Performance capacity evaluated using the 6-minute walk test:
5-year results in patients with diffuse systemic sclerosis and
initial interstitial lung disease
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ABSTRACT
Objective. To identify factors indicating exercise-induced oxygen desaturation during the 6-minute walk test
(6MWT) in patients with diffuse systemic sclerosis (SSc) and initial interstitial lung disease (ILD).
Methods. The study involved 121 consecutive adult anti-Scl 70 autoantibody-positive SSc patients with initial
ILD, 93 of whom were followed up
for five years. Before enrolment and
then annually, the patients underwent
high-resolution computed tomography
(HRCT), functional lung tests, with
carbon monoxide diffusion capacity of
the lung (DLCO) and its components
(alveolar-capillary membrane [Dm]
and pulmonary blood volume [Vc]),
the evaluation of dyspnea before and
after the 6MWT using the Borg scale,
and transthoracic echocardiography. A
decrease in peripheral capillary oxygen
saturation (SpO2) of ≥4% during the
6MWT was used to define desaturation,
the appearance of which led to the patient being withdrawn from follow-up.
Results. There were no significant differences in HRCT score during the
follow-up, but 32 patients (35%) desaturated during the 6MWT, including
12 (37%) who experienced a severe decrease SpO2 to ≤88%, indicating a high
risk of mortality. At baseline, there was
no statistically significant difference in
any considered clinical characteristics
between the desaturating and non-desaturating patients but, at the time of
desaturation, the desaturators had lower minimum SpO2% levels during the
6MWT (p<0.0001), and lower DLCO
(p<0.0001) and Dm (p<0.0001).
Comparison of the desaturators defined
on the basis of a reduction in SpO2 to
≤88% and those defined on the basis
of a decrease in SpO2 of ≥4% showed
that, at baseline, the former had lower
minimum SpO2% levels during 6MWT
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(p<0.001), lower DLCO (p=0.01), a
lower DLCO/VA ratio (p=0.05), lower
Dm (p<0.005) and Vc values (p<0.5),
and higher RVsystP (p=0.01).
At the time of desaturation, the desaturators’ minimum SpO2 levels during
the 6MWT correlated with their DLCO
(r=0.78; p<0.001), Dm (r=0.65;
p<0.01), Vc (r=0.52;p<0.05) and RVsystP values (r = -0.53; p<0.05).
Conclusion. Our data seem to confirm
the close interdependence between pulmonary diffusion and oxygen desaturation during exercise. In SSc combined
6MWT, DLCO and its components may
indicate patients at increased risk of developing pulmonary hypertension.
Introduction
Systemic sclerosis (SSc) is unique insofar as it is characterised by the features of three distinct pathophysiological processes: cellular and humoral autoimmunity, vascular injury, and tissue
fibrosis. Functional and structural vascular injury is frequently the earliest
sign, and may occur years before the
other manifestations, and fibrosis due
to the excessive accumulation of collagen and extracellular matrix components is frequently encounterd. Genetic
factors may play a role in the pathogenesis of the disease by affecting host
susceptibly or modifying its clinical
presentation and organ damage (1).
The symptoms of patients with SSc often
include dyspnea upon exertion, fatigue,
and reduced exercise tolerance, which
are frequently due to the involvement
of the musculoskeletal system, lungs,
heart, chest wall, and pulmonary vasculature. SSc patients with lung involvement are at particular risk of developing
pulmonary hypertension which, if it is
untreated, may lead to right ventricular
failure and early death (2).
The six-minute walk test (6MWT) is
a simple, efficient and inexpensive
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means of evaluating performance during sub-maximal exercise that can
be safely used in the case of patients
with advanced lung disease (3-5), and
oxygen desaturation during the 6MWT
correlates with the single-breath carbon monoxide diffusion capacity of
the lung (DLCO) (6, 7). SSc patients
with lung involvement have impaired
DLCO and pulmonary arterial hypertension (8), and a DLCO of ≤50% of
the predicted value indicates a high risk
of mortality (9). It has also been shown
that oxygen desaturation measured by
means of pulse oximetry (SpO2 ≥4%)
during the 6MWT correlates with age,
the dyspnea index, positive anti-Scl 70
autoantibodies, forced vital capacity (4)
and a reduced DLCO (10, 11).
The aim of this study was to identify
factors indicating exercise-induced
oxygen desaturation during the 6MWT
in patients with diffuse SSc and initial
interstitial lung disease (ILD).
Methods
One hundred and twenty-one consecutive anti-Scl70 autoantibody-positive
patients with diffuse SSc defined according to the extent of skin involvement, characterised by sclerotic lesions
extending above the elbows and the
knees, and initial or early onset of ILD
diagnosed by means of high-resolution
computed tomography (HRCT) were
enrolled at the Rheumatology Department of L. Sacco University Hospital in
Milan, Italy, between January 2007 and
December 2008 (12, 13). Twenty-eight
were excluded from the study because
of articular disabilities, severe cough,
heart failure, back pain, an inadequate
pulse oximetry signal (Raynaud’s phenomenon, RP), resting SpO2 levels of
<90%, or oxygen desaturation during
the 6MWT (a decrease in SpO2 of ≥4%);
the remaining 93 were followed up for
up to five years.
Before enrolment and then annually, the
patients underwent HRCT, functional
lung tests, the measurement of DLCO
and its components (alveolar-capillary
membrane [Dm] and pulmonary blood
volume [Vc]) (VMax 227 Autobox,
Sensormedics, Yorba Linda, CA, USA),
the 6MWT using a forehead sensor
(Nonin 2500, Nonin Medical INC,

Plymouth, MN, USA), dyspnea evaluations before and after the 6MWT using
the Borg scale (14), and transthoracic
echocardiography (IE33 Echocardiography System, Philips, Amsterdam, The
Netherlands).
Lung volume, dynamic spirometry parameters and DLCO were measured
in accordance with the criteria of the
European Respiratory Society (ERS)
and American Thoracic Society (ATS)
(15-18); the DLCO and volume ventilated ratio (DLCO/VA) was considered
as representing diffusion because the
transfer factor is clearly related to the
available lung surface represented by
VA. Single-breath DLCO was adjusted
for the level of carboxyhaemoglobin as
measured using a blood gas analyser
(Critical Care Laboratory Systems 35,
Instrumentation Laboratory, Paderno
Dugnano, Italy) (19), and DLCO Dm
and Vc were calculated using the equation of Roughton and Foster (20).
The 6MWT was carried out in accordance with a protocol adapted from the
ATS guideline (21) using a straight and
level 45-metre course in an enclosed
corridor that was marked with cones
at either end. Standardisation instructions were read aloud to each patient
before the test (22) and, at the end of
each minute, he or she was informed
of the elapsed time and given standard
encouragement. Respiratory frequency
was measured before and immediately
after the end of the 6MWT.
We avoided using a fingertip sensor to
measure oxygen saturation because digit circulation is often deteriorated in SSc
patients to the extent that SpO2 cannot
by measured during the 6MWT.
A forehead sensor may overcome these
difficulties because capillary perfusion
of the forehead by the supraorbital artery
is less susceptible to vasoconstriction
(23) and forehead sensor are less susceptible to motion artefact as they are fletter
and can be secured more affectively.
Consequently, oxygen saturation was
recorded by means of pulse oximetry
after a 5-minute rest before the test,
throughout the test itself, and immediately afterwards.
In order to evaluate the degree of ILD
and its evolution, the patients underwent HRCT before enrolment and then
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annually. Thin sections separated by
three minutes were acquired between
the apices and bases of the lungs using a CT scanner with the patients in a
supine position, and then recontructed
using a high-resolution algorithm. The
scans were analysed for the presence
or absence of a pattern consistent with
ILD by an experienced radiologist who
was blinded to the clinical data. ILD
was defined as the presence of characteristic multifocal or diffuse abnormalities (subpleural opacities, parenchymal
bands, thickened interlobular septae, an
irregular pleural interface, honeycomb
lung) if they were bilateral and at multiple levels. Disease severity was semiquantitatively graded using a 5-point
scale: grade 0=0% involvement of lung
parenchyma; grade 1=1-15%; grade
2=15-30%; grade 3=30-50%; and grade
4=>50% (24). The American Thoracic
Society classification was used in order
to exclude other forms of ILD (25).
All of the patients underwent transthoracic echocardiography in the left
lateral decubitus position. Left ventricular end-diastolic and end-systolic
diameters were determined by means
of M-mode echocardiography, and the
left ventricular ejection fraction (EF)
was calculated using a modified version of Simpson’s formula. Right ventricular systolic pressure (RVsystP),
which reflects systolic pulmonary artery pressure, was estimated on the basis of tricuspid regurgitating velocity as
measured by means of tissue Doppler
echocardiography following Bernoulli’s principle (26, 27).
The patients were followed up for five
years or until the appearance of desaturation (defined as a ≥4% decrease
in SpO2) led to the patient being transferred to the desaturator group.
The study protocol was approved by
our local ethics committee and conducted in accordance with the ethical guidelines of the 1975 Helsinki Declaration.
Informed consent was obtained from all
of the subjects before they underwent
any of the study procedures.
Statistical analysis
The data were analysed using Statistical Package for the Social Sciences
software, version 2.0 (IBM SPSSC
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Statistics 2.0, 2011) and are expressed
as mean values and standard deviation. The Borg scale scores, respiratory function, and the 6MWT and
echocardiographic parameters of the
desaturators and non-desaturators were
compared using an unpaired Student’s
t test. Spearman’s rank correlation was
used as appropriate. A p-value of <0.05
was considered significant.
Results
Of 121 SSc patients enrolled 28 were
excluded: 20 for unadequate pulse
oximetry signal (72%), 3 for back pain
(10%), 2 for severe cough (8%) and 3
for articular disabilities (10%).
The remaining 93 patients (age 65±3
y, 10 m, 83 f) were all anti-Scl70 autoantibody positive, affected by diffuse
SSc (duration disease 9±3 y) with initial lung involvement, and being treated
with corticosteroids (mean dose 5 mg;
range 2.5-10 mg). Eighty nine (96%)
were also taking azathioprine (AZA)
at a mean dose of 150 mg/day (range
50-200 mg), ten (9%) cylophosphamide
and five (4.5%) mycophenolate mofetil,
and seventy-seven (82%) were receiving low-dose nifedipine (30 mg/day)
because of Raynaud Phenomena (RP).
None of the patients suffered from cardiovascular disease or any other complication. All of the patients were antinuclear antibodies (ANA) positive. Table I shows the patients’ characteristics
at the beginning of follow-up.
There were no statistically significant
differences in HRCT scores during
the follow-up, but 32 patients (35%)
desaturated during the 6MWT (a ≥4%
decrease in SpO2), including 12 (37%)
who were severely desaturated (SpO2
≤88%). There was no statistically significant difference in any of the considered characteristics of the two groups
at baseline (Table II) but, at the time
of the exit from the study, the desaturators had a longer disease duration
(13.5±1.5 vs. 10±2 years; p<0.0001),
lower minimum SpO2% levels during
the 6MWT (90.3±1% vs. 94.2±0.4%;
p<0.0001), lower DLCO (41.6±11%
vs. 64.2±13% of predicted; p<0.0001),
a lower DLCO/VA ratio (66.3±10% vs.
76.4±16% of predicted; p=0.05) and
lower Dm values (10±3 vs. 14.9±2.8

Table I. Characteristics of 93 patients with systemic sclerosis.
Gender (M/F)

11%/89%

Age (years)
SpO2% at rest
Duration disease (y)
HRCT rate
VC (% predicted)
FEV1 (% predicted)
TLC (% predicted)
RV/TLC (% predicted)
DLCO (% predicted)
DLCO/VA (% predicted)
Dm (ml/min/mmHg)
Vc (ml)
SpO2 during 6MWT
Breath rate before 6MWT (n°/min)
Breath rate at 6MWT end (n°/min)
Borg scale before 6MWT
Borg scale at 6MWT end
6MWT distance (m)
RVsystP (mmHg)
EF (%)

65
94.3
9
2.8
88
91
84
95
68.5
78.6
15.3
74
94.3
21
26
2
5
403
29.7
74

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

3
2
3
0.7
18
21
16
14
16
16
3
18
0.8
4
5
1
2
134
8.3
5

6MWT: six-minute walk test; SpO2: oxygen saturation by pulse oxymeter; VC: vital capacity; FEV1:
forced expiratory volume in one second; TLC: total lung capacity; RV: residual volume; DLCO: diffusion
capacity of thr carbon monoxide; VA: alveolar volume; Dm: alveolar-capillary membrane; Vc: pulmonary blood volume; HRCT: hight-resolution computed tomography; RVsystP: right ventriculars systolic
pressure; EF: left ventricular ejecton fraction. *SD: standard deviation

Table II. Characteristics of 61 future non desaturators and 32 future desaturators at baseline.
Non desaturators
20%/80%

Gender (M/F)
Age (years)
SpO2% at rest
Duration disease (y)
HRCT rate
VC (% predicted)
FEV1 (% predicted)
TLC (% predicted)
RV/TLC (% predicted)
DLCO (% predicted)
DLCO/VA (% predicted)
Dm (ml/min/mmHg)
Vc (ml)
SpO2% during 6MWT
Breath rate before 6MWT (n°/min)
Breath rate at 6MWT end (n°/min)
Borg scale before 6MWT
Borg scale at 6MWT end
6MWT distance (m)
RVsystP (mmHg)
EF (%)

64
96.5
9
2.8
90
92
85
97
70
80.3
16
77
95.3
20
25
2
4
410
28.4
74

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

4
3
3
0.5
20
23
12
16
16
15
2.7
16
2
6
4
1
3
96
9.1
6

desaturators
19%/81%
65
95
10
2.9
84
88
83
94
64.2
76.4
14.9
72
94.5
22
26
2
5
396
31.2
74

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

2
3
2
0.7
15
16
14
14
13
16
2.8
18
2.5
4
6
2
2
111
8
4

p-values
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

6MWT: six-minute walk test; SpO2: oxygen saturation by pulse oxymeter; VC: vital capacity; FEV1:
forced expiratory volume in one second; TLC: total lung capacity; RV: residual volume; DLCO: diffusion
capacity of thr carbon monoxide; VA: alveolar volume; Dm: alveolar-capillary membrane; Vc: pulmonary blood volume; HRCT: hight-resolution computed tomography; RVsystP: right ventriculars systolic
pressure; EF: left ventricular ejecton fraction. *SD: standard deviation.

mL/min/mmHg; p<0.0001) (Table III).
Comparison of the desaturators defined on the basis of a reduction in
SpO2 to ≤88% and those defined on
the basis of a decrease in SpO2 of ≥4%
showed that, at baseline, the former had
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lower minimum SpO2% levels during 6MWT (86.3±1% vs. 90.5±1%;
p<0.001), lower DLCO (37±10% vs.
46±9% of predicted: p=0.01), a lower
DLCO/VA ratio (63±8% vs. 70±10%
of predicted; p=0.05), lower Dm (7±4
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Table III. 32 patients will be desaturators at the start of follow-up vs. at the desaturation time.
At the start of follow-up
SpO2% at rest
Duration disease (y)
HRCT rate
VC (% predicted)
FEV1 (% predicted)
TLC (% predicted)
RV/TLC (% predicted)
DLCO (% predicted)
DLCO/VA (% predicted)
Dm (ml/min/mmHg)
Vc (ml)
SpO2% during 6MWT
Breath rate before 6MWT (n°/min)
Breath rate at 6MWT end (n°/min)
Borg scale before 6MWT
Borg scale at 6MWT end
6MWT distance (m)
RVsystP (mmHg)
EF (%)

94
10
2.9
84
88
83
94
64.2
76.4
14.9
72
94.5
22
26
2
5
396
31.2
74

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

3
2
0.7
15
16
14
14
13
16
2.8
18
2.5
4
6
2
2
111
8
4

At desaturation time
93 ± 2.5
13.5 ± 1.5
3.3 ± 1.5
79 ± 17
84 ± 18
77 ± 16
90 ± 17
41.6 ± 11
66.3 ± 10
10 ± 3
67 ± 17
90 .± 3
24 ± 5
29 ± 7
3±3
6±3
378 ± 96
33 ± 9
73 ± 5

p-values
ns
0.0001
ns
ns
ns
ns
ns
0.0001
0.05
0.0001
ns
0.01
ns
ns
ns
ns
ns
ns
ns

6MWT: six-minute walk test; SpO2: oxygen saturation by pulse oxymeter; VC: vital capacity; FEV1:
forced expiratory volume in one second; TLC: total lung capacity; RV: residual volume; DLCO: diffusion
capacity of thr carbon monoxide; VA: alveolar volume; Dm: alveolar-capillary membrane; Vc: pulmonary blood volume; HRCT: hight-resolution computed tomography; RVsystP: right ventriculars systolic
pressure; EF: left ventricular ejecton fraction. *SD: standard deviation.

Table IV. 20 patients desaturators for a fall of SpO2% ≥4% during 6MWT vs. 12 patients
desaturators for a SpO2% ≤88% during 6MWT.

Gender (m/f)
Age (y)
SpO2% at rest
Duration disease (y)
HRCT rate
VC (% predicted)
FEV1 (% predicted)
TLC (% predicted)
RV/TLC (% predicted)
DLCO (% predicted)
DLCO/VA (% predicted)
Dm (ml/min/mmHg)
Vc (ml)
SpO2% during 6MWT
Breath rate before 6MWT (n°/min)
Breath rate at 6MWT end (n°/min)
Borg scale before 6MWT
Borg scale at 6MWT end
6MWT distance (m)
RVsystP (mmHg)
EF (%)

Fall of SpO2% ≥4%

SpO2% ≤88%

p-values

18%/82%
64.3 ± 3
93.3 ± 2.6
13.4 ± 2.8
2.9 ± 0.8
83 ± 15
86 ± 14
79 ± 13
94 ± 15
46 ± 9
70 ± 10
11 ± 3
71 ± 16
90.5 ± 1
22.4 ± 4
28 ± 4
2±1
4±1
384 ± 103
30.8 ± 7
73.8 ± 4

19%/81%
65.2 ± 3.3
92.8 ± 3
13.6 ± 3
3.6 ± 0.7
76 ± 16
81 ± 15
73 ± 16
91 ± 17
37 ± 10
63 ± 8
7±4
59 ± 15
86.3 ± 1
25 ± 3
32 ± 6
2±2
6±3
363 ± 112
38.9 ± 8
71 ± 3

ns
ns
ns
ns
ns
ns
ns
ns
ns
0.01
0.05
0.005
0.05
0.001
ns
0.05
ns
0.01
ns
0.01
ns

6MWT: six-minute walk test; SpO2: oxygen saturation by pulse oxymeter; VC: vital capacity; FEV1:
forced expiratory volume in one second; TLC: total lung capacity; RV: residual volume; DLCO: diffusion
capacity of thr carbon monoxide; VA: alveolar volume; Dm: alveolar-capillary membrane; Vc: pulmonary blood volume; HRCT: hight-resolution computed tomography; RVsystP: right ventriculars systolic
pressure; EF: left ventricular ejecton fraction. *SD: standard deviation.

vs. 11±3 mL/min/mmHg; p<0.005)
and Vc values (71±16 vs. 59±15 mL;
p<0.5), and higher RVsystP (38.9±8
vs. 30.8±7 mmHg: p=0.01). At the end
of the 6MWT, these patients also had a
higher respiratory rate (32±6 vs. 28±4

breaths/min; p<0.05) and higher Borg
scale scores (6±3 vs. 4±1; p=0.05) (Table IV).
At the time of desaturation, the desaturators’ minimum SpO2 level during the
6MWT correlated with their DLCO
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(r=0.78; p<0.001), DLCO/VA ratio
(r=0.64; p<0.01), Dm (r=0.65; p<0.01)
and Vc (r=0.52; p<0.05), and RVsystP
values (r=-0.53; p<0.05) (Table V).
Discussion
It has been reported that the percentage
of predicted DLCO is one of the predictors of 6MWT distance (8) and oxygen
desaturation during the 6MWT (10) in
SSc patients with ILD. Pimenta et al.
(28) have demonstrated that the desaturation: distance ratio during the 6MWT
closely correlates with DLCO, and so
oximetry may more accurately reflect
the diffusion capacity of the alveolar/
capillary membrane, which is reduced
in patients with ILD due to impaired
gas exchange (reflected by DLCO) (29).
It has also been found that exercise-induced oxygen desaturation in patients
with advanced idiopathic interstitial
pneumonia correlates with walking
speed, DLCO and arterial oxygen pressure at rest (29). Exercise-induced oxygen desaturation is an important factor
limiting exercise in patients with interstitial lung disease, who have a reduced
DLCO due to a decrease in alveolar volume and the involvement of alveolar/
capillary membranes, which reduces the
distance and minimum SpO2 levels during the 6MWT because of disturbed gas
exchange. A reduction in SpO2 to ≥88%
during the 6MWT indicates a high risk
of mortality and is a sign of progression
in patients with idiopathic interstitial
lung disease (27, 30).
Bichile et al. (32) found an association between initial high-resolution
CT grading and improved post-6MWT
oxygen saturation, which predicts a
good outcome in treated patients with
moderate ILD. Decreasing serial FVC
and DLCO measurements have a negative impact on prognosis (33) and, importantly, even small changes in FVC
and DLCO within the first 6-12 months
of observation may translate into major
survival differences during long-term
follow-up over five and 10 years.
The impaired DLCO of SSc patients
(28, 29) may be caused by two distinct mechanisms: pulmonary capillary
dysfunction, or pulmonary fibrosis decreasing alveolar volume and directly
affecting CO uptake. The latter is par-
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Table V. Spearman’s rank correlation in patients desaturators during 6MWT.
SpO2 during 6MWT
versus
		
		
		
		

DLCO
DLCO/VA
Dm
Vc
RVsystP

r
r
r
r
e

0.78
0.64
0.65
0.52
-0.55

p<0.001
p<0.01
p<0.01
p<0.05
p<0.05

6MWT: six-minute walk test; SpO2: oxygen saturation by pulse oxymeter; DLCO: diffusion capacity
of thr carbon monoxide; VA: alveolar volume; Dm: alveolar-capillary membrane; Vc: pulmonary blood
volume; RVsystP: right ventriculars systolic pressure.

ticularly common in patients with diffuse SSc in whom the impairment is often due to ILD, and so impaired DLCO
may reflect an underlying pulmonary
vasculopathy (31). DLCO impairment
has also been observed in association
with altered nail fold capillary microscopy findings in SSc patients with RP
(32).
We chose to enrol anti-Scl70 positive
SSc patients in this study because the
presence of these auto-antibodies is not
only related to a greater likelihood of
exercise-induced oxy-haemoglobin saturation (4) but also to the more frequent
development of ILD and pulmonary hypertension (33).
Our data show that 32 of our 93 patients
(35%) became desaturators during the
five-year follow-up period, 12 of whom
(37%) had SpO2 levels of ≤88% during the 6MWT, a level that may also
represent a negative prognostic index
(27, 31). A reduction in DLCO due to
decrease in its Dm component seems
to be the determining cause of reduced
oxy-haemoglobin saturation during
execrcise. As our patients showed
no worsening in the degree of ILD as
evaluated on the basis of their HRCT
scores, the reduction in Dm could have
been due to an erythrocytic haemorheological alteration (34). If, in addtion to
the reduction in DLCO and Dm, where
is also a reduction in the second component (Vc), exercise induces a greater
decrease in SpO2% and an increase in
pulmonary pressure, probably because
of vascular destruction in the fibrotic
areas of the lung and latent pulmonary
vessel disease (35).
The fact that the degree of lung involvemennt indicated by the HRCT
score remains unchanged confirms the
greater sensitivity of DLCO in revealing the progression of ILD in SSc patients (36).

Conclusions
Studying oxygen saturation during the
6MWT is a simple, reproducible and
less-time consuming method of diagnosing and monitoring SSc patients
with ILD that can be recommended as
a means of prognosticating pulmonary
morbility. Further studies of the routine
use of this test in a large cohort a patients attending a scleroderma clinic are
therefore warranted.
It is worth highlighting two aspects: the
first is the need to monitor patients with
diffuse SSc and initial ILD because approximately one-third will develop a
major exercise limitation in the form of
oxygen desaturation during the following five years; the second is the role of
studying DLCO and its components in
the follow-up of SSc patients, particularly if they are anti-Scl70 positive.
A reduction in DLCO to <65% of the
predicted value due to a decrease in
Dm may indicate decreased exercise
capacity due to effort-induced hypoxemia, and a greater reduction in DLCO
due to a decrease in both components
may also increase pulmonary pressure.
In 2008 Ovebeek et al. (37) denied the
usefulness of Dm and Vc when sceening SSc patients for pulmonar hypertension. We believe that the combination
of 6MWT, DLCO and its components
during following up SSc patients could
identify those with at greater risk of developing pulmonary hypertension, but
further studies are necessary to clarify
this point.
Study limitations
We did not evaluate pulmonary pressure by means of cardiac catheterisation because we did not think it ethical to submit the patients to such an
invasive procedure many times during
the follow-up period. An important
limitation of this study is the use of the
S-146

6-MWT that has been widely accepted
and is recommended in the assessment
of SSc, for prognosing and monitoring
the efficacy of the therapy. However,
confounders and co-morbidities, such
as pain and musculoskeletal disorders,
can reduce the reliability and validity of this test in SSc. Furthemore, the
absence of second experienced radiologist for assesing the presence or absence of a pattern consistent with ILD
could be a further limitation.
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