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Abstract 
 
Background: Longitudinal assessments of parasomnias in the adolescent 
population are scarce. This analysis aims to identify the incidence and remission 
of parasomnias in the adolescent age group.  
Methods: The TuCASA study is a prospective cohort study that initially enrolled 
children between the ages of 6 and 11 years (Time 1) and subsequently re-
studied them approximately 5 years later (Time 2). At both time points parents 
were asked to complete a comprehensive sleep habits questionnaire designed to 
assess the severity of sleep-related symptoms that included questions about 
enuresis (EN), sleep terrors (TR), sleep walking (SW) and sleep talking (ST). 
Results: There were 350 children participating at Time 1 who were studied as 
adolescents at time 2. The mean interval between measurements was (4.6 
years). The incidence of EN, TR, ST, and SW in these 10-18 year old children 
was 0.3%, 0.6%, 6.0% and 1.1% respectively. Remission rates were 70.8%, 
100%, 64.8% and 50.0% respectively. 
Conclusions:  The incidence rates of EN, TR, and SW were relatively low moving 
from childhood to adolescence while remission rates were high across all 
parasomnias. 
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List of Abbreviations: 
EDS excessive daytime sleepiness 
EN enuresis 
INSOM insomnia 
LP learning problems 
NREM non-rapid eye movement  
NT night terrors 
RDI respiratory disturbance index 
REM rapid eye movement 
SHQ sleep habits questionnaire 
SN snoring 
SDB sleep disordered breathing  
SRBD sleep related breathing disorders 
ST sleep talking 
SW sleepwalking 
TST total sleep time 
TuCASA Tucson Children’s Assessment of Sleep Apnea 
TUSD Tucson Unified School District 
 

Introduction 
 Parasomnias are unpleasant or undesirable behavioral or experiential 
phenomena which occur predominantly or exclusively during sleep.1 When 
occurring during childhood, they can result in substantial parental sleep 
disruption, anxiety and concern. In addition, there may be adverse consequences 
on the child's behavior and self-esteem.2-4 There are 4 parasomnias that are 
commonly observed during childhood. Sleepwalking (SW) and sleep terrors (NT) 
are parasomnias associated with arousal that usually occur during slow wave 
sleep.5  Sleepwalking is semi-purposeful ambulatory behavior without 
awareness. Night terrors (also called sleep terrors) are recurrent episodes of 
abrupt awakening from deep non-REM sleep, usually with a scream and signs of 
intense fear and autonomic arousal.5 Sleep talking (somniloquy) (ST) consists of 
vocalizations, frequently nonsensical, during both REM and non-REM sleep.6  
Enuresis (EN) is characterized by recurrent involuntary micturition that occurs 
during sleep.7 In contrast to SW, and NT, enuresis may occur during non-rapid 
eye movement (NREM) or rapid eye movement (REM) sleep.8 

 Epidemiological surveys investigating parasomnias in the general 
population are uncommon, perhaps because these parasomnias are usually 
considered harmless childhood occurrences. However, the prevalence of 
parasomnias in the general population of children has been estimated at 
approximately 3%–17% for SW,5, 9, 10 1%–7% for NT,5, 9 2%–18% for EN9-12 and 
5%–27% for ST. 9-12 These estimates vary greatly because rarely are the same 
definitions for the frequency of events used. Although it is generally accepted that 
childhood parasomnias remit with age, virtually all studies have been cross-
sectional. 4, 10, 11, 13-15 To our knowledge, there have been no studies investigating 
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the remission and incidence of parasomnias in a community-based adolescent 
population. Therefore, it is the purpose of this analysis to describe the incidence 
and remission of parasomnias in such a cohort using data from the Tucson 
Children’s Assessment of Sleep Apnea (TuCASA) study. 
 

Methods 
 TuCASA was designed to investigate the incidence, prevalence and 
correlates of objectively measured sleep-related breathing disorders (SRBD) in a 
prospective cohort study of preadolescent Hispanic and Caucasian children ages 
6 to 12 years. Detailed recruitment methods have been described previously.16 
Briefly, Hispanic and Caucasian children ages 6 to 12 years were recruited 
through the Tucson Unified School District (TUSD), a very large district with a 
substantial elementary school population. Parents were asked to complete a 
short screening questionnaire and to provide their contact information if they 
were willing to allow study personnel to contact them to determine if their child 
was eligible for the study. A total of 7,055 screening questionnaires were sent 
home with children in a “notes home” folder. Of these, 2,327 (33%) were 
returned. Recruitment information was supplied on 52% of the returned 
questionnaires. From these questionnaires, children were selected for potential 
participation based on pre-established inclusion and exclusion criteria, and after 
parents gave informed consent and the child gave assent using language-
appropriate IRB approved forms. The TuCASA protocol was approved by both 
the University of Arizona Human Subjects Committee and the TUSD Research 
Committee. 
 Initially from 1999-2003, 503 children were enrolled (Time 1) and 
subsequently 350 were re-studied approximately 5 years later (Time 2). In 
addition to undergoing home polysomnography at both time points, parents were 
asked to complete a comprehensive sleep habits questionnaire (SHQ) that 
recorded the characteristics of their child’s sleep history including questions 
about EN, NT, SW and ST. 
 Specific questions were the following: "Does this child sleepwalk?", and 
"Does this child talk in his or her sleep? (Talk without being fully awake?)". For 
these 2 questions, possible responses were "Never", "less than three times per 
month", "three to five times per month", or "more than five times per month". The 
occurrence of these parasomnias was defined as follows: SW was present if it 
was reported more than three times per month, and ST was present if it was 
reported more than five times per month. Additionally, the parent was asked 
"How often does this child awaken at night afraid or appearing tearful?” If the 
parent answered that the child had more than five fearful awakenings per month 
then the child was classified as having NT. EN was present if it was reported as 
occurring more than five times per month. These definitions were chosen to be 
consistent with our previous analyses of parasomnias in this cohort and were 
thought to be clinically meaningful when these children were preadolecents.9  
 The SHQ was also used to define the occurrence of habitual snoring (SN), 
excessive daytime sleepiness (EDS), witnessed apnea (WITAP), difficulty 
initiating and maintaining sleep (INSOM), and learning problems (LP).  These 
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sleep problems were considered present if they were reported 'frequently' or 
more (5 or more times per week). Although the specific range and order of 
questions used on the TuCASA SHQ and screening questionnaires have not 
been previously validated, key questions in the questionnaire have face validity 
and were taken from those used by Carroll and colleagues.17 

 As described in previous analyses from the TuCASA cohort,9,16 we 
computed a respiratory disturbance index (RDI) as the total number of apneas 
and hypopneas/total sleep time (TST). Hypopneas were required to have an 
associated oxygen desaturation of 3%. Sleep disordered breathing (SDB) was 
considered present if the RDI was > 1 event/hour TST.  
 Statistical analysis of the data was performed using Stata 10 (StataCorp 
LP, College Station, TX)  and IBM SPSS Statistics 18 (New York, NY). As 
appropriate, comparisons of means and proportions were performed using two-
sample t-tests for continuous data, and chi-squared tests and the exact binomial 
test for categorical data.  Data are expressed as means + SD and percentages. 
 

Results 
 There were a total of 503 children participating at Time 1 and 350 
adolescents at time 2. Characteristics for the study group are shown in Table 1.  
Table 1. Description of the TuCASA  Cohort at Time 1 and Time 2 
 

 Time 1 Time 2 p 

Number in Cohort 503 350 - 

Age (Mean + SD) 8.8 ± 1.6 13.3 ±1.7 - 

Age (Min-Max) [6,12.6] [9.9,17.5] - 

Gender (% Male) 50 51 0.7643

Ethnicity (% Caucasian) 58 63 0.1283

Standardized BMI (Mean + 
SD) 

.30 ± 1.2 .50 ± 1.1 0.0249

Obesity (%) 13 24 0.017

 
The mean age at first assessment was 8.8 years (min/max: 6-12.6 years) while 
mean age at second assessment was 13.3 years (min-max: 9.9-17.5 years). The 
mean time between assessments was 4.6 years (range: 2.9-7.3 years). There 
were 51% males and 49% females at the Time 2, approximately the same ratio 
as Time1. The gender ratio remained approximately the same at both 
measurements. Notably, standardized BMI increased and the % of the cohort 
classified as obese increased over the time interval. However, standardized BMI 
was not significantly higher in those children with parasomnias (data not shown). 
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Table 2: Incidence, Prevalence and Remission of Parasomnias 
Time 2 

Prevalence Time 1 
(Entire Cohort)a 

Prevalence 
Time 1 

(Restricted 
Cohort)b Prevalencec Remissiond Incidencee 

Parasomnia 
 N % N % N % N % N % 
 
Enuresis 

 
37/503 

 
7.4 

 
24/350

 
6.8

 
8/350

 
2.3

 
17/24 

 
70.8 

 
1/326 

 
0.3 

 
Night Terrors 

 
13/503 

 
2.6 

 
9/349

 
2.6

 
2/349

 
0.6

 
9/9 

 
100.0 

 
2/340 

 
0.6 

 
Sleep Talking 

 
60/503 

 
11.9 

 
37/350

 
10.6

 
32/350

 
9.1

 
24/37 

 
64.8 

 
19/313

 
6.0 

 
Sleepwalking 

 
6/503 

 
1.2 

 
2/350

 
0.6

 
5/350

 
1.4

 
1/2 

 
50.0 

 
4/348 

 
1.1 

aPrevalence at Time 1 for entire cohort = # with a specific parasomnia/total 
number of children in the cohort 
bPrevalence at Time 1for children who were studied at both Time 1 and Time 2 = 
# with a specific parasomnia at Time 1 who were studied at both Time 1 and 
Time 2/number of children who were studied at both Time 1 and Time 2 
 c Prevalence at Time 2 for children who were studied at both Time 1 and Time 2 
= # with a specific parasomnia at Time 2 who were studied at both Time 1 and 
Time 2/number of children who were studied at both Time 1 and Time 2 
dRemission at Time 2 for children who were studied at both Time 1 and Time 2 =  
# who had a specific parasomnia at Time 1, but no longer had it at Time 2/# who 
had the parasomnia at Time 1 
eIncidence at Time 2 for children who were studied at both Time 1 and Time 2 = # 
who had a specific parasomnia at Time 2, but did not have it at Time 1/# who did 
not have the parasomnia at Time 1 
 
As shown in Table 2, at Time 1 there were no differences in the prevalence rates 
of all 4 parasomnias using the entire cohort in comparison to a cohort restricted 
only to those children who had assessments made at both time points (Restricted 
Cohort). In addition, the prevalence of parasomnias at Time 2 remained similar to 
the prevalence at Time 1 with the exception of EN which declined markedly from 
7% to 2%. Also shown in Table 2 are the prevalence, remission and incidence 
rates of the 4 parasomnias at Time 2. The incidence of EN, TR, and SW in our 
10-17 year old children were approximately 1% for all 3 contrasting with ST with 
an incidence rate of approximately 6%. Furthermore, remission rates were high 
for all the parasomnias. All 9 adolescents had remission from NT. 17 of 24 
subjects, approximately 71%, had remission from EN. 24 of 37 participants had 
remission from ST, approximately 65%. 1 out of 2 subjects (50%) with SW had 
remission. Incidence and remission of all parasomnias were not related to SN, 
WITAP, INSOM, or LP although limited incidence and remission numbers 
precluded extensive meaningful analyses. At Time 1, the prevalence of SDB was  
27.8% (89/320). At Time 2, 14.4% (46/320)  Children with SDB on both occasions 
were 25/320 or 7.8%. There were 15 boys and 10 girls with persistent SDB with 
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no ethnic differences. Because of the relatively small numbers of children with 
parasomnias and SDB at Time 2, we were unable to determine whether 
persistent SDB was a risk for prevalent or incident parasomnias  
 In Table 3 is shown the number and percent of parasomnias that occurred 
in association with other parasomnias at Time 2. Except for an association 
between sleep walking and sleep talking, parasomnias occurred independent of 
each other.   

 
 

Discussion 
 The TuCASA study has documented the prevalence, incidence and 
remission of parasomnias in a population-based sample of 10-17 year old 
subjects. We found that incidence rates for parasomnias were very low for EN NT 
and SW and remission rates were high for all parasomnias. Furthermore, 
incidence and remission rates did not appear to be related to symptoms of sleep 
disturbances or learning problems, and except for sleep walking and sleep 
talking, they generally were not co-prevalent. 
 In this study, except for ST, prevalence rates for parasomnias in our cohort 
of adolescents were relatively low. Available data documenting the prevalence 
rates of various parasomnias in this age group are relatively sparse with previous 
reports largely restricted to preadolescents. 4, 9-12, 15 However, with respect to SW, 
3 previous studies in adolescents have observed prevalence rates ranging from 3 
to 15% which are higher than the 1.4% noted in our study.18-20 Inconsistent 
prevalence rates have been noted for NT with one study reporting rates <4%,20  
but another reporting 10.2%.19 In contrast, the prevalence of enuresis 7, 18, 20 and 
the prevalence of ST 6,13, 20 in adolescents have been reported to be consistently 
low and high respectively. Our data are concordant with these previous reports. 
However, the relevance of these comparisons is unclear since no standard 
method of assessing the frequency of parasomnias exists. Our requirement that 
these events occurred more than three to five times per month are more stringent 
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than those employed in most studies. Thus, it not surprising that our prevalence 
rates for SW and NT in adolescence are discordant with previous observations. 
 There is general consensus that childhood parasomnias remit as children 
develop from childhood to adolescence and that few adolescents develop them.5, 

21 However, this impression is based primarily on empiric observations because 
there are few longitudinal studies.20, 22, 23 The largest longitudinal study 
prospectively interrogated parents of children at age 10 through age 13 years, 
but retrospectively questioned parents to determine if a parasomnia was present 
between ages 3 and 9 years.20 In this study, prevalence rates were noted to 
decline markedly by age 13 years to 3.3%, 1.2% and 2.0% for SW, NT and EN, 
respectively. In contrast, there was only a slight nonsignificant decrease in ST 
with 29.2% of children still having this condition at age 13 years. Our data are 
generally consistent with the results of this previous study although our 
prevalence of ST is somewhat lower. However, we extend these foregoing 
findings by documenting incidence and remission rates. Except for ST, very few 
adolescents developed new parasomnias. Nonetheless, although remission rates 
were high, some participants in this study had persistent symptoms which likely 
continue through into adulthood.24, 25  
 We previously examined the prevalence of parasomnias in the TuCASA 
cohort when the children were preadolescents.9 We found an association 
between parasomnias, and SDB, symptoms of other sleep disturbances and 
learning problems. Unfortunately, because of the small numbers of children with 
parasomnias in this follow-up cohort, we were unable to determine whether these 
latter findings are still present.  

In this study, standardized BMI increased as did the % of the cohort 
classified as obese. While these observations most likely are a reflection of the 
ongoing obesity epidemic in the United States, those with parasomnias did not 
have significantly higher standardized BMI.  
 Some evidence indicates that individuals with one parasomnia have a 
greater likelihood of having another one.20, 25 Consistent with these previous 
studies, we found a modest association between ST and SW, both of which are 
disorders of arousal. Otherwise, we found little evidence to support the 
contention that parasomnias are more likely to be co-prevalent. 
 Although our study is the first to prospectively document the incidence and 
remission of parasomnias in a large general population of children, it is not 
without some limitations. First, it is possible that parents underestimated the 
actual number of parasomnias that occurred. Depending on the bedtime of the 
child and the severity of the event, it is probable that parents are not awake 
during every occurrence. Second, recruitment may have incurred a selection bias 
so that parents who agreed to have their children participate might be more likely 
to have symptomatic children than those who did not. We think this unlikely 
because the focus of the study was SDB and it is unlikely that parents agreed to 
have their children participate based on the presence of parasomnias. Lastly, 
there were 153 subjects that participated at Time 1 but that did not participate at 
Time 2. There was no difference related to gender between those that 
participated at Time 2 and those that did not although slightly more Hispanic 
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adolescents were lost to follow-up than Caucasians. In addition, the prevalence 
rates of parasomnias in the entire cohort and the restricted were the same. Thus, 
we do not believe that the restricted cohort of children who had data at both time 
points was markedly different than the larger group of children recruited at Time 
1. 
 In conclusion, although parasomnias are relatively common in childhood, 
our study demonstrates that most remit, and that the development of 
parasomnias in older children is uncommon. Our findings provide objective data 
supporting the generally accepted perception that most parasomnias in children 
will resolve over time. 
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