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This study .as an attempt to test models of continuous traits derivBd 

by Edwards (1960) and Falconer (1965). The data comprisBd some 400,000 

weights of single live births recorded in British Columbia bet.een 1946 

and 1963. means and variances of birth.eight and correlations with parity, 

gestation length, and parental ages were similar ta published results. 

Arbitrary thresholds WerB imposed on a distribution of birthweights ta 

generate "extreme birthweight" as a quasi-continuous trait. Observed risks 

to relatives of probands were compared to Edwards' prediction that the 

risk ta sibs of pro bands equals the square root of the population incidence 

of the trait. Also, regressions of birthweights of relatives on birthweights 

of probands .ere compared to coefficients derived from Falconer's equation 

using population incidence and risks in sibs. 

Edwards' prediction overestimated observed risks by abOut twenty 

percent. This poor fit was attributed partIy to the low heritability of 

birth_eignt. Falconer's theorem could not be tested because no transforma-

tlon .as found to normalize the distribution of birth_eights. His method 

.a8 round ta be very sensitive to departuras From normality. l t .as 

conclud8d that tne two models are generally not applicable to blologlcal 

data since they are ll~ely ta lead ta very unreliable predictlons. 
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INTRODUCTION 

Diseases known to be due to single ganes affect about 1% of liveborn 

individuals at 80me time in their lives. Examples are manifold and 

include such traits as achondroplasia, albinism and haemophilia. 

A further 1% of liveborn humans are affected by diseases, such as 

Down's syndrome, which are due to chromosomal aberrations. These 

two categories exclude, however, a large part of man's hereditary 

ill-health. About 2.5% of the population suffers or dies as a result 

of various congenital malformations and more than 1.5% From constitutional 

and degenerative diseases. most of these traits are not simply inherited. 

Examples include spina bifida, diabetes and exophthalmic goiter. Thus, 

the diseases with complex inheritance account collectively for more than 

four times the inherited ill-health of our species than do the single gene 

traits. 

It became apparent in the early 1950'5 that there was a type of 

inherited trait which .as neither strictly mendelian nor continuous and 

this type .as termed "quasi-continuous." These quasi-continuous traits are 

phenotypically discontinuous and show strong familial correlations but 

they do net fit any patterns oF mendelian inheritance. It haa Deen 

postulated that, although the phenotypic expressia~ of tne trait is 

discantinuoua, the trait passesses a continuous aspect which can be 

thought of as the "liability", or the combined genetic and enviranmental 

susceptibility ta the trait. Individuals .ith a liability greater then 

a cartaln tnresnold value .ill exhibit the trait, wnlle indlvlduals wlth 
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liability values belOIll the threshold will app ear "normal" (assuming tha t 

the threshold is greater than the mean liability). It is presumed that 

the distribution of liability is the consequence of many genes inter­

acting with Bach other and lIIith the environmental effects. Generally, 

liability is net measurable. 

This concept of Quasi-continuous inheritance has been applied to 

man in attempts to account for many of the troublesome diseases IIIhose 

mode of inheritance is net known. On the basis of the conceptual model 

described above, theoretical analysis has led to two specific predictions: 

1) the risk to relatives of a proband, with such a trait, i8 a simple 

approximate function of the population incidence of the trait and of the 

degree of relationship bet.een the pro band and relatives under consideration; 

and 2) the heritability of the trait can be expressed as an approximate 

function of the population incidence of the trait, of the degree of 

relationship between the proband and relatives being considered, and of 

the observed risk to relatives. 

In view of the increasing use of genetic counselling lIIith respect to 

human diseases and of the fact that man y human diseases are assumed ta be 

Quasi-continuous traits, it seemed most desirable tnat the theoretical 

predictions be tested empirically. 

One ~ossible test reQuires family ~ata for the whole of a large popu­

lation .i~h observatlons of a continuous trait that shows 8trong familial 

correlations. 8irth_eight i8 a gooo example of 8uch a trait aince it i5 

routlnely recorded for all progeny of every family and because Olfthwelghts 
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are knownto exhibit strong familial correlations. Given such a body of 

data, one can let birthweight represent the liability of a quasi-continuous 

trait and simulate such traits by imposing arbitrary thresholds (any value 

within the range of observed birthweights may be chosen) and by designating 

all individuals with a birthweight on the same side of the mean as the 

threshold, but further from it, as expressing the trait and all other 

individuals as being unaffected. By calculating the empirical risks to 

relatives and the heritability of the trait, as a function of the regression 

of birthweights of relatives on birthweights of probands, a comparison of 

these values with the predicted values would then afford a simple test of 

the predictive reliability of the theoretical expectations. 

The purpose of this report is to give the results of such a test of 

Edwards' (1960) prediction of sib risks for quasi-continuous traits and 

of Falconer'8 (1965) estimate of heritability for quasi-continuous traits. 

Ed d . d . th d l f . • ar s pred~cte that the r~sk to n egree re atives 0= a quas~-

n continuouB trait, wi~h a population incidence of p, would be about ~. 

falconer derived the equation h2 ; (Xg - xr)/c where: 1) h2 i5 the 

heritability of the trait, 2) Xg and Xr are the normal deviates corresponding 

to thD incidence in the general population anO relatives respectively, and 

3) c lS the ordinate at Xg. ihe tests were carrieo out witn a very large 

OOdy of human data that incluûad birth_eight records. 
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HISTORICAL SURV(Y 

a) Quasi-continuous Inheritance: 

Using laboratory crosses between two inbred strains of mice (C8A 

• 
and C57BL), Gruneberg studied the inheritance of bath a tooth defect 

(absence of a third molar) and a number of skeletal characters (notably, 

foramen acetabuli perforans) but could find no simple genetic interpretation 

for the variability in either trait despite strain-specific incidences of 

the traits. He concluded, ho~ever, that the results were consistent with 

a model whereby these (more or less) "discontinuous anomalies are phenomena 

which tend to arise near the extremes of continuous (and so far unidentified) 

" distributions" (Gruneberg, 1952). He found that the sizes of third molars, 

or their rudiments, were determined physiologically and that there waB an 

increasing probability of absence as the size of the tooth decreased 

" (Gruneberg, 1951). Thus, absence of a third molar iB a discontinuous trait 

determined by some continuous physiological variable and a dichotomizing 

threshold. He later proposed the term "quasi-continuous" for such traits 

and found that several of the skeletal anomalies in mice gave results 

indicating that they too were quasi-continuous traits. He concluded further 

that the underlying con~inuous variables uere a consequence of multiple 

additive genetic effects and that thay were sensitive ta environmenta~ 

• 
influences (Gruneberg, 1952). 

ihe ratio, K, of familial to population incidence of a trait 18 

generally interpreted as an indlcator of hereditary causation (i.e., K ~ 10). 

Penrose (1953) sno.ed that a 10. value of K (i.e., 1.5 c= K ~ 4.5) 

aoes net necessarily indlcate a lac~ of hereaitary causation Dut ratner 
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that if the trait has an hereditary background, the causative gene or 

genes must be very comman in the population. For acute rheumatic fever, 

he obtained K = 1.5 and showed that if the cause were a single gene, this 

gene must be prevalent enough for nearly half the population to be susceptible 

to the disease with its actual frequency being determined by environmental 

causes. A more attractive hypothesis is that traits with low K values are 

quasi-continuous traits. In this instance, many additive genes may all be 

present in the population at an equal and high frequency but still give 

rise to a low incidence in the population. Further, twin data on rheumatic 

fever give a much higher K value for manozygotic twins than for sibs as 

expected for quasi-continuous traits (Penrose, 1953). Finally, he points 

out that values of K for different degrees of susceptibility can be cal-

culated from tables of tetrachoric functions if one assumes that the trait 

" in question is quasi-continuous, in the sense proposed by Gruneberg, and 

that the genotypic correlation between proband and sibs is 0.5. Thus, we 

have reason to consider the hypothesis of quasi-continuous variation as an 

attractive one for many of the comman diseases of man (those with low (, 

values and without eviaence of simple mendelian inheritance). 

(xpanding on Penrose's work, Edwards (1960) considered the case of 

multiple additive genes and an abrupt tnreshold with a proportion, p , of 

the population lying oeyona it. He further assumea that the genotypic 

l . tn ( / )n corre atlOn oetween n degree relatlves was aoout 1 2 • He referred 

to the bivariate normal surface, as dra.n oelow, ana showed tna~ 

uhere r is the ;enotYPlc cc!:elation coefflcion: 
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(Edwards, 1960). Assuming that bath thresholds are equidistant From 

the meen, he used this approximation to dernonstrate that the risk to 

1/2 first degree relatives is approximately p • ffioreover, this approxi-

mation consistently underestimates the risk read From tables of 

tetrachoric functions when E is less than about 16% and it ovar-estimates 

for higher values of E. 
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unborn increases with the number of affected relatives in the case of 

multifactorial traits but remains constant in case of sinçle gene traits. 

In a study of firsl degree relatives of probands with congenital 

pyloric s~enosis (an hypertrophy of the circular muscle layer of the 

gastric pylorus), Carter (1901) obtaineé the following results: 1) the 

ris~ te offspring exceeded that U) sibs, 2) severai male probanos had 

effec~ed sons, 3) althougn the population lncioence among femaies .88 

mucn :ower ~nan among Qa:es, the risK to relallv8s of ramale p:eca~s was 

greater ~r.an that ~o relati~es of tnair male counte:parts ana, 4) tha 
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increase in the proportion of affected relatives was higher for female 

relatives of probands compared ta the incidence in the general population 

of the same sex. Since the first two results make it unlikely that a 

recessive or aex-linked component is important in the genetic causation 

of the trait, and since a single dominant hypothesis can be ruled out 

right away, Carter proposed that susceptibility ta congenital pyloric 

stenosis is due to a dominant gene comman ta bath sexes and sex-linked 

multifactorial inheritance. He also felt that the multifactorial 

component might be related ta general body musculature but he gave no 

evidence on this point. finally, it is interesting te note that the 

observed risks in this study are consistent with Edwards' square root 

prediction for male sibs of male probands but they are somewhat UJO high 

for famale sibs of femala probands. Howaver, Carter's small sample slzes 

make such numerical comparisons rather unr.eliable. Carter' s is the first 

study of a human disease, that the author is awara of, in which quasi­

continuous inheritance is postulated to be a major compone nt of the genetic 

causation of the disease. 

The conclusion that an important component in the genetic causation 

of sorne human diseases la quasl-continuaus was extendeo to cover otner 

COrnIllOn llIalformatlons, no::.ao.iy congenital dislocation of tne hip, c:'eft 

palate .l~h or withOut clef::. lip, clubfoot, and malformatlons of lne central 

nervous system, speclflcally spina biflda and anencephaly (:arter, '953). 

In a paper on the genetic oasis of co~~n oiaeass, [éwards ('9~3) 

suggesteo tnat there lS an intrinsic oifference between tne genetlc oaSlS 
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of rare and comman familial diseases, the former being due generally 

to single gene effects of high specificity and the latter to a multifactorial 

aggregate each giving rise to a distribution of liability for a disease. 

In a discussion of concepts involved in the genetics of disease, he not 

only postulated this quasi-continuous basis for common diseases but also 

explained the need foc new methods of genetic analysis of diseases with 

an incidence of about one percent or greater. As well, he emphasized the 

possible pitfalls of using the methods which were sa successful in the 

study of rare diseases. 

An effect of inbreeding on quasi-continuous traits, ev en when no 

assumptions about dominance or heterozygous advantage are made, may be 

expected since hidden variability becomes exposed as phenotypic variation. 

Newcombe (1964a, b) pointed Out that since inbreeding reduces the number 

of freely assorting factors, it flattens the frequency distribution and 

extends the tails in both directions. Extension of the tails will cause 

an increase in incidence of quasi-continuous traits. 

Newcombe (1964b) further noted that a graph of the increase in 

incidence in relatives plotted against the general population incidence, 

done for a large number of hereditary diseases, shows these conoitlons to 

fal1 mostly into two discret9 groups. These groups would seem ta flt the 

class of single factor traits for the one and what uoulo be expecteo for 

Qultifactarial inneritance fa: the otne: Wlth very 11tt~e ove:iap between 

the two. This graphie methOd providBs a first indicatlon of wnlcn human 

dlseases are quasl-continuaus an~ it iaplies that in :ni8 g:oup of oiseases 
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there is little contribution from the effects of single major genes. 

With the concept of quasi-continuous variation as a likely model for 

many of the human diseases widely accepted, Falconer (1965, 1967) derived 

heritability estimates for such traits from their population incidence 

th and the observed risk to n degree relatives. In Falconer's model, the 

underlying continuous distribution includes the environmental as well as 

the genetic components which contribute to an individual's likelihood to 

develop the disease in question. moreover, so as to use the standard 

deviation as the unit of measurement, he assumed that the scale of 

measurement gives rise to a normal distribution of the underlying variate 

and, therefore, that the genetic component of the disease would be 

multifactorial or, if few genea were affecting the treit, that each would 

have a small effect relative to the nongenetic variation. Falconer realized 

that data such as two disease incidences lead to mean measures of the 

underlying variate analagous to bose of standard "selection experiments" 

of Quantitative genetics (Falconer, 1960) and thus that the methods of 

Quantitative genetics can be employed to obtain a regression of relatives 

on propositi for the underlying varia te and from this an heritabillty 

estimate. tor the simple case of an inCldence in the general population 

having a normal deviate of Xg and an ordinate value of c and a corresponoing 

oeviate of Xr for first degree relatives, the regression equale (Xg - Xr)/c. 

In toe firat paper (Falconer, '965), the general ~etnod ~as developeo to 

estlmate the correlation bet.een .elatives fro~ the ~nown incidences f:om 

.hlC~ esti_ates of toe relative lmportan=e of oeredlta:y causes of dlfferences 
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bet_een individuals could be derived. He applied this method to Four 

examples From published data and obtained heritability (± standard error) 

estimates ranging From 37 ± 6% For pep tic ulcer to 79 ± 5% For congenital 

pyloric stenosis. Further, he worked out a table of normal deviate and 

ordinate values by percent incidence and pointed out how the method could 

be used to predict incidences, not known by direct observation, which 

could be useful in genetic counselling. 

In his later paper, Falconer (1967) extended his methOd to diseases 

with a variable age of onset and applied the new development to published 

data on diabetes mellitus. He obtained an overall heritability of 35% 

but found a decrease of heritability estimates with increasing age. He 

attribuled the latter effect to an increasing mean value of the underlying 

variate as well as to increased environmental variation. 

morton (1967) presented an hypothesis for discriminating between the 

segrega~ion of major genes and continuous additive gene action. Detec~ion 

of a major gene by this method would disprove an hypo~hesis of quasl­

continuity while failure ta detect a major gene would be insufficient ta 

prove the hypothesis. ThuS, this approach was presented as an alternative 

ta quasi-continuity .hich remains extremely difficult ta dlsprove. He 

also compareo the theorems of Edwards and ralcone: and pOlnted out tnat 

"(Owards' ~heorem overestlmates Q: (tne sib rls~) by about 5% for n2 = 0.1 

and that the :elative error lncreases wit~ h2.n 

(owards (1967) proposed an aiternatl"J8 hypotnesis -nereey tne Unde::yinç 
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variable would be a measure of the ganetic variability only. Then the 

threshold, rather than being abrupt, would be a function of the genetic 

variability. He chose an axponential form to represent this "risk" 

function (i.e., g(x) = ae
bx

) whare the underlying variable, ~, is assumed 

to be normally distributed. 

[lston, Campbell and morton (see Call1pbell, 1969) extendad this model, 

using a truncate normal distribution of ganetic variability, and found that 

tha probability that an individual, with a ganotypic value of ~, would 

b( x-cl manifest the trait is givan by g(x) = e where: 1) a i5 the value 

of the thrashold, 2) ~ ~ E and 3) b i5 an astimate of mean genotypic 

value (maa5ured in tarme of standardized normal variates) from obsarved 

incidences of the trait. They also found, in applying their model to 

published data on human diseasas, that c was invariant for any specific 

disease and that for all diseases tested, its range was restricted to 

about 3.25 to 4.5 standard deviations at~ve the mean. 

In a recant paper morton et al. (1970) derived expactations for inbreeding 

and recurrance risks under three modals of multifactorial inheritance: 

ralconer's abrupt threshold modal, Edwaros' exponentiel threshold ~del, 

and tha "morton-Crow-muller" genetic load model. Data of elght human diaeasas 

were examinad of .hich four (deaf ~utism, limo girale mU5cular oystrophy, 

severe mantal defect, major malformations) gave a significantly bad fit unoer 

all three maClels; thay ara leno..,n from other stuoias tO h~\le a COlIICJonent oue 

tO rare recessiva ganes sa that muitifaetorial ~oeis do not apDiy ta them. 

~he othar four tr81ts (talipe5 equinovarus, oeptlc uieer, 10. rloge eount, 
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pyloric steneais), however, gave no evidence of non-additivity of gene 

effects; they .ere fitted best by Falconer's model but they agreed al sa 

.ith Edwards' model an~ with the discontinuous model of genetic load theory. 

morton et al. (1970) concluded that "our results show that it is exceedingly 

difficult, and may be practically impossible, ta infer the genetic basis of 

traits which do net give regular mendalian ratios." This result reflects 

the difficulty inherent in studies of the genetic basis of genetically 

complsx traits, but it dosa not imply that quasi-continuous traits do net 

exiat in natura. 

In a later revie. paper, Edwards (1969) pointed out that given a model 

with an abrupt threshold, any approximation ta normality declines rapidly 

as we deviats from the center of the distribution 50 that the approximation 

is unlikely to be good for 8 threshold lying beyond two standard deviations 

from the mean. moreover, with an exponential risk function, environmental 

effects will shift distributions in inconsistent ways such that it becomes 

very difficult ta assess these influences and their major effects on 

familial concentration. 

OespitB the intrlnsic difficulties in arrlving at a tractable, formal 

~del for quasi-continuous traits, Carter (1969) conslderad thase moaela 

tha best that _e hava ta describe and analyze many of tnB commen numan 

dis9as8s such as c1eft lip and palate, py10ric stanosls ana athers mentioned 

earlier. 

7ha analytical methods Olscussed aOOv8 nava recent~y seen a resurgence 

of interest ln app~lcatlon. One eX8~l9 lS tne test for raCla~ Olfferenc8a 
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in incidence of talipes equinovarus (Ching et al., 1969) assuming the trait 

to be quasi-continuous. In this analysis, Ching and his colleagues found 

that ~he additive affects of both Hawaiian and Oriental parents were 

highly significant with respect to the calculated underlying variable 

derived from incidences using Falconer's methods. Simpson (1969) applied 

Falconer's model to obtain heritability estimates for diabetes mellitus. 

Estimates of heritability were consistently near 0.5 for males of all ages 

while thOse for females declined from about 0.5 at age 50 to 0.2 at age 80. 

As well, sex differences were observed among affected relatives, at high 

ages of onset independent of the sex of propositi, which did not have a 

genetic explanation. Campbell (1969) tried to fit the model of quasi-

continuous variation derived oy morlon Ul sets of data on three human 

traits. Using Hawaiian records on all surgically corrected cases of pyloric 

stenosis occurring in the period 1942 to 1966 and further following data, 

she obtained a fit which was naither good nor consistent over subsamples. 

HyperchOlesterolemia oata, from a random sample of 7000 adult Japanese males, 

gave evidence of a dominant major gene and consequently a poor fit UJ the 

quasi-continuous model. Finally, defining a dermal ridge count of zero 

as affected, Campbell obtained a good fit to the mooel for a large body of 

family data on dermal ridga count. Since dermal ridge count is accepted 

as being adaitive and ~ltifacuorial (Hol~, 1968), this is reas&uring w 

tnose who accapt ~he Quasi-continuous models as accurate abstractions of 

" Gruneoe:g's biologlcal concept. ln a revie. pa~er on clef~ ~ip and palate 

(Fraser, 1970) ahlcn 15 the summation of a 8OfKsnop on the sUOJect, 1t 1& 
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concluded that the accumulating evidence favours a quasi-continuous model 

for the inheritance of these malformations. In the case of isolated cleft 

palate, the underlying variable appears to be the developmental stage a~ 

IIIhich the palate shelves move from a position lateral to the tangue to a 

horizontal plane above the tangue (Fraser et al., 1957). The recurrence 

risk ta sib1ings Illas found ta fit closely Edwards' square root prediction. 

Also, relative increases of risk between different degrees of relatives and 

increasing risk lIIith increasing number of affected relatives lIIere as expected 

lIIith a quasi-continuoue, abrupt threshold model. One last example of the 

application of quasi-continuous models ia the use of Falconer's theorem to 

estimate heritabilitiea for different types of epilepsy (Andermann ana 

metrakos, 1970). For each type of epilepsy Btudied, they caclulated mean 

liabilities and heritabilities for each sex and age group. They then used 

these values to determine recurrence risks for variouB degrees of relatives 

ana concludeo that "this approach should have useful applications for genetic 

counaelling." 

The concept of quasi-continuity, toen, aeeme to oe a reasonable hypo­

tnesis for many of the human traits which formerly afforded no simple genetlc 

explanation and one which is becoming increasingly applied by a numoer of 

dlfferent workers. 

b) Bi:'thweight: 

Tne classlc 8tudies on the inneritance of human birth_eight are :epor:ed 

in a series of papers ln tne early 1950'5 by "arn, Denroee ana tnel: collea;ues. 

In tne fi:st report froQ a survey of a large bOdy of medlcal data (,arn ana 
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Penrose, 1951), it was found that sib correlations for birthweight were 

close to 0.5, indicating a hereditary basis for the trait, and also that 

the probability of prematurity (birthweight less than 5.5 lbs.) is much 

increased in sibships with an earlier born premature sib. The me an weight 

of liveborn males was about 3314 grams and that of females about 3223 grams. 

After analyzing nearly 14,000 birth records (Karn and Penrose, 1951), 

they concluded that birthweight increases with parity but decreases slightly 

with mother's age where maternal age and parity had a correlation of 0.5. 

From survival rates, they found that the most favourable waight was nearly 

3732 grams, mu ch above the mean weight. Also, blrthweight was correlated 

with gestation length to the extent of 0.4. 

ln an analysis of 315 twin births which were a part of the survey, it 

was found that the unlike-sexed group had a generally higher birthweight 

and smaller standard deviation than the like-sexed group. Other associations 

with weight were found to be the same as in the analysis of single births 

(Karn, 1952). 

ln a study of twin data originating fro~ a oifferent geographical 

region, Karn (1953) found that weight increased with parity up ta the 

fourth birth order arter which it remained constant. Unlike single births, 

thase Lwin births sno.ed a small but positive correlation of walgol witn 

~ther's age. Otnerwise, associations were tne same 85 in the prevlOus 

stuoies (Karn, 1953). 

~ study of birtn.eignt in cousins sno.ad a significant posltive 

correlation cet.een olrtn.eignts of ~aterna~ first cousins but net oetween 
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other first cousins (Robson, 1955). This indicated a strong maternal 

eomponent. Es~imates of the eomponents of the phenotypic variance in 

birthueight ware as follows: maternal heredity = 0.20, maternal environment 

= 0.32, foetal genotype = 0.18 and residual variation = 0.30. 

morton (1955) studied Japanese data on half sibs, twins, full sibs 

and consanguineous matings, using material collected by the Atomic 80mb 

Casualty Commission. From this study, he also eoncluded that :he 

resemblance in birth_eight of sibs is primarily due to the maternal 

genotype and intrauterine environment and not ta genotypic similarity of 

sibs. He found no significant effect of inbreeding on the variance of 

birthweight or on the correlation between sibs. Foetal inbreeding, however, 

did cause a decrease in mean birthweight. 

In a preliminary record linkage study, Hobbs (1963) reported on births 

from sorne 22,000 women. As with earlier studies, the sib correlation for 

birthweight was near 0.5 and the risk of prematurity inereased greatly 

when there wes already a premature birth in the sibship. 

A study of the relationship betueen birthrank, as opposed tO birtn 

order (weights are ranked from heaviest = 1 ta lightest), James (1969) 

shoued that the increese in weight ia roughly linear after the second birth 

rank for a11 families eombined and that for ranking uith!n ind~viduai 

Slbships, tnere ~s an increase, althougn not linear, of birthwei9ht with 

ran~ uP tO tne fifth rank after .Mien weignt stays fairly constant. 
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mATERIALS AND mETHODS 

The data used derive from vital statistics records relating to 

children born in the Canadian province of British Columbia over the 

thirteen-year period 1951-1963. A total of 535,146 births ware available 

of which 455,785 ware singleton livebirths. These birth records had 

previously been linked to a file of family records which included a 

marriage, when the place of marriage was British Columbia, followed by 

livebirths and stillbirths of siblings grouped together in order of 

birth dates (Newcombe, 1964; Kennedy et al., 1965). 

In creating this master-file, inconsistencies and changes in paople's 

names led to the inclusion of extraneous records. Procedures were 

implemented to avoid mosl of the resultant artificial inflation of the 

tabular information (Smith et al., 1965). moreover, it has been found 

that the unavoidable redundancy leads to le55 than 1 percent inflation of 

the data in a manner which does not introduce biases (Newcombe, 1966). 

A number of staps were involved in the extraction of the relevant 

data from the master-file: 

a) prOduction of one 25-uord record per family, with tralling records 

when there were more th en 6 sibs in the family, 

b) derivation of sibship suœmarias of one uorD for aacn singlato~ 

liv8birth that had a recorded birthwaight and 

c) extraction of ~aoular and statisticel information From the sibahip 

summarles. 
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Analysis was restricted to birthweights in families containing only 

singleton livebirtha where the weights fell within the range of 500 to 

6500 grams. Thus, it is presumed that the analysis was restricted to 

normal variation in birthweights. 

weights on the source documents were recorded to the nearest ounce 

(1957-1959), or the neareat gram (1951-1957 and 1960-1963), or the 

nearest 250-gram unit (1959-1960). In deriving the sibship summaries, a11 

results were converted to the neareat 250-gram unit for the maximum 

homogeneity of the weight recordings. This resulted in 24 possible 

weight classes. 

In all 210,950 male and 201,150 female weights were analyzed 

(Appendix, A1 - A3). 

The first step in the analysis of the data was to obtein a profile of 

the population under investigation by computing frequency distributions 

of birthweights by sex and by birth order. Statistics such as sample 

size, meen, variance and measures of normality were obtained for eacn 

distribution. The frequency distribution of family size and its mean and 

variance were also calculated. 

In simulating quasi-continuous traits, th~esholds were i~osed at the 

midpoint of eech .eight class in order ta test the predictions over a 

.ide range of incidences of a trait. Consequently, the flrst stop was to 

det.r~ine the distance of the thresholds from tne mean and tne correspondin9 



19. 

incidences of the trait. This was done for males and females separately. 

8ecause birthweight ia known to increase with birth order, three 

methods of ascertainment were used to calculate sib risks: 

a) ascertainment through the first born child in the family, 

b) complete ascertainment (every affected individual is a proband and 

families are counted as often aa they contain probands) and 

c) ascertainment through the last born child in the family. 

Because of the increase of birhtweight with increasing birth order, 

a) and c) are expected to set upper and lower limits to sib riska for 

data unadjusted for parity in the following manner: first, for thresholds 

belom the mean, a trait (i.e., birthweight ~ threshold) would have a 

lo~er predicted risk (as obtained from Edwards' square root prediction) 

when ascertainment is through the last born child and a higher predicted 

risk when ascertainment is through the first born child compared to data 

adjusted for parity. The opposite ia expected for the observed incidences; 

second, for thresholds above the mean, a trait (i.e., birthweight ~ threshold) 

would hava a lo.er predicted risk when ascertainment ia throu~h the first 

born child and a higher predictad riak when ascertainment is through the 

last barn child, again compared ta data adjusted for parity. As abova, the 

opposi:e effect is expected for the observed incidences. 

Com~ta ascertalnment, (b), is expected UJ give intermediate preo~cted 

rls~s and ooserved incldances in all cases. 
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Using the three methods of ascertainment, predicted sib risk8 and 

observed incidences in sibs of probands were obtained at all 24 thresholds 

for male and female sibs of male and female probands, for male sibs of 

male probands and for female sibs of female probands. In all instances, 

the following values were also calculated: 100 (observed-expected)/expected, 

the ratio of observed to expected, and the chi-square value corrected for 

continuity when necessary. 

The prediction of heritability for quasi-continuous traits rests on 

the assumptions that the scale of measurement used for the underlying 

variable gives rise to a Gaussian distribution and that the variance of 

relatives is the same as that in the general population. To a85ess the 

sensitivity of Falconer's method to deviations from normality, various 

transformations of the birthweight values were devised ana departures 

from normality of the distributions of all transfor~ed birthweights were 

tested separately for each transformation. The scales of mBasurement 

used were the following: a) 10910 (birthweight/250 + 1); 

b) Vbirthweight!2S0 + 0.5 ; c) birthweight unchangBd; d) an empirical 

transformation describe~ below ana e) 0.0625 (1 + 0.01153 (birthweight/250 

- 12)2) exp(-.01414 (birthweight/250 - 12)2). It ia expected from theoretical 

considerations that the logaritnmic transformation wiil change any s~ewnBsa, 

E' by a factor of epproximately 1/(2VIP ) ana any Kurtosis, q, by a factor 

of abOut 1/(3q). jimilarly, it ia expectea that the square root trana-

formation will change any SKeWness Dy abOut 1/(4p) ane any Kur~sia by about 

2 1/(32p) (Kendall and Stuart, vol. 3). ihe empirlca~ transformation, (d), 
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was obtained by first plotting on the same graph the observed frequency 

distribution and the expected normal distribution with the same mean and 

variance, multiplied by a constant so that the modal values of the two 

distributions coincided, then the graphie deviation was measured at 

each class interval between the observed and expected curves; lastly, 

the new values used at each class interval were (birthweight/250 + 

deviation). Consequently, the transformed distribution is expected to be 

more nearly normal with decreases in bath skewness and kurtosis. The 

last transformation, (e), was obtained as follows: 1) plot the ratio of 

observed over expected against class values; 2) guess at a general 

equation From the graphie properties of a smoothed-out version of the 

distribution of ratios (i.e., k(1 + b(x - c)2 exp(-a(x _ c)2); 

3) determine the constant ~ as the maximum point on the curve where c is 

the abscissa for this point; 4) find the value of b in terms of a when the 

derivative of the equation is set to zero; and 5) find numerical values 

for a and b by determining the point of maximum slope graphically and 

solving the second derivative at this point. This transformation too oughl 

to give a distribution more nearly normal in terms of bath skewness and 

Kurtosis than the observed distribution. These various transformations 

then give us distributions .hich .ill vary both further From (i.e, trans-

formation (a) ) and closer to (i.e., transformation (e) normality than 

dO tne untransformed aata. Tnis should enaole us to test the sensi:ivlty 

of the method, for heritabi~ity predictions, tO our range of aeviations 

(i.a., skawness fro~ .0.3 to -2.3 ana Kur:osis From -0.04 U) .14.0) From 

noroality. 

Re;ressions of blrth_eights of relatives on Oirth.ai;h:s of pro~ancs 
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were obtained next at all thresholds using Falconer's theorem and observed 

popula~ion incidences and incidences in sibs of probands. This was done 

separately by sex and with the sexes combined ta obtain 24 coefficients 

for each sex category which will be referred to as "derived" regrassion 

coefficients. These were obtained only for the casa of complete ascertain­

ment. Also, the variances of relatives were calculated for male and female 

relatives of male and female probands, again, for complete ascertainment 

only. The variances of relatives were then compared to the variances of 

the population at each threshold. 

Regression coefficients were also calculated from birthweight values 

for each threshold. The regressions of birthweights of relatives on 

birthweights of probands were obtai.ned using a modification of the method 

devised by Kempthorne and Tandon (1953). This method makes the bast use 

of all data by combining the sums of squares and cross products from 

families of different sizes according to a weighting factor appropriate 

to the family size and a guessed value of the coefficient to be estimated. 

The guessed values used were the product moment correlation coefficients 

between weights of pro bands and mean weights of their sibs aivided by one 

minus the coefficient. Thus, the correlation coefficients betwean siOs 

and pro bands of either sex were calculated at al1 thrasholds. Tnen, 

regression coefficlents were determined at all thresho1ds end for each 

transformation with sexes separate and combined. ln the case of un:rans­

formed aata, mid-values of weight classes .ere used ratner than actuel 

.eignts. These regrasslon coefficients ootainee from birthweignt va~ues 
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will be referred ~ as "measured" regression coefficients. Finally, 

for each threshold-sex class, we have one derived regression coefficient 

~ be compared to each of the five measured regression coefficients. 
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RESULTS AND DISCUSSION 

The total number of families analysed was 220,489. Frequencies per 

family size (Appendix - A4) decrease rapidly from over 100,000 families 

of size one to only five families with more than thirteen children. 

The mean family size is about 1.9 and the variance is about 1.3. ln a 

modern population, such as this, with its mlxture of contraceptive and 

noncontraceptive groups as well as biological variations in fertility, 

"there i5 no reliable approximation to tne distribution of family size, 

especially incomplete size" (Barrai et al~ 1965). ,he best general 

distribution describing variation in family size was found by the same 

authors to be the truncated negative binomial distribution. No fit to 

this distribution was attempted for the present data sinee there is an 

obvious excess of families of size one. Family size here refers not to the 

actual family size but ratner tO the number of progeny in a family whose 

Dirths and eorresponding birthweights were recorded in the files. The 

excess of families of one, then, refleets three circumstances: a) births 

occurring in the late 1940'5 that represent the last birth in a family 

but the first entry for chat family in tne files, b) corresponding 

births in the 1960's that represent tne flrst birth in a famlly wnere later 

births nave yet tO be added to tne files, ano c) families for Whlcn thers 

were t.o or more records of birtns but where only one of tne records 

lnc~uced Clrtnweignt. ~xcept for the 8xcess of unitary families, tne 

distrlbution of fa~ily size co~ares wel~ witn ~hat from a current study 
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in Hawaii (m. P. mi, personal communication). 

The distribution of birth order (Appendix - A1, A2 and A3) similarly 

shows a rapid decrease in frequencies from low to high birth orders with 

a notable deficiency of children of birth order one. This deficiency 

likely is due ta several circumstances: a) a possible tendency of mothers, 

especially from lower socio-economic groups and From rural areas, to give 

birth to their first child at home and in consequence there would be no 

recorded birthweight for this child, b) the large number of families 

included in the files where the first child was born prior to the initiation 

of the files, and c) other biases such as the immigration into British 

Columbia (which exceeds emigration) includes many families where the first 

child .as barn prior ta immigration and consequently is not recorded in 

tha files. Furthermore, the sex ratio varias non-1inear1y with birth 

ordar from 1.05 (males/famales) for birth order one te 0.98 for birth 

ordar nine. Although no regression of sex ratio on birth order was 

calculated, it is clear that it would have 8 negative slope. Thus, the 

ovarell tandancy would seam te be a higher probability of a male th an 

female birth for lower birth orders ta en equal probab~lity for birth 

orders es high as nine. 

jha general distribution of birthweights (Appendix - A1, A2 and A3) is 

significantly laptokurtie and skewed some_hat to the 1aft. ihe lepteKurUJsis 

statistie oescribes tne faet tnat the distribution has a hi9n narra_ pea~ 

(i.e., narro.er than the pea~ expecteo for a Gaussian aistrioution) bu~ 
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wider than expected extension of low frequencies about the peak. Tne 

skewness statistic indicates that the curve is asymmetric with an excess 

of low birthweights. The Kolmogorov-5mirnov statistics are based on 

cumulative normal distributions and will detect deviations from normality 

other than (as well as) those due ta kurtosis and skewness. A graph of 

the cumulative frequency distribution of these data, however, did not 

indicate any other types of deviations from normality. These characteristics 

(i.e., leptokurtosis and negative skewness) persist even when the data are 

broken down both by sex and by birth order. Since lower birth orders have 

generally lighter birthweights than later birth orders, some of the skewness 

can be ascribed to the excess of small families in the data. A more impor­

tant cause of the skewness, however, would seem to be the fact that 

birthweight is highly correlated wi~h gestation length (r ; 0.4) and the 

distribution of gestation length itself is strongly skewed to the left. 

This latter fact is net at all surprising since a woman can give birth 

even during the foetal stage of growth while biological determinants and 

modern medical practice combine to prevent her from carrying an embryo 

much beyond terme The leptakurtosis might well be due to stabilizing 

selection. Although the cata deviate statistically from normality, nit 

i5 surprising UJ find such a bul~ of biological data ta fit a Gaussian 

distribution as closely as dO these birtn_eights" (T. l. Reed, personal 

communication). 

The general rnean and standard deviation fo~ the 412,100 recorded 

weights are 3354.4 gr~~ and 549.5 graœs respective:y. ihe coefflcient of 

varlation 15 1~.3a~ for tne cO~bined data compared tO 16.43% for maie 
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birthweights and 16.07% for femaie birthweights. males are 128.7 grams 

heavier than females overali and have a slightIy Iarger variance. These 

results are extremely close to the published resuIts, referred ta eariier, 

of Karn and her colleagues. 

As in the studies reviewed abave, birthweight increases with birth 

order (Appendix - A1, A2 and A3) in a non-linear fashion up ta birth 

order five beyand which there i6 no significant change although a small 

rate of increase is still evident. This halds for males and females 

both separately and together. moreover, the mean difference in weight 

between males and females remains fairly constant over the range of birth 

orders. The observed variance also increases with birth order which is 

a reflection mostly of decreasing sample size. 

Birthweight also increased with increasing parental ages. However, 

th. correlation of birth order with parental ages was very high (r = 0.75) 

most of this correlation being due to the correlation of birth order 

.ith maternal age (r = 0.48 when paternal age is held constant). Birth­

weight was correlated ta maternai age for birth order neld constant only 

ta the extent that r = 0.07. Thus, despite the increase of birthweight 

.ith parental ages, the increase i5 almost completely due ta the nigh 

correlation of maternal age .ith birth arder and the fact that birthweight 

increases .ith increasing birth arder. 

Sib-sib birthweignt correlations were also high. The mean correiatlon 

coefficient was 0.45. The co~relations for li~e-sexed SlDS were 0.40 for 
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males and 0.47 for famales. For unlike-sexed sibs, the correlation 

~as naturally lower Cr = 0.42). These results are also in good 

agreement with published estimates and differ little From the thaoretical 

value of 0.50 expected for biometric traits ~hen family environment is 

near ly random. 

The thresholds (Appendix - AS) imposed to simulate quasi-continuous 

traits were all 24 possible mid-class values 50 that any individual with 

a birthweight mare extreme than the threshold was considered to have the 

trait. Thresholds were set up for males and females combined as well as 

separately. Threshold values ranged from about 5 standard deviations 

belo~ the mean to 5 standard deviations above the mean running at quite 

regular intervals of about 0.44 or 0.45 standard deviations in males and 

of about 0.47 to 0.48 units in females. The thresholds gave a range of 

-4 -1 fraquency of "extreme" birthlleight.s of about 5 x 10 to about 6.5 x 10 • 

Threa different methods of ascertainment were usad to test Edwards' 

prediction that the risk ta sibs of probands, who have a Quasi-continuous 

trait which has a population incidence of ~, is about vp-. The purpose 

of using three different methods of ascertainment. ana tneir expected effects 

lIere discussed in the materials and methods section. The otserveo and 

predicted risks agree .ell wi~h the expecteo relative effects of the 

different met.hods of ascertainment (Appendix - rl5, A7 ana Aé) except that 

the predicted risks for thresholds oelo., the mean are almost unlformly 

mu=h higher than anticipatad .nen asce:tainment is througn the laSt-bOrn 

child in tne family. Tnls i5 almost certalnly oue to tne excess of fa~llie5 

of size one or t.o .,here mast of t.he progeny lncluoin; tne :ast are of ~o. 

Ol:tn oroer. Tnls trenc i5 tne sa~e .netner =ales anc fe~a:e5 are treateo 
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separately or not. Other th an the consequences of this expected pattern 

of effects of ascertainment (i.e., II/hen Edwards' prediction is an over­

eatimator, than the degree of overestimation is least for ascertainment 

through the last-born child and greatest for ascertainment through the 

first-born), the data do not indicate any contribution ta deviations of 

observed from predicted due to the method of ascertainmant. The few 

discrepancies in the expected pattern of observed risks determined From 

the different methods of ascertainment can fairly be considered as due to 

sampling variation as a result of small sample sizes. It should perhaps 

be emphasized that this discussion has involved only risks from one 

ascertainment method relative to the other methods of ascertainment and 

says nothing about 00111 II/ell observed risks compare II/ith predicted r'isks. 

A comparison of the number of affected sibs predicted by LOII/8rds' 

approximation lIIith the observed number of sibs lying beyond the threshold 

is given by ascertainment method, sex, and threshold in tables A9 to A17. 

Analysis of the data separately by sex causes a decrease in chisquares 

but has no effect on the ratio of abserveO ta predicted frequencies. 

While the chisquares are ganarally very large and tha breakdawn of the data 

by sex changes the significance of the values at only sorne of the extreme 

thresholds, the better fit of predicted to observed II/hen males and fema:es 

are analyzed separately is undoubtedly a real effect and net a statlstlcal 

artifact. ihis is ta be expeeted sinee analysis of the data IIIlth males 

and fe=ales pooled is in faet an analysis of two aistinct quaei-eontinuous 

traits II/ith oifferent œean liabilities ano different variances. 7he 
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nonsignificanca of soma of the chi-squares at extrema thresholds may be 

due to sampling variations .here the sample sizes are quite small. Thus, 

.hile analyzing the data separately by sex does very much reduce chi­

square values, tha incraased goodnass of fit is insufficiant to make 

Edwards' approximation reliabla aven .han applied separately to aach sex. 

This is true regardless of the method of ascertainment. 

In terms of chi-squares, the deviations of predicted fro~ abserved 

values are not significant at so~e of the extreme thresholds (i.e., for 

~= .05, thresholds 1 to 7 and 18 ta 24 for females ascertained through 

the last-born) but are uniformly significant for thresholds in-bat_een. 

It ~ay be that the nonsignificant chi-squares at the extremes are due ta 

sampling varietions where the sample sizes ara small. For complete 

ascertainment, [d.ards' prediction is a consistent ovarestimata for thresholds 

3 to 13 and, as expected, the degree of overestimation is less for 

ascertainment through the lest-born and graatar for ascertainmant through 

the firat-born. Outside this range, the prediction overestimates at all 

thresholds belo. the mean and it underestimates for thresholds above the 

me an .here the incidence of tne trait i8 small; there i5 a region (thresho:ds 

14 ~ 19) .here the deviations seem ta depend on bath sex ana ~ethod of 

ascertainment. If the nonsignificant chi-squares at tne extremes are due 

to sempling variations, nonsignificant deviationa for thresholds 14 ta 19, 

.nan they occur, might be expacted by chance aione .hen deriving a~tagather 

soœe 180 chi-square values (i.e., by chance alone .e expect 9 nonslgnificant 

chi-squares on the assumption of iack of fit for all tnresnolas). ine 
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the mean mith incidences of about .01 or less. Here the predictions 

underestimate the risks. For intermediate incidences, the predictions 

are gross overestimates of the observed risks. ihe fact that tha goodness 

of fit, in terms of chi-square values, decreases as the threshold approaches 

the mean from either side, is contrary ta (dU/ards' (1960) claim that "the 

approximation becomes progressively less exact as the distance of the 

dicho tamies from the center increases. 1I This discrepancy ia to some 

extant a function of sample size since the ratio of observed ta predicted 

numbers deviates increasingly from unit y as the threshold moves away from 

the mean. This ratio is approximately 0.80 at the mean. 1 t reaches a 

10111 of 0.50 at the lo.est threshold and a high of about 4.00 at the highest 

threshold. It is knomn that the approximation becomes progressively werse 

as the heritability dacreas8s. Although the full sib correlations provide 

an upper estimate of heritebility very near one, RobSon (1955) has shown 

that heritability of birth.eight i~ in fact, about 18%. It is expected, 

tharefore, that the relative error of the approximation ia large because 

of the heritability of birthweight. Normality of the distribution of the 

underlying variate, which at present cannat be measured for real quasi­

continuous traits, is net relevant ta this application. The data ara 

certainly continuous and, therefore, a transformation can ba fOund, at 

least tneoretically, which renders the distribution normal without in any 

.ay changing the freQuencies of normal ana affec~ed individuels. ThlS 

last fact holos bec.use ~ne tnreshold i~self lS a function of any trans­

forzation tnat mignt be used. 
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The conclusion is that even if there are human traits which are 

inherited according to Edwards' aSBumptions then his prediction is not 

Bufficiently good for the prediction of risks to relatives for these 

traits unless the heritability of the underlying variable is close to one. 

tor a heritability of about 0.20, Edwards' approximation overestimates 

the reel risk ta sibs by about 20% with the gradient of the errer going 

From Dverprediction for thresholds below the mean ta underprediction for 

thresholds two or more standard deviation above the mean where the incidence 

of the trait is about .01 or less. Because of the large sampling variation 

due to small semple sizes, it is not possible ta determine the exact 

percentage of underprediction. 

Although it .as not necessary ta find a transformation which normalized 

the frequency distribution of birth_eights in order to test Edwards' 

approximation, this was not the case for talconer's approximation. 

Falconer's theory rests on the assumptions that: a} the distribution of 

the underlying variate is Gaussian and b} either there is no difference in 

the variances bet.een relatives and the general population or measurements 

are made in terms of standardized normal deviates. Since a test of the 

reliability of Falconer's approximation involves estimates of heritebility 

which are sensitive to deviations from normality, a transfor~ation giving 

a ne. distrlbution of the underlying variate that does not deviate 5igni­

ficantly from normality ia reQuired. A search for 8uch a transformation 

.as pe.formed for tne present birth.eigh~ data (Appendix - A1a). Altnough 

sorne transformatlons decfeaseD the Deviations From normality, none uas found 



33. 

for which the deviations were nonsignificant as meaeured by Fisher's g1 

and g2 statistics or by the Kolmegorov-S~irnov test of normality. rive 

different transformations were then used ta obtain regression coefficients 

in an attempt ta find a functional relationship between goodness of pre­

diction and degree of deviation from normality. These transformations 

give a range of skewness values from -2.34 ta +0.28, of kurtosis From 

+13.97 to -0.04 and of the Kolmogorov-Smirnov statistic from +1.00 to 

+0.02. All of the values indicate significant deviations from normality 

but it is to be expected that the transformation which gives values closest 

UJ zero will provide measured regression coefficients that are closest to 

predicted coefficients if ralconer's theorem is reliable. 

To test Falconer's theorem, only the method of complete ascertainment 

was used. As mentioned in the materials and methods section, this means 

that each "affectedn sib in a family is considered a proband and eaCh 

fa~ily is counted as many times as it has probands. Variances in birth­

weight of sibs of pro bands .ere obtained separately for each threshold and 

sex and with sexes pooled. These were then compared to the corresponding 

population variance (Appendix - A24). AIl r-ratios were statistically 

significant indicating ~hat in all cases the variances of sibs dlffered 

From the variance in the popula~ion. Although these might be statistical 

artifects for thresholds near the mean where sa~le sizes are very large, 

all subsequent calculations .ere done on 5tanoardizea deviates sa cnat all 

variances eQualled unity. Tne calculated regression coefficients .are 

decode~ back to conform wi~h the original scale of measure~ent. ihe 
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variance differences were consistent for males and females treated together 

as well as separately. 

As explained in the materials and methods section, derivation of measured 

regression coefficients requires first a rough estimate of product moment 

correlation coefficients. Values were calculated for all thresholds with 

the sexes pooled (Appendix - A19). The value of r = 0.36 for the threshold 

nearest the mean ls very close to the overall sib-sib correlation (i.e., 

r = 0.42). However, as the threshold mayes away from the mean on either 

side, the coefficients decrease very rapidly ta essentially zero. 

Recalling that birthweight increases with birth order, for thresholds near 

the me an a proband has greatest probability of being of an inter~ediate 

birth order and deviatior~ of his sibling's birthweighis will be partly 

due to birth order effects such that differences for aibs of lower birth order 

will partly balance out differences for sibs of higher birth order. As the 

threshold moves away From the meen, the probability that the proband haa 

a more extreme birthweight increases so that the sibs are more likely to 

be of either higher or 10.8r (i.e., if threshold is below or above the 

mean reapectively) birth order but net bath. As a reault, tne balancing of 

deviations due to birth order effects decrea88s and causes a decrease in 

correlation. The confounding parity effects account tO sorne extent inen 

for tha pattern of decraasing correla~ions as the threshold mayes a.ay 

from the mean. Sinca extreme birthweights are more likely to be non­

neritab18 affects due ta environmental causes, it is also expected ~na~ 

the non-genetic variation oecomes greater at tne tails. ihis effect lS, 
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however, probably of minor importance compared to the parity confounding 

affects. Finally, from the Law of Large Numbers, we kno~ that as sample 

size increases the deviation of the estimated coefficient from the real 

coefficient (i.e., the overall coefficient) is expected to decrease. The 

combination of the parity effects with the sampling varia~ions laad us to 

axpect the observed trend of the correlation coefficients. 

Falconer (1965) gave the equation b = (Xg - Xr)/Sg for the regression 

coefficient of relatives on propositi as ~ell as the formula for the 

sampling variance of the estimate. Using this formula, estimates of 

regression coefficients and their variances were obtained separately by 

sex and threshold for the simulated quasi-continuous traits in arder ta 

compare these with measured coefficients. Such derivations are of course 

indepandent of the scale of measurement since the threshold is a function 

of the scale. According to the assumptions of the model, however, 

comparison can be expected to be good only for calculated coefficients 

which are measured on a sc ale corresponaing ta a Gaussian frequency dis­

tribution of the underlying variate. 

ihe coefficients derived from Falconer's equation as well as their 

sampling variances are given in the Appendix (A20). The regressions 

nearast the me an are lowest, increasing as the tnresholc moves away but 

reaching a plateau value near 0.3 at about six ~hresholds cela. the mean 

and strictly increasing tD a value of approximately 0.5 arOund seven 

thraaholda abova tha maan. iha plateau for tnresholas oelow tne ~ean il~ely 



3é. 

reflects the negative skewness of the frequency distribution while the 

fact ~hat the highest coefficients are found at thresholds furthest 

above the mean are most probably due to the slight deficiency of higher 

birthweights. The overall trend is then as expected. 8reakdown by sex 

gives generally higher values than the pooled data except for the 

threshold nearest the mean. This too is as expected. 

measured regression coefficients and their sampling variances were 

obtained with weighting by bath sibship size and correlation for the five 

different scales of measürement described earlier. This was done for 

sexes pooled and separately and also separately by threshold (Appendix -

A21, A22 and A23). No quantifiable rela:ionship could be discerned between 

the measured regression values and the degree of departure of the corres­

ponding distribution From normality. Oualitatively it is seen that the 

~easured coefficients are nearest the derived coefficients at threshold 

velues .here there are the smallest departures From normality. As examples, 

the empirical transformation, (d), gives a bad fit te normality at botn 

ends of the rustribution but a much better approximation ta normality than 

the untranaformec data for values belo. the mean. The log transformation 

givBS an intermediate fit for values belo. the mean witn little change for 

values greater than the mean. Theae departures From normality are exactly 

paralleled in the nearneas of measured coeficients uo tne derived coeffi­

cients for all five scales of maasurement. Unfortunately, nowever, the 

distributions for all fiva scaies are significantly oifferent From 

normality and aven at the best points, differences between measured ano 
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derived coefficients are too great to allow anything other than the 

qualitative conclusion that in all cases the bad fit of derived coeffi­

cients i5 a reflection of the non-normality of the corresponding frequency 

distributions. for the range of incidences of about .01 or less (which 

is the approximate range for human traits thought bD be quasi-continuous) 

the percentage deviation of the derived coefficients from observed coeffi­

cient (measured from untransformed data) is about 20 to 25 percent for 

thresholds above the mean and greatar than this far thresholds below the 

mean because of the negative skewness of the distribution of birthweights. 

Thus, it was net possible to carry out a critical test of falconer's 

theorem. Treating the data separately by sex made no difference to ~e 

results. 

The necessity of normality of the distribution of the underlying variate 

poses an interesting question as bD the applicability of falconer's 

theorem to biological data. falconer's unit of measurement is the standar­

dized normal deviate 50 that in practice a quasi-continuous trait with an 

abrupt threshold may give rise bD a proportion of affected individuals who 

do or do not lia beyond the threshold when the scale of measurement is 

absolute but who respectively do net or do lie beyond this point when the 

scale ia changad and œeaeureœents are in terma of standardizad normal 

deviates. That ie, tnare nead net b8 a one te one point correspondence 

that maintains the seme order of dichotomization with respect UJ the thres­

hold bet.een the biologicsl scala of measurement and the percentile scale 

of =easurement used te devalop the theory. ~ince we have seen that tne 
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theorem is very sensitive to departures From normality and since it is 

unlikely that any biological data have substantially more normal distri­

butions than do these birthweights, the usefulness of talconer's theorem 

for the prediction of either risks ta relatives cr derivation of heritability 

estimates becomes extremely qUBstionable. 

The major conclusion of this study ia that researchers who utilize 

quasi-continuous models ought to do so very critically. A thorough search 

for major gene effects ought first to be carried out. A combined use of 

segregation and regression analyses ought ta be the first step and when 

one resorts ta quasi-continuouB models, expanded models with non-abrupt 

thresholds ahould be utilized. This may perhape help ta prevent a general 

inclusion of unresolved traits in the category of quasi-continuous 

variations. This ia especially important for data which are to be used 

for genetie counselling purposes. 

We have seen tha~ the original models as derived by Edwards (1960) 

and Falconer (1965) are not reliable predictors. The firat step in 

i~roving the modela haa alrBady baen taken by Edwards (1967) and mortan 

and his co-workers (Campbell, 1969) by asauming a non-abrupt threshald. 

Sinee the sigmoid curve seeme to be the most reasonable funetion to describe 

the threshold (Campbell, 1969), it ia dasirable that this function be 

utilized and ils consequences detarmined despite the mathematical 

difficulties involved. Neverthelasa, the extension derived by Campbell, 

Elaton and morton (see Campbell, 1969) in ass~ing a trunca~e normal dis­

tribution of ris~ is a .eicorne improvement as evidenced Oy the results of 
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their simulation study using fingerprint data. A further much needed 

improvement i5 a reliable test for the additivity of gens effects. 

Hopefully, a combination of thsse improvements will give us sorne indications 

of the biological mechanisms determining many unresolved traits as well as 

providing us with more realistic means of calculating risks to relatives 

of pro bands. 
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SUmmARY 

A large body of hu~an birthweight data was used to simulate quasi­

continuous traits with abrupt thresholds by imposing arbitrary thresholds 

on the birth.eight distribution and thereby simulating the quasi-continuous 

trait, -extreme birthmeight". The simulation was used to test Edwards' 

(1960) prediction that the sib risk for such traiœ is about equal to the 

square root of the population incidence of the trait and also to test 

ralconer's theore~ (1965) that the regression of relatives on propositi, 

withœspect to the underlying variate, can be determined from the popu­

lation incidence and the risk ta sibs. Birthmeight served as the measure 

of the underlying variate. 

Edwards' prediction gava a poor fit to observed frequencies which it 

genarally overesti~atas by about twenty percent. This is partIy attributed 

to the 10. heritability of birthweight. No critical test of ralconar's 

theorem could be made bacaue8 no transfor~ation was found ta nor~aliza 

the fraquency distribution of birthweight. His mathod is highly sensitive 

to departures From nor_ality. 

The practical value of the models and resulting theory wera briefly 

discussed and it .as concluded that thay are likely to be inapplicable 

to real biologieal situations. 
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a) Parameters of Birthweight Distributions 

i) Males and Females 
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al Parameters of Birthweight Distributions 

i i) Ma les on l y 

-
j - -
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a) Parameters of Birthweight Distributions 

iii) Femaies only 
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b) Family Size Distribution 
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Risks From different methods of ascertainment A7 

b) males only 

i) Thresholds below the mean: 

Edwards' Predicted Risks Observed R isks 

...., ...., 
c: c: 

"':l CD "C "C !li "0 
CIl E CD c: CD E CIl c: 

"0 c: c: c: c: r-. c: c: c: c: r-. ...... • .-4 r-. CIl • .-4 • .-4 0 '.-4 r-. CD • .-4 • .-4 0 
0 ttlL:B ...., CIl ttlL:.o ttlL:B ...., ttl CIIL:.o 
L: ""'01 QI"'" 

...., 01 ...., 01 CD"'" 
...., 01 

CD r-. :l --i r-. r-. :l....J r-. :l ...... r-. r-. :l"'" 
CD Cl 0 .... Q.CD CD 0 en CD 0 ...., Q.CD CD o en 
r-. U r-. en E U U r-. r-. U r-. en E U U r-. r-. 
!: U)!: CIl o al al L: . .-4 en .!: 10 0 al en L: . .-4 

cr...., ...... U c::: cr....,c.- 0:::...., ...... UC::: c:::....,c.-

1 .0313 .0293 .0307 .0392 .0268 .0444 

2 .0498 .0484 .0504 .0375 .0335 .0352 

3 .0669 .Oé54 .0678 .0303 .0362 .0517 

4 .0824 .0805 .0833 .0471 .0476 .0384 

5 .1012 .0996 .1043 .0708 .0733 .0618 

6 .1286 .1267 .1324 .0728 .0668 .0580 

7 .1647 .1615 .1694 .1304 .1230 .1060 

8 .2255 .2225 .2344 .1648 .1786 .1508 

9 .3167 .3133 .3282 .2575 .2690 .2420 

10 .4352 .4328 .4520 .3726 .3388 .3109 

11 .5889 .5899 .6118 .5095 .4721 .4320 

ii) Thresholds above the mean: 

Edwards' Predicted Risks o bserved Risks 

...., ...., 
c c: 

"0 CD "0 "0 CD "0 
QI E II) c: II) E CD c: 

"0 c: c: c: c: r-. c: C c: c: r-. 
...... ..-4 W II) .r4 ..... 0 ..-4 r-. CD . .-4 .;; .c. .8 0 ., .c. 0 

...., CIl ca.c..o ca .c. 0 
...., ca 

.c. .... 0'.0 II) .... .... 0' .... 01.0 11) .... .... 0' 
al r-. :l ...... r-. r-. :l .... r-. :l ...... r-. r-. :l....J 
CD CD o .... 0. al CIl 0 al CD o .... Q.CD al o al 

'" U '" en E U U '" W U r-. III E U U '" ... .c. en.c. CIl 0 en en L: . .-4 enL: ~ o U) CD ~ ~-4 

>- ~ .. ;. -f U 0::: c::: ..... c.- c::: .......... :..JO::: 0:::....Jc.-

12 .8082 .8075 .7910 .6237 .6544 .6949 

13 .0707 .6689 .6454 .4921 .5397 • 5b7 3 

14 .5113 .5071 .480a .3816 .4199 .4693 

15 .3588 .3537 .3292 .2602 .3104 .3652 

16 .2462 .2391 .2179 .2049 .2296 .27 .. 1 

17 .1503 .1444 .12é1 .1202 .1540 .1730 

18 .0877 .0540 .0732 .1233 .1382 .1933 

19 .04ÔS .04c3 .0397 .0192 .u674 .1é.32 

20 .0262 .02:;7 .0210 .0731 .1023 



Risks from different methods of ascertai~ment 
AB 

c) Females only 
i) Thresholds below the mean: 

Edwards' Predicted Risks Observed Risks 

...., ...., 
c C 

"C ID "C "C al "C 
al E al C ID E al C 

"C C C C C '"' C C C C '"' ~ .... 
'"' ..... .... 0 .... '"' CD .... .... 0 

0 aI.c.s ...., ID ca.c.o ca.co ...., III ca.c.o 
.c ""'01 . ...., ...., Cl ...., 01.0 CD"'" ""'01 en c.. ::J r-f '"' '"' ::J ...., '"' ::J ~ '"' '"' ::J ...., 
al CD 0 ...., 

~~ ~ 8 ~ al 0 ...., Q.CD CD 0 en 
'"' CJ '"' en CJ '"' en E CJ 

CJ '"' '"' .c CD .c III o ln CD .c ..... CD .c III o CD In.c .... 
1- c:r""'..-f ~q: c:::....,~ c:::....,~ wc::: c:r....,~ 

1 .0325 .0303 .0316 .0476 .0307 

2 .0515 .0493 .0529 .0166 .0438 .0689 

3 .0667 .0644 .0680 .0422 .0357 .0659 

4 .0832 .0807 .0843 .0285 .0443 .04éi5 

5 .1032 .1044 .1051 .0700 .0802 .0223 

6 .1332 .1288 .1354 .1166 .0889 .0796 

7 .1722 .1686 .1772 .1463 .1430 .1503 

a .2458 .2418 .2530 .1991 .1976 .1710 

9 .3616 .3577 .3729 .3266 .2972 .2715 

10 .5041 .5028 .5220 .4429 .4059 .3654 

11 .6713 .6723 .6918 .5834 .5400 .4885 

ii) Thresholds above the mean: 

[dlllards' Predicted R isk Observed Risk 

...., 
~ 

c c 
u CIl "C U CD U 
ID E ID C CD E ID C 

U C C C C '"' C C C C '"' ..-f .... '"' ID .... .... 0 . ... '"' CD .... .... 0 
0 CI .c 0 ...., III !:.c.o :2.c.s .., III 1II.c.D 
.c ...., CI.o al"'" .., CI ...., 01 CIl"'" ...., 01 
III '"' ::J ..-f '"' w ::J ~ w ::J ..-f w w ::J .... 
CD CD 0 .., Q.CD CIl 0 III CD 0 ...., 

~~ CIl 0 al w CJ w al E CJ CJ w w CJ w ln U w w 
.c CD .c ID o CD CD .c .... CD .c III o III al .!:. .~ 

C:::"'~ U c::: c:::~~ c::: ..... ..-f ~c::: c:::~r... 

12 .7412 .7403 .7221 .5587 .6047 .5489 

13 .5612 .5780 .5552 .4223 .4763 .522t. 

14 .4142 .40;J7 .3830 .3143 .3597 .42b7 

15 .2722 .2056 .2451 .2033 .2479 .300b 

1ô .1760 .1696 .1543 .1400 .1élOO .21t.9" 

17 .1017 .0964 .0657 .0599 .1206 .1735 

18 .0603 .0555 .0486 .044ë .0615 .00::;2 

19 .0344 .031é .0255 .0tOO .0769 

20 .0209 .019t .0 i ::0 .0727 



A9 

Edwards' Prediètions 

a) Complete Ascertainment: i) males and females No. = Number 
% Devin = Percentage . 

deviation 
X 2 = Chi- square value 

1'"0 

IJ 
Ed.\e.rdsl ~ 

l'b. d 
Pledi:ti:n .Af8iErl 

Sb; 

1 . 0009 . 0300 10 

2 . 0024 . 0489 47 

3 . 0042 . 0648 75 

4 .0065 .0806 114 

Cl:seMrl 
l'b. of 
A&cbrl 
Sb; 

8 

27 

47 

59 

Tdal l'b. O:served 
of Sib; EqJe::œd 

551 .50 

970 .57 

1167 .63 

1420 .52 

% Dev'n 
fran 
&p!::Œrl 

-50.00 

-42. 55 

- 37. 33 

-48. 25 

4. 1196 

8. 9440 

Il. 1713 

28.8513 

5 .0100 .1000 214 141 2145 .66 -34. Il 27.6616 
I-=--..........=....:...:....~-+-....:......:....:...:..-=--+---=::.:.....:::.-t-----+----I----~----~--··-·--·-·· . -

6 .0163 .1276 468 287 3669 .61 -38.68 80.2368 
---'=<--ir:;...;;....:::....::..---t-...:...:......::....:...-:::....-t---=-=-=--+---=..=....:...-+--::...=.::~t----.:-=-=~I--=-=..:......:...:-+ .-.. .-..... 

7 • 0272 . 1649 1074 823 6512 .77 - 23. 37 70. 2455 

8 . 0539 . 2321 3711 2937 15991 .79 - 20. 86 210. 2172 

9 .1127 .3357 11960 9762 35626 .82 - 18. 38 608.0880 

! 
1 
1 

1 

10 .2193 .4682 30477 23926 65081 .78 -21.49 2648.3227 
1~=-i-'-~~-+~~-4-=.....:...-:....----+-...:.........:~~-:....:.-.:.-+---~_·!--_·- -.--.----... ----

Il .3987 . 6314 ~351 55624 1 1 141 3 . 79 - 20. 93 8364.7712 

12 .6012 .7753 102629 83076 132354 .81 -19.05 16587.1553 
r-=--~...:;..;;...;;;,..::.-t--..:..-+-..:..-.--=---4----+---+----+---·------ .. --...... . 

13 .3921 .6261 72772 58788 116211 .81 -19.22 7188.9579 .. --t---+------+----+----+---~---~----~.---.- ..... 
14 .2132 .4607 35478 29521 76843 .83 -16.79 1858.0926 

1~~~~=-t--=--=:...::...::...:..-+-=-=-:....:....:---4-::....:....:~-+-:....:...::~+-·-:....-:....:=--~~=-=--.:....~·---·-·-·· ... 

~1.:::...5 -t-....:.. • ....:;0....:..9-=..84-=--r· ..:;3...:..1.=..3.=..6 +-...:..1..::...1 8..::...4:..:2=---11--..::...1 0.:...:3:...:2:.:3:..+.--=3:....7-.:..7~4.:...1 +---.:..-=8-=7~~-....::.1..:.2=-. 8.::...:3=--~.-:2:::...::.8 .~~ _~ ~~.~ 

16 .0433 .2080 4015 3948 19294 .98 - 1.67 1.4119 . ---+~~~+-~:...::....:~_::...:.-......::.--+--~~+--.:....:---.:-+_....:-....-=---+--_._---+_. __ .. _ .. _. --

~1...:...7-+-=-.-=0:...:1~5~2~--..:.:.-=-..:1 2=-=3:..:2=-+_-=8~7-=8~_----:9~6:.:0~_~7:....:1-=2:.:4+-....:..:1.....:.0~9~~+-=--9:..:.. . ...:.3:-=4~l----_.~.? 3 48 

18 .0051 .0714 180 270 2527 1.50 +50.00 48.4512 
~=--r-=:...::..::...:.-+~~~+---=:..=...::___4---=:...:..:~---=-=~+-....:..:-=-:~+-~:.:.....::..: -- --._ .... -... -.. .. 

:: : :::: : -:--:.:-O-3·-t---Z-:-~--:-:-~--::-: t-::-:~- : ;:-~:! 
r""---t-=.....::...;:.....:....::-t--=-~~+------~---=-=~-----=~-+-....:....--·--·· .-.-. -. --

40.4553 

79.8905 

2 21 .0002 1 .0141 63 -- -- 2.0160 
I-='""--r-=-=~:..:::-r---+---~----+-, ---+----~_._---- ·_·0·. ___ ·_. -.'. 

~22_ ~-~OQ~~---~.010_~t--~.--4-~------ _ :- 1 
j 
! 
1 -:~ - .. :~:~-;- i~~~;~I----:-r- --: -! z: l ~ ~ __ ~ 

1 



A10 

Edwards' Predictions 

a) Complete Ascertainment: ii} males only 

-0 
i BpEne1 Cberved 

J 
In:œx:e lEd1.a1ds' N>. of N>. cf. 

Tdal l'b. Ch;ave:l % De.rh 
Pttddi:n of Sb; fron X 2 

Afii:dHl Affa::tai Bcpa:::t Erl 

Sb Sb; '~d 

1 .0009 .0293 4 4 149 1. 00 0 0 
-- ---------- -

2 .0023 .0484 12 9 268 . 75 - 25. 00 .7852 
... .- - . _ .. 

3 .0043 .0654 23 13 359 . 56 -43.48 4. 6454 

4 .0065 .0805 28 17 357 · 61 - 39. 29 4. 6892 .-

5 .0099 .0996 55 41 559 .74 -25.45 3. 9525 - _ .. 

6 .0160 1--.• 1267 123 65 973 · 53 -47. 15 31. 3072 
____ ' __ 0" _ 

7 .0261 · 1615 254 194 1576 .76 - 23. 62 16. 8964 
- ... 

8 .0495 .2225 825 663 3712 .80 -19. 64 40.9013 
----_. 

9 .0981 1 · 3133 2423 2081 7736 .86 -14. Il 70. 2871 
-- ------ .--.. -. __ ... -

10 .1873 .4328 6195 4851 14315 .78 - 21. 69 514. 0348 
---_ ... -

1 

Il .3480 .5899 1 15458 12373 26205 .80 -19. 26 1501. 2532 
1 1 12 · 7515 1 .0075 , 27137 21996 33608 · 81 -18. 94 5058. 3007 , ----------... __ .. 

1 

13 .4474 .6689 1 21479 17331 32112 · 81 - 19. 31 2419. 2179 
.--- ; 1 

1 14 · 2571 
1 

· 5071 1 11617 9621 22911 .83 -17. 18 695. 7022 i 1 1 -_ ..• -
1 ! 1 1 

1 
! , 

i 
\ i 1 _9~· }224 J 15 · 1251 i .3537 4255 3735 i 12031 .88 - 12. 22 1 . __ ... __ ...... 

) i ! ! 1 1 1 
i i i 

1 

16 · 0572 · 2391 1532 1 1472 6409 
1 

.96 \ 
3. 9~. __ L ...... 3.0880 1 1 1 i -.. 

1 1 1 

1 

! \ 1 i 
i , ! i 17 .0209 i .1444 

, 
351 375 2434 1 1. 07 + 6. 84 1.9175 i ! 

1 ._--.--
\ 

1 ! i 1 , 
\ 

: 
i ; 

, 
1 1 i , 18 · 0071 .0840 79 130 940 ! 1. 65 +64. 56 : 35. 9450 1 

! i 

1 , : 
-_ .. _-------._ ... - --. --_ .... 

1 ! 
1 19 .0021 · 0463 1 1 17 252 1. 55 +54. 55 3. 4221 

i 
! 

\ , ! J 1 
-_ .. __ . --- _. 

1 

i,20 : +333. 33 
1 

.0007 .0267 3 13 127 4. 33 23. 7987 1 ---_._-._-.- -"._- .... 
1 
1 

. 21 .0002 · 0143 0 0 18 - - - - - - 1 ---_._-_._.,._.-- _" ... -- .- " .. - ." • 1 

22 .0001 .0097 0 0 12 -- -- --
--------- ," 

23 .00004 .0062 0 0 13 - - -- - -.... -----------.--_ .. _------ .. -._- .. - . . "-" . 

24 .00001 .0038 0 0 2 - - - - . -- ._ ... ----... ._------.- .. --- .. " .. - .. 



Edwards' Predictions 

a) Complete Ascertainment: Hi) females only 

lriden: e F.dMud s' Expocta:l 
Ptalic1X:1l No. cf 

Afidm 
1 Sis 

1 . 0009 .0303 3 

2 . 0024 . 0493 Il 

3 .0041 .0644 16 

4 .0065 . 0807 27 

5 .0101 .1004 51 

0:Ber.m 
No. cf 
AfEdErl 
Sb; 

4 

10 

9 

15 

41 

1 
Tdal 110. ClJeeIve:l 
ci. Sb; ~ 

130 1.33 +33. 33 

228 . 91 - 9. 09 

252 .56 -43. 75 

338 .55 -44.44 

511 .80 - 19. 61 

A11 

O. 3412 

O. 0955 

3. 2701 .. -

5. 79.~.i.. 

2. 1782 

t--=6-1!--'-' ..:..0..::..16=..;6=--1r-' ..::..1 =28=8=--4----:1:....::o:..::.8--+ __ ~7 5~f-_.::...8 4..::..;3=-+-----.:.~6=-.,9~-4-._-:_._:3:..:0:.:. .. .::5.:6 ____ .. 1 !~. 5650 

1_..!..7-;r...t....::!0:..!:2~8~4-t'-. ~1..!:::.6.!::.8~6 -t_-!2:.:::8~0---1_--=::2~3 8~1----!.1::::..6.:::..64.!...f---.:.:....:8~5~+_-:..:1 5~. ~0-=0-+_--..:7:...~ 5~-!~ 

8 .0584. 2418 1040 851 4306 .82 -18. 17 45. 2843 t--=-it--<-~:"=""=:---+'--=':~-~-=-=--=-=--+_--=':::"'=--+-_..!...::..~+-~::::'::"'-!-----'::"~~- _._._-- _ .... 

9 .1280 . 3577 3601 2993 10069 .83 -16.88 159. 8087 

10 .2528 .5028 9076 7327 18051 . 81 - 19. 27 677. 8786 
1 

19785 15894 1 29430 
1 

Il i .4520 .6723 - 19. 67 2334.9331 .80 
1 
1 

12 i • 5480 . 7403 23997 1196021 32416 .82 -18.31 3099.;~2; 
~1_3~!_._3_3_4_1~._5_7_8_0_~1_50_3_6_~!_1_2_39~2_~1_2_6_0_1_3~_._8_2_.tl_~.5~~~~-~63 

1 i 

14 i .1671 .4087 6445 i 5674: 15771 . 88 ---Ll .. :J}.·~~.6. rISS. 9731 

)_5.L_9705 . 26.5~ __ 1_8~? l 1713.+ __ 6-=-9_1_0_-+--~ . ..:...9_3 __ -: -_-:'_~~~~-l ..... _.l_l.' 0440 

~16.::-.r--=-. -=-0.::.28::...:8=-+1.~16=-.,9:....:::6:..-...-~....:5:....:4~9_1i-' _-=-5.::...84~'"-! _.::...32=-4:..::3=-+..-...-:1:..:... o~ .. __ . L.+ l>~}_~ i 2. 6860 

117 j . 0093 1. 0964 1 106 i 133: i 1 

1

18 J. 0031 ,.0555 1 18! ZO il::: 1 :::: ~~~;~-:; 
: 19 1. 0010 1.0318: 3 1 -8---1041-2.-6-;-- ;;~6_.~_7_, ___ . ___ 4. 7306 

1 

_2_0-t-_._0_0_0_4~:._0_1_9_6_t-__ ~ ___ 4 ____ :>_~5~:_4._0_0_~_+_3_00_._0_0_~ __ 2. 74~~j 

7. 6093 

O. 2353 

21 . 0001.0107 o o 1 1 

22 .00003.=00==S5~ ____ -.=...0 ___ _ O~ ___ ;! _______ .. __ ...... _ 

23 . 00001 . 0039 o o 3 

24 .000005. 0022 o o o 



A12 

Edwards 1 Predictions 

b) Ascertainment through the first born child only 
and risk to later born children - il males and females 

1 B!pE!dEd <bselve:l O:l;etved % 1l!,'n 

l 
mde'x:e Es:Mard; , Tdal N>. x 2 

Ptefc 1. Il l'b. cf Nl. d dSbs EqJa::Œrl frcm 
Afidm .Afi'ece:l Bq:a:tm 
SiJs ~ 

--- -~---

1 · 0010 · 0312 4 2 152 .50 -50.00 l. 0270 
._-- ----------

2 .0027 · 0516 16 12 325 .75 - 25. 00 l. 0518 

3 .0046 .0678 25 19 369 .76 - ~4. 00 l. 5447 

4 .0070 .0838 35 16 420 .46 - 54. 29 Il. 2519 ---------------

5 · 0 Il 0 · 1047 75 33 921 .44 - 56. 00 26!..2_507 

6 0179 · 1339 153 73 1146 48 __ _ -=--52_. __ f9 ____ --- _ 48. 2752 

7 .0300 · 1743 371 244 2147 .66 -34. 23 52. 5560 

8 .0594 .2436 1304 845 5356 .65 - 35. 20 213. 5591:i - ._. __ ___ ____ __ 'J 

9 · 1230 .3507 4152 2927 11842 . 71 - 29. 50 556. 5620 
---

10 · 2375 .4873 10747 7352 22054 .68 - 31. 59 2091. 8584 - -._- --

1 1 .4250 6520 23770 16445 36460 .69 - 30. 82 ~485. 465C ----

12 .5750 · 7538 31061 1 27345 40964 .88 - Il. 96 _____ 1838. 9 56~ 

13 .3638 .6023 20503 18776 3399~_ .92 - 8.42 1 366. 559~ 
~-------

____ o. - 1 
i 

14 .1901 .4360 8722 8791 20008 l. 01 + O. 79 1 o. 967j 
1 

! 
! 

15 .0849 .2913 2695 3015 9254 l.12 + Il. 87 1 53. 6084; 
1 

1 

1 

--.-._._. - j 
1 

, 1 

16 .0360 · 1896 ! 811 1063 4279 1. 31 +31. 07 , 96. 6 ~4~ 
1 

1 
1 

1 
17 .0120 ! · 1095 1 156 ! 236 1430 1 1. 51 + 51. 28 46. 0~9~1 , 1 ---

1 
! 

.0625 
i i 

79 502 1 2. 55 + 154. 84 79. 21 43) 18 · 0039 1 31 1 
1 , 

1 

1 .0335 ! 
-- ---_ .. ". - . - .. 

! , 
25. 769i 19 ! .00 Il 4 ! 14 134 3. 50 + 250. 00 

1
1 .0003 

~ 
1· 

i ----" , 

20 , · 0183 0 1 38 i - - -- 0 
1 ----_ .•... -. r 1 ! : 

21 ! . 0001 .0106 0 0 6 - - -- --.. _. _ .•• - __ 0.-

; 7 - - - - .-22 .00004 .0064 o o 

23 

24 

. 00001 

1. 00001 

.0037 

.0030 

o o 

o o 3 



J 
In:œ-ce 

1 .0009 

2 · 0025 

3 .0046 

4 .0069 

5 .0109 

6 · 0175 

7 .0287 

8 .0550 

9 · 1077 

10 .2043 

LI .3743 

1 2 .6257 

13 .4165 

14 
fo--

· 2312 

1 5 · 1084 -_ .. 

If> 0475 

LI_ · 0164 
1 

18 .0054 

119 .0016 , 
1 

j20 .0004 
i 
1 

:21 .0001 

:22 .0001 
--.' 

23 · 00003 

Z4 . 00002 
--_._~-

A13 

Edwards 1 Predictions 

h) Ascertainrnent through the first horn child only 
and risk to later born children - ii) males only. 

~' BpEœd Cl:served 0/0 Deln 
Pnrli:::ti:1l No. ci No. ci Tdal N>. O:eelved fmm 

.A&dI:d .A1feœrl dSiJs Bqmed Bq:edai X 2 
Sibs Sb; 

· 0307 1 2 45 2. 00 + 100. 00 0 

.0504 4 3 85 .75 - 25. 00 0 

· 0676 7 6 116 .86 - 14.2Q _-.0 _____ 

.0833 8 4 104 .50 - 50.00 1. 2932 

.1043 20 12 194 .60 - 40. 00 2. 7936 
---

· 1324 38 17 293 .45 - 55. 26 13.3347 

· 1694 81 51 481 .63 - 37. 04 13. 3611 

.2344 293 189 1253 .64 - 35.49 48. 1813 
~- _ .. ------- -_._-

.3282 829 612 2528 .74 - 26. 18 84.5179 
.... -

.4520 2218 1526 4908 .69 - 31. 20 393. 9154 
-----'_ .. -.• 

· 6118 5349 3778 8744 . 71 - 29. 37 1188. 3858 
--"---_._---

· 7910 8352 7338 10559 1 .88 - 12. 14 588.9872 

.6454 6104 5555 9458 
1 

1 . 91 - 8.99 139. 2408 
--"--_. - .. 

1 

.4808 2947 2877 6130 i .98 - 2. 38 3. 2021 --_ ...... --
1 

.3292 1031 1144 3132 1 1. Il + 10. 96 18.4626 
----

· 2179 321 407 1474 1 1. 27 + 26. 79 29.4551 \ 
1 

1 

-------
i 

· 1281 63 86 497 
1 

1. 36 + 36. 51 9. 6157 1 

1 
1 

-,- - -

181 2. 69 +169.23 
1 

.0732 13 35 1 35. 2994 1 
1 

! 
! 1 1 

-..-._--_ ... 

! 
1 

.0397 1 
1 

8 49 8. 00 
1 

+ 700.00 i 24.7578 1 

i 1 

1 ! ; ------- -.. - .. 

· 0210 1 0 0 1 5 i i -- - - --
1 

"'-- _.-

i 
· 0119 i 0 0 1 -- - - - -

: ; -_._,"- --
; ! 

.0084 0 0 3 - - - - - - 1 -----_ ....... _- - -. ; 

· 0051 0 0 1 - - - - - ---._----.... ----- ... 

.0042 0 0 2 - - -- - -
- ----.- ---_._--. _.- -- . 



A14 

Edwards 1 Predictions 

b) Ascertairunent through the first born child on1y 
and risk to later born children - HU fema1es on1y 

J 
h:On:e F.d.t.ald; 1 

Bq:ecte:l CheMrl 
Tdal l'b. Cl:se1ved 0/0 lli.r h l'b. d l'b. d X

2 
Pta1ir:::ti:u d Sb; Bq:ecte:l fIon AfJB:im .Afi:arl 

Sb; ~ Dq:a:tej 

1 · 0010 .0316 1 0 40 0 -100. 00 0 

2 .0028 .0529 4 6 87 l. 50 + 50. 00 O. 234 ~ 

3 .0046 .0680 6 6 91 1. 00 0 -~-----

4 .0071 .0843 8 5 103 · 62 - 37. 50 O. 5751 

5 · 0 Il 0 · 1051 14 3 134 2l - 78. 57 8--23_7-, 

6 · 0183 · 1354 35 21 263 .60 - 40. 00 6. 459~ 

7 .0314 · 1772 97 83 552 .86 - 14. 43 2 .. ,t~l-4 

8 .0640 .2530 357 242 1415 .68 - 32. 21 49. 544~ 
.. -

9 · 1390 .3729 1237 902 3320 · 73 - 27. 08 144 .. 6001 -

10 · Z125 .5220 3141 2199 6018 .70 - 29. 99 590. 943~ 

1 1 .4785 .6918 6516 4603 9421 · 71 - 29. 36 18_~.~)~6l: 

12 · 5215 · 7221 7135 6412 9881 . 90 - 10. l3 263. 622~ 

13 .3082 .5552 4190 3945 7548 .94 - 5. 85 32. 201 C 

14 · 1461 .3830 1524 1707 3981 1.12 + 12. 01 35. 604~ 
_._.~ 

15 .0601 · 2451 382 469 1560 1. 23 + 22. 77 26. 2394 

L6 .0238 · l543 l07 151 696, 1. 41 +41.12 L_. 21. 3804 

17 0073 .0857 18 38 219 2. Il 1 +111.11 24.2123 

1 

". _. 

1 

18 .0024 .0486 21 5 58 2. 50 + 150. 00 i 1. 6720 

~ 1 ! 1 
, , -.- .. --

! 

19 ~ .0007 · 0255 Oi 0 Il i -- ! - - - -
Il 1 

1 

o 1 
1 1 

----- . .. 

20 U 1 .0150 oi 5 j i !i.. 0002 - - -- - -.. - '--- --. 

~ 
1 

1 ! 1 i 

I_~_l K. 0001 .0092 1 Oi 0 i 0 1 
; 

1 , " -- - - - -
1 1 

.---_._ ... , 
.. 1 

:. 00001 i LZ2 .0031 0 \ 0 0 j , 

:23 o 0 0 0 0 
-, 

o 0 0 0 0 
•• _____ .H __ ·_·· ... • " •• 



A15 

Edwards 1 Predictions 

c) Ascertainment through tbe last born child only 
and risk to earlier born children - i) males and females 

Fm.eldsl 1 ~ 
Ptali::tin Ml. ci. 

I~ 

h:Œn:e 

1 .0010 .0319 5 4 

2 • 0026 . 0506 13 6 

3 • 0045 . 0668 21 12 

183 • 80 

273 • 46 

326 .57 

0/0 Devn 
fran 
~ 

- 20. 00 

-53.85 

-42. 86 

o 

3. 9577 

4. 1227 

4 .0069 .0828 35 15 424 .43 -57.14 12.4568 
t---t-----+----t----+----+------if-------jf------+-----·--·-.-··· .. -

548 · 71 5 .0104 • 1022 - 29. 09 
t---t-----+----t----+----+------if-------jf------+----.- -

5. 1738 55 39 

6 .0171 • 1309 129 80 991 .62 - 37. 98 21. 3978 

7 • 0284 • 1 684 298 239 1774 .80 -19. 80 14. 0396 

8 .0555 .2357 1064 874 4515 .82 - 17. 86 44. 3893 

t-9<---lt-'-' ~1.::...:1 5::;....:2"-+-.-:... ~3 ~39!...,;4::......t_...:;:;3-:;4~5..;:...7 +-....:3::...;:0;.:::5...:;:;6-+--.--:1:...:0:...;:1-:;,.8...:..7-+-_-=-. ..::;.8.;;;...8--+_-.;;;...1.:..:1.:.....::6:....::0~4-___ 70_. 4.Ql~ . 

10 .2211 .4702 8494 7252 18064 .85 -14.62 342.7938 

Il . 3977 . 6306 19740 16849 31304 . 85 - 14. 65 1146. 1482 
~--tt-~-__+_---~--'-_.-+---~--+-----I__--__l'------ .---._ .... - .. 

1-=-1..:;;;.2--lt~' ...:;.6..:;..0 =2 3~---=-• ...;..77.;...;:6::...;:1--t---=3~0...::;3...;..7-=-4 +-=23::....;:0::...::6~8--+----'3::-..:9:....::1...:;:;3...:..7-+-_-=-. ....;.7..;::.6--+_-..::;24..::..:.:......:0::...::5=---~7 ~ 48~ ._5977 

_1-.,;3'--1t-.:...,:3:.....o:19c..;;;5..;:;,0-t--..:..... -=-6-=-28::;....:5"---i~2::.;:2::..::2:..:.7-=-5-+-_=_1_=_6=-3=:..29:--~..::.3-=-5-=-44-=-=-24---_=-• ...:..:7_~~~ 26~~9_. _ 4272. 31 71 

14 .2174 .4663 11480 8380 24621 .73 -27.00 1568.4070 
I--~---+---~-t---..:---+--~-_+_---I----.:.--.:.~--~-~---·+__--_··· . 

15 .1020 .3193 4074 28921 12760 .71 -29.01 1 503.7845 
r-=-1';;"6-jf~ . ...;..0~46;:;..1;...;--'-. 2..::.1-4:...;7;;...;-..:..14..::..7-2~-1::...:1~7-=6-+1-~6=--8....:.6...:.0-4\----.:.... "":'8-=-0-+--"':"20~.:"':1:"":I~L: -.::...-=-7::..::5.-7....:.8~....:3·.:: 1·-

!! ; ---
r1_7-jf..:... . ..:..0..;:...16..::..6~--'-• ..:..1_28;:....8~_---.::...34..::..2-+-__ 2;:....7_1--+1 _......:2:;,..;6_6...:.1-;i_---.:.... _7....:..9-+_-_20.:..:.=--7....:6~l-i ~1.~=- .. ~~~?_ 

~1=8-1~.=0=05~7~~.0~7~5~5~--7~9~--9~1~!-~1~0~5~5~!-~1~.~1~5-+1~+~1=5.~1~9~~! __ ~1.~~~9703 
,ri ...:..1..<-9 r · 0=0~1:...::8~! .....:.:.....:0:....:4:...::2=-=2~! _--=-1 =-3 +1 __ :..:..1 8~' _--=3-=..1...:...1-i.: _..:..:1.~3::...:8:.......J!l--+:....:3::.:::8:.:.. -=-4.:6. _____ ~._~~.;~ 
1 20 0006 i .0237 t 2 6 117 3.00: +200.00 3.6786 
1 i 1 --.--.-.•.. - ..... 

l : 1 i 

1 21 .0002 .0130 i 0 1 1 25 . --, -- 0 
r-=--T~=--...:.....:::....:....:::..::.-~---=-:i-----=~---=-=~----l!--------::- - ---
'l2 .0001 .008l 1 0 l 0 7 
: -=2'-3:::'-1

1
:-'-. ..::.0-=-0~0.:....04-.....: . ...::0...::.0..::.6..::.0~---0.:~i --=--O=-----i-3~--------··- .. - . 

. 24 1.00001 .-0-0-3-7-------0~---......:0-----~3-----~---------



Edwards 1 Predictions 

c) Ascertainrnent through the last born child only 
and risk to earlier born children - ii) males only 

J 
"tS fIn:idsœ El:lY.azds' 

i Predictim 
t 
1 
1 , 
1 

EXpeded ~ 
N:>. d. No. d. 
Affectai .Affected 
Sibs Sibs 1 

0/0 Devin 
fran 

EXpected 

1 : .0010 .0313 1 2 51 2.00 +100.00 

2 
!' 
~ .0025 3 3 80 1.00 1 o .0498 

3 ; .0045 .0669 6 3 99 .50 1 - 50.00 

i 

A16 

o 

o 

0.7699 

4 L0068 .0824 8 5 106 .62 - 37.50 0.5739 
---=-5 -r-:L:....::0;..::1~0=2 +-....:. • ..::.1=o=-12-=-+--1....::2-+----=-9-f---=-1-=-2 7=--+----=.-=7:..=5-+---=-2 5.:...:.~0:..:0---;f---0=...:.~3=-::8~24·-

6 1. 0165 .1286 31 18 247 .58 - 4l.94 6.2340 

7 .0271 .1647 71 57 437 .8.0 - 19.72 3.2961 

8 .0509 .2255 235 193 1044 .82 - 17.87 9.6869 
---t--~t-----t---__+---.:..--+----+-----J~----+--~---~.-

9 .1003 .3167 710 1 645 2243 .91 1 -

10 .1894 .4352 17231 1476 3961 .86 , -

9.15 

14.34 

Il .3468 .5889 42341 3664 7190 .86 j - 13.46 

8.7067 

62.6691 

186.6840 

12 1.6532 .8082 78581 6065 9724 .77 : - 22.82 213l. 9738 
.......--.....:....--+-----+---+-1 ---4-----+------+-------- ---------

13 ; .4499 .6707 6388 9524 .73 

14 .2615 .5113 3617 7075 .75 

! 
i .. 26.63 

1 

: - 25.35 i 
1375. 58J~ 

475.6545 

4687 

2700 

1022 
1 

15 .1287 .3588 1408 3927.73 i - 27.41! 164.9699 
r--~--+_--__+---+_----+---_+_---~----~--.--------. 

1~16~_~~!.~0=6=0=6+1~.=2~46=2~-~5=5=6~!-~4=6=3~-~2=2=-59~1---~·~8~3 ~_-_J~~Lj. ___ ~Q.63« 
1~1~7_+L~0~2~2~6_+_-.~1~5~0..::.3_+_-..::.1-=-30~!--..::.1-=-10~--..::.8-=-7-=-1~1--~.~8~5__=_i_-~1...=.5~.-=-3_=_8~i--~3~.-6:~I~l 

18 1.0077 .0877 331 47 381 1 l.42 + 42.42: 6.5026 
r---+---+----~---~----+----+-----_._.-... ~.--... ._ .. - --- .. -..... -...... - -- -.--

~ 1 i ! 
j~9~~î~.=OO=2=3~i~.=04~8=5~--=5~!---=2~-~1~0~4-+!-~.~40~_-_6~0~.:....::0;..::0~--~0 •. 9290. 

_~9-.-J. 0007 1 . 0.:.....:2~6_2 ______ 1 ~; _--3-r! __ 4_1---r-: __ 3_._0_0 __ +_2_00_.0_0---.; ___ 0_. _69..:...1....:9J 
1 J 1 ! 21 +O~~~~:_O~2_~ ____ ~ ____ 0~; ___ 4~!~ ___________ . __ ......; 

; 221.0001 .0094 0 0 4 r ........ ··.·-!---... . ~L...::-__ --= ___ --=--_. __ --=~ ______________ ._ 
; 23 L 00004 . 0067 0 0 11 

[ 2~··--r·......:0-'0-0-0~~-.-0-0-4-2---0-... -... -_ .. _-_ .. -_ .. _~.t ___ O ____ ._:..: ___ L ___ ... 
__ .~ _. _. _ .1 ••.. 



Edwards' Predictions 

c) Ascertainment through the 1ast born child only 
and risk to earlier born children - iii) females only 

1 
~I Incœx:e r EdNards' 1 EXped:ErlI ClJeeMrl : 

: Redid:im 1 N>. of l' N:>. ci. 
! Affected .AffectErl 

, i SÙ)s i SUbs 

1btal lib. 1 O:selvei 1 % Dev'n 
cf Sibs Il' EXped.ed , from 

; 'Bqmed 
i 

1 

1 ! .0325 Il! 42 1 
1 

1 

i .0011 2.00 • +100.00 2 1 

2 1 60 .33 i - 66.67 

A17 

o 

0.4173 i .0026 .0515 1 3 1 i 

~=3==:i=.=0=04=4=:==.0:6:6=7=:=====4:1=====3======7=1=:====.=7=5==!=-=2:5=.=0=0~~~!----0-_---__ ~~ 
4 .0069 .0832 8 3, 105 .37: - 62.50 1 2.2974 

1 1 

11 i 157 .69 1 - 31. 2~ ___ ~_~.~4~-=-

31 28 1 240 .90 1- 9.68 1 0.3334 
1 .--.----

16 5 .0106 .1032 

6 :.0177 .1332 

7 ;. 0 Z 96 • 1722 76 65 444 . 85 1 - 14 • 47 1. 9209 
t-=----ti~~..:-t_~:....=..::4----.:~+_----.:---+---=-..:.....::.....-+-~-=--+----=---J-I-----.- -- .... --.- .. -

8 .0604 .2458 304 247 1240 .81 1- 18.75 i 14.1587 1 1------t- 1 
.1307 .3616 1028 929 2844 .90! - 9.63 i 14.9311j 9 

1 1 i i .2541 i .5041 2468 2169 4897 .88 i - 12.12 1 73.0297 ! 
t----i----+

I 
---+-----+-----+I--~-+-----+-I ----+-------····-·---···1 

·1l12- -.-. •• A
5

·

4

5J)9--46--j i~ _o.67-41J1}2-·· ---7~40·-6~..::..67-+-11 ---,=4~7--=.4=-2 -+-1 --=.8.:::..:12=...::8_-4 __ • 8_7 __ .0-
1 

--_1_3_. _0_9 284. 22961 
5328! 9536 .75! - 24.61 1652. 757;i 

. -'-- --- - ! 1 1--------· .. . ... - 1 
13 .3378 1 .5812 4649 3378 i 7999 .73! - 27.34 829.70261 

10 

1 1 Iii 1 

t-l~4"'----t-=-• ...:;.1..;..7;;;..16~1--:..· ...:..4=-14;:.:2=-+ jl-=2:..:.1..:.3.:..5-+---=1....::...6.:..21~1'--.:..5.::..:1 5::.....:6~~~ . ....::...7.:...6 _....-1: _-. .....:2=-4~~ • ...:..O_7:... ___ t_· __ 2~ 1-~~?-~1 
15 .07411 .2722 1 663 4961 2439 1 .75, 25.19! 57.76811 

i Il! i ' i ! 16 .0310! .1760 \ 202 1 168; 1150 1 .83 - 16.83 1 6.9422: 
Ir-. ~-----1~~'-'-+-1 --'-;;:...;:...;::....=....-~, --=:""::"':='-+1 _.......:-.:......:..--ll_~=-=--+I_--..:...~_' -~::....:-:. -'i 

117 .0103 1 .1017! 42 i 25 417 j .60 - 40.48 7.65161 , ~-t-"-.:..:...;=-=--+-.....::.....::~-=--:_--=-=--+---=.::::.-..~---..:.:...:..:..-l_-.:.....:...:.._--=-=-.:...:.:=--.- -- ------.. ---
i r i i : 
1 18 0036 .0603 i 9 , 7 1 156: . 78 : - 22. 22,--_'~' ___ 0_. __ 1_2_4 ____ 3 i 
il: ! 

! 19 .0012 1 .0344 1 ; 3 50 i 3.00 +200.00 0.6872' 
~_ .. -.--- .. ---- ........ - - t,·· ___ 4 •• ___ ••• ______ .. ___________________ j ________ . __ . ___ -' --------- ... 

! 20 .0004!. 0209 0 1 0 20 
~_ ... , ...... l. ____ . ____ . _________ i _________ 0 _________ _ 

: 21 .0002 1 .0133 0 0 9 __---i---- ---.- -'--
\-.. , .. _ _. __ ~ _____ L_~ ___________ ~-.--_---.;.------- - - , - -
I! .------------------------ ... -.. -

i 0 ! 68 : ~_22 t. 000 5( - 00 ___ . ____ Q _______ .2 __________ ._1 __ 

Il ., 3 j ! 
c.. 1.000031 _ 0053 : o o 3 ,.. i r ...... ---... -~,.-.--._---.. -.-.-.---.. -... -.. _.'.-.-.- _._-- .---------.. -----.... ---.• -.- -_.- .. --.. _- --1' 

L 24 1.000011 . 0030! ______ ._. __ ~ ______ ._~. ______ ~ ____ ~ ____ . __ . ___ .~_. _._ .• _._ .. __ ... __ ... __ .! __ 



A18 

Data Transformations to and from Normality -

(x = birthweight code) 

Tr ansformation 

1 loglo (x + 1) 

Z lx + O. 5 

3 none 

4 

Skewness Kurtosis 

-Z.3465 +13.9658 

-1. 2380 + 5.z603 

-0.4835 + 1. 8989 , 
1 

Kolmogoro~ 
-Smirnov 1 
Statistic 

.0885 

.0615 1 

.040zl 

'empirical' 1-0.1319 :- 0.03861 .0179 j 
r---it--------------

a
-+-

I 
----~-------: ---~---' 

.86(1+. 15(x_lZ)2)c-· o44 (x-l2) 1+0.2799 1+ 0.5055~ __ ~_._~~0~ 5 



A19 

Product Moment Corr elation Coeffic ients 

(proband vs mean of sibs - both sexes used) 

~ 
1 
1 

Con'elation Sample 1 
1 

~ Coefficient Size ! 
1 

i 
1 

2 - .00939 639 i 
1 

3 - .03464 1154 1 

4 + .00315 ~ 5 - .00273 2764 
1 

6 - .02581 4492 

7 - .03751 7542 1 
1 

8 1 - .00407 15127 ! 
1 

9 + .05276 32198 

10 1 + .13504 63590 
1 

~ 11 1 + .22073 117362 

i , 
+ .36450 1 

f 
12 

1 
185659 

i 1 1 1 
1 13 1 + .31343 ! 122183 ! 

, , 
1 

( 14 fi +.26714 1 66966~ 
~ __ 15 ! +.23681 1 311~ 

16 + .19866 1 13698 1 

~i -- tt---- 1---------·; 
L- }-L-4. _"t._~!. 6 5_92 ____ ~_-~~}3--; 
1:1 i; 
j 18 f! + .11366 ! 1662! r" _.0_- ---..... _-~-------._-----------r--_._-+ 
ii I! 

! 19': +.03489 516 \ r- ;; - ~ 
. 1: .! 
:?() ... ___ 1. ____ -=-L003_6L_.-1_183~ 



Threshold 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Regression Coefficients - complete ascertainment 

(derived from incidence and observed risks by mean~ of 
ralconer's equation). 

males and remales 

b 

.2916 

.3003 

.2653 

.3076 

.2877 

.3382 

.3482 

.3525 

.3268 

.2619 

.1232 

.3089 

.3651 

.3852 

.4202 

~4214 

.4594 

.4962 

.5503 

v( b) 

0-4 
x 1 

7.0923 

5.1065 

2.5020 

2.4925 

1.4962 

0.7525 

0.3348 

0.1837 

0.1466 

0.1794 

0.3802 

0.1617 

0.1231 

0.1609 

0.2432 

0.5639 

1.3576 

4.2917 

85.1123 

b 

.3183 

.2821 

.2917 

.3282 

.2578 

.3371 

.3554 

.3853 

.3319 

.2930 

-.6881 

.2568 

.3534 

.3971 

.4190 

.4224 

.4905 

.4322 

.5557 

V(b) 

0-4 
x 1 

22.1417 

17 .8635 

16.5167 

8.8530 

6.1562 

3.0882 

1.3768 

0.7796 

0.5994 

0.5778 

3.8557 

0.6999 

0.4768 

0.5469 

0.7652 

1.6711 

3.3998 

14.7594 

18.9849 

b 

.3574 

.2861 

.2771 

.3448 

.3146 

.3678 

.3615 

.3743 

.3509 

.2568 

-1.9135 

.3555 

.4059 

.4153 

.4301 

.4398 

.3944 

.4942 

.5256 

remales 

22.0774 

15.5234 

18.1151 

9.2166 

6.0250 

2.7699 

1.2179 

0.6766 

0.5885 

0.7604 

122.8355 

0.5472 

0.4881 

0.7638 

1.2933 

3.3405 

13.1465 

29.0317 

49.4415 

A20 



El 
al 
Dl 
01 
c: ... 
al 

Thraahold Transformation Transformation 2 Transformation 3 Transformation 4 Transformation 5 

~ b V(b~ b V(b) b V( b) b V(b) 4 b V(b~4 
)( 10 x 10.4 x 10.4 )( 10· x 10 

01 
01 

2 2.1ô32 0.6281 2.0605 0.6335 5.2164 13.1630 2.1331 1.9790 6.0987 11.3277 .... 
Dl Q - :J 

3 1.8617 0.3167 1.8502 0.2737 3.8874 4.8907 2.0497 0.7485 3.8165 5.4667 n 
il Q 

4 1.6656 0.1978 1.6954 0.1744 3.0958 2.4737 2.0194 0.4813 2.4361 2.4190 1» al ..... ." 
ID ." 

5 1.4988 0.1071 1.5459 0.0998 2.4758 1.0824 1.9!:i82 0.2696 1.6063 0.7710 01 .... 
n 

Dl .... 
6 1.3597 0.0478 1.4088 0.0479 2.0082 0.4002 1.8173 0.1413 1.1675 0.2015 ~ ID 

:J 
ro-

7 1.2505 0.0196 1.2934 0.0210 1.6743 0.1394 1.6815 0.0681 0.9419 0.0553 ." CIl 
al 
il ." a 1.1576 0.0068 1.1908 0.0078 1.4176 0.0419 1.4756 0.0300 0.8306 0.0145 Dl Q ..... ... 
CD 

9 1.0964 0.0022 1.1204 0.0026 1.2568 0.0121 1.3217 0.0112 0.8155 0.0044 CIl n 
Q 

10 1.0594 0.0008 1.0764 0.0010 1.1603 0.0042 1.2207 0.0046 0.8586 0.0021 n 1» 
Q ... 

11 1.0340 0.0003 1.0452 0.0004 1.0932 0.0017 1.1252 0.0020 0.9343 0.0016 il .... 
'1J 01 ..... Q 

12 0.9770 0.0001 0.9780 0.0001 0.9422 0.0003 0.9313 0.0004 0.9973 0.0008 ID :J 
ro-
CD ro-

13 0.9695 0.0001 0.9603 0.0001 0.9222 0.0005 0.9096 0.0006 0.9402 0.0016 Q 
Dl 
01 "?J 

14 0.9611 0.0002 0.9483 0.0002 0.8994 0.0009 0.8858 0.0010 0.8677 0.0014 n 1» 
ru ..... ... 8 15 0.9522 0.0003 0.9352 0.0005 0.8746 0.0017 0.8627 0.0018 0.8195 0.0026 ro-
Dl :J .... ID 

16 0.9445 0.0007 0.9239 0.0011 0.8535 0.0035 0.8500 0.0039 0.8278 0.0077 :J ... 
a . 
CD en 

17 0.93b8 0.0017 0.9121 0.0029 0.8318 0.0095 0.8295 0.0101 0.9197 0.0339 :J 
ro- 0 

al 
18 0.9296 0.0048 0.9013 0.0082 0.8172 0.0265 0.8166 0.0282 1.1189 0.1733 ... .... 

< 
19 0.9247 0.0147 0.8934 0.0252 0.7990 0.0785 0.8107 0.0842 1.5386 0.8444 al 

Q. 

20 0.9184 0.0477 0.8853 0.0750 0.7866 0.2200 0.8033 0.2307 2.0941 2.5320 n 
Q 
al 
." l:> 
." N .... -a 
n .... 
al 
:J 
ro-



Si! 
m 
CIl 
III 
C .., 
m 

Thuahold Transforma tion 1 Transformation 2 Transformation 3 Transformation 4 Trans fa rma tia n 5 

~ b V(b) b V(b) b V( b) b V( b) b V( b) 
)( 10-4 )( 10-4 )( 10-4 )( 10-4 )( 10-4 

III 
III .... 
Q 

2 2.1672 2.7534 2.0709 2.7764 5.2957 56.9972 2.1868 8.1625 5.9530 52.8311 ::J 

C" n 
3 1.8712 1.0070 1.8667 0.9230 3.9639 16.4130 2.1127 2.7869 3.1080 16.9683 - CI m ..., 
4 1.6816 0.6781 1.7206 0.6220 3.2009 8.9633 2.0809 1.8157 2.4313 B .1303 il ..., 

CIl .... 
~ n 

5 1.5162 0.3947 1.5658 0.3802 2.5402 4.2183 2.0052 1.0989 1.6041 2.6814 m .... 
III m 

::J 
6 1.3710 0.8091 1.4294 0.1848 2.0664 1.5738 1.8113 0.5755 1.1578 0.7295 Q no 

::J III 
~ 

7 1.2b82 0.0811 1.3145 0.0819 1.7275 0.5990 1.7347 0.2980 0.9375 0.2200 '< ..., 
Q .., 

8 1.1130 0.0300 1.2091 0.0344 1.4576 0.1899 1.5207 0.1359 0.8291 0.0618 n n 
0 Q 

9 1.1074 0.0103 1.1338 0.0124 1.2843 0.0588 1.3558 0.0539 0.8133 0.0203 -ë 
~ 1» 

10 1.0672 0.0034 1.0861 0.0047 1.1796 0.0203 1.2457 0.0216 0.8538 0.0096 m .., 
no .... 
m CIl 

11 1.0385 0.0014 1.0509 0.0019 1.1046 0.0075 1.1399 0.0089 0.9335 0.0066 0 
1» ::J 
III 

12 0.9789 0.0002 0.9733 0.0003 0.9472 0.0011 0.9379 0.0014 0.9916 0.0028 n cT 
m CI .., 

13 0.9122 0.0003 0.9639 0.0005 0.9295 0.0016 0.9186 0.0020 0.9424 0.0036 no "Y'J 
CIl CIl .... ~ 

14 0.9646 0.0005 0.9530 0.0007 0.9085 0.0026 0.8961 0.0030 0.8776 0.0044 ::J g 51 
m ::J 

15 0.9569 0.0008 0.9416 0.0014 0.8867 0.0049 0.8764 0.0054 0.8335 0.0080 ::J m 
cT .., .. 

16 0.9494 0.0018 0.9304 0.0030 0.8658 0.0100 0.8633 0.0110 0.8417 0.0218 m' 

0 
17 0.9424 0.0045 0.9196 0.0077 0.8456 0.0251 0.8442 0.0212 0.9352 0.0868 m .., .... 
18 0.9342 0.0150 0.9077 0.0243 0.8248 0.0760 0.8290 0.0780 1.1164 0.4441 < m 

c. 
19 0.9293 0.0463 0.8996 0.0796 0.8102 0.2465 0.8218 0.2640 1.5490 2.5160 n 

0 
20 0.9273 0.1481 0.8966 0.2409 0.8061 0.6992 0.8225 0.7250 2.1032 8.5564 m ..., ..., 

):> .... N n N .... 
m 
::J 
no 



3 
ID 
QI 
CIl 
r: 

Thr8shold TronarormeUon 1 Transformation 2 Transformation 3 Trensformation 4 Transformation 5 

~ b V(b) b V(b) b V( b) b V( b) b V( b) 
)( 10-4 )( 10-4 x 10-4 x 10-4 x 10~ .., 

m 
01 

2 2.1289 3.1667 2.9263 3.0015 5.0605 59.9115 2.0674 8.8357 6.1203 58.0061 .... 
0 

n ::J 

3 1.8451 1.4595 1.8291 1.2717 3.8063 21.7768 1.9904 3.5474 3.90,41 25.3593 "-' 
n 
0 

4 1.6440 0.8112 1.6704 0.7304 3.0024 ,9.9167 1.9605 2.1186 2.4358 10.0161 -., CD 
CD .., 
9 .., 

5 1.4778 0.4367 1.5214 0.4128 2.3982 4.2651 1.8977 1.1752 1.6177 3.1021 QI .... .... n 
CD .... 

6 1.3394 0.2027 1.3839 0.2051 1.9363 1.6417 1.7476 0.6193 1.1868 0.8488 CIl ID 
:J 

0 rt-
7 1.2296 0.0776 1.2681 0.0836 1.6092 0.5313 1.6142 0.2809 0.9527 0.2210 :J 1/1 .... 

'< -., 
B 1.1408 0.0233 1.1704 0.0266 1.3710 0.1375 1.4222 0.1037 0.6355 0.0524 0 .., 
9 1.0843 0.0065 1.1054 0.0079 1.2246 0.0357 1.2619 0.0344 0.8224 0.0150 n n 

0 0 

10 1.0510 0.0023 1.0656 0.0029 1.1376 0.0121 1.1910 0.0135 0.6655 0.0071 -! .... QI 
CD .., 

11 1.0283 0.0010 1.0377 0.0012 1.0774 0.0049 1.1049 0.0061 0.9359 0.0051 rt- .... 
CD (1) 

0 
12 0.9764 0.0002 0.9700 0.0004 0.9406 0.0013 0.9288 0.0017 1.0056 0.0035 QI ::J 

(1) 

n rt-
13 0.9684 0.0004 0.9590 0.0006 0.9196 0.0022 0.9061 0.0027 0.9419 0.0051 ID 0 .., 

rt- .., 
14 0.9602 0.0007 0.9471 0.0011 0.6966 0.0041 0.8823 0.0048 0.8636 0.0068 QI ID .... .... 

::J n 
15 0.9503 0.0016 0.9328 0.0027 0.8698 0.0091 0.8568 0.0102 0.8118 0.0145 a 0 

ID ::J 
::J CD 

16 0.9420 0.0043 0.9206 0.0067 0.8473 0.0218 0.8436 0.0240 0.8189 0.0456 rt- .., 
(1) 

17 0.9341 0.0127 0.9085 0.0198 0.6249 0.0623 0.8227 0.0660 0.9165 0.2277 0 
ID 

Hl 0.9249 0.0517 0.8953 0.0737 0.8022 0.2116 0.8080 0.2147 1.1456 1.4042 .., .... 
< 

19 0.9185 0.1577 0.8859 0.2268 0.7864 0.6417 0.7985 0.6718 1.5560 6.6217 ID 
0. 

20 0.9041 0.8190 0.8696 0.9997 0.7627 2.4507 0.7794 2.5014 2.1198 27.1412 n 
0 
ID -., .., :b .... N n u .... 
ID 
:J 
rt-



Variance of Relatives and 'r' From Comparison to Population Variance 

males and Females 

Threshold 

s2 F 

2 638150 2.1134 

3 602769 1.9962 

4 565069 1.8713 

5 536081 1.7753 

6 493712 1.6350 

7 444325 1.4715 

8 385200 1.2757 

9 326762 1.0821 

10 289331 1.0436 

11 271019 1.1141 

12 265006 1.1394 

13 265150 1.1387 

14 270712 1.1153 

15 282400 1.0692 

16 302800 1.0028 

17 334394 1.1074 

18 394850 1.3076 

19 443456 1.4686 

20 566487 1.8760 

General population variance: 

- Malas and remales = 301,950 

sample size = 412,100 

- Galas = 315,395 

sa.,la siza = 210,950 

- fe_ales = 279,416 

sa~le size = 201,150 

males only Femalas only 

52 F s2 F 

745756 2.3645 709406 2.5382 

638975 2.0259 625712 2.2388 

608112 1.9280 583894 2.0892 

570106 1.8075 553275 1.9796 

514681 1.6318 497206 1.7790 

470256 1.4910 433319 1.5504 

406450 1.2887 364150 1.3029 

355231 1.1263 298512 1.0680 

312275 1.0099 260362 1.0731 

288900 1.0917 244812 1.1413 

277737 1.1355 239725 1.1655 

273844 1.1517 242506 1.1522 

276581 1.1403 248256 1.1255 

278681 1.1317 268750 1.0396 

300144 1.0508 288419 1.0319 

325994 1.0336 307819 1.1013 

394281 1.2501 315395 1.1285 

442419 1.4027 466150 1.6679 

529525 1.6789 737662 2.6393 

A24 


