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was therefore designed to assess maternal and paternal risk factors for 
hypospadias in Chinese boys.

PATIENTS AND METHODS
Recruitment of cases and controls
For this retrospective investigation, cases and controls were recruited 
from six tertiary referral hospitals in the cities of Hefei, Lu’an 
and Bengbu, all of which are located in Anhui Province, China, a 
province with more than 60 million residents and with a population 
demographically representative of the population throughout China. 
The total number of eligible cases and controls were 193 and 835, 
respectively. All of the cases were boys aged 5 to 19 years who were 
inpatients in the six hospitals between January 2003 and December 2012 
and who did or did not undergo surgery for hypospadias. The controls 
consisted of 835 randomly selected boys without any congenital 
anomalies who were hospitalized in the Pediatric Departments of the 
same hospitals over the same time period.

Data collection
A questionnaire designed by the research group included questions 
about: (1) each patient’s demographic and clinical characteristics; 
(2)  information about hypospadias, including phenotypes, with or 
without other congenital anomalies such as cryptorchidism, horseshoe 
kidney, or polycystic kidney disease; (3) familial clustering of genital 
anomalies; (4) paternal information, including occupation, habitation, 
drug use, smoking and drinking; (5) maternal lifestyle habits throughout 
the pregnancy, including maternal age, parity, multiple births, smoking, 
drinking, drug use, cosmetic use and infection. All lifestyle information 
was related to the period before and during each pregnancy.

Each questionnaire was completed by the attending urologist based 
on information supplied by the parents of each patient. All parents 

INTRODUCTION
Hypospadias is a birth defect in boys, in which the urinary tract 
opening is not at the tip of the penis. It is the second most common 
genital anomaly in children1 and can lead to severe mental and physical 
consequences.

Many studies have shown that hypospadias is associated with 
exposure to endocrine-disrupting agents. For example, placental 
insufficiency, resulting in reduced supplies of nutrients and 
gonadotropins to the fetus, may result in fetus hypospadias.2 In addition, 
genetic factors are thought to play a pivotal role in the development of 
hypospadias. Although, many candidate genes have been identified, 
few have shown a clear correlation with hypospadias.3 Environmental 
factors may also be involved in the etiology of hypospadias. Exogenous 
chemicals, for example, may induce hypospadias, but the adverse 
effects of these agents remain unclear. Other environmental risk factors 
also have been associated with hypospadias, but most have shown 
inconsistent results.4

Although the etiology of hypospadias remains unclear for most 
patients, epidemiologic evidence can provide some clues. Familial 
clustering, maternal age, parental smoking and drinking, drug use 
during pregnancy, exposure to viruses, and other infections have been 
proposed as risk factors for hypospadias.5–7

Large geographic studies have shown that the incidence of 
hypospadias ranges from 2 to 8 in 1000, and from 2 to 39 in 10 000, 
live-births.8,9 Hypospadias is therefore one of the most frequent birth 
defects known; although, its incidence varies widely among different 
ethnic populations. Although reports from Europe, the USA, and Japan 
have shown that the rate of hypospadias has increased over the past 
30 years,9,10 few studies have evaluated the rates of hypospadias and the 
risk factors for this condition in China. This large case-controlled study 
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provided written informed consent, including consent regarding the 
questionnaires. All the questionnaires were collected by the urology 
department of the First Affiliated Hospital of Anhui Medical University.

Statistical analysis
All statistical analyses were performed using the Statistical Package 
for Social Sciences, version  17.0  (SPSS Inc., Chicago, IL, USA). 
The chi-squared test and Fisher’s exact test were used to evaluate 
qualitative data. Odds ratios  (OR) and 95% confidence intervals 
(95% CI) were estimated using conditional logistic regression, taking 
into account the matched case-control design of the study. Statistical 
significance was set at P < 0.05.

RESULTS
Parental exposure
Table 1 shows the maternal and paternal factors assessed for risk of 
hypospadias. The most risk of hypospadias was markedly associated 
with participation in agriculture by both mothers (OR = 1.68, 95% 
CI = 1.21–2.34) and fathers (OR = 1.74, 95% CI = 1.27–2.40). Similarly, 
fathers engaged in factory work were more likely to have an affected 
child (OR = 1.60, 95% CI = 1.08–2.36). Infection by a virus or bacteria 
during pregnancy also enhanced the risk of hypospadias (OR = 1.87, 
95% CI = 1.04–3.37). Of the mothers of children with hypospadias, 47 
had taken drugs during pregnancy, including antiemetic, antibiotic, 
and antipsychotic agents, with drug taking showing a correlation with 
hypospadias (OR = 1.53, 95% CI = 1.06–2.21). Additionally, maternal 
alcohol consumption increased risk of hypospadias (OR = 2.67, 95% 
CI = 1.15–6.2), whereas maternal use of cosmetics, including lipstick, 
shampoo and hair dye, was not associated with hypospadias. Neither 
paternal drinking nor smoking was associated with hypospadias.

Pregnancy characteristics
Table  2 shows the characteristics of each mother’s pregnancy. 
Hypospadias was more likely to occur in infants of mothers aged > 35 
(P  =  0.019, OR  =  1.47) and  <  18  (P  =  0.034, OR  =  2.95) years. In 
addition, multiple births was a potential risk factor for hypospadias 
(P  =  0.07, OR  =  1.48), whereas parity was not  (OR  =  0.96, 95% 
CI = 0.70–1.32).

Family clustering
Table  3 lists the occurrence of hypospadias in family clusters. 
Hypospadias occurred more frequently in infants whose family 
members had hypospadias (2.6%, P = 0.005) or other genital anomalies 
(5.1%, P = 0.051).

Coexistent anomaly
Interestingly, we found that coexistent anomalies were common in 
boys with hypospadias, being present in 25 of the 193 patients (13.0%), 
including 19 (9.8%) with cryptorchidism. Of the other six patients, 
one had an obstruction of the ureteropelvic junction, and five had 
nonurological anomalies, such as inguinal hernia. None of the 
hypospadiac boys had a horseshoe kidney or polycystic kidney disease.

DISCUSSION
Hypospadias has been correlated with fetal growth retardation. 
The latter is likely due to a problem early in gestation, as shown by 
the proportional retardation of weight, length, and brain growth 
(head circumference).11 These anomalies may be caused by placental 
insufficiency, which may result from many factors, including maternal 
age, parity, and multiple births.12 Advanced maternal age was found 
to be associated with an increased incidence of structural birth 
defects, including urethral abnormalities.13 Similarly, we observed 

significant relationships between hypospadias and maternal age 
extremes. Although parity and multiple births have been reported as 
being associated with increased risks of hypospadias, in agreement 
with results showing an association between hypospadias and growth 
restriction,14 we did not observe any association between hypospadias 
and either parity or multiple births.

The worldwide increase in the incidence of hypospadias has been 
regarded as caused by environmental chemicals, especially endocrine 
disruptors.3,15 Several endocrine disruptors, including the pesticides 

Table 3: Family clustering, n (%)

Cases 
(n=193) (%)

Controls 
(n=835) (%)

P OR 95% CI

Genital anomaly in the 
family

10 (5.1) 21 (2.5) 0.051 2.11 0.98–4.57

Hypospadias in the family 5 (2.6) 4 (0.48) 0.005 5.52 1.47–20.77

OR: odds ratio; CI: confidence interval

Table 1: Parental risk factors for hypospadias

Cases 
(n=193)

Controls 
(n=835)

P OR 95% CI

Maternal

Occupation

Peasant 131 465 0.002 1.68 1.21–2.34

Business 
woman

25 127 0.426 0.83 0.52–1.32

Housewife 16 84 0.455 0.81 0.46–1.41

Drinking 9 15 0.017 2.67 1.15–6.20

Smoking 4 10 0.548 1.75 0.54–5.63

Drugs 49 144 0.023 1.53 1.06–2.21

Cosmetic use

Lipstick 52 304 0.21 0.80 0.56–1.13

Shampoo 180 797 0.21 0.66 0.35–1.27

Hair dye 3 22 0.536 0.58 0.17–1.97

Infection 17 41 0.034 1.87 1.038–3.369

Paternal

Occupation

Peasant 118 396 0.001 1.74 1.27–2.40

Production 
worker

43 127 0.017 1.60 1.08–2.36

Businessman 32 182 0.11 0.71 0.47–1.08

Smoking 82 352 0.933 1.014 0.73–1.39

Drinking 117 535 0.37 0.86 0.63–1.19

Drugs 8 63 0.093 0.53 0.25–1.12

OR: odds ratio; CI: confidence interval

Table 2: Pregnancy characteristics

Cases 
(n=193)

Controls 
(n=835)

P OR 95% CI

Parity

First‑time pregnancy 112 492 0.82 0.96 0.70–1.32

Second‑time 
pregnancy

73 280 0.26 1.21 0.87–1.67

≥third‑time 
pregnancy

8 63 0.09 0.53 0.25–1.13

Multiple births 33 102 0.07 1.48 0.97–2.27

Maternal age (year)

>35 77 260 0.019 1.47 1.06–2.03

<18 6 9 0.034 2.95 1.04–8.37

OR: odds ratio; CI: confidence interval
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di-(2-ethylhexyl) phthalate, di-n-butyl-phthalate, mono-(2-ethylhexyl) 
phthalate, and dioxins/furans have been implicated in male birth 
defects, including hypospadias.15 Individuals engaged in agricultural 
work have increased exposure to pesticides, both directly and indirectly. 
Entering a field after it has been treated with pesticides can be a major 
source of chemical exposure, because residual hazardous materials 
may remain on foliage and soil for some time after spraying.11 Other 
chemicals may be present in pesticides, herbicides, and fertilizers.15 
Indeed, we found that mothers involved in farming or other agricultural 
activities, or those who used insect repellents, were more likely to give 
birth to an infant with hypospadias. Interestingly, we also observed 
found an association between hypospadias and fathers whose 
occupation involved painting. The father’s work may increase maternal 
exposure to these chemicals during the perinatal period. Similarly, the 
incidence of cryptorchidism was significantly higher in the children of 
mothers exposed to petrochemicals than in the general population.16 
That study, however, could not compare the rates of hypospadias in 
industrialized and nonindustrialized areas owing to the small number 
of boys with this condition.16

In contrast to previous studies, which described maternal factors 
associated with the risk of hypospadias, we found that paternal 
factors were also involved. However, paternal smoking and drinking 
were not associated with hypospadias, in agreement with previous 
findings.17,18 Our results also suggested that, in contrast to previous 
findings,17,18 maternal alcohol consumption during the perinatal period 
may be associated with hypospadias.

Viral infection during pregnancy has also been associated with 
hypospadias,11,19 including in carriers of hepatitis B antigen11 and in 
women who had experienced a viral infection or influenza during the 
first trimester of pregnancy.19 Similarly, we found that the incidence of 
infection differed significantly in our case and control groups.

Most therapeutic drugs taken by Chinese women during pregnancy, 
including corticosteroids, antibiotics, antipsychotics, antifungal and 
antiasthmatic drugs, have not been associated with hypospadias.20 
Nausea is a common symptom during early pregnancy, with some 
mothers taking antiemetics. We observed an association between 
antiemetic use and hypospadias, although this finding was based on 
relatively few subjects. Little is known about the mechanisms by which 
maternal antiemetic use may result in an infant with hypospadias.

The familial clustering of hypospadias, with 7% of cases having 
affected first, second or third degree relatives,21 suggests an important 
genetic element in its etiology. The heritability of hypospadias has 
been estimated to range from 55% to 77%, indicating that phenotypic 
variability can be attributed to genetic variability.22 We also observed 
an association between hypospadias and familial clustering. Of the 
193 cases, five were from two families. Although many candidate genes 
have been identified, few have been found to contribute to the specific 
susceptibility of Chinese ethnic populations.

An almost linear relationship has been observed between the 
severity of hypospadias and the frequency of an associated anomaly.23 
The most common associated anomalies in boys with hypospadias 
are cryptorchidism and inguinal hernia, present in about 8%–10% 
and 9%–15% of these patients, respectively.24 In addition, 17.6% of 
hypospadiac boys in Istanbul were found to have malformations of 
the genital or inguinal region.25 Our results were in good agreement 
with these previous findings.

Other risk factors reportedly associated with hypospadias include 
obesity; maternal drinking; and maternal exposure to lipstick, 
shampoo, hair dye, perfume and oral hormonal contraceptives.26 
A lack of meat and fish in maternal diets has also been associated with 

hypospadias.8 However, because eggs, chicken, and fish are traditional 
meals for Chinese mothers during pregnancy, this factor was excluded 
from our analysis.

Relatively little is known about rates of genital anomalies, including 
hypospadias, in China. However, one limitation of our study was that 
all possible parental and environmental risk factors were not included 
in the analysis. Therefore, further prospective research through multiple 
approaches on a larger scale is still urgently necessary.

CONCLUSIONS
We found that the prevalence at birth of hypospadias was higher 
in infants whose mothers were at extremes of maternal age 
(<18 and >35 years). We also found that hypospadias was frequently 
accompanied by additional anomalies. Hypospadias was also 
associated with parents whose occupation was farming, as well as 
with maternal use of drugs, alcohol consumption and infection during 
pregnancy. These risk factors were consistent with the hypothesis that 
genetic predisposition, placental insufficiency, and environmental 
chemicals may interfere with hormones before conception or during 
pregnancy.
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