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Delta sleep instability in children with
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The objective of the present study was to evaluate the expression of a cyclic alternating pattern (CAP) in slow wave sleep (SWS)
in children with the well-defined chronic syndrome juvenile idiopathic arthritis (JIA). Twelve patients (9-17 years of age), 7 girls,
with JIA were compared to matched controls by age, pubertal stage and gender. After one night of habituation in the sleep
laboratory, sleep measurements were obtained by standard polysomnography with conventional sleep scoring and additional
CAP analyses. The sleep parameters of the JIA and control groups were similar for sleep efficiency (91.1 £ 6.7 vs 95.8 £ 4.0),
sleep stage in minutes: stage 1 (16.8 £ 8.5 vs 17.8 £ 4.0), stage 2 (251.9 + 41 vs 262.8 + 38.1), stage 3 (17.0 £ 6.0 vs 15.1 £5.7),
stage 4 (61.0 £ 21.7 vs 77.1 + 20.4), and rapid eye movement sleep (82.0 + 27.6 vs 99.0 + 23.9), respectively. JIA patients
presented nocturnal disrupted sleep, with an increase in short awakenings, but CAP analyses showed that sleep disruption was
present even during SWS, showing an increase in the overall CAP rate (P < 0.01). Overall CAP rate during non-rapid eye
movement sleep was significantly higher in pediatric patients who were in chronic pain. This is the first study of CAP in pediatric
patients with chronic arthritis showing that CAP analyses can be a powerful tool for the investigation of disturbance of SWS in

children, based on sleep EEG visual analysis.
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Introduction

Pain has a strong influence on a person’s quality of life
with day-to-day fluctuations of well-being (1). Chronic painful
physical conditions are an important cause of insomnia in
patients (2), and it has been reported that pain is a major
factor in the expression and evolution of depressive disor-
der (3). Changes in EEG sleep patterns of patients in pain,
particularly because of rheumatoid arthritis, have been
reported (4). These changes are expressed in sleep frag-
mentation, a high number of awakenings, reduction of
sleep efficiency, increase in stage 1 non-rapid eye move-
ment (NREM) sleep, with a consequent increase in day-
time drowsiness (5), and in complaints of fatigue (6). It has
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been suggested that the presence of changes in sleep
patterns is associated with an increase in severity of pain
complaints (7). Despite the fact that investigation of sleep
may be a useful tool in patients with chronic pain, polysom-
nography studies still remain controversial in understand-
ing the influence of pain during sleep (8). Also, limited
information exists on sleep and chronic pain in pediatric
cases. The intrusion of alpha in slow wave sleep (SWS)
called alpha-delta sleep has been described as an EEG
pattern that can be seen in chronic painful physical condi-
tions in adults (8-11). It can be demonstrated in subjects
with fibromyalgia and rheumatoid arthritis (6,12), but al-
pha-EEG sleep has also been reported in symptom-free
subjects (8,13). There is also controversy surrounding
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delta-alpha pattern: this is not a sensitive marker for the
detection of chronic pain (8) and it is not noted in many
fibromyalgic patients (14) or in patients with other chronic
pain conditions (8,15,16).

Compared with adults, children have different arousal
responses to stimuli during all sleep stages (17). However,
high rates of nocturnal awakenings and daytime sleepi-
ness have been reported in children with juvenile idio-
pathic arthritis (JIA) (18,19). There is no correlation be-
tween visual sleep scoring (20,21) and sleep/wake distur-
bances in adults with rheumatoid arthritis (22). There is a
clear need for a better understanding of sleep disruption
caused by chronic pain not only in adults, but also in
children where data are lacking.

The cyclic alternating pattern (CAP) is a sleep EEG
pattern that has been linked to sleep instability of NREM
sleep in adults with chronic pain. The aim of the present
study was to investigate the presence of CAP in children
with JIA. We hypothesized that there would be an increase
in the CAP rate in SWS of children with JIA compared to
healthy matched controls. We also compared the Ameri-
can Association of Sleep Medicine (AASM) arousal and
conventional sleep parameters with CAP analyses.

Subjects and Methods

Twelve young individuals (7 girls, 9-17 years of age)
with JIA and 12 healthy controls were prospectively re-
cruited and evaluated during the active phase of the ill-
ness. These tests were conducted between 2000 and
2002. All patients met the criteria of the American College
of Rheumatology for active polyarticular JIA (23) and were
seen consecutively in a specialized clinic. The inclusion
criteria were the presence of clinical activity of the illness
and/or increased erythrocyte sedimentation rate and/or
reactive C-protein for a minimum of 6 months indicating
inflammation. Exclusion criteria were the presence of neuro-
psychiatric diseases, and the presence of clinical signs
and symptoms of other sleep disorders. Control individuals
were matched for age, gender and pubertal stage. They
were recruited from the community and underwent clinical
examination, answered sleep/wake questionnaires, and
were submitted to a polysomnograph. In both groups, the
participating individuals or their legal caretakers signed
an informed consent and the protocol was approved by
the Ethics Committee of S&o Paulo Federal University
(UNIFESP). The participation of all subjects in this study
was voluntary.

Recording and conventional analysis
All patients were followed by a pediatric rheumatologic
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clinician. After 1 week of taking sleep logs that were used
to evaluate their sleep/wake schedule and normal sleep
time, the patients were in a laboratory at 7:30 pm and
underwent an adaptation-night to monitor their sleep. The
following night examinations were carried out during usual
sleep time with lights off based on sleep logs. The record-
ings had a minimum duration of 7.5 h of total sleep time,
and were performed on a computerized sleep system
(Stellate System™, Harmonie 2.4, Canada) with a sam-
pling frequency of 200 Hz/channel. Recordings included
four channels for EEG (C3-A2, C4-A1, O1-A2, 02-A1), two
for electrooculogram (right and left), two for electromyo-
gram (chin and anterior tibial), one for electrocardiogram
(modified V2 lead), and channels for oral and nasal ther-
mistors, microphone, thoracic, abdominal belts and pulse
oximetry (Ohmeda™, Finland). Evening and morning ques-
tionnaires were administered to assess subjective quality
of wake and sleep prior to the study in the laboratory. After
all recordings were collected, they were converted into
European Data format (EDF) to reanalyze the signals into
the Somnologica program.

Sleep stages and wakefulness were scored in 30-s
epochs, according to standard criteria (20). The sleep
parameters analyzed were: sleep onset latency defined as
three consecutive epochs of stage 1; total sleep time
(TST); sleep efficiency (TST/total recording time); awake
time after sleep onset. The NREM and rapid eye move-
ment (REM) sleep stages and percent of TST were re-
corded. Arousals were calculated with identification of
short (>3 s) arousal according to the AASM definition (21).
Arousals were scored based on the definition for adults
that does not include delta activity in each event. Arousal
was defined as an abrupt EEG shift toward fast activity
such as 8-13 Hz (alpha) or >16 Hz (beta). In REM sleep, an
increase in amplitude of submental EMG was required to
score an arousal event. A minimum interval of 10 s of
continuous sleep was needed to score each event. An
arousal index was derived from these tabulations.

CAP visual analysis during NREM sleep

CAP parameters were detected visually according to
the CAP Consensus Report (22). Two investigators inde-
pendently scored either sleep/wake architecture based
upon the criteria of Rechtschaffen and Kales (20) and CAP
analyses were according to international criteria (22). These
investigators were blind to clinical information. CAP phase
A is considered to be periodic EEG activity during NREM
sleep with an activation phase lasting 2-60 s, which may
include high-voltage slow waves (synchronization) or low-
voltage fast waves (desynchronization). CAP phase B is
described as the interval between two A phases, with a
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duration of 2-60 s, corresponding to stage-related back-
ground activity. CAP cycles were defined as the sum of A
and B phases. CAP sequences, identified by repetitive
clusters of stereotyped EEG features, were analyzed for at
least two consecutive CAP cycles (see Table 1).

The CAP parameters analyzed during NREM sleep
were: CAP rate (percent of CAP sequences in total NREM
sleep), CAP time, CAP cycle count and duration, CAP
phase A count and duration, CAP phase B count and
duration, and CAP sequence count and duration. Phase A
was divided into three subtypes: subtype A1 with predomi-
nance of synchronized EEG activity, and less than 20%
desynchronization, such as delta bursts, K complex se-
quences, vertex waves, and polyphasic bursts (of slow
and fast rhythms); subtype A2, scored in the presence of
20 to 50% desynchronized EEG activity, with predomi-
nance of polyphasic bursts; subtype A3, at least 50% of the
EEG activity comprised low amplitude fast rhythms, such
as K-alpha complexes, AASM arousals, and polyphasic
bursts. Phase A subtype indexes were calculated and
reported as the percent of phase A1, A2, or A3 per hour of
NREM sleep.

Table 1. Scoring system for sleep patterns.
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Statistical analysis

Central tendency measures were reported as means
and standard deviation. The t-test for independent samples
was used for identifying differences in sleep parameters,
with a significance level set at P < 0.05. One-way ANOVA,
followed by the Tukey test, was used to determine the
statistically significant differences between CAP param-
eters during NREM sleep stages in the JIA group. The level
of significance for analysis of variance was set at P < 0.01.
After determining the normality of distribution, correlations
were obtained between conventional sleep parameters
and CAP parameters, as well as between CAP events and
AASM arousals with Spearman’s correlation coefficient
(rs). The level of significance for the correlation tests was
set at P < 0.05.

Results

A description of the participants, patients and controls,
is presented in Table 2. Sleep quality was assessed by
questions evaluating sleep satisfaction. All children and
adolescents reported that the night's sleep in the sleep

Cyclic alternating pattern (CAP)
Phasic EEG events

Abrupt slow or fast EEG shift that can change the sleep EEG background activity

Duration of events: lasting more than 2 and less than 60 s

CAP sequence

Sequences of two phasic EEG events alternating with EEG background activities

Each CAP sequence: at least two CAP cycles in succession

CAP cycle

Each CAP cycle includes: Phase A (phasic events) + Phase B (recurring periods of EEG background activities)

Phases A
Phase A1:

Phases A consisting exclusively of synchronized EEG patterns (intermittent alpha rhythm in stage 1; sequences of K

complexes or of delta bursts in the other NREM stages)
Phase A2:

Phases A consisting of desynchronized EEG patterns preceded by slow high-voltage waves (i.e., K complex sequences with

alpha and beta activities, K-alpha)
Phase A3:

Phases A with only desynchronized EEG patterns (ASDA arousals; fast activities)

Phase B
Phase B:
EEG background activities according to each sleep state

ASDA arousal

Abrupt EEG shift toward fast activity, such as 8-13 Hz (alpha) or >16 Hz (beta)

Duration: lasting more than 3 and less than 15 s

The scoring system was taken from Refs. 20 and 21. NREM = non-rapid eye movement sleep; ASDA = American Sleep Disorders

Association.
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laboratory was no different from sleep at home. The patients
had complaints about their sleep due to pain for at least 2
months prior to the sleep recording. The results of the
nocturnal sleep analysis are presented in Table 3. JIA pa-
tients had significantly more arousals than controls. They
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REM, and number of arousals in REM sleep were not
significantly different between groups. In fact, children with
JIA showed more sleep fragmentation scored as short
arousals than healthy controls.

CAP analyses showed several significant differences

also presented less time in stage 4 NREM sleep, had longer (P < 0.05, t-test; see Table 4). The percentage of CAP in

total sleep time, and wake time after sleep onset (WASO; P
< 0.05). The fact that no significant changes in sleep stages
were noted is a reflection of a scoring artifact, because short
arousals <10 s do not lead to a change in epoch scoring
when using Rechtschaffen and Kales international scoring
scale (20). Sleep latency, sleep efficiency, stages 1-3 NREM,

Table 2. Characteristics of the participants of this study.

JIA (N =12) Controls (N = 12)

Age (years) 125+ 24 13.1 £ 20
Girls:Boys 7:5 7:5
Time of disease

>3 years 7 -

<3 years 5 -
Impaired joints (N) 11.7 £ 11 0
Erythrocyte sedimentation 376 £ 274 Not detected

rate (mm/h)

Data are reported as means + SD. JIA = juvenile idiopathic
arthritis; N = number of subjects. There were no significant
differences between age or gender ratios (P > 0.05, U-test).

Table 3. Sleep parameters.

JIA(N=12) Controls (N = 12)
Sleep latency (min) 176 + 154 121 £ 7.2
Total sleep time (min) 477.1 £ 43.1* 4295 + 51.9
WASO (min) 43.1 £ 2.7* 19.8 £ 5.0
Sleep efficiency (%) 91.1 £ 6.7 95.8 £+ 4.0
Stage 1 NREM (min) 16.8 £ 85 17.8 £ 10.4
Stage 2 NREM (min) 2519 £ 41.0 262.8 + 38.1
Stage 3 NREM (min) 17.0 £ 6.0 15.1 £ 5.7
Stage 4 NREM (min) 61.0 + 21.7* 77.1 £ 20.4
REM (min) 82.0 + 27.6 99.0 + 23.9
NA-NREM sleep 69.9 + 28.6* 39.2+174
NA-REM sleep 129 £ 9.2 99 £ 6.7
Arousal index 11.2 + 5.2 55624
Arousal index in REM sleep 9.4 = 5.4* 4.8 + 2.1
Arousal index in NREM sleep 8.4 + 3.6 4.7 + 1.7

Data are reported as means + SD. JIA = juvenile idiopathic
arthritis; WASO = wake time after sleep onset; NREM and REM
= non-rapid and rapid eye moviment sleep; NA-NREM sleep =
number of ASDA arousals in non-rapid eye movement sleep;
NA-REM sleep = number of ASDA arousals in rapid eye move-
ment sleep. ASDA = American Sleep Disorders Association. *P <
0.05 compared to controls (U-test).
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stage 4 in JIA patients was significantly higher than in
control subjects (93.6 + 6.3 vs 81.5 £ 14.8%, respectively;
P < 0.01, t-test). In the patient group, the CAP parameters
during stages of NREM sleep (Table 5) were increased in
stages 3 and 4, and the duration of phase A was higher in
stage 4 than in stage 2 (P < 0.01, ANOVA; P < 0.01, post
hoc Tukey test). All CAP phase A indexes were significant-
ly different (Table 4). The number of CAP-A2 subtypes was
higher in stage 3 of NREM sleep, in the patient group than
in the control group (P < 0.01, t-test).

Several significant correlations were detected in the
parameters of JIA patient group using the Spearman test.
A positive correlation was observed between the number
of EEG arousals and the sum of phases A2 and A3 sub-
types (rs = 0.80; P < 0.01), but not with phase A1 subtype
(rs = -0.08; P = 0.73). A positive correlation was found
between duration in minutes of stage 1 and CAP rate (rs =
0.47; P <0.01), but not with AASM arousal index in NREM
sleep (rs = -0.20; P = 0.83). A positive correlation was also
found between WASO and the index of phase A2 subtype
during SWS (rs = 0.62; P < 0.01). A positive correlation was
also found between the number of A3 subtype events and
sleep stage 2 duration (rs = 0.72; P <0.01), but this was not
statistically significant for AASM arousal (rs = -0.15; P =
0.90). The number of joints with impairment was positively
correlated with CAP rate (rs = 0.24; P < 0.01) and AASM
arousal index (rs = 0.29; P < 0.01), but not with sleep

Table 4. Cyclic alternating pattern (CAP) parameters during non-
rapid eye movement (NREM) sleep.

JIA(N=12) Controls (N = 12)

CAP rate (%) 66.0 £ 2.7* 52.7 + 8.6
CAP time (min) 227.2 + 30.2* 195.7 £ 29.6
CAP cycle number 538.9 + 95.7*  446.3 + 96.7
Duration cycle (s) 255+ 23 26.8 £ 2.8
Duration A phase (s) 86+ 13 82+12
Duration B phase (s) 17.0 £ 1.6* 18.6 £ 2.1
CAP sequence duration (s) 484.3 £+ 87.3* 391.7 £+ 1314
Index of phase A subtypes

Al 60.9 = 9.2* 81.5 + 9.1

A2 253 = 4.6* 13378

A3 13.0 = 6.5* 57 %25

Data are reported as means * SD. JIA = juvenile idiopathic
arthritis. *P < 0.01 compared to controls (U-test).
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Table 5. Cyclic alternating pattern (CAP) expression during non-rapid eye movement sleep stages in patients with juvenile idiopathic

arthritis.

Stage 1 Stage 2 Stage 3 Stage 4 ANOVA F(3,27) Significant post hoc
CAP rate (%) 26.6 + 11.5 584 + 6.3 90.8 + 9.7 93.6 + 6.3 95.7 S4,83>82,S1*
CAP time (min) 54 +£38 144.1 + 39.0 20.7 £ 18.7 57.1 + 20.9 71.6 S$2>S4>S3,S1*
CAP cycles (N) 104 £ 71 334.3 £ 99.0 54.5 + 499 139.3 + 54.9 50.5 S$2>84>83,S1*
CAP cycles (s) 298 5.7 26124 236 £4.0 25028 5.1 S1>83,54*
Phase A (s) 8.5 + 3.1 7.8 +£14 95+ 1.1 102 + 1.7 19.4 S4>82*
Phase B (s) 214 £53 183 £ 1.5 14.5 + 3.7 14.7 + 2.3 9.9 S1>83,S4; S2>S3*

Data are reported as means + SD. *P < 0.05 (post hoc comparison Tukey test).

parameters scored using Rechtschaffen and Kales crite-
ria. Finally, the erythrocyte sedimentation rate was corre-
lated with WASO in minutes (rs = 0.76; P < 0.01) and
negatively correlated with CAP rate (rs = -0.48; P < 0.01),
but not correlated with the AASM arousal scores.

Discussion

This study shows the potential value of CAP sleep
analysis of child patients with chronic pain. All of these
patients reported sleep abnormalities. However, there were
no significant changes in the time spent in each sleep
stage when comparing patients with controls, and the total
sleep time was even longer in patients compared with
controls. Significant changes were seen only when short
arousals were tabulated. The investigation of CAP indi-
cated an abnormal instability of NREM sleep in JIA sub-
jects shown by a significant increase in CAP rate, particu-
larly in delta sleep. The increase in CAP rate has also been
found in healthy subjects during the peripubertal period
(24), in children with chronic snoring (23), in children with
chronic sleep walking (25), and in sleep disorders in adults
(26-29). Our results agreed with other authors (30) that the
CAP rate can be a good measure of the SWS instability in
children.

According to Parrino et al. (31), the CAP-A2 and -A3
subtypes are associated with sleep fragmentation in adults.
Our data showed an increase in CAP-A2 in children with
JIA that can indicate CAP-A2 subtype as a sensitive marker
of sleep instability in JIA. CAP-A1 subtypes were less
prominent than in controls (P < 0.01), another indication of
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