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Abstract

BACKGROUND—AIthough the prevalence of oral clefts in China is among the highest in
countries worldwide, little is known about its descriptive epidemiology.

METHODS—Data used in this study were collected from 1996 to 2005 using the nationwide
hospital-based registry, the Chinese Birth Defects Monitoring Network. A total of 4,891,472
newborns (live or still births with 28 weeks of gestation or more) delivered in member hospitals
were assessed for birth defects within 7 days following birth.

RESULTS—The prevalence of nonsyndromic, syndromic, and overall clefts was 14.23, 2.40, and
16.63 per 10,000, respectively. An upward time trend in the prevalence of nonsyndromic cleft
palate and nonsyndromic cleft lip was detected. Cleft lip with or without cleft palate showed a
different pattern by gender, urban-rural classification, and geographic location when compared to
cleft palate, particularly for nonsyndromic cases. Maternal age was associated with prevalence of
all oral clefts. Neonates with oral clefts had increased rates of mortality.

CONCLUSIONS—The observed complex patterns of prevalence of oral clefts from the Chinese
national birth defects registry indicate that oral cleft subtypes by either cleft location or syndromic
status should be considered in the development of intervention measures and in future analytical
studies.
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INTRODUCTION

The term oral cleft (OC) refers to a group of craniofacial birth defects, usually including
cleft lip (CL), cleft lip and palate (CLP), or cleft palate (CP), with a distinguishing feature of
cleavage of the lip and/or palate resulting from abnormal embryological development of the
primary palate and/or the secondary palate (Murray, 2002; Wantia and Rettinger, 2002).
Oral clefts can appear as an isolated anomaly or as a part of a multiple congenital anomaly
accompanied by other noncleft malformations. Both genetic and environmental factors are
known to contribute to these congenital malformations (Murray, 2002; Wantia and
Rettinger, 2002). The CL and CLP are collectively termed cleft lip with or without cleft
palate (CL/P), which is distinct from the CP both in genetic and embryogenic aspects.

Oral clefts are some of the most common congenital anomalies around the world, affecting 1
in 500 to 2500 births (Murray, 2002). The epidemiology of these birth defects has been
studied extensively in Caucasian populations, especially in Europe and North America. A
small number of studies in Asian populations revealed that Chinese are among the
ethnicities with the highest oral cleft occurrence, but little is known about the trends in
China. There are several reports regarding OC prevalence, disparities, and long-term
patterns in China; however, the findings have been inconsistent (Hu et al., 1982; Lian, 1989;
Xiao, 1989; Wu et al., 1995; Wong and King, 1997; Chen et al., 1998; Cooper et al., 2000;
Liang et al., 2000; Wang et al., 2001; Cheng et al., 2003; Dai et al., 2003, 2004a; Zhou et al.,
2006). The inconsistency may be explained in part by unclear classification of clefts and
syndromic status, differences in the underlying population, and geographic coverage and
time span. These limitations made it previously impractical to achieve a comprehensive
profile of OCs at the national level.

In China, OCs constitute one of the five leading causes of perinatal deaths (Xiao, 1989; Dai
et al., 2004b). The survivors usually suffer from difficulties in feeding, swallowing,
speaking, and hearing. In addition, children with OCs often face problems in cognition,
communication, and education. To better understand the current burden of OCs in the
Chinese population and to provide new insights into etiology, prevention, and management,
we used the newly updated database of the Chinese Birth Defects Monitoring Network
(CBDMN) to investigate the epidemiologic patterns and birth outcomes for infants with OCs
from 1996 to 2005.

METHODS

Data Collection

The procedure for CBDMN data collection has been described elsewhere (Xiao, 1989; Xiao
etal., 1990; Wu et al., 1995; Dai et al., 2002, 2003, 20044a, 2004b). In short, a three-level
(county, province, and central) surveillance network and corresponding expert groups were
established to undertake data collection. In member hospitals, every neonate is immediately
examined after birth by trained health care professionals to screen for birth defects. For
affected infants, individualized interviews of mothers and medical record reviews were used
to gather information on routine obstetric items, family socioeconomic and demographic
issues, clinical features, and exposures to harmful factors during the first trimester of
pregnancy. The number of hospital delivery births was calculated monthly by mother’s age,
residential area, infant gender, and pregnancy outcome. Data on births and birth defects
were collected using standardized forms and were checked by senior professionals
responsible for data quality in the hospital. When errors were identified, the form was
returned and verified. Data were submitted quarterly at the provincial level to be checked
and sorted. Finally, the data were sent to the National Center for Birth Defects Monitoring
(central level), where a workgroup composed of clinicians, statisticians, epidemiologists and
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information technicians was responsible for diagnosis confirmation, data checking, encoding
and inputting.

Data Quality Management

The expert group at each level verified disease diagnosis, data collection, data checking, and
medical records according to the program manual to ensure high quality data. In addition,
they organized an independent retrospective survey to find deficiencies and inaccuracies in
data, and subsequently corrected the data prior to annual reporting. At the hospital level, the
survey covered all data reported in the previous year. At the provincial and national level,
cluster sampling covered approximately one third and 10% of member hospitals
respectively.

Study Area and Coverage

From 1996 to 2005, a total of 517 hospitals at and above county level from 31 provinces,
metropolitan and autonomous regions, which provide obstetric service, were included in the
CBDMN. In 2001, 45 hospitals were replaced by 50 hospitals with similar socioeconomic
and geographical circumstances, because of reorganization of their medical services. The
covered areas were classified according to their geographical location and socioeconomic
status as being in a coastal region, inner land, or remote area (Rao et al., 1989; Lin et al.,
2002; Dai et al., 2004b). The live births monitored by CBDMN account for 3.67 to 5.59% of
total live births in China with a mean proportion of 4.44%, based on the national number of
live births (MOH of China, 2007).

Inclusion for Infants in the Registry

All neonates (live or stillbirths greater than or equal to 28 weeks’ gestation) delivered in
member hospitals were enrolled, including spontaneous or legally induced fetal deaths that
were grouped into the stillbirth category. The malformed infant must have been born in
member hospitals with a birth defect diagnosed within 7 days after delivery.

Oral Clefts Definition and Classification

The CBDMN adopted the same definition of oral clefts by the International Clearinghouse
for Birth Defects Surveillance and Research, a nongovernmental organization responsible
for international information exchange on birth defects surveillance which had been known
previously as International Clearinghouse for Birth Defects Monitoring System. Cleft palate
includes submucous cleft palate and excludes CLP, cleft uvula, functional short palate, and
high narrow palate. Cleft lip with or without cleft palate includes partial or complete clefting
of the upper lip, with or without clefting of the alveolar ridge or the hard palate, excluding
midline cleft of the upper or lower lip and oblique facial fissure. In the current study,
nonsyndromic referred to an isolated oral cleft, and syndromic was defined as the OC case
having multiple anomalies (i.e., a nonisolated OC case).

Statistical Methods

Birth prevalence was expressed as the number of oral cleft per 10,000 live and still births.
Residential areas were categorized into urban (cities and urbanized area/town) and rural
(villages and countryside) areas according to mother’s last residence address where she lived
for at least 1 year. The 95% confidence interval for prevalence was calculated based on a
Poisson distribution. The male-to-female prevalence ratio (PR) was calculated for OCs and
each subtype by using the male prevalence as the numerator and the female prevalence as
the denominator. Pearson chi-square test was used to compare the proportions and
prevalence rates between different groups. Linear chi-square tests were used to detect trends
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in annual prevalence and maternal age-specific prevalence (Agresti, 2002). Statistical
significance level for a was set at 0.05.

During 1996 to 2005, a total of 8133 infants with OCs were identified among 4,891,472
births, which yielded a prevalence of 16.63 per 10,000 births (Table 1). The majority of
these cases were nonsyndromic OCs (NsOCs; 85.59%; prevalence = 14.23 per 10,000). The
prevalence of nonsyndromic CP (NsCP), nonsyndromic CL (NsCL) and nonsyndromic CLP
(NsCLP) was 2.00, 4.62, and 7.62 per 10,000 births, respectively. The prevalence of
syndromic CP (SynCP), syndromic CL (SynCL) and syndromic CLP (SynCLP) was 0.57,
0.60, and 1.22 per 10,000 births.

There was statistically significant variation in the annual prevalence of NsCLP, but not in
the prevalence of NsCP and NsCL. Furthermore, we detected an upward trend in both NsCP
and NsCL prevalence using linear chi-square test (p = 1.06 x 107> and 0.04, respectively;
Fig. 1A). For syndromic OCs (SynOCs), significant variation was observed only in SynCP.
There was no trend in any type of syndromic cleft (Fig. 1B).

As shown in Table 2, a female excess was observed in NsCP, whereas a male excess was
observed in NsCL and NsCLP. Consequently, the male-to-female PR was 0.56 for NsCP,
1.40 for NsCL, and 1.33 for NsCLP. There was no significant difference between gender in
prevalence for SynCP and SynCL, but a male excess was observed for SynCLP with the
male-to-female PR of 1.32.

The prevalence of NsCP was higher in urban areas (2.10 per 10,000 births) than in rural
areas (1.76 per 10,000 births) (Table 2). In contrast, rates of NSCL and NsCLP were
significantly higher in rural areas than in urban areas (p = 8.99 x 1075 and 1.34 x 1078,
respectively). A similar pattern was also observed for syndromic OCs. The prevalence of
SynCP was higher in urban areas than rural areas, whereas a higher prevalence of SynCL
and SynCLP was observed in rural areas.

There was significant variation in the prevalence of NsOCs by geographic locations (Table
2). The NsCP prevalence was higher in coastal areas (2.50 per 10,000 births) than in remote
areas (1.87 per 10,000 births), and the lowest prevalence was observed in inner land areas
(1.60 per 10,000 births). The prevalence of NsCL and NsCLP was the highest in remote
areas, followed by inner areas and coastal areas. For SynOCs, a higher prevalence of SynCP
was observed in coastal areas than in inner or remote areas. No statistically significant
differences of SynCL and SynCLP were identified by geographic location.

A significant difference in prevalence was also observed based on maternal age groups (Fig.
2A, B). The maternal age-specific NsCP prevalence increased with age (Fig. 2A). The
highest prevalence of NsCL and NsCLP was observed in the >35-year age group, followed
by the 20- to 24-year age group, and the lowest one was in 25- to 29-year age group. The
maternal age—specific rates of all types of SynOCs increased with mother’s age (Fig. 2B).

The perinatal mortality for all OCs subtypes was significantly higher than the rate in total
births in our sample, and the proportion of low birth weight and preterm births was also
higher than the rate of the normal birth population reported previously (Lin et al., 2002;
Table 3). Moreover, rates of perinatal mortality, low birth weight, and preterm birth were
much higher for all OC subtypes in syndromics than in nonsyndromics.

Among nonsyndromic cases (Table 3), perinatal mortality was higher among infants with
NsCLP and NsCL than in those with NsCP. The proportions of low birth weight and preterm
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among infants with NSCLP and NsCL were also greater than those with NsCP. Similar
patterns were also observed for syndromic cases.

DISCUSSION

This study examined the epidemiologic features of OCs in the Chinese population, using
data from the largest birth defects registry in China. Our results illustrate that CLP is the
most common type of OC in China in both syndromic and nonsyndromic patients. There
were variations in OC subtypes by gender, residential area, and geographical locations. The
relationships between perinatal outcomes and OCs were also found to vary by OC subtypes.

It has been reported that the prevalence of OCs ranged between 6.9 and 23.5 per 10,000
births in Caucasians (Vanderas, 1987; Mossey and Little, 2002; Gundlach and Maus, 2006),
between 1.8 and 8.2 per 10,000 in U.S. blacks (Gundlach and Maus, 2006), and between
16.5 and 27.1 per 10,000 births in Japanese (Gundlach and Maus, 2006). The prevalence of
16.6 per 10,000 births for all OCs observed in our study was comparable to the report on
Caucasians or Japanese, but was much higher than those observed in U.S. blacks. Earlier
studies showed that Chinese, Japanese, and other Asian populations had the highest
prevalence of NsCL/P, followed by Caucasians and then blacks (Lowry and Trimble, 1977;
Croen et al., 1998; Mossey and Little, 2002; Hashmi et al., 2005; Cooper et al., 2006;
Mossey, 2007). For NsCP, the prevalence in Chinese was lower than in Japanese and
Caucasians, but was similar to the prevalence in other Asians (Korean, Thais, and Filipino)
and blacks (Lowry and Trimble, 1977; Ogle, 1993; Croen et al., 1998; Mossey and Little,
2002; Hashmi et al., 2005; Cooper et al., 2006; Mossey, 2007). Cooper et al. (2006)
conducted a pooled analysis and showed that the rate of NsSCL/P and NsCP in Japanese was
11.8 and 2.8 per 10,000 live births, whereas these rates for other Asians were 12.2 and 2.1
per 10,000 live births, respectively. These findings are consistent with our results (12.2 and
2.0 per 10,000 for NsCL/P and NsCP, respectively).

In the current study, we observed a male excess in NsCL, NsCLP, and SynCLP, as well as a
female excess in NsCP. A significant difference of gender distribution between NsCP and
SynCP was consistent with previous reports (Wang et al., 2001; Dai et al., 2004a),
highlighting the importance of distinguishing syndromic status when studying the role of
gender in CP. Explanations for such gender differences in the prevalence of OC subtypes are
currently unclear. One potential explanation is that craniofacial development varies by
gender, as the palatal shelves in females are separated and vertical for a relatively longer
time than in males (Burdi and Silvey, 1969a, 1969b).

A number of studies have investigated the relationship between maternal age and OCs.
Some studies found that older maternal age increased the risk of NsCL/P (Shaw et al., 1991,
Cooper et al., 2000; Bille et al., 2005) or NsCP (Shaw et al., 1991), whereas some did not
(Baird et al., 1994; Vieira et al., 2002; DeRoo et al., 2003). Other researchers reported that
maternal age increased the risk of syndromic clefts but not NsOCs (Chung et al., 1987;
Baird et al., 1994; Vallino-Napoli et al., 2006). DeRoo et al. (2003) found that mothers
younger than 20 years were twice as likely to have an infant with NsCL/P (relative risk, 2.0;
95% confidence interval, 1.3-2.9) than those aged 25 to 29 years. Robert et al. (1996)
reported a U-shaped maternal-age relationship with CL/P in a large study with data from
three congenital anomaly registries. In the current study, we also found a similar U-Shape in
the NsCL/P maternal age—specific rate, an increasing trend of prevalence with increased
maternal age in NsCP as well as for all types of SynOCs. When we examined these
associations by gender, we obtained similar results. Our results suggest that older maternal
age increases the risk of OC, and younger maternal age increases the risk of NsCL/P.
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We observed an increasing time trend in NsCP and total CP with a p value <0.001, and in
NsCL with a p value of 0.04, but not for overall OCs. There have been some studies
suggesting that older maternal age increases the risk of OCs (Shaw et al., 1991; Vallino-
Napoli et al., 2006), particularly the risk of isolated CP (Vallino-Napoli et al., 2006). The
proportion of infants born to women greater than 35 years rose from 2.96% in 1996 to
7.70% in 2005 in our registry. It is possible that increasing maternal age may at least in part
explain the observed trend of CP in our study. Interestingly, we did not observe any time
trend for SynOCs, although their prevalence increased with maternal age. One possible
explanation is that some syndromic cases diagnosed before 28 weeks’ gestation were
aborted. The Ministry of Health of China issued a regulation that requests all pregnant
women age 35 years or older to have an examination for birth defect screening in the second
trimester of pregnancy starting from May 2003 (MOH of China, 2002). In fact, we detected
a significant increasing time trend in prevalence of SynCP during 1996 to 2003, with a
dramatic decrease afterward.

In general, there are large differences in economic level, education, occupational exposure,
lifestyle, and health care between people who live in urban and rural areas in China (Rao et
al., 1989; Shi, 1993; Tang et al., 2008). In the CBDMN system, the urban-rural classification
depends on the place where the woman has lived for at least 1 year before her labor, which
mainly reflects the combined exposure during her pregnancy (Xiao, 1989; Wu et al., 1995;
Dai et al., 2003, 2004a). We found a higher CP prevalence but a lower CL and CLP
prevalence in urban areas compared with rural areas, regardless of syndromic status. The
findings from our study suggest that the etiology of CP may differ from that of CL and CLP.

Our study also demonstrated that the prevalences of NsCP and SynCP were similar
according to the mother’s geographic location, whereas the prevalences of NsCL/P and
SynCL/P showed different patterns according to mother’s geographic location. These
findings further support the possibility that CP and CL/P have distinct etiologies. It is also
suggested that genetic heritage might play an important role in CP, whereas environmental
exposures play a more important role in CL/P. An earlier study (Croen et al., 1998) found a
prevalence gradient for CL/P among Filipinos, with the highest rate in the Philippines, a
lower rate in Hawaii, and the lowest in California. The authors also observed variation in
OC prevalence among Chinese according to maternal country of birth. They suggested these
variations could be related to environmental factors, like maternal diet changes following
migration.

Our study also found that infants affected by OCs had poor pregnancy outcomes,
particularly those affected by syndromic clefts. The high perinatal mortality of our study
may partly result from those induced abortions included in our analysis, but grouped as
stillbirths. Nevertheless, the much higher rate of early neonate death (5.83% for NsOC,
20.72% for SynOC) than in developed countries (Menegotto and Salzano, 1991; Hujoel et
al., 1992; Vallino-Napoli et al., 2006), suggests a need for urgent improvement in perinatal
intervention, such as nursing, breathing, and family support.

It is possible that hospital-based samples may introduce referral bias. However, our study
used reliable CBDMN data that includes wide geographic coverage, consistent
ascertainment methods, and large sample size, and our results provide valuable insights to
our understanding of Chinese oral clefts time trends. The relative short monitoring period
(28 weeks’ gestation to 6 days after delivery) may result in a lower detection rate of
syndromic OCs.

In conclusion, high prevalence and high perinatal or early neonatal death of oral clefts
indicate that OCs become one of the major public health concerns in China. The observed
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complex and distinctive prevalence patterns in different OC subtypes suggest that different
OC subtypes by cleft location and by syndromic status might have different etiologies. The
variations of OC prevalence by urban-rural classification and geographic location suggest
that environmental exposures might play a critical role in the development of OCs, in
addition to genetic factors. In China, future epidemiologic studies should be encouraged to
explore environmental determinants of and hereditary susceptibilities to OCs, or the gene-
environment interaction underlying urban-rural variations and geographic discrepancies.
These studies would shed light on human embryology and its disturbance, aiding the
prevention of OCs.
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Figure 1.

The time trends in prevalence of different oral clefts in China (per 10,000 births), 1996—
2005. (A) The prevalence of nonsyndromic oral clefts in China,1996-2005. (B) The
prevalence of syndromic oral clefts in China, 1996-2005. NsCLP, nonsyndromic cleft lip
with cleft palate; NsCL, nonsyndromic cleft lip; NsCP, nonsyndromic cleft palate; SynCLP,
syndromic cleft lip with cleft palate; SynCL, syncromic cleft lip; SynCP, syndromic cleft
palate.
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Figure 2.

The maternal age—specific prevalence of different oral clefts in China (per 10,000 births),
1996-2005. (A) The maternal age-spefic prevalence of nonsyndromic oral clefts in China,
1996-2005. (B) The maternal age—specific prevalence of syndromic oral clefts in China,
1996-2005. NsCLP, nonsyndromic cleft lip with cleft palate; NsCL, nonsyndromic cleft lip;
NsCP, nonsyndromic cleft palate; SynCLP, syndromic cleft lip with cleft palate; SynCL,
syncromic cleft lip; SynCP, syndromic cleft palate.
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