
Abstract We evaluated lung function in a group of pa-
tients affected by juvenile rheumatoid arthritis (JRA),
without clinical and/or radiological signs of respiratory in-
volvement. We compared the effects on pulmonary func-
tion of methotrexate (MTX) therapy combined with non-
steroid anti-inflammatory drugs (NSAIDs) to those of
NSAIDs alone and correlated lung function to subtype on-
set, disease duration and disease activity. Our patients were
27 JRA children, subdivided into two groups according to
the therapy (group A=14 patients, treated with a low dose
of MTX and NSAIDs; group B=13 patients, treated with
NSAIDs alone). Clinical evaluation, haematological data
and pulmonary function tests (PFTs) were obtained in each
group at baseline (time 0) and at 1 year (time 1). At time
0 and time 1 PFTs were altered in 51.8% of JRA patients.
The restrictive pattern (reduced forced vital capacity, FVC)
was the most frequent feature, observed in 22.2% of pa-
tients. In group A the mean values of FVC, FEV1 (forced
expiratory flow in 1 s), FRC (functional residual capacity),
TLC (total lung capacity) and DLCO (diffusing lung ca-
pacity of carbon monoxide) were significantly lower com-
pared to those of group B, at time 0 and at time 1. No func-
tional parameter was correlated to subtype, duration or ac-
tivity of the disease. Our study confirms that abnormalities
in PFTs may be detected in JRA patients, even in the ab-
sence of clinical and/or radiological signs of lung disease;
MTX in combination with NSAIDs does not seem to af-
fect lung function at 1 year more than NSAIDs alone.
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Introduction

Juvenile rheumatoid arthritis (JRA) is an inflammatory
joint disease, rarely associated with the involvement of
internal organs [1]. The lung is in some cases a target of
the disease [2]. Pneumonitis and pleuritis are the most fre-
quent respiratory abnormalities; transient or persistent
pulmonary infiltrates have also been reported, especially
in systemic JRA. While respiratory function in adults with
rheumatoid arthritis (RA) has been extensively investi-
gated, few studies have been carried out in children [2–6].
One-third of RA patients who have no clinical symptoms
and/or radiological findings of pulmonary involvement
show abnormal pulmonary function tests [7]. The reduc-
tion in carbon monoxide diffusing capacity (DLCO) is the
most frequent functional alteration, suggesting abnormal-
ities of the alveolar-capillary interface, compatible with
diffuse vascular and/or parenchymal lung disease, both in
RA and in JRA [3, 7]. It is still unclear whether this path-
ophysiological finding is due to primary pulmonary in-
volvement and/or to immunosuppressive therapy. Metho-
trexate (MTX) is the immunosuppressive drug most
widely used in JRA; pulmonary toxicity associated with
MTX has been reported since the late 1960s, with an in-
cidence estimated at about 7% [8, 9]. The clinical picture
is similar to that of hypersensitivity pneumonitis with sub-
acute onset [10]; progressive pulmonary fibrosis may also
occur [11].

The aims of our study were:

1) to monitor the lung function in JRA children without
clinical symptoms and/or radiological signs of respir-
atory disease, over 12 months;

2) to compare the respiratory functional data of pa-
tients treated with MTX and NSAIDs to those treated
with non-steroid anti-inflammatory drugs (NSAIDs)
alone;

3) to assess the influence of subtype onset, disease dura-
tion and activity on lung function.
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Materials and methods

Subjects

Thirty-one consecutive outpatients fulfilling the American College
of Rheumatology (ACR) criteria for the diagnosis of JRA [12], were
prospectively evaluated. Of these patients, only 27 (14 females, 13
males; mean age 12.1±2.4 years, range 8–20 years) were able to car-
ry out the complete set of respiratory tests required by our protocol
and entered the study.

Patients’ charts were reviewed in order to assess disease dura-
tion, type of disease onset (pauciarticular, polyarticular and system-
ic) and drug schedule. Physical examination was performed before
the patients entered the study; the extent of joint involvement was
assessed using the Steinbrocker functional stage [13]. Disease activ-
ity was defined by the presence of active synovitis (joint swelling or
pain with limitation of motion) in pauciarticular cases, and by in-
creased erythrocyte sedimentation rate (ESR, Westergreen) and/or
C-reactive protein (CRP) values in systemic and polyarticular cases
[14].

Disease duration ranged from 6 to 144 months (mean disease du-
ration 78 months). The disease onset was polyarticular in 12, pau-
ciarticular in 12 and systemic in 3 patients. Fifteen patients were in
stage 1, 8 in stage 2 and 4 in stage 3 according to the Steinbrocker
classification. The disease was defined as active in 14 patients and
inactive in 13 patients.

Patients and/or parents were asked to answer a complete respir-
atory questionnaire, derived from a previous paper [15], requesting
information about dry or productive cough, dyspnea, cyanosis, chest
pain and about their smoking habits. No patient fulfilled the diag-
nostic criteria for asthma, chronic bronchitis or emphysema as sug-
gested by the American Thoracic Society [16]. All patients were non-
smokers and did not complain of respiratory symptoms before start-
ing the study. Chest X-ray was performed in all patients at baseline.

Subjects were subdivided into two groups according to the treat-
ment regimen, chosen on clinical evaluation: Group A included 14
patients (5 boys and 9 girls, mean age 11.3±2.8 years, range 8–15
years) treated with NSAIDs (flurbiprofen 5 mg/kg per day or naprox-
en 15 mg/kg per day or tolmetin 20 mg/kg per day) and weekly oral
low-dose MTX (10 mg/m2) for at least 1 year (mean treatment peri-
od 2 years 3 months). The mean cumulative dose of MTX received,
at baseline evaluation, was 1.610 mg (range 950 to 2.800 mg). Group
B included 13 patients (9 boys and 4 girls, mean age 12.9±3.6 years,
range 8–20 years) treated with NSAIDs alone (mean treatment peri-
od 5 years 9 months). Informed consent was obtained from both chil-
dren and parents.

Respiratory function tests

Flow volume curves were obtained by means of a heated pneumo-
thacograph (Fleisch no. 4) while subjects breathed room air, in a seat-
ed position, according to standard methods. The best of three deter-
minations was used to calculate forced expiratory volume in 1 s
(FEV1), forced vital capacity (FVC) and maximal expiratory flow
rates at 50% and 25% of FVC (Vmax50 and Vmax25, respectively).
Functional residual capacity (FRC) was determined by the helium
dilution method, by means of a water-sealed spirometer (Pulmonet
III Gould, Godard, Bilthoven, The Netherlands), and vital capacity
(VC) was obtained to calculate total lung capacity (TLC) and resid-
ual volume (RV).

The predicted values for the above measurements were those pro-
posed by the European Community for Coal and Steel for two pa-
tients over 18 years [19], and by Cotes et al. [20] for those under 18
years of age. No patients turned 18 during the follow-up. The sin-
gle-breath carbon monoxide diffusing capacity (DLCO) was meas-
ured with a 4004 TC (Sensormedics, Menheim, Calif., USA) and the
values corrected for haemoglobin concentration (DLCO) according
to the formula proposed by Clark et al. [21]. The predicted values
for each subject were derived from the regression equation proposed
by Cotes et al. [22]. Values less than –1.64 SD were considered sig-
nificantly reduced; values more than +1.64 SD were considered sig-
nificantly increased. Lung function measurements, along with ESR,
CRP and haemoglobin values were obtained in each group of sub-
jects at baseline (time 0) and after 12 months (time 1).

Statistical analysis

Results are presented as means±1 SD in Table 2, and as individual
absolute values in Table 3. T-test for paired samples was used to com-
pare baseline and post-treatment functional indices within each group
of subjects, and T-test for unpaired data to compare results between
groups. The relationships between pulmonary function parameters
and type of onset, duration and activity of the disease were assessed
with univariate linear regression. Significance was established at
P<0.05.

Results

Anthropometric, clinical and functional data for patients
of group A and group B are reported in Tables 1 and 2. At
baseline, the two groups were matched for age, anthropo-
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n M/F Age Height Disease Disease Type onset Haemo-
(years) (cm) duration activity pauci/poly/ globin

(months) (active/ syst (g/dl)
inactive

Group A 14 5/9 11.3±2.8 140.6±19.7 89.6±45.0 8/6 1/11/2 12.1±1.2
Group B 13 9/4 12.9±3.6 156.6±18.2 67.4±39.3 6/7 11/2/0 12.9±1.0

Table 1 Anthropometric and
clinical data of JRA patients at
baseline

Table 2 Mean values (SD) of functional respiratory parameters in
groups A and B at baseline and at time 1

Group A Group B

Baseline Time 1 Baseline Time 1

FVC (l) 2.22±0.78 2.33±0.84* 3.35±1.24** 3.43±1.11**

FEV1 (l/s) 1.97±0.7 2.03±0.8 2.98±1.12** 2.99±1.12**

Vmax 50% 3±1.04 2.78±1.18 4.18±2.22 3.92±2.22
(l/s)

Vmax 25% 1.4 ±0.6 1.38±0.69 2.19±1.39 2.08±1.35
(l/s)

TLC (l) 3.09±0.98 3.26±1.06* 4.34±1.7 4.71±1.6*

RV (l) 0.87±0.27 0.90±0.26 0.97±0.57 1.15±0.54*

FRC (l) 1.52±0.54 1.68±0.56* 2.11±0.9 2.36±0.9*

DLCOc 17.75±3.53 19.11±4.8 25.7 ±7.9 26.3 ±8.5
(ml/mmHg
per min)

* P<0.05: time 1 vs baseline within groups
** P<0.05: between groups



metric indices (weight and height), disease duration or ac-
tivity, and haemoglobin values. Chest X-ray was normal in
all patients at baseline. During the follow-up, no patient
complained of respiratory symptoms suggesting the occur-
rence of pulmonary disease. The individual absolute values
of FVC, FEV1, Vmax50, Vmax25, FRC, RV, TLC and DLCO,
measured at baseline and at time 1, are reported in Table 3.

At baseline, 14/27 patients (51.8%) showed abnormal
pulmonary function tests, taking into account the altera-
tions in any of the pulmonary function tests (PFTs): 7 be-
longed to group A (50%) and 7 to group B (53.8%). In par-
ticular, the following parameters were significantly re-
duced: FVC in 6/27 patients (22.2%), 5 of group A (35.7%)
and 1 of group B (7.7%); FEV1 in 3/27 (11.1%), all of
group A (21.4%); Vmax50 in 3/27 (11.1%), 2 of group A
(14.3%) and 1 of group B (7.7%); Vmax25 in 4/27 (14.8%),
3 of group A (21.4%) and 1 of group B (7.7%); FRC in
6/27 (22.2%), 3 of group A (21.4%) and 3 of group B
(23.7%); and TLC in 6/27 (22.2%), 4 of group A (28.6%)
and 2 of group B (23.7%). FRC was significantly increased
in 3/27 (11.1%) 1 of group A (7.1%) and 2 of group B
(15.4%) and TLC in 2/27 (7.4%), 1 of each group.

Nine patients (33.3%) showed abnormal values of RV:
RV was reduced in 5/27 patients (18.5%), 1 of group A
(7.1%) and 4 of group B (30.8%), while it was significantly
increased in 4 (14.8%), 3 of group A (21.4%) and 1 of
group B (7.7%). One out of 27 patients (3.7%), belonging
to group B, showed significantly reduced DLCO.

At time 1, 14/27 patients (51.8%) showed altered PFTs:
7 belonged to group A (50%) and 7 to group B (53.8%).
FVC was reduced in 7/27 patients (26%), 5 of group A
(35.7%) and 2 of group B (15.4%); FEV1 in 5/27 (18%),
4 belonging to group A (28.6%) and 1 to group B (7.7%);
Vmax50 in 8/27 (29.6%), 4 for each group (28.6% group A,
30.8% group B); Vmax25 in 7/27 (26%), 4 of group A
(28.6%) and 3 of group B (23%); FRC in 2/27 (7.4%), 1
of each group (7.1% group A, 7.7% group B) and TLC in
5/27 (18%), 4 of group A (28.6%) and 1 of group B (7.7%).

FRC was significantly reduced in 4/27 (14.8%), 1 of
group A (7.1%) and 3 of group B (23%) and TLC in 2/27
(7.4%), 1 of each group. Six patients (22%) showed an ab-
normal RV: in particular, RV was reduced in 1 patient be-
longing to group B (7.7%), while it was significantly in-
creased in 5 (18%), 3 of group A (21.4%) and 2 of group
B (15.4%). Only 1/27 patients (3.7%) showed significantly
reduced DLCO value. Between the treatment groups, no
significant difference was found in terms of Vmax50,
Vmax25, and RV values both at baseline and at time 1. In
contrast, the mean values of FVC, FEV1, FRC, TLC and
DLCO of group A were significantly lower than those of
group B, either at baseline or at time 1.

Within group A, FVC, TLC and FRC at time 1 were sig-
nificantly increased when compared to the baseline values.
Within group B, TLC, FRC and RV mean values at time 1
were significantly increased in comparison to baseline val-
ues. No functional respiratory parameters correlated sig-
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Table 3 Individual values of FVC, FEV1, Vmax50, Vmax25, TLC, RV, FRC, DLCO measured at time 0

Patients Therapy FVC FEV1 Vmax50 Vmax25 TLC RV FRC DLCOc
(l) (l) (l/s) (l/s) (l) (l) (l)

1 NSAIDs 4.99 4.99 7.79 b 6.18 b 7.26 2.27 b 3.98 b 39.31
2 NSAIDs 4.23 a 4.23 9.61 b 3.37 6.34 1.82 3.30 24.62 a

3 NSAIDs 6.22 b 5.02 b 5.25 2.74 7.91 b 1.46 3.51 42.92 b

4 NSAIDs 2.42 2.08 2.50 1.31 2.96 a 0.54 a 1.64 20.02
5 NSAIDs 3.43 3.07 3.35 1.99 4.56 1.18 2.49 24.59
6 NSAIDs 3.63 b 3.01 b 3.18 2.03 4.07 0.54 a 1.44 a 25.05
7 NSAIDs 2.50 2.12 2.44 1.13 3.08 0.85 1.91 b 19.47
8 NSAIDs 3.73 3.04 3.63 1.43 4.40 0.67 a 1.83 a 33.35 b

9 NSAIDs 2.15 1.83 2.14 a 0.96 a 3.17 0.99 1.47 20.44
10 NSAIDs 3.55 3.18 4.24 1.97 3.85 a 0.3 a 1.55 a 22.64
11 NSAIDs 2.06 2.02 3.56 2.11 b 2.74 0.66 1.46 16.5
12 NSAIDs 2.44 2.33 4.4 b 2.34 b 3.15 0.71 1.55 22.27
13 NSAIDs 2.26 1.89 2.31 0.94 2.98 0.66 1.35 23.15 b

14 MTX/NSAIDs 1.37 a 1.36 a 2.54 1.67 2.21 a 0.84 1.46 16.74
15 MTX/NSAIDs 1.05 0.82 a 1 a 0.51 a 1.71 0.66 b 0.84 14.12 b

16 MTX/NSAIDs 1.94 b 1.5 b 1.39 a 0.50 a 2.69 b 0.8 b 1.18 b 16.76 b

17 MTX/NSAIDs 3.23 a 2.83 4.01 1.6 a 4.34 a 1.11 1.98 a 21.57
18 MTX/NSAIDs 2.92 2.71 3.97 2.40 3.88 0.96 1.82 17.5
19 MTX/NSAIDs 1.96 a 1.68 a 4.11 0.85 3.19 a 1.23 b 1.98 22.82
20 MTX/NSAIDs 2.23 1.89 2.32 1.11 2.88 0.62 1.45 15.22
21 MTX/NSAIDs 1.26 a 1.17 2.42 0.98 1.56 a 0.3 a 0.48 a 12.39
22 MTX/NSAIDs 3.26 2.77 3.24 1.93 4.67 1.41 2.31 24.41
23 MTX/NSAIDs 1.75 1.62 2.74 1.40 2.55 0.79 1.13 13.3
24 MTX/NSAIDs 1.98 a 1.82 3.16 1.10 2.82 0.81 1.25 a 19.54
25 MTX/NSAIDs 2.99 2.70 4.13 1.81 4.05 1.06 1.76 19.44
26 MTX/NSAIDs 1.84 1.78 2.93 b 1.76 b 2.63 0.79 1.28 18.07 b

27 MTX/NSAIDs 3.30 3.04 4.14 b 2.17 4.16 0.84 2.40 27.87

a Value < –1.64 SD
b Value > +1.64 SD



nificantly to the onset subtype, duration and activity of the
disease, neither at baseline nor at time 1.

Discussion

Our data show that respiratory function abnormalities are
present in 51.8% of JRA patients, even in the absence of
clinical and/or radiological evidence of pulmonary in-
volvement. The prevalence of lung involvement does not
change over a period of 12 months. In our study, MTX does
not seem to affect lung function after 1 year of weekly low-
dose administration. The subtype of onset, disease dura-
tion and activity are not correlated with lung function im-
pairment.

Pulmonary involvement, including pleurisy, parenchy-
mal nodules, interstitial fibrosis, airways disease and,
rarely, vasculitis is frequently observed in RA; reduced
lung volumes, airflow limitation and impaired diffusing
capacity are the most common pulmonary function abnor-
malities [7, 23–25]. The true prevalence of pleuro-pulmo-
nary involvement in JRA is still unknown, ranging from
4% [2] to 62% [5]. The few available data show that pleu-
ral involvement occurs more commonly than parenchymal,
and that rheumatoid pulmonary nodules and Caplan’s syn-
drome are extremely rare in JRA. The relatively low inci-
dence of JRA and the difficulty for children in carrying out

all manoeuvres required in lung function tests may account
for this lack of information. Furthermore, it should be taken
into account that, due to extensive muscular and/or skele-
tal impairment, pulmonary function tests may not be rou-
tinely obtained in all children affected in JRA. In fact, in
our study 4 out of the 31 initially selected patients (13%)
were unable to complete functional evaluation due to their
young age.

The total prevalence of pulmonary impairment ob-
served in our population (51.8%) is consistent with that re-
ported by Wagener et al. [5], who found those respiratory
function abnormalities in 12/16 JRA patients (62%). In our
study, the most frequently altered parameters were FVC
and TLC, both reduced in 22.2% of children; RV and FRC
were both reduced in 18.5% and 22.2%, and increased in
14.8% and 11.1% of patients, respectively. Unlike the pre-
vious studies [4, 5], which revealed a significant reduction
of uncorrected DLCO in about 35% to 45% of JRA chil-
dren, we found reduced DLCO values only in 3.7% of pa-
tients. These results may be explained by considering that
our population included only out-patients, with no severe
disease, and that our values are already corrected for hae-
moglobin levels.

Furthermore, it is still a contentious issue whether
small-airways disease can develop as a specific complica-
tion of JRA. In our population, airflow reduction in the last
part of expiratory flow-volume curve (Vmax50 and Vmax25)
was noted in 4 out of 27 patients (14.8%) at baseline; most
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Table 4 Individual values of FVC, FEV1, Vmax50, Vmax25, TLC, RV, FRC, DLCO measured after a year (T1)

Patients FVC FEV1 Vmax50 Vmax25 TLC RV FRC DLCO
(l) (l) (l/s) (l/s) (l) (l) (l)

1 5.03 4.77 6.52 4.24 b 7.58 b 2.55 b 4.32 b 39.64
2 4.34 a 4.32 9.66 b 5.54 b 6.37 1.99 3.49 37.45
3 5.63 b 5.23 5.54 2.53 7.88 1.23 3.8 b 40.86
4 2.41 a 1.84 a 1.59 a 0.99 a 3.51 0.90 1.91 21.68
5 3.70 2.94 3.00 1.63 4.97 1.27 2.56 25.5
6 3.84 b 2.76 2.64 a 1.55 4.54 0.7 a 1.75 a 27.46
7 2.47 2.12 2.23 a 1.12 a 3.34 0.87 2.04 b 18.76
8 3.92 3.21 3.58 1.92 4.97 0.97 2.30 35.81 b

9 2.29 1.93 2.2 a 1 a 3.49 1.1 b 1.63 16.7
10 3.60 3.19 4.37 2.03 4.61 a 0.97 2.18 21.21 a

11 2.21 2.08 4.1 b 1.83 3.11 0.86 1.53 17.61
12 2.78 2.57 3.27 1.81 3.75 0.91 1.90 23.22
13 2.36 b 2.03 2.30 0.86 3.18 0.69 1.36 18.92

14 1.46 a 1.32 a 2.44 1.04 2.2 a 0.74 1.30 16.65
15 1.10 0.7 a 0.71 a 0.37 a 1.82 0.72 b 1.00 9.99
16 2.14 b 1.55 1.42 a 0.5 a 3.05 b 0.9 b 1.4 b 16.06
17 3.29 a 2.72 a 3.3 a 1.3 a 4.54 a 1.18 2 a 24.37
18 2.98 2.65 3.78 2.07 4.10 1.03 2.12 24.17
19 1.87 a 1.35 a 1.35 a 0.44 a 3.41 a 1.39 b 2.25 20.02
20 2.17 1.88 2.62 1.06 2.79 0.62 1.37 17.44
21 1.25 a 1.25 2.53 1.17 1.86 a 0.58 1.07 14.28
22 3.34 2.95 3.39 2.27 5.06 1.42 2.85 23.82
23 1.96 1.84 3.00 1.74 b 2.35 0.78 1.09 15.22
24 2.08 a 1.94 2.76 1.35 3.00 0.91 1.70 18.19
25 3.19 2.89 4.01 2.17 4.12 0.87 1.68 25.4
26 2.01 1.81 2.35 1.42 2.71 0.70 1.35 16.63
27 3.78 3.53 5.31 b 2.52 4.63 0.84 2.44 25.39

a Values < –1.64 SD
b Values > +1.64 SD
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of them belonged to group A. Despite the absence of res-
piratory symptoms and the good course of the disease, the
prevalence of these abnormalities doubled after 12 months,
with equal distribution into two groups. Decreased airflows
have been frequently described in adults with RA [26, 28]
and in children with JRA [4] as a direct effect of periph-
eral airway disease or as abnormal lung recoil. The study
of airway reactivity and the responsiveness to bronchodi-
lators, as well as high-resolution computed tomography,
might provide additional insights into the underlying
mechanisms [29].

Methotrexate may affect the respiratory system, induc-
ing an immunologic hypersensitivity response. Drug-in-
duced pneumonitis, characterized by subacute onset and
by systemic and respiratory symptoms (fever, cough and
dyspnea), occurring 1–5 months from the beginning of
therapy, is the most frequent feature [30]. Progressive pul-
monary fibrosis has also been described [11]. Risk factors
for the development of MTX-related pulmonary abnormal-
ities have not been defined, although preliminary data sug-
gest that the presence of previous lung disease may increase
patient susceptibility [31]. Other risk factors include male
sex, renal insufficiency and concurrent use of corticoster-
oids, NSAIDs and aspirin [32]. However, recent studies do
not support these findings [33, 34].

The comparison of PFTs between the two treatment
groups shows that FVC and FEV1 in group A were signif-
icantly lower than in group B, either at baseline or at 
time 1. The difference between the two groups at baseline
may be explained considering that group A included mostly
patients with polyarticular and systemic onset; these pa-
tients showed a greater severity of the disease and a higher
disease activity – either when starting MTX treatment or
at enrollment – than patients of group B. We cannot ex-
clude the possibility that MTX treatment over 2 years be-
fore the beginning of the study could have influenced pul-
monary function, although no further progression of lung
disease was demonstrated in the 1-year follow-up period.

After 1 year, a significant increase of TLC, RV and FRC
values was observed within group B when compared to
baseline. This finding may reflect an improvement of the
static volumes in these patients; a significant increase of
FVC, TLC and FRC was also recorded within group A,
suggesting an improvement in the assessment of the vol-
umes also in these patients. Thus, our study, which pros-
pectively evaluated the respiratory effects of long-term
low-dose MTX therapy in JRA children failed to demon-
strate any significant difference in pulmonary function
within group A after 1 year of MTX treatment.

To our knowledge, only one study, by Pelucchi et al.
[3], has investigated the effects of long-term low-dose
MTX on pulmonary function in 61 JRA patients. Their
data show that the impairment of lung function in JRA is
mostly related to the clinical subtypes of the disease in-
stead of to MTX therapy. Our results are in agreement with
the conclusion of Pelucchi’s group that low-dose MTX can
be safely employed in JRA. However, their study does not
provide a prospective evaluation of pulmonary function
during MTX treatment. A previous retrospective study on

morbidity associated with low-dose MTX showed that its
side effect are mainly hepatic, without alteration in respir-
atory diffusing capacity or development of restrictive pat-
tern [35].
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