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Introduction

Hypospadias is a congenital disorder in boys in which 
the urethral meatus is located on the ventral side of the 
penis.1,2 The penile shape of hypospadias patients is typi-
cally curved and is shorter than normal boys. This disor-
der, if kept uncorrected, would lead to fertility disturbance 
in the future.2 This congenital disorder affects 1 in 200 to 
300 children in the United States. Its prevalence in 
Indonesia is still not entirely known. A study from the 
past 10 years (2010-2019) in the Hasan Sadikin General 
Hospital found 243 cases of hypospadias. An analysis of 
prevalence and the tendency of hypospadias found an 
increase of 0.25 cases per 10 000 births annually.3

The causative factors of hypospadias are still 
unknown, although it is known that urinary tract  

development occurs in the 7th to 16th weeks of gesta-
tion and is highly influenced by androgen levels.4 The 
etiology of hypospadias is multifactorial including 
genetical, maternal, placental, fetal, and environmental 
factors.5

Maternal factors that might contribute to the inci-
dence of hypospadias, according to the study by Baskin 
et  al6 and Aschim et  al7 include maternal age during 
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Abstract
Introduction and Objectives. Hypospadias is a congenital disorder in boys in which the urethral meatus is located on 
the ventral penis. The incidence rate of hypospadias is increasing, however, there is still no literature regarding how 
significant is the role of maternal and environmental factors to the risk of hypospadias, especially in Indonesia. This 
study aims to analyze the maternal and environmental factors during pregnancy to the risk of hypospadias. Materials 
and Methods. This study was an analytical observational study with a case control design. The subjects were mothers 
who gave birth to children with hypospadias, compared to normal, who visited the urology, pediatric-surgery, 
plastic-surgery, and pediatric clinic at Hasan Sadikin General Hospital. Results. A total of 120 samples (60 cases and 60 
control) were included in this study. There were 14 maternal factors, which 5 of them found significantly correlated 
with hypospadias, including maternal occupation as an industrial worker (P = .003; OR:4.789), pregnancy-enhancing 
drugs usage (P = .004; OR: 5.783), smoking consumption (P = .034; OR: 2.294), mosquito-repellant usage (P = .0001; 
OR: 82.600), and preterm birth (P = .013; OR: 2.895). There were 2 environmental factors, and one of them was 
significant, which was the distance from home to industrial/rice fields/waste areas, approximately 780 m (P = .0001; 
OR: 6.102). Based on multivariate analysis, we found that maternal occupation, mosquito repellent usage, and the 
distance from home to industrial area had a strong relationship in predicting hypospadias occurrence. Conclusion. 
Several maternal and environmental factors were found significantly correlated to hypospadias occurrence. Among 
these, mosquito-repellant usage was found to be the most significant factor.
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pregnancy, hypertension in pregnancy, smoking history, 
low folic acid supplementation, and vegetarian diet dur-
ing pregnancy. Contributing factors during pregnancy 
such as maternal age, placental insufficiency, and medi-
cations during pregnancy have an effect on the increased 
rate of hypospadias.8 In addition, hypospadias is also 
associated with low birth weight, which is correlated 
with the theory of placental insufficiency as the cause of 
the increased rate of hypospadias. Placental hCG pro-
duction insufficiency and androgen receptor distur-
bances might explain the occurrence of hypospadias. 
Medications such as valproic acid, loperamide, peroxe-
tin, ibuprofen, and corticosteroids might increase the 
risk of hypospadias.8

Environmental factors include the role of endocrine-
disrupting chemicals (EDC), particularly anti-androgen, 
which referred to an exogenous substance that could 
alter the hormonal balance and cause adverse effects on 
the organism or the lineage.9 Most exogenous chemical 
substances have estrogenic and anti-androgenic effects 
and may disrupt the balance of androgen/estrogen in a 
developing male fetus and may affect external genital 
differentiation. Most of these exogenous chemical sub-
stances are lipophilic and might remain in the body fat 
for years; these agents could be exposed to the fetus 
through the placenta during pregnancy or in newborns 
during breastfeeding, eventually affecting the newborn’s 
health. Most of these chemical substances are man-
made, such as the industrial pollutant, pesticides, plas-
tics, and cosmetic products.10

The incidence rate of hypospadias keeps increasing 
due to the economic model and lifestyle changes. To 
date, there is still no literature regarding how signifi-
cant is the role of maternal and environmental factors 
to the risk of hypospadias, especially in Indonesia. 
Therefore, this study aimed to analyze the maternal 
and environmental factors during pregnancy to the risk 
of hypospadias.

Methods

This study was an analytical observational study with a 
case-control approach conducted from April 2021to 
March 2022. The subjects were mothers who gave birth 
to children with hypospadias, compared with the control 
group (mothers who gave birth to a normal child without 
hypospadias), who visited the urology, pediatric-sur-
gery, plastic-surgery, and pediatric clinic in Hasan 
Sadikin General Hospital. Sampling was conducted with 
systematic sampling. Maternal and environmental fac-
tors were 2 main factors in causing hypospadias.

The inclusion criteria for the case group include the 
biological mother of hypospadias patient registered in 

the urology, pediatric-surgery, plastic-surgery, or pediat-
ric clinic of Hasan Sadikin General Hospital from 2009 
to 2022; aged 0 month to 10 years, and; agreed to partici-
pate in the study. The inclusion criteria for the control 
group include the biological mother of the patient at the 
pediatric clinic from April 2021to March 2022 in the 
Hasan Sadikin General Hospital, with normal external 
genitals following examinations; aged 0 month to 
10 years, and; agreed to participate in the study. The 
exclusion criteria include children with other congenital 
abnormalities. The data were obtained from the urology, 
pediatric-surgery, and plastic-surgery clinics of Hasan 
Sadikin General Hospital, while the data from the con-
trol group were obtained from the pediatric clinic.

Data analysis was conducted to compare the data in 
each group. Shapiro-Wilk and Kolmogorov Smirnov, 
were used in the normality of data. The significance test 
to compare categorical data was tested with the Chi-
square or Fisher tests. Then, for the analysis of presumed 
risk factors, the authors estimated crude odds ratio (OR) 
for each exposure, maternal and environmental factors.

The bivariate analysis followed by an analysis to 
determine the effect or relationship between several 
independent variables on the dependent variable. The 
analysis continued with multivariate analysis to find the 
most influential risk factor. Multivariate analysis is done 
used binary logistic regression analysis because of the 
dependent variable is nominally binary. The indepen-
dent variable included in the logistic regression model is 
the independent variable where the bivariate analysis 
has a P-value of less than .25. A P-value < .05 means 
statistically significant.

Results

A total of 60 mothers with children suffering from hypo-
spadias and 60 mothers with children without hypospa-
dias were included in this study. There were 14 maternal 
factors in this study, which 5 of them found significantly 
correlated with hypospadias, including maternal occu-
pation as an industrial worker (P = .003; OR: 4.789), 
pregnancy-enhancing drugs usage (P = .004; OR: 5.783), 
smoking consumption (P = .034; OR: 2.294), mosquito-
repellant usage (P = .0001; OR: 82.600), and preterm 
birth (P = .013; OR: 2.895). For the environmental fac-
tors, there were 2 factors included in this study, and one 
of them was significantly correlated to hypospadias, 
which is the distance from home to industrial/rice fields/
waste areas, approximately 780 m (P = .0001; OR: 
6.102) as shown in Tables 1 and 2. From this study, we 
found that mosquito-repellant was the most significant 
factor in causing hypospadias, which found 68 times 
more at risk than other factors.
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There are several risk factors that will increase the 
likeliness of hypospadias in children (Table 3). Mothers 
who work in the industrial area had the possibility of 
having children who develop hypospadias by 4.789 

times greater than mothers who work as a housewife. 
Pregnancy-enhancing drugs usage was positively asso-
ciated with the possibility of hypospadias by 5.783 times 
greater than the control group. Smoking consumption 

Table 1.  Bivariate Maternal Risk Factors.

Maternal risk factors
Control group 

(n = 60) (%) Case group (n = 60) (%) OR (95% CI) P-value*

Maternal age (years)  ≤35 55 (91.67) 59 (98.33) 0.186 (0.021-1.646) .207
  >35 5 (8.33) 1 (1.67)
Maternal occupation
  Risk factors 41(68.3) 21 (35.0) 4.008 (1.875-8.568) .0001**
  Housewife 19(31.7) 39 (65.0)
Smoking consumption
  Yes 26 (43.3) 15 (25.0) 2.294 (1.056-4.985) .034*
  No 34 (56.7) 45 (75.0)
Alcohol consumption
  Yes 0 (0.0) 0 (0.0) 0.00 (0.00-0.00) 1.000
  No 60 (100.0) 60 (100.0)
Hormonal contraception
  Yes 29 (48.3) 23 (38.3) 1.505 (0.728-3.111) .269
  No 31 (51.7) 37 (61.7)
Pregnancy-enhancing drugs
  Yes 14 (23.3) 3 (5.0) 5.783 (1.566-21.347) .004*
  No 46 (76.7) 57 (95.0)
Medication consumption during pregnancy
  Yes 2 (3.3) 3 (5.0) 0.655 (0.106-4.069) 1.000
  No 58 (96.7) 57 (95.0)
In vitro fertilization/artificial insemination
  Yes 0 (0.0) 0 (0.0) 0.00 (0.00-0.00) 1.000
  No 60 (100.0) 60 (100.0)
Parity status
  Primipara 24 (40.0) 21 (35.0) 1.238 (0.590-2.596) .572
  Multipara 36 (60.0) 39 (65.0)
Mosquito-repellent
  Yes 35 (58.3) 1 (1.7) 82.600 (10.718-636.550) .0001**
  No 25 (41.7) 59 (98.3)
History of miscarriage
  Yes 2 (3.3) 1 (1.7) 2.034 (0.180-23.055) 1.000
  No 58 (96.7) 59 (98.3)
Comorbid
  Hypertension 14 (23.3) 9 (15) 1.522 (0.616-3.761) .361
  Preeclampsia/eclampsia 10 (16.7) 7 (11.7) 1.514 (0.535-4.286) .432
  Gestational diabetes 0 (0.0) 0 (0.0) 0.00 1.000
  TORCHS infection 0 (0.0) 0 (0.0) 0.00 1.000
  HIV/AIDS 0 (0.0) 0 (0.0) 0.00 1.000
  No comorbid 36 (60) 44 (73.33) 0.667 (0.302-1.474) .315
Gestational age at birth
  Preterm dan Serotinous 22 (36.7) 10 (16.7) 2.895 (1.227-6.829) .013*
  Term 38 (63.3) 50 (83.3)  
Birthweight
  Overweight & LBW 8 (13.3) 6 (10.0) 1.385 (0.450-4.265) .570
  Normal 52 (86.7) 54 (90.0)

Categorical data P-value is calculated based on the Chi-Square test with the alternative Kolmogorov Smirnov test and Fisher’s Exact if the 
Chi-Square requirements are not met. The significance value is based on the P value <.05. The sign * indicates the P-value <.05, which means 
statistically significant. 
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had the possibility of hypospadias by 2.294 times greater 
than the control group. A using of mosquito-repellent 
caused 82.600 times higher risk of hypospadias than the 
control group. Preterm birth had the possibility of hypo-
spadias by 2.895 times greater than the control group. In 
mothers who live near the industrial area or rice fields or 
waste-management areas, the risk of hypospadias was 
6.102 times greater than the control group. Among the 
significant factors (P-value < .05), mosquito-repellent 
usage had the highest risk of hypospadias occurring in 
their children (82.600 times greater), followed by dis-
tance of house to industrial area (6.102 times greater).

The results of statistical tests in group above obtained 
information that the P value of the mother’s occupation 
variable was less than .05 (P value < .05) which means 
statistically significant, thus it can be explained that 
there is a significant difference in proportion between 

the variables of mother’s work in the group cases and 
controls. While the P-value on the variables of time of 
delivery and birth weight is more than .05 (P-value > .05), 
which means that it is not statistically significant, thus it 
can be explained that there is no significant difference in 
proportion between the variables of time of delivery and 
birthweight in case and control groups.

Maternal occupation was statistically significant as a 
risk factors of hypospadias. Based on statistic count, we 
found that the probability of a patient with a mother 
working as an industrial worker to be affected by 
Hypospadias is 4.789 times compared to a housewife. 
We found mothers’ jobs as industrial workers are the 
most significant risk factors compared to farmers, hair-
dressers and cleaners.

From the multivariate analysis (Table 4) in the initial 
model, not all of the P-values of the variables were less 

Table 2.  Bivariate Environmental Risk Factor.

Environmental risk factors
Control group 

(n = 60) (%)
Case group 
(n = 60) (%) OR 95% (CI) P-value*

Smoking exposure
  Yes 44(73.3) 38(63.3) 1.592 (0.732-3.461) .239
  No 16(26.7) 22(36.7)
Distance from home to industrial/rice fields/waste areas (780 m)
  Yes 39(65.0) 14(23.3) 6.102 (2.743-13.575) .0001
  No 21(35.0) 46(76.7)

Categorical data P-value is calculated based on the Chi-Square test with the alternative Exact Fisher test if the requirements of the Chi-Square 
are not met. The significance value is based on the P-value < .05. The * sign indicates the P-value <.05, which means statistically significant.

Table 3.  Maternal Risk Factors >2 Variables.

Maternal risk 
factors

Control group 
(n = 60) (%)

Case group 
(n = 60) OR (95% CI) P-value*

Maternal occupation
  Hairdresser 2 (3.3) 1 (1.7) (%) 4.105 (0.350-48.161) .003*
  Industrial worker 25 (41.7) 13 (21.7) 4.789 (1.113-20.612)
  Farmer 7 (11.7) 4 (6.7) 3.592 (0.936-13.791)
  Cleaner 7 (11.7) 3 (5.0) 3.947 (1.660-9.384)
  Housewife 19 (31.7) 39 (65.0)  
Gestational age at birth
  Preterm 21 (35.0) 9 (15.0) 3.070 (1.264-7.458) .181
  Serotinous 1 (1.7) 1 (1.7) 1.316 (0.080-21.718)
  Term 38 (63.3) 50 (83.3)  
Birthweight
  Overweight 0 (0.0) 2 (3.3) 0.00 .999
  Low birth weight 8 (13.3) 4 (6.7) 2.077 (0.590-7.316)
  Normal 52 (86.7) 54 (90.0)  

Categorical data of the P value is calculated based on the Chi-Square test with the alternative tests of Kolmogorov Smirnov and Exact 
Fisher if the requirements of Chi-Square are not met. Meaningful value based on P < .05 value. Sign * indicates the P-value <.05 which means 
statistically significant.
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than .05 (P < .05). This indicates that simultaneously the 
overall of maternal age, mother’s occupation, cigarette 
consumption, pregnancy-enhancing drugs usage, mos-
quito repellent usage, time of delivery, exposure to ciga-
rettes from the environment and distance from home to 
the industrial area did not affect the incidence of hypo-
spadias. Based on Final model, it can be concluded that 
statistically only the maternal occupation, mosquito 
repellent usage, and the distance from home to industrial 
area have a strong relationship in predicting the inci-
dence of hypospadias.

Discussion

In this study, we found significant maternal risk factors 
in the incidence of hypospadias, which include maternal 
occupation during pregnancy, pregnancy-enhancing 
drugs, smoking consumption during pregnancy, history 
of mosquito-repellent usage, gestational age at birth, and 
the distance of patient’s home to industrial/rice fields/
waste areas.

According to the literature, maternal age is one of the 
most influential factors in the incidence of children with 
hypospadias. A study by Shekar and Avadhani stated 
that maternal age is significantly associated with the 
incidence of hypospadias.11 In addition, a study by 
Tangkudung et al also suggested a similar result, mater-
nal age during pregnancy is associated with hypospa-
dias, maternal age above 35 years old tends to result in 
hypospadias 4.17 times higher.12 This result is in line 
with the study that a pregnant mother aged above 35 
years old with a risk factor of poor placental blood flow 

due to vasculature stiffness. Hence, the nutritional intake 
to the fetus was impaired, resulting in fetal growth and 
metabolic process inhibitions.13 However, the maternal 
age during pregnancy in our study was not a significant 
maternal factor in the incidence of hypospadias since 
most of our subjects were under 35 years old, with a 
mean age during pregnancy of 26 years old in the case 
group and 27 years old in the control group.

In this study, cigarette consumption has a significant 
effect on the risk of hypospadias. A significantly 
increased risk of developing hypospadias was also 
found in fathers who smoked. In previous studies, 
fathers who smoke have been associated with multiple 
birth defects and specifically with hypospadias.14,15 
This can occur due to passive exposure to the mother, or 
exposure to active tobacco consumption by the mother 
can affect offspring by epigenetic effects on germ cells 
(eg, DNA repair, apoptosis, chromatin structure), 
whereas exposure to oocytes or embryos to contami-
nated semen may also has a role in the mechanism of 
hypospadias.15 According to Eftekhar et al, exposure to 
cigarettes during pregnancy will affect fetal develop-
ment due to some chemical compounds in cigarette 
smoke such as nicotine and carbon monoxide which 
interfere with blood flow to the fetus by crossing the 
placental barrier.15

In this study, pregnancy-enhancing drugs usage had 
a significant effect on the incidence of hypospadias. 
Anti-abortion agents, such as medroxyprogesterone 
acetate and medications to suppress premature birth 
(ritodrine and nifedipine), are classified as drugs that 
might increase the incidence of hypospadias. Our result 

Table 4.  Multivariate Analysis.

P-value OR

95% CI

  Lower Upper

INITIAL MODEL Maternal age .455 0.332 0.018 6.006
Maternal occupation .021 3.894 1.223 12.402
Smoking consumption .079 2.747 0.891 8.476
Pregnancy-enhancing drugs usage .116 3.747 0.721 19.482
Mosquito-repellent usage .000 63.581 7.490 539.722
Gestational age at birth .291 1.921 0.571 6.459
Smoking Exposure .879 1.102 0.317 3.833
Distance from home to industrial area .007 4.737 1.529 14.680

FINAL MODEL Maternal occupation .019 3.875 1.251 12.004
Smoking consumption .074 2.718 0.908 8.132
Pregnancy-enhancing drugs usage .061 4.564 0.931 22.379
Mosquito-repellent usage .000 68.846 8.214 577.003
Distance from house to industrial area .006 4.767 1.569 14.485

Multivariate Analysis with Binary logistic regression. The free variable included in the logistic regression model is a free variable which has a 
value of P < .25 in bivariate analysis.
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is consistent with other studies, showing potential etio-
logical effects from several medications in causing 
cryptorchidism and hypospadias.16 Furthermore, drugs 
during pregnancy containing estrogen diethylstilbes-
trol (DES) will cause disturbances in the formation of 
urethral organogenesis, especially in the ventral part of 
the penis. Estrogen and progesterone suppress DHT, 
causing imperfect external urethral meatus.17

Similarly, in the usage of mosquito-repellent, our 
result showed that it has a significant effect on the inci-
dence of hypospadias. A study by Dugas et al found a 
risk of hypospadias associated with mosquito-repellent 
exposure. Mosquito-repellent generally contains 
N-diethyl-m-toluamide (DEET) or permethrin which is 
toxic in hight dosage and able to cross the blood-placen-
tal barrier. A combination of DEET, permethrin, and 
pyridostigmine bromide in insect-repellent will cause 
testicular germ cells apoptosis, low birth weight, and 
hypospadias.18 In addition, mosquito-repellant might 
also contain phytoestrogen and corticosteroid substances 
that prevent the conversion of testosterone into dihy-
drotestosterone (DHT), which plays a key role in the 
urethral closure. Substances in the mosquito-repellant 
also play a role in shortening the period or anogenital 
organ formation.19

In this study, the other significant maternal risk factor 
was the preterm gestational age at birth. The association 
of hypospadias with LBW and prematurity, from LBR 
and prematurity univariate analysis, showed an effect in 
the incidence of hypospadias. Prematurely born babies 
may indicate growth retardation due to less nutritional 
intake from the maternal placenta and less hCG produc-
tion, affecting androgen synthesis, which affects the 
development of the male genital.20

The distance of the house, which was relatively close 
to the industrial area/rice fields/waste area, was also a 
significant contributing factor in the incidence of hypo-
spadias in this study. Based on studies regarding the 
effect of pesticides on the increased risk of hypospadias, 
several stated that a part of the pesticide’s material is 
associated with increased risk of hypospadias. According 
to Kalfa et al,21 fetal exposure to endocrine-disrupting 
chemicals (EDC) (in this case, pesticides) during preg-
nancy between the first and third trimesters leads to the 
birth of a child with hypospadias.22 A study showed a 
higher incidence rate of hypospadias in families living 
near landfills in Europe, and mothers with a history of 
pesticides exposure have a higher risk of having a child 
with hypospadias.13,23 Kalfa et al reported an increased 
incidence of genital development anomalies due to pes-
ticides. Other studies reported that pesticides exposure 
within a radius of 2600 ft or 780 m might cause cellular 
injury. If pregnant women are exposed to pesticides 

within 3 months, especially in the gestational age of 
week 6 to 16, fetal development can be affected to the 
point of malignancy.24 As exogenous chemical sub-
stances, industrial pollutants, plastics, pesticides, and 
cosmetic products have estrogenic and anti-androgenic 
effects and can disrupt the androgen or estrogen balance 
in the developing male fetus. It can causes impaired dif-
ferentiation of the external genitalia. Most of these 
exogenous chemical substances are lipophilic and 
remain in the body fat for years; these agents may be 
exposed to the fetus from the placenta.10

Conclusion

Maternal and environmental factors were found signifi-
cantly correlated to hypospadias occurrence. Maternal 
occupation as an industrial worker, pregnancy-enhancing 
drugs usage, smoking consumption, mosquito-repellant, 
and preterm birth were the maternal factors, and the 
distance from home to industrial/rice fields/waste areas 
(780 m) was the environmental factors. Among these fac-
tors, Mosquito-repellant usage was found to be the most 
significant factor (68 times) in causing hypospadias.
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