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ABSTRACT

Objective: The multifactorial etiology of cleft can be due to environmental factors or genetic factors or combination of
both. Many studies were conducted to detect the epidemiology of the clefts and the genetic factors causing clefts. There
is no or very less studies conducted in India to identify the risk of pesticidal exposure in occurrence of nonsyndromic
clefts. The present study is to investigate the risk of parental pesticidal exposure in causing clefts in the craniofacial
region. Methods: The case-control study included 179 cases of cleft in the craniofacial region and 200 healthy controls
matched for age and gender. The data were collected in the proforma from the study group in the departments of plastic
surgery, Obstetrics and Gynaecology, and Paediatrics of Vydehi Institute of Medical Sciences and Research Centre.
Result: Majority (55.3%) of the parents from the cleft group were exposed to pesticides but only 4.5% parents of the
control group were exposed which is statistically significant (p=0.001). Compared to other cleft group, more parents of
cleft lip palate exposed to pesticides was also significant (p=0.041).The cleft cases which were exposed to pesticides
(86%) were from the rural area and the controls which were not exposed (79%) were from the urban area and is
statistically significant (p<0.001). Conclusion: Parental pesticidal exposure is a risk factor for clefts in the craniofacial
region. Among all the clefts, the risk is increased for the cleft lip palate.
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INTRODUCTION

The clefts in the craniofacial region is the most disfiguring among the craniofacial anomalies. The birth prevalence of
clefts in Indian sub-continent is approximately between 27,000 and 33,000 clefts per year. The most common cleft in the
craniofacial region is the cleft Lip and Palate. According to the multicentric study conducted in different regions of India,
the cleft lip with or without cleft palate is 9.3per 10000 and cleft palate alone (isolated cleft palate) is 1.7 per 10000
(Mossey P. et.al, 2009). Another study showed that the incidence of CLP in India was found to be 1.09 in every 1000
live births and CLP is predominant in India (Reddy S.G et.al, 2010).The cleft lip can occur alone or associated with cleft
palate. Approximately 50% of cleft lip cases also have cleft in the palate (Stainer P et.al2004, Dixon M J et.al 2011).

The prevalence of clefts varies by race, geographic origin, socioeconomic status and sex (Vanderas AP 1987, Murray JC
et.al, 1997). The incidence of cleft lip and cleft lip palate is higher than cleft palate (Lidral et.al, 2008). The highest
prevalence of cleft lip palate is 1 per 500 seen in North American Indians and Asians. Among the Caucasians it is 1 per
1500 and lowest prevalence is 1 in 2500 seen in African derived populations. The Japanese have the highest prevalence
among Asian countries (Murthy J et.al, 2009). The clefts of the lip and palate affect about 1 per 700 births worldwide
(Murray JC et. al, 2012). The etiology of cleft is multifactorial. It includes both environmental and genetic factors. The
maternal environment can affect the foetal development (Saikrishna et.al, 2011). It includes maternal diet, maternal
medication, stress and teratogenic and other occupational exposure (Rahimov F et.al 2012, Nguyen RH et.al, 2007). The
exposure to pesticides such as dioxin (Garcia AM et. al, 1999) and nutritional deficiency reports the role in causing the
CL/P. The formation of soft and hard tissues of face is occurring in the first 60 days of post conception by a sequence of
events. Any disruption of the events during this period result in clefts in this region (Sperber GH et.al 2002, Murray JC
et.al 2012).The present study is to investigate the risk of parental pesticidal exposure in causing clefts in the craniofacial
region.
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MATERIAL AND METHODS

This is a retrospective case-control study over a five year period which includes 179 cleft cases and 200 healthy controls
matched for gender, age and locality. The clefts in the craniofacial region were categorized into craniofacial cleft, facial
cleft, cleft lip palate, cleft lip (cheiloschisis) and cleft palate (palatoschisis). The distribution of clefts in 179 cases were 8
cranial clefts,7 facial clefts, 22cleft lip,120 cleft lip palate and 22 isolated cleft palate cases. All non syndromic
congenital cleft cases of craniofacial region of any age group irrespective to operated or not operated were included.
Approval from instituitional ethical committee was obtained. The data from the study group were collected in the
proforma from the departments of plastic surgery, Obstetrics and Gynaecology, and Paediatrics departments by
conducting the interview with the parents of study group. The data regarding the location of the residence, exposure to
pesticides and other radiation, occupation of the parents and their socioeconomic status were collected. The cases were
clinically examined to identify the cleft and its severity. Informed written consent was taken from the cases and from
their parents in case of minor.

Statistical analysis: The data was analyzed using SPSS version 21. Chi square test and odds ratio were done to find the
association. P<0.05 is considered as statistically significant.

RESULTS

The result showed that the parents exposed to pesticides were more (55.3%) than the not exposed (Table 1). But this
increase in the exposed group in each cleft was not statistically significant (p=0.075).Only in cleft lip group, the parents
not exposed to pesticides is more.

As the the frequency of cleft lip palate was more, the cleft lip palate was considered as one group and all other clefts in
another group and it showed significant difference in its occurrence. (table 2).

Table-1: Shows the parental pesticidal exposure in different clefts

Parental pesticidal| Cranial and . Cleft lip palate | Cleft palate
exposure | facial clefts | C'€T 1P (CL) (CLP) (CP) Total
Exposed 12(80%) 08(36.4%) 67(55.8%) 12(54.5%) 99(55.3%)
Not exposed 03(20%) 14(63.6%) 53(44.2%) 10(45.5%) 80(44.7%)
Total 15 22 120 22 179
P value =0.075 which is not significant.
Table-2: Shows the parental pesticidal exposure among CLP and other clefts
Parental Clefts
pesticidal Cleft lip
exposure nalate Other clefts Total 5 valie = 0,041
Exposed 67(55.8%) 32(54.2%) 99(55.3%) e
Not exposed 53(44.2%) 27(45.8%) 80(44.7%)
Total 120 59 179

When comparing the cases with controls, the parents of case group is highly exposed to pesticdes(table3) and this
difference is highly significant which shows the risk of parental pesticidal exposure in the occurrence of clefts.

Table-3: Shows parental pesticidal exposure before and during pregnancy

Parental
pesticidal Cases Controls Total
exposure
Exposed | 99(55.3%) 9(4.5%) 108(285%) | " value <0.001
Not exposed | 80(44.7%) 191(95.5%) 271(71.5%)
Total 179 200 379

The odds of clefts associated with parental pesticidal exposure was 26.26(95% confidence interval 12.65 -54.53 and this
strong association was statistically significant(pvalue<0.05).
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Table-4: Shows parental pesticidal exposure and locality of residence

Pesticidal Area of residence
Total
exposure Rural Urban
Yes 93(86.1%) 15(13.9%) 108
No 57(21%) 214(79%) 271
P value <0.001
Total 150(39.6%) | 229(60.4%) 379 value <0.00

The pesticidal exposure was more in rural area (86%) than in the urban area. (Table 4)

DISCUSSION

The study shows parental pesticidal exposure is significantly associated with the occurrence of clefts in the craniofacial
region (table3). The parents were not aware of the chemicals present in the pesticides and some of the parents were not
able to specify the names of the pesticides which they had used. They only know that they used commonly available
pesticides in the local market. So all the details of the pesticides which were selling in the local market were collected
(Tableb). Because of the lack of information about the specific pesticides they used we could not find out which pesticide
was used more. The parents of exposed group (tablel) were farmers or involved in agricultural activities and they are
residing very close to their work place (cultivating area). 35% mothers of the exposed group were involved in the
agricultural activities. The remaining mothers were exposed to pesticides as they were residing in the locality of
agricultural land. Cordier et al reported that the maternal exposure to glycol ether, a chemical can increase the occurrence
of cleft lip (Cordier S et. al 1997). The chemical name is diethyleneglycol monobutyl ether which is used in paints,
varnishes, cosmetics, pump spray and is a multipurpose cleaner. This chemical is seen in industrial and domestic
products.

The exposure to chemicals acetone, toluene and xylene which are used in organic solvents also make similar effect of
glycol ether in clefts (Holmberg PC et. al 1982, Wysyzynski DF et al 1996). In our study, 5% fathers were painters or
dealing the fabric dyeing by profession. They were exposed to these organic solvents. In our study, 55.3% parents were
exposed to pesticides in case group, while it is only 4.5% in control group. This exposure and occurrence of cleft was
found statistically significant in our study. There are few studies which reported the maternal occupations in the fields of
agriculture, hair dressing, leather and shoe manufacturing also increased the occurrence of clefts (Wysyzynski DF et al
1996, Bianchi F et al 1997, Garcia AM et al.1998, Lorente C et al 2000). Wennborg et al. specified that benzene an
organic solvent can increase neural crest malformation and so the clefts in the orofacial region (Wennborg et al. 2005).
The present study contains more urban population (60.4%) than the population of rural area. But the exposed group is
more in rural area (86%).This indicates that in rural area the clefting is more than the urban area(table 4). Some studies
reported that exposure to hazardous waste (Croen LA et al.1997) and water chlorination (Hwang BF et al.2003) were not
showing any risk for cleft lip and palate.

Numinen et al. stated that the mother’s locality of residence and parental occupation are important factors as it can be
exposed to pesticides. Thus these two factors are linked to parental pesticidal exposure and further to or ofacial clefts
(Numinen T et al 1995). In a meta-analysis of 19 studies to evaluate the risk of orofacial clefts associated with pesticidal
exposure showed the odds ratio 1.37 for 95% of confidence interval(Cl) (1.04 to 1.81) for maternal exposure and for
paternal exposure the odds ratio was 1.16 for 95% of confidence interval (0.94 to 1.44) and it was not significant for
location of residence. This meta-analysis suggested that the risk of maternal pesticidal exposure in causing cleft was
statistically significant. Our study is in consistent with the result of this meta-analysis (Romitti PA et al 2007). In the
present study the parental pesticidal exposure did not show any difference among types of clefts(tablel). But the cleft lip
palate showed significant association with pesticidal exposure when compared with other clefts (table2).The case-control
study of 35cases and 35 controls in Greece identified the paternal occupation like farmer was of increased risk and the
occurrence of cleft lip with or without palate to their children was also frequent than the control group (p=0.039) and
odds ratio 3 with CI=1.03-8.70. The maternal occupation was not significant but passive exposure to tobacco increased
the risk of clefts to their offspring. The paternal occupation of a farmer is more exposed to the chemicals present in the
fertilizers and pesticides. This can cause teratogenic effect in spermatogenesis and oogenesis or affect any of the complex
events occurring in the development of craniofacial region especially during the first trimester of pregnancy (Mirilas P et
al 2011). Thus it causes toxic effects in human reoroductive system (Cordier S et. al 1997).

In a 10-year study in Texas to identify the effects of maternal exposure to (BTEX) benzene, toluene, ethyl benzene, and
xylene on oral clefts among offspring could not find any association of pollutants with orofacial clefting (Ramkrishnan A
et al.2013).
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Brender et al opined residing in close proximity to hazardous waste sites is not a risk factor for oral clefts (Brender JD et
al 2006). The studies also reported that the maternal exposure to air pollutants like ozone (Hwang BF et al 2008) and SO,
(Hansen CA et al 2009) were associated with oral clefts. But three U.S. studies did not find any such association between
maternal exposure to air pollutants and oral clefts (Ritz B et al 2002, Gilboa SM et al 20005, Marshall EG et al
2010).The residential proximity to industrial area and exposure to pesticides and house hold insecticides were found as
risk factors for orofacial clefts in a Brazilian study (Isabel CG et al 2003).

In the present study, the parents are exposed not only during the period of pregnancy, even years before also. The
parental pesticidal exposure was more in CLP cases than the other clefts (p value =0.041). Among the control group only
4.5% were exposed but in cleft group it was 55% which is highly significant (p value = 0.001) and is a risk factor of cleft
(Table 3).

Table 5: Pesticides used in agriculture

Name of fertilizer/pesticide Chemicals present

Reeva-5 Lamda Cyhalothrin 5%

Acemain Acephate 75%
Sodium diacetyl sulphosuccinate
Fine silica

Profex super Profenofos 40%
Cypermethrin4%

Sulfaf 80 Sulphur

Sodium salt of phenol sulphonic acid

Sodium salt of alkyl naphtylene sulphonic acid
Aromatic sulphonic acid

Agas Diafnthiuron 50%

Fiprogreen Fipronil 5%

Naphtylene sulphonate

Sodium lingo sulphonate

Carboxy methyl cellulose

Sodium salt of dinaphthyl methanol sulphonic acid
Phenol ethoxylate

Alkyl benzyl sulphonate

Bilitox 50 Copper oxychloride 50

Sodium salt of alkyl aryl sulphonate

Sodium salt of phenol sulphuric acid condensate
Tridel 351 Deltamethrin 1%

Triazophos 35%

Endosulfan

Parental occupational exposure is a risk factor of clefts (Rahimov F et al 2012). The study from Iran showed 64% of cleft
cases from rural regions and their parents were farmers and found pesticidal exposure was the risk factors for clefts
(Farhadian N et al2013). In a retrospective study on predisposing factors of oral clefts in Mexico reported the paternal
occupation of 44.7% cases had agricultural work and the remaining were involved in mechanic, plumbing, construction
work and some were in unspecified work. Most of mothers (96%) were doing house hold work and 35% were involved
in agricultural activities (Gonzalez BS et al.2008). The agricultural work and the organic solvents exposure are related to
the development of CLP (Leite GIC et al 2002, Leite GIC et al 2003). The mothers were exposed to the agricultural
chemicals while they were involved in these activities were related to CLP development (Lorente C et al 2000). The
waste from the plastic and electronic manufacturing can cause changes in the environmental factors in the locality of
residence which can be associated with the oral cleft development (Dolk H et al 1998).

CONCLUSION

The parental occupation and parental exposure to pesticides are significantly associated in causing clefts. The cleft lip
palate has increased risk than other clefts. The proximity of residence close to the pesticidal exposure is also significant.
Further study is required to identify whether there is any specific pesticide or pollutant or organic solvent which can
increase the risk in the occurrence of clefts in the craniofacial region.

International Journal of Applied Biology and Pharmaceutical Technology Page: 233
Available online at www.ijabpt.com




Jose Anna Betty et al Copyrights@2015, ISSN: 0976-4550
REFERENCES

Bianchi F, Cianciulli D, Pierini A, Seniori Costantini A. (1997). Congenital malformations and maternal occupation: a
registry based case-control study. Occup Environ Med. Apr; 54(4):223-228.

Brender JD, Zhan FB, Suarez L, Langlois PH, Moody K. (2006). Maternal residential proximity to waste sites and
industrial facilities and oral clefts in offspring. J Occup Environ Med.; 48(6):565-572.

Cordier S, Bergeret A, Goujard J, Ha MC, Ayme S, Bianchi F (1997). Congenital malformations and maternal
occupational exposure to glycol ethers. Epidemiology; 8: 355-363.

Croen LA, Shaw GM, Sanbonmatsu L. (1997). Maternal residential proximity to hazardous waste sites and risk for
selected congenital malformations. Epidemiology; 8:337-339.

Dixon M.J., Marazita M.L, Beaty T.H, Murray J.C. (2011). Cleft lip and palate: synthesizing genetic and environmental
influences.Nat Rev genet; 12(3):167-178.

Dolk H, Vrijheid M, Armstrong B, Abramsky L, Bianchi F, Garne E, Nelen V, Robert E, Scott JES,Stone D,Tencomi R.
(1998). Risk of congenital anomalies near harzadous-waste landfill sites in Europe: the Eurohazcon study.
Lancet; 352:423-427

Farhadian N, Shahorkhi Z. (2013). Incidence rate and risk factors for cleft lip and palate hospital centres of Hamadan
province, Iran in 2007. Iranian Journal of Orthodontics.;8:57-65

Garcia AM, Fletcher T. (1998). Maternal occupation in the leather industry and selected congenital malformations.
Occup Environ Med. Apr; 55(4):284-286.

Garcia A.M., Fletcher T.,Benvides F.G., and Orts E. (1999). Parental agricultural work and selected congenital
malformations.Am.J.Epidemiol.;149:64-74

Gilboa SM, Mendola P, Olshan AF, Langlois PH, Savitz DA, Loomis D, Herring AH, Fixler DE. (2005). Relation
between ambient air quality and selected birth defects, seven county study, Texas, 1997-2000. Am J Epidemiol.;
162(3):238-252.

Gonzalez BS, Lopez ML,Rico MA, Garduno F. (2008). Oral clefts: a retrospective study of prevalence and predisposal
factors in the state of Mexico. Journal of Oral Science.;50(2):123-129

Hansen CA, Barnett AG, Jalaludin BB, Morgan GG. (2009). Ambient air pollution and birth defects in brisbane,
australia. PL0oS One.; 4(4):e5408.

Holmberg PC, Hernberg S, Kurppa K. (1982). Oral clefts and organic solvent exposure during pregnancy.;50:371-376.

Hwang BF, Jaakkola JJ, (2003). Water chlorination and birth defects: a systematic review and meta-analysis. Arch
Environ Health. Feb; 58(2):83-91.

Hwang BF, Jaakkola JJ. (2008). Ozone and other air pollutants and the risk of oral clefts. Environ Health Perspect;
116(10):1411-1415.

Isabel C G, Francisco J R, Sergio K. (2003). Orofacial clefts in the newborn and environmental and occupational parental
exposures: a case-control study in Rio de Janeiro, Brazil. Rev. Bras. Saude Mater.Infant.; (3):35-43

Leite GIC, Paumgartten RFJ, koifman S. (2002). Chemical exposure during pregnancy and oral clefts in new borns. Cad
saude publica.; 18:17-31

Leite GIC, Paumgartten FJR, koifman S. (2003). Orofacial clefts in the newborn and environmental and occupational
parental exposures: a case —control study in Rio de Janeiro, Brazil. Rev Bras Saude Matter Infant 3.;401-409

Lidral AC, Moreno LM, Bullard SA. (2008). Genetic factors and orofacial clefting. Semin Orthod. June;14(2):103-114

Lorente C, Cordier S, Bergeret A, De Walle HE, Goujard J, Ayme S. (2000). Maternal occupational risk factors for oral
clefts. Occupational Exposure and Congenital Malformation Working Group. Scand J Work Environ Health.
Apr; 26(2):137-145.

Marshall EG, Harris G, Wartenberg D. (2010). Oral cleft defects and maternal exposure to ambient air pollutants in New
Jersey. Birth Defects Res A Clin Mol Teratol.;88(4):205-215.

Mirilas P, Mentessidou A, Kontis E, Asimakidou M, Moxham BJ, Petropoulos AS. (2011). Parental exposures and risk
of nonsyndromic orofacial clefts in offspring: a case-control study in Greece. Int J Pediatr Otorhinolaryngol.
May; 75(5):695-699

Mossey P, Little J. (2009). Addressing the challenges of cleft lip and palate research in India. J Plast Surg.; 42:9-18

Murray JC, Daack-Hirsch S, Buetow KH, Munger R, Espina L, Paglinawan N. (1997). Clinical and epidemiologic
studies of cleft lip and palate in the Philippines. Cleft Palate Craniofac J.; 34(1):7-10.

Murthy J, Bhaskar LVKS. (2009). Current concepts in genetics. Indian J Plast Surg.; 42(1):68-81

Murray JC, Wehby GL, Ferreira M, Costa R, Felix T, Padovani C. (2012). Oral cleft prevention programme.BMC
Pediatr; 12:184-217

International Journal of Applied Biology and Pharmaceutical Technology Page: 234
Available online at www.ijabpt.com




Jose Anna Betty et al Copyrights@2015, ISSN: 0976-4550

Nguyen RH, Wilcox AJ, Moen BE, Connaughey DR, Lie RT. (2007). Parent’s occupation and isolated orofacial clefts in
Norway: a population-based case-control study. Am Epidemiol; 17:763— 771.

Nurminen T., (1995). Maternal pesticide exposure and pregnancy outcome. J Occup Environ Med. Aug; 37(8):935-40

Rahimov F, Juggesur A, Murray J.C. (2012). Genetics of nonsyndromic orofacial clefts. Cleft palate craniofac.J;
49(1):73-91

Ramakrishnan A, Lupo P J, Agopian A J, Linder S H, Stock T H, Langlois PH, Craft E. (2013). Evaluating the
effects of maternal exposure to benzene, toluene, ethyl benzene, and xylene on oral clefts among offspring in
Texas: 1999-2008. Birth Defects Res A Clin Mol Teratol. Aug; 97(8): 532-537

Reddy SG, Reddy RR, Bronkhorst EM, Prasad R, Ettema AM, Sailer H F. (2010). Incidence of cleft lip and palate in the
state of Andhra Pradesh, South India. Indian journal of plastic surgery, 2010; 43(2), 184-89

Ritz B, Yu F, Fruin S, Chapa G, Shaw GM, Harris JA. (2002). Ambient air pollution and risk of birth defects in Southern
California. Am J Epidemiol. 155(1):17-25.

Romitti PA, Herring AM, Dennis LK, Wong-Gibbons DL. (2007). Meta-analysis: pesticides and orofacial clefts. Cleft
Palate Craniofac J. Jul; 44(4):358-65.

Saikrishna, Bhaskar L, Rajasekhar M. (2011). Molecular genetics of non-syndromic clefts revisited. International Journal
of genetics.3 (1):23-34

Sperber GH. (2002). Formation of the primary palate. In: Wyszynski DF, editor. Cleft Lip and Palate: From Origin to
Treatment. Oxford University Press. pp. 5-13.

Stainer P., Moore G.E. (2004). Genetics of cleft lip and palate: Syndromic genes contribute to the incidence of
nonsyndromic clefts.Human molecular Genetics.13:73-81

Wennborg, H, Magnusson, L, Bonde, J, Olsen, J. (2005). Congenital malformations related to maternal exposure to
specific agents in biomedical research laboratories. JOEM: January; 47(1):11-19

Wyszynski DF, Beaty TH. (1996). Review of the role of potential teratogens in the origin of human nonsyndromic oral
clefts. Teratology 53:309-317.

Vanderas AP. (1987). Incidence of cleft lip, cleft palate, and cleft lip and palate among races: a review. Cleft Palate J.
24(3):216-225.

International Journal of Applied Biology and Pharmaceutical Technology Page: 235
Available online at www.ijabpt.com




APPLIED BIOLOGY AND PHARMACEUTICAL TECHNOLOGY

Email : ijabpt@gmail.com Website: www.ijabpt.com



