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Abstract
Introduction Diffusing capacity for carbon monoxide (DLco) reduction is the first detectable pulmonary functional test (PFT)
change in systemic sclerosis (SSc)–related pulmonary complications. reduction in patients without cardiopulmonary alterations
has also been observed; a good characterisation of these patients is lacking. The objective of this study is to describe the
characteristics of SSc patients with isolated DLco reduction and compare these patients to SSc patients with DLco reduction
with a known cause.
Methods SSc patients with DLco < 80% predicted were included and classified into cases (isolated DLco reduction) and controls
(DLco reduction in the presence of known pulmonary pathology). SSc clinico-serological data, PFT and echocardiography
features were collected and analysed.
Results From a total SSc cohort of 115 patients, 75 patients were included: 20 cases (26.7%) and 55 controls (73.3%). Cases were
predominantly limited skin subset (90% vs 60%, p < 0.001), were anti-centromere antibody (ACA)-positive (95% vs 40%, p <
0.001) and had an infrequent oesophageal involvement (45% vs 74%; p = 0.016). The mean DLco reduction of cases was mild
(65.60% ± 10.56). Only 1 out of 20 patients had normal DLco/VAvalues, and tricuspid regurgitation was more frequent (85% vs
53.8%, p = 0.014).
Conclusion There is a subgroup of SSc patients with mild isolated DLco and DLco/VA reduction, predominantly limited SSc with
ACA seropositivity, which could identify a particular SSc subset. We hypothesise that isolated DLco/VA reduction could indicate a
pulmonary vascular involvement. Nevertheless, a close follow-up is mandatory, as a pre-PAH situation cannot be excluded.
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Key Messages
• There is a SSc patient subgroup with isolated DLco and DLco/VA
reduction, predominantly lSSc with ACA-positive.

• This DLco/VA reduction could indicate the presence of a pulmonary
microvascular involvement

• The prognosis of this patients has not beet yet established; therefore, a
close pulmonary follow-up is mandatory
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Introduction

Systemic sclerosis (SSc) is a rare, immune-mediated, multi-
system connective tissue disease, characterised by a small
vessel inflammatory vasculopathy and activation of fibro-
blasts with excessive deposition of collagen and extracellular
matrix in different organs. It can affect the skin, lung, gastro-
intestinal tract, heart and kidney. There are two main subsets
of SSc, according to the affected skin area: diffuse cutaneous
(dSSc) and limited cutaneous (lSSc). These subtypes have
different serological profiles [1], with different clinical presen-
tations and different visceral manifestations [2].

Pulmonary involvement, due both to interstitial lung dis-
ease (ILD) or pulmonary arterial hypertension (PAH), is one
of the main complications related to SSc [3]. Due to the in-
creased mortality of these conditions [4, 5] and given that it
could be detected sooner in an asymptomatic phase of disease,
physicians are encouraged to carry out active screening for
pulmonary SSc–related involvement. There are several pre-
existing recommendations for screening. For PAH, most of
the guidelines recommend combined screening based on
symptoms, pulmonary function test (PFT), echocardiography
and biomarkers, with echocardiography being the most cost-
effective, but right heart catheterisation (RHC) still remains as
gold standard for definite diagnosis [6–10].

In this context, PFTare an important tool in the initial screen-
ing of these patients, as alterations often precede the respiratory
symptoms. The reduction of diffusing capacity for carbon mon-
oxide (DLco) is the main detectable functional change [11–13].

DLcomeasures the capacity of the lung for gas exchange. It
depends on the membrane diffusing capacity and pulmonary
capillary volume, as well as the red cell resistance. This may
be altered in any pathological condition that causes loss or
destruction of the pulmonary capillary membranes (e.g. fibro-
sis, asbestosis, intrapulmonary shunting, pulmonary hyperten-
sion, emphysema, bronchiolitis, anaemia) [14].

It is well-known that patients have a poor outcome in the
presence of decreased DLco (values lower to 40% of predict-
ed) [15].

Interestingly, the presence of a group of patients with SSc and
isolated reduction of DLco in the absence of cardio-pulmonary
complications has been described [16, 17]. In this group, if amild
isolated DLco defect (DLco values between 60 and 79% predict-
ed [18]) is detected, prognosis seems to be similar to the patients
with normal PFR values [15]. However, in those patients, when
forced vital capacity (FVC)/DLco ratio > 1.4 or isolated DLco <
55%are found, a high risk of PAHdevelopment is observed [17].

However, to date, this group of patients with DLco reduction
without cardiopulmonary alterations had not yet been well-
characterised. There are just a few studies to evaluate the presence
and impact of isolated DLco reduction in SSc patients [17, 19].

The aim of this study was to investigate the clinical, immu-
nological, echocardiographic and respiratory functional

characteristics of SSc patients with isolated DLco reduction
(i.e. DLco values < 80% predicted and absence of known
causes that justifies this DLco reduction) and to compare this
group with patients with a known cause for DLco reduction.

Methods

Design and subjects

This is a retrospective case-control study that reviews a cohort of
115 patients regularly attending the outpatient clinic of the
Rheumatology Unit of the Hospital del Mar in Barcelona with
definite SSc diagnosis. All patients were diagnosed by rheuma-
tologists with consolidated expertise in SSc and they fulfilled the
2013 American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) Classification Criteria
for SSc [20]. All patients had a thorough medical history taken
plus physical examination, PFT and echocardiography. Patients
who had pulmonary symptoms and/or PFT impairment
underwent high-resolution computerised tomography (HRCT)
of the thorax.

The inclusion criterion was the presence of DLco values <
80% predicted.

The patients were divided into two groups according case-
control definitions (Fig. 1):

- BCases^: SSc patients with isolated DLco reduction with-
out known causes (i.e. absence of ILD and emphysema by

Fig. 1 Patient selection process. *BCases^: DLco > 80% ref.; no
interstitial lung disease; no pulmonary artery hypertension or PAP <
36 mmHg on echocardiography; FEV1 ≥ 80% ref., FVC ≥ 80% ref.;
TLC ≥ 80% ref.; no other pulmonary diseases
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HRCT, asthma, chronic obstructive pulmonary disease, PAH
or systolic pulmonary arterial pressure > 36 mmHg estimated
by echocardiography) and normal spirometry and static lung
volumes.

- BControls^: SSc patients with a diagnosed cause, as men-
tioned above, that could justify a DLco reduction.

All participants’ data had been processed in accordance
with the Declaration of Helsinki.

Measurements

To characterise the patients, clinical-epidemiological data
were collected: age (years), sex (male/female), history of
smoking (yes/no), time since disease diagnosis (years), SSc
subgroup (dSSc, lSSc, preSSc, sine-SSc) [3], presence of
Raynaud’s phenomenon, digital ulcers, telangiectasiae, oe-
sophageal dysfunction and coronary artery disease, and im-
munological features (ANA, anti-topoisomerase, anti-
centromere antibody [ACA], anti-RNA polymerase, anti-
RNP, anti-PM-SCL, anti-Ku) [3].

Pulmonary evaluation

All included patients had an HRCT and PFT performed as
follows: forced spirometry (Easy-on PC; Easy One ndd
Medical Technologies, Andover, MA, EEUU). In addition,
static lung volumes, airway resistance, DLco and transfer fac-
tor per unit alveolar volume (DLco/VA) (Masterlab; Jaeger,
Würzburg, Germany) were determined in SSc patients using
standard procedures [21].

Results were expressed as the percentage of predicted
values; values < 80% predicted were considered abnormal,
according to the American Thoracic Society/European
Respiratory Society Standardisation of PFT [22]. Degree of
severity of DLco reduction was expressed according to
European Respiratory Society/American Thoracic Society
guidelines [18]. Predicted values are based on Mediterranean
population [23, 24].

The diagnosis of ILD was based on the presence of inter-
stitial lung disease on HRCT, which include several patterns
of abnormalities: reticular patterns, nodular patterns, cystic
patterns and altered parenchymal attenuation [25].

Cardiological evaluation

All included patients had an echocardiography performed.
Echocardiography measurements were performed by a

trained cardiologist. The presence of tricuspid regurgitation
(TR), right atrial volume and estimated pulmonary arterial
pressure (sPAP) was evaluated. PAP was estimated by veloc-
ity of tricuspid regurgitation (VTR). Following clinical prac-
tice, right and left ventricles were evaluated both morpholog-
ically and functionally (tricuspid annular plane systolic

excursion (TAPSE), left ventricle ejection fraction (LVEF),
right and left ventricles dimensions, interventricular septum
thickness).

According to American College of Cardiology Foundation/
American Heart Association (ACCF/AHA) 2009 Expert
Consensus Document on Pulmonary Hypertension [26], pa-
tients with an estimated PAP > 40 mmHg show a higher PAH
risk. In this study, patients with estimated PAP values >
36 mmHg were included as controls and excluded from the
case group, in order to diminish the inclusion of misdiagnosed
patients at high risk of PAH.

The following echocardiography measurements were col-
lected in all patients: sPAP (mmHg) and presence of TR (yes/
no). In the case group, VTR (m/s), right atrial (RA) area (cm2),
functional and morphological features were evaluated.

Patients with PAH diagnosis

PAH diagnosis was confirmed with right heart catheterisation
if the mean PAP (mPAP) was found to be >25 mmHg at rest,
with a pre-capillary pulmonary hypertension (PH), defined by
a pulmonary wedge pressure (PAWP) < 15 mmHg and a pul-
monary vascular resistance (PVP) > 3 wood units in absence
of other causes of pre-capillary PH [27].

Statistical analysis

Data were analysed using SPSS version 18.0 (IBM Inc). A
descriptive study was performed. Results are expressed as
mean and standard deviation for quantitative variables and
as frequencies and percentages for qualitative variables.
Cases and controls were compared by means of an unpaired
t test for quantitative variables with a parametric distribution,
the Mann–Whitney U test for quantitative variables with a
non-parametric distribution and chi-squared or Fisher’s exact
test for qualitative variables.

Results

From a total SSc cohort of 115 patients, 75 patients with SSc
and DLco < 80% predicted were included (65.2%), 20 cases
(26.7%) and 55 controls (73.3%). A flow chart and related
data are shown in Fig. 1.

Epidemiological, clinical and immunological
characteristics

Epidemiological, clinical and immunological characteristics
of patients with isolated DLco reduction compared with the
control group are shown in Table 1.

The mean age of cases was 62.4 ± 9.2 years; all 20 patients
were female and 15% had a history of smoking. There were no
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significant differences between cases and controls in
sociodemographic characteristics and smoking; the time since
the diagnosis of SSc was also similar in both groups.

We found significant differences in disease pattern, and sub-
sequently, in their serological profiles, with a greater proportion
of cases with lSSc and ACA seropositivity than in the control
group (90% vs 38%; p < 0.001, and 95% vs 40%; p > 0.001,
respectively).

A lower proportion of cases had oesophageal involvement
in comparison to patients from the control group (45% vs
74%; p = 0.016), without significant difference in presence
of Raynaud’s phenomenon, digital ulcers, telangiectasiae or
coronary artery disease.

Control group disease characteristics are shown in Fig. 1.

Pulmonary function test

For cases, the mean DLco reduction was mild and DLco mean
values were higher than the controls (65.60 ± 10.56% vs 55.35 ±
11.3%). Only one out of 20 cases had normal DLco/VA values
(Table 2).

Echocardiographic features

We found TR to be more frequent in the cases (85% vs 53.8%,
p = 0.014) than in controls. PAP was estimated in 16 out of 20
(80%) from the case group and 23 out of 55 (41.8%) from the
control group. The mean values of PAP were 26.29 ±
8.30 mmHg for cases and 39.09 ± 14.18 mmHg for controls,
with a significant difference between them (p < 0.001). Cases

showed a mean VTR of 2.23 m/s and a mean RA area of
12.10 cm2 (Table 2). None of the patients in cases group
showed left ventricular morphology and function alterations.

Discussion

This retrospective study confirms the existence of a group of
SSc patients with an isolated DLco reduction in our cohort and

Table 1 Epidemiological, clinical
and immunological data of SSc
patients with DLco < 80%and
comparison cases and controls

Cases Controls p
n = 20 n = 55

Age (years), m (SD) 62.4 (9.2) 65.7 (14.4) 0.340

Female, n (%) 20 (100%) 48 (87.3%) 0.179

History of smoking, n (%) 3 (15%) 3 (5.5%) 0.333

Time since SSc diagnosis (years), m (SD) 9.9 (3.6) 10.9 (5.5) 0.430

SSc subgroup, n (%)

Diffuse 1 (5%) 33 (60%) < 0.001

Limited 18 (90%) 21 (38.2%)

Raynaud’s phenomenon, n (%) 20 (100%) 54 (98.2%) 1000

Digital ulcers, n (%) 7 (35%) 30 (54.5%) 0.298

Telangiectasiae, n (%) 13 (65%) 36 (65.5%) 0.971

Oesophageal dysfunction, n (%) 9 (45%) 41 (74.5%) 0.016

Coronary artery disease, n (%) 1 (5%) 2 (3.7%) 1.000

Anti-centromere, n (%) 19 (95.0%) 22 (40.0%) < 0.001

Anti-Scl70, n (%) 0 (0%) 15 (27.3%) 0.008

Anti-PM-SCL, n (%) 0 (0%) 5 (9.1%) 0.316

Anti-Ku, n (%) 0 (0%) 1 (1.8%) 1.000

RNA polymerase, n (%) 1 (5%) 3 (5.5%) 1.000

a SSc systemic sclerosis

Table 2 Cases versus controls: pulmonary function test (PFT) and
echocardiographic features

Cases Controls p
n = 20 n = 55

DLco (% ref), m (SD) 65.6 (10.6) 55.3 (11.0) < 0.001

DLco/VA (% ref), m (SD) 62.6 (7.3) 68.9 (15.5) 0.063

FVC (% ref), m (SD) 100.4 (18.1) 76.5 (15.8) < 0.001

TLC (% ref), m (SD) 95.4 (10.0) 81.4 (15.7) < 0.001

FEV1 (% ref), m (SD) 95.6 (13.6) 74.3 (16.7) < 0.001

TR, n (%) 17 (85.0) 28 (53.8) 0.014

PAP (mmHg), m (SD)a 26.3 (8.3) 39.1 (14.4) < 0.001

VTR (m/s), m (SD)b 2.2 (0.6)

RA area (cm2), m (SD)c 12.1 (1.8)

DLco carbon monoxide diffusing capacity, DLco/VA transfer factor per
unit alveolar volume, FVC forced vital capacity, TLC total lung capacity,
FEV1 forced expiratory capacity in 1 s, TR tricuspid regurgitation, PAP
pulmonary arterial pressure, VTR velocity of tricuspid regurgitation, RA
right atrial
a n = 17 Bcases^; n = 33 Bcontrols^; b n = 16 Bcases^; c n = 13 Bcases^
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characterises this group. From the initial SSc cohort of 115
patients, 20 patients (17.4%), most of them with lSSc, had
isolated DLco reduction of mild degree.

Former studies [5, 17] have highlighted the presence of
isolated DLco reduction in SSc patients, but these are limited
both in number and in patient characterisation, especially lack-
ing HRCT data. Our patients’ prevalence of isolated DLco
reduction (17%) is similar to the previously described.
Recently, another study evaluates the predictive value of these
isolated DLco changes [19].

Interestingly, in our study, all patients with isolated DLco
reduction but one also showed low DLco/VA values. DLco/
VA is an index of gas exchange efficiency, related to the alve-
olar–capillary surface to volume ratio. In the absence of
known membrane alterations or anaemia and with normal
lung volumes, DLco/VA focuses directly on the microvascular
compartment [14]. Therefore, this finding may suggest the
presence of a SSc subgroup with a hypothetical isolated mi-
crovascular lung involvement. To the best of our knowledge,
there is only one former metaanalysis which stablishes the
association between PAH and decreased DLco/VA [28].

In addition, we found the case group to be predominantly
limited skin subset and ACA autoantibodies were more fre-
quent in this group. ACA autoantibodies are well established
in their relationship to lSSc, according to LeRoy’s classifica-
tion [1]. Several studies found lSSc and ACA to be related to
the presence of PAH [2, 17, 29]. Although vascular prolifera-
tion and occlusion had been demonstrated by autopsy in all
skin subsets [29], predominance of primary pulmonary vascu-
lar disease in lSSc subset patients has been well described
[1–3, 30]. We did not find differences in vascular manifesta-
tions such as Raynaud’s phenomenon, digital ulcers or
telangiectasiae between groups. In contrast, in our study, oe-
sophageal dysfunction was more frequent in the control
group. Gastrointestinal manifestations do not usually show
any differences in frequency between LeRoy’s skin subsets,
with oesophageal involvement around 67–71% [2, 3].

Another point of interest is that the mean DLco and DLco/
VAvalues in the case group were 65.6 ± 10.65% and 62.65 ±
7.35%, respectively, corresponding to a mild reduction [13]. It
has been demonstrated that moderate-to-severe DLco reduc-
tion, usually < 45–55%, is the best predictor of PAH develop-
ment [5, 17, 18, 31, 32]. In Colaci et al.’s prospective study,
which investigates the clinical relevance of isolated
DLco reduction during a follow-up period of 11 years,
none of the patients with DLco values > 55% predicted
developed PAH [19]. It has also been postulated previously
that isolated mild DLco reduction does not indicate a poor
prognosis [15].

In the DETECT study, two steps of clinical-biological
(telangiectasiae, ACA, NT-proBNP, serum urate, FVC%/
DLco% and right axis deviation) and echocardiographic pa-
rameters have been proposed to create an algorithm to predict

the presence of early PAH [6]. The threshold of DLco values
to consider and evaluate the risk of PAH begin < 60% predict-
ed (corresponding to a moderate-to-severe DLco reduction),
as it has been demonstrated that prevalence of PAH in SSc
patients with a DLco >60% is very low [6, 31, 32]. Thus, the
prognosis of SSc patients with isolated DLco reduction > 55–
60% remains uncertain.

In contrast, retated to DLco/VA, the Avouac et al.
metaanalysis confirms that SSc patients with DLco/VA <
70% are more likely to develop PAH [28]. This association
has not been properly described in further studies.

On the other hand, PAH has been generally considered as a
late SSc complication. When studies on SSc patients who
have developed PAH have been performed, the mean disease
duration at PAH onset frequently reaches 10–20 years [19,
33]. In our study, the mean time periods since first non-
Raynaud’s symptoms were 9.89 ± 3.56 and 10.56 ± 5.5 years
(p = 0.43). These results could suggest that the study has been
performed early, so case patients have not had enough time to
develop PAH andwe are observing a pre-PAH state. However,
Hachulla et al. also found that SSc-related PAH can occur at
any time during the disease course, as approximately half of
SSc patients develop early-onset PAH (less than 5 years after
primary diagnosis) [34].We did not find a statistical difference
in disease duration between groups that could suggest a longer
disease course to be responsible for the cardiopulmonary dis-
ease in the control group. The factor that seems to be impor-
tant as a predictor of developing PAH is the stability of DLco
values over time, when they are mildly decreased. Steen et al.
found a progressive decline in the DLco during the years
preceding the appearance of objective PAH [5].

In patients with a high risk of developing PAH, echocardi-
ography is recognised as a useful screening tool [7, 9, 31]. To
calculate PAP, VTR and RA area are needed. In our patients,
we found a measurable VTR in 16 out of 20 (80%) of the case
group, similar to the results from Hachulla et al. [32] and also
in line with the 86% reached when a highly experienced echo-
cardiographer performs the test [35]. These patients showed a
mean VTR of 2.23 ± 0.61 m/s and a mean RA area of 12.12 ±
1.84 cm2. The European Society of Cardiology and European
Respiratory Society (ESC–ERS) guidelines establish VRT ≤
2.8 m/s and RA area ≤ 18 cm2 as values with a low probability
of developing PAH [27]. Accordingly, our patients seem to be
unlikely to develop PAH, despite the presence of a measurable
VTR.

It is important to take into account the predominance of the
lSSc subset in the case group (90%), as the relationship be-
tween the limited cutaneous subgroup and SSc-associated
PAH risk is well known [3, 11, 29]. Additional tests, such as
right heart catheterisation, must be carried out in these patients
if clinical or echocardiographic risk features are observed,
specifically if DLco values show a progressive impairment,
in order to achieve earlier detection [5, 6, 27].
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Our study has some limitations. This is a cross-sectional
retrospective study; therefore, progressive PFT value changes
cannot be evaluated. As the main determining factor of PAH
development seems to be a progressive decrease of DLco
levels [5], a prospective study, similar to Colaci et al.’s [19],
could have been helpful to establish SSc PAH risk in these
patients.

In addition, following daily clinical practice, not all patients
underwent right heart catheterisation, which is considered as
the gold standard test to identify PAH. As a consequence, even
though we determined a high risk of PAH threshold as esti-
mated PAP > 36 mmHg in order to diminish the underestima-
tion, we cannot firmly declare that none of case patients had
SSc-related PAH. Also, not all the echocardiographic vari-
ables suggestive for PH were available for all patients’ tests.

Conclusions

In conclusion, in our patients group, we identified a SSc pa-
tient homogeneous subgroup with isolated DLco and DLco/
VA reduction, who were predominantly lSSc- with ACA-pos-
itive. In these patients, DLco reduction is mild and its prog-
nosis remains uncertain. The DLco/VA reduction in these pa-
tients could indicate the presence of a pulmonary vascular
involvement, which could hypothetically identify a particular
SSc subset. It is mandatory to follow-up these patients, as a
pre-PAH situation cannot be excluded. Further studies which
confirm this finding and long-term prospective studies which
evaluate its prognosis should be performed.
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