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REVIEW

Risk factors associated with pulmonary
arterial hypertension in patients with
systemic sclerosis and implications for
screening
C.P. Denton* and E. Hachulla#

ABSTRACT: Pulmonary arterial hypertension (PAH) is a relatively common complication of
systemic sclerosis (SSc) affecting 5–12% of patients, and its development is associated with
significant morbidity and a particularly poor prognosis. Deaths associated with other
complications of SSc, such as renal crisis, have fallen significantly in recent years in line with
improvements in their treatment and management. However, mortality due to PAH in this
population, although improved, has shown a less dramatic decline.
The early diagnosis of PAH in SSc would allow for earlier treatment, before functional and
haemodynamic impairment becomes severe; this may further improve outcome, and evidence
suggests that screening of SSc patients for PAH is associated with improved survival.
In addition, patients with PAH associated with SSc are not a homogeneous population and they
differ in terms of disease haemodynamic severity, functional capacity and rate of disease progression. Likewise, management strategies may differ, and the ability to stratify patients may help
optimise screening and treatment. A number of patient-, clinical- and disease-specific risk factors
associated with the development and prognosis of PAH in SSc have been identified, but their optimal
use, alone or in combination, in screening and stratification of patients remains to be established.
KEYWORDS: Pulmonary arterial hypertension, screening, systemic sclerosis

ystemic sclerosis (SSc) is associated with a
range of organ complications, including
renal disease, cardiac manifestations, pulmonary fibrosis and pulmonary arterial hypertension (PAH). All such complications impact
on survival in patients with SSc, but this is most
marked in patients who develop PAH (fig. 1) [1].
Recent advances in the treatment of complications such as scleroderma renal crisis have improved survival in patients with SSc, particularly
those with the more severe diffuse cutaneous
subtype (dcSSc) [1–3]. Mortality from scleroderma renal crisis fell markedly between the
early 1970s and 2000s due to the use of angiotensin converting enzyme inhibitors [1–2]. However, there was little apparent improvement in
mortality associated with PAH, thus, it has become one of the leading causes of mortality in SSc
patients, accounting for over a quarter of all SScrelated deaths [2, 4, 5].
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Overall, the prevalence of PAH in SSc reported in
recent studies ranges between 5% and 12%, with
evidence of an increase in rate of diagnosis in
line with increased disease awareness and improvements in screening [1, 6–9]. In the Royal
Free Hospital cohort (London, UK), the frequency
of PAH in SSc in both dcSSc and the limited cutaneous subgroup (lcSSc) began to increase from
,2 yrs after diagnosis, increasing to ,5% and
6%, respectively, after 5 yrs and 13% and 15%,
respectively, after 10 yrs (unpublished data). The
incidence of PAH in SSc was estimated to be 0.61
cases per 100 patient-yrs based on a 3-yr followup of patients included in the French ItinérAIRSclérodermie study [10]. Although it has been
generally considered that PAH is associated with
lcSSc [11], recent evidence has shown that PAH is
almost as frequent in patients with dcSSc [1, 12].
While organ complications in dcSSc tend to occur
relatively early in the disease course, with the
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majority arising within 3 yrs of diagnosis [13], such complications tend to develop later in lcSSc patients. However, although
PAH has been reported to be a late complication of lcSSc [11],
around half of such patients have early-onset PAH, arising
within the first 5 yrs following diagnosis of SSc [14].
PAH associated with SSc (PAH-SSc) has a particularly poor
prognosis. If untreated, 1-yr survival after diagnosis is significantly shorter in patients with PAH-SSc compared with
patients with idiopathic PAH (IPAH) [15]. In the ItinérAIRSclérodermie cohort, the 3-yr survival estimate of 91.1% in SSc
patients was reduced to 56.3% in those who had PAH at
baseline [16]. Long-term survival is generally highest in PAH
patients who have less severe disease at diagnosis (World
Health Organization functional class (WHO FC) I/II versus II/
IV) [17, 18], and studies have shown that treatment with
disease-specific therapies early in the course of PAH may
improve long-term outcome [19, 20]. Given the significant
incidence of PAH in patients with SSc and the high mortality
associated with this complication if untreated, there is a clear
need for early detection before patients have marked clinical
and haemodynamic deterioration, and for timely treatment.

factors for and early markers of PAH in SSc, and the development and implementation of an optimal screening programme,
would allow for early detection and treatment of this complication, and may result in further improvements in morbidity and
mortality for these patients.
RISK FACTORS AND RISK STRATIFICATION
SSc patients with ‘‘early PAH’’ are a heterogeneous population
[17, 18]. For example, some patients have relatively stable disease
with mild symptoms and well-preserved exercise capacity, but
despite this they may have severe haemodynamic impairment.
Due to the lack of specific symptoms, such patients are often
diagnosed relatively late in terms of disease course and so may
have developed a high degree of pulmonary vascular disease.
Other groups include patients identified early in the disease
course when they are mildly symptomatic but who have a
progressive disease type, with mild PAH with a low degree of
pulmonary vascular disease and slowly progressive disease, and
patients with early PAH as well as coexisting pulmonary fibrosis
or pulmonary veno-oclusive disease (PVOD). In the latter group,
differential diagnosis of PVOD presents a particular challenge
[26]. It would be useful to identify risk factors associated with
each of these groups, and to be able to stratify patients for
screening and management purposes, as this may differ.
A number of patient-, clinical- and disease-specific factors that
may be associated with the development of PAH in SSc have
been identified. In general, there are conflicting data regarding
the link between patient-specific factors and the likelihood of
PAH in SSc. For example, older age has been identified as a risk
factor in some studies [8, 27], possibly due to the effect of disease
duration or of older age at onset of SSc, both of which have been
shown to be risk factors for PAH-SSc [8, 28]. However, this link
has not been shown in all studies [29]. In females, the risk of
PAH-SSc has been reported to be increased during the postmenopausal period and linked with a decrease in the protective
effects of oestrogen on the endothelium [30, 31]. Clinical factors
linked to PAH development include the degree of skin involvement and more severe peripheral vascular disease (Raynaud’s
phenomenon and digital ulcers), as well as the presence of
pulmonary fibrosis, microstomia, gastro-oesophageal reflux and
dysphagia, although not all studies have found the same
associations [8, 29, 32, 33]. In general, PAH has been considered
to be a late complication, predominantly affecting patients with
lcSSc; however, as discussed previously, lcSSc patients can have
early-onset PAH [14] and PAH is almost as frequent in patients
with dcSSc [1, 12].

The diagnosis of PAH can be challenging, especially in the
early stages and, particularly, in patients with diseases that have
multiple potential causes of dyspnoea, the primary presenting
symptom in PAH, such as SSc. As a result, detection of PAH in
SSc is often delayed, and patients are only diagnosed when they
have advanced disease with severe clinical and haemodynamic
impairment [21–23]. Annual screening for PAH in symptomatic
patients with SSc is recommended in recent guidelines [24, 25],
although the cost-effectiveness of screening for PAH in asymptomatic SSc patients has been questioned [25]. However, recent
data suggest that screening of asymptomatic SSc patients is
associated with improved survival [1, 9]. Identification of risk

Diffusing capacity of the lung for carbon monoxide (DL,CO) has
been shown to be a strong predictor of survival in PAH [34],
and may also predict the development of PAH-SSc [32]. A
decrease in DL,CO in patients with lcSSc was reported to be
a strong predictor of the occurrence of PAH o10 yrs later;
patients who developed PAH had a significantly lower mean
DL,CO (52% predicted) almost 5 yrs before diagnosis compared
with closely matched controls who did not develop PAH (52%
versus 81% pred) [32]. In a more recent study, a decrease in the
DL,CO/alveolar volume (VA) ratio ,70% pred was shown to be
a significant predictor of PAH-SSc over a median 29 months of
follow-up (hazard ratio 18.81; p50.014) [35]. The level of serum
N-terminal pro-brain natriuretic peptide (NT-proBNP) reflects
the severity of right ventricular dysfunction and PAH [17, 35–38].
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Baseline and serial changes in NT-proBNP levels have been
shown to be highly predictive of survival [37, 39] and of response
to therapy [37, 40]. In SSc, high NT-proBNP levels (.97th
percentile of normal) identified those patients who went on to
develop PAH during a median 29-month follow-up with a
sensitivity of 90%, specificity of 90.3%, positive predictive value
of 69.2% and negative predictive value of 96% [35]. This study
also found that, while both an elevated baseline NT-proBNP
level and a DL,CO/VA ratio ,60% and ,70% were predictive of
the development of PAH, the combination of DL,CO/ VA ,70%
plus high NT-proBNP was highly predictive (HR 47.2), with a
sensitivity and specificity of 75% and 97%, respectively [35]. The
identification of such risk factors for the development of PAH
raises the possibility of risk stratification of patients to further
refine and improve screening, and the early detection and
treatment of this complication in SSc. However, currently
identified risk factors require validation and further investigation
to confirm their prognostic importance and their potential value,
alone or in combination, in such stratification.
SCREENING FOR PAH IN SSc
Although screening for PAH is widely recommended in
symptomatic patients with SSc [24, 25], there has been less
agreement regarding screening for PAH in asymptomatic
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significantly higher in the contemporary cohort, which the authors concluded was a result of better and more complete ascertainment of lung complications due to the use of systematic
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Impact of regular screening on ascertainment of a, b) pulmonary fibrosis (PF) and c, d) pulmonary arterial hypertension (PAH) in systemic sclerosis (SSc).

Kaplan–Meier estimation of cumulative incidence of PF and PAH in patients from a contemporary (screened) and historical (unscreened) cohort in two SSc subsets: a, c)
diffuse cutaneous SSc and b, d) limited cutaneous SSc. ––––: disease onset, 2000–2003; - - - -: disease onset, 1990–1993. a, b) p,0.001, c) p50.148, d) p50.002.
Reproduced from [1] with permission from the publisher.
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(81%, 73% and 64% versus 31%, 25% and 17%, respectively;
p50.0037) [9]. In addition, detected patients had less advanced
disease (lower WHO FC), and better haemodynamics (lower
mean pulmonary arterial pressure (Ppa) and pulmonary vascular
resistance (PVR), and higher cardiac output) compared with the
routine cohort [9]. This study used echocardiography to screen
SSc patients over a 3-yr period, with those with a peak tricuspid
regurgitation (TR) jet velocity of .3 m?s-1 or 2.8-3 m?s-1 and
unexplained dyspnoea being referred for right heart catheterisation. However, optimal screening tools and methodology are, as
yet, unknown, and this is confounded by a lack of consensus
over which patients to screen [41].
Right heart catheterisation is the standard confirmatory test for
PAH, which is defined by a mean Ppa o25 mmHg together
with a pulmonary capillary wedge pressure f15 mmHg [25].
However, right heart catheterisation is underused outside of
highly specialised centres, and the clinical utility of the technique as a screening tool is limited by its invasive nature.
Therefore, other methodologies are required for accurate,
routine screening. Echocardiography can be used to provide
estimates of key right heart haemodynamic parameters, such
as Ppa. Although a lower cut-off of estimated systolic Ppa
(Ppa,syst) f36 mmHg suggests that PAH is unlikely and a
higher cut-off of .50 mmHg suggests it is likely, there remains
a ‘‘grey area’’ using echocardiography-calculated Ppa alone.
Guidelines state that estimation of Ppa based on echocardiography is not suitable for screening in cases of mild, asymptomatic pulmonary hypertension [25], although recent studies
suggest that echocardiography-calculated Ppa may in fact be
useful in identifying early-stage PAH as part of a screening
regimen [9]. Although less directly linked to the accepted
haemodynamic definition of PAH (i.e. Ppa o25 mmHg), TR
velocity has been shown to be a useful screening parameter in
SSc. In the ItinérAIR-Sclérodermie study [10], patients with a
peak TR velocity of .3 m?s-1 or 2.5–3 m?s-1 and unexplained
dyspnoea at screening were referred for right heart catheterisation; this method identified 33 patients with suspected PAH
out of a cohort of 599, 18 (55%) of whom were found to have
PAH on catheterisation [7]. The proportion of patients (15
(45%) out of 33) who were subsequently found not to have
PAH on right heart catheterisation (false-positives) in this
study, and so who underwent an ‘‘unnecessary’’ invasive
technique, emphasises an important consideration in the development of screening methods. Combining several echocardiography parameters may improve its accuracy and usefulness as a
screening tool. Combining echocardiography-derived Ppa,syst
o35 mmHg with right ventricular Tei-index .0.36 was shown
to improve the accuracy of PAH-SSc detection as confirmed by
right heart catheterisation from 80% to 90% [42]. Evaluation of
echocardiography-derived Ppa, post-systolic tricuspid annular
movement (TAPSE) as a marker of right ventricular function, and
the acceleration time of right outflow as an indirect marker of
PVR suggested early-stage PAH in 19 patients with normal lung
volumes, no significant pulmonary fibrsois and mildly reduced
DL,CO (mean¡SD 71¡18% of theoretical), which was subsequently confirmed by right heart catheterisation in 15 (79%)
patients [43].
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reductions in lung volume [25]. DL,CO together with arterial
oxygen saturation measured by pulse oximetry have recently
been used to derive a pulmonary function formula which may
help select those patients at risk of PAH who require right heart
catheterisation [44]. A risk prediction score has also been
recently proposed to identify patients at risk of developing
PAH, based on age, forced vital capacity and DL,CO/VA ratio
[45]. A decreased DL,CO/VA ratio has been shown to be a
predictor of PAH in SSc [35], and a decrease in DL,CO may
predict the occurrence of pulmonary hypertension several years
later in SSc patients without significant interstitial lung disease
[32]. However, although DL,CO does seem to be an important
predictor of the potential occurrence of PAH and mortality in
patients who develop PAH [34], a cut-off value which
completely excludes the possibility of PAH has yet to be defined
[6]. Furthermore, DL,CO does not appear to correlate closely with
haemodynamic variables [6, 46], and does not independently
predict the presence of pulmonary hypertension [47].
Serum levels of a number of biomarkers have been shown to
be related to the extent of right ventricular dysfunction and
to correlate with haemodynamic, echocardiographic and functional measurements of pulmonary vascular disease. Raised
NT-proBNP levels have been found to be directly related to the
severity of PAH and, in screening programmes, a cut-off value
of 395 pg?mL-1 had a positive predictive value of 95% and a
negative predictive value of 56.5% for the presence of PAH-SSc
[37]. Similarly, a cut-off value of 239.4 pg?mL-1 identified PAH
in SSc patients with a sensitivity of 45% and specificity of 90% in
a recent study by CAVAGNA et al. [48], although the authors note
that normal levels of NT-proBNP did not exclude the possibility
of PAH in SSc. Interestingly, NT-proBNP levels have been
reported to be significantly higher in PAH-SSc compared with
IPAH, despite less severe haemodynamic impairment, and
more closely related to haemodynamics in PAH-SSc than IPAH
[39], and also to be highest in patients with PAH-SSc relative to
patients with PAH associated with other connective tissue
diseases [49].
A number of auto-antibodies specific to SSc have been reported
to be associated with, although not specific to, PAH, including
anti-centromere antibody [50], anti-U3 ribonucleoprotein [51]
and anti-Th/To [52]. The characterisation of antibody profiles
may be helpful in the assessment and prognosis of patients
with SSc, but a role in screening for PAH remains to be established. Recently, differences in gene expression in peripheral
blood mononuclear cells between lcSSc patients with and
without associated PAH have been described, increasing the
prospect of using gene expression profiles as biomarkers to
predict the risk of PAH in these patients [53, 54].

Pulmonary function testing may also be useful in screening for
PAH in SSc. Patients with PAH usually have decreased DL,CO
(typically in the range of 40–80% pred) and mild-to-moderate

Although potentially valuable, none of the tools mentioned
have been shown to accurately identify all patients with PAHSSc used alone, and optimal threshold values for various
parameters remain to be fully established. Perhaps unsurprisingly, there is evidence to suggest that combining results from
a number of screening methods may better detect PAH than
any single measure alone. KHANNA et al. [55] found that an
echocardiographic right ventricular systolic pressure (Ppa,syst
in the absence of pulmonary obstruction) .50 mmHg had the
greatest discriminatory power to detect PAH in a cohort of SSc
patients ‘‘at risk’’ of or diagnosed with PAH, detecting ,40%
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of patients with right heart catheterisation confirmed PAH.
However, adding serum NT-proBNP .100 pg?mL-1 and DL,CO
,60% of expected to the echocardiography criterion identified
an additional 27% of patients with PAH [55].
Ideally, the identification of an accurate screening test using a
single method or combination of noninvasive methods would
decrease the number of unnecessary right heart catheterisations (that is, reduce the false-positive fraction) and increase
the true-positive fraction, or the sensitivity, of the screening
test for an early and accurate diagnosis of PAH in SSc patients.
Although a number of potential tools are available, further
supportive data for their use alone and in combination as part
of a screening algorithm are required.
DETECT STUDY
The DETECT (Early, Simple and Reliable Detection of
Pulmonary Arterial Hypertension in Systemic Sclerosis) study,
which was initiated in 2008, is a prospective, observational,
cohort study in two stages consisting of a cross-sectional stage
(baseline) and a 3-yr longitudinal follow-up (fig. 3) [56]. The
objective of DETECT is to evaluate a range of accessible,
noninvasive screening tools and clinical findings (electrocardiography, echocardiography, serum biomarkers, pulmonary
function testing, 6-min walk test, Borg dyspnoea index, medical
history, patient demographics and disease characteristics) for
their ability to detect pulmonary hypertension in SSc patients,
and to identify simple screening methods to support earlier,
reliable detection of this complication. With a target recruitment
of 500 patients across 91 sites, the study primarily aims to
determine the discriminatory and predictive ability of single
screening tests for PAH in SSc patients compared with right
heart catheterisation and single or multiple tests for screening of
PAH in SSc patients. DETECT will also allow for the investigation of a range of secondary and exploratory objectives in this
large prospective SSc cohort, including the incidence of PAH
and pulmonary hypertension in SSc over the 3-yr follow-up
period, the correlation between change in screening test results
and change in measures of clinical status, and the association of
potential prognostic or risk factors (e.g. potential biomarkers
such as endothelin-1 and anti-nuclear antibodies, etc.) with the
Baseline

Year 3

RHC
ECG
Echo
NT-proBNP

RHC
ECG
Echo
NT-proBNP

6-monthly clinical and
noninvasive assessment
RHC if
suspect PH

Prevalence

FIGURE 3.

Incident PAH
Schematic diagram of the DETECT study [56]. Inclusion criteria:

systemic sclerosis or mixed connective tissue disease for o3 yrs; diffusing
capacity of the lung for carbon monoxide ,60% predicted; and no known
pulmonary hypertension (PH) or left heart disease. Study commenced October
2008; cross-sectional data analysis 2011; longitudinal phase predicted completion
end 2013. RHC: right heart catheterisation; ECG: electrocardiogram; Echo:
echocardiography; NT-proBNP: N-terminal pro-brain natriuretic peptide; PAH:
pulmonary arterial hypertension.
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development of PAH and pulmonary hypertension. Although
results from this study will undoubtedly be valuable, there are
some caveats for their application to the wider SSc population.
The study population for DETECT is restricted to SSc patients
with a DL,CO ,60% of expected and who are, therefore, at high
risk of developing PAH. Moreover, inclusion criteria state that
patients must have SSc disease duration of .3 yrs from onset of
first non-Raynaud’s symptom. As previously discussed, pulmonary hypertension can be an early complication in a
subgroup of patients with SSc [14], which may mean that there
are prevalent cases included in the first part of the DETECT
study and these could differ from incident cases identified later.
Despite this, however, the identification of single or multiple
noninvasive screening tests for the early detection of PAH in SSc
patients by DETECT would have a significant influence on
patient management and would be expected to impact on
standards of care in a variety of clinical settings beyond SSc.
IMPORTANCE OF EARLY DETECTION
PAH in patients with SSc is particularly aggressive and disease
progression can be rapid, therefore, delays in the diagnosis and
treatment of PAH-SSc may adversely affect survival. The early
diagnosis of such complications is therefore of major importance; however, early detection is only relevant if similarly
early treatment is associated with significant clinical benefit. The
majority of studies showing the benefits of PAH-targeted
therapies have been carried out in patients with more advanced
disease (WHO FC III and IV), although the limited number of
studies investigating patients with less advanced disease have
shown that early treatment, when clinical and haemodynamic
impairment are less severe, is associated with improved
outcome [19, 20]. For example, following 3 months of epoprostenol therapy, patients with IPAH in WHO FC I or II had a
significantly higher probability of survival than those in FC III or
IV, with 1- and 3-yr survival rates of 100% and 88%, and 77%
and 33%, respectively [19]. Currently, the only randomised,
placebo-controlled trial dedicated to FC II patients is the EARLY
study, in which ,10% of patients had PAH-SSc [20]. Treatment
with bosentan was associated with improvements in haemodynamics and prevention of clinical deterioration relative to
placebo in this patient group, and results from this study led
to regulatory approval for bosentan in WHO FC II. The placebo
arm of the EARLY study also showed that, if left untreated,
patients with mildly symptomatic PAH can show both clinical
and haemodynamic deterioration, despite maintaining their
exercise capacity, emphasising the importance of early intervention recommended by treatment guidelines [20]. However,
registry data show that, without screening, only ,16% of PAHSSc patients are diagnosed in WHO FC II [18]; the vast majority
are not diagnosed until their disease is more advanced when
prognosis is poorer and there is a clear need to improve this
situation.
CONCLUSIONS
Patients with SSc are at a high risk of developing PAH, and this is
associated with significant morbidity and particularly poor
prognosis. The identification of markers that would allow for the
stratification of patients based on the degree of this risk may
allow for tailoring of screening and management strategies.
However, although a number of risk factors have been identified,
their suitability for such stratification remains to be established.
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Screening of SSc patients for PAH is recommended by treatment
guidelines and has been shown to be associated with improved
survival. Early diagnosis before haemodynamic impairment
becomes marked allows for earlier treatment using PAH-specific
therapies which may further improve outcome. The detection of
PAH-SSc in its earliest stages is particularly complicated in SSc
patients. Although a number of screening tools are available,
their usefulness in an optimal screening algorithm alone or in
combination remains to be established. The DETECT study will
provide prospective data with which to quantify and evaluate
risk factors and screening tools for PAH in SSc, thus allowing
optimisation of screening in this important population.
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