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Abstract

Background: Systemic lupus erythematosus (SLE) risk has been associated with pesticide use, 

but evidence on specific pesticides or other agricultural exposures is lacking. We investigated 

history of pesticide use and risk of SLE and a related disease, Sjögren’s syndrome (SS), in the 

Agricultural Health Study.

Methods: The study sample (N=54,419, 52% male, enrolled in 1993–1997) included licensed 

pesticide applicators from North Carolina and Iowa and spouses who completed any of the follow-

up questionnaires (1999–2003, 2005–2010, 2013–2015). Self-reported cases were confirmed by 

medical records or medication use (total: 107 incident SLE or SS, 79% female). We examined 

ever use of 31 pesticides and farm tasks and exposures reported at enrollment in association with 

SLE/SS, using Cox regression to estimate hazard ratios (HR) and 95% confidence intervals (CI), 

with age as the timescale and adjusting for gender, state, and correlated pesticides.

Results: In older participants (>62 years), SLE/SS was associated with ever use of the herbicide 

metribuzin (HR 5.33; 95%CI 2.19, 12.96) and applying pesticides 20+ days per year (2.97; 

1.20, 7.33). Inverse associations were seen for petroleum oil/distillates (0.39; 0.18, 0.87) and the 
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insecticide carbaryl (0.56; 0.36, 0.87). SLE/SS was inversely associated with having a childhood 

farm residence (0.59; 0.39, 0.91), but was not associated with other farm tasks/exposures (except 

welding (HR 2.65; 95%CI 0.96, 7.35).

Conclusions: These findings suggest that some agricultural pesticides may be associated with 

higher or lower risk of SLE/SS. However, the overall risk associated with farming appears 

complex, involving other factors and childhood exposures.
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1.0 Introduction

Growing evidence indicates a role for environmental factors in autoimmune disease etiology, 

with the strongest evidence for smoking and rheumatoid arthritis (RA) and occupational 

exposure to respirable silica dust, which has been associated with systemic autoimmune 

diseases, including RA and a related autoimmune disease, systemic lupus erythematosus 

(SLE) [1]. Studies have suggested associations of SLE with occupational exposures to 

solvents, sun exposure, farming, and pesticide use [2–4], as well as current smoking [5, 

6]. In the Agricultural Health Study (AHS), we previously investigated factors associated 

with incident RA in male pesticide applicators (mostly farmers) and their spouses. We 

saw positive associations with some specific pesticides and other agricultural tasks and 

exposures, an inverse association with childhood livestock contact in female spouses, 

and age-dependent associations in overall analyses of spouses and applicators for raising 

livestock and crops (versus crops alone) and for hay, alfalfa, or field corn [7–9]. Here we 

extend this work to evaluate these same risk factors for systemic lupus erythematosus (SLE) 

and a closely related disease, Sjögren’s syndrome (SS).

In SLE, the immune system targets nuclear self-antigens, impacting multiple systems, 

including skin, joints, and kidneys. SLE affects nearly 1 in 1000 adults in the U.S. [10–12]. 

Pesticides have been a suspected cause of SLE based on associations of SLE with farm 

work or non-specific pesticide use [13–19]). Other agricultural risk factors for SLE may 

include solvents, metals, sunlight, inorganic (e.g., silica) and organic dusts, livestock, and as 

well as differences in susceptibility due to the developmental effects of immune modifying 

exposures for those lived or worked on a farm in childhood [2, 20–22]. In SS, the immune 

system targets the exocrine glands; SS often co-occurs with SLE and RA (i.e., secondary 

SS), while incidence of primary SS is similar to that of SLE and may be increasing in 

the U.S. [23, 24]. Shared risk factors for SLE and SS include a family history of systemic 

autoimmune disease and a female predominance (at least 90% of cases are female) [23, 25]. 

Few studies have identified non-infectious environmental risk factors for primary SS, but 

there is limited evidence for smoking and occupational solvent exposure [26–28]. To the best 

of our knowledge, there are no studies of SS in relation to farming or pesticide use. Patients 

with SLE or SS (and also RA) are at increased risk of hematologic cancers, which may share 

etiologic pathways involving dysregulated innate and adaptive immunity, as well as common 
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risk factors, including genetic susceptibility and environmental exposures such as pesticides 

[29–32].

Given clinical overlap and shared features of these two systemic autoimmune diseases, 

there may be shared environmental risk factors [33]. Thus, we examined associations with 

developing incident SLE or SS in relation to pesticide use, crops, and other agricultural 

exposures in private pesticide applicators and spouses.

2.0 Methods

2.1 Study Sample

The AHS is a prospective cohort including 52,394 licensed private pesticide applicators 

and 32,345 spouses who enrolled in 1993–1997 [34]. Questionnaires at enrollment 

and 3 follow-up surveys (1999–2003, 2005–2010, and 2013–2015) collected data 

on demographics, lifetime pesticide use, and medical history (https://aghealth.nih.gov/

collaboration/questionnaires.html). The study was approved by relevant institutional review 

boards.

Participants were eligible for the current study sample if they had questionnaire data 

on lupus at enrollment and lupus or SS on one or more of the follow-up surveys 

(below). Sample derivation is shown in Supplemental Figure 1; 25,226 participants did not 

complete the relevant questionnaires and 501 completed the questionnaires but were missing 

responses on lupus or SS. We also excluded potential cases with inconsistent self-reporting 

(i.e., reporting a diagnosis in an earlier survey, but not affirming the same diagnosis in a later 

survey; 90 lupus or SS, and 637 RA), or some prevalent cases who were administratively 

censored from case confirmation (796 female RA cases.

2.2 Case Ascertainment

Applicators who completed a take-home questionnaire (44% of those enrolled) and spouses 

were asked whether they had ever been diagnosed with RA or lupus. In the first follow-up 

(1999–2003), only spouses were asked about being diagnosed with one or more of three 

systemic autoimmune diseases: RA, lupus, and SS. In the second and third follow-up 

questionnaire (2005–10 and 2013–15), both applicators and spouses were asked about RA, 

lupus, and SS. Potential cases with incident SLE or SS diagnoses reported in one or more 

follow-up questionnaire were evaluated following the same protocol as previously described 

for RA [7, 8]. Self-reported cases in the first two follow-up periods were re-contacted by 

telephone or mailed a short questionnaire to collect confirmatory data, ask about diagnosis 

age, type of lupus (SLE only, cutaneous, other), diagnosis or treatment by a rheumatologist 

or other specialist, and use of disease modifying antirheumatic drugs (DMARDs) and 

other medications used for SLE or SS (e.g., Cytoxan, pilocarpine). In the third follow-

up questionnaire, self-reported cases were asked about these same medications and also 

recontacted to confirm their diagnosis and type (i.e., SLE). Affirmed cases were asked for 

consent to contact their physicians for validation by a checklist completed by clinicians or 

abstracted from medical records.
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Of 57,489 potentially AHS eligible participants, there were 385 self-reported lupus or SS. 

Of these, 164 were excluded for various reasons: 42 could not be contacted, were deceased, 

or declined participation, 3 refuted their diagnosis, 37 identified as “cutaneous” or “other” 

type of lupus, 62 lacked information on medication use, and 20 who were missing diagnosis 

age so incidence could not be determined. Classification of the remaining 221 affirmed cases 

was based on a consensus review of all available data by two of the study investigators. 

In those with medical records data, SLE/SS was refuted for 7 cases and confirmed for 

75. The remaining 139 (without medical records) were considered clinical cases based on 

medication use, for a total of 214 confirmed or clinical cases (107 incident). For those with 

multiple diagnoses, we prioritized incident SLE (i.e., cases with RA and later SLE would 

be considered incident RA-SLE), and when SS was secondary to RA or SLE, the primary 

diagnosis determined prevalence or incidence. The primary analysis sample included 54,205 

non-cases and 107 incident cases. A sensitivity analysis of organochlorines, 2,4,5-T, and 

2,4,5-TP was conducted on the sample of 107 prevalent cases and all 226 confirmed or 

clinical SLE/SS cases also including 23 for whom incidence could not be determined (3 

deceased and 20 missing diagnosis age).

2.3 Exposure and covariate data

At enrollment, participants were asked whether, in their lifetime they had ever personally 

mixed or applied any pesticides, followed by a checklist on ever-use of 50 specific types. 

The applicator take-home and spouse questionnaires also asked about years personally 

mixed or applied any pesticides, and during those years about how many days per year. 

At enrollment, applicators were asked about income producing crops or animals they were 

currently raising (and the number raised); data used for this study included livestock (not 

including poultry, which had too few cases) and field crops related to livestock farming 

and grains (i.e., alfalfa, field corn, hay, oats, sweet corn, wheat). Since spouses were not 

asked about crops or livestock, data reported by the applicators was used determine spouse 

exposures.

The applicator take-home and spouse enrollment questionnaires asked several questions 

about experiences on a farm, including childhood farm residence (“Before age 18, did you 

live at least half of your life on a farm?”), tasks in the last growing season (e.g., tilling, 

planting), and other tasks such as grinding feed and repairing engines. Participants were also 

asked about hours per week generally spent in the sun during the growing season. In the 

second follow-up (2005–2010), participants were asked about childhood livestock contact 

(“As a child, how much time did you spend around farm animals?” Response options (never, 

less than once per month, monthly, weekly, daily) were dichotomized for analyses as none or 

monthly versus weekly or daily.

Sociodemographic data collected at enrollment included age, state (Iowa or NC), gender, 

race/ethnicity (categorized here as white and other), education (categorized here as ≤ high 

school and >high school), smoking history (never, past, and current), weight and height for 

calculated body mass index (BMI; <25, 25-<30, and ≥30).
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2.4 Analysis

We examined sample characteristics and then evaluated associations of pesticides and other 

exposures with incident SLE/SS using Cox regression to calculate hazards ratios (HR) and 

95% confidence intervals (CI), with age as the time scale, adjusted for gender and state. We 

stratified by median attained age (62 years) when the assumption of proportionality was not 

met (p<0.10). We also ran models limited to females only.

We examined 31 specific pesticides with at least 5 exposed cases. Potential confounding 

by correlated pesticides (rho >0.40) was evaluated by determining whether their inclusion 

in models yielded >10% change in the HR (Supplemental Table 2). Models for tasks, 

UV exposure, and general pesticide use were limited to those with available data, with 

smaller numbers for variables based on the take-home questionnaire and first follow-up. 

Associations with HRs >1.50 or <0.67 are reported in the text, and are highlighted in the 

abstract if CIs excluded the null (1.0).

Because of their lasting presence in the body or environment and/or prior evidence in 

relation to SLE or in animal models [35], we also explored associations of SLE/SS with 

organochlorine insecticides (those with 5 or more exposed cases) and two herbicides (i.e., 

2,4,5-T and 2,4,5-TP), among prevalent cases and in a combined sample including all cases 

(including incident and unclassifiable cases), using logistic regression to calculate odds 

ratios (OR) and 95%CI, adjusting for age, sex, and state.

Analyses were conducted using AHS data files releases: P1REL201701.00, 

P2REL201701.00, P3REL201809.00, and AHSREL201706.00, in SAS, version 9.4 (Cary, 

NC, U.S.).

3.0 Results

3.1 Descriptive analyses

Characteristics of cases and non-cases are shown in Table 1; of the cases, 84 (79%) were 

female. Median time to diagnosis was 11 years in males and 9 in females, and female cases 

were younger at diagnosis than males (55.9 vs. 61.3 years; Supplemental Table 1).

3.2 Pesticides

Frequencies for all pesticides in relation to SLE/SS, and adjusted HR and 95%CIs, are 

shown in Table 2, and potential positive and inverse associations described in Figure 

1. Overall, inverse associations were seen for 2 insecticides (carbaryl, permethrin), 4 

herbicides (cyanaine, paraquat, pendimethalin, petroleum oil), and 1 fungicide (metalaxyl), 

with CIs<1.0 for carbaryl and petroleum oil. Age-stratification (because of failure to 

meet the proportional hazards assumption) was required for 2 insecticides (carbofuran, 

phorate) and 3 herbicides (atrazine, metribuzin, 2,4,5-T): at younger ages (≤62 years), 

SLE/SS was inversely associated with one herbicide (atrazine) and positively associated with 

another (metribuzin), while at older ages positive associations were seen for 2 insecticides 

(carbofuran and phorate) and 2 herbicides (metribuzin and 2,4,5-TP), with CIs>1.0 for 

metribuzin. In older participants, SLE/SS was also associated with mixing or applying 
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pesticides 20+ days per year versus no use. In females, models confirmed associations 

with carbaryl and metribuzin, with positive associations seen for additional 2 herbicides 

(imazethapyr and trifluralin), and personally mixing/applying pesticides for a long duration 

(at least 31 years or 10 days per year. Findings for specific pesticides were generally 

consistent in analyses of males only (carbaryl, pendimethalin, petroleum oil, phorate, 

metribuzin) and females with a childhood farm history (carbaryl, trifluralin)(Supplemental 

Table 3).

3.3 Other exposures

Overall, SLE/SS was inversely associated with having a childhood farm residence, and 

livestock contact in childhood only or together with raising livestock at enrollment (Table 3; 

Figure 2). In younger participants, SLE/SS was inversely associated with currently raising 

alfalfa and hay. In females, SLE/SS was inversely associated with raising livestock and crops 

(versus crops alone), raising livestock (500+ versus none), alfalfa, field corn, hay, and oats, 

and with childhood farm residence. SLE/SS was not associated with most regular tasks 

reported at enrollment (Table 4), except for welding (HR 2.65), and was inversely associated 

with more sun exposure during the growing season (HR 0.57 for >6 vs. ≤ 2 hours per day).

3.4 Supplemental analyses

We explored associations of organochlorines and herbicides 2,4,5-T and 2,4,5-TP with 

prevalent and overall SLE/SS (Supplemental Table 4). Prevalent SLE/SS was significantly 

associated with 2,4,5-TP (Odds Ratio, OR 3.62; 95% CI 1.32, 9.97) and DDT (OR 2.22; 

1.16, 4.24), and a positive albeit non-statistically significant OR for 2,4,5-T. However, 

these associations were attenuated when all other (incident and indeterminant) cases were 

included.

4.0 Discussion

Our findings provide novel evidence on associations of pesticides and other agricultural 

risk factors for SLE and SS. Using prospective data from a large cohort of licensed private 

pesticide applicators and their spouses, we noted 6 positive and 8 inverse associations for 

pesticides (out of 31 examined), as well as an inverse association with childhood farm 

residence. These results support the idea that certain pesticides may impact risk of SS/

SLE, but also suggest a complex picture including other risk and protective factors in the 

agricultural environment.

4.1 Specific pesticides

Herbicides: We saw a strong positive association of SLE/SS with the herbicide 

metribuzin in older adults and in females, consistent with prior AHS evidence of potential 

immune effects based on findings for lymphohematopoetic cancers [36]. Despite potential 

effects on the liver and thyroid, metribuzin is considered non-hazardous to humans and 

immunotoxicity has not been described [37–39]. The elevated HR for 2,4,5-T seen in older 

participants is notable, given potential for immune effects due to contamination with dioxin 

during production [40, 41]. The related herbicide 2,4,5-TP, shares this potential [35], but 

was used by fewer than 5 incident cases; an association of prevalent SLE and 2,4,5-TP 
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was seen in a supplemental analysis, but was attenuated when all cases were included in 

the model. Considered a xenoestrogen, dioxin attenuated disease in a female lupus mouse 

model, but exacerbated the effects of prenatal exposure in another experimental study [42, 

43]. Dioxin has a strong affinity for the aryl hydrocarbon receptor, which may also play a 

role in SLE [44–48]. The inverse association with petroleum oil/distillates contrasts prior 

findings in a sub-study of 668 male AHS applicators showing a positive association of 

petroleum oil/distillates with antinuclear antibodies (ANA), a potential intermediate marker 

in the development of SLE [2, 49].

Insecticides: The widely used insecticide carbaryl was inversely associated with SLE/SS, 

contrasting prior positive associations with RA in male applicators [7] and follicular 

B-cell lymphoma [31]. Interestingly, carbaryl may suppress humoral immunity [50, 51], 

while carbofuran, which showed an elevated albeit non-statistically significant HR in older 

participants, may decrease T-cell mediated immunity [52]. Carbofuran was used by almost 

all participants with disease-associated ANA in AHS applicators [49]. We saw limited 

evidence of associations between organochlorine insecticides with incident SLE/SS, except 

for a positive association with DDT use in prevalent (and overall) cases. Experimental 

findings suggest organochlorines might increase disease risk and activity of female lupus-

prone mice [42, 53, 54]. In previous AHS analyses, DDT was associated with RA in female 

spouses [8]; but in male applicators, DDT was not associated with RA [7], and was inversely 

associated with ANA [49]. Sex-specific effects of endocrine disrupting chemicals such as 

DDT may be influenced by dose, timing, and other contextual factors [55].

4.2 Other farming exposures

SLE/SS cases were less likely to grow-up on a farm and have childhood livestock contact, 

though the later association was less apparent in females. In female spouses, we previously 

noted an inverse association of RA with childhood livestock exposure but not with childhood 

farm residence [8]. SLE was inversely associated with childhood livestock exposure in a 

population-based case-control study in North Carolina, while another nested case-cohort 

analysis showed a positive association of SLE with having an early childhood farm 

residence [20, 22]. In younger participants, SLE/SS was also inversely associated with 

raising alfalfa or hay at enrollment, similar to our prior findings for RA for hay [9]. 

Raising livestock and handling feed or grains confers elevated exposures to endotoxins, 

organic dusts and microbial factors, with inflammatory and immune modulating effects 

that may impact the development of autoimmune disease [56, 57]. Livestock contact is 

only one of many potential exposures among children growing up on a farm, including 

very early life experiences that may influence the development of the infant microbiome 

and later immune-related conditions such as asthma [58]. A nested case-control study of 

adult asthma in the AHS also suggests timing may be critical, as several maternal farming 

activities were associated with reduced atopy (based on specific IgE-levels), while childhood 

animal exposures alone were not associated in the absence of in utero exposure [59]. Taken 

together, our findings argue for further examination of early life agricultural exposures in 

relation to systemic autoimmunity and adult diseases.
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Frequent pesticide use was associated with SLE/SS in older applicators and could indicate 

potential for greater use of different types of pesticides or other unmeasured characteristics. 

However, SLE/SS was not associated with different types of field work and other tasks 

or exposures, except welding, which was also associated with RA [9] and is supported by 

evidence on immune effects of metal fumes [60, 61]. Solvent use was not associated with 

SLE/SS, contrasting findings for RA in spouses [8, 9] and a retrospective study of SS [27].

Population-based studies have suggested occupational sun exposure may be associated with 

SLE [19, 21], but we observed an inverse association at higher levels of daily sun exposure 

during the growing season at enrollment, similar to our prior findings for RA in female 

spouses [8].

Immune effects of sun exposure may include direct triggering effects on cutaneous 

symptoms or indirect pathways such as vitamin D level, yielding differences in associations 

depending on the duration, intensity, and timing of exposure [62]. Given that UV exposure 

has appeared protective for other autoimmune diseases in other populations [62, 63], further 

investigation of sun exposure is warranted in SLE/SS.

4.4 Strengths and limitations

Self-reported SLE is sensitive but non-specific; therefore, we confirmed cases based 

on medical records or reported use of disease-modifying antirheumatic drugs, which 

increases specificity [64]. We identified no studies on the accuracy of self-reported SS. 

Case ascertainment was incomplete due to loss to follow-up and non-response to disease 

confirmation efforts. We ascertained three related autoimmune diseases; most had SLE (39% 

SLE, 12% SLE with RA, 6% SLE with SS, and 2% with all 3), while the remainder were 

primary or secondary SS (24% SS only, 16% SS with RA), similar to standard patient 

populations [25, 33]. As a whole, the number of cases identified in this study sample is 

within range of published rates [10–12, 23, 24]

SLE and SS are uncommon diseases, especially in males, who comprise the majority 

of pesticide users in the AHS. Conversely, in females, who comprise the majority of 

SLE/SS cases, pesticide use was less common. This limited our ability to examine pesticide 

associations in males only, and uncommon pesticides in women. Some results may be 

due to chance, however most can be considered hypothesis generating. We adjusted for 

correlated pesticides, but cannot rule out unmeasured confounders. AHS participants have 

greater pesticide exposures than the general population, so findings may not be generalizable 

to non-farming populations. Most males and about half of the females grew up on a farm 

and lived/worked on a farm as adults, limiting comparisons with population-based studies 

showing associations of SLE with farming [13, 15].

SLE and SS are complex diseases, with diverse etiologic pathways, reflected in shared 

and distinctive metabolic, genetic, and epigenetic characteristics [65–67]. We examined 

multiple pesticide active ingredients, and other immune modifying exposures in the farm 

environment, but lacked the sample size and temporal precision to examine potential 

mixtures or combined effects of realistic exposure scenarios. Such questions may best be 

addressed in experimental or biomarker studies, considering both direct (e.g., immunotoxic) 
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and indirect (e.g., neuroendocrine, microbiomic, metabolomic) mechanisms, leveraging 

‘omics’ technologies to examine microbial and metabolic profiles or changes to the 

epigenome associated with pesticides and SLE/SS [68–71].

In sum, our findings highlight several plausible agricultural risk factors for SLE/SS, but also 

reveal a complex picture, with inverse associations for some pesticides as well as childhood 

farm residence, warranting further investigation in other populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Ever use of specific pesticides and overall pesticide use associated with incident 

SLE/SS. Includes number cases/non-cases exposed, with adjusted Hazard Ratios (HR) 

and 95%Confidence Intervals (CI). Results shown for positive (HR > 1.5) and inverse 

associations (HR <0.67), overall or stratified by median attained age (62 years) when the 

proportional hazards assumption was violated (interaction p<0.10), and in females only.
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Figure 2. 
Crops/livestock raised, childhood farm residence/livestock contact, and welding associated 

with incident SLE/SS. Includes number of cases/non-cases exposed, with adjusted Hazard 

Ratios (HR) and 95%Confidence Intervals (CI). Results shown for positive (HR > 1.5) and 

inverse associations (HR <0.67), overall or stratified by median attained age (62 years) when 

the proportional hazards assumption was violated (interaction p<0.10), and in females only.
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Table 1.

Sample characteristics: incident SLE/SS in the Agricultural Health Study

Non-cases Incident SLE/SS

(N=54,205) (N=107)

N (%) N (%)

Enrollment age

< 40 16,538 (31) 27 (25)

40–49 16,300 (30) 31 (29)

50–59 12,751 (24) 35 (33)

60+ 8,616 (16) 14 (13)

State

NC 17,365 (32) 38 (36)

IA 36,840 (68) 69 (64)

Gender
1

Male 27,956 (52) 23 (22)

Female 26,249 (48) 84 (79)

Race/ethnicity
2

White 51,866 (97) 103 (97)

Other 1,362 (3) 3 (3)

Missing 977 1

Education

≤High school 24,692 (50) 45 (46)

>High school 25,186 (51) 52 (54)

Missing 4327 10

Smoking

Never 34372 (64) 65 (61)

Past 13,195 (25) 28 (26)

Current 6,172 (11) 13 (12)

Missing 466 1

Body Mass Index

<25 18,579 (37) 44 (46)

25–<30 21,041 (42) 27 (28)

≥30 10,284 (21) 24 (25)

Missing 4301 12

1
Most females were spouses: 878 (3%) female non-cases and 4 cases (5%) were applicators.

2
Other race/ethnicity included 666 African American non-cases and 0 cases.
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Table 2.

Ever use of specific pesticides and overall pesticide use in relation to incident SLE/SS

Overall sample Females only

Case Non-case Case Non-case

N=107 N=54,205 N=84 N=26,249

Specific pesticides
1 N (%) N (%) HR (95%CI)

2 N (%) N (%) HR (95% CI)
2

Herbicides

Alachlor 18 (19) 15,465 (31) 0.98 (0.49, 1.93) 7 (9) 1,156 (5) 1.05 (0.38, 2.88)

Atrazine 21 (20) 20,694 (38) NS 5 (6) 1,310 (5) 1.13 (0.46, 2.82)

≤62 years 9 (14) 9,969 (38) 0.52 (0.21, 1.31)

>62 years 12 (32) 10,725 (44) 1.43 (0.58, 3.51)

Butylate 10 (10) 9,560 (19) 0.82 (0.36, 1.87)

Cyanazine 10 (10) 12,004 (24) 0.56 (0.25, 1.23)

Dicamba 14 (14) 14,967 (30) 0.99 (0.49, 1.98) 6 (8) 1,071 (4) 1.06 (0.38, 2.97)

Glyphosate 46 (44) 30,116 (57) 0.94 (0.62, 1.42) 30 (37) 9,042 (36) 1.01 (0.64. 1.59)

Imazethapyr 13 (13) 12,366 (25) 1.04 (0.47, 2.26) 6 (8) 856 (3) 1.80 (0.62, 5.23)

Paraquat 5 (5) 6,801 (13) 0.62 (0.23, 1.62)

Pendimethalin 9 (9) 13,002 (26) 0.46 (0.21, 1.05)

Petroleum Oil 9 (9) 14320 (28) 0.39 (0.18, 0.87)

Metolachlor 12 (12) 13,320 (26) 0.86 (0.42, 1.73)

Metribuzin 17 (16) 13,182 (24) NS 6 (8) 531 (2) 3.65 (1.57, 8.48)

≤62 years 7 (11) 6,429 (25) 1.60 (0.61, 4.22)

>62 years 10 (28) 6,753 (29) 5.33 (2.19, 12.96)

Terbufos 10 (10) 11,361 (23) 0.91 (0.43, 1.94)

Trifluralin 20 (20) 15,298 (31) 1.25 (0.61, 2.54) 9 (11) 1,459 (6) 2.13 (1.04, 4.33)

2,4-D 31 (30) 25,332 (49) 1.01 (0.60, 1.70) 15 (19) 3,963 (16) 1.24 (0.70 2.20)

2,4,5-T 8 (8) 6,768 (12) NS

≤62 years 2 (3) 1,917 (7) NS

>62 years 6 (16) 4,851 (20) 2.04 (0.79, 5.35)

Insecticides

Aldrin 5 (5) 5,805 (11) 0.91 (0.34, 2.45)

Carbaryl 29 (28) 23,987 (46) 0.56 (0.36, 0.87) 20 (24) 8,233 (33) 0.60 (0.36, 0.99)

Carbofuran 9 (9) 7945 (15) NS

≤62 years 3 (3) 3,216 (12) NS

>62 years 6 (17) 4,729 (20) 2.12 (0.83, 5.41)

Chlorpyrifos 14 (14) 12,969 (25) 1.10 (0.58, 2.07)

Chlordane 10 (10) 8,565 (17) 0.93 (0.47, 1.88)

DDT 10 (10) 8,118 (16) 1.02 (0.49, 2.09) 5 (6) 931 (4) 1.48 (0.59, 3.72)

Diazinon 13 (13) 11,930 (23) 0.95 (0.49, 1.85) 9 (11) 2,868 (12) 0.87 (0.43, 1.75)

Lindane 6 (6) 6,503 (13) 0.93 (0.39, 2.24)

Malathion 34 (33) 25,316 (49) 0.99 (0.62, 1.57) 18 (22) 5,302 (21) 0.98 (0.58, 1.66)
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Overall sample Females only

Case Non-case Case Non-case

N=107 N=54,205 N=84 N=26,249

Specific pesticides
1 N (%) N (%) HR (95%CI)

2 N (%) N (%) HR (95% CI)
2

Parathion 5 (5) 4,611 (9) 1.10 (0.42, 2.86)

Permethrin 5 (5) 7,840 (15) 0.48 (0.19, 1.21)

Phorate 8 (8) 10,188 (19) NS

≤62 years 2 (2) 4,454 (17) NS

>62 years 6 (17) 5,734 (23) 1.75 (0.67, 4.57)

Terbufos 10 (10) 11,361 (23) 0.92 (0.43, 1.94)

Toxaphene 5 (5) 4,263 (8) 1.18 (0.45, 3.12)

Fumigants/fungicides

Methylbromide 5 (5) 4,556 (9) 0.88 (0.33, 2.32)

Metalaxyl 5 (5) 6,945 (13) 0.58 (0.22, 1.53)

N=93 N=48,483 N=71 N=21,900

Any pesticide use 
3 N (%) N (%) N (%) N (%)

Total years

≤ 1 31 (33) 10,702 (22) Referent 31 (44) 10,565 (48) Referent

2–10 23 (25) 13,193 (27) 1.00 (0.58, 1.74) 13 (18) 4,180 (13) 1.06 (0.55, 2.04)

11–20 20 (22) 11,807 (24) 1.50 (0.82, 2.74) 5 (7) 2,192 (10) 0.76 (0.29, 1.95)

21–30 13 (14) 8,323 (17) 1.34 (0.65, 2.78) 11 (15) 2,709 (12) 1.32 (0.66, 2.64)

>30 6 (6) 4,458 (9) 0.91 (0.35, 2.35) 11 (15) 2,254 (10) 1.55 (0.77. 3.16)

Days per year (≤62 years of age) Overall (females)

0 19 (33) 6,121 (25) Referent 0 31 (44) 10,565 (48) Referent

1–4 17 (30) 4,903 (20) 1.40 (0.72, 2.72) 1–4 17 (24) 5,531 (25) 1.05 (0.58, 1.91)

5–9 6 (11) 3,953 (16) 0.83 (0.33, 2.12) 5–9 7 (10) 2,611 (12) 0.86 (0.38, 1.97)

10–19 10 (18) 5,090 (21) 1.43 (0.64, 3.22) 10+ 16 (23) 3,202 (15) 1.57 (0.86, 2.87)

20+ 5 (9) 4,685 (19) 0.92 (0.33, 2.60)

Average days per year (>62 
years of age)

0 12 (34) 4,581 (19) Referent

1–4 4 (11) 5,306 (22) NS

5–9 4 (11) 5,021 (21) NS

10–19 6 (17) 5,089 (22) 1.32 (0.48, 3.63)

20+ 9 (26) 3,602 (15) 2.97 (1.20, 7.33)

Total lifetime days

0–7 31 (34) 10,702 (22) Referent 0 31 (44) 10,565 (48) Referent

8–64 25 (27) 13,510 (28) 1.01 (0.59, 1.73) 1–20 11 (15) 3,941 (18) 0.97 (0.48, 1.93)

65–236 19 (21) 11,821 (25) 1.41 (0.77, 2.61) 21–
105

11 (15) 3,397 (16) 1.07 (0.54, 2.14)

237+ 17 (18) 12,189 (25) 1.37 (0.69, 2.69) 106+ 18 (25) 3,935 (18) 1.44 (0.80, 2.58)

1
Limited to pesticides with at least 5 exposed cases.
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2
Cox proportional hazard models used to calculate hazard ratios (HR) and 95% Confidence Intervals (CI) with age as the time scale; models 

included gender (overall), state, and correlated pesticides (Supplemental Table 2); stratified by median attained age (62 years) and overall HRs are 
not shown (NS) when proportional hazards assumption not met or for strata with fewer than 5 exposed cases.

3
Missing on 11% of non-cases and 13% of cases, primarily due to non-response in 15% of spouses.
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Table 3.

Crops/livestock raised, childhood farm residence, livestock contact in relation to incident SLE/SS

Overall Females only

Case Non-case Case Non-case

N=107 N=54,205 N=84 N=26,249

N (%) N (%) HR (95% CI)
2 N (%) N (%) HR (95% CI)

2

At enrollment
1
: Currently raising

Crops only 39 (36) 16,451 (30) Referent 32 (38) 7,872 (30) Referent

Crops & Livestock 56 (52) 32,628 (60) 0.74 (0.49, 1.14) 41 (49) 15,918 (61) 0.65 (0.40, 1.05)

No crops/livestock 8 (7) 4,081 (8) 0.83 (0.38, 1.81) 7 (8) 1,972 (8) 0.89 (0.39, 2.04)

Livestock on farm last year

None 36 (37) 14,942 (30) Referent 32 (42) 7,200 (30) Referent

<500 41 (42) 20,653 (42) 0.84 (0.53, 1.32) 30 (39) 9,874 (41) 0.69 (0.41, 1.15)

500+ 21 (21) 13,565 (28) 0.67 (0.38, 1.19) 15 (19) 6,793 (28) 0.52 (0.27, 1.01)

Type of livestock

Beef 41 (38) 21,478 (40) 0.97 (0.65, 1.44) 30 (36) 10,396 (40) 0.88 (0.56, 1.38)

Hogs 5 (5) 3,403 (6) 0.76 (0.48, 1.20)

Dairy 30 (28) 18,856 (35) 0.76 (0.31, 1.87) 21 (25) 9,288 (35) 0.77 (0.28, 2.10)

Livestock-related field crops and grains

Alfalfa 18 (17) 12,578 (23) NS 12 (14) 6,120 (23) 0.57 (0.30, 1.08)

≤62 years 11 (16) 7,010 (25) 0.60 (0.31, 1.16)

>62 years 7 (18) 5,568 (21) 0.88 (0.38, 2.03)

Field corn 76 (71) 41,121 (76) 0.80 (0.46, 1.37) 56 (67) 20,054 (76) 0.60 (0.33, 1.09)

Hay 28 (26) 17,949 (33) NS 19 (23) 8,633 (33) 0.60 (0.36, 1.01)

≤62 years 15 (22) 9,332 (34) 0.56 (0.32, 1.00)

>62 years 13 (33) 8,617 (32) 1.07 (0.55, 2.09)

Oats 20 (19) 12,093 (22) 0.82 (0.50, 1.4) 13 (15) 5841 (22) 0.66 (0.36, 1.20)

Sweet corn 7 (7) 4355 (8) 0.80 (0.37, 1.7)

Wheat 10 (9) 5327 (10) 0.86 (0.43, 1.7) 8 (10) 2510 (10) 0.83 (0.38, 1.81)

N=93 N=39,822 N=80 N=24,916

Grew up on farm
3 N (%) N (%) N (%) N (%)

No 42 (45) 10,958 (28) Referent 42 (52) 9,803 (39) Referent

Yes 51 (55) 28,864 (72) 0.59 (0.39, 0.91) 38 (48) 15,113 (61) 0.55 (0.35, 0.86)

N=81 N=39,264 N=64 N=17,841

Livestock
4 N (%) N (%) N (%) N (%)

None 16 (19) 4,950 (13) Referent 15 (23) 3,526 (20) Referent

Childhood Only 19 (23) 10,653 (27) 0.52 (0.52, 1.02) 14 (22) 4,025 (23) 0.80 (0.38, 1.65)

Adult Only 16 (20) 4,357 (11) 1.18 (0.58, 2.38) 15 (23) 3,656 (20) 1.01 (0.49, 2.08)

Childhood & Adult 30 (37) 19,304 (49) 0.48 (0.26, 0.89) 20 (31) 6,634 (37) 0.73 (0.37, 1.43)

1
Crops reported by private applicator (for spouse as well). Does not show exposures with fewer than 5 exposed cases: 1045 (2%) non-cases and 4 

cases (4%) reported raising animals only. Number of livestock raised last year missing for 5045 (9%) non-cases and 9 (8%) of cases
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2
Cox proportional hazard models used to calculate hazard ratios (HR) and 95% Confidence Intervals (CI) with age as the time scale; models 

included gender (overall) and state; stratified by median attained age (62 years) and overall HRs are not shown (NS) when proportional hazards 
assumption not met.

3
Question was asked of all spouses and on the applicator take-home questionnaire.

4
Question asked on second follow-up survey on childhood livestock contact, combined with currently raising livestock as an adult at enrollment.
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Table 4.

Regular farm tasks, field work, and sun exposure at enrollment in relation to incident SLE/SS

Overall Females only

Cases Non-cases Cases Non-cases

N=96 N=40824 N=83 N=25786

N (%) N (%) HR (95% CI)
2 N (%) N (%) HR (95% CI)

2

Regular tasks 
1 

Drive trucks 41 (45) 19629 (50) 1.10 (0.72, 1.69) 33 (42) 9561 (39) 1.12 (0.71, 1.75)

Use a diesel tractor 34 (37) 22083 (56) 0.79 (0.49, 1.27) 24 (30) 8287 (34) 0.85 (0.52, 1.39)

Use a gas tractor 32 (35) 16965 (44) 1.14 (0.72, 1.81) 22 (28) 6376 (26) 1.08 (0.65, 1.77)

Welding 12(13) 10034 (26) 2.65 (0.96, 7.35)

Repairing engines 5 (5) 6665 (17) 0.73 (0.26, 2.05)

Grind metal 10 (11) 10715 (28) 1.22 (0.43, 3.45)

Grind animal feed 10 (11) 7833 (20) 1.09 (0.53, 2.27) 5 (6) 1417 (6) 1.16 (0.47, 2.90)

Clean with gasoline 18 (20) 9462 (24) 1.15 (0.67, 1.96) 13 (17) 3661 (15) 1.19 (0.65, 2.18)

Clean with other solvents 17 (19) 8658 (22) 0.90 (0.54, 1.53) 13 (17) 4792 (20) 0.83 (0.46, 1.52)

Painting 31 (34) 13658 (35) 1.06 (0.68, 1.65) 27 (34) 7684 (32) 1.15 (0.72, 1.85)

Veterinary procedures 15 (16) 9200 (24) 1.04 (0.58, 1.86) 9 (11) 3144 (13) 0.91 (0.45, 1.86)

Field work 
1 

Tilling soil 32 (34) 21092 (53) 0.93 (0.56, 1.54) 20 (24) 6390 (26) 0.94 (0.56, 1.56)

Planting 37 (39) 20856 (53) 1.25 (0.76, 2.04) 25 (30) 6201 (25) 1.20 (0.73, 1.96)

Apply natural fertilizer 26 (28) 17710 (45) 1.27 (0.71, 2.26) 14 (17) 3233 (13) 1.24 (0.69, 2.21)

Apply chemical fertilizer 23 (25) 17622 (45) 1.03 (0.54, 1.96) 11(14) 3063 (12) 0.98 (0.51, 1.89)

Machine harvest crops 21 (22) 17574 (45) 0.88 (0.44, 1.76) 10 (12) 3053 (12) 1.00 (0.51, 1.94)

Hand harvest crops 33 (35) 21042 (54) 0.88 (0.53, 1.46) 22 (27) 6577 (27) 0.90 (0.54, 1.49)

N=70 N=33,609 N=58 N=18,800

Daily sun exposure 
1.3 N (%) N (%) N (%) N (%)

≤2 hours 41 (59) 12,587 (37) Referent 38 (65) 11,012(59) Referent

3–5 hours 18 (26) 9652 (29) 0.74 (0.27, 1.31) 14 (24) 5395 (29) 0.75 (0.41, 1.40)

6+ hours 11 (16) 11370 (34) 0.57 (0.27, 1.22) 6 (10) 2393 (13) 0.72 (0.30, 1.70)

1
Questions asked of all spouses and on the applicator take-home questionnaire; Regular tasks were at least once per month (during the growing 

season or not in the growing season), while field work and daily sun exposure were asked for the growing season; not shown for exposures with 
fewer than 5 cases.

2
Cox proportional hazard models used to calculate hazard ratios (HR) and 95% Confidence Intervals (CI) with age as the time scale, models 

include gender (overall) and state.

3
Missing 16% of non-cases and 25% of cases, primarily due to spouses’ non-response: 25% non-cases, 31% cases.
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