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Abstract
To determine long term overall and subgroup specific incidence rates and associated mortality for idiopathic inflammatory 
myopathies (IIM) in a population wide study. We included patients hospitalised between 1980 and 2015 with incident IIM 
as defined by relevant diagnostic codes for dermatomyositis (DM) polymyositis (PM), inclusion body myositis (IBM), other 
IIM and overlap myositis (OM) in the Western Australia Health Hospital Morbidity Data Collection (n = 846). Trends over 
time for annual incidence rate per million population (AIR) were analysed by least square regression and Kaplan–Meier 
survival and mortality rates (MR)/100 person years compared with a matched control group (n = 3681). The averaged AIR 
for all IIM was 19 (CI 10.4–27.5) and stable over time with point prevalence reaching 205.3 (CI 185.6–226.6) per million 
in 2015. Over time, the AIR for DM 5.0 (CI 0.6–9.4) and IBM 3.3 (CI 0.7–9.6) was stable, while AIR decreased for PM 
(p < 0.01) and increased for other IIM (p < 0.01) and OM (p < 0.01). IBM patients were eldest at diagnosis (68 years, CI 
59–77) with male preponderance in IBM (53.4%) and other IIM (55.8%) groups. Crude mortality (54.5 vs 41.3%), MR ratio 
(6.65 vs 5.91) and 5 (65.8% vs 71.6%) and 10-year (52.5% vs 58.7%) survival were all worse for IIM patients (all p < 0.05). 
IBM patients had highest MR (10.1; CI 8.38–12.14) and lowest 10-year survival (39.2%). While cardiovascular disease and 
cancer were predominant causes of death, they were proportionally lower in IIM patients, where respiratory and rheumatic 
disease were more frequent causes of death. While the overall incidence of IIM in WA was stable over 35 years, the spectrum 
of IIM has changed significantly with increases especially in other IIM and OM. The overall prognosis with IIM remains 
guarded with 10-year survival just over 50%.  
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Introduction

Idiopathic inflammatory myopathies (IIMs) are a group of 
chronic acquired immune-mediated diseases often classified 
into subgroups, such as dermatomyositis (DM), polymyositis 
(PM) and inclusion body myositis (IBM) The pathogenesis 

of IIM remains poorly understood and differs between sub-
groups with vasculopathy a key feature of DM and protein 
misfolding and dysfunction seen in IBM [1–3]. Epidemio-
logic data support a role for infections, preceding lung dis-
ease, physical exertion, collagen implants, ultraviolet radia-
tion, cancer and smoking in developing IIM phenotypes [4, 
5]. Also, an expanding number of autoantibodies have been 
recognised in IIM patients to assist with subgroup classifica-
tion, but there is no clear consensus on their pathogenic or 
prognostic value [6]. Australian data on IIM are relatively 
scarce with an overall IIM incidence of 7–8 /million for 
biopsy confirmed cases in South Australia and Victoria and 
an annual incidence of IBM of 14.5/million in Western Aus-
tralia (WA) [7–12]. Long-term outcome studies in IIM have 
revealed an increased standardised mortality rate in addi-
tion to increased risks for cardiovascular disease and cancer 
[13–15]. We performed a long-term population wide study 
of the overall epidemiological characteristics and mortality 
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in WA for patients hospitalised with IIM and analysed these 
features and trends in distinct subgroups.

Methodology

This was a population-level observational cohort study 
including all persons over 15 years of age residing in WA 
between 1 January 1980 and 31 December 2014 for which 
data were derived from the Western Australia Rheumatic 
Disease Epidemiological Registry (WARDER). WARDER 
contains routinely collected validated health data from all 
public and private health care organisations for the state of 
Western Australia for around 250,000 patients with inflam-
matory rheumatic diseases over the period 1980–2015. 
WARDER data are sourced from four different datasets 
(WA Health Hospital Morbidity Data Collection) (HMDC), 
Emergency Department Data Collection (EDDC), WA Can-
cer Registry and WA Death Registry. WARDER also con-
tains data from a control group of age and gender matched 
hospitalised patients, which were free of inflammatory 
rheumatic disease during the study period. Patient data in 
WARDER were effectively linked through a validated pro-
cess of probabilistic matching and clerical review to provide 
de-identified longitudinal health data for each included indi-
vidual based on the clinical diagnoses made by physicians 
and then translated to ICD codes [16, 17]. The WARDER 
database has been successfully applied to the clinical-
epidemiological study of rheumatic diseases [18–20]. We 
included in this study patients with a IIM diagnosis recorded 
according to International Classification of Diseases (ICD-
9CM/ICD-10-AM) in hospital discharge codes derived from 
Australian Classification Index pathways and coding rules 
(https:// www. ihacpa. gov. au/ resou rces/ clini cal- coding- pract 
ice- frame work). ICD discharge coding has been found to 
have a high positive predictive value for DM, PM and IBM 
case finding in separate studies [11, 21–23], while for this 
study IIM was defined according to the recently validated 
algorithm by Hannah et al. [24] that includes subgroups 
paraneoplastic PM/DM (M36.0), DM (M33.9, M33.1, 
M33.0) PM (M33.2), inflammatory myopathy (G72.4), other 
myositis (M60.8) and myositis unspecified (M60.9) when 
accompanied by ILD codes (J84.1, J84.9, J99.1). This cod-
ing algorithm has a positive predictive value of 89% against 
a probable diagnosis of IIM as per clinical expert opinion. 
Also, for this study we added on patients with overlap myosi-
tis (OMM) (G73.7) in line with recommendations [25]. With 
the support of the WA Clinical Coding Authority, backward 
mapping to relevant ICD9-CM codes was performed for the 
period 1980–1999 (see Suppl Table 1). Finally, each IIM 
patient identified was matched to five non-exposed hospi-
talised controls on gender, Indigenous status, year and age 
at IIM diagnosis. The final dataset for this study contained 

sociodemographic data, length and type of admission (e.g. 
intensive care), all principal and secondary diagnoses (up 
to 20) for all earlier and subsequent hospital contacts as 
well as details from cancer and death notices for each par-
ticipant. The Western Australia Department of Health Eth-
ics Committee provided approval for this project (project 
no. 2016.24, approval date September 1, 2016, extension 
granted September, 2021).

Statistical analyses

Primary outcomes were average annual incidence rates 
(AIR) and point prevalence per 31.12.2014, both expressed 
per million population (as registered for WA by the Aus-
tralian Bureau of Statistics) and mortality rates (MR) per 
100 person years with 1998 data used as middle population 
for overall AIR estimations. Descriptive statistics include 
median and interquartile range (IQR) for continuous vari-
ables compared by non-parametric methods (Kruskal–Wal-
lis), categorical data described with a frequency and propor-
tion and group comparisons tested with odds ratios (OR) 
and Fisher’s exact test. Incidence rates were calculated per 
1000 person years with 95%CI derived from Poisson distri-
bution, and changes in rates over time were assessed by lin-
ear least squares regression analysis using the coefficient of 
determination (R-squared, R2) as the goodness-of-fit meas-
ure where higher coefficients (range 0–1) indicate a better 
fit for increasing or decreasing incidence rates over time. 
Survival data were based on Kaplan–Meier estimates with 
logrank testing for subgroup comparisons and Cox regres-
sion analysis to determine hazard ratios (HR with 95%CI) 
for death for specified risk factors. All statistical analyses 
were performed using SPSS software v28.0 (IBM, USA) 
and OpenEpi software with two-sided p-values (p) < 0.05 
considered to be statistically significant.

Results

A total of 847 adults (a-IMM) received at least one discharge 
diagnosis of IIM 56.3% female, median age 64 (IQR 49–74, 
3.5% Indigenous) (Table 1). This resulted in an averaged 
AIR for IIM of 19.0 (CI 10.4–27.5) which did not change 
significantly over the study period (Fig. 1). Patients were 
subclassified according to the initial diagnosis as having 
DM (n = 233, 27.5%), PM (n = 300, 35.5%), IBM (n = 146, 
17.3%), other IIM (n = 77, 9.1%) or OM (n = 91,10.8%). The 
subgroup specific AIR was 5.0 (CI 0.6–9.4) for DM, 7.3 
(CI 2.0–12.6) for PM, 3.3 (CI 0.7–9.6) for IBM, 1.5 (CI 0. 
3–6.4) for other IIM and 1.9 for OM (CI 0.2–5.4). Over the 
study period, the AIR for PM rate declined and increased 
significantly for other IIM and OM (Fig. 2).

https://www.ihacpa.gov.au/resources/clinical-coding-practice-framework
https://www.ihacpa.gov.au/resources/clinical-coding-practice-framework
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Table 1  Epidemiology, patient characteristics at time of index admission for IIM and outcomes in adult IIM patients

Figures indicate number (%), median (interquartile range), incidence and prevalence rates/million and mortality rate/100 p. years, all with 95% 
confidence intervals
Point prevalence per 1-1-2015
*Indicates significant difference versus PM, IBM and other IIM (p ≤ 0.01)
**Indicates significant difference with DM, PM and CTD-M in pairwise comparisons (p < 0.01)
# p < 0.05 versus controls

All IIM
(n = 847)

Controls
(n = 3681)

DM
(n = 233)

PM
(n = 300)

IBM
(n = 146)

Other IIM
(n = 77)

OM
(n = 91)

Annual inci-
dence rate

19.0 (10.4–27.5) – 5.0 (0.6–9.4) 7.3 (2.0–12.6) 3.3 (0.7–9.6) 1.5 (0.3–6.4) 1.9 (0.2–5.4)

Point prevalence 
rate

205.3 (185.6–
226.6)

– 63.3 (52.7–
75.5)

70.7 (59.4–
83.5)

23.9 (17.7–
31.8)

25 (18.6–33.0) 22.3 (16.3–29.9)

Demographics
 Female 477 (56.3) 1940 (52.8) 141 (60.5)* 169 (56.3) 68 (46.6) 34 (44.2) 65 (71.4)*
 Age (yrs.) 64 (49–74) 65 (54–77) 60 (48–73) 63 (49–72.5) 68 (59–77)** 61 (51–78) 60 (40.5–71)
 Indigenous 30 (3.5) 132 (3.6) 6 (2.6) 10 (3.3) 5 (3.4) 5 (6.5) 4 (4.4)
 Medicare 

reliant
528 (64.9) 2267 (61.8) 143 (61.9) 179 (63) 98 (67) 54 (70.1) 64 (70.3)

 Prior cancer 75 (8.9) 312 (8.5) 21 (9.0) 32 (10.7) 12 (8.2) 3 (3.9) 7 (7.7)
Outcome
 Initial stay 

(days)
7 (2–17) 2 (1–5)** 7 (2–18) 8 (3–16) 9 (2–17) 7 (3–15) 7 (3–18)

 Follow-up 
(years)

5.75 (1.6–13.2) 4.6 (1.5–10.5) 5.0 8.42 5.17 6.33 5.17

 Total p. years 6945 25,702 1774 3112 1010 470 579
 Deaths 462 (54.5%)# 1519 (41.3%) 110 (47.2) 153 (51) 101 (72.1) 30 (39) 49 (53.8)
 MR 6.65 (6.04–

7.21)#
5.91 (5.62–

6.33)
6.22 (5.19–

7.49)
4.92 (4.25–

5.83)
10.1 (8.38–

12.14)
6.39 (4.32–

9.65)
8.46 (6.32–

10.21)

Fig. 1  Annualised incidence 
rate per million population of 
immune-mediated inflammatory 
myopathies (IMM) in adults 
in Western Australia over the 
study period. Stippled line is 
trendlines with R2 and p value 
for trend
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Patient characteristic at index diagnosis (Table 1) dem-
onstrated a significantly higher proportion of females with 
DM and OM, while age at diagnosis was higher in IBM 
than in DM, PM and OM patients. Compared to controls, 
the proportion of IIM patients with a prior cancer diagnosis 
was not significantly increased (OR 1.05, CI 0.80–1.36) with 
a median timeframe between prior cancer and IIM diag-
nosis of 57 months (IQR 33–128). Also, the proportion of 
Indigenous patients (population parity 3.8%) and reliance on 
public health care (Medicare) were similar in both groups. 
An association with antilipemic medication was recorded 
for 8 (0.9%) of IIM patients overall with the highest pro-
portion in DM (2.1%) and other IIM (1.3%). Although IIM 

patients required a longer initial hospital stay than controls, 
the length of stay did not differ between the various IIM 
subgroups.

During 6945 person years, 452 deaths (54.5%) occurred 
in the IIM and 1519 (41.3%) in the control group (odds 
ratio for death 1.70, CI 1.47–1.98; p < 0.01) with a time 
adjusted MR of 6.65 (6.04–7.21) per 100 p.years in IIM 
patients versus 5.91 (5.62–6.33) in controls (Table 1) giv-
ing a MR ratio of 1.12 (CI 1.01–1.24; p = 0.03). Survival 
was lower at 5 years (65.8% vs 71.6%) and 10 years (52.5% 
vs 58.7%) post-diagnosis for IIM patients (Fig. 3A) with a 
HR for death of 1.21 (CI 1.09–1.35). Mortality rates were 
highest in subgroups of IBM and OM patients (Table 1) 

Fig. 2  Annualised incidence 
rate per million of specific IIM 
subgroups including dermato-
myositis (DM), polymyositis 
(PM), inclusion body myositis 
(IBM), other IIM and overlap 
myositis (OM) in adults in 
Western Australia over the 
study period. Stippled lines are 
trendlines with R2 and p values 
for trend
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in line with poorest 5- and 10-year survival rates for IBM 
(56.4 and 39.2%; HR for death 1.82, CI 1.49–2.23) and OM 
patients (67 and 49.2%: HR for death 1.48, CI 1.11–1.97) 
compared to DM (60.6% and 54.2%, HR for death 1.17, CI 
0.97–1.42), PM (73.2 and 57.5%, HR for death 0.98, CI 

0.82–1.16), other IIM (67.7 and 58.6%, HR for death 1.10, 
CI 0.76–1.57) (Fig. 3B).

Primary causes of death were registered for 99.7% 
(1976/1981) of deaths. While cardiovascular disease and 
malignancy were the main causes of death in both groups, 

Logrank: 12.741
p<0.01

Controls

IIM 

Nr still in study:                                                                                                                                                                                          
Controls           3681     3368                                        1895                                                     1030                                                     520
IIM                   847       700                                           460                                                       299                                                      183

Logrank: 4.022
p<0.045

IBM 

DM 

OM 

Other IIMM 

PM 

A

B 

Fig. 3  Kaplan–Meier survival curves for A IIM patients (straight line) and controls (broken line) and B for the IIM subgroups dermatomyositis 
(DM), polymyositis (PM), inclusion body myositis (IBM), and other IIM and overlap myositis (OM)
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they were proportionally lower in IIM patients, while an 
increased proportion of deaths in IIM patients was observed 
for respiratory, gastrointestinal, and rheumatic diseases 
(Fig. 4).

Discussion

This population-wide observational study found little varia-
tion in the overall incidence of IIM over 35 years, although 
the spectrum of IIM subgroups did change significantly with 
increases in other IIM and OM incidence and a correspond-
ing decrease for PM. Mortality with IIM was higher with 
respiratory and rheumatic diseases more frequent causes 
of death than in matched controls. IIM point prevalence 
reached 205 per million in 2015.

Earlier studies from Australia studies using biopsy con-
firmed cases fulfilling Bohan and Peter criteria (BPC) for 
IIM [25] have reported an incidence of 7–8/million [9, 26]. 
A 2015 meta-analysis of sixteen studies found large inci-
dence variations due to differences in case ascertainment, 
inclusion (biopsy only) and exclusion criteria (e.g. juvenile 
IIM) but estimated the overall AIR for adult IIM at 19.97 
per million [27]. The lowest incidence rates were observed 
in hospital-based evaluations and the highest rates in admin-
istrative databases in the UK, USA and Taiwan. More recent 
population studies reported AIR of 11–15/million in Sweden 
depending on case definitions [28], while IIM incidence was 
17.6/million in the UK [29]. These studies and the meta-
analysis approximate the overall AIR of 19/million observed 
in this study, while the 2015 prevalence of adult IIM of 250/
million also is in line with the meta-analysis estimate. Our 
study was based on clinical diagnosis of IIM translated into 

ICD codes by trained coders, which has been shown to have 
good validity for inpatient data [21]. Furthermore, in select-
ing IIM patients, we applied the ICD-based algorithm with 
the highest agreement with clinical diagnosis [24] and mul-
tiple studies have shown good, but not complete agreement 
between BPC, the more recent EULAR/ACR criteria and 
clinician diagnosis [30, 31]. Thus, we feel our data provided 
a valid approximation of IIM epidemiology in the general 
population.

IIM are heterogeneous in terms of clinical manifesta-
tions, and although newer more stringent classification 
criteria for subgroups were proposed in 2017 [31], the 
basic subclassification proposed by PBC [25] has largely 
remained unaltered. PM was the biggest subgroup (35.4%), 
followed by DM (27.5%) and IBM (17.2%) in this study. 
PM also was the larger subgroup in other studies from 
that period [26, 32], but our data indicate a decreasing 
incidence of PM over time and an increase in other IIM. 
This is likely because of the increasing recognition and 
spectrum of IMM associated autoantibodies and emer-
gence of necrotising autoimmune myositis (NAM) and 
anti-synthetase syndrome (ASS) as separate entities [33]. 
As there has been no guidelines for ICD-10AM coding for 
NAM/ASS in Australia until 2021, most cases have been 
assigned to other myopathies which explains the rising 
incidence of this subgroup. The AIR for DM (5/million) 
was stable over time in agreement with data from a popu-
lation based study in Norway [34] and a recent hospital 
based study from Olmsted county [35]. IBM incidence 
(3.3/million) was in line with earlier data from South 
Australia (2.9/million) [9] and Sweden (2.5million) [36], 
while prevalence (20.1/million) approximated the figures 
from two meta-analyses (20.1 and 24.8 /million) [12, 27] 

Fig. 4  Primary causes of death 
as proportion of all deaths in 
IIM patients and controls
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but was somewhat higher than reported earlier from WA 
(14.9/million) [7]. These data suggest that no clear change 
occurred in IIM epidemiology, and shifts in subgrouping 
have occurred as a result of increasing insight in disease 
processes [33].

The demographics of our study cohort were unremark-
able with highest age and male preponderance observed in 
IBM and other IIM and more females in other subgroups 
as reported elsewhere [11, 12]. The overall proportion 
of Indigenous patients with IIM was at population par-
ity, and although slightly higher in the other IIM and OM 
subgroups, this was not significant and does not suggest a 
potential genetic or environmental contribution to disease 
pathogenesis.

IIM are serious conditions that reduce quality of life, can 
affect multiple organ systems, and usually require immune 
modulating drug therapy that carries numerous side effects 
[3, 37–39]. While early studies based on hospital case series 
for IIM and/or subgroups reported increased mortality [40, 
41], survival data across all the IIM subgroups in the gen-
eral population are limited. We found that developing IIM 
increased the mortality rate by 12% compared to age and 
gender matched hospitalised comparators and that 10-year 
survival was just over 50% with worst 10-year survival of 
39% seen in IBM patients (Fig. 3). A Norwegian population 
based study in 326 patients between 2003 and 2012 found 
increased standardised mortality rate (SMR) for DM (2.6) 
than PM (2.4) and IBM (1.7) and reported 5 year survival 
rates of 77% and 10 year of 60% while also noting the worst 
prognosis for IBM patients with a 40% 10 year survival rate 
[42]. A Swedish study based on 716 patients from a national 
IIM registry described a hazard ratio of death of 2.9 and a 
10-year survival rate around 55% for IIM patients with worse 
prognosis for DM patients versus other IIM subgroups [43]. 
These combined data support the increased mortality for IIM 
patients in general and especially for IBM and DM patients 
[35, 44, 45].

Cardiovascular disease and cancer were numerically the 
predominant underlying causes of death in both IIM patients 
and controls, confirming the pattern observed in other stud-
ies [42, 43, 46]. An association between IIM and cancer risk 
has long been recognised, but the underlying mechanism and 
predilection for certain IIM subgroups remain unexplained 
[15]. Cardiovascular disease risk has been well described 
in IIM due to cardiac complications from the disease and 
required drug therapy [13, 47, 48]. Both areas potentially 
offer the greatest clinical opportunities to significantly 
reduce mortality in IIM patients by appropriate screening 
and intervention. Respiratory and rheumatic disease were 
overrepresented as causes of death in IIM patients, suggest-
ing that pulmonary and musculoskeletal disease progres-
sion remain significant contributors to the worse prognosis. 
A recent study found that the rate at which PM/DM was a 

contributory cause of death doubled, when analysing multi-
ple versus underlying cause of death [45].

The obvious limitations of this study include the lack 
of clinical details such as biochemical measures of disease 
activity, myositis specific and associated antibody profiles 
and biopsy results as potential classifying and prognostic 
markers. The nature of the dataset also precluded patient 
selection by classification criteria, but we included patients 
according to an algorithm with high predictive value and 
sensitivity in identifying UK patients with an IIM diagnosis 
by expert clinicians [24]. Our analyses used the initial diag-
nosis to classify IIM subgroups, and we did not consider 
the possibility that patients later were found to be misclas-
sified or crossed over to other subgroups. The strength of 
this study lies in its ability to study longitudinal validated 
data on disease frequency and outcomes in a large group of 
patients suffering from a rare disease.

In conclusion, IIM affects 205 persons per million popu-
lation in WA. While the overall incidence of IIM was stable 
over 35 years, we noticed significant changes in the inci-
dence of subgrouping over time. Whether the observed 
changes will help improve the currently guarded prognosis 
for IIM patients will require further subgroup study with 
long-term follow-up.
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