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Diethylstilbestrol (DES) is a non-steroidal estrogen that was commonly prescribed during pregnancy from the late 1940s to 1971. A potent
endocrine disruptor, prenatal DES exposure has been linked with reproductive tract malformations, adverse pregnancy outcomes, cancer,
infertility and earlier menopause. DES was used for years as a growth promoter in animal production. Some animal studies suggest that prenatal
DES exposure is associated with obesity and metabolic disturbances. Using data from the National Cancer Institute DES Follow-Up Study, we
evaluated the association between DES and adult obesity, weight gain from age 20 to mid-life, central adiposity and height among 2871 prenatally
exposed and 1352 unexposed women between 23 and 52 years of age (median 41.5) at baseline in 1994. DES exposure status was confirmed by
prenatal medical record review. We used multivariable log-binomial models to calculate risk ratios (RRs) for obesity in 2006, and linear regression
to calculate mean differences in body mass index, weight gain, waist circumference and height. The adjusted RR for DES and obesity was
1.09 [95% confidence interval (CI): 0.97, 1.22], and RRs were 1.23 (CI: 1.07, 1.42) and 1.05 (CI: 0.91, 1.20) for low and high estimated total
DES dose, respectively, compared with no exposure. DES-exposed women gained slightly more weight than unexposed women [mean difference,
0.70 kg (CI: −0.27, 1.66)]. This study suggests that prenatal DES exposure may be associated with a small increase in adult obesity.
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Introduction

Diethylstilbestrol (DES) is a non-steroidal estrogen that was
prescribed to pregnant women from the mid-1940s until 1971,
and was discontinued when it was found to cause vaginal clear
cell adenocarcinoma in young women exposed prenatally.1

DES has also been linked with reproductive tract malforma-
tions, infertility, poor pregnancy outcomes, breast cancer and
earlier natural menopause.2 DES was used for years as a growth
promoter for meat production in chicken and cattle,3,4 but
laboratory animal studies of prenatal DES exposure and
postnatal growth are conflicting, perhaps due to different
experimental protocols.5–7 Several animal and laboratory
studies have suggested that prenatal exposure to endocrine-
disrupting chemicals (EDCs),8,9 including DES,10,11 is
associated with an increased risk for obesity later in life. The
results of human studies assessing the association between
prenatal exposure to other EDCs and obesity in adulthood are
inconclusive.12,13 The only previous study to evaluate whether
prenatal DES exposure may affect body size in humans found
a positive association between DES and childhood obesity at

age 7.14 To our knowledge, this is the first study to assess the
potential role of prenatal DES exposure in relation to obesity
and weight gain in adulthood.

Methods

Study population

The study population consisted of DES-exposed and
unexposed daughters who have been followed-up since 1994 as
part of the National Cancer Institute’s (NCI’s) Collaborative
DES Follow-Up Study. The methods of this study have been
described in detail.2,15 A total of four individual cohorts were
included in the study. Participants from three cohorts – the
Diethylstilbestrol Adenosis Project (DESAD),16 the Dieck-
mann cohort and the Horne cohort – initially identified and
studied during the 1970s – were traced and contacted for
follow-up by the NCI in 1994. The majority of exposed and
unexposed women from the DESAD project were identified by
prenatal record review; unexposed women were frequency
matched to exposed women by year of birth and age of the
mother, or were siblings of the exposed. Additional exposed
daughters were referred to the study and were enrolled if
exposure could be documented by a letter from the physician
who gave prenatal care. The Dieckmann cohort originated
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from a clinical trial conducted from 1951 to 1952 to test
whether DES was effective in preventing miscarriage and
premature birth among women presenting for routine prenatal
care at the University of Chicago.17 The Horne cohort consists
of exposed and unexposed offspring of mothers from an infer-
tility practice in the Boston area. The fourth cohort consisted of
offspring from the Women’s Health Study (WHS) of mothers
originally identified by prenatal record review as exposed and
unexposed to DES during pregnancy. These offspring were
included to the NCI study in the early 1990s.18 All study
participants had medical record documentation of DES expo-
sure status; the majority (68%) was based on prenatal medical
record review and the remainder (32%) was based on a letter
from the physician who provided prenatal care. Participants
gave their informed consent, and the study was approved by
Institutional Review Boards at the NCI and the individual
study centers.

Data collection

During the 1970s and 1980s, women from the DESAD, the
Dieckmann and the Horne cohorts were followed-up with
clinical exams and self-administered questionnaires. Data on
the presence or absence of vaginal epithelial changes (VEC), a
marker of susceptibility to DES, were available from baseline
clinical examinations in the DESAD and Dieckmann cohorts.
Beginning in 1994, the NCI collected data on medical and
reproductive history, and selected lifestyle factors from mailed
questionnaires every 3–5 years (1994, 1997, 2001 and 2006).
Of the 4566 prenatally exposed and 2151 unexposed eligible
participants for the NCI follow-up, 3999 (88%) exposed and
1802 (84%) unexposed women responded to the baseline NCI
questionnaire. Cohort retention ranged from 72 to 88% over
the three follow-up cycles and was similar for the exposed and
unexposed.

Detailed data on total dose of DES during pregnancy were
available for 34% of the exposed women. The cohorts that
comprise the NCI DES Follow-Up Study originated from
different geographic regions, with different prescribing practices.
Virtually all the exposed women in the Dieckmann and Horne
cohorts were exposed to very high doses (>10,000mg), following
the Smith and Smith regimen,19 whereas the doses in DESAD
study varied by geographic location. We were unable to obtain
information on prescribing practices for a subset of the WHS
daughters born in New Hampshire and Maine, and therefore we
excluded these women from the dose analyses (142 exposed and
244 unexposed). We created a variable for estimated low v. high
doses, based on the location of the original cohort (details are
described elsewhere).20 In participants with data on dose, a
comparison of actual doses supported the estimated low- (median
dose of 2510 g) and high-dose classification (median dose of
11,631 g). The 1st week of exposure during gestation was known
for 74% of the exposed women.

In 1994, we asked participants about their current height
and weight; if they were currently pregnant, we asked them to

recall their weight before pregnancy. We also asked what they
weighed at age 20. In 2006, we again asked for current
weight and also mailed a tape measure with instructions for
measuring waist circumference (WC). Using data from both
the 1994 and 2006 questionnaires allowed us to assess the
timing of any weight differences by exposure status. For the
present study, we restricted the primary analysis to 3307 (72%
of cohort) exposed and 1533 (71% of cohort) unexposed
women who responded in both 1994 and 2006. Of these,
149 exposed and 59 unexposed were missing data on weight,
and 60 exposed and 26 unexposed were missing other covari-
ates. We excluded 323 (227 exposed, 96 unexposed) women
who reported a diagnosis of cancer, leaving a total of 2871
prenatally exposed and 1352 unexposed women for analysis.
In the secondary analysis, we evaluated the potential for selec-
tive loss to follow-up in 2006 by repeating our analyses in all
women who responded in 1994, regardless of whether they
responded in 2006.

Statistical analysis

Body mass index (BMI) was calculated using the standard
formula, weight in kilograms/(height in meters2). We used
multivariable linear regression to estimate mean differences (β)
and 95% confidence intervals (CIs) in self-reported BMI (at
age 20 and in 1994 and 2006), self-reported height (1994),
WC (measured in 2006) and weight change from age 20 to
2006 (adjusting for variable years of follow-up) according to
DES exposure status.
We used log-binomial regression to estimate risk ratios

(RRs) and CI for overweight (BMI⩾ 25 v. <25) and obesity
(BMI⩾ 30 v. <25) in 2006, comparing women prenatally
exposed to DES with unexposed women. We included year
of birth, original study cohort, daughter’s educational level
and smoking status (current, former, v. non-smoker) as
confounders. We also considered in utero smoke exposure,
post-menopausal hormones, menopausal status and parity, but
we did not include them in the final models because they had
minimal effects (<10% change) on the estimates. We evaluated
the associations within estimated low- and high-dose categories
and timing of first exposure during gestation (⩽7, 8–10,
11–14, ⩾15 weeks), and according to whether the women had
VEC diagnosed at their baseline examination in the 1970s.
We evaluated the associations separately within each of the

four original cohorts and also by educational level (<16 v. ⩾16
years), menopausal status (pre- v. post-menopausal), parity
(nulliparous v. parous), smoking (current, former and never)
and birth weight (<3000, 3000–3499 and ⩾3500 g). To
evaluate the potential for differential loss to follow-up, we
repeated our analyses of BMI at age 20 and adult BMI in the
complete set of women who responded in 1994, regardless of
their response in 2006 (635 exposed and 250 unexposed
women did not respond to the 2006 questionnaire). We used
SAS Statistical Analysis Software, version 9.2, for all the
analyses.21
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Results

Most of the participants were originally from the DESAD cohort
(79% of exposed and 46% of unexposed; Table 1). DES-exposed
women were somewhat younger (mean age in 2006 was 52.0 and
53.3 for exposed and unexposed women, respectively) and had a
higher level of education, but marital status at baseline was
similar. Exposed women were somewhat less likely to smoke and
were more likely to be nulliparous compared with unexposed
women. Use of exogenous hormones (oral contraceptives and
post-menopausal hormones) and menopausal status in 2006

were similar. DES-exposed women weremore likely to have had a
low birth weight.
Adjusted mean BMI at age 20 was virtually identical in DES-

exposed women compared with unexposed women (21.12 in
exposed and 21.10 in unexposed; β = 0.02; CI: −0.20, 0.24).
Overall, DES-exposed women had slightly higher BMI in 1994
and 2006 compared with the unexposed women (24.47 in
exposed v. 24.25 in unexposed; β = 0.22; CI: −0.13, 0.57 in
1994 and 26.60 in exposed v. 26.30 in unexposed in 2006;
β = 0.30; CI: −0.11, 0.72; Table 2). The association between
DES and BMI in 2006 was stronger among women who were
estimated to be exposed to lower doses (β = 0.69; CI: 0.18,
1.21) than higher doses (β = 0.06; CI: −0.40, 0.51) compared
with unexposed women. After adjusting for years of follow-up
and other covariates, the mean weight gain between age 20 and
2006 was 14.1 kg among DES-exposed women v. 13.4 kg
among the unexposed women; the mean difference in weight
gain was 0.70 kg (CI: −0.27, 1.66). The DES associations were
stronger in women with lower estimated doses who gained an
average of 1.8 kg more than unexposed women (Table 2). We
found little association between DES exposure and WC or
height. In a sub-analysis among 3687 (87%) women who had
complete data on weight, height, WC and weight change since
age 20, results were similar (data not shown).
The RRs for overweight and obesity, based on self-reported

BMI in 2006, were slightly elevated in the DES-exposed
compared with the unexposed women [RR = 1.06 (CI: 0.99,
1.13) and 1.09 (CI: 0.97, 1.23), respectively; Table 3]. In a
sub-analysis excluding underweight women (BMI< 18.5),
results were virtually identical [RR = 1.06 (CI: 0.99, 1.14) and
RR = 1.09 (CI: 0.97, 1.23) for overweight and obesity,
respectively]. Associations with obesity were stronger among
women with lower compared with higher estimated doses of
DES based on the original cohort [RR = 1.23 (CI: 1.07, 1.42)
and RR = 1.05 (CI: 0.91, 1.20), respectively] compared with
women with no exposure. Among the subset (34% of exposed)
with complete information on total dose of DES during preg-
nancy, all three dose groups had elevated risks for obesity in
2006 compared with unexposed women, with slightly higher
RRs for the middle- and high-dose groups than for the lowest-
dose group [RRs = 1.14 (CI: 0.92, 1.43), 1.28 (CI: 1.03,
1.59) and 1.25 (CI: 1.05, 1.50) for <2500, 2500–9999 and
10,000 mg, respectively] (data not shown). Inclusion of an
indicator variable for unknown dose in the model had little
effect on these estimates. The risk for obesity also increased
with later age at first exposure during gestation [RR = 1.00
(CI: 0.83, 1.20) for <7 weeks, RR = 1.15 (CI: 0.97, 1.37) for
8–10 weeks, RR = 1.18 (CI: 0.97, 1.42) and RR = 1.23 (CI:
1.04, 1.45) for 15+ weeks] compared with unexposed women
(P< 0.001 for trend in exposed only). We found no difference
in risk for overweight or obesity among the DES-exposed
according to the presence or absence of VEC (Table 3).
Results differed across the four original cohorts, with the largest

associations between prenatal DES exposure and obesity
found in the DESAD [RR = 1.13 (CI: 0.96, 1.32)] and WHS

Table 1. Selected characteristics of DES-exposed and unexposed daughters

DES exposed Unexposed

Characteristic Number % Number %

Original cohort
DESAD 2269 79.0 615 45.5
Dieckmann 208 7.2 180 13.3
Horne 171 6.0 122 9.0
Women’s Health Study 223 7.8 435 32.2

Year of birth
<1950 455 15.8 340 25.1
1950–1954 1245 43.4 551 40.8
1955–1959 704 24.5 321 23.7
1960+ 467 16.3 140 10.4

White 2804 97.7 1312 97.0
Ever married 2584 90.0 1191 88.1
Years of education

⩽12 363 12.6 253 18.7
13–15 614 21.4 321 23.7
16 1069 37.2 436 32.2
>16 825 28.7 342 25.3

Birth weight (g)
<2500 353 12.3 49 3.6
2500–2999 698 24.3 239 17.7
3000–3499+ 993 34.6 440 32.5
3500–3599 511 17.8 285 21.1
4000+ 110 3.8 62 4.6

Age at menarche
⩽10 119 4.1 67 5.0
11 344 12.0 159 11.8
12–13 1741 60.6 795 58.8
14+ 665 23.2 329 24.3
Missing 2 0.1 2 0.1

Current smoker (2006) 258 9.0 143 10.6
Former smoker (2006) 837 29.2 457 33.8
Never smoker 1776 61.9 752 55.6
Ever used oral contraceptives 2396 83.5 1141 84.4
Used HRT within past 5 years 1007 35.1 424 31.3
Pre-menopausal 1068 37.2 484 35.8
Post-menopausal 1803 62.8 868 64.2
Nulliparous 936 32.6 339 25.1
Parous 1935 67.4 1013 74.9

DES, diethylstilbestrol; DESAD, Diethylstilbestrol Adenosis Pro-
ject; HRT, hormone replacement therapy.
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[RR = 1.22 (CI: 0.85, 1.76)] cohorts; associations in the
Dieckmann [RR = 1.04 (CI: 0.77, 1.40)] and Horne [RR =
1.02 (CI: 0.53, 1.97)] cohorts were close to the null, but con-
fidence limits around the estimates were very broad and over-
lapping. Associations differed only slightly among women with a
college education or higher and women with less education
[RRs = 1.14 (CI: 0.96, 1.36) and 1.05 (CI: 0.90, 1.23),
respectively] and among nulliparous and parous women [RRs =
1.15 (CI: 0.94, 1.42) and 1.06 (CI: 0.92, 1.22)]; these small
differences in estimates may be due to random error. Results were
also similar within categories of birth weight, and by menopausal
status and smoking history status (data not shown).

To evaluate the possibility for selection bias due to loss to
follow-up, we repeated our analyses among all women who
participated in 1994, including 635 DES-exposed and 250
unexposed women who did not respond to the 2006 ques-
tionnaire. Similar to the results in the group that remained in
follow-up until 2006, there was little difference in mean BMI at
age 20 among the exposed compared with unexposed women
(β = 0.03; CI: −0.16, 0.22). There was a small increase in
mean BMI reported in 1994 (β = 0.29; CI: −0.02, 0.60),
which was slightly higher than the association in the group who
answered both 1994 and 2006 questionnaires (β = 0.22; CI:
−0.13, 0.57).

Table 2. Adjusteda mean differences (βs) and 95% confidence intervals (CIs) for selected anthropometric factors in prenatally DES-exposed women,
overall and by estimated high- and low-dose cumulative exposure, compared with unexposed women

Number
exposed

Number
unexposed

Overall (exposed v.
unexposed) [β (95% CI)]

Low dose
[β (95% CI)]b

High dose
[β (95% CI)]b

BMI (2006) (kg/m2) 2871 1352 0.30 (−0.12, 0.72) 0.69 (0.18, 1.21) 0.06 (−0.40, 0.51)
Weight change (age 20 to 2006) (kg)c 2798 1317 0.70 (−0.27, 1.66) 1.79 (0.59, 2.99) 0.38 (−0.68, 1.43)
Waist circumference (2006) (cm) 2560 1213 0.17 (−0.89, 1.23) 1.06 (−0.26, 2.38) 0.16 (−1.00, 1.32)
Height (1994) (cm) 2871 1352 − 0.20 (−0.66, 0.26) 0.02 (−0.56, 0.60) 0.14 (−0.37, 0.64)

DES, diethylstilbestrol; BMI, body mass index.
aAdjusted for year of birth, education, smoking status and original cohort.
bAdjusted for year of birth, education, smoking status (original cohort was not adjusted for because it was highly correlated with estimated dose).
cAdditionally adjusted for number of years of follow-up.

Table 3. Risk for overweight and obesity in 2006 in DES-exposed women compared with unexposed women, overall and by estimated cumulative dose,
timing of first exposure and presence of vaginal epithelial changes

BMI< 25 (n) BMI⩾ 25 (n) RR (95% CI)a BMI⩾ 30 (n) RR (95% CI)a

Unexposed (reference) 681 671 1.00 313 1.00
DES exposed 1446 1425 1.06 (0.99, 1.14) 650 1.09 (0.97, 1.22)
DES doseb

Unexposed (reference) 575 533 1.00 241 1.00
Low 439 523 1.14 (1.05, 1.23) 249 1.23 (1.07, 1.42)
High 940 827 1.03 (0.95, 1.11) 365 1.05 (0.91, 1.20)

Gestational age of first exposureb

Unexposed (reference) (weeks) 575 533 1.00 241 1.00
⩽7 weeks 370 301 1.01 (0.91, 1.12) 128 1.00 (0.83, 1.20)
8–10 282 280 1.09 (0.99, 1.21) 127 1.15 (0.97, 1.37)
11–14 194 209 1.10 (0.99, 1.23) 98 1.18 (0.97, 1.42)
15+ 219 266 1.12 (1.01, 1.23) 133 1.23 (1.04, 1.45)

VECc

Unexposed 414 381 1.00 177 1.00
No 589 612 1.07 (0.98, 1.17) 283 1.09 (0.94, 1.27)
Yes 633 621 1.07 (0.98, 1.17) 280 1.09 (0.94, 1.28)

DES, diethylstilbestrol; BMI, body mass index; RR, risk ratio; CI, confidence interval; WHS, Women’s Health Study; DESAD, Diethyl-
stilbestrol Adenosis Project; VEC, vaginal epithelial changes.
aAdjusted for year of birth, education and smoking; overall models comparing the exposed with unexposed, additionally adjusted for original

study cohort.
bExcludes 244 unexposed and 142 exposed women born in Hanover, NH or Portland, ME, for whomDES dose and gestational age could not be

estimated; remaining WHS daughters were all estimated to be high dose.
cIncludes subset of DESAD and Chicago cohorts with VEC status.
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Discussion

Overall, we found a small association between prenatal DES
exposure and BMI in adulthood, weight gain and risk for
obesity. One previous human study, based on data from the
Collaborative Perinatal Project, found that prenatal DES
exposure was associated with childhood obesity at age 7. The
magnitude of the association was considerably stronger than
that in our study, with odd ratios for obesity ranging from 2.5
to 2.8 for exposure during gestational months 3–6; however,
the estimates were very imprecise, no dose data were available
and the mothers’ DES exposure was based on self-report.
Similar to our study, the association was stronger for first
exposure later in gestation.14

DES has been associated with several outcomes that may be
related to a higher risk for obesity, including lower birth
weight,22 earlier menarche22,23 and cardiovascular disease and
diabetes.24 There is also evidence from agricultural research
that DES promotes weight gain in animals.4 Starting in the late
1940s, DES was commonly used as a growth promoter in
animal production; it was banned for use in chickens in 1959
and in cattle production in 1979 due to concerns over occu-
pational exposures and residues in the meat. Experimental
studies in animals showed that DES increased the efficiency of
food utilization; it was estimated that adult animals adminis-
tered DES required 12% less food to gain equivalent amounts
of weight as control animals.4

Several animal studies have examined whether prenatal DES
exposure is associated with postnatal growth. Newbold et al.10

found that DES was associated with significantly greater
adiposity in mice at 6 months of age, and that its effects were
stronger in the lower-dose group (0.001 mg/kg/day) than in the
higher-dose (1 mg/kg/day) group. DES exposure was also
associated with several obesity-related biomarkers including
leptin, adiponectin, glucose, interleukin-6 and insulin. Hao
et al.11 found a small increase in body weight among female but
not male C57BL/6J mice following perinatal treatment with
DES, in addition to increases in glucose and triglyceride levels.
The latter study also suggested that DES promoted pre-
adipocyte differentiation in a 3T3-L1 assay, activated estrogen
receptor and peroxisome proliferator-activated receptor gamma
(PPAR-γ) and increased the levels of glycerol-3-phosphate
dehydrogenase (GDPH), an enzyme related to lipid biosynth-
esis. In contrast, Ryan et al.7 found no alterations in body
weight comparing DES-exposed mice with unexposed mice
prenatally, but they did find that exposed female mice were
more glucose intolerant than unexposed mice.

Similar to the findings of some animal studies, associations in
our study appeared to be stronger in women who were estimated
to be exposed to low-to-moderate rather than high doses of DES
based on regional prescribing practices. The median cumulative
dose in our low-dose group was 2510mg, or an average of
0.2 mg/kg/day, assuming 210 days of exposure in pregnancy for a
60 kg woman. The prenatally administered low dose used in the
Hao et al. study was 0.01mg/kg. Applying allometric scaling,25

this is equivalent to a dose of 0.001 in humans, far less than the
dose used in the present study. Thus, if effects are truly greater at
very low doses, our study may not have been able to detect them.
The association with dose was less clear among the sub-group of
exposed women (34%) with complete information from prenatal
records on cumulative dose of DES during pregnancy, in which
the obesity risk appeared to increase slightly with increasing dose.
We had data on gestational week of first exposure for 74% of the
exposed women. There were suggestive increases in the risk for
obesity with first exposure later in gestation compared with first
exposure before 8 weeks of gestation. Studies in human fetuses
have found that the primary period for fat tissue development is
during the second trimester;26,27 after the 23rd week of
gestation, the primary cause of increasing adiposity is through
adipocyte hypertrophy as opposed to increases in the number of
adipocytes.28

Human studies on other EDCs and obesity are conflicting,29

although a few recent prospective studies have found suggestive
associations between prenatal exposure to perfluorinated che-
micals,30 DDE31 and hexachlorobenzene32 and higher infant
and childhood weight gain, which are correlated with obesity in
adulthood. Postulated mechanisms include alterations in pre-
natal programming of thyroid and steroid hormone function
and activation of the PPAR-γ,33 which play a crucial role in
adipogenesis and may have lasting impacts on adipocyte dif-
ferentiation.34 In addition, a large number of studies suggest
that prenatal exposure to smoking affects obesity later in life
(reviewed elsewhere35), supporting the potential for obesogenic
effects of in utero chemical exposures.
Mechanisms for the possible effects of prenatal DES exposure

on BMI and weight gain may involve epigenetic changes (altered
gene function) that arise from hormonal stimulation occurring
during a critical window of prenatal development.36–38 There is
limited evidence suggesting that prenatal DES exposure may be
associated with hormone levels in adulthood.39–41 Thus far, DES
research has focused mainly on mechanisms related to cancer and
possible transmission of risk to the third generation; whether
epigenetic or hormonal changes associated with DES exposure
might alter the risk of obesity in humans is uncertain. One study
compared gene activity in the uteri of DES-exposed and unex-
posed mice and found differences in activity in genes involved in
fat cell distribution but not in genes involved in adipocyte
differentiation,10 whereas a more recent study suggested some
effects on PPAR-γ and GDPH activation.11

Our study has several potential limitations. Although DES
exposure statuses of all the study participants were documented
through prenatal record review or a letter from the physician
who provided prenatal care, some women may have chosen not
to take their prescribed medication, or may have taken it only
for a short period of time. In addition, we had complete
information on DES dose for only 34% of the exposed women,
and the use of estimated dose categories may have misclassified
some women. Misclassification of BMI and WC is likely; self-
reported BMI has been shown to be a poor measure of
underlying adiposity and is also underestimated among
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individuals with high BMI and overestimated among indivi-
duals with low BMI.42 Although we provided a tape measure
and instructions for measuring WC, misclassification of this
variable is also likely. Misclassification of BMI and WC are
likely to have been non-differential with regard to DES expo-
sure and would have led to bias to the null.

Weight is a complicated function of genetic and environ-
mental influences and we had limited information on potential
confounding variables. Initially, DES was prescribed to women
with threatenedmiscarriage or previous pregnancy problems, but,
subsequently, routine use in normal pregnancies was common
(based on advertising at the time as well as data from our study
showing lack of medical indication for many of the women). We
did not have individual-level information on maternal BMI
before the index pregnancy, which could be associated with
daughters’ BMI. DES tended to be prescribed to women of
higher education and socio-economic class, characteristics that
tend to be associated with lower BMI; therefore, it seems unlikely
that maternal BMI would be a positive confounder of the asso-
ciation between prenatal DES and obesity. Furthermore, BMI
level at age 50 among the DES-exposed and unexposed mothers
in the WHS study was virtually identical.43 We did not have
information on maternal weight gain during pregnancy, which
has been related to increased birth weight and risk of offspring
obesity.44 However, DES offspring were more likely to be born
early and to have lower birth weights;22 thus, higher pregnancy
weight gain in DESmothers seems unlikely. We adjusted for year
of birth, original cohort (in overall exposure group comparisons
only), education and smoking. Adjustment for additional
potential confounders including parity, menopausal status and
hormone replacement therapy had little effect on the estimates
and it is unlikely that these are true confounders.We did not have
information on dietary habits or physical activity; although these
could represent potential confounders, it is also possible that they
are mediating variables if prenatal DES exposure alters appetite
regulation or proclivity to exercise. Given their higher educational
level, diet may have been healthier and exercise more frequent in
the DES-exposed women.

We restricted our study to women who remained in follow-
up from 1994 to 2006, because we measured both BMI and
WC in 2006. When we evaluated the association between DES
and self-reported BMI at age 20 and in 1994 among all
respondents in 1994, including those who did not respond to
the 2006 questionnaire, we found similar but slightly stronger
results, suggesting that selection bias due to loss to follow-up is
not a likely explanation for the small positive association
between DES and obesity.

Conclusions

In summary, we found a small association between prenatal DES
exposure and mid-life obesity in women. We found somewhat
stronger associations at estimated lower doses and first exposure
later during gestation, but residual confounding and other biases
cannot be ruled out as explanations for our results.
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