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Objective: Cleft lip and/or palate is the most common congenital anomaly in a human face, with a multifactorial and complex etiology. Although many studies have been developed, the role of the environment is still unclear. This study aims to test the hypothesis that differences in lifestyle and environment change the reproductive risks of orofacial clefts.

Methods: A total of 2,422 medical records of individuals born with cleft lip and/or palate in a reference center in the northeast of Brazil over a period of 30 years were analyzed. Data on the cleft type, geographic origin of the patient (coast or inland), presence of associated congenital anomalies or syndromes, maternal age, and maternal parity were recorded. Differences in frequencies between the cleft types were compared based on geographic origin, maternal age, and parity. Chi-square, Student's t, Kruskal–Wallis, and logistic regression were used to analyze the interference of covariables on the cleft type.

Results: The distribution of cleft types was significantly different between the coastal and inland areas (chi-square test, p < 0.0001). A higher frequency of cleft lip with or without palate was observed the inland area (chi-square test, p = 0.0006), while cleft palate only (chi-square test, p = 0.003) and rare facial clefts (chi-square test, p = 0.004) were more frequent in the coastal area. No difference was found in the distribution of maternal age (t-test, p > 0.05) between the two geographic areas, but parity was higher inland (t-test, p = 0.04). Logistic regression suggested that parity explained just a small portion of the differences in frequency between cleft types of the coast vs. inland.

Conclusion: Frequency of orofacial cleft types differs by geographic area in this region of the South American continent.
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INTRODUCTION

Cleft lip and/or palate is the most common congenital anomaly affecting a human face. The etiology is multifactorial with a polygenic genetic model with influence of environmental factors (1).

The role of the environment is still unclear, even though maternal smoking (1) and antiepileptic drugs are associated with increased cleft lip and palate risk (2). Stress and nutritional deficiency related to hunger are variables we hypothesize that may also contribute to orofacial cleft formation.

Oral clefts are historically subdivided into cleft lip with or without cleft palate and cleft palate only based on genetic and biological grounds (2–4). Few studies analyzed the impact of the environment on gene function in different cleft types (5).

The opportunity to study the impact of the environment on gene function that modifies the risk for orofacial clefts exists in the northeast of Brazil, where water shortage is frequent. A cleft treatment reference center serving the area is the perfect opportunity to test the hypothesis that living inland changes the reproductive risks of orofacial clefts in comparison with the coast, where access to water and food is uninterrupted. Individuals living inland are of lower family income and frequently experience drought and food shortages. Individuals living in the capital by the sea where there is a higher demographic density can be assumed to be under non-specific stress conditions (6). These two areas have differences in access to medical care and lifestyle, and we hypothesize that these differences may impact the frequency of orofacial clefts. Here, we report differences in frequency of types of clefts depending on being born inland vs. at the coast.



MATERIALS AND METHODS

This study was conducted with 2,422 medical records of patients treated at Lauro Wanderley University Hospital Cleft Lip and Palate Center, a reference center at the northeast of Brazil. Medical records comprised all cases treated from January 1991 to July 2020. Data on cleft type, geographic origin of the patient (coast or inland), presence of associated congenital anomalies or syndromes, maternal age, maternal parity, consanguinity, and maternal smoking during pregnancy were recorded.

This study was reviewed and approved by the local Institutional Ethics Board (Lauro Wanderley Hospital Ethics Committee approval #1.335.087).

Data were compiled into the Jamovi 1.2 computer software (7). Cleft type was defined as cleft lip with or without palate, cleft palate only, and rare forms of cleft, based on embryologic grounds and clinical presentations. Syndromic cases were recorded and analyzed separately. The geographic origin was divided into two main ones: coast and inland.

Differences in frequencies between the cleft types were compared based on geographic origin, maternal age, and parity; and chi-square, Student's t, Kruskal–Wallis, and logistic regression were used to analyze the interference of covariables on the cleft type. Information on consanguinity and maternal smoking was missing in 50% of the records, and these variables were not studied here.



RESULTS

From the 2,422 cases, 2,335 were isolated and 87 syndromic. As expected, more males were found with cleft lip and palate (female:male ratio of 1:1.45) and more females with cleft palate only (female:male ratio of 1.34:1) and rare types of clefts (ratio of 16:1) (Table 1).


Table 1. Distribution of orofacial clefts according to type and sex.
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Figure 1 describes the distribution of orofacial clefts according to type and geographic origin. Cleft palate only and rare forms of cleft were found more often at the coastline, and cleft lip with or without cleft palate was more frequent inland.


[image: Figure 1]
FIGURE 1. Distribution of orofacial clefts according to type and geogaphic origin. *indicate statistically significant difference.


No difference was found in the distribution of maternal age between the two geographic origins, but parity was higher inland (Table 2). Figure 2 shows more children with higher parity inland. Logistic regression suggested that parity explained just a small portion of the differences in frequency between cleft types in the coast vs. inland (Figure 3).


Table 2. Distribution of maternal age, maternal parity, according to geographic origin, and cleft type.
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FIGURE 2. Parity 4 or higher was more frequent inland in comparison with the coast in children born with orofacial clefts.
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FIGURE 3. Receiver operating characteristic (ROC) curve logistic regression model for cleft type considering, maternal parity, sex, and geographic origin.




DISCUSSION

The complex etiology of orofacial clefts has been studied for decades. There is a consensus that it has a multifactorial mode of inheritance with contributions from more than one gene and environmental factors (1, 2).

The overall breakdown of cleft types found in the present study was what was expected: 71% of the sample had cleft lip with or without palate, and 28% had cleft palate only (8–10). The distribution by sex was also within the expected proportions (10, 11). Rare clefts showed a much higher frequency in females (16 out of 17). For those instances, it appears that the development of the male sex protects against disturbances that lead to rare facial cleft forms. The expression of the testis-determining factor (TDF), beginning at around the sixth week of gestation, may be this protective factor. A molecular cascade of events follow, with the activation of the sex region of the Y chromosome (SRY) right after the expression of steroidogenic factor 1 (SF1). SRY raises SF-1 and SOX9 gene activity, leading to male differentiation and activation of the anti-Müllerian hormone (AMH) gene (12). These events are occurring at the same time that the face is developing.

The evidence of remarkable differences in lifestyle and environment between the coastal and inland regions (Figure 4) motivated to stratify frequencies of cleft types by geographic region, which are known to affect the etiology of the cleft (1, 2, 13). The distribution of cleft types was significantly different between the regions (chi-square test, p < 0.0001). Inland, there was a higher frequency of cleft lip with or without palate (chi-square test, p = 0.0006), while cleft palate only (chi-square test, p = 0.003) and rare facial clefts (chi-square test, p = 0.004) were more frequent in the coastal area (Figure 1). Previously, we have shown that older maternal age did not associate with oral clefts, but higher parity did (14, 15). In the present data, it was more likely for the child to have higher parity if she or he was born inland; however, parity appeared to explain very little of the difference between frequencies of inland vs. coastal areas. We hypothesize that the distinct frequencies of cleft types by geographic area in this region might be due to genetic differences, including differences in the control of gene expression that may be influenced by the environment. These differences in cleft type incidence depending on geographic region may exist in other parts of the world. In Egypt, Luxor appeared to have more cases of cleft lip only and no cleft palate only than Cairo (16). In Iran, the incidence of cleft lip and palate, but not the other cleft types, was increased between 2002 and 2011, in comparison with 1982 and 2001 (17). These data are from the northeast of Iran, where the city of Mashhad is. Mashhad has had an accelerated growth since the early 2000s, a factor that widened social gap and made the city particularly prone to slum proliferation; and the population in marginal neighborhoods has limited access to hospital care, pharmacy, and stable jobs and is required to have long commute times (18).


[image: Figure 4]
FIGURE 4. Examples of living conditions of families included in the study. Inland areas vary from (A) isolated households in the drylands to (B) small size cities. (C) The coastal city, which is larger and more afluent.


The study was done in a specific geographic area that corresponds to one state of a country, and this can be perceived as a limitation, since the results may not be generalizable to other parts of the continent or other continents. However, the evaluation presented here corresponds to data collected over a period of 30 years and represents the population of a specific geographic area. In that sense, these population-based results are the true representation of the state in question. In conclusion, there were differences in the expected frequencies of types of cleft lip and palate when coastal and inland areas were compared. Future studies will focus on possible gene–environmental mechanisms that might explain these differences.
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