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Antinuclear antibodies are a hallmark feature of the autoimmune disease systemic lupus
erythematosus, and can occur many years before onset of symptoms. The objective of this
study was to examine the association between exposures and high-titer antinuclear antibodies
in the general population (i.e., people who do not have lupus or other systemic autoimmune
diseases). Serum was collected from 266 population-based controls who had been frequency-
matched to the age and gender distribution of lupus cases in a 60-county study area in the
southeastern United States. A detailed occupational history was collected using a structured
interview; information was also collected on hair dye use. Antinuclear antibodies were assayed
using HEp-2 cells as substrate. Logistic regression was used to estimate the odds ratio (OR) as a
measure of association between exposures and high-titer antinuclear antibody levels, adjusting
for age, gender, and race. High-titer antinuclear antibodies (=1:160) were observed in 21 sub-
jects (8%). A twofold increased prevalence of high-titer antinuclear antibodies was seen with
some occupational exposures (silica dust, pesticides, and sunlight), although none of these
individual estimates were statistically significant. The association seen with use of hair dyes was
weaker (OR 1.4). There was a suggestion of a dose response with a combined measure based
on the summation of exposures (ORs of 1.7, 2.1, and 5.9 for 1, 2, and 23 exposures). These
data suggest that occupational exposures may influence the expression of antinuclear antibod-
ies. Larger studies addressing these exposures may provide insights into the mechanisms by
which various environmental factors affect the development of autoantibodies and the progres-
sion to clinical disease.
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Systemic lupus erythematosus is a severe, disabling, autoimmune disease
that can lead to significant morbidity and mortality, particularly from renal and
cardiovascular disease. Genetic susceptibility plays an important role in lupus,
as demonstrated in familial and twin studies (Cooper et al., 1999). Recent
studies of systemic lupus erythematosus disease concordance among monozy-
gotic twins (Deapen et al., 1992; Jarvinen et al., 1992) reported much lower
figures (25-35%) than had been seen in earlier compilations of published case
reports (Block et al., 1975), and there is increasing interest in the role of envi-
ronmental, including occupational, factors in lupus and other autoimmune
diseases.

One of the characteristic features of systemic lupus erythematosus is the pro-
duction of autoantibodies directed against nuclear antigens. More than 95% of
lupus patients are positive for antinuclear antibodies, although antinuclear anti-
bodies also occur, at lower frequency, in other systemic autoimmune diseases
(Kavanaugh et al., 2000). Antinuclear antibodies were detected in some lupus
patients several years before the onset of symptoms or diagnosis (Arbuckle et al.,
2003). Low-titer (e.g., 1:40 or 1:80 dilution) antinuclear antibodies may be
observed in 25-30% of the general population (that is, people who are not pre-
senting for evaluation of specific symptoms related to autoimmune diseases),
possibly reflecting recent infections. Higher titer levels (greater than 1:160 dilu-
tion) are seen less frequently (3-5%) in the general population (Tan et al., 1997;
Rosenberg et al., 1999; Craig et al., 1999; Fritzler et al., 1985).

Data from a population-based case-control study of genetic and environ-
mental risk factors for systemic lupus erythematosus were used to assess the
prevalence of antinuclear antibodies in the general population (that is, the
sample of controls chosen to represent the population from which the cases
were obtained), and to determine whether specific exposures were associated
with high-titer levels of antinuclear antibodies in the absence of diagnosed dis-
ease. The exposures examined included occupational and lifestyle exposures
that were associated with systemic lupus erythematosus as a main effect or as
an interaction with a genetic polymorphism in our previous analyses (Parks et al.,
2002; Fraser et al., 2003, Cooper et al., 2001, 2004). These exposures include
occupational exposure to silica dust, mercury, pesticides, and sunlight, and
use of hair dyes.

METHODS

The Carolina Lupus Study was based in 60 contiguous counties in eastern
and central North Carolina and South Carolina. Controls from these counties
were identified through driver's license records and frequency matched to the
cases (recently diagnosed systemic lupus erythematosus patients from univer-
sity and community-based rheumatology practices) by age (5-yr age groups),
gender, and state. As one of the eligibility criteria, controls could not have
reported ever having been diagnosed with any kind of lupus. The study
enrolled 355 controls (75% of the screened and eligible). Because of the
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striking female predominance seen in lupus, 90% of the controls were female.
The median age at the time of the interview was 40 yr; 28% were African-
American, 7% were other minorities, and 65% were Whites. The study proto-
col was approved by the review boards of all participating institutions. Details
of the subject recruitment procedures and demographic characteristics of
participants have been previously described (Parks et al., 2002).

Data collection included a structured 60-min in-person interview (Parks
et al., 2002). Controls were asked about history of specific autoimmune dis-
eases (rheumatoid arthritis, scleroderma, and mixed connective-tissue dis-
ease). The interview also included detailed information on occupational and
farming history. Data from the work history (lifetime job history data that
included job title, industry, and description of tasks and activities for all jobs
held at least 12 mo, and specific job and materials checklists) were used to
create exposure variables for occupational exposure to silica, mercury, sun-
light, and mixing or applying pesticides, as has been described previously
(Parks et al., 2002; Cooper et al., 2004; Fraser et al., 2003). Information was
also obtained about lifetime use of hair dyes (Cooper et al., 2001).

One blood sample was obtained from 303 (85%) controls, and serum was
available from 299 of these samples. Samples were excluded from 23 controls
who did not identify themselves as either White or African-American ethnicity.
No controls reported a history of lupus during the screening interview, and no
controls reported a history of scleroderma or mixed-connective-tissue disease
in the primary study interview. Ten controls were excluded who reported a
history of rheumatoid arthritis, resulting in a sample size of 266 for these anal-
yses (196 Whites, 70 African-Americans, 239 women and 27 men). The
median age at time the blood was drawn was 40 yr (range 18-76).

Antinuclear antibodies were determined by immunofluorescence using
HEp-2 cells (The Binding Site, Inc., San Diego, CA) as substrate. Positive sera at
1:40 titration underwent further dilution (1:160 and 1:640) for semiquantita-
tion. Samples positive at titer levels >1:160 were further assessed by enzyme-
linked immunosorbent assay (ELISA; Bio-Rad Laboratories, Hercules, CA) for
the presence of antibodies against some of the extractable nuclear antigens
seen in lupus patients (specifically, anti-double stranded DNA, anti-Sm, and
anti-RNP antibodies). The reference range for anti-DNA is 0-25, and 0-20 for
anti-Sm and anti-RNP antibodies.

Ten samples from systemic lupus erythematosus patients in the Carolina
Lupus Study were included in the batch of samples for analysis. Lab personnel
were not told of this inclusion, and were blinded to the case-control status as
well as to the demographic characteristics corresponding to each sample.
Antinuclear antibodies were detected in all 10 patient samples (1 at 1:40 titer,
3at1:160, 2 at 1:640, 3 at 1:2560, and 1 at 1:10240).

Statistical Analysis

A definition of 1:160 and higher was used as “high-titer” antinuclear
antibodies (Tan et al., 1997). The associations between specific occupational
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factors and lifestyle factors and the prevalence of high-titer (>1:160 titer)
antinuclear antibodies were estimated by the odds ratio (OR) and 95% confi-
dence interval (Cl) using logistic regression and adjusting for age, gender, and
race. The odds ratio is a measure of the relative odds or likelihood of the pres-
ence of the outcome (in this case, high-titer antinuclear antibodies) among
people with, compared with people without, a specific exposure. The 95%
confidence interval provides a measure of the precision of the odds ratio
estimate, taking into account the variability expected due to chance and the
sample size. For these analyses, low-titer (1:40) and negative samples were
combined as the comparison group. Similar results were seen when the low-
titer samples were excluded, and the analyses using all samples are presented.
Because individuals could experience more than one of these exposures, the
summation of exposures was also used as an exposure measure.

RESULTS

Most (74%, n = 198) of the samples were negative for antinuclear antibod-
ies. Low-titer antinuclear antibodies (1:40) were seen in 18% (n = 47) of the
samples, with 5% (n = 14) at 1:160 titer, and 3% (n = 7) at 1:640 titer. Table 1
presents the prevalence of high-titer antinuclear antibodies in participants with
and without specific exposures. High-titer antinuclear antibodies were approxi-
mately twice as common among people with a history of silica dust exposure,
farm work that involved mixing or applying pesticides, or 24 mo or more of
occupational sunlight exposure compared with people without these exposures,
although none of these individual estimates was statistically significant. The asso-
ciation with use of hair dyes was weaker (OR 1.4). None of the seven subjects
with a history of occupational exposure to mercury had high-titer antinuclear
antibodies, but this group is too small to produce a precise estimate of associa-
tion. In the analysis of the summation of these exposures, there was evidence of
a trend for increasing prevalence of high-titer antinuclear antibodies with greater
number of the exposures that were associated with systemic lupus erythemato-
sus in our study (silica, pesticides, mercury, sunlight, and use of hair dyes).

Only 2 of the 21 high-titer antinuclear antibody samples (=1:160 titer) had
antibodies to DNA and none had antibodies to Sm or RNP. Two high-titer sam-
ples were from African-Americans. One of these was positive for anti-DNA (and
the other was relatively high within the reference range), and both were weakly
positive (but in the reference range) for anti-Sm and anti-RNP antibodies.

DISCUSSION

Associations were observed between specific occupational exposures
(silica dust, mixing or applying pesticides, and sunlight) and the prevalence of
high-titer (=1:160) antinuclear antibodies. These results are consistent with
associations with systemic lupus erythematosus previously reported in our
study (either independently or interacting with genetic polymorphism) (Parks
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TABLE 1. Association Between Antinuclear Antibodies and Occupational and Lifestyle Factors

Low titer (1:40) High titer

Exposure? Total n or negative, n (%)b (=1:160), n (%) OR (95% CI)*
Silica dust

High—medium-low 50 44 (18) 6 (29) 2.2 (0.70, 6.9)

Very low or none 216 201 (82) 15 (71) 1.0 (referent)
Pesticides

Ever 14 12 (5) 2 (10) 2.3(0.41,12.8)

Never 252 233 (95) 19 (90) 1.0 (referent)
Mercury

Ever 7 7 (3) 0 (0) Not calculated

Never 259 238 (97) 21 (100) 1.0 (referent)
Sunlight

>24 mo 52 45 (18) 7 (33) 2.4 (0.86, 6.9)

<24 mo 214 200 (82) 14 (67) 1.0 (referent)
Use of hair dyes

Ever 98 89 (36) 9 (43) 1.4 (0.52, 3.5)

Never 168 156 (64) 12 (57) 1.0 (referent)
Summation of exposures

0 112 106 (43) 6 (29) 1.0 (referent)

1 108 99 (40) 9 (43) 1.7 (0.57,5.1)

2 30 27 (11) 3(14) 2.1(0.47,9.7)

>3 16 13 (5) 3(14) 5.9(1.0, 33.4)

Trend p value .057

#Occupational exposures based on assessment of lifetime job history data including job title, industry,
and description of tasks and activities for all jobs held at least 12 mo, and specific job and materials check-
lists, as described for silica (Parks et al., 2002), mercury (Cooper et al., 2004), and pesticides (Cooper et al.,
2004). Sunlight exposure defined as work outside 10 or more hours per week in a job held at least 12 mo
(Fraser et al., 2003). Use of hair dyes defined as use of permanent hair dyes on five or more occasions (Cooper
etal., 2001).

b“Negative” includes 0 and “trace” antinuclear antibodies.

“Estimates for each exposure from a logistic regression model, estimating the probability of high titer
(21:160) compared with the probability of low-titer (1:40) or “negative” antinuclear antibodies, adjusting
for age (continuous), gender, and race.

¢Summation of exposure to occupational silica dust, pesticides, mercury, or sunlight and use of hair dyes.

et al., 2002; Fraser et al., 2003; Cooper et al., 2001, 2004). Though none of
the individual associations were statistically significant, the trend for increasing
prevalence of high-titer antinuclear antibodies with greater number of these
exposures is of particular interest, as many individuals are exposed to more
than one agent (e.g., farmers would potentially be exposed to silica, pesticides,
and sunlight). Experimental studies of silica and ultraviolet radiation suggest
that these exposures may influence the generation of apoptotic material (Pfau
et al., 2004; Kulms & Schwarz, 2002), which may be an important factor in
the development of antibodies directed at self-antigens.

There are few data pertaining to occupational exposures and the development
of antinuclear antibodies. In one of the larger studies to examine this question,
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Rosenberg et al. (1999) reported increased prevalence of low-titer antinuclear
antibodies (=1:40) in association with specific exposures, including oilseed crop
production, current occupation in hog and poultry production, and lifetime expo-
sure to insecticides (e.g., carbamate, pyrethroid) and herbicides (e.g., phenoxyace-
tic acid) among 322 residents of Saskatchewan, Canada. The pesticide
associations were not seen with higher-titer (>1:160) antinuclear antibodies.

A strength of our analysis is that it uses a population-based sample of partici-
pants, with detailed exposure data in addition to demographic descriptors. Par-
ticipants were not aware of their antinuclear antibody status, so these results are
not likely to be influenced by a differential recall bias. However, there are also
limitations to this study. Participants who reported a history of lupus, rheumatoid
arthritis, scleroderma, or mixed-connective-tissue disease were excluded, but
standardized clinical examinations were not performed so it is possible that
undiagnosed disease may be present in this control population. Also, since the
sample of controls was selected to match the gender distribution of lupus cases,
90% were female. Thus it is not possible in this study to examine possible effect
modification by gender (that is, the possibility that the observed effect between
specific exposures and antinuclear antibodies is different for women compared
with men). Another limitation of the analysis is that we did not have a sufficient
sample size to examine the highest titer level (i.e., 21:640, n = 7), to analyze as
an outcome variable. This higher titer level may be more predictive than a cut
point of 1:160 of the subsequent risk of progression to clinically overt autoim-
mune disease, although there is currently little data on the persistence or pro-
gression of antinuclear antibodies, at any titer level, in the general population.

These observations are based on a secondary data analysis of data from a
case-control study of occupational risk factors for systemic lupus erythematosus,
and should be further evaluated in studies specifically designed to test the
hypotheses generated from this analysis. Larger, longitudinal studies are needed
to examine the development and persistence of high-titer antinuclear antibodies
in relation to occupational and environmental exposures. Recent research in
lupus and in rheumatoid arthritis has demonstrated the presence of autoanti-
bodies preceding the clinical onset of disease (Arbuckle et al., 2003; Rantappa-
Dahlqyvist et al., 2003), but the role of specific autoantibodies in the pathology of
these diseases is not yet established. Studies designed to address the preclinical
phase of disease may provide insights into the mechanisms by which various
environmental factors affect the risk of autoimmune diseases, and the role of
specific autoantibodies as initiators or consequences of the disease process.
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