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Abstract
Background - Abnormalities of pul-
monary function have been found in chil-
dren with systemic lupus erythematosus
(SLE) even in the absence of clinical or
radiographic evidence of pulmonary in-
volvement. It is unknown whether these
abnormalities represent an early sign of
progressive lung disease or whether they
are associated with disease activity.
Methods - After a mean of 4 5 years, res-
piratory function (forced vital capacity
(FVC) and single breath gas transfer factor
(TLCO)) and disease activity were re-
examined in 13 of 15 previously studied
children with SLE. Disease activity was
assessed by a validated index of SLE
activity (SLE activity measure (SLAM)).
Results - In spite of the high prevalence
of abnormalities ofrespiratory function at
the baseline investigation, no chest radio-
graphic abnormalities or overt clinical
signs of lung disease were found at base-
line, in the interval between the two in-
vestigations, or at the re-evaluation in any
patient. From baseline to the second in-
vestigation the mean value of SLAM de-
creased and there was a trend toward an
improvement in FVC and TLCO. TLCO was
more severely impaired than FVC, being
found as an isolated abnormality in a high
percentage ofpatients (45% at baseline and
35% at follow up). There was a relationship
between baseline TLCO and disease ac-
tivity, expressed as a SLAM score. More-
over, there was a correlation between the
changes in the SLAM score from baseline
to the second investigation and the cor-
responding changes in the TLCO value, but
not with the corresponding changes in the
FVC value.
Conclusions - In this series of patients the
decrease in SLE activity from the first
to the second investigation was associated
with an improvement in pulmonary func-
tion. The presence of early isolated func-
tional abnormalities was not associated
with subsequent development of lung dis-
ease.
(Thorax 1996;51:424-428)
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Abnormalities of pulmonary function are a fre-
quent finding in children with connective tissue
diseases.'`8 However, it is not known whether
they represent an early sign of progressive lung

disease which is not clinically evident, or simply
reflect non-progressive, potentially reversible,
pulmonary damage. Little is known about the
impact of fluctuations of the systemic in-
flammatory process or the effect of therapy on
functional impairment. Indeed, most of the
available data on pulmonary function in child-
hood connective tissue diseases have been ob-
tained by cross sectional investigations whereas
longitudinal studies are scarce.
We have previously found, in a cross sectional

study, a high prevalence of functional ab-
normalities of the lung in children with clin-
ically active connective tissue diseases, but not
in those in remission.9 None of these patients
had clinical or radiographic evidence of pul-
monary involvement.
With the aim of investigating the long term

evolution of pulmonary function and its re-
lationship with changes in disease activity as
assessed by standard methods, a group of chil-
dren with systemic lupus erythematosus (SLE)
previously studied was re-evaluated at least
three years after a first evaluation.

Methods
STUDY DESIGN
Of 15 children with SLE included in the base-
line investigation,10 two were lost from the
second investigation. The remaining 13
patients (12 girls; age range 12-21 years) were
re-evaluated after a mean of 4-5 years. As-
sessments of the disease activity, pulmonary
function tests, oxygen saturation, and chest
radiographic appearances were performed at
baseline and at re-evaluation.

In the interval between the two investigations
all the children had routine clinical ex-
aminations in the paediatric department every
3-6 months or more frequently if indicated.
Pulmonary function tests and/or chest radio-
graphs were also requested whenever clinic-
ally indicated.

PATIENTS
The main demographic and clinical data of the
13 patients are summarised in table 1. The
duration of the disease at the time of the base-
line investigation ranged from one to 57
months. None ofthe children had a past history
of pleural or pulmonary involvement. All the
children were receiving drug treatment, whose
dosage and regimen were adapted at each
visit according to the severity and activity of
the disease. All patients received prednisone,
six were taking azathioprine, four cyclo-
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Table 1 Demographic and clinical features ofpatients

Patient Age Sex Disease Time Drug
no. (years) duration interval therapy**

(months) * (months) **

1 12-7 F 52 44 PDN,CFM,
AZA,HCQ

2 16-1 F 45 70 PDN,AZA
3 12-7 F 2 48 PDN,AZA
4 10-6 F 19 35 PDN
5 14-1 F 27 53 PDN,AZA
6 7-1 F 2 50 PDN,CFM
7 14-9 M 14 55 PDN
8 10-4 F 46 59 PDN,CFM,AZA
9 16-3 F 54 67 PDN
10 13-8 F 17 44 PDN
11 14-1 F 1 46 PDN,CFM,AZA
12 18-2 F 30 66 PDN
13 10-2 F 57 69 PDN

PDN= prednisone; CFM cyclophosphamide; AZA = azathioprine; HCQ = hydroxychloroquine.
* At the time of the baseline evaluation.
** Between the baseline and the second investigation.

phosphamide, and one hydroxychloroquine.
None of the patients who took cyclo-
phosphamide had any short term adverse
effects from it.

ASSESSMENT OF DISEASE ACTIVITY
The SLE activity was assessed and scored by
means of the SLE activity measure (SLAM),1'
as previously reported.'2 The SLAM is a vali-
dated system which allows a quantitative as-
sessment of overall SLE activity, and covers
symptoms during the previous month including
24 clinical manifestations and eight laboratory
parameters. The items chosen represent those
manifestations that occur more frequently,
those that can be graded, and those that can
be reliably rated. Since disease activity is always
considered with disease severity, both di-
mensions are incorporated in the scale. A mani-
festation or symptom is determined as being
either active or not active. Severity is then used
to expand the scale from 1 to 3 and is judged
by the need to treat with immunosuppressive
agents, the need to follow the patient more
closely, or the functional or prognostic con-
sequences of the manifestation. The maximum
score is 86.

PULMONARY FUNCTION TESTS
Measurement of lung volumes were carried out
using a water sealed spirometer and a helium
analyser (Jaeger, Wuerzburg, Germany): the
best of three forced vital capacity (FVC) meas-

Table 2 Individual data of SLAM, FVC, and TLCO at baseline and at re-evaluation

Patient Baseline Repeat Baseline Repeat Baseline Repeat
no. SLAM SLAM FVC FVC TLCO TLCO

(1) (7) (kPals) (kPals)

1 10 6 -1-789 -2-5 -3 49 -2-33
2 2 2 -1-068 -1-58 -3-75 -3-58
3 0 0 0 045 0-66 -1-64 0-95
4 6 6 -1-63 0-09
5 4 2 -0-38 1-04 -0-22 -0-64
6 18 0 -0-38 1-853 -4-08 0-9
7 0 0 -0-96 -0-44 0-02 0-09
8 1 1 0-26 1-44
9 5 3 -1-87 -1-83 -0-99 -1-92
10 4 0 -3-13 -0-4 -3-24 0-7
11 16 3 0-99 1-02 -3-27 -2-15
12 0 0 0-44 0-38 0-06 -2-33
13 3 0 -1-4 -1-38 -1-96 -1-96

SLAM SLE activity measure; FVC forced vital capacity; TLco=carbon monoxide transfer
factor.

urements were registered. The transfer factor
of the lung for carbon monoxide (TLCO) was
determined using the single breath method
(Transferscreen-II Jaeger, Wuerzburg, Ger-
many) and corrected for haemoglobin content.
Since the correction of TLCO for alveolar vol-
ume did not influence the results of our ana-
lysis, only uncorrected TLCO values were
reported. TLCO measurement was unreliable in
two patients. Oxygen saturation was measured
by means of a pulse oximeter (Oxy Shuttle,
Sensor Medics, California, USA). All the res-
piratory function tests were performed ac-
cording to the European Community for Coal
and Steel statement.'3 Since in our previous
work the most informative variables were found
to be FVC and TLCO,9 only these parameters
were included in the analysis.

Changes in FVC and TLCO between the
first and second investigation were considered
significant when they exceeded the normal vari-
ability of the test itself (>15% for FVC; >10%
for TLCO).13
A cross sectional study on lung function in

healthy schoolchildren aged 4-6-18-8 years has
recently been performed and reference stand-
ards throughout childhood and puberty are
now available.'4 15 We employed these reference
equations and, in accordance with the ECCS
statement, '3 we expressed the data from our
subjects as a standard deviation (SD) score
(actual result - predicted results/population
standard deviation) and defined it as patho-
logical when the value was less than - 1 64,
corresponding to less than the fifth percentile.
Taking into account the pubertal stage of each
subject at each respiratory function assessment,
the SD score was corrected according to the
tables reported by Rosenthal et al.'4 15 Pubertal
stage was evaluated according to Tanner's
method. 16

STATISTICAL ANALYSIS
The comparison between the mean baseline
and control values of respiratory functional
data and the disease activity measure was per-
formed by a paired t test. Simple linear re-
gression analysis was employed to evaluate the
correlation between baseline FVC, TLCO, and
baseline SLAM, and between the changes in
the FVC and TLCO along with changes in the
SLAM from the first to the second in-
vestigation. Changes in the functional para-
meters were determined as the difference (A)
between each control and baseline SD score
and changes in disease activity as the difference
(A) between each control and baseline SLAM
score.

Results
No overt clinical signs of lung disease or chest
radiographic abnormalities were found at base-
line, in the interval between the two in-
vestigations, or at re-evaluation in any patient,
including those with the most severe ab-
normalities in lung function tests.

Table 2 reports the individual values of
SLAM, FVC, and TLCO for each child at base-
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Table 3 Mean (SD) values of SLAM, FVC, TLCO, and percentage ofpatients with negative SD score and with
clearly pathological score (<-1 64) at baseline and at re-evaluation

No. of SLAM FVC TLCO % ofpatients % ofpatients
patients score (SD score) (SD score) with negative with SD score

SD score <- 164

Baseline 13 5-38 (5-92)* -0 74 (1-23) 61 31
Repeat 13 1-77 (2.2)* -0-12 (1-36) 53 23

Baseline 11 5-64 (6.33)* -2-05 (1-59) 81 64
Repeat 11 1-45 (1-97)* -1-17 (1-59) 72 54-5

* p<0-05.

line and at the second assessment. Table 3
shows the mean (SD) baseline and repeat val-
ues for SLAM, FVC, and TLCO, and the per-
centage of subjects with a negative SD score
and with a clearly pathological SD score
(<- 1 64). The mean SLAM score decreased
significantly between baseline and re-evalu-
ation (p<005). The mean values of FVC and
TLCO were negative both at baseline and at
repeat measurement. Although the difference
was not statistically significant, there was a
trend towards an improvement in both res-
piratory parameters from the first to the second
investigation. The percentage of patients with
a negative SD score and clearly pathological
respiratory function was slightly reduced at re-
evaluation. TLCO was more severely impaired
than FVC both at baseline and at the second
examination, being found as an isolated ab-
normality in a high percentage ofpatients (45%
at baseline and 35% at control).
At baseline only TLCO was significantly cor-

related with SLAM (r=0-65, p<005) (fig 1).
From baseline to the second investigation the
SLAM score improved in seven subjects, was
unchanged in four, and worsened in two. The
FVC value improved in seven subjects, was
unchanged in four, and worsened in two (fig
2). The TLCO value improved in five subjects,
remained unchanged in three, and worsened
in three (fig 3). The changes in the TLCO value
from baseline to re-evaluation were significantly
correlated with the corresponding changes in
the SLAM scores (r=062, p<005) (fig 4),
while the changes in the FVC were not. Of
note, the three patients who showed the
more impressive improvement in TLCo at re-

evaluation (from severely abnormal to normal
values) concurrently achieved a clinical re-
mission.
Oxygen saturation was normal (>95%) in all

the patients, even in the most compromised,
both at baseline and at re-evaluation.

Discussion
Our study in 13 children with SLE shows that
functional lung impairment is related to the
activity of the systemic inflammatory process.
This finding is in agreement with the results
of our previous cross sectional investigation.9
Indeed, we found a relationship between TLCO
impairment and the activity of the disease ex-
pressed as a SLAM score. Moreover, from the
first to the second assessment we observed
a significant correlation between lessening of
disease activity and improvement of TLCO. As
in adult onset SLE, TLCO was more severely
impaired than FVC.'7 A low FVC may be due
to either respiratory muscle function im-
pairment or to interstitial lung disease,6 17 18 but
the finding of a proportionately lower TLCO
than FVC suggests that there is a pulmonary
parenchymal defect rather than respiratory
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Figure 1 Correlation between baseline carbon monoxide
transfer factor (TLco) expressed as an SD score and SLE
activity measure (SLAM); -= regression line; --- = 90%
confidence intervals.
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Figure 2 Baseline and repeat values offorced vital
capacity (FVC) expressed as an SD score for each subject
(each symbol corresponds to a patient number in table 1).
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Figure 3 Baseline and repeat values of carbon monoxide
transfer factor (TLco) expressed as an SD score for each
subject (each symbol corresponds to the same patient as in
fig 2).
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Figure 4 Correlation between the changes in carbon
monoxide transfer factor (A TLCO) expressed as an SD score
and the changes in SLE activity measure (zISLAM); -

regression line; - - -= 90% confidence intervals.

muscle impairment in our patients. In contrast,
De Jongste et al6 suggested that impairment of
respiratory muscle strength due to myopathy
had a role in the impairment of lung function
in their patients; however, their subjects were

children with chest radiographic abnormalities
and, in particular, diaphragm elevation and
clinical and electromyographic signs of myo-
pathy in other muscles. Unfortunately, data
on maximal respiratory mouth pressures were
not reproducible enough in our children and
were thus not analysed; TLCO proved to be
more sensitive in detecting the degree of lung
involvement, as has also been shown in adult

onset SLE.'7 Only TLCO was found to be cor-
related with the disease activity measure and
with its changes during the study period. Nail-
fold capillary morphological changes are as-
sociated with impairment of lung function,
especially with the pulmonary transfer factor,
and it has been suggested that microvascular
changes can contribute to the development of
interstitial lung disease.'920 Whether this also
applies in children with SLE is not known.

Despite the high prevalence of abnormalities
of respiratory function, none of our patients
developed overt clinical or radiographic signs
of lung involvement between the first and the
second investigation, suggesting that ab-
normalities ofrespiratory function alone should
not be regarded as an early sign of progressive
lung disease.
There are few studies on pulmonary function

in children with SLE because the disease is
uncommon."7 No long term studies on chil-
dren with SLE are available apart from some
patients studied serially in two cross sectional
studies.67 Singsen and Platzker found a re-
strictive defect in seven,4 an obstructive defect
in one, and diffusion impairment in five of 20
children with SLE without clinical or radio-
graphic evidence of pulmonary disease. Weiss
et al5 reported a high frequency of abnormal
pulmonary function in 28 children with SLE
studied regardless of the presence or absence
of pulmonary symptoms. Seventeen patients
had a restrictive pattern, with an obstructive
pattern in only one case. A diffusion defect was
observed in about one third of patients. All but
one of the eight patients studied by De Jongste
et al6 had chest radiographic abnormalities at
the time of the investigations and three had
presented with pulmonary symptoms. Spiro-
metric data obtained in seven patients showed
severe restriction in four. In all six subjects in
whom it was measured, TLCO was decreased
for body surface area but normal or increased
for total lung capacity. Repeated lung function
measurements at six month intervals in four
patients showed a gradual improvement in vital
capacity in three patients which was unaffected
by changes in the activity of SLE. Delgado et
al7 studied 13 children with SLE irrespective
of the presence or absence of clinical or radio-
graphic lung disease. Eight patients (62%)
showed one or more defects: decreased lung
diffusion was the commonest defect occurring
in 67% of the patients studied, whereas re-
strictive and obstructive changes were observed
in 46% and 8% of patients, respectively. In one
of the five patients who had serial studies,
abnormal function returned to normal.
Compared with previous investigations, our

investigation provides an improvement in the
definition of respiratory function status. We
used new reference standards for spirometric
values and single breath analysis and expressed
the results as SD scores, as recommended by
the ECCS.' '-1 This is an accurate method
which, taking into account the dispersion ofthe
parameter in the reference population, allows a
precise definition of the pathological subjects.
The comparison of functional respiratory data
between subjects with chronic diseases and
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their healthy counterparts is generally from
normal values obtained from a reference equa-

tion including only age and height. However,
it is known that chronic inflammatory diseases
such as SLE can affect somatic growth either
directly or because of long term treatment with
drugs such as corticosteroids.2' To avoid this
bias, which is particularly relevant for lon-
gitudinal data, we calculated the SD score with
pubertal correction factors by using the new

regression equations. Since puberty has a dra-
matic effect on lung function,'415 we could
evaluate lung abnormalities more specifically.
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