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ABSTRACT

The purpose of this study was (1) to obtain unbiased
estimates of cleft incidences in the major racial groups in
Hawaii, (2) to evaluate the extent and nature of racial
differences in incidence, (3) to determine how the segrega-
tion of cleft defects varies among racial groups, and (4) to
estimate the heritability of cleft defects using a multi-
factorial model of quasicontinuity.

Cleft cases were ascertained through birth and death
certificates and records of the Crippled Children Branch
(Hawaii Health Department) and major Honolulu hospitals.

The reference population'which provided the basis for the
analysis of incidence was composed of live births in Hawaii
from 1948 to 1966, as compiled by Drs. Morton, Chung, and

Mi. Live birth certificates provided demographic data on

all individuals in the reference population. Variables in-
cluded race and age of each parent, sex of child, birth
order, year of birth, and occupation and military status of
father. Families of probands were interviewed for additiomnal
data on types and numbers of affected and normal relatives
and parental consanguinity.

The ascertainment of CL(P) was estimated to be 97% com-
plete, and that of CP to be 93% complete. The danger of
relying exclusively on birth certificates for the ascertain-
ment of cases was made clear by our findings that only 80.7%

of CLP, 66.7% of CL, and 47.7% of CP‘probands born in
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1948-1966 had their defects noted on their birth certificates.

A number of factors were found to be related to the
ascertainment probabilities of CP and CL(P). In the case of
CP, ascertainment appeared more likely when the individual
had three or more additional malformations and less likely
when his father was actively engaged in military service.

The case of CL(P) was more complicated. The probability of
ascertainment of CL(P) apparently increased when the defect
extended to the palate and when any additional malformation
was present; it seemed to decrease with year of birth, age
of father, death in infancy, and father in the military.
Significantly, however, no racial biases in ascertainment
were detected after adjustment for the effects of non-racial
factors.

After correcting for ascertainment biases, the estimated
overall incidence of CP in Hawaii was .78 per thousand live
births., In the pure Caucasian group, the estimated incidence
was .50; in the pure Japanese group, it was .74. Incidences
in excess of one per thousand were found in groups with
Hawaiian ancestry. Regression analysis showed a definite
association between Hawaiian parentage and high incidence of
CP. This strong Hawaiian effect could not be attributed to
maternal racial factors or to interracial hybridization.
Orientals as a whole did not appear to have a significantly
higher incidence of CP than Caucasians.

For CL(P), the corrected incidence was estimated at 1.05
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per thousand in Caucasians, 1.92 in Japanese, and 1.28 in the
general population. Unlike in the case of CP, Hawaiian
ancestry was not associated with high incidence of CL(P).
Instead, the Oriental groups, particularly the Japanese and
Filipinos (1.56), presented the highest risks. No maternal
or hybridity racial effects were detected for any of the
Oriental groups.

The effects of non-racial factors (father's age, mother's
age, birth order, year of birth, father's occupational and
military status) on incidence were tested by separate regres-
sion analyses in the Japanese and in the Caucasian racial
~groups. No consistent relationship between incidence and any
non-racial variable was detected for either cleft type.
However, CP incidence did appear to increase with lower
occupational status in the Caucasian group, although not in
the Japanese group.

Estimates of mean segregation frequencies for CP were
2.2% in families of Hawaiian ancestry and 1.3% in all other
families. Although the difference was not statistically
significant, the higher risk in Hawaiian families would be
expected under the multifactorial hypothesis which equates
risk approximately to the square root of the population
incidence. Heritability of CP was estimated to be 69%, which
possibly indicates that additive genetic factors are very
important in the etiology of CP.

Mean segregation frequencies for CL(P) were 6.1% in pure



Japanese, 6.4% in pure Filipinos, and 4.2% in all other
~groups. The higher risks in Japanese and Filipinos may

reflect their higher incidences of CL(P). Overall heritability
of CL(P) was estimated at 86%, with no significant differences
among Japanese, Filipinos, and all other groups combined.

The weight of evidence now seems to favor a multifactorial
hypothesis of CL(P) inheritance, and the present estimates

of heritability would suggest a large additive hereditary

component.



CHAPTER I
INTRODUCTION

There is now much evidence that heredity plays an
important role in the etiology of many congenital malforma-
tions. Aside from defects due to identifiable chromosomal
aberrations and major genes, there exist a number of specific
malformations which appear to be strongly influenced by
hereditary factors. Cleft lip (harelip) and cleft palate
are among those malformationms.

In the past, researchers studying the genetics of cleft
defects have usually started with hypotheses of simple
Mendelian inheritance and added modifications along the way.
With a segregation frequency considerably below 1/4, cleft
defects could not readily be ascribed to major genes. The
concept of incomplete penetrance has often been invoked,
with generally unsatisfactory results. Fogh-Andersen (1942),
for example, concluded that isolated cleft palate was
inherited as a simple dominant with greatly reduced penetrance,
and that cleft 1lip with or without cleft palate was possibly
transmitted by a gene of variable penetrance which could act
as a recessive or dominant depending on its genetic milieu.

More recently, a multifactorial basis of inheritance
has been hypothesized for clefts and other discontinuous
characters. This approach provides a practical alternative
to the major gene hypotheses. Tests of the multifactorial

hypothesis will be crucial in determining whether or not



major genes can in fact be detected.

In studying cleft defects in Hawaii, we have the
advantage of being able to observe several racial groups in
a common environment. On the population level, particular
attention was focused on the nature of the interracial
variation in incidence previously noted in other studies.
The incidence of clefts among 283,137 live births from 1948
through 1966 was analyzed. In addition to race, other
factors such as parental age, birth order, sex, and year of
birth were examined. On the family level, data was obtained
by personal interview which provided information on risks in
relatives, levels of inbreeding, and possible sex ratio
disturbances in sibs and other relatives of cleft probands.

The specific goals of this study were (1) to obtain
unbiased estimates of cleft incidences in the major racial
groups in Hawaii, (2) to evaluate the extent and nature of
racial differences in incidence, (3) to determine how the
segregation of cleft defects varies among racial groups, and
(4) to estimate the heritability of cleft defects using
Falconer's (1965) multifactorial model of quasicontinuity.

Classification of Clefts

Present knowledge of the embryological development of
the 1lip and palatal structures provides the basis for
classifying congenital cleft defects. The incisive foramen,
located just posterior to the upper alveolar ridge, marks

the dividing line between a cleft of the upper lip and a
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cleft of the palate (Kernahan and Stark, 1958; Stark, 1966).
A cleft 1lip may extend through the alveolar ridge, and may
occur to the left or right of the midline or bilaterally.
Any cleft posterior to the incisive foramen is referred to
as a cleft palate. When it is not associated with a cleft
lip, a cleft of the palate is usually located centrally
along the midline; otherwise, it may be located on the right
or left of the midline or bilaterally. For the purposes of

this study, the following symbolism will be used:

CL - cleft 1lip without associated cleft palate
CP - cleft palate without associated cleft lip
CLP - cleft 1ip with associated cleft palate
CL(P) - cleft lip with or without associated cleft
palate.
Literature

The classic study on the etiology of clefts of the lip
and palate was done by Fogh-Andersen (1942) in Denmark.
Perhaps his most important discovery was his observation that
CP appeared to be inherited independently of CL(P). This
finding was subsequently supported by most other investigators.
The evidence is included below in a review of some of the
pertinent genetic and epidemiological studies from the
literature.

Incidence. The early studies of Caucasian populations
as compiled by Fogh-Andersen (1942) show incidences of

roughly one cleft case per thousand births. Fogh-Andersen's
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own estimate was 1.5 per thousand, a figure he regarded as
a minimum for Denmark. The very thorough nature of his
study probably accounts for his higher than average estimate.
However, the more recent studies summarized by Kobayasi
(1958), Lamy and Frézal (1961), Greene (1963), and Drillien,
Ingram, and Wilkinson (1966) indicate that one per thousand
is a very conservative estimate; frequencies as high as four
per thousand have been reported in certain populations. At
least part of this increase may be real; Fogh-Andersen (1966)
has noted increases of all cleft types in the Danish popula-
tion. However, Morton, Chung, and Mi (1967), studying births
over an ll-year period (1948-1958), did not find any
significant increase with year over that relatively short
span of time. .

Stevenson, Johnston, Stewart, and Golding (1966), under
the auspices of the World Health Organization, studied the
frequencies of congenital malformations in series of cocnsec-
utive births from 24 centers throughout the world. Variation
was noted from region to region, and within certain regions
from ethnic group to ethnic group. In a total of 416,695
single births, there were 139 CL (.33 per 1000), 268 CLP (.64),
and 97 CP (.23) cases. A significant positive correlation
was found between the frequencies of CL and CLP from each
center, suggestive of a common etiology for those two types
of clefts. In contrast, the frequency of CP was negatively

correlated with the frequencies of the other clefts, lending
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support to Fogh-Andersen's contention that CP is inherited
independently of CL(P).

In general, the incidence of clefts appears to increase
from Negroes to Caucasians to Orientals (Lamy and Frézal,
1961). Ivy (1962) studied the incidence of clefts in
Pennsylvania and found strong evidence for a differen§e~
estimated that congenital clefts were several times as
frequent in Caucasians as in Negroes. These studies,
however, did not separate the different types of clefts.

Chung and Myrianthopoulos (1968) found a higher
incidence of CL(P) in Caucasians, but noted no significant
difference between Caucasians and Negroes in the incidence
of CP. Arce, Azevedo, Freire-Maia, and Chautard (1968) also
reported a higher incidence of CL(P) in Caucasians as com-
pared to Mulattoes and Negroes. Morton et al. (1967)
reported another racial difference in Hawaii with Orientals
having a higher incidence of CL(P) than Caucasians, but they
could find no difference in the incidence of CP between the
two groups. Kobayasi (1958) in Japan also noted a higher
incidence of CL(P) in Japanese with no corresponding increase
of CP. Neel (1958), however, claimed higher incidences of
both cleft types in his Japanese study. Niswander and Adams
(1967) placed the incidence of CL(P) in American Indians in

between that of Caucasians and Orientals.

Parental Age and Birth Order. In Denmark, Fogh-Andersen



(1942) found no significant variation in the incidence of
clefts with respect to parental age or birth order.

Drillien et al. (1966) also found no effect of parental age
or birth order in Edinburgh. Morton et al. (1967) in Hawaii
found no significant association of incidence with maternal
age or birth order; they did not consider paternal age.

The evidence is not conclusive, however, as other
investigators have reported some significant associatiomns.
Mazaheri (1958) reported an increase in clefts with increased
maternal age and birth order. Loretz, Westmoreland, and
Richards (1961) also noted a relatively high frequency of
cleft births to mothers over 35 years of age. MacMahon and
McKeown (1953) and McKeown (1961) reported that the risk of
CL(P) increased with maternal age but not birth order; the
risk of CP was not apparently affected by either factor.
Fraser and Calnan (1961) reported that for CLP patermnal age
was even more important than maternal age, the risk increas-
ing with the age of the father. Greene, Vermillion, Hay,
Gibbens, and Kerschbaum (1964) calculated observed to
expected ratios for cleft births from different parental
age groups and found that the ratio increased with both
maternal and paternal age for all cleft types except CL;
they noted that the paternal and maternal age effects
appeared to be independent. Hay (1967) also reported
independent parental age effects; in her study, all types

of clefts reported as single malformations showed a small



but consistent increase with paternal age, and clefts
reported with additional malformations showed a larger and
equally consistent increase with maternal age. For CL(P),
Woolf (1963) found that paternal age, not maternal age,
appeared to be of etiological importance. Thus, the general
impression is that the risk tends to increase with both
mother's age and father's age, the effect being most marked
for CLP.

Seasonal and Geographical Variation. Most of the

evidence for non-randomness of clefts with respect to season
or geographical location has been negative or at least
questionable. Fogh-Andersen (1942) in Denmark and Morton
et al. (1967) in Hawaii found no significant effect of urban
vs. rural residence. Drillien et al. (1966) noted no
significant seascnal variation.

In the county of Northumberland, England, Knox (1963a)
was able to detect some instability in the incidence of
clefts with respect to season and geographical area. In a
second series, however, he was unable to detect any similar
non-random distribution. In Birmingham, Edwards (1961)
found a significant seasonal trend with CL, but not CLP or
CP. The data of Fraser and Calnan (1961) also from England
showed no such trend for any cleft type. Silberg et al.
(1968) found significant seasonal variation for both CP and
CL(P) in Missouri, but this finding remains to be

substantiated.
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Socioeconomic Status. No significant differences were

detected among socioeconomic classes by Fogh-Andersen (1942),
Drillien et al. (1966), or Morton et al. (1967). In a study
of clefts in North American Negroes, however, Altemus (1966)
compared births at two hospitals and found that all cleft
types were more frequent in the hospital serving the
generally lower socioeconomic group.

Sex Distribution. Further evidence for the etiological

distinction between CL(P) and CP comes from the sex ratio
statistics. Table 1 presents the findings of a number of

the larger, more recent studies. There is in general a

clear excess of males with CL(P) and a clear but lesser excess
of females with CP. The only exceptions are in the Japanese
data for CL which show an overall sex ratio of about one-to-
one. A mnearly 1:1 sex ratio for CL had also been found by
other Japanese investigators (Tanaka, Fujino, Tashiro, and
Sanui, 1967; Kobayasi, 1958).

Knox (1963b) found sex ratio biases in certain groups
of relatives. He noted a general excess of males in the
paternal sibships of all cleft types, especially CP; the
effect was most pronounced in families of female probands.
He also found an excess of males in the maternal sibships
and among maternal cousins of CL probands. An excess of
females appeared in cousins through maternal aunts of female
CP and CL(P) probands. The overall sex ratio among cousins,

however, did not differ significantly from 1:1.



TABLE 1
SEX DISTRIBUTION

Total Number of Cases/% Male

Investigator Year Place cp CL CLP
Fogh-Andersen 1942 Denmark 127/33.9 138/65.2 360/71.4
Kobayési 1958 Japan 150/34.7 141/48.2 290/67.2
Fraser § Calnan 1961 England 152/45.4 79/67.1 142/67.6
Loretz et al. 1961 California 111/744.1 102/59.8 155/58.1
- Greene et al. 1964 United States 1270/47.5 1209/63.0 1972/65.1
Stevenson et al. 1966 International 97/41.2 139/61.9 268/64.6
Fujino et al. 1967 Japan 214/36.9 739/51.7 663/62.1
Hay 1967 United States 278/45.7 264/60.6 497/63.4
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Fraser-Roberts (1962) presented data which showed that
female CL(P) cases had relatively more male children than
male CL(P) cases had, and that male children of female CL(P)
cases appeared to be at especially high risk. The Japanese
data of Fujino, Tashiro, Sanui, and Tanaka (1967), however,
gave no evidence of similar tendencies.

Fertility. Possibly linked to the sex ratio disturbances
are the differences in fertility among cleft family types.
Knox (1963b) noted that the sibships and parental sibships
of CLP cases were generally larger than those of either CL
or CP. He also found that family fertility was related to
the sex of the probands. Among CL(P) families, fertility
appeared higher when the proband was female; but among CL
and CP families, fertility was lower when the proband was
female.

Twin Studies. Drillien et al. (1966) summarized the

twin data from Fogh-Andersen (1942), Metrakos, Metrakos, and
Baxter (1958), and Curtis and Walker (1960). For CL(P),
there was a relatively high proportion of monozygotic twins
who were concordant for the defect (10/24 = 41.7%), while

the proportion of dizygotic twins (5/76 = 7.0%) was only
slightly higher than the recurrence rate in regular sibs.

The corresponding proportions for monozygotic (1/11 = 8.3%)
and dizygotic (1/13 = 7.7%) twins with CP are unfortunately
based on smaller numbers, but the low monozygotic concordance

rate suggests that heredity plays a small role in the
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majority of such cases.

Family Studies. Fogh-Andersen (1942) found that clefts

among affected relatives tended to be of the same type as
that of the respective probands. In his study, the seven
best-recorded groups of relatives (parents, sibs, children,
grandparents, sibs of parents, children of sibs, and first

cousins) showed the following distributions:

Type of No. of Relatives with Total No. of
Proband No. CL CLP Cp Relatives
CL 138 13 10 1 v

17,327
CLP 360 47 76 6
Cp 205 1 3 55 7,562

The data sharply distinguishes between CL(P) and CP. The
two groups appear to be inherited independently of one
another. Within each group, there is a significant
familial tendency which suggests that the defects are
genetically predisposed.

Kobayasi (1958) in Japan, Woolf, Woolf, and Broadbent
(1963) in Utah, and Drillien et al. (1966) in Edinburgh have
reported findings in support of Fogh-Andersen. However,
Knox (1963b) noted that in some families CP may be
genetically related to CL(P). His findings of sex biases
in relatives and fertility differences among families imply
that the distinction between CP and CL(P) may be an over-
simplification.

Curtis, Fraser, and Warburton (1961) summarized the
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data from family studies in the Danish (Fogh-Andersen's) and
two Canadian populations. Empiric risks for sibs of cleft
probands were calculated using Weinberg's proband method.
The two main groups of clefts were treated separately. When
parents were unaffected, the risk was about 4% for CL(P);
among these families, no increase was noted when there were
other affected relatives. When the proband had an affected
parent, the risk in sibs increased to 16.7%. Sibs of CP
probands with unaffected parents showed a 1.7% risk when no
relatives were affected, and a 7.2% risk when relatives
other than parents were affected; the risk rose to 15.4%
when there was an affected parent.

Kobayasi (1958) estimated a segregation frequency from
his Japanese data of 2.9% for CL(P). Considering the higher
incidence of those clefts in the Japanese, it is noteworthy
that the risk appears to be higher in Caucasians. Kobayasi's
estimate of 1.9% for CP is in good agreement with the
Caucasian estimate.

Mode of Inheritance. The evidence for recessive

inheritance is inconclusive. Carter (1964) noted that
children of index patients were affected in almost the same
frequency as were sibs. This would not be expected under
recessive inheritance of a rare major gene. In addition,
Fogh-Andersen (1942) and Kobayasi (1958) reported no
significant inbreeding in their respective studies. However,

Orbeck and Giezendanner (1966) concluded that a single
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recessive gene with about 75% penetrance seemed to be
responsible for a number of cases of CL appearing in a small
isolated Norwegian community. Also, Tanaka et al. (1967) in
Japan reported an excess of first cousin marriages among
parents of CP cases, and noted that families with two or
more affected showed high consanguinity rates for CL(P) as
well as CP. While a recessive gene could account for some
of the observations, a multifactorial hypothesis would appear
to be more generally compatible.

On the basis of pedigree studies, major genes have been
considered responsible for some cleft defects (McKusick,
1966). In these cases, the defect is sometimes part of a
syndrome and may be genetically distinct from clefts appear-
ing as single malformations.

Clefts are sometimes noted in cases of certain gross
chromosomal abnormalities (Lenz, 1968), although evidence
indicates that most clefts do not appear to be associated
with such abnormalities (Muramoto, Aya and Sasaki 1966).

The frequency of clefts in cases of chromosomal abnormalities
varies with the chromosome involved and the type of
abnormality. This evidence suggests that many genetic
factors are at least indirectly responsible for clefts.

Enviropmental Factors. Greene (1963) reviewed the

evidence on the role of nutritional factors. In experimental
animals, hypervitaminosis A and deficiencies of riboflavin,

vitamin A, folic acid, pantothenic acid, vitamin E, and
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nicotinamide were found to produce clefts. Cleft palates
were produced in mouse embryos by injection of cortisone
(Chaudhry, Schwartz, Schwartz, and Schmutz, 1967),
triamcinolone (Walker, 1965), 5-fluorouracil (Dagg, Schlager,
and Doerr, 1966), meclizine hydrochloride (King, 1963), and
hydrocortisone, prednisolone, and dexamethasone (Pinsky and
DiGeorge, 1964). In the case of 5-fluorouracil, it was
concluded that the genetic mechanism underlying cleft palate
was polygenic, involving a minimum of three loci.
Thalidomide treatment also had produced an increased
incidence of clefts in mice (Szabo and Steelman, 1967), and
the effect has been implied in human data in which
thalidomide-caused malformations were associated with clefts
in 9 out of 1079 cases. The effects of diet and drugs in
early pregnancy may be significant in humans, but the

evidence comes mostly from experimental animals.



CHAPTER 1II
THE DATA

Hawaii presents a favorable situation for the study of
cleft defects. Interracial differences can be examined in
a fairly homogeneous environment. Both Caucasian and
Oriental races are well-represented in the population, and
interracial marriages are relatively common. The population
of the State is less than one million with the majority
concentrated in the Honolulu area. Except for military
families, the population is fairly static and well-defined
due to its geographical isolation. The level of medical
care is generally high, and virtually all cleft cases
receive medical attention at birth. Cleft cases which
undergo surgery are usually treated at one of the major
hospitals on Oahu, all of which granted us access to their
records.

Ascertainment. Individual cases of cleft lip and/or

cleft palate were ascertained through a number of sources.
In combination, these sources probably account for nearly
all of cleft cases born in Hawaii. Singly, no one source
would have provided adequate ascertainment for accurate
estimation of incidence. The specific sources of
ascertainment were:

1. 1live birth certificates

2. fetal and infant (up to one year of age) death

certificates
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3. Crippled Children Branch of the Hawaii State
Health Department
4. Children's Hospital
5. Kaiser Foundation Hospital
6. KXapiolani Maternity and Gynecological Hospital
7. Kuakini Hospital
8. Queen's Medical Center
9. St. Francis Hospital
10. Tripler U.S. Army Hospital
A total of more than 1200 probands were thus ascertained,
536 of which fit into our reference population of live births
defined by Morton et al. (1967) from birth certificates of
1948 through 1958 and extended through 1966 by Dr. Mi. This
reference population consists of children of racial mating
types in which each parent is of primary racial extraction
(Caucasian, Hawaiian, Chinese, Filipino, Japanese, Puerto
Rican, or Korean) or biracial extraction (a hybrid of any
two primary races) or part-Hawaiian (otherwise unspecified).
Each mating type in this diallele cross model will be referred
to as a racial group. Illegitimacies and groups with other
racial combinations were not included in the reference
population.
An attempt was made to find the birthdates and birth
certificate numbers of all probands born in Hawaii.
Illegitimacy, adoption, and other factors made it impossible

to obtain this information in some cases. The year of birth
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and birth certificate number provided the identification
necessary to link by computer the proband records with the
live birth file of the reference population. The file of
536 probands is the set of ascertained cases which could
thus be linked. This number does not include cases in which
the cleft was considered an integral part of a diagnosed
syndrome such as Pierre-Robin.

Table 2 gives the distribution of ascertainments by
source. Each of the 536 probands was ascertained through
one or more of the sources listed.

Certificates of live births proved to be the best
single source of ascertainment. 66.6% of the cleft probands
would have been accounted for by birth certificates alone.
This figure is similar to that found by Milham (1963) who
ascertained his cleft cases through birth certificates and
indexes of three hospitals. He reported that 72.8% of his
probands had clefts noted on their birth certificates. In
our study, birth certificates were especially effective in
ascertaining CLP. 80.7% of the CLP probands were ascertained
through that source. 1In contrast, only 49.7% of the CP
probands and 66.7% of the CL probands were found on birth
certificates. It is apparent that CP is often missed at
birth, being less obvious than either of the cleft lip
forms. CL is generally less severe than CLP and evidently
less noteworthy at birth. Meskin and Pruzansky (1967)

reached similar conclusions in their study of 460 cleft



NUMBER OF ASCERTAINMENTS BY SOURCE

TABLE 2

AMONG 1948-1966 PROBANDS
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CP CL CLP Total
Birth Certificates 97 72 188 357
Infant Death Certificates 20 3 18 41
Crippled Children Branch 106 49 134 289
Tripler Hospital 21 22 35 78
Kapiolani Hospital 38 25 48 111
Queen's Medical Center 51 28 83 162
Children's Hospital 57 32 99 188
Kuakini Hospital 8 3 11 22
Kaiser Foundation Hospital 8 5 1 14
St. Francis Hospital 33 12 59 104
Total Number of Probands 195 108 233 536
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patients. 86% of their 239 CLP cases had clefts recorded
on their birth certificates, while 65% of 54 CL cases and
52% of 167 CP cases were so recorded. They also noted that
the extent as well as the type of cleft affected the
probability of the cleft being recorded on the birth
certificate; the more severe the cleft, the more likely it
was to have been recorded.

Death certificates for infants up to one year of age
recorded 41 cleft cases. However, the probability of
ascertainment through death certificates was rather low;
the other sources disclosed the fact that at least 36
additional probands had died in infancy.

The Crippled Children Branch was the second largest
source of cases. It recorded the highest number of CP

ascertainments with 106, which is 54.3% of the 195 CP

o\

probands. The Crippled Children Branch also recorded 57.5
of the CLP probands, but only 45.4% of the CL probands.
Since cases are referred to the Branch principally for
financial aid in treatment, the figures probably reflect the
relative ease and lower cost of correction for clefts of the
lip compared to clefts of the palate.

The seven other sources are all hospitals in the
Honolulu area. Together they accounted for most of the
deliveries on Oahu, and nearly all of the cleft surgery in
the State. Cases were traced through diagnostic indexes at

each hospital except at Kapiolani, where the original
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medical charts were searched as part of previous studies.
(Morton et al., 1967; Chung et al., 1969).

Cleft Types. The relative numbers of each type of

cleft are noteworthy in comparison to the numbers found in
other studies (Table 3). Real differences may have existed
among the populations studied, but at least some of the
variation is no doubt due to differences among studies in
the relative probabilities of ascertaining each cleft type.
It has been noted above, for example, that CLP was much more
likely than CP to be noted on birth certificates, whereas
the two types were about equally likely to be ascertained
from the Crippled Children Branch.

Year of Birth. Table 4 gives the number of cleft

births by year for the nineteen year period under considera-
tion. The ascertainment of cases over this period was
expected to be fairly uniform and nearly complete. The
number of CP cases recorded in 1966, however, may be slightly
low due to the likelihood that not all such cases had been
noted in time for ascertainment.

| Sex. Table 5 gives the proband sex distribution for
each type of cleft. The proportion of males for CL ahd CLP
are remarkably similar, lending further justification for
treating the two types as one etiological class. The three
sex ratios are in good agreement with most of the figures
reported in the literature.

~Mortality. Table 6 presents mortality data for each



RELATIVE NUMBERS OF CLEFT TYPES

Fogh-Andersen (1942)
Kobayasi (1958)

Fraser § Calnan (1961)
Loretz et al. (1961)
Greene et al. (1964)
Hay (1967)

Present study

TABLE 3

% CP

20.3
25.8
40.7
30.2
28.5
26.8
36.4

% CL

22.1
24.3
21.2
27.7
27.2
25.4
20.1

% CLP

57.6
49.9
38.1
42.1
44.3
47.8
43.5

21



NUMBER AND FREQUENCY OF BIRTHS PER YEAR

TABLE 4

22

cp cL CLP Total No.
Year No./% No./% No.7% of Births
1948 7/.05 5/.04 15/.11 13,554
1949 11/.08 3/.02 8/.06 13,278
1950 7/.05 4/.03 15/.11 13,105
1951 11/.08 3/.02 14/.10 13,455
1952 10/.07 5/.03 11/.08 14,560
1953 8/.05 7/.05 10/.07 15,067
1954 15/.10 5/.03 8/.05 15,116
1955 13/.09 3/.02 11/.07 15,118
1956 10/.06 4/.03 8/.05 15,835
1957 16/.10 5/.03 177.11 15,696
1958 16/.10 9/.06 177.11 15,281
1959 10/.06 8/.05 20/.13 15,780
1960 8/.05 14/.09 10/.06 15,933
1961 13/.08 5/.03 10/.06 16,085
1962 11/.07 5/.03 8/.05 16,278
1963 7/.04 7/.04 10/.06 16,023
1964 8/.05 5/.03 17/.11 15,494
1965 9/.06 8/.06 7/.05 14,442
1966 5/.04 3/.02 17/.13 13,037
Sun 195/.07 108/.04 233/.08 283,137
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TABLE 5
SEX DISTRIBUTION OF CLEFT TYPES

Type No. Males % Male No. Females % Female
cp 82 42.1 113 57.9
CL 69 63.9 39 36.1
CLP 146 62.7 87 37.3
TABLE 6
NUMBER OF CLEFT PROBANDS WHO DIED IN INFANCY
Males Females Total

No. Born No. % No. Born No. % No.Born No. %
Type Alive Dead Dead Alive Dead Dead Alive Dead Dead

Cp 68 14 17 95 18 16 163 32 16
CL 65 4 6 . 33 6 15 98 10 9
CLP 127 19 13 71 16 18 198 35 15
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type of cleft and each sex. Among CP probands, death in
infancy appeared to be about equally likely in males and
females. Among CL and CLP probands, however, the female
infant death rate (17.5%) was somewhat higher than the male
rate (10.7%). This is interesting in view of the fact that
males outnumber females by nearly 2:1 among live-born CL(P)
probands. The distorted sex ratio has been thought to be
due to higher male susceptibility to clefts involving the
lip (Fogh-Andersen, 1942). The present finding suggests
that perhaps the distortion may be partly the result of a
higher fetal mortality rate among affected females.

Additional Malformations. In Table 7, probands are

grouped according to the number of additional malformations
they manifest. The actual malformations have not been
listed, and each additional malformation counted the same
no matter how severe. As noted before, cases in which the
cleft defect was part of a diagnosed syndrome are not
included.

In general, CP probands appeared to be subject to more
additional malformations than CL(P) probands. A CP defect
apparently is often part of a more generalized disorder.
Some of the CP probands, especialily those with three or
more additional malformations, may represent an admixture
of cases with undiagnosed syndromes due to chromosomal
abnormalities, maternal infection, or other causes. In the

majority of cases, however, the cleft palate seems to be the



NUMBER

No. of Additional
Malformations in
CP Probands

0
1l or 2

3 or more

No. of Additional
Malformations in
CL Probands

0
1l or 2

3 or more

No. of Additional
Malformations in
CLP Probands

0
1 or 2

3 or more

TABLE 7

OF ADDITIONAL MALFORMATIONS

IN CLEFT PROBANDS

Males
46 56
28 34
g8 10
66 92
3 4
3 4
99 68
33 23
14 9

Females
No. 3
82 72
19 17
12 11
33 84
3 8
3 8
69 79
14 16
4 5

25

Total
No. &
128 66
47 24
20 10
99 90
6 5

6 5
168 72
47 20
18 8
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primary defect involved.

In view of the higher female infant death rate among
CL(P) probands, it is interesting to note that female
probands appear to have fewer additonal malformations than
males. Females also seem to have a lower CLP to CL ratio
than males. Only live births are being considered here,
however, and a study of CL(P) among fetal deaths is needed
to clarify the situation regarding sex ratio and mortality.

Laterality. Table 8 gives the distribution of side

affected among probands with cleft lips. The cleft was

more frequently on the left side (60%) among unilateral CL(P)
cases, Bilateral clefts were relatively few among CL pro-
bands (5.6%) compared to CLP probands (28.8%). Differences
between sexes appeared slight.

Caucasian vs. Japanese Probands. In the set of 536

probands, there were 109 from Caucasian by Caucasian matings
and 167 from Japanese by Japanese. The relative numbers of
each cleft type were quite similar in the two racial groups
(Table 9). Among CL(P) probands, however, the proportion

of CLP defects was higher, though not significantly in
Japanese than in Caucasians. This finding would be expected
under a multifactorial model such as Falconer's (1965) if it
can be assumed that CLP is generally more severe than CL and
that severity increases with liability and that indeed the
Japanese do have a generally higher 1liability to CL(P) than

Caucasians.



LATERALITY

Side Affected

Left only

Right only

Unilateral (unspecified)
Bilateral

Unknown

TABLE 8

OF CLEFTS OF THE LIP

Males Females

CL

Males Females

CLP

36
19
3

22

N S

50
32

5
43
16

27
17

5
24
14

27
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TABLE 9

DISTRIBUTION OF CLEFT TYPES IN
CAUCASIAN AND JAPANESE PROBANDS

Race No. CP % CP No. CL % CL No. CLP % CLP
Caucasian 33 30.6 29 26.8 46 42.6
Japanese 44 26.3 40 24,0 83 49.7
TABLE 10
DISTRIBUTION OF SEX
IN CAUCASIAN AND JAPANESE PROBANDS
Cleft
Type Race No. Males % Males No. Females % Females
Cp Caucasian 18 54.5 15 45.5
Cp Japanese 20 45.5 24 54.5
CL Caucasian 17 58.6 12 41.4
CL Japanese 25 62.5 15 37.5
CLP Caucasian 38 82.6 8 17.4

CLP Japanese 45 54,2 38 45.8
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Table 10 presents the sex distributions by cleft type
and race. The only significant difference between the two
races was in CLP, with Caucasians having a somewhat higher
proportion of males. Under a multifactorial hypothesis,
this finding would suggest that the difference in CLP
liability between males and females is greater in Caucasians
than in Japanese. However, no significant racial difference
was found in the sex ratios for CL, which showed excesses of
males in both races, contrary to the reports of a 1:1 ratio

in Japanese.



CHAPTER III
THE ANALYSIS OF ASCERTAINMENT

A proband is defined as an affected individual who has
been ascertained through one or more sources, not imcluding
family studies. The probability of ascertainment = is the
probability that an affected individual in the base popula-
tion be a proband. Clearly, 7 is of crucial importance in
estimating the incidence of rare conditions which do not
lend themselves readily to random-sample surveys. |

The purpose of studying = is to account for biases in
the ascertainment of cases which may disturb the estimation
of incidence. Two types of bias need be considered. The
first type is due to incomplete ascertainment and wq?ld lead
to an underestimate of incidence. In order to correct for
this bias, = must be accurately estimated and properly
accounted for. The second type of bias involving = arises
from circumstances which make members of one group more or
less ascertainable than members of another group. Such
differences would lead to erroneous relative incidences and
would make comparisons between groups of questionable value.
The basic method for controlling this possible source of
bias comes from Morton et al. (1967), and is described below.

Analysis of © provides a means of estimating thg number
of affected individuals in the reference population who were
not ascertained. In general, where N, is the number of

P
probands and N, the total number of affected in the
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population, N, may be estimated by Np/n, and the number of
cases not ascertained is then given by Na'Np'
of the incidence corrected for incomplete ascertainment

An estimate

would then be given by Na divided by the total number of
individuals in the reference population.

Estimation of n. In order to estimate 7, the number

(t) of ascertainments per proband was recorded. The
truncated Skellam density has been used to describe the
distribution of t among probands (Morton et al., 1967). The
model assumes that there is a maximum of T sources through
which any given case may be ascertained. The complete
Skellam density is given by
(t+m) (T-t+ z)
f (t) = 1iT+m-i- zzi)t
T

Where m and z are parameters to be estimated and t can take
values from zero to T. Since f(0) represents the probability
that a case has no aséertainments (that is, that he not be a
proband), © is given by 1-f(0). From this it follows that
the probability of t ascertainments per proband is given by

the conditional density

£(t|0<tsT) = i

which is the Skellam with the first term, £(0), truncated.
The likelihood equation for each set of observations was
based on this density function, and a maximum likelihood

iterative method was used to obtain estimates of m and 2z



32
from which » could be estimated by
(%)
R G ]
The complete method is outlined in Morton et al. (1967).

The distribution of the number of ascertainments per
proband is presented in Table 11. Estimates of = were based
on T=5. The estimate of # for CP cases born during the
period 1948 through 1966 was .93, which would indicate that
the 195 CP probands represented about 93% of the actual
number of such cases born in Hawaii. In comparison, the
estimate of 7 for CL(P) cases in the same period was .97.
Thus, it appears that CL(P) cases were in general more likely
to be ascertained than CP cases. CL(P) obviously is more
readily noted than CP, especially at birth, and this may well
account for the fact that CL(P) probands on the average had
2.72 ascertainments each, while CP probands averaged 2.25
ascertainments. This, of course, is reflected in the higher
estimate of n obtained for CL(P) cases.

Analysis of ug/kyyp. The estimates of n from the

truncated Skellam were used in the incidence analysis to
correct for biases in ascertainment by the method given in
Morton et al. (1967). Letting u; and k;, be the maximum
likelihood score and information based on a truncated
Poisson distribution (Morton, 1962; Morton et al., 1967),

a dependent variable was defined as



TABLE 11

DISTRIBUTION OF NUMBER OF ASCERTAINMENTS PER PROBAND

Type of Cleft

CP observed

expected*

CL(P) observed

expected*

Number of Ascertainments

Total No. Estimate®
1 2 3 4 S 6 7 of Probands of =
48 75 52 15 5 0 0 195
50.0 71.1 51.7 19.2 2.9 0 0 .93
41 120 98 62 17 2 1 341
48.8 100.3 110.4 65.1 16.4 0 0 .97

*0n the basis of the truncated Skellam distribution.

¢e
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u, (1-7)In(l-w) . 72(1-1) t
Kpg = In(l-7) + a[1l-1In(l-n)] In(1-w)+v[1-1In(1l-w)]

taking 7=.93 for CP probands, and 7=.97 for CL(P) probands.

Treating the two groups of probands separately, u;/K;;
was analyzed by stepwise multiple regression on demographical
and racial variables. The final regression, Aﬁgbixi, on the
n significant variables was used to correct for the effects
of those variables on the ascertainment probability by
assigning to each prchband an individually adjusted value of
m given by n+A+gbiXi. X; represents the ith significant
variable, b; its partial regression coefficient, and A the
regression intercept. Since u /k__ is directly proportional
to the number of ascertainments, the model in effect assumes
that those probands with more ascertainments are likely to
be representative of more readily ascertainable cases.

Thus, the degree and direction of association between the
significant variables and 7 are indicated by the partial
regression coefficients.

The stepwise procedure for analyzing u /%, . was the
following. First, the demographical variables were con-
sidered, and a complete multiple regression on all such
variables was performed using the cumulative sums of squares
and products within racial groups. From this complete model,
the variable which, when eliminated, would make the smallest
reduction in the sum of squares due to regression was
selected for exclusion from the next step. In actuality,

the "t" test statistic was calculated for each partial
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regression coefficient, and the variable having the lowest
absolute value of '"'t" was deleted. This procedure was
repeated until the value of |t| was greater than 1.96 for the
coefficient of each variable still in the model. The racial
variables were then tested using the sums of squares and
products among groups. After forcing the significant demo-
graphical variables into the regression model, each racial
variable was tested individually, again taking |t|>1.96 as
the criterion for significance.

This stepwise method was applied to CP and CL(P)
separately, using only probands from the 1948 through 1966
reference population. Since none of the racial variables
were found to be significant, the final regressions of
Uyp/kyy on the significant demographical variables were
based on the sums of squares and products within groups.

The demographical variables used in the regression of
uy/kyy are based on the definitions given in Table 12. The
racial variables are derived f;gm Morton et al. (1967) and
are presented in Tables 13 and 14.

The effects of demographical variables on the ascertain-
ment probabilities of CP and CL(P) are presented in Table 15.
The numbers followed by asterisks are partial regression
coefficients of the significant variables selected by the
stepwise procedure.

For CP, » was found to be significantly related to

military service and multiple malformations. Affected
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TABLE 12

DEMOGRAPHICAL VARIABLES

Variable
Year
Paternal age
Maternal age

Birth order

Father's occupation
Military service

Infant death

Additional malformations
Multiple malformations

Cleft palate

Description

year of birth - 1948
father's age in years
mother's age in years

number of previous preg-
nancies + 1

high status = 1, medium = 2,
low = 3

father in active service =1,
otherwise = 0

postnatal death in first
year = 1, otherwise = 0

one or more additional malfor-
mations = 1, none = 0

three or more additional
malformations = 1, none = 0

present = 1, absent = 0



Variable
Pacific mother
Oriental mother
Hawaiian mother
Chinese mother
Filipino mother
Japanese mother
Korean mother

Puerto Rican mother

Pacific parent
Oriental parent
Hawaiian parent
Chinese parent
Filipino parent
Japanese parent
Korean parent

Puerto Rican parent

TABLE 13
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RACIAL VARIABLES

Proportion
Proportion
Proportion
Proportion
Proportion
Proportion
Proportion

Proportion

Proportion
Proportion
Proportion
Proportion
Proportion
Proportion
Proportion

Proportion

of
of
of
of
of
of
of
of

of
of
of
of
of
of
of
of

Description

Pacific* races in mother
Oriental*#* in mother
Hawaiian in mother
Chinese in mother
Filipino in mother
Japanese in mother
Korean in mother

Puerto Rican in mother

Pacific* races in parents
Oriental** in parents
Hawaiian in parents
Chinese in parents
Filipino in parents
Japanese in parents
Korean in parents

Puerto Rican in parents

*Includes Hawaiian, Chinese, Filipino, Japanese, and Korean.

**Includes Chinese, Filipino, Japanese, and Korean.
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TABLE 14
RACIAL HYBRIDITY VARIABLES

Variable Description

Major
Minor
Major
Minor
Major

Minor

maternal hybridity 4(Imj)(Znj)

maternal hybridity 4(Emimj+2ninj), i#j
recombination 2(Zmy) (Znz) + 2(zpy)(Zqy)
recombination 2(zmimj+Zninj+zpipj+2qiqj), i#3
hybridity of child  (zp;)(Zn;) + (Im;)(Zq;)

hybridity of child Ipimy *+ IqQjnj, i#)

where p

Atlantic

Pacific

; = proportion of ith Atlantic race in father

proportion of itP Atlantic race in mother

=
"

i
93

.
1

proportion of ith pacific race in father

proportion of ith pacific race in mother

Caucasian and Puerto Rican

Hawaiian, Chinese, Filipino, Japanese, and Korean
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EFFECTS OF DEMOGRAPHICAL VARIABLES ON u./K; .

Variable

Year

Year?

Year3

Paternal age

(Paternal age)2

Maternal age

(Maternal _age)2

Birth order

(Birth order)2

Paternal age x Maternal age
Paternal age x Birth order
Maternal age x Birth order
Father's occupation
(Father's occupation)2
Military service
Additional malformations

Multiple malformations

n.s.

CL(P)
n.s.
-.41500x10" 4%
n.s.

-.55092x10 3%

n.s.

-.47488x10 1% -, 26879x10 l##=

n.s.

.59198x10 1%

.12831x10 1#=%
n.S.

-.28495x10 Lxxx

Infant death n.s.

Cleft palate n.t. .18403x10" 1xx=
Intercept -.04756 -.01301
Total degrees of freedom 137 275

n.s. - not significant
n.t. - not tested
* - P<,05 %% - P<,01

#%% - P<,001
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children born to fathers in active military service had a
slightly lower probability of being ascertained compared to
non-military children. The high mobility of military
families probably accounted for much of this effect; a
military child may leave Hawaii fairly soon after birth,
limiting the possible sources of ascertainment to perhaps
one or two. The fact that most military births in Hawaii
were delivered and treated at Tripler Hospital also limited
the number of sources. Multiple malformations apparently
had the effect of increasing the probability of ascertain-
ment. One reason for this effect may be that a child who
presented a number of malformations would likely undergo
close examination at birth for additional defects including
oral clefts. Such a child would also be likely to require
extensive treatment and would thus expose himself to a
number of possible sources of ascertainment.

The ascertainment probability of CL(P) appeared to be
influenced by a number of demographical variables. The
effect of year-squared indicated that there was a slight
decline in the ascertainment probability of CL(P) births in
the more recent years covered by this analysis. The effect
of paternal age also indicated a decline, with older fathers
tending to reduce the chances of ascertainment. The reasons
for these two effects are not clear, especially since neither
effect was found in the CP data. However, military service

again showed a negative relationship with ascertainment.
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And the presence of additional malformations apparently
increased the chances of ascertainment, just as multiple
malformations did for CP. In addition, infant death had a
significant negative effect; such early death was likely to
limit the number of possible sources of ascertainment.
Finally, the presence of a palatal cleft associated with
the cleft lip significantly increased the probability of
ascertainment. Such CLP cases were likely to be more
remarkable at birth and to require more extensive treatment
than CL cases.

It is noteworthy that the individual effects of these
demographical variables on u,/k., are rather small in magni-
tude. Furthermore, as Table 16 shows, the stepwise
regression of u“/kn" on the racial variables (after includ-
ing the significant demographical variables in the
regression model) failed to disclose any significant racial
effect on n for either CP or CL(P). Hopefully, these
findings allow us to place some confidence in the correction

procedure for = used in our analysis of racial incidences.



EFFECTS OF RACIAL VARIABLES ON u,/k;.

TABLE 16
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Variable Cp CL(P)
Oriental mother n.s n.s
Hawaiian mother n.s. n.s.
Chinese mother n.s. n.s.
Filipino mother n.s. n.s.
Japanese mother n.s. n.s.
Korean mother n.s n.s.
Puerto Rican mother n.s. n.s.
Oriental parent n.s n.s.
Hawaiian parent n.s. n.s
Chinese parent n.s. n.s.
Filipino parent n.s. n.s.
Japanese parent n.s. n.s.
Korean parent n.s. n.s.
Puerto Rican parent n.s. n.s.
Major maternal hybridity n.s. n.s.
Minor maternal hybridity n.s. n.s.
Major recombination n.s. n.s.
Minor recombination n.s. n.s
Major hybridity of child n.s. n.s.
Minor hybridity of child n.s. n.s.
Total degrees of freedom 57 64

n.s. - not significant



CHAPTER IV
THE ANALYSIS OF INCIDENCE

Estimation of Incidence

The results of the preceding section allow us to make
estimates of incidence correcied for biases of incomplete
and variable ascertainment. Considering only one cleft type

at a time, we define a variable

Y = ?TKT%B;YI for each proband of that cleft type
=0 for all others in the reference
population,
where 5 is estimated from the truncated Skellam model and
"A+rb;X;" is calculated individually for each proband from
the final regression of u, /k;,. Thus, a given proband in
effect represents Y cases of that cleft type, and we may
estimate the number of cases of that type in the general
population by :£Y, and the incidence by Y. Similarly, the
estimated number of cases and incidence in any subpopulation
is given by the sum and mean of Y for that subpopulation.
Table 17 gives the estimated incidences of each cleft
type for the unmixed racial groups and all other groups of
1000 or more individuals. The observed estimates were
based on the actual numbers of probands ascertained. The
corrected estimates were calculated by the method given
above.

Incidence of CP

The estimated overall incidence of CP in the reference



TABLE 17

OBSERVED AND ESTIMATED INCIDENCES OF CLEFTS IN HAWAII FROM 1948-1966

Racial Group (father x mother)

Caucasian
Caucasian
Caucasian
Caucasian
Caucasian

Caucasian

x Caucasian

X Part-Hawaiian

x Filipino

x Japanese

x Caucasian-Hawaiian

x Hawaiian-Chinese

Hawaiian x Hawaiian

Hawaiian x Part-Hawaiian

Part-Hawaiian x Caucasian

Part-Hawaiian x Hawaiian

Part-Hawaiian x Part-Hawaiian

Part-Hawaiian x Chinese

Part-Hawaiian x Japanese

PER 1000 LIVE BIRTHS

Total

Births

77,013
5,727
1,935
4,782
2,533
1,221
1,503
1,637
2,634
1,123

11,806
1,031
1,813

Ccp
Obs  Est
.43 .50
.35 .40
0 0
.42 .47
.79 .89
1.64 1.85
.67 .75
1.22 1.38
.76 .81
2.67 2.96
1.19 1.34
0 0
.55 .62

CL CLP
.38 41 .60 .64
0 0 0 0
1.03 1.10 0 0
42 .45 .21 .23
0 0 .39 .43
0 O 0 0
0 0 .67 .70
0 0 .01 .63
0 0 .76 .80
0 0 0 0
.17 .18 42 .44
.97 1.05 0 0
0 0 1.65 1.74

1A%



TABLE 17. (Continued) OBSERVED AND ESTIMATED INCIDENCES OF CLEFTS IN HAWAII FROM 1948-1966

Total CP CL CLP
Racial Group Births Obs Est Obs Est Obs Est
Part-Hawaiian x Caucasian-

Hawaiian 1,353 1.48 1.67 0 0 2.22 2.36
Chinese x Chinese 9,613 .62 .71 42 .44 .83 .87
Chinese x Part-Hawaiian . 1,095 0 0 0 0 0 0
Chinese x Japanese 1,886 0 0 0 0 .53 .56
Filipino x Caucasian 1,346 1.49 1.73 1.49 1.60 .74 .77
Filipino x Part-Hawaiian 2,836 .71 .80 0 0 1.06 1.12
Filipino x Filipino 20,320 .79 .89 .34 .37 1.13 1.19
Filipino x Japanese 1,458 0 0 0 0 3.43 3.65
Japanese x Caucasian 1,303 1.53 1.73 0 0 1.53 1.64
Japanese x Part-Hawaiian 1,552 .64 .73 0 0 1.29 1.35
Japanese x Japanese 67,608 .65 .74 .59 .63 1.23 1.29
Korean x Korean 987 1.01 1.15 0 0 0 0
Puerto Rican x Puerto Rican 3,436 0 0 .29 .31 .87 .92
Caucasian-Hawaiian x Caucasian 1,601 .62 .66 0 0 .62 .65

Caucasian-Hawaiian x Part-
Hawaiian 1,612 1.24 1.40 0 0 .62 .66

Sy



TABLE 17. (Continued) OBSERVED AND ESTIMATED INCIDENCES OF CLEFTS IN HAWAII FROM 1948-1966

Total CP CL CLP
Racial Group Births Obs “Est Obs Est Obs Est
Caucasian-Hawaiian x Caucasian-

Hawaiian 3,222 .93 1.07 .31 .33 0 0
Caucasian-Hawaiian x Hawaiian-

Chinese 1,391 3.59 4,06 0 0 2.88 3.05
Hawaiian-Chinese x Part-Hawaiian 1,156 1.73 1.96 0 0 0 0
Hawaiian-Chinese x Caucasian-

Hawaiian 1,318 .76 .86 0 0 0 0
Hawaiian-Chinese x Hawaiian-

Chinese 1,304 1.53 1.68 0 0 0 0
Total reference population 282,981 .69 .78 .38 .41 .82 .87

oy
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population was .78 per 1000 live births. This figure is
generally higher than previous estimates reported in the
literature. Even without correcting for incomplete ascertain-
ment, the incidence in Hawaii was found to be a relatively
high .69 (195 ascertained cases in a total population of
282,981 live births). This excess can most easily be
ascribed to differences in ascertainment probabilities among
studies. The use of multiple sources of ascertainment in
this study probably provided more complete ascertainment of
cases than the methods used in some other studies.

The relatively high incidence of CP in Hawaii may also
be due in part to the racial composition of the population.
Although previous reports by Kobayasi (1958), Stevenson et
al. (1966), and Morton et al. (1967) failed to disclose
significant differences between Caucasians and Orientals,
Neel (1958) reported that CP appeared to be more common in
Japanese than in Caucasians. In the present study, there
appears to be a higher frequency of CP in the Pacific racial
groups, especially those with Hawaiian ancestry, than in the
Atlantic groups of Caucasians and Puerto Ricans. The
estimated incidence in offspring of Caucasian x Caucasian
matings was only .50 per 1000 live births. On the other
hand, many of the Hawaiian mixtures had frequencies in
excess of one per thousand. Morton et al. (1967) had
previously noted this Hawaiian effect in relation to Part-

Hawaiian incrossing (Part-Hawaiian is a somewhat hetero-

geneous racial classification; as a group it represents a
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mixture of about 1/2 Hawaiian, 1/4 Caucasian, and 1/4
Oriental, mostly Chinese).

As noted above, the estimated incidence of CP in
Caucasians was .50 per 1000 live births. Other studies,
especially those which based ascertainment solely on birth
certificates or other birth records, have usually produced
somewhat lower estimates. On the basis of birth certificate
ascertainments alone, we would have grossly underestimated
the incidence of CP at .23 per 1000 in Caucasians. Taking
into account the probable differences in ascertainment among
studies, .5 appears to be a reasonable estimate of the actual
incidence of CP in many Caucasian populations.

The estimated incidence of CP in offspring of Japanese
X Japanese matings was .74 per 1000 live births. This
figure is higher than those reported for Japanese populations
in Japan (Kobayasi, 1958; Neel, 1958). The estimate of .55
from Neel's Japanese data is probably the most accurate
indication of the actual incidence in Japan, and it is
fairly close to our uncorrected estimate of .65 for Japanese
in Hawaii. These values must be considered minimum estimates,
however, since complete ascertainment was unlikely in either
study.

The other Oriental incrosses of Chinese x Chinese,
Filipino x Filipino, and Korean x Korean also produced
higher estimated incidences of CP than Caucasian x Caucasian

matings. The pooled estimate of incidence for the Chinese,
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Filipino, and Korean groups was .84 per 1000. The estimated
incidence in Chinese (.71) was found to be very close to that
in Japanese (.74), while the incidence in Filipinos (.89) was
somewhat higher. The Korean estimate was based on only one
CP case in less than a thousand births.

The Part-Hawaiian x Part-Hawaiian mating type produced
a relatively high frequency of CP probands. The estimated
incidence based on 11,806 live births was 1.34 cases per
1000, The 1,503 offspring of pure Hawaiian matings included
only one CP proband, bﬁt nevertheless there is evidence that
high risk is associated with Hawaiian ancestry per se. An
inspection of Table 17 will show that whenever both parents
were of some Hawaiian ancestry, the incidence was on the
order of one or more CP births per thousand live births.
Where only one parent was of Hawaiian ancestry, the incidence
was somewhat lower. In the 8,361 Caucasian x Part-Hawaiian
and Part-Hawaiian x Caucasian offspring, for example, the
estimated incidence of CP was only .53. This is virtually
the same as the estimated incidence in the pure Caucasian
_group.

Incidence of CL(P).

The overall estimate of incidenée for CL was .41 and for
CLP was .87 per 1000 live births. In general, ascertaimnment
of CL(P), especially CLP, among live births can be expected
to be fairly complete in most studies, and comparisons can

thus be made with some measure of confidence. It has been
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noted by other investigators that the incidence of CL(P) is
higher in Orientals than in Caucasians. This assertion is
sﬁpported by the relative racial incidences found in Hawaii.
The total estimated incidence of CL(P) was 1.28 per 1000,
which seems fairly low considering the large proportion of
Orientals in the population. Chung and Myrianthopoulos (1968),
for example, reported an incidence of 1.34 in their series of
16,385 carefully examined Caucasian births which, however,
included some fetal deaths. Nevertheless, within this study,
we did find that Orientals in general had higher incidences
of CL(P) than Caucasians.

The estimated incidence in Caucasian x Caucasian off-
spring was .41 for CL and .64 for CLP. An incidence of
about one CL(P) per 1000 is considered average for Caucasian
populations (Chung, in press).

Of the seven pure racial incrosses, the Japanese x
Japanese mating type produced the highest frequencies of CL
(.63) and CLP (1.29). The combined estimate of 1.92 for
CL(P) is similar to that reported in Japan (Kobayasi, 1958;
Neel, 1958).

The estimated incidence of CL(P) was 1.31 in offspring
of Chinese x Chinese matings and 1.57 in offspring of
Filipino x Filipino. There was no CL(P) case ascertained
among the 987 Korean x Korean offspring. The difference
between Chinese and Japanese incidences was greater than

that between Caucasian and Chinese. Thus there appears to
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be some variation among the Oriental races themselves.

In contrast to their high incidence of CP, Part-
Hawaiian x Part-Hawaiian offspring had one of the lowest
estimated incidences of CL(P). Only two CL cases and five
CLP cases were recorded among the 11,806 Part-Hawaiian x
Part-Hawaiian births; estimated incidences were .18 for CL
and .44 for CLP.

CL alone varied relatively little among the large
racial groups. Only the Japanese incidence of .63 was
notably higher than the Caucasian incidence of .41. The
Filipino incidence of CL was actually estimated to be slightly
lower than that for Caucasians. Most of the variation was
in CLP which occurred twice as frequently in Japanese as in
Caucasians. The Chinese and Filipino groups were inter-
mediate.

Effects of Demographical Factors on Incidence

We have seen that there appear to be definite differences
in the incidence of clefts among racial groups. It is not
clear whether or not these differences are due to genetic or
non-genetic racial differences. In order to study the effect
of the genetic component of race on incidence, it was
necessary first to evaluate the effects of non-genetic
factors on the incidence. In this effort we were limited
to those variables which were available for measurement.

They included year of birth, paternal and maternal age,

birth order, and father's occupation and military status.



52
The relationships of these variables with cleft defects are
of interest in themselves, but we were primarily concerned
here with being able to extricate the possible effects of
these factors from the effects of genetic racial factors.
The methods of multiple regression were used in the
analysis of demographical and racial factors. The dependent

variable was defined as

Y = ;;K;%BEXE- for a proband of a given cleft type
=0 for all other individuals in the
reference population.

A separate Y was defined for each cleft type, and we dis-
tinguish each Y by subscript: Ysp and YCL(P)' Each
individual in the reference population was thus described by
two Y scores in addition to his values for the demographical
and racial variables.

In the regression analysis of each cleft type, we
attempted to determine which of the demographical variables
were significantly associated with incidence. This was done
by a stepwise multiple regression procedure which success-
ively picks out individual variables which account for the
largest additional sum of squares due to regression. The
selection procedure terminates when no remaining variable
is able to produce a significant reduction in the residual
sum of squares. Some higher degree and interaction terms
were also tested in the stepwise process.

In order not to confound the possible genetic effects
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of racial variation with possible non-genetic effects, these
regressions were carried out within individual racial groups.
The two largest groups from the 1948-1966 reference popula-
tion were used. The first set of regressions was based on
77,013 offspring of Caucasian x Caucasian matings. The
second set was based on 67,608 offspring of Japanese x
Japanese matings. These two pure racial groups comprise
about one-half of the total reference populatica. The
results of the stepwise regressions are presented in Tables
18 and 19.

Year of Birth

Since the time of his early studies, Fogh-Andersen
(1966) has noted an apparent increase in the frequency of
clefts in Denmark. We have attempted here to determine
whether or not the incidence of clefts is changing in Hawaii.
To do this, we regressed Ycp and YCL(P) on year of birth.
The results indicated that neither CP nor CL(P) increased or
decreased significantly over the nineteen year period (1948-
1966) covered by this analysis. Year of birth was'not |
significant in either the Caucasian group or the Japanese
~group. Non-linear variation of incidence over the years as
tested by (year of birth)2 and (year of birth)3 was also not
significant.

Parental Age

The paternal age and maternal age variables did not

disclose any significant linear relationship between CP or



TABLE 18. STEPWISE REGRESSIONS

54

OF Y.y AND Y ON THE DEMOGRAPHICAL VARIABLES
CP "in FhEPRA

UCASIAN RACIAL GROUP

Regression Coefficients

Variables ZQB WXQLLB)
Year n.s n.s.
(Year)2 n.s n.s
(Year)3 n.s n.s.
Father's age n.s. n.s.
(Father's age)2 n.s. n.s
Mother's age n.s. n.s
(Mother's age)2 n.s. n.s.
Father's occupation n.s. n.s.
(Father's occupation)2 .1181x10 3% n.s.
Military status n.s n.s.
Birth order n.s. n.s.
(Birth order)2 n.s n.s.
(Father's age)x(Mother's age) n.s. n.s
(Father's age)x(Birth order) n.s. n.s.
(Father's age)x(Father's occupation) n.s. n.s.
(Mother's age)x(Birth order) n.s. n.s

n.s. - not significant

* significant (P<.05)



TABLE 19.

STEPWISE REGRESSIONS OF Y
ON THE DEMOGRAPHICAL

55

AND Y

CpP CL(P)

VARIABLES IN THE JAPANESE RACIAL GROUP

Regression Coefficients

Variables IQB EEELEJ
Year n.s. n.s
(Year)Z n.s. n.s.
(Year)3 n.s. n.s.
Father's age n.s. n.s.
(Father's _age)2 n.s. n.s.
Mother's age n.s. n.s.
(Mother's age)2 n.s. n.s
Father's occupation n.s. n.s.
(Father's occupation)2 n.s. n.s.
Military Status n.s. n.s.
Birth order n.s. n.s.
(Birth order)2 n.s. n.s
(Father's age)x(Mother's age) n.s. n.s.
(Father's age)x(Birth order) n.s. n.s.
(Father's age)x(Father's occupation) n.s. n.s.
(Mother's age)x(Birth order) n.s. n.s.
n.s. - not significant
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CL(P) births and age of either parent. Second degree age
terms were used to test for possible non-linear relation-
ships but all parental age variables were non-significant.
It should be emphasized that these findings were based on
separate within-group analyses of Caucasian and Japanese
births, since parental age would be confounded with racial
effects in the general population. The mean ages of parents
of probands in the Caucasian and Japanese groups were very
close to their respective group means (Table 20). A previous
study of clefts in Hawaii by Morton et al. (1967) also
failed to uncover any maternal age effect for either CP or

CL(P) in the general population.

Birth Order. Within-group regressions of YCP and YCL(P)
on birth order and (birth order)2 were not significant in
Caucasians or Japanese, although there was a comnsistent
tendency for incidences of both CP and CL(P) to increase with
birth order. Mean birth orders of probands were slightly
higher than their respective racial group means in both the
Caucasian and Japanese data (Table 20).

Father's Occupation. In the Caucasian group, the re-

gression of Ysop on occupation squared was significant
(P<.05); there appeared to be a higher incidence of CP cases
in the lowest occupational class. However, no comparable
effect of occupation was noted in the Japanese group.

Because of this inconsistency, no attempt was made to correct

for occupational differences among races. Regressions of



TABLE 20

MEANS OF DEMOGRAPHICAL VARIABLES

Caucasian Japanese

CP CL(P) All CP CL(P) All
Variable probands probands births probands probands births
Year 9.70 10.60 9.85 8.32 8.02 8.05
Paternal age 29.06 28.19 28.37 32.23 32.57 31.76
Maternal age 25.52 26.24 25.77 29.00 28.67 28.42
Birth order 1.94 1.71 1.57 1.59 1.59 1.50
Father's occupation 2.09 1.89 1.93 1.93 1.83 1.92
Military service .64 .76 .69 .05 .02 .04
Number of births 33 75 77,013 44 123 67,608

LS
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YCL(P) on occupation were not significant in either racial

group.

Military Service. Regressions of YCP and YCL(P) on
military service were not significant in either Caucasians
or Japanese.

Interactions. No significant interactions were found

in either set of regressions.

Discussion of Effects of Demographical Factors. These

results make it clear that there are likely to be only
minimal or inconsistent effects, if any, of paternal age,
maternal age, birth order, father's occupation, or military
service on the incidence of clefts in the general population
in Hawaii. The effects of these factors would probably not
alter the relative incidences of clefts among racial groups
to any significant extent. Although father's occupation

was significantly related to CP in the Caucasian group, it
was clearly not significant in the Japanese. This
inconsistency casts doubt on the actual significance of
occupational class and, for our purposes, makes it doubtful
if any attempt to correct for class differences among races
would be valid. In summary, it appears unlikely that racial
effects would be seriously confounded with any of the
demographic factors we have studied.

Effects of Racial Factors on Incidence

In order to examine more critically the apparent racial

differences in incidence, we define as before a dependent
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variable Y for each cleft type such that:

Y

?TK?%E;K; for a proband of a given cleft type
=0 for all other individuals in the
reference population.
Yep is thus defined for CP, and Ycp(p) for CL(P).

The results of the preceding section indicated that the
effects of racial factors were not likely to be seriously
confounded with the effects of paternal age, maternal age,
birth order, and father's occupational and military status.
Therefore, the regressions of Y on the racial variables did
not include any demographical variables.

The first set of regressions in this analysis of racial
factors tested the parental racial variables. The second
set, in which the parental variables were preforced, tested
the maternal racial variables. Finally, the remaining racial
variables were tested also with the parental but not the
maternal variables preforced. The significance of a racial
variable was judged by the t value calculated for its partial
regression coefficient. The regressions were based on
282,981 individual records.

Parental Racial Variables (Table 13). The parental

racial variables measure the proportions of the various races
in the child's ancestry. To a large extent, the effect of
such variables on the incidence of clefts may be due to
~genetic differences among races. If this is the case, then

we might expect that the incidence of clefts in any biracial
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~group would be intermediate between the two parental races.
Taking the incidence in pure Caucasian offspring as a base,
the regression of Y on the parental racial variables indicates
in which direction and to what degree the incidence changes
with increasing proportions of each parental race. Under a
multifactorial hypothesis, the change should be nearly

linear.

The Pacific variable allows comparisons among the
Pacific races, and is based on the Hawaiian component.
Similarly, the Oriental variable allows comparisons among
the Oriental races, and is based on the Japanese component.

Maternal Racial Variables (Table 13). After including

the corresponding parental variables, the maternal racial
variables are introduced into the regression. In this way,
the maternel Variables test for differences between strictly
maternal and additive parental racial effects. A significant
maternal effect would indicate that there may be racially
determined maternal factors which make mothers of that race
more or less likely to produce cleft children. This racial
effect would be apart from the mother's additive racial con-
tribution to the child.

Hybridity Racial Variables (Table 14). These variables

are also taken from Morton et al. (1967). They measure
various aspects of racial hybridization. Only parental
variables are preforced into the regressions on these

variables.
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Effects of Racial Variables on CP. Table 21 presents

three multiple regressions of Yop on various combinations

of parental variables. The first regression indicated that
the incidence of CP increased significantly (P<.001) with
Pacific ancestry, but that the Oriental component was not
primarily responsible for the Pacific effect. It also
indicated that there was no significant variation among the
Oriental races. The second and third regressions in Table
21 showed that the Hawaiian component was mostly responsibie
for the Pacific effect, although there was also an apparently
sigrificant (P<.05) effect of Filipino ancestry in the third
regression. Note that the incidence of CP in Filipinos was
significantly, though marginally, different from Caucasians,
but not from the other Oriental groups. The estimated
effect of Hawaiian ancestry on CP was of course a reflection
of the high incidence of CP found in children of Hawaiian
ancestry.

Table 22 presents the three regressions of Y., on the
maternal racial variables with the corresponding parental
variables preforced. The only significant variable was
Puerto Rican mother, which apparently increased the
incidence of CP. The small number of children in our study
born to Puerto Rican mothers leads us to suspect that this
Puerto Rican maternal effect may be to some extent fortui-
tous. The lack of other significant maternal racial

effects suggests that racial determinants of CP act



MUTLIPLE REGRESSIONS

TABLE 21

62

OF Y-p ON PARENTAL RACIAL VARIABLES

Partial Regression

Variable Coefficient t-value
Pacific parent .18146x10°3 5,36%%%
Oriental parent -.15687x10°3 4,824
Chinese parent -.12202x10"4 - .39
Filipino parent .23520x10"4 .99
Korean parent -.68691x10°4 - .91
Puerto Rican parent .23679x1074 .49
Hawaiian parent .18146x10°3 5.36%%%
Oriental parent .24585x104 1.48
Chinese parent -.12202x10°4 - .39
Filipino parent .23520x10°4 .99
Korean parent -.68691x10"4 - .91
Puerto Rican parent .23679x10"4 .49
Hawaiian parent .18146x10°3 5.36%%%
Japanese parent .24585x1074 1.48
Chinese parent .12383x10"% .40
Filipino parent .48105x10°% 2.05%
Korean parent -.44106x1074 - .59
Puerto Rican parent .23679x10°4 .49

* GSignificant (P<.05)

***Significant (P<.001)



TABLE 22
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MULTIPLE REGRESSIONS OF YCP ON MATERNAL RACIAL VARIABLES

(WITH CORRESPONDING PARENTAL VARIABLES PREFORCED)

Partial Regression

Variable Coefficient t-value
Pacific mother .82870x10°4 1.32
Oriental mother -.12997x10°3 -1.87
Chinese mother .79123x10" % 1.15
Filipino mother .65467x10"% .98
Korean mother .47399x10°4 .43
Puerto Rican mother .30857x10°3 2.98%*
Hawaiian mother .82870x10°4 1.32
Oriental mother -.47104x10™4 - .88
Chinese mother .79123x10" 4 1.15
Filipino mother .65467x10 % .98
Korean mother .47399x10” % .43
Puerto Rican mother .30857x10°3 2.98%%
Hawaiian mother .82870x10°4 1.32
Japanese mother -.47104x10"4 - .88
Chinese mother .32019x10°4 .49
Filipino mother .18363x10°4 .31
Korean mother .29460x10"° .00
Puerto Rican mother .30857x10"° 2.98%%

**Significant (P<.01)
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principally in the fetus itself,

Table 23 shows the regression of Ynp on the hybridity
variables with parental variables (Hawaiian, Chinese,
Filipino, Japanese, Korean, and Puerto Rican) preforced.
None of the hybridity factors appeared to be significant.

In view of this finding, the Hawaiian parent effect on CP
cannot be ascribed to any factor related to hybridity, as
may have been suspected because of the high incidence of CP
in Part-Hawaiian x Part-Hawaiian offspring.

Effects of Racial Variables on CL(P). The regressions

of Yci,(p) on the three sets of parental racial variables are
presented in Table 24. The results confirm the observation
that Oriental groups in general have a higher incidence of
CL(P) than do the other groups. Of the Oriental races, the
Japanese and Filipinos differed most significantly from
Caucasians. There appeared to be no significant differences
among the Oriental groups themselves.

Table 25 gives the regressions of Y¢p(p) on the maternal
racial variables with the corresponding parental variables
preforced. None of the maternal variables were significant.
As with CP, it seems that the racial factors which play roles
in determining CL(P) act principally in the fetus itself and
not through the mother.

In Table 26, the effects of the hybridity variables on
YcL(p) can be seen. Parental variables were preforced into

the regression model. 1In this case, the variable measuring
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TABLE 23

MULTIPLE REGRESSION OF Yep ON HYBRIDITY VARIABLES
(WITH PARENTAL VARIABLES PREFORCED)

Partial Regression

Variable Coefficient t-value
Major maternal hybridity -.19028x10"4 - .52
Minor maternal hybridity .79344x10°3 .19
Major recombination -.55056x10° - .11
Minor recombination .60281x10°4 .95
Major hybridity of child -.26392x10°3 - .11

4

Minor hybridity of child -.28627x10" -1.00
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TABLE 24
MULTIPLE REGRESSIONS OF YCL(P) ON PARENTAL RACIAL VARIABLES
Partial Regression

Variable Coefficient t-value
Pacific parent -.72242x10°% -1.62
Oriental parent .18250x10"3 4,25%%%
Chinese parent -.78862x10" 4 -1.92
Filipino parent -.23226x10°4 - .74
Korean parent -.15357x10°3 -1.55
Puerto Rican parent .42275x10°4 .66
Hawaiian parent -.72242x1074 -1.62
Oriental parent .11026x10-3 5.04%%%
Chinese parent -.78862x10" % -1.92
Filipino parent -.23226x10" % - .74
Korean parent -.15357x10" 3 -1.55
Puerto Rican parent .42275x10"% .66
Hawaiian parent -.72242x10"4 -1.62
Japanese parent .11026x10"3 5.04%%%
Chinese parent .31398x10°4 .78
Filipino parent .87034x10°4 2.82%%
Korean parent -.43307x10" % - .44
Puerto Rican parent .42275x1074 .66

*#% Significant (P<.01)

***Significant (P<,001)
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TABLE 25

MULTIPLE REGRESSIONS OF YCL(P) ON MATERNAL RACTAL VARIABLES
(WITH CORRESPONDING PARENTAL VARIABLES PREFORCED)

Partial Regression

Variable Coefficient t-value
Pacific mother -.52862x10"4 - .64
Oriental mother .45891x10°4 .50
Chinese mother ,32886x10°° .04
Filipino mother -.88654x10°6 - .01
Korean mother .20735x10"3 1.43
Puerto Rican mother .84892x10"4 .62
Hawaiian mother -.52862x10°4 - .64
Oriental mother -.69717x10°° - .10
Chinese mother .32886x10°° -.04
Filipino mother -.88654x10°6 - .01
Korean mother .20735x10°3 1.43
Puerto Rican mother .84892x10"4 .62
Hawaiian mother -.52862x10"%4 - .64
Japanese mother -.69717x107° - .10
Chinese mother -.36832x10"° - .04
Filipino mother -.78583x10"° - .10
Korean mother .20038x1073 1.38

Puerto Rican mother .84892x10'4 .62




TABLE 26
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MULTIPLE REGRESSION OF YCL(P) ON HYBRIDITY VARIABLES

(WITH PARENTAL VARIABLES PREFORCED)

Variable

Major
Minor
Major
Minor
Major

Minor

maternal hybridity
maternal hybridity
recombination
recombination
hybridity of child
hybridity of child

Partial Regression
Coefficient

-.10057x10°3
.40804x10°°
.77041x10"%
.69670x10™4

-.18420x1074

-.13631x10"4

t-value

-2.09%
.07
1.14
.83

*Significant (P<.05)
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the effect of major maternal hybridity appeared to be of
borderline significance (P<.05). The negative regression
coefficient for this variable would indicate that mothers
who were Atlantic x Pacific or Pacific x Atlantic hybrids
have relatively fewer CL(P) offspring. The explanation for
this observation is not obvious since no other maternal
effects have been evidenced in our data. No other hybridity
variable appeared to have any significant relationship with
the incidence of CL(P).

Discussion of Racial Effects. The findings here do not

contradict a multifactorial model of inheritance. Racial
effects on the incidence of clefts seem to be generally
additive in nature. The major maternal hybridity effect on
CL(P) suggests that the racial constitution of the mother
may also play a role in the etiology of CL(P), but this need
not detract from a multifactorial model under which it might
be expected that the fetus would be sensitive to intrauterine
environmental factors as well as its own genetic constitution.
We have established what appear to be significant
differences among certain racial groups in Hawaii. Clearly,
Hawaiian ancestry was associated with relatively high
incidences of CP, but not CL(P). 1In the case of CL(P), the
Oriental race in general and the Japanese and Filipino groups
in particular had the highest incidences. The observed and
estimated incidences presented in Table 17 show that these

racial differences cannot be attributed to our estimation
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procedure, since the relative incidences among groups were
about the same before and after correction for incomplete
and variable ascertainment.

The possibility still remains that the racial differences
in incidence are actually due to environmental factors. How-
ever, the within group analyses of demographical variables
tend to refute this. Only one variable of the many tested
was found to have a statistically significant effect on the
incidence of CP in the Caucasian group, and that variable was
clearly not significant in the Japanese group. In the case
of CL(P), none of the variables tested was significant in

either group.



CHAPTER V

FAMILIES OF CLEFT PROBANDS

The family data were collected by personal interview.
The person interviewed was preferably the proband's mother,
although the proband himself or other close relative some-
times provided the information. All of the interviewing was
done by a specially-trained public health nurse or by this
author.

An attempt was made to reach all of the probands or
their immediate families who were still living in Hawaii.
The initial contacting was done by mail with a letter explain-
ing the purposes of our study and requesting that an enclosed
postcard be returned to us indicating their willingness to
cooperate. This drew a minimal response, even from those
who received the letter. Thereafter, all of the contacting
was done by telephone on Oahu, and through Hawaii State
Department of Health public health nurses on the neighbor
islands. Home or office visits were set up with most of the
cooperating Oahu families; on the other islands (Hawaii,
Kauai, Maui, Molokai, Lanai), arrangements were made to
interview families at district health centers. In addition,
a few families were interviewed by telephone on some of the
islands.

A total of 353 family histories were obtained which
were judged to be adequately complete and accurate. As a

partial verification of the data on each proband's sibship,
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the birth certificates of sibs born in Hawaii were checked
for sex, age, birth order, congenital malformations, and
names and ages of parents. Minor discrepancies were found
in some cases, especially when the mother was not the person
interviewed, but most of the sibship data appeared to be
substantially correct.

Individuals who manifested cleft defects as part of or
apparently secondary to some syndrome (e.g. Pierre-Robin)
were not considered affected; and the families of such
probands were not interviewed.

The 353 families interviewed include about one-third of
all the probands ascertained in this study. The rest 6f the
probands were excluded because their families could not be
contacted or because interviews could not be arranged with
them.

The Family Data

Each interviewed family was asked to provide the follow-
ing information:

1. birthdates and birth places of father, mother, and
all sibs of probands

2. family pedigree including all parents, grandparents,
uncles, aunts, first cousins, nephews, nieces, half-
sibs, and children of probands

3. name, sex, relation, and type of cleft of each
affected relative

4. parental consanguinity
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5. race of each grandparent.

Types of Families. On the basis of the interview data,

the families were categorized according to the types of
cleft defects in the proband sibships. The following is the
distribution of family types:

Type of cleft(s) in

proband sibship Number of families
Ccp 118
CL 70
CLP 152
CL and CLP 12
CP_and CLP 1
Total 353

Inbreeding. There were no cases of close consanguinity

among parents of CP sibships. In one family, the parents
were thought to be distantly related; in another, the
parents were claimed to be "fourth or fifth cousins.”
Certainly, there is no evidence here for any inbreeding
effect on CP.

Among CL(P) families, there were four supposedly inbred
sibships. In two of the four families, the parents were
first cousins of Japanese ancestry; together these two sets
of first cousin parents produced nine girls and two boys;
two of the girls were CLP and another girl was CL, while
neither of the two boys was affected. In the third family

the parents were second cousins; in the fourth, the parents
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were '"distantly related." Thus, the overall extent of in-
breeding in our CL(P) sample was not remarkable. The two
Japanese first cousin marriages represent 1.8% of the 114
Japanese CL(P) families interviewed. This is less than the
frequency of first cousin marriages in some Japanese popula-
tions. (Neel, Kodani, Brewer, and Anderson, 1949; Kobayasi,

1958).

Relatives of Cleft Probands. Tables 27, 28, and 29 give

the numbers of normal and affected relatives of CP, CL, and
CLP probands. The relatives were counted by the proband
method which sums all relatives of each proband regardless
of whether or not other probands share the same relatives
or are among those relatives. It is assumed that all pro-
bands are ascertained independently of one another. Table
30 gives the frequency of CP in each group of relatives of
CP probands. Table 31 gives the frequencies of CL(P) in
relatives of CL(P) probands.

It is obvious from the distribution of cleft types in
the affected relatives that CP is distinct from CL and CLP.
Only two of 4,706 (or .42 per thousand) relatives of CP
probands recorded in the listed groups had CL or CLP, while
18 had CP. Conversely, only four of 8,968 (or .45 per
thousand) relatives of CL and CLP probands had CP, while 83
had CL(P). In comparison, the general population frequency
of CP was estimated at .78 per thousand and that of CL(P)

at 1.29 per thousand. Even allowing for some incomplete



TABLE 27
RELATIVES OF CP PROBANDS

Type of Relative

Sons

Daughters
Brothers
Sisters

Fathers

Mothers
Paternal uncles
Paternal aunts
Maternal uncles
Maternal aunts

Grandfathers

Grandmothers

Paternal first cousins - male

Paternal first cousins - female

Maternal first cousins - male

Maternal first cousins - female
TABLE 28

RELATIVES OF CL PROBANDS

Type of Relative

Sons

Daughters
Brothers
Sisters

Fathers

Mothers
Paternal uncles
Paternal aunts
Maternal uncles
Maternal aunts

Grandfathers

Grandmothers

Paternal first cousins - male
Paternal first cousins - female
Maternal first cousins - male
Maternal first cousins - female

Number

75

Normal

33

39
266
233
121
119
215
227
316
266
244
244
505
533
677
648

CP  CL

N = A= U=

Number

CLP

Normal

11

12
138
136

82

80
160
168
199
169
166
165
361
415
388
331

P CL

W =N

CLP



TABLE 29
RELATIVES OF CLP PROBANDS

Type of Relative

Sons

Daughters
Brothers
Sisters

Fathers

Mothers
Paternal uncles
Paternal aunts
Maternal uncles

Maternal aunts

Grandfathers

Grandmothers

Paternal first cousins - male
Paternal first cousins - female

Maternal first cousins - male

Maternal first cousins female

Number

76

Normal

36

35
321
284
175
173
336
338
404
340
352
352
741
751
810

832

TP CL

[ N S L,

CLP

14
11
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TABLE 30

FREQUENCIES OF CP IN RELATIVES OF CP PROBANDS

Type of Relative

Children
Sons
Daughters
Sibs
Brothers
Sisters
Parents
Fathers
Mothers
Sibs of Parents
Uncles
Paternal Uncles
Maternal Uncles
Aunts
Paternal Aunts
Maternal Aunts
First Cbusins
Male Cousins
Paternal Male Cousins
Maternal Male Cousins
Female Cousins
Paternal Femal Cousins

Maternal Female Cousins

Observed Frequency of CP %CP

3/75 4.0
2/35 5.7
1/40 2.5
8/508 1.6
5/271 1.8
3/237 1.3
4/244 1.6
1/122 .8
3/122 2.5
3/1028 .3
2/533 .4
0/215 -
2/318 .6
1/495 .2
1/228 .4
0/267 -
0/2363 -
0/1182 -
0/505 -
0/677 -
0/1181 -
0/533 -

0/648 -
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TABLE 31
FREQUENCIES OF CL(P) IN RELATIVES OF CL(P) PROBANDS

Type of Relative Observed Frequency of CL(P) %CL(P)
Children 0/94 -
Sons 0/47 -
Daughters 0/47 -
Sibs 47/927 5.1
Brothers 28/488 5.7
Sisters 19/439 4.3
Parents 7/518 1.4
Fathers 1/259 4
Mothers 6/259 2.3
Sibs of Parents 16/2130 .8
Uncles 8/1107 .7
Paternal Uncles 1/497 .2
Maternal Uncles 7/610 1.1
Aunts 8/1023 .8
Paternal Aunts 6/512 1.2
Maternal Aunts 2/511 .4
First Cousins 13/4643 .3
Male Cousins 10/2311 .4
Paternal Male Cousins 6/1108 .5
Maternal Male Cousins 4/1203 .3
Female Cousins 3/2332 .1
Paternal Female Cousins 1/1167 1
Maternal Female Cousins 2/1165 i
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ascertainment, the frequencies of unlike clefts in relatives
of probands would probably not be much in excess of the
frequencies in the general population. No similar distinc-
tion can be made between CL and CLP; the CL probands had 10
relatives with CL and 15 with CLP, and the CLP probands had
26 relatives with CL and 32 with CLP. These findings are
in agreement with those of Fogh-Andersen (1942), and further
substantiate his observation that CP appears to be gemetic-
ally unrelated to CL(P).

Frequency of CP in Relatives of CP Probands. In

~general, the risk appears to diminish quickly with distance
of relationship. First degree relatives (children, siblings
and parents) show a clearly elevated risk when compared with
the general population. Third degree relatives (full first
cousins) give no evidence whatsoever of any predisposition
to CP. No CP case was in fact disclosed among the 2,363
cousins recorded in the pedigrees. The estimated frequencies
in first and second degree relatives are on the order of
those reported by Fogh-Andersen.in Denmark. He found
frequencies of 2.5%, 1.7%, and 0.5% in sibs, parents, and
sibs of parents respectively. However, using his estimate
of risk in cousins (0.35%), we should have expected about
eight cases of CP in our data on cousins. CP is, of course,
a readily concealed defect in most cases. Failure of a
family to disclose a CP relative may be due to choice or

lack of knowledge. Unfortunately, it is probable that the
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family interviews did not disclose all cases of CP among
close relatives of the probands.

Among the first degree relatives, full sibs and parents
have about the same frequency of CP. The frequency is higher
in children, although the numbers are small and the difference
not statistically significant. However, an elevated risk
(7%) in children of probands was also found by Fogh-Andersen.

Frequency of CL(P) in Relatives of CL and CLP Probands.

The highest frequencies of CL(P) were in sibs of probands;
the overall frequency was about 5%. The frequencies in

other first degree relatives were somewhat less; none of the
94 children recorded was ascertained as having CL(P). A chi-
square test of heterogeneity among the three generations of
first degree relatives proved significant.

Combining the data for CL and CLP probands gives
frequencies of CL(P) in sibs of parents and in first cousins
that agrees well with Fogh-Andersen's estimates. Thus, there
is some indication that ascertainment was more complete for
relatives with CL(P) than for those with CP.

Segregation of Cleft Defects

Under the hypothesis that cleft defects are due to multi-
factorial inheritance, we would expect to find that groups
with higher incidences also have higher segregation frequen-
cies. Segregation frequency in this context denotes the
average frequency of clefts among children of potentially

segregative matings. No distinctions are made among
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potentially segregating mating types since under multi-
factorial inheritance there would be a continuum of mating
types from those with a very high risk of producing clefts
to those with a very low risk. Thus, it is difficult to
distinguish sporadic cases from the very low risk cases,
except in the individual case for which there is evidence
implicating extramarital conception, chemical or viral
teratogen, or other explicit cause.

The model we will use to study the segregation frequencies
of clefts comes from Morton (1962). The analyses were carried
out on the CDC 3100 computer of the Population Genetics
Laboratory (University of Hawaii) using the SEGRAN program.

Since each family in our sample was selected through at
least one affected child, we have what is termed incomplete
multiple selection (Morton, 1962). This means our sample
consists only of families which have segregated and which
have been ascertained through one or more probands. Twe
types of bias must therefore be taken into account if we are
to accurately estimate segregation frequencies. One bias is
due to incomplete ascertainment, that is, 7 less than one.

The second is due to incomplete selection of families with
some potentially segregant families not segregating and
therefore not being ascertainable.

The following model assumes that the segregation frequency
P is constant among families and that the ascertainment

probability = is constant among probands. These assumptions



82
may be somewhat unrealistic, but they allow us to make
reasonable estimates of mean segregation frequencies corrected
for incomplete multiple selection.

The segregation analyses are based on the data presented
in Tables 32-34. Tables 32 and 33 give the sibship summary
data for the CP and CL(P) sibships respectively., Table 34
gives the distribution of number of ascertainments per proband
for those probands in the sampled sibships. All sibships are
included regardless of phenotypes of parents.

The model is based on the following conditional prob-
abilities. First, the distribution of r affected among s
children in ascertained families:

S
(r)pr(l-p)s'rtl- (1-m)T]
1-(1-pn)s

(1) P(r|r>0,s,p,n) =

Second, the distribution of a probands among r affected:

r
(2) P(ala>0,r,n) = (a)nau-,,)r-a
1-(1-m)T

Third, the distribution of t ascertainments among probands:

(3) P(t[t>0,r) = L-n(@-m)]% (1-m)
tln

Maximum likelihood estimates of p and = are produced by the
SEGRAN program. Using (2) and (3), which are based on
independent sources of information, an estimate of = is
obtained which is subsequently entered in (1) as a constant
parameter. The segregation frequency p is then estimated

from (1). The results are presented in Table 35.
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TABLE 32
CP FAMILY SUMMARY

Number in Sibship Observed number

S T a of Families
1 1 1 4

2 1 1 13%
3 1 1 26

4 1 1 25%%
4 2 1 1

5 1 1 13

5 2 1 1

6 1 1 8

7 1 1 4

7 2 2 1**
8 1 1 7

8 2 2 1

9 1 1 7
11 1 1 1
12 1 1 1
13 1 1 2
13 2 2 1
14 1 1 1
15 1 1 1
18 1 1 1
Total number of CP famiiies 119

* One father had CP.
**0One mother had CP.
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TABLE 33
CL(P) FAMILY SUMMARY

Number in Sibship Observed number
S T a of Families
1 1 1 15
2 1 1 36%
2 2 2 2
3 1 1 46%%
3 2 2 Sx%%
4 1 1 40
4 2 1 1
5 1 1 22
5 2 1 1
5 2 2 3
6 1 1 16
7 1 1 15
7 2 2 3
7 3 3 2
8 1 1 7
8 2 2 1
9 1 1 10
9 2 2 1
10 1 1 1
11 1 1 2
12 2 1 2
12 2 2 2
13 1 1 1
17 1 1 1
Total ‘number of CL(P) families 235

* One father had CP.
** One father had CL.
***Two mothers had CL.



TABLE 34
DISTRIBUTION OF NUMBER OF ASCERTAINMENTS PER PROBAND

Number of Probands

Number of Ascertainments CP CL(P)
1 37 50
2 44 86
3 32 61
4 8 44
5 1 12
6 0 2
7 0 1

Total number of probands 122 256



FABLE 35
ESTIMATES OF p AND n FROM SEGREGATION ANALYSES

Type of Type of Number of Numbeér of Maximum likelihood estimates Goodness of
Cleft Families Families Probands P T fit* of p
CL All races 119 122 .017¢,008 .82+,02 0.50

Hawaiian** 52 54 .022¢.,013 .79%,04 1.01
Non-Hawaiian 67 68 .013%,009 .84%,03 0.06
CL(P) All races 235 256 .053+,010 .90:,01 06.13
Pure Japanese 114 12§ .061+,017 .90+,01 1.33
Pure Filipino 23 27 .064:+.030 .94+ .02 1.82
Other races 98 106 .042¢,014 .89%,02 0.21

*Chi-square with one degree of freedom; n held constant.

*%*Includes all mixtures of Hawaiian with other races.

98
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Segregation Analysis of CP Families. The estimated

segregation frequency of CP was 1.7%, based on all 119 CP
families. This figure agrees well with the frequency in
sibs (Table 30) of 1.6% calculated by the proband
method.

The analysis of incidence of CP showed that Hawaiian
parentage was associated with increased incidence of
CP. This Hawaiian effect appears to be reflected to
some extent in the relatively high segregation frequency
of 2.2% estimated from the 52 CP families which claimed
some Hawaiian ancestry. In comparison, a frequency of
1.3% was estimated from the 67 non-Hawaiian families.
The estimated frequencies have relatively large standard
errors, however, and the difference is thus not
significant. Under a multifactorial hypothesis, the
~group with the higher incidence would be expected to
have a higher mean segregation frequency (Edwards, 1960;
Fraser, in preparation). Our results for CP are at
least in the direction expected.

Segregation Analysis of CL(P) Families. The over-

all estimate of segregation frequency based on all 235
CL(P) families is 5.3%. Again, this is very close to
the frequency in sibs estimated by the proband method.
Clearly, the average segregation frequency for CL(P) is
~greater than that for CP.

The incidence analysis of CL(P) showed that Japanese
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and Filipino parentage was associated with the highest
incidences of CL(P). Segregation frequencies were estimated
at 6.1% based on 114 pure Japanese families and 6.4% based
on 23 pure Filipino families. The 98 remaining CL(P)
families of other racial groups provided an estimated
frequency of 4.2%. The differences here are also in the
direction expected under the multifactorial hypothesis,
although once again the standard errors of the estimates are

fairly large relative to the differences.



CHAPTER VI
HERITABILITY OF CLEFT DEFECTS

Tablcs 36 and 37 present the distribution of sibs by
race and sex of CP and CL(P) probands. In each racial group,
four estimates of heritability are possible according to
Falconer (1965), one from each sex combination of proband
and relative. Separation of the sexes is necessary here
since incidences of clefts differ in the two sexes and the
variances of their liabilities to the defect may also differ.

The model is based on the concept of quasi-continuity
(Gruneberg, 1952; Edwards, 1960; Falconer, 1965). It is
assumed that there is a hypothetical scale of liability with
a fixed threshold above which the condition is present and
below which it is absent. The hypothetical scale of
liability is chosen so that the population under considera-
tion is normally distributed with unit variance. The mean
liability of a population can thus be measured in terms of
standard deviations below the threshold.

Adopting the basic symbolism of Falconer, we define:

q incidence of the condition
A = number affected

x = normal deviates from mean of population to
threshold

a = normal deviates from mean of population to mean
of affected individuals in that population

z = height of ordinate at the threshold

b = regression coefficient measuring 'response to
selection"



TABLE 36

FREQUENCIES OF CP BY RACE, SEX, AND RELATION

Probands Brothers Sisters
Race Sex Number Aftfected/Total $Aftfected Affected/Total SAttected
Hawaiian male 23 1/ 55 1.8 2/ 45 4.4
female 31 2/ 62 3.2 0/ 71 0.0
both 54 3/117 2.6 2/116 1.7
Other male 27 0/ 63 0.0 1/ 42 2.4
female 41 2/ 91 2.2 0/ 74 0.0
both 68 2/154 1.3 1/116 0.9
All male 50 1/118 0.8 3/ 87 3.4
female 72 4/153 2.5 0/145 0.0
both 122 5/271 1.8 3/232 1.3

06



TABLE 37

FREQUENCIES OF CL(P) BY RACE, SEX, AND RELATION

Probands Brothers Sisters
Race Sex Number Atfected/Total “zAtftected Aftected/Total sAffected
Japanese male 73 6/109 5.5 7/107 6.5
female 50 5/ 98 5.1 3/ 62 4.8
both 123 11/207 5.3 10/169 5.9
Filipino male 19 2/ 40 5.0 4/ 50 8.0
female 8 4/ 25 16.0 0/ 21 0.0
both 27 6/ 65 - 9.2 4/ 71 5.6
Other male 71 6/127 4,7 4/132 3.0
female 35 4/ 81 4.9 4/ 61 6.6
other 106 10/208 4.8 8/193 4.1
All male 163 14/276 5.1 15/289 5.2
female 93 13/204 6.4 7/144 4.9
both 256 27/480 5.6 22/433 5.1

16
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h = heritability = ratio of additive genetic
variance to total phenotypic variance

We may visualize q as that proportion of the population
lying beyond the threshold under the standardized normal
curve. Thus, the incidence in the general (g) population,

for example, is given by

® -2
qg = y 1__ e X /2 dx
’ xg /21!

The value of Xg can, of course, be gotten from any table of
the standardized normal distribution. The value of ag can
be calculated as ;g/qg. Falconer (1965) has tabulated
values of x and a corresponding to values of q, and his
table and methodology were used in the following analyses.
Estimates of incidence (Table 38) in the general male
population and general female population of each racial
~group considered here were obtained by the methods used in
the previous section on incidence.

As a measure of the ''response to selection," the
regression coefficient b is estimated as the ratio of two
differences: first, the difference in mean liabilities
between relatives of probands and the population to which
those relatives belong; second, the difference in mean
liabilities between probands (the affected part of the
population) and the population to which the probands belong.
Using subscripts g, gr, and r to refer respectively to (1)

the population from which the probands were drawn, (2) the



TABLE 38

INCIDENCE OF CLEFTS IN MALES AND FEMALES

93

Type of Incidence Observed
Cleft Race Sex (per_1000 births) No. Probands
CL(P) Japanese male 2.11 70
female 1.71 53
both 1.92 123
Filipino male 2.20 20
female 1.05 10
both 1.56 30
Other male 1.34 123
female .73 64
both 1.04 187
All male 1.57 213
female .99 127
both 1.29 340
Cp All male .64 82
female .93 113
both .78 195



94
population to which the relatives belong, and (3) the set of

relatives themselves,

and for first degree relatives, hZ = 2b (Falconer, 1960).
The sampling variance of b is calculated approximately by

1
(ag)? (ap)? (Ag)

Var(b) =

The standard error of h? is subsequently estimated as
2/Var (b).

Pooled estimates of heritability are obtained by taking
weighted averages of the regression coefficients:

2z[bj/Var(b;i)]

h* = 2 = <ST17var b))

where each b is weighted by the inverse of its sampling
variance. According to Falconer (1965), the sampling
variance of b is given approximately by the inverse of ihs
sum of the weights

1

Var(B) = Tri/var(sp)]

The standard error of the pooled estimate of heritability is
then calculated as Var(R2) = 2/Var(b).

For CL(P), we calculated individual heritability
estimates for each race and sex combination. For CP,
however, the small number of families and low observed risk

in sibs did not allow separate estimates by race. The
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results are presented in Tables 39 and 40.

We were able to obtain three estimates of heritability
for CP. There were no affected female sibs of female
probands in our sample, and that combination was therefore
eliminated from the analysis. The other sex combinations of
probands and sibs produced estimates of 46:21% (male
probands, male sibs), 74:15% (male probands, female sibs),
and 74:12% (female probands, female sibs). 1l view of their
large standard errors, the separate estimates were not con-
sidered significantly different. The weighted mean of the
three regressions gave an overall heritability of 69:9%.

None of the estimates of heritability for CL(P) were
lower than 77%. In two cases, both in the Filipino racial
~group, the estimates exceeded 100%, which might be
indicative of major gene inheritance (Morton, 1967). The
samples in those groups were small, however, and the pooled
estimate of heritability for Filipinos was 100:11%. How-
ever, there may be a bias in this estimate since the regres-
sion of female relatives on female probands could not be
calculated and was given no weight. In the Japanese group,
estimates of heritability ranged from 77% to 90%, the pooled
estimate being 82:7%. The "other" group is racially somewhat
heterogeneous, containing Caucasians, Part Hawaiians, etc;
heritability ranged from 78% to 97% with a mean of 83:7% in
that group.

In general, the individual estimates of heritability
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TABLE 39

HERITABILITY OF CP BY RACE AND SEX OF PROBAND AND SEX OF RELATIVE

Proband Sibs
male male
male female
female male
female female

pooled estimate

4

3.490
3.490
3.388

Zgr

3.221
3.112
3.221

Xy b
2.409 .233
1.825 .369
1.960 .372
-- .347

Var(b)
.0109

. 0055

.0039

.0019

h?:s.e,

4721
74£15
7412

699

96



HERITABILITY OF CL(P) BY RACE AND SEX OF PROBAND AND SEX OF RELATIVE

S

exX

TABLE 40

Race Proband Sibs ag Xgr Xr b Var (b) h2ts.e.
Japanese male male 3.155 2.861 1.598 .400 .0041 8013
male female 3.155 2.927 1.514 .448 0037 9012
female male 3.201 2.861 1.635 .383 .0046 7714
female female 3.201 2.927 1.665 .394 .0075 7918
pooled estimate -- -- -- .410 .0012 82x7
Filipino male male 3.142 2.848 1.645 .383 .0119 7722
male female 3.142 3.076 1.405 .532 .0073 106217
female male 3.354 2.848 .994 .553 .0096 111+20
female female -- -- -- -- -- --
pooled estimate -- -- -- .500 .0031 100:11
Other male male 3.286 3.003 1.675 .404 .0035 81x12
male female 3.286 3.183 1.881 .396 .0045 79+14
female male 3.453 3.003 1,655 .390 .0048 7814
female female 3.453 3.183 1.506 .486 .0055 97+15
pooled estimate -- -- -- 415 .0011 837
All male male 3.240 2.954 1.635 .407 .0016 81+8
male female 3.240 3.093 1.626 .453 .0015 91:8
female male 3.370 2.954 1.522 425 .0017 85+8
female female 3.370 3.093 1.655 427 .0029 8511
pooled estimate -- -- -- .429 .0004 864

L6
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of CL(P) were remarkably consistent. After combining the
racial groups, the pooled estimate over all four proband-
relative combinations was 86:4%. It is noteworthy that
there appears to be very little difference between the
Japanese and "other'" racial groups, and that no correlation
between incidence and heritability is suggested. A
heritability of 86% suggests that CL(P) is in large part
controlled by additive genetic factors. However, Falconer
noted that two sources of error may be important when
estimates of heritability are based on sibs. One is the
sib-sib resemblance caused by non-genetic factors; the
other is the enhanced correlation between sibs due to non-
additive genetic variation. Both sources of error would

tend to increase the estimate of heritability.



CHAPTER VII
DISCUSSION

In the past, most genetic studies of cleft defects have
attempted to establish some form or another of major gene
inheritance. Researchers ran the gamut of almost every
imaginable monogenic hypothesis, with varying degrees of
apparent success. Because of the all-or-none nature of
cleft defects, it was oanly natural that a monogenic basis
for the trait be initially sought. As evidence accumulated,
however, it became apparent that extensive modifications to
simple Mendelian hypotheses were necessary in order to fit
the data. Incomplete penetrance and conditional dominance
were among the modifications invoked. All this served to
render monogenic inheritance less and less acceptable as the
final answer.

With the concept of quasi-continuity in mind, researchers
in recent years have entertained the idea of a multifactorial
basis of inheritance for clefts and other all-or-none traits.
The multifactorial hypothesis provided a definitive alterna-
tive to monogenic hypotheses. 01d evidence was reconsidered
and new evidence collected in attempts to establish one
alternative as clearly more acceptable than the other. 1In a
recent review of the pertinent literature, Fraser (in press)
found that most of the evidence favored a multifactorial
basis of inheritance for cleft defects.

Fraser also noted some evidence to the contrary.
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Namely, races with higher population incidences of CP or
CL(P) did not appear to have correspondingly higher
recurrence risks. This evidence was drawn from varied
sources and comparability was obviously open to question.

In this study, we sought to determine differences in
population incidence of CP and CL(P) among races living in
a fairly homogeneous environment. Careful estimation with
correction for incomplete ascertainment established that
incidences of CP were gemerally higher in groups with
Hawaiian ancestry, and incidences of CL(P) were highest in
Oriental groups, particularly Japanese and Filipino. We
then attempted to correlate these findings with the results
of our study of CP and CL(P) families. Using the methods of
segregation analysis, we estimated segregation frequencies
of CP in Hawaiians and non-Hawaiians, and CL(P) in Japanese,
Filipino, and "other" racial groups. In the case of CP, we
found that the point estimate of segregation frequency was
higher in Hawaiians than in non-Hawaiians. For CL(P), point
estimates of segregation frequency were higher in Filipinos
and Japanese than in all '"other" races combined. Thus, the
~groups with higher incidences appeared also to have higher
segregation frequencies, as would be expected under the
multifactorial hypothesis. However, this evidence must be
considered merely suggestive since the estimates of segrega-
tion frequency had relatively large standard errors.

Perhaps the most serious drawback to this study is the
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fact that we have only corsidered live births. Although
evidence is lacking, there is no reason to suppose that the
frequency of cleft defects would be the same in fetal deaths
as in live births. It is possible that our estimates of
population incidences and segregation frequencies would be
somewhat altered if we were able to account for all products
of conception. Whether or not this would upset the estimates
of heritability or the relative frequencies among racial
~groups remains to be determined.

On the basis of our live birth estimates, we can con-
sider the relationship between population incidence and
recurrence risk in siblings. According to Edwards (1960),
recurrence risk should be approximately equal to the square
root of the incidence in a population. For CP, the overall
estimate of risk was .017 and the square root of the overall
incidence was .028 (=v.00078). For CL(P), the overall
estimate of risk was .053 and the square root of the overall
incidence was .036 (=v.00128). The differences may be due
to ascertainment biases, although we have attempted to
minimize such biases. On the other hand, they may be due to
a discrepancy between theory and reality. For example, a high
observed risk would be expected if a relatively few genes
were actually involved in the genetic predisposition to
clefts. Genetic heterogeneity might also be a factor; éh
undetermined major gene may actually be producing high risk

in some families. More data must be collected in order to
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test for heterogeneous risk.

The heritability estimates for CP and especially for
CL(P) indicate a high degree of additive polygenic control
over the expression of the defects. The above considera-
tions apply here also. Any admixture of non-polygenic
~genetic factors would probably have tended to inflate the
estimates of heritability.

The next step in the study of clefts might be to
determine what specific factors, genetic or otherwise, might
be involved in producing the defects. We know that some of
these factors are likely to be associated with race and sex
differences. The experimental approach seems to be the most
promising, but clinical studies of cleft cases and their
families may élso be of value.

At present, we are able to define high risk groups only
in gross terms of race, sex, and family history. Obviously
we are a long way from being able to do anything more than
“give inexact counsel to potential parents. Much more study
is needed in order to determine risk, especially very high
risk, in the individual case, and then to do something to

lower that risk.
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