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ABSTRACT. Objective. To investigate the relationship between clinical manifestations and sleep abnormalities in
patients with juvenile rheumatoid arthritis (JRA).
Methods. Twenty-one patients with active polyarticular JRA and 20 healthy controls were enrolled con-
secutively. Pain and functional impairment were assessed with standardized, validated Brazilian ques-
tionnaires. Sleep evaluation was based on parent reporting of their child’s sleep habits and polysomnog-
raphy; subjects underwent an adaptation night in the sleep laboratory. Sleep architecture was analyzed
and spectral analysis of non-rapid eye movement (REM) sleep was carried out by electroencephalogra-
phy.
Results. Patients with JRA exhibited higher indexes of periodic leg movements (PLM; p = 0.02), iso-
lated leg movements (LM), and arousals, as well as increases in alpha activity in non-REM sleep (all p
< 0.01), in spite of similar frequency of sleep complaints in comparison to controls. Among JRA
patients, greater alpha activity in non-REM sleep was observed in the participants with greater joint
involvement assessed by the Escola Paulista de Medicina-Pediatric Range of Motion Scale (p = 0.03)
or joint count (p = 0.02). Correlation was observed between morning stiffness and PLM and/or LM (rg
=0.75, Sr=0.74, p < 0.001 for both), and between self-rating scores of pain and alpha activity in non-
REM sleep (rg = 0.74, p < 0.001).
Conclusion. Pain symptoms and disability are related to sleep fragmentation in patients with active

polyarticular JRA. (First Release Mar 1, 2006; J Rheumatol 2006;33:796-802)
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Nocturnal sleep disruption in children can result in daytime
sleepiness, fatigue irritability, attention disorders, hyperactiv-
ity, and school absenteeism'. Based on parental reporting,
intermittent nocturnal awakenings and daytime sleepiness are
the most common sleep related complaints in patients with
juvenile rheumatoid arthritis (JRA)2-3. Zamir, et al* found an
increase in daytime sleepiness in patients with JRA by the
Multiple Sleep Latency Test (MSLT) in 3 of 7 patients ana-
lyzed, and sleep fragmentation as the main finding using
polysomnography (PSG). Subsequently, Labyak, et al detect-
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FRAGMENTATION

ed a slight correlation between morning pain and total sleep
period determined by actigraphy in a controlled study of 14
children’. But the severity of daytime dysfunction was not
correlated with sleep fragmentation in any of these studies.
Thus, we designed a case-control sleep study to determine the
relationship between sleep abnormalities and the severity of
pain and functional impairment in children with polyarticular
JRA.

MATERIALS AND METHODS

Study population. From 2000 to 2002, 24 participants aged 9 to 17 years with
active JRA and polyarticular course® were prospectively enrolled. The inclu-
sion criteria were a minimum followup period of 6 months, presence of clin-
ical disease manifestations (at least one inflamed joint), and increased ery-
throcyte sedimentation rate as laboratory evidence of inflammatory activity,
despite conventional treatment for arthritis. The exclusion criteria were the
presence of comorbidities (e.g., endocrine, respiratory, cardiovascular, diges-
tive, infectious, inflammatory, neurological, or psychiatric disease) and the
use of medications that influence sleep, except those necessary for treatment
of arthritis. Children with specific conditions that might influence sleep, such
as respiratory disturbances associated with adenotonsillar hypertrophy and
microcytic-hypochromic anemia, were also excluded. The control group com-
prised 24 age and sex matched healthy children and adolescents with no sleep
related complaints.

Clinical evaluation. All participants answered a questionnaire related to pain
and to sleep features, and underwent a physical examination and 2 recordings
of their nocturnal sleep. Children and/or their legal caregivers gave signed
informed consent that had been approved by the research ethics board of Sdo
Paulo Federal University. Adherence to the study was voluntary.
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An experienced pediatric rheumatologist assessed participants for the
presence of morning stiffness, number of inflamed joints, joint impairment
(i.e., degree of loss of motion), and presence of fibromyalgia tender points.
The degree of joint involvement was scored with the Escola Paulista de
Medicina-Pediatric Range of Motion Scale (EPM-ROM)’, from 0 (no impair-
ment) to 3 (maximum impairment). Functional disability was evaluated by the
Childhood Health Assessment Questionnaire (CHAQ)-Brazilian version®,
ranging from 0 (normal functional ability) to 3 (total physical disability); and
by American College of Rheumatology (ACR) criteria, ranging from 1 (nor-
mal functional ability) to 4 (important physical disability)®. Self-assessment
of pain was scored on a categorical 5-point face scale ranging from “no hurt”
to “hurts worst”19, validated for the Brazilian population!!. Fibromyalgia ten-
der points were assessed according to the ACR criteria!?, using the Fisher
dolorimeter.

To evaluate the quality of sleep, we used an inventory comprising 26
questions with a scale ranging from O (never) to 4 (always), covering disor-
ders of initiating and maintaining sleep, sleep breathing disorders, disorders
of arousal, sleep-wake transition disorders, disorders of excessive somno-
lence, and sleep hyperhidrosis'3. The questions were answered by the mother
or caregiver in the presence of the child.

Polysomnography. All volunteers participated in a 2-night sleep protocol, the
first night used for adaptation to laboratory conditions and the second night to
obtain sleep data for analysis. Participants were instructed to stop any med-
ication 48 hours preceding the sleep recordings, and to take only paracetamol
for pain during this 4-day period. For both sleep recordings, participants were
asked to go to bed at their usual time and all-night PSG was recorded for at
least 7.5 hours with a computerized, 16 channel system (Harmonie 2.4;
Stellate Systems, Montreal, Quebec, Canada). The following data were col-
lected: electroencephalogram (EEG; C3-A2, C4-Al, O1-A2, O2A1) at sam-
pling rates of 200 Hz per channel; electroculogram (right and left); elec-
tromyogram (EMG; chin and anterior tibial); electrocardiogram (modified V2
lead); respiration with nasal cannula and oral thermistor, neck microphone,
abdominal and thoracic belts, and pulse oximetry (Ohmeda™). An experi-
enced researcher, blinded to the clinical condition of participants, performed
sleep scoring using standardized criteria!®.

Total time of recording (TTR), sleep period time (SPT = TTR - sleep
latency), total sleep time (TST = SPT — wake stages after sleep onset), and
percentage of time in non-rapid eye movement (REM) sleep stage and REM
sleep were determined. Stages 3 and 4 of non-REM sleep were scored as
slow-wave sleep (SWS). Leg movements (LM) derived from EMG recorded
in both anterior tibialis muscles were scored by an increase in the amplitude
of the leg EMG of at least 25%, lasting 0.5 to 5 seconds. Periodic leg move-
ments (PLM) were considered present with scoring of a sequence of 4 or more
leg movements with an intermovement interval of 5 to 90 seconds'. Arousals
were scored when shift in frequency of sleep EEG (mostly in the theta range
4-8 Hz) lasting 3 to 15 seconds occurred'®.

Spectral analysis of non-REM sleep was performed on the C4-A1 EEG
channel in the first, most stable sleep cycles, comprising all sleep stages.
Along with signal averaging, 4-second Hanning window with 3.75% over-
lapping was used to fully capture incoming signals. The Welch-Bartlett tech-
nique was applied to increase stability of spectral analysis!?. Single or double
epochs of movement or artifact were automatically removed using 3 and 5-
point median filters. The relative power spectra density was calculated by
integrating the spectral density power in the following bands: delta-1 (0.5-2.0
Hz), delta-2 (2.0-4.0 Hz), theta (4.0-8.0 Hz), alpha (8.0-12.0 Hz), sigma-1
(12.0-14.0 Hz), sigma-2 (14.0-16.0 Hz), and beta (16.0-30.0 Hz).

Statistical analysis. The normality of the distribution was tested by
Kolmogorov-Smirnov test. Descriptive data are presented as mean + standard
deviation for parametric data and median (interquartile range, 25th and 75th
percentile) for nonparametric data. Comparisons between patients and control
children, and of subgroups of children with JRA with different degrees of
impairment, were performed using Student t test for parametric data and by
Mann-Whitney U test for nonparametric data. Comparisons among sleep
stages for sleep phase phenomena were by Kruskal-Wallis ANOVA, followed
by the multiple comparison test based on Kruskal-Wallis scores, when indi-

cated. Fisher’s exact test was used for comparison of qualitative data, and
Spearman’s correlation coefficient rg to correlate clinical and PSG variables.
The degree of correlation was considered moderate for rg from 0.41 to 0.60,
and substantial from 0.61 to 0.80. All analyses were performed using
Statistica/W (StatSoft; Tulsa, OK, USA). The level of significance was estab-
lished as p < 0.05 for parametric and p < 0.01 for nonparametric analysis and
correlations.

RESULTS
Among the children enrolled, 21 patients with JRA and 20 con-
trols completed all parts of the study. The participants’ demo-
graphic and clinical data are shown in Table 1. Although more
frequently reported by JRA patients, the frequency of sleep com-
plaints, such as difficulty falling asleep or waking in the morn-
ing, motor activity during sleep, or presence of parasomnias,
was not different between JRA patients and controls (Table 2).

PSG variables are shown in Table 3. There was a lower
sleep efficiency (p = 0.046) and a significant increase in
indexes of arousals (p = 0.00001), PLM (p = 0.02), LM (p =
0.004), and LM related to arousals (p = 0.00002) as well as
alpha/delta activity during non-REM sleep (p = 0.0005) in the
JRA group compared to the control group. EEG arousals and
alpha-delta activity were increased in JRA patients compared
to controls (Table 4), not only in sleep stages 1 and 2 but par-
ticularly in SWS (Figure 1).

JRA patients with a CHAQ functional disability score > 1
also exhibited a higher frequency of arousals (77.8% vs

Table 1. Characteristics of the patients with JRA and controls. Data are
mean + SD or number (%).

Controls, JRA,
n=20 n=21 p*
Age, yrs 13+£2 13+£2 NS
Female:male 10:10 12:9 NS
JRA onset (%) NA
Systemic 9 (43)
Polyarticular 12 (57)
ACR functional impairment (%) NA
Tand I 16 (76)
IIT and IV 5(24)
CHAQ 1.0+0.7 NA

EPM-ROM
Inflamed joints, n
Impaired joints, n

12+0.7 NA
34+20 NA
10.7+0.3 NA

Morning stiffness, n (%) 10 (48) NA
Morning stiffness, min 61 +10
Pain scale 0 1.4+1.1 NA

Tender point count 3017 4326 NS
Treatment
NSAID, n (%) 19 (90) NA
Steroids, n (%) 7 (33) NA
Methotrexate, n (%) 16 (76) NA
Other immunosuppressor, n (%) 7(33) NA

NSAID: nonsteroidal antiinflammatory drugs; CHAQ: Childhood Health
Assessment Questionnaire, functional evaluation scale; EPM-ROM:
Escola Paulista de Medicina-Pediatric Range of Motion Scale, joint mobil-
ity scale; NS: nonsignificant; NA: not applicable.
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Table 2. The Sleep Disturbance Scale for Children!?.

Controls, JRA,
n=20 n=21 p
DIMS 9.0+24 9.8 +32 0.37
SBD 300 300 1.00
DA 120+24 12.8 £3.2 0.37
SWTD 6.8+1.5 75+13 0.13
DOES 62+14 6.4+1.0 0.64
SHY 200 200 1.00

Total score 39.0 +6.1 41.5+6.8 0.23

DIMS: Disorders of initiating and maintaining sleep; SBD: sleep breathing
disorders; DA: disorders of arousal; SWTD: sleep-wake transition disor-
ders; DOES: disorders of excessive somnolence; SHY: sleep hyperhidro-
sis.

Table 3. Polysomnography data.

Controls,n =20 JRA,n=21 p

TTR (min) 4963 +37.0 519.6 £49.6 NS
Range 434.8-544.0  387.0-595.5

SPT (min) 4847 +34.5 493.7+59.3 NS
Range 424.8-529.0  356.0-583.0

TST (min) 472.1+353  439.6 +64.9 NS
Range 398.5-527.0  277.0-522.0

Sleep efficiency (%) 91.5+4.7 86.1 +10.7 0.04
Range 80.0-98.0 49.0-98.0

Sleep Latency (min) 10.0 (6.3) 15.0 (12.8) NS
Range 2.0-61.5 0.0-136.5

REM Latency (min) 1447 +38.0 139.1 +59.6 NS
Range 64.5-206.5 31.5-345.0

Stage 1 (%) 6.6+28 82+5.0 NS
Range 1.0-10.8 2.9-19.6

Stage 2 (%) 49.3+10.2 449 +8.2 NS
Range 25.6 -72.4 25.6-55.5

SWS (%) 233+8.0 25782 NS
Range 12.6-44.7 11.3-44.7

REM (%) 203 £5.6 21.6£55 NS
Range 9.1-28.1 9.8-35.1

Arousals/h 3319 10.7+6.3 0.00001
Range 1.1-8.5 1.5-24.2

PLM/h 1.1 (1.0) 2.3 (1.1) 0.02
Range 0-4.5 0-34.1

LM/h 1.5 (1.0) 3.7(8.2) 0.004
Range 0.2-5.5 0.6-36.1

LM arousals/h 0.1 (0.06) 0.8 (4.0) 0.00002
Range 0.01-0.4 0.03-11.0

Alpha-delta 0.08 (0.09) 0.6 (0.3) 0.0005
Range (0-0.2) (0.02-1.0)

AHI (events/h) 0.3+£0.2 03+0.2 NS
Range 0-0.8 0-0.8

Mean =+ standard deviation for parametric data and median (interquartile
range) for nonparametric data. NS: nonsignificant. TTR: total time of
recording, SPT: sleep period time (TTR — sleep latency), TST: total sleep
time (SPT — wake stages after sleep onset), PLM: periodic leg movements,
LM: isolated leg movements, AHI: apnea hypopnea index. * Student t test
or Mann-Whitney U test.

Table 4. Distribution of alpha/delta activity and arousal index according to
sleep stage. Data are median (interquartile range), range.

Controls,n =20 JRA,n=21

Stages 1 and 2

Alpha/delta 0.1 (0.05)* 0.3 (0.15)*
Range 0-0.2 0.02-0.6

Arousals/h 4.4 (2.62)" 243 (10.4)%"
Range 1.3-11.5 1.2-60.0

LM/h 9.0 (6.3)  23.7 (40.8)*T
Range 1.6-31.8 4.1-224.6

SWS

Alpha/delta 0 (0.05) 0.2 (0.1)*
Range 0-0.1 0-0.3

Arousals/h 2.6 (0.9) 12.4 (5.8)**
Range 1.1-8.6 0.6-57.0

LM/h 1.6 (1.2)* 4.3 (7.5)
Range 0.3-5.8 0.7-41.2

REM

Alpha/delta 0 (0.005) 0.02 (0.01)
Range 0-0.02 0-0.03

Arousals/h 4.4 (2.6) 24.3 (10.5)*
Range 1.3-11.5 1.2-60.0

LM/h 0.4 (0.3) 0.9 (1.7)
Range 0.1-1.3 0.2-9.2

SWS: slow wave sleep, LM/h: leg movements/hour of total sleep time.
Kruskal-Wallis ANOVA test followed by multiple-comparison tests
between individual groups, p < 0.01. Arousals: H (5, 123) = 65.74;
alpha/delta: H (5, 123) = 57.83; and LM/h: H (5, 123) = 79.10. * Greater
than in controls; © greater than in other sleep stages; # greater than in rapid
eye movement sleep.

16.7%; p = 0.009) and increase of and decrease of sleep effi-
ciency (80.8 +13.9 vs 90.3 £ 5.3; p = 0.04). Patients with high
functional impairment and with morning stiffness had higher
PLM and/or LM indexes than other participants (Table 5).
Patients with higher amount of joint involvement by EPM-
ROM and with pain symptoms had increased alpha/delta
activity (p < 0.01).

Table 6 shows significant correlation between clinical vari-
ables and PSG observations: there was a substantial correla-
tion (p < 0.01) between duration of morning stiffness and
PLM (rg = 0.75) and LM (rg = 0.78) scores, as well as between
pain symptoms and the alpha/delta rate (rg = 0.74).
Correlation between hemoglobin level and PLM or LM index
could not be established.

Fisher’s exact test showed no significant difference in any
of the sleep variables in relation to presence/absence or
amount of medication usage (Table 1).

DISCUSSION

Our study was designed to evaluate the possible association
between clinical manifestations and sleep disturbances in
patients with JRA. We used a different approach than previous
studies and selected school-age children with polyarticular
and active disease, as these individuals have prominent pain
and functional disability. A higher prevalence of sleep frag-
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Figure 1. Spectral profile of alpha-delta sleep in a patient with JRA.

Table 5. Phasic events of sleep according to clinical indicators of JRA.
Data are median (interquartile range).

Clinical Indicator PLM/h LM/h Alpha/delta
Impaired joints, N

<4,n=7 0.8 (0.6) 1.4 (0.3) 0.2 (0.3)

>4,n=14 13.3 (10.6) 14.8 (11.0) 0.5(0.3)

p 0.02 0.001 0.02
Morning stiffness

No,n=11 0.8 (0.7) 1.8 (1.0) 0.2 (0.3)

Yes,n= 10 17.3 (0.5) 20.3 (8.0) 0.6 (0.3)

p 0.001 0.0001 NS
EPM-ROM

< lL,n=7 1.2 (0.5) 1.4 (1.1) 0.1 (0.3)

>1,n=14 13.3 (10.7) 14.6 (11.0) 0.6 (0.3)

p NS 0.01 0.03
CHAQ

< 1,n=12 1.4 (3.5) 1.9 (3.8) 59.5 (34.8)

>1,n=9 13.5 (10.6) 18.2(17.6)  86.0 (72.5)

p Ns 0.03 NS
Pain*

No,n=9 0.0 (0.5) 1.8 (7.5) 0.1 (0.04)

Yes,n=12 7.4 (1.8) 8.2 (8.8) 0.7 (0.05)

p NS NS 0.0001

PLM: periodic leg movements, LM: isolated leg movements. * For pain
evaluation, “no” represents score 0 (zero) and “yes” represents scores 1 to
4. Mann-Whitney U test. NS: nonsignificant; EPM-ROM: Escola Paulista
de Medicina-Pediatric Range of Motion Scale; CHAQ: Childhood Health
Assessment Questionnaire.

mentation was verified in the JRA sample, as well as a rela-
tionship of these abnormalities with functional impairment,
pain, and morning stiffness.

In contrast to previous publications?>-, we were unable to

Table 6. Significant correlations between clinical and polysomnography
data.

Spearman Coefficient (r,) p

Alpha/delta and pain score 0.74 0.0001
PLM/h and morning stiffness, min 0.75 0.00009
LM/h and morning stiffness, min 0.78 0.00003

PLM: periodic leg movements, LM: isolated leg movements.

document a significant difference in daytime sleepiness
between the JRA and control groups. Although Zamir, et al*
detected increases in daytime sleepiness in 3 of 7 JRA patients
tested by MSLT, they also found no differences in the fre-
quency of sleep complaints or in reports of daytime sleepiness
between the total group of 16 JRA patients and 9 controls
recruited in their study. Considering the relatively small sam-
ple sizes and sociocultural factors'®!9 that may play a role in
these negative results, it becomes evident the instruments used
to assess daytime sleepiness in this and other studies lack
specificity, and more objective measures to assess daytime
sleepiness in the pediatric population are needed. With the
particular expressions of daytime sleepiness in children and
adolescents! in mind, we did not use the MSLT because, apart
from its objectivity in measuring sleepiness, this test provides
only a cross-sectional observation of alertness/sleepiness. To
evaluate daily complaints of sleepiness and tiredness, we
chose instead the Sleep Disturbance Scale for Children!3,
even though Factor 5 of this instrument, related to daytime
somnolence, does not deal with common manifestations of
sleep disruption in children such as irritability, distractibility,

impulsive behavior, and impaired school performance’.
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In spite of the lack of differences in sleep quality and sleep
restoration observed between groups, sleep fragmentation in
children with JRA was indicated by lower sleep efficiency,
higher arousal index, and PLM and LM associated or not with
arousals. In this group, EEG spectral analysis indicated an
increase in desynchronization by the appearance of alpha and
low-voltage fast rhythms in non-REM sleep, particularly in
SWS. Considering that secretion of growth hormone occurs
predominantly during SWS?, fragmentation of SWS in JRA
patients may contribute to impaired growth hormone secre-
tion, as suggested by Born, et al?!.

There is a considerable prevalence of sleep disorders in
individuals with chronic pain conditions, particularly in mus-
culoskeletal diseases*>-30, The association between pain and
sleep abnormalities is complex, as sleep disorders can
increase pain, as shown by the decrease in pain thresholds in
healthy individuals undergoing selective SWS depriva-
tion®!32 In our study, no correlation could be established
between morning pain and total sleep time, as reported by
Labyak, et al’. There was no significant difference between
JRA patients and controls in the distribution of sleep stages or
in the detection of abnormal respiratory events.

Positive correlation has been found between alpha/delta
activity in non-REM sleep and pain symptoms, even after
excluding fibromyalgia?>-20. The failure to find a correlation
between alpha-delta sleep pattern and the arousal index might
be because the criteria for detection and scoring of arousals®3
are still controversial®*35. In clinical studies, definition of
what constitutes arousal is critical, particularly in chil-
dren!6-36,

Consistent with our previous studies26-37, the occurrence of
alpha-delta phase events during sleep may represent a
decrease in the arousal threshold and reflect a primary arous-
al processing in response to an endogenous painful stimulus.
Sforza, et al®> give evidence in favor of this hypothesis, show-
ing that EEG synchronization occurs as a primary response to
stimulation, preceding EEG desynchronization and autonom-
ic activation and the onset of a physiological or pathological
cortical arousal.

The same has been described for PLM: cardiovascular acti-
vation associated with subtle modifications in EEG frequency
not detectable by visual inspection may precede the motor
event and the arousal identification®®. In our study the distri-
bution of arousal and LM or PLM events was aleatory, with
no correlation among the events. Studies have shown that the
frequency of arousal is the important aspect in the recovery
functions of sleep in patients with PLM, in whom arousal den-
sity is the best predictor of daytime somnolence®.

Considering the relationship between low iron storage con-
centrations and PLM in children*’, one limitation of our study
is that we did not examine participants’ iron levels. It is well
known that in JRA the anemia of chronic disease may often be
indistinguishable from anemia due to iron deficiency, because
of mechanisms that impair flow of iron from reticuloendothe-

lial cells to the bone marrow, shorten red cell lifespan, and
reduce erythropoietin responsiveness, and an accelerated plas-
ma iron clearance*!. Additional factors in the genesis of ane-
mia are impaired iron uptake by erythroblasts and local pro-
duction of cytokines such as tumor necrosis factor and inter-
leukin 6 in bone marrow*?>*3. Serum transferrin receptor
(sTfR) concentration is the measure of choice to distinguish
iron-deficiency anemia from anemia of chronic disease in sit-
uations in which inflammation influences the interpretation of
serum ferritin and transferrin levels*. Since an association
between sTfR and hemoglobin level has been described*> and
we found no correlation between hemoglobin and PLM or LM
indexes, we can infer that leg movements might not be attrib-
uted to low iron stores, but this possibility cannot be ruled out
totally.

Other limitations of this study are the small sample size
and the difficulty in withdrawing patients’ pain medication for
a period longer than 4 days. The absence of significant differ-
ences in sleep measures among JRA patients, independent of
the medication used, reinforces the hypothesis that the influ-
ence of steroidal and nonsteroidal antiinflammatory drugs
(NSAID) on sleep is less deleterious than the effects of the
inflammatory process**#8, It is well known that NSAID have
potential effects on melatonin secretion, and that they may
theoretically cause phase shifting and enhance nighttime alert-
ness in healthy subjects*”, but these data cannot be extended
to patients with pain, in whom pain and the disease process
per se may also disrupt sleep?’. Although healthy subjects
using NSAID exhibit reduction in SWS and REM, in patients
with RA these drugs do not seem to yield to objective sleep
changes; on the contrary, patients report improvement in sleep
evaluation®?*8, Nevertheless, we cannot exclude that the pro-
longed treatment of the JRA patients could partially explain
the changes in sleep EEG that we found.

We observed abnormal sleep patterns in children with JRA
experiencing chronic pain and/or functional impairment. A
followup study is needed to evaluate the implications of sleep
disruption on the natural course of the disease, as well as on
patients’ quality of life and response to treatment.

ACKNOWLEDGMENT

The authors are grateful to Jaques Belik, MD, for revision of the manuscript,
to Marcia Pradella Hallinan, MD, for sleep scoring, and to Agostinho A. Rosa,
PhD, for spectral analysis of the recordings.

REFERENCES

1. Ferber R. Childhood sleep disorders. Neurol Clin 1996;14:493-511.

2. Amos CE, Curry MR, Drutz IE, Frost JD, Warren RW. Sleep
disruption in school-aged children with JRA [abstract]. Arthritis
Rheum 1997;40 Suppl:S244.

3. Bloom B, Owens J, McGuinn M, Nobile C, Schaeffer L, Alario A.
Sleep and its relationship to pain, dysfunction, and disease activity
in juvenile rheumatoid arthritis. J Rheumatol 2002;29:169-73.

4. Zamir G, Press J, Tal A, Tarasiuk A. Sleep fragmentation in
children with juvenile rheumatoid arthritis. J Rheumatol
1998;25:1191-7.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved. |—

800

The Journal of Rheumatology 2006; 33:4

Downloaded on April 16, 2024 from www.jrheum.org


http://www.jrheum.org/

11.

20.

21.

22.

23.

Labyak SE, Stein L, Bloom B, Owens J, Lunsford V. Sleep in
children with juvenile rheumatoid arthritis [abstract]. Sleep 2001;24
Suppl:A15.

Brewer EJ, Boss J, Baum J, et al. Current proposed revision of JRA
criteria. JRA Criteria Subcommittee of the Diagnostic and
Therapeutic Criteria Committee of the American Rheumatism
Section of The Arthritis Foundation. Arthritis Rheum 1977;20
Suppl:195-9.

Len CA, Ferraz MB, Goldenberg J, et al. Pediatric Escola Paulista
de Medicina Range of Motion Scale: a reduced joint count scale for
general use in juvenile rheumatoid arthritis. J] Rheumatol
1999;26:909-13.

Len CA, Goldenberg J, Ferraz MB, et al. Cross cultural reliability
of the Childhood Health Assessment Questionnaire. J Rheumatol
1994;21:2349-52.

Hochberg MC, Chang RW, Dwosh I, et al. The American College
of Rheumatology 1991 revised criteria for the classification of
global functional status in rheumatoid arthritis. Arthritis Rheum
1992;35:498-502.

Bieri D, Reeve RA, Champion GD, Addicoat L, Ziegler JB. The
Faces Pain Scale for the self-assessment of the severity of pain
experienced by children: development, initial validation, and
preliminary investigation for the ratio scale properties. Pain
1990;41:139-50.

Len C, Goldenberg J, Ferraz MB, Hilario MOE, Oliveira L,
Sachetti S. Juvenile rheumatoid arthritis: the importance of pain
scales. Rev Bras Reumatol 1994;34:135-9.

Wolfe F, Smythe HA, Yunus MB, et al. The American College of
Rheumatology 1990 criteria for the classification of fibromyalgia.
Arthritis Rheum 1990;33:160-72.

Bruni O, Ottaviano S, Guidetti V, et al. The Sleep Disturbance
Scale for Children (SDSC). Construction and validation of an
instrument to evaluate sleep disturbance in childhood and
adolescence. J Sleep Res 1996;5:251-61.

Rechtschaffen A, Kales A, editors. A manual of standardized
terminology: techniques and scoring system for sleep stages of
human subjects. Washington, DC: US Public Health Service, NIH
publication no. 204; 1968.

Montplaisir J, Lorrain D, Godbout R. Restless legs syndrome and
periodic leg movements in sleep: the primary role of dopaminergic
mechanism. Eur Neurol 1991;31:41-3.

Mograss MA, Ducharme FM, Brouilette RT. Movement arousal.
Description, classification, and relationship to sleep apnea in
children. Am J Respir Crit Care Med 1994;150:1690-6.

So HC, Chan YT, Ma Q, Ching PC. Comparison of various
periodograms for sinusoid detection and frequency estimation in
aerospace and electronic systems. IEEE Trans Biomed Eng
1999;35:945-52.

Fallone G, Owens JA, Deanne J. Sleeplessness in children and
adolescents: Clinical implications. Sleep Med Rev 2002;6:287-306.
Palma BD, Anderesen ML, Mello MT, Tufik S. Sleep complaints in
Sao Paulo city: a comparision between the years 1987 and 1995.
Sleep Res 1997;26:455.

Born J, Muth S, Fehm HL. The significance of sleep onset and slow
wave sleep for nocturnal release of growth hormone and cortisol.
Psychoneuroendocrinology 1988;13:233-43.

Labyak SE, Bourguignon C, Docherty S. Sleep quality in children
with juvenile rheumatoid arthritis. Holist Nurse Pract
2003;17:193-200.

Drewes AM, Svendsen L, Taagholt SJ, et al. Sleep in rheumatoid
arthritis: a comparison with healthy subjects and studies of
sleep/wake interactions. Br J Rheumatol 1998;37:71-81.

Lavie P, Epstein R, Tzischinsky O, et al. Actigraphic measurements
of sleep in rheumatoid arthritis: comparison of patients with low
back pain and healthy controls. J Rheumatol 1992;19:362-5.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Reynolds G, Blake DR, Pall HS, Williams A. Restless leg
syndrome and rheumatoid arthritis. BMJ 1986;292:659-60.
Moldofsky H, Scarisbrick P, England R, Smythe H. Musculosketal
symptoms and non-REM sleep disturbance in patients with
“fibrositis syndrome” and healthy subjects. Psychosom Med
1975;37:341-51.

Roizenblatt S, Moldofsky H, Benedito—Silva AA, Tufik S. Alpha
sleep characteristics in fibromyalgia. Arthritis Rheum
2001;44:222-30.

Pilowsky I, Cretttenden I, Townley M. Sleep disturbance in pain
clinic patients. Pain 1985;23:27-33.

Branco J, Atalaia A, Paiva T. Sleep cycles and alpha-delta sleep in
fibromyalgia syndrome. J Rheumatol 1994;21:1113-7.
Schneider-Helmert D, Whitehouse I, Kumar A, Lijzenga C.
Insomnia and alpha sleep in chronic non-organic pain as compared
to primary insomnia. Neuropsychobiology 2001;43:54-8.

Drewes AM, Nielsen KD, Hansen B, et al. A longitudinal study of
clinical symptoms and sleep parameters in rheumatoid arthritis.
Rheumatology Oxford 2000;39:1287-9.

Moldofsky H, Scarisbrick P. Induction of neurasthenic
musculoskeletal pain syndrome by selective sleep stage deprivation.
Psychosom Med 1976;38:35-44.

Perlis ML, Giles DE, Bootzin RR, et al. Alpha sleep and
information processing, perception of sleep, pain and arousability
in fibromyalgia. Int J Neurosci 1997;89:265-80.

Bonnet M, Carley D, Carskadon M, et al. ASDA report. EEG
arousals: scoring rules and examples. A preliminary report from the
sleep disorders. Atlas Task Force of the American Sleep Disorders
Association. Sleep 1992;15:173-84.

Drinnan MJ, Murray A, Griffiths CJ, Gibson GJ. Interobserver
variability in recognizing arousal in respiratory sleep disorders. Am
J Respir Crit Care Med 1998;158:358-62.

Sforza E, Jouny C, Ibanez V. Cardiac activation during arousal in
humans: further evidence for hierarchy in the arousal response. Clin
Neurophysiol 2000;111:1611-9.

Wong TK, Galster P, Lau TS, Lutz JM, Marcus CL. Reliability of
scoring arousals in normal children and children with obstructive
sleep apnea syndrome. Sleep 2004;27:139-45.

Roizenblatt S, Tufik S, Goldenberg J, Pinto LR, Hilario MO,
Feldman D. Juvenile fibromyalgia: Clinical and polysomnographic
aspects. J Rheumatol 1997;24:579-85.

Sforza E, Nicolas A, Lavigne G, Gosselin A, Petit D, Montplaisir J.
EEG and cardiac activation during periodic leg movements in
sleep. Support for a hierarchy of arousal responses. Neurology
1999;52:786-91.

App WE, Boatwright GW, Ostrander SE, Unruh MM, Winslow DH.
Disorder of excessive daytime somnolence: a case series of 1000
patients. J Ky Med Assoc 1990;88:393-6.

Simakajornboon N, Gozal D, Vlasic V, et al. Periodic leg
movements in sleep and iron status in children. Sleep
2003;26:735-8.

Noe G, Augustin J, Hausdorf S, Rich IN, Kubanek B. Serum
erythropoietin and transferrin receptor levels in patients with
rheumatoid arthritis. Clin Exp Rheumatol 1995;13:445-51.
Cazzola M, Ponchio L, De Benedetti F, et al. Defective iron supply
for erythropoiesis and adequate endogenous erythropoietin
production in the anemia associated with systemic-onset juvenile
chronic arthritis. Blood 1996;87:4824-30.

Jongen-Lavrencic M, Peeters HR, Wognum A, Vreugdenhil G,
Breedveld FC, Swaak AJ. Elevated levels of inflammatory
cytokines in bone marrow of patients with rheumatoid arthritis and
anemia of chronic disease. J Rheumatol 1997;24:1504-9.

Ferguson BJ, Skikne BS, Simpson KM, Baynes RD, Cook JD.
Serum transferrin receptor distinguishes anemia of chronic disease
from iron deficiency anemia. J Lab Clin Med 1992;119:385-90.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved. |—

Passarelli, et al: Sleep study in JRA

801

Downloaded on April 16, 2024 from www.jrheum.org


http://www.jrheum.org/

45.

46.

47.

Kivivuori SM, Pelkonen P, Ylijoki H, Verronen P, Siimes MA.
Elevated serum transferrin receptor concentration in children with
juvenile chronic arthritis as evidence of iron deficiency.
Rheumatology Oxford 2000;39:193-7.

Emery P. Consideration for nonsteroidal anti-inflammatory drug
therapy benefits. Scand J Rheumatol 1996;25:5-12.

Landis CA, Robinson CR, Helms C, Levine JD. Differential effects
of acetylsalicylic acid and acetaminophen on sleep abnormalities in
a rat chronic pain model. Brain Res 1989;488:195-201.

48.

49.

Lavie P, Nahir M, Lorber M, Scharf Y. Nonsteroidal
antiinflammatory drug therapy in rheumatoid arthritis patients.
Lack of association between clinical improvement and effects on
sleep. Arthritis Rheum 1991;34:655-9.

Murphy P, Badia P, Myers BL, Boecker MR, Wright EP Jr.
Nonsteroidal antiinflammatory drugs affect normal sleep pattern in
humans. Physiol Behav 1994;55:1063-6.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved. |—

802

The Journal of Rheumatology 2006; 33:4

Downloaded on April 16, 2024 from www.jrheum.org


http://www.jrheum.org/

