 

of these physical health conditions may better predict the per-

sistence of CIS in the transition to adolescence than each in-

dividual clinical condition alone. In contrast, other physical 

health problems in childhood (i.e. asthma/allergies and cardio-

vascular disorders) were associated with higher full remission of 

CIS, even in multivariable models. It is likely that these children 

may have received treatment for these medical disorders, which 

suggests that their insomnia symptoms were at least partially 

driven by the disorder itself [23]. In support of this hypothesis, 

our data showed that childhood use of medications for these 

and other physical health conditions was associated with a 

higher remission of CIS. These findings suggest the need to not 

only clinically assess for insomnia symptoms among children 

with these health conditions, but to also actively treat insomnia 

symptoms in youth with obesity, musculoskeletal, respiratory 

and neurological disorders, or their clustering, in order to pre-

vent their chronicity over time.

Importantly, SDB or PLMS were not associated with higher 

persistence or incidence rates of insomnia symptoms in the 

transition to adolescence, consistent with the fact that these 

disorders do not necessarily manifest with prolonged periods of 

wakefulness at the beginning or in the middle of the night [43, 

44]. However, the low frequency of cases with childhood PLMS 

that contributed to the analyses precluded any reliable esti-

mates of the persistence or full remission of CIS (Supplementary 

Table S5). In addition, OSSD, as measured by PSG total sleep 

time, was also not associated with the course of insomnia 

symptoms. Differences in biomarker level and behavioral pro-

files in youth with insomnia symptoms and OSSD compared to 

those with normal sleep duration have been reported in pre-

vious studies [24, 25, 45]. The present study suggests that the 

persistence of CIS cannot be attributed solely to increased bio-

logical severity, indexed by short sleep, and that behavioral fac-

tors may play a stronger role during this developmental period 

[24, 27]. Alternatively, OSSD in young children may not yet be 

associated with the expression of biological vulnerability due 

to the strong homeostatic sleep drive in this age group. Future 

studies should examine whether fine-grained neurophysiologic 

measures of sleep drive and arousal (e.g., sleep EEG) may better 

predict the natural history of insomnia symptoms during this 

developmental period [3, 46–48].

As it pertains to lifestyle factors, tobacco and alcohol use 

in adolescence were significantly associated with the course 

of insomnia symptoms; however, only tobacco use remained 

significantly associated in multivariable models. Given alcohol 

and nicotine’s known effects on sleep [49], it appears that 

these substances also have deleterious effects on the devel-

opment of AIS and that the high co-occurrence of tobacco and 

alcohol use in adolescence [50] may explain the independent 

association found for smoking in multivariable models. 

Adolescent health and drug education programs should in-

clude information about the adverse effects of tobacco and 

alcohol use on both the chronicity and the new-onset of in-

somnia symptoms. Furthermore, an evening circadian pref-

erence was associated with a significantly higher incidence 

of AIS, in line with existing evidence that this chronotype is a 
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risk factor not only for a circadian misalignment [48] but also 

insomnia [51, 52]. Given the known shift in circadian phase 

occurring in the transition to adolescence [53], targeted circa-

dian interventions in these youth are warranted to mitigate 

the development of insomnia symptoms.

Despite the relatively large population-based cohort, data 

collected longitudinally over a developmental transition, and 

examination of numerous subjectively and objectively measured 

clinical factors, the present study has several limitations. First, 

the study was underpowered to examine changes in insomnia 

symptoms among youth belong to specific groups or with cer-

tain risk factors. Specifically, some demographic groups (e.g. 

Hispanic/Latinx) or clinical factors (e.g. childhood PLMS and ado-

lescent pregnancy) had a low number of cases after stratifying 

by the presence or absence of CIS. As such, a much larger cohort 

with objective sleep measures and thorough clinical history is 

still needed to provide a large number of cases with and without 

CIS and capture low-prevalence risk factors. Nevertheless, this 

study provides supportive evidence on the persistence of CIS and 

incidence of AIS helpful to clinical studies on the demographic 

groups and clinical conditions examined. Second, most clinical 

factors were collected by parent- or self-report and diagnoses 

could not be confirmed via medical record review, which would 

have enhanced the study’s validity. However, data collection re-

lied on structured clinical history and physical examination 

procedures typically used in routine clinical practice, which re-

duces the likelihood of differences across evaluators and misre-

porting by study subjects (e.g., subjects were requested to report 

on previous diagnosis or treatment of a clinical condition and 

not symptoms or complaints of a given condition). Third, the PSG 

measures of SDB, PLMS, and OSSD should be considered within 

the context of the potential impact of a first-night effect. Future 

population-based studies should examine the natural course 

of insomnia symptoms using multiple nights of objective (e.g. 

PSG, actigraphy) and subjective (i.e. sleep diary) sleep measures. 

Fourth, the focus was on insomnia symptoms, while the pres-

ence of an insomnia disorder could not be ascertained. Lastly, 

trajectories of the clinical risk factors were not considered, 

which precluded examining whether increased remission rates 

of insomnia symptoms in specific physical health conditions 

were associated with a reduction in disease severity over time. 

Nevertheless, the findings of the present study have important 

public health and clinical implications as they identify specific 

pediatric populations at risk for insomnia symptoms chronicity 

and development.

In summary, this study highlights the unique contribution 

of individual sociodemographic and clinical risk factors to the 

persistence, remission, and incidence of insomnia symptoms 

in childhood and adolescence, including the identification of 

health disparities and critical developmental periods for the 

prevention of insomnia in girls. These findings allow healthcare 

providers to make informed decisions regarding the need for as-

sessment and treatment of insomnia symptoms and reinforce 

the need of community-based interventions in racial/ethnic 

and/or underprivileged minorities to prevent the development 

and chronicity of insomnia. Early screening and treatment for 

insomnia symptoms in youth with specific clinical risk factors 

(e.g. mood/anxiety disorders and obesity) should also be a pri-

ority, while appropriate management of some medical condi-

tions (e.g. asthma/allergies) may reduce the risk for persistent 

or incident insomnia symptoms.

Supplementary material

Supplementary material is available at SLEEP online.
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