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ABSTRACT
Objectives This study aimed to investigate the temporal 
and spatial characteristics of cleft lip and/or palate based 
on a large- scale birth defect monitoring database.
Methods Data on perinatal infants and children with 
cleft lip and/or palate defects from 1 January 2015 to 
31 December 2018 in Guangdong province of China 
were collected. The variables including the demographic 
data, basic family information (address, education level, 
etc.), the infant’s birth weight, gender and other basic 
parameters were collected and analysed.
Results During the study period, the prevalence of cleft 
lip and/or palate was 7.55 per 10 000 perinatal infants. 
The prevalence of cleft lip, cleft palate and cleft lip and 
palate were 2.34/10 000, 2.22/10 000 and 2.98/10 000, 
respectively. The prevalence of cleft lip and/or palate 
showed a pronounced downward trend, reducing from 
8.47/10 000 in 2015 to 6.51/10 000 in 2018. We observed 
spatial heterogeneity of prevalence of cleft lip and/or 
palate across the study period in Guangdong. In the Pearl 
River Delta region, the overall prevalence of cleft lip and/
or palate was 7.31/10 000, while the figure (7.86/10 000) 
was slightly higher in the non- Pearl River Delta region 
(p<0.05). Concerning infant gender, the prevalence was 
in general higher in boys than girls (p<0.05). In addition, 
the higher prevalence was more common in mothers 
older than 35 years old. For the birth season, infants born 
in spring tended to have a higher prevalence than those 
born in other seasons, regardless of the prevalence of cleft 
lip and palate calculated separately or jointly (p<0.05). 
The majority of newborns with cleft lip and palate were 
accompanied by other birth defects.
Conclusion This study contributes a better understanding 
of the characteristics of spatio- temporal trends for birth 
defects of cleft lip and/or palate in south China.

INTRODUCTION
Cleft lip and/or cleft palate are congenital 
abnormalities, which caused by the disrup-
tion of teratogenic threats in the early stage 
of embryonic development and the cracking 
of the lips or palate.1 Cleft lip and/or cleft 
palate can occur synchronously or asynchro-
nously and can be mild or severe with or 

without alveolar clefts. The disease can be 
divided into non- syndrome and syndrome 
types.2 Non- syndromic type accounts for 
more than 70% of facial congenital malfor-
mations.3 Non- syndromic type can also be 
divided into cleft lip, cleft palate and cleft 
lip and palate, which does not include 
other systemic deformities and syndromes. 
Syndrome type accounts for less than 30% of 
the entire facial deformity. In addition to cleft 
lip and/or palate, syndrome type has defor-
mities of other tissues and organs in the body, 
which are more than 300 types. Cleft lip and/
or palate could bring a huge health burden 
to patients and families, and have a negative 
impact on patients’ mental health and quality 
of life.4 The disease is usually accompanied 
by various complications, which mainly affect 
voice and face.5 A previous study6 showed that 
adults with oral–facial clefts have a negative 
sense of social belonging and adaptation, 
compared with healthy adults.

Strengths and limitations of this study

 ► This study is a descriptive analysis focused on tem-
poral and spatial characteristics of cleft lip and/or 
palate and revealed the current situation of adverse 
birth outcomes in Guangdong, south China.

 ► Multiple adverse pregnancy outcomes including 
cleft lip, cleft palate and cleft lip and palate have 
been investigated and compared in terms of their 
temporal trend and spatial distribution.

 ► This study based on a cohort of nearly 7.1 million 
live births contributed a better understanding of 
spatio- temporal distribution characteristics of the 
birth defects in the study area.

 ► As a descriptive analysis, this study was unable 
to identify the causal relationship between spatio- 
temporal factors and adverse pregnancy outcomes.

 ► As we only have 4 years of data that is limited to 
determine a trend, these trends of birth defect need 
to be taken with caution.
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As for the international distribution of cleft lip and 
palate, the prevalence of cleft lip and palate is declining 
globally.7 In many other regions, data on cleft lip and palate 
cases are of poor or incomplete quality, often lacking 
information on important variables such as gender and 
severity of morphological abnormalities, the published 
data on the prevalence of cleft lip and/or cleft palate 
from different parts of the world are quite different.8 
A previous study revealed that the African population 
had the lowest incidence of the disease, which is about 
0.4/1000; in India, the average prevalence index of this 
disease was 0.398/1000 from 2007 to 2011.9 Europe’s 
incidence is about 1/1000; Asia and South Americas 
have relatively a high incidence of about 2/1000.10 Cleft 
lip and/or palate have the highest rates at birth in Asian 
(especially in China and Japan),3 and China is one of the 
regions with high incidence of about 1.663/1000.9

Guangdong province is located in southern China, 
with 21 cities and a large population. Its Gross Domestic 
Product (GDP) ranks first in the country, however, the 
economic development is quite unbalanced among cities 
in the province. In Guangdong province, the Pearl River 
Delta regions are economically developed regions with 
a GDP accounting for 80% of the province, and hence 
have a better distribution of health resources. However, 
the non- Pearl River Delta regions are mainly econom-
ically undeveloped areas, and so as the distribution 
of health resources. In order to improve the quality of 
the birth health, understand the status and tendency of 
birth defects during perinatal period, and then provide 
scientific basic evidence for further intervention, Guang-
dong province has launched a birth defects surveillance 
programme based on hospitals since the end of 1980s 
by government, and then the monitoring hospitals had 
been expanded to all hospitals with midwifery services 
cross over province since October 2014.11 Guangdong 
province stipulates that perinatal infants born in medical 
institutions must routinely monitor 23 types of congen-
ital defects including cleft lip and palate. A ‘Registration 
Card for Birth Defect’ should be reported through the 
Guangdong Province Maternal and Child Health Infor-
mation Platform when a birth defect of perinatal infant 
is diagnosed in any monitoring hospital. Based on the 
monitoring data of perinatal and birth defects in Guang-
dong, this study intended to investigate the epidemio-
logical status and characteristics of temporal and spatial 
distribution for cleft lip and palate in Guangdong. The 
results of this study could provide a relevant basis for the 
ongoing prevention and control strategy of cleft lip and 
palate.

MATERIALS AND METHODS
Patient and public involvement
A total of 7 134 693 perinatal infants in all midwifery insti-
tutions in Guangdong province from 1 January 2015 to 
31 December 2018 were reported and included. Among 
them, we identified a total of 9353 children with cleft 

lip and/or palate defects, including live births, still-
births and early neonatal deaths. We excluded newborns 
whose gestational age less than 28 weeks and more than 
1 week after delivery (n=3892) and 77 cases absence of 
gestational weeks. After that, there were 5384 perinatal 
infants with defects of cleft lip and/or palate included as 
the study subjects. There were some missing value in the 
variables, including maternal gestational age (n=41), race 
(n=20), residential areas (n=285), infants sex (n=24), 
multiple births (n=23), birth weight (n=400), time of 
diagnosis (n=489), pregnancy outcome (n=187), per 
capita income of household (n=572), parity (n=177) and 
maternal education level (n=964).

Study site
Figure 1 shows the location of Guangdong province and 
the regional distribution of 21 cities. Guangdong prov-
ince, which located in south China, is the most economi-
cally developed province in the region. The 21 cities can 
be divided into four regions, namely the Pearl River Delta 
region, the East Guangdong region, the West Guangdong 
region and the Mountainous region. There are nine cities 
in the Pearl River Delta region, including Guangzhou, 
Shenzhen, Foshan, Dongguan, Zhuhai, Zhongshan, 
Jiangmen, Huizhou and Zhaoqing. The East Guang-
dong region contains four cities, including Shantou, 
Chaozhou, Jieyang and Shanwei. The West Guangdong 
region includes Yangjiang and Maoming, Zhanjiang and 
other three cities. And the cities of Shaoguan, Qingyuan, 
Heyuan, Meizhou and Yunfu are considered as the Moun-
tainous region. The Pearl River Delta region is the largest 
plain area in Guangdong province, and also the most 

Figure 1 Geographical locations of the study area. 
Guangdong province is located in south China. This 
study included all 21 cities in Guangdong province, which 
are Guangzhou, Shenzhen, Foshan, Dongguan, Zhuhai, 
Zhongshan, Zhaoqing, Huizhou, Jiangmen, Chaozhou, 
Shantou, Jieyang, Meizhou, Shanwei, Shaoguan, Heyuan, 
Qingyuan, Yunfu, Yangjiang, Maoming and Zhanjiang.
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densely populated and economically developed area. 
Compared with the Pearl River Delta region, the other 
three regions are economically underdeveloped areas in 
the province. In particular, there are insufficient medical 
and health resources and uneven distribution in the 
Mountainous region of Guangdong province.12 13

Data sources
We extracted data from the Guangdong Province 
Maternal and Child Health Information Platform, which 
including registration cards and quarterly reports for 
infants with birth defects uploaded by more than 1900 
midwifery institutions. The content of the Registration 
Card for Birth Defects includes basic prenatal conditions 
(age, education, date of last menstrual period, gestational 
week, pregnancy, parity, etc.) and postpartum conditions 
(delivery methods, infant gender, weight, height, etc.). 
The contents of the quarterly report include the number 
of perinatal babies per month, the number of perinatal 
babies by gender, the number of birth defects and deaths, 
age of pregnant mothers and the area of residence. To 
ensure the quality of monitoring data, the registration 
card and the quarterly report need to go through multi-
level review by institutional, county, district, city and 
provincial levels. Once the data are rejected at any level, 
the medical workers of the institution must verify and 
correct the data based on clinical information.

Diagnosis of cleft lip and palate
Cases of cleft lip and palate were diagnosed by medical 
workers of midwifery institutions in accordance with a 
unified standard of the ‘China Birth Defect Programme’, 
and relevant information was filled in the registration 
card for birth defects. Medical workers can choose 
methods of auxiliary examinations including ultrasound 
and autopsy based on symptoms, signs and medical 
history to detect the cases of cleft lip and palate. Medical 
workers must indicate the diagnosis method when they 
fill out the Registration Card for Birth Defects. The diag-
nostic criteria meet the following conditions: (1) cleft lip 
(ICD 10: Q35.0–Q35.9): partial or complete split of one 
or both sides of the upper lip at birth, including reces-
sive split; (2) cleft palate (ICD 10: Q36.0–Q36.9): at birth, 
partially or completely split of the uvula and soft palate 
include or exclude one or both sides of the hard palate; 
(3) cleft lip and palate (ICD 10: Q37.0–Q37.9): both cleft 
lip and/or cleft palate at birth.

Statistical analysis
The prevalence of different disease types of cleft lip and/
or palate was calculated according to the urban and rural 
areas, the Pearl River Delta areas and the non- Pearl River 
Delta areas, different age groups of pregnant mothers 
and different birth seasons. Descriptive statistics were 
used to show the basic characteristics of cleft lip and/or 
palate children and their pregnant mothers. The charac-
teristics including the mother’s ethnicity, parity, concep-
tion season, income level, education level and the birth 

weight, gender, single or multiple births, whether there 
are other birth defects and prognosis were investigated. 
After we calculated the prevalence of cleft lip and/or 
palate based on the characteristics of the newborn and 
their mother, we used the χ2 test to compare the preva-
lence, if necessary, the cohran- Armitage test was used in 
search of trends, for example, a trend in the years. Also, 
we compared each age category to the 25–29 age category, 
and obtained a separate adjusted p value for each category 
(<24, 30–34 and ≥35) versus 25–29 using the adjustment 
method of Benjamini and Hochberg. The similar analysis 
approach was conducted to compare each season of birth 
category to the spring category and obtained a separate 
adjusted p value for each category (summer, autumn and 
winter) versus spring. According to whether other birth 
defects were combined, we analysed the prognosis of chil-
dren with different types of cleft lip and palate, including 
live birth, stillbirth and death within 7 days after birth. 
The p values derived from all statistical analyses were then 
compared with the adopted significance level of 0.05. A 
map was used to depict the location of Guangdong prov-
ince in China and the geographical distribution of the 
four regions in Guangdong province (the Pearl River 
Delta regions, the East Guangdong, the West Guangdong 
and the Mountain regions). We used a dot- line diagram 
to demonstrate the annual prevalence trend of cleft lip 
and/or palate in Guangdong. Finally, we used maps to 
demonstrate the annual prevalence trend of cleft lip and/
or palate in all cities of Guangdong. All statistical analyses 
were performed within the R V.3.62 software.

RESULTS
Figure 2 shows that the prevalence of cleft lip and/or 
palate was 7.55/10 000 (95% CI=7.35/10 000 to 7.75/10 
000). During the study period, the prevalence of cleft 
lip and/or palate showed a pronounced downward 
trend based on the cohran- Armitage test, reducing from 
8.47/10 000 (95% CI=8.04/10 000 to 8.93/10 000) in 2015 
to 6.51/10 000 (95% CI=6.13/10 000 to 6.91/10 000) in 
2018 (p<0.05, cohran- Armitage test). The annual prev-
alence of cleft lip (2.68/10 000, 95% CI=2.43/10 000 to 
2.94/10 000), cleft palate (2.45/10 000, 95% CI=2.22/10 

Figure 2 Prevalence of cleft lip and/or palate (per 10 000 
perinatal infants) in Guangdong province, China, 2015–2018.
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000 to 2.70/10 000) and cleft lip and palate (3.34/10 
000, 95% CI=3.07/10 000 to 3.63/10 000) were highest 
in 2015. From 2015 to 2018, the annual prevalence was 
relatively stable for cleft lip or cleft palate alone, with a 
slight decline across the years. When considering the 
infants born with cleft lip and palate, the annual preva-
lence decreased from 3.34/10 000 (95% CI=3.07/10 000 
to 3.63/10 000) in 2015 to 2.44/10 000 (95% CI=2.21/10 
000 to 2.69/10 000) in 2018 (p<0.05, cohran- Armitage 
test).

Figure 3 shows the spatial distribution characteristics of 
the prevalence of cleft lip and/or palate in all 21 cities in 
Guangdong province, China, from 2015 to 2018. In 2015, 
Shanwei city had the highest prevalence (21.68/10 000) 
of cleft lip and/or palate, while Shenzhen city had the 
lowest figure (0.65/10 000). In 2016, the highest preva-
lence (12.92/10 000) occurred in Yunfu city, while the 
prevalence (2.64/10 000) was lowest in Dongguan city. 
In the last 2 years of 2017 and 2018, Zhaoqing city had 
the highest prevalence of cleft lip and/or palate, with 
the figure of 12.06/10 000 and 13.30/10 000, respec-
tively. However, in 2017 and 2018, the lowest prevalence 
occurred in Shenzhen (2.92/10 000) and Zhongshan city 
(1.64/10 000), respectively. Spatial heterogeneity of prev-
alence of cleft lip and/or palate across the study period in 
Guangdong province was observed.

Table 1 shows the prevalence of cleft lip and/or palate 
in different subgroups. When considering the strata of 
residential areas of infants, the prevalence of cleft palate 
alone for urban residents was in general higher than that 

for rural residents (2.80/10 000 vs 1.59/10 000, p<0.05). 
However, the prevalence of cleft lip and palate for rural 
infants was higher than that for urban infants (3.25/10 
000 vs 2.32/10 000). In the Pearl River Delta region, the 
overall prevalence of cleft lip and/or palate was 7.31/10 
000, while the figure (7.86/10 000) was slightly higher 
in the non- Pearl River Delta region (p<0.05). Similarly, 
the prevalence (2.45/10 000) of cleft lip and palate in 
the non- Pearl River Delta region was higher than that 
(2.26/10 000) in the Pearl River Delta region (p<0.05). 
On the contrary, as for cleft palate alone, the prevalence 
(2.63/10 000) in the Pearl River Delta region was slightly 
higher than that (1.68/10 000) in the non- Pearl River 
Delta region (p<0.05). In general, our results indicated 
an increased risk in young women and in older women 
(p<0.05). Furthermore, based on the comparison of each 
age category to the 25–29 age category, the prevalence 
was much higher among babies born by mothers older 
than 35 years of age in cleft lip and/or palate newborns 
(adjusted p<0.05). Besides, except for cleft palate, the 
prevalence of cleft lip and/or palate in newborns born 
by mothers under 24 years old was significantly higher 
than reference category of mothers aged 25–29 age old 
(adjusted p<0.05). For birth season, we observed that 
infants born in spring tended to have an increased risk of 
these defects than those born in other seasons, regardless 
of the prevalence of cleft lip and palate calculated sepa-
rately or jointly (p<0.05), and found that the prevalence 
of cleft lip and palate and the prevalence of cleft lip and/
or palate were significantly associated with the birth in 

Figure 3 Spatial distributions of the prevalence of cleft lip and/or palate in Guangdong Province, China, 2015–2018. Spatial 
distributions of cleft lip and/or palate prevalence in (A) 2015, (B) 2016, (C) 2017 and (D) 2018.



5Zhu Y, et al. BMJ Open 2021;11:e046430. doi:10.1136/bmjopen-2020-046430

Open access

Ta
b

le
 1

 
P

re
va

le
nc

e 
of

 c
le

ft
 li

p
s 

an
d

/o
r 

p
al

at
e 

(p
er

 1
0 

00
0 

p
er

in
at

al
 in

fa
nt

s)
 in

 G
ua

ng
d

on
g 

p
ro

vi
nc

e,
 C

hi
na

, 2
01

5–
20

18

Va
ri

ab
le

s*

N
um

b
er

s 
o

f 
p

er
in

at
al

 
in

fa
nt

s

C
le

ft
 li

p
 (n

=
16

71
)

C
le

ft
 p

al
at

e 
(n

=
15

85
)

C
le

ft
 li

p
 a

nd
 p

al
at

e 
(n

=
21

28
)

C
le

ft
 li

p
 a

nd
/o

r 
p

al
at

e 
(n

=
53

84
)

N
†

P
re

va
le

nc
e

95
%

 C
I

P
 v

al
ue

N
†

P
re

va
le

nc
e

95
%

 C
I

P
 v

al
ue

N
†

P
re

va
le

nc
e

95
%

 C
I

P
 v

al
ue

N
†

P
re

va
le

nc
e

95
%

 C
I

P
 v

al
ue

Ye
ar

s
<

0.
05

<
0.

05
<

0.
05

<
0.

05

 
 20

15
1 

65
4 

33
7

44
3

2.
68

2.
43

 t
o 

2.
94

40
6

2.
45

2.
22

 t
o 

2.
70

55
3

3.
34

3.
07

 t
o 

3.
63

14
02

8.
47

8.
04

 t
o 

8.
93

 
 20

16
1 

85
4 

66
0

45
8

2.
47

2.
25

 t
o 

2.
71

34
4

1.
85

1.
66

 t
o 

2.
06

56
8

3.
06

2.
82

 t
o 

3.
33

13
70

7.
39

7.
00

 t
o 

7.
79

 
 20

17
1 

93
1 

79
7

44
5

2.
3

2.
09

 t
o 

2.
53

47
0

2.
43

2.
22

 t
o 

2.
66

59
4

3.
07

2.
83

 t
o 

3.
33

15
09

7.
81

7.
42

 t
o 

8.
22

 
 20

18
1 

69
3 

89
9

32
5

1.
92

1.
72

 t
o 

2.
14

36
5

2.
15

1.
94

 t
o 

2.
39

41
3

2.
44

2.
21

 t
o 

2.
69

11
03

6.
51

6.
13

 t
o 

6.
91

 
 20

15
–

20
18

7 
13

4 
69

3
16

71
2.

34
2.

23
 t

o 
2.

46
15

85
2.

22
2.

11
 t

o 
2.

33
21

28
2.

98
2.

86
 t

o 
3.

11
53

84
7.

55
7.

35
 t

o 
7.

75

R
es

id
en

tia
l 

ar
ea

s
0.

67
<

0.
05

<
0.

05
0.

27

 
 U

rb
an

3 
30

9 
39

2
71

2
2.

15
2.

00
 t

o 
2.

32
92

6
2.

8
2.

62
 t

o 
2.

98
76

7
2.

32
2.

16
 t

o 
2.

49
24

05
7.

27
6.

98
 t

o 
7.

56

 
 R

ur
al

3 
82

5 
30

1
84

2
2.

2
2.

05
 t

o 
2.

35
60

9
1.

59
1.

47
 t

o 
1.

72
12

43
3.

25
3.

07
 t

o 
3.

44
26

94
7.

04
6.

78
 t

o 
7.

31

 
 R

eg
io

n‡
0.

10
<

0.
05

<
0.

05
<

0.
05

 
 P

R
D

4 
07

0 
44

3
92

0
2.

26
2.

12
 t

o 
2.

41
10

71
2.

63
2.

48
 t

o 
2.

79
98

5
2.

42
2.

27
 t

o 
2.

58
29

76
7.

31
7.

05
 t

o 
7.

58

 
 N

on
- P

R
D

3 
06

4 
25

0
75

1
2.

45
2.

28
 t

o 
2.

63
51

4
1.

68
1.

54
 t

o 
1.

83
11

43
3.

73
3.

52
 t

o 
3.

95
24

08
7.

86
7.

55
 t

o 
8.

18

M
ot

he
r’s

 a
ge

<
0.

05
<

0.
05

<
0.

05
<

0.
05

 
 <

24
1 

70
6 

68
1

45
7

2.
68

2.
44

 t
o 

2.
93

<
0.

05
§

32
3

1.
89

1.
69

 t
o 

2.
11

0.
06

§
70

8
4.

15
3.

85
 t

o 
4.

47
<

0.
05

§
14

88
8.

72
8.

28
 t

o 
9.

17
<

0.
05

§

 
 25

–2
9

2 
75

7 
63

1
57

8
2.

1
1.

93
 t

o 
2.

27
59

8
2.

17
2.

00
 t

o 
2.

35
70

7
2.

56
2.

38
 t

o 
2.

76
18

83
6.

83
6.

52
 t

o 
7.

14

 
 30

–3
4

1 
78

3 
85

9
37

1
2.

08
1.

87
 t

o 
2.

30
0.

93
§

40
0

2.
24

2.
03

 t
o 

2.
47

0.
63

§
41

2
2.

31
2.

09
 t

o 
2.

54
0.

10
§

11
83

6.
63

6.
26

 t
o 

7.
02

0.
53

§

 
 ≥3

5
88

6 
52

2
24

9
2.

81
2.

47
 t

o 
3.

18
<

0.
05

§
25

9
2.

92
2.

58
 t

o 
3.

30
<

0.
05

§
28

1
3.

17
2.

81
 t

o 
3.

56
<

0.
05

§
78

9
8.

9
8.

29
 t

o 
9.

54
<

0.
05

§

S
ea

so
n 

of
 

b
irt

h¶
<

0.
05

<
0.

05
<

0.
05

<
0.

05

 
 S

p
rin

g
1 

60
6 

60
2

40
3

2.
51

2.
27

 t
o 

2.
77

40
4

2.
51

2.
28

 t
o 

2.
77

54
9

3.
42

3.
14

 t
o 

3.
72

13
56

8.
44

8.
00

 t
o 

8.
90

 
 S

um
m

er
1 

76
2 

31
0

45
0

2.
55

2.
32

 t
o 

2.
80

0.
82

**
41

5
2.

35
2.

13
 t

o 
2.

59
0.

44
**

50
2

2.
85

2.
60

 t
o 

3.
11

<
0.

05
**

13
67

7.
76

7.
35

 t
o 

8.
18

<
0.

05
**

 
 A

ut
um

n
2 

01
7 

25
6

40
2

1.
99

1.
80

 t
o 

2.
20

<
0.

05
**

41
1

2.
04

1.
85

 t
o 

2.
24

<
0.

05
**

58
3

2.
89

2.
66

 t
o 

3.
13

<
0.

05
**

13
96

6.
92

6.
56

 t
o 

7.
29

<
0.

05
**

 
 W

in
te

r
1 

74
8 

52
5

41
6

2.
38

2.
16

 t
o 

2.
62

0.
56

**
35

5
2.

03
1.

82
 t

o 
2.

25
<

0.
05

**
49

4
2.

83
2.

58
 t

o 
3.

09
<

0.
05

**
12

65
7.

23
6.

84
 t

o 
7.

64
<

0.
05

**

In
fa

nt
s 

se
x

<
0.

05
<

0.
05

<
0.

05
<

0.
05

 
 M

al
e

3 
79

0 
78

3
10

23
2.

7
2.

54
 t

o 
2.

87
67

3
1.

78
1.

64
 t

o 
1.

91
13

09
3.

45
3.

27
 t

o 
3.

65
30

05
7.

93
7.

65
 t

o 
8.

22

 
 Fe

m
al

e
3 

34
3 

91
0

64
2

1.
92

1.
77

 t
o 

2.
07

90
8

2.
72

2.
54

 t
o 

2.
90

80
5

2.
41

2.
24

 t
o 

2.
58

23
55

7.
04

6.
76

 t
o 

7.
33

S
ub

je
ct

s 
w

ith
 m

is
si

ng
 v

al
ue

s 
w

er
e 

ex
cl

ud
ed

 fr
om

 t
hi

s 
an

al
ys

is
.

*C
hi

- s
q

ua
re

 t
es

ts
 w

er
e 

us
ed

 t
o 

co
m

p
ar

e 
p

re
va

le
nc

e 
fo

r 
al

l o
f t

he
se

 v
ar

ia
b

le
s 

an
d

 o
b

ta
in

ed
 t

he
 p

 v
al

ue
. B

es
id

es
, t

he
 m

ot
he

r’s
 a

ge
 a

nd
 s

ea
so

n 
of

 b
irt

h 
of

 e
ac

h 
ca

te
go

ry
 w

er
e 

co
m

p
ar

ed
 w

ith
 t

he
 r

ef
er

en
ce

 c
at

eg
or

y 
to

 o
b

ta
in

 t
he

 a
d

ju
st

ed
 p

 v
al

ue
s,

 
w

hi
ch

 w
er

e 
es

tim
at

ed
 b

y 
th

e 
B

en
ja

m
in

i a
nd

 H
oc

hb
er

g 
m

et
ho

d
.

†T
he

 n
um

b
er

 o
f c

le
ft

 li
p

 a
nd

/o
r 

p
al

at
e.

‡T
w

o 
re

gi
on

s,
 t

he
 P

ea
rl 

R
iv

er
 D

el
ta

 (P
R

D
) r

eg
io

n 
an

d
 t

he
 n

on
- P

ea
rl 

R
iv

er
 D

el
ta

 (n
on

- P
R

D
) r

eg
io

n,
 a

re
 c

on
si

d
er

ed
. T

he
 P

R
D

 r
eg

io
n 

in
cl

ud
es

 t
he

 c
iti

es
 o

f G
ua

ng
zh

ou
, S

he
nz

he
n,

 F
os

ha
n,

 D
on

gg
ua

n,
 Z

hu
ha

i, 
Z

ho
ng

sh
an

, J
ia

ng
m

en
, H

ui
zh

ou
, Z

ha
oq

in
g 

an
d

 t
he

 o
th

er
 c

iti
es

 in
 G

ua
ng

d
on

g 
p

ro
vi

nc
e 

ar
e 

lo
ca

te
d

 in
 t

he
 n

on
- P

R
D

 r
eg

io
n,

 r
es

p
ec

tiv
el

y.
§A

d
ju

st
ed

 p
 v

al
ue

s 
w

er
e 

ob
ta

in
ed

 b
y 

co
m

p
ar

in
g 

to
 t

he
 r

ef
er

en
ce

 c
at

eg
or

y 
(m

ot
he

rs
 a

ge
d

 2
5–

29
 y

ea
rs

).
¶

S
p

rin
g 

in
cl

ud
es

 M
ar

ch
, A

p
ril

 a
nd

 M
ay

. S
um

m
er

 in
cl

ud
es

 J
un

e,
 J

ul
y,

 a
nd

 A
ug

us
t.

 A
ut

um
n 

in
cl

ud
es

 S
ep

te
m

b
er

, O
ct

ob
er

 a
nd

 N
ov

em
b

er
. W

in
te

r 
in

cl
ud

es
 D

ec
em

b
er

, J
an

ua
ry

 a
nd

 F
eb

ru
ar

y.
**

A
d

ju
st

ed
 p

 v
al

ue
s 

w
er

e 
ob

ta
in

ed
 b

y 
co

m
p

ar
in

g 
to

 t
he

 r
ef

er
en

ce
 c

at
eg

or
y 

(s
p

rin
g)

.



6 Zhu Y, et al. BMJ Open 2021;11:e046430. doi:10.1136/bmjopen-2020-046430

Open access 

spring (adjusted p<0.05) by comparing each season of 
birth category to the spring category. Concerning infant 
gender, the prevalence of the disease was in general 
higher in boys than girls. For example, the overall preva-
lence of cleft lip and/or palate in boys was 7.93/10 000, 
while the figure in girls was 7.04/10 000 (p<0.05).

Table 2 shows the percentage of cleft lip and/or palate 
across different subgroups stratified by characteristics of 
mothers and infants. The percentage of cleft lip and/
or cleft palate was larger among women who have given 
birth before (54.1%) than women who have not given 
birth before (45.9%). In particular, we observed that the 
percentage of cleft lip and/or palate perinatal from high- 
income families (per capita income of household each 
year greater than or equal to 8000¥) was in general larger 
than in low- income families (per capita income of house-
hold each year less than 4000¥ or between 40 000 and 
8000¥). We also found that infants born by mothers with 
an education level of middle school or less accounted for 
the majority of cleft lip and/or palate perinatal (63.3%). 
Also, the relatively large number of cleft lip and/or palate 
cases was observed in perinatal infants born by mothers 
with gestational age less than 28 weeks compared with the 
other two groups of gestational age. Among cleft lip and/
or palate perinatal, infants with a birth weight of 2500–
4000 g were the majority. Among perinatal infants with 
cleft lip and palate, boy infants (61.6%) were in general 
more common than girls (37.9%). The percentage of 
cleft lip and palate was higher in mothers with multiple 
births than those with single birth. Also, cleft lip and 
palate infants were often accompanied by other defective 
diseases. During the study period, most of the cleft lip 
and palate infants were live births (75.4%).

Table 3 shows the pregnancy outcome of cleft lip and/
or palate perinatal infants with other defective diseases 
or not. For example, most of the live births with cleft 
lip and/or palate were accompanied by other defec-
tive diseases, accounting for 78.2%. Similar results were 
observed among stillbirths or infants dead within 7 days, 
suggesting that the majority of newborns with cleft lip and 
palate were accompanied by other birth defects.

DISCUSSION
In some countries, accurate demographic data and 
related cases are difficult to obtain partly due to the fact 
that the quality of the data was often poor.14 Most of the 
previous relevant studies mainly focused on the compar-
ison of the prevalence of the disease. However, we found 
that there is a lack of relevant studies describing the 
spatio- temporal characteristics of the disease. We used a 
reliable data platform for birth defects surveillance that 
offers accurate and high- quality data to investigate the 
issue. Our research focused on the perinatal infants who 
were delivered in all midwifery institutions in the region 
from 1 January 2015 to 31 December 2018, and described 
the spatio- temporal and epidemiological characteristics 
of cleft lip and/or palate in Guangdong province.

Cleft lip with or without cleft palate is the most prev-
alent congenital craniofacial defect, it is caused by the 
embryonic developmental disorder of the soft and hard 
tissues around the cavity and face.15 It is a heterogeneous 
group of disorders affecting the structure of the face and 
oral cavity that has been divided into three general catego-
ries: cleft lip, cleft lip and palate and cleft palate.16–18 Cleft 
lip and palate may be the result of Mendelian syndrome, 
it may be a phenotype caused by chromosomal abnor-
malities or it may be the result of prenatal exposure to 
certain teratogens.19 The patient’s ability to swallow and 
speak will be severely restricted, as well as insufficient oral 
space, breathing difficulties and self- esteem problems due 
to facial appearance.20 Besides, the prevalence of cleft lip 
and/or palate was 7.55/10 000. Some previous studies14 
revealed that the prevalence of cleft lip and/or palate was 
approximately one patient per 1700 newborns, with East 
Asia and the Pacific considered having the highest preva-
lence. The prevalence of the disease in newborns in South 
Asia and North Africa was 12.8/10 000 and 12.2/10 000, 
respectively.8 21 A recent report published by the Interna-
tional Clearinghouse for Birth Defects Surveillance and 
Research revealed that the average prevalence of the 
disease was 21.67/10 000 in Japan from 2007 to 2011.9 
In 2016, the prevalence (20.2/10 000) of the disease had 
declined slightly in Japan.22 The prevalence of the disease 
in South Korea was 11.09/10 000.22 From 2008 to 2012, 
the Netherlands had 330 cases of the disease, with a prev-
alence of 15/10 000.23 An investigation analysed the cases 
of cleft lip and palate from 45 hospitals in Bogata and 
Cali from 2001 to 2015, and revealed that the prevalence 
was 11.8/10 000.24 The prevalence of the disease in the 
regions mentioned above was in general higher than that 
of our present study. Since our study only focused on the 
perinatal infants, this may result in relatively low estimates 
of the prevalence of these defects. However, we also need 
to note that the prevalence in some areas was much lower 
than the figure of our local prevalence. For example, an 
analysis of cleft lip and palate in Colombia showed that 
the prevalence was 3.27 per 10 000 inhabitants from 2009 
to 2017.25 Also, the prevalence of the disease in Brazil was 
about 5.2/10 000.26 Compared with some cities in our 
country, we found that the prevalence of cleft lip and/
or palate in Guangdong province was lower than that in 
Beijing (18.9/10 000)9 and Gansu province (13.48/10 
000).27

The results of our present study revealed the epidemio-
logical characteristics and spatio- temporal trends of cleft 
lip and/or palate in Guangdong, the most economically 
developed province in South China. The time trends 
in the prevalence of cleft lip and/or palate may reflect 
the changes in risk factors and pathogenesis related to 
the disease. Our research shows that the prevalence of 
cleft lip only and cleft lip and palate shows a downward 
trend from 2015 to 2018, while the prevalence of cleft 
palate is relatively stable. Over time, the prevalence of 
all types of clefts seems to be decreasing.28 29 In a study 
focused on the time trend of cleft lip and/or palate, the 
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prevalence of cleft lip only and cleft lip and palate showed 
a decreasing trend,30 which was consistent with our result. 
But a study in Brazil from 2000 to 2013 showed that the 
prevalence of cleft lip and/or palate in the region showed 
an upward trend, especially in poor areas, this may be the 
result of imbalanced health resources.31 In China, an 
epidemiological study revealed that the birth defects had 
a clear increasing trend, based on 2011–2015 birth defect 
monitoring data in Guangxi province, China.32 Research 
showed that the prevalence had a rising trend in recent 
years in Gansu province.27 We speculate that the differ-
ences between these studies and our results may be due to 
the imbalance of public health resources and that these 
research sites are located in economically underdevel-
oped areas.31

For spatial distributions of the prevalence, we observed 
spatial heterogeneity of prevalence of cleft lip and/or 
palate across the study period in Guangdong province. 
For the prevalence of the disease in the world, previous 
studies showed that the figure was quite different,8 which 
indicated that the distribution of the disease was unbal-
anced and there existed spatial heterogeneity globally.28 
For example, the prevalence was relatively high in East 
Asia and the pacific compared with other regions in the 
world.25 In addition, the prevalence of the disease was 
unevenly distributed in different regions and/or ethnic 
groups in a single country, such as the heterogeneity of 
different regions in Georgia.28 According to the WHO, 
the prevalence of birth defects in the Netherlands varied 
greatly.23 Similarly, a study revealed that there were 
differences in the time trend of the prevalence among 
31 different geographic regions in Brazil from 1975 to 
1994.31 In our study, the prevalence of cleft lip and palate 
in urban areas is higher than that in rural areas. During 
2005–2014, the prevalence in urban areas in Hunan 
province of China was higher than that in rural areas,33 
which was consistent with our findings on spatial hetero-
geneity in the prevalence of these defects. Furthermore, 
it is necessary to investigate whether there are no clus-
ters with a defect frequency atypical for the analysed area. 
Then, we can compare these regions with those of lower 
frequency in terms of age, income, education, and other 
factors.

We observed a higher prevalence of cleft lip and/
or palate in perinatal infants for older mothers. As the 
parents get older, their offspring with cleft lip and palate 
were at a higher risk of more severe disease.34 Moreover, 
according to our research results, we observed that the 
prevalence of male infants with cleft lip alone or cleft 
lip and palate was higher than that of female infants 
(p<0.05), while the prevalence of female infants with cleft 
palate alone was higher than that of male infants (p<0.05). 
According to a previous study, gender differences in the 
incidence among cleft subgroups were observed, with the 
higher incidence of cleft palate, cleft lip and palate, as 
well as cleft lip and/or palate occurred in male infants 
except for cleft palate,35 which are similar to the results 
of our study. This similar result supports our findings. Ta
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Overall, the higher prevalence of the disease occurred 
in male infants.19 36 37 The higher prevalence among boy 
infants may be partly due to higher sensitivity to environ-
mental pressure as well as gene mutations.35 For gender 
disparity, our results were also supported by some epide-
miological and genetic studies. For example, several 
studies showed that cleft lip and cleft lip and palate were 
more common in male infants, and cleft palate was more 
common in female infants.38–40 Our results indicate that 
male infants with older parents were at a higher risk of 
cleft lip and palate. In this study, the majority of perinatal 
infants with cleft lip and palate were complicated by other 
defects, which may affect the survival rate of the infant, 
and further research is needed.

This study does have some limitations. First, this study 
is only a descriptive analysis that exploring the spatio- 
temporal distribution of cleft lip and/or palate in the 
region. It does not provide a clear causal relationship 
between the disease and those spatio- temporal factors. 
Thus, an in- depth analysis to identify the subgroups at a 
higher risk of the cleft lip only and cleft lip and palate 
based on a multivariate approach should be performed in 
subsequent studies. Second, although our study revealed 
the spatial distributions and temporal trends in the preva-
lence of cleft lip and/or palate, we did not consider some 
potential factors in our study, because these factors may 
have an impact on the spatio- temporal distribution of 
the disease. Third, as we only have 4 years of data that 
is limited to determine a trend, these trends of defect 
need to be taken with caution. Fourth, cleft lip with or 
without cleft palate can present as an isolated malforma-
tion or a syndromic form of malformation. The discovery 
of corresponding etiologic factors is important. However, 
this present study did not differentiate isolated from 
syndromic forms due to the limitation of data. When more 
detailed data are available, this issue should be examined 
in our future studies. Furthermore, the different methods 
of data collection may have a potential impact on the 
research results.8

This present study is one of a few studies including a 
large number of perinatal infants to describe the spatio- 
temporal characteristics of cleft lip and/or palate in south 
China. The findings of this study could help to under-
stand the epidemiological characteristics of the diseases 
and provide reliable descriptive material for the subse-
quent research of the disease.

CONCLUSION
Overall, in Guangdong province, the prevalence of cleft 
lip and/or palate gradually decreased during the study 
period from 2015 to 2018. The spatial heterogeneity in 
the prevalence of cleft lip and palate was observed. Our 
results indicated that male infants are a risk group, and 
separately the babies born by mothers with older age have 
an increased risk of the disease. Most perinatal babies 
with cleft lip and palate tended to have other defects.
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