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Introduction
Cleft lip and palate are hereditary diseases in which environmental 

and genetic factors together play a role, leading to different clinical 
outcomes. Generally, cleft lip and palate cases are divided into two 
groups: cleft lip with/without cleft palate (CL/P) and isolated cleft 
palate (CP). Depending on the presence of certain anomalies, the cases 
are also classified as syndromic and non-syndromic (nsCLP) clefts.

Approximately 70% of CL/P patients and 50% of CP patients 
are non-syndromic. In the remaining patients, a wide range of 
malformation syndromes can manifest, including chromosomal 
anomalies and teratogens as well as more than 500 defined Mendelian 
syndromes [1-3].

Children born with cleft lip and palate develop complications 
such as nutritional difficulties, respiratory failure, and hearing and 
speech difficulties. In addition to health problems, affected individuals 
face long-term social difficulties such as acceptance. Even if surgical 
intervention is performed in the early period, deformities due to 
scarring and abnormal facial development cause persistence of 
functional and psychosocial problems throughout the patient’s life.

It is necessary to understand the factors underlying these defects 
in order to foresee the long-term course of development of individuals 
with a cleft lip and palate that should be treated using a multidisciplinary 
approach including a plastic surgeon, otolaryngologist, speech 
therapist, audiologist, orthodontist, psychologist, social worker, and 
nurse. Epidemiological studies and observational reports have shown 
that folic acid supplements taken by the mother before pregnancy have 
a protective effect in reducing the incidence of cleft lip and palate, 
whereas smoking and alcohol consumption before pregnancy increase 
the risk of cleft lip and palate formation [4-6].

The aim of this study was to examine the epidemiology of lip 
and cleft palate and to evaluate the factors that may lead to their 
development. For this purpose, national and international literature 
was reviewed.
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Epidemiology of cleft lip and palate
Cleft lip and cleft palate are one of the most common birth anomalies 

that may occur due to environmental factors and socioeconomic 
conditions as well as variability across geographic origin, race, and 
ethnic groups. CL/P prevalence is highest in the Asian and American 
populations and lowest in African populations. The gender distribution 
of cleft lip and palate is not equal in general. The incidence of CL/P is 
2 times higher in men than in women, whereas that of CP is higher in 
women [2].

CL±P incidences were reported in a study conducted by the 
International Perinatal Database of Typical Orofacial Clefts established 
in 2003 through the Human Genetics Program of World Health 
Organization (WHO). On the basis of the records evaluated according 
to geographical regions, CL ± P incidences were determined in Japan, 
Mexico, Western Europe, Canada, the United States, Australia, British 
Isles, Eastern Europe, United Arab Emirates, South Mediterranean 
Europe, and South Africa; the incidence was the highest in Japan and 
the lowest in South Africa (Figure 1) [7]. 

The generally accepted incidence of nsCL/P across the world is 
1 in 1000 births. However, the incidence varies depending on ethnic 
background, geographical origin, and socioeconomic level. The 
incidence of nsCL/P is 0.3 in 1000 births in African populations, 0.7-
1.3 in 1000 births in European populations, 1.4-2.1 in 1000 births in 
Asian populations, and 3.6 in 1000 births in American populations [8].

The prevalences of nsCL/P and nsCP in Europe according to 
EUROCAT registration data, which is widely used in the classification 
of congenital malformations, are presented in figure 2 [9].
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The multifactorial inheritance model, which involves the 
interaction of genetic and environmental factors, is a good example for 
the epidemiological findings of nsCL/P. The risk of cleft lip and palate 
in a family varies depending on many factors. Risk factors and factors 
increasing the severity of cleft lip and palate are determined based on 
the number of family members with cleft lip and palate (positive family 
history), degree of relationship, gender of the affected individual, and 
type of cleft. If there is a child with cleft lip and palate in a family, the 
risk that the next child will be affected is 2%-5%; however, the risk 
increases to 10%-12% if the family has more than one child with cleft 
lip and palate. If a recurrent syndrome is also present in the family, 
the risk increases to 50%. Studies have shown that the prevalence of 
nsCL/P is significantly higher in maternal twins (40%-60%) than in 
fraternal twins (3%-5%) [8,10].

Due to its unique geographical location that connects Middle 
East, Europe, and Asia, Turkey has been exposed to a high degree of 
immigration. Variability, along with the increase, in population has led 
to the formation of a complex heterogeneous ethnic picture in Turkey 
and has resulted in a diverse set of important genetic variations in the 
current population. Thus, epidemiological studies on cleft lip and palate 
in Turkey are important for establishing a resource for researchers and 
clinicians.

Ulucan et al. [11] was aimed to analyse the distribution of Turkish 
children patients with nsCL/P according to the geographic regions and 
analyse the possible geographic and environmental factors which can be 
considered in the aetiology of the anomaly. When regional conditions 
were researched, it was shown that the eastern parts of Turkey have a 
relatively higher number of NSCL/P patients than other regions. The 

ratio of the boys to girls was determined as 154/136. They explained 
that because of agriculture and animal husbandry are the main sources 
of income in the eastern parts of Turkey, the people living in this region 
are probably exposed to a greater cumulative burden of pesticides and 
chemicals from the soil or from the animals feeding in these regions. In 
addition, several studies have shown that exposure to certain chemicals 
like glycol ether, which is a compound found in domestic and industrial 
products, organic solvents like xylene, toluene, pesticides and lead has 
been reported to increase the orofacial cleft.

Studies conducted in Turkey have presented statistical data 
through retrospective evaluation of patients admitted to hospitals for 
treatment. A study was conducted including 17,259 births between 
1988 and 2005 in the Gazi University Department of Obstetrics and 
Gynecology to determine the total frequency of malformations, types 
of malformations, incidences of isolated and combined forms, and 
distribution of malformations by maternal age and gender. A total 
of 205 anomalies were detected in the study. On the basis of these 
anomalies, fetal birth rate with congenital malformation was found 
to be 1.18%. The rate of presence of any congenital malformation 
was 1.21% in boys and 1.15% in girls. Furthermore, the study results 
showed the prevalence of cleft lip to be 2.43% and that of cleft palate 
to be 1.95%.

A study was conducted at the Hacettepe University Faculty of 
Medicine in 2004 to identify comorbid malformations and syndromes 
in cleft lip and palate patients; 1,229 patients who were followed up and 
treated for cleft lip and palate were included in the study. Of them, 793 
(64.4%) patients had both cleft lip and palate and 436 (35.6%) had CP. 
Comorbid malformations were found in 91 (11.4%) of the 793 patients 
with cleft lip and palate and 60 (13.7%) of the 436 patients with CP. 
Extracranial skeletal system malformations were concluded to be the 
most common malformations [12].

Another study was conducted in Turkey at the Selçuk University 
Meram Medical Faculty in 2012. The purpose of this study was to 
investigate the incidence and type of accompanying congenital 
malformations in infants with CP and CL/P born in Konya region. 
A total of 121 infants diagnosed with CP and CL/P were included in 
the study and evaluated in detail for congenital anomalies. The 
results showed that at least one other malformation was present in 
80 infants with cleft lip and palate. The most common congenital 
malformation was congenital heart disease, followed by head and 
neck anomalies [13].

Etiology of cleft lip and palate
Cleft lip and palate are considered as one of the most common 

birth defects that result in medical, psychological, and social problems 
in affected individuals and their families. They have a complex etiology 
in which both genetic and environmental factors play a role. Risk 
factors such as vitamin deficiency, especially folic acid deficiency, 
and maternal smoking, alcohol consumption, drug use, and chemical 
exposure have been associated with cleft lip and palate development.

Vitamin deficiency
Epidemiological studies and observational reports have shown that 

folic acid supplements taken by the mother before pregnancy have a 
protective effect in reducing the incidence of cleft lip and palate. The 
decrease in the risk of CL/P formation with folic acid supplements has 
been calculated as 69%-76% in animal experiments, whereas it is 18%-
50% in humans [5,9].

Figure 1. Prevalence of CL/P by geographical area (per 10,000)

Figure 2. Prevalence of non-syndromic (CL(P) and CP) in Europe



Oner DA (2020) Cleft lip and palate: Epidemiology and etiology

 Volume 5: 3-5Otorhinolaryngol Head Neck Surg, 2020         doi: 10.15761/OHNS.1000246

In the United States, folic acid supplementation has become 
mandatory as of January 1, 1998, to reduce the occurrence of neural 
tube defects. Yazdy et al. [14] compared the effect of folic acid 
supplementation on orofacial cleft prevalence between 45 states of the 
United States and in the Colombian region; they used birth certificate data 
to compare the prevalence of cleft lip and palate before and after birth. 
According to the study results, folic acid supplementation in the United 
States was associated with a decreased prevalence of cleft lip and palate.

Furthering our knowledge regarding the role of nutrition in 
the pathogenesis of orofacial clefts is important for the prevention 
of orofacial clefts in the future. In North America, where the use of 
folic acid-enriched cereals has been made mandatory since 1990, the 
numbers of children born with CL/P and CP have decreased by 5% and 
12%, respectively [15]. Badovinac et al. [16] conducted a meta-analysis 
to demonstrate that the prevalence of nsCL/P was different between 
mothers who used folic acid supplements during pregnancy and 
those who did not. They showed that the use of folic acid supplements 
during pregnancy has a protective effect against cleft lip and palate 
development at birth.

In a study conducted by Chevrier et al. [17] 15 groups were formed 
based on the amount of folic acid taken during pregnancy, and the 
daily doses were calculated accordingly. Based on the obtained results, 
it was seen that control mothers had a higher nutritional folic acid 
intake than patient mothers. Therefore, it was concluded that dietary 
folic acid intake reduces the risk of CL/P. 

In addition to low serum folate levels in patients with cleft lip 
and palate, it has been reported that low B6 and B12 levels detected 
after pregnancy increase the risk of cleft lip and palate. Munger et al. 
investigated the relationship between nsCL/P and maternal vitamin 
B6 levels in Philippines. Their results showed that vitamin B6 levels 
were lower in mothers who had children with nsCLP than in control 
mothers and that the risk of giving birth to infants with cleft lip and 
palate was higher in the former [18]. 

Maternal smoking
According to WHO data, tobacco consumption among women 

of reproductive age has increased in many countries [19]. Especially 
during pregnancy, maternal smoking plays a role in the pathogenesis 
of nsCLP. Cigarette smoke, comprising approximately 4,000 chemical 
components, including aromatic and heterocyclic amines that lead to 
metabolic activation and DNA damage, affects genes, thereby causing 
alterations in metabolic pathways and leading to the development of 
cleft lip and palate [20].

In a study by Honein et al., nsCLP risk was found to be 1.3-times 
higher in children of smoking mothers than in those of non-smoking 
mothers (95% CI = 1.0–1.6) [21]. In a study conducted by Martelli et 
al. [22] on 843 mothers who smoked during the first trimester and had 
children with CL/P and 676 control mothers, a significant relationship 
was found between CL/P formation in infants and maternal smoking. 
CL/P risk was 2 times higher in children of smoking mothers than in 
those of non-smoking mothers.

Maternal alcohol consumption
In humans, alcohol has been found to be teratogenic, and this 

is clearly demonstrated in fetal alcohol syndrome [23]. Alcohol 
consumption is known to reduce serum folate levels while inhibiting 
folate metabolism [24,25]. Several studies have identified a positive 
relationship of cleft lip and palate formation with maternal alcohol 

consumption, whereas no such relationship has been found with low 
levels of maternal alcohol consumption during pregnancy [26].

Molina-Solana et al. showed a relationship between maternal 
alcohol consumption and cleft lip and palate formation; they 
determined the risk of cleft lip and palate formation in babies to be 1.28 
(95% CI = 0.98-1.66) [27]. In a study including 192 mothers who had 
children with cleft lip and palate, Bille et al. [28] reported that, although 
not statistically significant, alcohol consumption in the first trimester 
increased the risk 1.11 times.

One possible mechanism for alcohol-induced embryonic 
malformations is the inhibition of retinoic acid synthesis by ethanol 
during embryogenesis. High alcohol consumption levels cause 
inhibition of the production of retinoic acid necessary for cranial 
neural crest development [29].

Maternal drug use
Epidemiological studies have shown that maternal drug use at high 

doses during pregnancy increase the risk of giving birth to infants with 
cleft lip and palate. Maternal use of vasoactive drugs, such as aspirin 
and ibuprofen; antiepileptic drugs; and drugs used in the treatment of 
acne, psoriasis, arthritis, and cancer increase the risk of cleft lip and 
palate at birth [30,31].

Pradat et al. [32] based their study on the MADRE database 
generated using the data of mothers using corticosteroids in the first 
trimester of pregnancy and showed a significant correlation between 
the regular use of corticosteroids and cleft lip and palate formation 
in babies; moreover, CLP risk was calculated to be 2.59 in babies. In 
conclusion, women who want to have babies need to be careful and 
conscious while using drugs during pregnancy.

Maternal exposure to chemicals
Of all expectant mothers, 27.59% are exposed to chemicals in the 

first trimester of pregnancy; 11.30% of these mothers come into contact 
with cleaning products, 7.83% with pesticides, and 6% with cosmetics 
[33]. Garlantézec et al. [34] showed that exposure to chemicals is 
associated with cleft lip palate formation as harmful solvents are present 
in cleaning agents, cosmetics, and other products. The incidence of cleft 
lip and palate was higher in children of mothers working in professions 
such as hairdressing, agriculture, and manufacture of leather or shoes 
(where workers are exposed to lead and aliphatic acids) [35]. Chevrier 
et al. [36] investigated the risk of nsCLP in the children of mothers 
occupationally exposed to organic solvents in the first trimester of 
pregnancy. Their study results showed that exposure to organic solvents 
during pregnancy may play a role in cleft lip and palate etiology.

Other syndromes accompanying cleft lip and palate
Approximately 70% cases of cleft lip and palate are non-syndromic. 

The etiology of syndromic clefts, constituting approximately 30% 
of the cases, includes more than 300 defined Mendelian syndromes, 
teratogens, and uncategorized syndromes [1]. 

Tunçbilek conducted a study in Turkey on patients who presented 
to the Hacettepe University for cleft lip and palate treatment and 
reported the statistical results. A total of 206 additional malformations 
requiring follow-up or treatment were detected in 151 of 1,229 patients 
included in the study. On examining these malformations according to 
the affected organ system, extracranial skeletal system malformations 
were found to be the most common group of malformations. 
Furthermore, 55 of the 1,229 patients were found have syndromic cleft 
lip and palate (Table 1); examination of these patients showed that 
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Pierre Robin sequence constituted the most common group, followed 
by Van der Woude syndrome and ectrodactyly, ectodermal dysplasia, 
and clefting syndrome.

In addition to having esthetic deformity, an individual with a cleft 
lip or palate is exposed to serious functional disorders such as limited 
maxillofacial growth, speech anomalies, swallowing and nutritional 
difficulties, and hearing loss. Although not life-threatening, this 
imposes a significant health burden [5].

Conclusion
Cleft lip and palate is a multifactorial disease; it is caused by the 

interaction of genetic factors and environmental factors such as 
maternal smoking, alcohol consumption, inadequate nutritional 
intake of folic acid and vitamins B6 and B12, and chemical exposure 
during pregnancy. Many candidate genes have been and are still being 
investigated to elucidate the underlying genetic mechanism of cleft lip 
and palate. A limited knowledge of the regulation of gene expression 
during palate development in embryogenesis and the mechanism 
of action of signal molecules does not allow us to precisely identify 
mutations that lead to cleft lip and palate formation. Molecular studies 
will contribute to the clarification of the functioning of signaling 
pathways involved in lip and palate development and thus to a better 
understanding of cleft lip and palate pathogenesis. In addition, folic 
acid supplementation during periconceptional period can greatly 
prevent cleft lip and palate formation. The importance of a rich and 
balanced diet that includes folic acid as well as other vitamins and 
minerals should be explained to future mothers in nutrition programs 
established for preventing cleft lip and palate before conception.

The incidence of cleft lip and palate across the world is generally 
accepted to be 1 in 1,000 births. However, this incidence is greatly 

affected by ethnic background, geographical origin, and socioeconomic 
level. Retrospective studies in Turkey have provided relevant 
statistical data and reported the incidence of comorbid malformations 
accompanying cleft lip and palate. In addition to these retrospective 
studies, detailed and meticulously planned prospective studies may 
help understand the etiology of the disease more clearly as well as guide 
researchers working on cleft lip and palate.
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