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Abstract
Objective
Interstitial lung disease (ILD) is highly prevalent in patients with mixed connective tissue disease (MCTD).
However, little is known about the long-term progression of ILD in MCTD. The aims of this study were to describe
pulmonary function test (PFT) and high-resolution computed tomography (HRCT) results in long-term MCTD patients,
to measure changes in PFT and HRCT results over a 10-year period, and to ascertain correlations in functional
and imaging data.

Methods
In this retrospective cohort study, comparison between baseline and follow-up PFT and HRCT data was performed for
39 unselected consecutive MCTD patients.

Results
At baseline, 51% of the patients had abnormal PFTs. Forced vital capacity (FVC) was slightly reduced at baseline
(77% of predicted), but remained stable after 10 years. A relative decrease of 15% in the diffusion capacity for carbon
monoxide (DL.,) was detected (from 84% to 71% of predicted, p<0.001). The median lower lobes ILD-HRCT score
progressed from 7.5% at baseline to 11.2% at follow-up (p=0.02), and findings of traction bronchiolectasis and
honeycombing increased (p<0.05). A moderate negative correlation was observed between functional parameters and
quantification of image findings.

Conclusion
Functional and radiologic alterations suggestive of ILD in long-term MCTD patients are prevalent, mild, and
progressed slightly over time. The most sensitive parameters for detecting subtle progression of ILD in MCTD patients
are trends in DL, quantification of lower-lobes disease by HRCT (lower-lobes %ILD-HRCT score), and qualitative
analysis of HRCT imaging.
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Introduction

Mixed connective tissue disease
(MCTD) is a systemic autoimmune dis-
order that is characterised by a combi-
nation of findings usually observed in
systemic lupus erythematosus, sclero-
derma, and polymyositis. A high titer of
anti-nuclear ribonucleoprotein (RNP)
in the presence of these symptoms ap-
pears to be unique to MCTD (1-3).

A growing body of evidence indicates
that interstitial lung disease (ILD) is
highly prevalent among MCTD pa-
tients. ILD and pulmonary arterial
hypertension (PAH) are serious com-
plications of MCTD associated with
increased mortality, and a subset of
these patients will present with severe
pulmonary fibrosis and increased mor-
tality (4-6). However, little is known
about the pattern of long-term progres-
sion of ILD in MCTD. There are only
a few studies that provide longitudinal
information regarding ILD in MCTD
(5-8), and to the best of our knowledge,
none of them have included a quantita-
tive analysis of changes in pulmonary
functional parameters or imaging re-
sults. Consequently, the parameters
that are most sensitive for detecting the
progression of ILD in MCTD and for
determining the extent of progression
have not been identified.

Therefore, the present study had three
aims: i) to describe the most common
abnormalities observed in pulmonary
function tests (PFTs) and high resolu-
tion computed tomography (HRCT)
scans of the chest in long-term MCTD
patients; ii) to measure the variation
over 10 years in PFT results and HRCT
findings (semi-quantitative and qualita-
tive analysis); and iii) to identify func-
tional and imaging correlations.

Materials and methods

Patients and study design

In this retrospective cohort study, we
systematically evaluated 53 unselected
consecutive MCTD patients who were
first evaluated 10 years before (9) at
the tertiary rheumatology outpatient
clinic of the Hospital das Clinicas, Uni-
versity of Sao Paulo, Brazil and who
had been stringently diagnosed ac-
cording to the Kasukawa’s criteria (1).
Follow-up PFTs, chest HRCT images
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and structured clinical interviews were
performed. Informed consent was ob-
tained from all participants. The study
protocol was approved by the local re-
search ethics committee (n. 0099/11).
The data obtained 10 years before were
considered the baseline against which
the follow-up data were compared.
Clinical data retrospectively extracted
from medical records were:

1) smoking status, with active or ex-
smokers defined as having a minimum
of one cigarette a day for a minimum of
one year;

2) presence of secondary Sjogren syn-
drome;

3) PAH, which was defined by right heart
catheterisation performed in patients
with pulmonary artery systolic pres-
sure >40 mmHg at an annual screening
echocardiogram, in accordance with the
standard of care in our institution;

4) autoantibody profile including anti-
nuclear (ANA), anti-ribonucleoprotein
(RNP), anti-Sm, anti-SSA/Ro, anti-
SSB/La, anti-topoisomerase I (Scl-70),
anti-centromere (ACA), anti-double-
stranded DNA (dsDNA), anti-histidyl-
tRNA synthetase (anti-Jol), and IgG
and IgM anticardiolipin (aCL) autoan-
tibodies and rheumatoid factor (RF);
5) drug treatment, defined as treatment
for any manifestation of MCTD at any
time in the 10-year period and consist-
ing of prednisone or equivalent >5 mg/
day (usually in the range of 5 mg to 1
mg/kg/day) or of cyclophosphamide,
azathioprine, or methotrexate with or
without corticosteroids.

For those patients who died or were lost
to follow-up, the last clinical, function-
al, and radiologic data available were
retrieved from the medical records.
The patients received standard medical
care at the discretion of the attending
physician during the 10-year period.

Pulmonary function tests

Spirometry (Medical Graphics Cor-
poration [MGC], St Paul, MN, USA),
plethysmographic lung volume meas-
urements, and diffusion capacity for
carbon monoxide (DL.,) (Elite Dx,
Elite Series™, MGC) were used to as-
sess lung function. All measurements
were obtained according to the recom-
mended standards (10-12). Reference
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values were derived from the Brazilian
population (13-15).

High-resolution computed tomography
protocols

HRCT scans were obtained within a
maximum interval of six months from
the PFTs. Scans at baseline had been
obtained in a single-slice scanner (HiS-
peed Advantage, GE Medical Systems,
Milwaukee, WI, USA), and the follow-
up images were acquired in multi-slice
systems (Philips Brilliance 10 or 16,
Philips Medical Systems, Cleveland,
OH, USA). Scans were performed from
the lung apices to the bases without
intravenous contrast medium. Images
were obtained with patients in the su-
pine position during breath-holding in
deep inspiration; whenever necessary,
prone scans were obtained. The im-
ages were acquired with a field of view
of 36 cm, 512x512 matrix, 120 kVp,
and 150-200 mA using helical mode in
the multi-slice systems and a step-and-
shoot mode in the single-slice scanner.
In both cases, the images were recon-
structed using a high spatial resolution
kernel with 1.0 mm thickness and 10
mm reconstruction intervals. All images
were displayed in two fixed windows;
lung windows were set to —700 Houns-
field Units (HU) with 1,500 HU width,
while mediastinal windows had a centre
of 20 HU and width of 400 HU.

Two chest radiologists who were blind-
ed to the clinical and functional data in-
dependently reviewed the chest scans.
The images were presented in random
order and scored for each pattern of
lung abnormality as defined elsewhere
(16), and the presence of oesophageal
dilatation was also noted (17).
Findings of ground-glass opacities,
reticulation, honeycombing, and bron-
chiolectasis were considered evidence
of ILD. The radiologists scored each
lobe for the extent of ILD (from O to
100%) to the nearest 5%, counting the
lingula as a separate lobe, yielding a
total ILD score (total %ILD-HRCT
score) (18). The scores obtained by the
two radiologists were averaged, except
in cases of discrepancies of >20% be-
tween readings, which were resolved
by consensus. The average %ILD-
HRCT score for the right and left lower

lobes, referred to as the lower-lobes
%ILD-HRCT score, was also recorded
and analysed, because ILD in MCTD
predominantly affects the lower lobes
(19,20).

Data analysis

Data were reported as mean =+ standard
deviation (SD) for variables with normal
distribution or as the median (IQ,s ;5,,)
for variables with non-normal distribu-
tion. Unpaired #-tests or the Mann-Whit-
ney U-test were used to compare con-
tinuous variables between different sub-
groups. Paired #-tests or Wilcoxon tests
were used to compare within-subject
results. Categorical variables were com-
pared by Fisher’s exact or Chi-square
test. Spearman’s correlation coefficient
was used to evaluate the correlation
between functional variables and imag-
ing scores. Differences were considered
significant at p<0.05. The data were ana-
lysed with SigmaStat version 3.5 (Systat
Software, Inc., San Jose, CA).

Results

From the original unselected sample of
53 MCTD patients, 7 (13%) were lost to
follow up, 4 (7.5%) had their diagnosis
changed, and 3 (5.6%) died. Therefore,
the study included 39 patients. MCTD
manifestations according to the Kasu-
kawa criteria and the general charac-
teristics of the patients are presented in
Tables I and II, respectively.

The 7 (13%) patients lost to follow-up
were followed-up for a median time of
7 years (range: 0.7-9 years) and their
baseline functional parameters did
not differ from those of the rest of the
sample: the mean baseline forced vital
capacity (FVC) was 72% of predicted
and the mean baseline DL, was 86%
of predicted (p = ns); the final FVC re-
trieved from patient records was stable
in 6 of these patients; in one patient
there was no information regarding
follow-up PFTs.

The causes of death in the 3 patients
who died during the study period were
sepsis secondary to a skin infection,
decompensated left heart failure, and
thrombocytopenic thrombotic purpura.
At the baseline evaluations, the median
DL, of these 3 patients was 60% of
predicted and the median FVC was
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Table I. MCTD manifestations acccording
to the Kasukawa criteria*.

Characteristic n=39
A. Common symptoms
Raynaud’s phenomenon 38 (97%)
Swollen fingers or hands 33 (85%)
B. Anti-RNP 37 (95%)*
C. Mixed symptoms
SLE-like findings
e polyarthritis 28 (71%)
 lymphadenopathy 7 (18%)
o facial erythema 12 31%)
« pericarditis or pleuritis 4 (10%)
SScl-like findings
* sclerodactyly 14 (36%)
¢ pulmonary fibrosis, restrictive 30 (77%)
changes in PFTs or reduced
DLCO I
* oesophageal hypomotility or 35 (90%)
dilatation
PM-like findings
* muscle weakness 14 (36%)

e elevated serum levels of muscle 16 (41%)
enzymes

* myogenic pattern on EMG 2 (5%)

Data are presented as absolute number of patients
and percentage.

*Kasukawa criteria for MCTD requires at least
one of the two common symptoms plus posi-
tive for anti-RNP plus one or more of the mixed
symptoms in at least two of the three (SLE-like,
SScl-like or PM-like) disease categories. (1)

YAt diagnosis, all patients were anti-RNP posi-
tive at high titers (>1:1000) detected by haemag-
glutination. Two patients became anti-RNP nega-
tive over the time.

At this study, pulmonary fibrosis was identified
with chest HRCT.

anti-RNP: ribonucleoprotein antibody; SLE: sys-
temic lupus erythematosus; SScl: systemic scle-
rosis; PM: polymyositis; PFTs: pulmonary func-
tion tests; DL: diffusion capacity for carbon
monoxide; EMG: electromyogram.

69% of predicted. At the last record-
ed evaluation before death, the mean
disease duration was 17 years and the
mean age was 45.3 years. One of these
patients had a normal HRCT at the final
evaluation and 2 showed signs of ILD
(ground-glass opacities, bronchiolecta-
sis and reticulation) with mild (10%)
and extensive (30%) involvement, re-
spectively (10% and 30% lower-lobes
%1LD-HRCT scores).

Two of the 4 patients who had changed
diagnoses were moved to overlap syn-
dromes of systemic lupus erythemato-
sus and scleroderma (n=1) and system-
ic lupus erythematosus and rheumatoid
arthritis (n=1); the other 2 fulfilled the
criteria for isolated scleroderma and
isolated systemic lupus erythematosus.
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Table II. Follow-up characteristics of MCTD
patients.

Characteristic n=39
Female sex 39 (100%)
Mean age, years 53+11.3
Median duration of MCTD 19 (15-28)
symptoms, years *
Active smokers 1 (2.5%)
Ex-smokers 11 (28%)
Sjogren syndrome 5 (13%)
Pulmonary arterial hypertension* 2 (5%)
Treated patients " 37 (95%)
Dyspnea 19 (49%)
Chronic cough 16 (41%)

Autoantibodies:

ANA titer > 1/160 39 (100%)

Anti-DNA,, 0 (0%)
Anti-RNP 37 (95%)
Anti-Sm 1 2%)
Anti-Ro/SSA 10 (26%)
Anti-La/SSB 1 (2.5%)
aCL IgG 0 (0%)
aCL IgM 1 2%)
RF 10 (26%)

Data are presented as absolute values and per-
centages, mean + SD and median and 1Q,s 5,
*Median duration of MCTD symptoms, except
Raynaud phenomenon.

YPulmonary arterial hypertension as defined in by
right heart catheterisation performed in patients
with pulmonary artery systolic pressure >40
mmHg in annual screening echocardiogram

A treated patient is defined as any patient who
at any time during the 10-year period received 5
mg/day or more of prednisone or its equivalent in
isolation or in combination with cyclophospha-
mide, azathioprine, and/or methotrexate. Patients
who received only chloroquine diphosphate or
hydroxychloroquine sulfate were not included in
the treated group.

YAl patients were anti-RNP positive at high ti-
ters (>1:1000) detected by haemagglutination
at diagnosis, but two patients became anti-RNP
negative over the 10-year period. None of the pa-
tients were positive for anti-topoisomerase (anti-
Scl70), anti-centromere (ACA) or anti-histidyl-
tRNA synthetase (anti-Jo1) antibodies.

ANA: antinuclear antibody; RNP: ribonucleopro-
tein antibody; aCL: anticardiolipin antibodies;
RF: rheumatoid factor.

Table III. Changes in pulmonary function tests in MCTD patients after ten years.

Variables Baseline Follow-up p-value
FVC (L)* %predicted 2.58 +0.54 245 +0.56 0.09
77% + 15 78% + 16 0.78

FEV, (L)* %predicted 213 £ 044 1.96 + 042 p<0.001
83% =+ 16 81% + 20 0.52

TLC (L)¥ %predicted 4.00 +0.63 392 +£0.72 0.44
86% + 15 83% + 14 0.34

DL, (ml/min/mmHg)* 177 £5.1 15143 p=0.006
Yopredicted 84% + 21 71% + 19 p<0.001

Data are presented in absolute values and as percent of the predicted value, mean + SD. Predicted
values have changed in follow-up measures due to ageing of the patients.

*n=36 for FVC and FEV, 'n=33 for TLC and DL,

L: liters; FVC: forced vital capacity; FEV : forced expiratory volume in the first second; TLC: total

lung capacity; DL,: single breath carbon dioxide diffusing capacity.

Fig. 1. The most prevalent image findings in MCTD were ground-glass opacities and reticulation,
predominately in the periphery of the lower lobes. Slides C and D show the same patient as slides A
and B, after 10 years. There is mild progression of disease with an increase in signs of fibrosis, (traction
bronchiolectasis and an elevated left diaphragmatic dome). The baseline lower-lobes %ILD-HRCT
score was 7.5% and the follow-up score was 12.5%.

One of the 39 included patients had
existing PAH at baseline, and during
the 10-year follow-up period, 6 (15%)
patients were evaluated by right heart
catheterisation after the annual screen-
ing echocardiogram indicated an in-
creased estimated pulmonary systolic
arterial pressure, but only 1 additional
(2.5%) patient had the diagnosis of
PAH confirmed.

Nineteen (49%) patients presented with
dyspnea, 2 with more severe dyspnea
(modified Medical Research Council
Dyspnea Scale [MMRC] (3-4).

All patients were in stable condition
when PFTs and HRCT were performed.

Pulmonary function tests

Of the 39 included patients, 3 were
unable to perform FVC and forced ex-
piratory volume in 1 second (FEV,)
measurements and 6 were unable to
perform DL, and total lung capacity
(TLC) tests. Therefore, FVC and FEV,
were measured in 36 (92%) patients
and DL, and TLC were measured in
33 (84%) patients. The characteristics
of the patients who were unable to
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perform follow-up PFTs did not differ
from the rest of the patient population
(mean age 54 .3 years, mean disease du-
ration 20.4 years, mean baseline FVC
82% of predicted).

Of the 33 patients, 17 (51.5%) had ab-
normal PFTs at baseline, but only 2 had
FVC values of <50% of predicted.

A statistically significant relative de-
crease of 15% in mean DL, was de-
tected after 10 years (from 84% to 71%
of predicted, p<0.001) (Table III), and
there were 4 (12%) patients who had
relative decreases in DL, of >40%.
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The FVC was slightly reduced at base-
line (77% of predicted) but remained
stable throughout the 10-year period; 3
(8%) patients had relative decreases in
FVC of >20%. Baseline FEV, and TLC
values were within the normal range
and remained stable at follow-up.

Although 30% of the patients were ex-
smokers, an obstructive ventilatory de-
fect (FEV,/FVC = 0.67) was observed
in only one, non-smoking, patient.

High-resolution computed tomography
Two of the 39 included patients did not
undergo HRCT of the chest; 37 (94%)
patients had a follow-up chest HRCT,
and 35 (89%) patients had both base-
line and follow-up images available for
analysis.

Eight (23%) patients had normal base-
line HRCT scans (total %ILD-HRCT
score = 0). In the remaining patients,
peripheral ground-glass opacities and
reticulation, predominating in the lower
lobes, were the most common findings
(Fig. 1). The lower-lobes %ILD-HRCT
scores, but not the total %ILD-HRCT
scores, were able to identify statisti-
cally significant changes between base-
line and follow-up images. The median
baseline lower-lobes %ILD-HRCT
score was 7.5% (1Q,s 55, 0.6-17.5%)
and progressed to 11.2% (IQ,5 5, 3.7—
33.8%) at 10 years (p=0.02) (Table IV).
Signs of fibrosis, i.e. honeycombing
and traction bronchiolectasis, increased,
as did the prevalence of oesophageal
dilatation (68% to 90%, p=0.029) (Ta-
ble IV). Of note, 7 (20%) patients had
total %ILD-HRCT scores of >20%
at baseline (mean total %ILD-HRCT
score 29%), but, interestingly, none of
these 7 patients exhibited increased to-
tal or lower-lobes %ILD-HRCT scores
at follow-up.

Correlation between pulmonary
function tests and high resolution
computed tomography

A statistically significant moderate
negative correlation was observed be-
tween baseline and follow-up FVC
vales and lower-lobes %ILD-HRCT
scores and between the baseline and
follow-up DL, values and lower-
lobes %ILD-HRCT scores (Table V).
Because DL, was the only functional

Table IV. Prevalence and evolution over ten years of imaging findings in MCTD patients.

Characteristics Baseline* Follow-up* p-value
Lower-lobes %ILD-HRCT score® 7.5% (0.6 —17.5) 11.25% (3.7 -33.8) 0.02
Image findings "

Ground-glass opacities 74% 77% 1.0
Reticulation 65% 77% 043
Traction bronchiolectasis 32% 58% 0.041
Honeycombing 13% 45% 0.005
Nodules 6% 6% 1.0
Consolidation 0% 0% 1.0
Pleural thickening 3% 3% 1.0
Pleural effusion 0% 3% 1.0
Emphysema 0% 11% 0.11
Oesophageal dilatation 68% 90% 0.029

*Number of patients = 35. YExtent of disease quantified by lower-lobes %ILD-HRCT score; median values
with 1Q, s, in parentheses. "Data are presented as the percentage of patients with the specified finding.

Table V. Correlation between functional parameters and quantified imaging results (lower-

lobes %ILD-HRCT score.

Variables* Coefficient” p-value
Baseline
FVC and lower-lobes %ILD-HRCT -0.49 0.005
DL, and lower-lobes %ILD-HRCT -0.53 0.003
Follow-up
FVC and lower-lobes %ILD-HRCT -0.51 0.003
DL, and lower-lobes %ILD-HRCT -0.62 <0.001
A DL, and
A lower-lobes %ILD-HRCT " -0.39 0.034

*For correlation with FVC, n=33. For correlations with DL, n=29. YSpearman correlation coefficient.
" A DL: follow-up DL, minus baseline DL,; A lower-lobes %ILD-HRCT: follow-up score minus

baseline score.

FVC: forced vital capacity; DL,: single breath carbon dioxide diffusing capacity; lower-lobes %ILD-
HRCT: score quantifying tomographic image findings in the lower lobes.

parameter that changed significantly
during the follow-up period, we chose
to evaluate the correlation of the 10-
year change (A) in DL, with the 10-
year change (A) in the lower-lobes
%ILD-HRCT score, and these param-
eters also showed a moderate negative
correlation (Table V; Fig. 2).

Discussion

In this 10-year retrospective analysis
of a treated unselected sample of long-
term MCTD patients, we found a high
prevalence of functional and imaging
changes that were suggestive of ILD.
We found that FVC, FEV,, and TLC
values remained stable, while a 15%
relative decrease in DL, was detected.
The most prevalent imaging findings
were peripheral ground-glass opacities
and reticulation, which were predomi-
nately in the lower lobes and of mild
extent, suggestive of a non-specific
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interstitial pneumonia (NSIP) pattern.
After 10 years, the prevalence of HRCT
findings suggestive of fibrosis, i.e. hon-
eycombing and traction bronchiolecta-
sis, and of oesophageal dilatation, in-
creased. Interestingly, at the first study
with this sample of patients lower DL,
and an increased prevalence of ILD
on HRCT were more common in pa-
tients with oesophageal dilatation (9).
However, at follow-up evaluation, the
prevalence of oesophageal dilatation
did not differ between the functional
deterioration subgroup and function-
ally stable/improved subgroup (data
not shown). ILD, gastroesophageal
reflux (GER), and oesophageal motor
impairment are very common and fre-
quently coexist in patients with MCTD.
The nature of the association between
oesophageal involvement and ILD in
MCTD is not completely understood,
and further studies are necessary to
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clarify such issue. Meanwhile, one may
speculate either a causal relationship:
GER promoting and aggravating ILD
or either they are both manifestations of
the scleroderma-like findings of MCTD
and therefore come together.

Few longitudinal studies analysing ILD
in MCTD have been undertaken (5-8),
and to our knowledge, ours is the first
study in which the long-term progres-
sion of HRCT findings and PFT trends
were both quantified. The general sta-
bility of the PFT results among the pa-
tients in our sample, among whom only
a slight decrease in DL, was observed,
together with a 5.6% mortality rate,
agrees with the evidence in the literature
that in general, the ILD of MCTD has
a more benign course than other ILDs
such as scleroderma or idiopathic pul-
monary fibrosis (21-25). However, the
stability observed in our study might be
in part related to the characteristics of
the study population, which was mainly
composed of patients with long-term
disease. At the follow-up analysis, the
mean disease duration was 19 years,
indicating that this population had a
mean disease duration of 9 years at
baseline. In scleroderma patients with
ILD, the most rapid decline in FVC oc-
curs within three years of disease onset,
indicating that lung injury and fibrosis
are early complications (26).

In our cohort, the mild morphologic
changes and the mild disease progres-
sion observed on HRCT may explain
why DL, was a marker of disease pro-

gression while FVC was not: DL, ap-
pears to be a more sensitive functional
parameter in general in terms of detec-
tion and follow-up of diffuse ILD (27-
33), and in one recent study of MCTD
patients, FVC remained at 80% of the
predicted value even among those with
HRCT findings of more severe disease,
while the DL, was decreased (4). The
low prevalence of PAH in our population
gives further support to the use of the
observed decrease in DL, as a surro-
gate marker of disease progression, and
it is also in agreement with recent find-
ings of phenotypic clusters in MCTD in
which patients with ILD and PAH did
not cluster together (34). As such, a pa-
tient population with a high prevalence
of ILD, such as that observed in our
study, would not be expected to have a
high prevalence of PAH.

Although both DL, and qualitative/
quantitative image findings detected
the mild progression of ILD, there was
only a moderate correlation between
the functional variables and the extent
of disease on HRCT, either as absolute
values or as A DL, and A lower-lobes
%ILD-HRCT. Indeed, a moderate cor-
relation between PFTs and extent of
disease on HRCT is not uncommonly
reported for ILDs in general (35), and
only few studies have reported more ro-
bust correlations (18,27). It is unlikely
that the moderate (and not good) corre-
lation between pulmonary function pa-
rameters and image scores was related
to the maximum accepted interval of 6

239

months between follow-up PFTs and
follow-up HRCT, because most of the
HRCT exams were actually performed
within a month of the PFTs, and the
ILD in our study population was not
rapidly progressive. Another possible
explanation for the moderate correlation
between DL, and the radiographic ex-
tent of disease is that the DL, may be a
more sensitive indicator of microscopic
ILD before it can be detected macro-
scopically by changes in HRCT images.
Therefore, morphologic and functional
evaluations, when conducted together,
seem to be additive in improving ac-
curacy. Lastly, although not directly
relevant to our study, a high prevalence
of PAH could decrease the correlation
between DL, and HRCT, because PAH
would not be detected on interstitial im-
age analysis, despite its association with
significant decreases in DL

A theoretical drawback in using DL,
as a tool to evaluate progression of
ILD is the variability in the measure-
ments. However, clinically acceptable
reproducibility has previously been
demonstrated with the use of a stand-
ardised protocol (10, 15). In addition,
the natural decrease in the predicted
values of DL, over a 10-year span in
the general Brazilian population is ap-
proximately 4%, which is less than the
15% decrease observed in our study.
Furthermore, the decrease in DL, re-
tained statistical significance when the
% predicted DL, was analysed and the
effect of ageing was already taken into
account (15). Therefore, the analysis of
DL, trends can be a useful method for
evaluating ILD progression in MCTD,
even during long-term follow-up, and
in fact, DL, was the most sensitive
functional parameter in this study.
Despite the strength of our findings, our
study has limitations. The loss to fol-
low-up of 13% of patients may theoret-
ically have introduced a selection bias.
However, even these patients were fol-
lowed for a median time of 7 years, and
their baseline and final follow-up FVC
values did not differ from the rest of the
cohort. Thus, we have reason to believe
that their disease had a behavior similar
to that of the rest of the cohort. Nev-
ertheless, we cannot confirm that they
are still alive since we lost contact with
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them. Another limitation is that the im-
pact of treatment on our observations
was not subject to analysis. However,
our observations that trends in DL,
and qualitative and quantitative imag-
ing analysis are the most sensitive pa-
rameters to detect subtle progression of
ILD in MCTD are not invalidated by
the fact that treatment effects were not
evaluated. Additionally, because we
have only two sets of PFTs and HRCT
images, collected 10 years apart, we
cannot know whether the patients had
a slowly progressive deterioration over
the 10 years or whether short periods
of rapid disease progression occurred
in an otherwise stable disease state.
This is the first time that PFT and HRCT
image findings have been objectively
quantified simultaneously in a popula-
tion of MCTD patients. In summary,
after comparing baseline and follow-up
PFT and HRCT results over a 10-year
interval in an unselected sample of
long-term MCTD patients, we observed
that functional and radiologic altera-
tions suggestive of ILD are prevalent,
relatively mild, and slightly progressive
over time. Because we observed larger
decreases in PFT parameters and more
extensive disease on HRCT in a minor-
ity of patients, and because an increased
extent of ILD in MCTD patients has
already been associated with increased
mortality (4), the importance of long-
term follow-up for MCTD patients with
pulmonary involvement cannot be over-
stated. The present study indicates that
the most sensitive parameters for detect-
ing subtle progression of ILD in MCTD
patients are trends in DL, quantifica-
tion of the extent of disease in the lower-
lobes by HRCT, and qualitative analysis
of HRCT findings.
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