
472 © 2019 Annals of Medical and Health Sciences Research  

 Original Article Original Article

How to Cite this Article: Ali MAM, et al. Risk Factors of Non-Syndromic 
Orofacial Clefts in Sudan during 2016-2017. Ann Med Health Sci Res. 
2019;9:472-477

This is an open access article distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows others to remix, 
tweak, and build upon the work non‑commercially, as long as the author is credited 
and the new creations are licensed under the identical terms.

Introduction 
Orofacial clefts are among the most common anomalies in the head and 
neck region. The overall prevalence of OFCs is found to be 1/700. [1] 
In Sudan, the prevalence of cleft lip and palate was found to be about 
0.9 per 1000 with male to female ratio was 3:10. [2] OFCs exhibit a 
complex etiology, composed of several genetic and environmental 
factors. Therefore, studies on homogenous and different population 
can be useful in detecting these risk factors. [3,4]

This study aims to make an overview on the environmental risk 
factors (History of drugs intake during pregnancy, periconceptional 
folate intake, alcohol consumption, smoking habits, vitamin 
deficiency, diabetes, exposure to toxins, maternal age as well as 
socioeconomic status of the mother) in patients with non-syndromic 
cleft in Sudan.

Materials and Methods
A descriptive, case-control hospital-based study was conducted in 
Khartoum, Capital of Sudan. Cases were mothers aged (15-47) who 
had children with NSOFCs and attended Khartoum Teaching Dental 
Hospital, Soba Teaching Hospital, Ribat Teaching Dental Hospital, and 
Omdurman Military Hospital, while the controls were a random sample 
of mothers who had normal children with no defects who attended the 
same hospitals for different reasons during 2015-2016. Mothers of both 
case and control groups were interviewed in these hospitals by the same 
principle investigator. The same data collection sheet was used for both 
case and control groups, except for the question of the type of cleft that 
was only asked for cases. The structured questionnaire involved the 
most possible environmental risk factors that contributed to NSOFCs, 

including, maternal age, folic acid intake, education and socio-economic 
status, consanguineous marriage, medical history, illnesses during 
pregnancy, exposure to (radiation or radio/chemotherapy), smoking 
and alcohol consumption and drugs history. The interview included 
detailed questions regarding personal data including educational level, 
socioeconomic status and consanguineous marriage. Also, information 
about gestational period including, if there was regular follow up 
with obstetrician doctor during gestation period, familial history of 
clefts, maternal age, history of illnesses and exposure to radiation or 
radio/chemotherapy. About medical history, mothers were asked for 
diabetes and epilepsy. Social history included asking about smoking 
and alcohol consumption. Regarding drug history, mothers were asked 
about current medication, or any drug was used during pregnancy that 
might involve antifolates or antiepileptic drugs or even steroids. Lastly, 
folic acid and others vitamins intake during gestational period and the 
period of intake whether mother recalled that.

Approval letter from the Ethical Committee of University of Khartoum 
was obtained prior to the conduction of this study and permission from 
the respective authorities was obtained before starting interviewing 
participants. The aim of the study was explained to mothers and a 
verbal consent was obtained.

Risk Factors of Non-Syndromic Orofacial Clefts in Sudan 
during 2016-2017
Maha Abdelbagi Mohammed Ali1 and Mashail Mahmoud Mahgoub Hamid2*
1Department of Oral and Maxillofacial Surgery, University of Gezira, Wad-Medani, Sudan; 2Department of Oral and Maxillofacial 
Surgery, University of Khartoum, Khartoum, Sudan and College of Dentistry, King Khalid University, Saudi Arabia

Corresponding author:
Dr. Mashail Mahmoud Mahgoub Hamid,
Department of Oral and Maxillofacial Surgery,
Faculty of Dentistry, University of Khartoum, 
Sudan and College of Dentistry, King Khalid 
University, 
Saudi Arabia,
Tel: 00966555967705
E-mail: mashailmahmoud@gmail.com

Abstract
Background: Orofacial clefts are among the most common anomalies in the head and 
neck region and both genetic and environmental etiologies can be implicated. Aims: 
To evaluate the association of certain environmental risk factors with non-syndromic 
orofacial clefts (NSOFCs) and to determine the most common type of clefts associated 
with these factors. Methodology: 288 participants were included in this cross-sectional 
study; 144 in case group (mothers of children with NSOFC) and equal number of 
control group (mothers of healthy children). Details about gender of child, type of 
cleft, maternal gestational age and health, level of education, socioeconomic status, 
folic acid intake, consanguineous marriage, family history of clefts, radiation exposure, 
chemotherapy, gestational smoking, alcohol and drug intake were recorded. Results: 
Low education level (p. v=0.001), lack of folic acid supplementation (p. v=0.003, OR=0.20, 
95% CI: -0.6_1.0) family history of clefts (p. v=0.014, OR=6, 95% CI: 4.68_7.26) and low 
socioeconomic status (p. v=0.042) were significantly associated with NSOFCs. Using 
multivariate analysis, maternal education was the most significant factor followed by 
folic acid supplementation. Conclusion: low education level, lack of gestational folic acid 
intake, family history of clefts, low socioeconomic status and consanguineous marriage 
all should be considered as potential risk factors for NSOFCs. Among these, maternal 
education and gestational folic acid supplementation were the most significant ones. 
Isolated cleft lip was the commonest type associated with these factors.
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two females. The most common type of OFCs in this study was the 
cleft lip (55.6%), while only (4.2%) of patients had cleft palate [Figure 
1]. There was no significant difference between cases and controls with 
respect to maternal age [Table 1], history of illnesses during pregnancy, 
exposure to radiation, radiotherapy or chemotherapy, and history of 
diabetes (p-value was > 0.05 for all these variables.

 

Figure 1: Type of cleft among case group.

IBM SPSS version 20.0 was used for entering and analyzing the data. 
Descriptive statistics were obtained including frequency distribution 
tables and graph. Chi square test was used to find association between 
environmental risk factors and OFCs in which p-value of <0.05 
considered significant. Finally, logistic regression for multivariate 
analysis was also used. 

Results
The study included 144 cases of non-syndromic clefts and 144 healthy 
controls with no birth defects. Thirty-five males and forty-five females 
were in the CL group, while thirty-seven males and twenty-one females 
were in the CLP group. The CP group consisted of four males and only 

 

Figure 2: Folic acid intake during pregnancy.

 

Figure 3: Socio‑economic status of cases.

 

Figure 4: Socio‑economic status of controls.

 

Figure 5: Consanguineous marriage. 

 

Figure 6: Familial history of cleft.

 

Figure 7: Consanguineous marriage and the type of cleft.

Table 1: Maternal age.
Study Groups Maternal Age Total

11‑20 21‑30 31‑40 41‑50 51‑60
Cases Frequency 30  78 34 2 0 144

Percentage 20.8% 54.2% 23.6% 1.4% 0.0% 100%
Controls Frequency 21 69 52 2 0 144

Percentage 14.6% 47.9% 36.1% 1.4% 0.0% 100%
P value 0.332
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No one of the participants in the case and control groups had epilepsy 
or mentioned a history of using of antiepileptic and steroids (antifolate 
drugs) during pregnancy. In addition to that, no association was found 
between smoking and alcohol consumption and risk of NSOFCs since 
no one of interviewees reported history of smoking or alcohol intake 
during their pregnancy.

There was a statistically significant difference between the two groups 
with respect to gestational folic acid intake. (p-value=0.000) [Figure 2]. 
Chi-square test showed a significant difference between the two groups 
(p-value=0.000) in regards to the level of education of interviewed 
mothers [Table 2]. low socioeconomic status was more among cases 
(25.7%) than those in controls (16.7%), chi-square test showed 
statistically significant difference (p-value< 0.05) [Figure 3 and Figure 
4]. Mothers in the case group had a higher percentage of marriage to 
their relatives (71.5%) than those in the control group (47.9%) [Figure 
5]. The difference between the two groups showed to be statistically 
significant (p-value=0.003). Positive history of clefts in families was 
significantly associated with risk of OFCs in children (using chi-square 
test p-value=0.003) [Figure 6]. 

In regards to distribution of OFCs Risk Factors among each type 
of Cleft we found that CL was the commonest type in almost age 
groups except the age group of (11-20 years), in which CLP was more 
common [Table 3]. CL was also the commonest type of cleft associated 
with all risk factors i.e., Folic acid intake, positive familial history of 
clefts and consanguineous marriage [Figure 7]. In addition, it was the 
commonest type in all level of mothers’ education and all categories of 
socioeconomic status as well [Tables 4-8].

Four mothers previously exposed to radiation gave birth with cleft lip 
and palate, while six diabetic mothers had their babies born with cleft lip.

Multivariate analysis was performed to determine the most significant 
risk factor of OFCs. Binary logistic regression was performed 
and it showed that the education level was the risk factor with the 
strongest association (p-value=0.001), followed by folic acid intake 
(p-value=0.003), then familiar history of clefts (p-value=0.014) and 
lastly the socioeconomic status (p-value=0.042).

Discussion
Orofacial clefts are among the most common anomalies in the head 
and neck region and both genetic and environmental etiologies can be 
implicated. This study investigated the association of several certain 
environmental risk factors with risk of non-syndromic orofacial clefts.

With respect to maternal age, the common age group of interviewed 
mothers was 21-30 years for both cases and controls groups, this 
finding is contrary to that of Monlleó [5] and Shapira’s study, [6] among 
Brazilian and Israeli Jews and Arabs population respectively. Monlleó 
found that almost one third of mothers in his study were either < 18 
or > 35 years. Low maternal age increase risks of labor problems, 
prematurity, low birth weight, and hypoxia, mainly due to reproductive 
system immaturity, poor maternal nutrition, and frequent use of legal 
and illegal drugs, [5] whereas in Shapira’s study, new born of young 
mothers (<20 years) and old mothers (>45 years) had significant higher 
cleft rates (p-value< 0.009).

Table 2: Education level.
Study Groups                     Education Level   Total

Primary Secondary University Others
Cases Frequency 52 51 26 15 144

Percentage 36.1% 35.4% 18.1% 10.4% 100%
Controls Frequency 28 23 71 22 144

Percentage 19.4% 16.0% 49.3% 15.3% 100%
P value 0.000

Table 3: Maternal age group and the type of cleft.
Maternal Age Group CL CLP CP Total

11‑20 years Frequency 11 17 2 30
Percent 36.7% 56.7% 6.6% 100%

21‑30 years Frequency 50 26 2 78
Percent 64.1% 33.3% 2.6% 100%

31‑40 years Frequency 17 15 2 34
Percent 50% 44.1% 5.9% 100%

41‑50 years Frequency 2 0 0 2
Percent 100% 0.0% 0.0% 100%

Table 4: Folic acid intake and the type of cleft.
Folic Acid Intake          CL CLP CP Total

Yes Frequency 43 36 4 83
Percentage 51.8% 43.4% 4.8% 100%

No Frequency 37 22 2 61
Percentage 60.7% 36.0% 3.3% 100%

Table 5: Education level and type of cleft.
Education Level CL CLP CP Total

Primary Frequency 32 21 0 53
Percentage 60.4% 39.6% 0.0% 100%

Secondary Frequency 24 22 4 50
Percentage 48.0% 44.0% 8.0% 100%

University Frequency 11 13 2 26
Percentage 42.3% 50.0% 7.7% 100%

Others Frequency 13 2 0 15
Percentage 86.7% 13.3% 0.0% 100%

Table 6: Socio-economic status and the type of cleft.
Socioeconomic 

Status CL CLP CP Total

Low Moderate High
Low Frequency 26 11 0 37

Percentage 70.3% 29.7% 0.0% 100%
Moderate Frequency 54 47 5 106

Percentage 51% 44.3% 4.7% 100%
High Frequency 1 0 0 1

percentage 100% 0.0% 0.0% 100%

Table 7: History of clefts in families and the type of cleft.
History of Clefts in 

Families CL CLP CP Total

Yes Frequency 15 11 2 28
Percentage 53.6% 39.3% 7.1% 100%

No Frequency 65 47 4 116
Percentage 56.0% 40.5% 3.5% 100%

Table 8: History of maternal illnesses during pregnancy and the 
type of cleft.

History of maternal 
illnesses CL       CLP CP Total

Yes Frequency 17 13 2 32
Percentage 53.1% 40.6% 6.3% 100%

No Frequency 63 45 4 112
Percentage 56.2% 40.2% 3.6% 100%
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The current study agrees with most of previous studies by showing 
a significant inverse association between folic acid intake during 
pregnancy with the risk of NSOFCs (p-value< 0.05, OR=0.2, 95% CI: 
-0.6_ 1.0). [7-11] These results are consistent with these of Itikala’s study 
who estimated 48% risk reduction for CLP (OR =0.52, 95% CI: 0.34 
_ 0.80), [7] and in accordance with the same study of Itikala, the risk 
reduction of CP in the present results was less than that of CLP. Lack 
of folic acid consumption was associated with a higher incidence of CL 
(p-value=0.018) in Carinc’s study, this finding matches that observed 
in this study as well. All these findings are contrary to previous studies 
by Czeile and Hayes, in which no correlation between folic acid intake 
and cleft risk reduction was observed. [12,13]

Several studies have evaluated the impact of education level on the 
risk of non-syndromic orofacial clefts. Low maternal education, which 
may contribute to the lack of awareness of the importance of healthy 
diet and nutrition including folic acid vitamin supplementation in the 
early stage of pregnancy seemed to be a risk factor for having a child 
with non-syndromic orofacial clefts as in Taghavi’s study. [14] The most 
obvious finding to merge from the data analysis in this study is that 
the majority of mothers in the case group had primary and secondary 
educational levels, whereas the majority of those in the control group 
are highly educated (p-value=< 0.05), although these results reflect 
those of Krapels’s study, in which also found that the low education 
level was associated with increased risk of CLP, [15] it seems that they 
may be due to sampling bias (selecting of mothers in these hospitals).

It was hypothesized that the low socioeconomic status is a risk factor for 
orofacial clefts that have to be considered, because it can be a marker 
of parental health and life style, the life style factors, either alone or 
in combination with occupational activities and genetic background, 
play a role in the etiology of orofacial clefts. [14] One of the finding in 
this study that (25.7%) of cases associated with low socioeconomic 
status in comparison to (16.7%) of controls, with significant p-value< 
0.05. These results agree with Clark’s findings, in which reported the 
prevalence of orofacial clefts was increased with increasing deprivation, 

[16] however this does not appear to be the case in Carmichael’s study, 
that reported no association between maternal socioeconomic status 
and orofacial clefts. [17] Surprisingly, the current study accords with 
previous reports which demonstrated that the association between the 
socioeconomic status and the risk of orofacial clefts was only observed 
in cases with cleft lip/ and or palate but not for isolated cleft palate. [16]

One of the proposed objectives of the current study is to assess the 
association of consanguineous marriage as a possible risk factor with 
orofacial clefts, a significant difference was observed between case 
(71.5%) and control (47.9%) groups regarding consanginous marriage 
(p-value=0.003 OR =2.70, 95% CI: 2.03 _ 3.37). These results broadly 
support the findings in other studies such as Jamiliam’s study, in which 
consanguineous marriage observed in (32%) of parents versus (18%) in 
matched controls, [18] and also to Leite’s study, parental consanguineous 
marriage with (odd ratio =3.8, CI: 1.27 _ 12.18). [19] Although these 
results consistent with previous mentioned studies, they are differing 
from some published one, Taghavi, reported no significant difference 
between case and control group with respect to consanguineous 
marriage. [14] Regarding the type of the cleft in association with this risk 
factor, in the present study, the consanguineous marriage was found to 
be associated with all types of cleft, with highest percentage for CL and 
the lowest one for CP, while in Leite’s study, no association between 
consanguineous marriage and isolated CP was observed. [19]

The current study was designed to evaluate the history of the clefts 
in the families of interviewed mothers and its association with 
risk of orofacial clefts, the results indicate significant association 
(p-value=0.003 and OR =5.97, CI: 4.68 _ 7.26), comparison of these 
findings with those of other studies confirms this association as in 

Leite’s study, which demonstrated that the history of oral clefts either 
in the father‘s (OR =5.0) was strongly associated with both types of 
orofacial clefts (CL/P). [19] This association between the history of clefts 
in relatives’ families and the risk of orofacial clefts may be attributed to 
the role of genetic factors.

The present study found that there was no significant association 
between maternal history of diabetes and occurrence of orofacial clefts, 
(p-value=0.649), odd ratio =1.52, (95% CI: -0.3 _ 3.34), however this 
in contrast to Moore‘s study, in which pregnancies of women who were 
both obese and diabetic were 3.1 times as likely (95% CI: 1.2 _ 7.6) to 
result in an offspring with craniofacial defects including orofacial clefts 
than were those of non-obese, non-diabetic women, which suggests 
that obesity and diabetes mellitus may act synergistically in the 
pathogenesis of congenital anomalies. [20] A previous study conducted 
by Abrishamchian, demonstrated that maternal epilepsy was associated 
with increased risk of non-syndromic orofacial clefts. [21] However, the 
present study did not detect any evidence of this association. This result 
may be explained by the fact that no epileptic mothers were present in 
both cases and controls groups.

Several studies had demonstrated that the maternal fever and the 
common cold during the first trimester as risk factor for orofacial clefts. 

[14,22,23] Mothers with history of influenza, common cold, orofacial 
herpes, and gastroenteritis during pregnancy were associated with 
increased risk to born children with isolated cleft lip +_ cleft palate. 

[23] Cold is a common source of fever, which has been associated with 
increased risk of birth defects in both animals and humans, particularly 
for neural tube defects. High temperature may result in the arrest of 
mitotic activity and cell death in mitosis phase. [24] In contrast to earlier 
findings, in which no association was found to occur between maternal 
history of fever or any other illnesses during pregnancy and risk of 
orofacial clefts (p-value=1 OR =1.95%, CI: 0.24 _ 1.76).

Several previous studies have evaluated association of non-syndromic 
orofacial clefts with maternal history of radiation exposure or 
chemotherapy. Zandi’s study in Iranian population reported that 
maternal drug intake, trauma, smoking, and radiation exposure 
during pregnancy, all were found to be significantly associated with 
increased risk of non-syndromic orofacial clefts. [25] However, the 
findings of the current study do not support these previous outcomes, 
since (p-value=0.246. OR – 0.38. 95%, CI: 1.29 _ 2.05), but they are 
consistent with Taghavi’s study, in which no association between 
radiation exposure and orofacial clefts was observed. [14]

In line with Taghavi’s study, [14] the current study reported no association 
between smoking and risk of orofacial clefts was demonstrated 
(p-value=0.173, OR =0.24, 95% CI: 1.97 _ 2.45), this is in contrast to 
other several studies, which found a significant marginal increase in risk 
of having an oral clefts if the mother smoked (odd ratio =1.75, 95%, CI: 
1.01 _ 3.02). [26-28] Shaw’s study, reported that the relationship between 
maternal smoking and all types of orofacial clefts were associated with 
high percentage of risk of oral clefts, reported high risk of clefting in 
mothers who used to smoke more than twenty cigarettes per day. [29]

The results of this study regarding alcohol consumption during 
pregnancy showed that there were no association between alcohol 
intake during pregnancy and risk of orofacial clefts since no alcoholic 
mother in this study, this finding differs from that of Shaw’s study, who 
observed a lack of increased risks of clefts for relatively low quantities 
of maternal alcohol consumption and increased risks of clefts for 
higher quantities of maternal alcohol consumption. [30] In this study, 
no association between conceptional intakes of folic acid antagonist 
with risk of orofacial clefts was noted, since none of the interviewed 
mothers had used these drugs during their pregnancy. Although some 
previous reports such as Taghavi et al. found no significant association 
between the consumption of previously mentioned drugs with the 
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risk of orofacial clefts, [14] other studies like Hernández-Díaz‘s study, 
reported that folic acid antagonists which include antiepileptic (like 
carpamazepine) and antifolates drugs (like methotrexate) may increase 
the risk not only of neural tube defects, but also of cardiovascular 
defects, oral clefts, and urinary tract defects, which proved that the 
folic acid component of multivitamins has protective effect against 
OFCs. [31]

In conclusion, the present study demonstrates a significant association 
between certain environmental factors with the risk of NSOFCs. Folic 
acid intake during pregnancy, maternal education level, familial history 
of OFCs, socioeconomic status, and consanguineous marriage all are 
shown to be significantly associated with risk of OFCs. The education 
level of mothers was found to be the most relevant environmental risk 
factor followed by folic acid intake during pregnancy (by using logistic 
regression).

Moreover, no statistically significant association was observed between 
the maternal history of diabetes, illnesses and radiation exposure 
during pregnancy with the risk of non-syndromic orofacial clefts. The 
current study shows no correlation between maternal smoking, alcohol 
consumption, history of epilepsy and the use of antifolate drugs during 
pregnancy in the occurrence of OFCs. However, lack of this correlation 
could be a statistical bias since no mother in the present study was a 
smoker, alcoholic, epileptic or used antifolates drugs during pregnancy.

The isolated cleft lip was the most common orofacial clefts type 
associated with these factors, followed by cleft lip and palate and lastly 
isolated cleft palate that was the least associated type. The distribution 
of males among the CLP and isolated CP groups more than the females, 
while the females more common in isolated CL group than the males. 
The study had the following possible limitations: 

• Some association between risk factors and OFCs may be a pos-
sible result of chance. 

• Although adjustment of several potential confounders in this 
study was done, the possibility of unmeasured confounding fac-
tors could not be ruled out. 

• Recall bias can be one of the draw backs of this type of study; 
mothers in case group may recall past events and exposures dif-
ferently than those in control group. 

• The study did not include some factors related to OFCs such 
as maternal dietary habits during pregnancy, occupational expo-
sures and life style factors; in addition to the gene-environmental 
interaction.

• Data regarding timing and duration of supplementation was not 
available. 
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