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Glutathione S-Transferase M Null Homozygosity and
Risk of Systemic Lupus Erythematosus Associated with
Sun Exposure: A Possible Gene-Environment
Interaction for Autoimmunity
PATRICIA A. FRASER, WEI-ZI DING, MEHRDAD MOHSENI, EDWARD L. TREADWELL, MARY ANNE DOOLEY,
E. WILLIAM St. CLAIR, GARY S. GILKESON, and GLINDA S. COOPER

ABSTRACT. Objective. Multiple genetic factors modulate predisposition to systemic lupus erythematosus (SLE).
The glutathione S-transferase (GST) genes GSTM1, GSTT1, and GSTP1 catalyze metabolic path-
ways for the excretion of reactive oxygen species that may be generated by cellular oxidative stress
induced by ultraviolet radiation in sunlight. We hypothesized that risk of SLE associated with occu-
pational sun exposure is modulated by GSTM1, GSTT1, and GSTP1 genotypes.
Methods. DNA samples and occupational history were collected from 243 cases and 298 controls in
the Carolina Lupus Study, a population based case-control study of patients with recently diagnosed
SLE. 
Results. There was no independent association between SLE and presence of the homozygous null
GSTM1 or GSTT1 genotype, the homozygous Val/Val or heterozygous Val/Ile GSTP1 genotype, or
occupational sunlight exposure. The prevalence of Ro autoantibodies was significantly increased
among Caucasians with the GSTM1 null genotype (OR 2.6, 95% CI 1.0, 6.8), but was somewhat
weaker among African-Americans (OR 1.5, 95% CI 0.7, 3.5). In the combined analysis of occupa-
tional sunlight exposure and GSTM1 genotype, the effect of sun exposure among Caucasians varied
depending on GSTM1 genotype. There was a 3-fold increased risk (OR 3.1, 95% CI 0.9, 10.8) of
SLE associated with 24 or more months’ occupational sun exposure among Caucasians with the
GSTM1 null genotype, but sun exposure was not associated with risk among GSTM1 positive
Caucasians (OR 0.6, 95% CI 0.3, 1.5). The interaction was statistically significant (p = 0.028).
Conclusion. Our results suggest that GSTM1 homozygous null genotype may modify the effect of
occupational sun exposure on the risk of SLE in caucasians. (J Rheumatol 2003;30:276–82)

Key Indexing Terms:
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Systemic lupus erythematosus (SLE) is an autoimmune
systemic rheumatic disease. Immunologic self-recognition
of DNA and other nuclear macromolecules, a common
feature in humans and animal models of SLE1-3, is reflected
in the extensive array of autoantibodies that are often seen
in this disease. The mechanisms leading to immune recog-
nition of these autoantigens in human SLE are not well
defined. Events that lead to DNA damage may expose or

alter the conformation of cryptic epitopes that are then
recognized by autoreactive T cells. Environmental expo-
sures that trigger these cellular mechanisms may predispose
some individuals to SLE.

The metabolism and detoxification of many reactive
oxygen intermediate (ROI) compounds can involve
members of the glutathione S-transferase (GST) family of
enzymes, GSTM1, GSTT1, and GSTP14. Individuals who
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are homozygous for GSTM1 or GSTT1 null genes theoreti-
cally clear ROI more slowly, and may be at greater risk of
damage to intracellular macromolecules. Reduced catalytic
activity has also been reported with the GSTP1 variant
involving Val amino acid substitution at codon 1055-9. 

Recent research has focused on the interaction between
GST enzymes and cancer risk in connection with environ-
mental or occupational exposures (e.g., smoking,
solvents)10-12. There are few reports that have addressed
these metabolizing enzymes or gene-environment interac-
tions in SLE, and the available data are somewhat inconsis-
tent13,14. Ollier, et al reported an increased prevalence of
GSTM1 null genotype among Caucasian patients with SLE
in the United Kingdom with anti-Ro, but not anti-La anti-
bodies13. No association between GSTM1 or GSTT1 null
genotype and risk of SLE was seen in the LUMINA (Lupus
in Minority Populations, Nature versus Nurture) study in
Alabama and Texas14. 

Ultraviolet radiation in sunlight can damage
keratinocytes and other mammalian cells in a variety of
ways, including induction of reactive oxygen species15-18,
which may damage DNA. We hypothesize that this latter
molecular mechanism may be the basis for photosensitivity
in SLE. Although sun exposure may exacerbate preexisting
lupus19,20, it is not known whether sun exposure is a risk
factor for development of SLE.

We hypothesized that chronic exposure to sunlight may
predispose to SLE and that the risk associated with exposure
to sunlight may be altered by homozygosity for GSTM1,
GSTT1 null genes, or by the presence of the lower activity
variant of GSTP1. To test these hypotheses, we analyzed the
relationship between occupational sun exposure, GSTM1
and GSTT1 null homozygosity, GSTP1 genotype, and SLE
in the Carolina Lupus Study, a population based case-
control study designed to assess the role of hormonal, envi-
ronmental, and genetic risk factors for SLE.

MATERIALS AND METHODS
Subjects. The Carolina Lupus Study is based in 60 contiguous counties in
eastern and central North Carolina and South Carolina. Eligibility was
based on fulfillment of the American College of Rheumatology classifica-
tion criteria for SLE21,22, diagnosis between January 1, 1995, and July 31,
1999, age 18 years or older at study enrollment, residence within the study
area during at least 6 months of the year prior to diagnosis, and ability to
speak and understand English. Cases were referred from community based
and university based rheumatology practices. We received 285 referrals of
patients who were eligible for the study based on medical record data
pertaining to the diagnostic criteria. Six patients refused screening and 14
declined to participate, for a total of 265 case participants (93% of the refer-
rals). Details of the subject recruitment procedures have been described23.
About 50% of the patients were referred from university based rheuma-
tology practices and the median time from diagnosis to study interview was
13 months. The study protocol was approved by the review boards of all
participating institutions.

Population based controls were identified through drivers license
records corresponding to the counties in the study area and were frequency
matched to the cases by age (5 year age groups), sex, and state. Eligibility

criteria were the same as the nonmedical criteria used for cases with the
additional criterion of never having been diagnosed with any kind of lupus.
We enrolled 355 controls (75% of those who were screened and eligible).
Controls were randomly assigned a reference month and year to correspond
with the frequency distribution of the diagnosis month and year of cases.

As described, 90% of the SLE cases in the Carolina Lupus Study are
female and 60% are African-American, 34% are white, and 6% are Native
American, Asian or members of other racial or ethnic groups. The mean age
at diagnosis was 39 years. Because of the age and sex matching procedure
we used, these characteristics are similar in the controls. Our sample of
controls is representative of the population in the study area: 28% African-
American, 65% white, and 7% other racial and ethnic groups23.
Occupational sun exposure and clinical features. Data collection included
a structured 60 minute in-person interview with an extensive occupational
history. For each job held for 12 or more months we asked if the participant
worked outside in the sun for at least 10 hours per week for at least 3
months of the year. Information about ages worked in a particular job was
used to eliminate jobs held at or after the diagnosis age (cases) or reference
age (controls). For the exposure variable, we calculated total number of
months in a sun-exposed job (defined as above, that is, work outside in the
sun for 10 or more hours a week for 3 or more months of the year). This
variable was dichotomized into 2 groups (< 24 mo, ≥ 24 mo) for analysis.
We repeated the analyses using groups defined as 0 and 1 or more months
and found similar results indicating that the specific cut-point used for cate-
gorization did not affect the results.

We abstracted data pertaining to the photosensitivity and other clinical
features of SLE from patients’ medical records. The abstraction was done
by a combination of the investigators (one rheumatologist at each institu-
tion and an epidemiologist trained for this purpose by 2 of the rheumatolo-
gists). Details of the procedures have been described24.
Blood samples, GST genotyping, and analysis of nuclear antibodies. We
obtained one blood sample from 244 (92%) cases and 303 (85%) controls
at the time of the interview. One case and 2 controls did not give permis-
sion to use their samples for genetic research. DNA was not extracted from
3 other control samples, leaving 243 cases and 298 controls in the analysis.

DNA was obtained from previously frozen blood samples after removal
of red blood cells. Samples were extracted with phenol, phenol:chloro-
form:isoamyl alcohol (25:24:1), aliquoted, and stored at –70°C until further
use.

GST genotyping was accomplished by multiplex polymerase chain
reactions (PCR) to determine the presence or absence of GSTM1 and
GSTT1 null homozygosity status, according the methods of Chen, et al25.
This molecular typing strategy distinguishes between individuals who are
homozygous for the GSTM1 and GSTT1 null alleles and those who are not.
GSTP genotypes were determined by PCR-restriction fragment length
polymorphism, according to a modification of the methods of Nedelcheva,
et al26.

To identify precipitating antibodies against Sm, RNP, and La/SSB,
undiluted sera were tested by double immunodiffusion using a saline
nuclear extract from rabbit thymus acetone powder (Pel-Freez, Rogers, AR,
USA). Precipitin lines were observed at 48 h and identified by comparison
with standard sera. For antibody to Ro/SSA, sera were similarly tested
using a human spleen cell nuclear extract as antigen.

Sera were tested for antibody to native DNA by fixed Crithidia luciliae
immunofluorescence. Sera diluted 1:10 were added to prepared slides
(Sanofi), incubated 1 h, washed, and binding was detected using a FITC
anti-IgG reagent as described above. Positive sera were titered until
reaching the endpoint of immunofluorescence.
Statistical analysis. We examined the frequency of GST genotypes
(GSTM1, GSTT1, GSTP1) among cases and controls using contingency
tables. Because of the known racial difference in risk of SLE27 and because
GST genotype distributions vary by race11,12, we conducted separate
analyses among African-Americans and among Caucasians to determine if
associations were similar in these 2 groups. The association between geno-
type and risk of developing SLE was estimated by the odds ratio (OR) and
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95% confidence interval (CI) using logistic regression and adjusting for
age, sex, and state. Analyses of the full sample also included a 2 level vari-
able for race (Caucasians, African-Americans and other non-Caucasians).
The adjusted OR were very similar to the crude (unadjusted) OR. We also
adjusted for education (4 groups: did not complete high school, completed
high school or equivalency, some college, completed college) in analyses
of occupational sunlight exposure in relation to disease risk, since educa-
tion could be related to work history. We used contingency tables to
compare the frequency of specific autoantibodies by genotype, and esti-
mated the association between genotype and autoantibodies adjusting for
age and race (for the analysis of the full sample).

To evaluate gene-environment interactions, we included the main
effects for the genotype variable (e.g., GSTM1 null vs positive) and the
occupational sun exposure variable (≥ 24 mo vs < 24 mo) and a variable
representing their combined effects in a logistic regression model. We
compared the likelihood ratio statistic of this model to the model without
the interaction term. A statistically significant p value implies that the
model with the interaction term is a better fit with the data, and thus that the
interaction should be considered when interpreting the effects of either
genotype or sunlight. In the full interaction model, the effects within 3
strata (null genotype with low exposure, positive genotype with high expo-
sure, and null genotype with high exposure) were compared to the referent
group of positive (non-null) genotype and low exposure. We also ran sepa-
rate models to assess the effect of sunlight exposure by genotype (i.e.,
effect of sunlight exposure among null genotype and effect of sunlight
exposure among positive genotype).

RESULTS
There was no association between sex or age and frequency
of GSTM1 null, GSTT1 null, or GSTP1 genotypes among
controls (data not shown), but racial differences in the geno-
type distributions were seen (Table 1). GSTM1 null geno-
type was less common among African-American controls
compared with white controls, and the GSTT1 null genotype
and GSTP1 Val/Val genotype were more common among

African-Americans. The frequencies among controls follow
the distributions seen among controls in other population
based studies in North Carolina10,11. Allele frequencies
among cases and among controls are in Hardy-Weinberg
equilibrium.

There was no evidence of an increased risk of SLE due to
the GSTM1 null genotype or GSTP1 Val/Val or Val/Ile geno-
types. The GSTT1 null genotype was associated with a small
increased risk (OR 1.4) of SLE in the full sample, but this
association was not statistically significant (Table 1).
Similar results were seen in race-stratified analyses. The
combination of GSTM1 and GSTT1 null genotypes was
suggested as a risk factor for SLE in African-Americans
(OR 3.9), but not in Caucasians (OR 0.8), but these are
imprecise estimates because they are based on small
numbers.

We saw little evidence of an association between occu-
pational sunlight exposure and risk of SLE: 67% of cases
and 67% of controls reported 0 months, 11% of cases and
10% of controls reported 1–24 months, 5% of cases and 6%
of controls reported 24–45 months, 9% of cases and 8% of
controls reported 46–110 months, and 8% of cases and 8%
of controls reported > 110 months in a sunlight-exposed job.
The association comparing 24 or more months to less than
24 months was OR 0.8, 95% CI 0.5, 1.3. Similar associa-
tions were seen in analyses stratified by race (among whites,
OR 0.9, 95% CI 0.5, 1.7 and among African-Americans, OR
0.9, 95% CI 0.4, 2.0).

Photosensitivity was not associated with presence of
anti-Ro antibodies: 40% of 86 cases with anti-Ro antibodies
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Table 1. GSTM1 null, GSTT1 null, and GSTP1 genotypes and risk of developing SLE*.

Total Sample Caucasians African-Americans 
(243 cases, 298 controls) (85 cases, 202 controls) (144 cases, 73 controls)

Cases, Controls, Cases, Controls, Cases, Controls, 
N(%) N(%) OR (95%CI) N(%) N(%) OR (95%CI) N(%) N(%) OR (95%CI)

GSTM1
Positive 168 (69) 179 (60) 1.0 (referent) 48 (57) 110 (55) 1.0 (referent) 111 (77) 54 (75) 1.0 (referent)
Null 75 (31) 119 (40) 0.9 (0.6, 1.3) 37 (44) 92 (46) 0.9 (0.5, 1.5) 33 (23) 18 (25) 0.9 (0.5, 1.8)

GSTT1
Positive 199 (82) 262 (88) 1.0 (referent) 73 (86) 181 (90) 1.0 (referent) 114 (79) 58 (82) 1.0 (referent)
Null 44 (18) 35 (12) 1.5 (0.9, 2.5) 12 (14) 21 (10) 1.5 (0.7, 3.2) 30 (21) 13 (18) 1.2 (0.6, 2.4)

GSTT1 and GSTM1
Both positive 135 (56) 154 (52) 1.0 (referent) 39 (46) 98 (49) 1.0 (referent) 89 (62) 43 (60) 1.0 (referent)
GSTT null only 33 (14) 25 (8) 1.4 (0.7, 2.5) 9 (11) 12 (6) 2.0 (0.8, 5.1) 22 (15) 12 (17) 0.9 (0.4, 2.0)
GSTM null only 64 (26) 108 (36) 0.9 (0.6, 1.3) 34 (40) 83 (41) 1.0 ( 0.6, 1.8) 25 (17) 16 (22) 0.8 (0.4, 1.6)
Both null 11 (5) 10 (3) 1.5 (0.6, 3.9) 3 (4) 9 (5) 0.9 (0.2, 3.4) 8 (6) 1 (1) 3.8 (0.5, 31.5)

GSTP1
Val/Val 41 (17) 43 (14) 0.9 (0.5, 1.6) 11 (13) 24 (12) 1.1 (0.5, 2.5) 28 (19) 16 (23) 0.6 (0.3, 1.4)
Val/Ile 110 (45) 140 (47) 0.9 (0.6, 1.3) 39 (46) 91 (45) 1.1 (0.6, 1.9) 68 (47) 38 (54) 0.6 (0.3, 1.3)
Ile/Ile 92 (38) 114 (38) 1.0 (referent) 35 (41) 87 (43) 1.0 (referent) 48 (33) 17 (24) 1.0  (referent)

*Odds ratio (OR) and 95% confidence interval (CI) estimated by logistic regression  adjusting for age, sex, and state. Analyses for the full sample also adjusted
for race as a 2 level variable (Caucasians, African-Americans and other non-Caucasians).
Total sample includes other minorities (14 cases, 23 controls) in addition to Caucasians and African-Americans.
One African-American control was missing GSTT1 analyses.
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had a history of photosensitivity compared with 40% of 150
cases without anti-Ro antibodies (race adjusted OR 1.0,
95% CI 0.6, 1.7). There was no association between photo-
sensitivity and GSTM1, GSTT1, or GSTP1 genotype (data
not shown).

The prevalence of anti-Ro autoantibodies was signifi-
cantly increased among Caucasians with the GSTM1 null
genotype compared with whites who were GSTM1 positive
(i.e., not null) (OR 2.6, p = 0.045) (Table 2). The association
among African-Americans was not as strong and was not
statistically significant (OR 1.5, p = 0.30). A similar pattern
was also seen when limited to those who were positive for
anti-Ro antibodies but negative for anti-La autoantibodies.
There were no associations between specific autoantibodies
and GSTT1 or GSTP1 genotypes (data not shown).

Occupational exposure to sunlight was somewhat asso-
ciated with the presence of anti-Ro antibodies among cases,
but the difference was not statistically significant (age, sex,
and race adjusted OR 1.9, 95% CI 0.9, 4.0 for ≥ 24 mo
compared with < 24 mo occupational sunlight exposure).
This association was similar in Caucasians (OR 2.2, 95%
CI 0.6,7.6) and African-Americans (OR 1.6, 95% CI 0.6,
4.3).

In the combined analysis of occupational sunlight expo-
sure and GSTM1 genotype, there was evidence of a gene-
environment interaction among Caucasians. That is, the
effect of sun exposure varied depending on GSTM1 geno-
type (Table 3), and the interaction was statistically signifi-
cant (p = 0.028). Among GSTM1 positive Caucasians sun
exposure was not associated with risk (OR 0.6, 95% CI 0.3,
1.2), but among Caucasians with the GSTM1 null genotype
there was a 3-fold increased risk (OR 3.1, 95% CI 0.9, 10.8)
of SLE associated with 24 or more months occupational sun
exposure (Table 4). An alternative way of expressing the

interaction is that the effect of genotype varied depending on
sun exposure. Among African-Americans, however, there
was no evidence of a gene-environment interaction. No
association with sun exposure was seen in either GSTM1
null or GSTM1 positive genotype groups, and the p value for
the interaction was 0.91. There was no evidence of an inter-
action, in either race, with the GSTT1 null genotype or with
GSTP1 genotype (data not shown).

DISCUSSION
We did not observe an association between GSTM1 or
GSTT1 null homozygosity and risk of developing SLE in
either African-Americans or Caucasians. We also did not
observe an association between occupational sun exposure
and risk of SLE overall or by racial group. There was
evidence, however, of an association between GSTM1 null
genotype and presence of anti-Ro autoantibodies and
between occupational sunlight exposure and anti-Ro autoan-
tibodies. These associations were stronger among
Caucasians than among African-Americans (Table 4).

Our data also suggest a gene-environment interaction
between sun exposure and GSTM1 null homozygosity and
risk of SLE. To our knowledge, this is the first observation
of this kind in SLE. Interestingly, this gene-environment
interaction was limited to Caucasians. This finding may
relate to differences in the skin reflectance between African-
Americans and Caucasians due to the melanin content of the
skin28. Although there is a wide variation in skin pigmenta-
tion in populations of African ancestry, it is likely that on
average, the African-American subjects in this study had
greater melanin content than their Caucasian counterparts.
Melanin protects against ultraviolet induced genotoxicity by
absorbing ultraviolet energy29,30.

In vitro experiments using human keratinocytes have

Table 2. Number (%) of SLE cases with specific autoantibodies by race and GSTM1 genotype*.

Total Sample Caucasians African–Americans
(n = 75 null, 168 positive) (n = 37 null, 48 positive) (n = 33 null, 111 positive)

GSTM GSTM OR (95% CI) GSTM GSTM OR (95% CI) GSTM GSTM OR (95% CI)
null, positive, (p value) null, positive, (p value) null, positive, (p value)

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

Anti-Ro 33 (44) 57 (34) 1.7 (1.0, 3.0) 16 (43) 11 (23) 2.6 (1.0, 6.8) 15 (45) 41 (37) 1.5 (0.7, 3.5)
(0.061) (0.045) (0.30)

Anti-La 10 (13) 13 (8) 1.8 (0.7, 4.6) 5 (14) 3 (6) 2.2 (0.5, 9.9) 5 (15) 8 (7) 2.5 (0.7, 8.4)
(0.19) (0.32) (0.15)

Anti-Ro, not 24 (32) 44 (26) 1.6 (0.9, 3.0) 11 (30) 8 (17) 2.4 (0.8, 7.0) 11 (33) 33 (30) 1.3 (0.5. 3.1)
anti-La (0.14) (0.11) (0.58)

Anti-dsDNA 21 (28) 45 (27) 1.3 (0.7, 2.5) 6 (16) 9 (19) 0.8 (0.3, 2.7) 12 (36) 36 (32) 1.1 (0.5, 2.7)
(0.42) (0.77) 1.2 (0.75)

Anti-RNP 16 (21) 52 (31) 0.8 (0.4, 1.7) 1 (3) 3 (6) 0.4 (0.0, 4.2) 14 (42) 48 (43) 0.9 (0.4, 2.1)
(0.63) (0.44) (0.88)

Anti-Sm 10 (13) 22 (13) 1.4 (0.6, 3.2) 1 (3) 2 (4) 0.6 (0.0, 7.1) 9 (27)     19 (17) 1.9 (0.8, 5.0)
(0.45) (0.67) (0.35)

*Logistic regression, adjusting for age and sex, estimating odds ratio  (OR) and 95% confidence interval  (CI) for the association between genotype and pres-
ence of specific autoantibody, by race.
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shown that exposure to ultraviolet-B radiation results in a
redistribution of nuclear autoantigens (Ro, La, and snRNP)
from the nucleus to the cell surface31. Some of this redistri-
bution may occur in response to ultraviolet induced apop-
tosis, and apoptotic cells may serve as reservoirs for
autoantigens, which could drive autoimmune responses in
susceptible hosts32. Golan, et al33 demonstrated that ultravi-
olet-B exposed keratinocytes from patients with lupus
exhibit enhanced binding of IgG autoantibodies and suggest
that the increased expression of autoantigens at the cell
surface could provide the initial antigenic stimulus for the
development of autoantibodies.

Ollier, et al reported an increased prevalence of GSTM1
null genotype among Caucasian patients with SLE in the
United Kingdom with anti-Ro, but not anti-La antibodies13.
In contrast, no association between GSTM1 null genotype
and anti-Ro positive- anti-La negative status was seen in the
analysis of African-American, caucasian, and Hispanic
patients with SLE in the LUMINA study14, but race-specific
or race adjusted data were not presented. Ollier, et al postu-

lated that GSTM1 null genotype may increase susceptibility
to oxidative stresses such as ultraviolet light, resulting in
increased ultraviolet associated damage and expression of
nuclear autoantigens on the cell surface. This idea is
supported by the association between GSTM1 null homozy-
gosity, sun exposure, and anti-Ro antibody status and SLE
in Caucasians observed in our study. Chronic sun exposure
may lead to sufficient genotoxicity, DNA damage, in
keratinocytes to alter cell surface expression of Ro and other
nuclear proteins. In genetically susceptible individuals,
these altered proteins become immunogenic and may lead to
the development of SLE. Since we did not observe any asso-
ciation between sun exposure and anti-Ro antibody status in
African-Americans, we hypothesize that different molecular
mechanisms lead anti-Ro antibody production in this group.

A major strength of this report is that it is a large popula-
tion based study of recently diagnosed patients with SLE.
We used a systematic, active surveillance system (medical
record review of all potentially eligible patients) at the
universities, larger community based practices, and prac-
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Table3. Interaction between GSTM1 null genotypes, occupational sunlight exposure, and risk of developing SLE, by race*.

GSTM1 Positive GSTM1 Null
Sun Exposure, Cases, n (%) Controls, n (%) OR (95% CI) Cases, n (%) Controls, n (%) OR (95% CI) p Value for GSTM1-

mo** Sun  Interaction†

Caucasians†† < 24 39 (46) 83 (41) 1.0 (referent) 23 (27) 78 (39) 0.6 (0.3, 1.5)
≥ 24 9 (11) 27 (13) 0.6 (0.3, 1.2) 14 (16) 14 (7) 1.6 (0.5, 1.5)

0.028
African-Americans††† < 24 89 (62) 45 (62) 1.0 (referent) 22 (15) 10 (14) 1.0 (0.4, 2.6) 

≥ 24 26 (18) 14 (19) 0.9 (0.4, 2.0) 7 (5) 4 (5) 1.0 (0.2, 3.8)
0.91

*Logistic regression adjusting for age, sex, state, and education, estimating odds ratio (OR) and 95% confidence interval (CI).
**Occupational sunlight exposure based on job history obtained for each job lasting 12 or more months, and based on a question asking if the job involved
work in the sun for 10 or more hours per week for at least 3 months of the year; months in these jobs was summed up to the diagnosis age for cases or 
corresponding reference age for controls.
† Interaction p value based on comparison of the likelihood ratio statistic for the model with only the variables representing the main effects of GSTM null
genotype and of sunlight with the model that also included a variable representing their combined effects. A statistically significant p value implies that the
model with the interaction term is a better fit with the data, and thus that the interaction should be considered when interpreting the effects of either 
genotype or sunlight.
†† 85 Caucasian cases, 202 Caucasians controls, †††144 African-American cases, 73 African-American controls.

Table 4. Summary of associations between GSTM1, occupational sunlight exposure, risk of SLE, and prevalence
of anti-Ro antibodies.

Total Sample Caucasians African-Americans  
OR (95% CI) OR (95% CI) OR (95% CI)

GSTM1 null and risk of SLE 0.8 (0.6, 1.3) 0.9 (0.5, 1.5) 0.9 (0.5, 1.9)
Occupational sunlight and risk of SLE 0.8 (0.5, 1.3) 0.9 (0.5, 1.7) 0.9 (0.4, 2.0)
GSTM1 null and anti–Ro antibodies 1.7 (1.0, 3.0) 2.6 (1.0, 6.8) 1.5 (0.7, 3.5)
Occupational sunlight and anti–Ro antibodies 0.9 (0.9, 4.0) 2.2 (0.6, 7.6) 1.6 (0.6, 4.3) 
High sun exposure among GSTM1 positive —* 0.6 (0.3, 1.2) 1.0 (0.4, 2.6)
High sun exposure among GSTM1 null —* 3.1 (0.9, 10.8) 0.9 (0.1, 5.1)

*Not estimated because associations differed by race.
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tices known for SLE care. Data collection involved a stan-
dardized in-person interview with an extensive occupational
history. However, the occupational sunlight exposure
measure we used was based on recall of jobs held at least 12
months, so shorter-term occupational exposures and recre-
ational sunlight exposure are not included. We did not
include recreational sources of sun exposure because of
poorer reproducibility in self-reported history of these
measures34. Both nondifferential and differential misclassi-
fication of sunlight exposure are possible because of general
difficulties in recall accuracy, and because of possible over-
or under-reporting of sun exposure by lupus patients.
Another limitation that should be noted is that even with the
large total sample size, the lower frequency of GSTM1 null
genotype among African-Americans resulted in small
sample sizes (and relatively imprecise estimates) in some of
the race-specific analyses. The frequency distribution of the
sunlight data did not permit us to examine with any kind of
precision a dose-response relationship between sun expo-
sure and SLE risk.

In the Carolina Lupus Study, self-reported occupational
sunlight exposure in Caucasians with the GSTM1 null geno-
type was associated with an increased risk of developing
SLE. If feasible, additional prospective studies that combine
personal dosimetry of sun exposure35, serial testing of anti-
Ro antibodies, and biomarkers of genotoxicity36,37 may
elucidate the relationships between sunlight, GSTM1 null
genotype, anti-Ro antibodies, and SLE.
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