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Abstract
Objective
We investigated the association of antecedent infections with clinical subgroups and phenotypes in the idiopathic
inflammatory myopathies (I1IMs).

Methods
Adult IIM patients (362 with dermatomyositis (DM), 250 with polymyositis (PM), and 256 with inclusion body
myositis (IBM)) enrolled in a national myositis patient registry. One hundred thirty-four patients had symptoms of
lung disease plus fever and/or arthritis (LD+), and 103 with systemic autoimmune rheumatic disease-associated
overlap myositis (OM). Self-reported infections and antibiotic usage within 12 months prior to IIM diagnosis were
examined. Adjusted odds ratios (ORs) and 95% confidence intervals (Cls) were calculated across [IMs. LD+ and
OM analyses were performed excluding IBM patients.

Results
Infections before IIM diagnosis were more frequent in DM and PM than IBM. Febrile illness and gastroenteritis were
more frequent in DM than IBM (OR 2.82 and 3.30, respectively), and in PM than IBM (OR 3.27 and 3 .26, respectively).
Patients with LD+ and OM had higher odds of reported infections than those without these phenotypes, with pneumonia
the most strongly associated infection (OR 5.26 95% CI 2.59-10.71 in LD+, OR 2.75, 95% CI 1.25-6.06 in OM).
Antibiotic usage within 1 year before diagnosis did not differ among DM, PM and IBM patients, nor in OM.
Antibiotics were used more frequently used in patients with LD+ compared to no LD, but this was attenuated after
adjusting for infections.

Conclusion
Antecedent infections, particularly respiratory and gastrointestinal infections may contribute to adult IIM phenotypes.
Pneumonia showed the strongest association with myositis phenotypes accompanied by frequent lung disease.
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Introduction

The idiopathic inflammatory myopa-
thies (IIMs) are a group of rare, chronic
autoimmune diseases characterised by
muscle inflammation, weakness, and
systemic involvement (1). The classical
subtypes of adult-onset IIMs include
dermatomyositis (DM), polymyosi-
tis (PM) and inclusion body myositis
(IBM). In addition, anti-synthetase syn-
drome (ASyS), which consists of my-
ositis, interstitial lung disease (ILD),
fever and arthritis, represents a severe
clinical phenotype (2). IIMs can also
occur in conjunction with other sys-
temic autoimmune diseases (SARDs), a
condition broadly referred to as overlap
myositis (OM), which has important
implications for the presence of ILD,
frequent relapse, and higher mortality
3).

Both genetic and environmental factors
have been implicated in the pathogene-
sis of IIMs (4, 5). Case-control and oth-
er epidemiologic studies have identified
several environmental factors prior to
diagnosis of IIMs, including ultravio-
let radiation, smoking, infections, and
medications (6, 7). Notably, respiratory
and gastrointestinal infections have a
strong association with IIMs based on
national registry data from a popula-
tion-based case-control study (8).
Several studies have suggested that en-
vironmental factors may vary across
IIM subtypes and phenotypes, indicat-
ing that certain exposures could differ-
entially influence disease presentation
(4,9, 10). For instance, personal expo-
sure to intense sunlight was associated
with the development of DM, compared
to PM and IBM (11). In addition, occu-
pational and hobby exposures to silica
and heavy metals have been identified
as contributing factors to DM, OM, and
myositis with lung disease accompa-
nied by fever or arthritis (LD+) (12).
However, the relationship between spe-
cific infections and IIM subtypes has
not been examined.

This study aims to address this knowl-
edge gap by investigating infection in
the year prior to IIM diagnosis in a large
cohort of adult-onset IIM patients as
part of a national United States (U.S.)
patient registry named MYOVISION.
We analysed infectious diseases and

antibiotic usage across classical 1IM
subgroups (DM, PM, and IBM), as well
as IIM-associated symptoms of lung
disease (LD+) as a proxy for ASyS or
other myositis autoantibody-associated
lung disease, and OM phenotypes. This
study provides a novel approach by us-
ing a nationwide U.S. cohort to investi-
gate the association between preceding
infections and clinical phenotypes of
IIM. It also offers a unique perspec-
tive by simultaneously analysing both
infection history and antibiotic usage.
Understanding the types of infections
associated with specific disease pheno-
types could provide valuable insights
into disease mechanisms and inform
prevention strategies for IIMs.

Patients and methods

Participants

The study design and recruitment pro-
cess for the MYOVISION registry, an
U.S. national myositis patient registry,
have been previously described (13).
Participants were initially contacted
between December 2010 and July
2012 through The Myositis Associa-
tion’s national mailing list, study ad-
vertisements, and specialty clinics. The
study protocol was approved by the
institutional review boards at Cincin-
nati Children’s Medical Center and the
National Institutes of Health. Written
informed consent was obtained from
all participants prior to enrolment.

The MYOVISION questionnaire in-
cluded 83 questions that encompassed
patient demographics, disease-related
information, environmental exposures
prior to diagnosis, and questions re-
garding work, school, and leisure ac-
tivities, as well as health-related qual-
ity of life. The study questionnaire was
developed by two rheumatologists with
expertise in myositis (LGR, FWM), an
occupational epidemiologist (CP) and
the executive director of The Myositis
Association (BG). Of 9,211 individu-
als contacted, 1,956 (22%) returned
complete questionnaires. Among these,
1,806 met probable or definite Bohan
and Peter criteria for DM or PM (14),
or Griggs’ criteria for possible IBM
(15). To minimise recall bias, this study
was restricted to participants diagnosed
with [IMs after 2001. A smaller number
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Table I. Characteristics of adult-onset myositis patients in the MYOVISION registry by clinical subgroup.

Characteristic Overall DM PM IBM
(n=868) (n=362) (n=250) (n=256)
Demographics:
Sex, female, n (%) 588 (68) 300 (83)*F 183 (73)** 105 (41)
Race/ethnicity, n (%)
Non-Hispanic White 746 (86) 306 (85)F 199 (80)f 241 (94)"
Non-White 122 (14) 56 (15) 51 (20) 15 (6)
College education rate, median [IQR], % 27 [16-44] 26 [17 - 42] 26 [14 —40]¢ 30 [16 —48]*

Clinical data:
Age at diagnosis, median [IQR], years
Year of diagnosis, median [IQR], month/year

Disease duration, median [IQR], years
Lung disease+*
Overlap myositis

542 [439-62.3] 48.77 [39.2-55.8]

01/2006 02/2006
[01/2004 —03/2008]  [01/2004 — 04/2008]
53 [32-17.5] 53 [3.1-74]
134 (15) 85 (23)
103 (12) 52 (14)

49.6" [40.8 —57.3] 64.0™% [57.8 —69.7]

11/2005 03/2006
[08/2003 — 03/2008]  [03/2004 — 02/2008]

55 [32-1717] 52 [33-17.1]

39 (16)H 10 (3.9)%

37 (15)° 14 (5)*

SLung disease + cases were those exhibiting lung involvement with arthritis and/or fever.
Significant differences: 'p=0.001, *p=<0.005, *p=< 0.05.
DM: dermatomyositis; IBM: inclusion body myositis; IQR: interquartile range; NA: not applicable; PM: polymyositis.

of patients with juvenile DM (JDM)
(n=60) were excluded. The final sam-
ple consisted of 868 adults, including
362 patients with DM, 250 with PM,
and 256 with IBM.

We defined LD+ as a phenotype char-
acterised by lung disease accompanied
by joint swelling (hereafter referred to
as ‘arthritis’) and/or fever (12). This
definition was used to reflect features
commonly observed in anti-synthetase
syndrome or autoantibody-associat-
ed interstitial lung disease (16). One
hundred thirty-four IIM patients were
identified as having LD+. OM was de-
fined as patients meeting criteria for
an IIM and reporting a diagnosis of at
least one SARD, including rheumatoid
arthritis (RA), juvenile idiopathic ar-
thritis (JIA), systemic lupus erythema-
tosus (SLE), systemic sclerosis (SSc),
Sjogren’s syndrome (SS) and mixed
connective tissue disease (MCTD) (1).
One hundred three patients met criteria
for OM including 46 patients with RA/
JIA, 32 with SLE, 17 with SSc, 22 with
SS, or 5 with MCTD. IBM patients
were excluded from the phenotype
analysis of LD+ and OM, since most
IBM patients do not have these pheno-
types.

Covariate data included age at diagno-
sis, sex (male, female), race/ethnicity
(non-Hispanic White, non-White), dis-
ease duration, and area rate of college-
education, which was calculated using
census tract data based on geocoded ad-
dresses at diagnosis from the American
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Community Survey of the U.S. Census
Bureau. The area rate of college educa-
tion is a surrogate for socioeconomic
status (17), as individual-level educa-
tional attainment was not available for
most participants.

Participants were asked whether they
had experienced specific infections
during the 12 months prior to their my-
ositis diagnosis. These included skin
infections, colds or upper respiratory
infections (URIs), influenza, urinary
tract infections (UTIs), strep throat,
pneumonia, hepatitis, stomach viruses
or gastroenteritis, fever or other febrile
illnesses, or other infections (see the
Appendix in the Supplementary file).
A composite variable, ‘Respiratory
infections’, was defined as a combina-
tion of URIs, influenza, strep throat,
and pneumonia. Participants were also
asked about their use of prescribed anti-
biotics such as penicillins, tetracycline,
trimethoprim/sulfamethoxazole,  cip-
rofloxacin, norfloxacin, isoniazid, and
zidovudine, during the 12 months prior
to their myositis diagnosis.

Statistical analyses

Demographic and clinical characteris-
tics, as well as specific infections expe-
rienced, and antibiotic usage in the year
prior to diagnosis were summarised as
frequencies and percentages for cat-
egorical variables and as medians and
interquartile ranges for continuous var-
iables. Statistical significance between
pairwise disease subgroups (PM, DM,

and IBM) and phenotypes was evalu-
ated using chi-square test for categori-
cal data and the Wilcoxon Rank Sum
test for continuous data.

Associations between disease sub-
groups and individual infections or an-
tibiotic usage were evaluated using lo-
gistic regression to estimate odds ratios
(ORs) and 95% confidence intervals
(CIs), adjusting for age, sex, race/eth-
nicity, disease duration, and area rate of
college-education. Similarly, associa-
tions between disease phenotypes (LD+
vs. no LD and OM vs. no OM) and in-
dividual infections or antibiotic usage
were assessed using logistic regression
models with similar adjustment.

When evaluating the association with
clinical subgroups and phenotypes, we
also considered that some cases may
have been treated with antibiotics. To
account for potential confounding, we
conducted additional analyses which
included infections potentially treated
with antibiotics and added antibiotic us-
age as an additional covariate. In analy-
ses evaluating the association with anti-
biotic usage, infections were similarly
included as a covariate. Furthermore,
a composite outcome for antibiotic us-
age and the presence of infection was
examined using a multinomial logistic
regression model, with similar adjust-
ment to previous models.

No adjustments for multiple compari-
sons were made. All statistical analy-
ses were performed using SAS (v. 9.4;
SAS Institute, Cary, NC).

Clinical and Experimental Rheumatology 2025



Infections preceding myositis / T. Ohnishi et al.

Table II. Characteristics of adult-onset myositis patients in the MYOVISION registry by disease phenotype.

Lung disease+*

Overlap myositis

Characteristic Yes (n=124) No (n=488) Yes (n=89) No (n=523)
Demographics:
Sex, female, n (%) 97 (78) 386 (79) 76 (85) 407 (78)
Race/ethnicity, n (%)
Non-Hispanic White 95 (77) 410 (84) 78 (88) 427 (82)
Non-White 29 (23) 78 (16) 11 (12) 96 (18)
College education rate, median [IQR], % 20 [13-36]" 27 [17 -43]" 22 [13-38] 27 [17 —42]

Clinical data:
Age at diagnosis, median [IQR], years
Year of diagnosis, median [IQR], month/year

Disease duration, median [IQR], years

[09/2003 — 01/2008]

46.8 [40.5-56.1]
11/2005

49.1 [394-56.1]
01/2006
[01/2003 — 05/2008]

5.7 [35-17.8] 53 [3.1-17.5]

47.7 [38.5-56.1]
11/2005
[10/2003 — 07/2007]
55 [3.7-17.8]

49.0 [39.8-56.1]
02/2006
[02/2004 — 04/2008]
54 [3.0-75]

IBM subgroup was removed from the analyses.

*Lung disease+ cases were those exhibiting lung involvement with arthritis and/or fever.
Significant differences: 'p<0.005; IQR: interquartile range.

Results

The median age at diagnosis was sig-
nificantly higher in IBM patients (64.0
years) compared to DM and PM pa-
tients (median age 48.7 and 49.6 years,
respectively, p<0.001) (Table I). The
gender distribution also varied signifi-
cantly across subgroups, with a higher
proportion of males in the IBM group
(59%) compared to DM (17%) and
PM (27%), which were predominantly
female (p<0.001). The majority of pa-
tients across all subgroups were Non-
Hispanic White (86%), with IBM pa-
tients having the highest proportion of
Non-Hispanic White individuals (94%).
Patients had a median disease duration
between 5.2 and 5.5 years across clini-
cal subgroups and a median date of di-
agnosis between November 2005 and
March 2006, with no significant dif-
ferences. The prevalence of LD+ was
higher in DM patients (23%) compared
to PM patients (16%). The prevalence
of OM was similar in the DM and PM
groups, at 14% and 15% respectively,
whereas IBM patients had a lower prev-
alence of OM at 5% (p<0.001).
Regarding disease phenotype, there
were no significant demographic differ-
ences between patients with LD+ and no
LD, except area rate of college-educa-
tion, which was lower in LD+ patients
(median 20 vs.27%, p=0.003) (Table II).
Additionally, there were no significant
demographic differences between pa-
tients with OM and those without OM.
The prevalence of infections reported
during the 12 months prior to diagno-
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Any infection

® DM vs IBM
A PMvs IBM

Fever / febrile illness

Respiratory infections

Cold / Upper respiratory infection

Nausea, vomiting, diarrhea

%

0 1

2 3 4 5 6 7 8 9

Odds Ratio (95% Confidence intervals)

Fig. 1. Reported infections within one year prior to myositis diagnosis in patients in the MYOVISION
registry, by clinical subgroup.

Odds ratios (* DM vs. IBM; 4PM vs. IBM) and 95% confidence intervals (indicated by horizontal lines)
for selected infection types in the year prior to myositis diagnosis. Only infection categories with a sta-
tistically significant difference (p<0.05) in either DM vs. IBM or PM vs. IBM comparisons are shown.
Full data are shown in Supplementary Table S1.

Respiratory infections include cold / upper respiratory infection, influenza, pneumonia, and strep throat.

DM: dermatomyositis; IBM: inclusion body myositis; PM: polymyositis.

sis of IIM varied among myositis sub-
groups; however, there were no signifi-
cant differences between DM and PM
patients (Fig. 1, Supplementary Table
S1). The odds of reporting any infection
within 12 months of diagnosis were
significantly higher in DM and PM pa-
tients compared to IBM (OR 1.85,95%
CI1.17-2.92, p=0.008 for DM vs.IBM;
OR 1.60, 95% CI 1.01-2.55, p=0.048
for PM vs. IBM). Febrile illness was
notably more frequent in DM and PM
patients compared to IBM (OR 2.82,

95% CI 1.11-7.18, p=0.030 for DM
vs. IBM; OR 3.27, 95% CI 1.28-8.37,
p=0.014 for PM vs. IBM). Gastroenteri-
tis, characterised by nausea, vomiting,
and/or diarrhoea, was also more fre-
quent in DM and PM patients compared
to IBM (OR 3.30, 95% CI 1.37-7.94,
p=0.008 for DM vs. IBM; OR 3.26,
95% CI 1.34-7.94, p=0.009 for PM vs.
IBM). Respiratory infections overall,
including colds/URIs and pneumonia,
were more common in DM and PM
patients compared to IBM patients (OR
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1.81, 95% CI 1.09-3.00, p=0.023 for
DM vs. IBM; OR 1.90, 95% CI 1.13-
3.17, p=0.015 for PM vs. IBM).
Patients with LD+ had significantly
higher odds of a reported infection
preceding diagnosis compared to pa-
tients without LD (OR 1.71, 95% CI
1.10-2.66, p=0.017) (Fig. 2, Suppl.
Table S2). Pneumonia was the most
strongly associated preceding infection
in patients with LD+ (OR 5.26,95% CI
2.59-10.71, p<0.001). Other infections,
such as URIs, unspecified febrile ill-
ness, gastroenteritis, and skin infection,
were all also more prevalent in LD+
compared to patients with no LD (OR
ranging between 1.67 and 3.10).

OM patients more frequently reported
an infection in the 12-month period pri-
or to IIM diagnosis (58.8%) compared
to IIM patients without OM (45.1%)
(OR 1.73,95% CI 1.05-2.88, p=0.033).
Specifically, pneumonia was the most
strongly associated infection preceding
IIM in OM patients (OR 2.75, 95% CI
1.25-6.06, p=0.012). A similar associa-
tion with antecedent infections was ob-
served in OM patients when excluding
patients with overlapping SARDs that
were diagnosed prior to 1IMs (Suppl.
Table S3).

The association between infections po-
tentially treated with antibiotics within
the year prior to IIM diagnosis was sig-
nificant in patients with DM and PM
compared to those with IBM (OR 1.99
and 1.92, respectively) (Fig. 3, Suppl.
Table S4). After adjusting for antibiotic
usage, this association was stronger
(OR 2.55 and 2.18, respectively). There
was no association of antibiotic usage
within 12 months of diagnosis between
DM or PM patients compared to IBM,
even after adjustment for infection.
Additionally, the composite outcome
analysis confirmed that infection within
12 months of diagnosis in the absence
of antibiotic usage, was associated with
DM vs. IBM (OR 2.63), while antibiot-
ic usage within 12 months of diagnosis,
with or without an infection, was not
associated with DM or PM compared to
IBM (Suppl. Table S5).

Patients with LD+ had a significantly
higher odds of reported infections with-
in the year prior to IIM diagnosis that
were potentially treated with antibiotics
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-——
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Fig. 2. Reported infections within one year prior to myositis diagnosis in patients in the MYOVISION
registry, by disease phenotype.

Odds ratios (Mlung disease+ (LD+) vs. without LD+; #overlap myositis (OM) vs. non-OM) and 95%
confidence intervals (indicated by the horizontal lines) for selected infection types in the year prior to
myositis diagnosis. LD+ cases were those exhibiting lung involvement with arthritis and/or fever. IBM
subgroup was removed from the analyses.

Only infection categories with a statistically significant difference (p<0.05) in either comparison are
shown. Full results are shown in Supplementary Table S2.

Respiratory infections include cold/upper respiratory infection, influenza, pneumonia, and strep throat.

® DM vs IBM
Infectionst ® A PMvs IBM
&
Infectionst, adjusted ®
for antibiotic usage %
Antibiotic usage I
Antibiotic usage, ——
adjusted for infectionst —k—
0 1 2 3 4 5

Odds Ratio (95% Confidence intervals)

Fig. 3. Frequency of infection and antibiotic usage within one year prior to myositis diagnosis, by
clinical subgroup.

Odds rations (*DM vs. IBM; APM vs. IBM) and 95% confidence intervals (indicated by the horizontal
lines) for infections potentially treated with antibiotics and antibiotic usage.

Full results are shown in Supplementary Table S4.

*Infections include those potentially treated with antibiotics, such as febrile illness, pneumonia, strep
throat, nausea, vomiting, diarrhoea, hepatitis, urinary tract infection, and skin infection.

DM: dermatomyositis; IBM: inclusion body myositis; PM: polymyositis.
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B Lung disease+
Infections! L & Overlap myositis
Infections', adjusted i ]
for antibiotic usage
Antibiotic usage =
Antibiotic usage, —
adjusted for infections® ¢
0 1 2 3 4

Odds Ratio (95% Confidence intervals)

Fig. 4. Frequency of infection and antibiotic usage within one year prior to myositis diagnosis, by

clinical phenotype.

Odds ratios (mlung disease+ (LD+) vs. without LD+; ¢overlap myositis (OM) vs. non-OM) and 95%
confidence intervals (indicated by the horizontal lines) for infections potentially treated with antibiot-
ics and antibiotic usage. LD+ cases were those exhibiting lung involvement with arthritis and/or fever.

IBM subgroup was removed from the analyses.

Full results are shown in Supplementary Table S6.

*Infections include those potentially treated with antibiotics, such as febrile illness, pneumonia, strep
throat, nausea, vomiting, diarrhoea, hepatitis, urinary tract infection, and skin infection.

compared to patients without LD (OR
1.90), even after adjusting for antibiotic
usage (OR 2.12) (Fig. 4, Suppl. Table
S6). Antibiotic usage was more likely
in patients with LD+ within the year
prior to diagnosis compared to patients
without LD (OR 1.72). However, after
further adjusting for the presence of in-
fection, this difference was no longer
statistically significant. A composite
outcome analysis revealed that patients
with LD+ were significantly more like-
ly to encounter infections treated with
antibiotics preceding IIM diagnosis
compared to patients without LD (OR
2.34) (Suppl. Table S7). This associa-
tion appeared to be driven more by a
preceding infection, rather than by an-
tibiotic usage alone.

No significant differences were ob-
served between patients with and
without OM regarding infections po-
tentially treated with antibiotics. This
association remained non-significant,
even after adjusting for antibiotic us-
age (Fig. 4, Suppl. Table S6). Addition-
ally, the frequency of antibiotic usage
did not differ significantly between pa-
tients with and without OM, even after
adjustment for infections. However, a
composite outcome analysis indicated
that antibiotic usage without a preced-
ing infection (OR 2.22) and infection
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without preceding antibiotic usage
were significantly more common in pa-
tients with OM compared to those with-
out OM (OR 3.35) (Suppl. Table S7).
Although similar trends were observed
in examining the combination of infec-
tion and antibiotic use, the result was
not statistically significant.

Discussion

This national myositis patient registry
study found an overall increase in res-
piratory infections and gastroenteritis
prior to IIM diagnosis in patients with
DM and PM compared to IBM, as well
as in those with the LD+ phenotype.
Pneumonia preceding diagnosis was
strongly associated with LD+ and OM,
which are forms of myositis frequently
accompanied by ILD.

Previous evaluation of environmental
exposures in the MYOVISION registry
identified differences in the association
of specific environmental factors with
clinical subgroups of IIMs. Ultraviolet
radiation exposure was more strongly
linked to DM, compared to PM and
IBM (11). Additionally, occupational
and hobby exposure to silica and heavy
metals has been more strongly associat-
ed with DM compared to IBM (12). In
the current study, respiratory infections
and gastroenteritis also emerged as en-

vironmental factors associated with DM
and PM in comparison to IBM. An in-
creasing prevalence of infections prior
to IIM diagnosis has also been reported
in paediatric cases. In a U.S. national
juvenile IIM (JIIM) cohort, infections
within 6 months prior to disease onset
were the most reported environmental
exposure, affecting 45% of the studied
population. Among these, respiratory
tract infections were the most prevalent,
accounting for 66% of all documented
infections, while gastrointestinal infec-
tions accounted for only 5% (18). It is
also possible that early manifestations
of IIM, such as fever, respiratory symp-
toms, or gastrointestinal complaints,
were initially misdiagnosed as infec-
tions. Such misclassification could have
contributed to an overestimation of the
frequency of infections during the pe-
riod preceding diagnosis.

We also found that respiratory infec-
tions and pneumonia frequently preced-
ed a diagnosis of IIM in patients with
LD+ and OM. ILD can precede clinical
myopathy in 7.2% to 37.5% of IIM pa-
tients (19-21). In ASyS cases, 53.6% of
patients present with ILD at the onset
of symptoms, while 48% of OM pa-
tients have ILD at diagnosis (22, 23).
Therefore, some patients with preced-
ing ILD could have been misdiagnosed
with or had an accompanying infectious
pneumonia. OM patients with PM and
DM were reported to have experienced
more severe infections compared to pa-
tients without OM from a large Span-
ish cohort (23). However, it remains
unclear whether these infections prior
to IIM diagnosis were complications
of the disease itself or environmental
triggers for developing phenotypes. We
also identified a higher association of
gastroenteritis and skin infections with-
in 1 year prior to diagnosis with LD+
patients compared to those without LD.
Infections may contribute to disease
onset, particularly in patients with lung
involvement, which is frequent in these
myositis phenotypes (3). Infections are
not only frequent preceding events, but
have also been identified as a predomi-
nant cause of death in patients with I[IM,
particularly within the first 18 months
after diagnosis (24). The lung and in-
testinal mucosa have been suggested as
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potential sites for the initiation of au-
toimmunity (25). Inflammation of the
respiratory tract, including respiratory
infections, can induce localised innate
immune responses, leading to the ex-
pression of autoantibodies that contrib-
ute to SARDs, such as RA (26). Previ-
ous studies have reported that patients
with preceding inflammatory lung dis-
eases, including pneumonia, tubercu-
losis, or sarcoidosis, have an increased
risk of developing myositis, particu-
larly in those with concurrent ILD (27).
Similarly, gastrointestinal infections
may alter the gut microbiota, triggering
autoimmunity through intestinal barrier
dysfunction and immune responses dis-
rupted by microbial metabolites, which
has been reported in SLE patients as
well as a mouse model system (28, 29).
Notably, in JIIM patients, gastroenteritis
was more frequent in myositis-specific
autoantibody negative patients within
1 year before diagnosis compared to
those with anti-MDAS autoantibodies
(10). These findings suggest that gut
microbiome dysbiosis could contribute
to the development or exacerbation of
myositis (30, 31). Skin infections may
compromise the skin barrier, potentially
increasing exposure to environmental
antigens and triggering autoimmune
responses. A case-control study found
an increased frequency of streptococcal
infections, including impetigo, in JDM
patients compared to matched controls
(32). However, skin infections have not
been associated with an increased risk of
IIM flares (33). A possibility is that skin
manifestations preceding myositis were
misdiagnosed as skin infections in LD+
patients, although skin infections were
not found to be associated with DM.

The overall frequency of antibiotic us-
age in the year before diagnosis among
IIM patients was approximately 35%.
Since some infections are treated with
antibiotics, we conducted multiple
analyses to account for potential con-
founding, adjusting for antibiotic usage
in infection-related analyses and ad-
justing for infections in antibiotic usage
analyses. No significant differences in
antibiotic usage were apparent among
clinical subgroups in this adult myositis
nationwide study, a finding consistent
with a previous national cohort study in
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JIIM (10). Across clinical and serologic
subgroups of JIIM, no significant dif-
ferences were observed in the frequen-
cy of antibiotic usage within one year
of diagnosis.

Patients with LD+ had higher odds of
experiencing infections treated with
antibiotics compared to patients with-
out LD. This association persisted even
after adjustment, suggesting a stronger
link between LD+ and infections re-
quiring antibiotics. Composite outcome
analysis further supported this trend,
showing LD+ patients were more likely
to have infections requiring antibiotics
before diagnosis. This was primarily
driven by preceding infections rather
than antibiotic use alone, suggesting in-
fections may contribute to LD+ patho-
genesis. These findings highlight infec-
tions as potential environmental factors
in the phenotype of LD+.

Infections potentially treated with anti-
biotics were not significantly associated
with OM even after adjusting for antibi-
otic usage. Similarly, the prevalence of
antibiotic usage showed no significant
association with OM, including after
adjustment for infections. However,
composite outcome analysis revealed a
notable pattern: antibiotic usage with-
out a preceding infection and infection
without prior antibiotic use were both
significantly more common in OM.
One possible explanation for the high
frequency of antibiotic use without re-
ported infections may be related to pre-
scription of antibiotics for conditions
not captured in the infection question-
naire, such as chronic sinusitis, dental
infections, or for prophylactic use. This
suggests that while infections poten-
tially treated with antibiotics may not
be a primary environmental factor for
OM, in certain clinical circumstances,
such as undiagnosed or subclinical in-
fections, non-infectious inflammatory
conditions requiring antibiotics, or dif-
ferences in healthcare utilisation, may
contribute to a role for both antibiotics
and infections in patients with OM. The
lack of statistical significance when
analysing the combined presence of
infection and antibiotic usage further
supports the complexity of this rela-
tionship, though this may also be due to
limited statistical power.

This study has several limitations. The
exposures were evaluated using self-
reported questionnaire data, which are
subject to recall bias, and were not able
to be confirmed through review of med-
ical records or through cultures or mi-
crobial testing. Although the response
rate in our study may appear low (22%),
it is comparable to or higher than typi-
cal response rates reported in communi-
ty-based postal surveys without follow-
up contacts, which often range from
7.5% to 10.5% (34). Disease severity
and patient self-awareness or advocacy
may have influenced participation in
the registry, potentially impacting our
results, and as such, the study popula-
tion may not fully represent the broader
spectrum of IIM. Because serum sam-
ples for myositis-specific autoantibod-
ies and muscle biopsy data were not
available, misclassification of some
phenotypes may have occurred, biasing
the results. Patients with PM were clas-
sified according to the Bohan and Peter
criteria, which were the validated crite-
ria in use at the time of the study was
conducted. This PM subgroup, howev-
er, may have included individuals with
other inflammatory myopathies, such
as immune-mediated necrotising myo-
pathy or ASyS. The LD+ group likely
included not only patients with ASyS,
but also those with anti-MDAS and
other myositis-specific autoantibodies.

To reduce recall bias, we restricted the
sample from MYOVISION to those
patients diagnosed within 10 years of
enrolment and primarily asked about
major infections. The timing of causal-
ly relevant exposures before symptom
onset and disease diagnosis remains
unclear. The median time from disease
onset to IIM diagnosis is typically less
than one year for DM and PM (5 months
for DM and 8 months for PM), while
IBM is considerably longer (41 months)
(35). Therefore, focusing on exposures
within one year prior to diagnosis was
considered appropriate for patients
with DM and PM to identify potential
triggers, while minimising recall bias.
However, for IBM, a longer time peri-
od may be relevant to illness, onset and
risk. Most studies suggesting infections
as risk factors for IIM have focused on
events occurring in close proximity to

Clinical and Experimental Rheumatology 2025



Infections preceding myositis / T. Ohnishi et al.

diagnosis, within 3 to 6 months before
symptom onset, or within one year of
diagnosis (10, 18, 36). However, a pre-
vious nationwide study on infections
preceding IIM sought to minimise the
risk of reverse causality by excluding
infections diagnosed within one year of
IIM diagnosis and including only those
infectious episodes greater than one
year prior to diagnosis (8). Therefore, it
is essential for future studies to further
assess which timeframe may present a
greater risk for developing IIMs.

In conclusion, our study identified pre-
ceding infections within one year prior
to IIM diagnosis that may vary among
clinical subgroups and were associ-
ated with adult-onset IIM phenotypes.
Specifically, we observed an increase
in respiratory infections and gastro-
enteritis in patients with DM and PM
compared to IBM, as well as in the
LD+ phenotype. Pneumonia was most
strongly associated with LD+ and OM,
while gastroenteritis and skin infections
were identified as novel associations in
LD+ patients. Prospective case-control
studies conducted in large, well-defined
clinical populations, with confirmation
of infections through medical records
and by molecular and/or serological
methods, are needed to further evalu-
ate the impact of infections on disease
risk, phenotype development, and clini-
cal outcomes. In addition, future stud-
ies should examine the association be-
tween specific autoantibodies and prior
infections.

Acknowledgements

We thank John McGrath for analytic
support and Lukasz Itert for database
management.

References

1. LUNDBERG IE, FUIIMOTO M, VENCOVSKY J
et al.: Idiopathic inflammatory myopathies.
Nat Rev Dis Primers 2021; 7(1): 86.
https://doi.org/10.1038/541572-021-00318-2

2. GALINDO-FERIA AS, NOTARNICOLA A, LUN-
DBERG IE, HORULUOGLU B: Aminoacyl-
tRNA synthetases: on anti-synthetase syn-
drome and beyond. Front Immunol 2022; 13:
866087.
https://doi.org/10.3389/fimmu.2022.866087

3. CONNOLLY CM, GUPTA L, FUJIMOTO M,
MACHADO PM, PAIK JJ: Idiopathic inflam-
matory myopathies: current insights and fu-
ture frontiers. Lancet Rheumatol 2024; 6(2):
el15-e127. https://

Clinical and Experimental Rheumatology 2025

10.

11.

12.

13.

14.

15.

doi.org/10.1016/S2665-9913(23)00258-2

. MILLER FW, LAMB JA, SCHMIDT J, NAGA-

RAJU K: Risk factors and disease mecha-
nisms in myositis. Nat Rev Rheumatol 2018;
14(5): 255-68.
https://doi.org/10.1038/nrrheum.2018.48

. CARDELLI C, TRENTIN F, FATTORINIF ef al.:

Environmental triggers for idiopathic inflam-
matory myopathies: unravelling the known
and unknown. Clin Exp Rheumatol 2025;
43(2): 186-92. https://
doi.org/10.55563/clinexprheumatol/0x 1gob

. CHE WI, LUNDBERG IE, HOLMQVIST M:

Environmental risks for inflammatory myo-
pathies. Rheum Dis Clin North Am 2022;
48(4): 861-74.
https://doi.org/10.1016/j.rdc.2022.07.001

. YAMAMOTO S, YOSHIDA A, GONO T, KUWA-

NA M: The role of environmental factors in
the development of idiopathic inflammatory
myopathies: a narrative review. Curr Rheu-
matol Rep 2023; 25(12): 264-75.

https://doi.org/10.1007/s11926-023-01076-5

. SVENSSON J,HOLMQVIST M, LUNDBERG IE,

ARKEMA EV: Infections and respiratory tract
disease as risk factors for idiopathic inflam-
matory myopathies: a population-based case-
control study. Ann Rheum Dis 2017; 76(11):
1803-8. https://
doi.org/10.1136/annrheumdis-2017-211080

.REED AM, YTTERBERG SR: Genetic and

environmental risk factors for idiopathic
inflammatory myopathies. Rheum Dis Clin
North Am 2002; 28(4): 891-916. https://
doi.org/10.1016/S0889-857x(02)00018-2
SCALABRINI JC, SCHIFFENBAUER AI, FAR-
HADI PN et al.: Environmental factors asso-
ciated with juvenile idiopathic inflammatory
myopathy clinical and serologic phenotypes.
Pediatr Rheumatol Online J 2022; 20(1): 28.
https://doi.org/10.1186/5s12969-022-00664-3
PARKS CG, WILKERSON J, ROSE KM et al.:
Association of ultraviolet radiation exposure
with dermatomyositis in a national myositis
patient registry. Arthritis Care Res (Hobo-
ken) 2020; 72(11): 1636-44.
https://doi.org/10.1002/acr.24086

PARKS CG, WILKERSON J, ROSE KM et al.:
Occupational and hobby exposures associ-
ated with myositis phenotypes in a national
myositis patient registry. Arthritis Care Res
(Hoboken) 2025; 77(1): 104-15.
https://doi.org/10.1002/acr.25032

FELDON M, FARHADI PN, BRUNNER HI et
al.: Predictors of reduced health-related
quality of life in adult patients with idiopath-
ic inflammatory myopathies. Arthritis Care
Res (Hoboken) 2017; 69(11): 1743-50.
https://doi.org/10.1002/acr.23224

BOHAN A, PETER JB: Polymyositis and der-
matomyositis (first of two parts). N Engl J
Med 1975; 292(7): 344-347. https://
doi.org/10.1056/nejm197502132920707
GRIGGS RC, ASKANAS V, DIMAURO S et al.:
Inclusion body myositis and myopathies.
Ann Neurol 1995; 38(5): 705-13.
https://doi.org/10.1002/ana.410380506

. FAGHIHI-KASHANI S, YOSHIDA A, BOZAN

F et al.: Clinical characteristics of anti-syn-
thetase syndrome: analysis from the classifi-
cation criteria for anti-synthetase syndrome
project. Arthritis Rheumatol 2025; 77(4):

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

477-89. https://doi.org/10.1002/art.43038
BERKOWITZ SA, TRAORE CY, SINGER DE,
ATLAS SJ: Evaluating area-based socioeco-
nomic status indicators for monitoring dis-
parities within health care systems: results
from a primary care network. Health Serv
Res 2015; 50(2): 398-417.
https://doi.org/10.1111/1475-6773.12248
RIDER LG, WU L, MAMYROVA G et al.
Environmental factors preceding illness onset
differ in phenotypes of the juvenile idiopathic
inflammatory myopathies. Rheumatology
(Oxford) 2010; 49(12): 2381-90.
https://doi.org/10.1093/rheumatology/keq277

.JI SY, ZENG FQ, GUO Q et al.. Predictive

factors and unfavourable prognostic factors
of interstitial lung disease in patients with
polymyositis or dermatomyositis: a retro-
spective study. Chin Med J (Engl) 2010;
123(5): 517-22.

KOREEDA Y, HIGASHIMOTO I, YAMAMOTO
M et al.: Clinical and pathological findings
of interstitial lung disease patients with anti-
aminoacyl-tRNA synthetase autoantibodies.
Intern Med 2010; 49(5): 361-69. https://
doi.org/10.2169/internalmedicine.49.2889
MARIE 1, HATRON PY, DOMINIQUE S,
CHERIN P, MOUTHON L, MENARD JF: Short-
term and long-term outcomes of interstitial
lung disease in polymyositis and dermato-
myositis: a series of 107 patients. Arthritis
Rheum 2011; 63(11): 3439-47.
https://doi.org/10.1002/art.30513

CAVAGNA L, TRALLERO-ARAGUAS E, MEL-
ONI F et al.: Influence of antisynthetase an-
tibodies specificities on antisynthetase syn-
drome clinical spectrum time course. J Clin
Med 2019; 8(11): 2013.
https://doi.org/10.3390/jcm8112013
NUNO-NUNO L, JOVEN BE, CARREIRA PE
et al.: Overlap myositis, a distinct entity be-
yond primary inflammatory myositis: A ret-
rospective analysis of a large cohort from the
REMICAM registry. Int J Rheum Dis 2019;
22(8): 1393-401.
https://doi.org/10.1111/1756-185x.13559
OPINC-ROSIAK AH, KULESZA EM, MIKO-
SINSKA AJ, BRZEZINSKA OE, MAKOWSKA
JS: Infections as a predominant cause of death
in adult patients with idiopathic inflamma-
tory myopathies. Clin Exp Rheumatol 2025;
43(2): 290-99. https://
doi.org/10.55563/clinexprheumatol/kcdmct
CHOI MY, COSTENBADER KH, FRITZLER
MJ: Environment and systemic autoim-
mune rheumatic diseases: an overview and
future directions. Front Immunol 2024; 15:
1456145.
https://doi.org/10.3389/fimmu.2024.1456145
FRIEDLANDER HM, FORD JA, ZACCARD-
ELLI A, TERRIO AV, CHO MH, SPARKS JA:
Obstructive lung diseases and risk of rheu-
matoid arthritis. Expert Rev Clin Immunol
2020; 16(1): 37-50. https://
doi.org/10.1080/1744666x.2019.1698293
HELMERS SB, JIANG X, PETTERSSON D et
al.: Inflammatory lung disease a potential
risk factor for onset of idiopathic inflamma-
tory myopathies: results from a pilot study.
RMD Open 2016; 2(2): e000342. https://
doi.org/10.1136/rmdopen-2016-000342
KALAYCI FNC, OZEN S: Possible role of dys-

1211



Infections preceding myositis / T. Ohnishi et al.

29.

30.

31.

biosis of the gut microbiome in SLE. Curr
Rheumatol Rep 2023; 25(12): 247-58.
https://doi.org/10.1007/s11926-023-01115-8
KHAN MF, WANG H: Environmental expo-
sures and autoimmune diseases: contribution
of gut microbiome. Front Immunol 2019; 10:
3094.
https://doi.org/10.3389/fimmu.2019.03094
BAE SS, DONG TS, WANG J et al.: Altered gut
microbiome in patients with dermatomyosi-
tis. ACR Open Rheumatol 2022; 4(8): 658-
70. https://doi.org/10.1002/acr2.11425
KOESTER ST, CHOW A, PEPPER-TUNICK E et
al.: Familial clustering of dysbiotic oral and
fecal microbiomes in juvenile dermatomy-
ositis. Sci Rep 2024; 14(1): 16158.

1212

32.

33.

34

https://doi.org/10.1038/s41598-024-27119-x
KOCH MJ, BRODY JA, GILLESPIE MM: Child-
hood polymyositis: a case-control study. Am
J Epidemiol 1976; 104(6): 627-31. https://
doi.org/10.1093/oxfordjournals.aje.al12347
MAMYROVA G, RIDER LG, EHRLICH A et al.:
Environmental factors associated with dis-
ease flare in juvenile and adult dermatomy-
ositis. Rheumatology (Oxford) 2017; 56(8):
1342-47.
https://doi.org/10.1093/rheumatology/kex 189

. SINCLAIR M, O’'TOOLE J, MALAWARAARA-

CHCHI M, LEDER K: Comparison of response
rates and cost-effectiveness for a community-
based survey: postal, internet and telephone
modes with generic or personalised recruit-

ment approaches. BMC Med Res Methodol
2012; 12: 132.
https://doi.org/10.1186/1471-2288-12-132

35. LILLEKER JB, VENCOVSKY J, WANG G et al.:

The EuroMyositis registry: an international
collaborative tool to facilitate myositis re-
search. Ann Rheum Dis 2018; 77(1): 30-39.
https://
doi.org/10.1136/annrheumdis-2017-211708

36. PACHMAN LM, LIPTON R, RAMSEY-GOLD-

MAN R et al.: History of infection before the
onset of juvenile dermatomyositis: results
from the National Institute of Arthritis and
Musculoskeletal and Skin Diseases Research
Registry. Arthritis Rheum 2005; 53(2): 166-
72. https://doi.org/10.1002/art.21071

Clinical and Experimental Rheumatology 2025



