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The Frequency of Scleroderma Renal Crisis over Time:
A Metaanalysis
Matthew Turk and Janet E. Pope

ABSTRACT. Objective. Systemic sclerosis (SSc) leads to a high mortality from internal organ involvement.
Scleroderma renal crisis (SRC) usually occurs in the diffuse cutaneous SSc (dcSSc) subset early in
the disease, often with acute severe hypertension and renal failure. Prevalence of SRC since its classi-
fication in the early 1970s was determined in publications to assess whether the prevalence of SRC
has changed over time because the proportion with the dcSSc subset is smaller in contemporary
cohorts.
Methods. A review of the literature was conducted up to May 2015 using the PubMed, EMBASE,
CINAHL, and Cochrane Library databases. Articles were included if they mentioned the prevalence
of SRC and were cohort or cross-sectional studies with 50 or more patients with SSc. Articles were
excluded if they were not in English or were a case series of SRC or case-control studies.
Results. Of the 5317 citations identified, 22 qualified. Years of publication were from 1983 to 2011,
and cohort size varied from 68 to 8554 patients with SSc totaling 21,908 patients (9248 with dcSSc,
42%). There was no statistical reduction in the temporal prevalence of SRC noticed in the overall
patients (4%), patients with dcSSc (7%–9%), or patients with limited cutaneous SSc (lcSSc;
0.5%–0.6%) based on either the start date of the cohort or publication date.
Conclusion. It appears that SRC remains uncommon in lcSSc and the rate in the dcSSc group may
be stable over time. However, increasing awareness of SRC could lead to higher rates in more recent
years and/or better survival from SRC, but this was not observed. (First Release May 1 2016; 
J Rheumatol 2016;43:1350–5; doi:10.3899/jrheum.151353)
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Systemic sclerosis (SSc) is an autoimmune connective tissue
disease with increased mortality from involvement of various
internal organs1. The disease can be categorized into diffuse
cutaneous (dcSSc) and limited cutaneous (lcSSc) subsets
based on skin involvement. Severe organ complications,
including scleroderma renal crisis (SRC), are more common
in the dcSSc subset2.

SRC is defined in patients with SSc by acute severe hyper-
tension (> 150/85 mmHg), acute renal failure (≥ 30%
reduction in estimated glomerular filtration rate), micro-
angiopathic hemolytic anemia, and an elevated creatinine3.
Not all of these symptoms need be present to diagnose SRC.
SRC is treated with angiotensin-converting enzyme (ACE)
inhibitors with improved survival4. With decreasing SRC
mortality5, we wondered whether the rate of SRC was also
decreasing because of less severe dcSSc over the last quarter

century (possibly because of the inclusion of more mild cases
in cohorts from detection bias, proportionately less dcSSc in
contemporary cohorts, or evolution of SSc disease over time).
However, recognition of SRC may be increased because of
the years of literature about this severe complication, which
could actually increase its reported frequency. The survival
with SRC has improved and this could increase the preva-
lence over time because patients would previously have died
from SRC and would not be included in a cross-sectional
study of patients with longstanding SSc. Our study aimed to
determine whether the frequency of SRC in the published
literature had changed over time. 

MATERIALS AND METHODS
Study selection. A comprehensive literature review was performed on the
PubMed, EMBASE, CINAHL, and Cochrane Library databases. Search
dates were from the earliest studies in each database (1950 or later) until
May 4, 2015. We included English-language, full-text articles for the preva-
lence of SRC in cohorts of SSc where the publications were cross-sectional
or cohort studies and contained at least 50 patients. The prevalence or
frequency of SRC had to be reported. We extracted data for the frequency
of SSc overall and in subsets (dcSSc and lcSSc). The following were used
as search terms: scleroderma: scleroderma, systemic sclerosis, dermatoscle-
rosis, and skin sclerosis with: renal crisis: acute kidney injury, acute renal
injury, acute renal insufficiency, acute kidney insufficiency, acute kidney
failure, acute renal failure, scleroderma renal crisis, scleroderma kidney
crisis, glomerulosclerosis, glomerulonephritis, and hypertension: hyper-
tension, and high blood pressure.
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Identified titles/abstracts were reviewed and full reports were obtained
if appropriate. Studies were considered if they provided data on the preva-
lence of SRC, were not duplicates, and were not case-control studies where
the rate of SRC could not be determined. Case reports were excluded.
Additional articles were retrieved by hand searching relevant references.
Data collection. One reviewer (MT) extracted data from the studies and the
other reviewer (JP) reviewed all abstracts for consensus. A standard data
extraction form was used to record the following information: year of publi-
cation, author, location of study, study design, patient population, year of
cohort inception or study onset, sample size, and proportion with SRC
overall and within SSc subsets.
Quality assessment. Each study was assessed by the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) checklist6,7.
STROBE is a 22-item checklist with items pertaining to the title and abstract
of the article (item 1), background and objectives (items 2 and 3), methods
(items 4–12), results (items 13–17), discussion (items 18–21), and funding
(item 22). The purpose of the STROBE is not to give a quality score, but to
ensure clear presentation of reporting.
Statistical analysis. Proportions were pooled with a random-effects model8.
Forest plots were created to estimate prevalence of SRC in the study overall
and dcSSc and lcSSc subsets where available with a 95% CCI. The I2
statistic was used to quantify the magnitude of heterogeneity (mild 0–30%,
moderate 31–50%, high > 50%). Tau-squared was the square root of the
between-study variance, and the p value was for Cochrane Q measure of
heterogeneity. Metaregression through random-effects model was also used
to analyze the study level associations between the prevalence of SRC and
the year of publication, and separately the year of cohort inclusion/study
onset in each publication (where provided). A p value < 0.05 was considered
statistically significant. Metaregression was used to determine the study 
level associations between the rates of disease and publication year.
Random-effects models were used, reporting the proportion of heterogeneity
accounted for in the outcome by the year of publication. A bubble plot was
used: a scatter plot of the disease rate on the Y-axis and the publication year
(or study onset) on the X-axis. The size of the circle is inversely proportional
to the variance of the estimated treatment effect. Publication bias was deter-
mined using funnel plots.

RESULTS
Search results. The literature search identified 5317 citations
with 180 duplicates. Titles or abstracts (if available) were
screened for eligibility, yielding 52 citations for full text
review. Three studies were editorials or reviews and were
excluded, 8 studies did not report on the prevalence of SRC,
and 13 studies examined only those with SRC and not an
entire cohort. A total of 5295 publications were excluded,
with 22 remaining studies used for our metaanalysis
(Supplementary Figure 1, available online at jrheum.org).
Description of the included studies and participants. There
were 22 studies reporting on the prevalence of SRC in SSc
including 9 for overall prevalence, 13 for frequency within
dcSSc, and 10 in lcSSc. There were 21,908 patients with SSc
enrolled.

Across all studies, the median number of items fulfilled
on the STROBE checklist was 25.5, with a range from 22 to
31 with no noticeably improved reporting in more recent
studies. Characteristics of the included studies are shown in
Table 1A and Table 1B1,9–18,19–28,29.

There was an outlier study where the rate of SRC was
much higher than other studies published, from an SSc site

that specialized in SRC, so referral bias was possible20.
Analyses were performed with and without inclusion of the
study to determine whether heterogeneity declined when the
study was removed.

The prevalence of SRC was 4% in the overall SSc
population, and 7% to 9% in the dcSSc subset (the smaller
number was calculated when removing the outlier study that
had the highest SRC rate, where the authors reported that they
were a referral center for SRC, so the rate was expected to
be high20). The lcSSc subset had a frequency of 0.5% to 0.6%
with SRC. Our metaanalyses had large heterogeneity even
when removing the outlier study for the prevalence of SRC
overall and in the subsets. Forest plots with 95% CI for the
prevalence of SRC are shown in Figure 1 (for the overall
cohorts and within the dcSSc and lcSSc subsets).

There were no significant differences in the rate of SRC
over time by year of cohort onset or year of publication.
However, the frequency of SRC in patients with dcSSc
showed a nonsignificant reduction over time when analyzing
the data by year of cohort entry (p = 0.16; Figure 2). Funnel
plots showed that there may have been publication bias in the
overall SSc population, but not in the dcSSc subgroup
(Supplementary Figure 2 and Supplementary Figure 3,
available online at jrheum.org).

DISCUSSION
Our study systematically evaluated the prevalence of SRC
over time in SSc and in the subsets of dcSSc and lcSSc.
While more recent SSc cohorts may be composed of more
patients with lcSSc than dcSSc, within SSc cohorts overall,
SRC prevalence seemed to be fairly constant. There was no
statistical change in the prevalence of SRC temporally. Those
at risk for SRC are especially men versus women, dcSSc
versus lcSSc, early versus late SSc, and those with positive
RNA polymerase 3 antibodies, high skin scores, rapidly
progressive changes (interstitial lung disease, pericardial
effusions, presence of tendon friction rubs), and use of
steroids30. ACE inhibitors have reduced mortality, likely from
rapid blood pressure control, where renin is reduced and
expression of bradykinin, which seems to be unique to ACE
inhibitors and not angiotensin II receptor antagonists, is
increased. The blood pressure should be lowered to a normal
value as quickly as possible, so other antihypertensives
should be rapidly added to an ACE inhibitor if necessary.

Our study has limitations. There was no uniform definition
for SRC, so we used the authors’ definitions. Non-English
studies are excluded. However, it is reassuring that our funnel
plots did not have obvious asymmetries to suggest publi-
cation bias. We studied “ever prevalence,” which is
considered frequency in the studies. We did not determine
incidence, which would be better calculated with a large
claims database, not with the methodology of our study.
Prevalence of SRC was given in studies with variable disease
duration and length of followup. However, SRC occurs
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primarily in early dcSSc, so the length of followup of studies
with disease duration of at least a few years compared with
decades would not likely yield a different prevalence of SRC,
other than that some patients may have died prior to inclusion
in a prevalent cohort. The publications in general were from
SSc centers. Other inclusion criteria were not described in
detail (such as the referral area of the patients with SSc) or
compared between studies, so the generalizability of the
findings is unknown.

Because cohorts were assembled over various periods of
time, we could examine only the year of publication or years

the cohort spanned, and not the exact year of each individual
event of SRC within the cohorts. In addition, SRC may occur
more frequently in different demographics (SSc subsets,
tertiary care setting, race, ethnicity, use of steroids, presence
of RNA polymerase 3 antibodies), so results may have
confounding that would result in variable prevalence of SRC
among studies. The highest rates of SRC were reported in the
United States, Australia, and the United Kingdom; these
countries may also have higher rates of RNA polymerase 3
antibodies31. Last, there could be fewer recent publications
about SRC because it is a known complication of SSc. This
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Figure 1. The frequency of SRC over time in patients with (A) SSc overall, (B) dcSSc, and
(C) lcSSc. Results are given with forest plots and 95% CI. SRC: scleroderma renal crisis;
SSc: systemic sclerosis; dcSSc: diffuse cutaneous SSc; lcSSc: limited cutaneous SSc.
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Table 1A. Characteristics of the 22 studies included in the metaanalysis: 13 studies that identified prevalence* of SRC within SSc subsets.

Study Country (Study Period) STROBE Checklist, Total = 32 dcSSc, % SRC in dcSSc, % lcSSc, % SRC in lcSSc, %

Traub, et al9 USA (1955–1981) 24 100 8.82 NA NA
Montagna, et al 10 Italy (1965–1994) 22 24.76 10.00 64.39 2.40
Steen and Medsger11 USA (1972–1995) 23 NA 12.27 NA NA
DeMarco, et al 1 USA (1992–1996) 30 100 13.43 0 NA
Walker, et al 12 Australia (1983–2000) 22 19.88 14.01 80.11 0
Walker, et al 13 EUSTAR (2004–2006) 26 36.89 4.22 57.46 1.09
Shand, et al14 UK (1983–2001) 31 31.76 4.63 68.23 0
Gupta, et al 15 India (2001–2004) 25 29.88 0 70.11 0
Penn, et al 16 UK (1990–2005) 26 35.35 12.18 64.65 1.86
Picha, et al 17 Greece (2008) 23 36.00 1.85 56.00 0
Avouac, et al 18 Italy (1966–2009) 22 30.05 4.85 69.96 0
Joven, et al 19 Spain (1980–2006) 24 30.39 3.23 59.31 1.65
Guillevin, et al20 France 28 43.05 34.98 56.94 4.41

* Prevalence is ever SRC. SRC: scleroderma renal crisis; SSc: systemic sclerosis; STROBE: Strengthening the Reporting of Observational Studies in
Epidemiology; dcSSc: diffuse cutaneous SSc; lcSSc: limited cutaneous SSc; NA: not applicable; EUSTAR: European League Against Rheumatism Scleroderma
Trial and Research Group.

Table 1B. Characteristics of the 22 studies included in the metaanalysis: 9 studies reporting the prevalence of SRC in SSc overall.

Study Country (Study Period) STROBE Checklist, Total = 32 SRC, %

Nishimagi, et al 21 Japan (1992–2004) 25 3.31
Czirják, et al 22 Hungary (1983–2005) 30 5.46
Low, et al 23 Canada (1990–2007) 26 5.95
Schmajuk, et al 24 USA (1996–2006) 25 3.63
Pérez-Bocanegra, et al 25 Spain (1976–2007) 25 4.39
Hügle, et al 26 France (2004–2009) 28 2.17
Foochareon, et al 27 Thailand (2005–2006) 27 0.85
Nguyen, et al 28 France (2006–2009) 28 9.21
Hashimoto, et al29 Japan (1973–2008) 27 3.21

SRC: scleroderma renal crisis; SSc: systemic sclerosis; STROBE: Strengthening the Reporting of Observational Studies in Epidemiology. 

Figure 2. Metaregression for associations between the
rates of SRC in dcSSc and publication year. The
frequency of SRC in dcSSc is decreasing over time, but
not significantly (p = 0.16). SRC: scleroderma renal
crisis; dcSSc: diffuse cutaneous systemic sclerosis. 
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could bias recent estimates of the rate of SRC (either up or
down). There could be a bias in which improved survival
would inflate the frequency of patients with longstanding
SSc having SRC ever. Previous mortality before ACE
inhibitors was about 80%, and now it is 10% to 20%32. We
did not report the incidence of SRC because the studies did
not provide individual patient data of when SRC occurred
each year. A better design for the incidence of SRC would
be hospital codes for SRC over a defined period or admin-
istrative claims data because most people with SRC are
hospitalized.

SRC may have a stable frequency over time. Patients with
dcSSc are still at higher risk for developing SRC. Awareness
of SRC is important because it is a potentially lethal compli-
cation if unrecognized.
ACKNOWLEDGMENT
We thank Dr. Heather Thiessen Philbrook for her knowledge and assistance
with statistical analyses and for making the forest plots.

ONLINE SUPPLEMENT
Supplementary data for this article are available online at jrheum.org.

REFERENCES
   1.    DeMarco PJ, Weisman MH, Seibold JR, Furst DE, Wong WK,

Hurwitz EL, et al. Predictors and outcomes of scleroderma renal
crisis: the high-dose versus low-dose D-penicillamine in early
diffuse systemic sclerosis trial. Arthritis Rheum 2002;46:2983–9.

   2.    LeRoy EC, Black C, Fleischmajer R, Jablonska S, Krieg T, Medsger
TA Jr, et al. Scleroderma (systemic sclerosis): classification, subsets
and pathogenesis. J Rheumatol 1988;15:202-5.

   3.    Denton C, Lapadula G, Mouthon L, Müller-Ladner U. Renal
complications and scleroderma renal crisis. Rheumatology 2009;48
Suppl 3:iii32-5.

   4.    Steen VD, Costantino JP, Shapiro AP, Medsger TA Jr. Outcome of
renal crisis in systemic sclerosis: relation to availability of
angiotensin converting enzyme (ACE) inhibitors. Ann Intern Med
1990;113:352–7.

   5.    Al-Dhaher FF, Pope JE, Ouimet JM. Determinants of morbidity and
mortality in systemic sclerosis in Canada. Semin Arthritis Rheum
2010;39:269-77.

   6.    von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP; STROBE Initiative. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. BMJ
2007;335:806-8.

   7.    Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, Mulrow
CD, Pocock SJ, et al; STROBE Initiative. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE):
explanation and elaboration. Epidemiology 2007;18:805-35.

   8.    DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials 1986;7:177-88.

   9.    Traub YM, Shapiro AP, Rodnan GP, Medsger TA, McDonald RH Jr,
Steen VD, et al. Hypertension and renal failure (scleroderma renal
crisis) in progressive systemic sclerosis. Review of a 25-year
experience with 68 cases. Medicine 1983;62:335-52.

 10.    Montagna GL, Baruffo A, Maja L, Tirri E, Matrone C, Vatti M, et al.
Scleroderma renal crisis analysis of prevalence and outcome in a
large Italian series. J Clin Rheumatol 1997;3:186-93.

 11.    Steen VD, Medsger TA Jr. Severe organ involvement in systemic
sclerosis with diffuse scleroderma. Arthritis Rheum 2000;
43:2437-44.

 12.    Walker JG, Ahern MJ, Smith MD, Coleman M, Pile K,
Rischmueller M, et al. Scleroderma renal crisis: Poor outcome
despite aggressive antihypertensive treatment. Intern Med J
2003;33:216-20.

 13.    Walker UA, Tyndall A, Czirják L, Denton C, Farge-Bancel D,
Kowal-Bielecka O, et al. Clinical risk assessment of organ 
manifestations in systemic sclerosis: a report from the EULAR
Scleroderma Trials And Research group database. Ann Rheum Dis
2007;66:754-63.

 14.    Shand L, Lunt M, Nihtyanova S, Hoseini M, Silman A, Black CM,
et al. Relationship between change in skin score and disease
outcome in diffuse cutaneous systemic sclerosis: application of a
latent linear trajectory model. Arthritis Rheum 2007;56:2422-31.

 15.    Gupta R, Bammigatti C, Dinda AK, Marwaha V, Gupta S.
Prevalence of renal involvement in Indian patients with systemic
sclerosis. Indian J Med Sci 2007;61:91-6.

 16.    Penn H, Howie AJ, Kingdon EJ, Bunn CC, Stratton RJ, Black CM,
et al. Scleroderma renal crisis: patient characteristics and long-term
outcomes. QJM 2007;100:485-94.

 17.    Picha L, Pakas I, Guialis A, Moutsopoulos HM,
Vlachoyiannopoulos PG. Comparative qualitative and quantitative
analysis of scleroderma (systemic sclerosis) serologic
immunoassays. J Autoimmun 2008;31:166-74.

 18.    Avouac J, Walker U, Tyndall A, Kahan A, Matucci-Cerinic M,
Allanore Y, et al. Characteristics of joint involvement and 
relationships with systemic inflammation in systemic sclerosis:
results from the EULAR Scleroderma Trial and Research Group
(EUSTAR) database. J Rheumatol 2010;37:1488-501.

 19.    Joven BE, Almodovar R, Carmona L, Carreira PE. Survival, causes
of death, and risk factors associated with mortality in Spanish
systemic sclerosis patients: results from a single university hospital.
Semin Arthritis Rheum 2010;39:285-93.

 20.    Guillevin L, Bérezné A, Seror R, Teixeira L, Pourrat J, Mahr A, et
al. Scleroderma renal crisis: a retrospective multicentre study on 91
patients and 427 controls. Rheumatology 2012;51:460-7.

 21.    Nishimagi E, Tochimoto A, Kawaguchi Y, Satoh T, Kuwana M,
Takagi K, et al. Characteristics of patients with early systemic
sclerosis and severe gastrointestinal tract involvement. J Rheumatol
2007;34:2050-5.

 22.    Czirják L, Kumánovics G, Varjú C, Nagy Z, Pákozdi A, Szekanecz
Z, et al. Survival and causes of death in 366 Hungarian patients with
systemic sclerosis. Ann Rheum Dis 2008;67:59-63.

 23.    Low AH, Johnson SR, Lee P. Ethnic influence on disease 
manifestations and autoantibodies in Chinese-descent patients with
systemic sclerosis. J Rheumatol 2009;36:787-93.

 24.    Schmajuk G, Bush TM, Burkham J, Krishnan E, Chung L.
Characterizing systemic sclerosis in Northern California: focus on
Asian and Hispanic patients. Clin Exp Rheumatol 2009;27 Suppl
54:22-5.

 25.    Pérez-Bocanegra C, Solans-Laqué R, Simeón-Aznar CP, Campillo
M, Fonollosa-Pla V, Vilardell-Tarrés M. Age-related survival and
clinical features in systemic sclerosis patients older or younger than
65 at diagnosis. Rheumatology 2010;49:1112-7.
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