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Objectives: Hypospadias, a common birth defect, has shown widespread variation in reported rates and
temporal trends across countries over the last 30 years. The aim of this study was to determine the prevalence
and trends of hypospadias in an Australian population.
Design: Population-based study of all male infants born in Western Australia (WA) between 1980 and 2000
diagnosed with hypospadias and notified to the WA Birth Defects Registry.
Main outcome measures: Prevalence of hypospadias, birth outcome and association with other congenital
anomalies, stratified by degree-of-severity.
Results: 1788 cases of hypospadias were registered in WA in 1980–2000 with an overall prevalence of 34.8
(95% confidence interval (CI): 33.2 to 36.4) cases per 10 000 births. The prevalence increased by 2.0% per
annum (95% CI: 1.2% to 2.8%) from 27.9 in 1980 to 43.2 per 10 000 births in 2000 (p,0.001).
Hypospadias was mild in 84% of cases, moderate-severe in 11% and unspecified in 5%, with the number of
moderate-severe hypospadias almost doubling over time (p,0.01). There were 1465 (82%) cases of isolated
hypospadias and 323 (18%) had co-existing anomalies. Infants with co-existing genital (relative risk (RR) 4.5;
95% CI: 3.3 to 6.1) or non-genital (RR 1.5; 95% CI: 1.0 to 2.2) anomalies were more likely to have moderate-
severe hypospadias compared with isolated cases.
Conclusion: Hypospadias affects one in 231 births and has been reported to have increased significantly over
the last 20 years. Future investigation of the aetiology of hypospadias is important to identify potentially
modifiable risk factors and ensure optimal male reproductive health in the future.

H
ypospadias is a congenital malformation of the male
genitalia characterised by incomplete development of the
urethra in which the opening is located on the ventrum

rather than at the tip of the penis.1 Severity depends on the
location of the urethral opening and, in most cases, the opening
is located on the glans.2–4 Moderate or severe forms of
hypospadias occur when the opening is situated more
proximally on the penile shaft, at the base of the penis or, in
rare cases, in the scrotum or perineum.1 5

The aetiology of hypospadias is unknown. However, possible
causal mechanisms include lapse or disturbance in endogenous
hormonal production, principally testosterone production dur-
ing fetal development,6 7 or exposure to exogenous oestrogenic
hormones in pregnancy.8 9 Insufficient amounts of androgen
production may be due to early placental dysfunction and some
studies have shown hypospadias to be associated with low birth
weight.10 11 Hypospadias has also been found to have an
increased risk of familial incidence12 and environmental
exposure to endocrine-disrupting chemicals including pollu-
tants, industrial chemicals and pesticides and dietary phyto-
oestrogens (soya) have also been identified as risk factors.8 13 14

Hypospadias has been found to occur in up to four in every
1000 births. However, widespread variation in the rates and
temporal trend over various time periods and across countries
have been reported over the last 30 years.2–4 15 The aim of this
investigation was to conduct a population-based study to
determine the prevalence and trends of hypospadias in an
Australian population.

METHODS
Study population and data sources
The study population consisted of all male infants born in
Western Australia (WA) between 1980 and 2000 and diagnosed
with hypospadias. Study data were obtained from the Western

Australia Birth Defects Registry (WABDR), a population-based
notification system of malformations in WA established in
1980.16 The WABDR collates information on all reported
malformations occurring in live births and stillbirths in WA
and in pregnancies terminated because of fetal abnormalities,
and includes malformations diagnosed in children up to 6 years
of age. The registry uses multiple sources of notification to
ascertain cases of birth defects, including statutory sources
(midwives’ notification of birth form, hospital morbidity data,
death certificates) and a large number of voluntary sources (for
example, private practitioners, diagnostic and treatment cen-
tres, child health nurses)16; the cases are registered by year of
birth. Each individual birth defect is coded by the WABDR
according to the British Paediatric Association International
Classification of Diseases, 9th revision system (BPA-ICD9) with
up to 10 diagnostic categories available to allow coding of
multiple birth defects per case.

Hypospadias cases were identified as infants with a WABDR
code for hypospadias (75260, 75263–75269). These codes are
based on the BPA-ICD9 code for hypospadias (752.6) which are
then modified by the WABDR by using the fifth digit to classify
the degree of severity of hypospadias cases based on the
location of the urethral opening.1 Cases with glanular (75263)
or coronal (75264) forms of hypospadias were classified as
mild, moderate severity was considered when the urethral
opening was located subcoronally on the penile midshaft
(75267) and severe was classified where the meatus opened
on the scrotum or below in the cases of penoscrotal (75265) or
perineal (75268) hypospadias. Confirmed hypospadias cases

Abbreviations: BPA-ICD9, British Paediatric Association International
Classification of Diseases, 9th revision system; EUROCAT, European
Surveillance of Congenital Anomalies; RR, relative risk; US, United States;
WA, Western Australia; WABDR, Western Australia Birth Defects Registry;
95% CI, 95% confidence interval

580

www.archdischild.com



with degree of severity not otherwise specified (75260, 75266,
75269) were also included in the analysis. Epispadias (75261), a
different and very rare condition where the urethra opens on
the dorsum of the penis, and chordee (75262), curvature of the
penis that is not always associated with hypospadias, were both
excluded from the case definition. During the 21-year study
period, two infants were diagnosed with epispadias (one per
257 000 births). Chordee was associated with 43% of cases with
hypospadias and a further 154 cases of isolated chordee were
registered (three per 10 000 births).

Study outcomes
Overall prevalence and trends of hypospadias, birth outcome
(live born, stillborn, termination), degree of severity and
association with other congenital anomalies (74000–75999)
were examined. Moderate and severe forms of hypospadias
were combined due to small numbers. Rates were also
examined for cases of isolated hypospadias and cases with
additional co-existing malformations and stratified by degree-
of-severity. Isolated cases may have had chordee or hooded
foreskin. Infants with hypospadias and other associated
congenital anomalies were divided into two groups: cases with
other types of genital anomalies such as undescended testis or
anomaly of the testis or scrotum (75250–75299), excluding
epispadias (75261), chordee (75262) and hooded foreskin
(75286), and cases with any other type of congenital anomaly
(excluding genital anomalies).

Analysis
Calculation of prevalence rates was based on the cumulative
number of registered hypospadias cases divided by all births in
the WA population and expressed per 10 000 births in the
relevant year(s). Denominator data were obtained from the WA
Department of Health and consisted of all live births and
stillbirths of 20 weeks’ gestation or more born in WA. For
comparative purposes, prevalence rates were also determined
using all male births in WA, 1980–2000 as the denominator and
by calculating hypospadias rates using the European
Surveillance of Congenital Anomalies (EUROCAT) definition,
which excludes glanular cases from totals.3 Trends in pre-
valence rates over the study period were assessed using Poisson
regression analysis to estimate the average yearly change in the
rate of hypospadias and associated 95% confidence interval. All
data were analysed using SAS, release 9.1 (SAS Institute, Cary,
NC, USA).

The study protocol was approved by the ethics committee of
the Women’s and Children’s Health Service and the
Confidentiality of Health Information Committee for the
Department of Health, Western Australia.

RESULTS
A total of 1788 cases of hypospadias were registered in WA out
of 514 120 births between 1980 and 2000, representing an
overall prevalence rate of 34.8 cases per 10 000 births (95%
confidence interval (CI): 33.2 to 36.4). The trend in the
prevalence of hypospadias increased significantly by 2.0%
(95% CI: 1.2% to 2.8%) per year during the study period from
27.9 in 1980 to 43.2 per 10 000 births in 2000 (p,0.001) (fig 1).
The average prevalence using only male infants in the
denominator was 67.7 (95% CI: 64.6 to 70.8) per 10 000 male
births. When applying the EUROCAT definition (excluding
glanular cases), the average prevalence of hypospadias during
1980–2000 was 21.8 (95% CI: 20.5 to 23.1) per 10 000 births
and the average annual prevalence increased significantly over
the study period by 2.2% (95% CI: 1.2% to 3.2%) per year
(p,0.01). Among all infants diagnosed with hypospadias, 1778
(99.5%) were live born, six (0.3%) stillborn and four (0.2%)
were diagnosed following termination of pregnancy for another
fetal anomaly.

Hypospadias was diagnosed as mild in the majority of cases
(84%), 11% were moderate-severe and 5% had missing
information for degree-of-severity. The average rates of mild
and moderate-severe forms of hypospadias in 1980–2000 were
29.1 and 3.8 per 10 000 births, respectively. The rate of mild
hypospadias increased significantly by 50% over the study
period at a rate of 1.6% per annum (95% CI: 0.7% to 2.4%;
p,0.01) to 35 per 10 000 births. The prevalence of moderate-
severe hypospadias nearly doubled from 3.4 to 6.3 per 10 000
births in 2000 at a rate of 3.5% per annum (95% CI: 1.1% to
6.0%; p,0.01). The number of hypospadias cases with
unspecified degree-of-severity also increased significantly over
time (p = 0.02). There was a non-significant but steady decline
in the ratio of mild to moderate-severe cases of hypospadias
from 6.9 in 1980 to 5.6 in 2000 (p = 0.22). All infants with mild
forms of hypospadias were live born. Stillbirths were more
likely to occur among infants with moderate-severe forms of
hypospadias (n = 4/6) and three of the four terminations due to
fetal malformation had no information on the degree-of-
severity available.

During 1980–2000, there were 1465 (82%) isolated cases of
hypospadias and 323 (18%) infants had one or more additional
anomalies diagnosed. Of the infants with multiple anomalies,
103 (5.8%) had a genital anomaly and 220 (12.3%) had other
non-genital malformations. The mean prevalence of isolated,
genital and other non-genital anomalies associated with
hypospadias for the 21-year period was 28.5 (95% CI 27 to
30), 2.0 (95% CI 1.6 to 2.4) and 4.3 (95% CI 3.7 to 4.8) per
10 000 births, respectively. Figure 2 highlights the significant
increasing trend over time for isolated and other non-genital
co-existing anomalies. Congenital anomalies of the genital
organs, such as undescended testes, indeterminate sex and
other non-specified anomalies of genital organs (excluding
hooded foreskin and chordee), were the most common types of
malformations associated with hypospadias (n = 103) and
showed a non-significant increase over time.

In addition to anomalies of genital organs, the most common
types of co-existing malformations included congenital anoma-
lies of the urinary system (4.6%), musculoskeletal defects
(4.3%) and cardiovascular defects (3.6%) (table 1). The rate of
co-existing anomalies associated with hypospadias was higher
than in the general population of male births (table 1) and
there was no trend in the proportion of co-existing anomalies
over time.

The association of hypospadias with other congenital
anomalies varied by degree-of-severity. Isolated cases were
more likely to have a mild form of hypospadias (87%), while
cases with non-genital or genital anomalies had lower rates of

Figure 1 Trend in the average annual prevalence of hypospadias in
Western Australia, 1980–2000.
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mild hypospadias at 80% and 52%, respectively. Compared with
cases of isolated hypospadias, infants with anomalies of genital
organs were 4.5 (95% CI: 3.3 to 6.1) times more likely to have a
moderate or severe form of hypospadias. The proportion of
moderate or severe cases of hypospadias was also significantly
higher among boys with other congenital anomalies than
among those with isolated hypospadias (RR 1.5; 95% CI: 1.0 to
2.2). Of the cases with associated genital anomalies, 39% (40/
103) had the most severe form of hypospadias and nearly half
consisted of infants with undescended testis (19/40).

DISCUSSION
The prevalence of hypospadias in WA has risen significantly at
an average rate of 2% per annum over the last 20 years, with
the rate of moderate or severe hypospadias almost doubling.
Hypospadias is the second most common birth defect occurring
among infant boys in WA,16 and in 2000 was diagnosed for one
in 231 all births (one in every 118 male births) in WA. Our
prevalence of hypospadias was akin to rates reported over

similar periods by two United States (US) surveillance systems,
and in Washington, Atlanta and Rotterdam,2 4 17 18 but was
more than double the rate found in California and Hokkaido,
Japan.19 20 The overall hypospadias rate of 16 per 10 000 births
reported by the European (EUROCAT) and English and Welsh
congenital anomaly surveillance systems (excluding glanular
hypospadias) was also lower than the comparative rate of 21.6
per 10 000 births in WA.3 Except for one US study,2 no other
studies have found an increasing trend in rates of hypospadias
throughout the 1980s and 1990s. Although many countries
experienced rising rates of hypospadias in the 1960–70s, many
have reported a levelling off in rates in the 1980s or decreasing
prevalence over recent years.3 15 19 Comparison of the prevalence
of hypospadias in other states of Australia revealed a similar
rate and increasing trend in South Australia21 and lower rates in
Victoria and New South Wales.22 23

Differences in the reported prevalence and trends of hypospadias
may be due to variation in case ascertainment and reporting across
countries and jurisdictions. Each setting has its own individual

Figure 2 Prevalence of isolated and co-existing congenital anomalies associated with hypospadias, Western Australia, 1980–2000.

Table 1 Type and number of congenital anomalies associated with hypospadias and overall rate in the Western Australian
population, 1980–2000

Diagnostic category of congenital anomalies

Number of hypospadias
cases with co-existing
anomalies (n = 1788)

Proportion of hypospadias
cases with co-existing
anomalies (n = 1788)

Proportion of male birth defects in
the Western Australian population
(n = 264 160)

n (%) Rate per 1000 hypospadias births Rate per 1000 male births

Nervous system defects 30 (1.7) 16.8 4.3
Congenital anomalies of eye 10 (0.6) 5.6 1.3
Congenital anomalies of ear, face and neck 49 (2.7) 27.4 3.6
Cardiovascular defects 64 (3.6) 35.8 10.2
Respiratory system defects 6 (0.3) 3.4 1.2
Gastrointestinal defects 50 (2.8) 28.0 7.8
Urogenital anomalies* 802 (44.9) 448.5 7.7
Undescended testis� 66 (3.7) 36.9 12.4
Musculoskeletal defects 76 (4.3) 42.5 13.4
Congenital anomalies of integument 31 (1.7) 17.3 3.7
Chromosome defects 22 (1.2) 12.3 3.2
Other 57 (3.2) 31.9 2.6

*Excluding hypospadias and undescended testis and including chordee, epispadias and hooded foreskin; �treated cases only.
Some cases may have more than one co-existing congenital anomaly, so categories are not mutually exclusive.
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data sources, such as birth defects registries, that rely on
notifications from one or various sources and with various periods
of follow-up.2 3 22 23 Hence, reporting may be limited, particularly if
notifications are based on surgical cases and if surgery, usually
performed between 6 and 18 months of age,5 is conducted after the
period of follow-up. Variation in case definition across a number of
countries is also common, particularly for minor forms of
hypospadias, and in some cases there is poor collection of
information on severity of hypospadias.2 3 19 20

In a number of settings hypospadias cases are sourced from
hospital discharge data and based on hospital admissions for
hypospadias repair.17 18 24 Hospital data are limited to those
infants that have surgery and may not include minor cases.
Rates of hypospadias may also be difficult to compare over time
because of differences in indication and threshold for surgery
between and within countries and surgeons. However, recent
changes in surgical practice have led to a growing trend to
recommend surgical repair for all cases of hypospadias,
particularly minor cases that would have not been operated
on in the past.25 Hence, in the future we may observe less
variability between hospital- or population-based rates and a
potential rise in rates of hypospadias in the 2000s.

Additional evidence of a real increasing trend of hypospadias
in WA was the steady (although non-significant) decline in the
ratio of mild to moderate-severe cases of hypospadias from 6.9
in 1980 to 5.6 in 2000. As proximal cases are easier to diagnose
and more likely to be notified and degree-of-severity has been
classified by the WABDR since 1980, these results indicate a
real increase in the rate of hypospadias and not just an increase
or change in reporting of mild cases. Similar results were also
found in Atlanta, although there was a high rate of unspecified
hypospadias (,60%) cases that limits the findings.2

As the increasing prevalence of hypospadias is not limited to
isolated cases, results suggest that the causative factors are
affecting embryonic fetal development more generally and are
not just restricted to the urogenital system. Some authors
suggest that increasing rates of hypospadias, and birth defects
in general, may be due to environmental factors and greater
exposure to endocrine-disrupting chemicals in more industria-
lised and affluent countries.15

In addition to the greater prevalence of hypospadias, the
increasing trend in testicular cancer26 and high rates of
cryptorchidism, the most common birth defect in WA,16 have
all been linked to the apparent decline in male reproductive
health. These conditions are considered to represent a
syndrome of disorders known as testicular dysgenesis syn-
drome, as they have been found to share a common origin of
lowered androgen production, potentially due to fetal oestrogen
exposure.13 27 Given the risk factors outlined above, increasing
maternal age,28 greater use of assisted reproductive technology29

and the rising trend in concentration levels of some air
pollutants in both metropolitan and regional areas of WA
during the 1990s30 may have each contributed to the increasing
prevalence of hypospadias in WA. However, due to limited data
and consequently the main limitation to this study, we were
unable to explore the association and contribution of maternal,

paternal, genetic, environmental and geographical factors to
rates and trends of hypospadias in WA, all of which require
thorough assessment in future studies.

Ongoing follow-up is also required to determine whether the
trend in hypospadias continues to increase or has plateaued in WA.

The strength of this study is that data from the WABDR have
a high level of ascertainment based on multiple sources of
notifications, consistent definitions, case review and classifica-
tion of severity of all cases of birth defects in WA in children up
to 6 years of age.16 The results are also more reliable as they
overcome many of the discrepancies of previous research
characterised by limitations in data sources and differences in
inclusion criteria, reporting systems, definitions and denomi-
nators between countries. Overall, the finding of a significant
increasing trend in hypospadias and corresponding rising
prevalence of oestrogenic exposures in WA suggests future
investigation of the aetiology of hypospadias is important to
identify potentially modifiable risk factors and ensure optimal
male reproductive health in the future.
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Spence on circumcision

A CORRESPONDENT sends up a copy of a letter written in 1950 to a local doctor by the late Sir James
Spence of Newcastle upon Tyne:

My Dear C.,
Your patient C.D., ætat 7 months, has the prepuce with which he was born. You ask me, with a

note of persuasion in your question, if it should be excised. am I to make this decision on scientific
grounds, or am I to acquiesce in a ritual which took its origin at the behest of that arch-sanitarian,
Moses?

If you can show good reason why a ritual designed to ease the penalties of concupiscence
amidst the sand and flies of the Syrian deserts should be continued in this England of clean bed-
linen and lesser opportunity, I shall listen to your argument; but if you base your argument on
anatomical faults, then I must refute it. The anatomists have never studied the form and evolution of
the preputial orifice. They do not understand that Nature does not intend it to be stretched and
retracted in the Temples of the Welfare Centres or ritually removed in the precincts of the
operating theatres. Retract the prepuce, and you see a pin point opening, but draw it forward and
you see a channel wide enough for all the purposes for which the infant needs the organ at that
early age. What looks like a pin point opening at 7 months will become a wide channel of
communication at 17.

Nature is a possessive mistress, and whatever mistakes she makes about the structure of the less
essential organs such as the brain and stomach, in which she is not much interested, you can be
sure that she knows best about the genital organs...

Reprinted from Spence J. On Circumcision. Lancet 1964;2:902.
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