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Abstract: OFCs (orofacial clefts) are among the most frequent congenital defects, but their etiology
has yet to be clarified. OFCs affect different structures and functions with social, psychological
and economic implications in children and their families. Identifying modifiable risk factors is
mandatory to prevent the occurrence of non-syndromic OFCs (NSOFCs). PubMed, Cochrane Library,
Scopus and Web of Science were searched from 1 January 2012 to 25 May 2022 and a total of
7668 publications were identified. Studies focusing on the risk factors of NSOFCs were selected,
leading to 62 case-control and randomized clinical trials. Risk factors were categorized into non-
modifiable and modifiable. The first group includes genetic polymorphisms, gender of the newborn,
ethnicity, and familiarity. Within the second group, risk factors that can only be modified before
conception (consanguinity, parental age at conception, socio-economical and educational level,
area of residency and climate), and risk factors modifiable before and after conception (weight,
nutritional state, acute and chronic diseases, psychophysical stress, licit and illicit drugs, alcohol,
smoke, pollutants and contaminants) have been distinguished. This study provides a wide overview
of the risk factors of NSOFCs, focusing on modifiable ones, to suggest new perspectives in education,
prevention, medical interventions and clinical research.

Keywords: alcohol; cleft lip and palate; contaminants; drugs; orofacial clefts; pregnancy; prevention;
pollutants; risk factors; smoke

1. Introduction

Orofacial clefts (OFCs) are characterized by clefts of varying widths that can affect
the upper lip, the alveolar process, and the hard and/or soft palate [1]. Babies with OFCs
manifest problems with phonation, feeding, hearing, and aesthetic and psychological
discomfort. They require short- and long-term multidisciplinary health care [2]. In addition,
these infants show higher mortality in the first years of life and up to 55 years of age and
an increased risk of cancer [3].
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Embryologically, the face is derived from five processes, namely the frontonasal and
the two maxillary and mandibular processes [4]. The frontal process originates from the
medial and lateral nasal processes bordering the bilateral nasal pits [5]. Between weeks
4 and 12 of intrauterine life, the development of the lip and palate occurs by migration
into the first pharyngeal arch of cells derived from the neural crest. Following complex
processes of cell differentiation, by fusion of the nasal placodes with the maxillary process,
the upper lip and primary palate are formed. Subsequent elongation and thickening of the
palatine processes result in their fusion and differentiation into bone and muscle tissue,
creating the hard palate and soft palate [6]. Failure of fusion of maxillary and middle nasal
processes results in a cleft lip (CL). Failure of fusion of the palatine processes results in the
cleft palate (CP) [5,6].

According to the site affected, two main categories are distinguished: cleft lip with or
without cleft palate (CL/P) and cleft palate (CP), mono or bilateral (Figure 1).
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Figure 1. Anatomical classification of OFCs [CL: cleft lip; CLP: cleft lip and palate; CP: cleft palate]. 
Type A and type B: CL (mono and bilateral); type C and type E: soft CP (mono and bilateral); type 
D and type F: soft and hard CP (mono and bilateral); type G and type I: hard CLP (mono and 
bilateral); type H and type J: soft and hard CLP (mono and bilateral). 

In addition, there is the subclass cheilognathoschisis (CL and alveolus) [6,7]. The 
most widely used classification system of OFCs sub-phenotypes is the LAHSHAL 
classification (Table 1) [8]. 

Table 1. Phenotypic description by LAHSHAL classification [CA: cleft alveolus; CL: cleft lip; CP: 
cleft palate; CL/P: cleft lip with or without palate]. 

LAHSAL 1  
Abbreviated 
Notation 

Phenotypic Description 

[LAHS•••] 
right unilateral complete CL, complete alveolus and complete 
“unilateral” CP  

[laHS•••] right unilateral incomplete CL and alveolus, complete “unilateral” CP 

[•••SHal] left unilateral incomplete CL and alveolus, with complete “unilateral” 
CP 

[LAHSHAL] bilateral symmetric complete CL, complete CA, and complete 
“bilateral” CP 

Figure 1. Anatomical classification of OFCs [CL: cleft lip; CLP: cleft lip and palate; CP: cleft palate].
Type A and type B: CL (mono and bilateral); type C and type E: soft CP (mono and bilateral); type D
and type F: soft and hard CP (mono and bilateral); type G and type I: hard CLP (mono and bilateral);
type H and type J: soft and hard CLP (mono and bilateral).

In addition, there is the subclass cheilognathoschisis (CL and alveolus) [6,7]. The most
widely used classification system of OFCs sub-phenotypes is the LAHSHAL classification
(Table 1) [8].
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Table 1. Phenotypic description by LAHSHAL classification [CA: cleft alveolus; CL: cleft lip; CP: cleft
palate; CL/P: cleft lip with or without palate].

LAHSAL 1

Abbreviated Notation
Phenotypic Description

[LAHS•••] right unilateral complete CL, complete alveolus and complete
“unilateral” CP

[laHS•••] right unilateral incomplete CL and alveolus, complete
“unilateral” CP

[•••SHal] left unilateral incomplete CL and alveolus, with complete
“unilateral” CP

[LAHSHAL] bilateral symmetric complete CL, complete CA, and complete
“bilateral” CP

[l*HSH*L] bilateral symmetric incomplete CL, notched CA, and complete
“bilateral” CP

[••HSH••] complete “midline” cleft of hard and soft palate
[•••S•••] complete “midline” cleft of soft palate

1 LAHSHAL is an acronym that indicates the anatomical structures, starting from the right side of the patient
toward the left side: L (Right Lip); A (Right Alveolus); H (Right Hard Palate); S (Soft Palate); H (Hard Palate
Sn); A (SN Alveolus); L (Sn Lip). The initial of the letter of the anatomical part involved is written uppercase or
lowercase depending on whether the cleft is complete or partial. Minimal cleft is indicated by an asterisk (*); if the
anatomical part is normally developed it is indicated by a dot (•); (e.g.,: laHS . . . : unilateral right incomplete cleft
lip and alveolus, unilateral complete cleft palate). Based on these indication possibilities, the LAHSHAL system
can describe over 12,000 combinations (of anatomy and severity) for CL/P.

According to the aetiology, OFCs are classified into syndromic and non-syndromic.
Syndromic OFCs (more than 400) originate from genetic, chromosomal, and teratogenic
abnormalities and are associated with the presence or absence of other congenital and
developmental and physical abnormalities. The most common genetic cause of OFCs is
Van der Woude Syndrome, followed by Velocardiofacial Syndrome or 22q11.2 Deletion
Syndrome and Pierre Robin Sequence and Associated Syndromes [3].

Non-syndromic OFCs (70% of CL/P and about 50% of CP cases), characterized by iso-
lated morphologic manifestations, are determined by endogenous and exogenous etiologic
factors [3,9,10].

The prevalence of OFCs varies according to race and geographic location:
1/500 among Asians and Native Americans; 1/1000 among Caucasian, Hispanic, and
Latin populations; the lowest is found in the African people in the ratio of1/2500 [3,11].

Generally, OFCs are prevalent in the male sex. CL is present in 59.50% in males (M)
and 40.5% of females (F); CP and CLP in 57.62% M and 42.38% F and 61.12% M vs. 38.58% F,
respectively. In general, CP results in the most frequent (35.97%), followed by CLP (31.99%)
and then CL (29.52%), submucosal schisis (SM) results in the least frequent (2.52%). CL is
more frequent on the left and in males, in 61.2% M and 38.8% F, respectively [12,13]. In
addition, 50% of patients with CL also present with CP due to a lack of fusion of facial
extensions preceding palate formation [14].

Recent studies stated that the three types of OFCs (CL, CLP and CP) have different
aetiology although the molecular dynamics remain unclear [15]. Scientific researchers
have confirmed that different DNA methylation in embryonic development causes the
occurrence of OFCs [16].

The analysis of blood samples from non-syndromic children with CL, CLP and CP
revealed genomic sequences previously linked to OFCs and new (250) sequences, with
different methylation occurring in the embryonic period [17]. These results support the
hypothesis that the three subtypes may have different aetiology [3,18].

Besides data confirming the role of genetics in the aetiology of OFCs, scientific studies
and epidemiological data show that environmental risk factors (e.g., smoking, alcohol
and malnutrition in pregnancy, viral infections, teratogenic pharmacological agents, folate
deficiency, weight) intervene significantly in the complex embryological development
determining malformation [19–45].
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During pregnancy, OFCs-related complications are commonly divided into maternal
and fetal.

Maternal complications include miscarriage, elective termination of pregnancy due to
prenatal identification of CAs, hyperemesis gravidarum, and anemia due to insufficient
intake of folate and vitamin B12 [46–48].

Among fetal conditions, a study conducted in Brazil counts preterm birth (gestational
age less than 37 weeks) before the stage of fetal weight gain, which is often associated
with cesarean delivery [49]. A low-weight fetus (<1.5 kg) usually goes to post-partum
mortality [50,51].

This systematic review aims to distinguish between non-modifiable and modifiable
factors, focusing our attention on the latter, to take preventive, educational and therapeutic
measures to reduce the occurrence of NSOFCs.

2. Materials and Methods
2.1. Protocol and Registration

The present systematic review has been performed in accordance with the recom-
mendations of Literature search Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) and the International Prospective Register of Systematic Review
Registry guidelines (PROSPERO) (ID: 341519).

2.2. Search Processing

PubMed, Cochrane Library, Scopus and Web of Science were searched to find papers
that matched our topic dating from 1 January 2012 up to 25 May 2022. The search strategy
was built by using a combination of words that matched the purpose of our investigation,
whose primary focus is the risk factors associated with OFCs. Hence, the following Boolean
keywords were used: (“cleft” and “lip” and “palate”) (“orofacial” and “clefts”).

Separately, main gene polymorphisms associated with NSOFCs were searched
and reviewed.

2.3. Inclusion Criteria

The articles were selected using the following inclusion criteria: (1) studies only on
human subjects; (2) open access studies; (3) clinical trials, cohort studies and randomized
controlled trials; and (4) English language.

2.4. Data Processing

Two reviewers (M.F. and A.P.) searched the databases to extrapolate the studies and
assessed their quality independently, according to selection criteria. The selected articles
were downloaded into Zotero (version 6.0.15). Any discrepancies between the two authors
were resolved by consulting a senior reviewer (F.I.).

3. Results
3.1. Study Selection and Characteristics

A total of 7668 publications were identified, of which 4963 records using the key
words “cleft lip and palate” and 2705 using the key words “orofacial clefts”. In the
first case, the consulted databases were Pubmed (64), Scopus (2055), Cochrane (617),
and Web of Science (2227); in the second case, the consulted database were Pubmed (9),
Scopus (537), Cochrane (17), and Web of Science (2142). Hence, only studies that focus on
the association between OFCs and risk factors were selected, by the analysis of the title and
abstract. Studies dealing with other aspects of OFCs—for example, hereditary risk factors,
associated diseases and syndromes, prenatal diagnosis, treatment and consequences—were
excluded (7272), because they were off-topic. Duplicates (333) were removed, leading to
63 records selected, and after eligibility, 62 studies were selected for qualitative analysis
(Figure 2).
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factors that can be partially modified by lifestyle interventions and/or educational 
programs before conception are included in the second group (Figure 3). 

Figure 2. Literature search Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flowchart diagram of the inclusion process.

3.2. Outcomes

The risk factors identified were classified into non-modifiable or modifiable. The first
group includes genetic polymorphisms, gender of the newborn, ethnicity, and familiarity.
Among the latter group, we made a distinction between (1) risk factors that can be prevented
through educational programs before conception, namely, consanguinity, parental age at
conception, socio-economical and educational level, area of residency and climate, and
(2) risk factors modifiable both before and after conception, namely weight, nutritional state,
acute and chronic diseases, psychophysical stress, licit and illicit drugs, alcohol, smoke,
pollutants and contaminants.

4. Discussion

This systematic review aims to extrapolate from the literature of the last 10 years
the main risk factors of NSOFCs, classifying them as non-modifiable and modifiable.
Risk factors that can be partially modified by lifestyle interventions and/or educational
programs before conception are included in the second group (Figure 3).
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a protective factor for CL/P [46]. 

Ethnic differences could potentially influence the incidence of OFCs. However, 
estimates of these relationships vary significantly throughout the research. This could be 
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Figure 3. Overview of non-modifiable and modifiable risk factors of NSOFCs [CO: carbon monoxide;
CTS: corticosteroids; DBPs: water disinfection By-products; HAAs: haloacetic acids; NO2: nitrogen
dioxide; SO2: sulfur dioxide; THMs: trihalomethanes].

In NSOFCs, genetic polymorphisms belong predominantly to the folate pathway.
Therefore, they will be treated in the paragraph of folate and vitamin deficiency, as their
impact on embryogenesis becomes significant when an insufficient intake of folate and
vitamin B12.

4.1. Non-Modifiable Risk Factors for Non-Syndromic Orofacial Clefts (NSOFCs)
4.1.1. Gender of the Newborn and Ethnicity

Gender can be considered both a protective and a risk factor for OFCs. In some cases,
studies identified correlations of gender with a specific type of OFCs. Specifically, several
authors found that the male gender is a risk factor for CL/P and CL, while CP is more
frequent in females [24,49,52,53]. According to Sakran et al., the male gender is generally a
protective factor for CL/P [46].

Ethnic differences could potentially influence the incidence of OFCs. However, estimates
of these relationships vary significantly throughout the research. This could be explained
by differences in the measurement and categorization of ethnic groupings and variations in
the classification of oral clefts [54]. The international literature identifies the Asian, white
and indigenous races as having higher anomaly prevalence rates of OFCs. On the American
and Asian Continents, 1/500 births are affected by this condition, compared to 1/2500 live
births in African populations. Belonging to a non-white race could be a protective factor
for the occurrence of OFCs [55]. These findings are also demonstrated by Shibukawa et al.
in their cross-sectional study of Brazilian newborns from 2005 to 2016 [49]. The survey of
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Kapos et al. in agreement with the poor literature, showed that before United States-mandated
folic acid supplementation, children born to American Indian mothers had a higher chance of
developing NSOFCs than infants born to White mothers. Children born to Black mothers had
a lower rate of this condition than infants born to White mothers, but it may be a result of
differences in birth records’ methods for determining oral clefts [54].

4.1.2. Familiarity

Family history is considered the most critical risk factor in the development of clefts [55].
The analysis of Silva et al. confirms earlier results of increased rates of familial recurrence

due to a family history of CLP (about 40%) [55]. In addition, Sakran et al. reported positive
family history as a significant risk factor for CLP in their cohort [46]. Ly at al. conducted an
international study on paternal factors. They concluded that a father’s personal or family
history of CLP was linked to a noticeably higher risk [56]. In the study of Noorollahian et al. a
family history of this disease was present in about one-third of the cases [57].

The mechanism underlying this correlation is the likelihood of sharing alleles that are
similar through descents [55].

4.2. Modifiable Risk Factors for Non-Syndromic Orofacial Clefts (NSOFCs) before Conception
4.2.1. Consanguinity

Most genetic clefts have developed when consanguinity and family history have been
discovered in a family simultaneously. About 9% of children worldwide are born due
to consanguineous marriages, which account for 20% of the world’s population [58]. A
case-control study by Sakran et al. on 600 patients assumed that parental consanguinity
and family history were highly related to this condition [46]. Similarly, Cheshmi et al.
concluded that the most notable factor that may have elevated the incidence of OFCs was
consanguineous marriage [47]. In Iran, the prevalence of this custom is much more than
the global medium due to cultural norms [47]. Compared to Western developed nations,
where this sort of marriage is not particularly frequent, the high incidence of marriage
in very traditional developing countries (such as Iran) greatly raises the risk of OFCs.
These findings agree with other reports analyzed, which support the role of genetics in the
incidence of oral clefts [59,60].

Silva et al. confirm that OFCs are inherited due to the consanguineous unions common
in these areas. They also emphasize the need for genetic counseling for this community [55].

4.2.2. Parental Age

Parental age acts as a risk factor and a protective factor for NSOFCs. Several studies
agree that if both parents are ≥35 years or <19 years, the risk of OFCs increases [24,49,52,53].
According to de Carvalho et al., the risk increases for a paternal age ≥ 40 years [25]. Conversely,
for other authors, parental age was not significantly associated with OFCs [46,56].

In regard to the potential protective effect of parental age, it is difficult to identify a
range considered not at risk for OFCs because, in this field, the data in the literature are
in contrast, especially about paternal age. If Sakran et al. confirmed that paternal age at
childbirth of 25–29 years is a protective factor against CL/P, Olutavo et al. observed that
paternal age ≥ 35 is surprisingly a protective factor for CL/P [23,46]. The same authors
identified a maternal age between 26 and 35 years as protective [23]. In conclusion, these
data reveal that protective age ranges have been identified for both parents (26–35 years
and 25–29 years for mothers and fathers, respectively).

4.2.3. Socioeconomic Level and Education

According to various research, fathers with lower socioeconomic positions and educa-
tion levels are more likely to generate children with oral clefts [52,61].

A case-control study by Lupo et al. analyzed this association in a large population
in Texas for about 10 years. They discovered that an unfavorable socioeconomic status is
moderately related to oral clefts, particularly among Hispanics, using information from
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one of the world’s biggest active surveillance congenital disabilities registries. These results
may significantly impact the prevention of health inequities [62].

The research of Figuireido et al. showed that poor parental education level appeared
to be a risk factor for having a child with a cleft. Although this investigation did not find
conclusive evidence linking this factor, the underlying cause may be related to prenatal
care, nutrition, and other lifestyle choices [52].

4.2.4. Area of Residency and Climate

Few research studies have looked at the connection between rural maternal residency
and CLP risk, even though inequalities between rural and urban areas have been observed
for numerous health and birth outcomes. Generally, moms who lived in rural areas were at
a greater risk of having a baby with oral clefts [52,63–66].

Kapos et al.’s study evaluated maternal residence’s association with the risk of OFCs.
In agreement with the poor literature, they showed that babies born to women who reside
in rural regions have a greater chance of developing NSOFCs than babies born to moms
who live in urban areas [54].

Noorollahian et al. found that most parents of OFCs-children reside in rural regions,
leading researchers to conclude that this congenital defect is more common in people of
lower socioeconomic standing [57].

An international study by Figuiereido et al. suggested a multifactorial etiology of
OFCs, including environmental factors such as rural residency [52].

Teratogenic consequences of increased body core temperature have been
demonstrated [21,67,68]. Soim et al. investigated the possible association between heat
events of the weather and congenital malformations such as neural tube defects [69]. De-
spite research suggesting that warm temperature leads to worse pregnancy outcomes,
authors found no statistically significant increased risk of neural tube malformations across
all climatic regions. Future research should improve exposure and thoroughly review
the topic [69].

4.3. Modifiable Risk Factors for Non-Syndromic Orofacial Clefts (NSOFCs) before and
after Conception
4.3.1. Weight

Obesity is a significant public health problem in developing countries [30,70]. Re-
cent studies have considered the role of the mother’s body mass index (BMI) in the onset
of pathologies affecting the fetus. BMI is considered normal if it is between 18.5 and
25 kg/m2. Maternal obesity can be responsible for congenital disabilities [71] as it can
cause hyperglycemia, hyperinsulinemia, oxidative stress, systemic inflammation, and nutri-
tional deficiencies that can compromise the development of the fetus [72,73]. Overweight
mothers were found to have a higher risk of having babies with OFCs than women with
normal BMI [30]. Kutbi et al. found that CP and CLP occurred more frequently in women
who had higher than average BMI (≥35) in the pre-pregnancy period and that CL is not
associated with changes in body weight [30]. Although previous revisions have found
a 1.2 times greater risk in obese women giving birth to children with OFCs [71,74,75],
Sato et al. in their prospective cohort study of 94,174 mothers, found no significant asso-
ciation between pathology and abnormal BMI (<18.5 and ≥25 kg/m2) [76]. Otherwise,
few authors have shown a correlation between maternal underweight and OFCs [77,78].
George et al. analyzed the interaction between smoking and BMI. They found a strong
negative influence only for CL and CP if the two factors are associated, especially in women
with lower-than-normal BMI [79]. In this study, a reduction in the odds ratio for smoking
was reported with increasing BMI, possibly for the ability of adipose tissue to retain the
lipophilic chemicals of smoke [79,80]. However, a higher-than-normal BMI is not protective
against the pathogenetic effects of smoking [79].
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4.3.2. Nutritional State

The maternal nutritional state is crucial to drastically reduce the appearance of con-
genital abnormalities (CAs) in newborns.

For instance, a strict maternal vegetarian diet increases 15 times the risk of OFCs in
newborns when compared to omnivorous people [32]. Low levels of vitamin B12 and folate
are often detected among vegetarian women, and a diet deficient in folate and vitamin B12,
especially during early pregnancy, has been linked to OFCs [32]. One study showed a
reduced amount of folate in the Indian population due to the type of vegetarian diet and
mode of cooking food. Folate in vegetables is sensitive to heat, so it is destroyed during
steaming [81].

Curiously, some studies deleted the relationship between cleft and specific foods,
namely liver, sprue potatoes and caffeine-containing beverages. Caffeine belongs to the
methylxanthine class and elevates the homocysteine level, interfering with the metabolic
pathways of B6-vitamin [48]. Studies concerning liver consumption showed mixed re-
sults. According to some authors, it prevents the risk of CL/P because the liver is rich in
nutrients [82]. Conversely, for others, preventing OFCs would not be sufficient [81]. Pota-
toes usually are considered a reliable source of nutrients. Still, when sprouted, they can
contain high levels of glycoalkaloid solanine which is considered toxic and teratogenic for
the human body. Periconceptional intake of this food may increase the risks of developing
OFCs and neural tube defects [83].

4.3.3. Psychophysical Stress

Another relevant environmental factor in modern times is stress.
A stressful event can cause an increase in cortisol in the maternal blood and therefore in

the fetus. The teratogenic effect of corticosteroids (CTS) has long been demonstrated [84,85].
The enzyme 11B-hydroxysteroid dehydrogenase type 2 (11beta HSD2) responsible for
regulating the passage of CTS through the placental barrier is down-regulated in case
of stress [41,42]. Moreover, in the early stages of pregnancy—a critical moment for the
formation of the facial massif—this enzyme is less represented [86]. The consequent
increase in circulating CTS levels can also cause hyperinsulinemia and insulin resistance
with negative effects on the development of the fetus [42,87,88].

It has been shown that taking vitamin B6 supplements helps reduce the harmful effects
of CTS because this vitamin acts as a tissue receptor suppressor for these hormones [89].

Stress also increases catecholamines that reduce uterine blood flow and increase the
risk of hypoxic damage to the fetus [84,90,91].

Ingstrup et al. demonstrated a strong correlation between the sudden death of a close
relative or child in the prenatal period with the risk of developing cleft in the offspring [87].

In 2021, Sato et al. studied the psychological stress of mothers at 15 weeks of pregnancy
through the Kessler Psychological Distress Scale (K6) [92,93] and concluded that there is an
association with CL/P [76].

As a concerned maternal physical activity, its role has also been examined in the work
environment. More strenuous movements such as twisting, lifting weights, running, and
kneeling revealed a weak association with CL/P; however, longer sitting time proved to be
a protective factor. However, further studies are needed to investigate further and confirm
the correlation between maternal physical activity and OFCs [94].

4.3.4. Acute and Chronic Diseases
Diabetes

Diabetes mellitus (DM) is a metabolic disease characterized by hyperglycemia. The
regulation of blood glucose levels occurs thanks to insulin production by the pancreatic
beta cells, a hormone that controls the entry and use of glucose into cells. Depending on the
mechanisms responsible for the state of hyperglycemia, different forms of the pathology
can be distinguished: (a) type 1 (or insulin-dependent DM), in which the pancreas does not
produce insulin; (b) type 2 (or insulin-independent DM), in which the amount of insulin
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produced is insufficient to meet the body’s needs or does not act adequately on the tissues
(insulin resistance); (c) gestational DM (GDM), in when increased blood glucose levels
occur during the period of pregnancy. This condition resolves on its own after delivery, but
affected women have a greater risk of developing type 2 DM in subsequent years.

Guariguata et al. reported in 2013 that the prevalence in the world of subjects affected
by various forms of DM was 8.3% and that in 2035 this value would have doubled [95]. It
has been seen that the association between GDM and obesity triples the risk for the fetus of
developing CAs, including OFCs [26,27,31]. In 2016, Trindade-Suedam et al. conducted
a study on the habits and health status of women who gave birth to children with OFCs,
analyzing 325 cases observed during 12 months in a hospital in Sao Paulo (Brazil) dedicated
to the management of these issues. The fasting glucose and abdominal circumference
evaluation at the mother’s first prenatal examination were taken as reference values for
diagnosing GDM. This study demonstrated that hyperglycemia during pregnancy increases
the risk of incidence of OFCs in newborns [31].

Therefore, rigorous and systematic control of maternal blood glucose levels is neces-
sary during the gestational period to prevent the risk of OFCs and other CAs [31].

Hypertension

In 2015, Figueiredo et al. confirmed what was already reported in 1995 by Hurst et al.
who stated that a mother’s hypertension before pregnancy is associated with an increased
risk of developing cleft, as is the use of antihypertensive drugs during the early stages of
pregnancy which had been shown to have teratogenic effects on the fetus [31,52,96].

Angina Pectoris

The term “angina pectoris” comes from Latin and means chest pain, which is the main
symptom of this disease. A temporary poor blood supply causes it in the heart, resulting
in a lack of oxygen to the cardiac tissue. This condition is usually aggravated by physical
exertion and emotional stress and is alleviated by taking nitro-glycerine [97].

Maternal angina pectoris (MAP) and myocardial infarction are ischemic events that
rarely occur during pregnancy [98]. The study of Czeizel et al. was aimed at validating
the correlation between MAP and OFCs reported in 2005 by Métneki et al. [99]. This study
confirmed the greater predisposition of mothers affected by MAP to have children with
OFCs compared to other CAs and shows that the drugs for the prevention/treatment of
ischemic events have a low influence on the onset of the problem. Otherwise, the association
of MAP with cigarette smoke increases the risk of developing clefts [29,100]. A genetic
correlation between the two issues has also been hypothesized since hyperhomocysteinemia
is associated with both a higher risk of MAP [101,102] and a higher incidence of OFCs [103],
as well as genes related to stress [104]. However, the limitations of this study are linked to
the low incidence of MAP in pregnant women and, therefore, to the small number of cases
and controls [29].

Infections

Lip and palate development occurs during the early stages of pregnancy. In a recent
study, Sakran et al. confirmed that exposure to infections during this phase increases the
risk of developing NSCL/P [28,46]. Hyperthermia, often associated with viral infections,
has been seen to play an important role in the onset of the cleft [81,105]. The most common
conditions related to OFCs generally occur during early gestation and are the common cold,
acute respiratory infections, influenza, pulpitis, cholecystitis, acute urinary tract infections,
and pelvic inflammatory diseases [49]. These data suggest the importance of vaccines for
pregnant women, such as the flu vaccine [81]. There is no evidence of a possible correlation
between SARS-CoV-2 infection during pregnancy and the risk of OFCs.
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Folate and Cobalamin Deficiency

Folate (vitamin b9) and cobalamin (vitamin b12) deficiency can be due to insufficient
dietary intake and/or mutation in genes involved in the folate cycle, namely methylenete-
trahydrofolate (MTHF) reductase gene, transcobalamin 2 (TCN2), and cystathionine beta-
synthase (CBS) [106].

Although genetic polymorphisms are included among the non-modifiable risk factors,
adequate folate and b12 supplementation in pregnancy compensate for enzyme deficiencies
and the accumulation of teratogenic metabolites [106].

The enzyme MTHF reductase converts 5,10-MTHF to 5-MTHF, which is the active
metabolite of folic acid and acts as a cofactor in several biochemical reactions, for example,
the conversion of amino acid homocysteine to methionine, which lead to the methylation
of DNA, RNA and histones proteins, one of the main mechanisms underlying gene ex-
pression regulation. Reduced levels of the active form of folic acid and accumulation of
homocysteine impair cell differentiation and tissue growth during embryogenesis, leading
to neural tube defects and OFCs. The common origin of these CAs is that the neural crest
cells of orofacial tissues and teeth are situated in the dorsolateral regions of the neural
tube. In addition, hyperhomocysteinemia is an independent risk factor for cerebrovascular
disease associated with atherosclerosis, hypertension, inflammation, neurodegenerative
diseases, pregnancy complications, and congenital malformation [107]. Even if it is clear
that the supplementation with folate and cobalamin during pregnancy significantly re-
duce the prevalence of OFCs and neural tube defects both in mice and human [108], the
correlation of OFCs with the most common polymorphisms of folate pathway, namely
c.677C > T (rs1801133) and c.1298A > C (rs1801131), is still controversial. The recent
Rai V meta-analysis demonstrated a strong association between C677T polymorphism
and NSCL/P [109]. Jahanbin et al. found that only c.1298A > C polymorphism of the
MTHFR gene may be a risk factor for NSCL/P in an Iranian population [110]. Instead,
Komiyama et al. excluded the association of C677T and/or A1298C polymorphisms
with the occurrence of CL/P in a large Japanese cohort. Recently, Machado et al. added
new NSCL/P-associated genes of the folate/homocysteine pathway in Brazilian popu-
lation, namely carbon pool by folate (hsa00670, p = 3.63 × 10−11), antifolate resistance
(hsa01523, p = 0.00038), and biosynthesis of amino acids (hsa01230, p = 0.0460), formatted
by (Formimidoyltransferase Cyclodeaminase) FTCD, (Methylenetetrahydrofolate Dehydro-
genase, Cyclohydrolase And Formyltetrahydrofolate Synthetase 1) MTHFD1, Methylenete-
trahydrofolate Reductase (MTHFR), 5-Methyltetrahydrofolate-Homocysteine Methyltrans-
ferase (MTR), Serine Hydroxymethyltransferase 1 (SHMT1), and Thymidylate Synthetase
(TYMS) [111]. Conversely, according to Martinelli et al., the 677T allele of the MTHFR gene
seemed to be protective against the occurrence of CL/P in the Asian population [112].

In addition, the same Italian group found the association of NSCL/P with polymor-
phism c.776C > G (p.Pro259Arg) and of the single nucleotide polymorphism rs4920037, be-
longing to transcobalamin 2 (TCN2) and cystathionine beta-synthase (CBS),
respectively [113,114]. Therefore, it can be argued that NSCL/P also presents a genetic
background interacting with environmental factors. The association of NSCL/P with spe-
cific polymorphisms might be influenced by the ethnic group and support the different
genetic origin of CL/P and CL [114].

Other Diseases

In 2020, Ács et al. analyzed the correlation between children born with CP and any
acute or chronic maternal illnesses during pregnancy [81]. This study found that the
mother’s anemia may be linked to the pathology. This would agree with the theory that
embryonic hypoxia, during the first three months of pregnancy, can hinder the correct
formation of facial processes [81,115].

It has also been shown that the increase in inflammatory cytokines that occurs, for
example, during pulpitis, can be responsible for the problem [81]. The same authors also
point out that there is a higher risk of CP in the case of maternal hyperthyroidism in the
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first 14 weeks of gestation [81]. This finding agrees with studies in which Graves’ disease is
linked to the development of congenital anomalies in the fetus [116].

Epilepsy also exposes the fetus to a greater risk of OFCs. Still, in these cases, the
potential teratogenic effect of the antiepileptic drugs that the mother takes must also be
taken into considered [81,117–119].

The children of women who suffered from migraines during pregnancy proved to be
more predisposed to the development of clefts. Still, in this case, the influence of drugs
taken to alleviate the symptoms must be investigated [81,120–122].

According to this article [81], even the spasmolytic and anti-pain drugs used for
cholelithiasis, urolithiasis, and neuro-musculoskeletal pain syndromes can be identified as
the main culprits of the problem [123].

4.3.5. Licit Drugs and Vitamins

Thirty-two percent of mothers used drugs during all the phases of pregnancy and,
generally, several papers find a significant correlation between drugs and the occurrence of
specific types of OFCs, especially during early gestation (Table 2) [31,46,53,124].

The most prescribed drugs in pregnancy are vitamins, followed by antibiotics. Current
evidence is quite ambiguous regarding maternal supplementation with folic acid and
multivitamins for preventing OFCs. According to most studies, the intake of folic acid or
multivitamins containing folate at almost 400 mcg/day is mandatory to reduce the risk of
neural tube defects and NSCL/P, not only in the first 3 months of pregnancy [33,46] but
also during the periconceptional periods (from the time of conception to 12 weeks after
conception) [48]. In other words, failing to take vitamins increases the risk of CL/P but
not of CP [34,76]. This data may support the hypothesis that CL/P and CP appear to be
genetically and embryologically distinct entities. In contrast, Roosendaal et al. found that
periconceptional use of folate increases the risk of OFCs, especially of CL/alveolus, in a
population from the Netherlands [35].

Specifically, the antibiotics most used are beta-lactams, followed by sulphonamides
and macrolides. Antibiotics are prescribed more frequently in the second trimester, espe-
cially to women under 25 years [125]. Although the prescription of antibiotics in pregnancy
has slightly increased in the last decade, the association between OFCs and antibiotics is
still a matter of debate in the literature, also for molecules classically considered safe in
pregnancy [125]. The exact pathogenetic mechanisms underlying the teratogenic effects of
antibiotics have not yet been clarified. One of the best-known is trimethoprim inhibition of
the folate methylation cycle [126]. According to a large cohort study, antibiotics use in early
pregnancy does not represent a significant risk factor for NSOFCs, even if the risk increases
for specific classes and selected periods. For instance, trimethoprim is associated with an el-
evated risk of CP during the first trimester; doxycycline/tetracycline and sulfamethoxazole
are strongly associated with CL/P during the 2nd month, and pivmecillinam is associated
with a high risk of CP during the 3rd month [125].

Controversial data concern amoxicillin, the antibiotic most used to treat respiratory
and urinary infections in pregnancy and classified in the pregnancy category B drug by
the USFDA (U.S. Food and Drug Administration). According to an analysis of the Slone
Epidemiology Centre Birth Defects Study on 1348 infants affected by OFCs, maternal
assumption of amoxicillin is associated with an increased risk of CL/P in the first trimester.
Conversely, in the third trimester, amoxicillin is associated with an increased risk both of
CL/P and CP [127].

CTS are widely used as anti-inflammatory and immune-modulating drugs during
pregnancy and induce pulmonary maturity in the fetus. Above all, they are widely used
during pregnancy in dermatological formulations for treating rashes, psoriasis, dermatitis
and eczema, and in inhalation formulations to treat rhinitis [128].

Since 1951, the administration of oral CTS at high doses during early pregnancy has
been considered a risk factor of OFCs because of teratogenic effects, which reach the acme
at 60 mg/kg/day (dose of prednisone or equivalent) [128]. The increase in endogenous CTS
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can interfere with the fusion of the palatal shelves in mice. Considering that the fetus has a
lower endogenous level of CTS and that the enzyme 11beta HSD2 is less represented in the
early stage of pregnancy, it can be argued that even low doses of CTS and dermatological
formulations, such as betamethasone, can overcome placenta, reach fetal circulation and
cause teratogenic effects during embryogenesis [86]. As already discussed above, the level
of endogenous cortisol produced in excess in case of maternal stress can also contribute to
the risk of OFCs [87,129].

The first result from the National Birth Defect Prevention Studies (NBDPS), based on
data from 1997 to 2002, found a correlation with CL/P but not CP [129]. Conversely, the
updated data analysis from the same registry does not support the correlation between
CTS and CL/P. Authors adjourned previous results with data from 2003 to 2009 concerning
2372 Newborns with CL/P. According to new data, there is a slight association between
any use of all formulations of CTS and systemic CTS and CLP [128].

Among oral CTS, prednisone has shown a mild association with CL/P. Regarding
nasal spray/inhaled formulations, the type of CTS with the stronger association is triamci-
nolone with CLP, followed by beclomethasone, which is associated with CLP and CP. No
association was found with topic CTS [128]. In contrast to this assumption, the same author
found the suggestion of an association of dermatologic CTS with both CLP and CP [128].

Regarding the timing of exposure, the most critical period of exposure to CTS is during
weeks 1–4 and 5–8 after conception, followed by exposure only during 4 weeks before
conception and exposure during weeks 5–8 and 9–12 after conception. The other periods
are not considered at risk of CL/P. In conclusion, the use of CTS during pregnancy is not
associated with the development of CL/P in the offspring, except for little evidence of asso-
ciations between specific molecules, namely prednisone, triamcinolone, beclomethasone or
timing, especially during weeks 1–4 and 5–8 after conception [129].

Ondansetron is a 5-HT3 receptor antagonist commonly used to contrast hyperemesis
pregnancy. The association of ondansetron with CL/P is still a subject of debate. According
to the retrospective cohort study of Huybrechts et al. on 1,816,414 pregnant women, first-
trimester exposure to ondansetron is associated with a small increased risk of OFCs (5 cases
per 10,000 prenatally exposed livebirths). Specifically, the type of oral cleft found was CP.
No high risk for CL or CLP has been reported [130].

Topiramate is an anticonvulsant drug commonly used to treat epilepsy, bipolar dis-
order and migraine also during pregnancy. The association of topiramate with CL/P is
dose-dependent; in fact, the RR increased at a dose ≥ 200 mg/day, commonly used to treat
epilepsy. Data are referred to a period from 3 months before conception through one month
after delivery [131].

Finally, other drugs associated with OFCs are reported in the most recent literature,
namely anticonvulsants, retinoic acid, analgesics, benzodiazepines, antidepressants, stimu-
lants, and anti-hypertensive drugs, and drugs containing iron and folate [31,34,53].

Table 2. Licit drugs taken in pregnancy associated with specific type of OFCs [CP: cleft palate; CL/P
cleft lip with or without palate; CPL: cleft lip and palate, OFCs: orofacial clefts].

Drug Type of OFCs Gestational Period References

Trimethoprim CP 1st trimester [129]
Doxycycline/tetracycline CL/P 2nd month [129]
Pivmecillinam CP 3rd month [129]

Amoxicillin CL/P
CL/P, CP

1st trimester
3rd trimester [127]

Prednisone CL/P 1st trimester [125]
Triamcinolone CLP 1st trimester [125]
Beclomethasone CLP, CP 1st trimester [125]
Ondansetron CP 1st trimester [130]
Topiramate CL/P 1st trimester [131]
Anticonvulsants CL/P Not reported [34]
Retinoic acid CL/P Not reported [34]
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4.3.6. Illicit Drugs

Opioid abuse during pregnancy is a high-risk habit for the emergence of various CAs,
including OFCs. It increases the risk of OFCs associated with other craniofacial anomalies
by nearly three times [31]. Comparison between infants with opioid exposure and the
control group revealed a significant increase in all subtypes of OFCs (OR of CL/P, CP, CL
and CLP) [132].

Prenatal opioid exposure and other drugs can have severe and immediate conse-
quences for newborns. Neonatal Opiate Abstinence Syndrome (NOWS) affects approxi-
mately half of all infants exposed to antenatal drugs. Mullen et al. examined 11,599 live
births in hospitals at West Virginia University’s tertiary care center for 4 years (2013 and
2017) to better understand the relationship between NOWS and CL/P. The prevalence of
CL/P was found to be greater in newborns with NOWS (6.79 per 1000 live births) than in
the general population (1.63 per 1000 live births) [124].

4.3.7. Smoke and Alcohol

Smoke is a risk factor that plays an essential role in the etiology of CL/P. Several
authors stated that smoking during early pregnancy increases the risk of CL/P by approxi-
mately 14.6 times in newborns [37,38].

Maternal exposure to numerous chemicals that are released into the air as a result
of the incomplete combustion of tobacco and other organic compounds such as cooking
and heating fuels have been shown to cause cracks; these substances include polycyclic
aromatic hydrocarbons (PAHs), carbon monoxide (CO) and heavy metals [133].

Smoking increases levels of carbon monoxide, which has a high affinity for hemoglobin,
thus resulting in reduced oxygen supply to the placenta. At the same time, nicotine
constricts the uterine wall causing hypoxia in embryogenetic tissues during the palate
genesis. Hypoxia induces malformations in the maxillary region [38].

Several researchers, including Shaw and Romitti 1996–1999, have shown that cigarette
smoke can alter the expression of the gene involved in palatogenesis, transforming growth
factor alfa (TFGA) [37,134,135]. Krapels et al. in 2004 showed that the risk of having a child
with NSCL/P is increased by a factor of 3 in the case of smoking mothers with a mutated
genotype compared to non-smoking mothers with at least one functioning allele [38,136].

The biological mechanisms underlying cleft lip and palate are hidden in the DNA and
depend on a defect in the TFGA gene, which is responsible for organizing the structure of
the face and palate during embryogenetic processes; the mechanism of interaction between
smoke and gene remains unknown [134,135]. TFGA is responsible for promoting the
synthesis of the extracellular matrix and the migration of mesenchymal cells and ensuring
palate strength and fusion. When normal, this portion of DNA is insensitive to the negative
effect of smoking, but when altered, it becomes vulnerable to smoking. If the fetus inherits
the defect from both mother and father, it cannot detoxify itself and suffers the insult of
cigarette smoke, which can result in malformation [134,135].

Regarding drug type, licit drugs such as tobacco, stimulants and antidepressants
have been shown to increase the risk of orofacial malformations; this correlation was not
observed for illicit drugs such as cocaine and cannabis due to the small sample size or lack
of control [31].

Several authors have amply demonstrated the role of alcohol in the genesis of the
palatal cleft. However, it varies with dose, frequency, and mechanisms of toxin transfer
from the mother to the embryo [135,137,138].

Exaggerated alcohol consumption is associated with craniofacial malformations char-
acterized by reduced growth of the central nervous system and neurodevelopment [138].

The author demonstrated an increased risk of partial or total CL/P in the first trimester
of pregnancy compared to non-drinking women [139]. Between the fifth and tenth week of
pregnancy is the period when the structures forming the palate and lip fuse. This is the
most vulnerable period and alcohol abuse could affect the cells forming these structures
with an increased risk of CL/P [140].
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An important aspect relates to the amount of alcohol and frequency during pregnancy.
One author has shown that consuming five or more glasses of alcohol in an evening can
be particularly detrimental to fetal development because it exposes the fetus to a higher
concentration of alcohol in the blood than someone who consumes the same amount over
a more extended period. Another important aspect is genetic susceptibility, defined by
maternal alcohol metabolizing genes (ADH1C haplotype gene) associated with reduced
alcohol metabolism [138,139].

These authors’ limitations are the impossibility of quantifying exposure to these three
causative factors, but this information can prevent and educate on the risk of orofacial
malformations [140].

4.3.8. Pollutants and Contaminants

Maternal exposure to gaseous air pollutants in the preconceptionally period and early
stages of gestation revealed a positive correlation with the risk of developing NSOFCs. Several
studies recognized an increased incidence of CL/P after exposure to CO (carbon monoxide),
NO2 (nitrogen dioxide), and SO2 (sulfur dioxide). CP cases were related only to NO2 expo-
sure [43,44]; no correlation was observed with O3 (ozone) [43,45]. During the 5–10 gestational
weeks, exposure to environmental particulate pollution with a diameter ≤ 2.5 µm (PM2.5)
is correlated with a 43% increase in CP risk for each 10 µg/m3 increase in PM2.5 concentra-
tions [45]. The biological mechanism by which gaseous air pollutants can cause OFCs remains
unclear. However, there are several hypotheses: hypoxia generated by CO; DNA methylation
caused by NO2; and oxidative stress caused by SO2 [43].

Water pollution also proved a significant risk factor. Figueiredo et al. reported a
higher incidence of OFCs in the offspring of mothers who drew water from a well than in
controls who took filtered water or water drawn from public waterworks [56]. Nevertheless,
water disinfection by-products (DBPs), which are formed by the interaction of chemical
disinfectants and organic material in the water, are a hazard for OFCs’ occurrence. Exposure
to DBPs or trihalomethanes (THMs) and haloacetic acids (HAAs), particularly HAA5, is
correlated with the occurrence of CP [141].

Environmental contaminants include arsenic, pesticides, and heavy metals. Arsenic is
widespread in the environment in organic and inorganic forms. Exposure to it can occur
through occupational or dietary exposure, drinking water, or eating foods containing it,
such as rice, vegetables, fruits, and shellfish. The study by Suhl et al. identified a positive
correlation between CP and maternal occupational exposure to inorganic arsenic [142].

According to the same authors, there is a positive correlation between CP and paternal
occupational exposure in the periconceptional stages to insecticide + herbicide + fungicide
type pesticides [143].

However, the paternal influence in these malformations is controversial. According to
Ly et al., there is no clear correlation between paternal exposure to environmental pollutants
and the onset of OFCs [56].

During the second and third trimesters of pregnancy, in utero exposure to low con-
centrations of heavy metals, particularly mercury, lead, cadmium, and manganese, has not
been proven to be a risk factor for CL/P [144,145].

Maternal occupational exposure in the periconceptional period to organic solvents
(aromatic and chlorinated—which are widely found commercially in the form of degreasers,
cosmetics, paints, detergents, or pesticides—has not shown a positive correlation with the
occurrence of OFCs in offspring [145,146].

5. Conclusions

The aim of this systematic review was to demonstrate that NSOFCs recognize multiple
modifiable risk factors and to highlight the interactions that genetics, environment, habits
of daily life, diet and pathology have on the onset of this congenital abnormality.

Herein, risk factors were classified into non-modifiable or modifiable. The first group
includes genetic polymorphisms, gender of the newborn, ethnicity and familiarity. Among
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the latter group, there are risk factors that can be prevented through educational programs
and lifestyle interventions before conception aimed at planning a pregnancy safely, namely
consanguinity, parental age at conception, socio-economical and educational level, area
of residency, climate. Risk factors that are modifiable both before conception and during
pregnancy include weight, nutritional state, psychophysical stress, acute and chronic
diseases, licit and illicit drugs, alcohol, smoke, pollutants and contaminants.

The gender of the newborn is more associated with specific forms of OFCs, although
conclusions are contradictory. Generally, CL/P is more frequent in males, while CP is
prevalent in females.

Caucasian, Asian, and indigenous ethnicities have higher rates of OFCs anomalies
than non-white ethnicities. Familiarity is one of the major contributors to the occurrence
of OFCs, especially if it coexists with consanguinity. Although OFC is a multifactorial
disease, the genetic component has proven to be critical. This consideration stems from
the high prevalence of OFCs in babies born from consanguineous relationships, which are
uncommon in Western countries but common in less developed or developing countries
(e.g., Iran).

More crucial is to understand the role of modifiable risk factors in reducing the
incidence of OFCs in newborns. It is preferable to plan a pregnancy between 26–35 years
for women and 25–29 years for men because, in these age ranges, the risk of OFCs is
sensibly reduced, as well as to educate populations to avoid consanguineous marriages.

Few studies have examined the relationship between the area of residency and climate
and the risk of OFCs, leading to the conclusion that even if there is a weak association
between heat events and OFCs, the climate has no effect on the onset of this pathology.
Conversely, rural residence is a risk factor compared to pregnant women’s residence
in urban areas. This aspect, however, may be linked to another risk factor identified:
socioeconomic status. A low level of socioeconomic development, which is common in
rural areas and underdeveloped or developing countries, creates conditions that favor the
onset of this pathology: consanguineous marriages, reduced access to care, insufficient
intake of nutrients, abnormal BMI, unhealthy lifestyles and habits, exposure to pollution
and contaminants.

Acute and chronic diseases, e.g., obesity, diabetes, hypertension, MAP, infections,
folate deficiency and hyperhomocysteinemia, anemia, epilepsy, and hyperthyroidism have
been linked to an increased risk of NSCL/P. Consequently, it is necessary to promote
screening, vaccination, and health education plans to identify early pregnancies at risk and
provide targeted medical or lifestyle interventions.

Nutritional deficiencies, particularly a lack of vitamin B12 and folate, are strongly
linked to changes in neural tube defects, especially in carriers of the folate pathway genetic
polymorphisms—a strict vegetarian diet carries a 15-fold increase in the risk of OFCs when
compared to meat-consuming diets. In addition, some studies focused on the role of specific
foods in pregnant women’s diets, namely sprue potatoes, liver and caffeine.

Psychophysical stress is a relevant environmental factor that is typical of modern times.
This condition causes hormonal and biochemical changes in the pregnant woman, which
may favor the onset of fetal development changes. It is preferable to treat psychological
stress with non-pharmacological interventions because antidepressants are counted among
the drugs associated with the risk of OFCs. Intense physical exercise has shown a weak
association with the onset of OFCs. Although the protective role of moderate physical
activity has been established, more research is needed to investigate and understand the
relationship between maternal physical activity, psychophysical stress, and OFCs.

Drugs are widely used in pregnancy. Antibiotics, CTS, and specific drugs such as
ondansetron and topiramate have received the most attention in literature, but their role
is controversial. It is generally accepted that the intake of these drugs during the first
trimester of pregnancy or before conception exposes the newborn to an increased risk of
CAs, including OFCs. As well as the duration of intake, the dose of administration is also
important, because high doses being linked to an increased risk of developing NSCL/P.
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Licit or illicit use of opioids deserves special attention, because causes a threefold
increase in the risk of developing OFCs and other craniofacial congenital anomalies. Fur-
thermore, a link has been established between the onset of NSOFCs and the use and abuse
during pregnancy of substances such as tobacco, antidepressants, and stimulants, whereas
few studies have examined the role of illicit drugs such as cocaine and cannabis due to
quantitative and ethical constraints in recruiting study samples.

Several studies have examined the effects of passive and active smoking on fetal
development. Even though the recognized mechanisms of action differ, all studies agree
that smoking and tobacco combustion products increase the risk of OFCs in infants by
about 14.6-fold.

Alcohol consumption during pregnancy is strongly associated with OFCs, especially
in cases of abuse or large intakes. It has been shown that consuming five or more glasses of
alcohol in one evening can be harmful to fetal development. Most of the articles evaluated
in the review identified smoking, alcohol, and drugs as major predisposing environmental
factors for the development of NSOFCs, but many authors emphasized the limitations
of studies on this interaction, which are typically due to the impossibility of quantifying
exposure to these three causative factors.

Finally, periconceptional and early gestational maternal exposure to gaseous air pollu-
tants, such as CO, NO2, and SO2, showed a positive correlation with the risk of develop-
ing CP. For every 10 g/m3 increase in PM2.5 concentrations, exposure to environmental
pollution by particulate matter with a diameter of 2.5 m (PM2.5) was associated with a
43% increase in the risk of CP. In addition, water pollution (THMs, HAAs) and environmen-
tal contaminants (arsenic, pesticides) were also linked to OFCs. Conversely, an association
with heavy metals or inorganic solvents, was not discovered.

Although multiple interactions and risk factors for the development of NSOFCs have
been identified, the reviewers would like to highlight that the studies relate predominantly
to mothers. The few studies that also take in consideration the paternal risk factor are
referred to age, familiarity, area of residency, socioeconomic status, educational level, and
environmental pollutants. Therefore, future research should focus on the paternal role, as
well as on the mechanisms of action of environmental risk factors. At the same time, this
review points out that most of the risk factors associated with cleft are preventable or modi-
fiable. Educational programs, prevention campaigns, medical and lifestyle interventions
are mandatory to obtain a reduction in the incidence of new cases of OFCs in the next years.
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Abbreviations

ADH1C maternal alcohol metabolizing genes;
BMI body mass index;
Cas congenital abnormalities;
CL cleft lip;
CL/P cleft lip with or without cleft palate;
CLP cleft lip and palate;
CO carbon monoxide;
CP cleft palate;
CTS corticosteroids;
DBPs water disinfection by products;
DM diabetes mellitus;
GDM gestational diabetes mellitus;
HAAs haloacetic acids;
MAP maternal angina pectoris;
NO2 nitrogen dioxide;
NOWS neonatal opiate abstinence syndrome;
NSCL/P non syndromic cleft lip with or without cleft palate;
NSOFCs non syndromic orofacial clefts;
OFCs orofacial clefts;
PAHs polycyclic aromatic hydrocarbons;
PM2.5 particulate matter with aerodynamic diameter ≤2.5 µm; SO2: sulfur dioxide;
TFGA transforming growth factor alfa;
THMs trihalomethanes.
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Kucharska, Z.; Latos-Bieleńska, A. Spatial and Temporal Clustering of Isolated Cleft Lip with or without Cleft Palate in Poland.
Int. J. Environ. Health Res. 2014, 24, 567–579. [CrossRef] [PubMed]

65. De Loffredo, L.C.; de Souza, J.M.; Yunes, J.; Freitas, J.A.; Spiri, W.C. Cleft lip and palate: Case-control study. Rev. Saude Publica
1994, 28, 213–217. [CrossRef]

66. Messer, L.C.; Luben, T.J.; Mendola, P.; Carozza, S.E.; Horel, S.A.; Langlois, P.H. Urban-Rural Residence and the Occurrence of
Cleft Lip and Cleft Palate in Texas, 1999–2003. Ann. Epidemiol. 2010, 20, 32–39. [CrossRef]

http://doi.org/10.1677/joe.1.06374
http://doi.org/10.1016/j.psyneuen.2011.09.014
http://doi.org/10.1186/s12903-021-01876-7
http://doi.org/10.1016/j.envres.2015.06.002
http://www.ncbi.nlm.nih.gov/pubmed/26099933
http://doi.org/10.1016/j.envres.2016.11.007
http://www.ncbi.nlm.nih.gov/pubmed/27888746
http://doi.org/10.18502/ijph.v51i3.8934
http://www.ncbi.nlm.nih.gov/pubmed/35865051
http://doi.org/10.1186/s40902-020-00270-7
http://www.ncbi.nlm.nih.gov/pubmed/32802820
http://doi.org/10.1002/bdr2.1192
http://doi.org/10.1590/1806-93042019000400012
http://doi.org/10.1371/journal.pone.0058690
http://doi.org/10.1001/jamanetworkopen.2019.21036
http://doi.org/10.1002/bdra.23417
http://doi.org/10.9738/INTSURG-D-13-00089.1
http://www.ncbi.nlm.nih.gov/pubmed/24670027
http://doi.org/10.1111/ppe.12727
http://doi.org/10.1590/1807-3107bor-2018.vol32.0024
http://www.ncbi.nlm.nih.gov/pubmed/29641641
http://doi.org/10.3390/ijerph14060657
http://doi.org/10.4103/0189-6725.172576
http://www.ncbi.nlm.nih.gov/pubmed/26712297
http://doi.org/10.15197/sabad.1.11.81
http://doi.org/10.1002/ajmg.a.34036
http://doi.org/10.4317/medoral.15.e898
http://doi.org/10.1093/aje/kwm283
http://doi.org/10.2105/AJPH.2015.302804
http://doi.org/10.1111/j.1754-4505.1994.tb01072.x
http://www.ncbi.nlm.nih.gov/pubmed/7754460
http://doi.org/10.1080/09603123.2014.883593
http://www.ncbi.nlm.nih.gov/pubmed/24559046
http://doi.org/10.1590/s0034-89101994000300009
http://doi.org/10.1016/j.annepidem.2009.09.006


Children 2022, 9, 1846 21 of 24

67. Lynberg, M.C.; Khoury, M.J.; Lu, X.; Cocian, T. Maternal Flu, Fever, and the Risk of Neural Tube Defects: A Population-Based
Case-Control Study. Am. J. Epidemiol. 1994, 140, 244–255. [CrossRef] [PubMed]

68. Suarez, L.; Felkner, M.; Hendricks, K. The Effect of Fever, Febrile Illnesses, and Heat Exposures on the Risk of Neural Tube Defects
in a Texas-Mexico Border Population. Birth Defects Res. A Clin. Mol. Teratol. 2004, 70, 815–819. [CrossRef] [PubMed]

69. Soim, A.; Sheridan, S.C.; Hwang, S.; Hsu, W.; Fisher, S.C.; Shaw, G.M.; Feldkamp, M.L.; Romitti, P.A.; Reefhuis, J.; Langlois, P.H.; et al.
A Population-based Case–Control Study of the Association between Weather-related Extreme Heat Events and Orofacial Clefts. Birth
Defects Res. 2018, 110, 1468–1477. [CrossRef]

70. Malik, V.S.; Willett, W.C.; Hu, F.B. Global Obesity: Trends, Risk Factors and Policy Implications. Nat. Rev. Endocrinol. 2013, 9,
13–27. [CrossRef]

71. Stothard, K.J.; Tennant, P.W.G.; Bell, R.; Rankin, J. Maternal Overweight and Obesity and the Risk of Congenital Anomalies: A
Systematic Review and Meta-Analysis. JAMA 2009, 301, 636–650. [CrossRef]

72. Correa, A.; Gilboa, S.M.; Besser, L.M.; Botto, L.D.; Moore, C.A.; Hobbs, C.A.; Cleves, M.A.; Riehle-Colarusso, T.J.; Waller, D.K.;
Reece, E.A. Diabetes Mellitus and Birth Defects. Am. J. Obstet. Gynecol. 2008, 199, 237.e1–237.e9. [CrossRef]

73. King, J.C. Maternal Obesity, Metabolism, and Pregnancy Outcomes. Annu. Rev. Nutr. 2006, 26, 271–291. [CrossRef] [PubMed]
74. Blanco, R.; Colombo, A.; Suazo, J. Maternal Obesity Is a Risk Factor for Orofacial Clefts: A Meta-Analysis. Br. J. Oral Maxillofac.

Surg. 2015, 53, 699–704. [CrossRef] [PubMed]
75. Izedonmwen, O.M.; Cunningham, C.; Macfarlane, T.V. What Is the Risk of Having Offspring with Cleft Lip/Palate in Pre-Maternal

Obese/Overweight Women When Compared to Pre-Maternal Normal Weight Women? A Systematic Review and Meta-Analysis.
J. Oral Maxillofac. Res. 2015, 6, e1. [CrossRef] [PubMed]

76. Sato, Y.; Yoshioka, E.; Saijo, Y.; Miyamoto, T.; Sengoku, K.; Azuma, H.; Tanahashi, Y.; Ito, Y.; Kobayashi, S.; Minatoya, M.; et al.
Population Attributable Fractions of Modifiable Risk Factors for Nonsyndromic Orofacial Clefts: A Prospective Cohort Study
From the Japan Environment and Children’s Study. J. Epidemiol. 2021, 31, 272–279. [CrossRef]

77. Waller, D.K.; Shaw, G.M.; Rasmussen, S.A.; Hobbs, C.A.; Canfield, M.A.; Siega-Riz, A.-M.; Gallaway, M.S.; Correa, A.; National
Birth Defects Prevention Study. Prepregnancy Obesity as a Risk Factor for Structural Birth Defects. Arch. Pediatr. Adolesc. Med.
2007, 161, 745–750. [CrossRef]

78. Rankin, J.; Tennant, P.W.G.; Stothard, K.J.; Bythell, M.; Summerbell, C.D.; Bell, R. Maternal Body Mass Index and Congenital
Anomaly Risk: A Cohort Study. Int. J. Obes. 2010, 34, 1371–1380. [CrossRef] [PubMed]

79. Wehby, G.L.; Uribe, L.M.M.; Wilcox, A.J.; Christensen, K.; Romitti, P.A.; Munger, R.G.; Lie, R.T. Interaction between Smoking and
Body Mass Index and Risk of Oral Clefts. Ann. Epidemiol. 2017, 27, 103–107.e2. [CrossRef] [PubMed]

80. Godschalk, R.W.L.; Feldker, D.E.M.; Borm, P.J.A.; Wouters, E.F.M.; van Schooten, F.-J. Body Mass Index Modulates Aromatic DNA
Adduct Levels and Their Persistence in Smokers. Cancer Epidemiol. Biomarkers Prev. 2002, 11, 790–793.

81. Ács, L.; Bányai, D.; Nemes, B.; Nagy, K.; Ács, N.; Bánhidy, F.; Rózsa, N. Maternal-Related Factors in the Origin of Isolated Cleft
Palate-A Population-Based Case-Control Study. Orthod. Craniofac. Res. 2020, 23, 174–180. [CrossRef]

82. McKinney, C.M.; Chowchuen, B.; Pitiphat, W.; DeRouen, T.; Pisek, A.; Godfrey, K. Micronutrients and Oral Clefts: A Case-Control
Study. J. Dent. Res. 2013, 92, 1089–1094. [CrossRef]

83. Ni, W.; Tian, T.; Zhang, L.; Li, Z.; Wang, L.; Ren, A. Maternal Periconceptional Consumption of Sprouted Potato and Risks of
Neural Tube Defects and Orofacial Clefts. Nutr. J. 2018, 17, 112. [CrossRef] [PubMed]

84. Carmichael, S.L.; Shaw, G.M.; Yang, W.; Abrams, B.; Lammer, E.J. Maternal Stressful Life Events and Risks of Birth Defects.
Epidemiology 2007, 18, 356–361. [CrossRef] [PubMed]

85. Rowland, J.M.; Hendrickx, A.G. Corticosteroid Teratogenicity. Adv. Vet. Sci. Comp. Med. 1983, 27, 99–128. [PubMed]
86. Fowden, A.L.; Sibley, C.; Reik, W.; Constancia, M. Imprinted Genes, Placental Development and Fetal Growth. Horm. Res. 2006,

65 (Suppl. S3), 50–58. [CrossRef] [PubMed]
87. Ingstrup, K.G.; Liang, H.; Olsen, J.; Nohr, E.A.; Bech, B.H.; Wu, C.S.; Christensen, K.; Li, J. Maternal Bereavement in the Antenatal

Period and Oral Cleft in the Offspring. Hum. Reprod. 2013, 28, 1092–1099. [CrossRef] [PubMed]
88. Andrews, R.C.; Walker, B.R. Glucocorticoids and Insulin Resistance: Old Hormones, New Targets. Clin. Sci. 1999, 96, 513–523.

[CrossRef]
89. Yoneda, T.; Pratt, R.M. Vitamin B6 Reduces Cortisone-Induced Cleft Palate in the Mouse. Teratology 1982, 26, 255–258. [CrossRef]

[PubMed]
90. Istvan, J. Stress, Anxiety, and Birth Outcomes: A Critical Review of the Evidence. Psychol. Bull. 1986, 100, 331–348. [CrossRef]
91. Sulik, K.K.; Cook, C.S.; Webster, W.S. Teratogens and Craniofacial Malformations: Relationships to Cell Death. Development 1988,

103 (Suppl. S1), 213–231. [CrossRef]
92. Sakurai, K.; Nishi, A.; Kondo, K.; Yanagida, K.; Kawakami, N. Screening Performance of K6/K10 and Other Screening Instruments

for Mood and Anxiety Disorders in Japan. Psychiatry Clin. Neurosci. 2011, 65, 434–441. [CrossRef]
93. Furukawa, T.A.; Kawakami, N.; Saitoh, M.; Ono, Y.; Nakane, Y.; Nakamura, Y.; Tachimori, H.; Iwata, N.; Uda, H.; Nakane, H.; et al.

The Performance of the Japanese Version of the K6 and K10 in the World Mental Health Survey Japan. Int. J. Methods Psychiatr.
Res. 2008, 17, 152–158. [CrossRef] [PubMed]

94. Agopian, A.J.; Kim, J.; Langlois, P.H.; Lee, L.; Whitehead, L.W.; Symanski, E.; Herdt, M.L.; Delclos, G.L. Maternal Occupational
Physical Activity and Risk for Orofacial Clefts. Am. J. Ind. Med. 2017, 60, 627–634. [CrossRef] [PubMed]

http://doi.org/10.1093/oxfordjournals.aje.a117243
http://www.ncbi.nlm.nih.gov/pubmed/8030627
http://doi.org/10.1002/bdra.20077
http://www.ncbi.nlm.nih.gov/pubmed/15468073
http://doi.org/10.1002/bdr2.1385
http://doi.org/10.1038/nrendo.2012.199
http://doi.org/10.1001/jama.2009.113
http://doi.org/10.1016/j.ajog.2008.06.028
http://doi.org/10.1146/annurev.nutr.24.012003.132249
http://www.ncbi.nlm.nih.gov/pubmed/16704347
http://doi.org/10.1016/j.bjoms.2015.05.017
http://www.ncbi.nlm.nih.gov/pubmed/26073906
http://doi.org/10.5037/jomr.2015.6101
http://www.ncbi.nlm.nih.gov/pubmed/25937872
http://doi.org/10.2188/jea.JE20190347
http://doi.org/10.1001/archpedi.161.8.745
http://doi.org/10.1038/ijo.2010.66
http://www.ncbi.nlm.nih.gov/pubmed/20368710
http://doi.org/10.1016/j.annepidem.2016.11.009
http://www.ncbi.nlm.nih.gov/pubmed/28202134
http://doi.org/10.1111/ocr.12361
http://doi.org/10.1177/0022034513507452
http://doi.org/10.1186/s12937-018-0420-4
http://www.ncbi.nlm.nih.gov/pubmed/30486846
http://doi.org/10.1097/01.ede.0000259986.85239.87
http://www.ncbi.nlm.nih.gov/pubmed/17435445
http://www.ncbi.nlm.nih.gov/pubmed/6359839
http://doi.org/10.1159/000091506
http://www.ncbi.nlm.nih.gov/pubmed/16612114
http://doi.org/10.1093/humrep/des434
http://www.ncbi.nlm.nih.gov/pubmed/23293222
http://doi.org/10.1042/CS19980388
http://doi.org/10.1002/tera.1420260306
http://www.ncbi.nlm.nih.gov/pubmed/7163974
http://doi.org/10.1037/0033-2909.100.3.331
http://doi.org/10.1242/dev.103.Supplement.213
http://doi.org/10.1111/j.1440-1819.2011.02236.x
http://doi.org/10.1002/mpr.257
http://www.ncbi.nlm.nih.gov/pubmed/18763695
http://doi.org/10.1002/ajim.22731
http://www.ncbi.nlm.nih.gov/pubmed/28524264


Children 2022, 9, 1846 22 of 24

95. Guariguata, L.; Whiting, D.R.; Hambleton, I.; Beagley, J.; Linnenkamp, U.; Shaw, J.E. Global Estimates of Diabetes Prevalence for
2013 and Projections for 2035. Diabetes Res. Clin. Pract. 2014, 103, 137–149. [CrossRef]

96. Hurst, J.A.; Houlston, R.S.; Roberts, A.; Gould, S.J.; Tingey, W.G. Transverse Limb Deficiency, Facial Clefting and Hypoxic Renal
Damage: An Association with Treatment of Maternal Hypertension? Clin. Dysmorphol. 1995, 4, 359–363. [CrossRef] [PubMed]

97. Hemingway, H.; McCallum, A.; Shipley, M.; Manderbacka, K.; Martikainen, P.; Keskimäki, I. Incidence and Prognostic Implications
of Stable Angina Pectoris among Women and Men. JAMA 2006, 295, 1404–1411. [CrossRef]

98. James, A.H.; Jamison, M.G.; Biswas, M.S.; Brancazio, L.R.; Swamy, G.K.; Myers, E.R. Acute Myocardial Infarction in Pregnancy: A
United States Population-Based Study. Circulation 2006, 113, 1564–1571. [CrossRef] [PubMed]

99. Métneki, J.; Puhó, E.; Czeizel, A.E. Maternal Diseases and Isolated Orofacial Clefts in Hungary. Birth Defects Res. A Clin. Mol.
Teratol. 2005, 73, 617–623. [CrossRef] [PubMed]

100. Van den Boogaard, M.-J.H.; de Costa, D.; Krapels, I.P.C.; Liu, F.; van Duijn, C.; Sinke, R.J.; Lindhout, D.; Steegers-Theunissen, R.P.M.
The MSX1 Allele 4 Homozygous Child Exposed to Smoking at Periconception Is Most Sensitive in Developing Nonsyndromic
Orofacial Clefts. Hum. Genet. 2008, 124, 525–534. [CrossRef]

101. Nygård, O.; Nordrehaug, J.E.; Refsum, H.; Ueland, P.M.; Farstad, M.; Vollset, S.E. Plasma Homocysteine Levels and Mortality in
Patients with Coronary Artery Disease. N. Engl. J. Med. 1997, 337, 230–236. [CrossRef]

102. Cleophas, T.J.; Hornstra, N.; van Hoogstraten, B.; van der Meulen, J. Homocysteine, a Risk Factor for Coronary Artery Disease or
Not? A Meta-Analysis. Am. J. Cardiol. 2000, 86, 1005–1009. [CrossRef]

103. Mills, J.L.; Kirke, P.N.; Molloy, A.M.; Burke, H.; Conley, M.R.; Lee, Y.J.; Mayne, P.D.; Weir, D.G.; Scott, J.M. Methylenetetrahydrofo-
late Reductase Thermolabile Variant and Oral Clefts. Am. J. Med. Genet. 1999, 86, 71–74. [CrossRef]

104. Mostowska, A.; Hozyasz, K.K.; Wojcicka, K.; Lianeri, M.; Jagodzinski, P.P. Polymorphisms of Stress-Related Genes and the Risk
of Nonsyndromic Cleft Lip with or without Cleft Palate. Birth Defects Res. A Clin. Mol. Teratol. 2011, 91, 948–955. [CrossRef]
[PubMed]

105. Czeizel, A.E.; Puhó, E.H.; Acs, N.; Bánhidy, F. High Fever-Related Maternal Diseases as Possible Causes of Multiple Congenital
Abnormalities: A Population-Based Case-Control Study. Birth Defects Res. A Clin. Mol. Teratol. 2007, 79, 544–551. [CrossRef]
[PubMed]

106. Carinci, F.; Palmieri, A.; Scapoli, L.; Cura, F.; Abenavoli, F.; Giannì, A.B.; Russillo, A.; Docimo, R.; Martinelli, M. Association
between Oral Cleft and Transcobalamin 2 Polymorphism in a Sample Study from Nassiriya, Iraq. Int. J. Immunopathol. Pharmacol.
2019, 33, 205873841985557. [CrossRef] [PubMed]

107. Guieu, R.; Ruf, J.; Mottola, G. Hyperhomocysteinemia and Cardiovascular Diseases. Ann. Biol. Clin. 2022, 80, 7–14. [CrossRef]
[PubMed]

108. Komiyama, Y.; Koshiji, C.; Yoshida, W.; Natsume, N.; Kawamata, H. 5,10-Methylenetetrahydrofolate Reductase (MTHFR)
C677T/A1298C Polymorphisms in Patients with Nonsyndromic Cleft Lip Palate. Biomed. Rep. 2020, 13, 1. [CrossRef]

109. Rai, V. Strong Association of C677T Polymorphism of Methylenetetrahydrofolate Reductase Gene with Nosyndromic Cleft
Lip/Palate (NsCL/P). Ind. J. Clin. Biochem. 2018, 33, 5–15. [CrossRef]

110. Jahanbin, A.; Hasanzadeh, N.; Abdolhoseinpour, F.; Sadr-Nabavi, A.; Raisolsadat, M.-A.; Shamsian, K.; Mohajertehran, F.;
Kianifar, H. Analysis of MTHFR Gene C.677C>T and C.1298A>C Polymorphisms in Iranian Patients with Non-Syndromic Cleft
Lip and Palate. Iran. J. Public Health 2014, 43, 821–827.

111. Machado, R.A.; Martelli-Junior, H.; de Reis, S.R.A.; Küchler, E.C.; Scariot, R.; das Neves, L.T.; Coletta, R.D. Identification of Novel
Variants in Cleft Palate-Associated Genes in Brazilian Patients with Non-Syndromic Cleft Palate Only. Front. Cell Dev. Biol. 2021,
9, 638522. [CrossRef]

112. Martinelli, M.; Girardi, A.; Cura, F.; Nouri, N.; Pinto, V.; Carinci, F.; Morselli, P.G.; Salehi, M.; Scapoli, L. Non-Syndromic Cleft Lip
with or without Cleft Palate in Asian Populations: Association Analysis on Three Gene Polymorphisms of the Folate Pathway.
Arch. Oral Biol. 2016, 61, 79–82. [CrossRef]

113. Martinelli, M.; Scapoli, L.; Palmieri, A.; Pezzetti, F.; Baciliero, U.; Padula, E.; Carinci, P.; Giovanni Morselli, P.; Carinci, F. Study of
Four Genes Belonging to the Folate Pathway: Transcobalamin 2 Is Involved in the Onset of Non-Syndromic Cleft Lip with or
without Cleft Palate. Hum. Mutat. 2006, 27, 294. [CrossRef] [PubMed]

114. Martinelli, M.; Masiero, E.; Carinci, F.; Morselli, P.G.; Pezzetti, F.; Scapoli, L. New Evidence for the Role of Cystathionine
Beta-Synthase in Non-Syndromic Cleft Lip with or without Cleft Palate: CBS Role in CL/P Onset. Eur. J. Oral Sci. 2011, 119,
193–197. [CrossRef] [PubMed]

115. Nagaoka, R.; Okuhara, S.; Sato, Y.; Amagasa, T.; Iseki, S. Effects of Embryonic Hypoxia on Lip Formation. Birth Defects Res. A Clin.
Mol. Teratol. 2012, 94, 215–222. [CrossRef]

116. Koenig, D.; Spreux, A.; Hiéronimus, S.; Chichmanian, R.-M.; Bastiani, F.; Fénichel, P.; Brucker-Davis, F. Birth Defects Observed
with Maternal Carbimazole Treatment: Six Cases Reported to Nice’s Pharmacovigilance Center. Ann. Endocrinol. 2010, 71,
535–542. [CrossRef]

117. Thomas, S.V.; Jose, M.; Divakaran, S.; Sankara Sarma, P. Malformation Risk of Antiepileptic Drug Exposure during Pregnancy in
Women with Epilepsy: Results from a Pregnancy Registry in South India. Epilepsia 2017, 58, 274–281. [CrossRef] [PubMed]

118. Bánhidy, F.; Puhó, E.H.; Czeizel, A.E. Efficacy of Medical Care of Epileptic Pregnant Women Based on the Rate of Congenital
Abnormalities in Their Offspring. Congenit. Anom. 2011, 51, 34–42. [CrossRef]

http://doi.org/10.1016/j.diabres.2013.11.002
http://doi.org/10.1097/00019605-199510000-00013
http://www.ncbi.nlm.nih.gov/pubmed/8574428
http://doi.org/10.1001/jama.295.12.1404
http://doi.org/10.1161/CIRCULATIONAHA.105.576751
http://www.ncbi.nlm.nih.gov/pubmed/16534011
http://doi.org/10.1002/bdra.20177
http://www.ncbi.nlm.nih.gov/pubmed/16106444
http://doi.org/10.1007/s00439-008-0569-6
http://doi.org/10.1056/NEJM199707243370403
http://doi.org/10.1016/S0002-9149(00)01137-1
http://doi.org/10.1002/(SICI)1096-8628(19990903)86:1&lt;71::AID-AJMG14&gt;3.0.CO;2-Y
http://doi.org/10.1002/bdra.20843
http://www.ncbi.nlm.nih.gov/pubmed/22072571
http://doi.org/10.1002/bdra.20369
http://www.ncbi.nlm.nih.gov/pubmed/17457825
http://doi.org/10.1177/2058738419855571
http://www.ncbi.nlm.nih.gov/pubmed/31663440
http://doi.org/10.1684/abc.2021.1694
http://www.ncbi.nlm.nih.gov/pubmed/35129442
http://doi.org/10.3892/br.2020.1364
http://doi.org/10.1007/s12291-017-0673-2
http://doi.org/10.3389/fcell.2021.638522
http://doi.org/10.1016/j.archoralbio.2015.10.019
http://doi.org/10.1002/humu.9411
http://www.ncbi.nlm.nih.gov/pubmed/16470748
http://doi.org/10.1111/j.1600-0722.2011.00824.x
http://www.ncbi.nlm.nih.gov/pubmed/21564312
http://doi.org/10.1002/bdra.23000
http://doi.org/10.1016/j.ando.2010.07.001
http://doi.org/10.1111/epi.13632
http://www.ncbi.nlm.nih.gov/pubmed/28084641
http://doi.org/10.1111/j.1741-4520.2010.00300.x


Children 2022, 9, 1846 23 of 24

119. Castilla-Puentes, R.; Ford, L.; Manera, L.; Kwarta, R.F.; Ascher, S.; Li, Q. Topiramate Monotherapy Use in Women with and
without Epilepsy: Pregnancy and Neonatal Outcomes. Epilepsy Res. 2014, 108, 717–724. [CrossRef] [PubMed]

120. Wainscott, G.; Sullivan, F.M.; Volans, G.N.; Wilkinson, M. The Outcome of Pregnancy in Women Suffering from Migraine. Postgrad.
Med. J. 1978, 54, 98–102. [CrossRef] [PubMed]

121. Bánhidy, F.; Acs, N.; Horváth-Puhó, E.; Czeizel, A.E. Maternal Severe Migraine and Risk of Congenital Limb Deficiencies. Birth
Defects Res. A Clin. Mol. Teratol. 2006, 76, 592–601. [CrossRef]

122. Mines, D.; Tennis, P.; Curkendall, S.M.; Li, D.-K.; Peterson, C.; Andrews, E.B.; Calingaert, B.; Chen, H.; Deshpande, G.;
Esposito, D.B.; et al. Topiramate Use in Pregnancy and the Birth Prevalence of Oral Clefts. Pharmacoepidemiol. Drug Saf. 2014, 23,
1017–1025. [CrossRef]

123. Rockenbauer, M.; Olsen, J.; Czeizel, A.E.; Pedersen, L.; Sørensen, H.T.; EuroMAP Group. Recall Bias in a Case-Control Surveillance
System on the Use of Medicine during Pregnancy. Epidemiology 2001, 12, 461–466. [CrossRef] [PubMed]

124. Proctor-Williams, K.; Louw, B. Cleft Lip and/or Palate in Infants Prenatally Exposed to Opioids. Cleft Palate Craniofac. J. 2022, 59,
513–521. [CrossRef] [PubMed]

125. Mølgaard-Nielsen, D.; Hviid, A. Maternal Use of Antibiotics and the Risk of Orofacial Clefts: A Nationwide Cohort Study.
Pharmacoepidemiol. Drug Saf. 2012, 21, 246–253. [CrossRef]

126. Van Gelder, M.M.H.J.; van Rooij, I.A.L.M.; Miller, R.K.; Zielhuis, G.A.; de Jong-van den Berg, L.T.W.; Roeleveld, N. Teratogenic
Mechanisms of Medical Drugs. Hum. Reprod. Update 2010, 16, 378–394. [CrossRef]

127. Lin, K.J.; Mitchell, A.A.; Yau, W.-P.; Louik, C.; Hernández-Díaz, S. Maternal Exposure to Amoxicillin and the Risk of Oral Clefts.
Epidemiology 2012, 23, 699–705. [CrossRef] [PubMed]

128. Skuladottir, H.; Wilcox, A.; McConnaughey, R.; Vindenes, H.; Lie, R.T. First-Trimester Nonsystemic Corticosteroid Use and the
Risk of Oral Clefts in Norway. Ann. Epidemiol. 2014, 24, 635–640. [CrossRef] [PubMed]

129. Skuladottir, H.; Wilcox, A.J.; Ma, C.; Lammer, E.J.; Rasmussen, S.A.; Werler, M.M.; Shaw, G.M.; Carmichael, S.L. Corticosteroid
Use and Risk of Orofacial Clefts. Birth Defects Res. Part A Clin. Mol. Teratol. 2014, 100, 499–506. [CrossRef]

130. Huybrechts, K.F.; Hernández-Díaz, S.; Straub, L.; Gray, K.J.; Zhu, Y.; Patorno, E.; Desai, R.J.; Mogun, H.; Bateman, B.T. Association
of Maternal First-Trimester Ondansetron Use With Cardiac Malformations and Oral Clefts in Offspring. JAMA 2018, 320, 2429.
[CrossRef]

131. Hernandez-Diaz, S.; Huybrechts, K.F.; Desai, R.J.; Cohen, J.M.; Mogun, H.; Pennell, P.B.; Bateman, B.T.; Patorno, E. Topiramate
Use Early in Pregnancy and the Risk of Oral Clefts: A Pregnancy Cohort Study. Neurology 2018, 90, e342–e351. [CrossRef]

132. Mullens, C.L.; McCulloch, I.L.; Hardy, K.M.; Mathews, R.E.; Mason, A.C. Associations between Orofacial Clefting and Neonatal
Abstinence Syndrome. Plast. Reconstr. Surg. Glob. Open 2019, 7, e2095. [CrossRef]

133. Auslander, A.; McKean-Cowdin, R.; Brindopke, F.; Sylvester, B.; DiBona, M.; Magee, K.; Kapoor, R.; Conti, D.V.; Rakotoarison, S.;
Magee, W. The Role of Smoke from Cooking Indoors over an Open Flame and Parental Smoking on the Risk of Cleft Lip and
Palate: A Case- Control Study in 7 Low-Resource Countries. J. Glob. Health 2020, 10, 020410. [CrossRef] [PubMed]

134. Romitti, P.A.; Lidral, A.C.; Munger, R.G.; Daack-Hirsch, S.; Burns, T.L.; Murray, J.C. Candidate Genes for Nonsyndromic Cleft Lip
and Palate and Maternal Cigarette Smoking and Alcohol Consumption: Evaluation of Genotype-Environment Interactions from
a Population-Based Case-Control Study of Orofacial Clefts. Teratology 1999, 59, 39–50. [CrossRef]

135. Shaw, G.M.; Wasserman, C.R.; Lammer, E.J.; O’Malley, C.D.; Murray, J.C.; Basart, A.M.; Tolarova, M.M. Orofacial Clefts, Parental
Cigarette Smoking, and Transforming Growth Factor-Alpha Gene Variants. Am. J. Hum. Genet. 1996, 58, 551–561. [PubMed]

136. Krapels, I.; van Rooij, I.; Ocke, M.; West, C.; Horst, C.; Steegers-Theunissen, R. Maternal Nutritional Status and the Risk for
Orofacial Cleft Offspring in Humans. J. Nutr. 2004, 134, 3106–3113. [CrossRef] [PubMed]

137. DeRoo, L.A.; Wilcox, A.J.; Lie, R.T.; Romitti, P.A.; Pedersen, D.A.; Munger, R.G.; Moreno Uribe, L.M.; Wehby, G.L. Maternal
Alcohol Binge-Drinking in the First Trimester and the Risk of Orofacial Clefts in Offspring: A Large Population-Based Pooling
Study. Eur. J. Epidemiol. 2016, 31, 1021–1034. [CrossRef] [PubMed]

138. Armstrong, E.M.; Abel, E.L. Fetal alcohol syndrome: The origins of a moral panic. Alcohol Alcohol. 2000, 35, 276–282. [CrossRef]
139. Boyles, A.L.; DeRoo, L.A.; Lie, R.T.; Taylor, J.A.; Jugessur, A.; Murray, J.C.; Wilcox, A.J. Maternal Alcohol Consumption, Alcohol

Metabolism Genes, and the Risk of Oral Clefts: A Population-Based Case-Control Study in Norway, 1996–2001. Am. J. Epidemiol.
2010, 172, 924–931. [CrossRef]

140. Hobbs, C.A.; Chowdhury, S.; Cleves, M.A.; Erickson, S.; MacLeod, S.L.; Shaw, G.M.; Shete, S.; Witte, J.S.; Tycko, B. Genetic
Epidemiology and Nonsyndromic Structural Birth Defects: From Candidate Genes to Epigenetics. JAMA Pediatr. 2014, 168,
371–377. [CrossRef]

141. Kaufman, J.A.; Wright, J.M.; Evans, A.; Rivera-Núñez, Z.; Meyer, A.; Narotsky, M.G. Associations Between Disinfection By-Product
Exposures and Craniofacial Birth Defects. J. Occup. Environ. Med. 2018, 60, 109–119. [CrossRef]

142. Suhl, J.; Leonard, S.; Weyer, P.; Rhoads, A.; Siega-Riz, A.M.; Renée Anthony, T.; Burns, T.L.; Conway, K.M.; Langlois, P.H.; Romitti, P.A.
Maternal Arsenic Exposure and Nonsyndromic Orofacial Clefts. Birth Defects Res. 2018, 110, 1455–1467. [CrossRef] [PubMed]

143. Suhl, J.; Romitti, P.A.; Rocheleau, C.; Cao, Y.; Burns, T.L.; Conway, K.; Bell, E.M.; Stewart, P.; Langlois, P.; the National Birth
Defects Prevention Study. Parental Occupational Pesticide Exposure and Nonsyndromic Orofacial Clefts. J. Occup. Environ. Hyg.
2018, 15, 641–653. [CrossRef] [PubMed]

http://doi.org/10.1016/j.eplepsyres.2014.01.021
http://www.ncbi.nlm.nih.gov/pubmed/24598456
http://doi.org/10.1136/pgmj.54.628.98
http://www.ncbi.nlm.nih.gov/pubmed/634879
http://doi.org/10.1002/bdra.20288
http://doi.org/10.1002/pds.3612
http://doi.org/10.1097/00001648-200107000-00017
http://www.ncbi.nlm.nih.gov/pubmed/11416783
http://doi.org/10.1177/10556656211013687
http://www.ncbi.nlm.nih.gov/pubmed/33960243
http://doi.org/10.1002/pds.2179
http://doi.org/10.1093/humupd/dmp052
http://doi.org/10.1097/EDE.0b013e318258cb05
http://www.ncbi.nlm.nih.gov/pubmed/22766750
http://doi.org/10.1016/j.annepidem.2014.06.005
http://www.ncbi.nlm.nih.gov/pubmed/25127739
http://doi.org/10.1002/bdra.23248
http://doi.org/10.1001/jama.2018.18307
http://doi.org/10.1212/WNL.0000000000004857
http://doi.org/10.1097/GOX.0000000000002095
http://doi.org/10.7189/jogh.10.020410
http://www.ncbi.nlm.nih.gov/pubmed/33110573
http://doi.org/10.1002/(SICI)1096-9926(199901)59:1&lt;39::AID-TERA9&gt;3.0.CO;2-7
http://www.ncbi.nlm.nih.gov/pubmed/8644715
http://doi.org/10.1093/jn/134.11.3106
http://www.ncbi.nlm.nih.gov/pubmed/15514283
http://doi.org/10.1007/s10654-016-0171-5
http://www.ncbi.nlm.nih.gov/pubmed/27350158
http://doi.org/10.1093/alcalc/35.3.276
http://doi.org/10.1093/aje/kwq226
http://doi.org/10.1001/jamapediatrics.2013.4858
http://doi.org/10.1097/JOM.0000000000001191
http://doi.org/10.1002/bdr2.1386
http://www.ncbi.nlm.nih.gov/pubmed/30367712
http://doi.org/10.1080/15459624.2018.1484127
http://www.ncbi.nlm.nih.gov/pubmed/29993348


Children 2022, 9, 1846 24 of 24

144. Takeuchi, M.; Yoshida, S.; Kawakami, C.; Kawakami, K.; Ito, S. Association of Maternal Heavy Metal Exposure during Pregnancy
with Isolated Cleft Lip and Palate in Offspring: Japan Environment and Children’s Study (JECS) Cohort Study. PLoS ONE 2022,
17, e0265648. [CrossRef] [PubMed]

145. Spinder, N.; Bergman, J.E.H.; Boezen, H.M.; Vermeulen, R.C.H.; Kromhout, H.; de Walle, H.E.K. Maternal Occupational Exposure
and Oral Clefts in Offspring. Environ. Health 2017, 16, 83. [CrossRef] [PubMed]

146. Desrosiers, T.A.; Lawson, C.C.; Meyer, R.E.; Richardson, D.B.; Daniels, J.L.; Waters, M.A.; van Wijngaarden, E.; Langlois, P.H.;
Romitti, P.A.; Correa, A.; et al. Maternal Occupational Exposure to Organic Solvents during Early Pregnancy and Risks of Neural
Tube Defects and Orofacial Clefts. Occup. Environ. Med. 2012, 69, 493–499. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pone.0265648
http://www.ncbi.nlm.nih.gov/pubmed/35324965
http://doi.org/10.1186/s12940-017-0294-5
http://www.ncbi.nlm.nih.gov/pubmed/28778209
http://doi.org/10.1136/oemed-2011-100245
http://www.ncbi.nlm.nih.gov/pubmed/22447643

	Introduction 
	Materials and Methods 
	Protocol and Registration 
	Search Processing 
	Inclusion Criteria 
	Data Processing 

	Results 
	Study Selection and Characteristics 
	Outcomes 

	Discussion 
	Non-Modifiable Risk Factors for Non-Syndromic Orofacial Clefts (NSOFCs) 
	Gender of the Newborn and Ethnicity 
	Familiarity 

	Modifiable Risk Factors for Non-Syndromic Orofacial Clefts (NSOFCs) before Conception 
	Consanguinity 
	Parental Age 
	Socioeconomic Level and Education 
	Area of Residency and Climate 

	Modifiable Risk Factors for Non-Syndromic Orofacial Clefts (NSOFCs) before andafter Conception 
	Weight 
	Nutritional State 
	Psychophysical Stress 
	Acute and Chronic Diseases 
	Licit Drugs and Vitamins 
	Illicit Drugs 
	Smoke and Alcohol 
	Pollutants and Contaminants 


	Conclusions 
	References

