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A B S T R A C T

Cleft lip and palate (CLP) are a usually inherited anomaly described as a gap in the oral cavity’s upper lip and/or 
roof. The etiology of CLP involves both genetic and environmental factors. The current study aimed to examine 
the genetic basis of nonsyndromic (NS) CLP (NSCL/P) and its association with specific genetic polymorphisms. 
We conducted a meta-analysis and systematic review of seven articles, which provided information on the 
correlation between genes and NSCL/P risk.

Our results proved that the MTHFR c.677C > T polymorphism was correlated with the risk of NSCL/P, fa-
voring the control group in the CC genotype and the cases group in the CT genotype. The TT genotype favored 
the control group. Additionally, the MTHFD1 1958G > A polymorphism was correlated with the high NSCL/P 
risk in children. However, the MTHFR C677T polymorphism did not show a significant correlation with NSCL/P 
risk in the analysis, although it was correlated with the high risk in specific populations.

These results contribute to our knowledge about the genetic causes of NSCL/P and highlight the importance of 
specific genetic polymorphisms in its development. Further research is needed to explore the genetic mechanisms 
underlying NSCL/P in different populations and to elucidate its implications for diagnosis, treatment, and pre-
vention strategies.

1. Introduction

Cleft lip and palate (CLP) are common birth anomalies described by a 
separation or opening in the upper lip and/or the roof of the oral cav-
ity.1,2 These conditions can have significant impacts on affected in-
dividuals including difficulties with feeding, speech, hearing, and social 
interactions. CLP occurs with a frequency of around 1 in 700 live births 
making it one of the most established congenital anomalies worldwide.3

The origin of CLP is complex and involves both environmental and ge-
netic factors.4,5 Nonsyndromic (NS) cleft palate (NSCP) is a prevalent 
congenital malformation affecting the upper lip and roof or the oral 
cavity.6 Its etiology is multifaceted, implying both ecological and ge-
netic factors.7 While the genetic reasons for NSCP have been extensively 
investigated, primarily through studies on syndromic CLP, the causes of 
NS cases remain largely unidentified with candidate gene mutations 
accounting for only a small fraction of cases.8

Recently, there has been significant advancement in uncovering the 
genetic basis of CLP. Studies have detected numerous genes that cause 

the development of syndromic forms of CLP which are associated with 
additional congenital anomalies.9 Some of these genes have also been 
implicated in the development of NSCLP, suggesting overlapping genetic 
mechanisms between syndromic and NS phenotypes.10 The genetic 
landscape of NSCP is intricate with various genes and loci implicated in 
its development.11 Recent research has identified several genetic risk 
factors associated with NSCP including mutations in craniofacial genes 
concerned with head and neck development such as MSX1, IRF6, and 
TP63.12 Additionally, studies have highlighted genetic risk factors 
associated with variations in facial morphology within the normal range 
which could contribute to NSCP development.13 Environmental factors 
such as smoking, alcohol consumption, and exposure to specific medi-
cations during pregnancy have also been implicated in NSCP develop-
ment.14 The interplay between genetic and environmental risk factors is 
complex, potentially synergistic, and may contribute to the occurrence 
of NSCP.15

Identifying the genetic basis of NSCP poses challenges due to the 
condition’s multifactorial etiology and the vast number of candidate 
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genes and loci involved.16 Nevertheless, recent advancements in genetic 
technology, including next-generation sequencing and the genetic 
foundations of NSCP have been revealed through new insights obtained 
from genome-wide association studies.17 Understanding the genetic 
basis of NSCP holds significant implications for its diagnosis, treatment, 
and prevention.18 Genetic testing can help identify individuals at risk of 
developing NSCP, enabling early intervention and targeted treatment.19

Moreover, knowledge of the genetic foundations of NSCP may guide the 
enhancement of new therapeutic and preventive protocols.20

In the current review, we aim to present the latest findings on the 
etiology of NSCLP. We will deliberate the genetic and environmental 
risk factors associated with NSCLP, as well as the current understanding 
of its genetic foundations. Furthermore, we will address the challenges 
encountered in elucidating the genetic basis of NSCLP and explore the 
potential implications of this knowledge for disease diagnosis, man-
agement, and prevention.

Applying meta-analyses, we integrated the available evidence to 
quantitatively summarize the etiology of NSCLP in the literature.21 To 
address the distribution of studies reporting multiple results, we used a 
three-level model for pooling results, allowing a more accurate estima-
tion of heterogeneity and its sources. Our aims were 1) systematically 
review and update existing knowledge by presenting the latest findings 
on the etiology of NSCL/P, 2) Interpret and correlate the specific genetic 
polymorphisms and NSCL/P risk, 3) Qualitatively assess the literature, 
and 4) summarize our findings and determine the related limitations and 
future directions.

2. Materials and methods

The current meta-analysis and systematic review aimed to investi-
gate the genetic causes of NSCL/P. This was followed by the criteria of 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) by the consideration for reporting the methods and results.22

2.1. Search strategy

To find related articles, a thorough search was done through the 
databases of PubMed/Medline, Scopus, Google Scholar, and Web of 
Science. The search encompassed articles distributed between 2014 and 
2024. The search terms used were carefully selected to capture the 
relevant genetic factors associated with NSCL/P. The specific search 
terms and Boolean operators used are documented in Appendix A. No 
language restrictions were applied during the search. Additionally, to 
make sure all pertinent research was included, the reference lists of the 
retrieved papers were thoroughly checked.

2.2. Study selection

The initial screening of articles was performed by the first author, 
who assessed the titles and abstracts of the retrieved papers. The com-
plete texts of the papers that appeared to meet the appropriate standards 

were retrieved and further assessed. The inclusion and exclusion criteria 
(Fig. 1) were predetermined and documented in Appendix B. Any article 
that did not show the eligibility principles was excluded, and the basis 
was recorded. To ensure reliability, the second author independently re- 
evaluated the selected articles. In cases of dispute between the two au-
thors, a consensus was reached through discussion. The disagreement 
was commonly due to differences in the selection of control groups. For 
example, there were two control groups, so that only a single control 
group was used.

2.3. Eligibility criteria

The appropriate standards for article inclusion in this meta-analysis 
were as follows: 

(1) Studies investigating the genetic factors associated with NSCL/P.
(2) Studies reporting on NS cleft palate and/or lip.
(3) Studies provide sufficient genotype and polymorphism data.
(4) Studies include control groups for comparison.
(5) Studies published between 2014 and 2024.
(6) Studies that were not covered by these criteria were ignored.

2.4. Data extraction

The two authors worked independently to collect the records. The 
records listed below were taken from every study that was included. The 
first author, year of publication, study population’s race, source of 
controls, the quantity of NSCL/P patients as well as controls for each 
genotype and associated polymorphism, the genotyping technique used, 
a p-value of the Hardy-Weinberg equilibrium (HWE) in controls, and the 
quality score of the study. The data extraction process was performed 
using a predefined data extraction form, and any discrepancies were 
determined through discussion between the two authors.

2.5. Quality assessment

The quality judgment of the entered studies was conducted using the 
Newcastle-Ottawa Scale (NOS).23 The NOS assigns the greatest score of 
nine to every study, with a higher score demonstrating higher meth-
odological quality. One of the authors performed the quality assessment 
independently. Studies with a score of seven or higher were of high 
quality.

2.6. Qualitative synthesis

The qualitative synthesis involved a measurement of bias and array 
in the included studies. It aimed to describe the traits and conclusions of 
the research that were found using the data that was extracted. For a 
more comprehensive analysis, the likely effects with confidence in-
tervals (CIs) for every study were registered based on five genetic pat-
terns.24 However, it is important to acknowledge that this approach 

Fig. 1. Inclusion and exclusion criteria of the study.
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raises the issue of multiple testing, which may require appropriate ad-
justments to control for false-positive results.

2.7. Statistical analysis

A comprehensive statistical analysis using Review Manager 5.3 
software was performed to assess the correlation between MAFB poly-
morphisms and NSCL/P risk. The analysis involved calculating 95 % 
confidence intervals and crude odds ratios for each study, evaluating the 
significance of the pooled odds ratio using the Z-test, estimating 
assortment between studies using the Chi-square test, Tau2, and I∧2 
statistic, selecting appropriate models based on heterogeneity, and 
assessing Hardy-Weinberg Equilibrium (HWE). These methods provided 

valuable insights into the significance, heterogeneity, and genetic 
equilibrium of the studies, contributing to our perception of the genetic 
basis of NSCL/P.

3. Results

3.1. Study selection

All the steps followed for the study retrieval and identification for 
meta-analysis were tabulated in (Fig. 2) with inclusion and exclusion 
studies in the systematic review and meta-analysis of the genetic basis of 
cleft lip and palate following the PRISMA guidelines.

Fig. 2. Study retrieval and identification for meta-analysis. Flow diagram displaying the process for study inclusion and exclusion in the systematic review and meta- 
analysis of the genetic basis of cleft lip and palate following the PRISMA guidelines.
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3.2. Meta-analysis results

The current study encompassed seven studies for the analysis, 
providing information on the correlation between specific genetic 
polymorphisms and NSCL/P risk. The subsequent results were obtained.

3.2.1. MTHFR c.677C > T polymorphism

- Genotype: CC

Genotype-CC in cleft lip and palate at the last period was reported in 
six studies with heterogeneity (p = 0.0005 = 77 %) and the odd ratio 
(OR) between cases and control = 2.14 (1.25–3.65). p-value: <0.0. 
Favorable toward the control group as shown in Fig. 3. 

-Genotype: CT

Genotype-CT in cleft lip and palate at the last period was reported in 
three studies with heterogeneity (p = 0.04 = 70 %) and the odd ratio 
between cases and control = 0.60 (0.31–1.18). P-value: 0.14. Favorable 
towards the case group as shown in Fig. 4. 

-Genotype: TT

Genotype-TT in cleft lip and palate at the last period was reported in 
four studies with heterogeneity (p = 0.43 = 0 %) and the odd ratio 
between cases and control = 0.77 (0.62–0.97). p-value: 0.02. Favorable 
toward the control group as shown in Fig. 5.

3.2.2. MTHFD1 1958G > A polymorphism

- Genotype: 1958 GA (heterozygous) 
- Odds Ratio: 2.44

-p-value: 0.020
-Correlated with high NSCL/P risk in children

- Genotype: 1958AA (homozygous) 
- Odds Ratio: 2.45

-p-value: 0.012
-Correlated with high NSCL/P risk in children

- Dominant Model (AG þ AA vs. GG): 
-Odds Ratio: 2.44
-p-value: 0.002

- Correlated with high NSCL/P risk

3.2.3. MTHFR C677T polymorphism

- Genotype: C/T (heterozygous) 
- Frequency in controls: 40.7 %
- Frequency in patients: 15.4 %

- Allele: T 
- Frequency in controls: 26 %
- Frequency in patients: N/A
- The C677T polymorphism of the MTHFR gene showed low corre-

lation and NSCL/P in the Moroccan population (OR = 0.24, p- 
value = 0.0005).

3.2.4. MTHFR 1298A > C polymorphism

- Meta-analysis including 22 case-control studies:
- Overall, there is no significant correlation between MTHFR 1298A >

C polymorphism and NSCL/P risk.
- Subgroup analysis:
- Significant correlation observed in Asian and Iranian populations.
- No significant association between Caucasians, mixed populations, 

and Chinese populations.

The meta-analysis and systematic review depicted that the MTHFR 
c.677C > T polymorphism was correlated with the risk of NSCL/P, fa-
voring the control group in the CC genotype and the cases group in the 
CT genotype. The TT genotype favored the control group. Additionally, 
the MTHFD1 1958G > A polymorphism was correlated with high NSCL/ 
P risk in children. However, the MTHFR C677T polymorphism did not 
show a significant correlation with NSCL/P risk in the analysis, although 
it was associated with a high risk in specific populations. Thus, 

Fig. 3. Forest plot of odds ratio with confidence intervals for Genotype -CC.
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additional research is required to explore the genetic basis of NSCL/P 
and its implications in another population.

4. Discussion

4.1. MTHFR c.677C > T polymorphism

NSCL/P is a common congenital anomaly with a complicated etiol-
ogy implying both environmental and genetic causes.24,25 A critical 

function of the MTHFR gene is in the metabolism of folic acid, and the 
c.677C > T polymorphism has been extensively studied in NSCL/P 
risk.26,27 The meta-analysis results revealed a significant correlation 
between the CC genotype and increased NSCL/P risk, favoring the 
control group.27 In contrast, the CT genotype showed a non-significant 
correlation with NSCL/P, favoring the case group.27 The TT genotype 
was associated with a decreased NSCL/P risk, favoring the control 
group.27

Fig. 4. Forest plot of odds ratio with confidence intervals for Genotype -CT.

Fig. 5. Forest plot of odds ratio with confidence intervals for Genotype -TT.
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4.2. MTHFD1 1958G > A polymorphism

The MTHFD1 gene is involved in the one-carbon metabolism medi-
ated by folic acid, and the 1958G > A polymorphism has been investi-
gated about NSCL/P risk.26,28 The meta-analysis findings indicated a 
significant correlation between the 1958 GA and 1958AA genotypes and 
increased NSCL/P risk in children.26 Furthermore, the dominant model 
(AG + AA vs. GG) also showed a significant correlation with NSCL/P 
risk.24

4.3. MTHFR C677T polymorphism

The MTHFR C677T polymorphism has been extensively studied in 
various populations, including the Moroccan population.27 The 
meta-analysis results did not show a significant correlation between this 
polymorphism and NSCL/P risk overall.27 However, within the Moroc-
can population, a low association was observed between the C677T 
polymorphism and NSCL/P risk.27

4.4. MTHFR 1298A > C polymorphism

The MTHFR 1298A > C polymorphism has been widely investigated 
for NSCL/P risk. The meta-analysis incorporating 22 case-control studies 
showed no significant correlation between this polymorphism and 
NSCL/P risk. However, the Subgroup analysis did not show any signif-
icant correlation with Chinese, mixed, or Caucasian populations, but it 
did show a significant correlation with Iranian and Asian populations.26

4.4.1. Interpretation
The meta-analysis and systematic review provide valuable insights 

into the correlation between specific genetic polymorphisms and NSCL/ 
P risk.19,22 The findings suggest that the MTHFR c.677C > T poly-
morphism may influence NSCL/P susceptibility, with the CC genotype 
potentially conferring a higher risk.27 The MTHFD1 1958G > A poly-
morphism was correlated with a high NSCL/P risk, particularly in chil-
dren.24 On the other hand, the MTHFR C677T polymorphism did not 
show a significant correlation with NSCL/P risk overall but exhibited 
population-specific effects.27 The MTHFR 1298A > C polymorphism 
also demonstrated varying associations with NSCL/P risk across 
different populations 28.

4.4.2. Limitations and future directions
A few limitations should be supposed with the results of this meta- 

analysis and systematic review.24,25,27 First, the sample sizes through 
the selected studies were varied, which may have influenced the sta-
tistical power and generalizability.26,28 The studies involved were con-
ducted in different populations, potentially introducing heterogeneity. 
Gene-to-gene and gene-to-environment interactions were not thor-
oughly explored due to the limited available data. Future studies should 
address these limitations and investigate additional genetic variants and 
potential interactions to further elucidate the genetic basis of NSCL/P.

5. Conclusion

The meta-analysis and systematic review provide evidence support-
ing the correlation between specific genetic polymorphisms and NSCL/P 
risk. The MTHFR c.677C > T and MTHFD1 1958G > polymorphisms 
were found to be correlated with NSCL/P risk. The MTHFR C677T 
polymorphism showed population-specific effects. The MTHFR 1298A 
> C polymorphism demonstrated varying associations across different 
populations. These findings may help the rapid diagnosis of NSCL/P 
through genetic testing. Furthermore, they will increase our under-
standing of the molecular mechanisms that underlie NSCL/P develop-
ment. Thus, this will assist early intervention and management which 
have improved the affected individuals’ quality of life and overall 
quality of care. Moreover, the present study may help in the progress of 
clinical trials for genetic and drug therapies for NSCL/P. However, 
Further research is needed to explore additional genetic interactions and 
variants specifically in causing NSCL/P, to identify possible preventive 
measures.

Authors contributions

All authors have made substantive contributions to this study and/or 
manuscript, and all have reviewed the final paper before its submission.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jobcr.2024.12.012.

Appendix A

Boolean operator Function Example

AND Provides results that contain both or all keywords Genotypes CC AND CT
OR Provides results that contain either keyword NSCL OR NSCP
NOT or AND NOT Provides results that contain the first keyword but not the second nonsyndromic cleft NOT syndromic cleft
Quotation marks “” Provides results with the exact phrase “nonsyndromic”
Parentheses () Allows you to group keywords and control the order in which the terms will be searched (Genetic Basis) AND NSCL/P
Asterisk * Provides results that contain a variation of the keyword Development* 

“development,” “developer,” and “developing.”
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Appendix B. as in Fig. 1
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