210

Male genital development

Maternal reproductive and demographic characteristics as risk
factors for hypospadias

Suzan L. Carmichael®, Gary M. Shaw?, Cecile Laurent?, Richard S. Olney®, Edward J. Lammer® and The National Birth Defects

Prevention Study

“March of Dimes Birth Defect Foundation/California Department of Health Services, California Birth Defects Monitoring Program, Berkeley, CA,
"National Center on Birth Defects and Developmental Disabilities, CDC, Atlanta, GA, and ‘Children’s Hospital Oakland Research Institute,

Oakland, CA, USA

Correspondence:

Dr Suzan Carmichael,
California Birth Defects
Monitoring Program, 1917
Fifth Street, Berkeley, CA
94710, USA.

E-mail: sca@cbdmp.org

Introduction

Summary

Carmichael SL, Shaw GM, Laurent C, Olney RS, Lammer EJ, The National Birth Defects
Prevention Study. Maternal reproductive and demographic characteristics as risk
factors for hypospadias. Paediatric and Perinatal Epidemiology 2007; 21: 210-218.

This study examined the association of hypospadias risk with several maternal repro-
ductive and demographic characteristics: age, parity, body mass index (BMI), nausea
and vomiting of pregnancy (NVP), multiple pregnancy, fertility treatments and proce-
dures, education and race-ethnicity. The study included data on deliveries with esti-
mated due dates from October 1997 to December 2000 that were part of the National
Birth Defects Prevention Study, a multi-state case-control study of many birth defects.
The analysis included 502 cases with second or third degree hypospadias (i.e. the
urethra opened at the penile shaft, scrotum or perineum) and 1286 male, liveborn,
non-malformed controls. Risks were estimated from a multivariable logistic regression
model that included all exposures of interest.

Results indicated particularly elevated risks among births to women who were
primiparae, aged =35 years and had a BMI of >26, compared with women who were
multiparae, aged <30 years and had a BMI of =26 [adjusted OR 12.5, 95% CI 5.1, 30.8].
NVP at least once per day during the second or third month of pregnancy vs. no NVP
was associated with slightly reduced risk [OR 0.8, 95% CI 0.6, 1.1]. Multiple birth,
fertility treatments and college education were associated with increased risks, and
Hispanic race-ethnicity was associated with reduced risk. Although the potential con-
tribution of underlying maternal endocrine parameters to the current findings are
unknown, the results do provide clues regarding hypospadias aetiology that merit
further investigation.

Keywords: hypospadias, congenital malformations, maternal BMI, maternal age, parity,
fertility, maternal education, multiple births, nausea and vomiting.

processes is oestrogen.*'® Accordingly, it has been

Hypospadias, which occurs as a result of abnormal
urethral closure from 8 to 14 weeks after conception, is
one of the most common birth defects, with a preva-
lence of three to five per 1000 births."> Conversion of
testosterone to dihydrotestosterone and proper andro-
gen receptor signalling are critical to normal urethral
closure. One factor known to interfere with these

hypothesised that increased maternal oestrogen levels
may be associated with increased hypospadias risk."'>

Documented support for the oestrogen hypothesis
for hypospadias, however, is mixed at best. Some
factors associated with maternal oestrogen levels are
associated with increased hypospadias risk (e.g. pri-
miparity and multiple births), but others are not
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(e.g. smoking and oral contraceptives), and for some
factors the association is not in the expected direction
(e.g. birthweight).”"? Further, results of studies inves-
tigating whether in utero exposure to maternal oestro-
gens contributes to the occurrence of cryptorchidism
and testicular cancer, which may share a common aeti-
ology with hypospadias, have been inconsistent.***
Alternatively, it has been suggested that maternal
androgen levels, or androgen/oestrogen balance, may
be associated with these outcomes.”

This study uses recent data from a population-based,
multi-state case—control study to examine the associa-
tion of hypospadias risk with several maternal repro-
ductive and demographic characteristics: age, parity,
body mass index (BMI), nausea and vomiting of preg-
nancy (NVP), multiple pregnancy, fertility treatments
and procedures, race-ethnicity and education. These
factors were selected because they may be associated
with maternal endocrine function and/or with other
endocrine-related outcomes. For example, lower
parity, obesity, NVP and multiple birth have been
shown to be associated with higher oestrogen levels®
and with risk of cryptorchidism, testicular cancer and
breast cancer.?**** The association of some but not
all of these factors with hypospadias has been explored
previously.**** Findings have not been entirely con-
sistent, and potential interaction or confounding
among them has not been thoroughly explored.

Methods

This study includes data on deliveries that had esti-
mated due dates from October 1997 to December 2000
and were part of the National Birth Defects Prevention
Study (NBDPS), a multi-state case—control study of over
30 different birth defects. The study is an approved
activity of the Institutional Review Boards of the partici-
pating study centres and the Centers for Disease
Control and Prevention. Detailed study methods and
descriptions of the surveillance systems in the eight
states that contributed data to this analysis have been
published.”® In brief, five of the eight states included
liveborn, stillborn (fetal deaths at >20 weeks gestation),
and prenatally diagnosed and electively terminated
cases (AR, CA, GA, IA, TX), one state included only
liveborn and stillborn cases (MA), and two states
included only liveborn cases (NJ, NY). Non-malformed,
liveborn controls were selected randomly from birth
certificates (IA, MA, NJ) or from birth hospitals (AR,
CA, GA, NY, TX) that reflected the populations from
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which cases were derived; this analysis is restricted to
male controls. Clinical information on cases and birth-
weight on cases and controls were obtained from mul-
tiple hospital reports and medical records, and data
were entered into a standardised database.

This study included only second and third degree
hypospadias, i.e. the urethra opened at the penile shaft,
scrotum or perineum: British Pediatric Association
codes 752.606, 752.607, 752.626, and 752.627. Medical
record information (including operative reports when
available) with anatomical descriptions or diagrams by
paediatricians, urologists, geneticists, pathologists, or
other health care providers was reviewed by a clinical
geneticist at each study centre who decided about
inclusion or exclusion in the NBDPS database. Cases
described as chordee alone, mild (i.e. first degree,
coronal, or glandular), hypospadias not otherwise
specified, epispadias, or having ambiguous genitalia
without further description were excluded. Infants
with recognised single gene disorders or chromosomal
abnormalities were excluded. Each case received a
final review by one clinical geneticist (R.O.), to ensure
that cases from each study centre met standard eligi-
bility criteria. This geneticist also classified each case as
isolated if there were no concurrent major anomalies
or only minor anomalies (e.g. sacral/pilonidal dimple)
or as non-isolated if there was at least one accompany-
ing major anomaly.” Otherwise-isolated cases with
accompanying genital anomalies (e.g. cryptorchidism,
bifid scrotum) were classified as isolated.

Maternal interviews were conducted using a stan-
dardised, computer-based questionnaire, primarily by
telephone, in English or Spanish, no earlier than
6 weeks after the infant’s estimated date of delivery,
and no later than 24 months after the estimated due
date. Participation in the study was 71% among case
mothers and 68% among control mothers.

Potential risk factors included maternal age, parity,
prepregnancy BMI [weight (kg)/height (m?)], NVP
during the second and third months, plurality, fertility
treatments and procedures, education (categorised as
less than high school graduation, equal to high school
graduation, 1-3 years of college, 4 or more years of
college) and race-ethnicity (non-Hispanic white, non-
Hispanic black, Hispanic, other). All exposures were
based on maternal self-report. BMI was categorised as
underweight, normal weight, overweight or obese,
based on Institute of Medicine categories.”® The sub-
fertility variable was based on a positive response to
any of three questions: ‘Did you have any surgical

Paediatric and Perinatal Epidemiology, 21, 210-218. ©2007 The Authors, Journal Compilation ©2007 Blackwell Publishing Ltd.



212 S. L. Carmichael et al.

Table 1. Association of maternal
reproductive and demographic

characteristics with risk of hypospadias:

unadjusted risk estimates

Unadjusted OR

No. cases No. controls [95% CI]

Parity®

0 295 (59%) 507 (40%) 2.7 [2.0, 3.6]

1 134 (27%) 442 (34%) 1.4[1.0,1.9]

2 or more 72 (14%) 333 (26%) 1.0 Reference
Age (years)

<25 124 (25%) 437 (34%) 1.0 Reference

25-29 106 (21%) 347 (27%) 1.1[0.8, 1.4]

30-34 165 (33%) 320 (25%) 1.8[1.4,24]

35 or more 107 (21%) 182 (14%) 2.1[1.5,2.8]
Body mass index (kg/m?)*

Underweight (<19.8) 71 (15%) 200 (16%) 0.9 [0.7, 1.3]

Normal weight (19.8-26.0) 261 (53%) 694 (56%) 1.0 Reference

Overweight (>26.0-29.0) 69 (14%) 136 (11%) 1.3[1.0, 1.9]

Obese (>29.0) 88 (18%) 199 (16%) 1.2 [0.9, 1.6]

Nausea and vomiting in the second month of pregnancy

None 239 (48%)
Nausea <1/day, no vomiting 44 (9%)
Nausea =1/day, no vomiting 83 (17%)
Nausea <1/day, vomiting <1/day 22 (4%)
Nausea =1/day, vomiting <1/day 33 (7%)
Any nausea, vomiting =1/day 77 (15%)

Nausea and vomiting in the third month of pregnancy

None 246 (49%)

Nausea <1/day, no vomiting 40 (8%)

Nausea =1/day, no vomiting 69 (14%)

Nausea <1/day, vomiting <1/day 29 (6%)

Nausea =1/day, vomiting <1/day 37 (7%)

Any nausea, vomiting =1/day 78 (16%)
Plurality

Singleton 456 (91%)

Multiple 45 (9%)
Sub-fertility treatments and procedures

None 438 (87%)

Any 63 (13%)
Education

<High school graduation 53 (11%)

=High school graduation 95 (19%)

1-3 years of college

4 or more years of college
Race-ethnicity

Non-Hispanic white

136 (27%)
215 (43%)

355 (71%)

Non-Hispanic black 69 (14%)
Hispanic 51 (10%)
Other 20 (4%)

565 (44%)
93 (7%)
179 (14%)
89 (7%)
115 (9%)
238 (19%)

586 (46%)
88 (7%)
174 (14%)
104 (8%)
94 (7%)
230 (18%)

1239 (96%)
46 (4%)

1226 (96%)
55 (4%)

211 (16%)
350 (27%)
357 (28%)
353 (28%)

793 (62%)

145 (11%)

280 (22%)
53 (4%)

1.0 Reference
1.1[0.8, 1.7]
1.1[0.8, 1.5]
0.6 [0.4, 1.0]
0.7 [0.4, 1.0]
0.8 [0.6, 1.0]

1.0 Reference
1.1 0.7, 1.6]
0.9 [0.7, 1.3]
0.7 [0.4, 1.0]
0.9 [0.6, 1.4]
0.8 0.6, 1.1]

1.0 Reference
2.7[1.7,4.1]

1.0 Reference
32[2.2,4.7]

0.9 [0.6, 1.3]
1.0 Reference
1.4[1.0,1.9]
2.2[1.7,3.0]

1.0 Reference
1.1 0.8, 1.5]
0.4 [0.3,0.6]
0.8 [0.5, 1.4]

*Parity O refers to women with no live birth previous to the index delivery.
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No. cases (%)

No. controls (%)

Table 2. Association of

Unadjusted OR [95% CI]  aternal parity?, age and

Parity and age (years) combined

Parity 1+, Age <30 63 (13%) 402 (31%)
Parity 1+, Age 30-34 86 (17%) 229 (18%)
Parity 1+, Age 35+ 57 (11%) 144 (11%)
Parity 0, Age <30 167 (33%) 378 (29%)
Parity 0, Age 30-34 79 (16%) 91 (7%)
Parity 0, Age 35+ 49 (10%) 38 (3%)
Parity, age and BMI combined
Parity 1+, Age <30, BMI =26 32 (7%) 256 (21%)
Parity 1+, Age <30, BMI >26 30 (6%) 120 (10%)
Parity 1+, Age 30-34, BMI =26 59 (12%) 154 (13%)
Parity 1+, Age 30-34, BMI >26 21 (4%) 74 (6%)
Parity 1+, Age 35+, BMI =26 38 (8%) 104 (8%)
Parity 1+, Age 35+, BMI >26 19 (4%) 36 (3%)
Parity 0, Age <30, BMI =26 117 (24%) 285 (23%)
Parity 0, Age <30, BMI >26 45 (9%) 77 (6%)
Parity 0, Age 30-34, BMI =26 57 (12%) 65 (5%)
Parity 0, Age 30-34, BMI >26 22 (4%) 19 (2%)
Parity 0, Age 35+, BMI =26 29 (6%) 29 (2%)
Parity 0, Age 35+, BMI >26 20 (4%) 9 (1%)

body mass index (BMI,
kg/m?) in combination with

1.0 Reference risk of hypospadias

2417, 34]
2.5 1.7, 3.8]
2.8 2.0, 3.9]
55 [3.7, 8.3]
8.2 5.0, 13.6]

1.0 Reference
2.0[1.2,3.4]
3.1[1.9, 4.9]
23[1.2,4.2]
2917, 49]
421[22,82]
3.3 [2.1, 5.0]
4.7[2.8,7.9]
7.0[42,11.7]
9.3 [4.5,18.9]
8.0 [4.2,15.1]
17.8 [7.5, 42.3]

*Parity O refers to women with no live birth previous to the index delivery.

procedures ... [to help you become pregnant]?’; ‘In
the two months before you became pregnant with
[baby’s name], did you take any medications to help
you become pregnant?’; or ‘Did you have any other
procedures to help you become pregnant . . . ?’

To estimate risks, maximum likelihood estimates of
odds ratios (OR) and their corresponding 95% confi-
dence intervals [CI] were calculated from logistic
regression models using SAS (version 9.1, 2002-03,
SAS Institute, Cary, NC, USA).”** We first examined
crude ORs for each exposure. We then examined
several factors — maternal age, parity, BMI and NVP —
in combination, to explore potential effect modifica-
tion, because of their potential association with mater-
nal oestrogen levels or endocrine function; multiple
births and sub-fertility treatments were too rare to
examine in combination with the other factors. We
then examined the independent effects of each
studied risk factor, by including all variables in a
single, multivariable model. We examined final risk
estimates separately for: subjects with birthweight
<2500 g vs. =2500 g, because it is possible that cases
of normal and low birthweight may be aetiologically
distinct;'**® cases that were isolated; and cases with
no family history of hypospadias in the father or any
brothers.

Results

Interviews were available for mothers of 502 hypospa-
dias cases and 1286 male controls. The median time
between the actual date of delivery and the interview
was 12.9 months among case mothers and 7.3 months
among control mothers. Among case infants, 26% were
low birthweight, whereas 6% of control infants were

<30  30-34 35+
Age (years)

Parity, BMI? = 3§
+

Figure 1. Association of maternal parity, body mass index (BMI,
kg/m?) and age with risk of hypospadias. >AOR, adjusted odds
ratio; adjusted for race-ethnicity, education, fertility treatments,
nausea and vomiting of pregnancy and plurality; see Table 3 for
95% confidence intervals associated with the AORs. "Parity of 0
refers to women with no live birth previous to the index delivery.
BMI ‘Low’ if =26.0, and ‘High” if >26.0.

Paediatric and Perinatal Epidemiology, 21, 210-218. ©2007 The Authors, Journal Compilation ©2007 Blackwell Publishing Ltd.



214  S. L. Carmichael et al.

Table 3. Association of
maternal reproductive and
demographic characteristics
with risk of hypospadias:

Maternal exposures No. cases (%) No. controls (%) Adjusted OR [95% CIJ*

Parity, age and BMI combined®

adjusted risk estimates Parity 1+, Age <30, BMI =26 31 (6%) 254 (21%) 1.0 Reference
Parity 1+, Age <30, BMI >26 29 (6%) 118 (10%) 2.2[1.3,3.9]
Parity 1+, Age 30-34, BMI =26 58 (12%) 151 (12%) 2.7 [1.6,4.5]
Parity 1+, Age 30-34, BMI >26 21 (4%) 74 (6%) 2.0[1.1, 3.8]
Parity 1+, Age 35+, BMI =26 38 (8%) 103 (9%) 24[14,41]
Parity 1+, Age 35+, BMI >26 18 (4%) 36 (3%) 3.5[1.8,7.1]
Parity 0, Age <30, BMI =26 114 (24%) 278 (23%) 341[22,52]
Parity 0, Age <30, BMI >26 44 (9%) 76 (6%) 4.6[2.7,7.8]
Parity 0, Age 30-34, BMI =26 56 (12%) 64 (5%) 5.1[3.0, 8.8]
Parity 0, Age 30-34, BMI >26 22 (5%) 19 (2%) 6.8 [3.2, 14.5]
Parity 0, Age 35+, BMI =26 29 (6%) 29 (2%) 5.6 [2.8, 10.9]
Parity 0, Age 35+, BMI >26 20 (4%) 9 (1%) 12.5 [5.1, 30.8]

Nausea and vomiting in the second or third month of pregnancy

None 229 (48%) 534 (44%) 1.0 Reference

Nausea <1/day, no vomiting 44 (9%) 92 (8%) 1.2[0.8, 1.8]
Nausea =1/day, no vomiting 81 (17%) 172 (14%) 1.1 [0.8, 1.5]
Nausea <1/day, vomiting <1/day 21 (4%) 84 (7%) 0.6 [0.4,1.1]
Nausea =1/d, vomiting <1/day 33 (7%) 110 (9%) 0.7 [0.5, 1.1]
Any nausea, vomiting =1/day 72 (15%) 219 (18%) 0.8 [0.6, 1.1]

Plurality
Singleton
Multiple
Education
<High school graduation
=High school graduation
1-3 years of college
4 or more years of college
Race-ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other

436 (91%) 1167 (96%) 1.0 Reference

44 (9%) 44 (4%) 1.9 [1.1, 3.1]

47 (10%) 173 (14%) 1.3[0.8,1.9]

92 (19%) 335 (28%) 1.0 Reference
133 (28%) 352 (29%) 1.3[0.9, 1.8]
208 (43%) 351 (29%) 1.5 [1.1, 2.1]

352 (73%) 786 (65%) 1.0 Reference

66 (14%) 143 (12%) 12109, 1.7]
44 (9%) 232 (19%) 0.6 [0.4, 0.8]
18 (4%) 50 (4%) 0.9 [0.5, 1.6]

Sub-fertility treatments and procedures

None
Any

1.0 Reference
1.5[0.9, 2.3]

417 (87%)
63 (13%)

1156 (95%)
55 (5%)

*All variables are adjusted for each other, in a single, multivariable model; n =480 cases and 1212

controls.

PParity 0 refers to women with no live birth previous to the index delivery.

low birthweight. A majority of study subjects were
non-Hispanic white and had some college education
(Table 1).

Unadjusted results indicated that women who were
aged 35 years or older were 2.1 times more likely than
women who were less than 25 years old to deliver an
infant with hypospadias (Table 1). Women who were
primiparae were 2.7 times more likely than women
with two or more previous live births to deliver an
infant with hypospadias. Overweight and obese
women were associated with slightly elevated risks of
delivering infants with hypospadias. We examined

reported NVP in the second and third months of preg-
nancy. Most ORs indicated slightly reduced risks asso-
ciated with vomiting, but not nausea in the absence of
vomiting. Multiple births were associated with a 2.7-
fold increased risk, and maternal sub-fertility treat-
ments with a 3.2-fold increased risk. Case mothers
were less likely to be Hispanic [OR 0.4] and more likely
to have at least four years of college education [OR 2.2].

We examined the potential combined effects of age,
parity, BMI and NVP. We collapsed categories that sug-
gested similar risk estimates in the univariable results,
in order to maximise cell sizes for these comparisons
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(Table 1); for example, for NVP, we created a variable
reflecting any vs. no vomiting during the second or
third month during pregnancy, and we dichotomised
the BMI variable to compare women who were under-
weight or normal weight (i.e. BMI = 26.0 kg/m?) vs.
overweight or obese (i.e. BMI > 26.0). The results for
age and parity suggested effect modification, with the
highest risk [OR 8.2, 95% CI 5.0, 13.6] observed among
women who were primiparae and aged 35 years or
older (Table 2). BMI further increased risks associated
with age and parity. For example, compared with mul-
tiparae of age <30 years and BMI = 26, primiparae of
age 35 years or older and BMI>26 had a 17.8-fold
increased risk of delivering an infant with hypospadias
[95% C17.5,42.3] (Table 2 and Fig. 1). Vomiting in com-
bination with age and parity did not appear to be asso-
ciated with further modification in risk when combined
with age and parity; that is, ORs for women with any
vs. no vomiting closely paralleled the overall risks
among the age and parity groupings (data not shown).

All variables were examined simultaneously in a
single, multivariable model. Some ORs were reduced,
compared with unadjusted ORs, but the overall pattern
of results was unchanged (Table 3), including the
increasing risk observed among women with lower
parity, higher age and higher BMI in combination
(Fig. 1). Exclusion of subjects who were low birth-
weight (129 cases and 71 controls) or non-isolated (41
cases) or who had a family history of hypospadias (22
cases and one control) from the multivariable model
did not substantially change the results, with one
exception. In the model that excluded low birthweight
subjects, the OR for multiple vs. singleton birth was 0.7
[95% CI 0.3, 1.6], vs. 1.9 in the model that included all
subjects regardless of birthweight.

Discussion

Maternal primiparity, age 35years or older and
BMI > 26 were associated with increased risk of hypos-
padias among offspring, especially when present in
combination. This finding remained after adjustment
for other potential risk factors, including reported sub-
fertility treatments and procedures. We are aware of
two previous studies that examined maternal age and
parity in combination;*®** both studies observed
twofold to threefold higher risks of hypospadias
among older, primiparous women, as compared with
younger, multiparous women. Our analyses suggested
that BMI may further modify the increased risk we
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observed among older primiparae. We are unaware of
any previous studies examining the association of
hypospadias with maternal BMI.

One potential explanation for our findings related to
maternal age, parity and BMI is that these variables
may be predictive of the production and action of
maternal oestrogens. However, we were unable to
confirm whether this was true in our subjects. Further-
more, the specific association of these variables, either
individually or in combination, with maternal hormone
levels is somewhat unclear. Only a few studies have
examined the association of these factors with oestro-
gen levels during the specific time period of early preg-
nancy. One previous study, which utilised samples
from the Collaborative Perinatal Study, found that free
oestradiol levels during early pregnancy were higher
in women'’s first pregnancies than during their second
pregnancies.® Results stratified by prepregnancy
weight indicated that levels were particularly high
among women who were experiencing their first preg-
nancy and had prepregnancy weight >125 Ibs. Other
studies examining correlates of maternal oestrogen

25 or multi-

levels have focused on later pregnancy
parae,® thus their applicability to our findings is less
clear.

Maternal sub-fertility has been proposed to contrib-
ute to higher risks of hypospadias observed among
older and primiparous women.”*®
ciations with increased age and primiparity remained
after adjustment for reported fertility treatments or
procedures. A more inclusive measure of sub-fertility,
such as time to conception, was not available.

Several studies have reported that maternal oestra-
diol levels are higher among women with NVP*'%
Our finding of reduced risk of hypospadias among
women with pregnancy-related vomiting therefore
contradicts hypotheses regarding higher oestrogen
levels. However, in addition to oestradiol, NVP is asso-
ciated with a variety of other hormones and peptides

that contribute to fetal growth and development and
30,60-64

Our observed asso-

maternal immune function, and in general terms
NVP may be considered a marker for normal produc-
tion of pregnancy-related hormones and growth fac-
tors.” The only previous finding regarding a potential
association between hypospadias and NVP of which
we are aware reported that intake of antiemetic medi-
cations was associated with higher hypospadias risk,
but specific medications were not described.®

In agreement with previous studies,'®* multiple
birth was associated with increased risk in univariable
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analyses but with reduced risk in analyses that were
restricted to subjects with birthweight =2500 g. This
finding supports the hypothesis that the association of
hypospadias with multiple birth stems from its asso-
ciation with growth retardation.” Multiple gestation is
associated with elevated oestradiol during early preg-
nancy,”but also with elevated levels of other hormones
such as testosterone, progesterone and hCG.*

Our study is strengthened by its population-based
design, consistent method of case ascertainment, and
multivariable analysis, but it is also limited in several
ways. The applicability of our results to less severe
cases (i.e. first degree, or coronal or glandular) is
unknown, and a potential underlying physiological
explanation for our results could not be explored
directly. We were unable to evaluate recall bias, but
reporting for most of the exposures we examined is
relatively straightforward (e.g. age, parity, multiple
gestation). Similarly, data to compare maternal expo-
sures among participants and non-participants were
not available, but we have no evidence to suggest that
these exposures would have differentially influenced
participation among cases and controls and thus con-
tribute to selection bias. Data on maternal and paternal
fertility were also limited; for example, general indica-
tors such as time to conception were not available.

Previous analyses of data from this study found that
oral contraceptive intake'* and smoking'® during early
pregnancy were not substantially associated with
hypospadias risk, thus not adding support to the
oestrogen hypothesis. A previous analysis also found
that intake of progestins for the purpose of improving
fertility or preventing pregnancy complications was
associated with two- to threefold increased risk."
Exclusion of women who took pregnancy-related
progestins from the current analysis did not substan-
tially alter our findings (data not shown). An analysis
of other potentially oestrogenic, exogenous exposures
(e.g. phytoestrogens, pesticides) was beyond the scope
of the present analysis. Finally, given that hypospadias

243 the inverse

is associated with growth retardation,
association of fetal growth with maternal oestrogen
levels®®® does not support the oestrogen hypothesis.
However, fetal growth parameters have minimal dis-
criminatory ability as predictors of maternal oestrogen
levels, %%
levels is likely to be complex.

In summary, this study lends minimal, if any,
support for a role for oestrogen in hypospadias aeti-

ology. The need for alternatives to the oestrogen

and the biological significance of oestrogen

hypothesis is apparent. Hypothesising a role for
oestrogens admittedly oversimplifies the complex
endocrine milieu that the mother, embryo and pla-
centa must regulate together. For example, the pro-
duction and action of oestrogens is intricately tied to
the production, receptor binding and activation of
other sex hormones (e.g. androgen precursors, human
chorionic gonadotropin), and the balance among the
various endocrine parameters is also critical to proper
endocrine function. Although the potential contribu-
tion of maternal endocrine factors to the current find-
ings are unknown, the results certainly provide clues
regarding hypospadias aetiology that merit further
investigation.
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