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rheumatic disease: a review of emerging evidence
and clinical implications
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Purpose of review

Autoimmune and inflammatory rheumatic diseases as well as certain musculoskeletal diseases treated by
rheumatologists result from a complex interplay between genetic predisposition and environmental factors.

Recent findings

Accumulating research has examined the possible roles of physical trauma, psychological stress, pollutants,
and occupational exposures as triggers or influencers of disease. We review and summarize existing
evidence for these contributors for conditions including rheumatoid arthritis, systemic lupus erythematosus,
psoriatic arthritis, spondyloarthritis, systemic sclerosis, Sjogren’s syndrome, vasculitis, myositis and
fibromyalgia. We highlight findings from case—control, cohort, and twin studies that associate trauma,
chronic stress and environmental exposure with immune dysregulation and increased disease risk. We apply
the GRADE framework to assess the strength of evidence and identify key research gaps. Summary tables
are included to guide clinical assessment which could also support interdisciplinary communication in

medico-legal contexts.

Summary

These data have implications for disease etiopathogenesis; management; historical appreciation; public
health, policy and safety; and legal considerations.
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Autoimmune and inflammatory rheumatic diseases
(AIRDs) such as rheumatoid arthritis (RA), systemic
lupus erythematosus (SLE), psoriatic arthritis (PsA),
spondyloarthritis (SpA), systemic sclerosis (SSc),
Sjogren’s syndrome, myositis, and vasculitis are com-
plex disorders that are influenced by an interplay
between genetic and environmental influences
[1-11]. While genetic predisposition is fundamental
to disease wvulnerability, increasing observations
explore the role of environmental and psychosocial
exposures as significant contributors to disease
onset, progression, or expression. Separately, fibro-
myalgia syndrome (FMS), while not generally
considered autoimmune, shares many clinical over-
lapping clinical features with AIRDs and has also
been linked to environmental factors [12-14]. These
exposures include inhaled agents (e.g. silica, sol-
vents, cigarette smoke, air pollution, and industrial
gases); metals, solvents and industrial coatings such

1040-8711 Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

as lacquers; physical trauma (defined here as signifi-
cant tissue injury, repetitive biomechanical strain, or
musculoskeletal insult), and psychological trauma
(e.g. posttraumatic and chronic stress) [4,15%,16-19].

Environmental factors such as proximity to traf-
fic and industrial zones may also impact exposure to
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Immunopathogenesis and treatment of autoimmune diseases

KEY POINTS

o This review provides a framework for clinicians to
assess environmental and occupational exposures
related to the onset, expression, and progression of
autoimmune and inflammatory rheumatic conditions.

e It highlights the importance of considering factors such
as trauma, stress, silica, solvents, and mechanical
factors in the pathogenesis of these diseases.

e The article offers valuable guidance for counseling
patients regarding disability, workplace
accommodations, and injury-related claims stemming
from environmental and occupational exposures.

air quality, stress, and socioeconomic influences.
Although causal relationships are difficult to estab-
lish, emerging data suggest these exposures may
perturb host immune and neuroendocrine pathways
and affect disease in susceptible individuals. Obser-
vational research includes epidemiologic reports,
cohort studies, and case—control analyses [6,20-24].

Although causality is difficult to establish, claims
of association arise frequently in disability evalua-
tions, workers’ compensation, and tort litigation.
Literature relating to occupational medicine also
summarizes those recognized and suspected environ-
mental risk factors for autoimmune and other rheu-
matic diseases [25] including some that are relevant
to medicolegal contexts [26].

We therefore reviewed and summarized the per-
tinent available literature regarding possible relation-
ships of environmental, occupational, physical, and
psycho-social contributions to rheumatoid arthritis,
systemic lupus erythematosus, psoriatic arthritis,
spondyloarthritis, systemic sclerosis, Sjogren’s syn-
drome, vasculitis, myositis, and fibromyalgia. We
highlighted findings from case-control, cohort,
and twin studies that associate trauma, chronic stress
and environmental exposure with immune dysregu-
lation and increased disease risk. We applied the
American College of Rheumatology GRADE frame-
work to assess the strength of evidence and identify
key research gaps. We discuss the implications of
these observations for disease etiopathogenesis;
management; historical appreciation; public health,
policy and safety; and legal considerations.

We performed a literature review using PubMed,
focusing on human studies published in English
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between January 1990 and May 2025. Observational
and interventional studies were screened at the
title-and-abstract stage. Additional references were
identified from article bibliographies and relevant
reviews. Eligible studies included exploration of an
association between at least one environmental or
psychosocial exposure and the incidence or clinical
course of one of the diseases of interest.

Studies were grouped into five exposure catego-
ries: physical trauma or biomechanical stress; psy-
chological stress or trauma; inhaled pollutants and
particulates (e.g. silica, air pollution, cigarette
smoke); metals, solvents, and industrial chemicals;
and animal and domestic exposures.

For each study, data were extracted including
design, population characteristics, comparator defi-
nition, follow-up duration, primary outcome, and
reported effect estimates. Key data extracted included
study design, population, comparator groups, dura-
tion, primary outcome, and strength of association.
When available, findings were integrated into sum-
mary evidence tables.

Exposures related to diet, allergens, and drug-
induced autoimmune syndromes were excluded
and considered beyond the scope of this review.
Pet ownership or animal contact were also excluded
unless they were explicitly assessed in human epi-
demiologic studies. Non-English studies were
excluded unless full-text translation was available.

For each observational study we applied the Amer-
ican College of Rheumatology adaptation of the
GRADE framework and rated the certainty of each
exposure-disease association as high, moderate, low,
orvery low considering study design, risk of bias, result
consistency, evidence of a dose-response gradient,
and biological plausibility (see Table 1). Findings were
summarized by exposure category (see Tables 2-4).
Tables 2-4 present detailed data from primary studies
reporting associations between specific exposures and
rheumatic diseases. For each entry, we summarized
study design, participant numbers, duration, compa-
rator groups, and primary outcomes to provide a
structured and comparative overview of the literature.

Physical trauma and biomechanical stress
(see Tables 1-4 for additional details and
GRADES)

In RA, observational and case-based data suggest a
possible link between injury and disease onset
although the data were limited. Early case series
and historical reports, including a three-patient ser-
ies of RA or PsA-like disease following finger joint
trauma, a case of seronegative monoarticular arthritis
of the elbow after a radial head fracture with persis-
tent synovitis for over seven years, and a 2024 case of
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Table 1. Observational evidence outlining occupational risks and rheumatic disease

Grade Ievel‘

Disease Occupation or risk factor Increased risk? of evid C ts
RA (Wallace) [112] Emotional or physical frauma Possibly (aggravation Low Several studies suggest stress and trauma can exacerbate existing disease
more than causation)
Weak support for initiating disease
RA (Karlson et al.) [6] Smoking Yes Low Smoking: Most consistently demonstrated environmental risk factor stronger association
in ACPA+ RA; dose-response relationship present
Silica
Silica: Multiple cohort and case—control studies show consistent dose-response
relationship
RA (Anaya et al.) [4] Smoking, silica, mineral oil Yes Low Smoking interacts with HLA-DRB1 shared epitope
Silica linked to Caplan’s syndrome
RA (Di Giuseppe et al.) [67] Smoking Yes Moderate Meta-analysis (10 studies) found dose-response relationship, with risk plateaving
beyond 20 pack-years
Stronger for RF-positive RA (RR 2.47)
RA (Tobon et al.) [19] Smoking Yes Moderate Strong, consistent evidence from cohort and case—control studies
RA (Sigaux et al.) [113] Silica Yes Moderate Dust Exposure Life-Course Questionnaire used
RA (Ajeganova et al) [15%] Fine particulate matter PM2.5, coarse particles  Yes Moderate Fire smoke-related PM2.5 exposure is associated with increased risk of incident RA
(PM10), other gases including sulfur dioxide
(SO,), carbon monoxide (CO), nitrogen Exposure fo fossil fuel-related NOx was most strongly associated with RA overall and
oxides (NOx) with seronegative RA
Associations persisted even among never-smokers
RA, SLE (Barragan-Martinez Smoking, Silica, solvents Yes Low Meta-analysis with subgroup analysis showed consistent association
et al) [5]
Supported by additional case—control studies; heterogeneity noted
SLE (Edwards et al.) [114] Silica, silicone, aromatic amines, hydrazines,  Yes Low Theoretical mechanisms outlined
vinyl chloride, solvents, metals, smoking,
infections
SLE (Goldshen et al.) [54™%] PTSD Yes Moderate Prospective cohort studies and large epidemiologic database
Behavioral factors including smoking may be related
SLE (Parks et al.) [22] Silica Likely Moderate Association noted but smaller and less consistent than for SSc
SLE (Barbhaiya et al.) [16] Smoking, silica Yes Moderate Smoking remains a key modifiable risk factor in SLE
SLE (Parperis et al.) [115™"] PTSD (including from combat, 9/11 exposure,  Yes Moderate All included studies reported positive association
childhood trauma, military service)
SLE (Gardner et al.) [91] Mercury exposure in gold mining Yes Low Mercury-exposed Brazilian gold miners had higher ANA, and pro-inflammatory
cytokines vs. nonexposed miners
Cross-sectional field study
PsA (Stober et al.) [116] Trauma, biomechanical stress, obesity Yes Low Promotes biomechanical stress at entheses

Increasing risk of transition from Psoriasis to PsA; dose-dependent risk
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Table 1 (Continued)

Disease

Occupation or risk factor

Increased risk?

Grade level

” *
of evidence

Comments

PsA (Hseih et al.) [36]

SSc (Kettanah et al.) [76]

SSc (Aryal et al) [93]

SSc (Mora et al.) [77]
SSc (Garabrant et al.) [104]

SSc (Rubio et al.) [81]
Myositis (Costa) [1]

FMS (Wolfe at al) [117]

FMS (White et al.) [118]

Physical trauma

Organic solvents

Organic solvents

Silica, aromatic hydrocarbons
Organic solvents

Paint thinners and removers
Silica

Environmental exposures (e.g., birds, mold,
feather pillows)

Physical trauma: motor vehicle accidents,
surgery, work injury, whiplash

Physical trauma

Possible

Yes

Yes

Possible
Possibly (weak

association)

Yes
Yes

Not clear

Possibly

Moderate

Moderate

Moderate

Low

Low

Moderate

Low

Low

Low

~9% PsA patients report frauma prior to onset vs. 1-2% in RA/SpA

Supported by retrospective case series and case—control studies

Meta-analysis of 11 studies (n = 1291 SSc, 3,435 controls) found OR 2.4 (95% ClI
1.7-3.4), higher risk in men (OR 3.0) than women (OR 1.8)

Heterogeneity and publication bias noted

Meta-analysis of eight studies (7 case—control, 1 cohort) identified increased relative
risk with solvents and disease (RR = 2.9, 95% Cl 1.6-5.3)

Limitations included heterogeneity

Occupational silica exposure a known risk; solvent evidence growing
Some studies show increased risk, mostly in men

Associations inconsistent

13 case—control studies with data from 2,107 patients

Retrospective observational study; 59% of patients reported exposures, 74% among
those with pulmonary onset

Suggests link between environmental antigens and disease phenotype

Most of the supporting studies are low-quality, with selection, recall, or measurement
bias

More high quality research needed including prospective design, psychological
profile, long term follow up and litigation must be addressed

" Evidence grading: the quality of evidence for each exposure-disease relationship was assessed using the GRADE framework. Studies were classified as high, moderate, low, or very low quality based on judgement

about study design, consistency of findings, presence of dose-response, risk of bias, and biological plausibility. Prospective cohort studies with consistent findings and mechanistic support were graded higher than single

case—control or refrospective studies.
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Table 2. Summary of trials surrounding rheumatologic disease and environmental exposure (trauma)

Study Design Participants Duration Comparator groups Primary outcome

Trauma: RA

A case—control study examining the role Multicenter 262 RA N/A 262 controls 55/262 (21%) RA patients reported physical
of physical trauma and the onset of retrospective trauma within six months prior to onset
rheumatoid arthritis [29] case—control

Trauma: PsA

Interplay between environmental factors, Retrospective 138 PsA N/A 138 RA 12/138 (9%) PsA reported preceding acute
articular involvement, and HLA-b27 in case—control medical disorder <10 days prior vs. 2/138
patients with psoriatic arthritis [35] RA

Clinical, laboratory and immunogenetic Case series with 300 PsA 1-7 years 300 RA 25/300 PsA with preceding trauma <3 months
aspects of postraumatic psoriatic a comparison prior to disease onset
arthritis: a study of 25 patients [33] cohort 100 SpA

Association between environmental Case—control 159 PsA N/A 159 Psoriasis PsA associated with heavy lifting (OR ~2.9) and
factors and onset of psoriatic arthritis infections requiring antibiotics (OR ~1.7)
in patients with psoriasis [37] Injuries showed a borderline association,

smoking was protective (OR ~0.5)

Physical trauma recorded in primary care ~ Matched cohort 15,416 PsA with N/A 55,230 controls without  Multivariate HR 1.32 (95% CI 1.13-1.54); joint
is associated with the onset of psoriatic trauma trauma trauma HR 1.50 (1.19-1.90); bone trauma
arthritis among patients with psoriasis HR 1.46 (1.04-2.04)

(34]

Trauma: SpA

Seronegative spondyloarthropathy Cross-sectional 288 SpA N/A N/A 12 patients identified with physical frauma
initiated by physical trauma [40] 1 month prior to SpA

Trauma: SSc

Scleroderma and occupational exposure Case—control 76 Ssc >6 months of job 213 controls Ssc men more likely than controls to have had

to hand-ransmitted vibration [43]

Trauma: FMS

Role of road traffic accidents and other
traumatic events in the onset of chronic
widespread pain: results from a
population based prospective study
[48]

Case—control

241 with chronic
widespread pain

exposure

4 years

N/A

exposure to hand-ransmitted vibration (OR
~1.5) or silica (OR ~5.2) but the association
was not statistically significant

Road traffic accidents associated with higher
risk of chronic widespread pain (OR 1.84),
but association lost significance after
adjusting for psychological and sleep factors
(OR 1.50)
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Table 2 (Continued)

Study Design Participants Duration Comparator groups Primary outcome

Mechanical injury and psychosocial Prospective 1,081 respondents 2 years 896 free of pain New widespread pain associated with: lifting
factors in the workplace predict the cohort >15 pounds 1 hand, >24 pounds 2 hands,
onset of widespread body pain: a pulling >56 pounds, squatting and prolonged
2 year prospective study among work with hands
cohorts of newly employed workers
[49] Psychosocial factors include job satisfaction

A case—control study examining the role Retrospective 136 FMS N/A 152 controls 53/136 (39%) FMS patients reported trauma

of physical trauma and the onset of
fibromyalgia syndrome [12]

Increased rates of fibromyalgia following
cervical spine injury. A controlled study
of 161 cases of traumatic injury [45]

Does physical trauma lead to an increase
in the risk of new onset widespread
pain? [47]

The role of workplace low-level
mechanical frauma, posture and
environment in the onset of chronic
widespread pain [14]

case—control

Cohort

Prospective
cohort

Prospective
cohort

102 adults neck
injuries

376 crash-exposed

1,658 adults

Mean 3.2 months
post injury

6 months

Baseline, 12 month,
and 36 month

follow-up

59 lower extremity
fractures

114 non-rash controls

Exposed vs unexposed
to workplace
mechanical, postural,
and psychosocial risk
factors

6 months prior to onset

22/102 adults with neck injury developed FMS
1 year after injury compared to 1/59 adults
with lower extremity fractures

FMS diagnosed in 21.6% of neck injury patients
vs. 1.7% of controls (P = 0.001), FMS 13 x
more frequent affer neck injury

New onset widespread pain at 6 months: 8%
in crash group vs 4% in non-crash

Association not statistically significant after
adjustment for psychological factors

Mechanical risk factors:
Pushing/pulling heavy weights (RR 1.5)
Repetitive wrist movements (RR 1.8)

Kneeling (RR 1.7)
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Table 3. Summary of trials surrounding rheumatologic disease and environmental exposure (stress)

Study Design Participants Duration Comparator groups Primary outcome
Environment: stress RA
A twin study of the association between Prospective 3,143 twin pairs 4 years PTSD symptom quartiles; Highest PTSD symptom quartile had 3.8x

PTSD symptoms and rheumatoid arthritis
(53]

Elevated risk for autoimmune disorders in
Iraq and Afghanistan veterans with
posttraumatic stress disorder [52]

Posttraumatic stress disorder and risk for
incident rheumatoid arthritis [51]

Role of stress in the development of
rheumatoid arthritis: a case-control study
[50]

Environment: Stress SLE

Elevated risk for autoimmune disorders in
Iraq and Afghanistan veterans with
posttraumatic stress disorder [52]

Association of frauma and posttraumatic

stress disorder with incident systemic lupus

erythematosus (SLE) in a longitudinal
cohort of women [32]

The association of trauma with selfreported
flares and disease activity in systemic
lupus erythematosus (SLE) [31]

observational

Cohort

Prospective cohort

Case—control

Retrospective cohort

Longitudinal

Cross-sectional

666,269 Veterans

54,224 female
nurses

76 RA

666,269 Veterans

54,763 female

nurses

252 SLE

Median follow up
4.1 years

22 years

N/A

Median follow-up:

4.9 years

24 years

N/A

within-pair twin analyses
controlling for familial/
genetic factors

Veterans with no
psychiatric disorders

N/A

76 controls

PTSD vs. No psychiatric
diagnosis

N/A

N/A

higher odds of RA (95% Cl 2.1-6.1)
vs. lowest quartile Association
persisted within twin pairs

PTSD doubled risk of autoimmune
disorders overall (ARR 2.0 vs. no
psychiatric diagnoses), with elevated
risk for RA and SLE

Higher PTSD symptoms associated with
increased RA risk (HR 1.76, 95% Cl
1.16-2.67) Risk rose with number of
PTSD symptoms (P = 0.01)

RA patients had higher stress scores (167
vs 83, p < 0.001)
RA patients reported more stressful life

events (5.4 vs 2.7, p < 0.001)

Veterans with PTSD had a 58%
increased risk of developing AIRDs
(adjusted HR 1.58; 95% CI 1.47-
1.69)

73 women developed SLE

Probable PTSD (4-7 symptoms) was
significantly associated with an almost
three-fold increased risk of SLE (HR
2.94, 95% Cl: 1.19-7.26, p<0.05)

Any traumatic event (excluding illness)
was associated with more than double
the odds of a selfreported flare in SLE
(OR 2.27, 95% Cl 1.24-4.17)
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Table 3 (Continued)

Study Design Participants Duration Comparator groups Primary outcome

Association of stress-related disorders with Cohort 1,064,640 patients 10 years Matched 1,064,640 Patients with stress-related disorders had
subsequent autoimmune disease [55] with stress related unexposed persons an increased risk of autoimmune

disorders disease (HR = 1.36)
126,652 full siblings
PTSD: autoimmune disease was higher
(HR = 1.46)
This risk more pronounced for multiple (>
3) ARDs (HR = 2.29)

Perceived stress independently predicts Prospective 260 SLE 3 years N/A Perceived stress independently associated
worse disease activity and symptoms in a longitudinal cohort with greater physician-assessed
multi-racial/ethnic systemic lupus cohort disease activity (p = 0.015), greater
[56™"] self-reported disease activity (p <

0.001), more pain (p = 0.019), and
more fatigue (p < 0.001)

Environment: Stress SpA

Influence of environmental factors on disease  Prospective cohort 272 SpA 3 years N/A Significant temporal relationship between
activity in spondyloarthritis: a prospective stressful life events and increased SpA
cohort study [58] disease activity (95% Cl 0.4-0.7)

Infection and work stress are potential Retrospective 1,080 SpA N/A 102 patients with chronic SpA patients were more likely to report
triggers of ankylosing spondylitis [8] population survey back pain workplace stress in the 12 months

before symptom onset compared fo the
prior year (OR 1.51, 95% CI 1.07-
2.14)

Posttraumatic stress disorder prior to Observational 510 SpA (167 N/A 365 patients with non— PTSD prevalence prior to diagnosis:
diagnosis is as rare in spondyloarthritis as cohort ankylosing inflammatory rheumatic SpA: 4.9%
in non-inflammatory rheumatic conditions spondylitis, 140 control diagnoses RA: 6.6%
and rheumatoid arthritis [7] PsA, 130 non— 514 RA Non-inflammatory controls: 6.0%

radiographic Differences not statistically significant
axSpA, and 51
peripheral SpA)

Environment: Stress Sjogren’s Syndrome

Stress, coping strategies and social support Case—control 47 Sjogren’s N/A 35 patients with lymphoma  Experiencing more than one negative

in patients with primary Sjogren’s
syndrome prior to disease onset: a
retrospective case—control study [60]

120 healthy controls

stressful life event increased the risk of
disease onset fourfold when compared
to healthy controls (OR = 4.25, 95%
Cl: 1.57 10 11.49)
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Table 3 (Continued)

Study Design Participants Duration Comparator groups Primary outcome
Association between stressful life events and ~ Case—control 67 Sjogren's N/A 67 controls Negative-event score associated with
female primary Sjogren’s syndrome and increased risk (OR 1.31, 95% Cl
thie role in disease activity [59] 1.19-1.43); negative events correlated
with disease activity (p < 0.05)
Environment: Stress FMS
Traumatic experiences, maijor life stressors, Cross-sectional 10,424 adults N/A Trauma-exposed vs non- FMS significantly associated with lifetime
and selfreporting a physician-given trauma-exposed physical (OR 1.38) and sexual abuse
fibromyalgia diagnosis [63] (OR 1.41), even after adjustment for
age, sex, race, and education.
Vulnerability to traumatic stress in Prospective 60 FMS 19 months 23 RA FMS patients had significantly higher
fibromyalgia patients: 19 month follow-up observational 26 healthy controls trauma scores than RA or controls with
after the great East Japan disaster [46] more depression symptoms
Posttraumatic stress disorder, tenderness, Cross-sectional 124 men (55 PTSD, N/A 49 healthy controls 49% of PTSD patients met ACR criteria

and fibromyalgia syndrome: are they
different entities? [64]

20 depression,
49 healthy

controls)

for FMS vs. 5% with depression and
0% controls

Strong correlation between PTSD severity
and tender point burden
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Table 4. Summary of trials surrounding rheumatologic disease and environmental exposure (pollution, solvents, and pets)

Study Design Participants Duration Comparator groups Primary outcome

Environment: RA

Occupational exposure to respirable silica and risk  Cohort 1,541,505 men and 1979-2015 Non-exposed workers Men exposed to high levels of respirable crystalline
of autoimmune rheumatic disease: a nationwide 1,470,769 women (12,268 silica had an increased incidence rate ratio (IRR)
cohort study [68] RA) for RA of 1.57 (95% Cl 1.41-1.75)

Rheumatoid arthritis among women in the Case—control 135 RA 10 years 675 controls Pesticides: no strong associations
agricultural health study: risk associated with
farming activities and exposures [87] Any welding activity, whether on or off the farm,

was associated with a 2.1-fold increased risk of
RA (OR = 2.1, 95% Cl: 0.8-5.4)
Exposure fo fraffic pollution and increased risk of ~ Cohort 90,297 female nurses 28 years Exposure to high vs. low Women living <50 meters of major road had a
rheumatoid arthritis [23] long-term PM; 5 levels 31% higher risk of RA compared to controls (HR
(air pollution) 1.31, 95% Cl: 0.98-1.74)
Particularly pronounced among nonsmokers, 62%
increased risk of RA (HR 1.62, 95% Cl: 1.04-
2.52)

Silica exposure among male current smokers is Case—control 1,419 RA 10 years 1,674 controls Increased risk of developing RA (HR 1.31)
associated with a high risk of developing ACPA associated with trafficrelated air pollution
positive rheumatoid arthritis [21]

Association between occupational exposure to Case—control 1,598 RA N/A 2,514 controls Association of silica exposure with RA risk,

mineral oil and rheumatoid arthritis: results from
the Swedish EIRA case<control study [10,119]

Insecticide use and risk of rheumatoid arthritis and
systemic lupus erythematosus in the women'’s
health initiative observational study [89]

Genetic susceptibility and the link between cat
exposure and rheumatoid arthritis [98]

Rheumatoid arthritis: are pets implicated in its
etiology? [97]

Occupation, occupational exposure to chemicals
and rheumatological disease: a register based

cohort study [86]

Cohort

Case—control

Case—control

Cohort

76,861 postmenopausal
women

98 RA

132 RA

515,174 Swedish workers
(375,035 men, 140,139
women), aged 35-74 in
1980, with >10 years in
same occupation

Mean follow up 7.6
years

N/A

N/A

1981-1983

Never vs. personal
insecticide use; frequent
vs. infrequent exposure,
with/without farm history

77 controls

Cat ownership vs. none
132 matched controls

Occupational exposures
based on a job-exposure
matrix (e.g. organic
solvents, mineral oils) vs.
unexposed

especially in ACPA-positive men

Mineral oil exposure associated with increased risk
of RF+ RA in men (OR up to 2.1); no
association in women

Personal and residential insecticide use associated
with increased RA/SLE risk; strongest effect with
frequent use (HR 2.04) and among farm-
exposed women (HR 2.73)

Increased RA risk in those with DRB1 0401,
#0404, or *1501 and intimate cat exposure
(OR up to 8.4)

Nons-significant trend toward increased RA risk
with cat exposure; supports hypothesis of
microbial antigen role but not conclusive

Exposure fo organic solvents was associated with
an odds ratio (OR) of 2.3 for developing RA
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Study Design Participants Duration Comparator groups Primary outcome

Occupations and exposures in the work Case—control 293 RA 20 year latency Population control OR for RA by exposure:
environment as determinants for rheumatoid
arthritis [30] Male conductors OR 17.8 (95% ClI 1.5-207.8)

Farmers OR 2.4 (1.1-5.2)
Asbestos exposure OR 2.5 (1.0-6.8)
Vibrations OR 2.0 (0.9-4.4)

Silica dust exposure increases risk for rheumatoid ~ Case—control 141 RA 2007-2016 (after 2 549 controls Among men with high cumulative exposure to

arthritis [120] year washout) solvents, OR for ACPA-positive RA was 1.54
(95% CI 1.10 to 2.16).

Are cleaning activities a source of exposure to Case—control 31,139 RA N/A Matched controls smoking, RA had significantly higher occupational exposure
crystalline silica in women with rheumatoid age, sex scores for cleaning activities (p=0.02) and
arthritis? A case-control study [120] dusty work clothes (p=0.01)

High exposure to silica exposure associated with
ILD (OR 6.5, 95% Cl 1.3-32.6)

Air pollution exposure increases the risk of Cohort 97 RA 10 years Quartiles of yearly Increased risk of RA in participants exposed to
rheumatoid arthritis: a longitudinal and averages nitrogen dioxide (NO2) (HR 1.07, 1.63, 1.49)
nationwide study [121]

Air pollution as a potential determinant of Cohort 3,895 RA 10 years Compared with entire Long-term PM; 5 exposure showed no clear
rheumatoid arthritis: a population based cohort cohort 322,301 increase in RA
study in Taiwan [71]

Individuals in the highest NO, quartiles had ~50%
higher adjusted risk of developing RA.

Occupational exposure to respirable silica and risk  Cohort 1,541,505 men (3,490 RA) 1979-2015 No exposure Incidence rate RA:

of autoimmune rheumatic disease: a nationwide

cohort study [68]

Associations of fire smoke and other pollutants with
incident rheumatoid arthritis and rheumatoid
arthritis—associated interstitial lung disease

[70™]

Occupational exposure to organic dusts and risk of
developing rheumatoid arthritis: findings from a
Swedish population-based case—control study

[69]

Systemic autoimmune disease mortality and
occupational exposures [85]

Case—control

Case—control

Mortality-based case-
control

1,470 769 women (9,190 RA)

9,701 RA (531 with RALD)

12,582 RA

36,178 RA
7,241 SLE
5,642 SSc
4,270 other

5-9 years of exposure
data

Exposure estimates by
job history

N/A

Death certificate data

68,851 controls

129,335 controls

Occupational groups (e.g.,
farming, animal contact,
industrial work) vs.
general population

Men: RR 1.57 (95% Cl 1.41-1.75)

Women: RR 1.42 (95% Cl 1.29-1.56)

Fire smoke-related PM2.5 associated with
increased risk of RAILD (OR = 1.98)

NO associated with increased risk of RA overall

Seropositive RA: OR 1.2 (95% Cl: 1.1-1.4)

Seronegative RA: OR 1.3 (95% CI: 1.1-1.5)

Dose-response relationship animal dust OR 1.4

(95% Cl: 1.1-1.8)

Farming: increased risk death AIRDs (OR 1.3, 95%
Cl 1.2-1.4)

Mining machine operators: increased risk of death

AIRDs (OR 1.3, 95% CI 1.1-1.5)

Hand painting, hand coating and hand
decorating: increased risk of death AIRDs (OR
1.8, 95% Cl 1.0-2.9)
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Table 4 (Continued)

Study Design Participants Duration Comparator groups Primary outcome

Predicting the impact of air quality index on Retrospective 1,185 female Variable N/A NO: significantly linked with DAS28 (Disease
rheumatoid arthritis disease acfivity [72"] observational study Activity Score assessing 28 joints) (P = 0.0024)

341 male
PM10: negative coefficient and was significantly
linked with DAS28 (P=0.0098)
Og: significantly linked with DAS28 (P = 0.0057)

Environment: SLE

Occupational and environmental exposures and Case-control 258 SLE N/A 263 controls Silica and SLE: OR 2.1 (95% Cl 1.1-4.0)
risk of systemic lupus erythematosus: silica,
sunlight, solvents [20]

Associations between ambient fine particulate Cohort 237 SLE 7 years N/A No significant association between PM; 5 exposure
levels and disease activity in patients with and overall disease activity (SLEDAI-2K) Short-
systemic lupus erythematosus (SLE) [73] term increases in PMy 5 were significantly

associated with presence of anti-dsDNA
antibodies (OR 1.34, 95% CI 1.02-1.77)

Acute effects of air pollution on lupus nephritis in ~ Cohort 8,552 SLE 4 years N/A PM25: OR 1.16 (95% ClI 1.08-1.19)
patients with systemic lupus erythematosus: a NO,: OR 1.19 (95% CI 1.12-1.26)
multicenter panel study in China [74] SO,: OR< 1 (protective)

CO, Ogz: no significant association

Cluster of systemic lupus erythematosus (SLE) Cross-sectional Residents of a subdivision N/A Community comparison Increased prevalence of SLE and other rheumatic
associated with an oil field waste site: a cross exposed fo petroleum diseases in the exposed community (OR 19.33,
sectional study [90] products and mercury 95% Cl 1.96-190.72 for SLE and OR 10.78,

95% Cl 4.14-28.12 for rheumatic diseases)

Association of systemic lupus erythematosus with Case—control 25 SLE 18 years 99 controls High uranium exposure including occupational
uranium exposure in a community living near a linked to nearly a fourfold increased risk of SLE
uranium-processing plant [88] 150 RA (OR 3.92)

Not found in RA

Association of perfluoroalkyl and polyfluoroalkyl Case—control 100 SLE N/A 100 controls PFASs are risk factors for SLE and PFASs exposures
substances (PFASs) exposures and the risk of are associated with SLE risk in a dose-response
systemic lupus erythematosus: a case—control manner
study in China [75]

Lifetime exposure assessed
Occupational exposure to crystalline silica and risk  Case—control 265 SLE N/A 355 controls Silica: increased risk medium exposure (OR 2.1,

of systemic lupus erythematosus [92]

Fine particulate air pollution and systemic
autoimmune rheumatic disease in two Canadian
provinces [65]

Environment: SSc

Systemic sclerosis and occupational risk factors:
role of solvents and cleaning products [44]

Prospective study to evaluate the association
between systemic sclerosis and occupational
exposure and review of the literature [18]

Population based

Case- control

Case—control

Approximate total population

of around 7,977,960
residents

93 SSc

100 SSc

Alberta (1993-2007)

Quebec (1996-2011)

N/A

N/A

Within group comparison

206 controls

300 controls

95% Cl 1.1-4.0), high exposure (OR 4.6, 95%
Cl 1.4-15.4)

Positive relationship between PM2.5 exposure and
AIRDs including SLE
Higher PM, 5 levels associated with increased risk

Organic solvents associated with increased risk of

SSc (OR ~2.0)
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Table 4 (Continued)

Study Design Participants Duration Comparator groups Primary outcome

Occupational silica exposure in an Australian Prospective cohort 1,640 SSc (126 reported silica 12 years Ssc without exposure Silica exposure associated with increased odds of
systemic sclerosis cohort [78] exposure) SSc (adjusted OR = 1.65; 95% Cl: 1.17-2.32);

association stronger in men (OR = 2.61)

Occupational quantitative exposure to crystalline  Cross-sectional 228 SSc N/A N/A Silica and pesticide exposures underestimated; job-
silica, solvents and pesticides and risk of clinical exposure matrices revealed higher prevalence.
forms of systemic sclerosis [79] Non-significant trends toward increased risk in

pulmonary fibrotic phenotype (OR 3.12) and
vascular phenotype (OR 2.89)

What is the contribution of occupational Case—control 56 SSc N/A 41 controls No significant association between SSc and
environmental factors to the occurrence of occupational exposure fo silica, solvents, or
scleroderma in men2 [122] epoxy resins

Prospective risk of rheumatologic disease Prospective cohort 240,983 male construction 13 years Unexposed workers In combined group (SSc, SLE, RA,
associated with occupational exposure in a workers dermatomyositis): Silica exposure: RR 1.39
cohort of male construction workers [83] (95% CI 1.17-1.64)- Other inorganic dusts: RR

1.31 (95% CI 1.11-1.53)

Environment: Sjogrens Syndrome

Primary Sjogren’s syndrome and occupational risk ~ Case—control 175 Sjogren’s 4 years 350 matched controls Exposure fo any type of solvent was associated
factors: a case—control study [17] with increased risk (OR 2.76, 95% ClI 1.70-

4.47)

Systemic autoimmune rheumatic disease risk is Population-based 7,482,397 adults 19 years N/A O verall: PMy 5 linked to increased incidence (HR
associated with longterm exposure fo fine cohort 1.036, 95% Cl 1.002-1.070, per IQR; HR
particulate matter [66™®] 1.012, 95% CI 1.002-1.021, per decile

increase in mixture)
Siogren’s syndrome: Stronger effect (HR 1.41,
95% Cl 1.00-1.99, per IQR)
Environment: Myositis
Occupational exposure in patients with the Case—control 32 patients with antisynthetase  N/A 32 patients with myositis High exposure to dusts, gases, or fumes: 16/32

antisynthetase syndrome [11]

Environment: Vasculitis

Impact of exposure to environmental particulate
matter on the onset of giant cell arteritis [96™]

Case-crossover study

syndrome

232 GCA

Mean follow-up 38

months

without antisynthetase
antibodies

(50%) antisynthetase syndrome vs 7/32 (22%)
myositis controls (p < 0.05)

Each patient served as own PMjo exposure: Odds of GCA increased by

control

27.1% (95% Cl 5.8-52.6) per 10-ug/m? rise
within 60 days; in patients >70 years, risk
increased by 38.8% at a 60-day lag
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monoarticular RA in the knee following injury,
offered anecdotal support [9,27,28]. A multicenter
case—control study reported that recent musculoske-
letal trauma was more common in RA patients than
controls [29]. Another case-control study found that
long term exposure to vibration was associated with
increased risk of RA [odds ratio (OR) 2.2, 95% con-
fidence interval (CI): 1.3-3.8] with the highest risks
observed in farming, freight/transport, and print-
making [30]. While not an acute traumatic event,
vibration may result in repetitive mechanical strain
and micro-injury, supporting its inclusion in the
trauma category.

The role of physical trauma in SLE is not well
defined. Some studies assessing trauma exposures in
SLE included both physical and psychological
domains, complicating categorization. In cross sec-
tional cohort data, higher lifetime exposures includ-
ing serious accidents, physical assaults, and early life
adversity was associated with significantly increased
disease flares (OR 2.27, 95% CI 1.24-4.17) and dis-
ease activity [31]. Longitudinal cohort data that
included both physical and psychological events
(e.g., car accidents, assaults, natural disasters), found
that exposure was associated with a significantly
increased risk of developing SLE [hazard ratio (HR)
=2.87; 95% CI: 1.31-6.28] [32]. However, because
these studies did not isolate physical trauma as an
independent exposure — and the observed associa-
tions likely reflected psychological stress mecha-
nisms - they were not included in the physical
trauma exposure summary tables.

In PsA, case series suggested that a higher pro-
portion of patients had a history of trauma preceding
symptom onset when compared with RA or SpA
populations [33-36]. In one series, 25 of 300 PsA
patients reported preonset trauma compared to RA or
SpA controls [33] while another found only three of
138 PsA patients with prior articular trauma [35].
More robust evidence from a large population-based
cohort study found that psoriasis patients who expe-
rienced physical trauma had an increased risk of
developing PsA, particularly after joint trauma and
bone trauma [34]. A case-control study of psoriasis
patients, PsA was independently associated with lift-
ing heavy loads (OR 2.8) and physical injuries (OR
2.1) [37].

In SpA, small studies and case series reported
preceding physical trauma [38-42] with new-onset
seronegative spondyloarthropathy, Reiter’'s syn-
drome (the now-discarded term found in the older
literature), or peripheral arthritis development
within weeks of injuries such as falls, car crashes
orjoint trauma. Inflammatory symptoms often local-
ized to the site of injury, suggesting a potential role
for biomechanical triggers in disease expression

14 www.co-rtheumatology.com

[39,40,42]. Although patient numbers were small,
findings were consistent across SpA subtypes. A sep-
arate case series described trauma-related complica-
tions in ankylosing spondylitis but did not establish
trauma as an initiating factor and was therefore
excluded from the summary table [41].

SSc data was sparse. In a case-control study of
male construction workers, hand-arm vibration
from power tools was linked to a higher risk of
Raynaud’s phenomenon, but not SSc and was diffi-
cult to separate from concurrent silica exposure [43].
Another case-control study reported an OR of 3.9
(0.8-19) for vibration and SSC, which was nonsigni-
ficant due to the limited number of cases [44].

We were not aware of eligible studies linking
physical trauma to the onset of Sjogren’s syndrome,
myositis, or vasculitis.

In FMS, case-control and prospective studies
have found increased risk of chronic widespread pain
following motor vehicle accidents and other physical
injuries, particularly when accompanied by psycho-
logical distress [12,13,45-49]. A case—control study
found increased number of FMS patients reported
significant physical trauma in the 6 months prior to
disease onset, compared to controls [12]. This pro-
vided low to moderate-quality evidence, limited by
retrospective self-report and modest sample size. A
cross-sectional study found FMS in 21.6% of 102
patients with cervical spine injury vs. 1.7% of and
59 leg fracture controls. This provided moderate-
quality evidence for a trauma-associated FMS subset
[13]. In contrast, another study found low incidence
of chronic widespread pain following motor vehicle
accidents (MVA) attributing modest associations to
psychological distress [47].

Psychological trauma and stress

Psychological trauma, including posttraumatic stress
disorder (PTSD), early life adversity, and chronic
emotional stress, has been investigated as a potential
contributor to autoimmune disease onset, flare activ-
ity and symptom severity [50].

In RA, several large epidemiologic studies have
reported an increased risk associated with PTSD and
early life adversity. Women with PTSD had a signifi-
cantly higher risk of developing RA over a 24-year
follow-up period after adjusting for smoking and
other confounders [51]. This relationship has been
confirmed in cohort data when compared to veterans
with no psychiatric history [52]. A retrospective
twin-control study found a dose-dependent relation-
ship between PTSD symptom burden and adult-
onset RA [53]. This represented moderate quality
evidence due to large sample sizes and prospective
design.
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Multiple prospective and cohort studies have
demonstrated trauma exposure to SLE risk
[32,54",55,56™]. One study found a three-fold
increased risk of subsequent incident SLE compared
with women without trauma exposure when con-
trolling for confounders [32]. Another study of 666
000post9/11 veterans linked PTSD to SLE [risk ratio
(RR)=1.65; 95% CI: 1.14-2.40; P=0.008] [52]. In the
California Lupus Epidemiology Study (CLUES)
cohort a rise in perceived stress over three years
correlated with higher disease activity, pain, and
tfatigue [56™"]. This was moderate quality evidence
although reliance on self-reported stress was a limi-
tation.

In a case-control study initially discussed in the
physical trauma section linking mechanical expo-
sures and PsA onset, emotional stressors such as
bereavement, divorce, job changes, unemployment,
and treatment for depression or anxiety were
assessed but none were significantly associated sug-
gesting discrete life events may not independently
trigger PsA onset [37].

A large nationwide cohort study of over 3.7
million individuals found that stress was associated
with AIRDs including psoriasis (HR 1.42, 95% CI:
1.37-1.47) [7]. A separate cross-sectional report
found psoriasis patients were more likely than der-
matology controls to report emotional abuse, sub-
stance exposure, and traumatic experiences across
lifespan, although PsA was not assessed [57].

In SpA, a prospective cohort of 272 patients
found that stressful life events were associated with
disease activity (P<0.005) [S8]. A population survey
of 1080 patients reported more physical stress, work
problems, and infections in the year prior to symp-
tom onset [8]. In contrast, a cohort study comparing
510 SpA patients with 514 RA and 365 non-inflam-
matory controls found no significant differences in
PTSD provenance prior to diagnosis [7].

We were not aware of evidence linking stress to
SSc.

For Sjogren’s syndrome, limited but consistent
evidence suggested higher frequency of stress prior to
disease onset compared to controls. Case—control
studies reported more negative stressful life events
in the year preceding disease onset among Chinese
women with primary Sjo[?lgren’s syndrome com-
pared to controls (OR=2.59; 95% CI: 1.87-3.58)
[59] and more major negative life events compared
with healthy and lymphoma controls [60]. This pro-
vided low quality due to recall bias and absence of
large sample size.

Limited evidence suggested an association
between emotional stress and increased risk for
AIRDs, with some datasets potentially including vas-
culitis among the outcomes, although it was not

1040-8711 Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

reported as a distinct category. However, for myosi-
tis, we did not identify direct data linking emotional
trauma or stress to disease onset or activity.

Multiple studies indicated a significant associa-
tion between FMS and psychological stress, emo-
tional trauma, and PTSD [61,62]. A large
population-based sample found that individuals
with a history of physical or sexual abuse had sig-
nificantly higher odds of reporting a fibromyalgia
diagnosis [63]. Following a national disaster, acute
stress was associated with disease onset [46] and in a
male veteran cohort, nearly half of those with PTSD
met fibromyalgia criteria [64]. A 2018 systematic
review of 31 studies reported consistent associations
between FMS and early-life trauma, particularly sex-
ual and physical abuse. Because it did not examine
occupational exposures, it was excluded from Table 1,
which is restricted to observational and pooled anal-
yses of occupational risk factors [61]. This repre-
sented low quality evidence as these cases are
observational in nature.

Environmental and chemical exposures (see
Tables 1-4 for additional details and GRADEs)

To clarify the diverse environmental factors impli-
cated in AIRDs, we classified them into three cate-
gories: inhaled pollutants and particulates, including
both ambient air pollution (e.g., PM,.5, NO,, and
wildfire smoke), occupational dusts (e.g., silica,
asbestos, and textile fibers), and indoor air contam-
inants (e.g., mold and secondhand smoke); metals,
solvents, pesticides and industrial chemicals, captur-
ing systemic toxins such as organic solvents, metals,
pesticides, and epoxy resins that may be absorbed
through inhalation, skin contact, or ingestion; and
animal and domestic exposures, including pet own-
ership, farm animal contact, and household or
hobby-related exposures which may influence
immune dysregulation and disease onset. We
excluded behavioral exposures (e.g., alcohol use),
drug-induced syndromes (e.g., hydralazine, procai-
namide, and penicillamine), and dietary triggers
(e.g., allergens and specific food antigens).

Inhaled pollutants and particulates (see
Tables 1-4 for additional details and
GRADEs)

Emerging evidence suggested that ambient air pollu-
tion may contribute to the development of AIRDs
[65,66™]. In a population-based cohort of over 7.4
million adults, long-term exposure to fine particulate
matter (PM, s) was associated with a small but sig-
nificant increased risk of AIRDs including SLE,
Sjogren’s, and SSc (HR 95% CI: 1.00-1.02) [66™].
This represented high-quality evidence due to the
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large cohort, robust exposure modeling, and out-
come validation.

In RA, a meta-analysis of ten studies (seven case—
control and three cohorts) identified a dose-response
relationship to smoking [67]. A nationwide cohort of
over 3 million workers found an association between
high cumulative silica exposure with increased risk
[68] linked silica to ACPA-positive disease (OR 1.67;
95% CI: 1.13-2.48) [21]. In >12 000 RA cases and 129
000 controls, animal and textile dust exposure
increased risk for RA (OR 1.6) [69]. Mineral dust
(OR 2.5) and asbestos exposure (OR 1.6) were also
associated to RA as well as vibration exposure (see
trauma section) [30].

Air pollution studies showed consistent associa-
tions: a U.S. veteran case—control study [9701 RA,
531 RA interstitial lung disease (ILD)] found NOy,
ozone, and PM;o was associated with higher risk,
while fire smoke-related PM, 5 increased RA-ILD risk
(OR 1.98) [70™"]. In a Nurses’ Health Study (>90 000)
traffic related air pollution increased risk of develop-
ing RA (HR 1.31), particularly among nonsmokers
(HR 1.62) [23]. A Taiwanese cohort study (>322 000)
linked CO (HR 1.17), NO, (HR 1.54), and O3 (HR
1.37) to new RA with no significant PM;,, and mod-
est SO, association (HR 1.02) [71]. Recently, a retro-
spective observational study in Kuwait found NO,
and O3 exposure to be linked to disease activity [72"].
These findings represented moderate quality evi-
dence supported by large sample sizes, prospective
design, and consistency across cohorts.

In SLE, a multicenter case-control study (258
cases) found that outdoor work, silica exposure,
and use of art-related chemicals were associated with
increased risk [20]. From the same Canadian cohort,
one study found no link between short-term PM, 5
exposure and total SLEDAI-2K scores [16] while
another reported increased antidsDNA positivity
and renal casts following higher PM, 5 levels, sug-
gesting subclinical immune activation [73]. A multi-
center longitudinal (>8500) found short-term
increases in PM, s and NO, associated with increased
lupus nephritis risk [74]. A separate case—control
study linked five PFASs compounds to SLE with a
dose-response relationship [75]. These findings rep-
resented moderate-quality evidence supported by
large sample size, although limitations included
potential regional confounding and reliance on
ambient exposure estimates [74].

We were not aware of studies linking inhaled
pollutants to SpA or PsA.

For SSc, silica was a well established environ-
mental risk factor [44,76-79]. A meta-analysis of
>20 studies found strong associations (ORs 2-37)
as well as with solvents (OR ~2) [80]. Another pooled
data analysis of 15 case—control studies (OR 2.81,
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95% CI: 1.86-4.23) and 4 cohort studies (RR 17.52,
95% CI: 5.98-51.37) confirmed this relationship
[81,82]. A case—control study (80 cases, 160 controls)
found that silica occupational exposure significantly
increased disease risk (OR 4.0, 95% CI: 1.6-9.9) [18].
In the Australian Scleroderma Cohort Study (n=
1670) silica exposure was linked to earlier disease
onset, more joint contractures (OR 1.8), anti-Scl-70
positivity, and worse disability (OR 1.4) [78]. One UK
case—control study did not find associations with
silica, solvents, or epoxy resins [83].

For Sjogren’s syndrome, a cohort in Quebec
assessed the impact of PM; 5 and AIRD’s and found
3268 incident cases as well as increased risk (HR 1.41,
95% CI: 1.00-1.99) [66™]. Another study (175 cases,
350 controls) found associations between dichloro-
methane (OR 9.28), toluene (OR 4.18), white spirit
(OR 3.60), and chlorinated solvents (OR 2.95) [17].

For myositis, a case—control study of 32 patients
with antisynthetase syndrome (ASS) and 32 myositis
controls without antisynthetase antibodies found
high exposure to dust, gases, or fumes in 50% of
ASS patients vs. 22% of controls (P<0.05). This
provided low quality evidence, limited by small
sample size but supported by antibody-defined sub-
typing [11]. Isolated case series also suggested links
between silica and solvent exposure to myositis,
although these were limited by small sample size
[84].

In vasculitis, a meta-analysis (33 studies) found a
significant association between solvent exposure and
AIRDs, including primary systemic vasculitis (OR
1.54; 95% CI: 1.25-1.92) [5]

We were not aware of direct or specific evidence
linking pollution to FMS.

Metals, solvents, and industrial chemicals
(see Tables 1-4 for additional details and
GRADE:s)

Industrial occupations surrounding solvent, metal
and machinery exposure have been associated with
increased risk of systemic autoimmune diseases. A
national mortality study identified elevated risk of
death from RA, SLE, and SSc among workers in
occupations such as machine operation (RA OR
1.5), textile processing, and hand painting or coating
(8Sc OR 4.4) [85].

For RA, a case—control study (715 cases, >2200
controls) linked farming, freight/transport work, and
printmaking with increased risk [30]. In a Swedish
cohort (>500 000 workers) organic solvents expo-
sures were associated with increased RA risk (RR=
1.2). particularly among spray-painters, lacquer
workers, and machinery repairmen [86]. In 76 000
postmenopausal women, self-reported insecticide
use was associated with increased risk of RA and
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SLE (HR 2.04 for frequency, HR 1.97 duration >20
years) [22]. The Agricultural Health Study found no
overall pesticide association but elevated risk for
lindane and welding [87]. Others found no relation-
ship between RA and uranium exposure [88]. A large
case—control study (12 582 RA cases, 129 335 con-
trols) found associations with animal dust (OR 1.2—
1.3) and textile dust (P=0.014) [69]. This represented
moderate grade evidence due to large sample size,
multiple high-quality cohorts, and dose-response
evidence despite some exposure classification limi-
tations.

Insecticide use has been linked to increased risk
of SLE [22,89]. A case-control study of 258 patients
with SLE and 263 controls found occupational expo-
sures including outdoor work, use of paints or dyes,
nail polish application, metals and pottery was asso-
ciated with increased risk [20]. A prospective study of
nurses found dose-dependent increase in SLE risk
with occupational solvent exposure (HR 1.59, 95%
CI 1.05-2.42) [16]. A community comparison study
found increased SLE prevalence in the petroleum and
mercury-exposed community compared to controls
[90]. In Brazilian miners, mercury exposure in gold
mining was associated with increased ANA titers and
pro-inflammatory cytokines [interleukin (IL)-1p,
tumor necrosis factor alpha (TNF-a), interferon
gamma (IFN-y)] compared to diamond and emerald
miners [91]. SLE development was found to be
almost four-fold higher in uranium exposures [88].
Higher SLE prevalence has also been reported in
silica-exposed occupations, including uranium min-
ers, scouring powder factory workers, and silicosis
patients, with one Swedish registry study noting a
more than 20-fold increased hospitalization risk in
those with silicosis [92]. However, other studies have
found no association between SLE and pesticides
[85].

For PsA and SpA current evidence did not estab-
lish a consistent or causal association with specific
environmental or occupational exposures.

In SSc, a 2001 meta-analysis of 8 studies found
increased risk of solvent exposure and disease (RR
2.9) [93]. A 2008 meta-analysis of 11 studies con-
firmed this relationship in an occupational setting
[76]. A larger systematic review and meta-analysis of
33 studies reported that exposure to organic solvents
was significantly associated with increased AIRDs
(OR 1.54; 95% CI: 1.25-1.92), including SSc and
vasculitis [5]. A case-control study of 93 patients
with SSc and 206 controls found occupational expo-
sure to solvents was significantly associated with
increased risk (OR=3.23; 95% CI: 1.58-6.63) [44].
Additional case-control and observational studies
have identified similar associations for epoxy resins,
pesticides, and welding fumes [81,85]. Overall this

1040-8711 Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

represented moderate to high-quality evidence, sup-
ported by pooled estimates, sensitivity analyses, and
minimal publication bias, although heterogeneity in
exposure assessment remained a limitation.

A case-control study investigated the association
between Sjogren’s syndrome and solvent exposure
and demonstrated significantly elevated odds ratios
for multiple solvents, including dichloromethane
(OR 9.28), perchloroethylene (OR 2.64), benzene
(OR 3.30), and toluene (OR 4.18). Overall exposure
to any solvent (OR 2.76) and to chlorinated or aro-
matic solvents was associated with higher risk [17].
There was no significant association with pesticide
exposure.

A case of polymyositis with antihistidyl-t-RNA
synthetase (Jo-1) antibody syndrome was reported
following extensive vinyl chloride exposure [94].

Two case reports described systemic vasculitis
following prolonged exposure to organic solvents
in male workers (electrician and painter), suggesting
apossible temporal association [95]. A questionnaire-
based study comparing 53 patients with granuloma-
tosis with polyangiitis (GPA) to controls reported
possible links between mercury and lead exposure,
as well as allergy history, although findings were
limited by small sample size [2]. A case cross-over
study of 232 patients with giant cell arteritis (GCA)
revealed increased odds of disease onset with PM10
particulate exposure, and this effect was stronger in
individuals aged >70years and in chronically
exposed individuals [96"].

For FMS the overall body of research was limited,
inconsistent, or inconclusive for these factors.

Animal and domestic exposures (see
Tables 1-4 for additional details and
GRADEs)

Animal and domestic exposures have been proposed
as potential triggers for systemic autoimmune dis-
eases. A national mortality study found that occupa-
tional animal exposure was associated with increased
risk of death from all AIRDs, with the most consistent
association with RA [85]. In a case—control study of
122 RA patients, prepubertal exposure to cats was
significantly associated with increased risk (OR 4.9;
95% CI: 2.7-9.0), with a reported dose-response
effect [97]. A follow-up genetic analysis found that
exposure was strongly associated with RA risk (OR
4.2; 95% CI: 2.1-8.5) [98].

We were not aware of data regarding epidemio-
logical data on human exposure to animals and the
development of PsA, SpA, SSc, vasculitis, or FMS.

One hundred eighteen patients with polymyo-
sitis, dermatomyositis, or ASS, were studied with
exposure to household exposures to mold, birds,
and feather pillows using questionnaires. However,

www.co-rtheumatology.com 17



CE: ; BOR/BOR380201; 'I'otal nos of Pages: 22;

BOR380201

Immunopathogenesis and treatment of autoimmune diseases

specific results regarding animal-related exposures
were not reported, and therefore no conclusions
can be drawn from this study regarding animal
exposure and myositis risk [11].

This review summarized the environmental and occu-
pational exposures to autoimmune, inflammatory
and musculoskeletal disease. It covered a broad scope
of exposures, including physical trauma, psycholog-
ical stress, and various chemical agents like silica and
solvents. We applied the GRADE framework (Table 1)
to evaluate the strength of the evidence and address
the clinical and legal implications of these findings,
providing a comprehensive review for clinicians to
consider when assessing exposure history and injury
related claims. The review intentionally excluded sev-
eral areas of study to maintain focus. We did not cover
the potential roles of diet, nutrition, or complemen-
tary and alternative medicine, nor historical perspec-
tives of environmental or occupation exposures. For
more information on these topics, please see the
provided references [25,99-101].

Our review found several key patterns relating
environmental exposures to rheumatic disease
(Tables 2-4). Certain exposures, such as physical
stress, psychological stress, silica, solvents and air-
borne pollutants had consistent associations with
disease onset or exacerbation, although the strength
of evidence varied. The evidence for physical trauma
and psychological stress was mixed and often
depended on the specific disease and context
[4,54%%,102]. Psychological stress has been identified
in large populations as associated with SLE and other
autoimmune diseases, with moderate-level evidence
from prospective cohorts and epidemiologic data-
bases [32,54™,56™]. The link between silica exposure
and diseases including RA [4,15%,16] and SSc [4-
6,18,21,76,77,81,82,103,104] was particularly strong
and well documented. Overall, the findings sug-
gested a nuanced relationship where environmental
factors can act as triggers in presumably genetically
susceptible individuals.

These observations highlight how rheumatic dis-
ease may develop in predisposed individuals. For
example, the increased prevalence of RA after the
industrial revolution, associated with increased avail-
ability of sugar, perhaps associated with periodontal
disease and a trigger like Porphyromonas gingivalis
perhaps leading to disease, supports the concept that
new environmental exposures may contribute
importantly to disease [105]. This underscores the
importance of gene-environment interactions and
the historical search for infectious or environmental
triggers. The concept of “therapeutic windows” in
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preclinical disease is also relevant, suggesting that
understanding these triggers may allow for earlier
intervention [106]. Further insight could help guide
intervention strategies, including workplace modifi-
cations and providing preventive counseling for
patientsin high-risk occupations. This knowledge also
supports targeted screening in exposed populations,
potentially leading to earlier diagnosis and treatment.

This review also contributes to the historical
understanding of rheumatic diseases, which have
long been understood as complex and multifactorial.
Certain diseases have not been thought to have been
recognized in antiquity, supporting the notion that
recent and environmental factors may contribute to
their etiology. Nor do we really know what causes
(most) rheumatic diseases. We have seen thoughts
over the years about humors, infections, food and
diets, viruses, amoebae, mycoplasma, other microbes,
immune dysregulation, the microbiome, even space
aliens!, and now the environment [99,105,107]. This
perspective is particularly relevant today as our under-
standing of complex environmental contributions to
disease pathogenesis continues to evolve.

The implications from these findings extend to
public health and policy. There is a clear need for
stricter occupational safety standards and environ-
mental regulations to protect workers and the gen-
eral population. Recognizing links between exposure
and disease can support a more equitable approach to
compensation systems for those affected.

Question of relationships of environmental factors,
occupation, trauma, and physical and psycho-social
stress frequently arise in disability and legal contexts.
While scientific evidence is evolving, legal standards
require substantiated proof as well as preponderance
of medical evidence when addressing issues of cau-
sation and aggravation.

From a medicolegal standpoint, physicians must
navigate standards of causation and apportionment.
Courts have emphasized that apportionment
requires medical evidence and explanation (e.g.
Escobedo [108], Gonzales [109]), that aggravation
of preexisting conditions may be compensable
(Sweat [109]), and that misapplication of psychiatric
vs. physical injury standards can undermine physi-
cian opinions (Villa [110]). Selected illustrative cases
are summarized in Table 5.

Environmental exposures are important, although
variably supported, contributors to AIRDs and rheu-
matic disease. Understanding these exposures
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Table 5. Legal implications

Legal/jurisdiction
principle

lllustrative cases

Outcome and specific rationale

Medical evidence used

Aggravation of
preexisting
conditions

Apportionment to
causation

Causation standard
for stress related
vs. physical injury

Burden of proof and
substantial
medical evidence

Medical treatment
vs. causation

Requirement for
substantive
apportionment
analysis

Sweat v. Superior
Industries, Inc. [109]

Gonzales v. Team Infinity,
Inc [108]

Villa v. Calavo Growers,
Inc. [110]

Brophy v. WCAB [123]

County of Santa Clara v.
WCAB [124]

Linda Becerra v. Conifer

Health Solution [125]

The Tennessee Supreme Court found a
preexisting, asymptomatic disease
compensable when employment
activities caused an "actual
progression" of the disease. The court
placed the burden of proving the
nonindustrial portion of the progression
on the employer, noting the "inability
to precisely quantify" the allocation.

The court confirmed that apportionment
must be based on a physician’s
analysis of causation. "Vocational
apportionment" by nonphysicians

cannot negate a valid medical opinion.

The court defermined the physician
incorrectly applied the stricter
psychiatric injury standard to a
physical injury (FMS) caused by stress.

The court emphasized that the defendant
has the burden of proving a valid
basis for apportionment.

A physician must adequately explain
"how and why" a nonindustrial factor
caused a portion of the disability.

The court clarified that the employer is
not responsible for disability without
apportionment if medical treatment is
not the sole cause of permanent
disability. Apportionment is required if
other factors, like a preexisting
condition, contribute to the disability.

The court ruled that the doctor’s
apportionment analyses did not meet
standard for substantial evidence
because they failed to provide a
detailed explanation of "how and
why" the disability was causally
related to specific nonindustrial factors
or prior injuries.

Physician testified that in PsA repetitive,
strenuous, weightbearing activities
resulted in permanent joint injury.

Medical experts provided opinions that a
preexisting arthritic condition was a
contributing cause of disability.

The case involved a rheumatologist's
opinion that the employee’s symptoms
were best explained by a preexisting
psychiatric condition and did not
sufficiently explain the causation
related to the physical injury.

Physician determined that heavy smoking
and obesity caused 80% of a
pulmonary condition. The report was
found to be inadequate when the
physician could not explain the
apportionment between two injuries
beyond stating they were close in fime.

Diagnostic studies showing preexisting
severe osteoarthritis, which led to the
need for surgery, served as the basis
for a 50% nonindustrial
apportionment.

In the apportionment analysis, the
physician noted contribution including
multiple factors, such as work stresses
and orthopedic injuries, without a
specific and individualized assessment
of how and why each factor is at
present contributing.

provides a critical framework in the evolving under-
standing of disease pathogenesis and has implica-
tions for management, public health and safety,
historical perspectives about our diseases, and
too considerations in our legal system. Despite
growing interest, key gaps remain. Future research
should prioritize objective and detailed exposure
assessment and outline clear temporal relationships
to disease onset [111"]. This may inform public
health policy, refine workplace protections, and
support intervention in high-risk individuals. In

1040-8711 Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

the meantime, clinicians should maintain vigilance
for environmental and psychosocial contributors
as part of comprehensive rheumatologic care [126,
127%%,128%,129".
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