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Abstract

Background: The medical care of patients with myositis is a great challenge in clinical practice. This is due to the rar-
ity of these disease, the complexity of diagnosis and management as well as the lack of systematic analyses.

Objectives: Therefore, the aim of this project was to obtain an overview of the current care of myositis patients in
Germany and to evaluate epidemiological trends in recent years.

Methods: In collaboration with BARMER Insurance, retrospective analysis of outpatient and inpatient data from an
average of approximately 8.7 million insured patients between January 2005 and December 2019 was performed
using ICD-10 codes for myositis for identification of relevant data. In addition, a comparative analysis was performed
between myositis patients and an age-matched comparison group from other populations insured by BARMER.

Results: 45,800 BARMER-insured individuals received a diagnosis of myositis during the observation period, with

a relatively stable prevalence throughout. With regard to comorbidities, a significantly higher rate of cardiovascular

disease as well as neoplasm was observed compared to the control group within the BARMER-insured population.

In addition, myositis patients suffer more frequently from psychiatric disorders, such as depression and somatoform
disorders. However, the ICD-10 catalogue only includes the specific coding of “dermatomyositis”and “polymyositis”

and thus does not allow for a sufficient analysis of all idiopathic inflammatory myopathies subtypes.

Conclusion: The current data provide a comprehensive epidemiological analysis of myositis in Germany, highlight-
ing the multimorbidity of myositis patients. This underlines the need for multidisciplinary management. However, the
ICD-10 codes currently still in use do not allow for specific analysis of the subtypes of myositis. The upcoming ICD-11
coding may improve future analyses in this regard.

Introduction

The medical management of myositis remains challeng-
ing due to its rarity and heterogeneity. In particular, the
diagnosis is often delayed for years following initial dis-
ease manifestation and usually requires extensive investi-
gation including clinical examination, electrophysiology,
antibody diagnostics, magnetic resonance imaging and
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With regard to drug therapy, there is usually no stand-
ardized approach despite recommendations to this effect,
since data regarding the efficacy and safety of classical
immunosuppressants are mostly based on retrospec-
tive study results. Various biologics are also increasingly
being prescribed on an individual basis as a therapeutic
trial due to the lack of randomized, controlled studies
(RCTs) [6]. Due to the potential involvement of several
organ systems, patients are also cared for by numerous
medical specialties, so standardized procedures can usu-
ally only be established within cooperation networks or
interdisciplinary case conferences [7, 8].

In order to adequately cover the need for care in the
future and to establish a uniform diagnostic and thera-
peutic approach, it is necessary to collect demographic,
clinical and therapeutic trends in an appropriately large
patient population. To date, however, only a few case
series and registry data exist that provide insights into
the provision of care for myositis in Germany [7]. In most
cases, these are analyses of patients who are treated in
specialist centres or practices. Nationwide data from rou-
tine care are still lacking.

The aim of the current study was therefore to provide
an overview of the real healthcare situation in Germany
with the help of insurance data from BARMER Health
Insurance and to capture epidemiological trends in
recent years, which could ultimately form the basis for
future diagnostic and therapeutic approaches. The health
insurance data provided by BARMER, the second largest
health insurance company in Germany, cover the out-
patient and inpatient medical care of currently up to 8.7
million insured persons (10.5% of the German popula-
tion), with more than 154 million insured years between
January 1, 2005 and December 31, 2019. This makes
it possible to perform comparative analyses between
myositis patients and an age-matched comparison group
from the other insured individuals within the BARMER
cohort. Age- and sex-standardized extrapolation of data
for comparison to the general population in Germany
was performed using data from the Federal Statistical
Office [9, 10].

Methods

In collaboration with BARMER, outpatient and inpa-
tient insured data from January 2005 to December
2019 were retrospectively analysed using ICD-10 codes
for myositis (M33.0: Juvenile dermatomyositis; M33.1:
Other dermatomyositis; M33. 2: Polymyositis; M33.9:
Dermatomyositis-polymyositis, unspecified; M60.1:
Interstitial myositis, M60.8: Other myositis; M60.9:
Myositis, unspecified; G72.4: Inflammatory myopa-
thy, not elsewhere classified). Only patients with the
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indicator of a "confirmed" diagnosis were included. The
relative frequencies of myositis per 100,000 insured per-
sons for age and sex were calculated. A distinction was
made between dermatomyositis (DM; M33.0, M33.1,
M33.9), polymyositis (PM; M33.2), interstitial myosi-
tis (M60.1), and other myositis (G72.4, M60.8, M60.9).
Overlap syndromes (M35.1) were deliberately not
considered in order to include only patients who also
showed muscle involvement, where possible. If both a
specific (DM, PM, interstitial myositis) and a non-spe-
cific diagnosis (other myositis) was coded, the patient
was assigned to a group according to the specific diag-
nosis. The prevalence data were standardized according
to age and sex and extrapolated using general German
population data from 2019. With regard to incidence
calculation, patient datapoints were included if the cor-
responding ICD code was documented for the first time
at a given time point, but not in the 4 years prior to that.
This ensured that, as far as possible, only first diagno-
ses were included. To determine the age at first diagno-
sis, patients with a diagnosis coded for the first time in
2015 were analysed, as this—considering data collec-
tion was from 2005 to 2019—provided an observation
period of approximately 10 years to exclude the possi-
bility of a previous diagnosis of myositis. Patient records
with periods without insurance were excluded. In addi-
tion, the following ICD-10 codes were used to iden-
tify neoplasms: C00.- to C97.-; psychiatric disorders:
E32.-, E33.-, F41.-, F45.-; and infectious diseases: A16.-,
A40.-, A41.-, J12.- to J18.- as relevant comorbidities in
the patient population. Again, only confirmed diagno-
ses were included. The calculated rates were compared
with a sex- and age-matched comparison group from
the BARMER control population. The most frequent
reasons for hospitalization of myositis patients were
also examined. Here, the ICD-10 codes of the primary
diagnoses leading to hospitalization of myositis patients
were evaluated and compared with the corresponding
rates from the BARMER control population.

For the identification of disease-associated symptoms
potentially occurring prior to the diagnosis of myositis,
patients with a first diagnosis in 2015 were considered
to ensure a sufficiently long observation period from
2005 to 2015. Regarding the analysis of outpatient pre-
scriptions of immunotherapies, the following drugs with
corresponding ATC codes were included (immunosup-
pressants: azathioprine L04AXO01, cyclophosphamide:
LO1AAO01, ciclosporin: LO4ADO1, hydroxychloroquine:
PO1BAO02, methotrexate: L04AX03, mycophenolic acid:
L04AAO06; sirolimus: L04AA10, tacrolimus: L04ADO02;
biologics: rituximab: L01XC02; prednisolone: HO2ABO6,
prednisone: HO2ABO07).
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Results

In total, approximately 45,800 BARMER-insured individ-
uals were coded with a diagnosis of “myositis” during the
study period. There was no relevant increase in the prev-
alence of myositis from 2005 to 2019 (60.27/100,000 vs.
64.57/100,000). The prevalence of “other myositis” diag-
nosis decreased by 8% from 2005 to 2019 (43.31/100,000
vs. 39.67/100,000), whereas the prevalence of “DM”
(+32%) and “PM” (+80%) increased (Table 1). Sex- and
age-standardized extrapolation demonstrates approxi-
mately 8,000 patients with “DM’, 8,600 patients with
“PM’; 820 patients with “interstitial myositis’, and approx-
imately 30,500 patients with “other myositis” in 2019
(Fig. 1A). With regard to the age distribution of myosi-
tis and the individual diagnostic groups, an increasing
frequency of myositis in older age is observed, with a
noticeable upward trend from the age of 40 and a clear
peak between the ages of 70 and 80 (Fig. 1B—E). For the
“interstitial myositis” group, further data analysis was not
possible due to the small number of cases.

Women were affected more often overall and in each
of the diagnostic groups studied (2019: 74.4/100,000
women vs. 51.7/100,000 men), In male patients, there
was an increase of about 13.3% from 2005 to 2019

Table 1 Development of the prevalence rates (per 100,000) in
the observation period from 2005 to 2019

Year Total DM PM M oM
2005 60.3 8.6 6.9 1.5 433
2006 64.3 89 7.6 2.3 454
2007 65.7 9.7 8.1 2.3 455
2008 66.5 99 85 1.5 46.7
2009 65.5 10.6 8.7 15 447
2010 67.5 109 93 13 46.0
2011 659 1.2 9.1 13 443
2012 66.8 1.5 93 1.1 448
2013 68.5 124 9.8 1.2 45.1
2014 66.9 11.8 10.1 12 439
2015 67.8 123 1.1 12 432
2016 65.2 120 10.9 13 40.9
2017 65.8 123 11.6 14 40.5
2018 65.5 11.8 12.0 1.3 404
2019 64.6 1.3 125 1.1 39.7

DM dermatomyositis, IM interstitial myositis, PM polymyositis, OM other myositis
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(45.6/100,000 men vs. 51.7/100,000 men), while the
prevalences in female patients increased by about
5.8% in the same period (70.3/100,000 women vs.
74.4/100,000 women) (Fig. 2A). Among the myositis
groups, there was a significantly higher proportion of
female patients in “DM” (2019: 14.3 vs. 7.3), PM (2019:
14.9 vs. 9.2), and “other myositis” (2019: 43.7 vs. 34.3).
Regarding the diagnosis groups, there was a signifi-
cantly higher proportion of female patients in “DM”
(2019: 14.3 vs. 7.3), “PM” (2019: 14.9 vs. 9.2) and “other
myositis” (2019: 43.7 vs. 34.3). Annual incidences
have tended to decrease in recent years for all ICD-10
diagnoses studied. In particular, a significant reduc-
tion over the past 5 years is observed in “PM” (2009:
2.6/100,000 vs. 2019: 1.5/100,000) (Fig. 2B). The age at
first diagnosis is mostly above the age of 60, although
this differs significantly for the individual diagnos-
tic groups. In particular, “PM” is diagnosed more fre-
quently in people over 60 years of age compared to
“DM’, “interstitial myositis” and “other myositis’, which
are more likely to be diagnosed between the ages of 20
and 59 (Fig. 2C).

Symptoms typically coded before myositis diagnosis
include skin conditions (unguis incarnatus 3%, nail dystro-
phy 2%) and cardiac and pulmonary symptoms (dyspnoea
8%, heart failure 2%). Regarding comorbidities, psychi-
atric disorders, such as depression, anxiety disorder, and
especially somatoform disorders are frequently observed
in both female and male patients. For somatoform dis-
orders, there is a significantly higher percentage com-
pared to the BARMER control population (female: 34.0%
vs. 17.8%, male: 25.5% vs. 10.7%) (Fig. 3A). Among the
myositis groups, a significantly higher proportion of soma-
toform disorders was found in patients with “other myosi-
tis” (female: 39.4%, male: 29.9%). Of all myositis insurants
from 2005 to 2019 (45,800), 11,400 had at least one con-
firmed neoplasia as diagnosis. This represents about 25%
of patients. Neoplasia was not significantly more frequent
in myositis patients over 65 years of age compared to the
BARMER control population (Fig. 3B). However, a higher
number of neoplasms was observed in patients under the
age of 65 compared to the control BARMER cohort. In
particular, the rate of breast carcinomas (1.45% vs. 0.85%)
and neoplasms of the skin (1.48% vs. 0.94%) were slightly
increased in the myositis groups (Fig. 3C).

Cardiovascular disease represents the most frequent
reason for admission for inpatient hospital treatment in

(See figure on next page.)

Fig. 1 Prevalence and age distribution of myositis patients in Germany. A Shown are the standardized absolute values of myositis patients in the
observation period from 2005 to 2019 in Germany. B-E Age distribution of the total myositis cohort. (B) and the myositis subgroups (C-E) and the
chronological trend during the observation period from 2005 to 2019per 100,000 insured persons. DM dermatomyositis, IM interstitial myositis, PM

polymyositis, OM other myositis
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persons. Left Y-axis: rates of DM, PM, IM; Right Y-axis: rates of OM. C New cases per 100,000 insured persons, age group and myositis subgroup. DM
dermatomyositis, IM interstitial myositis, PM polymyositis, OM other myositis

female and male myositis patients aged 65 and older and,  population (atrial fibrillation/atrial flutter female: 1.5% vs.
although rare overall, occurs more frequently compared  1.1%, male: 1.5% vs. 1.2%; angina pectoris female: 0.8% vs.
to the respective sex- and age-matched BARMER control ~ 0.5%, male: 1.7% vs. 1.0%; chronic ischemic heart disease
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male: 1.9% vs. 1.1%; heart failure female: 1.8% vs. 1.5%)
(Fig. 4A). There was a high number of glucocorticoid pre-
scriptions that increased slightly in frequency. The out-
patient prescription of rituximab also increased, whereas
the number of other immunosuppressant prescriptions
remained constant over time (Fig. 4B).

Discussion

Due to the rarity and complexity of myositis, large case
numbers are needed to understand the current provision
of healthcare so that the need for altered or additional
medical investigations and therapies can be identified in a
patient-oriented manner. This study allowed the analysis of
relevant data from more than 45,800 patients with myosi-
tis. In addition, using established data for extrapolation,
relevant epidemiological information could be derived for
the entire population of Germany, which highlighted the
significant medical challenges in the treatment of patients
with myositis.

The evaluated data indicate a higher prevalence of myosi-
tis than was previously assumed [11]. However, previous
work primarily considers idiopathic inflammatory myopa-
thies (IIM), particularly PM and DM [12-16]. Even for the
much more clearly defined ICD-10 codes, higher preva-
lence of myositis was documented on the basis of the avail-
able data compared with earlier work from North America,
Europe, and Asia [12, 14, 15]. As geographic differences
have not been demonstrated in systematic reviews so far,
our data may indicate an overall underestimated preva-
lence of myositis. However, due to the ICD codes used, sec-
ondary myositis syndromes were also classified as “other
myositis’, as there are overlaps in the coding (e.g., G72.0
Drug-induced myopathy). However, in light of the rarity of
these secondary causes [17-19], it can be assumed that the
present data are only slightly influenced by this classifica-
tion of “other myositis” The increasing prevalence of myosi-
tis in older age shown in recent years may be explained,
regarding the discrepancy with previous work, by increas-
ing life expectancy [11]. However, in terms of incidences,
there has been a slight decrease in diagnosis in recent
years, although the corresponding rates are still higher than
shown in previous work [11]. It is striking that the rate of
PM diagnoses in particular is decreasing noticeably, which
may be due to the fact that this diagnosis is recently more
likely to be regarded as a diagnosis of exclusion in IIM on
the basis of new diagnostic criteria [20, 21]. With regard to
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the question of potential early symptoms of myositis, skin
conditions as well as cardiac and pulmonary symptoms
were found, but these were nonspecific. In contrast, early
neurological symptoms such as myalgias, paresis or pain do
not seem to be typical coded early symptoms.

Concerning comorbidities, a high rate of neoplasms in
myositis patients is of particular interest. Particularly in
patients under the age of 65, there is an increased incidence
of gynaecological, gastrointestinal, and skin neoplasms,
which confirms previous analyses, especially in the context
of a diagnosis of PM or DM [22-24]. The cumulative rate of
malignancy is in line with previous analyses in IIM patients
and emphasizes the need for appropriate screening in this
patient population after diagnosis [15, 25-27].

Furthermore, it is apparent that mainly psychiatric
comorbidities occur in myositis patients. Although an
increased prevalence of depressive disorder in chronic dis-
eases is known, there are no systematic studies for myositis
patients yet available. Only in DM has a small study shown
that just under half of those affected suffer from depression
and/or an anxiety disorder. More importantly, almost 1/3
of these patients did not receive appropriate specialized
care [28]. Given the already significant reduction in patient
quality of life due to myositis, our data highlight the need
for increased attention to relevant comorbidities in clini-
cal practice. In addition, more than every fourth myositis
patient is diagnosed with a somatoform disorder. This also
illustrates the high incidence of this comorbidity among
myositis patients and in particular in the other myosi-
tis group. Since myopathic symptoms such as myalgias of
unknown aetiology are probably also classified as “other
myositis” in everyday clinical practice, the increased inci-
dence of somatoform disorder could indicate this should
be considered as a differential diagnosis. A targeted diag-
nostic and therapeutic psychosomatic assessment should
therefore be considered. It should be noted that concomi-
tant rheumatologic diseases, which frequently affect IIM
patients [29], may be underrepresented in this analysis due
to the exclusion of overlap syndromes in the selection of
ICD-10 codes.

Lastly, an analysis of the currently used medication in
myositis patients demonstrated, not unexpectedly, that
glucocorticoids were commonly used as a long-term medi-
cation. The rate of outpatient prescription of immunosup-
pressants appears to have been constant over the past few
years. The fact that long-term glucocorticoids still seem

(See figure on next page.)

Fig. 3 Comorbidities of myositis patients. A Relative frequencies of comorbidities based on ICD-10 codes for the entire myositis cohort (total), the
myositis subgroups (DM = dermatomyositis, PM = polymyositis, OM = other myositis) and the control population in the BARMER cohort according
to sex. B Relative frequencies of neoplasms in the entire myositis cohort over the age of 65 compared to the control population in the BARMER
cohort. C Relative frequencies of neoplasms in the entire myositis cohort under the age of 65 compared to the control BARMER cohort
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Fig. 4 Hospitalisation rate and treatment trends of myositis patients. A Analysis of the reasons for inpatient admission of myositis patients
compared to the control group of the BARMER cohort (BARMER population) with relative frequencies. B Proportion of patients on glucocorticoid
and other immunosuppressant therapy and/or rituximab therapy with at least one prescription per year

to be necessary for the treatment of patients despite the
high usage of immunosuppressants underlines the current
need for further treatment options for myositis patients
[6]. Despite only outpatient prescriptions being considered
with regard to the use of rituximab, there was also a trend
towards using this specific immunotherapy. Several studies
indicate that under rituximab disease stability, in particular
of the extramuscular symptoms, can be achieved [30, 31].
However, rituximab is used off-label due to a lack of con-
clusive RCTs in this area. Accordingly, it can be assumed

that rituximab is prescribed cautiously in the outpatient
setting. Due to the favourable results of new immunothera-
pies in myositis patients, significant changes to treatment
are to be expected in the future [32].

However, this study has several limitations. First,
we did not perform statistical comparisons between
the cohorts due to the small number of patients per
subgroup. More extensive analyses with statistical sig-
nificance tests and propensity score matching for the
formation of a reference population are planned for
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Table 2 Comparison of ICD-10 and ICD-11 coding for myositis with a focus on idiopathic inflammatory myopathies

ICD-10-code

ICD-11-code

M33.- Dermatomyositis-polymyositis

M33.0 juvenile dermatomyositis
M33.1 other dermatomyositis

M33.2 Polymyositis
M33.9 Dermatomyositis-polymyositis, unspecified

M60.1 Interstitial myositis
M60.8 Other myositis
G72.4 Inflammatory myopathy, not elsewhere classified

M60.9 Myositis, not elsewhere classified

4A41 Idiopathic inflammatory myopathy

4A41.0 Dermatomyositis

4A41.00 adult dermatomyositis
4A41.01 juvenile dermatomyositis
4A41.0Z Dermatomyositis, unspecified

4A41.1 Polymyositis

4A41,10 Juvenile polymyositis
4A41,11 Paraneoplastic polymyositis
4A41,1 other unspecified polymyositis
4A41,1Z Polymyositis, unspecified

4A41,2 Inclusion body myopathy

4A41,20 Inflammatory inclusion body myopathy
4A41,21 Noninflammatory inclusion body myopathy
4A41,2Z Inclusion body myopathy, unspecified

4A41.Y Other specified idiopathic inflammatory myopathy
4A41. Z |diopathic inflammatory myopathy, unspecified

future work. Second,, it should be noted that, due to
the ICD-10 codes, more specific analyses of subtypes,
such as anti-synthetase syndrome or inclusion body
myositis, could not be performed. The latter should be
coded as G72.4 according to the recommendation of
the German Society of Neurology [33]. Whether this
is will be implemented in clinical practice is questiona-
ble. In all probability, it can be assumed that these dis-
eases will be coded as “other myositis” or even as “PM’,
since the term "polymyositis”, similar to "polyneurop-
athy", serves a descriptive function. Furthermore, it
remains unclear which conditions are masked behind
the ICD-10 diagnosis of “interstitial myositis’, as these
are not used in previous or current diagnostic criteria.

Therefore, the ICD-10 codes used do not reflect the
current scientific knowledge and additionally compli-
cate in-depth analyses regarding specific early symp-
toms, comorbidities, and treatment. The ICD-11
coding in effect since the beginning of the year allows
at least the specific coding of inclusion body myosi-
tis and a corresponding further breakdown of DM
into juvenile and adult forms (Table 2) [34]. In addi-
tion to the unspecific and incomplete ICD-10 coding,
however, it should be mentioned that the large num-
ber of different diagnostic criteria makes uniform cod-
ing difficult as a part of routine clinical practice [35].
This also explains, for example, the high number of
PM cases, as recent studies suggest that this entity
should represent the rarest form of myositis [20]. Fur-
thermore, it cannot be excluded that patients received
a myositis diagnosis without fulfilling the appropriate
diagnostic criteria. A study by Dobloug et al. illus-
trates that most of the myositis patients included in

the analysed cohort (approximately 90%) did not meet
the diagnostic criteria, which could explain the sig-
nificantly higher prevalence in our data [15]. In other
recent epidemiologic work, ICD-10 codes were also
ostensibly used as the basis of the analyses [11]. In
this respect, the future increased use of the ICD-11
code with at least a rudimentary further breakdown of
myositis diagnoses could enable specific findings for
corresponding subtypes and additionally clarify the
complexity of myositis subgroups and their complex
management in clinical practice.

Conclusions

In summary, the current results illustrate an increasing
prevalence of myositis and highlight the complexity of
this disease with regard to the above-mentioned comor-
bidities, especially neoplasms and psychiatric disorders.
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