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Abstract
Epidemiologic evidence suggests a possible association between genital use of talcum powder and
risk of epithelial ovarian cancer; however, the biologic basis for this association is not clear. We
analyzed interactions between talc use and genes in detoxification pathways (GSTM1, GSTT1 and
NAT2) to assess whether the talc/ovarian cancer association is modified by variants of genes
potentially involved in the response to talc. Our analysis included 1,175 cases and 1,202 controls
from a New England-based case-control study and 210 cases and 600 controls from the prospective
Nurses' Health Study. We genotyped participants for the GSTM1 and GSTT1 gene deletions and three
NAT2 polymorphisms. We used logistic regression to analyze the main effect of talc use, genotype,
and gene-talc interactions in each population, and we pooled the estimates using a random effects
model. Regular talc use was associated with increased ovarian cancer risk in the combined study
population (relative risk=1.36, 95% CI=1.14-1.63; p-trend<0.001). Independent of talc, the genes
examined were not clearly associated with risk. However, the talc/ovarian cancer association varied
by GSTT1 genotype and combined GSTM1/GSTT1 genotype. In the pooled analysis, the association
with talc was stronger among women with the GSTT1-null genotype (p-interaction=0.03),
particularly in combination with the GSTM1-present genotype (p-interaction=0.03). There was no
clear evidence of an interaction with GSTM1 alone or NAT2. These results suggest that women with
certain genetic variants may have a higher risk of ovarian cancer associated with genital talc use.
Additional research is needed on these interactions and the underlying biologic mechanisms.
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INTRODUCTION
Genital use of talcum powder has been extensively investigated as a potential risk factor for
ovarian cancer. A meta-analysis of 16 previous studies reported an approximate 30% increase
in risk of total epithelial ovarian cancer with regular genital exposure to talc (1), and several
studies have suggested a stronger association with the serous or serous invasive histologic
subtype (2-6). Although the epidemiologic evidence supports a modest association between
genital talc use and ovarian cancer risk, the association remains controversial due to the lack
of a clear dose-response with increasing frequency or duration of talc use, the possibility of
confounding or other biases, and the uncertain biologic mechanism.

No prior studies have assessed gene-talc interactions in ovarian cancer risk, possibly because
little is known about which genes may be involved in the biologic response to talc. However,
variants of the glutathione S-transferase M1 (GSTM1) and N-acetyltransferase 2 (NAT2) genes
appear to modify the association between exposure to asbestos, a known carcinogen that is
chemically similar to talc, and risk of malignant mesothelioma (7-10). Talc and asbestos are
found together in nature, and prior to 1976 talcum powder was commonly contaminated with
asbestos (9). Although this contamination may have contributed to the risk of ovarian cancer
associated with talc use, there is also evidence that talc itself may contribute to carcinogenesis,
independent of any contamination with asbestos in the past. Talc can induce granulomas and
other inflammatory responses in vivo (9), and a recent study found that exposing human ovarian
stromal and epithelial cells to talc resulted in increased cell proliferation and neoplastic
transformation of cells (11). Talc also appears to increase cellular production of reactive oxygen
species (11). Interestingly, serous ovarian cancers morphologically resemble peritoneal
malignant mesotheliomas (12), suggesting a possible rationale for the stronger association
between talc and risk of serous or serous invasive cancers observed in some studies.

Based on similarities between talc and asbestos and the evidence for gene-asbestos interactions
in malignant mesothelioma, we examined whether the association between genital talc
exposure and ovarian cancer risk is modified by variants of the NAT2 and GSTM1 genes, as
well as the related glutathione S-transferase T1 (GSTT1) gene. The GSTM1 and GSTT1 genes
produce enzymes involved in the metabolism of carcinogens and reactive oxygen species
(13). These genes are homozygously deleted in approximately 50% (GSTM1) and 20%
(GSTT1) of Caucasians, resulting in complete loss of enzymatic activity (14,15). The NAT2
enzyme catalyzes the deactivation of xenobiotics via N-acetylation, but can also activate certain
substrates via O-acetylation (16). Individuals with two NAT2 slow acetylator alleles,
approximately 60% of individuals in Caucasian populations, have decreased rates of N- and
O-acetylation (17-20). We hypothesized that the association between talc use and ovarian
cancer risk would be stronger among individuals with the GSTM1 null, GSTT1 null, and
NAT2 slow acetylator genotypes, due to decreased metabolism of free radicals and other
products of the biologic response to talc. We examined these gene-talc interactions, as well as
the main effect of talc use and each genotype, in two study populations with a total of 1,385
ovarian cancer cases.

METHODS
New England Case-Control Study

The New England Case-Control Study (NECC) consists of 1,231 epithelial ovarian cancer
cases and 1,244 controls from Massachusetts and New Hampshire. Participants were enrolled
in the study in two phases, from May 1992 to March 1997 (phase 1; 563 cases and 523 controls)
or from July 1998 to July 2003 (phase 2; 668 cases and 721 controls). Participants completed
a detailed questionnaire on potential risk factors for ovarian cancer and covariates of interest
during an in-person interview with a trained interviewer. To avoid capturing changes related
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to disease status, interviewers asked participants about exposures that occurred at least one
year prior to the date of diagnosis for cases or the interview date for controls. The institutional
review boards of Brigham and Women's Hospital and Dartmouth Medical School approved
both phases of the study, and all participants provided written informed consent.

During the two study phases, NECC researchers identified 2,347 incident cases of ovarian
cancer through hospital tumor boards and state cancer registries; 1,845 (79%) of these cases
were eligible, and 71% of the eligible cases were enrolled in the study. Study investigators
identified potential controls using random digit dialing, drivers' license records, and
Massachusetts town resident lists. Controls were frequency-matched to cases by age and state
of residence. Of the potentially eligible controls contacted by investigators during phase 1,
68% were eligible and agreed to participate. During phase 2, 197 potential controls declined
to be contacted by returning a postcard to “opt out” of the study; of the remaining potentially
eligible controls who were contacted, 67% were eligible and enrolled in the study. The
eligibility criteria and the reasons for non-enrollment of eligible cases are described elsewhere
(21).

Over 95% of study participants provided a blood specimen at study enrollment. NECC
researchers separated the heparinized blood samples into plasma, red blood cell, and buffy coat
(white blood cell) components, extracted DNA from the buffy coat using Qiagen DNA
extraction (Qiagen Inc., Valencia, CA), and stored the extracted DNA in freezers at a
temperature of -80°C.

Nurses' Health Study
In 1976, 121,701 female registered nurses between the ages of 30 and 55 responded to a mailed
questionnaire about known and suspected risk factors for disease, leading to the establishment
of the Nurses' Health Study (NHS). Study participants completed follow-up questionnaires
every two years, providing information on new diagnoses of disease and updated information
on risk factors. Participation in the study has remained high throughout follow-up; between
1976 and 2004 the percentage of follow-up information obtained (questionnaire responses plus
deaths) was 95.3%. The corresponding follow-up percentages for women who provided a white
blood cell or cheek cell specimen were 98% and 99%, respectively. The Institutional Review
Board of Brigham and Women's Hospital, Boston, MA approved both the NHS and this
analysis, and all participants provided implied consent by completing and returning the baseline
questionnaire.

In 1989 and 1990, 32,826 participants submitted a blood sample for use in genetic and other
biomarker analyses. Details of the blood collection are described elsewhere (22). Between 2001
and 2004, 33,040 women without a blood specimen provided a buccal cell specimen. We used
a mouthwash protocol to collect the buccal cell samples, based on evidence that this method
provides slightly higher DNA yield and quality, compared with collection using a cytobrush
(23). We extracted DNA from each specimen within one week of receipt using Qiagen DNA
extraction (Qiagen Inc., Valencia, CA), and stored the DNA at -80°C.

NHS nested case-control study
We collected information on new diagnoses of ovarian cancer on each questionnaire, and we
also obtained information on deaths due to ovarian cancer through family members, the
National Death Index, and the U.S. Postal Service. We confirmed each diagnosis using methods
described previously (24). For this analysis, we included all cases with a DNA specimen
available from prior to diagnosis (incident cases), as well as cases who submitted a DNA
specimen within four years after diagnosis (prevalent cases). We included the prevalent cases
in the analysis due to the similarity of characteristics of these cases and the incident cases, and
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also because the interval of four years between diagnosis and DNA collection was less than
the average survival time of 65.7 months for the incident cases. All cases were diagnosed prior
to June 1, 2004 and had no history of a prior cancer, other than non-melanoma skin cancer.

We randomly selected three controls per case from the study participants who gave a buccal
cell or blood specimen, who had not had a bilateral oophorectomy prior to the date of diagnosis
of the matched case, and who had no history of cancer, other than non-melanoma skin cancer,
as of the cycle of diagnosis of the case. We excluded 30 controls from the analysis due to
unavailability of genotyping data (n=28) or because the participant was later diagnosed with
ovarian cancer and was included in the analysis as a case (n=2). Cases and controls were
matched on month and year of birth, DNA type, and menopausal status at diagnosis. For the
blood collection, cases and controls were additionally matched on menopausal status and
postmenopausal hormone (PMH) use status at blood draw, month/year and time of day of blood
draw, and fasting status at blood draw, since these control selections were also used for analyses
of plasma hormones and other biomarkers (25).

Exposure assessment
The phase 1 and 2 NECC questionnaires included multiple questions about regular use of
talcum, baby or deodorizing powder as an adult. Specific questions asked about type of use (as
a dusting powder to the genital area, sanitary napkins, underwear, or non-genital areas),
frequency of use, age at first use, number of years used, and brand of powder used. The 1982
NHS questionnaire requested information on whether the participant had ever commonly
applied talcum, baby, or deodorizing powder to the perineal area (no, <once/week, 1-6 times/
week, or daily) or to sanitary napkins (yes/no). For this analysis, we defined regular genital
talc use as application of powder to the genital/perineal region at least once per week. We also
created a categorical variable for frequency of talc use, using the categories from the NHS
questionnaire.

Genotyping methods
Genotyping was performed at the Dana Farber/Harvard Cancer Center High Throughput
Genotyping Core (for the NAT2 polymorphisms and NHS GSTM1 and GSTT1 gene deletions)
and the Molecular Epidemiology Research Laboratory at the Harvard School of Public Health
(for the NECC GSTM1 and GSTT1 gene deletions). All samples were genotyped for three single
nucleotide polymorphisms that identify the NAT2*5, NAT2*6, and NAT2*7 alleles. These
alleles account for over 99% of slow acetylator alleles in Caucasian populations (16,26). The
NAT2 I114T (rs1801280), R197Q (rs1799930), and G286E (rs1799931) polymorphisms were
genotyped using the 5' nuclease assay (Taqman) on the ABI PRISM 7900HT Sequence
Detection System (Applied Biosystems, Foster City, CA), in 384-well format. Individuals with
two slow acetylator alleles were classified as NAT2 slow acetylators, while individuals with
zero or one slow acetylator allele were classified as rapid acetylators.

The NECC samples were genotyped for the GSTM1 and GSTT1 gene deletions using multiplex
polymerase chain reaction (PCR), and the PCR products were resolved on a 1.5% agarose gel.
The NHS samples were genotyped for the two gene deletions using Taqman realtime PCR in
384-well format. For both the multiplex and real-time PCR assays, individuals were considered
to have the GSTM1 or GSTT1 null genotype if no PCR product was present for the respective
gene; all other individuals were classified as GSTM1 or GSTT1 present.

All DNA samples were whole genome amplified prior to genotyping. Laboratory personnel
blinded to the case-control status of the samples performed all genotyping, and each plate
included blinded replicate samples for quality control purposes. The replicate samples were
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100% concordant for all genotypes except the NECC GSTM1 and GSTT1 gene deletions, which
were 98% and 95% concordant respectively.

Statistical analysis
We used a chi-square test to examine whether the NAT2 polymorphisms were in Hardy-
Weinberg equilibrium in each population, and also to examine the distribution of each genotype
by case-control status. We conducted all analyses separately in the NHS and NECC populations
using consistent exposure and covariate definitions and, after testing for heterogeneity in the
results, pooled the estimates using a random effects model (27). We used conditional (NHS)
and unconditional (NECC and NHS) logistic regression to model the multivariable-adjusted
odds ratio (as an estimate of the relative risk [RR]) and 95% confidence interval (CI) for the
main effect of genital talc use, the main effect of each gene, and each combined gene-talc
variable. We tested for a linear trend with increasing frequency of talc use by using a continuous
variable weighted by the midpoint of each frequency category, and we calculated the p-value
for trend using the Wald test. To assess effect modification by genotype, we used unconditional
logistic regression to model the association between talc use and ovarian cancer risk within
each genotype stratum, and we calculated the p-value for interaction using the chi-square test
for the difference between the log likelihoods for models with and without interaction terms
between regular genital talc use and genotype. In addition to the analyses of total ovarian
cancer, we examined associations with the serous invasive histologic subtype, based on
evidence from prior studies that risk of this subtype may be more strongly associated with talc
use.

We adjusted all analyses for the matching factors, duration of oral contraceptive use, parity,
tubal ligation, body mass index (BMI), and duration of PMH use. Women with missing data
for the continuous covariates were assigned the median value of the covariate for their study
population. In the NHS, where covariate data are available from multiple questionnaire cycles,
we used the data from two cycles (two to four years) prior to the cycle of diagnosis for each
case and their matched controls, for consistency with the timeframe of the NECC covariate
data. We examined additional covariates as potential confounders, including physical activity,
smoking history, menopausal status, age at menopause, breastfeeding duration, and family
history of ovarian or breast cancer, but did not include them in the final model because they
did not substantially change our estimates. We performed all analyses using SAS version 9.1
(SAS Institute Inc., Cary, NC).

RESULTS
Our study population included 1,175 cases and 1,202 frequency-matched controls from the
NECC and 210 cases and 600 matched controls from the NHS, for a total of 1,385 ovarian
cancer cases and 1,802 controls. Of the NHS cases, 49 were prevalent and 161 were incident
with respect to the time of DNA collection. Characteristics of the NHS prevalent and incident
cases were generally similar, although a higher percentage of the prevalent cancers were
endometrioid (20% vs. 9%) and a lower percentage were invasive (76% vs. 86%). In the NECC,
618 cases had serous histology (53%), 450 were serous invasive (38%), 153 were mucinous
(13%), 172 were endometrioid (15%), and 232 had other/undifferentiated histology (20%). In
the NHS, 111 cases were serous (53%), 93 were serous invasive (44%), 23 were mucinous
(11%), 25 were endometrioid (12%), and 51 had other/poorly differentiated histology (24%).

Over 96% of the NECC participants and 98% of the NHS participants were of self-reported
European ancestry. In analyses restricted to these participants, the results were similar to those
for the entire study population; we therefore included all participants in our analyses to
maximize our sample size. The distributions of ovarian cancer risk factors were similar in the
NECC and NHS populations, although on average the NHS participants were older, had higher
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parity, and were more likely to have used PMH, in part due to differences in the NECC and
NHS age distributions (Table 1). Within each study population the cases and controls differed
with respect to the known risk factors for ovarian cancer. In addition, in the NECC the cases
had higher mean BMI than the controls, and a larger percentage of the cases reported a history
of genital talc use. The NHS prevalent and incident cases had similar BMI, tubal ligation
history, duration of PMH use, duration of lactation, and genital talc use history; however, the
prevalent cases were, on average, slightly younger (60 vs. 62 years), less likely to be
postmenopausal (71% vs. 87%), and had lower parity (2.7 vs. 3.1 children), later age at
menarche (13.1 vs. 12.5 years), and a longer mean duration of oral contraceptive use (60 vs.
41 months; results not shown).

In the NECC, women with a history of regular genital talc use were older, had higher mean
BMI, were less likely to have ever used oral contraceptives, were more likely to be
postmenopausal, and were more likely to have used PMH (Table 2). Among parous women in
the NHS, the mean age at first birth was lower for regular talc users. In addition, NHS
participants who regularly used talc were less likely to have a history of smoking or tubal
ligation. There was no difference in the genotype frequencies by genital talc use history in
either study population.

All p-values for the tests for heterogeneity comparing the NECC and NHS results were greater
than 0.05. Talc use was associated with increased risk of ovarian cancer in both study
populations, although the confidence intervals were wide in the NHS due to the limited sample
size (Table 3). In the pooled analysis, the relative risk for the association with regular genital
talc use was 1.36 (95% CI=1.14-1.63) for total ovarian cancer and 1.60 (95% CI=1.26-2.02)
for the serous invasive subtype. In addition, there were highly significant trends between
increasing frequency of talc use and risk of both total and serous invasive ovarian cancer in
the NECC (p-trend=0.002 for total and <0.001 for serous invasive ovarian cancer) and pooled
analyses (p-trend<0.001 for both total and serous invasive ovarian cancer). Regular genital talc
use was not significantly associated with risk of the endometrioid (RR=1.41, 95%
CI=0.97-2.05) or mucinous (RR=1.28, 95% CI=0.85-1.92) histologic subtypes in the pooled
analysis. In the NECC, use of talcum powder on non-genital body areas was unassociated with
ovarian cancer risk (multivariable-adjusted RR, also adjusted for genital talc use=0.91, 95%
CI=0.73-1.12).

Among the controls in each population, the genotype frequencies for the NAT2 polymorphisms
were in Hardy-Weinberg equilibrium and the distributions of the GSTM1 null, GSTT1 null,
and NAT2 slow acetylator genotypes were consistent with previous reports of Caucasian
populations (19,28,29). Comparing the prevalent and incident cases in the NHS, a
nonsignificantly higher percentage of the prevalent cases were NAT2 slow acetylators (67%
vs. 56%), but the GSTM1 and GSTT1 genotype distributions did not differ for the prevalent
and incident cases (results not shown).

None of the genotypes examined were associated with ovarian cancer risk in the NECC or
pooled analyses (Table 4). In the NHS, individuals with the NAT2 slow acetylator genotype
had a significant 35% decrease in ovarian cancer risk (RR=0.65, 95% CI=0.45-0.95). The
combined GSTM1 null/NAT2 slow acetylator and GSTT1 null/NAT2 slow acetylator genotypes
were also inversely associated with risk in the NHS (RR=0.57, 95% CI=0.33-0.98 and
RR=0.51, 95% CI=0.26-0.99, respectively), when compared with the GSTM1 or GSTT1
present, NAT2 rapid acetylator genotype. However, these associations were no longer
statistically significant when pooled with the NECC estimates.

In analyses stratified by genotype, the association between regular genital talc use and risk of
total ovarian cancer was stronger among women with the GSTT1 null and combined GSTM1
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present/GSTT1 null genotypes (Table 5). In the pooled analysis, the relative risk for the
association with regular genital talc use was 2.1 (95% CI=1.4-3.2) for women with the
GSTT1 null genotype (p-interaction=0.03) and 2.8 (95% CI=1.6-5.0) for women with the
GSTM1 present/GSTT1 null genotype (p-interaction=0.03). The association with the serous
invasive subtype was also stronger within these genotype strata, although the p-values for
interaction were not statistically significant. The pooled relative risk was 2.4 (95% CI=1.4-4.0)
for the GSTT1 null stratum and 4.8 (95% CI=2.1-11) for the combined GSTM1 present/
GSTT1 null stratum. The results were consistent in both study populations (results not shown),
although the p-values for interaction were statistically significant only in the pooled analysis.
There was also evidence of a stronger association between regular talc use and risk of serous
invasive cancer among women with the GSTM1 present genotype, but this interaction was not
statistically significant.

We additionally analyzed the association between combined gene-talc variables, compared to
a common referent group (wild-type genotype and no talc use), and risk of total and serous
invasive ovarian cancer. The results of these analyses were similar to the stratified results
presented in table 5, and are therefore included only as a supplementary table. We also
examined interactions between regular genital talc use and combined GSTM1/NAT2 and
GSTT1/NAT2 genotype (results not shown). The GSTT1 null/NAT2 slow acetylator genotype
seemed to increase the risk of total and serous invasive ovarian cancer associated with talc use.
However, these analyses were based on small numbers, especially for certain combinations of
the genotype and talc variables, and none of the p-values for interaction were significant.

In analyses restricted to the NHS incident cases or the NHS cases and controls with a blood
specimen, the results were similar to those for the total NHS study population (results not
shown).

DISCUSSION
These results provide additional support for a main effect of genital talc exposure on risk of
epithelial ovarian cancer. The presence of a significant trend between frequency of talc use
and risk of total and serous invasive ovarian cancer in the NECC and pooled analyses further
strengthens the evidence for an association, as most previous studies have not observed a dose-
response with increasing frequency or duration of talc use (1,5). The results of our gene-
environment analyses suggest that genes in detoxification pathways may be involved in the
biologic response to talc, and that the association between genital talc use and risk of ovarian
cancer may vary by genotype. In particular, women with the GSTT1 null genotype and the
combined GSTM1 present/GSTT1 null genotype had a stronger association between talc use
and ovarian cancer risk. The evidence for these interactions was consistent in two independent
study populations, and the p-values for interaction were statistically significant in a pooled
analysis of the two populations. However, the direction of the interaction with combined
GSTM1/GSTT1 genotype was unexpected based on the known function of these genes.

Although prior analyses of the talc/ovarian cancer association in the NHS and the NECC have
been published, our study includes an additional 612 NECC cases and 679 NECC controls and
eight additional years of follow-up in the NHS (3,4). In the previous analysis of the NECC,
Cramer et al. observed a significant positive association between talc use and risk of both total
and serous invasive ovarian cancer. In addition, there was a significant trend with lifetime
number of talc applications, after excluding applications during non-ovulatory intervals (p-
trend=0.02), but no trend with duration or frequency of talc use (3). In the only prospective
study of this association, Gertig et al. reported a significant association between talc use and
risk of the serous invasive subtype in the NHS, but no association with risk of total ovarian
cancer (4). Our findings are consistent with the previous reports for these study populations,
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although our analysis differs from the prior studies in that we defined our primary exposure
variable as genital use of talc at least once per week, based on the assumption that habitual talc
use is more likely to be recalled accurately and more likely to be associated with ovarian cancer
risk. Our findings are also consistent with meta-analyses of this association (1,30).

The controversy regarding the existence of an association between talc and ovarian cancer has
stemmed in part from the lack of a clear mechanism for the association. Although talc and
asbestos are chemically similar, their biologic effects may differ, since talc does not appear to
be a lung carcinogen (31). In addition, it is unclear whether talc applied to the perineum can
reach the ovaries, although some studies have demonstrated that inert particles can travel
through the female genital tract to the fallopian tubes and ovaries (32,33), and others have
found talc particles in ovarian tissue (34-37). Recent studies have suggested additional potential
mechanisms for an association between talc and ovarian cancer. Talc particles can induce an
inflammatory response in vivo, which may be important in ovarian cancer risk (38). Normal
ovarian cells treated with talc are more likely to undergo cell proliferation and neoplastic
transformation, and cellular generation of reactive oxygen species increases with increasing
exposure to talc (11). Recent studies by Cramer and colleagues also support the possibility of
an immune-mediated mechanism for an association between talc and ovarian cancer and
suggest that exposure of the lower genital tract to talc may be sufficient to cause changes, such
as production of heat shock proteins, accumulation of talc in pelvic lymph nodes, or decreased
levels of anti-MUC1 antibodies, that could increase ovarian cancer risk (39-41).

Although no prior studies have examined gene-talc interactions, the indication of a possible
immune-related mechanism between talc and ovarian carcinogenesis and the evidence for
gene-asbestos interactions suggest that genes involved in detoxification and inflammatory
pathways could be important in the response to talc. Previous studies have indicated that
NAT2 and GSTM1 genotype may modify the association between asbestos exposure and risk
of malignant mesothelioma; however, not all studies have been consistent (7,8,42,43), and for
NAT2 the direction of the interaction differed in studies conducted in Finnish and Italian
populations (7,8,42,44). This suggests that interactions with these genes may be complex and
might depend on additional factors, such as the presence of other gene variants, the type of
asbestos, or the level of asbestos exposure (8).

The GSTM1 and GSTT1 genes produce enzymes that metabolize products of oxidative stress
and catalyze the detoxification of carcinogens and other xenobiotics (45). The GSTM1 deletion
and to a lesser extent the GSTT1 deletion may increase the risk of certain cancers; however,
our study and previous analyses do not support a direct association between the GSTM1 or
GSTT1 gene deletion and risk of ovarian cancer (13,17,28). While there is some overlap in
GST substrate specificity, there are also differences in the substrates metabolized by the
GSTM1 and GSTT1 enzymes, which could help to explain the opposite direction of the
interactions we observed between talc use and GSTM1 and GSTT1 genotype (13,17,45). In
studies of pleural malignant mesothelioma, the GSTM1 null genotype was associated with
increased risk (7,8,42,43) while the GSTT1 null genotype was unassociated with risk of
malignant mesothelioma (8,42,43) but was associated with a significant decrease in risk of
asbestosis in one study (46), providing support that some functions of the GSTM1 and GSTT1
enzymes may differ. The direction of the associations between the GSTM1 and GSTT1 deletions
and risk of asbestos-related disease was opposite to the direction of the interactions with talc
observed in our study; this could potentially be due to differences in the chemical structures
of talc and asbestos or differences in the by-products produced during the biologic response to
talc and asbestos. The NAT2 enzyme catalyzes the transfer of an acetyl group to its substrates,
including carcinogens such as heterocyclic and aromatic amines, which can result in either
activation or deactivation of these substances (17,20). Approximately 60% of Caucasians have
two NAT2 slow acetylator alleles and consequently have decreased rates of acetylation, which
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can either increase or decrease the risk of certain cancers depending on the substrate and the
cancer site (17,20). To our knowledge, no previous studies have examined the association
between the NAT2 slow acetylator genotype and ovarian cancer risk. We did not observe strong
evidence of a main effect of NAT2 genotype or an interaction between NAT2 genotype and talc
exposure.

The novelty of this analysis and the assessment of gene-talc interactions in two independent
study populations, one with a large number of cases and the other with prospective data on talc
use and ovarian cancer incidence, are strengths of this study. However, although the pooled
analysis included a large number of cases and controls, our power was still insufficient to detect
interactions with certain combinations of genes and for specific histologic subtypes. In
addition, while both study populations had extensive covariate data, the use of common
exposure and covariate definitions resulted in the loss of some detail, particularly for the NECC.
Information on talc use was only collected in 1982 in the NHS, so it is possible that some
participants were misclassified with respect to their talc use history. However, the number of
participants who began using talc after 1982, when the participants were between 36 and 61
years of age, is most likely small. Although we do not have data on age at initiation of talc use
in the NHS, in the NECC approximately 95% of controls with a history of regular genital talc
use reported first using talc before age 35. Recall or selection bias may have affected the results
of the NECC analyses, due to the retrospective study design. However, the consistency of the
NECC and NHS results suggests that biases related to study design were not a major problem,
since, with the exception of the DNA for a subset of the cases, the NHS data were collected
prospectively. In addition, the exposure definition of genital talc use at least once per week
may have decreased the influence of recall bias in this analysis, since habitual talc use is likely
to be recalled more accurately than sporadic use.

In summary, our findings suggest that variants of the GSTM1 and GSTT1 genes may modify
the association between genital talc use and risk of total and serous invasive ovarian cancer.
However, additional research is needed to confirm these findings and to explore potential
mechanisms for these interactions, particularly for the stronger talc/ovarian cancer association
among women with the GSTM1 present/GSTT1 null genotype. If confirmed, these findings
would strengthen the evidence for the carcinogenicity of talc to the ovarian epithelium.

Supplementary Table
Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS
The authors thank Hardeep Ranu, Pati Soule, Shireen Sarraf, and Jason Wong for their laboratory technical assistance,
and the participants of the New England Case-Control Study and the Nurses' Health Study for their dedication to these
studies and their contribution to this research. This work is supported by research grants P50 CA105009, P01 CA87969,
and R01 CA054419 and training grants T32 CA009001 and R25 CA098566 from the National Cancer Institute,
National Institutes of Health.

Supported by research grants P50 CA105009, P01 CA87969, and R01 CA054419 and training grants T32 CA009001
and R25 CA098566 from the National Cancer Institute

REFERENCES
1. Huncharek M, Geschwind JF, Kupelnick B. Perineal application of cosmetic talc and risk of invasive

epithelial ovarian cancer: a meta-analysis of 11,933 subjects from sixteen observational studies.
Anticancer Res 2003;23:1955–60. [PubMed: 12820486]

2. Cook LS, Kamb ML, Weiss NS. Perineal powder exposure and the risk of ovarian cancer. Am J
Epidemiol 1997;145:459–65. [PubMed: 9048520]

Gates et al. Page 9

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2009 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3. Cramer DW, Liberman RF, Titus-Ernstoff L, et al. Genital talc exposure and risk of ovarian cancer.
Int J Cancer 1999;81:351–6. [PubMed: 10209948]

4. Gertig DM, Hunter DJ, Cramer DW, et al. Prospective study of talc use and ovarian cancer. J Natl
Cancer Inst 2000;92:249–52. [PubMed: 10655442]

5. Mills PK, Riordan DG, Cress RD, Young HA. Perineal talc exposure and epithelial ovarian cancer risk
in the Central Valley of California. Int J Cancer 2004;112:458–64. [PubMed: 15382072]

6. Merritt MA, Green AC, Nagle CM, Webb PM. Talcum powder, chronic pelvic inflammation and
NSAIDs in relation to risk of epithelial ovarian cancer. Int J Cancer 2008;122:170–6. [PubMed:
17721999]

7. Hirvonen A, Pelin K, Tammilehto L, Karjalainen A, Mattson K, Linnainmaa K. Inherited GSTM1 and
NAT2 defects as concurrent risk modifiers in asbestos-related human malignant mesothelioma. Cancer
Res 1995;55:2981–3. [PubMed: 7606714]

8. Neri M, Filiberti R, Taioli E, et al. Pleural malignant mesothelioma, genetic susceptibility and asbestos
exposure. Mutat Res 2005;592:36–44. [PubMed: 15993904]

9. Harlow BL, Hartge PA. A review of perineal talc exposure and risk of ovarian cancer. Regul Toxicol
Pharmacol 1995;21:254–60. [PubMed: 7644715]

10. Landrigan PJ. Asbestos--still a carcinogen. N Engl J Med 1998;338:1618–9. [PubMed: 9603801]
11. Buz'Zard AR, Lau BH. Pycnogenol reduces talc-induced neoplastic transformation in human ovarian

cell cultures. Phytother Res 2007;21:579–86. [PubMed: 17357971]
12. Davidson B, Zhang Z, Kleinberg L, et al. Gene expression signatures differentiate ovarian/peritoneal

serous carcinoma from diffuse malignant peritoneal mesothelioma. Clin Cancer Res 2006;12:5944–
50. [PubMed: 17062665]

13. Hayes JD, Flanagan JU, Jowsey IR. Glutathione transferases. Annu Rev Pharmacol Toxicol
2005;45:51–88. [PubMed: 15822171]

14. Parl FF. Glutathione S-transferase genotypes and cancer risk. Cancer Lett 2005;221:123–9. [PubMed:
15808397]

15. Garte S, Gaspari L, Alexandrie AK, et al. Metabolic gene polymorphism frequencies in control
populations. Cancer Epidemiol Biomarkers Prev 2001;10:1239–48. [PubMed: 11751440]

16. Hein DW. N-acetyltransferase 2 genetic polymorphism: effects of carcinogen and haplotype on
urinary bladder cancer risk. Oncogene 2006;25:1649–58. [PubMed: 16550165]

17. Dalhoff K, Buus Jensen K, Enghusen Poulsen H. Cancer and molecular biomarkers of phase 2.
Methods Enzymol 2005;400:618–27. [PubMed: 16399374]

18. Brockton N, Little J, Sharp L, Cotton SC. N-acetyltransferase polymorphisms and colorectal cancer:
a HuGE review. Am J Epidemiol 2000;151:846–61. [PubMed: 10791558]

19. Ochs-Balcom HM, Wiesner G, Elston RC. A Meta-Analysis of the Association of N-Acetyltransferase
2 Gene (NAT2) Variants with Breast Cancer. Am J Epidemiol. 2007

20. Hein DW, Doll MA, Fretland AJ, et al. Molecular genetics and epidemiology of the NAT1 and NAT2
acetylation polymorphisms. Cancer Epidemiol Biomarkers Prev 2000;9:29–42. [PubMed:
10667461]

21. Terry KL, De Vivo I, Titus-Ernstoff L, Shih MC, Cramer DW. Androgen receptor cytosine, adenine,
guanine repeats, and haplotypes in relation to ovarian cancer risk. Cancer Res 2005;65:5974–81.
[PubMed: 15994977]

22. Hankinson SE, Willett WC, Manson JE, et al. Alcohol, height, and adiposity in relation to estrogen
and prolactin levels in postmenopausal women. J Natl Cancer Inst 1995;87:1297–302. [PubMed:
7658481]

23. King IB, Satia-Abouta J, Thornquist MD, et al. Buccal cell DNA yield, quality, and collection costs:
comparison of methods for large-scale studies. Cancer Epidemiol Biomarkers Prev 2002;11:1130–
3. [PubMed: 12376522]

24. Gates MA, Tworoger SS, Hecht JL, De Vivo I, Rosner B, Hankinson SE. A prospective study of
dietary flavonoid intake and incidence of epithelial ovarian cancer. Int J Cancer. 2007

25. Tworoger SS, Lee IM, Buring JE, Rosner B, Hollis BW, Hankinson SE. Plasma 25-hydroxyvitamin
D and 1,25-dihydroxyvitamin D and risk of incident ovarian cancer. Cancer Epidemiol Biomarkers
Prev 2007;16:783–8. [PubMed: 17416771]

Gates et al. Page 10

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2009 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



26. Deitz AC, Rothman N, Rebbeck TR, et al. Impact of misclassification in genotype-exposure
interaction studies: example of N-acetyltransferase 2 (NAT2), smoking, and bladder cancer. Cancer
Epidemiol Biomarkers Prev 2004;13:1543–6. [PubMed: 15342459]

27. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986;7:177–88.
[PubMed: 3802833]

28. Coughlin SS, Hall IJ. Glutathione S-transferase polymorphisms and risk of ovarian cancer: a HuGE
review. Genet Med 2002;4:250–7. [PubMed: 12172391]

29. McGrath M, Michaud D, De Vivo I. Polymorphisms in GSTT1, GSTM1, NAT1 and NAT2 genes
and bladder cancer risk in men and women. BMC Cancer 2006;6:239. [PubMed: 17026750]

30. Gross AJ, Berg PH. A meta-analytical approach examining the potential relationship between talc
exposure and ovarian cancer. J Expo Anal Environ Epidemiol 1995;5:181–95. [PubMed: 7492905]

31. Wild P. Lung cancer risk and talc not containing asbestiform fibres: a review of the epidemiological
evidence. Occup Environ Med 2006;63:4–9. [PubMed: 16361399]

32. Egli GE, Newton M. The transport of carbon particles in the human female reproductive tract. Fertil
Steril 1961;12:151–5. [PubMed: 13725928]

33. Venter PF, Iturralde M. Migration of a particulate radioactive tracer from the vagina to the peritoneal
cavity and ovaries. S Afr Med J 1979;55:917–9. [PubMed: 472930]

34. Henderson WJ, Hamilton TC, Griffiths K. Talc in normal and malignant ovarian tissue. Lancet
1979;1:499. [PubMed: 85089]

35. Henderson WJ, Joslin CA, Turnbull AC, Griffiths K. Talc and carcinoma of the ovary and cervix. J
Obstet Gynaecol Br Commonw 1971;78:266–72. [PubMed: 5558843]

36. Mostafa SA, Bargeron CB, Flower RW, Rosenshein NB, Parmley TH, Woodruff JD. Foreign body
granulomas in normal ovaries. Obstet Gynecol 1985;66:701–2. [PubMed: 3903583]

37. Heller DS, Westhoff C, Gordon RE, Katz N. The relationship between perineal cosmetic talc usage
and ovarian talc particle burden. Am J Obstet Gynecol 1996;174:1507–10. [PubMed: 9065120]

38. Ness RB, Cottreau C. Possible role of ovarian epithelial inflammation in ovarian cancer. J Natl Cancer
Inst 1999;91:1459–67. [PubMed: 10469746]

39. Cramer DW, Titus-Ernstoff L, McKolanis JR, et al. Conditions associated with antibodies against
the tumor-associated antigen MUC1 and their relationship to risk for ovarian cancer. Cancer
Epidemiol Biomarkers Prev 2005;14:1125–31. [PubMed: 15894662]

40. Muscat J, Huncharek M, Cramer DW. Talc and anti-MUC1 antibodies. Cancer Epidemiol Biomarkers
Prev 2005;14:2679. [PubMed: 16284398]author reply 80

41. Cramer DW, Welch WR, Berkowitz RS, Godleski JJ. Presence of Talc in Pelvic Lymph Nodes of a
Woman With Ovarian Cancer and Long-Term Genital Exposure to Cosmetic Talc. Obstet Gynecol
2007;110:498–501. [PubMed: 17666642]

42. Hirvonen A, Saarikoski ST, Linnainmaa K, et al. Glutathione S-transferase and N-acetyltransferase
genotypes and asbestos-associated pulmonary disorders. J Natl Cancer Inst 1996;88:1853–6.
[PubMed: 8961976]

43. Landi S, Gemignani F, Neri M, et al. Polymorphisms of glutathione-S-transferase M1 and manganese
superoxide dismutase are associated with the risk of malignant pleural mesothelioma. Int J Cancer
2007;120:2739–43. [PubMed: 17290392]

44. Neri M, Taioli E, Filiberti R, et al. Metabolic genotypes as modulators of asbestos-related pleural
malignant mesothelioma risk: a comparison of Finnish and Italian populations. Int J Hyg Environ
Health 2006;209:393–8. [PubMed: 16697254]

45. Hayes JD, Strange RC. Glutathione S-transferase polymorphisms and their biological consequences.
Pharmacology 2000;61:154–66. [PubMed: 10971201]

46. Franko A, Dodic-Fikfak M, Arneric N, Dolzan V. Glutathione S-transferases GSTM1 and GSTT1
polymorphisms and asbestosis. J Occup Environ Med 2007;49:667–71. [PubMed: 17563610]

Gates et al. Page 11

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2009 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gates et al. Page 12
Ta

bl
e 

1
C

ha
ra

ct
er

is
tic

s o
f o

va
ria

n 
ca

nc
er

 ca
se

s a
nd

 co
nt

ro
ls

 in
 th

e N
ew

 E
ng

la
nd

 C
as

e-
C

on
tro

l S
tu

dy
 (N

EC
C

) a
nd

 th
e N

ur
se

s' 
H

ea
lth

 S
tu

dy
 (N

H
S)

C
ha

ra
ct

er
is

tic
N

E
C

C
N

H
S‖

C
as

es
C

on
tr

ol
s

P**
C

as
es

C
on

tr
ol

s
P**

N
11

75
12

02
21

0
60

0
M

ea
n 

va
lu

e 
(s

ta
nd

ar
d 

de
vi

at
io

n)
A

ge
 in

 y
ea

rs
*

51
 (1

3)
51

 (1
3)

0.
37

62
 (8

)
62

 (8
)

0.
93

Pa
rit

y 
am

on
g 

pa
ro

us
 w

om
en

2.
5 

(1
.3

)
2.

8 
(1

.5
)

<0
.0

01
3.

0 
(1

.3
)

3.
3 

(1
.5

)
0.

00
7

D
ur

at
io

n 
or

al
 c

on
tra

ce
pt

iv
e 

us
e 

(m
on

th
s)

†
52

 (5
4)

61
 (5

5)
0.

00
6

46
 (4

2)
53

 (4
9)

0.
22

B
od

y 
m

as
s i

nd
ex

 (k
g/

m
2 )

26
.3

 (6
.3

)
25

.7
 (5

.5
)

0.
02

25
.7

 (5
.0

)
25

.7
 (4

.5
)

0.
94

D
ur

at
io

n 
PM

H
 u

se
 (m

on
th

s)
†

78
 (8

6)
74

 (7
1)

0.
64

96
 (8

4)
85

 (6
8)

0.
18

D
ur

at
io

n 
of

 la
ct

at
io

n 
(m

on
th

s)
‡

3.
4 

(8
.6

)
5.

9 
(1

2.
2)

<0
.0

01
2.

9 
(2

.3
)

3.
6 

(2
.5

)
0.

00
2

Pe
rc

en
t o

f s
tu

dy
 p

op
ul

at
io

n
Pa

ro
us

68
81

<0
.0

01
89

93
0.

05
Ev

er
 u

se
r o

f o
ra

l c
on

tra
ce

pt
iv

es
48

60
<0

.0
01

42
45

0.
57

H
is

to
ry

 o
f t

ub
al

 li
ga

tio
n

14
18

0.
00

7
14

21
0.

02
Ev

er
 u

se
r o

f P
M

H
17

20
0.

14
71

63
0.

02
Fa

m
ily

 h
is

to
ry

 o
f o

va
ria

n 
ca

nc
er

5.
1

2.
8

0.
00

4
9.

1
3.

7
0.

00
2

A
ny

 h
is

to
ry

 o
f g

en
ita

l t
al

c 
us

e
29

24
0.

00
3

40
39

0.
79

R
eg

ul
ar

 g
en

ita
l t

al
c 

us
e 

(>
=o

nc
e/

w
ee

k)
27

20
<0

.0
01

29
24

0.
15

D
ai

ly
 g

en
ita

l t
al

c 
us

e
16

12
0.

00
6

18
13

0.
08

G
en

ot
yp

e 
fr

eq
ue

nc
ie

s, 
%

G
ST

M
1 

nu
ll

51
53

0.
42

48
52

0.
36

G
ST

T1
 n

ul
l

21
22

0.
85

19
21

0.
45

N
AT

2 
sl

ow
 a

ce
ty

la
to

r§
63

64
0.

74
59

67
0.

05

* C
as

es
 a

nd
 c

on
tro

ls
 in

 e
ac

h 
st

ud
y 

po
pu

la
tio

n 
w

er
e 

m
at

ch
ed

 (N
H

S)
 o

r f
re

qu
en

cy
-m

at
ch

ed
 (N

EC
C

) o
n 

ag
e

† D
ur

at
io

n 
of

 o
ra

l c
on

tra
ce

pt
iv

e 
us

e 
an

d 
po

st
m

en
op

au
sa

l h
or

m
on

e 
(P

M
H

) u
se

 a
m

on
g 

ev
er

 u
se

rs

‡ To
ta

l d
ur

at
io

n 
am

on
g 

pa
ro

us
 w

om
en

§ N
AT

2 
ac

et
yl

at
io

n 
ge

no
ty

pe
 b

as
ed

 o
n 

an
al

ys
is

 o
f t

hr
ee

 si
ng

le
 n

uc
le

ot
id

e 
po

ly
m

or
ph

is
m

s, 
I1

14
T,

 R
19

7Q
, a

nd
 G

28
6E

‖ In
 th

e 
N

H
S,

 d
ur

at
io

n 
of

 la
ct

at
io

n 
w

as
 c

ol
le

ct
ed

 in
 1

98
6,

 fa
m

ily
 h

is
to

ry
 o

f o
va

ria
n 

ca
nc

er
 w

as
 fi

rs
t c

ol
le

ct
ed

 in
 1

99
2,

 a
nd

 h
is

to
ry

 o
f g

en
ita

l t
al

c 
us

e 
w

as
 c

ol
le

ct
ed

 in
 1

98
2;

 fo
r v

ar
ia

bl
es

 c
ol

le
ct

ed
 o

n
m

ul
tip

le
 q

ue
st

io
nn

ai
re

s, 
th

e 
va

lu
e 

fr
om

 tw
o 

cy
cl

es
 (t

w
o 

to
 fo

ur
 y

ea
rs

) p
rio

r t
o 

th
e 

da
te

 o
f d

ia
gn

os
is

 fo
r e

ac
h 

ca
se

 w
as

 u
se

d 
fo

r t
he

 c
as

e 
an

d 
th

ei
r m

at
ch

ed
 c

on
tro

ls

**
P-

va
lu

es
 c

al
cu

la
te

d 
us

in
g 

pr
oc

 tt
es

t (
co

nt
in

uo
us

 v
ar

ia
bl

es
) o

r a
 c

hi
-s

qu
ar

e 
te

st
 (b

in
ar

y 
va

ria
bl

es
)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2009 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gates et al. Page 13
Ta

bl
e 

2
C

ha
ra

ct
er

is
tic

s o
f p

ar
tic

ip
an

ts
 in

 th
e N

ew
 E

ng
la

nd
 C

as
e-

C
on

tro
l S

tu
dy

 (N
EC

C
) a

nd
 th

e N
ur

se
s' 

H
ea

lth
 S

tu
dy

 (N
H

S)
 b

y 
hi

st
or

y 
of

 re
gu

la
r

ge
ni

ta
l t

al
c 

us
e 

(a
t l

ea
st

 o
nc

e 
pe

r w
ee

k)

C
ha

ra
ct

er
is

tic
N

E
C

C
N

H
S§

N
o 

R
eg

ul
ar

 T
al

c
U

se
R

eg
ul

ar
 T

al
c 

U
se

P‖
N

o 
R

eg
ul

ar
 T

al
c

U
se

R
eg

ul
ar

 T
al

c 
U

se
P‖

M
ea

n 
va

lu
e 

(s
ta

nd
ar

d 
de

vi
at

io
n)

A
ge

 in
 y

ea
rs

50
 (1

3)
53

 (1
2)

<0
.0

01
61

 (8
)

62
 (8

)
0.

64
Pa

rit
y 

am
on

g 
pa

ro
us

 w
om

en
2.

7 
(1

.4
)

2.
7 

(1
.4

)
0.

64
3.

2 
(1

.4
)

3.
3 

(1
.5

)
0.

40
A

ge
 a

t f
irs

t b
irt

h 
am

on
g 

pa
ro

us
 w

om
en

25
.0

 (5
.1

)
24

.6
 (4

.9
)

0.
22

25
.0

 (3
.5

)
24

.4
 (3

.0
)

0.
03

D
ur

at
io

n 
or

al
 c

on
tra

ce
pt

iv
e 

us
e 

(m
on

th
s)

*
58

 (5
5)

54
 (5

4)
0.

24
53

 (4
9)

43
 (4

2)
0.

08
B

od
y 

m
as

s i
nd

ex
 (k

g/
m

2 )
25

.7
 (5

.7
)

27
.0

 (6
.4

)
<0

.0
01

25
.6

 (4
.6

)
26

.2
 (4

.8
)

0.
13

D
ur

at
io

n 
PM

H
 u

se
 (m

on
th

s)
*

75
 (7

4)
78

 (8
6)

0.
68

90
 (7

4)
83

 (7
0)

0.
38

D
ur

at
io

n 
of

 la
ct

at
io

n 
(m

on
th

s)
†

4.
8 

(1
0.

8)
4.

3 
(1

0.
3)

0.
38

3.
5 

(2
.5

)
3.

2 
(2

.4
)

0.
20

Ph
ys

ic
al

 a
ct

iv
ity

 (h
ou

rs
/w

ee
k)

2.
8 

(5
.0

)
2.

4 
(3

.8
)

0.
06

3.
0 

(2
.3

)
3.

1 
(2

.4
)

0.
61

Pe
rc

en
t o

f s
tu

dy
 p

op
ul

at
io

n
Pa

ro
us

74
75

0.
75

93
92

0.
81

Ev
er

 u
se

r o
f o

ra
l c

on
tra

ce
pt

iv
es

55
50

0.
03

44
44

0.
96

H
is

to
ry

 o
f t

ub
al

 li
ga

tio
n

16
16

0.
97

22
13

0.
00

8
Po

st
m

en
op

au
se

45
54

<0
.0

01
81

81
0.

86
Ev

er
 u

se
r o

f P
M

H
17

26
<0

.0
01

66
64

0.
73

Ev
er

 sm
ok

er
53

55
0.

35
57

47
0.

02
Fa

m
ily

 h
is

to
ry

 o
f o

va
ria

n 
ca

nc
er

3.
9

4.
1

0.
82

4.
5

6.
4

0.
31

G
en

ot
yp

e 
fr

eq
ue

nc
ie

s, 
%

G
ST

M
1 

nu
ll

52
52

0.
72

51
49

0.
66

G
ST

T1
 n

ul
l

21
22

0.
59

22
17

0.
15

N
AT

2 
sl

ow
 a

ce
ty

la
to

r‡
63

66
0.

23
65

63
0.

58

* D
ur

at
io

n 
of

 o
ra

l c
on

tra
ce

pt
iv

e 
us

e 
an

d 
po

st
m

en
op

au
sa

l h
or

m
on

e 
(P

M
H

) u
se

 a
m

on
g 

ev
er

 u
se

rs

† To
ta

l d
ur

at
io

n 
am

on
g 

pa
ro

us
 w

om
en

‡ N
AT

2 
ac

et
yl

at
io

n 
ge

no
ty

pe
 b

as
ed

 o
n 

an
al

ys
is

 o
f t

hr
ee

 si
ng

le
 n

uc
le

ot
id

e 
po

ly
m

or
ph

is
m

s, 
I1

14
T,

 R
19

7Q
, a

nd
 G

28
6E

§ In
 th

e 
N

H
S,

 d
ur

at
io

n 
of

 la
ct

at
io

n 
w

as
 c

ol
le

ct
ed

 in
 1

98
6,

 fa
m

ily
 h

is
to

ry
 o

f o
va

ria
n 

ca
nc

er
 w

as
 fi

rs
t c

ol
le

ct
ed

 in
 1

99
2,

 a
nd

 h
is

to
ry

 o
f g

en
ita

l t
al

c 
us

e 
w

as
 c

ol
le

ct
ed

 in
 1

98
2;

 fo
r v

ar
ia

bl
es

 c
ol

le
ct

ed
 o

n
m

ul
tip

le
 q

ue
st

io
nn

ai
re

s, 
th

e 
va

lu
e 

fr
om

 tw
o 

cy
cl

es
 (t

w
o 

to
 fo

ur
 y

ea
rs

) p
rio

r t
o 

th
e 

da
te

 o
f d

ia
gn

os
is

 fo
r e

ac
h 

ca
se

 w
as

 u
se

d 
fo

r t
he

 c
as

e 
an

d 
th

ei
r m

at
ch

ed
 c

on
tro

ls

‖ P-
va

lu
es

 c
al

cu
la

te
d 

us
in

g 
pr

oc
 tt

es
t (

co
nt

in
uo

us
 v

ar
ia

bl
es

) o
r a

 c
hi

-s
qu

ar
e 

te
st

 (b
in

ar
y 

va
ria

bl
es

)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2009 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gates et al. Page 14
Ta

bl
e 

3
R

el
at

iv
e 

ris
ks

 (R
R

s)
 a

nd
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s (
C

Is
) f

or
 th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
ge

ni
ta

l t
al

c 
us

e 
an

d 
ov

ar
ia

n 
ca

nc
er

 ri
sk

 in
 th

e 
N

ew
En

gl
an

d 
C

as
e-

C
on

tro
l S

tu
dy

 (N
EC

C
) a

nd
 th

e 
N

ur
se

s' 
H

ea
lth

 S
tu

dy
 (N

H
S)

N
E

C
C

†
N

H
S†

Po
ol

ed
‡

C
as

es
 (%

)
C

tr
ls

 (%
)

R
R

 (9
5%

 C
I)

C
as

es
 (%

)
C

tr
ls

 (%
)

R
R

 (9
5%

 C
I)

R
R

 (9
5%

 C
I)

T
ot

al
 e

pi
th

el
ia

l o
va

ri
an

ca
nc

er
:

N
*

11
75

12
02

21
0

60
0

R
eg

ul
ar

 g
en

ita
l t

al
c 

us
e

(>
=o

nc
e/

w
ee

k)
N

o
85

9 
(7

3.
2)

95
7 

(7
9.

7)
1.

00
 (r

ef
.)

13
8 

(7
0.

8)
41

4 
(7

6.
0)

1.
00

 (r
ef

.)
1.

00
 (r

ef
.)

Y
es

31
4 

(2
6.

8)
24

4 
(2

0.
3)

1.
40

 (1
.1

5,
 1

.7
0)

57
 (2

9.
2)

13
1 

(2
4.

0)
1.

24
 (0

.8
3,

 1
.8

3)
1.

36
 (1

.1
4,

 1
.6

3)
Fr

eq
ue

nc
y 

of
 g

en
ita

l t
al

c
us

e
N

ev
er

83
2 

(7
0.

9)
91

6 
(7

6.
3)

1.
00

 (r
ef

.)
12

0 
(6

1.
5)

35
2 

(6
4.

6)
1.

00
 (r

ef
.)

1.
00

 (r
ef

.)
<o

nc
e/

w
ee

k
27

 (2
.3

)
41

 (3
.4

)
0.

72
 (0

.4
3,

 1
.1

9)
18

 (9
.2

)
62

 (1
1.

4)
0.

98
 (0

.5
4,

 1
.7

9)
0.

82
 (0

.5
5,

 1
.2

0)
1-

6 
tim

es
/w

ee
k

12
3 

(1
0.

5)
96

 (8
.0

)
1.

33
 (1

.0
0,

 1
.7

9)
22

 (1
1.

3)
61

 (1
1.

2)
1.

01
 (0

.5
7,

 1
.7

9)
1.

26
 (0

.9
7,

 1
.6

3)
D

ai
ly

19
1 

(1
6.

3)
14

8 
(1

2.
3)

1.
41

 (1
.1

0,
 1

.7
9)

35
 (1

8.
0)

70
 (1

2.
8)

1.
44

 (0
.8

8,
 2

.3
7)

1.
41

 (1
.1

4,
 1

.7
6)

P-
tre

nd
§

0.
00

2
0.

18
<0

.0
01

Se
ro

us
 in

va
si

ve
 o

va
ri

an
ca

nc
er

:
N

*
45

0
12

02
93

26
3

R
eg

ul
ar

 g
en

ita
l t

al
c 

us
e

(>
=o

nc
e/

w
ee

k)
N

o
31

0 
(6

9.
0)

95
7 

(7
9.

7)
1.

00
 (r

ef
.)

60
 (6

8.
2)

17
7 

(7
3.

8)
1.

00
 (r

ef
.)

1.
00

 (r
ef

.)
Y

es
13

9 
(3

1.
0)

24
4 

(2
0.

3)
1.

62
 (1

.2
6,

 2
.0

9)
28

 (3
1.

8)
63

 (2
6.

3)
1.

48
 (0

.8
2,

 2
.6

8)
1.

60
 (1

.2
6,

 2
.0

2)
Fr

eq
ue

nc
y 

of
 g

en
ita

l t
al

c
us

e
N

ev
er

29
9 

(6
6.

6)
91

6 
(7

6.
3)

1.
00

 (r
ef

.)
54

 (6
1.

4)
15

1 
(6

2.
9)

1.
00

 (r
ef

.)
1.

00
 (r

ef
.)

<o
nc

e/
w

ee
k

11
 (2

.4
)

41
 (3

.4
)

0.
65

 (0
.3

2,
 1

.3
3)

6 
(6

.8
)

26
 (1

0.
8)

0.
79

 (0
.2

9,
 2

.1
1)

0.
70

 (0
.3

9,
 1

.2
4)

1-
6 

tim
es

/w
ee

k
56

 (1
2.

5)
96

 (8
.0

)
1.

56
 (1

.0
8,

 2
.2

6)
12

 (1
3.

6)
25

 (1
0.

4)
1.

64
 (0

.7
1,

 3
.7

9)
1.

58
 (1

.1
2,

 2
.2

1)
D

ai
ly

83
 (1

8.
5)

14
8 

(1
2.

3)
1.

61
 (1

.1
8,

 2
.2

0)
16

 (1
8.

2)
38

 (1
5.

8)
1.

34
 (0

.6
5,

 2
.7

6)
1.

56
 (1

.1
7,

 2
.0

8)
P-

tre
nd

§
<0

.0
01

0.
29

<0
.0

01

* Fr
eq

ue
nc

ie
s d

o 
no

t a
dd

 u
p 

to
 to

ta
l N

 d
ue

 to
 m

is
si

ng
 d

at
a 

on
 ta

lc
 u

se

† U
nc

on
di

tio
na

l (
N

EC
C

) a
nd

 c
on

di
tio

na
l (

N
H

S)
 lo

gi
st

ic
 re

gr
es

si
on

 a
dj

us
te

d 
fo

r a
ge

, s
tu

dy
 c

en
te

r (
N

EC
C

 o
nl

y)
, d

ur
at

io
n 

of
 o

ra
l c

on
tra

ce
pt

iv
e 

us
e 

(m
on

th
s)

, p
ar

ity
 (c

on
tin

uo
us

), 
tu

ba
l l

ig
at

io
n,

 b
od

y 
m

as
s

in
de

x 
(k

g/
m

2,
 c

on
tin

uo
us

), 
an

d 
du

ra
tio

n 
of

 p
os

tm
en

op
au

sa
l h

or
m

on
e 

us
e 

(m
on

th
s)

‡ P-
va

lu
es

 fo
r t

es
ts

 fo
r h

et
er

og
en

ei
ty

 c
om

pa
rin

g 
th

e 
N

EC
C

 a
nd

 N
H

S 
re

su
lts

 w
er

e 
al

l >
0.

38

§ W
ei

gh
te

d 
by

 th
e 

m
id

po
in

t o
f e

ac
h 

ca
te

go
ry

 o
f g

en
ita

l t
al

c 
us

e 
fr

eq
ue

nc
y 

an
d 

ca
lc

ul
at

ed
 u

si
ng

 th
e 

W
al

d 
te

st

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2009 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gates et al. Page 15
Ta

bl
e 

4
R

el
at

iv
e 

ris
ks

 (R
R

s)
 a

nd
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s (
C

Is
) f

or
 th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
G

ST
M

1,
 G

ST
T1

, a
nd

 N
AT

2 
ge

no
ty

pe
 a

nd
 e

pi
th

el
ia

l
ov

ar
ia

n 
ca

nc
er

 ri
sk

 in
 th

e 
N

ew
 E

ng
la

nd
 C

as
e-

C
on

tro
l S

tu
dy

 (N
EC

C
) a

nd
 th

e 
N

ur
se

s' 
H

ea
lth

 S
tu

dy
 (N

H
S)

N
E

C
C

†
N

H
S†

Po
ol

ed
‡

C
as

es
 (%

)
C

tr
ls

 (%
)

R
R

 (9
5%

 C
I)

C
as

es
 (%

)
C

tr
ls

 (%
)

R
R

 (9
5%

 C
I)

R
R

 (9
5%

 C
I)

N
*

11
75

12
02

21
0

60
0

G
ST

M
1 

ge
no

ty
pe

Pr
es

en
t

57
3 

(4
9.

1)
56

7 
(4

7.
4)

1.
00

 (r
ef

.)
10

2 
(5

2.
3)

26
8 

(4
8.

5)
1.

00
 (r

ef
.)

1.
00

 (r
ef

.)
N

ul
l

59
4 

(5
0.

9)
62

8 
(5

2.
6)

0.
93

 (0
.7

9,
 1

.1
0)

93
 (4

7.
7)

28
5 

(5
1.

5)
0.

83
 (0

.5
8,

 1
.1

7)
0.

91
 (0

.7
8,

 1
.0

6)
G

ST
T1

 g
en

ot
yp

e
Pr

es
en

t
91

9 
(7

8.
8)

93
8 

(7
8.

5)
1.

00
 (r

ef
.)

15
7 

(8
1.

3)
43

9 
(7

8.
8)

1.
00

 (r
ef

.)
1.

00
 (r

ef
.)

N
ul

l
24

7 
(2

1.
2)

25
7 

(2
1.

5)
0.

98
 (0

.8
0,

 1
.2

1)
36

 (1
8.

7)
11

8 
(2

1.
2)

0.
87

 (0
.5

7,
 1

.3
3)

0.
96

 (0
.8

0,
 1

.1
6)

N
AT

2 
ge

no
ty

pe
R

ap
id

/in
te

rm
ed

ia
te

 a
ce

ty
la

to
r

38
7 

(3
6.

8)
40

5 
(3

6.
1)

1.
00

 (r
ef

.)
77

 (4
1.

0)
18

2 
(3

3.
0)

1.
00

 (r
ef

.)
1.

00
 (r

ef
.)

Sl
ow

 a
ce

ty
la

to
r

66
5 

(6
3.

2)
71

7 
(6

3.
9)

0.
97

 (0
.8

1,
 1

.1
5)

11
1 

(5
9.

0)
36

9 
(6

7.
0)

0.
65

 (0
.4

5,
 0

.9
5)

0.
82

 (0
.5

7,
 1

.2
0)

C
om

bi
ne

d 
G

ST
M

1/
G

ST
T1

 g
en

ot
yp

e
B

ot
h 

pr
es

en
t

44
5 

(3
8.

2)
43

0 
(3

6.
0)

1.
00

 (r
ef

.)
81

 (4
4.

3)
20

6 
(3

9.
2)

1.
00

 (r
ef

.)
1.

00
 (r

ef
.)

M
1 

nu
ll,

 T
1 

pr
es

en
t

47
4 

(4
0.

7)
50

8 
(4

2.
5)

0.
91

 (0
.7

6,
 1

.1
0)

68
 (3

7.
2)

20
8 

(3
9.

5)
0.

82
 (0

.5
4,

 1
.2

2)
0.

89
 (0

.7
5,

 1
.0

6)
M

1 
pr

es
en

t, 
T1

 n
ul

l
12

8 
(1

1.
0)

13
7 

(1
1.

5)
0.

94
 (0

.7
1,

 1
.2

4)
17

 (9
.3

)
49

 (9
.3

)
0.

98
 (0

.5
2,

 1
.8

4)
0.

94
 (0

.7
3,

 1
.2

2)
B

ot
h 

nu
ll

11
9 

(1
0.

2)
12

0 
(1

0.
0)

0.
94

 (0
.7

0,
 1

.2
6)

17
 (9

.3
)

63
 (1

2.
0)

0.
65

 (0
.3

4,
 1

.2
4)

0.
88

 (0
.6

7,
 1

.1
5)

C
om

bi
ne

d 
G

ST
M

1/
N

AT
2 

ge
no

ty
pe

G
ST

M
1 

pr
es

en
t, 

N
AT

2 
ra

pi
d

19
5 

(1
8.

6)
18

8 
(1

6.
9)

1.
00

 (r
ef

.)
37

 (2
1.

0)
85

 (1
6.

4)
1.

00
 (r

ef
.)

1.
00

 (r
ef

.)
G

ST
M

1 
nu

ll,
 N

AT
2 

ra
pi

d
18

9 
(1

8.
1)

21
4 

(1
9.

2)
0.

82
 (0

.6
1,

 1
.0

9)
35

 (1
9.

9)
91

 (1
7.

5)
0.

96
 (0

.5
3,

 1
.7

4)
0.

84
 (0

.6
5,

 1
.0

9)
G

ST
M

1 
pr

es
en

t, 
N

AT
2 

sl
ow

31
5 

(3
0.

1)
34

3 
(3

0.
7)

0.
86

 (0
.6

6,
 1

.1
1)

56
 (3

1.
8)

16
1 

(3
1.

0)
0.

87
 (0

.5
1,

 1
.5

0)
0.

86
 (0

.6
8,

 1
.0

9)
G

ST
M

1 
nu

ll,
 N

AT
2 

sl
ow

34
7 

(3
3.

2)
37

1 
(3

3.
2)

0.
88

 (0
.6

8,
 1

.1
4)

48
 (2

7.
3)

18
3 

(3
5.

2)
0.

57
 (0

.3
3,

 0
.9

8)
0.

76
 (0

.5
0,

 1
.1

4)
C

om
bi

ne
d 

G
ST

T1
/N

AT
2 

ge
no

ty
pe

G
ST

T1
 p

re
se

nt
, N

AT
2 

ra
pi

d
29

6 
(2

8.
3)

31
2 

(2
8.

0)
1.

00
 (r

ef
.)

52
 (2

9.
7)

14
4 

(2
7.

5)
1.

00
 (r

ef
.)

1.
00

 (r
ef

.)
G

ST
T1

 n
ul

l, 
N

AT
2 

ra
pi

d
88

 (8
.4

)
90

 (8
.1

)
1.

03
 (0

.7
3,

 1
.4

5)
17

 (9
.7

)
30

 (5
.7

)
1.

55
 (0

.7
6,

 3
.1

6)
1.

11
 (0

.8
1,

 1
.5

2)
G

ST
T1

 p
re

se
nt

, N
AT

2 
sl

ow
51

9 
(4

9.
7)

56
2 

(5
0.

4)
0.

97
 (0

.7
9,

 1
.1

9)
90

 (5
1.

4)
27

0 
(5

1.
6)

0.
87

 (0
.5

7,
 1

.3
3)

0.
95

 (0
.7

9,
 1

.1
4)

G
ST

T1
 n

ul
l, 

N
AT

2 
sl

ow
14

2 
(1

3.
6)

15
2 

(1
3.

6)
0.

98
 (0

.7
4,

 1
.3

1)
16

 (9
.1

)
79

 (1
5.

1)
0.

51
 (0

.2
6,

 0
.9

9)
0.

76
 (0

.4
0,

 1
.4

3)

* Fr
eq

ue
nc

ie
s d

o 
no

t a
dd

 u
p 

to
 to

ta
l N

 d
ue

 to
 m

is
si

ng
 g

en
ot

yp
e 

da
ta

† U
nc

on
di

tio
na

l (
N

EC
C

) a
nd

 c
on

di
tio

na
l (

N
H

S)
 lo

gi
st

ic
 re

gr
es

si
on

 a
dj

us
te

d 
fo

r a
ge

, s
tu

dy
 c

en
te

r (
N

EC
C

 o
nl

y)
, d

ur
at

io
n 

of
 o

ra
l c

on
tra

ce
pt

iv
e 

us
e 

(m
on

th
s)

, p
ar

ity
 (c

on
tin

uo
us

), 
tu

ba
l l

ig
at

io
n,

 b
od

y 
m

as
s

in
de

x 
(k

g/
m

2,
 c

on
tin

uo
us

), 
an

d 
du

ra
tio

n 
of

 p
os

tm
en

op
au

sa
l h

or
m

on
e 

us
e 

(m
on

th
s)

‡ P-
va

lu
es

 fo
r t

es
ts

 fo
r h

et
er

og
en

ei
ty

 c
om

pa
rin

g 
th

e 
N

EC
C

 a
nd

 N
H

S 
re

su
lts

 w
er

e 
al

l >
0.

06

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2009 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gates et al. Page 16
Ta

bl
e 

5
Po

ol
ed

 r
el

at
iv

e 
ris

ks
 (

R
R

s)
 a

nd
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s 
(C

Is
) 

fo
r 

th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

re
gu

la
r 

ta
lc

 u
se

 a
nd

 o
va

ria
n 

ca
nc

er
 r

is
k,

st
ra

tif
ie

d 
by

 g
en

ot
yp

e,
 in

 th
e 

N
ew

 E
ng

la
nd

 C
as

e-
C

on
tro

l S
tu

dy
 (N

EC
C

) a
nd

 th
e 

N
ur

se
s' 

H
ea

lth
 S

tu
dy

 (N
H

S)
*†

A
ll 

ca
nc

er
s

Se
ro

us
 in

va
si

ve
 c

an
ce

rs
C

as
es

 a
nd

 c
on

tr
ol

s i
n 

po
ol

ed
 a

na
ly

si
s

A
ll 

ca
se

s
Se

ro
us

 in
v.

C
on

tr
ol

s

R
eg

ul
ar

 ta
lc

 u
se

R
eg

ul
ar

 ta
lc

 u
se

R
eg

ul
ar

 ta
lc

R
eg

ul
ar

 ta
lc

R
eg

ul
ar

 ta
lc

N
o

Y
es

N
o

Y
es

N
o

Y
es

N
o

Y
es

N
o

Y
es

G
en

e/
st

ra
tu

m
G

ST
M

1 
ge

no
ty

pe
Pr

es
en

t (
+)

1.
0 

(r
ef

.)
1.

6 
(1

.2
, 2

.0
)

1.
0 

(r
ef

.)
2.

0 
(1

.4
, 2

.8
)

48
0

18
9

17
3

90
64

6
16

5
N

ul
l (

-)
1.

0 
(r

ef
.)

1.
3 

(1
.0

, 1
.6

)
1.

0 
(r

ef
.)

1.
4 

(1
.0

, 1
.9

)
49

8
17

9
19

0
76

69
0

19
8

P-
in

te
ra

ct
io

n§
0.

13
0.

08
G

ST
T1

 g
en

ot
yp

e
Pr

es
en

t (
+)

1.
0 

(r
ef

.)
1.

2 
(1

.0
, 1

.5
)

1.
0 

(r
ef

.)
1.

5 
(1

.2
, 2

.0
)

78
5

27
8

28
8

12
9

10
35

30
1

N
ul

l (
-)

1.
0 

(r
ef

.)
2.

1 
(1

.4
, 3

.2
)

1.
0 

(r
ef

.)
2.

4 
(1

.4
, 4

.0
)

19
4

87
71

38
30

0
67

P-
in

te
ra

ct
io

n§
0.

03
0.

18
N

AT
2 

ge
no

ty
pe

R
ap

id
/in

te
rm

ed
ia

te
 a

ce
ty

la
to

r
1.

0 
(r

ef
.)

1.
5 

(1
.1

, 2
.0

)
1.

0 
(r

ef
.)

1.
9 

(1
.2

, 2
.8

)
33

0
12

8
12

3
57

45
9

11
3

Sl
ow

 a
ce

ty
la

to
r

1.
0 

(r
ef

.)
1.

4 
(1

.1
, 1

.8
)

1.
0 

(r
ef

.)
1.

6 
(1

.2
, 2

.1
)

55
2

21
7

20
4

96
81

9
23

3
P-

in
te

ra
ct

io
n§

0.
60

0.
58

G
ST

M
1/

G
ST

T1
 g

en
ot

yp
e‡

G
ST

M
1+

, G
ST

T1
 +

1.
0 

(r
ef

.)
1.

4 
(1

.0
, 1

.8
)

1.
0 

(r
ef

.)
1.

7 
(1

.2
, 2

.5
)

37
8

14
2

13
6

68
47

9
14

0
G

ST
M

1-
, G

ST
T1

+
1.

0 
(r

ef
.)

1.
2 

(0
.9

, 1
.5

)
1.

0 
(r

ef
.)

1.
4 

(0
.9

, 1
.9

)
40

0
13

5
15

1
60

54
1

15
4

G
ST

M
1+

, G
ST

T1
-

1.
0 

(r
ef

.)
2.

8 
(1

.6
, 5

.0
)

1.
0 

(r
ef

.)
4.

8 
(2

.1
, 1

1)
98

47
34

22
15

8
24

G
ST

M
1-

, G
ST

T1
-

1.
0 

(r
ef

.)
1.

6 
(0

.9
, 2

.9
)

1.
0 

(r
ef

.)
1.

4 
(0

.6
, 3

.1
)

94
40

36
16

13
8

41
P-

in
te

ra
ct

io
n§

0.
03

0.
09

* N
EC

C
: u

nc
on

di
tio

na
l l

og
is

tic
 re

gr
es

si
on

 ad
ju

st
ed

 fo
r a

ge
, s

tu
dy

 ce
nt

er
, d

ur
at

io
n 

of
 o

ra
l c

on
tra

ce
pt

iv
e u

se
 (m

on
th

s)
, p

ar
ity

 (c
on

tin
uo

us
), 

tu
ba

l l
ig

at
io

n,
 b

od
y 

m
as

s i
nd

ex
 (k

g/
m

2,
 co

nt
in

uo
us

), 
an

d 
du

ra
tio

n
of

 p
os

tm
en

op
au

sa
l h

or
m

on
e u

se
 (m

on
th

s)
; N

H
S:

 u
nc

on
di

tio
na

l l
og

is
tic

 re
gr

es
si

on
 ad

ju
st

ed
 fo

r a
ge

 in
 m

on
th

s, 
m

en
op

au
sa

l s
ta

tu
s a

t d
ia

gn
os

is
 (p

os
t, 

pr
e/

du
bi

ou
s)

, D
N

A
 so

ur
ce

, d
ur

at
io

n 
of

 o
ra

l c
on

tra
ce

pt
iv

e
us

e 
(m

on
th

s)
, p

ar
ity

 (c
on

tin
uo

us
), 

tu
ba

l l
ig

at
io

n,
 b

od
y 

m
as

s i
nd

ex
 (k

g/
m

2,
 c

on
tin

uo
us

), 
an

d 
du

ra
tio

n 
of

 p
os

tm
en

op
au

sa
l h

or
m

on
e 

us
e 

(m
on

th
s)

† P-
va

lu
es

 fo
r t

es
ts

 fo
r h

et
er

og
en

ei
ty

 c
om

pa
rin

g 
th

e 
N

EC
C

 a
nd

 N
H

S 
re

su
lts

 w
er

e 
al

l >
0.

36

‡ N
H

S 
an

al
ys

is
 a

dj
us

te
d 

fo
r a

ge
, m

en
op

au
sa

l s
ta

tu
s a

t d
ia

gn
os

is
, a

nd
 D

N
A

 so
ur

ce
 o

nl
y,

 to
 im

pr
ov

e 
st

ab
ili

ty
 o

f e
st

im
at

es

§ P-
va

lu
es

 fo
r i

nt
er

ac
tio

n 
ba

se
d 

on
 li

ke
lih

oo
d 

ra
tio

 te
st

 c
om

pa
rin

g 
un

co
nd

iti
on

al
 lo

gi
st

ic
 re

gr
es

si
on

 m
od

el
s w

ith
 a

nd
 w

ith
ou

t g
en

e-
ta

lc
 in

te
ra

ct
io

n 
te

rm
s

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2009 September 1.


