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ABSTRACT. Objective. Considering the significant morbidity and mortality of pulmonary arterial hypertension
(PAH) in patients with systemic sclerosis (SSc) and the lack of precise information on disease in Latin
America, we investigated the clinical and laboratory characteristics associated with PAH in Colombian
patients with SSc and review the literature.
Methods. This multicenter study included patients followed at 5 rheumatology units that were systemat-
ically assessed using a pretested questionnaire on clinical and immunological variables, focusing on
PAH. Conditional logistic regression was employed to assess association between PAH and specific clin-
ical characteristics. A systematic review of the literature was performed through electronic databases.
Results. Of a total of 349 patients with SSc, 61 (17%) met the criteria for PAH. Pulmonary fibrosis
[adjusted odds ratio (AOR) 7.37, 95% CI 3.67–14.81, p < 0.0001], microstomia (AOR 3.3, 95% CI
1.70–6.28, p < 0.0001), gastroesophageal reflux (AOR 2.41, 95% CI 1.31–4.43, p = 0.005), dysphagia
(AOR 2.7, 95% CI 1.49–4.77, p = 0.001), hyperpigmentation (AOR 2.15, 95% CI 1.11–4.16, p = 0.02),
and hypopigmentation (AOR 2.4, 95% CI 1.26–4.64, p = 0.008) were the most prevalent clinical char-
acteristics associated with PAH, while anemia (AOR 5.4, 95% CI 1.98–14.93, p = 0.001) was observed
as the unique laboratory risk factor. Association between subtypes of SSc and PAH was not observed.
Significant differences in both clinical and laboratory data were observed among different series.
Conclusion. PAH may be a frequent complication of SSc in the Colombian population regardless of
disease subtype. The identified clinical and laboratory risk factors might assist earlier diagnosis and
guide decisions on therapeutic interventions on this critical complication of SSc. The reasons underly-
ing the reported divergences among patients from different ethnicities are not fully understood, but it is
most likely that both genetic and environmental factors are responsible for them. (First Release Jan 15
2008; J Rheumatol 2008;35:244–50)
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Systemic sclerosis (SSc) is an unusual systemic autoimmune
disease characterized by microvasculopathy with destruction
or functional damage of small blood vessels, fibroblast acti-
vation, and excessive production of collagen. SSc is clinical-

ly characterized by different degrees of skin fibrosis and vis-
ceral organ involvement and the presence of specific auto-
antibodies in more than 95% of patients1.

The epidemiology of SSc is not definitively established
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due to the relative rarity of the disease, the difficulty in diag-
nosing it, and its extreme clinical variability. SSc is found pre-
dominantly in women, with a peak of incidence between 45
and 64 years of age. There seems to be a higher frequency of
the disease in Blacks, particularly in Black females2. Its
prevalence is estimated to be 276 cases per million adults,
with an annual incidence of 19.3 new cases per million adults
each year3.

The etiology of SSc is unknown, although the disease
appears to be the result of a multifactorial process, including
immune system alterations and genetic and environmental fac-
tors. Vascular injury is frequently the earliest manifestation of
disease, while immune abnormalities, in particular serum
autoantibodies, may also occur early in the course of SSc.
Fibrosis, characterized by an excessive accumulation of collagen
and extracellular matrix components, is usually a late feature4.

Two clinical hallmarks of SSc are its clinical heterogeneity
and the wide range of vascular and fibrotic manifestations,
including organ involvement, which is why the different pat-
terns and severity of internal organ manifestations are the
most significant determinants of outcome5,6. The skin, lungs,
gastrointestinal system, heart, and kidneys are the most fre-
quent SSc targets. Pulmonary disease is a leading cause of
death for patients with SSc7 and, of the 2000 patients in the
Pittsburgh scleroderma databank, of 211 patients who died of
lung disease over the past 20 years, 113 died from isolated
pulmonary arterial hypertension (PAH)8. Pulmonary manifes-
tations of SSc include PAH and pulmonary fibrosis, which dif-
fer in their pathogenesis, clinical associations, predictive fac-
tors, and treatment9. PAH is considered the “bête noire” of
systemic diseases, particularly in SSc, since it has a signifi-
cant effect on quality of life, medical costs, and mortality10.
The prevalence of PAH in patients with SSc might vary
depending upon both the criteria and the method used for its
diagnosis. By cardiac catheterization, the prevalence of PAH
appears to be 12% when patients with interstitial lung dis-
ease11 are included, compared to 7.85% when the analysis is
limited to patients with only PAH12. Using echocardiogram,
the diagnosis of PAH in SSc is estimated at 13.3%13.
Nevertheless, the true incidence of PAH in SSc patients is
underestimated due to the extremely low sensitivity of rou-
tine clinical tests14.

PAH is a vasculopathy of the pulmonary vessels that is his-
torically considered to occur mainly in patients with long-
standing limited SSc who test positive for anticentromere
antibodies (ACA)15. It has a major impact on survival and out-
come, with a median survival of 50% at 12 months5. Survival
rate, however, depends upon the severity of PAH at
diagnosis5.

Considering the high morbidity and mortality that PAH
causes for SSc patients and the lack of precise information
about the disease in Latin America, this study was done to
determine the clinical and laboratory characteristics associat-
ed with PAH in Colombian patients.

MATERIALS AND METHODS
Study design and patients. This multicenter, cross-sectional study followed
patients being assessed at 5 rheumatology units in Colombia. Information on
patient demographics and cumulative clinical and laboratory manifestations
over the course of the disease was obtained either by verification during dis-
cussion with the patient or by chart review. Data were collected with a specif-
ically created standard data collection form. A guide to the data collection
form was made to assure its reproducibility (k > 0.7). Each clinical and labo-
ratory variable was registered as “present” or “absent” for each patient both
at diagnosis and at any subsequent time during the course of the disease. All
patients fulfilled the preliminary criteria for the classification of SSc estab-
lished by the American College of Rheumatology16.

Patients were classified as having either diffuse SSc or limited SSc,
depending on the extent of skin involvement based on the criteria proposed
by LeRoy, et al1. Age and sex were reported, and age at disease onset was
considered to be the age at which the first signs and symptoms compatible
with the disease appeared.

Diagnosis of PAH was confirmed by echocardiogram, performed by an
expert cardiologist using standard techniques for evaluating the dimensions of
the right ventricle and tricuspid gradients after a 20-minute rest. The tricuspid
systolic pressure gradient was calculated using Bernoulli’s modified equa-
tion17. Pulmonary artery pressure was calculated as the sum of the tricuspid
gradient and the estimated right atrial pressure. PAH was defined as mean pul-
monary artery systolic pressure > 25 mm Hg at rest or a tricuspid regurgita-
tion velocity > 3 m/s or 2.5 m/s with unexplained dyspnea18.

The institutional review board at the National University of Colombia
(Universidad Nacional de Colombia) and Corporation for Biological
Research (Corporación para Investigaciones Biológicas) approved the study
design.
Clinical variables. Organ system involvement was defined using the criteria
published by Medsger, et al19 with slight modifications as follows: (1) renal
involvement was defined as a rapidly progressive renal failure or serum cre-
atinine level > 1.5 mg/dl and creatinine clearance < 45 ml/min determined on
2 occasions; or “renal crisis,” defined as an acute rise (within 1 week) in dias-
tolic blood pressure > 110 mm Hg associated with hematuria, proteinuria,
papilledema, or microangiopathic hemolytic anemia, which required emer-
gency measures, or which was fatal20,21; (2) articular involvement was
defined as either swelling of ≥ 1 joint, tenosynovitis, presence of polyarthral-
gia, or palpable tendon friction rubs22; (3) skeletal muscle involvement was
defined as detectable isolated muscle weakness or weakness associated with
elevated serum creatine kinase with or without electromyographic or histo-
logic changes of inflammatory myopathy23; (4) gastrointestinal involvement
corresponded to the appearance and at least 3-month duration of 2 or more of
the following characteristics: dysphagia, odynophagia or distal esophageal
hypomotility or aperistalsis (documented by either cineradiographic or mano-
metric study), typical small-bowel radiographic abnormalities, or colonic
“sacculations,” malabsorption syndrome, or repeated episodes of intestinal
pseudoobstruction21; (5) pulmonary involvement was shown by the presence
of any one of the following: bibasilar pulmonary fibrosis [bilateral reticular
linear or reticulonodular densities, most pronounced in the lung bases, on
standard chest radiograph with no other primary lung disease, or the presence
of heterogeneous opacities such as reticular opacities, ground-glass opacities,
or honeycombing in high resolution computed tomography (HRCT)]24, active
pleuritis with pleural pain, and either a pleural friction rub or pleural effu-
sion21, diffusing capacity for carbon monoxide (DLCO) < 70% of predicted
normal25, forced vital capacity (FVC) < 70% of predicted normal26, or PAH
documented by echocardiogram, defined as peak systolic pulmonary artery
pressure > 25 mm Hg at rest18,27; (6) cardiac involvement was defined as ven-
tricular arrhythmia, heart failure, or persistent (> 2 months) moderate to large
pericardial effusion detected by echocardiography21,28; (7) cutaneous
involvement was associated with distal (limited SSc) or proximal (diffuse
SSc) skin thickening, or calcinosis seen either radiographically or upon phys-
ical examination29, sclerodactyly, puffy hands (sausage-like finger edema
lasting > 6 months, or lasting a shorter time but followed by sclerodactyly)30
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or hypo- or hyperpigmentation, or microstomia, defined as a restriction in the
range of motion of the mandible that resulted in a reduction in the normal
maximal mouth opening measured as the distance between the incisal edge of
the upper and lower first incisors that had a normal value ≥ 30 mm31,32; (8)
peripheral vascular involvement was indicated by the presence of Raynaud’s
phenomenon (RP, characterized by episodic vasospasm with color changes —
2 of the 3 phases: pallor, cyanosis, erythema; pain and tautness/fullness in the
digits following exposure to cold33) and/or digital pitting scars or loss of sub-
stance from the finger pad (depressed areas at the tips of the fingers or loss of
digital pad tissue due to ischemia) and/or ulcerations and/or gangrene and/or
telangiectasias30,34; (9) hematological involvement was indicated by either of
the following: anemia (hemoglobin < 11.5 g/dl) or erythrocyte sedimentation
rate (ESR) ≥ 28 mm/h35,36; (10) a positive antinuclear antibody test, includ-
ing ACA, in which staining and distribution were determined by indirect
immunofluorescence in HEp-2 cells and were considered positive at a titer >
1:80 dilution. Anti-topoisomerase I antibodies, anti-Ro, anti-La, and anti-Sm
were measured by ELISA using commercial kits (Inova, San Francisco, CA,
USA)37.
Literature review. Electronic databases (Medline, PubMed, Scielo, LILACS
and BIREME) were searched for all studies evaluating SSc in humans up to
March 2007. The search strategy contained both MeSH terms and text words
“systemic sclerosis” and “pulmonary hypertension.” No other limits were
employed. Studies were included if they met the following requirements:
diagnosis of SSc was established using the classification criteria for SSc1,16,
the report was published in a peer-reviewed journal as a full paper, not as an
abstract or summary, and provided enough information to be considered use-
ful for comparison.
Statistical analysis. Data collection forms were compiled at the Corporación
para Investigaciones Biológicas and systematically checked to assure their
usefulness. Data were managed and stored using the SPSS program (V 13 for
Windows; SPSS, Chicago, IL, USA). Results are presented as means ± stan-
dard deviation (SD) or percentages. Comparisons between means were per-
formed by the Student t-test, and those between percentages were by chi-
square test. A multiple logistic regression model was used to assess associa-
tion between PAH and clinical and laboratory variables, adjusting for duration
of disease and sex. Adjusted odds ratios (AOR) were calculated with 95%
confidence intervals (CI). A p value < 0.05 was considered significant.

RESULTS
General clinical characteristics. A total of 365 patients were
evaluated, 349 of whom were included for subsequent
detailed analysis. Morphea, an incomplete data form, and
inaccurate diagnosis were the basis for exclusion from the
study. In 16 patients from the 5 rheumatology units there were
incomplete clinical and echocardiogram data that excluded
them from analysis. The main clinical and immunological
variables for the 349 patients are depicted in Table 1.

The mean age at time of diagnosis was 54.5 ± 12.9 years.
Patients were diagnosed as having SSc a mean of 6.2 ± 5.9
years after disease onset. Limited SSc was the most frequent
cutaneous subset. All patients were Mestizo with Spanish
ancestry, and the female/male ratio of incidence was 11:1. We
found a high prevalence of telangiectasias, calcinosis, arthri-
tis, esophageal involvement, RP, and positive staining for
ACA (67%, 26%, 61%, 23%, 92%, and 93%, respectively).
Significant differences based on city of origin were not
observed. Ethnic and racial differences have been demonstrat-
ed to have an influence on the occurrence of the disease3, and
differences in ethnicity may account for diverse subtypes and
organ involvement as reported by McNearney, et al9. Ethnic

differences in HLA associations have also been reported in
relation to specific autoantibodies38-40.
Pulmonary involvement. The total percentage of patients with
pulmonary involvement was 22.9%. The percentages of
patients with pulmonary fibrosis and PAH were 12.9% and
17%, respectively (6.8% with both conditions present). In a
logistic regression model, after adjusting for disease duration
and sex, 7 variables were independently predictive for PAH:
pulmonary fibrosis, microstomia, gastroesophageal reflux,
dysphagia, hypopigmentation, hyperpigmentation, and ane-
mia (Table 2). Pulmonary functions tests (FVC or DLCO)
were obtained in 49 patients, of whom 50% had an abnormal
result. The low number of data precluded an accurate analysis.

Previous studies have reported several risk factors for PAH
in patients with SSc (Table 3). Male sex was found to be a
poor prognostic factor of pulmonary function loss in some
studies41-43, while Scorza, et al44 identified that post-
menopausal women were at an increased risk of PAH.
Schachna, et al45 and MacGregor, et al18 found that older age
at onset of SSc was a risk factor for PAH. African Americans
had significantly lower pulmonary function test findings,
more pulmonary involvement, and a higher frequency of dif-
fuse cutaneous disease9,46.

Greidinger, et al47 found that African American ethnicity is
a risk factor for SSc lung disease, and this result confirms early
findings by Steen, et al48 and Peters-Golden et al49 that identi-
fied more severe lung disease as being associated with African
American patients with SSc. Other investigators found that the
measurements of DLCO and FVC during the initial evaluation
were predictive of severe lung disease48,50,51; however, this
observation is not unanimous49,52-54. This can be explained by
methodological differences between studies and heterogeneity

Table 1. General characteristics of Colombian patients with SSc.

Feature N = 349

Demographic
Age at onset, yrs 54.5 ± 12.9
Female/male ratio 11:1
Female, % 92
Disease duration, yrs 6.2 ± 5.9

SSc subtype, %
Diffuse 23.5
Limited 76.5

Organ system involvement, %
Telangiectasias 67.6
Calcinosis 26.4
Raynaud phenomenon 92
Arthralgias or arthritis 61.3
Esophageal 23.2
Pulmonary 22.9
Cardiac 7.3
Kidney 5.7

Antibodies, %
Antinuclear 97
Anticentromere 93
Anti-topoisomerase I 25
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in patient populations55. Plastiras, et al55 found that baseline
FVC values measured within the first 3 years after disease
onset may predict the subsequent rate of change in pulmonary
function. In another study, these authors56 observed that the
presence of pulmonary fibrosis (demonstrated by HRCT,
reduced FVC) and duration of RP (at least 3 years before
development of SSc skin manifestations) were associated with
PAH in patients with limited and diffuse SSc. Peters-Golden,

et al49 and Steen, et al50 recognized that severe reduction in
DLCO (< 55% of predicted) or increased FVC/DLCO ratio (>
1.4) are good predictors of PAH. Villalba, et al57 found that
desaturation during a 6-minute walk test provides additional
information regarding severity of disease in SSc patients with
pulmonary manifestations.

The presence of anti-topoisomerase I antibodies and sever-
ity of RP have been considered predictors of pulmonary func-

Table 2. Variables associated with pulmonary arterial hypertension (PAH) in Colombian patients with SSc.

Characteristic PAH, No PAH, AOR (95% CI) p
N = 61 (%) N = 288 (%)

Age, yrs 56.2 ± 11.4 54.1 ± 13.2 NS
Duration of SSc, yrs 9.08 ± 6.6 5.6 ± 5.5 NS
Sex, female 54 (88.5) 266 (92.4) NS
Anemia 10 (16.4) 8 (2.8) 5.4 (1.98–14.93) 0.001
Subsets of SSc

Diffuse 16 (26.2) 66 (22.9) NS
Limited 45 (73.8) 222 (77.1)

Microstomia 22 (36.1) 36 (12.5) 3.3 (1.70–6.28) < 0.0001
Hypopigmentation 20 (32.8) 41 (14.2) 2.4 (1.26–4.64) 0.008
Hyperpigmentation 17 (27.9) 48 (16.7) 2.15 (1.11–4.16) 0.02
Pulmonary fibrosis 24 (39.3) 21 (7.3) 7.37 (3.67–14.81) < 0.0001
Gastroesophageal reflux 23 (37.7) 58 (20.1) 2.41 (1.31–4.43) 0.005
Dysphagia 36 (59) 92 (31.9) 2.7 (1.49–4.77) 0.001

AOR: adjusted odds ratio, NS: not significant.

Table 3. Factors for PAH in patients with SSc (literature review).

Series Factor OR (95% CI) N

Scorza44 Postmenopausal condition 5.15 (2.26–11.72) 189
Limited SSc 2.83 (1.51–5.28)

Schachna45 Every 10 years of age at disease onset 1.52 (1.31–1.76) 274
Late-onset, age ≥ 60 yrs 2.3 (1.32–3.99)

MacGregor18 Male 2.4 (0.62–9.21) 930
Limited SSc 18.1 (2.29–143)

Steen8 New ulcers at time of PAH 5.23 (2.50–10.94) 212
Past use of calcium channel blockers 0.37 (0.21–0.64)

Morgan51 Low % predicted DLCO < 60 18.2 (3.5–93.8) 561
Decreased FVC < 80% 4.1 (1.1–15.2)

Plastiras56 Pulmonary fibrosis 6.78 (1.54–29.9) 114
FVC < 80% of predicted 3.03 (1.1–8.35)
Duration of Raynaud’s phenomenon 5.75 (1.9–17.41)

McNearney9 African American ethnicity 4.34 (1.48–12.72) 203
Disease duration 1.04 (1.02–1.07)
Anticentromere antibodies 0.08 (0.01–0.65)

Yamane61 Elevated ESR 13.24 (0.73–421.3) 125
Elevated IgG 6.4 (1.11–37.06)

Jacobsen58 Right ventricular heart failure 12.4 (2.5–60) 174
Diffuse SSc 7.8 (1.8–35)
% predicted DLCO < 40 4.8 (1.1–20)

Mukerjee11 Hemodynamic indices of right ventricular heart failure 21 794
Chang81 Older age, limited skin disease, elevated pulmonary 8.6* 361

artery pressures at the time of initial evaluation,
% predicted DLCO < 50

* Calculated through longitudinal regression models. PASP: pulmonary artery systolic pressure, DLCO: diffus-
ing capacity for carbon monoxide, FVC: forced vital capacity, ESR: erythrocyte sedimentation rate.
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tion loss42,47,49,58. However, some efforts to confirm the asso-
ciation of anti-topoisomerase I antibodies with function loss
have not been successful59. Morelli, et al60 and Steen, et al48
found that the extent and severity of cutaneous disease were
significantly associated with severe lung disease. Morgan, et
al59 found that positive urine protein was significantly predic-
tive of an increased risk of developing severe lung disease.
Yamane, et al61 reported that an elevated ESR and increased
immunoglobulin G were common features of SSc patients
with PAH. Steen, et al62 showed that patients who develop
PAH have more severe peripheral vascular disease based on
the increased severity of RP and of digital tip ulcers.

DISCUSSION
We analyzed the clinical and laboratory features of 349
patients with SSc. Notably, the percentage of patients with
PAH in our study was 17%, which is higher than previously
reported13,61,63. Several risk factors for PAH, including
hypopigmentation and hyperpigmentation (AOR 2.4 and 2.15,
respectively) were identified. Hyperpigmentation could be
related to an increase in the keratinocyte production of
endothelin-1 (ET-1), a 21 amino acid peptide with potent
vasoconstrictive and proliferative effects. There is evidence
indicating that ET-1 has certain trophic effects on human
skin64, and it is involved in both the multiplication of
melanocytes and melanin synthesis in human melanocytes65.
Rubens, et al66 demonstrated that plasma concentrations of
ET-1 and its precursor molecule correlate with the severity of
PAH. Elevated levels of ET-1 are correlated with abnormali-
ties of skin color, especially in severe cases and those with
PAH. Hypopigmentation might represent the sequelae of
inflammatory hyperpigmentation, although the underlying
mechanisms and the variability among individuals for devel-
oping hypopigmentation are not well understood.

Our results confirm that pulmonary fibrosis is a risk factor
for PAH18,63,67,68 as well as gastroesophageal reflux and dys-
phagia. Both have been related to decreased FVC and DLCO
values, presumably due to the microaspiration of gastric con-
tent into the lungs, which induces pulmonary parenchyma
lesions, and by vagal stimulation from esophageal acid, caus-
ing bronchoconstriction69. Previous studies demonstrated that
treatment of gastroesophageal reflux improves symptoms and
pulmonary function test results for these patients, and this is
consistent with results of other studies70-75.

The other novel finding was the presence of microstomia
(AOR 3.3) as a risk factor, which has not been previously
reported as a risk factor for PAH. Anemia (AOR 5.4) was the
unique laboratory risk factor for PAH in our series. Although
no clear explanation exists for this finding, it could be attrib-
uted to hemolysis-associated PAH. It is likely that nitric oxide
produced by endothelium would be immediately scavenged
by hemoglobin and would therefore be incapable of paracrine
diffusion from endothelium to vascular smooth muscle.
Hemolysis is associated with the activation of downstream

adhesion, prothrombotic and prooxidant pathways that may
further participate in the endothelial dysfunction and vascu-
lopathy of PAH. Other mechanisms may also contribute to the
development of PAH-associated hemolysis, including chronic
thromboembolism and induction of hypoxia-inducible factors
such as vascular endothelial growth factor, ET-1, and erythro-
poietin76-78. Further studies are needed to confirm this associ-
ation and to explore the hypothesis noted above explaining the
link between anemia and PAH.

In patients with limited SSc, increased severity of RP pre-
dicts subsequent development of PAH78, and Stupi, et al79
reported a longer duration of RP in patients with PAH.
Recently, Walker, et al80 reported that onset of RP later in life
was associated with a higher prevalence of more severe pul-
monary fibrosis and PAH. Chang, et al found limited skin dis-
ease was a risk factor for PAH, but not RP81.

Differences between diverse published series might be due
to differences in diagnostic methods or methodological
approaches, or to observation (interviewer) and ascertainment
bias. However, genetic and environmental factors should also
be considered. A genetic predisposition to SSc is suggested by
reports of familial SSc, by animal models, and by disease-
association studies, in which a wide variety of genes includ-
ing those involved in fibrosis, in vascular function and struc-
ture, and in autoimmunity have been examined82,83. It is well
known, however, that the association of genetic variants with
complex diseases may vary according to ethnicity and admix-
ture85. The term “complex genetic trait” defines those pheno-
types not fitting patterns of Mendelian segregation, but show-
ing a preferential familial clustering that cannot be exclusive-
ly explained by cultural or environmental effects. Possible
causes underlying this departure from Mendelian laws are the
presence of genetic heterogeneity, unknown or unmeasurable
contributions of low-penetrance common alleles, and environ-
mental factors86. Among the latter, solvents have been associ-
ated with SSc by several rigorous case-control studies that
suggest a causal role, as reviewed87. Current data about other
toxic agents (epoxy resins, vibrations, welding fumes) do not
justify conclusions about their role in SSc87.

In summary, while diversity in the frequency of specific
manifestations of SSc is reflected in different regions of the
world, PAH might be a frequent complication of SSc in
Colombians regardless of subtype of disease. The clinical and
laboratory risk factors identified would assist earlier diagnosis
and guide decisions on therapeutic interventions on this criti-
cal complication of SSc. The reasons underlying the reported
divergences in clinical and laboratory characteristics among
patients from different ethnicities are not fully understood, but
it is most likely that both genetic and nongenetic factors are
responsible for them.

ACKNOWLEDGMENT
We thank all patients and their families for participation in this study, our col-
leagues Eduardo Caminos and Maria Fernanda Garces for their assistance,
and Gerardo Quintana and Paul Mendez for their contributions at the begin-
ning of this study.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


249Coral-Alvarado, et al: PAH and SSc in Colombia

REFERENCES
1. LeRoy EC, Black C, Fleischmajer R, et al. Scleroderma (systemic

sclerosis): classification, subsets and pathogenesis. J Rheumatol
1988;15:202-5.

2. Laing TJ, Gillespie BW, Toth MB, et al. Racial differences in
scleroderma among women in Michigan. Arthritis Rheum
1997;40:734-42.

3. Mayes MD, Lacey JV Jr, Beebe-Dimmer J, et al. Prevalence,
incidence, survival, and disease characteristics of systemic sclerosis
in a large US population. Arthritis Rheum 2003;48:2246-55.

4. Varga J, Korn JH. Pathogenesis of systemic sclerosis: emphasis on
human data. In: Clements PJ, Furst DE, editors. Systemic sclerosis.
2nd ed. Philadelphia: Lippincott, Williams and Wilkins;
2004:63-98.

5. Denton CP, Black CM. Pulmonary hypertension in systemic
sclerosis. Rheum Dis Clin North Am 2003;29:335-49.

6. Scussel-Lonzetti L, Joyal F, Raynauld JP, et al. Predicting mortality
in systemic sclerosis: analysis of a cohort of 309 French Canadian
patients with emphasis on features at diagnosis as predictive factors
for survival. Medicine Baltimore 2002;81:154-67.

7. Mayes MD. Scleroderma epidemiology. Rheum Dis Clin North Am
2003;29:239-54.

8. Steen VD. Predictors of endstage lung disease in systemic sclerosis.
Ann Rheum Dis 2003;62:97-9.

9. McNearney TA, Reveille JD, Fischbach M, et al. Pulmonary
involvement in systemic sclerosis: Associations with genetic,
serologic, sociodemographic, and behavioral factors. Arthritis
Rheum 2007;57:318-26.

10. Marie I, Levesque H, Hatron PY, Dominique S, Courtois H.
Pulmonary involvement in systemic scleroderma. Part II. Isolated
pulmonary arterial hypertension, bronchopulmonary cancer,
alveolar hemorrhage. Rev Med Interne 1999;20:1017-27.

11. Mukerjee D, St. George D, Coleiro B, et al. Prevalence and
outcome in systemic sclerosis associated pulmonary arterial
hypertension: application of a registry approach. Ann Rheum Dis
2003;62:1088-93.

12. Hachulla E, Gressin V, Guillevin L, et al. Early detection of
pulmonary arterial hypertension in systemic sclerosis: a French
nationwide prospective multicenter study. Arthritis Rheum
2005;52:3792-800.

13. Wigley FM, Lima JA, Mayes M, McLain D, Chapin JL, Ward-Able
C. The prevalence of undiagnosed pulmonary arterial hypertension
in subjects with connective tissue disease at the secondary health
care level of community-based rheumatologists. Arthritis Rheum
2005;52:2125-32.

14. Bolster MB, Silver RM. Lung disease in systemic sclerosis
(scleroderma). Baillieres Clin Rheumatol 1993;7:79-97.

15. Badesch DB, Tapson VF, McGoon MD, et al. Continuous
intravenous epoprostenol for pulmonary hypertension due to the
scleroderma spectrum of disease. A randomized, controlled trial.
Ann Intern Med 2000;132:425-34.

16. Preliminary criteria for the classification of systemic sclerosis
(scleroderma). Subcommittee for scleroderma criteria of the
American Rheumatism Association Diagnostic and Therapeutic
Criteria Committee. Arthritis Rheum 1980;23:581-8.

17. Battle RW, Davitt MA, Cooper SM, et al. Prevalence of pulmonary
hypertension in limited and diffuse scleroderma. Chest
1996;110:1515-9.

18. MacGregor AJ, Canavan R, Knight C, et al. Pulmonary
hypertension in systemic sclerosis: risk factors for progression and
consequences for survival. Rheumatology Oxford 2001;40:453-9.

19. Medsger TA Jr, Masi AT, Rodnan GP, Benedek TG, Robinson H.
Survival with systemic sclerosis (scleroderma): a life-table analysis
of clinical and demographic factors in 309 patients. Ann Intern Med
1971;75:369-76.

20. Steen VD. Scleroderma renal crisis. Rheum Dis Clin North Am
2003;29:315-33.

21. Vlachoyiannopoulos PG, Dafni UG, Pakas I, Spyropoulou-Vlachou

M, Stavropoulos-Giokas C, Moutsopoulos HM. Systemic
scleroderma in Greece: low mortality and strong linkage with
HLA-DRB1*1104 allele. Ann Rheum Dis 2000;59:359-67.

22. La Montagna G, Sodano A, Capurro V, Malesci D, Valentini G. The
arthropathy of systemic sclerosis: a 12 month prospective clinical
and imaging study. Skeletal Radiol 2005;34:35-41.

23. Pope JE. Musculoskeletal involvement in scleroderma. Rheum Dis
Clin North Am 2003;29:391-408.

24. Schurawitzki H, Stiglbauer R, Graninger W, et al. Interstitial lung
disease in progressive systemic sclerosis: high-resolution CT versus
radiography. Radiology 1990;176:755-9.

25. Sud A, Gupta D, Wanchu A, Jindal SK, Bambery P. Static lung
compliance as an index of early pulmonary disease in systemic
sclerosis. Clin Rheumatol 2001;20:177-80.

26. Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F, Casaburi
R. Interpretive strategies for lung function tests. Eur Resp
J 2005;26:948-68.

27. Preston IR, Hill NS. Evaluation and management of pulmonary
hypertension in systemic sclerosis. Curr Opin Rheumatol
2003;15:761-5.

28. Kahan A, Allanore Y. Primary myocardial involvement in systemic
sclerosis. Rheumatology Oxford 2006;45 Suppl 4:iv14-iv17.

29. Boulman N, Slobodin G, Rozenbaum M, Rosner I. Calcinosis in
rheumatic diseases. Semin Arthritis Rheum 2005;34:805-12.

30. Ioannidis JP, Vlachoyiannopoulos PG, Haidich AB, et al. Mortality
in systemic sclerosis: an international meta-analysis of individual
patient data. Am J Med 2005;118:2-10.

31. Pizzo G, Scardina GA, Messina P. Effects of a nonsurgical exercise
program on the decreased mouth opening in patients with systemic
scleroderma. Clin Oral Invest 2003;7:175-8.

32. Naylor WP, Douglass CW, Mix E. The nonsurgical treatment of
microstomia in scleroderma: a pilot study. Oral Surg Oral Med Oral
Pathol 1984;57:508-11.

33. Czirjak L, Kiss CG, Lovei C, et al. Survey of Raynaud’s
phenomenon and systemic sclerosis based on a representative study
of 10,000 south-Transdanubian Hungarian inhabitants. Clin Exp
Rheumatol 2005;23:801-8.

34. Flavahan NA, Flavahan S, Mitra S, Chotani MA. The vasculopathy
of Raynaud’s phenomenon and scleroderma. Rheum Dis Clin North
Am 2003;29:275-91.

35. Altman RD, Medsger TA Jr, Bloch DA, Michel BA. Predictors of
survival in systemic sclerosis (scleroderma). Arthritis Rheum
1991;34:403-10.

36. Meyer O. Prognostic markers for systemic sclerosis. Joint Bone
Spine 2006;73:490-4.

37. Steen VD. Autoantibodies in systemic sclerosis. Semin Arthritis
Rheum 2005;35:35-42.

38. Silman AJ, Newman J. Epidemiology of systemic sclerosis. Curr
Opin Rheumatol 1996;8:585-9.

39. Reveille JD, Durban E, Goldstein R, Moreda R, Arnett FC. Racial
differences in the frequencies of scleroderma-related
autoantibodies. Arthritis Rheum 1992;35:216-8.

40. Kuwana M, Okano Y, Kaburaki J, Tojo T, Medsger TA Jr. Racial
differences in the distribution of systemic sclerosis-related serum
antinuclear antibodies. Arthritis Rheum 1994;37:902-6.

41. Medsger TA Jr. D-penicillamine treatment of lung involvement in
patients with systemic sclerosis (scleroderma). Arthritis Rheum
1987;30:832-4.

42. Barnett AJ. Scleroderma (progresive systemic sclerosis): progress
and course based on a personal series of 118 cases. Med J Aust
1978;2:129-34.

43. Steen VD, Owens GR, Redmond C, Rodnan GP, Medsger TA Jr.
The effect of D-penicillamine on pulmonary findings in systemic
sclerosis. Arthritis Rheum 1985;28:882-8.

44. Scorza R, Caronni M, Bazzi S, et al. Post-menopause is the main
risk factor for developing isolated pulmonary hypertension in
systemic sclerosis. Ann NY Acad Sci 2002;966:238-46.

45. Schachna L, Wigley FM, Chang B, White B, Wise RA, Gelber AC.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


250 The Journal of Rheumatology 2008; 35:2

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008. All rights reserved.

Age and risk of pulmonary arterial hypertension in scleroderma.
Chest 2003;124:2098-104.

46. Laing TJ, Gillespie BW, Toth MB, et al. Racial differences in
scleroderma among women in Michigan. Arthritis Rheum
1997;40:734-42.

47. Greidinger EL, Flaherty KT, White B, Rosen A, Wigley FM, Wise
RA. African-American race and antibodies to topoisomerase I are
associated with increased severity of scleroderma lung disease.
Chest 1998;114:801-7.

48. Steen VD, Conte C, Owens GR, Medsger TA Jr. Severe restrictive
lung disease in systemic sclerosis. Arthritis Rheum 1994;37:1283-9.

49. Peters-Golden M, Wise RA, Schneider P, Hochberg M, Stevens
MB, Wigley F. Clinical and demographic predictors of loss of
pulmonary function in systemic sclerosis. Medicine
1984;63:221-31.

50. Steen VD, Graham G, Conte C, Owens G, Medsger TA Jr. Isolated
diffusing capacity reduction in systemic sclerosis. Arthritis Rheum
1992;35:765-70.

51. Morgan C, Knight C, Lunt M, Black CM, Silman AJ. Predictors of
endstage lung disease in a cohort of patients with scleroderma. Ann
Rheum Dis 2003;62:146-50.

52. Schneider PD, Wise RA, Hochberg MC, Wigley FM. Serial
pulmonary function in systemic sclerosis. Am J Med
1982;73:385-94.

53. Greenwald GI, Tashkin DP, Gong H, et al. Longitudinal changes in
lung function and respiratory symptoms in progressive systemic
sclerosis. Prospective study. Am J Med 1987;83:83-92.

54. Konig G, Luderschmidt C, Hammer C, Adelmann-Grill BC,
Braun-Falco O, Fruhmann G. Lung involvement in scleroderma.
Chest 1984;85:318-24.

55. Plastiras SC, Karadimitrakis SP, Ziakas PD, Vlachoyiannopoulos
PG, Moutsopoulos HM, Tzelepis GE. Scleroderma lung: initial
forced vital capacity as predictor of pulmonary function decline.
Arthritis Rheum 2006;55:598-602.

56. Plastiras SC, Karadimitrakis SP, Kampolis C, Moutsopoulos HM,
Tzelepis GE. Determinants of pulmonary arterial hypertension in
scleroderma. Semin Arthritis Rheum 2007;36:392-96.

57. Villalba WO, Sampaio-Barros PD, Pereira MC, et al. Six-minute
walk test for the evaluation of pulmonary disease severity in
scleroderma patients. Chest 2007;131:217-22.

58. Jacobsen S, Ullman S, Shen GQ, Wiik A, Halberg P. Influence of
clinical features, serum antinuclear antibodies, and lung function on
survival of patients with systemic sclerosis. J Rheumatol
2001;28:2454-9.

59. Morgan C, Knight C, Lunt M, Black CM, Silman AJ. Predictors of
endstage lung disease in a cohort of patients with scleroderma. Ann
Rheum Dis 2003;62:146-50.

60. Morelli S, Barbieri C, Sgreccia A, et al. Relationship between
cutaneous and pulmonary involvement in systemic sclerosis.
J Rheumatol 1997;24:81-5.

61. Yamane K, Ihn H, Asano Y, et al. Clinical and laboratory features
of scleroderma patients with pulmonary hypertension.
Rheumatology Oxford 2000;39:1269-71.

62. Steen V, Medsger TA Jr. Predictors of isolated pulmonary
hypertension in patients with systemic sclerosis and limited
cutaneous involvement. Arthritis Rheum 2003;48:516-22.

63. Mukerjee D, St. George D, Knight C, et al. Echocardiography and
pulmonary function as screening tests for pulmonary arterial
hypertension in systemic sclerosis. Rheumatology Oxford
2004;43:461-6.

64. Bull HA, Dowd PM. Endothelin-I in human skin. Dermatology
1993;187:1-5.

65. Imokawa G, Miyagishi M, Yada Y. Endothelin-I as a new
melanogen: coordinated expression of its gene and the tyrosinase
gene in UVB-exposed human epidermis. J Invest Dermatol
1995;105:32-7.

66. Rubens C, Ewert R, Halank M. Big endothelin-1 and endothelin-1
plasma levels are correlated with the severity of primary pulmonary
hypertension. Chest 2001;120:1562-9.

67. Denton CP, Cailes JB, Phillips GD, Wells AU, Black CM, Bois
RM. Comparison of Doppler echocardiography and right heart
catheterization to assess pulmonary hypertension in systemic
sclerosis. Br J Rheumatol 1997;36:239-43.

68. Trad S, Amoura Z, Beigelman C, et al. Pulmonary arterial
hypertension is a major mortality factor in diffuse systemic
sclerosis, independent of interstitial lung disease. Arthritis Rheum
2006;54:184-91.

69. Ebert EC. Esophageal disease in scleroderma. J Clin Gastroenterol
2006;40:769-75.

70. Marie I, Dominique S, Levesque H, et al. Esophageal involvement
and pulmonary manifestations in systemic sclerosis. Arthritis
Rheum 2001;45:346-54.

71. Schachter LM, Dixon J, Pierce RJ, O’Brien P. Severe
gastroesophageal reflux is associated with reduced carbon
monoxide diffusing capacity. Chest 2003;123:1932-6.

72. Kinuya K, Nakajima K, Kinuya S, Michigishi T, Tonami N,
Takehara K. Esophageal hypomotility in systemic sclerosis: close
relationship with pulmonary involvement. Ann Nucl Med
2001;15:97-101.

73. Denis P, Ducrotte P, Pasquis P, Lefrancois R. Esophageal motility
and pulmonary function in progressive systemic sclerosis.
Respiration 1981;42:21-4.

74. Johnson DA, Drane WE, Curran J, et al. Pulmonary disease in
progressive systemic sclerosis. A complication of gastroesophageal
reflux and occult aspiration? Arch Intern Med 1989;149:589-93.

75. Sjogren RW. Gastrointestinal motility disorders in scleroderma.
Arthritis Rheum 1994;37:1265-82.

76. Schechter AN, Gladwin MT. Hemoglobin and the paracrine and
endocrine functions of nitric oxide. N Engl J Med
2003;348:1483-5.

77. Zhang Y, Qui Y, Zhu J, Gao D. Pulmonary hypertension associated
with autoimmune hemolytic anemia: A case report. Int J Cardiol
2007;115:e1-e2.

78. Rother R, Bell L, Hillmen P, Gladwin M. The clinical sequelae of
intravascular hemolysis and extracellular plasma hemoglobin.
JAMA 2005;293:1653-62.

79. Stupi AM, Steen VD, Owens GR, Barnes EL, Rodnan GP, Medsger
TA Jr. Pulmonary hypertension in the CREST syndrome variant of
systemic sclerosis. Arthritis Rheum 1986;29:515-24.

80. Walker UA, Tyndall A, Czirjak L, et al. Clinical risk assessment of
organ manifestations in systemic sclerosis — a report from the
EULAR Scleroderma Trials And Research (EUSTAR) group data
base. Ann Rheum Dis 2007;66:754-63.

81. Chang B, Schachna L, White B, Wigley FM, Wise RA. Natural
history of mild-moderate pulmonary hypertension and the risk
factors for severe pulmonary hypertension in scleroderma.
J Rheumatol 2006;33:269-74.

82. Arnett FC, Cho M, Chatterjee S, Aguilar MB, Reveille JD, Mayes
MD. Familial occurrence frequencies and relative risks for systemic
sclerosis (scleroderma) in three United States cohorts. Arthritis
Rheum 2001;44:1359–62.

83. Herrick AL, Worthington J. Genetic epidemiology: Systemic
sclerosis. Arthritis Res 2002;4:165–8.

84. Zhou X, Tan FK, Wang N, Genome-wide association study for
regions of systemic sclerosis susceptibility in a Choctaw Indian
population with high disease prevalence. Arthritis Rheum
2003;48:2585-92.

85. Anaya JM, Gomez L, Castiblanco J. Is there a common genetic
basis for autoimmune diseases? Clin Dev Immunol
2006;13:185-95.

86. Anaya JM, Corena R, Castiblanco J, Rojas-Villarraga A, Shoenfeld
Y. The kaleidoscope of autoimmunity: multiple autoimmune
syndromes and familial autoimmunity. Expert Rev Clin Immunol
2007;3:623-35.

87. Magnant J, Diot E. Systemic sclerosis: epidemiology and
environmental factors [French}. Presse Med 2006;35:1894-901.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/

