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Preliminary study of environmental risk and 
protective factors during pregnancy for cleft lip 
with or without palate in the Korean population

Objective: To investigate which types of environmental exposure during 
pregnancy are risk and protective factors for cleft lip with or without cleft palate 
(CL/P). Methods: This case-control study included 278 orthodontic patients 
with CL/P (CL/P group) and 51 without CL/P (non-CL/P group). Demographic 
and environmental exposure data were collected using questionnaires completed 
by the parents. Statistical analyses were performed to identify the potential 
risk and protective factors for CL/P. Results: The two groups did not show 
significant difference in (1) body weight at birth and number of previous births; 
(2) fathers’ ages at birth and occupation; (3) parents’ chronic diseases, alcohol 
consumption, and exposure to harmful substances; and (4) mothers’ smoking, 
secondhand smoking, and vitamin and calcium intake. Most patients with CL/
P were born at normal term (≥ 37 weeks, 93.2%) with normal body weight 
(2.9–3.7 kg, 63.7%) and as either the first or second child (90.3%). In the CL/
P group, the percentages of mothers who were very young or old (≤ 19 years, 
≥ 40 years) and with physical labor in their occupation were low (1.8% and 
2.2%, respectively). Compared with the non-CL/P group, the CL/P group showed 
a lower percentage of maternal folic acid intake (68.6% vs. 20.9%, odds ratio 
[OR] = 0.121; P < 0.001) and higher percentages of mothers’ drug intake and 
fathers’ smoking habits (3.9% vs. 16.2%, OR = 4.73, P < 0.05; 39.2% vs. 61.2%, 
OR = 2.44, P < 0.01). Conclusions: The findings of this study may explain the 
association between environmental factors and CL/P risk.
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INTRODUCTION

Among livebirths in Korea in 2005–2006, Kim et al.1 

reported that the five major birth defects were atrial 
septal defect, ventricular septal defect, hydronephrosis, 
patent ductus arteriosus, and cleft lip with or without 
cleft palate (CL/P). The prevalence of CL/P in Korea is 
1:550–1:1,000 in newborns.1-3 Owing to problems asso-
ciated with facial appearance, speech, and malocclusion 
in patients with CL/P, orthodontists are involved in its 
long-term multidisciplinary management from birth to 
the completion of facial growth.4,5

CL/P is a complex birth defect arising from an interac-
tion between genetic predisposition and environmental 
exposure during the critical period of embryonic devel-
opment, particularly between 6 and 12 weeks of ges-
tation.6,7 While the exact mechanisms remain unclear, 
previous studies have underscored the role of various 
environmental factors. A systematic review and meta-
analysis by Lee et al.6 reported significant associations 
between maternal exposure to environmental factors 
and congenital anomalies, including CL/P and congeni-
tal heart disease. The suggested environmental factors 
were as follows: exposure to air pollution and toxic 
chemicals, parental smoking, maternal history of infec-
tions during pregnancy, pre-gestational and gestational 
diabetes mellitus, maternal obesity, maternal drug in-
take, conception via assisted reproductive technologies, 
and socioeconomic factors.6 Conversely, adequate intake 
of folic acid, vitamins, and calcium might have protec-
tive effects against CL/P.6,8-10

Despite the recognized impact of environmental fac-
tors on the prevalence of CL/P, comprehensive research 
on specific risk or protective factors within the Korean 
population is scarce. The understanding of these factors 
is crucial for the development of effective preventive 
strategies. Therefore, the purpose of this retrospective 
survey study was to investigate which types of environ-
mental exposure during pregnancy are risk and protec-

tive factors for CL/P in the Korean population.

MATERIALS AND METHODS

Participants
This case-control study included 278 orthodontic 

patients with CL/P (the CL/P group) and 51 without 
CL/P (the non-CL/P group) who visited Seoul National 
University Dental Hospital (SNUDH) and Kyungpook 
National University Dental Hospital (KNUDH) until De-
cember 2023. The CL/P group consisted of 161 boys and 
117 girls: 58 with cleft lip with or without cleft alveolus 
(CL/A), 176 with cleft lip and palate (CLP), and 44 with 
cleft palate only (CPO) (Table 1). SNUDH contributed 57 
patients with CL/A, 31 patients with CPO, 160 patients 
with CLP, and 21 control patients, while KNUDH con-
tributed 12 patients with CPO, 18 patients with CLP, and 
30 control patients. The composition of CL/P patients 
showed a significantly higher prevalence of females in 
the CP group than in the other groups and a signifi-
cantly higher prevalence of males in the CLP group than 
in the other groups (P < 0.001; Table 1). Fifty-one non-
CL/P orthodontic patients without pathological diseases 
or syndromes were recruited as the control group (27 
boys and 24 girls; Table 2).

Questionnaire survey
Data were collected retrospectively using question-

naires answered by the parents of the participants. Both 
institutes used the same questionnaire. The question-
naire consisted of three parts: (1) demographic informa-
tion including patient sex, gestational duration, body 
weight at birth, number of previous births and cleft 
type, parents’ age at birth, and occupation; (2) mater-
nal medical and environmental information including 
chronic disease, medication drug intake, smoking, sec-
ondhand smoking, alcohol consumption, exposure to 
harmful substances, and vitamin, folic acid, and calcium 
intake; and (3) paternal medical and environmental in-

Table 1. Distribution of cleft type and sex in the CL/P group

Sex
P value

Male Female

Cleft type CPO (n = 44) 14 (31.8) 30 (68.2) < 0.001***

CL/A (n = 59) 34 (57.6) 25 (42.4)

CLP (n = 175) 113 (64.6) 62 (35.4)

Total (n = 278) 161 (57.9) 117 (42.1)

Values are presented as number (%).
Chi-square test was performed.
CL/P, cleft lip with or without cleft palate; CPO, cleft palate only; CL/A, cleft lip with or without cleft alveolus; CLP, cleft lip and 
palate.
***P < 0.001.
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formation including chronic disease, medication intake, 
smoking, alcohol consumption, and exposure to harmful 
substances (Appendix 1).

All responses were anonymized, and the study pro-
tocol was reviewed and approved by the Institutional 
Review Boards of SNUDH (ERI23014) and KNUDH 
(KNUDH-2023-01-02-00). Written informed consent 
was obtained from all participants.

Statistical analysis
Chi-square and Fisher’s exact tests were performed 

using SPSS (version 27; IBM Corp., Armonk, NY, USA). 
Odds ratio (OR) and 95% confidence interval (CI) were 
calculated to estimate the magnitudes of association. 
Statistical significance was set up at P < 0.05.

RESULTS

Demographic data of the participants
The body weight at birth and the number of previous 

births did not differ significantly between the CL/P and 
non-CL/P groups (all, P > 0.05). Although the gesta-
tional duration differed between the two groups (P < 
0.001), a normal gestational duration (≥ 37 weeks) was 
most commonly observed (93.2% in the CL/P group and 

76.5% in the non-CL/P group). Furthermore, the per-
centage of patients with CL/P who were born early, was 
low (< 32 weeks, 0.7%) (Table 2).

Demographic data of the parents
The most prevalent ages of mothers at childbirth were 

20–29 years and 30–39 years in the CL/P group (50.7% 
and 47.5%, respectively) and 30–39 years in the non-
CL/P group (76.5%). Despite the difference in maternal 
age between the two groups (P < 0.001), the percentag-
es of mothers aged < 19 and > 40 years were low in the 
CL/P group (1.1% and 0.7%, respectively). In contrast, 
the father’s age at childbirth did not differ between the 
two groups (P > 0.05). The most prevalent father’s age 
was 30–39 years in both the CL/P and non-CL/P groups 
(75.2% and 82.4%, respectively). The percentages of fa-
thers aged < 19 and > 40 years in the CL/P group were 
0% and 6.5%, respectively.

Mother’s occupation differed significantly between 
the two groups (P < 0.05), but father’s occupations did 
not (P > 0.05). The most common occupations of moth-
ers were housework and office job in the CL/P (49.6% 
and 40.6%, respectively) and the non-CL/P group (37.3% 
and 39.2%, respectively). The predominant occupation 
of fathers in the CL/P and non-CL/P groups was office 

Table 2. Demographic data of the subjects

CL/P group Non-CL/P group P value†

Sex† Male 161 (57.9) 27 (52.9) 0.510

Female 117 (42.1) 24 (47.1)

Body weight at birth (kg)† ≤ 2.4 18 (6.5) 6 (11.8) 0.587

2.5–2.9 50 (18.0) 6 (11.8)

2.9–3.7 177 (63.7) 32 (62.7)

3.7–4.1 27 (9.7) 6 (11.8)

≥ 4.2 6 (2.2) 1 (2.0)

Gestational duration (wk)† ≤ 32 2 (0.7) 6 (11.8) < 0.001***

33–36 17 (6.1) 6 (11.8)

≥ 37 259 (93.2) 39 (76.5)

Number of previous births before subjects† 0 135 (48.6) 29 (56.8) 0.783

1 116 (41.7) 17 (33.3)

2 25 (9.0) 5 (9.8)

3 1 (0.4) 0 (0)

4 0 (0) 0 (0)

5 1 (0.4) 0 (0)

Total 278 (84.5) 51 (15.5)

Values are presented as number (%).
CL/P, cleft lip with or without cleft palate.
†Chi-square test was performed.
***P < 0.001.
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job (72.7% and 78.4%, respectively). Similar percentages 
were observed for physical labor in parents in the CL/P 
and non-CL/P groups (mothers, 2.2% and 5.9%, respec-
tively; fathers, 10.4% and 11.8%, respectively) (Table 3).

Environmental exposure in the father
The frequencies of chronic diseases, alcohol consump-

tion, and exposure to harmful substances did not differ 
significantly between the two groups (all, P > 0.05). 
Although the majority of fathers in the CL/P and non-
CL/P groups reported no history of chronic disease 
(86.0% and 88.2%, respectively) or exposure to harmful 
substances (97.5% and 98.0%, respectively), the alcohol 
consumption was similar between groups (73.7% and 
72.5%, respectively). However, paternal smoking during 
the periconceptional period was significantly higher in 
the CL/P group than in the non-CL/P group (61.2% vs. 
39.2%; P < 0.01; OR = 2.44; 95% CI, 1.32–4.50) (Table 
4).

Environmental exposure in the mother
The frequencies of chronic diseases, smoking, second-

hand smoking, alcohol consumption, and exposure to 
harmful substances did not differ significantly between 
the two groups (all, P > 0.05). In the CL/P group and 
Non-CL/P group, most mothers reported that they did 
not have chronic diseases (95.3% and 98.0%, respec-
tively), did not smoke (98.6% and 98.0%, respectively), 
did not experience secondhand smoking (69.4% and 
76.5%, respectively), did not drink alcohol (85.6% and 
80.4%, respectively), and were not exposed to harmful 
substances (95.0% and 96.1%, respectively). Medication 

intake during pregnancy was higher in the CL/P group 
than in the non-CL/P group (16.2% vs. 3.9%, P < 0.05; 
OR = 4.73; 95% CI, 1.11-20.20), although the exact 
kinds of medication were not specified.

The frequencies of vitamin and calcium supplementa-
tion during pregnancy did not differ significantly be-
tween the two groups (all, P > 0.05). Most mothers in 
the CL/P group and non-CL/P groups did not take vita-
mins (85.6% and 78.4%, respectively) or calcium (68.3% 
and 72.5%, respectively) during pregnancy. However, 
folic acid supplementation intake during pregnancy was 
significantly lower in the CL/P group than in the non-
CL/P group (20.9% vs. 68.6%; P < 0.001; OR = 0.121; 
95% CI, 0.06-0.23) (Table 4).

DISCUSSION

In this study, we aimed to determine which types of 
environment exposure during pregnancy are risk and 
protective factors for CL/P.

Demographic data of the participants
Although Kim et al.1 reported that birth defects are 

associated with low birth weight, preterm birth, and 
multiple births, the present study found no association 
between these factors and CL/P. Most patients with CL/
P were born at normal gestational duration, with normal 
body weight, and as either the first or second child in 
the family. These findings suggest that the birth condi-
tions of patients with CL/P might differ from those with 
other congenital birth defects in the heart, blood vessels 
and kidneys (Table 2).

Table 3. Demographic data of the parents

Mother Father

CL/P group Non-CL/P 
group P value CL/P group Non-CL/P 

group P value

Age at birth (yr) ≤ 19 3 (1.1) 0 (0) < 0.001***,† 0 (0) 0 (0) 0.148†

20–29 141 (50.7) 10 (19.6) 51 (18.3) 4 (7.8)

30–39 132 (47.5) 39 (76.5) 209 (75.2) 42 (82.4)

≥ 40 2 (0.7) 2 (3.9) 18 (6.5) 5 (9.8)

Occupation None 0 (0) 0 (0) 0.038*,† 6 (2.2) 0 (0) 0.068†

Office job 113 (40.6) 20 (39.2) 202 (72.7) 40 (78.4)

Physical labor 6 (2.2) 3 (5.9) 29 (10.4) 6 (11.8)

House work 138 (49.6) 19 (37.3) 3 (1.1) 0 (0)

Others 21 (7.6) 9 (17.6) 35 (12.6) 2 (3.9)

Total 278 (84.5) 51 (15.5) 278 (84.5) 51 (15.5)

Values are presented as number (%).
CL/P, cleft lip with or without cleft palate.
†Fisher exact test was performed.
*P < 0.05, ***P < 0.001.
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Demographic data of the parents
Savitz et al.11 reported that old age of the father was 

associated with a higher risk of cleft palate. However, 
the present study showed that neither being too young 
(≤ 19 years) nor too old (≥ 40 years) were significantly 
associated with the occurrence of CL/P, suggesting that 
being too young or old may not be a significant risk 
factor for CL/P. Oldereid et al.12 also found no significant 
association between old age of the parents (> 45 years) 
and orofacial defects. Similar percentages were observed 
for physical labor in parents in the CL/P and non-CL/P 
groups suggesting that it also might not be a significant 
risk factor for CL/P (Table 3).

Environmental exposure in the father
The finding that fathers did not exhibit significant dif-

ferences in the history of chronic diseases, alcohol con-
sumption, or exposure to harmful substances between 
the two groups suggests that these attributes might not 
have meaningful associations with CL/P.

In the present study, fathers’ smoking during the peri-
conceptional period appeared to be a significant risk 
factor for CL/P (OR = 2.44; 95% CI, 1.32–4.50), which 
was similar to Savitz et al.11 and Oldereid et al.12 These 
findings emphasize the importance of smoking cessation 
interventions targeting fathers during this critical period 
(Table 4).

Environmental exposure in the mother
Most mothers did not report chronic diseases (95.3% 

in the CL/P group and 98.0% in the non-CL/P group, P 
> 0.05). However, the number of mothers with chronic 
diseases was too low to draw definitive conclusions in 
the two groups. Balsells et al.13 and Zhao et al.14 showed 
associations between maternal diabetes mellitus and 
congenital anomalies. Therefore, further studies are 
necessary to confirm the association between CL/P and 
chronic diseases in mothers.

In a systematic review and meta-analysis, Lee et al.6 

showed that the association between maternal alcohol 
consumption during pregnancy and congenital malfor-
mations was not significant. Bell et al.15 also reported 
no significant association between orofacial clefts and 
maternal alcohol consumption. These results are similar 
to those of the current study.

The present study found no association between CL/P 
and maternal or secondhand smoking. Zheng et al.16 re-
ported a significant association between oral clefts and 
secondhand smoking, but not with direct smoking. Dif-
ferences between the roles of smoking and secondhand 
smoking in mothers in CL/P occurrence are challenging 
to understand. This inconsistency highlights the need 
for further research to clarify the mechanisms by which 
smoking and secondhand smoking in mothers contrib-

ute to the occurrence of CL/P.
Because alcohol consumption and smoking in preg-

nant women are considered societal taboos, the moth-
ers’ alcohol consumption and smoking may have been 
underreported, and the mothers’ secondhand smoking 
may have been overreported.16 Therefore, the possibility 
of under- or over-reporting should be cautiously consid-
ered when interpreting these results.

Medication intake by mothers during pregnancy is 
considered a potential risk factor for various congenital 
malformations. Previous studies have reported a posi-
tive association between maternal valproic acid intake 
and CL/P and between maternal β-blocker intake and 
CL/P.17-19 In the present study, precise drug identifica-
tion was challenging despite efforts to collect detailed 
medication information. However, mothers’ drug intake 
during pregnancy appeared to be a significant risk factor 
for CL/P. Leveraging resources from the National Health 
Insurance Service in Korea may enable future studies to 
identify specific drugs associated with CL/P risk.

While Munger et al.20 reported that vitamin B12 serves 
as a prevention factor for CL/P, the present study found 
no significant effect of vitamin intake on the prevention 
of CL/P. However, our findings are consistent with those 
of Hwang et al.21 Therefore, further studies are required 
to verify the relationship between CL/P prevention and 
multivitamins containing folic acid, with cautious inter-
pretation of the results.

Folic acid intake during the periconceptional period 
seems to reduce the risk of CL/P.22-24 This study, revealed 
a significant protective effect of folic acid intake dur-
ing pregnancy against CL/P. Methylenetetrahydrofolate 
reductase (MTHFR) is an important enzyme involved in 
folate metabolism. van Rooij et al.24 demonstrated that 
mothers with the MTHFR 677TT genotype, who did not 
take folic acid supplements periconceptionally, had a 
higher risk of producing a baby with CL/P. This may ex-
plain the gene-environment interaction in terms of the 
protective role of folic acid in CL/P.

This study had the following strengths: (1) to our 
knowledge it is the first comprehensive analysis of the 
demographic and environmental exposure data in Ko-
rean patients with CL/P and their parents; (2) although 
the number of non-CL/P participants was relatively 
low, it could be used as a basic reference to obtain the 
ORs of CL/P prevalence; (3) because orthodontists are 
actively involved in the diagnosis and treatment of CL/
P from birth to completion of facial growth, long-term 
relationships with patients with CL/P and their parents 
make it possible to obtain high response rates and col-
lect reliable data.

Although this study provides meaningful insights into 
the public health interventions aimed at reducing the in-
cidence of CL/P, the findings should be interpreted with 
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caution. The limitations of the present study are: (1) the 
retrospective nature of the study design, (2) the small 
sample size of non-CLP patients, (3) the methodology of 
the retrospective survey that relied on experiences and 
memories of parents, and (4) that parts of some of the 
questionnaires were not completed. Therefore, further 
studies with a prospective design, larger sample size, 
the inclusion of parents who can remember clearly, and 
more sophisticated statistical analysis, should be per-
formed (Table 4).

CONCLUSIONS

Although this study provides basic information ex-
plaining the association between environmental factors 
and CL/P risk, further studies are necessary to confirm 
the findings and explore their clinical implications.
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Appendix 1. Cleft survey questionnaire used in the present study

Patient

CLP survey

Clinic site:

Date of exam:

KNUDH

___ ___ ____2023

MM DD YYYY

Examiner:

Chart number:

___________ ________________________

____________________

Mother

Father

1

Name

Sex

Birth weight

Gestational age

Diagnosis

Diagnosis
(Specified)

Accompanied
syndrome

M F

_________ kg

_______ wk

< 2.4 kg

Birth date

Prior parity

2.5 2.9 kg 2.9 3.7 kg 3.7 4.1 kg Over 4.2 kg

________

Over 37 wk33 36 wk< 32 wk

Cleft palate Cleft lip with/without cleft
alveolus

Cleft lip and palate

Unilateral CLP

Bilateral CLP

Unilateral
cleft lip with

cleft alveolus

Bilateral
cleft lip with

cleft alveolus

Unilateral
cleft lip

Bilateral
cleft lip

Cleft palate

N Y Syndrome type:

Name Birth date

Age at birth

Occupation

Education

_______

Office job

Under middle school

< 19 yr 20 29 yr 30 39 yr Over 40 yr

Physical labor Housework etc.

High school College graduate

Name

Age at birth

Occupation

Education

Birth date

_______

Office job

Under middle school

< 19 yr 20 29 yr 30 39 yr Over 40 yr

Physical labor Housework etc.

High school College graduate

Monthly income < 2,000,000 < 2,000,000 4,000,000 Over 4,000,000
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2

Family history

CLP family history Y N

Immediate family

Type

Father Mother Brother Sister

Cleft palate Cleft lip/alveolus Cleft lip and palate Unknown

Type

Father's information

* Draw a horizontal line

* Draw a horizontal line

Cleft palate

Grandfather Grandmother Uncle/aunt Cousin Other relatives

Cleft lip/alveolus Cleft lip and palate Unknown

Smoking during pregnancy

Pregestation ( 3 to 1 mo)

Duration

First stages (1 3 m )o

No Yes

Second trimester~ (4 9 m )o

Alcohol drinking

Alcohol consumption

No Yes Quit (When ______ )_

1 3/m , 1 3/wk, over 4 time/wko

Chronic diseases

Disease

No Yes Treated

DM

Psychopathy

Age

HT

Bleeding disorders

Illness during
pregnancy

No Yes

No Yes

No Yes

Cardiovascular
diseases

Autoimmune
diseases

Duration (during
pregnancy)

m moo

mo mo

m mo o

Epilepsy

Infectious diseases

Therapy method

Cancer

etc.

Medication

Exposure of harmful substances
(chemicals, radioactivity, pesticides, etc.)

Exposed time

Pregestation ( 3 to 1 mo) First stages (1 3 m )o Second trimester~ (4 9 m )o

No Yes
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3

* Draw a horizontal line

Drug history

Mother's information

Vitamin

Folic acid

Calcium

Antibiotics

Steroid

etc.

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

Pregestation ( 3 to 1 mo) First stages (1 3 m )o Second trimester~ (4 9 m )o

Smoking No Yes Quit (When ______)

Duration

Pregestation ( 3 to 1 m )o First stages (1 3 m )o Second trimester~ (4 9 m )o

Secondhand smoking No Yes

Duration

Pregestation ( 3 1 m )to o First stages (1 3 m )o Second trimester~ (4 9 m )o

Alcohol drinking: No Yes
Quit (When ______)

Duration

Alcohol consumption: 1 3/m , 1 3/wk, over 4 time/wko

Pregestation ( 3 to 1 m )o First stages (1 3 m )o Second trimester~ (4 9 m )o

Chronic diseases

Disease

DM

Psychopathy

HT

Bleeding disorder

Age
Illness during

pregnancy

No Yes

No Yes

No Yes

Cardiovascular disease

Autoimmune disease

Duration (during
pregnancy)

m mo o

mo mo

m mo o

No Yes Treated

Epilepsy Cancer

etc.

Medication

Infectious
disease

Therapy
method

Exposure of harmful substances
(chemicals, radioactivity, pesticides, etc.)

Exposed time

Pregestation ( 3 to 1 m )o First stages (1 3 m )o Second trimester~ (4 9 m )o

No Yes


