
Occupational and Hobby Exposures Associated with Myositis 
Phenotypes in a National Myositis Patient Registry

Christine G. Parks, PhD1, Jesse Wilkerson, BS2, Katherine M. Rose2,*, Abdullah Faiq, MD 
MPH3, Payam N. Farhadi, MD3, Nastaran Bayat, MD3, Adam Schiffenbauer, MD3, Hermine I. 
Brunner, MD MSc MBA4, Bob Goldberg, BA5, Dale P. Sandler, PhD1, Frederick W. Miller, MD 
PhD3, Lisa G. Rider, MD3

1National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health (NIH), 
Durham, NC

2Social & Scientific Systems, Durham, NC

3NIEHS, NIH, Bethesda, MD

4Cincinnati Children’s Medical Center, Cincinnati, OH

5The Myositis Association, Columbia, MD.

Abstract

Objective: To investigate occupational and hobby exposures to silica, solvents, and heavy metals 

and odds of idiopathic inflammatory myositis (IIM) phenotypes, dermatomyositis (DM) and 

polymyositis (PM) versus inclusion body myositis (IBM), lung disease plus fever or arthritis 

(LD+), and systemic autoimmune rheumatic disease-overlap myositis (OM).

Methods: The sample included 1390 patients (598 DM, 409 PM, and 383 IBM) ages ≥18 years 

from a national registry. Of these, 218 (16%) were identified with LD+, i.e., self-reported lung 

disease with fever and/or arthritis, and 166 (12%) with OM. Questionnaire data on jobs, hobbies, 

and exposures before diagnosis were evaluated using a rules-based protocol and expert assessment 

of silica dust, solvents, and heavy metals exposure. We calculated adjusted odds ratios (OR) and 

95% confidence intervals (CI) and explored joint effects with smoking.

Results: High silica exposure was associated with an increased odds of having DM 

(OR=2.02; 95%CI 1.18–3.46, compared to no exposure; p-trend=0.004), LD+ (1.75; 1.10–2.78; 

p-trend=0.005, versus no LD), and OM (2.07; 1.19–3.61; p-trend=0.020). Moderate to high heavy 

metals exposure was associated with greater odds of having LD+ (1.49; 1.00–2.14; p-trend=0.026) 

and OM (1.59; 0.99–2.55, p-trend=0.051). Greater odds of LD+ were seen among smokers with 

moderate to high silica exposure versus non-smokers with low or no exposure (high-certainty 

assessment, 2.53; 1.31–4.90; p-interaction=0.061).
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Conclusion: These findings, based on a systematic exposure assessment, suggest that 

occupational and hobby exposures to silica and heavy metals contribute to adult IIM phenotypes, 

including DM, OM, and LD+, a possible marker for anti-synthetase or other autoantibody-

associated lung disease.
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Introduction

The idiopathic inflammatory myopathies (IIM), including three classical phenotypes 

dermatomyositis (DM), polymyositis (PM), and inclusion body myositis (IBM), are rare 

systemic rheumatic autoimmune diseases (SARDs) characterized by muscle weakness, 

distinctive autoantibodies and clinical features (1–3). Interstitial lung disease (ILD), 

accompanied by arthritis and fever, is a defining feature of the anti-synthetase syndrome 

(ASynS), a severe phenotype seen in up to 25% of adult patients (4–6). Overlap myositis 

(OM), occurring with other SARDs, is another recognized phenotype associated with ILD, 

Raynaud’s, arthritis, and dysphagia, with implications for therapies and relapse (7–9).

Genetic risk factors have been identified for IIM, ASynS, and OM (10–12), but little is 

known about environmental risk factors for IIM and IIM phenotypes (13–15). Studies have 

shown risk of SARDs associated with occupational exposures. Respirable silica dust, from 

rock, sand, and derivative products, is one of the best-known occupational risk factors for 

rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and scleroderma/systemic 

sclerosis (SSc) (16–20). Solvents and metals have also been associated with SARDs (16, 17, 

21, 22). Limited data suggests a role for respirable occupational exposures in IIM, especially 

among patients with ASynS (7, 18, 3). In a large trans-national European myositis registry, 
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patients with the IBM and ILD phenotypes were more likely than other IIM patients to 

have prior exposure to environmental toxins, including asbestos, silica, fiberglass, solvents, 

or coal dust (7). Most studies of environmental risk factors for IIM and ASynS, have been 

relatively small, lacked details on exposure assessment, and did not consider gender or 

hobby exposures, limiting their interpretation.

To address these research gaps, we evaluated occupational and hobby exposures to silica, 

solvents, and heavy metals using a systematic expert review and rules-based exposure- 

assessment in 1390 adults from MYOVISION, a national myositis patient registry in 

the United States (U.S.) (24–26). We investigated associations of these exposures with 

phenotypic differences among IIM patients, including the classical IIM subgroups (DM 

and PM versus IBM), and IIM-associated symptoms of lung disease plus fever or arthritis 

(LD+), as a proxy for ASynS or other myositis autoantibody-associated lung disease, and 

OM phenotypes. Given prior evidence of stronger associations of silica with SARDs and 

ILD among smokers and interactions of smoking with other inhaled exposures (16, 27, 28), 

we also evaluated effect modification by smoking.

Methods

Population and Sample

The design and sample for MYOVISION, a U.S. national myositis patient registry, 

have been described previously (26). Participants were recruited through The Myositis 

Association, and specialty physicians and clinics. The study was approved by institutional 

review boards at Cincinnati Children’s Medical Center and the National Institutes of Health. 

Written informed consent was obtained from all participants. Most data were collected by 

mailed questionnaires, except for 18% who enrolled online; 85% of participants completed 

telephone interviews to clarify or fill-in missing data. Questions included disease-related 

information, demographics, and occupational and hobby exposures prior to IIM diagnosis 

(26).

Of 1956 individuals who returned questionnaires, 1806 met probable or definite Bohan and 

Peter criteria for DM or PM, or Griggs’ criteria for possible IBM (29, 30); Diagnoses were 

confirmed for 105 (87%) of 121 who were patients at the NIH (26). The current study 

sample was limited to 1390 patients diagnosed at ages ≥18 years, who reported ≥1 full- or 

part-time paid or unpaid job for ≥1 year and ≥10 hours per week before their IIM diagnosis. 

This included 598 DM, 409 PM, 383 IBM patients; 218 were identified with LD+, and 166 

met criteria for OM.

Data collection

Questions used to define disease phenotype are presented in the Appendix. In addition to 

defining questions on the classical IIM phenotypes, patients were asked about the main 

problems experienced with their myositis, including joint swelling, fever, and lung disease 

(LD) causing chronic cough or shortness of breath. We defined symptoms of LD+ as 

a phenotype including LD plus joint swelling (hereafter called “arthritis”) and/or fever. 

Patients were also asked if they had been diagnosed with one or more of 4 SARDs, i.e., 
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RA or juvenile idiopathic arthritis (JIA), SLE, and SSc, used to define OM. Covariate data 

included diagnosis age, gender, race/ethnicity, and smoking history.

Occupational and hobby-related questions are listed in the Appendix. These included paid 

or unpaid, for ≥1 year and ≥10 hours per week, (prior to diagnosis with myositis) for 12 

types of jobs and factory work, with 7 specific factory types, write-in option for “other” 

factory jobs, and whether work was in production or an office. Patients were asked about any 

other job they wished to report, which was updated to include longest-held job in telephone 

interviews completed by 85% of participants. Questions on hobbies included gardening, 

painting, outdoor sports/activities, and a write-in option for “other hobbies”. Other questions 

asked about exposures from jobs or hobbies, including silica dust (i.e., from rock, sand, clay, 

tile, or brick), solvents (e.g., gasoline, lubricating oils, or other petroleum products; benzene, 

toluene,, dyes/inks, paint thinners, stains/ varnishes, glues/adhesives), metals (e.g., mercury, 

cadmium), and hours per week, months per year, and years started and stopped.

Exposure assessment

Methods followed a gold standard approach in occupational epidemiology, using a 

systematic rules-based protocol (25). Blinded to demographic and clinical phenotypes, 

expert reviews of self-reported occupation and hobby questionnaire data were performed 

by 2 occupational epidemiologists (CP and CR), and an MPH student (AF), rating potential 

exposure to crystalline silica, metals, and solvents. Exposures and write-in data on factory 

work, longest held job (or, other job, for 15% who did not complete telephone interviews), 

and other hobbies, were evaluated using custom job/hobby-exposure matrices, supported by 

industrial hygiene literature and using reported hours per week to rank potential exposure 

intensity (i.e., high, moderate, low, or no exposure) and certainty of assessment (i.e., high or 

low certainty based on all available evidence; see Appendix). Differences among reviewers 

were resolved by consensus, supported by additional industrial hygiene reviews to achieve 

final agreement. A ranking was assigned based on the highest intensity exposures prior to 

diagnosis. Patients with different data sources from non-overlapping periods were assigned 

the highest intensity ratings.

Analysis

We examined frequencies and associations across classical disease subgroups, and LD+ and 

OM phenotypes, overall and stratified by gender. Multinomial logistic regression models 

with a generalized logit link function were used to calculate the odds of exposure associated 

with the disease subgroups (DM or PM) to the referent subgroup (IBM). Binary logistic 

regression models calculated the odds of exposure associated with the phenotypes LD+ and 

OM. All models were adjusted for age and gender and were run on the overall sample 

and limited to those with high certainty ratings. Some exposure levels were combined to 

achieve sufficient cell sizes (e.g., moderate/high heavy metals exposure) or groupings of 

high/moderate versus low/no for the joint effects of smoking and silica (differences by 

smoking were also explored for solvents and metals). Effect modification was evaluated, 

including a product term in a model that included smoking and the exposure (results shown 

for high certainty ratings).
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We explored additional gender-stratified analyses, and considered an additive score of 

high certainty silica, metals, and solvent exposure, in two sets of models (1) adjusting 
for smoking and previously identified occupation or hobby-associated ultraviolet radiation 

(UV) exposure (25), and (2) adding smoking and the UV variables to the other exposures. 

Analyses were performed using SAS (version 9.4, Cary, NC, U.S.A.).

Results

Sample characteristics and self-reported exposures.

Patient ages ranged from a median of 47 years for DM and PM, to 62 years for IBM 

(Table 1). DM and PM patients were predominantly female (83% and 74%, respectively), 

while 60% of IBM patients were male, and most reported non-Hispanic white race/ethnicity. 

Symptoms of LD+ were reported by 22% of DM, 18% PM, and 4% IBM patients, while 

OM was seen in 14% of DM, 15% PM, and 5% of IBM patients. Most DM and PM patients 

(65%) were never smokers, versus 51% of IBM. Self-reported job or hobby exposure 

to silica was similar across subtypes (8–10%). Solvent-related exposures were commonly 

reported (11–19%), while heavy metal exposures were less common (6–9%).

The median age of patients with LD+ and OM was 47 years; 80–85% were female (Table 

2). Patients with LD+ included 12% with RA/JIA (97% with onset>16 years of age), 7% 

SLE, and 6% SSc, while 28% of OM patients had LD+. Most LD+ and OM patients were 

non-smokers (59–61%). Self-reported silica and heavy metals exposures were highest (12%) 

in LD+, while OM patients reported greater use of paints or paint thinners (22%).

Associations of exposures with myositis phenotypes

Based on expert assessment, silica exposure was strongly associated with having DM versus 

IBM (OR=2.02: 95%CI 1.18–3.46 for high intensity versus no exposure; p-trend=0.004), 

overall, and for the high certainty exposure assessment (2.44:1.26–4.74; p-trend=0.011; 

Table 3). An elevated odds of PM versus IBM was associated with high intensity silica 

exposure (1.58:0.92–2.70; p-trend=0.077). DM patients were less likely than IBM patients 

to have solvent exposure (e.g., low-level exposure 0.58:0.34–1.00). Low exposure to heavy 

metals was associated with DM versus IBM, but only for high certainty ratings (3.10:1.15–

8.38), and no association was seen for moderate or higher exposures. Similar, attenuated 

associations were seen for PM with solvents and metals exposure.

The odds of having LD+ versus no LD were greater among those with high intensity 

silica exposure (overall, OR=1.75: 95%CI 1.10–2.78, p-trend=0.005; high certainty, 

2.03:1.15–3.60, p-trend=0.037; Table 4). When limited to DM and PM, results were 

slightly attenuated (high exposure, 1.53:0.94–2.50p-trend=0.029). High intensity solvent 

exposure was associated with LD+ among DM or PM patients (overall, 1.61:1.01–2.57, 

p-trend=0.054; high certainty, 1.61:0.96, 2.70; p-trend 0.072). Moderate to high metals 

exposure was also associated with LD+ (overall, 1.49;1.00–2.24, p-trend=0.026; high 

certainty, 2.63; 1.46–4.73, p-trend=0.003). Limiting to DM and PM patients, findings 

were similar (overall, 1.43;0.93–2.18; p-trend=0.44; high certainty, 2.46; 1.33–4.53, p-

trend=0.010.)
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The odds of OM were greater for those with high intensity silica exposure (overall, 

2.07:1.19–3.61, p-trend=0.020; high certainty 2.75:1.37–5.50; p-trend=0.008; Table 5). 

Odds of OM were not associated with solvent exposure but were elevated for moderate 

to high metals exposure (1.59; 0.99–2.55, p-trend=0.051), although this was attenuated when 

limited to high certainty exposure ratings (1.16:0.56–2.40, p-trend=0.536).

Joint associations of exposures and smoking

Compared to non-smokers with low or no silica exposure, the odds of DM or PM (versus 

IBM) were greater among smokers with high or moderate silica exposure (OR=2.79:95%CI 

1.31–5.94 for DM; and 2.07:0.96–4.47 for PM), but interactions were not significant 

(interaction p=0.347 and 0.175; Figure 1). The odds of LD+ were greater for smokers with 

high/moderate silica exposure, versus non-smokers with low/no exposure (OR=2.53:95%CI 

1.31–4.90) but were not higher among silica-exposed non-smokers (1.13:0.64–1.98; 

interaction p=0.061). The joint effects of high/moderate silica exposure and smoking on 

OM were less apparent (1.74:0.78–3.90) versus non-smokers with low/no silica exposure 

(interaction-p=0.560).

We saw no interactions of smoking with solvents (Supplemental Figure 1) or heavy metals 

exposures on myositis phenotypes (Supplemental Figure 2). Patients with high/moderate 

solvent exposure and smoking had greater odds of having LD+ (1.96; 1.17–3.28) compared 

with non-smokers with low/no solvent exposure, while the odds of LD+ were higher among 

those with heavy metals exposure regardless of smoking (moderate/high versus low/no: 

smokers, 3.65:1.70–7.88; non-smokers, 2.33:1.11–4.89).

Gender-stratified analyses

Distributions of age and race/ethnicity of myositis subgroups, and LD+ or OM were similar 

to overall frequencies by gender (Supplemental Table 1). Smoking (current or past) ranged 

from 29% among female PM patients to 57% among males with LD+. Occupational or 

hobby-related silica exposures were reported by 6–11% of female patients and 12–16% 

of males. Solvent-related exposures ranged from 7–13% of female patients to 27–40% of 

males, while heavy metals-related exposures were reported by 4–11% of females and 9–24% 

of males. The top jobs among male patients were in construction/roadbuilding (28% of DM 

and 27% LD+), while housekeeping/janitorial work was most frequently reported among 

females (13% of DM and 14% LD+; Supplemental Table 2).

More than a third of males had high intensity silica exposure (32% of IBM to 44% of PM; 

Supplemental Tables 3.1 and 3.2). Males showed no associations of high silica exposure 

with DM (versus IBM) (Supplemental Table 3.1); however, ORs increased after adjustment 

for solvent exposure (high silica, OR 2.41:95%CI 0.90–6.42). In male LD+ patients, 48% 

had high silica exposure, and 70% had moderate/high metals exposure; however, ORs were 

not calculated due to a lack of unexposed patients. Similarly in OM, all male patients had 

exposure to silica and solvents, and none were unexposed. Thus, we conducted a secondary 

analysis combining low and no-exposure categories for all exposures in males and females 

(Supplemental Table 3.2). In males, high silica exposure was associated with increased odds 

of LD+ (2.09: 0.98–4.48, compared with low/no exposure), as was high/moderate heavy 
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metals exposure (2.03: 1.01–4.07). No significant ORs were seen for OM. In females, high 

silica exposure was more frequent in DM (14%) versus IBM (7%) patients (2.90:1.22–6.89, 

versus no exposure), and high silica exposure was associated with OM (18% exposed; 

2.03:1.11–3.71; Supplemental Table 3.1), while high solvent exposure was associated with 

LD+ (22% exposed; 1.67: 1.03–2.71). Most associations were similar in females when low 

exposure was included in the referent group (Supplemental Table 3.2). However, a stronger 

association was seen for high/moderate heavy metals exposure and LD+ (2.03: 1.01–4.07).

Multiple exposures

Cumulative exposures to silica, solvents, and heavy metals (dichotomous variables for 

high/moderate versus low /no exposure) are listed in Supplemental Table 4. Adjusting for 

smoking and occupational and/or hobby UV-exposure (previously associated with DM in 

this sample) (25), we saw no increased odds of DM or PM (versus IBM), or of OM, 

among those with 2–3 high/moderate exposures versus none. Greater odds of LD+ were 

associated with having 2–3 elevated exposures (overall, OR=2.14; 95%CI 1.35–3.41), both 

in males (2.95: 1.18–7.39) and females (1.84: 1.03–3.31). Next, considering the sum of these 

5 exposures (i.e., silica, solvents, metals, plus smoking and UV exposure), having more 

exposures (3–5) was not associated with greater odds of DM or PM, nor OM. But the odds 

of LD+ associated with 3–5 exposures was elevated overall (2.80: 1.64–4.77) and in females 

(2.31: 1.12–4.77).

Discussion

In this large nationwide U.S. registry study, we provide novel evidence of IIM phenotypes 

associated with silica, solvents, and heavy metals exposure from jobs and hobbies using 

a systematic exposure assessment protocol combining rules-based approach and expert 

review to assign levels of exposure intensity and certainty of assessment. Our results 

showed that high intensity silica exposure increases the odds of having DM (vs. IBM), 

and the LD+ and OM phenotypes, and suggest that exposures to metals and solvents may 

also contribute to symptoms of LD+, a potential indicator of ASynS and other myositis 

autoantibody-associated LD, severe IIM phenotype (4,5). These differences among IIM 

phenotypes are notable, given prior evidence of silica and other respiratory occupational 

exposures associated with SARDs and idiopathic ILD (15–18, 20, 21, 31), supporting the 

need for future research comparing different IIM phenotype to population controls.

Within the classical IIM phenotypes, robust results were seen for silica associated with DM 

(vs. IBM), with a significant trend for more intense exposures. Silica exposure has been 

considered as a potential risk factor for DM (15), and in a study of construction workers (a 

traditional “dusty trade” industry, silica dust exposure was associated with hospitalization 

with DM, SLE or SSc (32). In the current study, silica exposure was associated with 

DM among female patients, who infrequently worked in dusty trades like roadbuilding or 

construction. We highlight potential silica exposures in other occupations, for example in 

dental laboratories in the Appendix. Females also showed greater odds of DM associated 

with high/moderate metals exposure (vs. IBM). An association was also seen for silica and 

PM (vs. IBM), though confidence intervals included the null. We saw no increased ORs 
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for DM or PM, and some were inversely associated with greater solvent exposure versus 

IBM, which could have contributed to a lack of apparent exposure response when multiple 

exposures were considered. Another reason for the lack of stepwise increases for DM could 

be confounding or conflicting effects of jobs with multiple co-exposures.

Interstitial Lung Disease, such as in ASynS, represents one of the more severe IIM 

phenotypes (33). While we lacked data on clinically diagnosed ASynS and other ILD, our 

findings showed that most silica-associated symptoms of LD reported by patients in relation 

to their myositis diagnosis occurred among smokers. Heavy metals were associated with 

LD+ regardless of smoking. A role of metals in ILD has been described (34, 35). Metal 

fumes often include both heavy metals, as well as hard metals, so further investigation is 

warranted to determine potential causal agents. In gender-stratified analyses, most males 

with LD+ had at least one of the exposures examined (silica, solvents, or metals), and we 

saw greater odds of LD+ associated with having more than one of these exposures, adjusting 

for smoking and UV exposure. In females, the odds of LD+ were increased when multiple 

exposures also included smoking and occupational or hobby UV-exposure. These findings 

support the need to consider diverse occupational risk factors for ILD phenotype in all 

patients, regardless of gender.

Within this cohort of IIM patients, we saw associations of silica exposures with the OM 

phenotype, which is notable given prior literature on silica and other SARDs (16–20). 

OM was also reported by 1 in 5 patients with LD+; ILD has been seen in other SARDs 

(36),and in OM with SSc has been associated with severe outcomes (37). These overlap 

phenotypes may represent heterogenous conditions and warrant specific autoantibody and 

clinical characterizations in future studies.

Mechanisms by which silica could impact DM, ASynS and OM phenotypes, may follow a 

shared initial pathway. Intense respirable exposures (i.e., very small particles inhaled into 

the deep alveolar spaces of the lung) may lead to accumulation in the lung parenchyma 

and associated lymph nodes. Some individuals may develop a fibrotic response in the 

lung, while silica accumulation may also lead to increased apoptosis of immune cells 

attempting to remove the foreign body, leading to release of self-antigens in an inflammatory 

milieu, triggering and promoting the development of autoantibodies (38, 39). Silica is not 

destroyed, thus perpetuating a cycle of immune activation and local inflammation. The rare 

intersection of silicosis and IIM provides a classic example of this process (40). Our findings 

for LD+ also support the idea that smoking interacts with silica exposure to contribute 

to the ASynS phenotype. Potential synergistic effects of smoking and silica on the risk 

of ILD are supported by experimental studies showing enhanced toxicity of silica in the 

context of smoking (41, 42). Other silicates may contribute to IIM phenotype. For example, 

individuals exposed to Libby asbestiform amphiboles, an amorphous fibrous silicate, had 

more myositis-related autoantibodies (anti-Jo1, -PM100, -NXP2, and -Mi2a autoantibodies) 

than individuals exposed to chrysotile asbestos (43). Mechanisms by which respiratory 

metals impact ASynS may share some features as silica exposure, as well as unique effects 

of specific metals (34, 35). Growing experimental evidence shows that stimulation of type 

I interferon (IFN-1) genes may play a key role in silica-induced pulmonary inflammation 

(44). A single acute dose of silica was associated with upregulated IFN-1 signaling genes in 
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a lupus model (45), providing a potential pathway by which silica exposure may play a role 

in DM pathogenesis relative to IBM, where IFN-1is not prominent (46).

Our findings are strengthened by the large national sample and inclusion of patients with 

diverse histories of paid and unpaid work, the detailed occupational and hobby exposure 

data, and systematic exposure assessment protocol, blinded to clinical and demographic 

data, which increased both sensitivity and specificity by integrating multiple types of data 

on jobs, hobbies, tasks, and exposures (47). Our protocol combined a “gold standard” expert 

assessment of write-in data on other factories, jobs, and hobbies and a rules-based approach 

to evaluate exposure intensity (48), assigning certainty ratings to further increase specificity. 

We focused on maximal or peak potential exposure intensity, hypothesizing that intense 

exposures were more likely to trigger disease. Cumulative exposures and latency were not 

examined due to the complexity of summarizing exposures across multiple jobs with varying 

exposure and certainty levels. A study of RA and multiple inhaled occupational exposures, 

including silica, found that duration was less clearly associated with disease risk than 

having multiple exposures (16). Our findings for additive scores across the three exposure 

types and an interaction of smoking with silica are consistent with this idea. Like another 

study showing IBM patients had greater exposure to asbestos, silica, fiberglass, solvents, 

or coal dust compared with other IIM patients (7), we saw somewhat greater reporting 

of specific exposures and high intensity exposures ratings among IBM patients. However, 

after adjusting models for age and gender we found greater odds of DM associated with 

silica exposure compared with IBM. Gender is an important determinant of IIM phenotype, 

job history, and exposures at work, so we also conducted stratified analyses to consider 

gender-patterned exposure frequencies and sources, which warrants greater attention in 

future studies, given female predominance in many SARD, including DM and PM.

This study has some limitations. Our sample included patients who were healthy enough 

to participate and may not be generalizable to clinic populations or patients with 

difficult management and poorer outcomes, such as SSc-overlap, which comprised a larger 

proportion of OM in the European registry (7). Genetic and environmental factors may 

contribute to diverse causal pathways; thus, more detailed clinical and myositis autoantibody 

characterization and genotyping may help identify unique or specific risk factors for 

different IIM phenotypes, as recently described for RA (13, 49). Conversely, evaluating 

risk factors across phenotypes may suggest common pathways, as the silica association with 

DM, LD+, and OM. While the IIM phenotypes in our study were based on self-report, 

their frequencies, relative distributions, and associated demographics are reassuringly like 

other studies, including a trans-European clinical registry (7, 8). The exposure associations 

with LD+ need to be confirmed in a clinical cohort with evaluation of ILD and testing 

for anti-synthetase autoantibodies, as well as other subgroups, including anti-MDA5 and 

myositis-associated autoantibodies (4).

Throughout their lifetime, individuals may be exposed to many different types of 

occupational exposures, including complex mixtures. We did not assess a broader range of 

inhaled exposures (e.g., wood dust or fumes), focusing instead on deep information for three 

specific exposures, while exploring interactions with smoking and simple additive models 

to consider multiple exposures, which also included occupational/hobby UV-exposure and 
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smoking. Our assessment protocol was limited by self-reported data, subject to recall error 

and misclassification; participants enrolled on average 9 years after diagnosis, though this 

did not vary by disease type – minimizing the influence of differential recall (26). Our 

assessment integrated multiple types of data evaluated by established population-based job 

exposure matrices, additional questionnaire data, and industrial hygiene literature reviews. 

However, future studies using prospective data may benefit from combining traditional 

epidemiologic exposure data with exposure biomarkers to better characterize a patient’s 

“exposome” (50). Occupational exposures may be related to socioeconomic factors, and this 

study lacked individual data on socioeconomic status, e.g., education or income; but residual 

confounding would impact results only if these factors were strongly related to disease 

phenotype.

Due to a lack of population controls, our study could not directly evaluate the association of 

exposures with IIM risk. These findings do not imply causal associations with onset of any 

specific phenotype – rather the development of one phenotype versus another. Although the 

frequencies of occupations (e.g., construction/roadbuilding) followed expected differences 

by gender, comparisons in this volunteer registry to population data were limited by inherent 

differences in the registry compared to other types of surveys. Differences in questionnaire 

data and coding precluded comparisons with the National Health and Nutrition Examination 

Survey, for example, which has standardized occupational coding data on longest held 

job, and a specific question including broader range of mineral dusts (e.g., also including 

concrete, asbestos, coal, and soil) than queried in our survey (51). Population-based or 

occupational cohort studies of IIM are needed to replicate the findings for silica and other 

SARD, such as RA and SLE. Results for PM should be cautiously interpreted, as the 

classical clinical diagnosis of PM is being questioned based on new autoantibody and 

muscle pathology data, suggesting a lower prevalence and misclassification of historically 

diagnosed cases (52). Alternative diagnoses may include OM, immune-mediated necrotizing 

myopathy, and the ASynS phenotypes based on new classification criteria (1, 2).

Our analyses of major IIM phenotypes comparing DM and PM with IBM, assume 

underlying etiologic differences. As the most common myopathy in patients over age 45 

to 50 years, IBM manifests distinct clinical and pathologic features (53, 54). Genetic 

differences and autoantibodies may help to distinguish IBM from DM/PM, e.g., in the 

HLA-region and other genes (4, 10, 54). We did not find prior studies of occupational 

risk factors for IBM. he inverse associations of solvents with DM could reflect a positive 

association of solvents with IBM (versus DM), and warrants further consideration, given the 

high prevalence of solvent exposure reported by IBM patients.

In conclusion, using detailed data collection and a systematic exposure assessment in a 

large national myositis registry, our results indicated robust associations of silica with DM 

and OM phenotypes and multiple exposures associated with LD+. Prospective studies are 

needed in large well-defined clinical populations, including a healthy control group from the 

general population, to evaluate the impact of past and ongoing occupational exposures on 

disease and phenotype risks and outcomes. These findings support taking a comprehensive 

occupational history among patients to determine potential risks and opportunities for 

mitigation.
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Significance and Innovations

• In a large myositis patient registry, using a systematic expert exposure 

assessment, we examined associations of phenotype (subgroup, lung disease, 

and overlap myositis) with occupational and hobby exposures to silica, 

solvents, and metals.

• Occupational silica exposure was associated with dermatomyositis, overlap 

myositis, and having symptoms of lung disease plus fever or arthritis, 

a potential marker of anti-synthetase syndrome and other myositis 

autoantibody-related interstitial lung disease.

• Lung disease plus fever or arthritis was more strongly associated with silica 

dust among smokers and was also associated with heavy metals and solvent 

exposures.

• These findings may assist clinicians in identifying at-risk patients for early 

preventive or mitigation therapies.
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Figure 1. 
Associations of myositis phenotypes with silica: joint effects of high certainty occupational 

exposures with smoking

Odds Ratios (OR) and 95% Confidence Interval (CI) are calculated by logistic regression, 

adjusted for age and gender. Models testing interaction also included a variable for smoking, 

the main exposure (silica), and a product term for smoking X exposure. Interaction P-value 

(Pint)=0.061 for LD+ is considered statistically significant. All other interaction p-values 

were considered non-statistically significant, with Pint>0.10.

Abbreviations: OR, Odds Ratio; 95% CI, Confidence Interval; DM, Dermatomyositis; PM, 

Polymyositis; IBM, Inclusion Body Myositis; LD+, LD+, lung disease symptoms related 

to myositis diagnosis plus fever and/or arthritis; No LD, no lung disease symptoms, also 

without fever or arthritis; OM, Overlap Myositis.
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Table 1.

Characteristics and self-reported exposures of 1390 adult-onset myositis patients in the MYOVISION registry 

by clinical subgroup.

IBM N=383 DM N=598 PM N=409

Characteristic N (%) N (%) N (%)

Diagnosis age, years – Median [IQR] 62 [55, 68] 47 [38, 54] 47 [38, 56]

Gender

Female 152 (40) 497 (83) 303 (74)

Male 231 (60) 101 (17) 106 (26)

Race/Ethnicity

Non-Hispanic White 362 (95) 518 (87) 335 (83)

Non-Hispanic African 10 (3) 27 (5) 42 (10

American 7 (2) 20 (3) 8 (2)

Hispanic American 4 (1) 33 (6) 24 (6)

Other/multiple

Lung Disease + (LD+)*

Yes 15 (4) 129 (22) 74 (18)

LD Only 44 (11) 51 (9) 49 (12)

No LD 324 (85) 418 (70) 286 (70)

Overlap Myositis (OM)†

RA/JIA 14 (4) 44 (7) 34 (8)

SLE 4 (1) 39 (7) 17 (4)

SSc 0 (0) 20 (3) 15 (4)

Smoking Status

Current 20 (5) 49 (8) 30 (7)

Former 167 (44) 159 (27) 111 (27)

Never 195 (51) 386 (65) 264 (65)

Missing 1 4 4

Job/Hobby Exposures‡

Silica dust (sand or rock) 37 (10) 46 (8) 33 (8)

Solvents 73 (19) 67 (11) 65 (16)

Gasoline/petroleum 96 (25) 81 (14) 72 (18)

Paints, paint thinners 73 (19) 108 (18) 67 (16)

Stains, varnishes 57 (15) 64 (11) 36 (9)

Dyes or inks 26 (7) 45 (8) 37 (9)

Heavy metals 36 (9) 40 (7) 23 (6)

Abbreviations: IBM, Inclusion Body Myositis; DM, Dermatomyositis; PM, Polymyositis; IQR, interquartile range; LD, Lung Disease; LD+, 
symptoms of lung disease plus arthritis and/or fever; RA, rheumatoid arthritis; JIA, juvenile idiopathic arthritis; SLE, systemic lupus 
erythematosus; SSc, scleroderma/systemic sclerosis.

*
LD+ defined as self-reported symptoms of lung disease plus fever and/or arthritis. LD-only are 144 patients reporting symptoms of lung disease 

without fever or arthritis. LD-only are 144 patients reporting symptoms of lung disease without fever or arthritis.
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†
Overlap Myositis (12% of total cases) with a diagnosis of IIM and one or more of these four systemic autoimmune rheumatic diseases: RA or JIA, 

SLE, and SSc.

‡
Self-reported exposures at jobs or hobbies before myositis diagnosis. Silica dust specified as dust from sand, rock, clay, tile, or brick. Solvents 

specified included benzene, toluene, xylene, naphthalene, trichloroethylene (TCE), tetrachloroethylene (PERC), and Solvene; Heavy metals 
specified were mercury and cadmium.
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Table 2.

Characteristics and self-reported exposures of 1390 adult-onset patients in the MYOVISION registry, by lung 

disease plus arthritis and/or fever, and overlap myositis phenotypes.

LD+* Overlap Myositis†

No LD N=1,028 Yes N=218 No N=1224 Yes N=166

Characteristic N (%) N (%) N (%) N (%)

Age, years - Median [IQR] 52 [41, 61] 47 [38, 56] 52 [42, 61] 47 [39, 54]

Gender

Female 689 (67) 174 (80) 811 (66) 141 (85)

Male 339 (33) 44 (20) 413 (34) 25 (15)

Race/Ethnicity

Non-Hispanic White 918 (89) 176 (81) 1,073 (88) 142 (85)

Non-Hispanic Black 42 (4) 25 (11) 64 (5) 15 (9)

Hispanic 27 (3) 4 (2) 32 (3) 3 (2)

Other/multiple 41 (3) 13 (6) 55 (4) 6 (4)

LD+*

Yes 0 (0) 218 (100) 172 (14) 46 (28)

No LD 1,028 (100) 0 (0) 922 (75) 106 (64)

Overlap myositis†

RA/JIA 58 (6) 26 (12) 0 (0) 92 (55)

SLE 40 (4) 15 (7) 0 (0) 60 (36)

SSc 20 (2) 12 (6) 0 (0) 35 (21)

Smoking status

Current 65 (6) 21 (10) 82 (7) 17 (10)

Former 321 (32) 69 (32) 389 (32) 48 (29)

Never 633 (62) 128 (59) 744 (61) 101 (61)

    Missing 9 0 9 0

Self-reported exposures‡

Silica dust 81 (8) 26 (12) 101 (8) 15 (9)

Solvents 144 (14) 40 (18) 185 (15) 20 (12)

Gasoline/petroleum 176 (17) 38 (17) 225 (18) 24 (15)

Paints, paint thinners 177 (17) 43 (20) 211 (17) 37 (22)

Stains, varnishes 108 (11) 27 (12) 134 (11) 23 (14)

Dyes or inks 71 (7) 26 (12) 93 (8) 15 (9)

Heavy metals 66 (6) 25 (12) 82 (7) 17 (10)

Abbreviations: LD, lung disease; LD+, lung disease plus arthritis and/or fever; IQR, interquartile range; RA, rheumatoid arthritis; JIA, juvenile 
idiopathic arthritis.

*
LD+ defined as self-reported symptoms of lung disease plus fever and/or arthritis. LD-only are 144 patients reporting symptoms of lung disease 

without fever or arthritis. Table excludes 144 patients who reported isolated lung disease without reported fever or arthritis (shown in Table 1).

†
Overlap Myositis (12% of total cases) with a diagnosis of IIM and one or more of these four systemic autoimmune rheumatic diseases: RA, JIA, 

SLE, and SSc.
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‡
Self-reported exposures at jobs or hobbies before myositis diagnosis. Silica dust specified as dust from sand, rock, clay, tile, or brick. Solvents 

specified were benzene, toluene, xylene, naphthalene, trichloroethylene (TCE), tetrachloroethylene (PERC), and Solvene; Heavy metals specified 
included mercury and cadmium.
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Table 3.

Occupational/hobby exposures and odds of dermatomyositis or polymyositis versus inclusion body myositis

Exposure certainty/ intensity levels* IBM N (%) DM N (%) Odds Ratio† (95% CI) PM N (%) Odds Ratio† (95% CI)

Silica

Any certainty

High 86 (22) 107 (18) 2.02 (1.18–3.46) 82 (20) 1.58 (0.92–2.70)

Moderate 93 (24) 140 (23) 1.50 (0.90–2.50) 83 (20) 1.04 (0.62–1.75)

Low 138 (36) 227 (38) 1.15 (0.72–1.82) 147 (36) 0.92 (0.57–1.47)

No 66 (17) 124 (21) 1.00 (REF) 97 (24) 1.00 (REF)

Total N 383 598 409

p-trend 0.004 0.077

High certainty

High 49 (28) 63 (23) 2.44 (1.26–4.74) 40 (22) 1.68 (0.85–3.30)

Moderate 53 (30) 68 (25) 1.39 (0.77–2.53) 39 (21) 0.97 (0.52–1.81)

Low 11 (6) 21 (8) 1.08 (0.36–3.21) 13 (7) 0.90 (0.29–2.75)

No 61 (35) 120 (44) 1.00 (REF) 90 (49) 1.00 (REF)

Total N 174 272 182

p-trend 0.011 0.237

Solvents

Any certainty

High 86 (22) 97 (16) 0.90 (0.55–1.48) 90 (22) 1.10 (0.67–1.80)

Moderate 167 (44) 262 (44) 1.17 (0.76–1.79) 145 (35) 0.86 (0.55–1.34)

Low 58 (15) 70 (12) 0.58 (0.34–1.00) 59 (14) 0.68 (0.39–1.18)

No 72 (19) 169 (28) 1.00 (REF) 115 (28) 1.00 (REF)

Total N 383 598 409

p-trend 0.577 0.685

High certainty

High 69 (26) 66 (17) 0.74 (0.43–1.27) 71 (25) 1.04 (0.61–1.78)

Moderate 94 (35) 110 (29) 0.91 (0.56–1.50) 66 (23) 0.73 (0.43–1.21)

Low 36 (13) 45 (12) 0.49 (0.26–0.92) 40 (14) 0.65 (0.35–1.23)

No 70 (26) 163 (42) 1.00 (REF) 108 (38) 1.00 (REF)

Total N 269 384 285

p-trend 0.521 0.970

Heavy Metals

Any certainty

High/Moderate 174 (45) 190 (32) 1.31 (0.82–2.09) 135 (33) 1.09 (0.68–1.76)

Low 147 (38) 269 (45) 1.13 (0.72–1.79) 176 (43) 1.01 (0.64–1.62)

No 62 (16) 139 (23) 1.00 (REF) 98 (24) 1.00 (REF)

Total N 383 598 409

p-trend 0.248 0.695

High certainty

High/Moderate 60 (49) 47 (23) 1.16 (0.57–2.34) 41 (29) 1.18 (0.58–2.37)
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Exposure certainty/ intensity levels* IBM N (%) DM N (%) Odds Ratio† (95% CI) PM N (%) Odds Ratio† (95% CI)

Low 13 (11) 33 (16) 3.10 (1.15–8.38) 13 (9) 1.56 (0.55–4.46)

No 49 (40) 126 (61) 1.00 (REF) 86 (61) 1.00 (REF)

Total N 122 206 140

p-trend 0.579 0.710

Abbreviations: 95% CI, Confidence Interval; REF, referent; IBM, Inclusion Body Myositis; DM, Dermatomyositis; PM, Polymyositis.

*
Any certainty includes all assessments, regardless of high or low certainty of assessment, High certainty includes only high certainty assessments. 

Exposure assessment intensity was rated as high, moderate, low or no.

†
Logistic regression, odds of DM or PM versus IBM, adjusted for age and gender.
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Table 4.

Occupational/hobby exposures and odds of anti-synthetase syndrome.

All Myositis DM/PM only

Exposure certainty/
intensity levels*

No LD N (%) LD+† N (%) Odds Ratio‡ (95% 
CI)

No LD N (%) LD+† N (%) Odds Ratio‡ (95% 
CI)

Silica

Any Certainty

High 197 (19) 53 (24) 1.75 (1.10–2.78) 124 (18) 50 (25) 1.53 (0.94–2.50)

Moderate 224 (22) 50 (23) 1.21 (0.77–1.90) 148 (21) 46 (23) 1.10 (0.68–1.76)

Low 394 (38) 68 (31) 0.86 (0.56–1.30) 276 (39) 62 (31) 0.78 (0.50–1.21)

No 213 (21) 47 (22) 1.00 (REF) 156 (22) 45 (22) 1.00 (REF)

Total N 1,028 218 704 203

p-trend 0.005 0.029

High certainty

High 107 (23) 31 (29) 2.03 (1.15–3.60) 66 (21) 28 (28) 1.71 (0.93–3.15)

Moderate 119 (26) 24 (22) 1.10 (0.63–1.94) 73 (23) 21 (21) 0.94 (0.51–1.73)

Low 34 (7) 7 (7) 0.95 (0.39–2.29) 24 (8) 7 (7) 1.01 (0.40–2.50)

No 202 (44) 45 (42) 1.00 (REF) 149 (48) 43 (43) 1.00 (REF)

Total N 462 107 312 99

p-trend 0.037 0.181

Solvents

Any certainty

High 192 (19) 47 (22) 1.49 (0.96–2.32) 121 (17) 46 (23) 1.61 (1.01–2.56)

Moderate 421 (41) 90 (41) 1.24 (0.85–1.81) 283 (40) 82 (40) 1.22 (0.82–1.81)

Low 142 (14) 26 (12) 1.02 (0.61–1.70) 92 (13) 24 (12) 1.09 (0.63–1.88)

No 273 (27) 55 (25) 1.00 (REF) 208 (30) 51 (25) 1.00 (REF)

Total N 1,028 218 704 203

p-trend 0.062 0.054

High certainty

High 149 (21) 34 (23) 1.42 (0.87–2.33) 89 (19) 34 (24) 1.61 (0.96–2.70)

Moderate 200 (29) 42 (28) 1.28 (0.81–2.03) 122 (26) 38 (27) 1.31 (0.80–2.13)

Low 89 (13) 20 (13) 1.18 (0.66–2.10) 59 (13) 19 (14) 1.32 (0.72–2.42)

No 262 (37) 53 (36) 1.00 (REF) 199 (42) 49 (35) 1.00 (REF)

Total N 700 149 469 140

p-trend 0.142 0.072

Heavy Metals

Any certainty

High/Moderate 353 (34) 88 (40) 1.49 (1.00–2.24) 208 (30) 83 (41) 1.43 (0.93–2.18)

Low 454 (44) 78 (36) 0.81 (0.55–1.21) 329 (47) 70 (34) 0.71 (0.47–1.08)

No 221 (21) 52 (24) 1.00 (REF) 167 (24) 50 (25) 1.00 (REF)

Total N 1,028 218 704 203

p-trend 0.026 0.044
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All Myositis DM/PM only

Exposure certainty/
intensity levels*

No LD N (%) LD+† N (%) Odds Ratio‡ (95% 
CI)

No LD N (%) LD+† N (%) Odds Ratio‡ (95% 
CI)

High certainty

High/Moderate 96 (28) 33 (39) 2.63 (1.46–4.73) 50 (21) 30 (38) 2.46 (1.33–4.53)

Low 48 (14) 5 (6) NC 36 (15) 5 (6) NC

No 194 (57) 46 (55) 1.00 (REF) 150 (64) 44 (56) 1.00 (REF)

Total N 338 84 236 79

p-trend 0.003 0.010

Abbreviations: 95% CI, Confidence Interval; REF, referent; LD, lung disease without fever or arthritis; LD+, lung disease plus arthritis and/or 
fever; NC, Not Credible due to cell count of 5 or less

*
Any certainty includes all assessments, regardless of high or low certainty of assessment, High certainty includes only high certainty assessments. 

Exposure assessment intensity was rated as high, moderate, low or no.

†
LD+ defined as self-reported lung disease symptoms related to myositis diagnosis plus fever and/or arthritis. “DM/PM only” excludes IBM 

patients (15 LD+ cases and 324 with no LD).

‡
Logistic regression models, odds of LD+ versus no LD, adjusted for age and gender

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2026 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Parks et al. Page 25

Table 5.

Occupational/hobby exposures and odds of overlap myositis.

Overlap Myositis†

Exposure Certainty and Intensity Levels* No Yes Odds Ratio‡

N (%) N (%) (95% Confidence Interval)

Silica

Any certainty

High 241 (20) 34 (20) 2.07 (1.19–3.61)

Moderate 279 (23) 37 (22) 1.51 (0.89–2.57)

Low 445 (36) 67 (40) 1.55 (0.96–2.51)

No 259 (21) 28 (17) 1.00 (REF)

Total 1,224 166

p-trend 0.020

High Certainty

High 133 (24) 19 (26) 2.75 (1.37–5.50)

Moderate 142 (26) 18 (25) 1.51 (0.78–2.92)

Low 36 (6) 9 (12) 2.37 (1.01–5.55)

No 244 (44) 27 (37) 1.00 (REF)

Total 555 73

p-trend 0.008

Solvents

Any certainty

High 250 (20) 23 (14) 0.81 (0.47–1.39)

Moderate 501 (41) 73 (44) 1.25 (0.83–1.87)

Low 162 (13) 25 (15) 1.23 (0.72–2.09)

No 311 (25) 45 (27) 1.00 (REF)

Total 1,224 166

p-trend 0.844

High Certainty

High 193 (23) 13 (12) 0.60 (0.31–1.15)

Moderate 241 (29) 29 (27) 1.06 (0.64–1.78)

Low 102 (12) 25 (15) 1.33 (0.74–2.41)

No 296 (36) 45 (27) 1.00 (REF)

Total 832 106

p-trend 0.244

Heavy Metals

Any certainty

High/Moderate 440 (36) 59 (36) 1.59 (0.99–2.55)

Low 519 (42) 73 (44) 1.23 (0.79–1.92)

No 265 (22) 34 (20) 1.00 (REF)

Total 1,224 166

p-trend 0.051
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Overlap Myositis†

Exposure Certainty and Intensity Levels* No Yes Odds Ratio‡

N (%) N (%) (95% Confidence Interval)

High/Moderate 135 (33) 13 (23) 1.16 (0.56–2.40)

Low 49 (12) 10 (18) 1.85 (0.83–4.12)

No 228 (55) 33 (59) 1.00 (REF)

Total 412 56

p-trend 0.536

Abbreviations: REF, Referent

*
Any certainty includes all assessments, regardless of high or low certainty of assessment, High certainty includes only high certainty assessments. 

Exposure assessment intensity was rated as high, moderate, low or no.

†
Overlap Myositis (12% of total cases) with a diagnosis of idiopathic inflammatory myopathy and one of four systemic autoimmune rheumatic 

diseases: rheumatoid arthritis or juvenile idiopathic arthritis, systemic lupus erythematosus, and systemic sclerosis.

‡
Logistic regression models, odds of Overlap Myositis versus not, adjusted for age and gender
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