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ABSTRACT: In contrast to adult rheumatoid arthritis (RA) little is known about the
prevalence, nature and cause of lung function abnormalities in children with juvenile
chronic arthritis (JCA). The aim of this study was to determine whether children with
polyarticular and systemic onset JCA have lung function abnormalities and if so,
whether they are related to pulmonary disease, thoracic and/or muscular involve-
ment.

We determined lung function and disability in 31 children with polyarticular and
systemic JCA. Respiratory muscle function, thorax expansion and spine mobility were
determined in the same patients, as well as in 32 matched healthy children.

Peak expiratory flow (PEF) and forced vital capacity (FVC) were significantly re-
duced in JCA patients, when compared to reference values. Thorax expansion and
spine mobility were normal, compared to paired controls. Maximum inspiratory
(PI,max) and expiratory (PE,max) pressures were significantly reduced in patients
compared to paired control subjects. A positive correlation was found between PE,max

and FVC and PEF, an inverse correlation between expiratory pressure and disability.
In conclusion, children with polyarticular and systemic juvenile chronic arthritis

show a pronounced impairment in respiratory muscle strength, severe enough to
cause mild lung function abnormalities and an increase in disability-scores.
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Juvenile Chronic Arthritis (JCA) is the most common
inflammatory arthropathy and one of the top five chronic
illnesses in children [1]. JCA can be divided into three
main subgroups based upon onset type: systemic, poly-
articular, and oligoarticular [1]. Oligoarticular JCA is
defined as arthritis in four or less joints, polyarticular JCA
is defined as arthritis in five or more joints. Systemic JCA
is characterized by daily fever spiking to more than 398C,
in association with arthritis in one or more joints [1]. The
extra-articular manifestations described in polyarticular
and systemic onset JCA include lymphadenopathy, hepa-
tosplenomegaly, polyserositis, and myocarditis [1].

There are, however, few descriptions of the develop-
ment of lung disease as an extra-articular manifestation of
JCA [2, 3]. This is striking, because most other adult and
childhood rheumatic disorders are well known to be as-
sociated with lung function abnormalities. In adult rheu-
matic arthritis (RA), for example, mild restrictive defects,
diffuse interstitial lung disease, as well as pulmonary vas-
culitis and bronchiolitis obliterans have been described
[4±10]. Furthermore, interstitial lung disease represents
one of the most common features in adult connective tis-
sue disease [11]. Also, in childhood connective tissue dis-
ease functional lung impairment has been shown, even in
the absence of abnormalities on chest radiographs [12,
13]. In patients with polyarticular and systemic onset
JCA, both multi-organ diseases, acute pneumonitis and
pleuritis sometimes related to methotrexate (MTX)-the-

rapy, have been described [14±17]. However, proper data
on lung function in patients with stable polyarticular and
systemic JCA are still lacking. Even more, a confusing
picture has emerged regarding the prevalence, nature and
cause of abnormal lung function in these patients.

In this study the authors questioned whether there are
lung function abnormalities in patients with polyarticular
or systemic JCA, and if so, whether this is due to primary
pulmonary disease, or to an impaired mobility of the thorax
and/or respiratory muscle weakness [18±21].

Methods

Study population

Thirty-two patients, 23 diagnosed as having polyarti-
cular onset JCA (17 females, 6 males) and 9 diagnosed as
having systemic onset JCA (5 females, 4 males) were en-
rolled onto the study. All patients were diagnosed accord-
ing to juvenile rheumatoid arthritis (JRA)-criteria [22]. The
medical records of all patients were retrospectively eval-
uated. Age of onset and history of treatment were re-
corded. Cumulative dose (oral and/or intramuscular) and
duration of MTX treatment were calculated. Physical
examination was performed in all children by the same
examiner using a standard protocol. Informed consent
was obtained from all children and their legal guardians.
The study protocol was approved by the Dutch Commit-
tee for Medical Ethics.
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Disease activity

On the day of assessment swelling was scored over 64
joints by using the 4-point scale as proposed by FUCHS et
al. [23] validated for children (0=normal; 1=minimal
swelling; 2=swelling within joint limits; 3=swelling ex-
ceeds joint limits). Inflammatory disease was considered
as having active arthritis (swelling, pain, dysfunction)
with an additional leukocytosis (>106109 cells.L-1) and/
or thrombocytosis (>4006109 cells.L-1) and/or elevated
C-reactive protein (>30 mg.L-1) and/or elevated erythro-
cyte sedimentation rate (ESR) (>20 mm.h-1).

Disability

The level of disability was assessed by using the vali-
dated Dutch translations of the Childhood Health Assess-
ment Questionnaire for parents and children (CHAQ) [24]
and the Juvenile Arthritis Functional Assessment Scale
(JAFAS) [25]. For both instruments, the best performance
is reflected by the lowest score.

Lung function

In all patients, forced vital capacity (FVC), forced expi-
ratory volume in one second (FEV1) and peak expiratory
flow (PEF) were obtained from maximum expiratory flow
volume measurements, using a pneumotachometer sys-
tem (Masterlab, Jaeger, WuÈrzburg, Germany). Best values
of at least three technically well performed flow-volume
curves were used. Total lung capacity (TLC) and residual
volume (RV) were measured using standardized body
plethysmography (Masterlab, Jaeger) in children aged $8
yrs (n=15). Reference values according to ZAPLETAL et al.
[26] were used. Carbon monoxide diffusing capacity of
the lung (DL,CO) and DL,CO/alveolar volume (VA) were
determined using a standardized single breath technique
(Masterlab, Jaeger). Reference values from the European
Community for Steel and Coal (for DL,CO) [27] and ref-
erence values obtained in a Dutch population of healthy
children aged 6±18 (for DL,CO/VA) were used [28].

Respiratory muscle function

Respiratory muscle strength was assessed in all patients
by measuring maximum static respiratory mouth pressures
with a tube mouthpiece attached to a pressure gauge (Pmax

Monitor; Morgan Ltd., UK). The mouth pressure meter
measures absolute peak pressure (Pmax) both for inspira-
tory and expiratory efforts, maximum inspiratory pressure
(PI,max) and maximum expiratory pressure (PE,max) res-
pectively [29, 30]. The PI,max was measured by having the
child exhale to near RV followed by a maximal inhalation
effort. The PE,max was measured by having the child
inhale to near TLC followed by a maximal exhalation
effort. Each of the children performed at least three meas-
urements. The highest value obtained was reported.

Thorax expansion

Maximal thorax expansion was measured in all patients
and was defined as the difference in centimetres between
maximal inspiration and maximal expiration measured on
axillar and xiphoid level.

Spine mobility

Spine mobility was measured in all patients by means of
spine flexion and extension on jugular and xiphoid level.
Maximal extension and flexion, measured by inclinometry
(Body Bow, Nieuwegein, the Netherlands), were deter-
mined on the first thoracic vertebra (T1), the first lumbar
vertebra (L1) and the sacral vertebrae (S) and expressed in
angular degrees. Thoracic spine extension and flexion is
defined as the angular displacement between the T1 and L1
in extension and flexion, lumbar spine extension and fle-
xion as the angular displacement between T1 and S in ex-
tension and flexion.

Paired controls for respiratory muscle function, thorax
expansion and spine mobility

Considering lack of reference values for respiratory
muscle strength, thorax expansion and spine mobility, 32
children were selected from a group of 187 healthy child-
ren, assembled in two primary schools and one secondary
school. These children were accurately one to one matched
with the 32 JCA patients for sex, age, length, and weight,
respectively (table 1). None of these paired control sub-
jects were under medical care. The same examiner using a
standard protocol examined the 32 paired control subjects
once. Informed consent was obtained from all children
and their legal guardians.

Statistical analysis

All variables were presented as mean�SD. The lung
function test results were compared with predicted values
using a paired samples t-test. Differences between patients
and paired controls were analysed with a paired samples t-
test. Spearman rank correlation coefficients were used to
explore relationships between lung function, respiratory
muscle function, disability scores and MTX treatment.
When calculating correlation, lung function was expressed
as a percentage of the predicted value (% pred.) to correct
for age and sex. To correct for multiple comparisons a
fixed a=0.01 Bonferroni correction was used. All normally
distributed continuous values were assessed with t-test.

Results

Study population

One matched pair was excluded from analysis because
the patient was not able to perform lung function and
mouth pressure measurement due to a severe impairment
of the temporo-mandibular joint. (Characteristics of the
study population are shown in table 1). The remaining 31
patients were on antirheumatic medication. Three patients
had a history of either asthma or chronic bronchitis. Three
patients had a history of acute pneumonitis.

Disease activity and disability

Joint disease, inflammatory disease, functional and
health assessment outcomes are presented as character-
istics of the study population (table 1). In the subgroup of
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12 children using MTX, a significant positive correlation
(p<0.01) was found between duration of MTX therapy
and the JAFAS (a=0.87), indicating that long-term MTX
treatment is associated with disease activity and disab-
ility.

Lung function

Lung function results are presented in table 2. FVC and
PEF were significantly lower than reference values. Fur-
thermore, a significant increase in FEV1/FVC and DL,CO/
VA DL,CO, was found FEV1 and TLC were not signi-
ficantly different from reference values. The reductions in
FVC and PEF were not related to age or sex. Analysis of
the subgroups showed that there were no significant
differences in lung function between patients with or
without previous or current MTX therapy, systemic and
polyarticular JCA patients, and patients with or without

disease activity. A significant inverse correlation (p<0.01)
was found between lung function (FVC, PEF) and dis-
ability score (CHAQ) outcome in patients (a= -0.60, and
a= -0.59, respectively).

Respiratory muscle function

PI,max and PE,max were significantly lower in patients
compared to paired controls (table 3). A positive corre-
lation was found between respiratory muscle function in
expiration (PE,max) and FVC and PEF (a=0.37, p<0.05,
(fig. 1); a=0.34, p=0.06, respectively). An inverse cor-
relation was found between disability score (JAFAS) and
PE,max (a= -0.48, p<0.05). Furthermore, in the 12 child-
ren using MTX, an inverse correlation was found be-
tween duration of MTX treatment and PI,max (a= -0.65)/
PE,max (a= -0.58).

Thorax expansion and spine mobility

No differences between patients and paired control
subjects were found for thoracic extension, flexion, and
expansion, nor in lumbar extension and flexion (table 3).

Table 2. ± Results of lung function tests

Patients
Mean reference

values

TLC L (n=20) 3.75�1.38 3.89�1.12
FVC L (n=30) 2.34�1.07* 2.50�1.02
PEF L.s-1 (n=30) 4.52�1.79{ 4.85�1.63
FEV1 L (n=30) 2.14�1.02 2.12�0.84
FEV1/FVC % (n=30) 93�9# 85�4
DL,CO/VA (n=18)

mmol.min-1.kPa-1.L-1 2.10�0.45# 1.78�0.27
DL,CO (n=20)
mmol.min-1.kPa-1 7.76�1.98 7.15�1.50

Data are presented as mean�SD. Significance was calculated
using paired samples t-tests, compared to predicted values; *:
p<0.05 (decrease); {: p<0.01 (decrease); #: p<0.01 (increase).

Table 1. ± Characteristics of the study population

Patients Paired
control
subjects

Number 31 31
Poly-articular JCA 23
Systemic JCA 8
Female % 71 71
Age yrs* 9.7�3.9 9.7�4.3
Length m* 1.41�0.22 1.41�0.23
Weight kg* 36.4�14.8 34.7�13.8

Ethnicity
Caucasian 29 30
Mediterranean 2
African 1

Serological characteristics
ANA positive{ 14/31
RF positive 2/31
HLA-B27 positive 0/31

Medication
MTX 12/31
Current use 9/31
Cumulative dose mg* 1443.6�787.8
Duration weeks* 115�55.3
Prednisone current 10/31

Iridocyclitis 2/31
Disease activity

Joint count Fuchs scale [23]* 0.7�1.2
Duration of disease yrs* 4.4�2.6
Active disease{ 6/31

Disability
JAFAS n=23* 1.8�2.3
normal range: 0±20

CHAQ
normal range: 0.0±3.0
parental form n=31* 1.05�0.80
child form n=23* 0.96�0.81

JCA: juvenile chronic arthritis; ANA: antinuclear antibody; RF:
rheumatoid factor; HLA-B27: human leukocyte antigen-B27;
MTX: methotrexate; JAFAS: juvenile arthritis functional ass-
essment scale; CHAQ: childhood health assessment question-
naire. *: mean�SD; {: 13 patients with polyarticular JCA, 1
patient with systemic JCA; {: defined as having active arthritis
(swelling, pain, dysfunction) with an additional leukocytosis
and/or thrombocytosis and/or elevated CRP and/or elevated
erythrocyte sedimentation rate.

Table 3. ± Respiratory muscle function, thorax expansion
and spine mobility in patients compared to paired control
subjects

Patients Paired
controls

Respiratory muscle function cmH2O
PI,max (n=29) 62�24* 73�27
PE,max (n=31) 74�31# 96�34

Thorax expansion cm (n=30) 0.45�2.64 0.30�1.62
Spine mobility (angular degrees)

Flexion (n=31)
thorax 73.5�15.8 78.1�12.6
lumbar 15.3�8.5 17.4�8.1

Extension (n=31)
thorax 21.7�14.8 17.8�14.6
lumbar 30.6�16.4 24.7�12.2

Data are presented as mean�SD. PI,max: maximal inspiratory
pressure; PE,max: maximal expiratory pressure. Significance was
calculated using paired samples t-tests; *: p<0.05; #: p<0.01.
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Discussion

In this study it has been demonstrated that children with
systemic and polyarticular JCA show a mild impairment in
lung function (FVC and PEF). In contrast to what is shown
in adult rheumatic arthritis an indication for restrictive or
obstructive pulmonary dysfunction was not found in
patients with JCA, since TLC and FEV1 were normal and
the diffusion capacity, as measured by DL,CO and DL,CO/
VA was not decreased. The absence of evidence for intra-
pulmonary restrictive or obstructive disease implied an
extra-pulmonary origin for the abnormal lung functions in
the patient group; either impairment in thorax and/or spine
mobility and/or a weakness of the respiratory muscles.

An impairment of thoracic and/or spine mobility has
been suggested to reduce thorax excursion, resulting in a
tendency to develop lung function abnormalities [12, 21].
Thus far, this had not been studied in patients with JCA. It
has now been demonstrated that there is no impairment in
thorax and spine mobility related to lung function in
patients with JCA. In evaluating respiratory muscle func-
tion, however, a pronounced impairment in respiratory
muscle strength was found, as measured by PE,max and
PI,max, even in patients with no clinically evident thoracic
and/or spine involvement. The impairment in expiratory
muscle strength was indeed correlated to a decreased lung
function (FVC and PEF). This relationship between
respiratory muscle strength and lung function abnormal-
ities in JCA makes sense. It is well known that FVC, PEF,
PE,max and PI,max are all effort-dependent tests. In a
previous study, decreases in FVC following exercise with
corresponding decrements in PE,max have been suggested
to be a result of respiratory muscle fatigue with a reduced
ability to exhale to residual volume, thus exhibiting a
reduced FVC [31]. Furthermore, in a study on muscle
function in children with JCA a pronounced general
muscle weakness was found [32]. STRANO et al. [33]
found a reduced muscular mass in association with
nutritional deficiencies in children with JCA. Nutritional
deficiencies might indeed be an independent factor in the
outcomes of the current study. Body-composition was not

measured in this study, but for respiratory muscle strength
assessment all patients were tightly matched in height and
weight to healthy children. Since the study population
had a normal height and weight according to reference
percentiles [28], nutritional deficiencies may not be a
major factor influencing the lung function outcome. No
adverse relationship was found between any of the lung
function parameters and the cumulative dose and/or dura-
tion of MTX therapy. This finding is in agreement with a
prior study, in which the authors found no pulmonary side
effects of MTX therapy in children with JCA [17]. It was
found that in the 12 children using MTX, long-term treat-
ment was associated with a decreased respiratory muscle
function. This might be explained by the following: long-
term MTX treatment is likely to be associated with severe
disease and therefore it is highly probable that this is in
fact associated with the decreased respiratory muscle
function. The limited number of children with current
inflammatory disease and the relatively low mean JAFAS
and CHAQ scores, reflects a group of patients with a
currently mild disease activity and mild functional disabi-
lity at the moment of assessment. However, the consi-
derable number of patients still using MTX (29%) and
prednisone (32%) implies that many of the patients stud-
ied had a history of severe disease activity. While no
statistically significant relationships were found between
muscle strength and long term MTX treatment, it cannot
be excluded that it is the overall disease activity that is
associated with disability and abnormalities in lung
function.

Noteworthy at this point is that relationships were found
between disability score (CHAQ) and lung function and
disability score (JAFAS) and expiratory mouth pressure.
Respiratory muscle weakness may thus result in a condi-
tion of impaired lung function in combination with a grow-
ing impairment of the functional capacity of the patient.
This might imply that in children with JCA, a cycle of pain,
stiffness and decreased activity leads to poor fitness and
generalized muscle weakness, expressed by lung function
abnormalities and an increase of the patient's disability.
Recently SAAG et al. [9] reported similar results in adults.

In conclusion, a pronounced impairment was found in
respiratory muscle strength in children with systemic and
polyarticular juvenile chronic arthritis, severe enough to
cause mild lung function abnormalities and an increase in
disability. Although muscle strength is not the only
condition that influences lung function, this condition is
presumably important to the child. Exercise programmes
for children with juvenile chronic arthritis have been pre-
scribed routinely by physical therapists, improving range
of motion, muscle strength and cardiovascular endurance
[34]. Furthermore, high-intensity strength training is feas-
ible and safe in patients with rheumatoid arthritis, and is a
way to improve strength, and decrease pain and fatigue
without exacerbating disease activity or joint pain [35].
Hence muscle strength can be trained and in this way a
reduction of the child's functional capacity might be
prevented.
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Fig. 1. ± Correlation between lung function and expiratory muscle
strength. Scatterplot of the correlation between forced vital capacity
(FVC% pred.) and expiratory muscle strength (expressed as maximal
expiratory pressure (PE,max)); a=0.37, p<0.05. The result for one patient
has been eliminated due to poor reliability.
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