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Previous studies evaluating the association of prenatal exposure to diethylstilbestrol (DES), a potent endocrine

disruptor, with incidence of uterine leiomyomata (UL) have had conflicting results. We evaluated the association

between prenatal DES exposure and incident UL in women in the Nurses’ Health Study II from 1989 to 2009.

Women were aged 25–42 years at enrollment and had a prenatal exposure window corresponding to DES use.

The analytical sample was larger than previous studies and included 102,164 premenopausal women with intact

uteri, no prior history of UL or cancer, and prenatal DES exposure. Multivariable-adjusted Cox proportional hazard

models were used to estimate the relationship between DES exposure and UL risk. During 1,273,342 person-years

of follow-up, therewere 11,831 incident cases of UL. Women with prenatal exposure to DES had a higher incidence

of UL compared with unexposed women, with an adjusted hazard ratio of 1.12 (95% confidence interval: 0.98,

1.27). Risk was strongest for women exposed to DES in the first trimester, when exposure corresponds to early

stages of fetal Müllerian development (adjusted hazard ratio = 1.21, 95% confidence interval: 1.02, 1.43). These

results suggest that first-trimester DES exposure may be associated with an increased risk of UL, but they must

be interpreted with concern for detection and recall biases.

diethylstilbestrol; prospective cohort; uterine fibroid

Abbreviations: BMI, body mass index; CI, confidence interval; DES, diethylstilbestrol; HR, hazard ratio; UL, uterine leiomyomata.

Diethylstilbestrol (DES), now considered a potent endo-
crine disruptor, is a synthetic estrogen that was once used
to support pregnancy prior to being removed from the market
(1–3). Prenatal DES exposure was subsequently linked with
anatomical anomalies of the reproductive tract, including T-
shaped uterus, coxcomb deformity of the cervix, infertility,
and vaginal tract cancers (4). As a result of initial studies
showing an association between DES and reproductive tract
diseases, the US Food and Drug Administration in 1971 ad-
vised physicians to stop prescribing DES to pregnant women
(5). Prenatal exposure to DES has been previously evaluated
in relationship to uterine leiomyomata (UL) with inconsistent
results (2, 6–8). UL are clinically recognized in approxi-
mately 25%–30% of women, but their lifetime prevalence
is closer to 70%–80% based on ultrasonography evidence

(9). With symptoms including heavy menstruation, anemia,
abdominal pain, urinary frequency, and bloating (10), UL re-
main the primary indication for hysterectomy in the United
States (11).
The DES Collaborative Follow-up Study, a prospective co-

hort study, found no association between prenatal medically
documented DES exposure and risk of UL as pathologically
reported on hysterectomy specimens (2). Two cross-sectional
studies found a positive association between self-reported
prenatal DES exposure and prevalence of UL (6,7). A previ-
ous study combining 3 cohorts of DES-exposed women with
long-term follow-up demonstrated that prenatal exposure to
DES conferred a broad range of adverse health outcomes, in-
cluding several reproductive outcomes, such as infertility and
spontaneous abortion (12). However, UL were not evaluated
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(12). The objective of the present study was to evaluate the
association between prenatal DES exposure and development
of UL in the Nurses’ Health Study II cohort.

MATERIALS AND METHODS

Study population

The Nurses’ Health Study II is a prospective cohort study
of US nurses initiated in September 1989 when 116,686 fe-
male registered nurses, 25–42 years of age, completed a
mailed questionnaire and provided implied informed con-
sent. At baseline, the nurses resided in 14 states (California,
Connecticut, Indiana, Iowa, Kentucky, Massachusetts, Mich-
igan, Missouri, New York, North Carolina, Ohio, Pennsylva-
nia, South Carolina, and Texas); however, there is now at
least 1 cohort member in all 50 states. Follow-up question-
naires, with response rates above 90%, are mailed every 2
years to update information on risk factors and the occurrence
of major illnesses. For this analysis, we excluded women
who were unsure of their DES exposure (n = 356) and those
with a diagnosis of UL (n = 5,265), cancer (other than non-
melanoma skin cancer) (n= 1,002), or hysterectomy (n= 2,880)
prior to study initiation in 1989, leaving 102,164 premeno-
pausal women available for analysis.

Assessment of outcome

The initial assessment of UL was performed in 1993. Par-
ticipants were asked if they had ever had UL diagnosed by a
physician. If a participant answered “yes,” she was asked for
the date of diagnosis and the method of confirmation (pelvic
examination, ultrasonography, or hysterectomy). For all sub-
sequent questionnaires, women were asked if they had been
diagnosed with UL before, during, or after the current 2-year
study period.

During these follow-up intervals, a woman was considered
a case only if she reported ultrasonography- or hysterectomy-
confirmed UL during that time period. Women who reported
new diagnoses of UL that had not been confirmed by ultraso-
nography or hysterectomy (i.e., pelvic examination only) did
not contribute case person-time but were allowed to reenter
the analysis in the future if the UL were confirmed by either
ultrasonography or hysterectomy. The midpoint between the
time of receipt of the questionnaire before diagnosis and the
time of receipt of the questionnaire after diagnosis was as-
signed as the date of diagnosis. We used date of diagnosis
to mark incidence as opposed to the initiation of UL develop-
ment. Marshall et al. (13) performed a validation study of 243
Nurses’ Health Study II participants who self-reported a new
diagnosis of UL confirmed by ultrasonography or hysterec-
tomy compared with medical record review with an average
confirmation rate of 93%.

Assessment of exposure

All participants were born when DES was available to
pregnant women (1946–1965). The 1993 questionnaire
included questions on their mothers’ use of DES or “other
hormones” during pregnancies with the participants. A sup-

plementary questionnaire was mailed to all women who
reported prenatal exposure to DES. The supplementary fol-
low-up questionnaire had questions to obtain additional de-
tails on the DES exposure, including trimester of initiation,
duration of use, and their certainty of exposure. Women who
indicated on the 1993 questionnaire that they were exposed
but indicated on the supplementary questionnaire that they
were not exposed were excluded from analyses (n = 356),
as noted above. We considered women to be exposed if
they confirmed they were “certain/somewhat certain” that
they were exposed prenatally to DES. In 2001, participants’
mothers completed a questionnaire pertaining to their preg-
nancies with the participants and the early life exposures of
the participants. The agreement between DES exposure as
reported by daughters in the supplementary questionnaire
and DES exposure as reported by mothers was high, with a
κ = 0.74 (14). Therefore, this method of assessing DES expo-
sure is likely valid. Of the 29,699 participants’ mothers who
returned questionnaires, 98.8% (29,332) of participants had
perfect agreement with their mothers on DES exposure.

Additional covariates

Information on potential confounders is available every
2 years. Therefore, when appropriate, each woman was
assigned updated covariate values for each questionnaire
cycle. We examined possible confounding by numerous
risk factors for UL, including the following time-varying var-
iables updated at each survey: age (in months), smoking sta-
tus (current/former/never), body mass index (BMI) (weight
(kg)/height (m)2), parity, infertility, oral contraceptive use,
age at first birth, age at last birth, time since last birth, total
months of exclusive breastfeeding, antihypertensive medica-
tion use, blood pressure, and whether the participant had a
physical examination or pelvic examination in the past 2
years. Non–time-varying variables entered at baseline in-
cluded race and age at menarche.

Statistical analysis

Prospective time-varying Cox proportional hazard models
were used to assess the relationship between UL and prenatal
DES exposure. Person-months of follow-up time were calcu-
lated from July 1, 1989, until censoring, UL diagnosis, date
of death, or the end of follow-up on June 30, 2009. Women
were censored if they reported menopause, cancer (other than
nonmelanoma skin cancer), or hysterectomy, whichever oc-
curred first. All models were based on a biennial time scale,
stratified on current age in months and time period, and used
to estimate hazard ratios and 95% confidence intervals. To de-
termine potential confounding, we added each variable (or set
of indicator variables) separately to a model including age and
race. Variables that changed the effect estimates by 10% or
more in univariate models were considered to confound the as-
sociation of DES and UL. To determine whether there was ef-
fect modification of the association of DES and UL by age
(≤35 or >35 years), smoking status (ever/never), and BMI
(<25 or ≥25), we performed stratified analyses within each
group and determined whether the effect estimates were signif-
icantly different by creating multiplicative interaction terms.
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To determine whether detection bias was present, we also per-
formed models stratified by report on each survey of a physical
or pelvic examination in the past 2 years. In sensitivity analyses
to examine more severe cases of UL, we ran models restricted
to those cases of UL confirmed by hysterectomy. A sensitivity
analysis was also run in the group with perfect agreement on
exposure status between mothers and daughters. Statistical
analyses were performed in SAS, version 9.2, software (SAS
Institute, Inc., Cary, North Carolina).

RESULTS

Characteristics of the cohort throughout follow-up are
presented in Table 1 by DES exposure group. Overall, the av-

erage age was 40 years, and the average BMI was 25. Approx-
imately 95% of the cohort was of Caucasian race/ethnicity.
There were no differences in the exposed and unexposed
groups in age, BMI, age at menarche, age at last birth, oral con-
traceptive use, antihypertensive medication use, and blood
pressure. Women who were prenatally exposed to DES were
more likely to have had a physical examination in the last 2
years, to be nulliparous, to be older at their first births, and to
have experienced infertility.
There were a total of 11,831 cases of UL during 1,273,342

person-years of follow-up. As shown in Table 2, in basic
models adjusted only for age and time period, prenatal
DES exposure was associated with an 18% (95% confidence
interval (CI): 4%, 34%) increased risk of incident UL relative
to no exposure. This risk was similar after adjustment for all
potential confounders (hazard ratio (HR) = 1.12, 95% CI:
0.98, 1.27), although only parity, infertility, and whether
the participant had a physical examination in the past 2
years met our criteria for confounding.

Table 1. Selected Age-standardized Characteristics During the Full

Period of Follow-up by DES Exposure in the US Nurses’ Health Study

II Cohort, 1989–2009

Characteristic

DES Exposure

Yes, %a

(n = 1,691)
No, %a

(n = 100,473)

Age, years 40.8 (5.7)b,c 40.3 (6.1)b,c

Body mass indexd 25.2 (5.5)b 25.5 (5.8)b

Caucasian 96 94

Smoking status

Never 64 67

Current 10 10

Former 25 23

Age at menarche, years

<12 23 23

12 29 30

>12 48 46

Physical examination
in past 2 years

Yes 85 77

No 7 11

Parity

Nulliparous 28 22

Parous 72 78

Infertility

Yes 11 6

No 87 90

Age at first birth, years

<26 27 33

26–30 30 32

>30 14 13

Age at last birth, years

<26 7 8

26–30 27 28

31–35 26 28

>35 10 10

Table continues

Table 1. Continued

Characteristic

DES Exposure

Yes, %a

(n = 1,691)
No, %a

(n = 100,473)

Oral contraceptive use

Never 15 14

Past 74 73

Current 11 11

Missing 1 2

Diastolic blood pressure,
mmHg

No use of
antihypertensive
drugs

<65 23 23

65–74 47 48

75–84 23 22

85–89 3 3

≥90 1 2

Use of antihypertensive
drugs

<65 0 0

65–74 0 1

75–84 1 1

85–89 0 0

≥90 0 1

Missing drug use 1 1

Abbreviation: DES, diethylstilbestrol.
a Values are standardized to the age distribution of the study

population.
b Values are expressed as mean (standard deviation) and are

standardized to the age distribution of the study population.
c Value is not age adjusted.
d Weight (kg)/height (m)2.
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Among the women who reported the trimester of DES ini-
tiation (Table 3), the association of DES and UL risk was ob-
served among only those women initially exposed to DES in
the first trimester of gestation. In fully adjusted models, these
women had a 21% (95% CI: 2%, 43%) increased risk of UL
compared with women with no DES exposure. There was no
clear trend of an increasing risk of UL with increasing weeks
of DES exposure (data not shown).

There were a total of 3,161 cases of UL confirmed by hys-
terectomy. In fully adjusted models, the hazard ratio for the
association of DES exposure and hysterectomy-confirmed
UL was 1.09 (95% CI: 0.85, 1.41) compared with women
with no exposure. In this group, there was still a suggestion
of an increased risk with DES initiation in the first trimester
(HR = 1.15, 95% CI: 0.81, 1.63).

In analyses restricted to women with perfect agreement
with their mothers regarding prenatal DES exposure (4,041
cases, 70 exposed cases), the fully adjusted risk of UL was
0.98 (95% CI: 0.77, 1.25) comparing exposed with unex-
posed. In this group, the risk from exposure in the first trimes-
ter was 1.24 (95% CI: 0.94, 1.64). There was no evidence of
effect modification by whether the participant had a physical
examination in the past 2 years, smoking status, or BMI, (all
P for interaction > 0.20, data not shown). Models stratified by
age are presented in Table 2. In models restricted to subjects
35 years or younger (with only 20 exposed cases), we noted
no significant association betweenDES exposure and UL risk
(fully adjusted HR = 1.00, 95% CI: 0.64, 1.55). In women
over 35 years of age, the fully adjusted hazard ratio was
1.13 (95% CI: 0.98, 1.29).

Table 2. Hazard Ratios of the Association of Prenatal DES Exposure and Risk of Uterine Leiomyomata Overall and

by Age Among 102,164 Members of the US Nurses’ Health Study II, 1989–2009

DES Exposure
by Cohort

No. of
Cases

Person-
years

Basic HRa 95% CI
Fully Adjusted

HRb 95% CI

Whole cohort

Yes 238 20,954 1.18 1.04, 1.34 1.12 0.98, 1.27

No 11,593 1,252,388 1.00 Referent 1.00 Referent

≤35 Years of age

Yes 20 3,363 1.12 0.72, 1.75 1.00 0.64, 1.55

No 1,339 264,742 1.00 Referent 1.00 Referent

>35 Years of age

Yes 218 17,591 1.18 1.03, 1.35 1.13 0.98, 1.29

No 10,254 987,647 1.00 Referent 1.00 Referent

Abbreviations: CI, confidence interval; DES, diethylstilbestrol; HR, hazard ratio.
a Adjusted for age and calendar time.
b Additionally adjusted for race, current body mass index (weight (kg)/height (m)2), smoking status, physical

examination in the past 2 years (yes/no), parity, oral contraceptive use, age at menarche, age at first and last births,

time since last birth, total months of exclusive breastfeeding, infertility, antihypertensive medication use, and blood

pressure.

Table 3. Hazard Ratios of the Association of Trimester of Initiation of Prenatal DES Exposure and Risk of Uterine

Leiomyomata Among 102,164 Members of the US Nurses’ Health Study II, 1989–2007

DES Exposure
No. of
Cases

Person-
years

Basic HRa 95% CI
Fully Adjusted

HRb 95% CI

No 11,593 1,252,388 1.00 Referent 1.00 Referent

Yes

Trimester unknown 81 7,360 1.14 0.92, 1.42 1.05 0.84, 1.31

First trimester 134 11,186 1.24 1.05, 1.47 1.21 1.02, 1.43

Second trimester 17 1,741 1.02 0.64, 1.65 0.95 0.59, 1.43

Third trimester 6 668 0.90 0.41, 2.02 0.84 0.38, 1.88

Abbreviations: CI, confidence interval; DES, diethylstilbestrol; HR, hazard ratio.
a Adjusted for age and calendar time.
b Additionally adjusted for race, current body mass index (weight (kg)/height (m)2), smoking status, physical

examination in the past 2 years (yes/no), parity, oral contraceptive use, age at menarche, age at first and last births,

time since last birth, total months of exclusive breastfeeding, infertility, antihypertensive medication use, and blood

pressure.
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DISCUSSION

The current study represents the largest prospective cohort
study to date investigating the association between pre-
natal DES exposure and incidence of UL over 20 years of
follow-up. After adjustment for potential confounders, we
found a small positive association between DES exposure
and UL incidence (HR = 1.12, 95% CI: 0.98, 1.27). Further-
more, the adverse association of DES and UL was stronger
for women exposed in the first trimester (HR = 1.21, 95%
CI: 1.02, 1.43) in fully adjusted models. A preliminary eval-
uation of DES exposure and UL incidence from 1989 to 1999
was previously performed in the Nurses’ Health Study II co-
hort and found no statistically significant association (15).
The original results (not reported herein) for the years
1989–1999, with 5,500 cases of UL, showed an adjusted haz-
ard ratio of 1.10 (95% CI: 0.89, 1.36) (15). These initial re-
sults are comparable to our current study, which included
11,831 cases and, because of the increased sample size, are
of borderline statistical significance with an adjusted hazard
ratio of 1.12 (95% CI: 0.98, 1.27).
Four previous analyses have been conducted on the asso-

ciation of DES and UL, with mixed results (2, 6–8). In the
only other prospective cohort study, the DES Collaborative
Follow-up Study, there was no association between DES ex-
posure (determined frommedical record review) and UL con-
firmed by operative or pathology report (2). The lack of an
association may be due to the restrictive definition of UL
used in that study. Correspondingly, in the current study,
when we restricted the analysis to surgically diagnosed
cases, no significant association between DES exposure
and UL was noted. In the National Institute of Environmental
Health Science Uterine Fibroid Study (6), UL was assessed
by ultrasonography. A positive association was found be-
tween DES exposure and risk of UL, whereby risk increased
with increasing size of the tumor. However, a minor limita-
tion of the study by Baird et al. (6) was patients’ self-reporting
of DES exposure, which may have involved recall bias.
In 2 cross-sectional analyses of the Sister Study baseline

data (within white women and black women separately), a
positive association was observed between self-reported pre-
natal DES exposure and risk of UL (7, 8). Among black
women, positive associations were found for both “definite”
(risk ratio = 1.87) and “probable” (risk ratio = 2.22) DES ex-
posure, but there were only 13 exposed cases. These analyses
were restricted to early-onset UL, defined as self-reported
cases diagnosed before age 30 years (8). Among white women,
self-reported early-onset UL was defined as cases diagnosed
before age 35 years (7). “Probable” (risk ratio = 2.07), but not
“definite” (risk ratio = 1.04), exposure to DES was positively
associated with risk of UL, suggesting that recall bias could
have explained these results. However, we defined DES ex-
posure with only those women who reported they were “cer-
tain/somewhat certain” and who had no discrepancy between
their supplemental questionnaire and the 1993 main study
questionnaire. To minimize the influence of reporting bias,
future studies should seek medical documentation of DES ex-
posure and more accurate classification of UL.
In laboratory rodents, exposure to DES in early life is as-

sociated with an increased incidence of UL (16–18), and

long-term changes in estrogen-related gene expression have
been implicated in this increase (18). There is biological plau-
sibility for an association between UL and prenatal exposure
to DES, a chemical that binds to the estrogen receptor as Mül-
lerian structures develop embryologically between 6 and 10
weeks of gestation and are uniquely sensitive to estrogen and
estrogen-like compounds (19). Consistent with these obser-
vations, a stronger association with initiation of DES in the
first trimester of pregnancy and UL risk was shown in our
study.
The limitations of this study include low ethnic diversity

and insufficient numbers to examine effects in different eth-
nic groups separately. Also, DES exposure was determined
through participant and mother-of-participant self-reports
as opposed to medical record documentation, which may in-
crease the potential for recall bias. However, participants
were surveyed twice, and mothers of participants were asked
as well for exposure information, with high agreement be-
tween mothers and daughters. At the time of the DES survey,
information regarding DES and UL was not well known,
however DES exposure and vaginal tract cancers and infer-
tility were already known. As such, truly exposed women are
under increased gynecological surveillance for other DES-
associated sequelae, and detection bias is a concern. It is pos-
sible that recall and detection biases may account for the
small positive association shown in this study. To directly ad-
dress detection bias in our models, we adjusted for self-report
of a physical examination in the past 2 years of each survey
period. It is still possible that increased surveillance among
women with DES exposure may account for our findings.
However, women exposed at any time during gestation
would be subject to heightened gynecological evaluation, in-
dependent of exposure timing. Therefore, our results demon-
strating an increased risk of UL mainly in the first trimester,
which coincides with fetal gynecological development, more
strongly support a biological mechanism than spurious re-
sults due to detection bias. Another limitation is that some
of our potential confounders could also be viewed as media-
tors of this association; however, fully adjusted models were
very similar to the basic model.
The strengths of this study include prospective cohort de-

sign, a large sample size, long follow-up, and biennially up-
dated information on several covariates. UL outcomes were
validated with medical record review in a subset of cases
showing a high level of accuracy (93%) and are included as
cases only if there is either ultrasonography diagnosis, surgi-
cal diagnosis, or both. Because we were unable to screen all
women in the cohort for UL, we were unable to capture the
full range of UL in this group.
In conclusion, we found a small positive association be-

tween DES exposure and risk of UL. Among women report-
ing trimester of DES initiation, the association was strongest
when DES was initiated in the first trimester. These results
should be interpreted with caution because of the possibility
of recall bias in both participants and their mothers, as well as
detection bias due to increased gynecological surveillance in
exposed women. Because DES-exposed women are aging
out of leiomyomata research, the possibility for future
study of this association is limited. However, studies of
DES exposure and outcomes of concern may provide a
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framework for other similarly acting estrogenic endocrine
disruptors, such as bisphenol A and dioxin (20–22).
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