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Abstract
Objective—To establish a well-defined cohort for genetic epidemiology studies of endometriosis
and conduct a pilot study to confirm validity using existing data associated with endometriosis.

Methods—Between January and May 2010, a nested cohort within a population-based biobank
was established in Marshfield, Wisconsin, USA. The inclusion criteria were women who had
laparoscopy or hysterectomy. Fifty-one pleiotropic genetic polymorphisms and other established
risk factors, such as smoking status and body mass index, were compared between endometriosis
cases and controls.

Results—From the existing biobank, 796 cases and 501 controls were identified, and 259 women
with endometriosis were enrolled specifically for the nested cohort within this biobank. A single
nucleotide polymorphism in the MMP1 gene significantly differed between cases and controls
only when stratified by smoking status. Minor allele frequency was higher in control women who
smoked than in women with endometriosis who smoked (55.5% versus 45.5%, χ2=8.2, P=0.017);
the inverse relationship was found in non-smoker control women.

Conclusions—Women with endometriosis were successfully recruited to participate in a
general biobank, and a novel gene–environment interaction was identified. The findings suggest
that important potential genetic associations may be missed if gene–environment interactions with
known epidemiologic risk factors are not considered.
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1. Introduction
Endometriosis is a complex disease and a major women’s health problem, the causes of
which are not entirely understood [1]. Substantiated risk factors include estrogen levels,
smoking history (protective), exercise, and peripheral body fat [2]. Endometriosis is an
estrogen-dependent inflammatory disease that is characterized by the presence of
endometrium-like tissue in sites outside the uterus—mainly, the pelvic peritoneum, ovaries,
and rectovaginal septum. Affected women experience severe pelvic pain and reduced
fertility, and are at increased risk of developing ovarian cancer and non-Hodgkin lymphoma
[2]. Under the assumption of a prevalence rate of 10% among women of reproductive age,
the estimated total healthcare cost of treating endometriosis in the United States was US$ 22
billion in 2002 [3].

Although the heritability of endometriosis has been estimated to be 52%, so far genetic
polymorphism studies have failed to identify major genetic contributors to endometriosis [4–
7]. Familial aggregation of endometriosis has been documented in a large pedigree of rhesus
macaques at the Wisconsin National Primate Research Center [8]. Collaboration between
the Wisconsin National Primate Research Center and the Marshfield Clinic Research
Foundation’s Personalized Medicine Research Project (PMRP) [9–12] will facilitate
comparative genetic analyses.

The aim of the present study was to establish a well-defined cohort for genetic epidemiology
studies of endometriosis and to conduct a pilot study to confirm the validity of the cohort
using existing data, some of which has been shown previously to be associated with
endometriosis.

2. Materials and methods
In the present pilot study, women with endometriosis attending the Marshfield Clinic,
Marshfield, Wisconsin, USA, were identified between January 5 and May 25, 2010, to form
a defined cohort for genetic epidemiology studies and to supplement the existing PMRP
data. The details of the PMRP have been described previously [9–12]. In brief, adult patients
(≥18 years) of the Marshfield Clinic residing in 1 of 19 zip codes surrounding the city of
Marshfield in central Wisconsin were asked to provide a blood sample from which DNA
was extracted and stored with plasma and serum samples. Ninety-eight percent of
participants self-reported being Caucasian and 78% self-reported German ancestry.
Participants were asked to allow access to their medical records in order to define
phenotype. The informed consent document contained a tick-box that patients could check,
indicating their agreement to future contact for research purposes.

For the present study, women with endometriosis attending the Marshfield Clinic but
residing outside the original 19 zip codes were recruited; the comparison group comprised
control women within the original 19 zip codes who had already participated in the PMRP
biobank. The ultimate goal was to assemble a cohort of approximately 1000 women with
endometriosis to provide sufficient statistical power for future genome-wide association
studies analyses. The protocol was reviewed and approved by the Marshfield Clinic
Institutional Review Board, and all women gave written informed consent to participate in
the study.

The inclusion criteria for both cases and controls in the present study were women who had
undergone laparoscopy or hysterectomy as part of their normal clinical care for reasons
other than endometriosis. Endometriosis status was diagnosed by gynecologic visual
confirmation on procedure and/or by pathology confirmation. A chart abstraction form was
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developed and used to confirm endometriosis status and to document medical and/or
surgical treatment and outcomes.

The data analyzed included smoking status collected through a self-administered
questionnaire at the time of enrollment into the biobank. Genotyping data on 51 genetic
polymorphisms included on a molecular fingerprinting panel [12] available for the whole
cohort were evaluated for potential associations with endometriosis (Table 1). Two of the
single-nucleotide polymorphisms (SNPs) were located in genes that have been previously
shown to be associated with endometriosis [13,14]: the MMP1 gene (rs1799750) and the
gene encoding tumor necrosis factor-α (rs1800629). Data were entered twice and verified.
Cases and controls were compared by using χ2 tests for each SNP across 3 possible
categories, and odds ratios for presence of the minor allele were calculated, together with
asymptotic 95% confidence intervals (CIs). Analyses were conducted by using SAS version
9.2 (SAS Institute Inc., Cary, NC). Results were considered significant at the 5% level
(P<0.05) without adjustment for multiple testing; it was noted, however, that maintaining an
error rate of 5% over all 51 polymorphisms would require a P value of less than 0.001.

3. Results
By the end of the study period, data for 796 cases and 501 controls had been incorporated in
the biobank. Among the cases, 259 women were enrolled in the biobank specifically for the
present study (60% of women approached to join the biobank agreed to participate). At
enrollment, the affected women ranged from 18 to 86 years (mean 43.9 years) and the
control women ranged from 18 to 63 years (40.8 years). Age at diagnosis of endometriosis
ranged from 14 to 80 years (35.1 years).

Among the whole cohort, affected women and control women differed significantly in age
and body mass index (calculated as weight in kilograms divided by the square of height in
meters), but not in smoking status (Table 2)—factors shown previously to be associated with
endometriosis that could bias association results [2].

The minor allele or haplotype frequency of 2 of the 51 polymorphisms investigated (IL6
haplotype 3 and MTFHD1) was found to be significantly higher in cases than in controls
(Table 3). The allele distribution of an SNP in the MMP1 gene that has been shown to be
associated with endometriosis did not differ significantly between cases and controls except
when stratified by smoking status (Table 4). Not only was the association found to be
significant only in current smokers, but also the estimated minor allele frequency was higher
in control women who smoked than in affected women who smoked (55.5% versus 45.5%,
χ2=8.17, P=0.017). By contrast, among those who did not smoke, the frequency was slightly
lower in controls than in affected women (47% versus 49.5%), although the difference was
not significant.

4. Discussion
In the present pilot study, a cohort of women was assembled for genetic studies of
endometriosis. Women with endometriosis were successfully recruited to participate in a
general biobank, and the absolute participation rate was 15% higher than that for individuals
recruited from the same general population for a biobank to study many potential outcomes
in the future [9,11]. This information will be useful for future biobank recruitment targeted
to individuals with disease outcomes of immediate research interest. The assembled cohort
has been rigorously phenotyped to minimize potential bias caused by the misclassification of
case/control status.
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Unlike previous studies, current smoking status was not found to be related to
endometriosis. One reason for this discrepancy might be temporality. It is possible that
women stop smoking after being diagnosed with a chronic condition. This may be especially
true for women who are prescribed oral contraceptives to decrease the symptoms of
endometriosis. Oral contraceptives are contra-indicated for smokers because of the increased
risk of stroke, and women are strongly advised to stop smoking if they are prescribed oral
contraceptives. We do not have detailed information about lifetime smoking habits to
support or refute this hypothesis. A consideration for future research would be to gather
more detailed information on lifetime smoking.

Significant genetic associations were found in the study using existing markers that were not
selected specifically for their potential association with endometriosis. One of these markers
—an SNP in the MMP1 gene that has been shown to be related to endometriosis in Chinese
women [13]—showed a significant association only in current smokers. The MMP1 gene
encodes an interstitial collagenase. The present findings suggest that a gene–environment
interaction involving MMP1 has a role in endometriosis. As with any association study, the
potential for this finding to be a false positive exists, as does the possibility of false
negatives for the other polymorphisms investigated that were not found to be associated with
endometriosis.

The strengths of the study and its cohort include the rigorous phenotyping, the availability of
questionnaire data to quantify personal and environmental exposure, the additional data
related to co-morbid conditions, and the availability of treatment history from the medical
records. In terms of genetic studies, the relatively high ethnic homogeneity is a limitation to
the generalizability of the results. In addition, given the large number of potential
associations evaluated, the present results will require validation by further studies.

The first step for successful genetic association studies is to assemble cases and controls that
are rigorously phenotyped for the condition of interest. We have shown that women with
endometriosis can be successfully recruited into a general biobank and that potential genetic
associations may be missed if gene–environment interactions are not considered. Larger
sample sizes will be needed to evaluate gene–environment and gene–gene interactions in
full.
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Table 1

Polymorphisms examined in the whole cohort

rs1137101 rs1801253 rs1544410

rs486907 rs2227564 rs16944

rs1042031 rs17999750 (MMP1) rs1799983

rs231775 rs1063856 rs1800469

rs5186 rs6313 rs1800629

rs6280 rs2236225 (MTHFD1) rs1800795 (IL6)

rs1799883 rs1800588 rs1800796 (IL6)

rs4961 rs243865 rs1800872

rs1042714 rs4673 rs1801133

rs351855 rs708272 rs268

rs5370 rs4291 rs429358

rs6296 rs4792311 rs4343

rs2227983 rs16430 rs731236

rs213950 rs601338 rs7412

rs7493 rs688 rs7975232

rs328 rs7121

rs2383206 rs234706

rs1800861 rs4680

Abbreviations: IL6, interleukin 6; MMP1, metalloproteinase I; MTHFD1, methylenetetrahydrofolate dehydrogenase 1.
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