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Key Points to Remember
• The idiopathic inflammatory myopa-

thies (IIM) are thought to result from 
chronic immune activation following an 
environmental trigger in genetically 
predisposed individuals.

• IIM have a bimodal distribution of age 
of onset, with peaks in adolescence and 
the sixth and seventh decades of life, 
and more commonly affect females.

• Inclusion body myositis and cancer- 
associated myositis are two IIM sub-
types where older males are at higher 
risk, in contrast to other IIM subtypes.

• The strongest genetic risk factors for 
IIM lie in the major histocompatibility 
complex (MHC) on chromosome 6, a 
highly variable region which encodes 
many proteins that present antigens to 
the immune system.
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 Introduction

This chapter will address the prevalence and inci-
dence of idiopathic inflammatory myopathies 
(IIM) and their major subtypes. We will focus on 
modifiable (radiation, smoking, drugs) and non- 
modifiable risk factors (age, gender, ethnicity) 
that predispose an individual to develop IIM and 
what is currently known about environmental and 
genetic associations and interactions.

 Prevalence and Incidence 
of Myositis and Its Subtypes

The rarity of IIM and the recent advances in our 
understanding of their many clinical subtypes 
and multisystem nature, where affected patients 
may present to many differing medical special-
ties, have made the undertaking of epidemiologi-
cal studies and interpretation of previous studies 
a considerable challenge. As testament to this, 
the most widely used diagnostic criteria for IIM, 
those of Bohan and Peter [1], were developed and 
validated prior to the description of recently 
described clinical subtypes and before access 

became available to myositis-specific antibodies 
or magnetic resonance imaging. In the rare IIM 
disease spectrum, undertaking epidemiological 
studies has the potential to shed light on impor-
tant factors involved in the disease process.

A systematic review of previous epidemiology 
studies indicates an annual IIM incidence of around 
8 per million, ranging from 1.16 to 19 per million 
in different geographical areas of the world. The 
combined prevalence of IIM overall is around 14 
per 100,000, ranging from 2.4 to 33.8 per million 
[2]. When taken collectively, there is no apparent 
geographical or spatial variation, although associa-
tions have been found for particular clinical subsets 
discussed below. Two studies subsequent to this 
review from Quebec and the USA cited similar 
incidence and prevalence rates [3, 4].

There has been a trend for increasing incidence 
and prevalence figures for IIM over time, which 
may be due to wider recognition, more accurate 
disease recording or a true increase in disease bur-
den. The most common IIM subtypes in adults are 
dermatomyositis (DM), anti- synthetase syndrome 
and polymyositis (PM), but much of the epide-
miological data collected is specific to particular 

Table 2.1 Incidence and prevalence estimates of IIM and 
their subtypes

Incidence estimates Prevalence estimates
Overall 
IIM

8 (1–19) per million 14 (2–33) per 
100,000

DM No subtype-specific 
data
Comprises ~20% of 
IIM (modulated by 
latitude)

No subtype-specific 
data
Comprises ~20% of 
IIM (modulated by 
latitude)

PM No subtype-specific 
data

No subtype-specific 
data

IBM 2–6 per million 5 per million (9–71 
per million in adults 
>50 years old)

JDM 2–4 per million 2.5 per 100,000
IMNM No subtype-specific 

data
Comprises ~20% of 
IIM

No subtype-specific 
data
Comprises ~20% of 
IIM

CAM 20–30% of DM and 
10–20% PM have a 
malignancy

20–30% of DM and 
10–20% PM have a 
malignancy

IIM idiopathic inflammatory myopathy, DM dermatomy-
ositis, PM polymyositis, IBM inclusion body myositis, 
JDM juvenile DM, IMNM immune-mediated necrotising 
myopathy, CAM cancer-associated myositis

• Genetic risk factors identified outside the 
MHC region implicate both the innate 
and adaptive immune responses in IIM.

• Some genetic risk factors are unique to 
specific clinical IIM subgroups, poten-
tially suggesting that different patho-
physiologies are implicated, whilst 
other genetic risk factors overlap 
between the IIM and other seropositive 
autoimmune rheumatic diseases.

• Several environmental risk factors, 
including ultraviolet radiation exposure, 
occupational exposures, smoking and 
certain medications, have been impli-
cated in IIM aetiology, but further stud-
ies are needed to determine causality.

• A number of viral and bacterial infec-
tious triggers have been suggested, but 
data is rather limited and preliminary.

M. J. S. Parker et al.
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subtypes which will be briefly discussed further 
and is summarised in Table 2.1. Figure 2.1 shows 
a conceptual representation of how the subtypes 
overlap and relate to each other.

Inclusion Body Myositis Inclusion body myo-
sitis (IBM) represents a small IIM subset, and 
various diagnostic criteria (including the Griggs, 
Mastaglia and ENMC criteria) have been 
employed in different studies, which has had an 
impact on the interpretation of results obtained 
[5–7]. The estimates of prevalence and incidence 
vary considerably. The prevalence of IBM is 
around 5 per million of the general population, 
but this rises substantially when studying an 
older population (50 years and older) to between 
9 and 71 per million [8–12]. The incidence of 
IBM has been less frequently investigated, but a 
recent Norwegian study calculated an annual 
incidence of 2–6 per million [13].

Cancer-Associated Myositis An association 
between IIM and cancer has long been recog-
nised, and contemporary epidemiological 
research has helped further investigate this rela-
tionship. Approximately 20–30% DM patients 
and 10–20% of PM patients have an underlying 

cancer [14, 15]. A recent estimate of the stan-
dardised incidence rates for malignancy were 
2.0 in DM, 1.3 in PM and 1.0 in IBM, somewhat 
lower than earlier estimates [16]. The cancer risk 
is highest in older males with dermatomyositis 
with most cancer diagnoses being made within 1 
year on either side of the diagnosis of an incident 
IIM. Particular autoantibodies (anti-TIF1γ, anti- 
NXP2, anti-SAE) are associated with adult DM 
and cancer [17, 18]. These antibodies do not 
associate with cancers in juvenile DM.

Juvenile Dermatomyositis Although different 
studies have used different age ranges of disease 
onset to define their cases, the annual incidence 
of juvenile DM appears similar to that of adults, 
at between two and four per million [19–22]. One 
study estimated the prevalence from their data at 
2.5 per 100,000 persons [19].

Immune-Mediated Necrotising Myopathy  Overall 
it has been estimated that immune-mediated necro-
tising myopathy (IMNM) makes up around 20% of 
all IIM and the incidence and  prevalence can be 
roughly extrapolated from this figure in reference to 
the epidemiology figures for  IIM collectively, 

DMPM

IBM

Idiopathic Inflammatory Myopathies Subsets

Anti-Synthetase
Syndrome

Cancer Associated
Myositis

Juvenile Myositis

Overlap
OR

CTD myositis

IMNM

Fig. 2.1 IIM subsets, 
area of each subset 
approximates to its 
relative frequency 
compared to overall  
IIM prevalence
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reported above [23]. One study in particular has 
shown a statistically significant increase in IMNM 
incidence over time, which may in part be due to a 
general increase in relevant environmental expo-
sures such as statin therapy [24].

 Age, Gender, Racial/Ethnic 
and Geographical Differences

The age at IIM disease onset has a bimodal distribu-
tion, with peaks in both childhood and in adulthood. 
However, IIM can affect all age groups. The peak 
for adults is in the 55–64 age group, with roughly 
two-thirds of patients being female. Therefore, the 
gender demographics of the IIM are broadly similar 
to those of many other autoimmune diseases, 
including rheumatoid arthritis. An exception is 
IBM, where affected patients are characteristically 
older (disease onset typically in the seventh decade 
and with a delay in diagnosis of around 5 years) and 
with a male gender preponderance [25].

Although individual studies may support an 
impression of racial and ethnic differences in the 
epidemiology of certain IIM subtypes, for exam-
ple, the high incidence of anti-MDA5 positive 
clinically amyopathic DM in Japan, it is difficult 
to directly compare studies undertaken in differ-
ent regions employing varied methodologies [26]. 
IIM are internationally prevalent, but different 
geographical areas have slightly different distri-
butions of autoantibody subsets which could 
relate to referral bias in the comparison of  different 
studies. There is little evidence to support the 
notion of spatial clustering as a consequence of 
rural or urban habitation, or of seasonal clustering 
when cases are analysed as a whole (with the pos-
sible exception of juvenile DM, discussed below).

There is little data on the epidemiology com-
paring differing ethnicities within the same geo-
graphical areas. A population subset of a single 
study from the US found 43% of their myositis 
incident cases were African American compared 
to 38% Caucasian and 5% Hispanic [4]. However, 
these data likely mostly reflect the characteristics 
of the general Medicaid program population rather 
than a particular risk in African Americans. Further 
investigation may shed more light on this issue.

 Risk of Myositis in Family Members 
of IIM Patients

There are rare reports of familial co-occurrence 
in IIM [27, 28]. However, due to the low inci-
dence of the disease, the number of published 
multi-case family studies is extremely limited, 
with the exception of familial IBM.  Increased 
rates of other autoimmune diseases, such as auto-
immune thyroid disease, rheumatoid arthritis and 
type 1 diabetes, have been reported in the first- 
degree relatives of IIM sufferers, with an overall 
prevalence of 21.9% compared to 4.9% in non- 
autoimmune families [29]. Similarly, type 1 dia-
betes and systemic lupus erythematosus are more 
common than would be expected in the family 
members of patients with juvenile DM [30]. This 
aggregation of autoimmune disease within IIM 
families may suggest that shared environmental 
and/or genetic factors contribute to disease risk. 
The familial recurrence rate, and the rate of dis-
ease concordance in monozygotic compared to 
dizygotic twins, can be used to estimate the 
genetic heritability, the proportion of phenotypic 
variation that is attributable to genetic factors. In 
other autoimmune diseases, genetic factors have 
been shown to play a large role in disease suscep-
tibility; for example, in type 1 diabetes and rheu-
matoid arthritis, the genetic heritability is 
approximately 88% [31] and 66% [32], respec-
tively. However, due to the rarity of IIM, few 

Points to Remember
Age: Bimodal, 2–16 years and 30–70 years
Gender: Female>male (2:1), except IBM 
where male > female
Ethnicity/race: None confirmed

Points to Remember
First-degree relatives of IIM patients have 
an increased risk of autoimmune disease in 
general but not specifically for developing 
myositis.

M. J. S. Parker et al.
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family or twin studies have been carried out, 
therefore disease heritability remains unknown.

 The Role of Environmental 
and Genetic Factors 
in the Development of Myositis

Although the aetiology and pathogenesis of IIM 
is poorly understood, autoimmune diseases are 
known to be complex disorders that result from 
chronic immune activation following specific 
environmental exposures in genetically predis-
posed individuals. Several environmental risk 
factors, including occupational exposures and 
infectious agents, have been implicated in 
IIM. The variety of these environmental insults 
may contribute to the clinical heterogeneity 
observed in IIM.

 Environmental Risks: The Role 
of Noninfectious Risk Factors

Several environmental factors have been associ-
ated with IIM, although causality has not yet 
been proven. A role for ultraviolet radiation (UV) 
exposure has been postulated to act through 
immunomodulatory effects. The direct absorp-
tion of UV radiation by DNA and production of 
reactive oxygen species may lead to changes in 
the production of various immune mediators, 
which, in turn, suppress systemic immune 
responses, promoting defects in cellular immu-
nity. Hence, the prevalence of DM, as a propor-
tion of DM and PM, as well as the presence of the 
DM-specific autoantibody, anti-Mi-2, has been 
shown to increase from north to south with latitu-
dinal gradient [33, 34]. Seasonal effects on inci-
dence and prevalence also have been reported in 

some studies of juvenile onset DM [2]. In indi-
viduals who are current or previous smokers, the 
frequency of the most common adult myositis- 
specific autoantibody, anti-Jo-1, is increased, 
particularly in individuals who carry a specific 
genetic variant (HLA-DRB1*03) [35]. The latter 
observation suggests an interaction between 
genes and environment that increases susceptibil-
ity to develop one of the IIM, an effect similarly 
observed for smoking in rheumatoid arthritis [36, 
37]. Moreover, the likelihood of developing anti- 
HMGCR antibody-positive immune-mediated 
necrotizing myopathy as a result of exposure to 
lipid-lowering statins is increased in adults who 
are positive for the genetic variant HLA-DRB1*11 
[38]. The finding that there is an increased inci-
dence of a range of different cancers in IIM, par-
ticularly in those individuals with DM and 
especially those with another DM-specific auto-
antibody, anti-TIF1γ [39], suggests that environ-
mental factors may act as both carcinogens and 
inflammatory triggers. Whilst the reason for this 
association between myositis and cancer is still 
unknown, a model has been suggested whereby a 
mutation in the individual’s tissue triggers an 
autoimmune cytolytic antitumour response, 
which in some patients successfully eliminates 
the cancer but may fail in those who develop 
cancer- associated dermatomyositis [40]. 
Contrary to adults, anti-TIF1γ autoantibodies are 
one of the most common autoantibodies in juve-
nile DM, but are not associated with malignancy 
in juveniles, suggesting that the increased risk of 
cancer with anti-TIF1γ represents a complex 
interplay of exposure and genetics. Although 
there are no known dietary risk factors for IIM, 
naturally occurring statins are present in certain 
foods, for example, high concentrations of lovas-
tatin are found in oyster mushrooms, which may 
act to influence risk in some individuals [41] 
(Table 2.2).

 Environmental Risks: The Role 
of Infectious Agents

Although a variety of infectious agents have 
been linked to the development of IIM, as dem-

Points to Remember
All risk factors seem to increase risk for 
one or another subtype of IIM, but none is 
sufficient alone or necessary to cause the 
disease.

2 Myositis Basics/Who Gets Myositis
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onstrated by case reports and epidemiological 
studies (see Gan and Miller, 2011, for review 
[42]), the associations are neither strong nor 
consistent. A potential role of microbial patho-
gens, including viruses, bacteria, fungi and 
parasites has been suggested. Associated 
viruses include Epstein- Barr virus; retroviruses 
such as influenza, hepatitis and HIV; and 
enteroviruses, such as coxsackieviruses, whilst 
bacteria include streptococcal infection, 
Mycobacterium tuberculosis and Staphylococcus 
aureus. A potential role of infectious agents in 
the development of IIM is supported by their 
use to induce myositis in experimental animal 
models. Recent studies of the microbiome, the 
combined genetic material of the microorgan-
isms in a particular environment, for example, 
in the human gut or on the skin, allow the role 
of the host microenvironment in the develop-
ment of autoimmunity to be investigated [43]. 
In addition, novel experimental approaches are 
being developed to screen serum from individu-
als with IIM and other diseases for signatures 
of past or current infections. However, it is not 
established yet whether any identified infection 
is primary or secondary to the development of 
autoimmunity, and for some individuals the 
lack of obvious clinical disease and consequent 
delays in diagnosis makes it more difficult to 
identify responsible temporal environmental 
exposures.

 Genetic Risk Factors in Idiopathic 
Inflammatory Myopathies

Numerous studies have been carried out over the 
last decade to identify genetic risk factors that 
predispose individuals to develop IIM. To iden-
tify genes involved in disease, these association 
studies compare the frequency of genetic variants 
in individuals with disease compared to healthy 
individuals (case-control studies). Most of these 
studies have focused on the more prevalent IIM 
clinical subgroups, due to the rarity of even the 
most common subgroups, causing sample size 
and consequent power issues when trying to 
identify statistically meaningful results.

The strongest genetic associations identified 
in IIM are within the major histocompatibility 
complex (MHC) on chromosome 6; the highly 
variable region which contains many of the genes 
that encode proteins that present antigens to the 
immune system to trigger an immune response. 
Genetic variants within this region confer suscep-
tibility to numerous autoimmune diseases, 
including rheumatoid arthritis, systemic lupus 
erythematosus and Sjögren syndrome. The larg-
est published genetic study to date in IIM 
included samples from 2566 affected individuals 
of European ancestry collected through the 
Myositis Genetics Consortium (MYOGEN). The 
results identified that multiple variants within the 
MHC region may contribute independently to 
IIM risk [44, 45]. This increased genetic risk may 
be due to specific amino acids on the HLA genes 
that change the structure of the peptide-binding 
groove, thus affecting the ability to bind autoanti-
genic peptides and present them to the immune 
system. These specific amino acid associations 
differentiate IBM from PM and DM [45].

Genetic risk factors outside of the MHC 
region also have been implicated in IIM, includ-
ing a variant of the PTPN22 gene [44]. This 
results in an arginine to tryptophan amino acid 
change at position 620, a risk factor which also 
has been established for several autoimmune dis-
eases other than IIM.  Associations with genes 
involved in the adaptive immune response, such 
as STAT4 and UBE2L3, which are known regula-
tors of T and B cell differentiation, respectively, 

Table 2.2 Environmental risk factors for IIM (causality 
not proven)

Noninfectious risks (strong associations)
  UV exposure for DM
  Smoking in anti-Jo-1 + patients, especially in those 

with HLA-DRB1*03
  Statin in anti-HMGCR + patients, especially in those 

with HLA-DRB1*11
  Cancer in DM, especially in those with anti-TIF1γ 

autoantibody
Infectious risks (weak and inconsistent associations)
  Epstein-Barr virus
  Retroviruses such as influenza, hepatitis and HIV
  Enteroviruses, such as coxsackieviruses
  Bacteria such as streptococcal, Mycobacterium 

tuberculosis and Staphylococcus aureus

M. J. S. Parker et al.
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implicate other key pathogenic mechanisms in 
IIM [44]. A region on chromosome 3 also has 
been implicated in IBM, where a frameshift 
mutation in CCR5 is thought to be the causal 
variant [45]. Whilst some of these associations 
are unique to different clinical IIM subgroups 
and may suggest different pathophysiologies 
between the subgroups, other associations con-
firm extensive genetic overlap between IIM and 
other seropositive rheumatic autoimmune dis-
eases, such as rheumatoid arthritis, Sjögren syn-
drome and systemic sclerosis [46].

Specific MHC associations also have been 
identified within myositis-specific autoantibody 
defined subgroups (Table 2.3), in agreement with 
the finding that many myositis-specific autoanti-
bodies are mutually exclusive. These association 
signals may be stronger than for clinically defined 
subgroups, and the serotype/phenotype associa-
tions are described in detail in later chapters of 
this handbook (Role of autoantibodies in myosi-
tis). Many studies are ongoing to better under-
stand the links between genotypes and serotypes 
to better predict clinical phenotypes, and there-
fore better predict treatment responses in IIM.

Notably, in IIM a relatively small number of 
genetic risk variants have been identified, in con-
trast to other more common autoimmune 
 diseases, such as rheumatoid arthritis. This obser-
vation may simply reflect statistical power prob-
lems due to sample size in a disease spectrum as 
rare as IIM, as well as the marked heterogeneity 
of these complex diseases. Also, many of the 
genetic variants identified have a relatively small 
effect on disease risk individually, and only 5.5–
16% of the phenotypic variance in IIM can be 
explained by genetic risk factors identified from 
the most recent genetic studies. Although most of 
the largest genetic studies in IIM to date have 
focused on populations of European ancestry, 
some of these associations have been replicated 
in other ethnic groups, such as Han Chinese and 
Japanese, suggesting some common aetiology 
between ethnicities [47, 48].

Overall, there is likely to be a complex interac-
tion between genetic and environmental factors in 
IIM initiation and progression. Whilst it is not yet 
known how these genetic variants contribute to 

disease pathogenesis in IIM, integrating genetic 
and environmental data will potentially lead to 
increasingly refined models of disease pathogene-
sis. These will be necessary to provide earlier dis-
ease detection, improved diagnostic accuracy and 
prediction of disease progression, and to identify 
clinically meaningful patient subgroups for strati-
fied treatment approaches. Such insights would 
clearly have the potential to improve therapeutic 
outcomes in these difficult diseases (Table 2.3).

 Conclusion

Substantial work already has been undertaken 
towards establishing the epidemiology of IIM 
(Table 2.1) and non-modifiable risk factors such 
as gender and age for IIM, and different subtypes 
are well known. As current research stands, rela-
tively few environmental and genetic associations 
have been identified, particularly for IIM sub-
types, and no common causal link has been estab-
lished. Further work will lead to discovery of 
additional genes and the putative environmental 
triggers involved in initiating disease pathogene-
sis, and identify persons at risk of IIM to enable 
limitation or prevention of disease development.
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