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ABSTRACT 
Many studies have been conducted to find association between heavy metals and congenital 
anomalies such as Cleft lip-palate, neural-tube-defects, esophageal atresia and tracheo-
esopheageal fistula, cardiac anomalies, skeletal anomalies and hypospadias. However, 
association of heavy metals with exstrophy-epispadias has not been reported. Here, we 
report a case-control study on the role of heavy metals in exstrophy-epispadias.  After 
obtaining ethical clearance from institutional ethical committee and informed written 
consent, 2.0ml blood samples were collected from 20 primary exstrophy-epispadias patients 
and their mothers and 20 age-matched controls, admitted for other indications and without 
any congenital anomalies, and their mothers. Obtained blood samples were digested in 
Microwave Reaction system and were evaluated for the levels of heavy metals by 
Inductively-Coupled-Plasma-Optical-Emission-Spectrometer (ICP-OES). Statistical 
analysis was performed using Chi-square test, Mann-Whitney U test and Spearman-
Correlation-Coefficient on the SPSS-version 16.0. The p-value<0.05 was considered 
significant. Only mean blood levels of Cr and Hg were found raised in patients and mothers 
of study group when compared with subjects and mothers of control group. However, 
difference was statistically insignificant. Moreover, we found no correlation of Cr and Hg 
levels between mothers and children of patient group. In conclusion, it may be stated that 
exposure to heavy metals may have a role, though not significant in the etiology of 
exstrophy-epispadias. Further, multi-institutional studies with larger sample size are 
needed to confirm the association of heavy metals with exstrophy-epispadias. 
Keywords: Bladder Exstrophy, Correlation of Heavy Metals, Heavy Metals and Risk 
Factors for Exstrophy Bladder. 
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INTRODUCTION 
Bladder exstrophy is a rare and complex urogenital birth defect with an incidence of 1 in 
10,000 to 1 in 50,000 live births (Gearhart and Mathews, 2010). Its exact etiology is still not 
clear, however, some previous studies have reported the possible role of epidemiological, 
genetic and hormonal factors in the etiology of bladder exstrophy (Gearhart and Mathews, 
2010). Although till date, no specific environmental risk factor that predisposes to bladder 
exstrophy has been identified.  
Over the last few decades, heavy metals such as arsenic (As), cadmium (Cd), chromium (Cr), 
lead (Pb), and mercury (Hg) have increasingly became significant worldwide environmental 
pollutants because of increasing industrialization, urbanization and increasing agricultural 
production due to frequent use of pesticides. These heavy metals are potentially toxic 
having proven harmful effect on both human beings and animals. Increased exposure of 
pregnant women and their fetuses to these harmful toxic metals may be responsible for 
increase in incidence of many birth defects. Therefore, there has been growing interest in 
investigating the role of heavy metals as possible environmental risk factors in the etiology 
of various birth defects. Various studies involving animal models and humans have reported 
the involvement of heavy metals in various congenital anomalies like Cleft lip-palate, 
Neural-tube-defects, esophageal atresia and tracheo-esopheageal fistula, various cardiac 
anomalies, skeletal anomalies and hypospadias (Donald, 2010, Thulstrup and Bonde, 2006, 
Melek et al., 2014, Sharma et al., 2014, Bailey et al., 2006, Al-Sabbak et al., 2012, Hill et al., 
2009, Brende et al., 2005). However, there is hardly any report on the association of heavy 
metals with bladder exstrophy. We conducted the present study to evaluate the status of 
heavy metals concentrations in occurrence of patients suffering from Exstrophy-epispadias 
complex.  
 

MATERIALS AND METHODS 
Study Setting 
The study was conducted in the department of Pediatric Surgery in collaboration with 
department of Biochemistry in a university teaching institution from June-2015 to 
December-2016.  
Study design 
This was a case-control study comprising of two groups; i) group-I (the study group) 
included 20 patients of primary exstrophy-epispadias complex  who were admitted for the 
repair and without any other associated congenital anomaly, and their mothers, ii) group-II 
(the control group) included 20 age matched controls who were admitted for other 
indications such as peritonitis, abscess, intestinal obstruction, or trauma, but without any 
congenital anomaly, ruled out by clinical history, clinical examinations and essential radio-
pathological evaluations, and their mothers. 
Ethical clearance from institutional ethical committee was taken before start of study. The 
informed and written consent was taken from parents of both groups after explaining 
them about the details of study and the benefits of this study to the parents in future 
pregnancy, if planned and also to the society.   
Inclusion and exclusion criteria  
Group I included primary exstrophy epispadias without any other associated congenital 
anomaly, and their mothers.  
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Those children with failed exstrophy-epispadias repair or associated with other congenital 
anomalies were excluded from study. Group II included age matched controls admitted for 
other indications but without any congenital anomaly. In both groups, those patients 
whose parents had not given consent to participate in the study, were excluded from the 
study. 
Collection of Blood samples 
After taking informed consent, 2.00 ml of blood samples were collected from the patients 
and their mothers in both groups under strict aseptic precautions. Blood sample was 
collected in sterile EDTA (Ethylene di-amine tetra acetic acid) vial for estimation of lead 
(Pb), mercury (Hg), arsenic (As), cadmium (Cd) and, chromium (Cr). 
Digestion of blood sample and Preparation of sample for estimation of heavy metals 
All collected blood samples were sent to department of Biochemistry, for estimation of 
heavy metals by ICP-OES (Inductively-Coupled-Plasma-Optical-Emission-Spectrometer). All 
the blood samples were rapidly digested in a Multi-wave Reaction System (Multi-wave 
3000, Anton Paar, Perkin Elmer, USA) microwave oven using standard pressure vessels 
(pre-cleaned by rinsing with ultra-pure nitric acid prior to use) and the Rotor 16HF100 (100 
ml PFA vessels, 40 bar) and Pressure, Temperature (P/T) sensor. Digestion was done with 
the reagents 2.0mL of HNO3, 1.0 ml of H2O2 and 1.0 ml of H2O in microwave digestion 
systems according to the digestion program as described by Ansari et al 2015. The rotor 
was removed from the microwave oven and allowed to cool to room temperature. The 
vessels were carefully opened in a fume cupboard and the inner walls rinsed with DI water. 
The final volume of each sample was made up to 20 mL with 1 mL hydrogen peroxide and 
water. 
The resulting clear solution was taken carefully in separate, properly satirised and dry test 
tubes sand allowed to be cooled to room temperature. Finally, the solution was diluted to 
20.0 ml with Milli-Q water. The resulting clear solutions were ready for analysis of metals 
of interest. The metals were analysed by ICP-OES (Optima 8000, Perkin Elmer, USA) with 
operational conditions as described by Ansari et al [2015]. 
Statistical Analysis 
The results are presented in mean ± SE and percentages. The Chi-square test was used to 
compare the categorical / dichotomous variables between cases and controls. The odds 
ratio with its 95% confidence interval (CI) was calculated. The continuous variables were 
tested for normalcy by using Kolmogorov test. The Mann-Whitney U test was used to 
compare the continuous variables between cases and controls. The Spearman correlation 
coefficient was calculated to find the correlation between two continuous variables. The p-
value<0.05 was considered significant. All the analysis was carried out on SPSS 16.0 version 
(Chicago, Inc., USA). 
 

RESULTS  
Only Cr and Hg, out of five heavy metals (As, Cd, Cr, Pb, and Hg), were present in the blood 
samples of children and their mothers of both groups (Table 1). Although, detection of Cr 
and Hg in blood samples of children and mothers were more in group-I than in group–II, 
the differences were statistically insignificant. Children of group-I (exstrophy cases) had 
higher mean blood levels of Cr and Hg as compared to group-II (controls) (Table 2); 
however, the differences were not statistically significant.  
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Similarly, mothers of children of group I (mothers of exstrophy cases) had increased mean 
blood levels of Cr and Hg in comparison to group II mothers (control group) and these 
differences were also statistically insignificant (Table 3). Spearman correlation coefficient 
to correlate the mean blood levels of Cr and Hg of mothers and children of group I 
revealed no correlation between mean maternal blood Cr and Hg levels and mean children 
blood Cr and Hg  levels in both groups (Table 4). 
 

DISCUSSION  
Bladder exstrophy is a rare and complex urogenital birth defect characterised by the 
absence of anterior bladder wall and exposed posterior bladder wall through the defect of 
lower abdominal wall, and laid open urethral plate.    
Similar to other congenital genitourinary anomalies, bladder exstrophy has no established 
risk factors and a multifactorial mechanism caused by a complex interaction between 
various hormonal, genetics and environmental factors have been reported to play a role.  
We had designed this case control study to find the possible association of heavy metal 
exposure with the occurrence of bladder exstrophy, a rare urogenital birth defect, with 
reference to analysis of heavy metal levels in blood of boys and their mothers and compare 
it with that of age matched control cases. In our study, we observed higher mean blood 
levels of Cr and Hg in children and their mothers in group I when compared with blood Cr 
and Hg levels in children and mothers in group II (table); however, the difference were 
found to be statistically not significant (p=0.42). Odds ratio for the exposure of Cr was 
found to be more than 1 both in children with bladder exstrophy-epipsapdias complex 
(1.88) and in their mothers (1.58) that suggested that there may be some association of 
exposure of Cr with occurrence of bladder exstrophy. The Odds ratio for the exposure of 
Hg suggests that the mercury exposure has no association with occurrence of BEEC. On 
correlating the blood levels of Cr in children with bladder exstrophy-epipsapdias complex 
and their mothers in group I, we found a very weak association (Correlation 
coefficient=0.03). The evidence of linking the role of prenatal exposure of Cr with the 
skeletal and cartilage defects in growing fetus has mainly derived from experimental 
studies on animals (Bailey et al., 2006). 
With worldwide increase in environmental pollution and contamination, numerous studies, 
both experimental and epidemiological, have been carried out to explore the involvement 
of different environmental contaminants or pollutants including toxic heavy metals (like 
Arsenic, Cadmium, Chromium, lead, and Mercury), persistent and volatile organics, and 
pesticides as possible risk factors for various birth defects (Vinceti et al., 2008, Wigle et al., 
2007, Bound et al., 1997, Shalat et al., 1996, Sever et al., 1995). Recently, researchers have 
tried to corroborate or refute the role of heavy metals in various birth defects.  It has been 
reported that exposure to heavy metals may alter the in-utero development of human 
fetus and it has adverse health consequences for the offspring, including a short gestation 
period, reduced birth weight, increased risk of metabolic, cardiac and psychiatric disease, 
and overall reduced lifespan (Llop et al., 2010, Landrigan et al., 2004, Perera et al., 1998, 
Seckl et al., 1998, Virtanen and Adamsson, 2012). There are certain reports that heavy 
metals may act as endocrine disruptors thus they may have a role in occurrence of 
congenital urogenital anomalies (Sharma et al., 2014).  
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Nassar, et al (2010) reported that maternal exposure to heavy metals such as mercury, 
lead and cadmium were significant risk factors for hypospadias, and mothers exposed to 
these heavy metals were two and a half times more likely to have a son diagnosed with 
hypospadias (Nassar et al., 2010). In another study based on analysis of serum level of 
heavy metals in boys with hypospadias and their mothers, Sharma T et al reported higher 
blood levels of cadmium and lead in mothers as well as in children and a positive 
association between maternal and child blood levels of cadmium and lead in hypospadias 
and suggested that higher blood levels of cadmium and lead may be associated with the 
increased risk of hypospadias (Sharma et al., 2014). 
Association of prenatal exposure of Cr with occurrence of bladder exstrophy-epipsapdias 
complex in offsprings can be suggested by the endocrine disrupting potential of Cr (VI). It 
has also been suggested that soluble Cr (VI) is rapidly transported inside the cell by the 
nonspecific anion channel of the cytomembrane (Yang et al., 2013) and it leads to oxidative 
stress with the formation of Cr-DNA adducts and DNA–protein or DNA-Cr-DNA crosslinks 
resulting in multiple cellular dysfunctions that include DNA adduct formation, deregulated 
cell cycle and, apoptosis (Hamilton et al., 1998, Blankenship et al., 1994). However, none of 
the studies involving human subjects have shown any positive association between Cr and 
occurrence of birth defects. Our study is the first study that has shown a very weak 
association of Cr with bladder exstrophy-epipsapdias complex.  
Limitation of our study was relatively small sample size as it is a rare congenital anomaly 
with incidence of 1 in 10,000 to 1 in 50000 live births (Gearhart and Mathews, 2012). Thus, 
to find any significant association between exposure of heavy metals and risk of bladder 
exstrophy-epipsapdias complex, studies with larger sample size will be required keeping in 
view other factors such as genetic susceptibility to particular heavy metal, dietary habits, 
occupation and other environmental factors. This will require collaboration of various 
institutes for conducting of multi-institutional studies. If any significant correlation 
between serum heavy metals and exstrophy-epispadias complex is established, then it will 
be helpful in prevention, management and prognosis of exstrophy-epispadias complex. 

 
Table 1. Comparison of estimation of heavy metals in blood of children and mothers of 

both groups. 
Name of Heavy 

Metal 
Children Mothers 

Group 
I 

Group 
II 

Odds 
Ratio1 

P 
value 

Group 
I 

Group II Odds 
Ratio1 

P 
Value 

Arsenic 
(As) 

Present 0 0  
- 

 
- 

0 0  
- 

 
- Absent 20 20 20 20 

Cadmiu
m 

(Cd) 

Present 0 0  
- 

 
- 

0 0  
- 

 
- Absent 20 20 20 20 

Chromiu
m 

(Cr) 

Present 5 3 1.88 
(0.38-
9.27) 

 
0.42 

3 2 1.58 
(0.23-
10.70) 

 
0.63 Absent 

 
15 17 17 18 

Lead 
(Pb) 

Present 0 0  
- 

 
- 

0 0  
- 

 
- Absent 20 20 20 20 

Mercur
y 

(Hg) 

Present 7 7 1.00 
(0.27-
3.66) 

 
1.00 

8 6 1.55 
(0.42-
5.76) 

 
0.50 Absent      13     13 12 14 
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1 – Chi Square Test 
Table 1 showing that only Cr and Hg were present in the blood samples of both children 
and their mothers of both groups (p value 0.42 and 1.00 for Cr and Hg respectively in 
children, p value 0.63 and 0.50 for Cr and Hg respectively in mothers). 
 

Table 2. Comparison of Blood levels of Chromium and Mercury between children of both 
groups. 

Groups Chromium (Cr) Mercury (Hg) 

No. of 
children 

Mean ± SE 
(mcg/dl) 

Range 
(mcg/dl) 

No. of 
children 

Mean ± SE 
(mcg/dl) 

Range 
(mcg/dl) 

Group I 5 23.40 ± 16.19 1-87 7 251.71 ± 62.19 30-525 

Group II 3 18.00 ± 2.08 15-22 7 238.71 ± 90.68 14-412 

P value
1
 0.42 0.90 

1- Mann-Whitney U test 
Table 2 showing that mean blood level of Cr and Hg are higher in children of group I than 
those in group II children. (p value 0.42 and 0.90  for Cr and Hg respectively). 

 

Table 3. Comparison of Blood levels of Chromium and Mercury between mothers of both 
groups. 

Groups Chromium (Cr) Mercury (Hg) 

No. of 
mothers 

Mean ± SE 
(mcg/dl) 

Range 
(mcg/dl) 

No. of 
mothers 

Mean ± SE 
(mcg/dl) 

Range 
(mcg/dl) 

Group I 3 20.50 ± 3.50 17-24 
 

8 270.83 ± 
111.68 

9-1122 
Group II 2 18.33 ± 0.17 2-37 6 251.88 ± 

135.24 
18-667 

P value
1
 0.80 0.66 

 
1- Mann-Whitney U test 
Table 3 showing that mean blood level of Cr and Hg are higher in mothers of group I than 
those in group II mothers (p value 0.80 and 0.66 for Cr and Hg respectively) 
 

Table 4. Correlation of Chromium and Mercury levels between mothers and children in 
both groups. 

Groups Name of Heavy Metal Correlation coefficient
1
 p-value 

Group I Chromium (Cr) 0.03 0.95 

Mercury (Hg) 0.09 0.78 

Group II Chromium (Cr) 0.00 - 

Mercury (Hg) 0.17 0.63 

1- Spearmann correlation Coefficient test 
Table 4 showing no correlation between the mean maternal blood Cr and Hg levels and 
mean children blood Cr and Hg levels in both groups (p value 0.95 and 0.78forCr and Hg 
respectively in Group I). 
 

CONCLUSION 
From the results of the present study, it may be concluded that exposure to heavy metals 
is not significantly associated with the occurrence of exstrophy-epispadias, although the 
role of these metals cannot be completely ruled out in the etiology of exstrophy-
epispadias,  
 

 
J. Biol. Chem. Research                                                             177                                                         Vol. 37 (1): 172-179 (2020) 



 

as our study showed a very weak association of Cr with the occurrence of exstrophy. 
However, as the sample size of study was small, therefore, a multi-institutional study with 
larger sample size is needed to further explore the association of heavy metals with 
exstrophy-epispadias. 

 
ACKNOWLEDGEMENTS 
We acknowledge support of Mr. Varun who had helped during statistical analysis of data of 
this manuscript. 
 

Compliance with Ethical Standards 
The study has been done after ethical approval from Institutional ethical committee and all 
ethical standards has been followed while conducting this study. 
 

Declaration 
Conflict of Interest- All authors declare that they have no conflict of interest 
Financial support- All authors declare that no funding or financial support was received for 
the study 
 

REFERENCES 
Gearhart, J.P. and Mathews, R.I. (2012). Exstrophy-epispadias Complex. In: Campbell-Walsh 

Urology, (Ed by Wein AJ, Kavoussi LR, Novick AS, Partin AW & Peters CA; Elseviers Saunders, 
Philadelphia, USA), 3325. 

Donald, R.M. (2010). Environmental exposure and development. Curr Opin Pediatr, 22, 208. 
Thulstrup, A.M. and Bonde, J.P. (2006). Maternal occupational exposure and risk of specific birth 

defects. Occupational Medicine, 56, 532. 
Melek, M., Demir, H. and Celikezen, C.F. (2014). Some mineral, trace elements and heavy metal 

concentration in new borns with esophageal atresia and their mothers. Medical sciences and 
Discovery, 1, 109. 

Sharma, T., Banerjee, B.D. and Yadav, C.S. (2014). Heavy Metal levels in adolescent and maternal 
blood: Association with risk of hypospadias. ISRN Pediatr, article id 714234, 5.  

Bailey, M.M., Boohaker, J.G., Sawyer, R.D., Behling, J.E., Rasco, J.F., Jernigan, J.J., Hood, Rd and 
Vincent, J.B. (2006). Exposure of Pregnant mice to chromium picolinate results in skeletal 
defect in their offspring. Birth Defect Res Dev Reprod Toxicol, 77, 244. 

Al-Sabbak, M., Sadik, A.S., Savabi, O., Savabi, G., Dastgiri, S. and Savabieasfahani, M. (2012). Metal 
contamination and the epidemic of congenital birth defects in Iraqui cities. Bull Environ 
Contam Toxicol, 82, 937. 

Hill, D.S., Wlodarczyk, B.J., Mitchell, L.E. and Finnell, R.H. (2009). Arsenate induced maternal 
glucose intolerance and neural tube defects in a mouse models. Toxicol and Appl Pharma, 
239, 29. 

Brender, J.D., Suarez, L., Felkner, N., Gilani, Z., Stinchcomb, D., Moody, .K, Henry, J. and Hendrick, 
K. (2005). Maternal exposure to arsenic cadmium, lead and mercury and neural tube defects 
in offsprings. Environ Res, 101, 132. 

Ansari, J.A., Ahmad, M.K., Verma, A.K., Fatima, N., Khan, H.J., Waseem, M., Khan, A.R. and Mahd, 
A.A. (2015). Microwave assisted determination of minerals and toxic metals in traditionally 
used medicinal plant Zingiber officinale Roscoe by Inductively Coupled Plasma-Optical 
Emission Spectrometer. IJAR, 3, 879. 

 
 

 
J. Biol. Chem. Research                                                             178                                                         Vol. 37 (1): 172-179 (2020) 



 

Vinceti, M., Malagolo, C., Teggi, S., Fabbi, S., Goldoni, C., De Girolamo, G., Ferrari, P., Astolfi, G., 
Rivieri, F. and Bergomi, M. (2008). Adverse pregnancy outcomes in a population exposed to 
the emission of a municipal waste incinerator. Sci Total Environ, 407, 116. 

Wigle, D.T., Arbuckle, T.E., Walker, M., Wade, M.G., Liu, S. and Krewski, D. (2007). Environmental 
hazards: evidence for effects on child health. J Toxicol Environ Health B Crit Rev, 10, 3. 

Bound, J.P., Harvey, P.W., Francis, B.J., Awwad, F. and Gatrell, A.C. (1997). Involvement of 
deprivation and environmental lead in neural tube defects: A matched case-control study. 
Arch Dis Child, 76, 107. 

Shalat, S.L., Walker, W.B. and Finnel, R.H. (1996). Role of arsenic as a reproductive toxin with 
particular attention to neural tube defects. J Toxicol Environ Health, 48, 253. 

Sever, L.E. (1995). Looking for causes of neural tube defects: where does the environment fit in? 
Environ Health Perspect, 103, 165. 

Llop, S., Ballester, F., Estarlich, M., Esplugues, A., Rebagliato, M. and Iñiguez, C. (2010). Preterm 
birth and exposure to air pollutants during pregnancy. Environ Res, 110, 778. 

Landrigan, P.J., Kimmel, C.A., Correa, A. and Eskenazi, B. (2004). Children's health and the 
environment: public health issues and challenges for risk assessment. Environ Health 
Perspect, 112, 257. 

Perera, F.P., Tang, D., Tu, Y., Cruz, L.A., Borjas, M., Bernert, T. and Whyatt, R.M. (2004). Biomarkers 
in Maternal and Newborn Blood Indicate Heightened Fetal Susceptibility to Procarcinogenic 
DNA Damage. Environ Health Perspect, 112, 1133. 

Seckl, J.R. (1998). Physiologic programming of the fetus. Clin Perinatol, 25 (1998) 939. 
Virtanen, H.E. and Adamsson, A. (2012). Cryptorchidism and endocrine disrupting chemicals. Mol 

Cell Endocrinol, 355, 208. 
Nassar, N., Abeywardana, P., Barker, A. and Bower, C. (2010). Parental occupational exposure to 

potential endocrine disrupting chemicals and risk of hypospadias in infants. Occupa Environ 
Med, 67, 585. 

Yang, Y., Liu, H., Xiang, X. and Liu, F. (2013). Outline of occupational chromium poisoning in China.  
Bull Environ Contam Toxicol, 90, 742. 

Hamilton, J.W., Kaltreider, R.C., Bajenova, O.V., Ihnat, M.A., McCaffrey, J., Turpie, B.W., Rowell, 
E.E., Oh, J., Nemeth, M.J., Pesce, C.A. and Lariviere, J.P. (1998). Molecular basis for effects 
of carcinogenic heavy metals on inducible gene expression. Environ Health Perspect, 106, 
1005. 

Blankenship, L.J., Manning, F.C., Orenstein, J.M. and Patierno, S.R. (1994). Apoptosis is the mode of 
cell death caused by carcinogenic chromium, Toxicol. Appl. Pharmacol, 1, 75. 

 
 
 

Corresponding Author: Dr. Archika Gupta, Associate Professor, Department of Pediatric 
Surgery, King George’s Medical University, Lucknow, India-226003 
Email id: drarchika2006@rediffmail.com    abbasalimahdi@gmail.com  
 
 
 
 
 
 
 
 

 
J. Biol. Chem. Research                                                             179                                                         Vol. 37 (1): 172-179 (2020) 

mailto:drarchika2006@rediffmail.com
mailto:abbasalimahdi@gmail.com

