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Abstract

Orofacial clefts are among the most common types of birth defects, but their clinical presentation
has not been well described in a geographically diverse US population. To describe the birth
prevalence and phenotype of nonsyndromic clefts, we used data from the National Birth Defects
Prevention Study (NBDPS), a multi-site, population-based, case-control study aimed at identifying
genetic and environmental risk factors for birth defects. Included in the study were infants born
during 1997-2004 with a cleft lip (CL), cleft lip with cleft palate (CLP), or cleft palate (CP).
Infants with clefts associated with recognized single-gene disorders, chromosome abnormalities,
holoprosencephaly, or amniotic band sequence were excluded. A total of 3,344 infants with
nonsyndromic orofacial clefts were identified, including 751 with CL, 1,399 with CLP, and 1,194
with CP, giving birth prevalence estimates of 0.3, 0.5, and 0.4/1,000 live births, respectively.
Among infants with CLP where cleft laterality was specified, about twice as many had unilateral
vs. bilateral involvement, while for CL there were over 10 times as many with unilateral vs.
bilateral involvement. Involvement was most often left-sided. About one-quarter of infants with
CP had Pierre Robin sequence. Over 80% of infants had an isolated orofacial cleft. Among infants
with CL or CLP, heart, limb, and musculoskeletal defects were most commonly observed, while
heart, limb, and central nervous system defects were most common among infants with CP. Better
understanding of the birth prevalence and phenotype may help guide clinical care as well as
contribute to an improved understanding of pathogenesis.
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Introduction

Orofacial clefts are among the most common congenital defects [Canfield et al., 2006].
Orofacial clefts are usually classified as either cleft lip with or without cleft palate (CL+/-P)
or cleft palate only (CP), and these phenotypes are believed to be etiologically distinct,
based on differences in embryological development and epidemiologic characteristics
[Spritz, 2001; Murray, 2002]. Although CL+/-P can be subdivided into cleft lip only (CL)
and cleft lip with cleft palate (CLP), most epidemiologic studies analyze them as a single
group because they are generally considered to be pathogenetically similar. In the United
States, others have estimated that CL+/-P affects 1.05 per 1,000 live births and CP affects
0.63 per 1,000 live births [Canfield et al., 2006]. Previous work has shown that in as many
as three-quarters of infants with CL+/-P and about half of those with CP, the orofacial cleft
is an isolated defect; that is, the defect is not associated with other unrelated major birth
defects, single-gene disorders, or chromosome abnormalities [Croen et al., 1998].

The birth prevalence of orofacial clefts varies depending on several factors, including infant
sex, race/ethnicity, and maternal age. Past studies have found that the birth prevalence of CL
+/-P is 2-fold higher among males, while CP is 1.5 times more prevalent among females
[Shaw et al., 1991; Hashmi et al., 2005]. Previous work has consistently shown a lower birth
prevalence of orofacial clefts among non-Hispanic Blacks, compared to non-Hispanic
Whites [Croen et al., 1998; Tolarova and Cervenka, 1998; DeRoo et al., 2003; Hashmi et al.,
2005; Canfield et al., 2006]. For maternal age, it has been shown that both older and
younger mothers are at increased risk for having a child with an orofacial cleft when
compared to the referent group of 25- to 29-year-olds, even when infants with chromosome
abnormalities are excluded [Shaw et al., 1991; DeRoo et al., 2003; Reefhuis and Honein,
2004]. Studies have also examined associations between orofacial clefts and other fetal
outcomes. Some studies have shown that both CL+/-P and CP were associated with low
birth weight (< 2500 g) [Mili et al., 1991; Wyszynski et al., 2003]. Others have found that
preterm infants were more than two times as likely than term infants to have CL+/-P or CP;
however, when infants with isolated CL+/-P or CP (infants with no other unrelated major
defects, single-gene disorders, or chromosome abnormalities) were examined separately,
this association was not observed [Rasmussen et al., 2001; Shaw et al., 2001].

Clefts have a complex etiology and likely result from an interaction between environmental
and genetic factors [Murray, 2002]. Smoking has been identified as the most consistent
environmental risk factor with odds ratios of 1.3 and 1.2 for CL+/-P and CP, respectively,
based on a recent meta-analysis [Little et al., 2004]. Analysis of the association between
maternal smoking and orofacial clefts using data from the National Birth Defects Prevention
Study, a large, multi-site case-control study and the source of the data in the current study,
found nearly identical findings (odds ratios of 1.3 and 1.2 for CL+/-P and CP, respectively)
[Honein et al., 2007]. Genetic contributions are also being increasingly recognized with the
most established contributor being variants in the IRF6 gene [Zucchero et al., 2004]. Despite
the recent progress in identifying environmental and genetic risk factors for orofacial clefts,
major gaps in knowledge remain.

The present study was based on data from the NBDPS, established in 1997 to facilitate the
investigation of risk factors for birth defects, including orofacial clefts. These data were used
to examine the birth prevalence of orofacial clefts overall and within several clinical and
demographic subgroups, as well as to better describe the phenotype of orofacial clefts,
including the types of major defects associated with their occurrence. These observations
may help to improve our understanding of factors that play a role in the occurrence of
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orofacial clefts, aid in the development of public health prevention efforts, and provide
information useful to clinicians caring for infants with orofacial clefts.

Materials and Methods
Descriptive Epidemiologic Study of Orofacial Clefts

The NBDPS is an ongoing, population-based, multi-site, case-control study of major birth
defects, including orofacial clefts. Detailed methods have been described elsewhere [Yoon
et al., 2001]. To maximize the likelihood of identifying risk factors for nonsyndromic birth
defects, the NBDBS excludes infants with birth defects that occur as part of syndromes (i.e.,
infants with single-gene disorders or chromosome abnormalities). The NBDPS provides a
unigue opportunity to describe nonsyndromic orofacial clefts using population-based data
collected using a consistent case definition. Data on infants with birth defects are collected
through population-based birth defects surveillance systems in ten sites: Arkansas,
California, Centers for Disease Control and Prevention (CDC - Atlanta, Georgia), lowa,
Massachusetts, New Jersey, New York, North Carolina, Texas, and Utah. Each site received
institutional review board approval for this study.

In the NBDPS, infants include live births (all centers), fetal deaths > 20 weeks (Arkansas,
California, lowa, Massachusetts, Texas, North Carolina, and CDC), and elective pregnancy
terminations (Arkansas, California, lowa, Texas, and CDC). For this analysis we included
infants with a date of birth on or after October 1, 1997 and an estimated date of delivery
(EDD) on or before December 31, 2004. Clinical information was reviewed by one of four
clinical geneticists (to enhance diagnostic comparability for these analyses and to classify
the infant as having an isolated cleft [no additional unrelated major defect] or multiple
defects [one or more unrelated major defects in addition to the cleft]) [Rasmussen et al.,
2003]. Infants with CL and CLP were analyzed separately for several demographic factors,
and statistical tests were performed for two variables: whether infants had additional,
unrelated major defects or not, and whether involvement was unilateral or bilateral. Infants
with CP diagnosed as Pierre Robin sequence [Printzlau and Andersen, 2004] are included in
the analyses of CP in the NBDPS. In Pierre Robin sequence, the initial event, mandibular
hypoplasia, keeps the tongue high in the oral cavity, causing a cleft in the palate by
preventing the closure of the palatal shelves. Because of the difficulty of making a diagnosis
of Pierre Robin sequence based on abstracted clinical data, infants were classified as having
Pierre Robin sequence only if clinical information abstracted from medical records noted the
presence of this phenotype.

Our study included nonsyndromic orofacial clefts — orofacial clefts of unknown etiology
with and without associated, unrelated major congenital defects. These defects were
documented by physical examination and/or autopsy and we excluded infants whose
diagnosis was made only on prenatal ultrasonography without postnatal confirmation. Also
excluded were orofacial clefts secondary to another defect (e.g., holoprosencephaly or
amniotic band sequence); infants described as having microform CL, pseudocleft lip, or
submucous CP because these defects might be incompletely ascertained [Thomson and
Delpero, 1985]; and infants with lateral or oblique facial clefts because they are believed to
be pathogenetically distinct from typical orofacial clefts [Stelnicki et al., 1997].

We calculated the birth prevalence, prevalence ratios (PRs), and 95% confidence intervals
(Cls) for orofacial clefts (CL, CLP, and CP) by infant sex, maternal race/ethnicity (non-
Hispanic White, non-Hispanic Black, Hispanic, Other), maternal age in years (<20, 20-24,
25-29, 30-34, 35-39, 240), gestational age for live born singletons only (preterm [<37
completed weeks], term [>37 completed weeks]), birth plurality (singleton, twins or higher),
month of conception, site of maternal residence, and year of EDD. All data on case infants
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for these demographic variables were derived from the NBDPS clinical database. We
derived the birth prevalence estimates from the number of affected infants per 1,000 live
births in the source population from which the infants were ascertained. The Statistical
Analysis Battery for Epidemiologic Research [Centers for Disease Control and Prevention,
2008] was used to calculate 95% Cls for the PRs, using the Taylor Series method. Month of
conception was calculated by subtracting 266 days from the EDD abstracted from the
medical records. For those infants without an EDD abstracted from their medical records,
we used the date of birth as the EDD and subtracted the gestational age (in days). We also
calculated the frequencies of CL and CLP by laterality (bilateral vs. unilateral, left, right, or
midline), and for CP, we examined the presence or absence of Pierre Robin sequence. A
Chi-square analysis was done to assess any difference in the proportion of isolated and
multiples between CL and CLP. Chi-square analysis was also conducted to assess any
difference in the proportion of unilateral and bilateral clefts between CL and CLP. These
analyses were performed using SAS 9.1.3 (SAS Institute, Cary, NC). Values of p < 0.05
were considered statistically significant.

To determine the most common additional major defects observed with orofacial clefts, we
reviewed the NBDPS data for infants with orofacial clefts that were classified as having
multiple major defects [Rasmussen et al., 2003] and calculated the frequencies of individual
defects.

Supplemental Surveillance Study

Results

To determine the proportion of all infants with orofacial clefts that met the case inclusion
criteria for the NBDPS, we compared infants with CL, CLP, or CP who were eligible and
included in the NBDPS to all infants with orofacial clefts who were ascertained by the
population-based birth defects surveillance systems in two sites: CDC's Metropolitan
Atlanta Congenital Defects Program (MACDP) and the California Birth Defects Monitoring
Program (CBDMP). Detailed information about these surveillance systems has been
previously described [Croen et al., 1991; Correa et al., 2007]. To identify infants with
orofacial clefts in the two surveillance systems, we used the modified 6-digit codes, based
on the International Classification of Disease, Ninth Revision, Clinical Modification (ICD9-
CM) and British Paediatric Association coding classification systems [Correa et al., 2007]
for CL (749.100-749.120, 749.190), CLP (749.200-749.290) and CP (749.000,-749.070,
749.090). We determined the proportion of infants with orofacial clefts that did not meet the
case definition for NBDPS, and the specific reasons for exclusion (e.g., single-gene
disorders, chromosome abnormalities, microform cleft lip, cleft uvula).

Descriptive Epidemiologic Study of Orofacial Clefts

A total of 3,344 infants with nonsyndromic orofacial clefts meeting the NBDPS case
definition was identified and included: 751 (22%) with CL, 1,399 (42%) with CLP, and
1,194 (36%) with CP. The birth prevalence was 0.3/1,000 live births for CL, 0.5/1,000 live
births for CLP, and 0.4/1,000 live births for CP. The majority of infants in the NBDPS (92%
of infants with CL, 85% of infants with CLP, and 79% of infants with CP) were classified as
having isolated defects. Among those infants with specified laterality, about twice as many
infants with CLP had unilateral vs. bilateral involvement while for CL, there were over 10
times as many with unilateral vs. bilateral involvement. For both CL and CLP, involvement
was most often left-sided (Table 1). Among infants with CP, 264 (22%) had cleft of the hard
palate, 519 (43%) had cleft of only the soft palate, and in 411 (34%), the palatal involvement
was not specified. About one-quarter of infants with CP had Pierre Robin sequence. Among
infants with Pierre Robin sequence, 90 (32%) had cleft of the hard palate, 90 (32%) had cleft
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of only the soft palate, and in 99 (35%), the palatal involvement was not specified. Among
infants without Pierre Robin sequence, 174 (19%) had cleft of the hard palate, 429 (47%)
had cleft of only the soft palate, and in 312 (34%), the palatal involvement was not
specified.

The birth prevalence of CL and CLP were lower among females than among males (PR= 0.7
(0.6-0.8) and 0.5 (0.5-0.6), respectively), whereas the birth prevalence of CP was higher
among females with a PR = 1.2 (1.1-1.4). When compared to non-Hispanic Whites, the birth
prevalence of all cleft types was lower among non-Hispanic Blacks, while the birth
prevalence was lower only for CL and CP for Hispanics. The birth prevalence of CLP was
lower among mothers aged 30-34 years compared to mothers aged 25-29 with a PR = 0.8
(0.7-0.9). Preterm birth (20-36 weeks gestational age) was associated with CLP and CP with
aPR =14 (1.2-1.6) and 1.8 (1.5-2.1), respectively. Birth prevalence estimates varied by
month of conception and study site for all cleft types, but no clear pattern emerged. (Table
I1). We also assessed CP with and without Pierre Robin sequence to determine if there were
differences by clinical and demographic characteristics. The diagnosis of Pierre Robin
sequence differed significantly by study site from a low of 12.9% of CP in Texas to a high
of 31.9% of CP in Massachusetts. The diagnosis of Pierre Robin sequence was also more
common in infants of non-Hispanic white mothers (25.4%) than infants of non-Hispanic
black mothers (16.8%) or Hispanic mothers (18.8%), and was less common among infants
of mothers < 20 years of age than mothers of any other age group.

The most common additional major defects among infants with CL were heart defects
(3.3%), limb defects (1.6%), and musculoskeletal defects (1.5%). The same types of defects
were the most commonly observed in infants with CLP, but their frequency was higher:
heart (7.2%), limb (3.6%), and musculoskeletal defects (3.1%). Defects involving the heart
(9.1%), limbs (6.3%), and central nervous system (CNS) (6.2%) were most common for CP
(Table 111).

Supplemental Surveillance Study

Of the 1,291 infants with orofacial clefts identified by birth defects surveillance systems in
metropolitan Atlanta and California, 958 were included in the NBDPS. A total of 333
infants were excluded (50 with CL, 122 with CLP, 157 with CP, and 4 with lateral facial
clefts). Of these, 324 were excluded because they did not meet the NBDPS cleft case
definition and 9 were inappropriately excluded (Table 1V). Thus, based on evaluation at
these two sites, 74% of infants with orofacial clefts are included in the NBDPS. The most
common reasons for exclusion from NBDPS were chromosome abnormalities (50%) and
single-gene disorders (18%) (Table IV). The most common chromosome abnormalities
observed were trisomy 13, trisomy 18, and 22g11.2 deletion. For single-gene disorders, the
most commonly observed were van der Woude and Stickler syndromes.

Discussion

This study is the first to describe the epidemiology of all eligible infants with apparently
nonsyndromic (infants without a recognized or strongly suspected chromosome abnormality
or single-gene disorder) orofacial clefts (both with and without a completed maternal
interview) in the NBDPS, the largest population-based, case-control study of major birth
defects ever conducted in the United States. The NBDPS has a consistent case definition
across the 10 geographic sites contributing data to the study. By excluding infants with
single-gene disorders and chromosome abnormalities, a case group with less etiologic
heterogeneity is created that hopefully maximizes opportunities for identifying risk factors.
Based on two of the ten sites examined, approximately 70% of all orofacial clefts

Am J Med Genet A. Author manuscript; available in PMC 2011 June 9.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Genisca et al.

Page 6

ascertained by birth defects surveillance systems in the included study sites met the NBDPS
case definition for orofacial clefts.

While CL and CLP have often been considered pathogenetically similar and grouped into
the category of CL+/-P, this large multi-site study afforded the opportunity to examine the
descriptive epidemiology of CL and CLP separately. Some of our results show that CL and
CLP share certain epidemiologic characteristics (e.g., higher birth prevalence in males,
lower birth prevalence in Non-Hispanic Blacks), but others support the hypothesis that these
two anomalies may be distinct [Harville et al., 2005]. CL and CLP differed significantly in
the proportion of defects that were unilateral and bilateral, with CLP showing a larger
proportion of bilateral defects, an observation that has been previously reported [Hagberg et
al., 1998]. Although the same types of associated defects were most commonly associated
with CL and CLP, our data confirmed previous observations that associated major defects
are more frequent among cases with CLP than among cases with CL [Tolarova and
Cervenka, 1998; Stoll et al., 2000; Harville et al., 2005]. One explanation for these findings
is that these two defects might be pathogenetically distinct and thus, should be analyzed
separately in future investigations, a concept supported by an epidemiologic study [Harville
et al., 2005] and by recent biological data that suggests that isolated cleft lip in humans can
be influenced by specific genetic variants [Rahimov et al., 2008]. Among other possible
explanations is that these defects have a common pathogenetic origin and that clefts
involving both the lip and palate represent a more severe expression of the defect than those
involving only the lip. Thus, they are more likely to be associated with more severe
manifestations, that is, more likely to have bilateral involvement and to have additional,
unrelated major defects.

The NBDPS data are consistent with other studies showing that CL and CLP are more
prevalent among males, while CP is more prevalent among females [Tolarova, 1987; Shaw
etal., 1991; Hagberg et al., 1998; DeRoo et al., 2003; Forrester and Merz, 2004; Hashmi et
al., 2005]. Our data also confirm past work that show that the birth prevalence of all types of
orofacial clefts is lower among non-Hispanic Blacks when compared to non-Hispanic
Whites and that CP is less common among Hispanics [Croen et al., 1998; Tolarova and
Cervenka, 1998; Hashmi et al., 2005]. We also found that the birth prevalence of CL is
significantly lower among Hispanics compared to Non-Hispanic Whites, a novel finding.

Our results for maternal age did not show a statistically significant difference in birth
prevalence except for the 30- to 34-year-old group. For this age group, the birth prevalence
was lower for CLP. Previous work has suggested that CL [Reefhuis and Honein, 2004] is
associated with younger maternal age (<20), which we did not confirm. Other studies found
increased odds of having an infant with CP with older maternal age (>30) [Shaw et al.,
1991; Hashmi et al., 2005], which we also did not confirm. Although previous studies have
shown that prematurity is associated with a higher birth prevalence of CP [Rasmussen et al.,
2001; Shaw et al., 2001], we observed this association for both CLP and CP. Significant
differences for CP with and without Pierre Robin sequence were noted by study site and
maternal ethnicity, but this likely reflects differences in clinical practice and terminology
between sites rather than etiologic differences.

In our study, the most common defects associated with CL and CLP were heart, limb, and
musculoskeletal defects. For CP, heart, CNS, and limb anomalies were most commonly
observed. It is plausible that heart defects and orofacial clefts are frequently seen with one
another as a result of the intertwined embryological development of the heart and face. The
aortic arches of the primitive heart surround the pharyngeal arches from which the face
forms. Given that heart defects are one of the most common birth defects [Correa et al.,
2007], it is not surprising that this group of defects is the one most commonly observed in
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infants with orofacial clefts. However, our results showed that infants with orofacial clefts
have a higher birth prevalence of heart defects than infants without a cleft for whom the
birth prevalence is <1% [Botto et al., 2001] and that CNS anomalies were one of the most
common types of defects seen in infants with CP. Several studies have shown that
individuals with isolated orofacial clefts have abnormalities in brain structure, which can be
associated with neurodevelopmental disorders [Nopoulos et al., 2002; Nopoulos et al.,
2007]. Clinicians caring for infants with clefts should be aware of these observations and
maintain a high index of suspicion that can lead to early detection and intervention for these
conditions.

There are several strengths of this study. First, this is the largest study of infants with
orofacial clefts ever conducted in the United States. In addition, infants are ascertained from
population-based birth defects surveillance systems that include detailed clinical information
abstracted from medical records on the cleft phenotype and associated defects. The multi-
site and multi-year nature of these data have allowed us to have sufficient sample size to
divide orofacial clefts into three more homogeneous phenotypes: CL, CLP, and CP,
important because of growing evidence that CL might be distinct from CLP [Spritz, 2001;
Murray, 2002; Harville et al., 2005]. The data are from 10 geographic sites in the United
States, providing ethnic and socioeconomic diversity. This is the first study to capture this
much of the US population using such a rigorous data collection approach. Finally, clinical
information on all infants was reviewed by clinical geneticists to assure adherence to the
case definition and careful classification.

This study had several limitations. Despite including infants from varied geographic
locations, some racial and ethnic groups did not reflect the US population, limiting
generalizability. Non-Hispanic Blacks and Asians account for 12% and 4% of the total US
population, respectively, [Grieco and Cassidy, 2001] but comprised only 8% and <1% of our
sample, partially due to the lower birth prevalence of orofacial clefts among non-Hispanic
Blacks as compared to non-Hispanic whites. Hispanics account for 13% of the total US
population but made up 25% of our sample. Another limitation is that some infants with
single-gene conditions or chromosome abnormalities might have been inadvertently
included in our study. Clinical geneticists reviewed abstracted data from medical records on
infants with clefts and excluded infants with recognized or strongly suspected single-gene
conditions or chromosome abnormalities. However, some of these conditions may have a
subtle phenotype (e.g., 22911.2 deletion or Stickler syndrome), and thus these infants might
not have been recognized as affected by the examining clinician. Although some infants
with these more subtle phenotypes were appropriately excluded from our study (Table 4),
others are likely to have been included. Another limitation is that the quality of clinical data
may have varied depending on its source and the type of health care provider performing the
physical exam on the infant.

Several factors, including infant sex, maternal race-ethnicity, maternal age, and gestational
age, were associated with nonsyndromic orofacial clefts in our study. Our ability to describe
orofacial clefts by CL, CLP, and CP has provided further evidence that these cleft
phenotypes may be etiologically distinct, and therefore, should be examined separately,
when possible. Also, our analysis of additional defects underscores the need for infants with
orofacial clefts to be carefully examined for other major congenital abnormalities.
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TABLE IV
Reasons for Exclusion of Cleft Patients from CDC and California Sites of the National
Birth Defects Prevention Study, 1997-2004
Reason for Exclusion CL(N=50) CLP(N=122) CP(N=157)
Single-gene disorder 3 14 39
Chromosome abnormality
Trisomy 13 4 37 12
Trisomy 18 6 17 3
Trisomy 21 1 3 10
22911.2 deletion 0 2 7
Other chromosome abnormalities 6 23 17
Cleft associated with holoprosencephaly 0 2 1
Cleft associated with amniotic band sequence 2 5 1
Cleft associated with another defect? 3 6 5
Did not meet inclusion criteria secondary to type of defect?
Microform/pseudocleft lip 8 N/A N/A
Fused lip/gum 16 N/A N/A
Submucous cleft palate N/A N/A 13
Cleft uvula N/A N/A 28
Did not meet inclusion criteria secondary to method of diagnosis 1 9 16
0 4 5

Inappropriate exclusion®

a . .
Defects include encephalocele, teratoma, and skeletal dysplasia.

b - . .
4 additional cases with lateral facial cleft excluded.

CMe'( NBDPS case definition, but were inadvertently excluded from the study.
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