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Abstract

Systemic lupus erythematosus (SLE) is a multisystem disease with a complex etiology. Risk is 

higher among women, racial and ethnic minorities, and individuals with a family history of SLE or 

related autoimmune diseases. It is thought that genetic factors interact with environmental 

exposures throughout the lifespan to influence susceptibility to developing SLE. The strongest 

epidemiologic evidence exists for increased risk of SLE associated with exposure to crystalline 

silica, current cigarette smoking, use of oral contraceptives and postmenopausal hormone 

replacement therapy, while there is an inverse association with alcohol use. Emerging research 

results suggest possible associations of SLE risk with exposure to solvents, residential and 

agricultural pesticides, heavy metals, and air pollution. Ultraviolet light, certain infections, and 

vaccinations have also been hypothesized to be related to SLE risk. Mechanisms linking 

environmental exposures and SLE include epigenetic modifications resulting from exposures, and 

increased oxidative stress, systemic inflammation and inflammatory cytokine upregulation, and 

hormonal effects. Research needs to include new studies of environmental risk factors for SLE 

generally, with a focus on lifetime exposure assessment, and studies in susceptible subgroups, such 

as family members or based on genetic risk profiles, or in individuals with evidence of pre-clinical 

autoimmunity based on detection of specific auto-antibodies. Understanding the role of 
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environmental exposures in the development of SLE may help to identify modifiable risk factors 

and potential etiologic mechanisms.
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Introduction

Systemic lupus erythematosus (SLE) is a complex multisystem, autoimmune disease with an 

incidence of approximately 5–20 per 100,000 in the U.S. population [1,2]. Female 

predominance of SLE (9:1 female to male), and higher SLE incidence in African Americans 

and native Americans in particular, point towards an important role of both intrinsic and 

extrinsic non-genetic factors [3,4]. Genome-wide association studies are identifying a 

growing list of gene contributing to SLE pathogenesis and clinical manifestations [5,6]. 

Having a family history of SLE or related autoimmune diseases dramatically increases risk 

of SLE [7], but the low to modest penetrance of genetic risk factors and concordance in 

twins highlight the importance of environmental factors [8].

There is strong epidemiologic evidence concerning the association of SLE with several 

environmental factors, including crystalline silica exposure [9,10], and alcohol consumption 

(decreased risk) [11], current cigarette smoking [12], and exogenous estrogens (oral 

contraceptives and postmenopausal hormones) [13,14]. Evidence also points to potential 

associations between other exogenous factors as reviewed below (e.g., UV radiation, 

solvents, pesticides; Figure 1). Associations of SLE with intrinsic factors, including 

birthweight, reproductive history (e.g., parity, age at menarche and menopause), 

endometriosis, and latent infections such as EBV, may reflect an indirect role of 

environmental exposures [15–17] Considerable knowledge gaps remain regarding potential 

mechanisms by which these environmental factors may be involved in the pathogenesis of 

SLE. Epigenetic regulation, whereby environmental stimuli lead to biochemical epigenetic 

modifications, may be a potential link (18]. Differential DNA methylation patterns have 

been reported in twins discordant for SLE [19]. Metabolic mechanisms that modify gene 

expression and precipitate SLE have also been proposed [20]. Oxidative stress has been 

shown to inhibit ERK pathway signaling in T cells leading to DNA demethylation, 

upregulation of immune genes and auto-reactivity, and could contribute to SLE onset among 

genetically predisposed individuals [21,22].

In this review, we summarize current knowledge about environmental factors linked to SLE 

risk based on epidemiologic research, with a focus on modifiable extrinsic exposures. 

Potential biologic mechanisms have been recently reviewed in other contexts [23], and so we 

highlight specific instances when evidence is particularly strong or novel. To provide a 

critical perspective on the literature, we start with a framework for understanding the current 

state of knowledge and end with needs for new epidemiological and translational research 

studies of the role of the environment in SLE.
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Considering the Role of Environment Factors in SLE Pathogenesis

There is no doubt that experimental and mechanistic studies in SLE animal models and 

clinical studies help to elucidate potential causal exposures and etiologic pathways. 

Observational research also has been critical for identifying and confirming the role of 

environmental exposures in the development of SLE. Potential associations are often first 

revealed in descriptive observational studies, and confirmed across multiple populations 

(e.g., research on crystalline silica described below), before being substantiated in 

experimental studies. Understanding the strength and limitations of epidemiologic study 

design in SLE research is necessary to accurately interpret findings and identify 

opportunities for future research.

Epidemiologic Study Design

Evaluating the weight of the evidence concerning environmental exposures and SLE risk, 

and identifying directions for future research, depend on a balanced understanding of the 

strengths and limitations of epidemiologic research. Because SLE is a rare disease, the 

traditional retrospective case-control design is most efficient, but has a greater potential for 

recall bias and misclassification error. On the other hand, population-based and occupational 

cohort studies are typically limited by the low incidence rates and challenges in ascertaining 

SLE based upon self-report, which is sensitive but non-specific [24]. Methods to validate or 

confirm cases may introduce selection bias if specific medication use (e.g., disease 

modifying anti-rheumatic drugs) or if consent to medical records review is related to 

exposures or varies by major demographic subgroups (e.g., by age, sex or other social 

factors). Cases defined based on medication use may represent a clinical diagnosis, but may 

not meet validated classification criteria for SLE. In practice, challenges in case 

ascertainment also reflect challenges in disease diagnosis, including potential for incomplete 

clinical features and overlap with other systemic autoimmune diseases.

While the topic of exposure assessment is beyond the scope of the current review, it is 

important to emphasize challenges in assessing environmental exposures [25]. The example 

of crystalline silica illustrates several issues in exposure assessment, including a lack of 

biomarkers to measure past exposures, which are typically identified by self-report in 

questionnaires, and low to moderate exposure levels in the general population. Occupational 

cohorts often have higher levels and well-quantified exposures, but SLE is a rare outcome 

and covariate data may be unavailable. Although an association between silica exposure and 

SLE is highly probable, key questions remain concerning dose and timing and biologic 

mechanisms involved in triggering or promoting SLE; answers may rely on experimental 

studies in susceptible models.

Susceptible Subgroups and Preclinical SLE

The goals of research on environmental exposures and SLE risk include the identification of 

causal risk factors that can be modified to reduce the burden of disease, as well as having an 

improved understanding of disease pathogenesis. An underlying conceptual model is 

necessary to address the timing and mechanisms by which environmental factors interact 

with genetic factors and inherent susceptibility, initiating and promoting the development of 
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disease. Susceptibility to SLE may be defined based on family history of SLE or related 

diseases, patterns of genetic variation, or preclinical phenotypes. Studies of family members 

are essentially “at-risk cohorts”, enriched for genetic (and early environmental) risk factors. 

SLE is a rare outcome in the general population, so individuals screening positive for 

autoantibodies, e.g., antinuclear antibodies (ANA), may provide another source of potential 

“risk-enriched” samples. However, while ANA can appear years prior to SLE onset [26], 

they are relatively common in the general population [27]. Most studies have not examined 

more specific and rare SLE-associated autoantibodies, and the natural history of ANA in the 

general population is not well understood. Nevertheless, the relationship of exposures with 

markers such as ANA may indicate an initial break in self-tolerance relevant to development 

of autoimmune disease. The most efficient study design may be one that combines 

approaches to identify or describe susceptible subgroups, increasing statistical power to 

detect associations and interactions between risk factors.

Lastly, developmental risk factors for SLE should also be considered in the realms of 

exposure assessment and disease susceptibility. Maternal, prenatal and early life exposures 

can modify immune development and may set the stage for development of chronic 

autoimmune diseases such as SLE later in life. Eventually, informative epigenetic 

biomarkers may provide additional means to identify at-risk-individuals. While there is 

growing evidence of epigenetic differences in SLE patients, relatively little is known about 

the timing of these changes relative to SLE onset nor about how environmental factors lead 

to epigenetic modifications that may be involved in SLE pathogenesis. For example, 

increased birthweight has been inconsistently associated with SLE risk [15, 28,29], and may 

reflect a role of in utero nutritional intake on SLE risk mediated by epigenetic changes in 

immune regulation and responses to exposures in later life.

Occupational Exposures and Environmental Pollutants

Silica and Silicates

Exposure to respirable silica dust (i.e., the crystalline form from quartz) is an established 

risk factor for SLE and other systemic autoimmune diseases (e.g., scleroderma and 

rheumatoid arthritis) [30]. The association of silica exposure and increased SLE risk has 

been observed in occupational and residential, rural and urban settings [10,31,32], and 

studies show dose-response associations with increasing intensity or duration [9,33]. Large 

population-based studies have confirmed these findings in recent years [34,35], and 

occupational cohorts continue to identify potential silica-related SLE cases [36]. Critical 

questions remain however, including the required dose, timing and susceptibility factors, and 

the potential role of other silicates.

Experimental studies suggest crystalline silica acts as an immune adjuvant inducing 

apoptosis and release of intracellular antigens, increasing pro-inflammatory cytokines, 

oxidative stress and T cell responses and decreasing the number of regulatory T cells [37]. 

Silica exposure exacerbates lupus in murine models, increasing levels of serum 

autoantibodies, immune complexes, glomerulonephritis and proteinuria [38]. Notably, 

repeated short-term, respiratory exposures appear to be able to induce SLE-like disease, 

including systemic autoimmunity and glomerulonephritis [39]. This latter finding may have 
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important implications for disease prevention, if short, but intense exposures are 

etiologically relevant.

Asbestos, a long-chain silicate, has been shown to be associated with ANA development and 

proteinuria, as well as with increased rheumatoid arthritis risk [40]. Researchers are studying 

other silicates, including asbestos, in relation to SLE risk [41], for example identifying 

associations of asbestos with antinuclear antibodies in an exposed community. Given the 

longevity of silica and silicates as natural elements in the environment, with potential for 

diverse human exposures, further investigation of their effects on SLE is warranted.

Other common non-occupational exposures to silicates may be of interest to future research, 

as well as engineered nanoparticles, which are increasingly used in processed foods, 

medications and personal care products. Growing evidence suggests that, depending on the 

context, nanoparticles can have immunostimulatory effects, for example via activation of the 

complement system and potential adjuvant effects [42].

Other Respiratory Exposures

Acute, high-level exposure to dusts generated in the World Trade Center Disaster has been 

linked to a variety of respiratory symptoms and diseases in rescue and clean-up workers 

[43]. Although there were few SLE cases, rates of composite systemic autoimmune diseases 

were elevated in workers exposed to the highest levels. Acute dust exposure from the 

disaster has been related to changes in markers of pulmonary inflammation, oxidative stress 

and epigenetic changes in experimental models [44], and different types of dust, which 

likely include silica, silicates and carbon nanotubes, have been associated with markers of 

increased systemic inflammation in a volunteer community cohort of symptomatic 

individuals, years after exposure [45,46].

Particulate air pollution has also been hypothesized to be associated with development of 

systemic autoimmune rheumatic diseases (SARD), including systemic lupus, Sjogren's 

syndrome, scleroderma, polymyositis, dermatomyositis, and undifferentiated connective 

tissue disease, in an urban Canadian cohort [47]. The odds of SARD were elevated among 

those with higher exposures to air pollution particulate matter in two other Canadian 

provinces as well [48]. Levels of particulate matter in air pollution are typically much lower 

than seen for exposures due to occupational silica dust or those experienced in the World 

Trade Disaster, and so other mechanism may be operating. The extent to which such changes 

increase susceptibility to other exposures needs to be further examined in studies of SLE.

Mechanistic evidence exists implicating cigarette smoking in SLE pathogenesis. Exposure to 

toxic components from cigarette smoke (e.g. tars, nicotine, carbon monoxide, polycyclic 

aromatic hydrocarbons and free radicals) can induce oxidative stress and directly damage 

endogenous proteins and DNA, leading to genetic mutations and gene activation, which 

could be involved in development of SLE [49]. Cigarette smoking stimulates the expression 

of CD95 on B and CD4 on T cell surfaces, potentially inducing autoimmunity [50], and also 

augments production of pro-inflammatory cytokines [51]. A meta-analysis of studies of 

smoking and SLE risk revealed that current smokers had a modestly elevated SLE risk (OR 

1.5; 95% CI 1.09, 2.08) compared to non-smokers [12]. Past smokers did not have an 
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elevated risk compared to non-smokers in that meta-analysis. In recent analyses within the 

Nurses’ Health Study prospective cohorts, current, but not past, smoking was strongly 

related to the risk of anti-double stranded DNA-positive subtype of SLE (1.86; 95% CI 1.14, 

3.04]) [52]. No associations were observed between past smoking, or pack-years and overall 

SLE or anti-double stranded DNA negative SLE. The strong and specific association of 

current smoking with anti-double stranded DNA seropositive SLE suggest smoking is 

involved in the pathogenesis of this specific subtype of SLE.

Evidence for other respiratory exposures, such as organic dust and endotoxins, is less well 

developed. Endotoxins can act as immune adjuvants, but findings with respect to SLE is 

inconsistent [41, 53].

Other Xenobiotic Exposures

Environmental contaminants exist in residential settings and common household products 

and solvents (e.g., dry cleaning solvents, nail polish removers, paints, perfumes) as well as at 

hazardous waste sites. These products may affect oxidative stress and/or sex hormone 

homeostasis [54]. Although increased SLE risk has been associated with jobs and tasks 

involving solvent exposure in studies utilizing different study designs [35, 55], other studies 

assessing solvent exposure based on job history and high-exposure work tasks have found no 

overall or dose-response associations with SLE [32,56]. However, trichloroethylene has yet 

to be conclusively linked to the development of SLE [57,58].

Two studies have reported that pesticide exposure, both agricultural and residential, to be 

associated with increased SLE risk [56,59]. A recent study confirmed these findings in a 

national cohort of women, but focused on childhood exposures. More frequent residential 

pesticide use (e.g., at least monthly, OR 2.3, 95%CI 1.3, 4.1) and having an early and 

extended childhood farm residence (OR 1.8; 95%CI 1.1, 3.0) were strongly associated with 

SLE [15]. These findings highlight the importance of exposure assessment across the life-

course, and considering developmental as well as adult exposures. A key limitation of these 

studies is that they relied on self-reported exposures, and pesticides represent a diverse set of 

chemical exposures with important differences in historical use. For example, 

organochlorine insecticides were widely used (and are still currently used in some areas and 

widely persist in the environment), but direct exposures may differ dramatically from current 

uses of herbicides and many people are exposed to multiple different kinds of pesticides. 

Furthermore, the strongest associations were seen in those with a history of farm-related 

exposures. Agricultural exposure to pesticides may be higher than the general population, 

and often include childhood exposures for those raised on a farm; however, farmers may 

have other chemical or physical exposures to factors that influence immunity, such as silica, 

solvents, infections, endotoxins and UV light. Thus, research is needed to identify SLE 

associations with specific pesticides and other chemical or other physical exposures.

Dioxins, furans, polychlorinated biphenyls (PCBs), and other polycyclic aromatic 
hydrocarbons are widespread organic pollutants that are persistent in the environment and 

bioaccumulate in the food chain. These organohalogens mediate their biologic and toxic 

effects through varying mechanisms, including the well-known immunosuppressive effects 

of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and other dioxin-like congeners [60], 
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instigated by binding to the arylhydrocarbon receptor. Increased SLE mortality was observed 

in long-term follow-up of a Taiwanese population exposed to high levels of PCBs and furans 

through consumption of contaminated rice, with SLE deaths starting 10 years after the 

exposure [61]. Findings suggesting roles of hair dyes and other cosmetics, including lipstick, 

in the development of SLE remain unconfirmed [30,62].

Data from experimental studies suggest that heavy metals may increase systemic 

autoimmunity [25], and that effects may be direct or indirect; for example, co-exposure to 

certain heavy metals may increase the risk associated with other exposures [63]. A recent 

case-control study suggested an association of SLE with residential proximity to a uranium 

processing plant [64]. Two case-control studies have shown elevated risk of SLE associated 

with self-reported exposure to mercury [55,56]. Mercury-exposed gold miners were 

demonstrated to have a higher prevalence of detectable ANA as compared to diamond and 

emerald miners with no occupational mercury exposures [65]. However, a recent population-

based study showed no evidence of consistent or strong associations of mercury or other 

heavy metals with ANA in the general population [66].

Other Exposures

Although ultraviolet light (UV) radiation exposure may exacerbate pre-existing SLE, it is 

still not known whether UV exposure plays a role in the pathogenesis of SLE [67]. 

Experimental studies suggest that UV-B radiation results in induction of reactive oxygen 

species, leading to DNA damage [68], production of novel forms of autoantigens and 

autoreactive T cells [69,70], and may have immunomodulatory effects on T cells and 

cytokines [71], all potentially involved in SLE pathogenesis. A few case-control studies have 

examined UV exposure and SLE risk [55,72], but these have been limited by potential 

inaccuracy of exposure assessment, and influenced by recall and reverse causation bias (e.g., 

photosensitivity due to SLE may be present prior to diagnosis). We have reviewed this topic 

in detail elsewhere [73]. Large, well-controlled studies are still needed to prospectively 

assess the relationship of UV-B radiation with incident SLE.

Further complicating our understanding of the relationship between UV radiation and SLE 

pathogenesis is the controversial role of vitamin D. While exposure to solar UV radiation 

may trigger SLE disease flares, UV light exposure is also the main source of vitamin D [74]. 

Vitamin D may be immunosuppressive once metabolized to 1α,25(OH)2D3[75], and it has 

been suggested that UV-B radiation could reduce SLE risk via stimulation of cutaneous 

vitamin D synthesis [76]. Many cross-sectional and case-control studies have reported low 

25(OH) vitamin D concentrations in SLE patients compared to controls; however, low 

vitamin D may be the consequence of chronic disease. No protective effects of vitamin D 

intake from foods or supplements in adult or adolescent years were found among women in 

the Nurses’ Health Studies [76,77]. Recent research, in a susceptible subgroup (family 

members of a patient with SLE), suggested those with vitamin D deficiency were more 

likely to transition to SLE, especially in those with a particular genotype in the vitamin D 

metabolism pathway [78].

Other than vitamin D, few studies have examined dietary exposures in relation to SLE. Early 

research suggesting an association of SLE with alfalfa sprouts [79], has not been replicated 
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[80]. Antioxidant intake in diet and supplements was not related to risk of SLE among 

women in the Nurses’ Health Studies [81]. Other dietary exposures or patterns have not been 

well examined in human studies, for example, the Western-type diet, which in mice was 

associated with anti-HMGB1 autoimmunity (antibodies related to disease activity in SLE 

patients) [82]. Through epigenetic pathways, dietary factors may influence the risk of SLE; 

for example, experimental evidence suggests SLE-prone mice fed diets rich in methyl group 

micronutrients were less likely to develop nephritis compared to those lacking these 

nutrients [83].

Alcohol contains compounds (e.g. ethanol and antioxidants) that potentially counteract 

systemic inflammation, decreasing cellular responses to immunogens, and suppressing 

synthesis of pro-inflammatory cytokines, such as tumor necrosis factor (TNF), interleukin 

(IL)-6, IL-8, both in vivo and in vitro in alveolar macrophages and human blood monocytes 

[84]. Antioxidants in wine and beer influence cytokines such as interferon-gamma in vitro 
and may inhibit key enzymes involved in DNA synthesis [85,86]. Moderate alcohol intake 

may also reduce serum levels of IgG [87]. A meta-analysis of six case-control studies and 

one cohort study demonstrated an inverse association of moderate alcohol intake with SLE 

risk (OR 0.72, 95%CI 0.55–0.95) [11]. Long-term moderate alcohol consumption (≥5 grams 

or 0.5 drink/day) was associated with lower risk of incident SLE (HR 0.61, 95%CI 

0.41-0.89) in the Nurses’ Health Study cohorts [88], specifically in women who drank ≥2 

servings of wine/week (HR 0.65; 95%CI 0.45–0.96) compared to women who did not drink 

wine.

Vaccinations have been proposed as potential triggers for the onset of SLE given their role in 

stimulating an antigen-specific immune response. However, these associations have not been 

confirmed in epidemiologic studies [89], including a recent international case-control study 

involving 105 SLE patients, which demonstrated no association between vaccinations 

administered within 24 months of SLE [90].

Infections have been suggested as causal factors for SLE. Research, however, is difficult for 

a variety of reasons, and the timing of exposures may be critical. Early life infections may be 

related to the development of immune response tendencies that might increase susceptibility 

to lupus later in life. Studies of recent infections (or latent viral infections) are further 

complicated by lack of knowledge about whether the infection is a sign of early disease 

activity. For example, Epstein-Barr virus (EBV) seropositivity is higher in adults and 

children with SLE than age-matched controls [91], but no conclusive data have established 

that EBV infection influences future risk of SLE. In a large population-based Danish cohort, 

EBV-serologic negative individuals had an increased risk for SLE, which peaked at 1 to 4 

years after testing (standardized incidence rate, 6.6; 95% CI 3.3,13.2), but this finding may 

be due to surveillance bias, as EBV testing is likely to be performed during the work-up for 

early SLE symptoms [92]. By contrast, no associations were found with EBV serologic 

positivity, infectious mononucleosis, or severe infectious mononucleosis requiring 

hospitalization [89, 92]. A recent meta-analysis of twenty-five case control studies 

demonstrated a statistically significant higher seroprevalence of anti-viral capsid antigen IgG 

(OR 2.08, 95% CI 1.15 to 3.76, p = 0.007) and antibodies to EBV early antigen diffuse, a 

marker of viral replication, in patients with existing SLE patients compared to normal 
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individuals (OR 4.5; 95% CI 3.00 to 11.06, p < 0.00001), although the funnel plot 

examination suggested publication bias. [93].

On the other hand, immune stimulation due to infections (or susceptibility to infections due 

to underlying immune dysregulation) is a plausible risk factor for SLE. Latency in the 

association of infections with SLE may be used to explore potential bias; in theory, more 

distant infections might indicate an underlying susceptibility rather than detection bias or 

reverse causality. But even then, interpretation may be fraught with difficulties. Recent 

evidence from a large registry linkage study of the Danish Population (1945- 2000), suggests 

associations of history for hospitalization with infection SLE diagnosis (and other 

autoimmune diseases), including a two-fold increase for infections at least 5 or 10 years 

prior to SLE diagnosis [94]. The idea that infections are a marker for immune susceptibility 

to SLE is supported by findings that the association of SLE with EBV-associated antibodies 

was stronger in patients with a particular CTLA-4 genotype [17]. Generally, investigating 

infection as a causal factor for SLE is complicated by the fact that rates of infection are 

influence by both intrinsic factors, historical exposures to infections, and factors influencing 

contact with infectious agents.

Sex steroid hormones, including 17-β-estradiol, testosterone, prolactin, progesterone and 

dehydroepiandrosterone, have multiple influences on immune system function [95,96]. 

Epidemiologic research suggests that exogenous hormone use (including both oral 
contraceptives [OCPs] and hormone replacement therapy [HRT]) are associated with an 

increased risk of SLE [14, 97]. In a large, prospective study using the Nurses’ Health Study 

cohorts, oral contraceptives and postmenopausal HRT were both associated with increased 

risk of incident SLE (RR 1.5, 95% CI 1.1–2.1 and RR 1.9, 95% CI 1.2–3.1, respectively) 

[14]. Furthermore, a strong dose-response relationship was observed between the OCP dose 

of ethinyl estradiol and new onset SLE in a large study using data from the U.K. General 

Practice Database [98]. A separate study demonstrated an inverse (protective) relationship of 

the progesterone-only pill with SLE [99]. These findings support the research focused on the 

role of environmental estrogens in SLE, including a variety of chemicals listed above with 

potential estrogenic effects, such as some pesticides, dioxins and PCBs.

Summary

Studies identifying modifiable environmental risk factors for SLE could lead to strategies to 

prevent disease, especially among those individuals at high risk. Substantial epidemiologic 

research exists to support the associations between silica, current cigarette smoking, oral 

contraceptives, and postmenopausal hormone therapy with increased risk of incident SLE. 

Moderate alcohol consumption has been demonstrated to reduce incident SLE risk. Other 

environmental factors, including air pollution, ultraviolet light, solvents, pesticides, and 

heavy metals, may increase SLE risk, but further studies are needed to confirm these 

findings. Studies identifying the role of modifiable environmental risk factors in the 

development of SLE will advance our understanding of disease pathogenesis and could lead 

to strategies to prevent disease. Research will be advanced through studies in susceptible 

subgroups and should consider exposures across the life course.
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Research agenda

• Specific evidence for potential causal associations with SLE onset is strongest 

for silica dust exposure, current cigarette smoking, exogenous estrogens (in 

oral contraceptives and postmenopausal hormones), and protective effects of 

low to moderate alcohol consumption.

• Additional factors potentially increasing risk of SLE, but requiring 

confirmation, include other respiratory exposures, such as other silicates and 

air pollution, as well as pesticides, environmental estrogens, and solvents.

• Various environmental exposures may act in different ways, some decreasing 

the threshold for the development of autoimmune disease in general (e.g. 

crystalline silica associated with several autoimmune connective tissue 

diseases) and others precipitating the onset of clinical manifestations in 

individuals with brewing subclinical disease (e.g. ultraviolet light).

• In addition to the challenges of exposure assessment, the study of 

environmental factors is complicated by the potential for exposures to act 

throughout the life course, with some time windows in life representing more 

vulnerable windows for the development of SLE than others.

• Studies identifying the role of modifiable environmental risk factors in the 

development of SLE will advance our understanding of disease pathogenesis 

and could lead to strategies to prevent disease.

• Research will be advanced through studies in susceptible subgroups and 

should consider exposures across the life course.
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Figure 1. 
Environmental Influences on SLE across the lifecourse.1

1Against a background of genetic susceptibility, sex (female), and developmental stage, 

multiple environmental exposures and stochastic factors contribute together and over time to 

epigenetic changes and immune dysregulation through a variety of mechanisms, resulting in 

functional changes, loss of tolerance and autoimmunity, plus inflammation, and leading to 

the development of SLE.
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