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Abstract
Objective: Australia has one of the highest prevalence rates of systemic sclerosis (SSc) worldwide. In order to

highlight management deficiencies and key areas for further research, it is essential to understand its local epi-

demiological patterns, natural history, prognosis and mortality trends over time.

Methods: To identify Australian SSc-specific information through a systematic review focusing on areas of epi-

demiology, disease characteristics, treatment, functional ability, disease burden and health-related quality of life

(HRQoL).

Results: MEDLINE, EMBASE and the Cochrane Library were searched on 14 September, 2016. All original full text

articles on SSc in Australia were included. Of the 54 articles included in this review, the majority of studies

recruited from South Australia, Victoria and New South Wales. The prevalence of SSc in Australia is increasing and

is similar among the general population and the Aboriginal population. Despite improvements in care over the last

three decades, morbidity and mortality remain high, with an overall standardized mortality ratio of 3.4 and a 10-

year survival of 84% in a newly diagnosed patient. Cardiorespiratory manifestations are the leading cause of SSc-

related death. Malignancy is the leading cause of non-SSc-related death. The role of autoantibodies in predicting

disease subtype, visceral involvement and their use as a prognostic marker is becoming increasingly recognized.

Conclusion: Information on SSc in Australia, particularly unmet healthcare needs, HRQoL and economic bur-

den, is limited. As a heterogenous condition, SSc requires a multi-disciplinary approach to care. Research aimed

at quantifying HRQoL and burden of disease in Australia is essential for advocacy and resource allocation.
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INTRODUCTION

Systemic sclerosis (SSc) is a rare but potentially devas-

tating connective tissue disease (CTD) with no cure.1

Worldwide prevalence varies with estimates ranging

from 7/million to 489/million population, with the

highest prevalence reported in the USA (276/million

population in 1990) and in Australia (233/million pop-

ulation in 1999).2

The pathogenesis remains unknown and is likely a

multifactorial process involving immune system alter-

ation, genetic and environmental factors. A family

history of SSc is an important risk factor for
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developing SSc.3,4 Furthermore, occupational expo-

sure to silica dusts and hydrocarbons have been

described5–7 in addition to spatiotemporal and regio-

nal clustering.8

Despite an improvement over the last few decades,

morbidity and mortality in SSc remain high with

years of life lost (YLL) of up to 11.3 for women and

25.8 for men.9–11 Cardiopulmonary manifestations,

namely pulmonary arterial hypertension (PAH) and

interstitial lung disease (ILD), remain the leading

cause of SSc-related death having superseded sclero-

derma renal crisis (SRC) in the last two decades.12 As

SSc progresses, patients experience functional disabil-

ity, disfigurement, pain and psychological conse-

quences, including depression, helplessness and

diminished health-related quality of life

(HRQoL).13,14

Given the high prevalence of SSc in Australia, it is

essential to understand its local epidemiological pat-

terns, natural history, prognosis and mortality trends

over time. This information highlights current deficien-

cies and key areas for future research. To identify Aus-

tralian SSc-specific information, we conducted a

systematic review focusing on areas of epidemiology,

disease characteristics, treatment, disease burden and

HRQoL.

METHODS
Database search
MEDLINE (through PUBMED and OVID), EMBASE and

the Cochrane Library were searched on 14 September,

2016, using search terms (Medical Subject Heading

(MeSH), EMTREE and/or free text) from the following

categories: (i) systemic sclerosis, scleroderma; (ii) Aus-

tralia, Victoria, Tasmania, New South Wales, Western

Australia, South Australia, Northern Territory, Queens-

land; (iii) epidemiology, prevalence, incidence; (iv) dis-

ease characteristics, disease attributes, morbidity,

mortality, management and outcomes ([morbidity or

cost of illness].mp, [mortality or survival or out-

come].mp, [disease attributes or disease characteris-

tics].mp, [Raynaud’s disease or digital ulcers or

pulmonary arterial hypertension or interstitial lung dis-

ease or gastrointestinal motility disorder or gastro-eso-

phageal reflux disease or renal crisis].mp, [quality of life

or health related quality of life].mp, [treatment or guide-

lines or disease management].mp, [disease course or

prognosis].mp.); and (v) quality of life, health-related

quality of life. Search terms were combined using ‘OR’

and ‘AND’. All MeSH and EMTREE terms were exploded.

There were no limits to the search. The EMBASE

(through OVID) search is illustrated in Figure 1.

Figure 1 Systematic review flow chart (14 September, 2016). SSc, systemic sclerosis; scleroderma.
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Article selection
Two reviewers (authors KM, MN) conducted the litera-

ture search, screened each record retrieved and identi-

fied appropriate articles for full-text review. These were

then approved for inclusion by the other co-authors. All

original research articles involving Australian patients

were included. Review articles, conference abstracts,

non-human trials, pediatric studies, case reports and

small case series were excluded. Research articles lim-

ited to SSc pathogenesis were excluded. Conference

abstracts were excluded if the full-text article was not

found following an extensive search and /or contacting

the corresponding author. This was done to ensure con-

sistency across results as results can change between

abstract and full-text article. The bibliographies of rele-

vant articles identified using our search strategy were

reviewed for additional studies.

Extraction of data/information
All studies reported quantitative data. Information on

study design, patient characteristics (SSc defined by

standard diagnostic criteria respective to the time per-

iod), treatment details, outcomes measures and results

(as available) were extracted into a predefined spread-

sheet. We evaluated the potential for bias in studies

assessing SSc epidemiology including disease frequency

and survival.

RESULTS
Literature search results
A total of 478 articles were identified in the literature

search, of which 38 were duplicates and an additional

389 were excluded; three additional articles were identi-

fied from bibliographies (Fig. 1). A total of 54 articles

were included in this review.

Epidemiology and overall disease
characteristics of SSc (Tables 1 and 2)
The prevalence of SSc in Australia appears to be increas-

ing over time from 0.46 per 105 in 1974, to 20.0 per

105 in 1993 to the most recently reported prevalence

ranging from 86 to 23.3 per 105, with an estimated

point incidence of 2.28 per 105.15,16 These figures are

based primarily on data from South Australia (SA) and

New South Wales (NSW). The prevalence of SSc in Abo-

riginal Australians was only reported in one small study

(n = 5) estimating similar prevalence to that of the gen-

eral population but different autoantibody profiles.17

SSc in Australia primarily affects women, with the

highest female-to-male ratio reported of 5 : 1, and is

predominantly of the limited disease subtype (lcSSc)

accounting for 70–80% of SSc.18 Although the patho-

genesis remains unknown, Australian data indicate that

family history is one of the most important determi-

nants of disease.4 However, genetics are not the sole

contributor, with another study indicating no associa-

tion between SSc and birth order, parity, age at first

child or family size19 and another suggesting the role of

a common environmental exposure leading to geo-

graphical clustering in a rural town in Victoria.8 Fur-

thermore, another study reported a four-fold higher

odds of men developing SSc following environmental

exposure to silica with a disease latency of two dec-

ades.5 This association has not been established in

women, with two studies showing no association

between silicone gel breast implants and subsequent

development of SSc.20,21

Multiple small studies have described disease charac-

teristics in Australian SSc patients (Table 3). The ‘neck

sign’ (defined as ridging and tightening of the skin of

the neck on extending the head) was described in 1989

by a Victorian physician and found to have a high sensi-

tivity and specificity in distinguishing SSc patients from

those with primary Raynaud’s disease.22 At that time,

patients with early SSc were not identified using the

Australian Rheumatology Association (ARA) criteria

(which included patients with proximal scleroderma

(skin sclerosis proximal to the metacarpophalangeal

joints) and at least two of the following minor criteria:

sclerodactyly, digital pitting scars and bilateral pul-

monary fibrosis on chest radiogram).23 This sign

enabled patients to be identified earlier in their disease

course.

Autoantibodies in SSc
Autoantibodies are common in Australian SSc patients

and are useful in predicting the disease subtype, visceral

involvement and as a prognostic marker (Table 4). The

three most prevalent autoantibodies are anticentromere

antibody (ACA), anti-Scl-70 antibody and RNA poly-

merase III antibody (RNAP).24 They have strong clinical

correlations and generally do not co-exist in the same

patient. Antinuclear antibody (ANA) is present in

almost all SSc patients (93–96%).25 ACA is consistently

associated with lcSSc, female gender, calcinosis, reflux

esophagitis, sicca symptoms, increased risk of PAH, pro-

tective of ILD and improved survival compared to other

subtypes.25 Anti-Scl-70 has a prevalence of 14.6–18.0%
across studies and is consistently associated with dcSSc,
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digital ulcers, joint contractures, SRC, ILD and poor sur-

vival compared with ACA.25 The presence of anti-Scl-70

should prompt frequent monitoring of blood pressure,

renal function and urinary protein to allow early detec-

tion of SRC. RNAP is present in 13.8–16.0% of patients

and is associated with dcSSc, joint contractures, SRC,

poor survival and increased risk of malignancy within

the first 5 years of disease onset.25 The presence of

RNAP should encourage SRC monitoring as above, but

also ensure patients are up-to-date with their age and

sex appropriate cancer surveillance.

Mortality, survival and prognostic factors
Despite an improvement over the last three decades,

morbidity and mortality in SSc remains high (Tables 1

and 2). Survival is well below age and gender matched

controls, with an overall standardized mortality ratio

(SMR) of 3.4 and a 10-year survival of 84% in a newly

diagnosed patient.11 Poor prognostic features include

male gender, diffuse disease subtype (dcSSc), presence

of PAH or SRC and the presence of Scl-70 antibody.11

SSc is the predominant cause of death in most studies,

accounting for 62.1% of deaths.11 Cardiopulmonary

involvement now supersedes SRC as the primary cause

of SSc-related death while malignancy is the leading

cause of non-SSc related death.11

Pulmonary involvement
Cardiopulmonary manifestations of SSc, namely ILD

and PAH, are the most feared complications. SSc-PAH

accounts for 42% of patients on the Australian PAH

Bosentan registry26 and has a prevalence of 10% in an

asymptomatic SSc cohort and 11–50% in a symp-

tomatic SSc cohort (Table 5). SSc-PAH can be detected

early by screening. A novel Australian screening

model, the ‘ASIG (Australian Scleroderma Interest

Group) algorithm’ incorporating N-terminal of the

prohormone brain natriuretic peptide (NT-proBNP)

with pulmonary function tests (PFTs), identifies

patients at risk of developing SSc-PAH with the same

sensitivity and negative predictive power as the

DETECT algorithm, but with higher specificity.27,28

This algorithm allows rationalization of the use of

limited resources with transthoracic echocardiogram

only required for screening positive patients. This

algorithm has been shown to reduce the cost per case

of PAH diagnosed by AUD$1057.29 Another algo-

rithm incorporates both asymmetric dimethylarginine

(ADMA) and NT-proBNP in detecting PAH.30 Predic-

tors of SSc-PAH include older age, female gender,

lcSSc, ACA and higher functional class (II/III).11

Predictors of mortality in SSc-PAH include more sev-

ere PAH at diagnosis demonstrated by higher mean

pulmonary arterial pressure, lower 6-minute walk test,

higher functional class and presence of pericardial

effusion.31 Mean survival is 5 years from diagnosis.

Monotherapy with bosentan improves survival and

HRQoL measured by the Short Form-36.32 Sequential

and combination therapy, in the event of deteriora-

tion on monotherapy, has been shown in two studies

to prolong survival.31,33 Anticoagulation was shown

in one study to have an additional survival advan-

tage.31 Multidisciplinary clinics have been shown in

two studies to result in rapid diagnosis and early treat-

ment of SSc-PAH with the potential of improved sur-

vival.34,35

The prevalence of SSc-ILD ranges 17.4–26.6% and

can be detected earlier by screening with serial PFTs

(Supplementary Table S1). Although high-resolution

computer tomography (HRCT) is essential in diagnosis

of SSc-ILD, there is no need for serial HRCT scans to

monitor progression, as the same prognostic informa-

tion is obtained through serial PFTs, allowing reduction

in radiation exposure and cost. A diffusing capacity for

carbon monoxide by alveolar volume ratio corrected

for hemoglobin (DLCO/ VA) <60% is specific for pul-

monary parenchymal or vascular disease.

Predictors of SSc-ILD include dcSSc and the presence

of anti-Scl-70 antibody. Predictors of deterioration and

mortality are related to disease extent on baseline

HRCT, older age, abnormal DLCO, DLCO/VA and

forced vital capacity (FVC) at baseline and a decline of

15% in DLCO or DLCO/VA in the first year.36,37 Con-

versely, lcSSc and stable PFTs in the first 4 years are pro-

tective.38 Mycophenolate mofetil (MMF) and

azathioprine have been shown to have equal efficacy in

the treatment of ILD with stability of both FVC and

DLCO at 12, 24 and 36 months of follow-up in an

observational study.39

Renal involvement
SRC, although rare, is a feared complication of SSc

(Table 3). South Australian data support its rarity, with

a prevalence of 2.8% in their cohort, all occurring in

patients with dcSSc (prevalence in dcSSc 14%).14 SRC

occurred early in the disease process (mean of

15 months) and despite aggressive treatment, 33%

died, 33% remained on long-term dialysis and 13%

experienced renal recovery.40 SSc-end stage renal failure

(ESRF) has a prevalence of 0.3% and is an independent

predictor of death on dialysis, a shorter time to death

but also a predictor of renal recovery.41
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Peripheral vascular involvement
Three studies indicate a higher risk of macrovascular

disease in SSc (Supplementary Table S2). The earliest

study, performed in NSW, reported an increased preva-

lence of ulnar artery narrowing in the absence of

atherosclerosis.42 A Victorian study found that arterial

stiffness is higher in SSc patients compared with age

and sex matched controls and was associated with age,

disease duration and blood pressure.43 As arterial stiff-

ness is an independent predictor of cardiovascular

events and all-cause mortality, the same authors

addressed this concern in another large Victorian

study.44 They found more than a three-fold increased

risk of cardiovascular disease in patients with SSc com-

pared with age and sex matched controls. Male gender,

older age, hypercholesterolemia and the presence of

PAH were independent risk factors for the development

of CVD in SSc patients. The frequency and clinical asso-

ciation of telangiectasia reported in two South Aus-

tralian studies identified a correlation between lcSSc,

ACA and an increased risk of PAH and gastrointestinal

bleeding.45 Reduced capillary density on nailfold capil-

laroscopy may aid as a prognostic tool in identifying

patients with lcSSc who are at a higher risk of develop-

ing PAH.46

Cancer
There appears to be a higher prevalence of cancer in SSc

patients (Supplementary Table S3), that is higher in

men and in dcSSc as seen in a large prospective study of

441 SSc patients.47 Lung cancer followed by breast can-

cer had the highest standardized incidence rates and

were further explored in retrospective studies indicating

that SSc itself appears to be an independent risk fac-

tor.48,49 The etiology of this increased risk is unknown.

Hypotheses proposed relate to the disease itself, includ-

ing an underlying fragile genome and /or exposure to

an environmental agent that contributes to both the

development of SSc and cancer, and the treatment of

the disease with immunosuppressives including

cyclophosphamide, MMF and prednisolone. Addition-

ally, the increased risk of lung cancer may arise in some

people from previously damaged or fibrotic lung.

Functional ability assessments
SSc is a chronic progressive condition with significant

morbidity, functional disability and reduced life expec-

tancy. Despite this, there is a paucity of Australian stud-

ies focusing on functional ability, disease burden,

treatment guidelines and HRQoL. Only three studies

were found by the same author addressing functional

ability, in particular hand function (Supplementary

Table S4).50–52 Functional disability is associated with

unemployment and reduced HRQoL among Australian

SSc patients.53 This highlights an important area of

unmet need for Australian SSc patients that requires fur-

ther study.

DISCUSSION

This systematic review, the first to focus on SSc in Aus-

tralia, presents evidence of the heterogeneous nature of

disease characteristics, significant disease-related mor-

bidity and mortality, and the potential role of autoanti-

bodies in predicting disease characteristics and course.

In addition, our review highlights an increase in risk of

malignancy among SSc patients and the paucity of data

in this country regarding patient-centered care, burden

of disease and HRQoL.

Epidemiology and overall disease
characteristics of SSc
Published data on SSc prevalence confirm a higher

prevalence in Australia (208 and 233 per million) than

in other countries.2 The Australian studies of preva-

lence recruited patients from SA and NSW only, thus

their generalizability to the wider Australian popula-

tion is uncertain. Genetic and shared environmental

factors may play a role in this high prevalence,

although the studies to date have been inconclu-

sive.4,5,19 In addition, there was only one study focus-

ing on the epidemiology of SSc among the Indigenous

population (n = 5), demonstrating a similar preva-

lence to non-Indigenous Australians. This is discordant

with the prevalence of other CTDs, such as systemic

lupus erythematosus, which has a higher reported

prevalence among the Indigenous Australian popula-

tion.54 It is unclear whether the increasing prevalence

of SSc in Australia is due to better case ascertainment

due to greater awareness, more sophisticated methods

of low prevalent disease attainment with the advent of

‘centers of excellence’ or due to a true increase in dis-

ease prevalence.

Autoantibodies
The prevalence of autoantibodies and their clinical cor-

relations in Australian SSc patients are consistent with

that of other international SSc cohorts.55,56 Not only is

the presence of certain autoantibodies in SSc, such as

ACA, helpful in making the diagnosis of SSc, but the
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occurrence of particular antibodies, such as RNAP, can

identify patients at increased risk of certain

disease manifestations, such as SRC and/ or cancer,

allowing the clinician to individualize patient care and

monitoring.55,56

Mortality, survival and prognosis factors
Information retrieved on mortality in SSc is alarming,

with all studies showing significantly reduced life expec-

tancy with an overall SMR of 3.4 for a prevalent cohort

and 4.1 for an incident cohort, consistent with other

studies.57,58 Survival is worse in men and dcSSc. This is

of particular concern, as we have no cure or effective

disease-modifying agents for this disease.

Pulmonary involvement
Consistent with the international literature,2 cardiopul-

monary manifestations are the leading causes of SSc

death in Australia, having superseded SRC in the last

two decades.12 Screening for these complications is rec-

ommended59 and has been shown to improve both sur-

vival and HRQoL.32 Australia has developed, validated

and shown cost benefits with the ‘ASIG algorithm’,

which integrates a blood test (NT-proBNP) with

PFTs.43,60

Renal involvement
SRC is no longer the leading cause of SSc-related death

since the advent of angiotensin converting enzyme inhi-

bitors in the last two decades.12 Its frequency, albeit

declining in both Australian SSc patients and other SSc

cohorts,61,62 is still a feared complication of SSc and

associated with poor 5-year survival.61,62

Peripheral vascular disease
Although SSc is considered a fibrosing disease of the tis-

sues, the presence of vasculopathy in its pathogenesis is

becoming increasingly recognized.63,64 The increased

risk of CVD has been reported before in SSc cohorts

despite the absence of traditional cardiovascular risk

factors.65 The ability to non-invasively monitor periph-

eral vascular changes through the use of nailfold capil-

laroscopy is becoming an increasingly important tool

in the routine care of SSc patients, highlighted by its

introduction in the updated classification criteria for

SSc66 and is an area worthy of future research.

Cancer
The increased risk of cancer in Australian SSc patients is

of concern, and has been shown in other countries.67

These studies involve small patient cohorts. Further

studies are required to evaluate this association, which

if accurate, may warrant heightened cancer surveillance.

Functional ability assessments
There are no Australian studies focusing on HRQoL or

areas of unmet healthcare needs in SSc. SSc encom-

passes broad multidimensional issues including biolog-

ical, psychological and social processes,68 and is

associated with substantial disability,69 therefore

addressing HRQoL is an important aspect of patient

care and has been recommended as a key area for future

research.70,71 Studies in Europe, Canada, America and

China indicate that HRQoL is lower in SSc than other

chronic medical conditions including heart disease

and diabetes and lower than other rheumatic condi-

tions.71–73 The medical care of SSc patients should

involve a patient-centered approach as this has been

shown to increase patient satisfaction, HRQoL, engage-

men, and to reduce anxiety.74

Unmet healthcare needs in SSc has been studied else-

where, with 41% of patients reporting at least one

unmet healthcare need (dealing with cold fingers) and

86% at least one unmet information need (necessity of

certain medical tests).75 This unmet need has been con-

firmed across Europe76 and in the USA.77 Addressing

patients’ concerns in addition to treating the physical

manifestations of disease is an important component in

holistic patient care and may aid us in developing per-

sonalized interventions.

A chronic progressive disabling condition with poor

HRQoL and high unmet need is undoubtedly associ-

ated with a significant economic burden of disease.

There are no Australian studies addressing this aspect of

the disease.

Implications
Taken together, this Australian-focused systematic

review highlights multiple areas within SSc that require

further attention, including HRQoL, economic burden

and areas of unmet need. This knowledge can be

powerful in advocating for better healthcare resource

allocation.

Our study is limited by the studies included within

the review. This review included a number of retrospec-

tive studies which themselves have their own inherent

biases and small sample sizes. Additionally, this review

spans a 37-year period during which the diagnostic cri-

teria for SSc have been updated. This may have intro-

duced heterogeneity between the study subjects.

Furthermore, the majority of studies recruited from

three states of Australia (SA, VIC, NSW) and some of
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these from the same patient cohorts, which may limit

the generalizability to the entire Australian population.

CONCLUSION

Australia has contributed substantially to our current

understanding on the nature and impact of SSc. How-

ever, the results of our systematic review highlight cer-

tain areas which require further attention, particularly

unmet healthcare needs, HRQoL and economic bur-

den, which are essential for advocacy and resource

allocation.
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