Epidemiology and Survival of Systemic SclerosisSystemic Lupus Erythematosus Overlap Syndrome
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ABSTRACT. Objective. Systemic sclerosis (SSc) may overlap with systemic lupus erythematous (SLE). Little is
known about the epidemiology, clinical characteristics, and survival of SSc-SLE overlap. We evaluated
the prevalence of SSc-SLE overlap and differences in SSc characteristics, and compared survival with
SSc without SLE.
Methods. A cohort study was conducted including subjects who fulfilled the American College of
Rheumatology (ACR)/European League Against Rheumatism classification criteria for SSc and/or
the ACR criteria for SLE. The primary outcome was time from diagnosis to all-cause mortality.
Survival was evaluated using Kaplan-Meier and Cox proportional hazard models.
Results. We identified 1252 subjects (SSc: n = 1166, SSc-SLE: n = 86) with an SSc-SLE prevalence
of 6.8%. Those with SSc-SLE were younger at diagnosis (37.9 yrs vs 47.9 yrs, p < 0.001), more
frequently East Asian (5.5% vs 20%) or South Asian (5.1% vs 12%), had lupus anticoagulant (6% vs
0.3%, p < 0.001), anticardiolipin antibody (6% vs 0.9%, p < 0.001), and pulmonary arterial hypertension (PAH; 52% vs 31%, p < 0.001). Those with SSc-SLE less frequently had calcinosis (13% vs
27%, p = 0.007), telangiectasia (49% vs 75%, p < 0.001), and diffuse subtype (12% vs 35%,
p < 0.001). There were no significant differences in the occurrence of renal crisis (7% vs 7%), interstitial lung disease (ILD; 41% vs 34%), and digital ulcers (38% vs 32%). Those with SSc-SLE had
better median survival time (26.1 vs 22.4 yrs), but this was not statistically significant (log-rank
p = 0.06). Female sex and diffuse subtype attenuated survival differences between groups (HR 1.07,
95% CI 0.67–1.67).
Conclusion. Patients with SSc-SLE are younger at diagnosis, more frequently have PAH, and less
frequently have cutaneous manifestations of SSc. They should be monitored for ILD, renal crisis, and
digital ulcers. (First Release July 15 2018; J Rheumatol 2018;45:1406–10; doi:10.3899/jrheum.170953)
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Systemic sclerosis (SSc) is an immune disorder characterized
by vasculopathy and fibrosis. Women are more frequently
affected, with a female-to-male sex ratio of 4.7:11. It is the
systemic autoimmune rheumatic disease (SARD) with the
highest disease-related mortality and morbidity with an
impaired health-related quality of life2. In some cases, SSc
may overlap with another SARD, such as systemic lupus
erythematous (SLE; also called lupoderma)3–10. The prevalence of SSc-SLE overlap syndrome ranges from 8.4% to
14.7%11,12,13. Overlap syndromes can present in both the
diffuse cutaneous (dcSSc) and limited cutaneous (lcSSc)
subtypes, with a prevalence of 10–38%5,6,9-13.
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Little is known about the epidemiology, clinical characteristics, and survival of SSc-SLE overlap syndrome. It has
been reported that patients with SSc-SLE overlap syndrome
are significantly younger at SSc onset than those with SSc
without SLE13. Patients with SSc-SLE overlap syndrome
presented with Raynaud phenomenon more frequently13.
Also reported in SSc-SLE overlap are discoid lupus, lupus
nephritis, pancreatitis, avascular bone necrosis, and shrinking
lung syndrome13–19. Serological markers are relevant in
SSc-SLE overlap syndrome because anti-U1RNP was significantly more frequent in patients with SSc-SLE11. Survival in
SSc-SLE overlap syndrome has not been reported.
The aim of our study was to evaluate the epidemiology of
SSc-SLE overlap syndrome compared to SSc. We evaluated
the prevalence of SSc-SLE overlap syndrome and differences
in SSc disease manifestations, and compared survival in SSc
patients with and without SLE.
MATERIALS AND METHODS

Patients. The Toronto Scleroderma Program, a health network comprising
3 academic hospitals (Toronto Western Hospital, Mount Sinai Hospital, and
Toronto General Hospital, Toronto, Ontario, Canada), is the largest
single-center longitudinal cohort in Canada. Patients are followed every 6
to 12 months using a standardized protocol. Subjects who fulfilled the
American College of Rheumatology (ACR)/European League Against
Rheumatism (EULAR) classification criteria for SSc20 and were ≥ 16 years
of age were included in this cohort study. We excluded subjects with
localized scleroderma (morphea). SSc-SLE overlap subjects fulfilled the
ACR/EULAR classification criteria for SSc and the ACR classification
criteria for SLE with ≥ 4 criteria, or 3 ACR criteria plus a typical histologic
lesion of SLE on renal or skin biopsy21,22. For the overlap subjects, time
zero was fulfillment of classification criteria for either SSc or SLE. The study
period was 1970–2017.

Outcomes. The primary outcome was the time from diagnosis to death from
all causes. Subjects who were alive as of January 1, 2017, were censored. A
standardized, systematic method of survival status assessment was used23.
Dates of death were obtained from the clinic chart, hospital electronic record,
or obituary. If a patient was alive for the last scheduled clinic visit, the
family/referring physicians were contacted using a standardized letter.
Information about survival status was collected. This approach has been
shown to be a valid and reliable method for tracking patients as a source of
mortality data23, and has been successfully used in other research work24,25.
Secondary outcomes included the prevalence of SSc-SLE overlap
syndrome, SSc subtype (lcSSc, dcSSc), calcinosis, Raynaud phenomenon,
digital ulceration, esophageal dysmotility, telangiectasia, abnormal nailfold
capillaries on visual inspection, interstitial lung disease (ILD; forced vital
capacity < 70% and bibasilar reticular abnormalities with minimal ground
glass on high-resolution computed tomography thorax25), pulmonary arterial
hypertension (PAH; mean pulmonary artery pressure > 25 mmHg and
pulmonary capillary wedge pressure < 15 mmHg by right heart catheterization)20, renal crisis [acute renal failure, new onset hypertension, normal
or mild proteinuria on urinalysis, microangiopathic hemolytic anemia], and
serology (topoisomerase, centromere antibodies, anti-dsDNA, anti-Sm,
anti-U1RNP). RNA polymerase III antibody was not evaluated because that
process is not available at our center.

Statistical analysis. Descriptive statistics, specifically standardized mean
difference (SMD) with 95% CI, were used to summarize the clinical and
serologic data. A conservative threshold of SMD > 25% was considered
statistically significant, verified with a p value < 0.05. Subjects who were
alive on January 1, 2017, were right-censored. Survival rates for 1–5 years,
and 10, 15, and 20 years, and median survival rates were determined using

Kaplan-Meier survival curves. Cox proportional hazards models were used
to estimate survival, adjusting for confounders that were found to be
important in the published literature and have baseline differences in our
cohort data on univariate analysis.
Research ethics board approval was obtained for the conduct of this study
(REB 16-0318-C). Because of the long duration of followup and high
mortality, written consent was waived.

RESULTS
Patients. The study included 1252 subjects (SSc: n = 1166,
SSc-SLE: n = 86). The prevalence of SSc-SLE overlap was
6.8%. SSc-SLE subjects were more frequently female (92%
vs 81%, p = 0.02) and less frequently had diffuse subtype
(12% vs 35%, p < 0.001). The mean age at diagnosis of
SSc-SLE subjects was significantly younger than SSc
subjects without SLE (37.9 vs 47.9 yrs, p < 0.001). Compared
to SSc subjects, SSc-SLE subjects were more commonly East
Asian (5.5% vs 20%) and South Asian (5.1% vs 12%).
Disease manifestations. SSc-SLE overlap subjects more
frequently had lupus anticoagulant (LAC; 6% vs 0.3%, SMD
32%, p < 0.001), anticardiolipin antibodies (aCL; 6% vs
0.9%, SMD 27%, p < 0.001), and PAH (52% vs 31%, SMD
44%, p < 0.001), and less frequently had calcinosis (13% vs
27%, SMD 35%, p = 0.007) and telangiectasia (49% vs 75%,
SMD 56%, p < 0.001). There were no significant differences
in the occurrence of renal crisis (7% vs 7%, SMD 2%), ILD
(41% vs 34%, SMD 14%), and digital ulcers (38% versus
32%, SMD 12%; Table 1). In terms of comorbidities, there
were no significant differences in the occurrence of hypertension (19% vs 21%), diabetes (6% vs 6%), dyslipidemia
(5% vs 7%), or cancer (7% vs 11%) between groups (Table
2). All the SSc-SLE subjects had anti-dsDNA or anti-Sm
antibodies.
Survival. There were 432 deaths (SSc: n = 411, SSc-SLE:

Table 1. Comparison of disease manifestations between SSc-SLE and SSc
subjects.
Disease Manifestations

Calcinosis
Raynaud phenomenon
Esophageal dysmotility
Sclerodactyly
Telangiectasia
Interstitial lung disease
Pulmonary arterial hypertension
Scleroderma renal crisis
Abnormal nailfold capillaries
Digital ulcers
Scl-70 antibody
Centromere antibody
Lupus anticoagulant
Anticardiolipin antibody

SSc,
n (%)

310 (27)
1110 (95)
1005 (86)
1095 (94)
877 (75)
396 (34)
362 (31)
76 (7)
370 (32)
378 (32)
202 (17)
229 (20)
4 (0.3)
11 (0.9)

SSc-SLE
overlap, n (%)
11 (13)
80 (93)
67 (78)
57 (66)
42 (49)
35 (41)
45 (52)
6 (7)
27 (31)
33 (38)
10 (12)
12 (14)
5 (6)
5 (6)

SMD*,
%
35
9
22
74
56
14
44
2
0.7
12
16
15
32
27

* SMD > 25% is considered a meaningful difference between groups. SSc:
systemic sclerosis; SLE: systemic lupus erythematosus; SMD: standardized
mean difference.
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Table 2. Comparison of comorbidities between SSc-SLE and SSc subjects.
Comorbidities

Coronary artery disease
Hypertension
Diabetes mellitus
Dyslipidemia
Peripheral vascular disease
Cancer
Stroke
Atrial fibrillation

SSc,
n (%)

104 (9)
244 (21)
66 (6)
84 (7)
46 (4)
128 (11)
30 (3)
47 (4)

SSc-SLE
overlap, n (%)
3 (4)
16 (19)
5 (6)
4 (5)
4 (5)
6 (7)
2 (2)
4 (5)

SMD*,
%
23
6
0.7
11
3
14
2
3

* SMD > 25% is considered a meaningful difference between groups. SSc:
systemic sclerosis; SLE: systemic lupus erythematosus; SMD: standardized
mean difference.

n = 21). The Kaplan-Meier curves suggest that SSc-SLE
overlap subjects have similar survival (log-rank p = 0.06).
The median survival time for SSc-SLE subjects was 26.1
years and SSc was 22.4 years (Figure 1). Although the cause

of death in the SSc-SLE group was largely unknown (n = 79),
known causes of death included heart failure (n = 2), sepsis
(n = 2), bowel obstruction (n = 1), pulmonary embolism (n =
1), and myocardial infarction (n = 1).
Cox proportional hazard models adjusting for female sex,
diffuse subtype, LAC, aCL, pulmonary hypertension, and age
at diagnosis demonstrated no significant difference between
the 2 groups (HR 1.07, 95% CI 0.67–1.67). The difference
in survival in the unadjusted analysis was attenuated when
diffuse type and female sex were controlled in the model
(Table 3).

DISCUSSION
In our study, we evaluated the epidemiology of SSc-SLE
overlap compared to SSc. Few studies have evaluated its
prevalence and clinical characteristics, and we found no
studies that evaluated the survival difference in SSc-SLE
overlap compared to SSc. To our knowledge, this is the
largest study to evaluate the epidemiology of SSc-SLE in the

Figure 1. Kaplan-Meier curves comparing survival between SSc-SLE and SSc subjects. SSc: systemic sclerosis; SLE: systemic
lupus erythematosus.
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Table 3. Comparison of short-term, longterm, and median survival between
SSc-SLE and SSc subjects. Values are % (95% CI) unless otherwise
specified.
Probability of Survival, Yrs
5
10
15
20
Median survival time

SSc

88.5 (86.6–90.5)
75.8 (73.1–78.7)
66.5 (63.2–70)
55.4 (51.5–59.6)
22.4

SSc-SLE Overlap
95.1 (90.6–99.9)
83.5 (74.9–93.1)
77.3 (67.3–88.9)
62.9 (49.8–80)
26.1

SSc: systemic sclerosis; SLE: systemic lupus erythematosus.

modern era and the first to use the ACR/EULAR classification criteria for SSc in these overlap patients.
The prevalence of SSc-SLE overlap in our cohort was
6.8%, which suggests that SSc-SLE overlap is not uncommon
among patients with SSc. This is similar but slightly lower
than what was reported in other studies12,14. We demonstrated
that SSc-SLE subjects are more frequently female, which
validates a similar finding14. We also demonstrated that
patients with SSc-SLE have a younger age at diagnosis, and
are more commonly South or East Asian.
In our study, SSc-SLE overlap subjects less frequently
had cutaneous manifestations of SSc, notably diffuse skin
involvement, calcinosis cutis, and telangiectasia. We found
that SSc-SLE subjects more frequently had pulmonary
hypertension. The frequency of pulmonary hypertension
among SSc-SLE overlap subjects has been varied. In 1
cohort with 11 subjects who had SSc-SLE, none of them had
pulmonary hypertension11. In another study that identified
2 subjects with SSc-SLE overlap, both of them had
pulmonary hypertension6.
We also found that the other severe manifestations of SSc
(renal crisis, ILD, and digital ulcers) occur with similar
frequency in both SSc-SLE and SSc subjects. Interestingly,
despite SSc-SLE subjects less frequently having diffuse
cutaneous involvement, the frequency of ILD was similar
between groups. Indeed, ILD can occur in SLE, but it may
be that the presence of concomitant SSc increases the risk of
ILD in subjects with SLE. This suggests that SSc-SLE
subjects should routinely be monitored for pulmonary hypertension, ILD, renal crisis, and digital ulcers.
Our study identified that SSc-SLE subjects more
frequently had LAC (6% vs 0.3%, p < 0.001) and aCL (6%
vs 0.9%, p < 0.001). Previous studies have identified a correlation between aCL and/or LAC and increased risk of
vascular impairment in SSc1. The presence of antiphospholipid antibodies increases the risk of PAH, digital infarcts,
angina pectoris, and myocardial infarction26,27,28,29. Assessment of antiphospholipid antibodies in SSc may be warranted
because these patients may require close monitoring of
vascular changes, in particular PAH and digital infarcts. We
also demonstrated that comorbid illnesses of hypertension,

diabetes mellitus, dyslipidemia, and cancer occur with equal
frequency in both SSc-SLE and SSc.
Finally, we evaluated survival in SSc subjects with and
without SLE. Unadjusted survival analysis suggests that
SSc-SLE overlap subjects have similar survival. Accounting
for female sex, age at diagnosis, and diffuse subtype reduced
the perceived survival differences between the 2 groups. It
appears that having an overlap with SLE does not confer
either an increased risk or protective effect for mortality.
A potential limitation of our study is that our prevalence
estimate may be conservative because we required all
subjects to fulfill the classification criteria for SSc and SLE
to be included. We may have missed cases of mild or early
disease where the subject has a physician-based diagnosis but
does not fulfill the classification criteria30,31. However, the
standardization of case ascertainment was necessary to facilitate comparisons across future studies32. Our results may
also be affected by a survival bias, that is, SSc patients may
have died before they developed SLE. Alternatively, it is
possible that SLE features may bring a diagnosis of SSc to
light earlier, noting the younger age and less sclerodactyly in
these subjects. The proportion of patients with SSc antibodies
appears low, because measurement of SSc-specific antibodies
was not readily available in the early decades of our cohort.
Our center is a tertiary PAH referral center, and this may have
resulted in the high prevalence of PAH in both the SSc and
SLE-SSc groups. Strengths of our study include our long
followup time, large sample size (for rare diseases), and
robust mortality data.
In this large, well-characterized cohort study with robust
mortality data, we demonstrated that SSc-SLE overlap is not
uncommon among those with SSc. SSc-SLE subjects are
more frequently female, have a younger age at diagnosis, and
less frequently have cutaneous manifestations of SSc.
However, these subjects should be monitored for serious
complications of SSc, including pulmonary hypertension,
ILD, renal crisis, and digital ulcers.
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