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The 15% Rule in Scleroderma: The Frequency of 
Severe Organ Complications in Systemic Sclerosis. 
A Systematic Review
Chayawee Muangchan, Canadian Scleroderma Research Group, Murray Baron, and Janet Pope

ABSTRACT. Objective. The prevalence of organ complications in scleroderma (systemic sclerosis; SSc) varies by
definition used. This study was done to determine the frequency of several features of SSc.
Methods. A search of Medline-Ovid/Embase, PubMed, and Scopus databases from 1980 to
November 30, 2011, was conducted to identify relevant articles with at least 50 patients with SSc
extracting prevalence of each organ complication. Study quality was assessed using the STROBE
(Strengthening The Reporting of OBservational studies in Epidemiology) checklist. Pooled preva-
lence was calculated using the random effects method. Heterogeneity was quantified using I2. 
Results. A total of 5916 articles were identified (913 from Medline-Ovid/Embase, 1009 from
PubMed, and 3994 from Scopus); 5665 were excluded, leaving 251 articles for full-text review, with
69 included. Where available, frequencies were also included from the Canadian Scleroderma
Research Group. Many severe complications in SSc occur about 15% of the time, including cardiac
involvement (15%, 95% CI 6–24), diastolic dysfunction (16%, 95% CI 14–17), estimated pulmonary
artery pressure > 40 mm Hg (18%, 95% CI 14–21), pulmonary arterial hypertension by right heart
catheterization (15%, 95% CI 12–17), forced vital capacity (FVC) < 70% predicted (15%, 95% CI
12–17), FVC < 80% predicted (17%, 95% CI 12–21), myositis (13%, 95% CI 10–17), inflammatory
arthritis (12%, 95% CI 9–16), Sjögren overlap (13%, 95% CI 10–16), and digital ulcers (DU; 15%,
95% CI 10–20); and 15% of DU have complications (amputations 12%, 95% CI 8–16, and hospi-
talizations 13%, 95% CI 6–21). Scleroderma renal crisis is uncommon but occurs in almost 15%
(12%, 95% CI 5–19) of cases of disseminated cutaneous SSc. There is no 15% rule within skin and
gastrointestinal tract for SSc.
Conclusion. The “15%” rule for frequency of significant organ involvement in SSc is helpful. 
(First Release July 15 2013; J Rheumatol 2013;40:1545–56; doi:10.3899/jrheum.121380)
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Systemic sclerosis (SSc; scleroderma) is a systemic
autoimmune connective tissue disease characterized by
autoimmunity, vascular malfunction and inflammation, and
fibrosis. Disease subsets can be classified into limited

(lcSSc) and diffuse (dcSSc) cutaneous SSc1. Patients with
dcSSc usually have more complications2,3. Steen and
Medsger reported the prevalence of severe organ compli-
cation in dcSSc using the Pittsburgh Scleroderma
Databank4. Many other SSc studies from different cohorts
have also reported the prevalence of organ complications
using different definitions. Our goal was to promote
awareness of the prevalence of important organ involvement
in SSc to facilitate appropriate screening and investigation.
We used a metaanalysis of the published literature, where
available, to define the frequency of severe organ complica-
tions of SSc and to construct a broad, easily remembered
rule to help clinicians remember those frequencies. 

MATERIALS AND METHODS
Identification of studies and study population. A comprehensive literature
search of the Medline-Ovid/Embase, PubMed, and Scopus databases was
conducted, each from 1980 [when the preliminary American College of
Rheumatology (ACR) classification criteria for SSc were published] to
November 30, 2011. We looked for English-language research articles for adult
SSc using the following search terms: scleroderma and systemic sclerosis. We
searched for organ complications using the following search terms: 
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Kidney: malignant arterial hypertension, rapidly progressive renal failure,
kidney failure, acute kidney/renal failure, glomerulonephritis, scleroderma
renal crisis (SRC). 
Heart: cardiomyopathy, heart failure, ventricular dysfunction, heart block,
heart muscle conduction disturbance, myocarditis, pericarditis, pericardial
effusion. 
Pulmonary hypertension: pulmonary hypertension (PH), pulmonary arterial
hypertension (PAH). 
Lung: interstitial lung disease (ILD), pulmonary fibrosis, restrictive lung
disease, lung function test, lung fibrosis, spirometry. 
Gastrointestinal (GI) system: malabsorption, hyperalimentation, intestinal
pseudoobstruction, malnutrition, bacterial overgrowth.
Muscle: myopathy, myositis, muscle weakness, muscle disease, skeletal
muscle/myopathy, polymyositis.
Joint: arthritis/chronic arthritis, synovitis, arthropathy, joint erosion. 
Digital ulcer or ischemic complications: digital ulcer (DU), digital necrosis,
digital gangrene, digital loss, digital amputation.
Skin: modified Rodnan skin score (mRSS), skin involvement, skin score. 
Sjögren syndrome (SS).

Studies were included if they provided numerical data (numbers and/or
percentages) of the incidence and/or prevalence of the clinical manifesta-
tions of interest; and if they provided a definition of or stratified severity
for each complication (described below). Studies were excluded if they
were case reports/case series, had fewer than 50 patients with SSc, or were
review articles. If more than 1 identified study used the same or overlap
study population at the same period, the most recent or larger sample-size
study was included. If publications from the same group reported different
manifestations, each publication was used for nonredundant items. Two
reviewers (CM and JP) separately included reports using the inclusion and
exclusion criteria. If there was disagreement, the full reports were reviewed
and agreement was achieved by consensus.

Severe organ complications included the following:
Kidney: documented SRC as defined by new-onset malignant arterial
hypertension and/or rapidly progressive glomerulonephritis with serum
creatinine rising by at least 20% of baseline with/without microangiopathic
hemolytic anemia  occurring in both the dcSSc subset and SSc in total. SRC
was often defined by the authors of each report.
Heart: documented cardiomyopathy with a decrease in left ventricular
ejection fraction (LVEF) by echocardiography; symptoms of congestive
heart failure; left diastolic dysfunction by echocardiography; arrhythmia
attributable to scleroderma heart disease requiring treatment; and sympto-
matic pericarditis or moderate to large pericardial effusion. 
PH and PAH: PH was defined by Doppler echocardiography providing
estimated systolic (sPAP) or mean pulmonary artery pressure (mPAP). We
stratified PH according to the cutoff level of sPAP or mPAP used by each
study. PAH was defined by right heart catheterization (RHC). 
Lung: documented restrictive lung disease using percentage of predicted
FVC (FVC % predicted) or total lung capacity (TLC % predicted) by
standard pulmonary function testing (PFT). The severity of restriction was
classified by FVC % predicted or TLC % predicted used by each study. We
did not include ILD defined solely by chest radiograph because it is
common in SSc, including asymptomatic patients. 
GI system: clinically documented malabsorption syndrome, repeated
episodes of intestinal pseudoobstruction, or severe GI problems requiring
hyperalimentation. Gastroesophageal reflux and dysphagia were not
included because they were thought to be very common. We also did not
include bacterial overgrowth syndrome because most studies defined this
by a variety of tests but it is often a clinical diagnosis in patients with SSc. 
Muscle: clinically documented (proximal, symmetrical) muscle weakness;
proximal muscle weakness with elevated creatine kinase, electromyo-
graphic testing (EMG), and muscle biopsy evidence of inflammatory
myositis, fulfilling or not fulfilling the Bohan and Peter criteria for
myositis5,6, i.e., dermatomyositis (DM)/polymyositis (PM). 
Arthritis: clinically documented arthritis or synovitis using the swollen
joint count (SJC) with/without the tender joint count (TJC) and those with

inflammatory arthritis who had erosions on radiographs, which is a subset
population. We did not include inflammatory arthritis defined solely by
radiographs or ultrasound. 
Digital ulcer or ischemic complications: clinically documented digital
ischemic vasculopathy as prevalent digital ulcer (a loss of continuity of
epithelial coverage that can be denuded or covered by a scab or necrotic
tissue); current gangrene, necrosis anywhere on the digit, and complica-
tions including amputation (autoamputation or surgical) or hospitalization
due to digital ulcers. Digital pits/scars and Raynaud’s phenomenon (RP)
were not included because they are extremely frequent in SSc. 
Skin: documented mRSS above various levels and classified to the cutoff
levels according to each study definition. 
SS: documented by fulfilling any standard criteria for diagnosis of SS. The
frequency of overlap of SSc with SS was studied. We did not include sicca
symptoms with SSc because they have a variety of classification definitions
and tests that are not readily pooled.
Study population from the Canadian Scleroderma Research Group
(CSRG). We also studied the prevalence of each organ complication in the
database of the CSRG if the data were not currently in the published liter-
ature. The CSRG is a multicenter, prospective national registry of adult SSc
across Canada. Clinical and laboratory data are collected annually in a
comprehensive database of subjects enrolled between August 2004 and
April 2010 who fulfilled preliminary ACR (formerly the American
Rheumatism Association) criteria for the classification of SSc (sclero-
derma); or who were diagnosed by their rheumatologist as having SSc. They
were included if the prevalence of organ complications was provided. The
following CSRG definitions of organ complication were used, because they
were predefined and were the same as in other databases where possible.
Renal: SRC was recorded from a physician-completed form. Heart:
cardiomyopathy was defined as LVEF ≤ 45% by standard echocardio-
graphy; conduction system abnormalities were defined as any conduction
abnormalities or arrhythmias on electrocardiography; we had no specific
information on symptoms of congestive heart failure, and there was no
routine reporting of left ventricular diastolic dysfunction by echocardio-
graphy; pericarditis was defined as at least moderate pericardial effusion by
standard echocardiography; PH was defined with a surrogate: sPAP ≥ 45
mm Hg by standard echocardiography or diagnosis of PAH. Lung:
pulmonary restriction was defined by FVC < 70% predicted on PFT. GI
system: hyperalimentation and intestinal pseudoobstruction were recorded
from the physician-completed standardized forms. Muscle: proximal limb
girdle muscle weakness was recorded from physical examination using a
score ≤ 4 based on 5-point Likert scale; EMG and muscle biopsies are not
provided in the registry. Arthritis was defined clinically as SJC ≥ 1 and TJC
≥ 1. The CSRG database does not include joint radiographs. Digital ulcers
and ischemic complications: current digital ulcer(s)/gangrene/amputation
were recorded from physical examination (anywhere on the digit), which
was recorded at each visit. Skin: The mRSS was recorded. SS was defined
by patient questionnaires about sicca symptoms; SS information, such as
labial biopsy results, was not recorded. 
Data extraction. Data extraction was performed by 1 investigator (CM).
The following data were extracted from each study: first author, year of
publication, location of study; study design; sample size; and prevalence in
number and/or percentage of each organ complication. The prevalence of
various organ involvements was extracted from studies, and forest plots
were constructed. The CSRG data did not necessarily contain identical
definitions, or in some cases, any data for certain outcomes. In addition, if
publications from the CSRG database were available, then they were used
and the prevalence was not recalculated from the updated database
(because the former were papers published in peer-reviewed journals). If
publications used distinctively different definitions of a certain organ, the
rates were not pooled, resulting in some plots of different definitions of
organ involvement. For instance, estimates were not pooled for various
FVC cutoff values, and echocardiographic estimates of PH were not pooled
with RHC-proven PAH.
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Quality assessment. Study quality was assessed by the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) checklist
for cohort, case-control, and cross-sectional studies7,8. The STROBE
checklist consists of 22 items: 18 items are common to all 3 study designs
and 4 items (6a/6b, 12d, 14c, 15) are specific to cohort, case-control, or
cross-sectional studies. The maximum score varies based on the number of
applicable items on the checklist. Two items on the checklist (12e and 16c)
pertain to statistical methods (12e describes any sensitivity analysis of the
main results; 16c is scored where the relative risk is translated into absolute
risk for a meaningful time period) so these items were not relevant to all the
articles. One item applied only to matched studies (6b), and another only to
cohort studies (14c). The maximum attainable score was 32. The purpose
of STROBE is not to give a quality score but to ensure clear presentation
of reporting.
Statistical analysis. Proportions were pooled with a random effects model9.
A random effects model was used because it assumes that true frequencies
from the individual studies have a probability distribution, and it assigns a
more balanced weight to each study. Forest plots were created to estimate
prevalence with 95% CI. The I-square (I2) statistic was used to quantify the
magnitude of heterogeneity (i.e., mild 0–30%, moderate 31%–50%, high >
50%), tau-square was the square-root of the between-study variance, and p
value was for Cochran’s Q statistic, the classic measure of heterogeneity.
Publication bias was determined using funnel plots.

RESULTS
Search results. The literature search identified 5916 poten-

tially relevant articles that were screened for eligibility. A
total of 5665 articles were excluded. There were 173
repeated citations among the search terms and/or different
databases. Two articles were identified by hand-searching
key references. Eleven further articles were excluded: 9
used the same study population at the same period or at least
contained the same patients as part of single-center,
national, or multinational databases, 1 article selectively
collected data on SSc patients with digital ulcers, and 1 had
a different definition for organ involvement, yielding 69
articles included in the metaanalysis (Figure 1).
Description of studies included. Characteristics of the 69
articles included in the metaanalysis are shown in Table 1.
The studies incorporated data for SSc patients from different
locations: North America4,12,17,26,27,34,43,58,60,70,76,77, South
America16,53, Europe10,11,14,18,19,20,21,22,23,24,25,26,27,28,29,30,
31,32,33,34,35,36,37,38,39,40,41,42,47,48,49,50,51,52,57,59,61,62,63,66,68,69,71,
Africa55, Asia13,24,25,38,46,54,56,64,65,67,74, and Australia15,44,45,75.
Eighty-five percent of the pooled study population from 69
articles were women. The mean age of patients with SSc (at
cohort entry or first diagnosis) from 69 articles was 51.7
years (range 29.4–60.5 yrs) and mean disease duration from
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Figure 1. The search strategy. SSc: systemic sclerosis.
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Table 1. Characteristics of 69 articles included in the metaanalysis.

Study Country STROBE Sample SSc Subset, % Sex, % Mean Disease 
(study Checklist Size (N) dcSSc lcSSc Other Male Female Age, yrs Duration,
period) (total = 32) (SD) yrs (SD)†

Walker 200710 EUSTAR (2004–2006) 26 1349 100 0 0 18.9 81.1 52.3 (13.7) 7.4 (6.9)
Steen4 USA (1972–1995) 23 953 100 0 0 20 80 NA 9.8
Pérez-Bocanegra11 Spain (1976–2007) 25 319 20.1 58.3 21.6 NA NA NA NA
De Marco12 USA (1991–1996) 30 134 100 0 0 22.4 77.6 NA 0.8 (0.3)
Hashimoto13 Japan (1973–2008) 27 405 32.6 67.4 NA 7.2 92.8 47* 14 (0.6)††

La Montagna14 Italy (1965–1994) 22 323 26 38.4 35.6 7.1 92.9 46.7 (0.8) NA
Walker 200315 Australia (1983–2000) 22 538 NA NA NA NA NA NA NA
Coral-Alvarado16 Colombia 28 349 23.5 76.5 NA 8 92 54.5 (12.9) 6.2 (5.9)
Khimdas17 Canada 27 938 43.4 50 NA 14 86 55.4 (0.3) 13.6 (0.3)††

Nagy18 Hungary (1982–1993) 29 171 21 79 NA 12.9 87.1 41* 2**
Allanore19 EUSTAR (2004–2008) 26 7073 32.8 67.2 NA 13.9 86.1 56 (14) NA
Hunzelmann20 Germany (2003–2007) 24 1483 32.7 45.5 21.8 16.4 83.4 55.7 (13.7) NA
Avouac21 France & Italy 30 1165 30 70 NA 11.7 88.3 60 (14) 13 (8)
Avouac22 France & Italy 23 1132 29 71 NA 12.6 87.4 60 (14) 12 (8)
Czirják23 Hungary (1983–2005) 30 366 27.6 72.4 NA 13.9 86.1 56.8 (12.2) 13.5 (10.8)
Nishimagi24 Japan (1992–2004) 25 302 34.8 65.2 NA 12.6 87.4 53* 3**
Foocharoen25 Thailand (2005–2006) 27 117 70.1 29.9 NA 40.2 59.8 49.8 (10.3) NA
Schmajuk26 USA (1996–2006) 25 165 31 69 NA 19.4 80.6 NA NA
Low27 Canada (1990–2007) 26 335 50.6 49.4 NA 19.9 80.1 NA NA
Picha28 Greece 23 150 36 56 8 12 88 43 (2.3) 15 (1.7)
Shand29 UK (1983–2001) 31 225 100 0 0 18 82 44 (13) 10 (6)
Nguyen30 France (2003–2009) 28 381 40.4 59.6 NA 16.3 83.7 55.9 (13.3) 9.5 (7.8)
Hügle31 EUSTAR (2004–2009) 28 8431 32.5 58.2 9.1 13.6 86.4 55* 6.3**
Minier32 Hungary 23 131 NA NA NA 1 99 55.9 (11.6) 8.1 (7.2)
Joven33 Spain (1980–2006) 24 204 31 59 10 11 89 49 (17) 6 (10)
Chang34 USA (1990–2001) 28 619 41 59 NA 17.1 82.9 50.5 (13.1) NA
Follansbee35 USA (1959–1988) 24 1095 NA NA NA NA NA NA NA
de Groote36 France (2002–2003) 26 570 26.3 73.7 NA 15 85 54 (14) 9 (8)
Hanitsch37 Germany (2003–2007) 27 1200 39.2 60.8 NA NA NA NA 8
Poormoghim38 Iran (2006–2007) 25 58 41.4 58.6 NA 8.6 91.4 40.8 (13.7) 7.97
Morelli39 Italy (1993–1994) 24 72 59.7 40.3 NA 17.1 82.9 48 10†

Alivernini40 Italy 26 130 26.9 73.1 NA 10.8 89.2 56.5 (12.2) 8.1 (8.1)
Aguglia41 Italy (1993–1998) 24 124 46 54 NA 14.5 85.5 52 (12.5) 11.2 (8)
Launay42 France 24 197 56.4 43.6 NA 17.8 82.2 48 (14) NA
Pope43 Canada (2002–2003) 27 539 41 58 1 16 84 56 (13) 9 (7)
Cox44 Australia (1983–2002) 24 608 20.4 62.7 16.9 NA NA NA NA
Phung45 Australia (2005–2007) 29 184 24.5 75.5 NA 12.9 87.1 60* 10.5**
Yamane46 Japan (1990–1999) 19 125 44 56 NA 8.8 91.2 NA NA
Hachulla47 France (2002–2003) 27 599 27.6 72.5 NA 16.2 83.8 54.7 (13) 8.5 (7.9)
Mukerjee48 UK (1998–2002) 25 722 NA NA NA 16.6 83.4 NA NA
Vonk49 The Netherlands 26 1148 NA NA NA 24.6 75.4 59.1* NA

(2005–2007)
Avouac50 France 22 120 43 57 NA 15 85 56.5* 6
Beretta51 Italy (1982–2008) 23 558 26.9 73.1 NA 10.6 89.4 NA NA
Plastiras52 Greece (1993–2005) 26 114 47.4 52.6 NA 15.8 84.2 NA NA
Cordeiro53 Brazil (2001–2003) 24 57 56.1 43.9 NA 14 86 42.6 (13.1) 9.6 (6.9)
Murata54 Japan (1990–1995) 25 80 35.6 64.4 NA 9.6 90.4 52.7 (12.3) 11.6 (8.7)
Tager55 South Africa (1990–1995) 24 63 65 28.6 6.4 17.9 82.1 36.1 3.6
Kumar56 India (2004–2007) 25 100 39 61 NA 13 87 29.4 (11.4) 7.15 (5.5)
Hachulla57 France (2002–2003) 29 546 27.5 72.5 NA 15.9 84.1 54.9 (13) 8.8 (8.1)
Steen58 USA (1972–1989) 27 890 47.5 52.5 NA 20.2 79.8 NA NA
Ostojić59 Serbia & Montenegro 19 105 52.4 47.6 NA NA NA NA NA

(2001–2003)
Duchini60 USA (1985–1996) 19 144 79.2 20.8 NA 12.5 87.5 54.4 (16) 11.08 (8.3)
Parodi61 Italy 21 55 32.7 67.3 NA 9.1 90.9 59 (11) NA
Szamosi62 Hungary (1994–2004) 17 246 20.3 79.7 NA 16.3 83.7 54.2 (9.6) 9.1 (6.3)
Marie63 France (2006–2007) 22 51 49 51 NA 19.6 80.4 54* 4**
Mimura64 Japan (1990–2001) 26 302 44 56 NA 10.6 89.4 52 NA
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onset of first non-Raynaud’s symptoms to study period was
8.8 years (range 0.8–15 yrs). The attainable maximum score
was 32 for the STROBE checklist and mean score of the 69
articles was 24.9 (range 17–31). 
Frequency of complications in CSRG cohort. There were
1145 SSc patients included from August 18, 2004, to April
27, 2010 (duration of total followup 5 years, 8 months); data
were available for analysis from 1043 of these patients
according to their disease subset, either lcSSc or dcSSc.
Eighty-six percent were women, with mean age 55.4 years
and disease duration from onset of first non-Raynaud’s
symptoms to baseline visit of 11.0 years. Thirty-eight
percent had dcSSc, of whom 117 (10.6% of total) had early
dcSSc (< 3 yrs since onset). Frequency of each organ
complication in the CSRG cohort is shown in Table 2. 
Analysis. Forest plots were calculated to provide pooled OR
estimates (Figure 2) for frequencies of several organs.
Frequencies of organ complications in SSc and the dcSSc
subset are shown in Table 3: it can be seen that many clini-
cally relevant organ complications occurred in 15% of
patients with SSc. For cardiac involvement we had 2
additional categories other than predefined organ system
involvement, which were a combination of various cardiac
complications in SSc (congestive heart failure, symptomatic
pericarditis, symptomatic arrhythmia, and cardiomyopathy,
as described above) and within the dcSSc subset, because
that is how they were reported in the literature. We did not
have pooled prevalence of skin involvement, because there
were not at least 2 studies that used the same cutoff level for
skin sclerosis by the mRSS. 

DISCUSSION
This systematic review reports the prevalence of severe
organ complications in patients with SSc, except those very
common in SSc such as RP, gastroesophageal reflux disease
(GERD), dysphagia, and skin involvement. Data from the
CSRG were used because it is a large national database with
well-defined complications. Although some definitions of
organ involvement were not standardized, we compared
studies with similar definitions. 

The frequency of organ involvement might change over
time by both disease duration and year of publication. This
may be true for SRC, which could be decreasing over time.
The studies in our metaanalysis included patients with SRC
in the period before use of angiotensin-converting enzyme
inhibitors and afterward. Small cohorts were not included
because their estimates of prevalence of organ involvement
would potentially have a large degree of variability. We tried
to exclude studies that contained the same patients.

Most organ involvement occurred in about 15% of cases,
within the 95% CI. These included pooled data for severe
cardiac involvement (congestive heart failure or sympto-
matic pericarditis, symptomatic arrhythmia, and cardiomyo-
pathy) in both dcSSc and SSc, diastolic dysfunction,
symptomatic arrhythmias or conduction abnormalities, and
PH, as well as PAH, pulmonary restriction by various defini-
tions of FVC (as a surrogate for ILD), myositis, arthritis,
prevalent DU, complicated ulcers ever, and SS. The
estimated prevalence of PAH in SSc defined by RHC was
15% (95% CI 12%–17%). When different studies were
combined, the prevalence of PH by echocardiography in
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Table 1. Continued.

Study Country STROBE Sample SSc Subset, % Sex, % Mean Disease 
(study Checklist size (N) dcSSc lcSSc Other Male Female Age, yrs Duration,
period) (total = 32) (SD) yrs (SD)†

Balbir-Gurman65 Israel (2004–2009) 19 165 25.4 74.6 NA NA NA 60.5 (15.2) 10.4 (7.5)
Avouac66 EUSTAR (2004–2008) 25 7286 42 58 NA 14 86 56 (14) 10 (9)
Jinnin67 Japan (1990–2001) 22 173 36.4 63.6 NA 8.7 91.3 NA NA
La Montagna68 Italy (2002–2002) 23 76 28.9 30.3 40.8 9.2 90.8 52* 8**
Tiev69 France (2002–2003) 25 599 28 72 NA 16 84 55 (13) 7 (7)
Wigley70 USA (1985–1990) 26 98 41.8 58.2 NA 20.4 79.6 50.9 (13.6) NA

Nihtyanova71 UK 22 1168 29.5 70.5 NA NA NA NA NA
Sunderkötter72 Germany (2003–2007) 26 1690 31 48 21 17.2 82.8 NA NA

Harrison73 UK (1994–2000) 27 101 27.7 72.3 NA 13 87 53* 13**

Wangkaew74 Thailand 22 50 NA NA NA 26 74 46.6 (7.9) 5.1 (4.6)
Swaminathan75 Australia (1998–2006) 23 193 24.4 60.6 15 17.1 82.9 54.6 NA

Wigley76 USA & Canada 26 586 NA NA NA NA NA NA NA
Ingraham77 USA (1972–1995) NA 2080 NA NA NA NA NA NA NA

* Median age; † disease duration from first onset of non-Raynaud’s phenomenon symptom to study period or inclusion; ** median disease duration; †† disease
duration from onset of Raynaud’s phenomenon to study period or inclusion. dcSSc: diffuse cutaneous systemic sclerosis; lcSSc: limited cutaneous systemic
sclerosis; NA: not applicable; EUSTAR: European League Against Rheumatism Scleroderma Trials and Research group.
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SSc was 14% (95% CI 8%–20%), prevalence by sPAP > 35
mm Hg was 14% (95% CI 9%–19%), and prevalence by
sPAP > 40 or 45 mm Hg was 18% (95% CI 14%–21%).
Considering FVC % predicted, the prevalence of FVC %
predicted < 80% or 70% was 15% (i.e., for mild restrictive
changes), but for very severe pulmonary restriction (FVC %
predicted < 50%) the 15% rule did not apply. 

SRC in the dcSSc subset was 12% (95% CI 5%–19%),
with a wide CI including 15%. Organ involvement that did
not meet the 15% criterion included SRC in SSc (3%, 95%
CI 3%–4%), cardiomyopathy in SSc (3%, 95% CI 1%–6%),
symptomatic congestive heart failure in SSc (5%, 95% CI
1%–9%), symptomatic pericarditis or moderate to large
pericardial effusion in SSc (3%, 95% CI 1%–5%), FVC %
predicted < 50% in SSc (8%, 95% CI 4%–13%), TLC %
predicted < 80% in SSc (23%, 95% CI 22%–25%), mal-
absorption, intestinal pseudoobstruction and/or severe GI
problems requiring hyperalimentation in SSc (5%, 95% CI
3%–6%), proximal muscle weakness (24%, 95% CI
17%–30%), radiographic erosions in those with clinical
arthritis in SSc (9%, 95% CI 4%–14%), and digital
gangrene in SSc (2%, 95% CI 1%–3%). The estimated
prevalence of 15% does not apply to RP, GERD, and skin
involvement by various mRSS cutoff scores (which we did
not include in the analyses). The estimated prevalence of
15% for significant organ involvement in SSc is not a
universal rule, but can help clinicians to be aware of the
frequency of several complications of SSc.

A random effects model was used to pool the studies.
However, differences in features of the study population in
each cohort, such as ethnicity78,79,80, geography78, socio-
economic status79,80, disease subtype, disease duration,
environmental factors, variable definitions of organ
involvement, and other unknown factors/potential
confounders, resulted in clinical heterogeneity of most of
the pooled studies. Cohorts from Japan, India, and Thailand
had lower age at disease onset compared to those from
Europe and North America. Asian cohorts also had more
pulmonary complications78 and fewer digital ulcers26.
Chinese patients experienced less SRC but more myositis
compared to Europeans27. Pulmonary fibrosis occurred
more often and was more severe in African Americans
compared to whites79,80, and they had pulmonary hyper-
tension at a younger age81. Hispanics and African
Americans had more diffuse skin involvement, digital
ulcers, lower FVC % predicted, and poorer socioeconomic
status than whites82,83. Patients with less high school
completion were reported to have more arthritis84. Sex and
disease subset ratios varied between some cohorts, which
could affect the frequency and severity of organ
involvement85,86. Therefore, heterogeneity can affect the
rate of complications, which is important when pooling data
from several cohorts. 

We tried to include large studies and as many studies as
were available concerning each predefined organ system to
diminish the variance, but some organ definitions yielded
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Table 2. Frequency of organ complications in systemic sclerosis (SSc) from the Canadian Scleroderma Research Group (CSRG).

Baseline Characteristic All Patients Limited SSc Diffuse SSc Early dcSSc Late dcSSc
(≤ 3 yrs) (> 3 yrs)

No. (% from total group) 1043 647 (62) 396 (38) 117 (10.6) 269 (25.6)
Age, yrs (SD) 55.39 (12.13) 57.06 (11.77) 52.64 (12.31) 51.2 (13.21) 53.34 (11.77)
Female, n (%) 986 (86.1) 575 (88.9) 319 (80.6) 90 (76.9) 221 (82.2)
Disease duration, yr (SD) 10.99 (9.50) 12.37 (10.06) 9.02 (8.45) 1.46 (0.74) 12.30 (8.16)
Scleroderma renal crisis, % 4.3 1.9 8.4 8.5 8.2
Cardiomyopathy (%) 9/496 (1.8) 5/273 (1.8) 4/190 (2.1) 1/59 (1.7) 3/129 (2.3)
Arrhythmias (%) 70/280 (25.0) 38/160 (23.8) 26/100 (26.0) 7/24 (29.2) 18/74 (24.3)
Moderate to large pericardial effusion (%) 16/949 (1.7) 10/543 (1.8) 4/332 (1.2) 3/98 (3.1) 1/225 (0.4)
Systolic pulmonary artery pressure ≥ 45 mm Hg (%) 123/668 (18.4) 67/385 (17.4) 48/228 (21.1) 13/73 (17.8) 34/149 (22.8)
Forced vital capacity < 70% predicted (%) 125/946 (13.2) 56/539 (10.4) 60/338 (17.8) 15/104 (14.4) 42/228 (18.4)
sPAP ≥ 45 mm Hg & FVC < 70% (%) 35/952 (3.7) 13/549 (2.4) 21/331 (6.3) 6/101 (5.9) 14/224 (6.3)
Hyperalimentation (%) 31/1121 (2.8) 9/642 (1.4) 20/392 (5.1) 3/117 (2.6) 16/269 (5.9)
Intestinal pseudoobstruction (%) 44/1120 (3.9) 24/641 (3.7) 18/392 (4.6) 0/117 (2.6) 17/269 (6.3)
Proximal limb girdle weakness and/or neck 181/1114 (16.2) 78/639 (12.2) 93/389 (23.9) 33/115 (28.7) 57/266 (21.4)

weakness (%)
Arthritis (SJC ≥ 1 and TJC ≥ 1), % 10.5 11.1 10.2 12.1 9.8
Active digital ulcer (%) 93/1121 (8.3) 50/644 (7.8) 40/393 (10.2) 11/117 (9.4) 28/267 (10.5)
Digital necrosis/gangrene (%) 12/1123 (1.1) 9/644 (1.4) 3/395 (0.8) 1/117 (0.9) 2/269 (0.7)
Digital loss/amputation (%) 66/1124 (5.9) 39/645 (6.0) 27/395 (6.8) 2/117 (1.7) 24/269 (8.9)
Modified Rodnan skin score (SD) 10.04 (9.54) 5.94 (5.07) 18.34 (10.29) 22.20 (10.14) 16.59 (9.85)
Modified Rodnan skin score > 20 (%) 155/1102 (14.1) 13/632 (2.1) 142/387 (36.7) 63/116 (54.3) 75/264 (28.4)

dcSSc: diffuse cutaneous systemic sclerosis; lcSSc: limited cutaneous systemic sclerosis; sPAP: systolic pulmonary artery pressure; FVC: forced vital capa-
city; SJC: swollen joint count; TJC: tender joint count.
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only a couple of studies where data could be pooled. Pooled
studies of at least 4 cohorts for various organ prevalences
were analyzed (Table 3), whereas the rates may be less
certain and less generalizable in the analyses that included
fewer studies. Some definitions of organ involvement had
very few studies. There was also statistical heterogeneity (I2

> 50%) in some analyses and results could not be pooled.
There may have been publication bias, because some of the
funnel plots appeared to have asymmetry, and did not
resemble inverted funnels, especially those with fewer or
smaller studies (data not shown). Even some larger studies
had asymmetrical funnel plots. This may be due to clinical
and methodological heterogeneity. Smaller studies or
studies from tertiary centers might have been performed in
a selected SSc population.

The estimated prevalence of PAH defined by RHC in SSc
of 15% (95% CI 12%–17%) was slightly higher than that
from a metaanalysis from 5 studies (9%, 95% CI
6%–12%)21. The prevalence of PH in SSc by echocardio-
graphy (14%, 95% CI 8%–20%), or by sPAP > 35 mm Hg
(14%, 95% CI 9%–19%), or by sPAP > 40 or 45 mm Hg
(18%, 95% CI 14%–21%) in our study was roughly
consistent with the prevalence of suspected PH by echo-
cardiography leading to RHC (13%, 95% CI 7%–23%)
reported by Avouac, et al21.

Some studies had higher than expected prevalence, such
as the pooled prevalence of severe cardiac involvement.
Also, some frequencies were higher in more severe organ
involvement, such as for PH in SSc with sPAP > 35 mm Hg,
which should be more frequent than that of sPAP > 40 mm
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Figure 2. Forest plots of some organ complications in scleroderma.
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Hg or 50 mm Hg. This can be due to selection bias of
patients included in the studies and we could not adjust for
this in the analyses.

Another limitation is that a pooled prevalence could not
be calculated for every manifestation because some analyses
included only 1 publication and different definitions of
significant organ involvement were used in the publications
(e.g., “severe skin sclerosis” used different cutpoints of the
mRSS). The strength of our study is the large number of
articles that could be pooled for various complications, and
only cohorts that were relatively large were included. Not
every organ system fits neatly into the 15% rule, such as GI
involvement, RP, SRC (only in the early dcSSc subset),
clinical congestive heart failure, etc. However, we observed
that the 15% rule is often generalizable. SRC in dcSSc had
a wide CI, so the point estimate may actually be different
from 15%, but it overlaps 15%.

Many complications in SSc, including ILD as measured

by a low percentage-predicted FVC, PAH, diastolic
dysfunction, arrhythmias, inflammatory arthritis, myositis,
SS, and digital ulcers and their complications, occur in
about 15% of patients. SRC is uncommon overall but occurs
in almost 15% of the dcSSc subset. The 15% rule of SSc
organ involvement may help clinicians be aware of the
frequency of many features of SSc.
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Table 3. Summary of frequency of organ complications in systemic sclerosis (SSc).

Severe Organ Involvement No.* Frequency, % 95% CI

1. Scleroderma renal crisis (SRC)
1.1 SRC in dcSSc 2,848 12 5–19
1.2 SRC in SSc 14,482 3 3–4

2. Severe cardiac involvement
2.1 Cardiomyopathy in SSc† 7,700 3 1–6
2.2 Clinical congestive heart failure in SSc† 1,431 5 1–9
2.3 Congestive heart failure or symptomatic pericarditis/symptomatic arrhythmia/ 1,178 13 10–17

cardiomyopathy in dcSSc†

2.4 Congestive heart failure or symptomatic pericarditis/symptomatic arrhythmia/ 1,024 15 6–24
cardiomyopathy in SSc†

2.5 Diastolic dysfunction in SSc† 10,484 16 14–17
2.6 Symptomatic conduction system abnormality or arrhythmia attributable to scleroderma heart 11,140 17 14–21

disease requiring treatment in SSc
2.7 Symptomatic pericarditis or moderate-large pericardial effusion in SSc† 1,302 3 1–5

3. Pulmonary hypertension (PH) & pulmonary artery hypertension (PAH)
3.1 PH in SSc (echo) 6,571 14 8–20
3.2 PH in SSc (sPAP > 35 mm Hg)† 2,242 14 9–19
3.3 PH in SSc (sPAP > 40 or 45 mm Hg) 11,533 18 14–21
3.4 PH in SSc (sPAP > 50 or 55 mm Hg)† 691 19 5–32
3.5 PAH in SSc (right heart catheterization) 4,292 15 12–17
3.6 PH with pulmonary fibrosis in SSc† 5,021 11 4–19

4. Pulmonary restriction in SSc
4.1 Forced vital capacity % predicted < 80%† 965 17 12–21
4.2 Forced vital capacity % predicted < 70%† 2,669 15 12–17
4.3 Forced vital capacity % predicted < 50%† 1,875 8 4–13
4.4 Total lung capacity % predicted < 80%† 2,102 23 22–25

5. Malabsorption, intestinal pseudoobstruction, hyperalimentation in SSc† 1,788 5 3–6
6. Severe musculoskeletal involvement

6.1 Proximal muscle weakness in SSc† 9,670 24 17–30
6.2 Myopathy or myositis in dcSSc† 359 9 0–17
6.3 Myositis in SSc 4,134 13 10–17

7. Articular involvement
7.1 Clinical arthritis in SSc 11,890 12 9–16
7.2 Radiographic change in those with clinical arthritis in SSc† 774 9 4–14

8. Digital ulcer and complications
8.1 Prevalent digital ulcer in SSc 5,261 15 10–20
8.2 Current digital gangrene in SSc† 1,557 2 1–3
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9. Overlap Sjögren’s syndrome in SSc† 1,903 13 10–16

* Number of patients from included studies; † overall estimated prevalence that metaanalysis was conducted for ≤ 4 studies. dcSSc: diffuse cutaneous systemic
sclerosis; lcSSc: limited cutaneous systemic sclerosis; PH: pulmonary hypertension; PAH: pulmonary artery hypertension; sPAP: systolic pulmonary artery
pressure.
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