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Abstract
Background: Recent studies in children have demonstrated that frequent occurrence of parasomnias is related to
increased sleep disruption, mental disorders, physical harm, sleep disordered breathing, and parental duress. Although
there have been several cross-sectional and clinical studies of parasomnias in children, there have been no large,
population-based studies using full polysomnography to examine the association between parasomnias and sleep
disordered breathing. The Tucson Children's Assessment of Sleep Apnea study is a community-based cohort study
designed to investigate the prevalence and correlates of objectively measured sleep disordered breathing (SDB) in pre-
adolescent children six to 11 years of age. This paper characterizes the relationships between parasomnias and SDB with
its associated symptoms in these children.

Methods: Parents completed questionnaires pertaining to their child's sleep habits. Children had various physiological
measurements completed and then were connected to the Compumedics PS-2 sleep recording system for full,
unattended polysomnography in the home. A total of 480 unattended home polysomnograms were completed on a
sample that was 50% female, 42.3% Hispanic, and 52.9% between the ages of six and eight years.

Results: Children with a Respiratory Disturbance Index of one or greater were more likely to have sleep walking (7.0%
versus 2.5%, p < 0.02), sleep talking (18.3% versus 9.0%, p < 0.006), and enuresis (11.3% versus 6.3%, p < 0.08) than
children with an Respiratory Disturbance Index of less than one. A higher prevalence of other sleep disturbances as well
as learning problems was observed in children with parasomnia. Those with parasomnias associated with arousal were
observed to have increased number of stage shifts. Small alterations in sleep architecture were found in those with
enuresis.

Conclusions: In this population-based cohort study, pre-adolescent school-aged children with SDB experienced more
parasomnias than those without SDB. Parasomnias were associated with a higher prevalence of other sleep disturbances
and learning problems. Clinical evaluation of children with parasomnias should include consideration of SDB.
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Background
Sleepwalking, sleep terrors, and sleep talking are parasom-
nias associated with arousal that usually occur during the
first third of sleep [1-3]. In contrast, enuresis may occur
during non-rapid eye movement (NREM) or rapid eye
movement (REM) sleep [4,5]. Recent studies in children
have demonstrated that frequent occurrence of parasom-
nias is related to increased sleep disruption, mental disor-
ders, physical harm, sleep disordered breathing (SDB),
and parental duress [6-10]. Although there have been sev-
eral cross-sectional and clinical studies of these parasom-
nias in children, there have been no large, population-
based studies using full polysomnography to examine the
association between parasomnias and sleep disordered
breathing [2,7,8,11]. Epidemiological surveys investigat-
ing parasomnias in the general population are uncom-
mon, perhaps because sleepwalking and sleep terrors are
usually considered harmless childhood occurrences.

The prevalence of parasomnias in the general population
of children has been estimated at approximately 5%–15%
for sleepwalking [12-14], 1%–6.5% for sleep terrors
[15,16], 5%–18% for enuresis [17-19], and 5%–10% for
sleep talking [15,20-22]. These estimates vary greatly
because rarely are the same definitions for the frequency
of events used and there are no commonly accepted defi-
nitions currently in use for these disorders, particularly
relating to the frequency of events. Furthermore, there is
also no commonly accepted definition for SDB in chil-
dren. Therefore, reports of associations between SDB and
parasomnias have not been done in a standardized man-
ner [23,24].

The Tucson Children's Assessment of Sleep Apnea study
(TuCASA) is a prospective cohort study designed to deter-
mine the prevalence of objectively documented SDB in
pre-adolescent children and to investigate its relationship
to symptoms, performance on neurobehavioral measures,
and physiologic and anatomic risk factors. This report
describes the prevalence of parasomnias in Hispanic and
Caucasian children and their association with objective
polysomnographic assessment of SDB.

Methods
The design of the TuCASA study specified recruitment of
Hispanic and Caucasian children aged six to 11 years to
undergo unattended home polysomnography, complete a
pediatric sleep habits questionnaire, and perform a neuro-
cognitive assessment. Subjects were recruited through the
Tucson Unified School District (TUSD), a very large dis-
trict with a substantial elementary school population.
Detailed recruitment methods have been described previ-
ously [25,26]. Typically, parents were asked to complete a
short sleep habits screening questionnaire and to provide
their contact information if they would allow study per-

sonnel to call and schedule a polysomnogram for their
child. Over the time period of recruitment, 7,055 screen-
ing questionnaires were sent and 2,327 were returned
(33%). Of those returning questionnaires, 1,219 (52%)
supplied recruitment information from whom we selected
children to undergo unattended home polysomnography.
Less than 10% of those parents approached declined to
have the procedure. An unattended home polysomno-
gram was scheduled as soon as possible after recruitment.

Methods for obtaining polysomnographic data have been
described previously [26]. Briefly, a two-person, mixed
gender team arrived at the home approximately one hour
prior to the child's normal bedtime. Informed consent
was obtained from the parent, and an Institutional Review
Board (IRB) approved assent form was signed by the
child. Questionnaires were administered, and anthropo-
metric and other physiological measurements were com-
pleted. Unattended overnight polysomnograms were
obtained using the Compumedics PS-2 system (Abbots-
ford, Victoria, Australia). The following signals were
acquired as part of the TuCASA montage: C3/A2 and C4/
A1 electroencephalogram, right and left electrooculo-
gram, a bipolar submental electromyogram, thoracic and
abdominal displacement (inductive plethysmography
bands), airflow (nasal/oral thermister), nasal pressure
cannula, finger pulse oximetry, ECG (single bipolar lead),
snoring microphone, body position (Hg gauge sensor),
and ambient light (sensor attached to the vest to record
on/off).

On the night of the home visit, the parent was asked to
complete a detailed Sleep Habits Questionnaire (SHQ).
Included were the questions: "Does this child sleep-
walk?", and "Does this child talk in his or her sleep? (Talk
without being fully awake?)". Responses were "Never",
"Less than three times per month", "three to five times per
month", or "More than five times per month". The occur-
rence of these parasomnias was defined as follows: sleep-
walking (SW) was present if it was reported more than
three times per month, and sleep talking (ST) was present
if it was reported more than five times per month. Addi-
tionally, 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 awak-
enings per month then the child was classified as having
sleep terrors (TR). Enuresis (EN) was present if it was
reported as occurring more than five times per month. The
SHQ was also used to define the occurrence of habitual
snoring (SN), excessive daytime sleepiness (EDS), wit-
nessed apnea (WITAP), difficulty initiating and maintain-
ing sleep (INSOM), and learning problems (LP). These
findings were considered present if they were reported
'frequently' or more [25]. Although the specific range and
order of questions used on the TuCASA SHQ and screen-
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ing questionnaires have not been previously validated,
key questions in the questionnaire have face validity and
were taken from those used by Carroll and colleagues
[27].

The Compumedics software system was used to process
all polysomnograms. Scoring has been described in detail
previously [26]. Briefly, sleep stages were scored according
to Rechtshaffen and Kales' criteria [28]. Arousals were
identified using criteria published by the American Acad-
emy of Sleep Medicine [29]. Apneas were scored if the
amplitude (peak to trough) of the airflow signal using the
thermister decreased below at least 25% of the amplitude
of 'baseline' breathing (identified during a period of regu-
lar breathing with stable oxygen levels), if this change
lasted for more than six seconds or two breath cycles.
Hypopneas were designated if the amplitude of any respi-
ratory signal decreased below (approximately) 70% of the
amplitude of 'baseline' and if the thermister signal did not
meet the criterion for apnea. 'Central' events were marked
if no displacement was noted on both the chest and
abdominal inductance channels. Otherwise, events were
scored as 'obstructive'. After full scoring, analysis software
was used to link each event to data from the oxygen satu-

ration and EEG channels. In this manner, the Respiratory
Disturbance Index (RDI) was defined as the number of
respiratory events (apneas and hypopneas) per hour of
the total sleep time. A 3% associated oxygen desaturation
was required for the event to be counted in the total RDI.
Use of this definition is supported by previous evidence
that an RDI of one, based on events with a 3% oxygen
desaturation, was clinically significant [2,30].

All studies were scored by a single registered polysomno-
graphic technologist who was required to demonstrate a
complete understanding of the study's scoring rules and
to articulate reasons for assigning epoch by epoch codes
for sleep and respiratory scoring. The initial 'pass' rate for
polysomnograms was 90%; the overall pass rate was 97%.
Approximately 5% of studies were re-scored by the same
scorer on a blinded basis to determine consistency in scor-
ing. No systematic differences were observed between ini-
tial and re-scored studies [26]. A night-to-night variability
study in 10 children showed no statistically significant dif-
ferences in key sleep parameters between two different
nights of recording [26]. The TuCASA protocol was
approved by both the University of Arizona Human Sub-
jects Committee and the TUSD Research Committee.

Table 1: Baseline characteristics

Male (50.0%) (n = 240) Female (50.0%) (n = 240) Total (n = 480)

n % of total* n % of total* n % of total*

Ethnicity Caucasian 129 26.9 148 30.8 277 57.7
Hispanic 111 23.1 92 19.2 203 42.3

Age 6–8 130 27.1 124 25.8 254 52.9
9–11 110 22.9 116 24.2 226 47.1

BMI >95% Yes 28 5.8 16 3.3 44 9.2
No 212 44.2 224 46.7 436 90.8

Sleepwalk Yes 8 1.7 9 1.9 17 3.5
No 232 48.3 231 48.1 463 96.5

Sleep talk Yes 26 5.4 28 5.8 54 11.3
No 214 44.6 212 44.2 426 88.8

Terrors Yes 15 3.1 15 3.1 30 6.3
No 225 46.9 225 46.9 450 93.8

Enuresis Yes 23 4.8 13 2.7 36 7.5
No 217 45.2 227 47.3 444 92.5

Snore Yes 40 8.3 32 6.7 72 15.0
No 200 41.7 208 43.3 408 85.0

EDS Yes 33 6.9 45 9.4 78 16.3
No 207 43.1 195 40.6 402 83.8

WITAP Yes 15 3.1 10 2.1 25 5.2
No 225 46.9 230 47.9 455 94.8

Insomnia Yes 76 15.8 65 13.5 141 29.4
No 164 34.2 175 36.5 339 70.6

LP Yes 16 3.3 12 2.5 28 5.8
No 224 46.7 228 47.5 452 94.2

*may not sum to 100% due to rounding.
Page 3 of 9
(page number not for citation purposes)



BMC Medicine 2004, 2 http://www.biomedcentral.com/1741-7015/2/14
Statistical analysis was done using SPSS 11.5 for Windows
2000 (SPSS®, Inc., Chicago, IL, USA). Comparisons of pro-
portions were made using contingency tables with statisti-
cal significance (p < 0.05) determined using the Pearson
chi-square test statistic. Because the continuous data were
not normally distributed, the Mann-Whitney U test was
used to compare medians.

Results
A total of 480 polysomnograms were completed on a
sample that was 50.0% female and 42.3% Hispanic
(Table 1). Approximately 53% of the children were
between the ages of six and eight years, and 9.2% were
classified as obese because their body mass index (BMI)
exceeded the 95th percentile for their age, gender and eth-
nicity [31]. Parental report shows that 3.5% of these chil-
dren had sleepwalking, 11.3% had sleep talking, 6.3%
had terrors, and 7.5% had enuresis. Children aged six to
eight years were more likely to have enuresis (10.6% ver-
sus 4.0%, p < 0.006), and there was trend for boys to have
more enuresis than girls (9.6% versus 5.4%, p < 0.08).
However, prevalence rates for sleepwalking, sleep talking,
and terrors were not different with respect to age, gender
and ethnicity. To further describe the sample, 15.0% of
these children had habitual snoring, 16.3% had report of
excessive daytime sleepiness, 5.2% had witnessed apnea,
29.4% had insomnia, and 5.5% had learning problems.
Polysomnographic evidence of SDB (RDI>1) was found
in 24% of children (n = 115). The mean RDI in these chil-
dren was 2.6 (sd = 3.4) in comparison to 0.38 (sd = 0.28)
in those without SDB.

Some common characteristics of sleep architecture in
these children are shown in Table 2. The mean sleep time
was approximately 487 minutes, with a sleep efficiency of
approximately 90%. In general, sleep architecture was typ-
ical for school-age children with stage 2 sleep accounting
for 52% of the sleep period, REM approximately 21%, and
slow-wave sleep approximately 22% of total sleep time.
Mean sleep and REM latencies were 18.5 and 130.9 min-
utes, respectively.

Children with SDB were more likely to have sleepwalking
(7.0% versus 2.5%, p < 0.02), sleep talking (18.3% versus
9.0%, p < 0.006), and enuresis (11.3% versus 6.3%, p <
0.08) than children without SDB (Figure 1). There was no
association between RDI and terrors at an RDI of one,
however, this association became significant if a cutpoint
of two events per hour was used (15.9% versus 5.3%, p <
0.005).

As shown in Figure 2, there was an association between
parasomnias with parent report of sleep disturbances and
learning problems. Children with sleepwalking were
more likely to have report of EDS, insomnia and learning
problems as well as a tendency to have more habitual
snoring. Children with sleep talking were more likely to
have habitual snoring, insomnia, and learning problems,
but not EDS. Children with terrors were more likely to
have habitual snoring, EDS, insomnia, and learning prob-
lems. Enuresis was strongly associated with habitual snor-
ing and witnessed apnea.

As shown in Table 3, children frequently were observed to
have more than one type of parasomnia. Children with
sleepwalking were also more likely to have sleep talking,
and those with sleep talking also had sleep terrors more
often. However, there were no associations between
arousal parasomnias and enuresis.

Table 4 shows the relationships between parasomnias and
sleep architecture. With the exception of enuresis, there
were no differences in sleep stage distribution between
those children with a parasomnia and those without.
Children with enuresis had significantly greater sleep time
(522 versus 500 min, p < 0.05), shorter sleep latency (7
versus 11 min, p < 0.008), and greater time in stage 2 (277
versus 258 min, p < 0.05) than children without enuresis.

Some parasomnias were associated with increased num-
bers of stage shifts during sleep (Table 4). Shifts from REM
to stage 1 (15.5 versus 11.0, p < 0.006), REM to stage 3 (8
versus 5, p < 0.02) as well as total shifts throughout the

Table 2: Sleep architecture (n = 480)

Mean SD

Sleep Time 487 minutes 79.7 minutes
Sleep Efficiency 89.8% 5.8%
Stage 1 (%) 4.6% 3.3%
Stage 2 (%) 52.0% 6.1%
Stage 3/4 (%) 21.9% 6.1%
REM (%) 21.5% 5.0%
Sleep Latency 18.5 minutes 21 minutes
REM Latency 130.9 minutes 50.8 minutes
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Associations between sleep disordered breathing and parasomniasFigure 1
Associations between sleep disordered breathing and parasomnias. Sleep disordered breathing (SDB) was defined as an RDI of 
more than one per hour of total sleep time. See text for complete definition.

Associations between parasomnias, and symptoms of sleep disordered breathing, and learning problemsFigure 2
Associations between parasomnias, and symptoms of sleep disordered breathing, and learning problems. SW, sleepwalking; ST, 
sleep talking; TR, sleep terrors; EN, enuresis; SN, snoring; EDS, excessive daytime sleepiness; INSOM, insomnia; LP, learning 
problems; WITAP, witnessed apnea. See text for complete definitions.
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night (78.5 versus 65, p < 0.005) were significantly greater
in those with sleep talking versus those without this
behavior. A similar finding was present for sleep terrors
with more frequent shifts from REM to stage 1 (14.5 ver-
sus 11, p < 0.05), and REM to wake (7 versus 6, p < 0.01).
However, there was a slightly lower arousal index (total
number of arousals per hour of sleep time) in those with
sleep terrors. For those children with sleepwalking, no
sleep characteristics were significantly different between
those with SW and those without.

Discussion
The TuCASA study has documented the relationships
among objectively obtained polysomnographic variables,
parental report of parasomnias and SDB-related symp-
toms in a population-based sample of six- to 11-year-old
children. We found that children with SDB were more
likely to have parasomnias. Furthermore, there was a
greater prevalence of other sleep symptoms and learning
problems among children with parasomnias. Finally, chil-
dren with parasomnias associated with arousal also exhib-
ited more sleep fragmentation, but were not observed to
have any alterations in sleep stage distribution. In con-
trast, children with enuresis did exhibit some minor

Table 3: Associations between parasomniac events (n = 480)

ST (n = 54) TR (n = 30) EN (n = 36)

Yes No p Yes No p Yes No p

SW Yes 8 9 0.001* 4 13 n/a 0 17 n/a
No 46 417 29 437 36 427

ST Yes 9 45 0.001* 7 47 0.11
No 21 405 29 397

TR Yes 3 27 n/a
No 33 417

n/a indicates insufficient n. *p # 0.05.

Table 4: Associations between sleep architecture (median) and parasomnias (n = 480)

SW ST TR EN

Yes No p Yes No p Yes No p Yes No p

Total sleep time (min) 498 502 0.79 489 503 0.48 510 502 0.48 522 500 0.05*
Total time in bed (min) 562 558 0.52 548 561 0.32 563 558 0.40 572 558 0.22
Sleep efficiency (%) 89.8 91.6 0.19 91.6 91.4 0.48 92.1 91.4 0.56 92.6 91.3 0.09
Sleep latency (min) 20 11 0.07 12 11 0.92 8 11 0.19 7 11 0.008*
REM latency (min) 137 130 0.63 145 130 0.35 135 130 0.68 145 129 0.29
Stage 1 (min) 17 19 0.78 16 19 0.42 21 19 0.37 17 19 0.59
Stage 1 (%) 3.4 3.8 0.81 3.1 3.8 0.43 3.8 3.8 0.38 3.2 3.8 0.39
Stage 2 (min) 264 259 0.58 262 260 0.93 249 260 0.93 277 258 0.05*
Stage 2 (%) 53 52.3 0.69 51.6 52.4 0.70 50.7 52.5 0.26 52.6 52.4 0.54
Stage 3/4 (min) 101 103 0.93 101 103 0.55 99.5 103 0.73 109 102 0.13
Stage 3/4 (%) 20.3 21.6 0.79 20.3 21.7 0.80 21.0 21.6 0.94 22.6 21.6 0.63
REM (min) 113 110 0.89 110 111 0.95 124 110 0.48 114 110 0.51
REM (%) 21.0 21.8 0.61 21.9 21.7 0.83 21.5 21.7 0.90 22.3 21.7 0.80
Shifts stage 2 to stage 1 2 3 0.78 4 3 0.06 2 3 0.73 4 3 0.14
Shifts stage 3 to stage 2 4 7 0.78 7 7 0.98 10 7 0.08 7 7 0.77
Shifts REM to stage 1 14 12 0.51 15.5 11.0 0.006* 14.5 11 0.05* 150.5 11.0 0.19
Shifts REM to stage 2 32 24 0.40 22.5 24 0.35 23.5 24 0.81 26.5 24.0 0.16
Shifts REM to stage 3/4 6 5 0.40 8 5 0.02* 5 5 0.66 6.5 5 0.48
Shifts REM to wake 4 6 0.19 7 6 0.39 7 6 0.01* 7 6 0.50
Total stage shifts 77 66 0.52 78.5 65 0.005* 79.5 66 0.06 72 66 0.08
Total arousals 29 27 0.24 26 27 0.39 25 27 0.24 27 27 0.48
Arousal index 3.5 3.3 0.39 3.2 3.3 0.58 3.1 3.3 0.05* 3.3 3.3 0.82

*p ≤ 0.05.
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changes in sleep architecture. These data provide evidence
from a general population sample that SDB is a risk factor
for parasomnias in children.

The major finding of our study is that children with SDB
in a general population cohort were more likely to have
sleepwalking and sleep talking. This observation is similar
to those noted in a general adult population in whom
those with SDB had a higher prevalence of nightmares
and other parasomnias than those without SDB [32,33].
Studies in children performed in clinical populations also
indicate that parasomnias such as sleep terrors and sleep-
walking occur more often in children with obstructive
sleep apnea (OSA) [8]. Our results extend these results to
a general population not referred for evaluation of a sleep
disorder.

The linkage between SDB and parasomnias most likely
involves the triggering of parasomnias by arousals related
to respiratory events. Recently, Espa et al. found that res-
piratory events occur more frequently in parasomniacs
than in controls, with an arousal reaction probably
involved in triggering the parasomnia episode [3]. In
addition, a study in pre-pubertal children by Guillemin-
ault et al. showed a clear, prompt improvement in sleep-
walking and sleep talking with treatment for SDB and
periodic limb movements (PLMS) [2]. It was suggested
that both SDB and PLMS induced parasomnias by pro-
ducing brief arousals from sleep. In our study, we noted
more evidence of sleep fragmentation manifested by a
greater number of stage shifts amongst those with sleep
talking and sleep terrors, but not sleepwalking. However,
there was a slight decrease in arousal index amongst those
with sleep terrors. The explanation for this latter finding is
not readily apparent. Although stage shifts were not
increased in those with sleepwalking, our findings never-
theless support the contention that SDB initiates paras-
omnias in children by promoting a greater nocturnal sleep
disruption. Furthermore, initiation of parasomnias by
SDB-induced sleep fragmentation suggests that clinical
evaluation of children with parasomnias needs to include
consideration of the simultaneous presence of SDB.

Our data show significant associations between parasom-
nias and frequent loud snoring, daytime sleepiness and
learning problems – symptoms known to be associated
with SDB in children. These observations are consistent
with our finding of a correlation between polysomno-
graphic SDB and parasomnias. The association between
parasomnias and learning problems is particularly note-
worthy because of the relationships between SDB and par-
asomnias, and between SDB and learning problems. It is
possible that parasomnias are an independent risk factor
for learning problems. Alternatively, because SDB is asso-
ciated with both parasomnias and learning problems, this

finding is actually an effect attributable to SDB. Unfortu-
nately, our study had an insufficient amount of data to
further investigate either of these explanations.
Nevertheless, our results are compatible with the report by
Ipsiroglu et al. who recently showed that snoring children
11–15 years of age also had more frequent sleepwalking,
night terrors, nightmares, and other nocturnal awaken-
ings than non-snorers [34]. In addition, we have shown
that children with parasomnias were more likely to have
insomnia. Similar findings have been reported by Gau et
al. in adolescents [6]. The association between parasom-
nias and clinical symptoms of other sleep disturbances
suggest that the health consequences of parasomnias
extend beyond their nocturnal manifestations.

Although enuresis is not usually considered a parasomnia
associated with arousal, we provide some population-
based evidence for an association between parent report
of enuresis and objectively measured SDB. In previous
studies in children, the relationship between nocturnal
enuresis and SDB in children has been inconsistent, with
some studies finding an association [35,36] and others
not finding one [37]. In a clinic sample using a definition
of SDB similar to ours but with a requirement for an oxy-
gen desaturation of 4%, Brooks et al. found that children
with RDI>1 were at higher risk for enuresis than children
with an RDI<1 [38]. Moreover, treatment of SDB in
children may improve or eliminate enuresis [36,39,40]. In
TuCASA, we found that children with SDB were more
likely to have enuresis than children without SDB (11.3%
versus 6.3%), although statistical significance was
borderline (p < 0.08). However, enuresis was strongly
associated with frequent loud snoring (p < 0.007), a
known correlate of SDB in children.

There have been relatively few studies of the sleep of
enuretic children in which there have been concordant
recordings of non-enuretic controls. Although one study
suggested that their enuretic children exhibited greater
amounts of delta sleep [41], others have found little dis-
crepancy between those with enuresis and controls [4,42].
Although in our study those with enuresis had a longer
sleep time, greater time in Stage 2 and shorter sleep
latency, these differences were relatively small. Thus, our
data would tend to support the contention that the sleep
of enuretic children is not greatly altered from those who
are not enuretic.

The prevalence of parasomnias in this population-based
study is similar to that found in previous samples of this
age group. However, comparisons are difficult, since no
standard method of assessing the frequency of parasom-
nias exists. Our definitions are more stringent than those
employed in most studies. Our requirement that these
events occurred more than three to five times per month
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exceeded reports where events were recorded if 'ever'
occurred [14,15]. In studies where the definition of para-
somniac events was similar to ours, the prevalence of
events is approximately the same [43-45].

Although our study is the first to evaluate the association
between childhood parasomnias and SDB using polysom-
nography in a large general population, it is not without
some limitations. Firstly, it is possible that parents under-
estimated 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. Owens et al. found that
four- to 11-year-old children tend to self-report more
sleep problems, particularly night wakings, than their par-
ents [46]. Secondly, our assessment of RDI was based on
one night of study. However, several studies have shown
that there is little night-to-night variability in polysomno-
grams done in children [47,48]. Nevertheless, the sleep of
some children may have been slightly hindered by the
recording equipment, especially the nasal thermister [30],
thus accounting for a slightly longer sleep latency. Thirdly,
our definition of sleep terrors, based upon parental report
instead of a tape recording, contains potential ambiguity.
It would have been desirable to ask more specific ques-
tions about the night time awakening of the child, how-
ever, our questionnaire did not specify between an early-
or late-night awakening. We did ask if the child could
remember a dream during or after the frightful awaken-
ing, however, there were insufficient numbers of these to
analyze. Since most of the events that a parent would
report presumably happen earlier in the child's sleep
period while the parent is still awake (when sleep terrors
would be most likely to occur), we have counted these as
terrors. This could account for the 6.3% prevalence of
sleep terrors observed in this study being on the higher
end of those reported by previous studies [21,34]. None-
theless, whether terrors or nightmares, the association
between SDB and these frightful awakenings is significant.
Fourthly, home polysomnography does not allow for con-
current observation of sleep behavior to confirm the
report of a parasomnia. However, laboratory sleep studies
also do not always directly observe the patient during a
parasomniac episode. Additionally, we were unable to
record leg EMG and thus monitor periodic limb move-
ments, which may be responsible for some sleep fragmen-
tation unrelated to SDB [49]. Finally, recruitment may
have incurred a selection bias so that parents who partici-
pated might be more likely to have symptomatic children
than those who do not participate. However, the sleep
architecture and other sleep-related characteristics of our
sample are similar to those found in 'normal' popula-
tions, so we do not believe that a large selection bias has
occurred.

Conclusions
In summary, the TuCASA study has demonstrated that
there are significant associations between parental report
of parasomnias and polysomnographically documented
SDB in a large general population of pre-adolescent
school children. Furthermore, they suggest that parasom-
nias occurring amongst those with SDB are triggered by
sleep fragmentation produced by SDB. These results
extend previous clinical findings to a population-based
sample that had objective determination of SDB and sug-
gest that evaluation of children with parasomnias should
include consideration of concomitant SDB.
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