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* Several environmental and genetic factors may cause oral clefts.
« Iron supplementation use of folic acid are protective factors for oral fissures.
* Passive smoking during pregnancy can be a risk factor for oral clefts.
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ABSTRACT

Objective: The aim of this case-control study was to investigate environmental factors, such as caffeine, folic acid,
nutritional iron supplementation, multivitamin complexes, alcohol, and tobacco (second-hand smoking), which
have been described as risk factors for the development of oral clefts.

Methods: This case-control study employed convenience sampling and included 409 mothers: 132 with children
with oral clefts (cases) and 277 with children without oral clefts (controls). The age range of the children in both
groups was 0 to 2 years. A questionnaire was administered to each mother to inquire about their habits and food
consumption during the first trimester of pregnancy.

Results: Folic acid supplementation was observed in 116 (87.8%) of the case group (p < 0.001) and 271 (97.8%) of
the control group. Regarding the use of ferrous sulfate, 114 (86.3%) of the case group and 271 (97.8%) of the con-
trol group reported using it. In the case group, 84 (63.6%) mothers reported being exposed to second-hand smoke,
and 5 (3.7%) reported alcohol consumption (p = 0.797). In terms of caffeine consumption, 127 mothers (95.4%)
in the case group consumed it (p = 0.13), while 247 (88.8%) reported consumption in the control group.
Conclusions: The results suggest a direct relationship between secondhand smoke, alcohol consumption, and the
lack of maternal supplementation with oral clefts.

Introduction

socioeconomic status of the population studied.’ In Brazil, studies on the
incidence of NSCL/P are scarce and show considerable variation.

Oral clefts are among the most prevalent congenital abnormalities in
humans' and have a significant social impact, leading to substantial
morbidity and mortality worldwide.? In 70% of cases, Cleft Lip and/or
Palate present as Non-Syndromic (NSCL/P), meaning they occur without
structural malformations in other organs or behavioral and cognitive
alterations.>* Based on epidemiological features and embryologic tim-
ing, NSCL/P are traditionally classified into Cleft Lip (NSCL), Cleft Lip
and Palate (NSCLP), and Cleft Palate (NSCP).”

The incidence of NSCL/P is approximately 1 in 500-2,000 live
births, varying according to the geographical location, ethnicity, and
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According to the Brazilian surveys, the incidence of NSCL/P ranges from
0.19 to 1.54 for every 1,000 live births.®”

The etiology of NSCL/P is attributed to interplay of genetic, epigenetic,
and environmental factors, but the exact interactions are poorly
understood.>® This lack of knowledge is likely a reflection of the wide
diversity of molecular mechanisms related to facial embryogenesis, involv-
ing multiple genes and the influence of environmental factors.” '> Among
the major environmental risk factors for the development of NSCL/P are
drug use, alcohol consumption, smoking, maternal diet, and vitamin sup-
plementation, particularly during the first trimester of pregnancy.'*'®
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The objective of this control case study was to investigate a correla-
tion to environmental factors, such as caffeine, folic acid, multivitamin
complexes, alcohol, and tobacco (second-hand tobacco smoke), which
were described as susceptibility to NSCL/P in delimited populations,
verify whether there is a correlation between the studied factors and
oral cleft.

Material and methods

This case-control study, utilizing convenience sampling, was con-
ducted at the “Pro-Sorriso” Head and Neck Anomaly Treatment Center
in Alfenas, Minas Gerais, Brazil, following the STROBE guidelines. A
total of 132 mothers with children up to 24 months of age with NSCL/P
were recruited for the case group. Additionally, 277 mothers with chil-
dren without craniofacial changes, who were being followed at the
Alzira Vellano Hospital in Alfenas, Minas Gerais, Brazil, were randomly
selected for the control group. The sample was chosen based on conve-
nience, meaning all patients during the study’s specified time period
were included.

The sample of cases included mothers whose children had newly
diagnosed NSCL/P and were younger than 24 months, without distinc-
tion of sex. The controls were selected using the same method but con-
sisted of children without any skull alterations or syndromes. Each
control was matched with a case of the same gender and similar age
within a 3-month range. All children with oral clefts underwent evalua-
tion by a multidisciplinary team of specialists to exclude the presence of
other alterations or syndromes.

The sample of the studied population was selected through conve-
nience sampling over the course of one year of follow-up. The selection
was based on the primary exposures of interest, which included second-
hand tobacco smoke, supplementation with folic acid, ferrous sulfate,
and multivitamin complexes, as well as caffeine and alcohol consump-
tion during the first trimester of pregnancy.

The mothers completed a demographic questionnaire regarding their
characteristics, habits, and exposures during pregnancy. The questionnaire
included information on consanguinity, history of NSCL/P, use of folic
acid, consumption of an iron-rich diet, use of vitamins and ferrous sulfate,
exposure to second-hand tobacco smoke, alcohol consumption, and con-
sumption of coffee. The questionnaire included questions about maternal
consumption of caffeine-containing beverages, such as coffee, caffeinated
soft drinks, energy drinks, and dietary supplements for physical perfor-
mance, during the first three months of pregnancy. For each beverage,
there was one question with five response categories: none, number of
100 mL cups per week on average (without specifying cup size).'>'°

The questionnaire was administered to all mothers following a stan-
dardized method, focusing on their food, nutritional supplementation,
and habits during pregnancy, with particular emphasis on the first tri-
mester.

To analyze the beverage consumption, all reported beverages were
treated in the same manner. The variable “cups per week” was calcu-
lated by converting the reported number of cups consumed per day to a
weekly basis (by dividing or multiplying by 7). Women who reported
consuming less than 1 cup per week were categorized as having zero
consumption.

The variable “concentration in milligrams per week” was treated as a
continuous variable. The caffeine content of each beverage was esti-
mated as follows: 100 mg per cup of coffee, 40 mg per cup of caffeinated
soft drinks, 80 mg per cup of dietary supplements for physical perfor-
mance, and 70 mg per thermogenic capsule. These values were based on
information provided by international health authorities, specifically
from the webpage (http://www.matportalen.no/Emner/Gravide). The
variable “concentration in milligrams per week” was then categorized
into two groups: consumption ranging from 100 mg to 500 mg per week
and consumption greater than 500 mg per week.

All analyses were conducted using IBM SPSS Statistics (version 20.0;
SPSS Inc., Chicago, Illinois, USA) with a significance level of 5%.
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Descriptive analyses were performed for categorical variables, reporting
frequencies and percentages. The bivariate analysis utilized the chi-
square test to examine the relationship between the exposures of interest
and oral clefts.

For multivariate analysis, logistic regression was conducted to calcu-
late adjusted odds ratios with 95% Confidence Intervals and p-values.
The feasibility of the multivariate analysis was assessed using the multi-
collinearity test, and any variables demonstrating collinearity were
excluded. Additionally, variables that were found to be significant risk
factors in the chi-square test were included in the multivariate analysis.
The “stepwise backward” method was employed for the multivariate
logistic regression. The goodness of fit of the model was assessed using
the Hosmer and Lemeshow test.

The study fulfilled the ethical requirements for conducting research
involving human subjects and received approval from the institutional
Research Ethics Committee (n° 87322318.2.3001.5418).

Results

Five (3.8%) mothers from the case group, who had children with oral
clefts, and three from the control group (1.10%) reported consanguinity
in their children due to being married to first-degree relatives. However,
this difference was not statistically significant (p = 0.065). In the case
group, 18 mothers (13.64%) reported a history of oral cleft in the child’s
maternal or paternal family. When the authors observed folic acid sup-
plementation in the first trimester of pregnancy, 116 (87.88%)
(p < 0.001) mothers of the case group and 271 (97.83%) of the control
group used correctly (OR = 6.23; 95% CI 2.37-16.32; p < 0.001)
(Table 1).

Regarding iron supplementation, 109 (82.57%) (p = 0.617) of the
mothers in the case group reported making dietary changes in during
the first trimester of pregnancy, opting for healthier foods rich in vita-
mins and iron such as vegetables, fruits, and iron-rich foods. Similarly,
223 (80.50%) (OR = 0.87; 95% CI 0.50-1.49; p = 0.617) mothers in
the control group also mentioned improving their dietary patterns.
When questioned about the use of pre-gestational vitamins and ferrous
sulfate, 114 (86.37%) mothers in the case group reported supplementa-
tion, while 271 (97.83%) mothers in the control group also used them.
The odds ratio was 7.13 (95% CI 2.75-18.43; p < 0.001), indicating a
significantly higher prevalence of vitamin and ferrous sulfate supple-
mentation in the control group (Table 1).

Regarding deleterious habits such as second-hand tobacco smoke
and alcohol consumption during the first trimester of pregnancy, 84
(63.63%) mothers in the case group reported being exposed to second-
hand tobacco smoke (OR = 6.46; 95% CI 4.09-10.20; p < 0.001). Addi-
tionally, 5 (3.78%) mothers admitted to frequent alcohol use, but the p-
value was not significant (OR = 0.86; 95% CI 0.30-2.52; p = 0.797). In
the control group, 59 (21.29%) mothers reported being exposed to sec-
ond-hand tobacco smoke, while 12 (4.33%) mothers admitted to con-
suming alcohol during the first trimester of pregnancy (Table 1). In the
case group, 127 mothers (96.2%) reported frequent consumption of caf-
feine-containing products during pregnancy (p = 0.013). In the control
group, out of the 277 mothers, 247 (88.8%) reported consumption
(OR = 3.20; 95% CI1.21-8.43; p = 0.013) (Table 1).

Of the 127 mothers in the case group who reported caffeine use, 107
(84.3%) mothers reported consumption of more than 500 mg per week,
and of the 247 mothers in the case group, 204 (82.46%) consumed more
than 500 mg weekly. When the authors compared caffeine intake by a
group of mothers, the authors observed that the consumption of more
than 500 mg of caffeine was similar for mothers of patients in both
groups (OR = 1.12;95% CI 0.63—2.01; p = 0.684) (Table 2).

In the bivariate chi-square analysis, there was a significant associa-
tion between the risk of NSCL/P and coffee consumption (OR=3.20;
95% CI 1.21-8.43; p = 0.013). However, when adjusted by factors such
as folic acid history, vitamin and ferrous sulfate supplementation, and
second-hand tobacco smoke, coffee consumption did not show a
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Table 1
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Values referring to the variables evaluated in this study, which may have a direct relationship with the develop-

ment of oral clefts.

Case Control p-value * OR ratio (95%)
n =132 (%) n = 277 (%)
Consanguinity No 127 (96.2) 274 (98.9) 0.065 Reference
Yes 5(3.8) 3(1.1) 3.59 (0.84-15.27)
NSCL/P history No 114 (86.3) 270(97.4) <0.001 Reference
Yes 18(13.6) 7(2.5) 1.18 (1.09-1.28)
Folic acid Yes 116 (87.8) 271 (97.8) <0.001 Reference
No 16 (12.1) 6(2.1) 6.23 (2.37-16.32)
Nutritional supplementation (iron) Yes 109 (82.5) 223(80.5) 0.617 Reference
No 23(17.4) 54 (19.5) 0.87 (0.50-1.49)
Vitamin and ferrous sulfate supplementation Yes 114 (86.3) 271 (97.8) <0.001 Reference
No 18(13.6) 6(2.1) 7.13(2.75-18.43)
Second-hand tobacco smoke > 15 min No 48 (36.3) 218 (78.7) <0.001 Reference
Yes 84 (63.6) 59 (21.3) 6.46 (4.09-10.20)
Alcohol consumption No 127 (96.2) 265 (95.6) 0.797 Reference
Yes 5(3.7) 12(4.3) 0.86 (0.30-2.52)
Caffeine consumption No 5(3.7) 31 (11.1) 0.013 Reference
Yes 127 (96.2) 247 (88.8) 3.20(1.21-8.43)

# Chi-square test.

Table 2
Reference values of caffeine consumption of the case and control groups.

Case Control p-value®  OR ratio (95%)
n =127 (96.2%) n = 247 (88.8%)

100 <500 mg 20 (15.7%) 43 (17.4%) Reference

> 500 mg 107 (84.3%) 204 (82.6%) 0.684 1.12 (0.63-2.01)

@ Chi-square test.

Table 3
Result of multiple logistic regression. Variables that remained in the final
model with significance.

Variables p-value ? OD ratio (95%)

Nutritional supplementation (iron) 0.007 0.22 (0.07-0.66)
Vitamin and ferrous sulfate supplementation <0.001 0.03 (0.08-0.17)
Second-hand tobacco smoke > 15 min <0.001 5.62 (3.26-9.67)

@ Multivariate logistic regression.

significant association in the multivariate logistic regression. In the final
logistic regression model, it was observed that the consumption of iron-
rich foods (p = 0.007) and the supplementation of vitamins and ferrous
sulfate (p < 0.001) during pregnancy were identified as protective fac-
tors against the development of oral clefts. On the other hand, second-
hand tobacco smoke exposure during pregnancy was found to be a sig-
nificant risk factor (p < 0.001), increasing the chances of developing
oral clefts by 5.62 times (Table 3).

Discussion

Some studies have shown that the habits of mothers during the gesta-
tional period are directly associated with a higher risk of developing oral
clefts.'>'® In this study, the authors focused on mothers receiving prena-
tal care and analyzed their consumption of dietary supplements that are
known to promote proper fetal development, such as folic acid and fer-
rous sulfate.'” These factors are primarily associated with the fusion and
development of the maxillary processes. The findings of this study are in
line with the findings of Taghavi et al., who similarly reported that
mothers of children without oral clefts tend to receive proper prenatal
care and exhibit better supplementation practices compared to mothers
of children with oral clefts.'®

Second-hand tobacco smoke is considered deleterious during preg-
nancy, as established by the World Health Organization (WHO) in 2003
(https://www.who.int/publications/i/item/9789241506076). The pre-
cise mechanisms by which tobacco increases the risk of craniofacial
abnormalities in infants are not fully understood. However, the most
likely explanation is the interaction between smoking and polymor-
phism of susceptible genes.'®

The inhaled CO, undergoes dissociation within the mother’s body,
releasing free radicals that can have teratogenic effects. Additionally,
the vasoconstrictive action of nicotine can lead to a reduction in utero-
placental blood flow. Carbon monoxide binds to hemoglobin, reducing
the availability of oxygen to the placenta.’® Furthermore, tobacco-
induced endothelial injury increases the likelihood of placental neoves-
sel rupture, leading to a decrease in fetal blood supply and resulting in
hypoxia. This hypoxia is believed to contribute to abnormal facial mor-
phogenesis. Therefore, the combined effects of toxin exposure, hypoxia,
and cellular ischemia contribute to the development of craniofacial
abnormalities.'? Little et al*° conducted an analysis involving 24 moth-
ers to investigate the impact of smoking during pregnancy on the occur-
rence of oral clefts in their children. The study revealed a statistically
significant association between maternal smoking and NSCL/P, with a
relative risk of 1.34. This finding supports the evidence from the current
study, where a higher proportion of mothers with children with clefts
reported exposure to smoking compared to mothers in the control group.
It indicates a potential predisposition for mothers whose children have
clefts when exposed to smoke, and this variable maintained its statistical
significance in the multiple analysis, highlighting its consistent associa-
tion with the development of oral clefts.?"

There is no exact mechanism by which coffee ingestion can increase
the risk of oral clefts,'” it is believed that the effects on homocysteine
levels may play a role. There is evidence suggesting a link between
maternal hyperhomocysteinemia and an increased risk of clefts.'® Both
coffee ingestion®' and exposure to second-hand tobacco smoke”” have
been shown to increase the plasma concentration of homocysteine.
Additionally, these factors have been associated with an elevated risk of
spontaneous abortions, chromosomal anomalies, multiple congenital
aberrations,”* and notably, low birth weight.**

Supplementation with folic acid and ferrous sulfate is commonly
associated with a reduction in the risk of oral clefts.”> These supple-
ments also help in reducing plasma homocysteine levels.>' which further
justifies their use during the pre-gestational period. Maintaining an iron-
rich diet and taking vitamins and ferrous sulfate during pregnancy were
identified as protective factors, associated with a lower likelihood of
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oral clefts. These findings were statistically significant in the final regres-
sion model.

Regarding alcohol consumption, there was no statistical significance
observed in this study, although there is strong evidence indicating an
association between alcohol use during pregnancy and the occurrence of
oral clefts.>® One possible explanation for the lack of association in this
particular study could be the small number of participants who reported
alcohol consumption during pregnancy in both the case and control
groups.”’

Considering that the fusion of the maxillary processes takes place rel-
atively late in the first trimester,?® it is possible that the reported coffee
intake may be higher than the actual consumption during the critical
phase of embryonic development. This could be attributed to the fact
that over time, coffee intake tends to decrease due to symptoms like nau-
sea and vomiting experienced by pregnant women. A meta-analysis of
three studies on maternal coffee consumption and oral clefts revealed a
slight increase in the risk of clefts,?* which supports the present study’s
findings of an association between caffeine consumption and the likeli-
hood of clefts developing in the bivariate analysis. In the study con-
ducted by Kurppa et al.,>° drinking more than 4 cups of coffee per day
was not associated with an increased risk of oral clefts (OR = 1.0; 95%
CI 0.6-1.6). However, in the study by Qian et al.,*’ consuming more
than 3 cups of coffee per day resulted in an adjusted odds ratio of 1.4
(95% CI 0.7-2.7).%° In the study by Billie et al.,**> which included 134
mothers, caffeine consumption was associated with an increased risk of
NSCL/P, further supporting the findings of this study.

Concentration parameters of caffeine in different sources, portion
sizes, and preparation methods for coffee should be taken into account
when estimating caffeine intake. However, the methodology'®~'° used
for this estimation has been extensively validated in a subpopulation,
utilizing various biomarkers and reference measures. The agreement
between the food diaries was notably high for coffee and cola-based soft
drinks, which are the main sources of caffeine in the studied
population.®*** The knowledge of teratogenic factors is important for
every health professional as it is their responsibility to monitor and pro-
vide guidance to women during pregnancy. Clinically, it is crucial to be
aware of these etiologic factors in order to provide accurate guidance
and proper monitoring throughout pregnancy, leading to the reduction
of risks associated with the development of craniofacial anomalies.>>

This study presents some limitations due to the time of development
and how much consumption measures are reported, which may be dif-
ferent for each person. Convenience sampling also limits the possibility
of inferences from the study results.

Conclusion

Passive smoking and alcohol consumption during the first trimester
of pregnancy, along with inadequate prenatal care, increase the risk of
oral clefts in children. From a clinical perspective, it is crucial to be
aware of these etiologic factors in order to provide accurate guidance
and appropriate prenatal care, ultimately minimizing the risks associ-
ated with the development of craniofacial anomalies.

Clinical Trial registration number

As it is a case-control study, this work does not have a clinical trial
registration number.
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