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Abstract

Polycystic ovary syndrome (PCOS) affects ~ 7% of reproductive age women. Although its
etiology is unknown, in animals, excess prenatal testosterone (T) exposure induces PCOS-like
phenotypes. While measuring fetal T in humans is infeasible, demonstrating in utero
androgen exposure using a reliable newborn biomarker, anogenital distance (AGD), would
provide evidence for a fetal origin of PCOS and potentially identify girls at risk. Using data
from a pregnancy cohort (The Infant Development and Environment Study), we tested the
novel hypothesis that infant girls born to women with PCOS have longer AGD, suggesting
higher fetal T exposure, than girls born to women without PCOS. During pregnancy, women
reported whether they ever had a PCOS diagnosis. After birth, infant girls underwent two
AGD measurements: anofourchette distance (AGD-AF) and anoclitoral distance (AGD-AC).
We fit adjusted linear regression models to examine the association between maternal PCOS
and girls’ AGD. In total, 300 mother–daughter dyads had complete data and 23 mothers
reported PCOS. AGD was longer in the daughters of women with a PCOS diagnosis
compared with daughters of women with no diagnosis (AGD-AF: β= 1.21, P= 0.05; AGD-
AC: β= 1.05, P= 0.18). Results were stronger in analyses limited to term births (AGD-AF:
β= 1.65, P= 0.02; AGD-AC: β= 1.43, P= 0.09). Our study is the first to examine AGD in
offspring of women with PCOS. Our results are consistent with findings that women with
PCOS have longer AGD and suggest that during PCOS pregnancies, daughters may
experience elevated T exposure. Identifying the underlying causes of PCOS may facilitate
early identification and intervention for those at risk.

Introduction

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders in
premenopausal women, affecting ~ 7% of reproductive age women.1,2 It contributes to
numerous morbidities ranging from metabolic dysfunction (including type 2 diabetes, glucose
intolerance and obesity) to ovulatory disorders and infertility.3–5 Excess testosterone (T) is a
hallmark of the disorder6,7 and it has been hypothesized that excess prenatal T may be a key
etiologic factor. Extensive evidence from animal models supports this hypothesis.8–10 In non-
human primates, sheep, rats and mice, administration of T during critical gestational windows
results in PCOS-like features when female offspring mature.9,11,12 In humans, women with
clinical conditions characterized by T excess during pregnancy (e.g. congenital adrenal
hyperplasia, congenital virilizing tumors or certain sex steroid pathway mutations) have
daughters who are at increased risk of PCOS later in life.13–15

Typically, PCOS diagnosis is made after menarche, when menstrual cycle dysregulation
and symptoms of T excess (e.g. hirsutism and acne) emerge. Even then, however, diagnosis is
confounded and delayed by highly irregular menstrual cycles and hormone profiles common
to normal female pubertal development.16 Diagnosis of PCOS before or during adolescence
has therefore proven difficult, and as a result, the estimated prevalence of PCOS in adolescent
girls is uncertain.17 In theory, early identification of girls at risk of developing PCOS would be
useful because it could facilitate interventions to prevent or ameliorate symptoms. For
example, lifestyle modifications aimed at weight reduction, improved cardiovascular fitness
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and insulin resistance, or better nutrition, all diminish PCOS
symptomology in adolescence.18–21

If excess prenatal T exposure also contributes to PCOS risk, as
the animal models suggest, identifying biomarkers of prenatal T
excess early in life would be invaluable. Although there are cur-
rently no direct methods for safely indexing the fetal hormonal
milieu in normal human pregnancies, evidence has increasingly
supported the use of anogenital distance (AGD), or the distance
from the anus to the genitals, as a reliable biomarker of prenatal T
exposure. In humans and other mammalian species, AGD is 50–
100% longer in males than females.22–25 In animal models, AGD
can be elongated in females by experimentally increasing the
prenatal T environment. For example, female rodents,26 rabbits,27

sheep28,29 and non-human primates30 exposed to fetal male T
concentrations during gestation have longer AGD than controls.

Human data on this topic is limited, however interest is
growing. Supporting the hypothesis that excess prenatal androgen
exposure contributes to PCOS, two recent studies (in Chinese and
Mediterranean women) have found that AGD is longer in adult
women with PCOS compared with controls.31,32 One of the two
studies additionally found positive associations between AGD
measurements and circulating T levels.32 In healthy young
women, longer AGD has been linked to multi-follicular ovaries
and higher serum testosterone levels.33,34 However studies in
adults cannot rule out postnatal influences on AGD or ovarian
function. Indeed, cross-sectional studies in adult women have
found that AGD is positively related to age35 and inversely
associated with use of hormonal contraception,33 suggesting that
there may be some plasticity in adulthood. Examining newborns
circumvents this issue and may yield important clues. In a small
study of infants, girls with congenital adrenal hyperplasia, who
experienced excess adrenal androgen production during gestation,
had longer AGD than controls.36 Here we extend this research to
examine the daughters of women with PCOS, who may be
exposed to elevated T during fetal development. Women with
PCOS have elevated T during pregnancy compared with con-
trols,37 and it is plausible that the female fetuses they carry may
also produce excess T. Our objective in this study was to translate
these lines of fetal programming research to humans, and test the
previously unexplored hypothesis that AGD is elongated in infant
girls born to mothers with PCOS. To this end, we used data from
a large pregnancy cohort study, classifying women as having: (1)
diagnosed PCOS; (2) hirsutism, a diagnostic criterion for PCOS,
without diagnosis; or (3) neither PCOS diagnosis nor symptoms.

Materials and methods

Study overview and population

The Infant Development and Environment Study (TIDES) was
designed to examine environmental exposures during pregnancy
in relation to infant reproductive system development. Study
recruitment and methods have been described elsewhere.38,39 In
brief, pregnant women were recruited at prenatal clinics affiliated
with four U.S. academic medical centers [University of California-
San Francisco (UCSF); University of Minnesota (UMN);
University of Rochester (URMC); and University of Washington
(UW)] between 2010 and 2012. Eligibility criteria included:
<13 weeks pregnant, age 18 or older, ability to read and write in
English (or Spanish at the UCSF center), no major medical
conditions, pregnancy non-medically threatened, and planning to
deliver at an affiliated study hospital. Subjects participated in

study visits in each trimester, during which they completed
questionnaires and gave urine samples. Before implementation,
TIDES was approved by The University of Rochester Research
Subjects Review Board, The University of Minnesota Human
Research Protection Program Institutional Review Board, The
University of Washington Human Subjects Review Committee
and the University of California San Francisco Human Research
Protection Program Committee on Human Research. When the
TIDES Coordinating Center moved from the University of
Rochester to the Icahn School of Medicine at Mount Sinai, the
latter’s Human Research Protection Program Institutional
Review Board also approved the study. All subjects signed written
informed consent.

Characterization of maternal PCOS status

In the first trimester, subjects completed a questionnaire including
items on basic demographic information including race, ethnicity,
age, height and body weight immediately prior to pregnancy. In the
second trimester, subjects completed a questionnaire detailing their
reproductive health and history. Women were asked whether they
were ever given a PCOS diagnosis. They were also asked a series of
questions aimed at assessing possible undiagnosed PCOS, including
an item on hirsutism, defined on the questionnaire as ‘excess hair
growth on the upper lip, chin, chest or abdomen prior to preg-
nancy’. An additional item on oligomenorrhea (another diagnostic
criterion for PCOS, defined in the questionnaire as having ‘fewer
than eight menstrual periods per year when not taking hormonal
contraception, pregnant or breast-feeding’) was included. In other
cohorts, self-reported symptoms have been reliably associated with
PCOS diagnosis.40–44 Based on their responses to these items,
women were categorized as: (1) reporting ever having received a
PCOS diagnosis (irrespective of hirsutism and menstrual regularity);
(2) reporting hirsutism but no history of PCOS diagnosis
(irrespective of menstrual regularity); or (3) non-PCOS (compari-
son group), with neither PCOS, hirsutism, nor oligomenorrhea.
We did not pursue analyses specific to the group reporting oligo-
menorrhea because it became clear that it was a heterogeneous
group that did not represent women with probable PCOS.

Birth exams

Shortly after birth (median and 75th percentile at 1 day old) trained
teams of study coordinators administered standardized physical
examinations to infants born to TIDES participants. These methods
have been described elsewhere45 and are similar to those used in our
previous study of infant reproductive development.46 In brief, for
infant girls, two measurements were made using Vernier dial cali-
pers: (1) the distance from the center of the anus to the anterior tip
of the clitoral hood (AGD-AC); and (2) the distance from the center
of the anus to the base of the posterior fourchette (AGD-AF). All
measurements were taken with the infant lying flat on her back with
the legs held in a ‘frog leg’ position by the mother or a study
assistant. Each measurement was repeated three times (with the
calipers zeroed between measurements) and the average of those
three values was used in analyses.39,45 Finally, the study team
measured infant weight and length at exam and recorded the
infant’s gestational age at birth from the medical record.

Statistical methods

We calculated descriptive statistics (mean, standard deviation,
maximum, minimum, frequencies) for the combined study
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population as well as stratified by PCOS status. We examined
differences between the two groups in bivariate analyses, using
analysis of variance for continuous variables and χ2 tests for
categorical variables. We fit two sets of multivariable linear
regression models to examine infant AGD in relation to maternal
PCOS status. In both sets of models, our outcomes were infant
AGD (AGD-AF or AGD-AC). In the first set of models, we
examined AGD in daughters of mothers with diagnosed PCOS
compared with daughters of mothers without PCOS. In the sec-
ond set of models, we examined AGD in daughters of mothers
with diagnosed PCOS or hirsutism (possibly indicating undiag-
nosed PCOS, or at least elevated T levels) compared with
daughters of mothers without PCOS.

We selected a number of covariates for a priori inclusion based
on our previous work demonstrating that they predict AGD in
infants.39,45,47,48 These covariates were gestational age at birth,
infant age at physical examination, weight-for-length z-score,
maternal age and study center. Because of their associations with
PCOS, we considered the inclusion of race (dichotomized as
white v. all others) and pre-pregnancy body mass index (BMI) as
additional covariates. Race, but not BMI, changed estimates by
more than 10% and was retained in final models. Thus the final
set of covariates included in models was: infant age at exam,
weight-for-length z-score, gestational age at birth, study center,
maternal age and race.

Finally, we performed a set of sensitivity analyses limited to
term infants (⩾37 weeks gestation) because it has been hypo-
thesized that delays in measuring preterm infants after birth
(due to their fragility) may make their AGD measurements
fundamentally different than those of term babies. All analyses
were performed in SAS Enterprise Version 5.1 (SAS Institute,
Cary, NC, USA) and results for which P⩽ 0.05 were considered
statistically significant.

Results

In total, 737 women in the TIDES study completed 2nd trimester
questionnaires and had infants who underwent genital measure-
ments shortly after birth. Of those, 376 gave birth to female
infants and 85% had complete data needed for the current
analyses. Among those missing data, 17 were lacking data on

covariates and the remainder had not fully answered all questions
on PCOS and related symptoms. Of the 300 subjects who were
therefore included in this analysis, 23 were categorized as having
PCOS, 45 were categorized as having hirsutism without a PCOS
diagnosis and 232 were categorized as having neither PCOS nor
diagnostic criteria (Fig. 1). Compared to women not included in
the analysis, those included were slightly older (31.4 v. 30.1 years)
and had a lower pre-pregnancy BMI (27.1 v. 28.9 kg/m2) (not
shown).

Focusing on the women included in the main analyses, in
bivariate analyses, women with PCOS and the non-PCOS
comparison group were similar in age and gestational age at
delivery. Women with PCOS (or related symptoms) tended to
have a higher pre-pregnancy BMI and were more likely to self-
identify as white, and less likely to identify as black or Asian
(Table 1). Women with hirsutism, but not a PCOS diagnosis,
were more likely to report smoking during pregnancy. Not sur-
prisingly, women who reported having PCOS or hirsutism, were
more likely to also report oligomenorrhea and a history of
infertility than the non-PCOS comparison group. Infants born to
the three groups were similar in size at birth and crude AGD
measurements.

In multivariable linear regression models, the daughters of
mothers with PCOS had longer AGD-AF (β= 1.21, 95%
CI: −0.01, 2.43, P= 0.05) but not AGD-AC (β= 1.05, 95% CI:
−0.49, 2.60, P= 0.18) than daughters born to women without
PCOS (Table 2). In the second set of analyses (which grouped
women with PCOS and those reporting hirsutism but no
PCOS diagnosis), both AGD-AF and AGD-AC were longer
among the daughters of possible PCOS cases compared with
daughters of women without PCOS (AGD-AF: β= 0.82, 95%
CI: 0.06, 1.58, P= 0.03; AGD-AC: β= 1.15, 95% CI: 0.19, 2.11,
P= 0.02).

In sensitivity analyses, we restricted our main models to only
include term births. In these analyses, effect sizes were larger and
P-values smaller, despite the smaller sample size. Among the term
daughters of women diagnosed with PCOS (n= 19), AGD-AF
(β= 1.65, 95% CI: 0.30, 2.99; P= 0.02) and AGD-AC (β= 1.43,
95% CI: −0.27, 3.12; P= 0.09) were longer than in daughters
of non-PCOS women. Similarly, in the term daughters of
women with PCOS or hirsutism, both AGD measures were longer

Completed 2nd trimester questionnaire and had infant 
with AGD measurement

(n=737)

Male infant 
(n=361)

Female infant 
(n=376)

Missing data 
(n=76)

Complete data 
(n=300)

No maternal PCOS, hirsutism, 
or oligomenorrhea (n=232)

Maternal hirsutism but no PCOS 
diagnosis (n=45) 

Maternal PCOS 
(n=23)

Fig. 1. Determination of final sample for current The Infant Development and Environment Study (TIDES) analyses. AGD, anogenital distance; PCOS, polycystic ovary syndrome.
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(AGD-AF: β= 0.99, 95% CI: 0.19, 1.79; P= 0.02; AGD-AC:
β= 1.22, 95% CI: −0.15, 2.91, P= 0.08) than among daughters of
women without PCOS (Table 2).

Discussion

In this pregnancy cohort, we demonstrated for the first time that
women with PCOS gave birth to daughters with longer AGD, a
measure of prenatal T exposure, than daughters born to women
without PCOS. These results support previous work indicating
that during PCOS pregnancies, female fetuses may encounter
elevated T levels49,50 and suggest that AGD may provide a post-
natal ‘read-out’ of their prior intrauterine hormonal environment.
They are also consistent with recent findings from two studies
comparing AGD in adult women with PCOS and controls.

In both studies, PCOS cases had significantly longer AGD than
controls. In fact, the odds of having PCOS was 3–19-fold greater
among women in the longest AGD tertile compared with women
in the shortest AGD tertile.31,32 One of the two studies, further-
more, showed that AGD was positively associated with circulating
T levels, particularly among PCOS cases.32 Similar results have
been found in a cross-sectional study of healthy, adult women.
Women in the longest tertile of AGD were 3–6 times as likely to
have multi-follicular ovaries (⩾6 follicles per ovary) as women in
the shortest tertile of AGD.33 In that study, too few women had
diagnosed PCOS to draw conclusions, however other work has
indicated that multi-follicular ovaries may be indicative of
hyperandrogenic ovarian dysregulation.51,52 In the same study
population, moreover, AGD-AF was positively correlated with
serum T concentrations in the early follicular phase.34

Table 1. Characteristics of The Infant Development and Environment Study (TIDES) mothers and daughters (n= 300)a

All (n= 300)
Maternal PCOS

diagnosis (n= 23)
Hirsutism, but no

PCOS diagnosis (n= 45)
No maternal PCOS,

hirsutism, or oligomenorrhea (n= 232) P-valueb

Continuous variables (mean ± S.D.)

Maternal age (years) 31.4 ± 5.5 30.6 ± 4.5 31.0 ± 5.3 31.5 ± 5.7 0.64

Pre-pregnancy BMI (kg/m2) 27.1 ± 6.2 27.3 ± 3.7 29.6 ± 9.1 26.6 ± 5.6 0.02

Gestational age at delivery (weeks) 39.5 ± 1.6 39.1 ± 1.8 39.3 ± 1.6 39.5 ± 1.6 0.39

Birth weight (kg) 3.3 ± 0.5 3.2 ± 0.4 3.4 ± 0.5 3.3 ± 0.5 0.39

Genital measurements – female infants

AGD-AF (mm) 16.0 ± 3.1 16.9 ± 4.0 16.2 ± 2.9 15.9 ± 3.0 0.30

AGD-AC (mm) 36.8 ± 3.8 37.1 ± 4.8 37.6 ± 3.9 36.6 ± 3.7 0.20

Categorical variables [n (%)]

Study Center

San Francisco, CA 78 (26.0) 7 (30.4) 11 (24.4) 130 (27.7)

Minneapolis, MN 79 (26.3) 8 (35.8) 14 (31.1) 128 (27.3) 0.44

Rochester, NY 80 (26.7) 4 (17.4) 15 (33.3) 118 (25.2)

Seattle, WA 63 (21.0) 4 (17.4) 5 (11.1) 93 (19.8)

Race

White 197 (65.7) 21 (91.3) 32 (71.1) 144 (62.1) 0.10

Black 37 (12.3) 1 (4.3) 7 (15.6) 29 (12.5)

American Indian/Alaska Native 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Asian 24 (8.0) 0 (0.0) 2 (4.4) 22 (9.5)

Other/unknown 42 (14.0) 1 (4.3) 4 (8.9) 37 (16.0)

Smoking during pregnancy 13 (4.3) 0 (0.0) 5 (11.1) 8 (3.4) 0.04

Fewer than eight periods a year 13 (3.2) 10 (43.5) 3 (6.7) 0 (0.0) < 0.0001

Excess hair growth (hirsutism) 56 (18.7) 11 (47.8) 45 (100) 0 (0.0) < 0.0001

History of infertility 45 (15.0) 11 (47.8) 9 (20.0) 25 (10.8) < 0.0001

Parous (prior to index pregnancy) 135 (45.1) 7 (30.4) 21 (46.7) 107 (46.3) 0.33

PCOS, polycystic ovary syndrome; AGD-AF, anofourchette distance; AGD-AC, anoclitoral distance.
aExact n may vary due to missing data.
bP-values based on results of analysis of variance and χ2 tests.
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This body of work is also consistent with non-human primates
(both the well-characterized prenatally androgenized model and
naturally occurring high T females), whereby T exposure is
positively correlated with AGD.30,53 For these reasons, AGD
should be explored further as a possible early indicator of PCOS
risk. Although an extensive literature has examined AGD as a
marker of prenatal T in boys (particularly in relation to anti-
androgenic environmental chemicals),39,46,54,55 this is one of the
first studies to demonstrate that AGD may also be a useful bio-
marker in girls, particularly in the context of a hyperandrogenic
hormonal milieu.

These results are also noteworthy in relation to the growing
body of research on health and development among the children
of women with PCOS. Several studies have noted neurodeve-
lopmental alterations among offspring of PCOS mothers that, as
in our study, may be indicative of excess prenatal androgen
exposure. For example, prenatal androgens organize the male
brain and it has been hypothesized that excess androgens may
contribute to autism spectrum disorders.56,57 In a recent nation-
wide case-control study in Sweden, the odds of autism spectrum
disorders, were nearly 60% higher in the offspring of mothers
with PCOS compared with controls.58 In separate work on typi-
cally developing children, girls born to women with PCOS scored
significantly higher than controls on ‘systematizing’ scales (which
measure conscious focus on working out the rules of a social/
communication system) and lower on empathy scales, a pattern
more common in males and indicative of non-clinical autism
spectrum-like development.59,60 As further evidence of the effects
of prenatal androgens on the female brain, in a macaque model,
prenatally androgenized females exhibit masculinized patterns of
play and mounting behavior concomitant with decreases in
female-typical mating behavior.61,62 Finally, recent evidence from
a rodent PCOS model suggests that prenatally androgenized
animals display alterations in sex steroid pathways in key brain
regions (e.g. the amygdala and hippocampus) leading to an
anxiety phenotype characteristic of women with PCOS.63,64

Whether AGD at birth is predictive of any of these neurodeve-
lopmental alterations is unknown. There is, however, evidence
that AGD at birth is associated with sex-typed play behavior in
boys later in childhood65 and similar studies are needed in girls.

Our results suggest that female fetuses in PCOS pregnancies
experience elevated T exposure, however the course of that
exposure is unclear. It is conventionally believed that during
pregnancy, barrier mechanisms (including high levels of sex
hormone binding globulin and aromatase) protect the fetus from
maternal T exposure and that only in exceptional cases is the
placental capacity for androgen metabolism exceeded.66,67 It is
plausible that in PCOS pregnancies, these mechanisms are altered
or insufficient. At term, placental steroidogenesis, particularly
3βHSD-1 and P450 aromatase activity, are altered in PCOS
placentae compared with controls, in patterns that may
promote increased placental androgen production.68 In addition,
morphometric and vascular differences between PCOS and non-
PCOS placentae have been noted, further implicating placental
dysfunction.69,70 Perhaps most plausibly, PCOS daughters may
themselves produce excess ovarian or adrenal androgens during
gestation, possibly due to a genetic predisposition.71–73 While our
results cannot distinguish among the possible sources of excess T
in PCOS pregnancies (i.e. mother, fetus, placenta), this is clearly
an area of great interest that merits additional research.74,75

Our results also contribute to the small literature on sex
steroid activity and ovarian function in the daughters of women
with PCOS. In one study, mid-gestation amniotic testosterone
levels were elevated among women with PCOS than controls,
however this was only true for women carrying female fetuses.59

This fits with evidence that by mid-gestation, much as in non-
human primates, the human fetal ovary has androgen receptors
and can produce androgens.76–78 In infancy, daughters born to
women with untreated PCOS have higher anti-Mullerian hor-
mone and stimulated estradiol levels (suggestive of greater ovar-
ian mass and/or a larger growing follicular pool) than daughters
from non-PCOS or metformin-treated PCOS women.79 These
endocrine differences in PCOS daughters appear to persist over
time. In adolescence, daughters of women with PCOS have higher
free androgen index, testosterone and insulin levels (2 h after a
glucose tolerance test), as well as larger ovarian volumes than
controls, all symptoms suggestive of an emergent PCOS pheno-
type.80 Thus maternal PCOS predicts a subsequent PCOS-like
phenotype in daughters81 and incorporating AGD measurements
into evaluations at birth (or even later in childhood) may

Table 2. Regression models comparing anogenital distance (AGD) in infant girls born to women with (a) polycystic ovary syndrome (PCOS) or (b) PCOS or
hirsutism; to infant girls born to a non-PCOS comparison group [(β coefficient, 95% CI); P-value]

All infant girls

(a) Diagnosed PCOS (23 cases; 232 non-casesa) (b) PCOS or hirsutism (68 cases; 232 non-casesa)

Unadjusted models Adjusted modelsb Unadjusted models Adjusted modelsb

AGD-AF 0.99 (−0.36, 2.34); P= 0.15 1.21 (−0.01, 2.43); P= 0.05 0.57 (−0.27, 1.41); P= 0.18 0.82 (0.06, 1.58); P= 0.03

AGD-ACc 0.57 (−1.07, 2.20); P= 0.49 1.05 (−0.49, 2.60); P= 0.18 0.91 (−0.12, 1.94); P= 0.08 1.15 (0.19, 2.11); P= 0.02

Term births only (>37 weeks)

(a) Diagnosed PCOS (19 cases; 218 non-casesa) (b) PCOS or hirsutism (58 cases; 218 non-casesa)

AGD-AF 1.68 (0.22, 3.16); P= 0.02 1.65 (0.30, 2.99); P= 0.02 0.93 (0.05, 1.81); P= 0.04 0.99 (0.19, 1.79); P= 0.02

AGD-ACc 1.20 (−0.58, 2.98); P= 0.19 1.43 (−0.27, 3.12); P= 0.09 1.16 (0.07, 2.25); P= 0.04 1.22 (−0.15, 2.91); P= 0.08

AGD-AF, AGD-anofourchette distance; AGD-AC, AGD-anoclitoral distance.
aThe comparison group (‘non-cases’) includes women who reported: (1) not having PCOS; (2) not being hirsute; (3) not having eight or fewer menstrual periods per year.
bAdjusting for infant age at exam, weight-for-length z-score, gestational age at delivery, study center, maternal age, race.
cDue to one missing AGD-AC value, the sample size is one less than for the AGD-AF analysis.
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ultimately help to predict which daughters are most likely to go
on to develop PCOS, facilitating early intervention.

Our study has several notable strengths including a diverse
cohort recruited from four medical centers. Our AGD measure-
ment protocols were particularly rigorous, and included extensive
centralized training of study examiners as well as regular quality
control measures.45 Importantly, our protocols were specifically
designed to facilitate AGD measurement shortly after birth to
minimize the possibility that postnatal factors might affect AGD
as the infant ages. Although several cohorts have now measured
infant AGD (mostly in the context of maternal environmental
exposures), to our knowledge, no other study has examined AGD
in relation to PCOS or other hyperandrogenic conditions in the
mother. Because this analysis was situated in the context of an
ongoing epidemiological cohort study, we will continue to follow
these mother–daughter dyads forward and have the potential to
track the development of PCOS-like symptoms in the daughters
in the future.

There are also several notable limitations to our study. Because
this large cohort study was not designed to examine PCOS,
although our overall prevalence of PCOS was similar to national
estimates, the absolute number of PCOS women was relatively
small and replication in a larger cohort is needed. Lacking
medical records, furthermore, we relied upon self-reported PCOS
and we did not explicitly query women about other relevant
conditions, such as familial hirsutism, congenital adrenal hyper-
plasia and ovarian tumors that may have contributed to hirsutism
and other PCOS-like symptoms. However given that this was a
healthy pregnant population without any known major medical
conditions, such disorders are unlikely. In addition, recent reports
suggest that for research purposes, self-reported PCOS may be as
good as clinical diagnosis of PCOS.43,44 To address this possibility
of under-reporting of PCOS (due to the reliance on self-report),
our second set of analyses additionally considered women
reporting hirsutism but not PCOS. The strength of the associa-
tions was reduced when women with hirsutism (without a PCOS
diagnosis) were included, which may indicate that it was a het-
erogeneous group. Future work examining this question should
thoroughly assess all possible causes of PCOS-like symptoms and
confirm with clinical records to avoid misclassification. Finally we
did not collect data on use of metformin or other ovulation
inducing drugs during pregnancy. Metformin can lower testos-
terone levels in non-pregnant women with PCOS82 and is
sometimes used through the first trimester when the fetal
reproductive system is forming. Although studies in pregnant
women with PCOS have shown no differences in androgen levels
in mothers in the metformin and placebo groups,83,84 some
endocrine differences have been noted in infant daughters of
PCOS women who did and did not take metformin during preg-
nancy.79 The same may be true of other ovulation inducing drugs
that were not assessed. Importantly, these medications would be
used more widely among the women with PCOS in our study, thus
if there were effects on T levels, they would likely be in the direction
of reducing fetal androgen exposure and attenuate associations
with infant AGD. Nevertheless, future studies on this topic should
consider the use of metformin and other hormonal treatments in
relation to androgen-sensitive outcomes in offspring.

In conclusion, our results suggest that among infant girls,
AGD may be a biomarker of excess T exposure in utero and may
be worth further investigation as a possible predictor of sub-
sequent PCOS risk. Because AGD can be easily measured in all
children at birth (and throughout childhood), it could prove

particularly useful as an early risk phenotype identifying girls who
could benefit from early lifestyle modification programs aimed at
reducing obesity, and thereby PCOS incidence. We will continue
to follow this cohort as they age to study downstream sequelae of
longer AGD in girls.
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