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Summary
Background: Orofacial clefts (OFC) are common congenital anomalies with complex genetic and environmental etiologies. Although multiple 
risk factors have been suggested, their role in cleft type and severity remains unclear. Objective: This study aimed to assess the relationship 
between environmental and maternal health factors (body mass index –  BMI, parental age, infection, stress, prenatal vitamin supplementation) 
and the occurrence and severity of cleft types in the Czech population, as well as the effectiveness of prenatal diagnosis by ultrasound. Methods: 
A total of 96 parents of children with nonsyndromic OFC born between 2017 and 2024 in the Czech Republic were surveyed using a custom 
online questionnaire (RoRis). The data were analyzed using Fisher’s exact test (a = 0.05). Results: The distribution of cleft types in this Czech 
sample was consistent with international data. Prenatal diagnosis by ultrasound was established in 55% of cases. The highest detection rates 
were observed for bilateral cleft lip and palate, with 100% of cases diagnosed prenatally, and for unilateral cleft lip and palate, with a 93% 
detection rate. In contrast, cleft palate only (CPO) was the most frequently missed, with 88% of cases undetected. No significant associations 
were found neither between the cleft type nor the severity of clefts and parental age, maternal BMI, medication use, infection with fever, or stress 
during pregnancy. Most mothers had a normal BMI (51%), and 85% reported prenatal supplement use. COVID-19 infection during pregnancy 
was reported in 13 cases, but no clear link with cleft severity was found. Conclusion: While several exogenous factors were studied, no significant 
associations neither with cleft type nor severity were found. The study highlights the limitations of prenatal screening diagnosis by ultrasound, 
particularly for CPO, and supports the need for further research into modifiable risk factors.

Key words
orofacial clefts –  cleft lip and palate –  cleft palate only –  risk factors –  prenatal diagnosis –  BMI –  cleft severity

Urbanová W, Večeřová M, Vokurková J et al. Risk factors for cleft lip and palate in the Czech population –  a double center study. Acta Chir Plast 2025; 67(2): 92–97.

didate genes identified through ge-
nome-wide association studies and link-
age analyses [4]. However, the genetics 
of OFC is highly heterogeneous, with 
rare high-penetrance mutations and 
common low-effect variants contribut-
ing to disease susceptibility. Beyond ge-
netic influences, various environmen-
tal factors have been implicated in OFC 
pathogenesis, including parental age, 
medications during pregnancy, mater-
nal smoking, alcohol consumption, nu-
tritional deficiencies or abundance, ter-

cleft palate results from a  failure of fu-
sion of the palatal shelves between the 
6th and 12th week of gestation [3]. 

The etiology of OFC is multifactorial, 
involving a  complex interplay of ge-
netic and environmental factors that 
influence craniofacial morphogenesis. 
Understanding these etiological mech-
anisms is crucial for advancing preven-
tive strategies, early diagnosis, and tar-
geted therapeutic approaches. Genetic 
predisposition plays a significant role in 
OFC development, with numerous can-

Introduction 
Orofacial clefts (OFC) are the most com-
mon congenital craniofacial anoma-
lies, affecting approximately 1.64  in 
1,000  live births in the Czech Repub-
lic [1]. OFC may adversely affect patients' 
quality of life in physical, functional, and 
psychological domains  [2]. OFC arise 
due to disruptions in normal embry-
onic development. Cleft lip results from 
a failure of merging between the medial 
nasal and maxillary prominences dur-
ing the 5th to 6th week of gestation, while 
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more. Mother’s BMI at conception was 
calculated using the mother's weight 
and height according to standard meth-
ods, and the following categories were 
established: 1) BMI < 18.5: underweight; 
2) BMI 18.5– 24.9: normal weight; 3) 
BMI 25– 29.9: overweight; 4) BMI > 30.0: 
obesity. 

Statistical analysis
The collected data were statistically ana-
lyzed, assessing the null hypotheses that 
the distributions/ central tendency or 
frequencies between groups do not dif-
fer significantly on a significance level of 
a = 0.05. The Fisher’s exact test was em-
ployed for categorical variables. For sta-
tistical analysis, the IBM SPSS Statistics 
for Windows, Version 23.0 software (Ar-
monk, NY: IBM Corp) was used.

Results
This study presents the results from the 
first 6 months of data collection, span-
ning from May 20 to November 20, 2024. 
Within the PCC 145  parents were con-
tacted by mail, and approx. 35 by a leaf-
let, while within the CC UH Brno 114 par-
ents were contacted by mail/ phone, and 
approx. 100 by a leaflet. During the first 
6 months of data collection, 108 parents 
completed the questionnaire, a total of 
12 questionnaires were excluded due to 
missing essential information, including 
the type of cleft and key patient identi-
fication data. The whole amount of in-
cluded study participants was therefore 
96 (54 males, 42 females). No patient in-
cluded in the study had a confirmed syn-
dromic diagnosis.

Prenatal diagnosis of cleft anomaly
Cleft anomaly was diagnosed prenatally 
by ultrasound in 53 (55%) out of 96 chil-
dren. All BCLP cases were detected pre-
natally, and 26  out of 28  UCLP cases 
(93%) were identified before birth. In 
contrast, 7  UCL cases (39%) were not 
diagnosed prenatally. CPO was the most 
frequently missed in prenatal screening, 
with 36 cases (88%) going undetected.

of Biostatistics and Analyses, Ltd. (IBA), 
a spin-off company of Masaryk Univer-
sity, Brno. Parents of affected children 
could access the questionnaire through 
a time-limited link containing a unique 
hash code, which was sent to the email 
address provided during registration or 
by a  leaflet given during the medical 
appointment. 

The questionnaire focused on po-
tential etiological factors contributing 
to the occurrence of cleft anomalies in 
children including parental age, mater-
nal pre-pregnancy weight and height 
(with body mass index (BMI) calculated), 
medication use during pregnancy, infec-
tions accompanied by fever, and stress-
ful situations experienced during preg-
nancy. Particular attention was given to 
the intake of prenatal vitamins. Cleft se-
verity was considered when evaluating 
the associations with parental age, ma-
ternal BMI, medication use during preg-
nancy, infections with fever, and stressful 
situations during pregnancy. Unilateral 
cleft lip was considered the least se-
vere and bilateral cleft lip and palate the 
most severe, while isolated cleft palate 
was not included in this assessment due 
to a different embryological mechanism 
of origin. 

Study participants and variables
The questionnaire was distributed to par-
ents of children born between 2017 and 
2024 and treated in Prague Cleft Center 
(PCC) of University Hospital Královské Vi-
nohrady (FNKV) and Cleft Center of the 
University Hospital Brno (CC UH Brno). All 
participants were divided into 5 groups 
according to a cleft type: UCL –  unilateral 
cleft lip, UCLP –  unilateral cleft lip and 
palate, BCL –  bilateral cleft lip, BCLP  –  
bilateral cleft lip and palate, CPO –  cleft 
palate only. For evaluation of parents’ 
age at the start of pregnancy mothers 
and fathers of all participants were di-
vided according to their age into 3 cate-
gories according to previous studies [13]: 
1) young: up to 25.9 years; 2) middle age: 
26– 35  years; 3) mature: 35.1  years and 

atogenic exposures and others  [5,6]. 
Maternal health conditions such as mal-
nutrition or obesity, infections accompa-
nied by fever or stressful situations have 
also been linked to an increased risk of 
OFC [7,8]. Epigenetic modifications, in-
cluding DNA methylation and histone 
modifications, may further mediate the 
interaction between genetic susceptibil-
ity and environmental exposures [9]. 

Prenatal diagnosis of orofacial clefts 
plays a crucial role in early counseling, 
treatment planning, and psychological 
preparation of the parents  [10]. These 
anomalies are typically identified during 
routine ultrasound screening in the first 
or second trimester, although the re-
ported sensitivity of prenatal detection 
varies considerably, depending on the 
cleft type, the examiner’s expertise, and 
imaging quality [11,12]. Early identifica-
tion of these anomalies enables a multi-
disciplinary approach to postnatal care 
and may reduce parental anxiety by pro-
viding timely information about prog-
nosis and therapeutic options.

The aim of this study was to investi-
gate, through a  questionnaire-based 
survey, whether environmental factors 
and maternal health conditions may in-
fluence the occurrence of a specific type 
of cleft or the severity of cleft involve-
ment in the Czech Republic. Further-
more, this study focused on assessing 
the rate of prenatal detection of OFC.

Materials and methods
Study design
A detailed questionnaire titled "RoRis" 
(https:/ /  registr-roris.data-warehouse.
zone/ ) was developed for parents of chil-
dren with orofacial clefts. Ethical approval 
was obtained in advance from local eth-
ics committees (UH Brno approval num-
ber 08-061223/ EK, FNKV approval num-
ber EK-YPl29l0012024), and the study was 
conducted in accordance with the Decla-
ration of Helsinki and the applicable legal 
regulations of the Czech Republic. 

The questionnaire was implemented 
as an internet-based tool by the Institute 



Risk factors for cleft lip and palate in the Czech population –  a double center study

Acta Chir Plast 2025; 67(2): 92– 9794

linked to a  specific type of cleft in the 
child, nor did either lead to increased 
cleft severity (P > 0.005). Thirteen moth-
ers contracted COVID-19  during preg-
nancy, confirmed by PCR testing, seven 
of whom were affected in the first 
trimester. 

Discussion
The distribution of cleft types in our sam-
ple was consistent with data reported in 
the literature and well-established ep-
idemiological patterns  [14]. Boys were 
predominant in cases of UCL and UCLP, 
whereas the male-to-female ratio in CPO 
was more balanced, with a  slight pre-
dominance of females. In both genders, 
left-sided occurrence was more common 
in UCLP and UCL. Prenatal diagnosis was 
established in approximately half of all 

and 1 UCL). A total of 30 mothers (31.3%) 
reported regular medication use dur-
ing pregnancy, including treatment for 
asthma, hypertension, hypothyroidism, 
progesterone supplementation, low 
molecular weight heparin (LMWH), or al-
lergy medication. Maternal medication 
use was not associated with the type of 
cleft in the child, nor did it contribute to 
increased cleft severity (P > 0.005)

Infections and stressful situations 
during pregnancy
During pregnancy, 26  women expe-
rienced an infection with fever during 
the first trimester, while 16 reported en-
countering a  stressful situation. Addi-
tionally, five women experienced both 
stress and fever, with cleft types varying 
among their children. Neither factor was 

Cleft type and gender
The study included a total of 96 patients 
with a  male-to-female ratio of 54  : 42. 
The distribution of cleft types was as fol
lows: BCLP in 10 patients, UCLP in 28 pa-
tients, UCL in 18  patients, and CPO in 
41 patients. BCL was not observed in any 
of the patients included in the study. Re-
garding the laterality of the unilateral 
clefts, left-sided UCLP was observed in 
20 patients and left-sided UCL in 10 pa-
tients, while right-sided UCLP was pre-
sent in 8  patients and right-sided UCL 
in 8  patients. Males predominated the 
sample, especially in the BCLP, UCLP and 
UCL (Tab. 1), however the male/ female 
ratio for each type of cleft did not differ 
significantly (P = 0.388). Male-to-female 
ratio for UCL + UCLP was 1.7 : 1; in CPO 
it was 0.86 : 1. 

Parental age and cleft type
The average parental age was 30 years 
and 7 months for mothers and 37 years 
and 8 months for fathers (Tab. 2, 3). Pa-
rental age categories showed no asso-
ciation with the type of cleft (P = 0.822; 
P = 0.808). Furthermore, advancing pa-
rental age was not correlated with in-
creased cleft severity (P > 0.005).

Mother’s BMI
The average maternal BMI was 25, with 
46  mothers within the optimal range 
(Tab. 4). The maternal BMI category was 
not associated with the type of cleft in 
the child, nor was a  higher maternal 
BMI linked to increased cleft severity 
(P = 0.265).

Medication of the mother during 
pregnancy
Eighty mothers (85%) reported tak-
ing prenatal supplements during preg-
nancy, starting upon confirmation of 
pregnancy, including folic acid (N = 35) 
or prenatal vitamins (N  =  45), while 
14 mothers (15%) did not take any sup-
plements. The absence of prenatal folic 
acid intake was not associated with the 
most severe cleft types (6 CPO, 7 UCLP, 

Tab. 1. Sample characteristics by type of cleft and gender.

Gender BCLP UCLP UCL CPO Total

left right left right

male 7 13 5 5 5 19 54

female 3 7 3 4 3 22 42

total 10 20 8 9 8 41 96

BCLP – bilateral cleft lip and palate, CPO – cleft palate only, UCL – unilateral cleft lip, 
UCLP – unilateral cleft lip and palate 

Tab. 2. Association of mothers’ age categories with the type of cleft.

Fisher's exact 
test: P = 0.822

Mother’s age (years) Total

< 26 26–35 > 35 

BCLP 1
10.0%

8
80.0%

1
10,0%

10
100.0%

UCLP 3
11.5%

19
73.1%

4
15.4%

26
100.0%

UCL 0
0.0%

13
76.5%

4
23.5%

17
100.0%

CPO 4
10.0%

27
67.5%

9
22.5%

40
100.0%

Total 8
8.6%

67
72.0%

18
19.4%

93
100.0%

BCLP – bilateral cleft lip and palate, CPO – cleft palate only, UCL – unilateral cleft lip, 
UCLP – unilateral cleft lip and palate 
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the risk of complete clefts appears to 
be higher when both parents are older 
than 29 years [17,18]. However, no cor-
relation was proven between advanced 
parental age and the specific type or se-
verity of clefts in our sample. The aver-
age maternal age in our sample was 
consistent with the national average 
in the Czech Republic, which was re-
ported to be 31 years between 2011 and 
2022 [19]. The average paternal age was 
3  years higher than the regional aver-
age reported for the South Moravian 
Region [20]. 

Both maternal malnutrition and obe-
sity have been further on identified 
as potential risk factors for congeni-
tal anomalies, including OFC  [21– 23]. 
Malnutrition, particularly deficiencies 
in essential vitamins such as folic acid, 
vitamin B6, and vitamin A, has been as-
sociated with impaired embryonic de-
velopment  [24,25]. Insufficient intake 
of these micronutrients affects cellu-
lar differentiation, neural crest migra-
tion, and tissue fusion, all of which are 
critical for proper craniofacial develop-
ment. On the other hand, excessive ma-
ternal weight is linked to metabolic dis-
turbances, oxidative stress, and chronic 
low-grade inflammation, which may in-
terfere with the molecular pathways in-
volved in the fusion of the lip and palate 
during embryogenesis  [26]. Interest-
ingly, both nutritional extremes – mal-
nutrition and obesity –  probably share 
common mechanisms that may in-
crease the risk of OFC. Epigenetic mod-
ifications, such as DNA methylation and 
histone modifications, influenced by 
maternal nutritional status, have been 
suggested as possible contributors to 
cleft formation [9,27]. This highlights the 
importance of balanced maternal nu-
trition before and during pregnancy to 
minimize the risk of congenital anoma-
lies. In our sample, the majority of moth-
ers had a BMI within the normal range, 
with only 8  classified as underweight 
and 15 as overweight. This limited varia-

rent prenatal screening methods. Nota-
bly, the majority of cases with CPO were 
not detected before birth. These find-
ings also align with previously published 
results [15]. 

Advanced parental age has been iden-
tified as a  contributing factor in cleft 
development. Both maternal and pa-
ternal age have been shown to be asso-
ciated with an increased risk of cleft lip 
with or without cleft palate, whereas for 
CPO, paternal age has been identified as 
a  significant risk factor  [16]. Moreover, 

children with cleft lip and palate. In our 
sample, all cases of BCLP and the ma-
jority of cases with UCLP were identi-
fied before birth, while almost half of 
the UCL remained undiagnosed prena-
tally. The fact that more severe forms of 
clefts are detected more frequently pre-
natally represents a positive prognostic 
factor, as it allows for early intervention 
planning and parental counseling. On 
the other hand, the high proportion of 
undiagnosed milder forms of clefts, such 
as UCL, highlights the limitations of cur-

Tab. 3. Association of fathers’ age categories with the type of cleft.

Fisher's exact 
test: P = 0.808

Father’s age (years) Total

< 26 26–35 > 35 

BCLP 0
0.0%

6
60.0%

4
40.0%

10
100.0%

UCLP 1
3.8%

15
57.7%

10
38.5%

26
100.0%

UCL 0
0.0%

7
41.2%

10
58.8%

17
100.0%

CPO 3
7.7%

19
48.7%

17
43.6%

39
100.0%

Total 4
4.3%

47
51.1%

41
44.6%

92
100.0%

BCLP – bilateral cleft lip and palate, CPO – cleft palate only, UCL – unilateral cleft lip, 
UCLP – unilateral cleft lip and palate 

Tab. 4. Association of maternal BMI categories with the type of cleft.

Fisher's exact 
test: P = 0.265

BMI Total

Under-
weight

Normal Over-
weight

Obesity

BCLP 1
11.1%

2
22.2%

3
33.3%

3
33.3%

9
100.0%

UCLP 3
11.1%

16
59.3%

6
22.2%

2
7,4%

27
100.0%

UCL 0
0.0%

10
62,5%

5
31,3%

1
6.3%

16
100.0%

CPO 4
10.5%

18
47.4%

7
18.4%

9
23.7%

38
100.0%

Total 8
8.9%

46
51.1%

21
23.3%

15
16.7%

90
100.0%

BCLP – bilateral cleft lip and palate, CPO – cleft palate only, UCL – unilateral cleft lip, 
UCLP – unilateral cleft lip and palate 
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• �the majority of cleft anomalies involv-
ing the primary palate, particularly 
BCLP, were diagnosed prenatally;

• �prenatal diagnosis was effective in only 
a small proportion of CPO cases;

• �the distribution of individual cleft types 
corresponded to data reported in the 
literature;

• �although exogenous etiological factors 
cited in the literature were present in 
our sample, no causal relationship was 
found between BMI, parental age, in-
fection with fever, or stressful situations 
and the occurrence of a specific type of 
cleft or cleft severity.

Limitations: A limitation of this study is the rela-
tively small sample size, which restricts the stati-
stical power and generalizability of the findings. 
Therefore, the observed associations should be 
interpreted with caution and require confirma-
tion in studies with larger patient cohorts.
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