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Abstract
Our objective in this Danish population-based cohort study was to estimate the recurrence risk of
isolated oral cleft (OC) for offspring of the unaffected co-twins of OC discordant twin pairs and to
compare this risk to the recurrence risk in the offspring of the affected co-twin as well as to the
risk in the background population.

During 1936–2004, 207 twin pairs were ascertained, among whom at least one twin had an OC.
The index persons were twins discordant for OC who had children (N=117), and their offspring
(N=239). The participants were ascertained by linkage between The Danish Facial Cleft Database,
The Danish Twin Registry and The Danish Civil Registration System. In the study OC recurrence
risk for offspring of the affected and unaffected twin and relative risk were compared to the
background prevalence. We found that among 110 children of the 54 OC affected twins, two
(1.8%) children had OC corresponding to a significantly increased relative risk (RR = 10; 95% CI
1.2 to 35) when compared to the frequency in the background population. Among the 129 children
of the 63 unaffected twins, three (2.3%) children were affected, corresponding to a significantly
increased relative risk (RR = 13; 95% CI 2.6 to 36) when compared the background prevalence.
We concluded that in OC discordant twin pairs similar increased recurrence risks were found
among offspring of both OC affected and OC unaffected twins. This provides further evidence for
a genetic component in cleft etiology and is useful information for genetic counseling of twin pairs
discordant for clefting.
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INTRODUCTION
Nonsyndromic oral clefts (OCs) are among the most common congenital malformations and
have substantial implications for the affected individuals and their families. The etiology is
multifactorial with both genetic and environmental factors playing an important role [Vieira,
2008]. Most individuals born with OC have unaffected parents, even though family data
suggest a very high heritability (greater than 70%) [Christensen et al., 1993a]. This genetic
influence entails an increased relative risk ranging from 15 times higher for first-degree
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relatives to two times higher for third-degree relatives compared to the risk of the
background population [Grosen et al., 2010].

Twins with OC provide unique research possibilities. While it has been speculated that
twinning might disturb the normal process of development of the lip and palate in the fetus
during early pregnancy, there is no compelling evidence for an effect of twinning on the risk
of OC [Christensen et al., 1993a; Christensen et al., 1993b; Christensen et al., 1996a;
Mitchell et al., 1997]. In addition, twinning may affect (or occur secondary to) epigenetic
phenomena such as X inactivation or DNA methylation that could also play a role in
developmental disruptions such as clefting [Kimani et al., 2007]. Finally, discordant twins
(one twin affected) could arise from somatic genetic events such that the affected twin might
be the only member of the pair carrying a specific risk allele [Kondo et al., 2002; Mansilla et
al., 2005; Sakuntabhai et al., 1999].

The question of how best to counsel the unaffected twin in a twin pair discordant for OC
was raised by Wyszynski et al. in case reports from 1996 and 2002 [Wyszynski et al., 1996;
Wyszynski et al., 2002]. At that time no empirical data were available, but the authors
speculated that the risk for the offspring of the unaffected co-twin in the pair would be three
to ten times higher than the risk of the background population, i.e. potentially as high a risk
as for the affected twin, but likely to be smaller since the co-twin was unaffected.

The aim of the present study was to use the large population-based registers available in
Denmark to estimate the empiric recurrence risk for offspring of unaffected twins in twin
pairs discordant for nonsyndromic OC and to compare this risk to the risk of the affected
twins and the background population (Fig 1).

MATERIAL AND METHODS
The present study was a population-based cohort study based on record linkage between
three nationwide registers in Denmark.

The Civil Registration System could identify all individuals who resided in Denmark at any
time since its establishment in April, 1968. All individuals had a unique ten-digit personal
identification number. The personal identification number included date of birth and
information on sex, and contained a built-in check code disclosing invalid numbers. The
register also contained a link to all first-degree relatives enabling a construction of pedigrees
showing legal familial relationships (by matching individuals who share parental personal
identification numbers).

The Danish Facial Cleft Database encompassed the birth cohorts from 1936 to 2005 and
contained 10,025 live born individuals with OC in Denmark. For 9,146 (91%) individuals, a
valid personal identification number was available. The nine percent without a personal
identification number was OC individuals who either died before 1968 or could not be
uniquely identified in order to be assigned a personal identification number. Both the
registration and the treatment of individuals with OC have been centralized in Denmark
since the 1930s and this has entailed a very high ascertainment for the cohorts under study.
Clefts discovered later in a child’s life were also registered [Bille et al., 2005a]. Capture-
recapture methods have indicated a 99% ascertainment for the sub-phenotype isolated cleft
lip with or without cleft palate (CL/P) in the period 1983 to 1987 [Christensen et al., 1992].
Overt oral clefts could be classified into three groups in the Danish Facial Cleft Database:
cleft lip (CL), cleft lip with cleft palate (CLP) and cleft palate only (CP). For bifid uvula the
ascertainment was low and microforms of oral clefts, such as defects in the orbicularis oris
muscle or dental anomalies, were not routinely registered in the Danish Facial Cleft
Database. In the Danish Facial Cleft Database 876 (9.6%), individuals were registered with
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OC and another major anomaly and/or a recognized syndrome. The pattern of more
anomalies associated with CP and fewer with CL and CLP was consistent with other cleft
populations, but the overall rate was lower in Denmark. The OC association with anomalies/
syndromes has previously been described in greater detail [Bille et al., 2005c; Bille et al.,
2005a; Bille et al., 2005b; Christensen, 1999; Grosen et al., 2010].

The Danish Twin Registry included the Danish birth cohorts from 1870 to 2004,
corresponding to more than 80,000 twin pairs. The twins were all born in Denmark, and they
were ascertained independently of any disease. Before 1968 the ascertainment was about
90%, but since the establishment of the Civil Registration System it has been considered
complete [Skytthe et al., 2002]. Zygosity determination has been made on same sex twins by
use of questionnaires to determine the degree of similarity between co-twins and has been
validated by comparison of blood type determinants and genetic markers. The
misclassification rate was less than 5% [Bonnelykke et al., 1989; Christiansen et al., 2003],
and about 75% of the twins had an assigned zygosity. In the Danish Twin Registry, 85% of
the twins were registered with a personal identification number, and since 1968, 100% of the
live born twins have been assigned a personal identification number which enables a linkage
to the Civil Registration System, and hence linkage to the offspring of the twins.

Study population
During 1936–2004, 207 mono- and dizygotic twin pairs were born in Denmark, among
whom at least one twin was affected by an isolated OC (CL, CLP or CP). The index cases
were twins discordant for isolated OC who had children (N=117), and their offspring
(N=239) born from 1956 to 2005 (Fig 2). The population was restricted to all live born
individuals with a valid personal identification number in the Civil Registration System to
make it possible to identify these individuals in both the Danish Facial Cleft Database and
the Danish Twin Registry. Only isolated OCs were included, that is, individuals with OC but
with no other major anomalies or recognized syndromes; hence, unless specifically noted,
all the results and discussion are for isolated OCs.

Technically, the Danish Facial Cleft Database and the Danish Twin Registry were linked by
the personal identification number identifying twin pairs of whom at least one twin was
affected with an isolated OC. Using the Civil Registration System offspring of the twins
were identified and again linked to the Danish Facial Cleft Database to identify any
offspring also affected by an isolated OC.

The recurrence risk for children of the affected twins was estimated by dividing the number
of affected offspring by the total number of offspring. The risk was similar to the risk found
when using the “singles” method described by Davie [1979] under complete ascertainment.
For offspring of the unaffected twin in the discordant twin pairs, the same method was used
when computing a pseudo-recurrence risk, even though an OC could technically not recur
for an unaffected twin. The relative risks were compared to the prevalence in the
background population born in the same time period, by dividing the recurrence risk for
offspring by the population prevalence [Christensen et al., 1996b; Mitchell et al., 1996].
Fisher’s exact test was used to compare recurrence risk between affected and unaffected
twins and the background population frequency. Stratification for type of OC was not
possible for the recurrence risk estimates due to small sample size.

To describe our twin population (N=414 twins), the comparison between the likelihood of
the unaffected and affected twins of becoming a parent and of the number of children born
was performed using a Poisson regression. For the number of children born, the period of
observation in adulthood for each twin was taken into account. We compared the age at first
birth using a linear regression. Twin concordance, sex of the twins, zygosity, and OC were
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included as confounders when relevant. STATA 10.1 was used for all computations and the
“cluster” option was used in all regression models to correct for the correlated nature of the
twin data.

RESULTS
Table I shows the number of OC affected twins and unaffected co-twins according to
phenotype and zygosity.

Of the 207 twin pairs included in the study, 185 twin pairs were discordant for OC and 22
pairs were concordant (Fig 2). Among the discordant twins, 117 (32%) twin individuals had
reproduced compared to 6 (14%) twins among the concordant twins (p = 0.05).

Recurrence and relative risk for discordant twins
The population frequency of OC in Denmark from 1956 to 2005 was 1.8 per 1,000 live
births. Among the 110 children of the 54 OC twins, two (1.8%) children had OC,
corresponding to a significantly increased relative risk (RR = 10; 95% confidence interval
(CI) 1.2 to 35) when compared to the frequency in the background population (Table II).
Among the 129 children of the 63 unaffected twins, three (2.3%) children were affected,
corresponding to a significantly increased relative risk (RR = 13; 95% CI 2.6 to 36) when
compared to the background prevalence. Both estimates were in the same order of
magnitude as the relative risk (RR = 19; 95% CI 17 to 22) for the recurrence risk in the
general population compared to the background prevalence.

The proportion of monozygotic parents to all offspring of the discordant twins and to the
recurrent cases was computed from the numbers displayed in Figure 2. Of all the 117
discordant twins with children, 19 (16%) were monozygotic, but two of the five (40%) twins
with children who also had an OC were monozygotic (p = 0.20).

Table III displays the OC recurrence risk and the relative risk for unaffected and affected
twins, respectively, stratified for zygosity. The monozygotic affected twin parents had no
affected offspring. The highest recurrence risk was seen for offspring of the monozygotic
unaffected twins and the relative risk was significantly increased (RR = 42; 95% CI 5.3 to
140) when compared to the background population.

When the OC recurrence risk for the unaffected monozygotic twins was compared to the OC
recurrence risk for the unaffected but dizygotic twins, the relative risk was increased (RR =
7.9; 95% CI 0.75 to 85), although not statistically significant. For the dizygotic twins, the
relative risk for the affected twins was increased (RR = 2.3; 95% CI 0.21 to 25) when
compared to the unaffected dizygotic twins, but also statistically non-significant.

All of the 414 twins (affected and unaffected) were followed for roughly the same number
of reproductive years (i.e. from age 15 to 45 for both male and female, no fathers were older
than 45). The unaffected twins had a significantly increased likelihood of having children
(odds ratio = 1.3; 95% CI 1.1 to 1.6) when compared to the OC affected twins. When
adjusting for possible confounding variables (concordance and sex), the estimate showed the
same direction but was no longer statistically significant. Having an OC had no effect on the
number of children per parent (incidence rate ratio = 1.2 (95% CI 0.92 to 1.5)). The parental
age of twins who reproduced (N=123) followed a Gaussian distribution and the distribution
of the time under study was the same whether the twins were affected by OC or not. No
difference in age at first birth was seen according to OC status or zygosity, but female twins
were 20 (95% CI −0.21 to 40) months younger at birth of the first child compared to the
male twins.
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DISCUSSION
This national population-based cohort study found that the OC recurrence risk for offspring
of twins discordant for OC was similar regardless of whether the twin was affected, i.e. the
unaffected twin’s risk for an affected offspring was not significantly different from that of
the affected twin. In addition, the recurrence risk for offspring of both the affected and
unaffected twin from a twin pair discordant for OC was significantly increased compared to
the background population frequency.

We have previously estimated recurrence risks for OC for more than 50,000 first-, second-
and third-degree relatives by use of the same database, but for the 1952 to 2005 cohort
[Grosen et al., 2010]. This study adds information on twin recurrence to be used in genetic
counseling (Fig 3).

Monozygotic twins share 100% of their genes as opposed to 50% for dizygotic twins. Since
the etiology of OC is mainly genetic, for a monozygotic twin pair discordant for OC, we
would expect both twins to be carrying susceptibility genes for OC. The affected twin could
have an additional novel mutation acquired after the division of the zygote. That mutation
may have pushed this twin over the threshold of developing OC. When reproducing, both
twins would pass on susceptibility genes, but since the one twin exceeded the threshold, we
expected this twin’s risk to be the highest [Wyszynski et al., 1996; Wyszynski et al., 2002].
We observed the highest risk for offspring of the unaffected twins relative to the background
population risk, although the confidence intervals were wide. This indicates that offspring of
the unaffected co-twin of a discordant pair have an increased liability to OC and likely a
similar liability as offspring of affected twins. Heritability studies suggest that OC has a
strong genetic component [Christensen et al., 1993a; Murray, 2002]. The unaffected twins
may therefore also have been carrying susceptibility genes for OC like the affected twins
were most likely to have done. Another explanation could be that both twins had been
exposed to an environmental factor while in the womb, which later increased the risk for
their offspring when they reproduced.

In addition, we found similar OC recurrence risks for twin offspring and offspring to
affected parents from the background population. It could indicate that the mechanism of
clefting is the same whether the parent was a twin or not. A direct comparison of the OC
occurrence among twins and singletons would be more suited to answer that question.
Previous results have been ambiguous, but the majority found similar OC prevalence for
twins and singletons [Christensen et al., 1993a; Christensen et al., 1993b; Christensen et al.,
1996a; Mitchell et al., 1997; Nordstrom et al., 1996; Robert et al., 1996].

Our study of recurrence risk among twins is the largest to date owing to the long standing
ascertainments in the Danish Facial Cleft Database and the Danish Twin Registry. The study
covers a complete country with 70 years of follow up for the twins and 50 years for their
offspring. Nonetheless, the study still lacks sufficient power to make valid conclusions when
stratifying for zygosity and types of OC. We found that the overall recurrence risk was
higher among offspring of the unaffected twins despite inclusion of the dizygotic twins.
When we analyzed our results stratified by zygosity, we found that the highest risk was for
offspring of the unaffected monozygotic twins and that risk was eight times higher than the
risk for offspring of the unaffected dizygotic twins. Along with a tendency towards an
increased proportion of monozygotic twin parent to recurrent cases compared to the
proportion of monozygotic twin parents to all offspring, it was most likely the recurrence
risk for offspring of monozygotic twins that drove the overall recurrence risk estimate for
unaffected twins. These results add further evidence for a genetic etiology of oral clefting,
but do not rule out yet unmeasured environmental factors. The power issue was critical as
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the event of clefting and twinning co-occurring in the time period observed was one in
45,000 live births in Denmark. Hence, when stratification was made for zygosity, caution
should be taken when interpreting these results. Similar data from other Nordic countries
could provide an additional source for obtaining estimates stratified for both zygosity and
cleft phenotype.

Since the early work of Fogh-Andersen, the phenotypes CL/P and CP have been considered
embryologically and epidemiologically distinct defects [Fogh-Andersen, 1942], and the two
phenotypes rarely run in the same families. Accordingly, in the present study, the recurrence
was of a similar type (CL/P or CP) except in one family which could represent an
undiagnosed case (born in 1946) of van der Woude syndrome where both CL/P and CP
occur. If this one family was excluded, the same overall results were obtained: the
recurrence risk for offspring of unaffected twins was 1.6% (95% CI 0.19 % to 5.6 %) which
did not differ from the recurrence risk among affected twins of 1.8% (p = 1.0), and a
significantly increased relative risk (RR = 8.7; 95% CI 1.1 to 31) when compared to the
background prevalence.

In the Danish Facial Cleft Database, ascertainment for cohorts born before 1954 depended
mainly on surgical files [Christensen et al., 1992]. An individual with OC had to survive
until the age of 2 months to be evaluated for surgery and hence be included in the later
established Danish Facial Cleft Database. This survival bias was especially an issue for the
twins and individuals with a severe OC and/or an associated anomaly/syndrome, who had an
even higher neonatal mortality particularly before the availability of neonatal intensive care
in the 1960s. Individuals with milder forms of CP that could easily be overlooked or might
not need surgery were prone to selection bias [Bille et al., 2005a; Christensen, 1999]. Since
1954, when midwives in Denmark were required to report all types of OC discovered at
birth or later in life directly to the National Institute for Defect of Speech, survival bias was
reduced to a minimum, and ascertainment has been close to complete[Christensen et al.,
1992]. This possible selection bias for the earlier cohorts could have resulted in a slight
underestimation of the recurrence risk estimate, but comparison between the twins and the
background prevalence should not be affected.

Previous studies have indicated a small effect of paternal age [Bille et al., 2005b] on OC
occurrence, and our unpublished results have shown a slightly different reproductive history
pattern for individuals affected by OC compared to the reproductive history pattern of the
background population. For our twin population, the likelihood of having children was
slightly decreased for individuals affected with OC. OC had no influence on parity for those
having children or on the age of birth of the first child. All results were as expected from
population figures from the complete Danish Facial Cleft population (unpublished results).

In 2002 Kondo et al reported on a pair of monozygotic twins discordant for van der Woude
syndrome in which oral clefting is a major manifestation. They sequenced a large section on
chromosome 1 that had been identified through genetic linkage studies and found a mutation
in the IRF6 gene that is now known to be the cause of van der Woude syndrome. This
strategy had been used for another Mendelian disorder [Sakuntabhai et al., 1999] and was
subsequently applied to OC. These studies have used monozygotic twins discordant for
isolated OC, but have failed to identify differences in genes of importance for oral clefting
[Kimani et al., 2009; Mansilla et al., 2005], differences in copy number variations [Kimani
et al., 2009; Mansilla et al., 2005] or in X-chromosome inactivation patterns [Kimani et al.,
2007]. The major difference between the two disorders is that van der Woude syndrome is a
monogenic disease whereas isolated OC is a multifactorial trait. Our results provide an
additional explanation as to why this otherwise reasonable twin approach continues to fail.
The unaffected twins were carrying a liability for oral clefting, e.g., susceptibility genes for
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oral clefting. They had, however, not reached the threshold for developing an overt cleft,
either by chance or due to low penetrance or variable gene expression as seen for IRF6.
Mutations in IRF6 can result in tooth agenesis for some individuals and isolated clefts or
syndromic forms of clefts for other individuals [Vieira, 2008]. Likewise, the twins could
have had a microform of OC such as a defect in the orbicularis oris muscle and hence not
routinely registered. Several studies have shown that microforms of OC are seen more
frequently among unaffected relatives, and a large multicenter study is currently exploring
this finding in greater detail [Chatzistavrou et al., 2004; Marazita, 2007; Neiswanger et al.,
2007; Weinberg et al., 2006; Weinberg et al., 2008a; Weinberg et al., 2008b]. Future studies
including the microforms of OC can both increase the study population and diminish the risk
of missing a true association between genes and OC occurrence.

In conclusion, this study benefits from the use of reliable Danish registers where selection
bias was reduced to a minimum. It included an entire country for 70 years, but still sample
size was a limiting factor. The similar increased recurrence risks found among offspring of
both cleft-affected and cleft-unaffected discordant twins contribute further support for a
genetic component in cleft etiology. Finally, this information is useful in the rare genetic
counseling situation of twin pairs discordant for clefting.
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Fig 1.
Pedigree of a family with monozygotic/dizygotic twin girls discordant for oral clefting.
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Fig 2.
Twin recurrence of isolated oral cleft, twins born from 1936 to 2004. MZ=monozygotic,
DZ=dizygotic, UZ=unknown zygosity, CL=Cleft Lip, CLP=Cleft Lip and Palate, CP=Cleft
Palate.
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Fig. 3.
Pedigree with recurrence risk and 95% confidence intervals. A: Family with twin girls
discordant for oral cleft, B: affected parents (twins and singletons), C: background
population.
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TABLE I

Number of twins from twin pairs (N=207) with at least one twin affected by an isolated oral cleft

Cleft twin population (1936–2004)

Phenotype Monozygotic
(%)

Dizygotic
(%)

Unknown
zygosity (%)

All zygosities

Cleft lip 20 (27) 39 (53) 15 (20) 74

Cleft lip with cleft palate 12 (12) 68 (68) 20 (20) 100

Cleft palate 8 (14) 34 (62) 13 (24) 55

No oral cleft 20 (11) 131 (71) 34 (18) 185

All 60 (14) 272 (66) 82 (20) 414
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TABLE II

Recurrence and relative risk of isolated oral cleft, Denmark 1956 – 2005

Designation of Relationship Number Affected
(n)

Total
(N)

Recurrence Risk (%)
[95% confidence interval]

Relative Risk*,
[95% confidence interval]

Background population prevalence 6,194 3,394,923 0.18 Reference

Offspring of affected parents
(background population)

234 6,642 3.5 [ 3.1 ; 4.0 ] 19 [ 17 ; 22 ]

Offspring of affected discordant
twins

2 110 1.8 [ 0.22 ; 6.4 ] 10 [ 1.2 ; 35 ]

Offspring of non-affected
discordant twins

3 129 2.3 [ 0.48 ; 6.7 ] 13 [ 2.6 ; 36 ]

Significant if p < 0.05, in bold

*
Compared to the risk in the background population born in the same time period
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TABLE III

Twin pairs discordant for isolated oral cleft. Zygosity stratification of recurrence risk and relative risk,
Denmark 1956 to 2005

Twin parents status Recurrence
Recurrence risk (%)

[95% confidence interval]
Relative risk*,

[95% confidence interval]
Zygosity Oral Cleft Number

Affected (n) Total (N)

Monozygotic
No 2 26 7.7 [ 0.95 ; 25 ] 42 [ 5.3 ; 140 ]

Yes 0 16 0 0

Dizygotic
No 1 103 0.97 [ 0.025 ; 5.3 ] 5.3 [ 0.17 ; 29 ]

Yes 2 90 2.2 [ 0.27 ; 7.8 ] 12 [ 1.7 ; 43 ]

Significant if p<0.05, in bold

*
Compared to the risk in the background population born in the same time period
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