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bjective: To investigate the relation between the fetal environment and endometriosis.

esign: Prospective cohort study.

etting: Nurses’ Health Study II with 10 years of follow-up.

articipant(s): Eighty-four thousand, four hundred forty-six women aged 25–42 who had never been
iagnosed with endometriosis, infertility, or cancer at baseline in 1989.

ain Outcome Measure(s): Incidence of laparoscopically confirmed endometriosis according to birthweight,
rematurity, multiple gestation, diethylstilbestrol (DES) exposure, and having been breastfed.

esult(s): During 566,250 woman-years of follow-up, 1,226 cases of laparoscopically-confirmed endome-
riosis were reported among women with no past infertility. After adjusting for age, calendar time, parity, race,
nd body mass index at age 18, we observed a linear increase in the incidence rate with decreasing birthweight
rate ratio [RR] � 1.3 for birthweight �5.5 pounds versus 7.0–8.4 pounds, 95% confidence interval [CI] �
.0–1.8, P value, test for trend � .01). In addition, women who were born as one of a multiple gestation (i.e.,
wins or greater number) were at increased risk even after controlling for birthweight (RR � 1.7, CI �
.2–2.5). The rate of endometriosis was also 80% greater among women exposed to diethylstilbestrol in utero
RR � 1.8, CI � 1.2–2.8). Neither premature delivery nor having been breastfed were associated with the
ncidence of endometriosis. None of these effect estimates were modified by infertility status at the time of
ndometriosis diagnosis.

onclusion(s): The fetal environment is associated with subsequent laparoscopically confirmed endometriosis
n this cohort of US women. (Fertil Steril� 2004;82:1501–8. ©2004 by American Society for Reproductive

edicine.)
1
w
b

The third leading cause of gynecologic hos-
italization in the United States, endometriosis
s defined by the presence of tissue resembling
ndometrium external to the uterus (1). Signs
nd symptoms arise from cyclical bleeding into
he surrounding tissues resulting in inflamma-
ion and formation of scarring and adhesions,
he effects of which can be debilitating. Despite
he high morbidity and health care cost associ-
ted with endometriosis, the etiology has not
een fully investigated.

There is strong circumstantial evidence that
ndometriosis is influenced by steroid hor-
ones. Endometriosis plaques have been

hown to have estrogen, P, and androgen re-
eptors; they grow in the presence of estrogen

ut atrophy when exposed to androgens (2–4). a
he disease occurs infrequently in premenar-
hal girls and the few cases in postmenopausal
omen have been largely in those who were

xposed to hormone replacement therapy (5).
hus it has been hypothesized that conditions

hat alter steroid hormone levels may influence
he proliferation of endometrial cells or pro-
ote survival of extrauterine implants. There is

ncreasing interest in the impact of the uterine
nvironment on adult onset chronic disease,
articularly diseases hypothesized to be af-
ected by hormone exposure (6–12). Believed
o be primary catalysts of cell proliferation (13,
4), pregnancy estrogens have been correlated
ith fetal number (15, 16) and size—including
irthweight (13, 17–20). Metabolic, endocrine,

nd anatomic abnormalities may arise from
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ariation in the uterine environment, whether influenced by
r independent of the in utero hormonal milieu. Subse-
uently, these abnormalities may then lead to adult chronic
isease.

Using data collected from the Nurses’ Health Study II
NHSII), an ongoing, prospective cohort study of US nurses
hat began in 1989, we have evaluated the relation between
roxies for in utero exposures and endometriosis.

MATERIALS AND METHODS

tudy Population and Data Collection
Data for these analyses were collected in the NHSII

ohort from September 1989 to June 1, 1999. Questionnaires
equesting information on incident diseases and demo-
raphic, biologic, environmental, and lifestyle risk factors
ere updated and mailed biennially. A total of 116,678

emale registered nurses—ranging in age from 25 to 42 and
esiding in one of 14 states in the US—completed the
aseline questionnaire. Follow-up of this cohort in each
-year interval was consistently �90%. This research was
pproved by the Institutional Review Board of the Harvard
chool of Public Health.

ase Ascertainment and Analytic Definition
In 1993, the women were first asked if they had “ever had

hysician-diagnosed endometriosis.” If “yes,” they were
sked to report when the diagnosis had occurred (before
eptember 1989, September 1989–May 1991, or June 1991–
ay 1993, which correspond to the follow-up periods) and if

t had been confirmed by laparoscopy—a standard surgical
ethod for diagnosing endometriosis (21, 22). These ques-

ions were asked again in each subsequent questionnaire
ycle.

In March 1994, we conducted a study to validate self-
eported endometriosis diagnosis within the NHSII prospec-
ive cohort. Supplementary questionnaires were mailed to
00 women who were randomly selected from the then 1,766
ases who had reported incident diagnosis. Among those
ho reported laparoscopic-confirmation and for whom

ecords were received and reviewed (n � 105), a diagnosis
f endometriosis was confirmed in 88.6%. However, among
hose women without laparoscopic confirmation (n � 26),
vidence of clinical diagnosis was found in only 53.8% of
he records.

Requests for permission to review medical records were
lso sent to any woman who indicated that she had had a
ysterectomy during the time period of reported endometri-
sis diagnosis. Among these women (n � 181), a diagnosis
f endometriosis was confirmed in 79.6%. However, endo-
etriosis was the primary indication for hysterectomy in

nly 5.5% for whom indication information was available.

Based upon these validation results, self-reported physician-

iagnosed endometriosis without laparoscopic confirmation b

502 Missmer et al. In utero exposures and endometriosis
ay be greatly misclassified. Indeed, when these cases were
ncluded in our analyses, all effect estimates were attenuated. In
ddition, analyses using women confirmed to have endometri-
sis during hysterectomy might yield spurious results, because
t would be unclear if the associated risk factors are related to
ndometriosis or to the pathology for which the hysterectomy
as performed. Therefore, to reduce the magnitude of misclas-

ification and prevent confounding by indication for hysterec-
omy, analyses of incident diagnosis of endometriosis were
estricted to those women who reported laparoscopic confirma-
ion of their diagnosis on the biennial NHSII questionnaires.

Within this restricted case definition, the correlation be-
ween endometriosis and infertility status is complex. At
aseline, the prevalence of infertility (defined as attempting
o become pregnant for �1 year without success) as indica-
ion for diagnosis was greater among women with laparo-
copic confirmation (20%) than among those who were
linically diagnosed without laparoscopic confirmation
4%), potentially resulting in over-sampling those with
asymptomatic” disease. Approximately 20% of all infertile
omen are found to have endometriosis (23). Had these
omen not attempted to become pregnant, a large proportion
ay never have received a laparoscopic diagnosis of endo-
etriosis. We may also assume that cases with no infertility
ho have had a laparoscopic diagnosis are “symptomatic,”
therwise a surgical evaluation would not have been con-
ucted. Because endometriosis with infertility is typically
ndicative of asymptomatic disease secondary to other pri-
ary causes of infertility, the risk factors for endometriosis
ith infertility could be quite different from those for endo-
etriosis without concurrent infertility. Hence, we looked at

isk factors separately by these two “subtypes” of endome-
riosis. Within this cohort, self-reported infertility was vali-
ated in a study of 100 randomly selected women who
eported infertility due to an ovulatory disorder—95% of the
elf-reports were confirmed through medical record review
24).

Tests for heterogeneity comparing the effect estimates
mong cases with no past or current infertility to cases with
oncurrent infertility were calculated with a Wald statistic
eferred to a chi-squared distribution with 1 degree of free-
om (25).

ssessment of Exposures
On the 1991 questionnaire, nurses reported details of their

wn prenatal and perinatal exposures, including whether
hey were born 2 or more weeks premature, if they were one
f a multiple birth (i.e., twins, triplets, or more), their birth-
eight, if their mother had taken diethylstilbestrol (DES)
uring this pregnancy, and if they had been breastfed.

Self-reported birthweight was asked in prespecified cate-
ories, and due to limited sample size, the top two categories
ere collapsed in all analyses. The validity of self-reported

irthweight was evaluated among 220 randomly chosen

Vol. 82, No. 6, December 2004
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omen. Comparing the questionnaire responses to informa-
ion obtained from state birth records, the correlation be-
ween reported and documented birthweight was 0.74 (26).

A supplementary questionnaire was mailed to 2,742
urses who had reported diethylstilbestrol (DES) exposure in
tero, 85% (n � 2,326) responded. While 88% of responders
ere certain that they had been exposed, 5% were “not

ertain,” and 7% asserted that they were not exposed. Only
hose who responded to the supplementary questionnaire and
eported certainty of exposure were included in our analyses.

When the self-reported breastfeeding information from a
ample of 439 participants was compared with reports of
heir mothers, 85% gave concordant answers about whether
r not they were breastfed (26). When reported duration of
reastfeeding was compared, the Spearman correlation co-
fficient was 0.74.

tatistical Analysis

xclusion criteria

Those who reported diagnosis of endometriosis or a his-
ory of infertility prior to September 1989 were excluded
rom all analyses. Analyses were also restricted to those who
ere premenopausal and had intact uteri, because the occur-

ence of endometriosis after hysterectomy or in postmeno-
ausal women is rare. Women with prior cancer diagnoses—
ther than nonmelanoma skin cancer—also were excluded.

erson-time calculation

Woman-months at risk were calculated from entry into
he cohort until independently confirmed death or cancer
iagnosis—other than nonmelanoma skin cancer—or self-
eported laparoscopically confirmed endometriosis diagno-
is, hysterectomy, or the onset of menopause. Women who
eported physician-diagnosed endometriosis with no laparo-
copic confirmation were censored at the time of that report
ut were allowed to re-enter the analysis population if they
eported laparoscopic confirmation on a subsequent ques-
ionnaire. In addition, because infertility is so strongly cor-
elated with diagnosis of endometriosis via laparoscopy, we
ensored at self-report of infertility. Therefore, in all analy-
es our comparison group consists of women with neither
iagnosed endometriosis nor infertility.

elative risk estimation

Incidence rates for each exposure category were com-
uted as the number of incident cases divided by the woman-
ime accumulated. Time-varying Cox proportional hazards
odels treating age in months and 2-year questionnaire

eriod as the time scale were used to estimate multivariate
MV) incidence rate ratios (RR) and to calculate 95% con-
dence intervals (CI), after adjusting simultaneously for
onfounding variables. Tests for trend in ordinal categorical
xposures were calculated by creating an ordinal variable in

hich the median value or midpoint of each category was T

ERTILITY & STERILITY�
ssigned to all participants in that group. To evaluate effect
odification, person-months eligible for analysis were strat-

fied by these dichotomous variables, and likelihood ratio
ests were calculated comparing the model with both the
ain effects and the interaction terms to the model with only

he main effects.

onfounding variables

Based upon previous analyses within this cohort, parity,
ace, and body mass index (BMI) at age 18 (kg/m2) were
ncluded in all models a priori. In addition, we considered
ther possible risk factors for endometriosis as potential
onfounders if addition of that variable to the model changed
he rate ratio by 10% or greater (27). If a factor was identi-
ed as a confounder of any estimated main effect, it was kept

n all models. Based on these criteria, risk factors not ob-
erved to confound relations with any in utero exposures
ncluded age at menarche, age at first birth, current alcohol
se, current smoking status, oral contraceptive use, or health
are utilization (a summary variable created from the an-
wers to several questions that asked if the nurse had a
linical physical exam, Papanicolaou smear, pelvic exam, or
reast exam in the past 2 years).

RESULTS
After baseline exclusions, a total of 84,446 women con-

ributed 566,250 woman-years to these analyses; 1,226 inci-
ent cases of laparoscopically-confirmed endometriosis with
o past infertility were reported. These included 982 never
nfertile cases and 241 cases who reported an infertility
valuation during the same follow-up period as laparoscopic
onfirmation of endometriosis.

We observed a linear increase in the rate of diagnosis of
aparoscopically confirmed endometriosis as birthweight de-
reased (P value, test for trend � .01) (Table 1). This
elation was not confounded by prematurity or multiple fetal
estation (i.e., twins or greater number) or modified by
urrent body mass index (data not shown). A 30% increase
n risk was observed among those with birthweights of �5.5
ounds if the woman had never had infertility, but if she
eported infertility at the time of endometriosis diagnosis,
isk was increased with birthweight up to 7 pounds. In
ddition, women who were one of a multiple fetal gestation
ere 70% more likely to be diagnosed with laparoscopically

onfirmed endometriosis (RR � 1.7 compared to singletons,
I � 1.2–2.5). This observed estimate of effect was not
hanged after controlling for premature delivery or birth-
eight (data not shown). Premature delivery was not asso-

iated with risk. None of these associations were modified by
ulliparity, use of OCs, or having had a recent gynecologic
xam (data not shown).

Exposure to DES increased the risk of laparoscopically
onfirmed endometriosis by 80% (CI � 1.2–2.8) (Table 2).

his association was stronger among those with concurrent
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nfertility and was not modified by nulliparity, use of oral
ontraceptives, or having had a recent gynecologic exam;
owever, the power to detect a true difference was limited by
mall sample size (data not shown). Although based upon a
mall number of cases, more detailed analyses of timing and
uration of exposure suggest that the trimester of initial
xposure did not affect the rate of endometriosis, and any
xposure of 5 or more weeks nearly tripled the rate compared
o those exposed for less than 5 weeks (data not shown). We
lso observed the suggestion of a small decrease in risk
mong women who had been breastfed (RR � 0.9, CI �
.8–1.0), however there was no trend with duration of
reastfeeding.

DISCUSSION
In this prospective study among premenopausal women,

T A B L E 1

ndogenous in utero environment and the incidence of lapa
omen.

All women (no past infertility)g

Cases
Age-adjusted

RRa MV RR (95% CI)b

irthweight (pounds)f

Not fullterm 108 1.2 1.1 (0.9–1.4)
�5.5 42 1.4 1.3 (1.0–1.8)
5.5–6.9 301 1.1 1.1 (0.9–1.2)
7.0–8.4 482 1.0 (ref) 1.0 (referent)
�8.4 123 0.9 0.9 (0.7–1.1)

Pc�.009 Pc�.01
ullterm
No 216 1.0 1.0 (0.8–1.1)
Yes 1,010 1.0 (ref) 1.0 (referent)

� weeks premature
No 1,132 1.0 (ref) 1.0 (referent)
Yes 94 1.2 1.1 (0.9–1.4)

etal number
Singleton 1,196 1.0 (ref) 1.0 (referent)
Multiple 30 1.8 1.7 (1.2–2.5)

ote: RR � rate ratio; MV � multivariate; CI � confidence interval.
Adjusted for current age (continuous months) and calendar time (2-year q
Adjusted for current age (continuous months), calendar time (2-year quest
sian]), parity (0, 1, 2, 3, 4�), and body mass index at age 18 (�19, 19–
P value, test for trend.
Infertility is defined as attempting to become pregnant for �1 year witho

eported infertility. Cases with “concurrent infertility” are women who r
onfirmation of endometriosis.
P value, test for heterogeneity comparing the effect among women with
Birthweight cases do not add to 1,226 because of missing exposure data.
The total number of cases among women with no past infertility is greate

hose with concurrent infertility because some cases were missing data on

issmer. In utero exposures and endometriosis. Fertil Steril 2004.
e observed the incidence rates of diagnosis of laparoscopi- s

504 Missmer et al. In utero exposures and endometriosis
ally confirmed endometriosis to be inversely associated
ith birthweight, 80% greater among women exposed to
ES, and 70% greater among women who were one of a
ultiple birth.

The mechanism underlying an inverse association be-
ween birthweight and endometriosis is unknown—multi-
le events (e.g., hormonal variations, changes in fetal
lood flow) may affect fetal growth and development. We
id not have direct measures of factors known to influence
irthweight such as maternal diet, smoking status, and
lood pressure. The association that we observed was,
owever, robust to confounding. There may be an envi-
onmental or genetic factor that affects birthweight and
lso is associated with the risk of endometriosis. It may,
owever, be that birthweight has a direct effect on risk.
ow birthweight has been inversely correlated with obe-

pically confirmed endometriosis among premenopausal

se definition

P
valuee

No past or concurrent
infertilityd Concurrent infertilityd

ases MV RR (95% CI)b Cases MV RR (95% CI)b

87 1.1 (0.9–1.4) 19 0.9 (0.6–1.5)
34 1.3 (0.9–1.8) 7 1.2 (0.6–2.6) .09

220 1.0 (0.8–1.1) 80 1.4 (1.0–1.9)
396 1.0 (referent) 88 1.0 (referent)
101 0.9 (0.7–1.1) 22 0.8 (0.5–1.2)

Pc�.22 Pc�.007
.15

179 0.9 (0.8–1.1) 34 1.3 (0.9–1.9)
803 1.0 (referent) 207 1.0 (referent)

.21
905 1.0 (referent) 226 1.0 (referent)
77 1.2 (0.9–1.5) 15 0.8 (0.5–1.4)

.86
958 1.0 (referent) 235 1.0 (referent)
24 1.8 (1.2–2.7) 6 1.6 (0.7–3.7)

onnaire period).
ire period), race (Caucasian, women of color [African-American, Hispanic,
20.5–21.9, 22–24.9, 25–29.9, 30� kg/m2).

cess. Cases with “no past or concurrent infertility” are women who never
ed an infertility evaluation in the same follow-up cycle as laparoscopic

st or current infertility to those with current infertility.

the sum of cases among women with no past or concurrent infertility and
ility evaluation and could not be separated.
rosco

Ca

C

uesti
ionna
20.4,

ut suc
eport

no pa

r than
infert
ity (11), and positively associated with type 2 diabetes
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8, 10), impaired glucose tolerance and elevated serum
nsulin levels (8, 10), hypertension (8, 10), cardiovascular
isease (8, 10), and nonseminoma testicular cancer (7).

The association between birthweight and adult weight
uggests that there are enduring effects of the intrauterine
nvironment on later obesity risk (11). Lucas and colleagues
ave argued that when an interaction between birthweight
nd adult BMI is observed, the main effect of birthweight
ay be reflecting a mixture of the effects of both fetal and

ostnatal growth (28, 29). In our cohort, adult BMI did not
onfound the relation that we observed between birthweight
nd the risk of endometriosis nor did we observe an inter-
ction between birthweight and either BMI at age 18 or
urrent BMI.

We observed a possible protective effect of being
reastfed, although we did not observe a duration-re-
ponse relation. Our finding concurs with one case-control
tudy that reported that 68% of the controls (n � 2,281)
nd 51% of the cases (n � 567) had been breastfed

T A B L E 2

re- and perinatal exogenous exposures and the incidence
remenopausal women.

All women (no past infertility)g

Casesf
Age-adjusted

RRa
MV RR

(95% CI)

xposure to DES
None 746 1.0 (ref) 1.0 (refere
Any 21 1.9 1.8 (1.2–2

xposure to breastmilk
None 733 1.0 (ref) 1.0 (refere
Any 321 0.9 0.9 (0.8–1

otal duration of exposure
0–3 months 102 1.0 (ref) 1.0 (refere
4–8 months 79 0.9 0.9 (0.7–1
9� months 36 0.9 0.9 (0.6–1

Pc�.51 Pc�.54

ote: RR � rate ratio; MV � multivariate; CI � confidence interval.
Adjusted for current age (continuous months) and calendar time (2-year q
Adjusted for current age (continuous months), calendar time (2-year quest
sian]), parity (0, 1, 2, 3, 4�), and body mass index at age 18 (�19, 19–
P value, test for trend.
Infertility is defined as attempting to become pregnant for �1 year witho

eported infertility. Cases with “concurrent infertility” are women who r
onfirmation of endometriosis.
P value, test for heterogeneity comparing effect among women with no p
Cases do not add to 1,226 because of missing exposure data.
The total number of cases among women with no past infertility is greate

hose with concurrent infertility because some cases were missing data on

issmer. In utero exposures and endometriosis. Fertil Steril 2004.
P�.001) (30). Breast milk has many beneficial effects t

ERTILITY & STERILITY�
31, 32); however, composition of breast milk is complex
nd differs dramatically from the formula milk available
hen the women in our cohort were infants (the late 1940s

o early 1960s).

The observed inverse associations between birthweight
nd having been breastfed and endometriosis may reflect
ifferences in the early hormonal or metabolic environment.
or example, lower-birthweight infants tend to have abnor-
ally high IGF-1 levels (33). The highest levels of IGF-1 are

ound among those who were small at birth and then grew
ery fast during the first two years of life (33). Weight gain
uring the first year of life is slower among infants who are
reastfed (31). It is possible that low birthweight followed by
rapid increase in body mass during early infancy increases

he risk of endometriosis. Higher plasma and peritoneal-fluid
GF-1 levels have been reported in women with endometri-
sis, particularly those with more advanced disease (34–36),
nd the peritoneal fluid of women with endometriosis has
een shown to hydrolyze IGF binding protein-3, increasing

aroscopically confirmed endometriosis among

ase definition

P
valuee

No past or concurrent
infertilityd Concurrent infertilityd

Casesf
MV RR

(95% CI)b Casesf
MV RR

(95% CI)b

.86
619 1.0 (referent) 124 1.0 (referent)
17 1.7 (1.0–2.8) 4 2.3 (0.9–6.4)

.31
588 1.0 (referent) 145 1.0 (referent)
251 0.9 (0.7–1.0) 68 1.0 (0.8–1.4)

.15
85 1.0 (referent) 16 1.0 (referent)
55 0.8 (0.5–1.1) 24 1.5 (0.8–2.9)
29 0.9 (0.6–1.4) 6 0.9 (0.3–2.5)

Pc�.28 Pc�.71

onnaire period).
ire period), race (Caucasian, women of color [African-American, Hispanic,
20.5–21.9, 22–24.9, 25–29.9, 30� kg/m2).

cess. Cases with “no past or concurrent infertility” are women who never
ed an infertility evaluation in the same follow-up cycle as laparoscopic

r current infertility to those with current infertility.

the sum of cases among women with no past or concurrent infertility and
ility evaluation and could not be separated.
of lap

C

b

nt)
.8)

nt)
.0)

nt)
.2)
.4)

uesti
ionna
20.4,

ut suc
eport

ast o

r than
infert
he local bioavailability of IGF-1 (37).
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Pathologic development of connective tissues may also be
ssociated with impaired fetal growth. Decreased vascular
lasticity, particularly aortic stenosis, has been associated
ith low birthweight (38). Fetal deposition of elastin is
irectly associated with birthweight, and the stores of elastin
reated during fetal development remain throughout life (39,
0). While this decrease in elasticity has been hypothesized
s one mechanism underlying the relation between birth-
eight and hypertension, it may also underlie the relation
ith endometriosis. Case series have suggested an increased
revalence of mitral valve prolapse (41) and pyloric stenosis
42) among women with endometriosis. Decreased elasticity
f the reproductive system may impede menstrual flow
hrough the cervix and vagina (42). Women with endome-
riosis are more likely to present with gross anatomical
omplications such as vaginal or cervical stenosis that may
ncrease the likelihood and volume of retrograde menstrua-
ion (43).

The positive association between birthweight and breast
ancer in most (7, 9), but not all (44, 45) studies, has been
ypothesized to result from greater in utero hormone levels
elieved to be associated with greater birthweight. However,
he validity of this hypothesized direct relation between
irthweight and hormone levels remains unclear. Comparing
etal measurements to steroid hormone levels assayed from a
ingle third trimester maternal serum sample, Peck and col-
eagues (46) concluded that birthweight was not an effective
roxy for estriol levels.

Pregnancy steroids are produced primarily by the placenta
ut also by the maternal ovary and the maternal and fetal
drenal glands (47). Twin gestations exhibit higher estrogen
evels than do singleton pregnancies. A recent case-control
tudy among women under age 55 indicated that the risk of
reast cancer among twins was higher than that among
ingleton births (RR � 1.6, CI � 1.0–2.7), especially in
izygotic twins (RR � 2.1) (48). Dizygotic twins may be
xposed to higher levels of pregnancy hormones than
onozygotic twins (49), but we did not have information on

ygosity or absolute gestation number. It is also possible that
omen may not know that they were part of a multiple
estation if the other fetus was miscarried or stillborn. How-
ver, including these women in the singleton category would
ave attenuated our effect estimate. To date, twin studies of
ndometriosis have been designed to evaluate familial inher-
tance and therefore, with one exception, have focused solely
n the concordance among monozygotic twins (50–52).
bservation of an increase in risk among dizygotic twins
ould more clearly suggest a relation with the intrauterine

nvironment.

Exposure to DES in utero has been associated with cer-
ical stenosis, uterine smooth muscle abnormalities, and
ltered estrogen receptor expression in both mice and
omen (53–56). In addition, Noller and colleagues (57)

bserved that exposed women with vaginal epithelial t

506 Missmer et al. In utero exposures and endometriosis
hanges (a marker of higher dose exposure) had 50% more
utoimmune disease than exposed women without vaginal
pithelial changes. Therefore, the relation between DES ex-
osure and endometriosis may result from a combined effect
f increased retrograde menstruation, immune dysfunction,
nd exogenous estrogen exposure. The association between
ES and laparoscopically confirmed endometriosis that we
bserved may be affected by detection bias, because women
nown to have been exposed may receive heightened med-
cal care—particularly among those with gynecologic symp-
oms or infertility (58). However, our estimate of effect was
ot modified by having had a recent physical exam. In
ddition, during the same follow-up period within this co-
ort, no association between DES exposure and uterine
broids was observed (data not shown). We would expect

hat if the relation between endometriosis and DES resulted
olely due to detection bias, the same bias would apply to
ther benign gynecologic diseases for which there is no
ypothesized relation.

Our prospective analyses among premenopausal US
egistered nurses suggest that the rate of endometriosis is
reatest among women with low birthweight, those who
ere exposed to DES in utero, and those who are one of
multiple birth. The large sample size and prospective

esign of the NHSII offers a unique opportunity to add to
he limited knowledge of the epidemiology of endometri-
sis. In case-control studies, appropriate control selection
s difficult (59, 60). As a result of the invasive nature of
iagnosis, studies have often chosen controls from among
roups of women who have had surgical pelvic investi-
ation for other reasons (e.g., tubal ligation); however,
his procedure may result in overmatching and attenuation
f the relative risks for some exposures. In addition,
etection bias may exist, because the thoroughness of
xamination may differ between cases identified during a
ork-up for infertility or pelvic symptoms and controls
ho were declared to be free of endometriosis during a

ubal ligation or other surgical procedure not initiated by
ymptoms (61).

By limiting our case definition to those with laparo-
copic confirmation of disease, we substantially decrease
isclassification of the outcome. It is possible that pa-

ients with consistently more frequent utilization of the
edical system, those of higher socioeconomic class or

reater education (a strength of using NHSII data is that
ducation and access to health care is more homogeneous
han in the general population) may be more likely to
ndergo investigative laparoscopy. However, within strata
f health care utilization as measured by summary vari-
ble of exposure to a recent gynecologic exam, we ob-
erved similar results.

Further analyses to replicate these findings and to clarify

he biologic mechanisms underlying these proxies of the
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