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N ABSTRACT

A genetle and environmental analysis of personality, social
attitudes and drinking behaviour in 3810 pairs of adult twins is
reported.

Individual differences in the personality traits of
psychoticism, neurocticism and 1lie can be explained by the
additive effects of genes and individual environmental
differences. The contribution of these effects, however, depends
on age and sex. For extraversion there 1s also evidence that
either dominance or sibling competition is important. There is
no evidence for the importance of shared family environment in
defermining variation in personality. It is psssiblelto
distinguish between major aspects of personality both factor-
analytically and in terms of their patterns of variation, and
this is reflected at both the item and trait level.

Extensive power calculations were conducted to examine the
ability of different experimental designs to discriminate between
the effects of genetic dominance and sibling interaction. Our
resulits show that discrimination between these effects is
unlikely to prove feasible by model-fitting techniques. Other
methods for the resolution of these effects are discussed.

Analysis of the causes ¢f covariation between the
personallty trait of neurcticism, and symptoms of anxiety and
depression, shows that genetic variation in anxiety and
depression is largely dependenf on the same genes which determine
variation in the trait of neurobticism. Furthermore, additive
genetic factors are more important than individual environmental

factors in the cgovariation of tfthese measures. There is no
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evidernice for the importance of environmental experiences shared
by cotwins, such as common family environment or social
influences,

Similar to our results for persona;ity traits and symptoms,
our analyses of the causes of variation in conservatism, at both
the item and trait level, provide strong support for the
importance of the additive effects of genes. In contrast to
personality measures, however, there is substantial asscrtative
mating for conservatism which results in inflated estimates of
the shared environmental effect in twin data. We show that by
fitting models which directly estimate the effects of genetic and
cultural inheritance in the presence of phenotypic assortative
mating, there is no evidence for the importance of family
gnvironment.

Our analysis of data relating to drinking habits provides
some support for the role of family environment in the
development of normal drinking behaviour. We also find that
there are significant genetic effects on twin resemblance in
drinking behaviour, and that the effects of genes and environment
depend significantly an age, sex, and for alcohol consumption in
females, marital status. One method for modelling changes in the
sources of variation with age 1s illustrated with data relating
to aleohol consumption.

Possibilities for future research based on the results of

gach ©0f these analyses are discussed.



CHAPTER 1 INTRODUCTION

1.1 The quantitative genetic apprcach to the study of human

variation

The application of quantitative methods to human genetics 1is
essential to our understanding of the causes of many medical
disorders and behavioural differences. Yet, as Eaves (1983) has
noted, "many geneticists still view biometrical genetics as an
arcane pursuit, one that has been eclipsed by developments in
molecular genetiecs" {p. 355). Such a view fails to recognise the
unigue contribution that quantitative genetics can make Lo our
understanding of human variation and, further, that the field
addresses fundamental biological issues that are beyond the scope
cf molecular genetics.

Thus, an efficient guantitative genetic analysis c¢an provide
informaticn on the contribution of possible sources of variation
such as the additive and‘nonwadditive effects of genes, the
mabtlng system, specific_and familial environmental effects, the
dependence of genetic and environmental effects on age and sex,
and the interaction and covariation of genes and environment.

Any attempt to fully describe variation in terms of the molecular
and biochemical effecgts of individual genes must alsc take
account of these complex aspects of the phenotype.

In humans, the ¢lassical twin method, which is based on the
comparison of the degres of similarity of mcnozygotic (MZ) and
dizygotic (DZ} twin pairs, 1s the most common procedure for
estimating the relative importance of genetic and environmental

contributions to individual differences. Any excess similarity



of MZ over DZ twins is usually taken to indicate the presence of
genetical factors producing variation in the trait concerned, and
there have been numercus formulae suggested for estimating‘the
proportion of variance due (o genetical facetors, the
heritability. The inadeguacies of such conventional analyses of
twin data have been described in detail elsewhere (Jinks and
Fulker, 1970), Suffice to say here that in the past 10 years the
advantages of a hypothesis testing approach te the investlgation
of the causes of individual differences over traditional formula
estimates of heritability based upon unteszsted assumptions has
become apparent,

In the case of continuous data, several hypothesis-—testing
approaches have been espoused including path analysis of familial
correlations {Rao et al., 1976), variance components analysis by
maximum likelihood or weighted leasti sguares, or pedigree
analysias of raw scores from regular or irregular family
structures (Eaves et al., 1978). For discontinucus data,
variation has been explained in terms of a major gene with or
without reduced penetrance {(Elston and Campbell, 1970), or by
regarding discontinuity in the phenotype as a manifestation of an
underlying continuous normal distribution of liability which may
itself be affected by both genetic and environmental factors
(Faleoner, 1965). Each method has its strengths and wsaknesses
depending on the type ©f data involved, continuous or
discontinuous, and the summary statistics that are available.
However, one thing they all have in common 1is & superiority over

classical methods which make no attempt to test basic



assumpéions, cbtain maximum likelihood estimates, Or gompare
objectively one model of trait variation against another.
Conseqguently, these techniques have been applied exclusively
throughout this thesis.

1.2 Advantages and validity of the twin design

The classical twin design does have recognised limitations
such as the inability to distinguish between the effects of
agsortative mating and between-families environmental variation,
its low power for the detection of dominance, the confounding of
dominance with the effects of between-families environmental
variation and assortative mating, and its inappropriateness for
the resolution of competing models of asscortative mating and
cultural inheritance. However, the twin design can provide more
information about patterns of variation than has generally been
appreciated even by many exponents of the twin paradigm. Thus
the twin method can provide nec¢essary information about the
presence of certain types of genotype-envircnment interactlon and
the need for rescaling, preliminary estimates of the relative
contributions of the additive and dominant effects of genes and
the effectis of between- and within-families environmental
variation, possible age and sex interactions of these effects,
and the presence o¢f sibling interaction., There is little doubt
that the twin method, despite its weaknesses, has contributed
more to our understanding of "the causes of human variation than
any other design. However, the utility of twins is frequently
questioned by those who challenge the assumptions underlying the

twin method {(e.g. Lewontin, 1974; Kamin, 1974; Lewontin et al,.,



198&).. We briefly outline these assumptions and some of the
eriticisms bhelow.

1.2.1 Assumptions of fthe twin method

1. There is no genotype-environment interaction

The presence of genofype-~environment interaction implies
that different genotypes reapond in different ways to the same
environmental influences. Several authors (e.g. Layzer, 1974;
Feldman and Lewontin, 1975) have suggested that the presence of
genctype~envircnment interaction precludes a worthwhile analysis
of human individual differences. Although these ¢ritics have
made no attempt Lo offer methods of detecting or guantifying the
effects of genotype-environment interaction, Jinks and Fulker
(1970) have shown that MZ twins provide a unique opportunity to
test for one important type of such interaction.

MZ twins are genetically identical, thus the avsolute
difference between co-Ltwins 1s a measure of the specific
individual environmental influences (including errors of
measurement) to which that pailr has been subjected, while the
pair sum is a measure of thelr genetic value and/or the
environmental influences which they have shared and which make
them different from other twin palrs. Thus regression of
absolute within-pair differences on pair sums provides a test for
any systematic interactions between genotype and individual
environmental influences. Martin and Eysenck (1976) showed that
such interactions could be detected with great sensitivity but
they could nearly always be removed by a transformation of the

scale of measurement which lessened departures from normality.
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This éﬁproac?{has been criticised on the grounds that such =z
choice of scale is arbitrary {(Kamin, 1974). However, such a view
fails to recognise that althcugh different transformations may be
chosen for the sake of convenience in a genebtlcal analysis, they
are no more arbitrary than the raw scores, given that we have no
information about the precise reilationship of the traits in
question to evolutionary fitness (Eaves et al. 1977a).
Consequently in this thesls we have chosen to fit models to
scores which have been transformed to best minimise genotype-
environment interaction.

2. There 1is no genotype-environment covariation

Genotype~environment covarliation arises when genetic and
environmental deviations are correlated, FREaves et al. {(1977a)
have distinguished between three possible sources of genctype-~
environment covariation (CovGE]}.

{i)4a person‘s genotype influencing his environment That is,

certain genotypes creating or seeking out environments compatible
Wwith their genetic deviations. As Faves et al. (1977a) have
noted, although it would be possible to formulate a model which
distinguished the direct effects of loci from those which
operated indirectliy by modifying the environment, such effects
would have equivalent expectations and hence be inevitably
confounded, However, 1 the environmental effects to which an
individual is exposed are under the direct control of that
person's genotype, then these effects are best included in the

genetic variance, as in Tact occurs in the classical twin design.



(ii)Cuitural transmission That is, an environmental effect of

parental genotypes on their coffspring. For example, parents with
Tavourable genes tend to provide their children with stimuiating
home environments (books, music, enriched language environment
etc.). In addition, however, parents with favourable genes
usually have genetically advantaged children. Thus such children
end up with a double advantage. Jinks and Fulker {(1970) proposed
comparing the total varlitances 0f twins and siblings reared
together with that of twins and siblings reared apart as a simple
test of this form of CovGE. If one finds that the variance of
the fostered individuals 1s less than that of individuals reared
together, then we have evidence of cultural transmission.

Without this information, however, if one finds a large between-
famiiles environmental component ¢of variation this may be
attributable to cultural transmission, between-families
environmental differences uncorrelated with genetio differences,
or additional additlive genetic varliation due Lo assortatlive
mating (Eaves et al., 1978).

{iii)8ibling effécts This occurs when siblings reared together

influence each other's development according to their

genotypes. Cooperation exists when an allele which ingcreases the
expression of a character in one sibling exerts an increasing
environmental effect on the other sibling, Competition oc¢gurs
when an increasing allele exerts a decreasing environmental
effect on a siblng. As these effects vary according to the
genetic similarity between siblings, this form of CovGE will

produce a difference in the total variances of MZ and DZ twins.



Compeﬁition would tend to make the total variance of MZI twins
less than that of BZ twins, whilst for coopsration the reverse
would be true., Both effects would tend to cause fallure of the
simple models we shall fit which assume equality of MZ and DZ
total variances and, if this occurs, it would be possible to it
models which quantify the effects of sibling competition and
cooperation {Raves, 1976).

3. The envircnmental experiences for MZ and DZ twins are the same

Perhaps the most commonly voiced e¢riticism of the twin
method is that MZ twina have greater environmental similarity
than DZ twins and that this completely invalidates the results of
twin studies (e.g. Lewontin, 1975; Kamin, 1974; Lewontin et al.
1984). It is argued that if the environments of MZ twins are
more alike than those of DZ twins, then it is possible that 1t is
environmental rather than genetic similarity that is responsible
for the greater similarity of MZ over DZ twins. In assessing
this claim we musit c¢onsider bpoth the pre-~ and post-natal
environments of twins,

With respect to the pre~natal environment, Price (1950)
found that, on average, MZ twins have iess similar environments
than DZ twins. When an imbalanc¢e in the mutual cilrculation of
monoéhorial {only MZ) foetuses occurs, the development of either
or both foetuses is altered., Often there is a considerable
difference in the birthwelght of the twins and such large
differences in birthwelight are not often found in DZ twins,

Price (1950} suggested that differences in achievement may be

¥
caused by this condition. I1~deed, Willerman and Churchill



(1967) found that in MZ twins, the heavier birthweight twin is on
average more intelligent than the co-twin, However, this study
was based on only 27 pairs of twins, of which 14 pairs had been
referred to a psychological clinic because of theilr poor schoél
performance, and thus there was selection blas for differences in
intelligence.% A study by Breland (1974) has failed to
support Prige's nypothesis. Breland (1974) studied 365 MZ twin
pairs concordant for handedness and 117 MZ pairs discordant for
handedness. She assumed that twins concordant for handedness
were more likely to have developed Wwith separate placenta and
chorions, while those discordant for handedness had a higher .
probability of developing from the same placenta and chorion. ir
an imbalance in mutual circulation affects achievement, then
discordant twing should show larger differences in ability than
those concordant for handedness. Breland (1974) found no
sitgnificant differences in ability between the two groups.

After birth, a greater degree of intra-pair similarity among
MZ than DZ twins has besen found with respect to such factors as
habits, activities, personal preferences, parental Lreatment and
self~image (3mith, 1965). However, two guestions need L0 be
answered. First, does the greater similarity of MZ twing reflect
conascious differential treatment by parents, siblings etc. who
are aware that MZ twins are supposed to be alike and thus they
emphasise these similarities or, alternatively, are peocple merely
responding to MZ twins greater genetic similarity? Second, does
the greater similarity of MZ twins with regard to physical

appearance, dress, school experiences etc. account for their

greater behavioural similarity?



Séarp {1969) attempted tc answer the first question by
interviewing mothers of twins who had incorrectly determined the
zygosity of their children. On the basis of the mothers' fatings
it was found that monozygotic twins considered dizygotic were
more similar than dizygotic twins considered monozygotic. Lytton
(1977 further clarified the relationship between sococial
expectation and twin behaviour by direct observations of young
twins and their parents ia the home environment. He observed
parent-child interaction and distinguished between two types of
actions, parent-initiated actions and child-initiated actions.
Parent-intiated actioné Wwere those actions not directly elicited
by the child, while child~initiated actions were actions made in
response tLo the child's immediately preceding behaviour. He
found that whiis parents do treat MZ twins more alike than DZ
twins in some reéespects, this was only true for child-initiated
actions, Furthermore, the greater similarity in the treatment of
MZ tQins was in accordance with the twins' actual rather than
perceived zygosity. He conciuded thalt parents respond o, Patheb
than create, differences between twins (see also Munsinger and
Douglass, 1976; Matheny, 1979; Scarr and Carter-Saltzman, 1979 ;
Dieora  cemeh G, VRBOY

Fox emoege e greater environmental similarity of MZI twins should
be regarded as a form of CovGE, that of an individual's genoctype
influencing his envircnment. As we have noted above, this form
of CovGE 1is best included in the estimates of the genetic

variance, however, we shall consider the bias that this form of

CovGE could introduce.
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Léehlin and Nighols (1976, Ch.5) attempted to determine
whether the greater environmental similarity of MZ twins procduced
any greater behavioural similarity on tests of personality and
cognition. They analysed within-pair differences for MZ twins
and found that there was essentially a zero correlation between
how differently MZ twins were treated as young children (clothes,
schocl attended, playing together etc.) and how differently they
performed on tests of personality and cognition. A similar
result was found by Matheny et al. (1976). Thus, unless one can
show that differences in the environmental experiences of MZI and
bZ twins are relevant to behavioural variation, the criticism of
the twin method on the grounds of different environmental
experiences of MZ and DZ twinsg seems unjustified. It shoyld be
noted that in the event that there are differences in the
environmental experiences of MZ and DZ twins, this would lead to
an ineguallity in total variances and tend to cause model
failure. Only 1if this cccurs do we need to be concerned about
envircmental differences between MZ and DZ twins and the
possibility that these differences may account for trait
similarity.

1.3 Applications of quantitative genetics to the analysis of

human variation

It is one of the aims of this thesis to show the variety of
information that c¢an be obtalined from an efficient analysis of
data on MZ and DZ twing. We have selected for study several
variables that have considerable social and/or medical

significance,
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iﬁ Chapter 3 we consider the causes of variation in
personalility traits. There have been many developments ian the
genetic analysis of personality since Newman et al, {(1937)
discounted the contribution of genetic factors in this field, and
Wwhile there is considerable evidence that genetic factors are in
fact important to variation in personality (see section 3.1.1 for
a review), the detailed causes of variation are still not
completely understood. There are several reasons for this,

Early studies were often based on personality inventories
whose reliabllity and validity were doubtful, and further these
inventories were often chosen without regard to a clearly defined
theory of personality, Although there has been debate about the
number of dimensions of personality which are theoretically
important, there 1s consistent evidence from many replicated
studies for the existence of three major dimensions of
pefsonaiity {e.g. Royece, 1973). These major factors are best
descrived in Eysenck's theory of personality which seeks to
explain the structure of personality in terms of three major
dimensions, extraversion, psychoticism and neuroticism, and a
fourth scale, lie. Although thnis classification of personality
is not without its erities (e.g. Hamilton, 1959a, 1959b), there
is nevertheless considerable supporit fOr thiseusrosmicel wiew of -

aMse secd v B
‘personality structure (Cattell and Scheier, 1961; Royce, 1973 j(

A further problem has been the inefficient use of data.
While Jinks and Fulker {1970) outlined the inadequacies of
classical approaches to the analysis of human variation, it 1is

only recently that hypothesis-tesing approaches have been applied
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to the analysis of variation in personality (e.g. Eaves and
Eysenck, 1975; Eaves and Eysenck, 19Y76a; Eaves and Eysenck, 1977;
Young et al., 1980). Finally, even when studies have been
conducted within a scund theoretical framework and with proper
consideration of the needs for efficient techniques of analysis,
sample sizes have been t00 small to alliow for reasonable
discrimination between alternative models of variation,
Consequently, we believe a further study on the causes of
variation in perscnality traits is justified.

When studying perscnalitfty it has been suggested that one
should distinguish between relatively permanent traits and
transient symptoems (Foulds 1965, 1974). Of particular interest
are symptoms of anxiety and depression which are among the most
common complaints seen in medical practice; at least 8% of the
population being recognised as having a formal psychiatric
disorder (Henderson et al., 1979; Bebbington et al., 1%81}.
Despite the prevalence of anxlety and depression, relatively
little is known abouf the aetiology of these symptoms,. Previous
studies have suffered from small sample sizes (see Shields,
1976), selection bias (¢f Torgensen, 1983) and confusion between
traits and symptoms (Young et al., 1871), Thus in Chapter 5 we
attempt to determine the causes of variation in symptoms of
anxiety and depressicn.

A third area of psychological interest, related to
personatity, is the field of sccial attitudes. In contrast to
personality, however, attitudes refer to a particular object that

is outside the persons own behaviour. 0f the many dimensiocons of
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social attitudes that have been ldent¢ified (see Eysenck, 1954;
Bagley, 1970; Eysenck, 1975; Feather, 1975), conservatism ils seen
as the general factor which underlies all social attitudes
{Wilson, 1973a). Although it is often assumed that attitudes are
learned (e.g. Fishbein and Ajzen, 1975), there is evidence from
three relatively small twin studlies that genetic factors are
important to variation in conservatism (see Eaves et al.,

1978). In Chapter 6 we present our results, from the largest
twin study that has been done to date, on the relative importance
of genetic¢ and envirconmental factors in variation in
conservatism.

The final wvariables chosen for study in this thesis relate
to various aspects of drinking behaviour. The use of alcohocl in
our soclety is widespread. In the period 1979-1980, which was
just prior to our data collection, the apparent per capita
consumption of alcohol per year in the Australian population
included 134.3 litres of beer, 17.4 litres of wine and 1,0 litres
of spirits (Australian Bureau of Statistics, 1981). Although the
positive aspects.of alcohol consumption are not well documented,
the negative aspects are. Thus alcohol consumption 1s assoclated
with health problems {(e.g. alcoholism and cirrhosis of the
liver), may have serious psychological and economic effects, and
may even lead to death (Seixas and Eggleston, 1976; Luce and
Schweitzer, 1978}, Although 1t can not be assumed that the
relationship between alcohel consumpfion and psycholegical and
physical health problems is necessariiy causal, it is important

to understand the causes 0f individual differences in alcohol
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consumbtion before attempting to determine the sources of
covariation between drinking and disease, Although there have
been several studies investigating the causes of individual
differences in drinking behaviour {(e.g. Perry, 1973; Partanen et
al., 197%; Kaprio et al., 1981) the results are far from clear,
Thus in Chapter 7 we present data on the genetic and
environmental causes of variation iIn drinking behaviour.

All the data reported in this thesis were collegcted from the
same sample of twins, The method of data c¢ollection and features

of the sample are described in the next chapter.
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CHAPTER 2 ASCERTAINMENT AND STRUCTURE OF THE TWIN SAMPLE

2.1 Ascertainment of the twin sample

A& guestionnaire c¢ontaining items concerning drinking and
smoking behaviour, sleep patterns, general health, personality
and attitudes {Appendix 1) was nmailed to all twins aged 18 years
and over who were enrolled on the Australian NH and MRC Twin
Registry. Between November 1680 and March 1982 guestionnaires
were malled toc 5967 adult twin pairs throughout fustralia, and
after one or twoe reminders to non-respondents, completed
questionnaires were returned by both members of 3816 pairs, a 64%
pairwise response rate. With this response rate from an
enrclment which is already voluntary and unsystematic, there is

o

ample scope for bias from population frequencies. Wows.el wa whomend
compare, were possible, the distribution of scores in this sample
with those obtalined in random samples in Australia e ossess ooy

w W e < x:l wel\e q‘,\"\- T \mv‘ N
2.2 Pllot sample

Prior to mailing the guestionnaire to the entire adult
sample, a pllot gquesticnnaire had been mailed to 100 pairs of
adult twins in order to0o assess the likely response rate and any
problems in construction of the questionnaire. Conmpleted
responses were obtained by both members of 65 pairs and thus the
pilot predicted the total final response rate very accurately.
Cnly minor changes were made to the final questionnaire as a
result of problems observed in the pilot and perhaps because of
this, only 96 responses from the original pilet sample of 200
were obtained when the final gquestionnalre was mailed some months

later. However, we thus have 96 individuals who completed the
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entire questionnaire twice and whose duplicate responses have
been used fc assess the short-ferm repeatability of the various
measures studied in this thesis,

2.3 Diagnosis of zygosity

Accurate diagnosis of zygosity 1s critical to twin
research. Early twin studies often based zygosity diagnosis on
the common misconception that MZ ftwins are invariably
monochorionic, while DZ twins are dichorionic. However, while
all DZ twins are in fact dichorionic, s¢ too are one-third of MZ
twins (MaeGillvray et al., 1975).

Extensive blood grouping and enzyme typing provides one
reliable metnod of zygosity diagnosis. If same-~sex pairs ars
discordant for any loci then they must be DZ. Although identity
for all locl studied may arise by chance, it is possible to
calculate the probability that & pair of twins 1s MZ given that
they are identical for particular loci (e.g. Smith and Penrose,
19553, The more loci studied the greater the probability that a
pair of twins, identical at all loci, is MZ. The difficulty of
such an approach, certainly in large-scale twin studies such as
curs, is the need to obtain blood samples and the prohibitive
cost of gxtensive typing.

We have diagnosed the zygosity of same-sex palrs based on

their response to the following questions:

1. As c¢children were you and your twin mistaken by people
who knew you?
(a)Frequently {b)Sometimes {c)Rarely

2. "Non-identical twins are no more alike than ordinary

brothers and sisters. Identical twins on the other hand
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have such a strong resemblance to each cother in stature,
colouring, features of the face, etc that people often
mistake one for the other."

Having read the above statement, do you think you are?

(a)Identical {b)Non~identiecal

If twins differed in their response to these two items they
were asked to send recent photographs of themselves. This method
of zygosity diagnosis has been found by other workers (Cederléf
et al.,, 1961; Nichols and Bilbro, 1%66; Martin and Martin, 1975;
Kasriel and Eaves, 1976) to be about 95% correct as Judged
against diagnesis based upon extensive typing and this 1is
approximately the same reliability as obtained by typing for the
most common sSix or seven blood group polymorphisms,

2.4 summary of sample structure

i)Sex and zygosity distribution of the sample

The =zex and zygosity distribution of the twin sample is
shown in Table 2.1, As is usual in volunteer samples of this
type, there was a blas towards female participants and more MZ
than DZ twins (¢.f. Lykken et al., 1978), Despite the nearly
equal fregquencles of MZ and DZ same-sex pairs in populations of
European origin (Bulmer, 1970), in our sample 1.6 {imes as many
MZ and DZ same-sex pairs werse observed. Martin and Wilson (1982)
argue that this inequality could result if sample selection were
based on traits which were partly heritable. Thus for any trait
where sampling is truncated, a greater proportion of MZ than DZ
pairs will be included., It has also been suggested that
motivational factors may contribute to the excess of MZ over DZ
pairs, and that for soccial reasons MZ twins are more cooperative

with twin research (Lykken et al., 1578).



Table 2.1 Age, sex and zygosity composition of the sample.

MZ MZ DZ DZ bz
females males females males opposite-sex

Number of
pairs 233 567 751 352 907
Mean age :
(years) 35.66 34.36 35.35 32.26 32,90
Standard
deviation b, 27 14,02 th, 27 13.88 13.85

Age range 18-88 18-79 18-84 18-83 18-79
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ii)Age structure of the sample

Table 2.1 gives the age distribution of the twin sample
broken down by zygosity. The age of twins was calculated‘from
their date of birth and a mean year of return of 1981 to avoid
any discrepancies between cotwins who returned the questionnaire
in different years.

There was a siight, although statistically significant,
difference in the age distribution of the five zygosity groups
{F(H,7609) = 16,01, p<.001)., There was a significant difference
in the mean age of MZ and DZ males, with MZ males being older
(t1834 = 3.12, p<.01), but not MZ and DZ females (t396ﬁ = O.%O,
pr.05),

Figure 2.1 shows the age disiribution of the sample broken
down by sex, Males were significantly older than females
(57612 = 5,14, p<.001}, and we see that a disproportionate number
of the respondents fall intoe the under-thirties age group.

iii)Educational level of the sample

Table 2.2 gives the educational level of the twin sample
broken down by zygosity. There was a slgnificant difference
between the educational achievement of the five twin groups
(ng = 451.95, p<.001}), There was a significant differencs
between MZ and DZ males (xZ = 15.29, p<.05), but not females
(xg = 8.64, p».05). Males had a nigher educational level than
females (xg = 427.50, p<.001). Qur sample also tends to be
biased in favour of respondents who have completed schooling and

continued with further education.
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Table 2.2 Educational level of the twin sample(individuals), broken

down by zygosity.

MZF MZM DLF DZM DZO
Less than 7 years
schooling 53 13 36 9 39
8~10 years schooling 844 175 g7z 117 394
11-12 years schooling 701 242 4ut 189 536
Apprenticeship, diploma,
certificate, stec. 369 288 261 163 380
Technical or teachers
college 296 174 180 78 226
University first degree 148 163 73 111 171
University postgraduate 55 79 33 37 68
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CHAPTER 3 THE CAUSES OF VARIATION IN PERSONALITY TRAITS

3.1 INTRODUCTION

Although the concept of personality as a persevering and
consistent set of behaviour patterns is sometimes doubted (eg.
Mischel, 1968}, a number of factor-~analytic studies have shown
that it is possible to consistently identify factors 1lmportant to
variation in personality. There has been debate, however, over
the number of factors which are conceptually important.

Guilford and Guiifeord (1934} analysing the factor siructure
of Jung's hypothesised introversion-extraversion dimension
initially extracted four, and then five major factors (Guilford
and Guilford, 19363, with subseguent analyses resulting in the
establishment of 13 primary personality factors (Guilford and
Zimmerman, 1956; Guilford, 1975).

Cattell (1945} reduced a pool of scme 17000 trait names to
35 ¢lusters from which he extracted 12 factors, with later
analyses resulting in the identification of 16 factors (Cattell,
1956)., A summary of the primary personality factors identified
by Guilford and Cattell is given in Table 3.1.

Eysenck {(1947), while he ldentified a large number of
primary factors, placed greater emphasis upon higher order
factors. He originally postulated that there were Lwo
independent dimensions of perscnality: extraversion-introversion
{(E) and neuroticism (N). Extraversion-introversion was based on
the intercorrelations of such traits as scelabillity,
impulsiveness and activity, while neurcticism was based on the

intercorrelations between such traits as worry, anxiety and



Tavle 3J4 A summary of the primary personality factors identified

by Guilford and Cattell.

Guilford's thirteen primary

personality factors

Cattelli's sixteen primary

personality factors

G General activity

A Ascendence

M Masculinity vs femininity

I Confidence vs inferiority feelings
N Calmness, composure Vs nervousness
S Scciablity

T Reflectiveness

D Depression

C1 Emotionaiity

R Restraint vs rhathymia

0 Qbjectivity

Ag Agreeableness

Co Cooperativeness, tolerance

Cyclothymia vs schizothymia
Intelligence

Ego strength vs dissatisfied
emotionality

Dominance vs submission
Surgency vs desurgenacy

Super ego strength vs lack
of internal standards

Parmia vs threctia

Premsia vs harria

Paranoid tendency vs relaxed
segurity

Autia vs praxernia
Shrewdness vs nalvete

Guilt proneness vs confident
adequacy

Radicalism vs conservatism
Self-sufficiency vs group
dependency

High vs low self sentiment
formation

High vs low ergic tension
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emotidﬁality. While there has been some disagreement about this
scheme of personality (eg. Hamilton, 19¢59a, 1959b)}, the major
alternative schemes of Cattell and Guilford have been shown %o
result In second-order factors which closely resemble those of
Eysenck {(Cattell and Scheier, 1961; White et al., 1%69a).

Later, Eysenck (1852) postulated that there was a third
dimension of personality which was independent of E and N. This
factor, psychoticism (P), was based on the observed inter-
correlations between such traits as emotional coldness, heostility
and egocentricity. Royce (1973) in a review of factor-analytic
.studies of personality over the past fifty years also found
evidence for the exisftence of three major factors which clesely
resemble those identified by Eysenck (1852), suggesting fthat the
facters of extraversion-introversion, neuroticism and
p3ychoticism can be used to adeguately describe the major
dimensions of personality. In addition to these three major
factors, Eysenck also identified a fourth factor, éégJ a measure
of dissimulation or the tendency to "fake good" (Eysenck and
Eysenck, 1964). This factor, in addition to measuring
diséimulation, however, also seems Lo measure some degree of
conformity or conventionality. While fhe precise nature of this
factor is therefore in doubt, there is evidence that i&ﬁL
représents scme étable personality attribute (see Eysenck and
Eysenck, 1976). It is one of the aims of thnis present study to
replicate the facfor structure of personality postulated by

Eysenck.
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3.1.1 -Previous Wwork on the causes of individual differences in

personality

The pioneering twin study of Newman et al. {(1937) is often
cited as indicating the lack of importance of genetic factors in
variation in personality. Others (eg. Evsenck, 1967} have
pointed out that this conclusion is neither supported by the data
nor In agreement with the results from more recent studies,.
Certainly there 1s evidence for a substantial genetic component
in variation in extraversion (Eysenck, 1956; Shields, 1962; Eaves
and Eysenck, 1975), psychoticism (Eaves and Eysenck, 1977),
neuroticism (Eysenck and Prell, 1951; Shields, 1962; Eaves and
Eysenck, 1976a) and lie (Martin and Eysenck, 1976).

In the study of 837 twin palrs by Kaves and Eysenck (1975)
it was found that variation in extraversion could be explained by
the additive action of genes and individual environmental
differences. There was no evidence for the importance o©f famiiy
environment. This simple genetic model has alsc been found to be
appropriate for explaining variation in psychoticism {(Eaves and
Eysenck, 1977 and lie (Martin and Eysenck, 1976). For
neurocoiicism, a simple genetic model 15 again adequate {(Eaves and
Eysenck, 1976a), although there i3 evidence that genetic
differences in neuroticism become more pronounced with age {(Eaves
and Eysenck, 1976b).

Data from adoption studies {Loehlin et al., 1981; Scarr et
al.,, 198%) confirm some of the results from twin studies.
Adoptive family members show little resemblance in personality,

which is consistent with the finding that there i3 no effect of
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family environment on personality. However, the correlations
between bilologlcal relatives (sibling and parent-offspring) are

lovwer than would’be predicted from the results of twin studies.

W™ 4w«sjﬁ§;?ggwi?tr;%ugggfgiigwggﬁotype X age interaction which is a
problem inherent in the nuclear family design. Thus to the
extent that genes are differentially expressed at different ages,
parent-offspring and sibling coeorrelations will be reduced in
comparison to those of twins.

In general the results from these various studies suggest
that genetical wvariation in personality is mainly additive. The
extensive data of Floderus~Myrhed et al. {1980}, however,
question the vaiidity of an additive model for extraversion.
Eaves and Young (1981) reanalysed their data from 12898 same-sex
twin pairs and found that dominant gene action affects the
expression of extraversion. Despite the difficulty in detecting
dominance in twin studies (Martin et al., 1978), with the number
of twins avalilable in this present study we have an opportunity
to replicate this important finding.

A superficial resemblance to dominance c¢ould however be
generated if there were any sibling competition, that is if an
inereasing allele in cne twin exerted a decreasing environmental
influence on the co=-twin (Eaves, 1976). There is some evidence
that competition may be important for extraversion, Jinks and
Fulker (1970) in a reanalysis of Shields' (19582) data on
extraversion found that twins reared together tended to develop

opposite characteristics and that this effect was based on

genetic differences. Young et al. (1980) fitted the competition
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model 66veloped by Eaves (1976) to extraverslon data collected
from a juvenile sample and found evidence of a negative sibling
influence. In this study we shall compare the ability of models
incorporating dominance or competition to explain variation in
extraversion,

The studies on the causes of individual differences in
perscnality discussed so far were hased on the analysis of test
scores summed over a number of discrete item responses. While
the use of composite scales is Jjustified in terms of their
validity and reliablility, some loss of information may be
involved. For example, although Eaves and Eysenck (1975) found
that a simple genetic model could explain variation in
gxtraversion, and the covarlation of its component scales
scciability and impulsiveness, there was some evidence that 1L
was possible to distinguish genetically between the two
coﬁponents of extraversion. In contrast, Loehlin and Nichols
{(1976) were unable to distinguish either composite personality
scales or individual iftems In terms of differences between MZI and
DZ concordance rates,. Their results, however, based on
intraclass correlations, are possibly misleading and certainly
far less informative than an explicit hypothesis testing approach
(Jinks and Fulker, 1970). Indeed, Zonderman {1982) has shown
that Loenlin and Nichols {(1976) conclusions, based on their
analysis of the compesite scales, are noi supported by the data.

In this study we shall first use factor~analytic methods in
an attempt to distinguish major aspects of personality. We shall

then examine the extent to which different genetic and
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envirdgmental scurces of variation are important in determining
variation in the personality traits of extraversion,
psychoticism, neurofticism and lie, as well as examine the causes
of variation in the individual items defining these scales. If
an analysis of composite scores obscures item heterogeneity, it
may be possible to define a relationship between items which have
a predominantly genetic or environmental basis. Thus, we shall
conclude our analysis by examining whether it 1s possible to
define any consistent relationships between the results of our
factor analysis and the genetic analysis of the individual items
and composite test scores, We hope to determine whether one can
astatistically distinguish between major dimensions of
personality, and if this is possible, whether thése dimensions
are characterised by differences in their genetic or social
architecture at both the item and trait level.

3.2 MEASUREMENTS3

3.2.1 Eysenck Personality Questionnaire (EPQ)

The EPQ (Eysenek and Eysenck, 1975) attempts to summarise
individual differences in personality by reference to three main
constructs: extraversion (E), psychoticism (P) and neuroticism
(N), along with & fourth factor, the lie scale (L)} which is a
measure of social desirability or the tendency to "fake good".
The scale consists of 90 items of the Yes/No type. The items
defining the scales of E, P, N and L are shown in Table 3.2. The
factors are scored in the direction of naming, sco for E,
extraverted responses are scored +1, and introverted responses

are scored 0, The range of scores are for E, 0-21; P, 0-25;



Table 3.2 Items defining the extraversion, psychoticism, neuroticism
and lie scales of the EPQ.

Extraversion:
E1. Do you have many different hobbies?

EZ. Are you a tailkative person?

E3. Are you rather lively?

Bk, Can you usually let yourself go and and enjoy yourself at a lively
party?

ES. Do you enjoy meeting new people?

E6. Po you tend to keep in the background on social occasions?

ET. Do you 1ike going out a lot?

ES8, Do you prefer reading to meeting new people?

E9., Do you have many friends?

E10. Would you call yourself happy~-go-lucky?

E11. Do you usually take the initiative in making new friends?

Ei2. Are you mostly quiet with with other people?

E13., ¢Can you usually get some life into a rather dull party?

E14, Do you like telling jokes and funny stories to your friends?
E15. Do you like mixing with people?

E16. Do you nearly always have a "ready answer" when people talk to

youv?
E17. Do you like doing things in which you have to act quickly?
E18. Do you often take on more activities than you have time for?

E19., Can you get a party going?
E20., Do you like plenty of bustle and excitement around you?
E2i. Do other people think of you as being rather lively?

Psychoticism:
P1. Do you stop to think things over before doing anything?

Ppz2. Would being in debt worry you?

P3. Do you lock up your house carefully at night?

P4, Would it upset you Lo see a child or an animal suffer?

P5, Do you believe insurance schemes are a good idea?

P&, Wouid you take drugs which may have strange or dangerous effects?

PT. Do you enjoy hurting the people you love?

Pg. Po you have enemies who want to harm you?

P9, Do you enjoy practical jokes that can sometimes really hurt people?

P10, Do good manners and cleanliness matter much to you?

P17. Do you think marriage iIs old~fashioned and should be done away
With?

P12. Do people who drive carefully annoy you?

P13. Do most things taste the same to you?

P14, Does it worry you If you know there are mistakes in your work?

Pt5. Do you like to arrive at appeointments in plenty of tinme?

P16. Is (or was) your mother a good woman?

Pi7. Are there several people who keep trying to avoid you?

P18. Do you think people spend too much time safeguarding their future
Wwith savings and insurances?

P19, Do you try not to be rude to people?

P20, When you catch a train do you often arrive at the last minute?

P21, Do your friendships break up easily without it being your fault?

P22. Do you sometimes like teasing animals?

P23. Would you like people to be afraid of you?

P24, Do people tell you a lot of lies?

P25. Would you feel sorry for an animal caught in a trap?



Table 3.2 cont'd

Neuroticism:

N1.
N2.
N3.
Nk,
N5.
N6.
N7.
N8.
N9.
NiO.
N11.
N12.
N13.
Nih,
N15.
Nt6.
N1T.
Nt8.
N19.
Nz2O.
NZt,

Nz2.
NZ23.

_Lie:
L.

Le.
L3.
Ly,

L5.
L6,

LT.
L8,

L9.

L1,
L11t,
L12.
L13.
L14.
L15.
L16.

L17.
L18.
L19.
L20.
L21.

Does your mood often go up and down?

Do you ever feel "just miserable” for no reason?

Do you often worry about things you should not have done or saild?
Are you an irritatle person?

Are your feelings easily hurt?

Do you often feel "fed-up"?

Are you often troubled by feelings of gulilt?

Would you call yourself a nervous person?

Are you a worrier?

Do you worry about awful things that might happen?

Would you call yourself "higly-strung"?

Do you worry about your health?

Do you suffer from sleeplessness?

Have you often felt listiess and tired for no reason?

Do you often feel 1ife iIs very dull?

Do you worry about your looks?

Have you ever wished that you were dead?

Do you worry too long after an embarassing experlence?

Do you suffer from nerves?

Do you often feel lonely?

Are you easily hurt when people find fault with you or the work
you do?

Are you sometimes bubbling over with energy and sometimes very
sluggish?

Are you touchy about some things?

Have you ever taken praise for something you knew someone else had
really done?

Were you ever gready by helping yourself to more than your share
of anything?

If you say you will do something, do you always keep your promise
no matbter how inconvenient it might be?

Have you ever blamed somecone for deing something you knew was
really your fault?

Are ALL your habits good and desirable ones?

Have you ever taken a anything (even a pln or a button) that
belonged to someone else? :

Do you sometimes talk about things you kKnow nothing about?

As a child did you do as you were told immediately and without
grumbling?

Have you ever broken or lost something belonging to someone else?
Do you sometimes boast a little?

Have you ever sald anything bad or nasty about anyone?

As a chlld were you ever cheeky to your parents?

Do you always wash before a meal?

Have you ever cheated at a game?

Have you ever taken advantage of someone?

Would you dodge paying taxes 1If you were sure you could never be
found out?

Have you ever insisted on having your own way?

Do you always practice what you preach?

Have you ever been late for an appointment or work?

Do you sometimes put off until tomorrow what you ought to do today?
Are you always willing to admit it when you have made a mistake?
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N, O—Eé and L, 0-21. The reliability and validity of the EPQ
scales, and the relationship between experimental definitiqns of
E, P, N and L and the behavioural ones given by the EPQ are
discussed in Eysenck and Eysenck (1975).

3.3 RESULTS

3.3.1 Distribution of item scores and sex differences

We shall first test whether the MZ and DZ groups are
comparable., Chi-square tests were performed to determine if
there were any significant differences between MZ and DZ
endorsement frequencies for individual items, separately for
females (Table 3.3) and males (Table 3.4). Of the 180 chi-square
tests oniy 15 were significant at least at the 5% level and there
was no consistent pattern in these differences. The groups
appear to be comparable and thus the MZ and DZ classes were
combined to examine the effect of sex on endorsement frequency.

Table 3.5 presents the percentage of individuals endorsing
an item, broken down by sex. Chi-square tests were performed
between male and female endorsement frequencies {Table 3.5). For
extraversion, women give more extraverted responses for 7 of the
items, while men give more extraverted responses for 8 of the
items, the remaining 6 items showlng no sex difference. For
psychoticism, all of the items show significant sex differences
and for only 2 items do women give more psychotic responses than
men., In the case of neuroticism, with the exception of the two
items showing no difference between the sexes, women give
consistently more neurotic responses than men. For lie, women

give more soclally desirablie responses for all the items showing



Table 3.3 Chi-squares (for one degree of freedom) testing the
significance of differences between MZ and DZ
endorsement frequencies for the EPQ items in females.
Asterisks denote significant differences betweeh MZ and

DZ endorsement frequencies.

Item Extraversion Psychotliclism Neuroticism Lie
1 0.05 0.09 2.81 1.140
2 0.28 1.24 0.00 0.21
3 3. 42 7.64°F 0.23 0.34
i 0.01 0.18 .25 0.69
5 1.15 8.57° " 2.99 0.00
6 0.61 1.49 1.75 2,02
7 1.99 0.33 0.00 3.44
8 0.01 0.67 1.28 0.20
9 2. 27 0.06 0.11 0.02
10 1.20 0.00 0.13 0. 47
11 0.19 1.03 0.20 0.59
12 1.30 1.0k 0.89 0.10
13 g 14" 1.8 0.14 0.66
th 0.04 0.02 1.58 N.06"
15 1.64 ey 1.29 2.11
16 0.03 3,01 0.35 2.18
17 0.17 0.11 3,21 0.39
18 6.99" " 2.73 .00 8.1 ¥
19 1.25 12,00 "% 0.29 1.45
20 2.48 2.53 1.83 0.66
21 3.13 0.33 0.16 1.7
22 0.31 1.06

23 1,01 0.51

24 0.01

25 0.37

.01<p<.05 ¥ 001<p<. 01 FEE o< oo



Table 3.4 Chi-squares (for one degree of freedom) testing the
significange of differences in MZ and DZ

endorsement frequencies for the EPQ items in males,

Item Extraversion Psychoticism Neuroticism I.ie

1 0.08 3.37 0.81 0.56

2 0.37 0.00 3.4 1.12

3 0.60 1.13 0.00 5.50"
4 1.75 1.69 3.49 0.06

5 0.29 0.01 2.40 0.80

6 0.04 1.05 0.27 0.05
7 3.38 1.00 5,u6" 6.02"
8 g, 54" 0.05 0.08 0.00

9 0.69 1.35 0.10 1.26

10 0.79 2.16 1.14 1.40

11 1,47 2.67 0.35 0.19

12 1.48 0.15 2.00 0.02

13 0.48 1.05 0.70 0.02

14 .01 0.87 0.55 3.16

15 . 0.03 2.18 1.37 0.00

16 0.36 0.95 0.52 0.73

17 11,577 %% 0.02 0.00 T

18 0.55 1.21 0.11 4.95"
19 2.35 2.57 0.70 0.00

20 y.78% 0.32 2.58 0.75

21 0.15 1.34 0. 8% 0.47

o2 5,797 0.74

23 1,45 0.00

24 0.00

LG4

[A]
Ut
—_




Table 3.5 Percentage of individuals endorsing an EPQ item
- in the direction of naming, broken down by sex.
Asterisks dencte significant differences between

male and female endorsement frequencles,

Extraversion Psychoticism Neuroticism Lie
Item Females Males Females Males Females Males Females Males
1 52,6 y9.2** 19,0 13.6™%  s8.1 50.1°**% 85,5  9.5° "%
2 58.8 49.1*** 8.5 23.0%** 517 26.9°"% 58.1 51,6 "
3 70,7 68.5" 30.4  40.9%**  8o0.8 71.9°%% 76,9 67.6° %
3 67.2 9.1 o 11" 2302 22.1 69.6 67.6
5 81 .3 82.4" 21.9  26.9°"%  7u.9 58,177 4o, 4 35,8%*%
6 45.3 50.47 %% 45 g.u***  yg.8 37.1°%* 36,0 21.0°"F
T 62.0 58, 2% * 1.1 1.9 37,8 3. 2% 6.y 58,2%*
8 77.5 79.3 3.3 7.97 %% 31,9 2u. 0" 36.6 33.6° "
9 79.8 79.5 2.5 8.5**  6o.0 56, 5" "% 38,1 27.6% %%
10 50.14 51.9 3.7 g. 7" u9.0 35.5 % 38,8 27.6" %
11 49, 4 49, 1 3.7 6.6"°*%  24.8 18.0""% 15,1 4.1
12 55, 1 54,1 12.6 23.1°°%  y1.8 43,9 41,0 50.5
13 29,1 36.9°7% 5.3 g.7"** 216 15.5° %% ug.7 59.7
14 I 79.1° 7% 8.6  13.0°°%  55.9 h2.5° % 57.8 y2, 3 **
15. 56,8 gu.2** 9.3  145.5° % 26.6 22.1°%% 68.8 51.6" "
16 45.0 s2.4 %% 2.2 1.3"*%  50.3 37.0° "% 51,7 33,07 %%
17 54,9 71,87 s 7 10 ™Y 28,6 20,47 17,8 18.6
18 50,6 su.7 %% 32,0  m1.0"*Y su.7 57,5 %% 58,6 56.3
19 40.0 57,8 6.2 110" 3403 27.0° %% 6y.8 71,4
20 57.7 56.3 24,7 29.07 "% 32.5 25.9°*% 15,9 14.5
21 63.0 59,3" " 7.0 9.3"** 76,0 60.2" %% a9 72.2
22 10,9 27.5 %  77.6 6g.1 **
23 1.9 8.7"%%  81.7 7, 4 ¥
21 8.4 15.2°%%
25 2.9 14, 4**F
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sex differences. Thus out of 90 items, T4 show significant sex
differences indicating that the effect of sex on endorsement
frequency must be incorporated into cur analyses.

3.3.2 Factor analysis of the Eysenck Personality Questionnaire

The 90 items of the EPQ were intercorrelated using product
moment correlations{sphi coefficients), separately for males and
females., The use of this coefficient has been criticised in the
factor analysis of dichotomous variables because the estimates of
the coefficients are not independent of the means of the
variables when the latter are uneqgual (Maxwell, 1977). Although
this may result in a spurious 'difficulty' factor {(Cattell, 1952;
Ferguson, 1941), this can generally be detected as it will have
loadings c¢losely proportional to the means of‘the variables
(Maxwell,1977). Although tetrachoric correlations and a
corrected phi ccefficient, phi divided by maximum phi, have been
preferred these often lead to unreasoconably large communalities
(sometimes greater than one), especially when there are unequal
means, a situation where these alternative coefficients are
supposed to be better (Comrey and Levonian, 1958&). This problem
has been examined empirically by Comrey and Levonian (1958) and
they conclude "that the phi coefficient is the method of choice
. in point correlation work were factor analysis is to foliow" {p.
753). Furthermcre, they state that "if spurious factors exist
with factor analysis of phi coefficients, they may be no less
evident with phi-over~phi-max or tetrachoric coefficients" (p.
753). These results support cur use of phi coefficients in this

study.
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Principal -Q&@kociwiD with iteration, a procegure
avallable in the Statistical Package for the Social Sciences (Nie
et al., 1975), was performed on the EPQ item correlation matrices
obtained separately for males and females. Although 24 factors
had eigenvalues greabter than one, only 12 could be interpreted
with any confidence, that is, were defined by more than one or
two items. As our primary interest was to test the model of
personality postulated by Eysenck, we first extracted four
orthogonal factors followed by varimax rotation, and compared
this to a four factor solution obtained with obligue rotation.
Because tnere is no one best solution in factor analysis, by
using different methods of rotation we can determine to what
extent our final solution is dependent on the methed of analysis
chosen, The factors were named In terms of the items having the
highest loadings and for purposes of interpretation a loading of
0.25 or greater was considered large. 1In the tables of the
resulting factor pattern matrices to follow, the order of factors
i3 arbitfrary and does not necessarily correspond to the sequence
in which they were extracted.

Factor 1 {Table 3.6) is clearly an extraversion factor. In
both males and females, only two items (E1, "Do you have many
different hobbies?" and E18, "Do you often fake on more
activities than you have time for?") fail to load substantially
on this factor. None of the 1tems from the other scales define
this factor. The loadings are similar in males and females
suggesting agreement in the stiructure of extraversion between the
sexes, Removing the constraint of orthogonality does not appear

to alter the pattern of results markedly.



Table 3.6 Factor pattern coefficients of items defining factor 1,

extraversion, from the four factor sclution.

Females Males
Scluktion Solution
Item Orthogonal Oblique Item Orthogonal Oblique
E2 .54 .54 E2 .54 .54
E3 .61 .61 E3 .56 .60
E4 .56 .56 E4 .51 .50
E5 .51 51 E5 .50 .50
Eb ~-.62 -.62 E6 ~.62 ~.62
E7 .45 .45 E7 LHT AT
E8 -.h8 -.48 E8 -. 438 ~. 48
E9 CHY .45 E9 LAY .43
E10 .38 .38 E10 .35 .36
E11 .55 .56 E11 .56 .56
E12 -.58 ~.57 12 ~.56 ~.55
‘E13 .55 .56 E13 . 61 .62
E14 .34 .33 E1h .35 .34
E15 .55 .55 E15 .55 .54
E16 . 31 .32 E16 <30 .32
E17 . 32 . 31 E1Y .33 .33
E19 .56 .57 E19 .60 .61
E20 JHE .46 E20 .50 .50

E271 .59 . 60 E21 .60 LB
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F;ctor 2 (Table 3.7) is not as well defined. In females,
the orthogonal solution results in only three items, from three
different scales, loading on this factor. The oblique solution
results In one additional item (P18) contributing to this
factor. In males the pattern 1s somewhat clearer. Of the §
items defining this factor, 8§ are from the P scale, This general
trend can be seen more clearly in Table 3.8, Shown are the
loadings of all P items on this tentative psychoticism factor,

O0f the 25 items defining P, 10 items in females, and 21 in males,
have loadings in the predicted direction. While this factor is
not particularliy strong, it does seem identifiabls as
paychoticism, particularly in males. It has heen suggested that
an obligue solution may help to clarify weak factors (e.g.
Eysenck et al., 1969), however, in our data there 1s little
difference between the orthogonal and oblique solutions,

Factor 3 (Table 3.9} is easily identified as neuroticism.

In both sexes all of the N items, and only these items,
contribute substantially to this facteor. The structure of
neurcoticism appears to be the same in males and females, and
again removing the constraint of orthogonality appears to make
little difference.

Factor 4 (Table 3.10) is easily identified as lie. Only one
lie item in males (L16, "Would you dodge paying taxes if you were
sure you could never be found out?") loads marginally on this
factor (-0.22). With this exception, there is considerabdle

agreement between the sexes and different methods of rotation.



Table 3.7 Factor pattern coefficients of items deflining factor 2,

psychoticism, from the four factor solution.

Females Males
Solution Solution
Item Crthogonal Iten Obligue Item Orthogonal Oblique

E13 . 25 P8 .25 PL -.26 ~-.26
N15 .26 E13 .25 P9 . 31 . 30
P18 .29 N15 .26 P10 ~.35 ~ .34
P18 .29 P14 ~.33 -.33
N15 .31 .30
P18 .26 .26
P19 ~-.28 -.28
P23 .29 .27

pak .28 .28




Table 3+8 Factor pattern coefficients of all P items on factor 2,

psychoticism, from the four factor solution.

Females Males
Zolution Solution
ITtem Orthogonal Oblique Orthogonal Obilique
Pi -.18 ~.18 -.23 ~-.23
P2 ~.1h ~. 14 .24 -.24
P3 -.15 -. 14 .20 .19
Py -.10 ~.10 -.26 -.26
P5 ~.23 ~.24 ~.20 -.21
P6 Y .23 7 15
P7 13 13 .22 .22
P3 L 24 .25 -.24 -.24
P9 17 .16 <31 .30
P10 -, 15 ~.14 -.35 -, 34
P11 L2l .24 L2k .2k
P12 16 L5 .20 .19
P13 AT .18 | .21 22
P14 -.21 ~ .21 -.33 -.33
P15 -.09 -.07 -.15 ~.14
P16 -.09 -.09 -, 17 ~-.16
P17 .23 2k .23 .22
P18 .29 .29 .26 , .26
P19 - 14 ~.15 ~.28 ~.28
P20 .06 .04 .08 .06
P21 .22 .22 .24 .24
P22 .14 .12 20 .18
P23 .21 L2t .29 27
P2k .23 .24 .28 .28

P25 -~ .09 -.08 .23 -.23




Table 3.9 Factor pattern coefficients of items defining factor 3,

neurcotiecism, from the four factor solution.

Females Males
Solution Solution
Item Orthogenal Obligue Orthogonal Oblique
N1 .52 .50 .48 AT
N2 L 43 L L4y U6
N3 AL LAk JHT A7
N4 i .39 .38 .37
NS LHE L6 .50 .50
N6 - .55 52 .55 .54
NT AT ) .50 49
N8 .55 .54 .56 .57
N9 .61 b2 .64 .65
NiO .50 .50 LAUT 48
N11 JHG b9 .49 .50
N12 .38 .39 .34 .35
N13 <35 .34 .32 .33
N1l LU .43 43 Lh2
N15 Ch1 .37 LA .38
H16 . 37 .38 .35 -35
N17T .29 .27 .32 .30
N18 4T CHT .50 L 49
Nt9 .56 .55 .50 .50
N20 L A5 a2 LU5 -y
N21 .1 . .45 45
NZ22 .30 .30 . 31 . 30

N23 .38 .38 .38 .36




Table 3:10 Factor pattern coefficients of items defining factor 4,

lie, from the four factor solution.

Females Maies

Solution Solution
Item Orthogonal Oblique Item Orthogonal Obligue
L1 -.37 ~.37 L1 -.39 ~.38
L2 - .56 ~.58 L2 ~.51 ~.52
L3 .37 .37 L3 .34 L34
Lk ~. 42 ~. 42 Ly ~.39 ~.38
L5 JA5 L6 L5 N . B2
Lb ~-.48 ~. 49 L6 ~. 46 ~.48
L7 ~.36 -.35 LY -.39 ~.38
L8 .39 .39 L8 .35 .36
L9 -.h3 -, 44 L9 ~ .43 ~. b4k
L10 -. 40 ~.38 L0 ~-. 40 -.38
L1 ~-. 46 ~. 47 L1t -. 43 -.48
L12 ~.39 ~-.38 L12 -.39 -.38
L13 .32 .32 Li3 .32 .32
L1y ~. 49 -. 48 Lid ~.52 -.5h2
15 -.51 ~.50 L15 ~.51 -.50
L16 ~.28 -.27 Li7 ~-.28 ~.29
L17 -.31 =, 31 L18 BT AT
Lt8 L b7 .48 L19 ~.38 ~.39
L19 =.37 ~.38 L20 - 37 -.38
L.20 -.30 -. 31 L2171 .34 .35

L21 .38 .39
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fée gorrelations between the factors for the oblique
solution are shown in Table 3.11. The factors do depart slightly
from corthogonality, and the same pattern of relationships has
been found using earlier versions of the E, P, N and L scales
{Eysenck and Eysenck, 1968; Michaelis and Eysenck, 1971). The
correlations are however fairly small, and the fact that the
factor patterns are so similar for the orthogonal and oblique
selutions suggests that the factors of E, P, N and L can be
considered as relatively independent dimensions c¢f personality.

The four principal “m<»arsS  sccount for 22.3% and 21.4% of
the variance in items in males and females respectively. The
strongest factor is E (7.8% in males, 7.6% in females) followed
by N (7.2%, 7.1%), L (4.3%, 4.3%) then P (2.9%, 2.5%). With the
exception of P, these percentages are silghtly higher than those
found by Michaelis and Eysenck (1971) using earlier versions of
the four scales.

These results provide support for the existence of
extraversion, neuroticiasm and lie, and to scme extent
psychoticism, as major dimensions of personality. As previous
studies have shown fthat it is possible to identify other
dimensions of personality (e.g. Guilford, 1975; Cattell, 19556;
White et al., 1969b), we decided to examine more extensively the
factor structure of the EPQ to determine whether we could isclate
sub-factors of personality which were independent of E, P, N and
L.

Using the method of principal Qha*brwwa with

¢

iteraticon, we extracted 12 orthogonal factors with varimax



Table 3.1t Correlations between factors from the oblique

four factor solution.

Females
g P N L
Males
E 04 -.11 ~. 14
P .02 .09 -.18
N -.09 .06 -.09
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rotatién from the EPQ item correiation matrices obtained
separately for males and females. We chose to extract this
number of factors because, as mentioned previocusly, a prelimanary
analysis had shown that only 12 factors could be identified with
any confidence. Orthogonal rotation was employed to simplify the
Interpretation of the results. In the discussion to follow the
order of factors does not correspond to the sequence of
extraction.

Factor 1 (Table 3.12) is easily interpreted as a general
extraversiocn factor., Similar tc the four factor‘solution there
is considerable agreement between the sexes, and items Et and E18
are the only two extraversion iftems which fail to load
substantially on this factor. Factor 2 (Table 3.13) is
psychoticism, Although again this is not a strong factor,
particularly in females, in contrast to the four factor solution
only P items load on this factor., Factcr 3 (Table 3.14),
neuroticism, is more strongly i1dentified in males than females,
and clearly i1ts expression in the LwWwo sexes is not 1dentical.
Similarly Factor & (Table 3.15), lie, shows some sex differences
and it is more pronounced in females than males.

Sub-factors of perscnality also show differences in
expression between the sexes., Two additional exitraversion
factors in males, and three in females were identified. In
males, Factor 5 {Table 3.16) seems to represent sociability
{enjoying meeting and mixing with people) but not gregariousness
(can't get life into a dull party or get a party going). 1In

females this factor is more strongly identified as sococgiability



Table 3712 Factor pattern coefficients of items defining factor 1,

extraversion, from the 12 factor solution.

Item Females Males
E2 .58 .52
E3 .61 .59
EL .54 .51
E5 .4 .55
E6 ~.66 -.60
ET LB .50
E8 -. 40 ~.52
E9 .38 .45
E10 .35 .36
ET1 .53 .54
E12 -.65 -.54
E13 .58 <57
E14 .32 .35
E15 L4y .60
E16 .33 - .27
E17 .30 <32
E19 5T .57
E20 A3 .51

E21 .61 .59

Variance accounted for 7.6% 7.8%




Table 3.13 Factor pattern coefficients of iLtems defining factor 2,

psychoticism, from the 12 factor solution.

Item Females Item Males
P17 27 Py ~-.33
P21 .25 P9 +35
P23 .26 P10 -.30
P2y .29 P19 =. 31
P22 .29
P23 .34
P25 ~.33

Variance accounted for 1.8% 2.9%




Table 3.14 Factor pattern coefficients of items defining factor 3,

neuroticism, from the 12 factor solution.

Item Females ITtem Males
Nt .55 N1 .52
N2 .50 N2 .48
N3 2T N3 .50
N4 .36 N .35
N6 .62 NS .50
N7 <37 NG . B0
N8 .26 N7 .50
N9 .33 Ng . 41
Ni0 .32 N9 .55
N11 .26 N10 LH6
N13 .26 N1t .34
N14 .49 N12 .33
N15 .51 N13 .28
N1 7T .37 N14&4 LAl
N18 .22 N15H LUl
N19 .29 N1é& .38
Nzo .52 N7 ' .33
Nz2 .33 N18 .50
N19 .35
NZO LH7
N2t Y
Nz2 +33
NZ23 .35

Variance accounted for 4.3% T.2%




Table 3.15 Factor pattern coefficients of items defining factor 4,

lie, from the

12 factor solution,

Itenm Females Item Males
L1 .40 L1 -.37
L2 W57 L2 -.50
L3 .34 L3 29
Ll 4B Li -.40
LS Ll L5 42
Lé 4B L6 ~.48
LY - 37 LT -.39
L8 .33 L8 .36
L9 43 L9 - 44
L1G LH3 L10Q -. 40
Li1 .45 L11 -.50
Lt2 .34 L12 - .1
L13 .28 L13 .29
L1y .51 L1 ~.54
L15 .54 L1s ~.53
L16 .25 L7 ~.30
L7 .31 L18 U5
118 .45 L19 -.35
L19 .32 L20 -.33
L20 .27 L2t .30
L21 .37

Variange accounted for 1% 4,37




Table 3.16 Factor pattern coefficients of items defining subfactors

Variance accounted for

of extraversion, obtained from the 12 factor solution.

Factor 5: Sociability

Item Short description Females

E5 Enjoy meeting new peoplse .59

ET Like going ocut a lot .25

E8 Prefer reading to meeting people -, 43

Et15 Like mixing with people .58
Variance accounted for 1.8%

Item Short description Males

E5 Enjoy meeting new peoplsa .29

E13 Get life into a dull party - 47

E15 Like mixing with people .28

E19 Get & party going - 42
Variance accounted for 1.5%

Factor 6: Females -~ Gregariousness

ITtem Short description Coefficlent

E13 Get 1ife into a dull party )

E19 Get a party going -
Variance accounted for 1.4%

Factor 6: Males - Social shyness

Item Short description Coefficient

E2 Talkative person -.256 '

E6 Keep in the background on social cccasions .32

Et12 Quiet with other people .38
Variance accounted for T.4%

Faector 7: Females - Liveliness, activity

Item Short description Coefficlient

E1 Many different hobbies .27

E3 Rather lively .25

E18 More activities than time for .34

E21 Pecple think of you as lively .29

1.5%
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(prefé;ring meeting people to reading, going out a lot, enjoying
meeting and mixing with people), and it is interesting that the
two items which have a substantial negative loading on this
factor in males (E13, "Can you easily get some 1life into é dull
party?" and E19, "Can you get a party going?") appear as a
separate gregariousness factor in females {(Factor 6, Table
3.16). However, as this factor is only defined by these two
items 1% may be just a statistical artefact. The two remaining
extraversion factors are completely different in males and
females. Factor 6 1n males, (Table 3.16) seems to represent
shyness in social situations, (keeping in the background on
social occasions, mostly quiet with other pecple), while factor 7
in females {(Table 3.16) is defined by items concerning liveliness
and activity.

Two sub-factors of psychoticism in females, and three ;n
males were identified. Factor 7 in males {(Table 3.17) seems to
represent paranola {(enemies want to harm them, people aveld and
lie Lo them). Factor 8 {(Table 3.17) is easily identified as
punctuality (arriving for appointments in pienty of time, never
catching a train at the last minute) and i3 consistent across
sexes, However, as this factor contalns only one lie item, 1¢ is
questionable as to whether it can be regarded as a true sub-
factor of psychoticism., Similarly, Factor 9 (Table 3.17) is more
suggestive of the social attitude of conservatism (attitudes to
insurance, drug taking and marriage) rather than psychectic
behaviour, and there are differences in the expression of this

factor in males and females,



Table 3.17

Factor pattern coefficients of items defining subfactors

of psychoticism, obtained from the 12 factor solution.

Factor 7: Males - Paranoia

Item Short description

P83 Enemies want to harm you

P17 People try to aveoid you

P21 Friendships break up, but not their fault
P2y People lie to you

Variance accounted for

Factor 8: Punctuality

Itenm Shortit descriptiocon Females

P15 Arrive for appointments in plenty of time .51

P20 Arrive at the last minute to catch a train ~.67

L1¢ Ever late for an appointment or work -.37
Variance accounted for 1.6%

Factor 9: Conservatism

Iten Short description

P5 Insurance schemes a good idea

P6 Take drugs with strange or dangerous effects

P11 Marriage old-fashioned

P18 Too much time spent safeguarding future with

insurances and savings

Varlance accounted for

Item Sheort description
P5 Insurance schemes a good ldea
P18 Too much time spent safeguarding future with

insurances and savings

Variance accounted for

Coefficient

-39
-39
.26
.34
1.6%

Males
.52

~.37
1.7%

Femalies
LAy

~.26

~.26

L
1.6%

Males
.33

~. 40
1.9%
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Séx differences were also evident in fhe two sub~factors of
neurcticism that were identified. Factor 10 (Table 3.18) is
sensitivity {(feelings easily hurt, touchy about scme things, a
worrier), and is_more strongly identified in females than
males., Similarly Factor 11 (Table 3.18), anxiety {(nervous,
tense}, shows some difference in expression between the sexes.
Only one additional lie factor was obtained., While fhis
factor (Factor 12, Table 3.19) seems to represent acquiescence as
a child in females, 1t 1is not easily interpreted in males and we
will not attempt to name it.
These 12 principal Lowdeaws  account for 35.3%7 and 34.5% of
: A ot ney GRS (ROt mnoss Yo
the variance in males and females Pespectively,A SrSeheel
“The proportions of variance accounted for by each factor are shown in
~ the individual summary tables. Our results show marked
differences in the expression and impertance of faciors in males
and females. While it has Dbeen possible to identify several sub-
factors of personality, c¢learly the most consistently ldentified
factors are E, P, N and L,
3.3.3 Scaling
We shall now test some of the assumptions implicit in the
twin method. In a genetic analysis 1t i1s most appropriate to
choose a scale where there is no gencotype-envircnment interaction
50 that genetic and environmental effects are additive, Jinks
and Fulker (1970) nave shown that in MZ twins the regression of
absolute within-palr differences on pair sums provides a test for
any systematic¢ G x E1 interaction. Table 3,20 shows these

regressions for MZ male and female twins for the raw scores and



Table 3118 Factor pattern ccefficients of items defining subfactors

of neuroticism, obtained from the 12 factor soluticn.

Factor 10: Sensitivity
Item Short description Females
N3 Worry about things not done or said .38
N5 Feelings easily hurt .58
N7 Troubled by feelings of guilt .25
N9 Are you a worrier .35
NlO Worry about awful things that might happen .29
N1§ Worry about looks .32
N18 Worry too long after an embarassing experience 48
N21 Hurt when people find fault wifth work or themselves .61
N23 Touchy about some things .35
Variance accounted for 2.5%
itenm Short description Males
N5 Feelings easily hurt .30
N21 Hurt when people find faulft with work or themselves .35
Variance accounted for 1.6%
Factor 11: Anxiety
Item Short description Females
N8 A nervous person .69
NG Are you a worrier 41
N11 Tense or "highly-strung" .61
Nis Suffer from sleeplessness .28
N19 Suffer from nerves .67
Variance accounted for 1.9%
Item Short description Males
N8 A nervous person .Hb
N9 dre you a worrier .34
NT1 Tense or "highly-strung" .56
N19 Suffer from nerves .62

Variance accounted for 2.0%




Table 3.19 Factor patiern coefficients of items defining a subfactor

of lie, obtained from the 12 factor solution.

Factor 11: Not interpreted
Item Short description Females
L8 bid what told immediately as a child .50
L1z Ever cheeky to parents as & child ~.52
Variance accounted for 1.4%
Item Short description Males
L1 : Taken praise for something someone else had done ~ .27
Lu Blamed sonmeone for something that is your fault -.29
L21 Always willing to admit mistakes -.33

Variance accounted for 1.4%




Table 3:20 Proportions of varlance in absolute within-pair
differences accounted for by regression on pailr
sums for the raw EPQ scores and various
transformations. Linear (L) and quadratic
components after the linear regression
has been removed {(Q) are shown.

MZE MZM
L Q L Q
Extraversion Raw R Y: R o1 F 10 R
Angle .o1* 01 oo o tH
1/;(-+-—T .11*** .OL}*** -09*** ‘05***
1ogq o (x+1) T T B S
Psychoticism Raw 5% g0” R e
Angle ottt Lottt o ” .00
STIT R I IR E .00
log o(x+1) e P O T A ¢!
Neuroticism Raw .00 .05*** o1 " .09***
Angle .00 .00 .00 o2tk
YX+T .04*** .03*** .02*** .06***
10gq(x+1) 20t TR o™ MR oyt
Lie Raw 00" 03" oo 03" F
Angle 017t oo .00 .00
m .09**% '01%** .05*** .O%**

1ogqg(x+1) 307 oo 267 o0
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various transformations. Martin and Eysenck {(1976) showed that
such Interactions could be detected with great sensitivity but
they could nearly always be removed by & transformation of the
scale of measurement which lessened departures from no?mality.'*

The extraversion scale shows negative skewness (Figure 3.1)
which produces significant linear and quadratlice regression. The
psychoticism scale shows positive skewness (Figure 3.2) producing
iinear regression. The neuroticism scale shows a reasonably
symmetrib distribuftion but with an appreciable number of
cbservations at the extremes producing a "hasement-ceiling®
effect (Figure 3.3) which results in quadratic regression. The
lie scale shows a slight tendency toward positive skewness
{Figure 3.4} which results in gquadratic regression. In all cases
these regressions are best reduced by angular transformation
{arcsin /3)1 {Snedecor and Cochran, 1980). Although in most
cases transformations to minimise G x E interaction have a
negligible effect on the results of fitting models Lo variance
components, when there are extreme deviations from normality, as

for the psychoticism scale, the results may differ markedly

(Martin and Eysenck, 1976).

L If an individual scores x ouft of a maximum score of n, then let
p=x/n and @§{radians)=arcsin/p. For n<s50, if p=0 let p=1/4n andg
if p=1 let p=1-1/4dn (Bartlett's improvement). We may express @
in degrees by multiplying by 180/n. See Snedecor and Cochran

{1980, p290) for details.
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3.3.4 Distribution of scores and sex differences

Before fitting models fo explain trait variation it 1is
important to fest whether the individuals in the MZ and BZ groups
have been drawn at random from the same population by testing
whether the subgroup means and variances are equal, Table 3.21
lists the means and variances of the raw, and appropriately
transformed scores, for the twin sample. Two-tailed t-tests and
variance ratio tests were performed between MZ and DZ means and
total variances, separately for males and females (Table 3.21}.
In the raw scores, 4 of the 8 ¢t~tests and 2 of the 8 F-tests were
significant at least at Lhe 5% level. However, there was no
consistent pattern in these differences, and they tended to be
Senehb  and significant only because of the very large numbers
avallable. Transformation i1eft differences in means unchanged
whilst differences in variances were totally removed. It is
sometimes argued that the twin method is invalid because DZ twins
may have less similar environments than MZ pairs (see Chapter
1y. If this inequality were real and influenced the traits under
study, then we would expect Lo find that the total variance of DI
twins was greater than tfthat of MZ's, Even granted that the
variance ratio test for inequality 1is not very powerful in
detecting such differences, the total variances of the
transformed scores for MZ and DZ pailrs are so0 similar that any
such differential envirconmental effects must be of minor
importance. Since the groups appear to be comparable, the MZ and

DZ ¢lasses were combined in the examinatiocon of sex differences.,



Table 3.21 Means and variances of the twin sample for raw and transformed EPQ scores. Asterisks
denote significant differences between MZ and DZ means and/or variances.

MZF MZM DZF DZM DZO
Mean Variance Mean Variance Mean Variance Mean Variance Mean Variance
Extraversion Raw 12.52 24,45 12,79 23.97 12.22 24.72 13.11 25.55 12.74 24,87
Angle 51.22 240,21 52.19 . 233,70 50,340 239,10 53.27 258.34 52,02 243,96
Psychoticism Raw 2,73, 3.89" 3.93..°  6.45° 2.9 4,53 419 6.74 3.6 6.89
Angile 18.19 53,07 22.26 68.31 18.83 56.34 23.08 69.33 21.06 74,80
Neuroticism Raw 11.23 27.57 8.81:* 26.42 11.38 27.03 g.12 27.42 10.48 26.55

Angie by, 2y 218.10 37.39 215.15 G469 211.21 38.26 223.50 42,19 208.57

Lie Raw 10.267  19.50  8.97 19.20  10.05  20.11 8.72  18.58 9.22  18.61
angle  4u4.28% 178.4% 4O.LO  181.19  43.70  182.31 39.73  172.67 41.20 169.49
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Table 3.22 presents the means and variances for the sample
broken down by sex. Two-tailed t~tests and variance ratio tests
were performed between male and female means and variances for
the raw and ftransformed scores (Table 3.22)%r Females have
signficantly higher neurcticism and lie scores and lower
extraversion and psychoticism scores than males. The
distributions of scores in the ¢twin sample are similar to those
obtained in a previous study using the EPQ in an Australian
sample (Eysenck et al., 1980). Although Eysenck et al. (1980}
found in their Australian sample of approximately 600 males and
females that females had higher extraversion sc¢ores than males,
in their larger English standardisation sample the patteran of
differences was the same as we find here., While it could be
argued that there is less potential for bias in the sample of
Eysenck et al. (1980}, in view of our much larger sample one
could gquestion which 1is more representative of the Australian
population. We also find that females are less variable in their
psychoticism scores than males. These results are identical for

both the raw and transformed scores.

3.3.5 Repeatability

Table 3.23 shows the distributicon of age, and the raw and
transformed personality and attitude scores for the.96
individuals who compileted both the pilot and the main
questionnaire. There were no significant differences In the age
and distribution of scores of the pilot and total sample.

Estimates of repeatability (Table 3.23) wefe obtained by

examining consistency of scores from the pilot and main



Table 3.22

Means and variances for raw and transformed EPQ scores.

Asterisks denote significant differences between female

and male means and/cor variances.

Females Males
Mean Variance Mean Variance
. _ ¥ %R .
Extraversion Raw 12.458 24,60 12.8¢ 24,70
* ¥ #
Angle 51.03 240.56 52,53 243.67
Psychoticism Raw 2. 79" %" g0 % §.15 7.2
Angle 18,43 sule1 ™Y 22,9y 72.76
Neuroticism Raw 11.32°%% 2704 9.12 26,42
* % ¥
Angle ki, 50 212.58 38.29 213.74
Lie Raw 10.12° %% 19,45 8.77 18.75
#* % %
Angle 43.89 176.89 39.86 175.03




Table 3.23 Distribution of age, and raw and transformed EPQ scores for individuals
who completed both the pilot and the main questionnaire.

Females (n=614) Males (n=32)

Mean Variance Repeatability S% Mean Variance Repeatability Sﬁ

Age | 35.98 195.16 ~ - 32,59 177.42 - -
Extraversion Raw 11.98 24,98 0.82 4,56 14,30 25,74 0.90 2.67
Angle 4o, 43 242.78 0.81 46.09 57.06 277.1%1 0.89 29.66
Psychoticism Raw 2.93 3.86 O.TH 0.99 4,20 7.21 0.75 1.81
Angle 19,04 48,77 0.73 13.23 23.08 73.15 0.70 21.73
Neuroticism  Raw 11.53 22,61 o. 84 2.73 7.56 26.85 0.83 4,53
Angle 45,21 174,72 0.85 27.04 33.92 231,39 0.83 38.46
Lie Raw 10.53 20.57 0.83 3.52 7.80 12.77 0.78 2.80

Angle 45 24 187.61 0.84 31.78 37.08 116.87 0.79 Z25.

19
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quastionnaire. Separate analyses of variance were performed to
obtain mean squares between (MS,) and within (M8,) individuals
and repeatabilities (intraclass correlations) were calculated as
Ry = (MSb - MSw)/(MSb + MSW), Where there were significant
differences between scores on the two occasions, corrected
correiations were calculated by removing the between parts
effects from the within individuals mean square. The within
individual variance components are alsc shown in Table 3.23 and
these are estimates of fhe portion of the total variange which is
unrepeatable and will include measurement error.

The repeatabilities for the three EPQ scales are all high
ranging from .70 tc .92, and similar in males and females, which
is consistent with previous results (Eysenck and Eysenck,

1975). As the time interval between the completion of the pllot
and the main questionnaire ranged from 1-10 months (X = 3}, it is
unlikely that memory would be an important factor in these
results,

3.3.6 Genetic and envirconmental analysis of variation in

personality - Composite scores

We flrst ritted models to the total E, P, N and L scores,
whicn had been transformed to best minimise G x E interaction,
using the method of iterative weighted least squares. This
procedure has been described extensively in the literature (Eaves

and Eysenck, 1975; Martin, 1975; Clark et al., 1980) soc cnly a

brief account will be given.
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3.3.6.,1 The basic model

The starting point for an analysis of twin data is an
analysis of varliance, which is used to compare the variation

hetween and within each separate group of n twin pairs:

Source Degrees of freedonm Expected mean squares
: - 2 2
Between pairs n-1 oyt <dg
Within pairs n o

Where there is a sex difference in means, the within-pairs
mean square (WMS) of DZ opposite-sex pairs is inflated by an
amount n/2(M - ?)2, where there are n pairs, M is the male mean
and F is the female mean. Since significant sex differences were
found for all variables (Table 3.22) we corrected for this by
calculating the residual WMS {with n-~1 d4f) given by n/{(n-1)[WMS ~
1/2(8% -~ F)?].

Where a variable 1s strongly age dependent this inflates the
between-pairs mean square (BMS). The linear age correlations are
shown in Table 3.24 separately for males and females. Although
the correlations are significant in every case only for the lie
scale is the correlation substantial. We corrected for age
dependence in this variable by regressing within-pair sums on age
and replacing the BMS with one-half the residual mean square
(with n-2 df). The mean squares for the transférmed variables
and their degrees of freedom, corrected For sex differences and

regression on age where appropriate are shown in Table 3.,25.



Table 3.24 Two-tailed linear correlations of the

transformed EPQ scores with age.

angle

Females Males
Extraversion Angle ST — L a R
* *
Psychoticism Aingle -.20 *E ~. 28 "
Neuroticism Angle ~.13*** - 14*ﬁ*
#* % ¥ %K
Lie Angle 367" 38




Table 3.25 Observed mean squares for the angle transformed EPQ scores,
and their degrees of freedom,

Extraversion® Psychoticisn® Neuroticeisn® Lie3sP

Mean Mean Mean Mean
df square df square daf Square ar square

MZF Between 1232 368.00 1232 T1.%2 1232 330.85 1231 2358.15
Within 1233 112.46 1233 34.18 1233 105.38 1233 TT.54
MZM Between 565  347.84 565 98,61 565 315.18 564 220.57
Within 566 116.46 566 37.98 566 115.65 566 98.59
DZF  Between 750 283.65 750 69.11 750 265,12 749 195.57
Within 751 194,62 751 43.59 751 157.38 751 112.61
DZM  Between 360 292.18 350 86.606 350 263.16 349  186.59
Within 351 224.50 351 52.05 351 183.64 351 105.36
DZC  Between 904 295.30 g0k 84,61 904 227.82 903 167.93

Within 904 192,98 o4 51.55 S04 175,64 0N 114,34

& Corrected for sex differences
Corrected for regression on age
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We may also examine whether twins become more or less
similar with age by correlating absclute within-pair differences
with age and these are shown in Table 3.26. For psychoticism
only the DZ opposite-sex correlation is significant with
opposite-sex pairs becoming more similar with advancing age. For
neurcoticism and lie the correlations are only significant for DZ
females. This indicates that for females genetic differences
become more pronounced with age but no such effect is apparent in
males. Eaves and Eysenck (1976b) also found genetic differences
in neuroticism become more pronounced with age but did not look
for Qifferences between the sexes in age-dependent gene
expression. From these results it is clear that if environmental
circumstances of co-twins become more different as they get
older, these do not appear to produce any greater differences in
any of the personality traits we have measured,

If genetic and enviroanmental effects are acting
independently and additively, then the expectations of tne

variance components for MZ and DZ twins have the following form:

MZ
08 = E, + V(1 + (A/7(1~8))) + ¥y
05 = By

DZ
08 = Ep + V(1 + (A/(1=R))) + /vy



Table 3.26 Two~tailed linear correlations of absolute within-pair

differences in the angle transformed EPQ scores with age.

Extraversicn Psychoticism Neurcticism Lie
MZF .03 ~-.02 .0z -.03
MZM .03 -.04 . 01 -~ .01
DZF .07 ~.03 RFA 09"
DZM ~ .0l -, 01 .02 .03

DZ0 .01 -.07 .01 .05
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E1 is environmental variance within families, specific to
the individual and shared with no one else not even members of
the same family. It also includes measurement error. Ep 18
environmental variation shared by cotwins but differing between
twin pairs and will include cultural and parental treatment
effects. VA is the genetic variance due to the additive effects
ofvgenes in the absence of asscrtative mating. Where there is
assortative mating, the additive genetic variance between
families 1s increased by an amount V,(A/1~A), where A (Fisher's
assortative mating parameter) is the correlation between the
additive deviations of spouses and is reiated to the marital
correlation p by hgp (h2 is the heritgbility}. Vp is the genetic
variance due to dominant gene action.

Combining the terms of the expesctations of the varlance
components with fheir coefficients in the analysis of variance
gives the expectations of mean squares in ferms of the main
components of variation (Table 3.27).

A weighted least squares procedure is now used to estimate
the parameters that will adequately describe the observed mean
squares obtained from the analysis of variance of each separate
grOup cf twin pairs. The estimates of the parameters, dencted by

a vector §, are obtained by solving:

- (B'YB) T8 Wy

flas ]

where B is the matrix of the expected coefficlents of the
parameters being estimated, x i1s the vector of the cbserved mean

squares, and W is the diagonal matrix of welghts. W is



Table 3.27 Model for meéansquares of twins reared together.

Ey By Vg Vp
MZ between 1 2 2 + 24/1-A 2
within 1 G G 0

DZ between 1 2 3/2 + 28/71-A 5/4

within 1 0 172 3/h
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caleulated as Wi o= ni/ZEx§, where Exy is the expected value of
the ith mean square with n; degrees of freedom. As the Ex; are

cnly known after the estimates have bheen obtained, an lterative
procedure using trial weights is used. When the estimates using
these welights are obtained, they are used to calculate expected
mean squares until successive parameter estimates converge to
stable estimates. The covariance matrix of the stable estimates,
(%'H@d—1, can then be used to test the significance of the

estimates by the normal deviate:

c; = g/o
1 91

where g, = /ﬁiag(g H§)~1
1

Providing that the observed statistics are normally distributed
the estimates of 8§ are maximum likelihood estimates and the
overall it of a given model can be tested by the residual

chisquare calculated as:

Xg-p = (x - Ex)'Wix - Ex)

where there are k observed mean squares and p parameter
Pikcaow rg\n T e L L I TN Y e abes ok o L

estimates.[ wohech Ty %*“W%W\\Qm G Tanrwemndlge et Oues
CMM\;"- A ga-\.‘a \@\‘\%3

In choosing the parameters we wish {0 estimate we want £o
provide the simplest description of the observed variation. Thus
& sensible hierarchy of models is to first fit E} alone, Failure
of this most simple model will indicate that there is significant
between families variation ${o be explained. A model including

both E] andg E2 will test whether the between families variation

is entirely environmental in origin, while the EEVA model will
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test whether the between families variation is entirely

genetic. If both two parameter models fail then models including
all three sources of variation, elther E1E2VA or ETVAVD may be
tested. As the model matrix (Table 3.27) is not of full rank a
maximum of three parameters can be estimated, and all such thres
parameter models will yield the same chisquare, the fourth degree
of freedom simply testing the equality of MZ and DZ total
variances.

The restriction to three parameter estimates means that we
cannot test directly the relative importance of E, and Vp. Also
it should be noted that the coefficients of the extra additive
variance due to assortative mating are the same as for E, and so0
will be completely confounded. It is thus more appropriate to

rename E2 as B (for extra between families variation) where
B = EZ + VA(A/(I~A))

Only if we have an estimate of the phenotypice marital correlation
can we estimate A, and make some inference about the relative
contributions of E2, and the genetic variance due to assortative

mating, to B.

Eaves (1970a) showed that if the E;BV, model is fitted when

both B and Vy, are present then



L2,
I the E1VAVD model is fitted when both B and Vy are present

then

~

Thus, if B > 172V, %D will be negative, while if B < T/ZVD, B
will be negative. By fitting both three parameter models and
comparing the signs of é and %D we can make some inference about
the presence of Eo {(or assortatlve mating); and Vy. Although the
twin method is cbviously a poor design for fLhe detection of
dominance, with the number of twin pairs available in the present
study there 1s some chance that we would be able to detect its
presence. Martin et al. (1878) showed that in the case of a
trait with 90% heritability, complete dominance and no
assortative mating or E, (ie B = 0), 3330 twin pairs would be
sufficlient to detect dominance at the 5% level with 95%
probability, and our sample size is somewhat larger than this.
However, the number of fwin pairs required rises to over 30000
when there is only intermediate dominance, Even when significant
estimates of V, are obtained, 1t should be noted that the
expectations for dominance and for additive x additive eplistasis
are identical in MZ and DZ twins {Mather, 1974) and so are
completely confounded. Thus when significant estimates of VD are
obtained it should be remembered that these will include

contributions from both sources of non-additive genetic variance.
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‘A3 there i3 no necessary reason why the components of
variation will be the same in both sexes, models are first fitted
teo the mean squares for males and females separately and then to
all eight statisties combined. We ¢an then calculate a
heterogeneity chisquare for k df by adding the two male and
female chisquares for 4-k df and subtracting from the chisquare
{8-k ¢f) for the corresponding model fitted to all elght
statistics, The heterogeneity chisquare for k df will indicate
whether the same parameters are appropriate for both sexes. If
it is not significant, then the DZ ocpposite-sex data may be added
and the same model fitted to all ten statistics.

We shall discuss the results of model fitting separately for
each factor. In every case a model {ET) postulating that ail
variation was due to individual environmental differences and
error, and that there were no greater differences between pairs
than between members of the same pair failed badly and is omitted
from summary tables.

3.3.6.2 Results of fitting models to extraversion scores

The results of fitting models to angle transformed extraversion
s¢ores are shown in Table 3.28. For females, although the E,Vy
model is able to adequately describe the data, addition of the

parameter VD results in a significant improvement Iin c¢hi-square
(x? = 5.20, p<.05). For males, the E,V,Vy model also provides

the best deseription of the data although, because of fhe large
correlation between V, and V5 in the classical twin design, the
estimate of V, is negative. There is no heteroéeneity of fit of

the E,V,V, model over sexes (Xg =1.92, p>.05) 50 we are entitled



Table 3.28 Summary of modsl-fitting to angle transformed extraversion scores.

~

2 2 T2
E £z Va Vp df X B arrow Byroaa

Female
E, 5, 143,57 96.3% - - 2 91.18""
BV, 115.25 % - 125.3" % - 2 5.26 52 & .02
E oV, 2.4 -37.9 165.3° - 1 0.01

Xx¥ *
BV Uy 112.4 - 51.6 75.8 1 0.01
Male
E B, 157,97 gy - - 2 53.99""
E V) TR 119,777 - 2 10.35° "
B E5V, 118.67 " =6u.7 189.6" - 1 2.26

L3 * %
BV, 118.6 - “k. Y 129.3 1 2.26
Female & Male
E E, 1481 925" - - 6§ 150.847
B,V 11807 - 123.7%% - 6 17.337
E By, 114,30 7.3 173.9° - 5 .19

* %% *%
E4V 11%.3 - 32.2 94.5 5 4.19
Female & Male
& Opposite-sex
E, E, 158.7° " 82.7 " - - 8 166.92° "
BV, 19.7°°% - 12297 - 8 19.59"
EqE,V, a7 -38.2 165.6° - 7 5.2
By, ¥ v 50.6°°  76.4""F 7 s.u2 21 £ .09 .53 & .02
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to fif this model to the joint male, female and opposite-sex data
(Table 3.28). This gives an excellent fit to the data as well as
yielding significant positive estimates of all parametfers.

As discussed in the introduction to this chapter, a
resemblance to dominance could be generated if there was any
sibling competition. This model (Table 3.29) developed by Eaves
(1976) can be described by three parameters; the additive genetic
compcnent VA, K the environmental variance produced by the
effects of those genes on the co-twin, and VA the covariance of
the additive genetic effect on one twin and the environmental
effect on his co-twin. VA and VR have the same expectations in
twinsr(and any other relationships where individuals are reared
in pairs) and so have to be estimated as one parameter. If there
is sibling competition, the estimate of VA will be negative, and
the model also predicts that the variance of DZI twins will be
greater than the variance of MZ twins. In fact we found no
significant differences between the variances of MZ and DZ twins
(Table 3.21}), however, when we fitted the competition model to
phe data (Table 3.30) there was iittle to choose in our
Australian sample between a model that showed a substantial
effect due to dominance and cocne with a small effect due to
3ibling competition.

In the extensive Swedish data of Floderus-Myhred et al.
(1980) which we reanalysed {(Table 3.30), we can reject the
competition model in the larger sample of female twins, although
there is still littie discrimination between thése alternative
models in the male twins. Previous studies have suggested that

either competition (Jinks and Fulker, 1970) or dominance (Eaves



Table 3.29 The specification of additive genetic effects in the

presence of competition, omitting other environmental

effects.
Parameter
G x E
Genetic "Environmental” Covariance
Mean Square Vi vi Vi
MZ Between 2 2 4
Within G 0 0
DZ Between 3/2 3/2 3
Within 1/2 1/2 -1

Mz = Va v VR 2 V)

Eq v Vg v Vi o+ UA
nE, = Y, + Y@ o+ 1/2V!
D7 A A A




Table 3.30 Summary of fitting models incorporating dominance or competition effects to extraversion.

Parameter
, 2 2 '
Australian sample®
Female & Male
& Opposite-sex
X3
(n=3810 pairs) 1y - - 50.9°°  76.477F  5.k2 7 hi=0.21  hZ=0.53
*
113.5"°%  1u6.18" " <1250 - ~ 5.20 7 hi,=0.54  hd =0.55
Swedish sampleb
Female
(n=6843 pairs) 2.29"** - - IR A PE P e - i hE=0.31  n3=0.53
2.30"*% 2.0 o™ -~ - 6.15 1
Male
(n=592 pairs) 2.4k - - 1.517%%  0.66" 0.02 1 h2=0.33  n3=0.47
¥ XK EE 3 *
2.45 230" -0.10 - - 0.94 1 hg7=0.47  h3,=0.48

8 Angle transformed scores

b Raw scores



45,
and Yo;ng, 1981) may effect the expression of extraversion.
Although this is the first study to examine the ability of both
models to explain variation in extraversion, obviously with these
data alone it is difficult to determine which of these two models
is most appropriate, 1In the Swedish data the dominance
hypothesis is favoured slightly over the competition
hypothesis, In Chapter 4 we shall consider the types of designs
where competition and dominance are potentially separable and
conduct power calculations to determine the sample sizes that
would be required to discriminate, with a reasonable probability,
between these alternative models.

3.3.6.3 Results of fitting models to psychoticism scores

The E1E2 model fails to adequately describe the variation in
psychoticism in either males or females, while the E,V, model
gives a good fit in both sexes (Table 3.31). The chi-square for
fhe heterogeneity of [if over sexes 1s nighly significant
(Xg = 33,26, p<.001) and inspection of fthe parameter estimates
shows that there is a larger %A component in males than females.

A full model incorporating different sized E1, Ez and VA
effects for males and females has been developed by Eaves {1977),
illustrated in Eaves et al. (1978), and is shown in Table 3.32.
VAMF is the covariance between the genetical effectfs in males and
the genetical effects in females. If the genes affecting a trait
in males are quite different from those affecting the trait in
females then we expect VAMF to be zero. If the genes acting in

males and females are exactly the same bubt produce scalar



Table 3.31

Summary of model-fitting to angle

transformed psychoticism scores.

>

E, E, A v, daf
Female
E, E, 37,78 15.56"%F - - 14,870
E ¥, 34,20 - 20. 1% - 2 2.81 .37 + .02
Eq B,V 356577 h1s 15560 - 1 1.59
E,V,Vp 3h.65°° % - 28.00"""  -8.20 1 1.59
Male
EE, 43.36° 7 25.34°F - - 2 13160
E(V, 37.787% - 30.91°°% - 2 0.28 45 + .03
B E,V, 38,09 3.3 21.26" - 1 0.05

¥ ¥ H#* EX .

E, V) 38.09 - 37,41 -6.77 1 0.0%
Female & Male
E,E, 39.52°"% 19.33% - - 6 63.69"""
E,!VA 35‘32*** . 23-56*** » 6 36,35***
E EoV, 35.71 % 3.84 19.35° " - 5 35.12°°%
E,V Vg 35,710 - 30.86"%%  ~71.67 5 35.12"**
Female & Male
& Opposite-sex
EqEp 52,37 % .87 - - g 88,22
BV, 35.80" - 25.37°" - 8 u48.39"""
EqEoV, 36.39°%% 3.3y 21,46 - 7 46,94
E,V,Vp 36,3957 - 31477 ~p.67 7 4g.9u*




Table 3.32 Model for twin mean squares incorporating different genetic
and environmental components of variation for males and females,

e P Pay P Fay Tay Yap o Tay
MZF Between 0 1 0 2 0 0 2 0
Within 0 1 0 0 0 0 90 0
MZM Between 1 0 2 0 0 2 8} 0
Within 1 o 0 0 0 0 0 0
DZF Between 0 i | 0 2 0 0 3/2 0
Within G 1 G 0 0 0 172 0
bDzM Between 1 0 2 0 0 3/2 0 0
Within 1 0 0 0 0 1/2 0 G
D20 Between 1/2 /2 172 /2 1 1/2 1/2 1/2

Within /2 1/2 172 1/2 ~1 1/2 /2 -1/2
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differences in the two sexes then we expect the correlation
between the effects

A MF M OF

MF
to be one. A similar argument appllies to E2MF, the covariation
between E2 effects acting in males and females. The results of
fitting a model which specifies a common E, parameter but

different sized VA effects in males and females are shown in

Table 3.33. Fitting separate VA parameters for males and females

causes a significant reduction in chi~aquare (Xg = 36.31, p<.001)

the correlation PVA = 1,09 indicating that the same V, effects
MEF

which aect in males act in females but with smaller effect. Thus
in females approximately 36% of the variation in psychoticlsm is
due to additive genetic effects while in males this rises to
approximately 50%.S§Eaves and Eysenck (1977) found that 49% of
the variation in psychoticigm is genetic Iin origin bubt did not
look for differences in gene expression between the sexes.

We may also subtract the values of the residual mean square,
obtained from the repeatability data, from the estimates of E1
and so estimate the proportion of variance due to repeatable
environmental differences and non-repeatable error {(Table
3.34), In females, true individual environment accounts for a
greater proportion of E; than error, wWwhile in males the reverse
is true. However, In both males and females, the contribution of

true individual environment to variation in psychoticism is

greater than has previously been reported (Eaves and Eysenck,

1977).



Table 3.33 Estimates (& s.e.) obtained after fitting a model allowing different genetic
components of variation in males and females for angle transformed
psychoticism scores.

£ v v 7
1 AM AF AMF
35.70" " 35,40 % 19,92%** 28,96
+ 1.09 2.35 1. 40 4,032

XE = 12.08 (p = .06)

2 -




Table 3,34

Sources of variance (%)

psychoticism scores.

for angle transformed

Females

Males

£y

T~

individual environment

24

64

/\

4o

36

30

50°

/

20

50
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3.3.6.4 Results of fitting models to neuroticism scores

The results of fitting models to angle transformed
neuroticism scores are shown in Table 3,35, In bvoth males and
females the E?VA model provides the best it to the data.
Although the chi~aquare for the heteéerogeneity of fit over sexes
is non-significant (x§ = 2,71, p>.05) we notice that there are
smaller é1 and larger GA components in females than males.

Fitting a model allowing different E‘.1 and V, components in
males and females {Table 3.326) results In a significant reduction
in chi~square (x§ = 12.64, p<.01), the correlation FVA = 0.58
indicating that there are differences in gene action iEFmales and
femalés. In beoth sexes approximately one-half the variation in
neuroticism is genetic in origin, with individual environment
accounting for just over a third of the total variation (Table
3.37). The correlation of age with absolute within-pair
differences in DZ females discussed earlier also indicates that
genetic differences become more prongunced as females get
older. Our results are similar to those of Floderus-Myrhed et
al, {1880). Eaves and Young {1981) reanalysed their data and
found that both age and sex affected the expression of additive
genetic and environmental differences in neuroticlism.

2,3.6.5 Results of fitting models £to lie scores

The results of fitting models to angle transformed and age
corrected lie scores are shown in Table 3,38, In both males and
females, the E}VA model is able to adequately describe the data,
although in males there 1s some evidence that Eé effects are also

important. There is significant heterogeneity of fit of the Elvﬁ



Table 3.35 Summary of model-fitting to angle tranaformed neuroticism scbres.

~

2 2
E, E, ' v, ar g n

Female
E, B, 125.17%  90.5" " - - 2 51.12°°7
E,V, wou.7 - 110,57 - 2 0.42 51 % .02
E{E,V, rou.8™% 1.2 109.2" " - 1 0.k2

k¥ *RX
EyV,Vp 104.8 - 12,8 -2y 1 0.4z
Male
E &, 18" 76,87 - - 2 28.48"""
E\V, 118.9°7° - 100,37 - 2 1.72 46 & .03
E{EoV, 116.5 " -26.4 128.8""" - 1 o0.27

*EHR -
E{V,Vp 116.5 ~ 49.7 52.7 1 0.27
Female & Male
B, B, 130.3"° 861" - - 6  86.65"
£V, 109177 - 10747 - 6 5.85 .50 + .02
E EpVy 1084 -g.2 6.2 - 5  5.30

% X% XR*
B, ¥,V 108. 4 - 91.5 16.5 5 5.30
Female & Male
& Opposite-sex
EiEs 1%50.9"F 2.0 - - 8 136.90"
E\V, 110,97 - 102.1°7% - 8 18.42"
E oV, 107.6™% -21. 128,977 - T 12.26
BV, w076 - 56.7°° 8.1 T 12.26 27 & .09




Table 3.36 Estimates (+ s.e.) obtained aftfer fitting a model allowing different
genetic and environmental components of variation in males and females
for angle transformed neurobicism scores.

B B v v v
Ty " By Ap e
11747 1ou, % 95, 4" " 1080 ¥ 59,47 *¥
+ 6.4 3.9 8.0 5.6 13.9
2 -
X5 = 5.78 (p = .33}
ne « 0.45 + .03 na - 0.51 + .02
males * o females . -




Table 3.37 Sources of variance (%) for angle transformed

neuroticism scores.

Females

Males

error 13

b9

individual environment \\\\\\\36

/\

Va : 51

18

55

—
T

37

45




Table 3.38 Summary of model-fitting to angle transformed and age~correctéd lig scores.

-~ ~ ES ~

2 2
E, E, v, v, ar h
Female
E,E, 90.8"""  g5.8"" - - 2 k2,96 "
E,V, 76.8""" - 79.6"°F - 2 0.55 51 + .02
R 7.3 6.7 2.5 - 1 0.18
* XK # %%
Male
E,E, 101.2""% 532" - - 2 3.37
E W, 93.8° " - 60.0" " - 2 4.95 .39 5 .03
E{E,V, 96,7 32.7"  24.8 - 1152
LR *HR¥E
E VU 96.7 - 122.8"% ~65.3 1182
Female & Male
i, o1 1.8t - - 6 49.39°
E V), g2.3""" - 73,270 - 6 18.23"
B E,V, 83.5° " 1n.9"  57.37F - 5 15.3477
B V4V 83.5° 1 - 102.17° =29.9 5 15.34""
Female & Male
& Opposite-sex
E,E, 98.9""" 5357 - - 8 82.00"""
E v, §1.9""" - 70,07 - g 2u.90""
E{E,V, 82.6" " 5.0 oy - 7 2n.09"
EqV,Vy 82.6" " - 79.47% -10.0 7 2u.09™"
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model over sexes <x§ = 12.73, p<.005) and we notice that there
are largér ﬁi and smaller QA components for males than females.

Fitting separate Eq and V, parameters for males and females
{Table 3.39) results in a significant reduction in chi-square
(x? = 13.77, p<.01), the correlation ry, = 0.93 indfcating that
the same Vy, effects which act in femalesMiet in males but with
smaller effect. The correlation of age witﬁ absolute within-pair
differences in DZ females does however indicate that genetic
differences bhecome more pronounced as females get older.,
Addition of an Eg parameter in males results in a non~signifioant
reduction in chi~square (X% = 3.46, p>».05) indicating that this
effect is not necessary to describe variation. The breakdown of
the total variation into genetic and envircnmental components
(Table 3.40) is similar to that obtained in previous studies of
the lie scale (Martin and Eysenck, 1976; Eaves et al., 1978).

3.3.7 Genetic and environmental analysis of wvariation in

personality - Individual items

Qur analyses of the personality traits of extraversion,
psychoticism, neuroticism and lie presented above suggest that
population variance in these measures 1s due to the additive
effects of genes and environmental factors unique to the
individual. VFor extraversion either dominance or competition may
also be important. There 1is no evidence for the importance of
family environment. However, while genetic factors may
contribute to item covariation, and hence the contribution of
genetie factors will be enhanced when ltem responses are summed

to obtain a total trait score, 1t 1is pessible that envirconmental



Table 3.39 Estimates (+ s.e.) obtained after fitting a model allowing different
genetic and environmental components of variation in males and females
for angle transformed and age corrected lie scores.

§1M %1F GAM GAF ﬁﬂMF
92.00"** 76,26 " 56.68" 77 4 F 61.u7%**
+ .98 2.88 5.69 4.03 9.69
X2 = 11.13 (p = .05)
hgales = 0.38 ¢ .03 higemales = 0.50 £ .02




Table 3.40 Sources of variance (%} for angle transformed and

age corrected lie scores.

Females

Males

error 21

/
\

50

/\

individual environment 29

17

62

/\

L5

33
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factoré may Dbhe specific to individual items. These environmental
factors may be unigue to the individual, including error, or more
importantly, discrete particles of shared environment which are
still specific in their effect. On this model, composite test
scores wlll have greater heritability than individual items.
This is because the variance of the composite score includes the
genetic compconent of the individual items and the covaritance
between them, but includes onily the environmental components from
specific items since there is no environmental communality
between them. The following exampie 1llustrates this concept.

Suppose we combine N items into a composite test score by
unweighted summation. Furthermore, let us suppose that the
heritability of each item is a constant, hz. The environmental
component of each item is thus em}~h2. If we assume that the
genes are the only source of communality between the items, then
the inter-iftem correlations will all be equal to the heritability

hg. The total variance of tThe test scores will be
62 = N + N(N-1)RZ,

The genetlic component of variance will be Nzhz, and the
environmental component will be Ne. Thus, while the heritable
variance in composite test scores increases as the square of the
number of items, the environmental variance increases only
linearly with the number of items. Consequently, if the family
environment primarily determines the specific profile of iten
responses, we might expect that a genetic analysis of composite

test scores would obscure the effects of this source of
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variation. Cn this model, a genetic and environmental analysis
of individual ifems will thus enhance our chances of detecting
between-families envircnmental effects on personality.

3.3.7.1 The threshold model

The method of genetic analysis described in section 32.3.6.1
of this thesis is applicable tec the analysis of continuous
traits. In this section we consider the analysis of
discontinuous traits such as the EPQ items.

The twins' responses to the individual EPQ items were
summarized by 2x2 contingency tables containing the number of
twin pairs whose joint responses fell into each of the four
possible response categories. An example of a set of contingency
tables is given in Table 3.47%, For same-sex pairs the order of
twin 1 and twin 2 was arbitrary, for opposite-sex pairs twin 1
was female, twin 2 was male. The full set of contingency tables
is available from the author on reguest.

In general, the 1log l1ikelihood of obtalining an nmxm

contingency table 1s

L = % n, . lnp,., + C
i iJ ij

[{Enstfl

m J
1]

2ae ]

m
1

i3 Py ; are the observed and expected number of twin

where n;, and
pairs in cell ij respectively and C is a constant (Tailis,

1662). Singece the contingency tables for the five twin groups are
independent, the log likelihood of observing the set of

contingency tables is simply the sum of the log likelihoods of

the separate tables,



Table 3:&1

Contingency tavles for item E1T1,

have many different hobbies?".

"Do you

MZIF

MZM

DZF

DZM

DZO

Twin 1

Twin 1

Twin 1

Twin 1

Female

NO

Yes

NO

Yes

No

Yes

No

Yes

No

fes

No
385

213

NoO

186

100

No

212

154

No

107

76

No

226

233

Twin

Twin

Twin

Twin

Male

Yes
185

4h9

Yes
1G9

172

Yes
146

239

104

Yes
181

267
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We assume that underlying a two-way mxm contingency table
there are two continuous distributions of liability, in our case
corresponding to the true personality fypes of twin 1 and twin 2
respectively, whose joint distribution is bivariate normal with
correlation p. Superimposed on the distribﬁtions of liability
are m~1 Lthresholds., We may also introduce n liability classes
dependent on such factors as age and sex. Thus multiple
thresholds are dencoted by tab; a=0,1,...,m; ©b=0,1,...,n, wWhere
top = —= and t = +=.

Assuming that our continucus scale of liability has zero
mean and unit variance, and in the absence of differences in MIZ
and DZ total variances, the expected proportion of twin palrs
{pij) in which the first and second twins fall in the 1i,jth cell
of an mzxm contingency table is given by

tin tjn

f f ¢ {(%,y,p)dydx

ti—?n t§~?n

The €, and t.

i~1n j=1n denote the lower thresholids, and the tin and

t dencte the upper thresholds of our continuous scaile of

Jn
liability delineating the ith row and jth column of a given
contingency tabie. $(x,¥,p) 1is the standard bivariate normal
distribution where x is the liability of twin 1, y is the
liability of twin 2 and p is the correlation between the palr
defined above., The value of p will depend on ths causal model
proposed for the similiarity in liability between twins. The

cdntributions of various genetic and environmental effects to the

correlation of twins are shewn in Table 3.42. The parameters



Table 3.42 The contribution of genetic and environmental sources of variation to the correlation

in liability in twins.

E E E E B y v v y y

1 2 2y 2; 2up A Ay Ap Ay D
MZF 0 1 0 1 0 1 0 1 0 1
MZM 0 1 1 0 0 1 1 0 0 1
DZF 0 1 0 1 0 172 o 1/2 0 1/4
DZM 0 1 1 o 0 1/2 1/2 0 0 1/

DZ0 0 1 0 O i 1/2 0 0 1/2 1/4
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have been deflined in section 3.3.6.1 of this thesis with the
exception that E1 is now not separately estimated but is
calculated as a residual category. Thus in the case of the ETVA
model, Ey 1s calculated as

B, = 1~ ¥,

Cbviously, when we ailow for either sex~limited genetic and/or
environmental effects, E, will also differ between the sexes.
Thus for the E1ME1FVAMVAFVAMF model

E1M = 1 - VAM, and

E1F = 1 = VAF.

Estimation invoives the selection of parameter estimates
which‘maximise the l¢g likelihood of observing the set of
contingency tables., We have minimised -~L using & subroutine for
unconstrained optimisation (EQU4JBF) from the Numerical Algorithms
Group Library (1981). This procedure will yield maximunm
iilkelihood estimates of fLhe genetic and environmental parameters
and the threshold values that we choose to estimate.

There 1s no perfect test of goodness-of-fif with this

approach, butl an approximate test is given by

2

o
e

2 i
i

K(m2~1)p

-5

Mgk ™ %13k’ “%i5k

[Hlestl]
xOR
et

wmm
NER
where K 1s the number of contingency tables, m the number of
categories and p the number of parameters estimated. The
observed and expected number of twin pairs in the ijth cell of
the kth conftingency table are nijk and ®ijk respectively., This

test is sensitive to low expected cell freguencies which will

result in the underestimation of the goodness~of-fit of a model
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(Oissoﬁ, 1979). Furthermore, a significant value of chi-square
may indicate either falilure of the statistical assumption of
bivariate normality in twins' liabilities (to respond) and/or the
causal model proposed for twin similarity. An alternative
approach, which we have used here, i3 to compare the fit of a
specific model agalinst the full model where we estimate separate
correiations for each of the five twin groups. These maximum
Likelihood extimates of p (which we obtain) are the tetrachoric
correlations (Pearson,1900) which give the correlation between
twins for the hypothesised distribution of 1iability, nct the
discontinuous EPQ items. By the likelihood ratio criterion
(Elston and Stewart, 1971) twice the difference in log
iikelihoods between the two models i3 distributed as chi-sguare
with degrees of freedom egual to the difference in the number of
parameters estimated., Since we wish to explain the observed
variation with as few parameters as possible, we select as the
best fitting model the simplest one, with posiftive estimates of
our parameters, which i3 not rejected against the full model.
However, in the case where more complex models which are
themselves not rejected against the full model significantly
improve the it over the simplest non-rejected model, then that
model is considered as most appropriate.,

Models were fitted to the set of contingency tables of the
five twin groups responses Lo the items of the EPQ,. Cbvicusly in
the case of dichotomous traits one can only estimate one
threshold. However, as the majority of items had shown

significant differences in endorsement frequency between the
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5exes we estimated separate thresholds for males and females for
all the models that were fifted. In the case of the 16 iftems not
showing significant sex differences in endorsement frequency
(Table 3.5), after deciding on the best fitting model we also
fitted that genetic model again but now estimated a common
threshold for males and females, In every case this resulted in
accepting the model with sex independent thresholds as the most
appropriate and this will be obvious in the later tables of model
fitting. We shall discuss the results of fitting models to the
EPQ items separately for the items defining extraversion,
psychoticism, neurotiecism and lie.

3.3.7.2 Results of fitting models L0 extraversion items

The likelihcod ratioc test of specific models against the
full model for the items defining extraversion are shown in Table
3.43, Table 3.44 gives, for the best fitting models, the values
of the genetic and environmental parameters estimated and the
position ¢of the thresholds on the underlying distribution of
liability. To illustrate The method of selecting the best
fitting model we shall discuss Iln detail the results for iltem E2:
"Are you a talkative person?®.

By the likelihood ratio test the E,E,, E1VA and the
E1 E1 VA Vﬁ VA models are all rejected against the full model,

M "F "M “F "MF
As in the case of fitting models to variance compcnents, both the
E4{E,V, and E}VAVD models yield identical results and nelther is
rejected against the fuil model. However, the E{EEVA model
yielded a negative estimate of By while the E,.V,V, model resulted

in postive estimates of all parameters. Thus we accept the



Table 3,43 Likelihood ratio test of specific models as compared to the full model for extraversion items.*

Model af £1 E2 E3 o £5 E6 £7 ES £9
E, b 35,30 79.08™ ™ 8248 71.80™F 12060"  n2.su™* 16.02%F 23,167 37.72"F
v, k8,56  17.72'° 18.547°7 13.00°  1.3% k.92 3.99  1.78  6.36
E,V, 3 8.56 6.32 4. 90 3.20 0.66 3,78 0. 9i 1,24 4. by
v,V 3 8.56 6.32 4.90 3.20 0.566 3.78 0.94 1,24 4, 44
Y VnVhy 2 2.58  16.26° 17.02°° % 7.06°  2.00  3.16  2.00  t.2§  hul
~ log likelihood
of full model 5157.80 5072.30 h530.65 4525.03 3317.34 5140.85 4973.77 3929.27 3755.81
Model ar E10 E11 E12 E13 214 E15 £16 17 E18
E, v 6270 68.92" % 65.58™ % 53.90™ 31,66 2u.68"* 13.02"  23.72%%F 30.94*F
v, Boo17.46F 29,047 8.6k 3.22 1.34 3.0U 1.24 4.00 9.58"
E,V, 3 7.70 20.38°% 2,32 1.22 1.12 C. 74 1.22 3,24 8.70"
VU 3 7.70  20.347°F% 2,32 1.22 1.12 0.74 1,22 3.24 8.70"
Vy v, v, 2 5.84  10.72° " 5.66  0.20  0.28  2.78  0.18  0.04  1.28

v Ap Ayp =i —==
- log likelihood
of full model 5182.50 5188.12 5110.26 4610.96 A4U37.48 3047.71 5201.47 4935.38 5198.00
Model ar £19 £20 21
£l v 30.38"° 32,007 39,767
v, 4 1,54 2.06 4.58
E,V, 3 1.52 1.10 1,28
v,V 3 1,52 1,10 1.24
V, VU, V 2 0.08 1.92 3. 64
Ay Ap Ay
- log likelihood
of full model 5049,77 5106.77 H4976.13

i Where twice the difference in log likelihood of the models under comparison has X2 distribution with
degrees of freedom equal to the difference in the number of parameters in the two models. Values for
the best fitting model are underlined.



Table 3.44 Parameter estimates and position of the threshold for best fitting models for extraversion

items.t
Item ?M TF ET E1M E}F VA UAM VAF VRMF VD
E1 .023 ~.068 .528 - - T2 ~ - - -
E2 .026 ~.225 Li456 - - 037 - - - 507
EY ~.651 ~ BUT7 430 - - .055 = - - 511
ES -.928 -1.008 .488 - - 512 - = - -
ES L005 ~, 114 BT - - 483 - - - =
87 -.205% ~.306 g2 = - .508 - - - -
E8 SOTT .550 - - LH50 - ~ - -
E9 ~.830 <h95 - =~ .505% - = - -
E1Q ~.022 - L6106 5T - .384 483 122 -
E12 120 .56 - - .169 -~ - - -375
E13 -330 . 546 LU37 - = .563 - - - -
E14 ~. 803 ~.370 Lh28 - - 572 - - - -
Et5 -1.0C0 -1.115 .535 - - LU65 - - = -
E16 -.059 .126 L671 - - .329 - - - -
EYY ~.558 -.123 .627 - - .373 - - - -
E18 - 117 -.013 - L766 .568 - L234 432 . 359 -
E19 . .05 .255 492 - - .508 - ~ - -
E20 - 181 .560 - - JA4o - - - -

E21 ~.236 ~.330 .564 - - .36 ~ - - -

T TM is the threshold for males, TF is the theshcld for females.
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E1VAVD model as the best fifting model for this item. It should
be noted, however, that we did not attempt to fit a competition
model tc the data because of the lack of discrimination between
deminance and competition in the total scale scores.

For the extraversion items, in two cases it was not possible
to provide an adequate description of the data. Of the remalning
items, the E1VAVD model provides the best it for 3 items, while
the ETVA model is most appropriate for 14 items. The
E1ME1FVAMVAFVAMF model gives a good fit to two items (E10 and
E18). For item E10 ("Would you call yourself happy~go-lucky?'")
the correlation between additive genetic effects in males and
females (PVAMF) is 0.29 suggesting that different genes are
acting in males and females. For item E18 ("Do you often take on
more activities than you have time forsz"m) PVA = 1,13 indicating
that the same genes which act in females act ?i males but with a
smaller effect on the variance.gﬁBetween 23% and 57% of the
variance in the extraversion ltems can be ascribed t0o genetlic
effects, the remaining variance due tc the effects of individual
environment and error. Similar to our resultits for the total
gcale score we find no evidence for the importance of family

environment.

3.3.7.3 Results of fitting models to psychoticism items

The likelihood ratlo test of specific models against the
full model, and the estimates for the best itfting models for
psychoticism items are given in Tables 3.45 and 3.46
respectively. A simple genetic model is most appropriate for 20

of the items, and for only one item is a purely environmental



Table 3.45 Likelihood ratio test of specific models as compared to the full model for psychoticlsm

items.
Model af P1 P2 P3 pY P5  P6 pT P8 P9
¥ % * * ¥ %%

E, b 15.38 7.12  10.28 3,30 12.28°  26.58 4. 40 2.96 §.18
v, Y 8. 54 5.88 8.32 1.30  12.30°  8.94 .30 1.48 5.18
E,V, 3 8.8 5.0 276 1.28  6.32  8.94%  3.94  1.40  3.66
v,V 3 848" 5010 2,76 1.28  6.32  8.94  3.95 1.0 3.66
v, vV, V p) 4,40 4,38 5.66 0.78  10.08"°  6.50°  0.04 1.16 4,26

Ay Ap Ayp
- log likelihood
of full model 3427.94  2876.55 47H1.40  725.28 LOS8.77 1622.56  549.75 1453.86 1353.10
Model dr P10 P11 P12 P13 Py P15 P16 P17 P18
E, o 12,825 660 10.50°  18.38%% 11.00®  11.ea™  1u.so® .28 11.30F
v, Y 5.96 3.10 3,30 8.86 3. 4k 5046 13.98°%  nuy 8.60
E,V, 3 5.96 2.70 3.20 5.76 0.30 .32 9.66°  4.06 6.72
Vg 3 5.96 2.70 3.20 5.76 0.30 i, 32 5.66°  4.06 6.72
v, V, V > 5.76 2,54 1.30 5.0 2.36 2,02 8.26°  3.04 7.48"
EAMEAF AMFV 2.70

£ 1 - - - - - - : - -

2y 2 2yp hp 210
~ log likelihood
of full model 1557.53  1400.80 3281.25 1859.32 2475.28 2599.86  633.15 1959.10 4856.85
Model ar P19 P20 P21 pop p23 P2l P25
E, ! 10,885 wu7e™ 12016 11.60°  5.35 6. 60 8.20
V) f 6.98 4,12 1.62 8.90 1.86 2. 42 0.68
E,V, 3 6.92 2.16 0.58 4.58 1.80 1.16 0.66
VU 3 6.92 2.16 0.58 4,58 1.80 1.16 0.66
U, VY, U > 2.74 2,14 0.18 8.72%  1.36 2.30 0. 40

M AF g

- log likelihood
of full model 2071.51  4263.41 20%9.49 3199.56 1266.56 2521.30 1734.01




Table 3.46 Parameter estimates and position of the threshold for best fitting models for
paychoticism items.

Item

Ty Tp £y E]M EjF £, E‘?M EZF 2 L
P1 ~1.094%  ~.881 683 - - - - - - .317
P2 ~.739 -1.369 666 - - - - ~ - 334
P3 -,22%  -.515 .553 - - 181 - - - .226
Ph -1.735 =2.331 409 - - -~ - - ~ 591
P5 ~-.606  ~.780 .535 - - .206 - - - .259
P& 1.365 1.6%1 .295 - - - - - - 705
P7 2.055  2.297 491 - - - - - ~ 509
P8 1,409 1.840 .634 - - - - - - 365
P9 1.370  1.958 643 - - . 357 = - - -

P10 -1.357 ~1.783 LUT6 - - - - ~ - 524
Pil 1.509  1.791 59 - - - - - - 541
P12 L7310 1,182 .60k - - - - - - .396
P13 1.301  1.61% 615 - - - - - - L3885
P14 -1.123 ~1.367 LT24 ~ - - - - - .276
P15 -1.058 -1,320 . 540 ~ - - - - - 460
P16 -2.220 -2.020 - L1585 .108 - 545 .48y 242 -

P17 1.261  1.580 610 - - - - - - .390
P18 .218 LE70 650 - - - - - ~ .350
P19 -1.223 ~1,533 673 - - - - ~ - .327
P20 .558 677 L467 - - - - - .- .533
P2y 1.320 1.478 .562 - - - - - - L1438
P22 583 1.240 479 - - 202 - - - .319
P23 1.353%  2.065 567 - - - - - - 433
P2h 1.021  1.38% .502 - - ~ - - - . 198

P25 ~1.061 -1.901% Jh92 - - - - - - .508
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model adequate. The EZE2VA model provides the besi description
of the data for 3 items, while the E, E] Es £y Es Vi model

M 'F M “F “MF °F
provides the best fit for one item. For this item (P16, "Is (or
was) your mother a good woman?"), the correlation between family
environmental effects in males and females (rg ) is 0.47
indicating that there are some differences in tig between family
envircnmental effeots.acting in males and females. Where
additive genetic effects are present they account for between 26%
and 71% of the variance , while when common family environment is
present it accounts for 18% to 36% of the variance. The
detection of E, for at least some of the psychoticism items i3 in
contraét to our results for the total score where we found no

evidence for the impertance of family environment.

3.3.7.4 Results of fitting models to neuroticism iftems

The results of fitting models to neurcticism items are shown
in Table 3.47. For one iﬁem it was not possibie to adequately
describe the data. Of the remaining items, the E1VA model
provides the best descripftion of the data for 13 items, while 5
items are best fit by the E? E; VA VA VA model . For 4 items a

M 'F M TF OMF

mecdel incorporating dominance is most appropriate although this
is almost gertalnly an artelfact of sex~limited gene expression.
Much of the evidence for dominance comes from the reduction of
the DZ correlations relative to their MZI counterparts. A
substantial proportion of DZ twins are of opposite-sex and any
sex differences in gene expression will reduce the DZ opposite-
sex correlation and hence mimic the effects of déminanee when

analysing the data pooled over the five {win groups.



Table 3.47 Likelihood ratio test of specific models as compared to the full model for neuroticism items,

DZ opposite-sex pairs included.

Model ar N1 N2 N3 N N5 NG N7 N8N

E, b 3u.20"% 27 08" qoosat 250567 23,3677 35,160 26.96"*" 60.85 a8z Y
v, 5 7.22  7.28  2.20  6.20  6.24  5.04 2,70  13.98" 10.56"
E,V, 3 5.00 6.74 1.94 4,70 5.72 3.96 2.3l 0.28 5.26
v,V 3 5.00 6,74 1.94 1,70 5.72 3.96 2.34 0.28 5.26
U ag b 2 4,52 1.10 2.12 0.08 3.76 0.4l 2.20 6.72%  2.20

~ log likelihood

of full model 5141.69 A4908.74 3958.09 H4038.46 4553.63 5092.42 u909.27 U473.87 5086.59
Model af N10 N1 N2 . N13 N1Y N15 N16 N1T N18
£, v 308 37 80" 47.06™ 12.70%  1zoov® 12.18% 0 33.60%FF 53,887 wy gy
v, ¥ 8.92  6.32  0.60  1.82  3.82  2.90  5.58  11.98" 10.02"
E,V, 3 7.40 1,78 0.56 1.80 3.16 1.90 5.0l 1.74 4,16
v,V 3 7.40 1.78 0.56 1.80 3.16 1.90 5. 04 1.7Y 416
Vo VacVag 2 0.22  0.92 0.2  0.70  2.04  2.76  4.08  3.26  7.08
- log likelihood

of full model 5085.20 3949.37 5126.18 3685.35 5150.75 4195.55 5034.96 4223.84 4985.60
Model ar N19 20 N2 N22 N23

£, b 39.72 M 26.48™ 138" qo.w2® 26.30""

v, 4 8.00 7.32 0. 60 6.26 4.90

E,V, 3 3.86 6. 16 0.56 4.58 2.88

v, 3 3.86 6.6 0.56 456  2.88

VgV 2 2.18 1.26 0.4 3,74 2.60

- log likelihood
of full model 4656.78 U582.62 R489.47 4227.52 3824,51




57.

Consequently, we decided to reanalyse the data for neurocticism
omitting the DZ opposite~sex pairs.

The results of fitfting models to neuroticism items omitting
tne opposite-sex pairs, and the corresponding parameter estimates
for the best fitting models are shown in Tables 2.48 and 3.49
respectively. Now only one iftem 1s best described by a model
incorporating dominance, whic¢h supports our interpretation that
the evidence for dominance in the pooled data was an artefact of
sex-limitation. Again it should be noted, however, that we are
unable to disceriminate between dominance and competition in these
data. For the remalning 22 iftems, a simple genetic model is most
appropfiate; between 33% and 54% of the variance is genetic in
origin, with the remaining variance due Lo individual
environmental experiences and error.

3.3.7.5 Results of fitting models to lie items

The results of fitting models to lie items and the estimates
for the best fitting models are shown in Tables 2.50 and 3.5%1
reapectively. For one item it was not possible to adequately
describe the datsa. O0f the remaining items the simple genetic
model is most appPOpriate.for the majority of items {14), while a
purely environmental model is adequate for only one lie item,
The E}EavA model provides the Dbest it for 2 items while the
Eqy Eqy Vy Vy Wy model is most appropriate for 3 items (L2, L8

M 'F °M °F “MF

and L14), For items L2 ("Were you ever greedy by helping
yourself to more than your share of anything?"), L8 ("As a child

did you do as you were ftold immediately and without grumbling?™)

and L14 {("Have you ever cheated at a game?")} the correlations



Table 3,48 Likelihood ratio test of specific models as compared to the full model for neuroticism items,

excluding DZ opposite-sex pairs.

Model af N1 N2 N3 Ny N5 N6 N7 N8 N9

£, 3 25.96 % 6.50 8.16°  12.92°% 16.30%"F 20,12%% 18, 20" 41 3™ 30, 00"
vy 3 5.38 1.32 2.4 3.02 5.28 2,84 2.28 6.78 6.64

E U, 2 4.38 0.08 1.96 3.00 5.22 2.8k 2,21 0.04 .82
'NE 2 4.38 0.08 1.96 3.00 5,22 2,84 2.2 0.04 4,82

~ log likelihood

of full model - 3904.07 3749.17 3012.58 3035.64 3U55.16 3856.32 3714.17 3411.91 3848.78
Model af N10 N1T Ni2 N13 N1Y N1S N16 N1T N18

E, 3 23,787 21,32 962" u.76 8.30% .28  20.30"°% 30,96 34.76"""
vy 3 7.44  1.68  0.26 0.70 3.88  2.90 5.8 3,74 8.38"
E,V, 2 7.20°  0.76 0.16 0.20 3,06 1.10 4,06 0.72 4.08
VU > 7.20°  0.76  0.16  0.20  3.06  1.10 406  0.72  4.08

~ 1o0g likelinood

of full model 3855.10 2992.32 3889.7h 2794,91 3013.47 3185.50 3814.11 3151.25 3779.59
Model ar N19 N20 N21 N22 N23

£, 3 2™ 7w qo.0nt g9.28% 18200 "

v, 3 2.72 1.36 0. 46 5.12 3,48

E,Vy 2 2.16 0.76 0.12 0,k 2.60

Vg 2 2.16 0.76 0.12 4.5y 2.60

-~ log likelihood
of full model 3550.32  3479.80 3394,28 3230.37 28%2.28




Table 3.49 Parameter estimates and position of the threshold for best fitting models

for neurcticism items, excluding DZ opposite—sex pairs.

Item

N1 L0441 -.205 .605 .39
N2 617 ~.020 .596 L0k
N3 -.565 -, B57 .608 .392
N4 . 756 591 . 409
N5 : ~.167 -. 657 .618 .382
NG 364 L0183 .550 L850
N7 JB19 . 324 564 436
N§ AR R .526 AT
N9 L0580 ~.258 560 4D
N1O 4oz L0248 . 592 408
N1 LG40 678 .528 T2
Niz2 . 196 .616 .384
N13 1.025 .796 .601 .399
N14 214 -. 143 .639 . 361
N15 L7817 627 554 Lhh6
Ni6 . 347 . 007 456 L5
N1T .862 L5599 .518 U482
N18 L070 -, 369 . 566 .01l
N1i9 .619 397 562 438
N20 .676 LidE .598 Lh02
N21 -, 217 ~.706 667 333
N22 ~ 470 ~.THS .b12 .388

N23 ~.618 =, 911 LOTT LH23




Table 3,50 Likelihood ratio test of specific models as compared to the full model for lie items,

Model
Ep
Va
VaVp
Ve Vo V
Ay A Ay
- log likelihood
of full model

Model

By

Vi

EoVy

v, V, V
Ay Ap Ayp

- log likelihood
of full model

Model
Ey
Vg
EoVy
VaVp
Vv, V, V
Ay ag b

~ log likelihood
of full model

af

4
4
3
3
2

df

oW W

AR VS BN UL I S

L1
4.76
1.58
.04
.04
0.74

3379.99
L10
13.78%%

1.50
.50
1.50
0,32

§816. 74
L19
25.34***
5.78
3.62
3.62
3.82

4653. 39

L2 L3 LY L5 L6 LT L8
31.06" % 18.08"° 20.12"" 43.20""F 21.28™F 616  wn.2s™”
9.70"  1.24 7.86 2.90  2.88  7.32 8.80
9.32"  1.16 7.88°  2.36 2,54 3.68 7.00
9.32"  1.16 7.84%  2.36 2.54 3.68 7.00
1.82 0.18 3.16 2.36 0.38 5.96 1.1k
5093.81 4300.44 14669.07 U940.12 4491.50 5061.62 4BUS.82
L11 L12 L13 L4 L15 L16 L17
12.86%  25.22""% 22.80™" 33.20"%F 25.74""F 20,36""* u.68
11.82"  6.96  6.62  13.90°°  4.02 2,42 1.98
7.32  5.32  2.62  13.24 4,02 1,02 0.60
7.32 5.32 2.62  13.258°° 400 1.02 0.60
7.72 1.62 4.9l 5.92 1.88 0.10 0.76
3114.85 5012.31 5089.62 5066.08 4825.95 4949.65 3552.65
L20 L21
10.50°°  6.94
2. 0l 3.10
1.58 1.96
1.58 1.96
0.10 2.4y
3228.77 4360.30

L9
11.32"
1.86
1.02
1.02

1.76

4780, 84
L18
2&.3H***

15.60" "
14,527 "
14, 50%F
¥*
7.50

5096. 74




Table 3.51%

Parameter estimates and position of threshold for best fitting models for lie items.

Item
L1
L2
L3
Ly
L5
L6
LT
L8
1.9
10
L
Liz2
L13
L4
L5
L16
L17
L19
L.20
L2t

Y

.827
.0
.51

Lhg2

.363
-804
.204
LA2h
.596
.595

~1.043
-, 234
.024

194
. 034
- 439

=.913

563

-1.021
=.625

Tp
1.055%
.021

-. 734

2Ub
~.359
291
L3

-, 304

-.285

.189
.H92

-.380

218

164

Vy

L34

415
356
527
L5906

L4508
.354
.287
518
.398

L6l
541
.389
562
395
355

y
Ay

LU23
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between addiftive genetic effects in males and females are 0.95,
$.90 and 0.82 respectively indicating that the same genes which
act in females act in males but with a smaller effect on the
variance. When present, additive genetic effects account for
between 29% and 56% of the variance., Although for the total
score it was not necessary £o include E2 effects when analysing
the pooled data, there was some evidence for the importance of
family environment in males.

3.3.7.6 The relationship between iltems and factors

We conclude our analysis by comparing the results from our
factor analysis and the genellc analysis of the individual items
and the compositie scores,

We Tirst examine if there 1s any heterogeneity in the
contribution of genetic factors Lo varlation in the individual
items, The heritabilities of the EPQ items, and their standard
grrors, are shown separately for items defining extraversion
(Figure 3.5), psychoticism (Figure 3.6), neuroticism (Figure 3,7)
and lie (Figure 3.8). Just as models of variation can be fitted
to mean squares, 1t is possible to fit models to means, or in our
case heritabilities, using the method of iterative weighted least
squares (section 3.3.6.1). We therefore decided, as a test of
heterogeneity, to fit a model that assumes tThat the
heritabilities of the items defining a scale are equal. The
results of fitting this model to heritabilities (weighted by the
inverse of their standard errors) for items defining the scales
of E, P, N and L are shown in Table 3.52. In ali cases this

model falls badly indicating that there is significant
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between addiftive genetic effects in males and females are 0.95,
$.90 and 0.82 respectively indicating that the same genes which
act in females act in males but with a smaller effect on the
variance. When present, additive genetic effects account for
between 29% and 56% of the variance., Although for the total
score it was not necessary £o include E2 effects when analysing
the pooled data, there was some evidence for the importance of
family environment in males.

3.3.7.6 The relationship between iltems and factors

We conclude our analysis by comparing the results from our
factor analysis and the genellc analysis of the individual items
and the compositie scores,

We Tirst examine if there 1s any heterogeneity in the
contribution of genetic factors Lo varlation in the individual
items, The heritabilities of the EPQ items, and their standard
grrors, are shown separately for items defining extraversion
(Figure 3.5), psychoticism (Figure 3.6), neuroticism (Figure 3,7)
and lie (Figure 3.8). Just as models of variation can be fitted
to mean squares, 1t is possible to fit models to means, or in our
case heritabilities, using the method of iterative weighted least
squares (section 3.3.6.1). We therefore decided, as a test of
heterogeneity, to fit a model that assumes tThat the
heritabilities of the items defining a scale are equal. The
results of fitting this model to heritabilities (weighted by the
inverse of their standard errors) for items defining the scales
of E, P, N and L are shown in Table 3.52. In ali cases this

model falls badly indicating that there is significant
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Table 3.52

Results of fitting a model (to the items defining

the scales of E, P, N, and L) that assumes that

the heritabilities of the items defining a scale

are equal,

Itenms Mean h< dr %

X ¥
Extraversion gt 20 86.70 "
Psychoticism Ly tEE 23 99.66***
Neuroticism .32*** 22 55.68**
Lie gt 19 101,127 %"




heterogeneity in the contribution of genetic and environmental
influences in the items defining these scales.

One possible explanation ¢f this heterogeneity is that there
are differences in sampling errcor in the individual items.
However, some of the helerogeneiiy may reflect the relationship
between the individual items and fthe underlying factors. Thus,
if the factor is substantially genetic, the heritability of an
item will depend partly on the loading of the item on ithe
factor. Using the results obtained from the four corthogonal
principal component scolution {see section 3.3.2), we thersfore
correlated %A, estimated from the E,V, model, with the factor
loadings of items defining a scale on the factors identifiled as
E, P, N and L {(Table 3.53). The DZ opposite~sex palirs were
omitted from the model fitling analysis of the neurocticism
items. The correlations between the estimates of the additive
genetlic variance and factor loadings are significanft and positive
for the extraversion items in both sexes, and significant and
negative for psychoticism items in males,

We also examined whether there was any relationship between
estimates o0of dominance variance cbtained from the fit of the
E,V,Vpy model and the factor loadings of all EPQ items on the
factors identified as E, P, N and L (Table 3.53) because of the
suggestion that dominance may be important to variation in
extraversion. For both males and females, there i1s a highly
significant and positive correlation between estimates of
dominance and the factor loadings of the EPQ itéms on the

extraversion factor. This suggests that the dominance we observe



Table 3:53

Correlations of V, and Vp with factor loadings obtained
from the four factor orthogonal solution, See text
For further explanation.
Extraversion?® Psychoticism Neurotlcism Lie
Va
#* ¥
Males LAl ~ .40 .04 .02
Ferales 48" ~.26 .08 .10
Vp
Males ¥ T 10 -.19
Females .u3*** -.10 .10 -.16

VA estimated

VD estimated

from the ETVA model

from the ETVAVD model

a Cpposite-sex palrs included

b Cpposite-s

ex palrs omitted
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at the factor level is also expressed at the item level for those
items whiech load more highly on the extraversion factor. For
paychoticism, the correlaticns are significant and negative only
for males,

To further examine the relationship between the estimates of
additive and dominance variance for each factor, we decided for
each ltem to plot ﬁA against ﬁD’ both estimated from the fit of
the E,V,Vp modelc*gaww&r,éﬂ'hzthe confounding of V, and E, in

onhoSe
twin studies, a negative estimate of Vi williindicate the
presence of E, (Eaves, 1970a). By considering the slgn of V, we
are therefore able to make some inference about the pattern of
variation of iltems defining a scale,

The plots of GA against GD are shown separatbtely for items
defining extraversion (Figure 3.9), psychoticism (Figure 3.10),
neuroticism (Figure 3.11) and lie {(Figure 3.1%12), For
extraversion, 17 of the 21 items show positive estimates of Vg,
which confirms the same trend for dominance or competition found
for the ftotal score. For neuroticism, about one-halfl of the
items (13 out of 23) have positive estimates of V. This is what
ocne would expect 1If there was no consistent trend for dominance
or family environment in the items, and is consistent with the
results found for the trait of neurcoticism. For psychoticism,
slightly more than half of the ltems (15 out of 25) have negative
estimates of Vs suggesting some effect due to family
environment, In contrast, the majority of lie items (15 out of

21) show evidence of between-families environmental effects, and

for the total score there was some evidence of E2 but oniy for
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males, . Qur results suggest that it is possible to distinguish
perscnality traits in terms of their patfterns of variation, and
that this is reflected in the individual items.

3.4 DISCUSSION

Qur results support a view of personality which stresses the
importance of the independent dimensions of extraversion,
neurcticlsm and to a lesser extent psychoticism, and a fourth
scale of social desirapility or lie. In what is certainly one of
the largest fagtorial studies of the EPQ, the factor of
psychoticism is not as well defined as has been found previously
(e.g. Bysenck and Eysenck, 1968; Michaelis and Eysenck, 1371).
These studies, however, used earlier versions of the P scale and,

as Clardige (1981) has pointed out, there has been a decline in

the face validity of the P scale. He notes that several items of
& distinetly psychotic kind (e.g. "Do you let your dreams guide
or warn you?"; "When you are in a c¢rowded place do you worry

about dangers of infection?") had some of the highest loadings in
the original studies, but were subsequently dropped to improve
the distribution of P scores. Nevertheless, despite the removal
¢f these items, the distributicn of P scores in our sample is
clearly non-normal; only 7 out of 25 of the P items in males, and
 in females, have endorsement frequencies in the 20% to 80%
range recommended by Maxwell (1971) for data that are to be

e Bt A | o
factor analysed, jélew of these results it is not surprising
that we find the P factor more strongly identified in males than

females.
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Other workers have questiocnned the construct validity of the
P scale. Although it has been shown that the P scores of
pesychotiec patients are correlated with symptom ratings and
objective measures of performance detericration (Verma and
Eysenck, 1973), Bishop (1977} notes that psychotics do not have
significantly different scores from groups who do not show signs
of psychosis; prisoners, drug addicts, alcoholices or those with
personality disorders or sex problems (Eysenck and Eysenck,
1975). Eysenck (1977) countered tnis by arguing that psychotics
also tend to get high lle scores which in turn depreasses their P
sgores. As Bloeck {1977) points out, the P scores of psychotics
whose L scores are in the normal range should be higher than
those of psychotics with high L scores. However, although In the
predicted direction, the differences for males are less than one
acale point, for females less than three {Eysenck and Eysenck,
1975). While the P scale does describe individual differences in
socially deviant behaviour, more work is needed to determine its
abliity to predict a predisposition to psychosis.

Sub~factors of perscnality are not well identified, and
furthermore show marked differences bpefween {he sexes, Eysenck
and Eysenck (1969) have argued that one cannot claim the
existence of a factor unless it 1s shown $0o be invariant with
respect to such factors as age, sex, education ete, Our results
suggest that a description of personality in terms of the major
ﬁimensions of E, P, N and L is likely to be more useful than a
description based on minor factors. Although Eysenck’s original

concept of extraversion was that of a factor made up of two
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components of impulsivity and sociability {Eysenck and Eysenck,
1969) the E scale is now almost entirely a sociability scale, the
impulsivity component now partly enclosed Iin psychoticism
{Claridge, 1981). While we found some suggestion of a separate
sociability factor, there was no evidence for an impulsivity
gomponent.

Factor—analytic studies cannot in themselves determine which
is the most appropriate description of personality since
different methods of rotation lead to different sclutions which
are mathematlically interchangeable. However, Eysenck has always
sought causal explananiions of the factors he deac¢ribes,. Thus he
hypothesised that extraversion was characterised by differences
in levels of activity in the corticorecticular lcop, which
modulates cortical excitation and inhibition, with extraverts
characterised by low levels of activity. Neuroticism was linked
with differences in the level of activity in the limbic system,
Wwith neurotics being over-reactive (Eysenck, 1967). A major
problem in the theory is that as yelt no causal models have been
proposed for psychoticism and lie comparable to those of
extraveraslon and neuroticism. Implicit, however, in Eysenck's
theory is that these major factors should show a substantial

genetic componeng;}

{égg:; results show that individual differences in
psychoticism, neurcoticism and 1le can be explained by the
additive effects of genes and individual envircnmental

experiences. For extraversion there is also evidence that

dominance or competition is lmportant.
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The single most sﬁwéh3ﬁ5 finding from this study is the
complete lack of evidence for the effect of shared envircnmental
factors in shaping variation in perscnality. Power calculations
by Martin et ai. (1978) show that 1If the ftrue model were E EoV,
(0.5 Ey, 0.1 E, and 0.4 V,), and with the proportion of twins
available in the present study (approximately 0.5 MZ, 0.5 DZ),
940 twin pairs would be reguired to reject the E1E2 model, and
11458 pairs to reject the E,V, model with 95% power at the 5%
level of significance. That is, if E, accounts for 10% of the
variation our sample size is sufficient to reject the E1EZ model,
but not the E1VA model. However, if the true proportions of
variance were 0.5 Eqy 0.3 E; and 0.2 Vs 3268 pairs would be
raquired to reject the EiEB model and 1233 pairs to reject the
E1VA model . That 138, we have sufficient power fo correctly
reject both the Elﬁa and E?VA models if E2 acgounts for at least
30% of the variance. OF course, 95% power is an extremely
stringent requlirement. From the method given above {(and Pearson
and Hartley, 1972, Vol. 2, Table 25) we see that for 80-85% power
we would need about two-thirds this sample size, and for 50-50%
power about one-third of this size. Thus, unless shared Ffamily
environment is making a relatively mincr conbtribution to
variation in personality, our sample size 1ls sufficient to detect
its presence,

The majoer personality theorists have often suggested that
genetic factors make some contribution to variation in
personality. However, their role has generally Seen minimised in

favour of the effects of family environmental and cultural
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influences (see Hall and Lindzey, 1967; Hergenhahn, 1%80 for
reviews), Thus, in the psychoanalytic tradition, while Freud
believed that all aspects of human personality were derived fron
biological instinets, and that a c¢hild goes through a series of
developmental stages, he argued that a child's experiences during
these stages determined his adult perscnality characteristices.
Similarly, Jung argued that although there was an inherited
predispcsition to respond to certain aspects of the world, how
one responded depended on one's life circumstances.

Social psychological theorists such as Adler and Erikson
developed thecories of personality which, while describing innate
needs or genetically programmed developmental stages, gave
critical importance to the nature of a child's interaction with
his mother or the effects of the social environment. Horney did
net consider the role of genetic factors at all, and stressed the
importance of early parent-child relaticnships in her theory of
personallty develcopment.,

bearning theorists such as Skinner, and Dollard and Millier,
believed that all human behavicur is learned. Skinner stressed
fthe importance of classical conditiocning and, more particularly,
operant conditioning as the causal mechanisms in the development
of personality. Dollard and Miller developed a theory of
personality which combined traditional Hullian learning theory
with Freudian concepts. Thus they described the development of
personality in terms of the acquistion of hablts, or cue~response
bonds, that were formed as result of drive reducﬁion

{reinforcement in Hullian terms). In particular, they argued
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that there were c¢ritical training periods in childhood, and that
the way parents handled these critical periods determined
subsequent personallty development.

A1l of these thecrists have argued that family environment
is e¢ritical in the development of personality. None of them has
attempted to test their theories. Our results show no evidence
for the importance of fTamily environment in variation in the
personality traits of E, P, N and L.

Trait theorists such as Cattell, and partigularly Eyaenck,
stand alone &s personality theorists who have attempted to test
thelr thecories, Eysenck has consistently been interested in the
possibility that observed differences in perscnality might be
inherited, and tnat from genetic studies mignht ultimately come an
understanding of theilr physiological basis and their evolutionary
significance. His hyvpotheses c¢oncerning the nature and origin of
individual differences in personality have been subjected Lo
increasingly stringent tests, of which the present study is the
most exacting, and have pasaed them well.

Our resuits show thalt the same genes are acting in males and
females to produce varliation in psychoticism and lie although

de

there are scalar differences between the {wo sexes: gensefbic
differences are more pronounced in males than females for
psychoticism, while for 1ie the reverse is true. The correlation
of age with absoiute within-pair differences in lie scores in DZ
females does, nowever, indicate that genetic differences becone

more pronounced as females get older. Environmental variance for

lie is also greater in males than females. A simple genetic
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model has previously been found to be most appropriate for
explaining variation in psychoticism (Eaves and Eysenck, 1977)
and lie {Martin and Eysenck, 1976) although no significant
differences between the sexes in environmental and genetice
contributions to varliance were found In these smaller studies.

There are silight differences between the sexes in
environmental and genetic contributions $£o variation in
neuroticism, but these are ncot surprising in view of the striking
evidence we find for the action of different genes on neuroticism
in males than females. The correlation of age with absolute
within-pair differences in DZ females also indicates that genetic
differences in neuroticism become more pronounced as females get
older; & similar result has been found by Eaves and Eysenck
(1976b). Our results for neuroticism are similar to these of
Floderus~-Myrhed et al. (1980). Eaves and Young (1981) reanalysed
their data and found that both age and sex affected the
expression of additive genetic and environmental differences.

The results for extraversion are compatible with either a
significant and substantial component of variation due to
dominance, indicating that extraversion is a character which has
been subject to selection, or a significant buft small effect due
tc sibling competition, We shall consider in Chapter 4 of this
thesis the types of designs in which these effects are
potentlially separable and the sample sizes that would be required
to discriminate between them. Regardless of the model accepted,
the detection of non-addlitivity for extraversioh contrasts well

with the lack of evidence for dominance varlance affecting



&8

neuroticism and reinforces the view that these two traits are not
only statistically independent buft also quite independent in
fundamental biological aspects. This finding may have important
implications for the continuing controversy about the
physiological baslis of Eysenck's personality dimensiocns. Gray
(1970) has argued that individual differences in persoconality are
better understood in terms of sensitivity to reward and
sensitivity to punishment rather than extraversion and
neuroticism. This corresponds to a #5° rotation of Eysenck's
extraversion and neurcticism dimensions. Thus, under Gray's
model, sensitivity to reward (impulsivity) is measured by the
vector E+N, while sensitivity to punishment (anxiety) is
represented by E-N. FEaves (persocnal communication)} has suggested
that neuroticism is an augmenting factor which amplifies the
effect of both rewarding and punishing stimull, while
extraversion reflects the relative salience of rewarding and
punishing events to the individual. Qur genetical analysis
ascribes guite different corigins to the genetic variation for E
and N. Since rotation would obscure this distinction our resuits
may favour Eysenck's position. However, we are still l1eft te
guestion why there should be a difference in the gehetic
architecture of these two dimensions.

We speculate that the stimulus amplification reflected in
neurocticism ought to be under stabilising selection., That is,
intermediate expression of the tralt would be adaptively superior
bpecause 1t offers an appropriate balance between approach and

avoidance, If intermediate levels of a trait are adaptively
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superior, then genetic variation i1s expected to be predominantly
additive, with any genetical non-additivity expected to be weak
and ambidirectional {Mather, 1973). There was no evidenge of
dominance for neuroticism.

In contrast, if extraversion 1is viewed as an exploration
factor with éxtraverts at a selective advantage over introverts,
one would expect dominance to evolve in the favour of increased
extraversion. This hypothesis could be tested with inbreeding
data, since we would expect inbreeding depression, and therefcore
lower extraversioh scores, in the offspring of consanguineous
marriages.

This model for extraversion also leads to predictions about
the effects of sibling competition, If there were sibling
gompetition, there would be mutual advantage if siblings, and
gspec¢lally twins, capitalised on different aspects of the
environment. We would thus predict that sibling competition
would be a function of the age difference in siblings since the
greater the age difference f{he greater the range of environments
available for individual exploitation. We shall consider thess
issues in more detail in the next chapter, when we consider
experimental designs that could discriminate betwesn the effects
of domlinance and competitive sibling interaction.

Qur analysis of the EPQ items shows that in the majority of
cases a simple genetic model is most appropriate, while 4§ items
are best fitted by a model incorpoeorating dominance. Although the
specification of between-families environmental effects is

required for 8 items, generally at the level of individual items
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there is little more support for an environmental hypothesis of
family resemblance than there was for the composite scale

scores. We found significant heterogeneity in items defining the
scales of E, P, N and L. However, there was a consistent trend

for extraversion items with a high genetic component {(bhoth

additive and dominance) t0o load more highly on the E factor,

while P items with a low genetlc component (both additive and
dominance) loaded more highly on P. OQur results suggest that it

is possible to distinguish major aspects of pe?iii?iizg béié;e)\ﬁvﬁ3>
factor-analytically and in terms of their patterns of variationg

and that this is reflected at both the item and trait level,
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CHAPTER 4 THE DETECTION AND RESOLUTION OF GENETIC DOMINANCE AND
THE EFFECTS OF SIBLING INTERACTIOH

4.1 INTRODUCTION

In the previous chapter we demonstirated that individual
differences in extraversion could be explalined by elther a
significant and substantlial componenit of varliation due to genetic
dominance, or a significant but small effect due to sibling
competition. Although these effects are potentially separable
with infermation on MZ and DPZ twins, it would geem that in our
sample, and the Swedish sample of male fwins which we reanalysed,
the sample sizes were tooc small to discriminate between these
alternatives. This is the problem of power, the probablility of
correctly rejecting the null hypocthesis when 1t is false,

Several approaches have been used to determine appropriate
sample sizes for human quantiftative genetic studies. Kliein
{1974) calculated standard errors of heritabilities as estimated
by four relationships {(regression of offspring on midparent,
regression of offspring on singie parent values, lntraclass
correlation of full-sibs, and intraclass correlation of half-
sivs) to determine minimal sample sizes necessary to detect
genetic components of given magnitude. Eaves (1969, 1970b, 1572)
estimated the sampling covariance matrix for a range of frue
parameter values, to determine the optimal proportions of
relatives of different types for the separation of V, and V, and
E1 and E,, and to determine the sample sizes necessary to give

akCecemt frow. wmca
parameter estimates which are significanmjbhen fested against

their standard errors. In our case, the most suitable approach
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is that developed by Martin et al. (1978), based on the non-
central chi-square distribution, With this method we are able to
calculate sample sizes required to reject, with given probabllity
models of variation when they are "wrong".

We shall examine the relative efficiency cof different
experimental designs to discriminate hetween the effects of
sibling interacticn and dominance. We shall consider the case
where we have information ¢n twins, twins and half-siblings, and
twins and unrelated individuals reared ftogether., We shall nct
examine parent-offspring data because of the inevitable
confounding of genetic and environmental effects in this design.
4,2 METHODS
4.,2.1 The model for sibiing effects

1 ?Vwc ahtwre, Vermehael %{ 3’.‘\3\;“’\_ e = % Q\
Following Eaves (1976&ﬁ we consider the direct and indirect

effects of a single locus with two alleles A and a of pepulation
freguency u and v respectively, where u+v=1, Qur model for the

genotypic effects 1g as follows:

Genotype AA Aa aa
Direct effect on phenociype +d, h, -dg
Indirect effect on phenotype Tdj ng -dj

The direct and indirect effects need not have the same
sign, Thus, if an allele increases the expression of a trait in
its carrier and c¢reates an advantageous environment for a sibling
we have ccoperation, If an allele increases the expression of a
trait in its carrlier but creates a disadvantagecus environment

for a sibling we have competition.
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Cénsidering only pairs of individuals, and assuming no
genotype x environment interaction, Eaves (1976} derived the
expected frequencies of all possible pair genotypes for three
kinds of relationship; MZ twins, DZ twins (full siblilings) and
unrelated individuals reared in the same family. We have
extended these calculaftions t£o inciude the frequencies of pairs
of half-siblings reared in the same family (Table 4.1). We give
the expected frequencies given both equal and unegqual allele
freguencies,

Using these results, we may derive the expected total
variances, and the varlances between and within familles, for
different Kinds of relationships. Eaves (1976) has calculated
these for MZ and DZ twins, and unrelated individuals reared
together, We now derive the expectations for half-siblings
reared In the same family.

The total wvariance of half-sibs is calculated as

eyg = 12/128(d +a)? + 16/128(d +n})% +....

+ 12/128(-a, - a})% - (1/2n, + 1/2n1)°
= 1/2(d2 + 1/2d,a) + d%) o+ 1/8(n2 « ny?).
Summing over many loci, assuming the loci are in linkagse
equilibrium and there is no epistasis, Wwe get

024 = 1/2D + 1/4D' + 1/2D" + 1/HH + 1/4H"

where

£,d2, D' = $,d dy, D" = I,d!

H = z,h2 and H" = 7,h}%.

)
1



Table 4.1 The contribution of a single locus with two alleles,

individuals reared in pairs.

A, a, to the phenotypic expression of

Phenotypic effect

Equal allele frequencies

Pair genotype First sib Second Sib MZ twins DZ twins Unrelated Hall-sibs

AR AA da + dé d, + d}
LA Aa da + hé ha + dé
AA aa da - dé —da + dé
Aa AA ha + é da + hé
Aa Aa ha + hé ha + hé
Aa aa ha - dy ~d, T oh
aa AA ~dy * d} a dé
aa Aa —da *ng ha - dé
aa aa -4y, — dy ~dy - dg

Phenotyplc effect

Pair genotype First sib Second Sib
AR AA d, + 4} d, + d}
AA Aa d, + by nn dy
AA aa d, - df -d, + dy
Aa AA hy + d} d, + hl
Aa Aa hy + hj h, + nj
Aa aa hy — df —-da + ny
aa AA -d, + d} dy, - d}
aa Aa ~da + hé ha - dé
aa aa ~dy - dl ~dy, - d}

1/4

(L

9/64
3/32
1/64
3/32
5/16
3/32
1/64
3/32
G/64

1/16
1/8
1/16
1/8
174
1/8
1/16
1/8
1/16

12/128
16/128

5128
16/128
32/128
16/128

g/128
16/128
12/128

Unequal aliele frequencles

MZ twins DZ twins
2 y o3 2.2
Uz Uy Uy, +1/Mua a
- 3
uava+?/2u
~ 1/H
- 3 2.2
AV +1/2ua a
2uava ugva+3u Vg 4y g
- 2 2 3
1/?u Uy V3
- 1/hu
- 3
T/2u v +uava
2
Vi 1/Hu v +uav§+va

Unrelated

£

2udv,

Half-sibs
6+5/2u ‘A +2u§v +3/2u3 3
3/203v,+T/ 20y +5/2u3 3+1/2u

2/2u4v2+u3v3+1/2u2 g

3/2uv, +7/2u +5/2u3 31 /202y
1/2u5v +4u v +7u3v3+uu2v +1/2u,. v
vz +5/2u3 3+T/2u v +3/2u v

1/2u“

1/2uv? +u3v3+1/2u2 “
1/2u“

1/2u3v3+2u2v +5/2uav2

6
Ya

a

4
a
a¥
5
a

A +b/2u3 3+?/2u2vu+3/2u v5
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Tlie between-pairs variance 1s calculated as
0y = 12/128(d, +a}) (dy+d}) + 16/128(d +h)) (hy+d)) + ...
+12/128(~d~a)) (~d~df)-{1/2h,+1/2nk)(1/2h +1/2h})
- 2 2
= 1/8(dg + 8d,d} + d3°) + 1/2h hl.
Summing over many loci we get
0S4 = 1/8D + D' + 1/8D" + 1/2H"
where H' = Lahghl.
The within-palrs variance is calculated as
2ia = 12/128(d +dl=d_~d1)2 + 16/128(d,+hl~hL-d})}2 +
OWHS 7 (dgrdz=dy-dy) 1 28(dy+hg-hy-dj e
+ 12/128(-d ~di+d, rdy)?
= 3/8(aZ - 2d,al + d1%) ¢ 1/4(n2 - 2ngn) v nL°).
Summing over many locl we obtain
c@yg = 3/8D = 3/4D' + 3/8DM + 1/4H ~ 1/2H' +1/4H",
Although we have assumed that the allele frequencies are

equal at all locl, we may generalise our expectations to the case

of unegual gene frequencies.

We put
Vy = Lg2ugvaldy = (v, - ua)ha]2
Vi = zg2ugvylay + (vy - ugdn,20a) + (v, - uyingl]
Vi = T 2ugvald) » (v, - ua)hé]2
Uy = Tyhuving
vy =z hulvingng
Vg = Egufving®
and substitute V,, Vj, V§, Vp, V§ and V§ for 1/2D, 1/2D', 1/2D",

1/44, 1/4H' and 1/4H" respectively in the expectations for the

variances above.
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Cémbining the terms of the expectations of the variance
components (including theose of Eaves, 1976) with their
coefficients in the analysis of variance (section 32.3.6.1) glves
the expectations of the mean squares for twins, half-siblings and
unrelated individuals reared in pairs in terms of the components
of variation (Table 4.2),.

4y.,2.2 Calculation of sample sizes required to discriminate

between alternative models of variation

The application ¢f the method of welghted least squares to
the c¢alculation of sample sizes required to reject, with given
probablility, models of variation is discussed in detail by Martin
et al. (1978), Following thelir procedure, based on the non-
central c¢chi-square distribution, we wish to calculate sample
sizes required to be 95% sure of rejecting alternative wrong
models of variation at the 5% level of significance. Thus we

i)Take the "correct" model of variation and calculate the
expected "observed mean squares", Oi' for given values of the
genetic and environmental parameters contributing t£o the
population varlance.

1i)0btain weighted least squares sclutions (see sectlon
3.3.6.1), assuming unit total sample size, for the parameters of
a "wrong" model. From these we can calculate the "expected mean

squares", E ¢n the baslis of the "wrong" model.

=17
iii)Calculate the welghted residual sum of sqguares

; degrees of freedom)

_ 2 2
for the fit of the "wrong" model and use this as a non~centrallty
parameter A' for s-p degrees cf {reedom where there are s

statistiecs and p parameters in the "wrong" model.



Table 4.2

Contributions of within-Tfamily environment and genet
sources ¢f variation in the presence of competition,
to twin, half-sibling (HS) and unrelated individuals

reared together (UT) mean sqguares.

i¢

Mean square E, Vo ¥y Vi Vp i v
MZ Between 1 2 2 y 2 2 4
Within 1 0 0 0 0 0 0
DZ Between 1 3/2 3/2 3 574 574 572
Within 1 1/2 1/2 -1 3/4 3/4 -3/2
HS Between 1 574 5/4 5/2 1 1 2
Within 1 3/4 3/4 -3/2 1 1 -2
UT Between 1 1 1 2 i 1 2
Within 1 1 i -2 1 1 -2
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iv)Look up the non-centrality parameter (Pearson and
Hartiey, 1972; Voi. 2, Table 25) for the required 95% power at
the 5% level of significance, 1.e. Ai(O.O5,O.95,s~p)‘
v)Calculate the reguired sample size as
N = a/x".
To illustrate this method we shall work through a specific
example.

L.et us suppoese that the real components of varlation are

E, 0.5
o = vy |=10.1
Vp 0.4

i.e. 50% E;, 10% V, and 40% Vp. Considering only the classical
twin design, and assuming that the total sample size is half MZ
and half DZ, that is
Nyz /N = Npy/N = 0.5
then each initial trial weilght
2

. 2 . 2
Wig o= vi/2xi = O.SN/in a n/&xi.

The "right" model matrix is

1 2 2
1 0 0
B =
- 1 1.5 1.25
1 0.5 0.75
L §

and the expected "observed" statistics

1.5
0.5
X = B¢ =
- - 1.158




77

We now fit the "wrong" E1(UA+UA")VA' model to the data

1 2 it
1 0 0
A =
- i 1.5 3
1 0.5 -1

and after two iterations, the final solution

"31 1 [o.u98
6 = (arwm)aWx = (atuA)'aNBg - v, ¢ v, |- | 0.588
v, ~0.058

from which we can calculate the expected mean squares and

welighted residual sum of sguares as follows

Mean Sguare Ni/N Welght "Observed" "Expected"

MZy, 0.5 0.1214 1.50 1.5400947

MZ,, 0.5 1.0097 0.50 0.497634

DZb 0.5 0.1734 1.15 1.205119

DZ,, 0.5 0.3460 0.85 0.850000
"xEM = A1 = 0.000956

Thus for unif total sample size fthe non~centrality parameter
is A' = 0.000956. From the tavle we [ind the non-centrality
parameter

}(0.05,0.95,1) = 12:995
Therefore the sample size required for 95% power of rejecting the
"wrong" model at the 5% level of significance is

N = A/x' = 12.995/0.000956 = 13598,
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Wﬁen considering the case where our sample comprises only MZ
and DZ twins, we shall calculate sample sizes required to reject
false hypotheses in the following combination of "true" and

"false" models of populaticn varilance.

"True" model "False" model
Eq (Ve VIV, E,

E1E,

EqV,

BqV,Vp
EqVaVp E (V+VEIVE

Martin et al. (1978) have already presented extensive power
calcuilations concerning the detection of dominance. Calculations
will be made for samples comprising a proportion of MZ (pMZ)
twins in %the range 0.1-0.9(in steps of 0.2).

We shall aiso consider two other experimental designs: twins
with half-siblings, and twins with pairs of unrelated individuals
reared together. In these cases we shall only consider the

following combination of models:

"True™ model "False" model
EqVyVyp Eq(Vp*VRIV)

We shall calculate sample sizes for pMZ=0.1-0.7{(0.2) and pDZ=0.1-
0.7(0.2) with the proportion of either half-siblings or unrelated
individuals reared together forming the non-zero remainder,

For the "true" E1VAVD model we shall calculate gsample sizes
for E1=O.1—0.7(O.2) and V,=0.1-0.7(0.2} with Vp forming the non-

zero remainder., We s3hall also consider as a special case sample
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sizes for 0.5 E1, 0.2 Vy and 0.3 Vp, proportions which closely
approximate the breakdown of variation found for extraversion
(section 3.6.6.2).

To calcoulate appropriate parameter values for the "tfrue"
sibling effect model, we remember that it is possible, instead of
parameterising competition and coc¢peration in terms of the direct
and indirect effects of loci, to represent the indirect affects
by their regression onto the direct effects (Young et al.,

1980}. Our genetlic model thus bescomes

Genotype AA Aa aa

Direct effect on phenctype +d, Dy —dg

Indirect effect on phenotype *hd, bh -bd,
Lssuming b is the same at all loci, it can be shown that VA = bV,
and Vﬂ = b2VA. If there is cooperation b will bDe positive, 1F
fhere is c¢ompetition b will be negative, On this model, and

remembering that VA and Vﬁ have the same expectations where

individuals are reared in palrs, 1t can be snown that

~ 2 »
Vi Twins = (P % B7IVy singietons @nd

Vi Twins = 2bVy Singletons”’

Assuming that the real components of variation in singletons
are 0.5 E, and 0.5 V,, for the "true" E (V,+Vi)V; model we shall
calculate sample sizes for absolute values of b of 0,3, 0.1,
0,05, 0.04 and 0.02. We shall consider both competition {where b
is negative) and cooperation (where b is positive),. It should be
noted that the case where the "true" components of variation are
0.5 E; and b = -0.04 approximates that found for extraversion

{section 3.3.68.2).
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4.3 RESULTS

4,3.1 Sample sizes required to discriminate between dominance

and sibling interaction

The required sample sizes of twins, twins plus half-siblings
and twins pilus unrelated individuzls reared together for the
"tLruel E1(VA+VK)VA model form Tables L4,3~4.5 respectively. Those
for the "trﬁe“ E{V,Vy, model form Tables 4.6-4.8 respectively.

For samples comprising twin pairs alone, where the "true®
model is E (V,+V3)V}, the sample sizes required to reject the E,
model are not prohiblitively large. The rejection cof botn two
parameter models is nmore difficult, especially the E1VA model .
When the sibling effect is small (less than 5% of the variance),
it iz unlikely to be feasible (Table H.3).

When the "false" model 1s E,, it 1s easier to reject the
cooperation model than the competition medel, For a false E E,
model , E%VA model when pMZ>0.3, or E}VAVD meodel, 1t 1s easlier Lo
reject the competition model than cooperation,

Where the competition effect ;s large {(greater than 30% of
the variance), sample sizes required to reject the E,VﬁVD model
are feasible {211 pairs, 70% DZ). However, if cocoperation
accounts for 30% of the variance, 1880 twin pairs (50% MZ) are
required to reject the E,V,V, model.

Where sibling effects account for less than 30% of the
variance, sample sizes reguired tc reject the EEVAVD model are
prohibitively large, In the case where b=-0.04, which
approximates the breakdown of variation found for extraversion,
Wwe would need 32331 twin pairs (50% MZ) to reject the E1VAVD

model (Table 4.3}).



Table 4.3 Total number of twin pairs required for 95% power of rejection of false hypotheses at the 5%
level of significance when the true model is E%(VA+V5}VA. Sample sizes are shown for both

competition and cooperation. See text for futher explanation.

False model: E1

True model pMZ
B, (Va+Vy) Vj=b 0.1 0.3 0.5 0.7 0.9
.5 L5850 -.30  (.30) 84 oyt 78 (38) 79 (37) 93 (36) 180 (36)
L5050 ~.10 (.10) 1085 (91) 412 (76) 250 (65) 176 (58) 135 (53)
L5013 -.05  (.05) 119 (131} 233 £101) 160 (82) 121 (70) 96 (62}
L5008 —.048  {.08) 358 {142) 210 (107) 147 (87) 113 (73) 91 {(64)
L5002 .02 (.02) 270 (171 173 (124) 127 (97) 100 {80) &z (69)
EiEp
L5 L5450 -.30  (.30) 1065 {5146) 361 (zhoh) 231 (2227) 202 (2888) 324 (7310)
L5050 ~.10 0 (.10) 1630  {3230) 599  (1294) ol (1110) o {1266) 758  (2792)
L5013 .05 (.05) 1864  (2821) 705 (10671) 512 (829) 516 (903} 992  (1895)
L5008 -.048  (.OoW) 1920 (2521) 730 (1013 534 (785) 542 {848) 1051 (17633
L5002 —=.02 (.02) 2042 {2380) 787 (G26) 583 (707} 601 (751) 1185 (1534)
By vy
.50 L8480 -.30 (.30) 332 {#) 186 (141) 1if1 {195) 135 (325) 244 (982)
L5050, ~.10 0 (.10) 2384 (1128) 1156 (1073) 1101 {(1332) 1441 (2049) 3578 (B771)
L5013 ~.05 (.05) 7445 (5031 4338 {4217 4528 {50063 6260 (7482} 16201 (20581)
L5008 ~.04  (.04) 11088 {8091) 6722 (6577) 7129 {7731) 9951 (11480) 250h2 (31416)
L5002 .02 (.02) UDEBE  {(34536) 26555 (262B7) 29020 (30228) 41226 (L4287) 108938 (119884
By VaVp
.5 L5450 -.30  (.30) 62 (4327) 235 (2041) 217 {1880) 211 (2446) 395  (6216)
L5050 -.30 0 (.10) 13370 (23337) 5324 (10142) Lo77  (BbB43) 4554 (10444) 9786 (27752)
LB013 ~.05  {.05)  H1798 (81581) 25123 (34666) 19911 (28869) 22474 (3406%) UOLUS (78797
L5008 ~.04  (.04) 99336 (124043) L0558  (B2473) 32331 (43417) 36616 (51082) 80954 (117550)
L8002 —-.02 (.02 420349 (469702) 173128 (196918) 139496 (161634) 159228 (188082) 355506 {428457)

*¥ Sample size could not be calculated

T Values in parentheses correspond to positive values of b, that is cooperation.



Table 4.4

Total number of twin palrs and half-siblings required for 95% power of rejection of the

EqV,Vp model at the 5% level of significance when the true model is E1(VA+VE)VA' Sample
sizes are shown for both competition and gooperation.
True model pbZ
E, (VA+VH) Vi=b pMZ 0.1 0.3 0.5 0.7
.5 L5450 .30 (.30) 0.1 639 (748) 587 (618) 598 (730} 692 (177
. 5050 L1000 (L10) 7950 (g9227) 7396 (7668} 7799 (8259) 9723  (11440)
L5013 .05 (.05) 33881 (365723 30767 (31392) 32551 (33506) 41497 (45008)
L5008 04 (.ol 53487 (56883) 48348 (49141) 51182 (52381 65559 (69958)
.5002 02 (.02) 218060 (224935) 195139 (196757) 206856 (209267) 267563 (276389}
0.3
.5 . 5450 .30 (.30) 2Uy (547} 253 (575) 290 (876}
. 5050 A0 (.10) 3480 {5035) 3818 (5285) y66y (6916)
L5013 L0500 (.09) 15464 (18668) 16935 (19989) 20999 (25615)
. 5008 L04 (Lo) 24657  (28674) 26975 (30809) 33550 (39335)
.5002 Loz (.02) 102624 (110689 1119484 (119660) 140095 {15160G)
0.5
.5 L5450 .30 (.30) 169 (583) 197 (809
. 5050 L0 (L10) 2791 (4652) 3502 {5885)
L5013 .05 (.05} 12747 (16632) 16242  (21025)
L5008 LO4 (Lo 20518 (25362) 26110 (32128)
.5002 .02 (.02) B6878 (96410} 110308 (122574)
0.7
.5 L5450 .30 (.30) 165 {880)
. 5050 L1000 (.10) 3286 (6227)
L5013 .05 (.05) 15638 (21625)
L5008 L04 (.o 25277  (32774)
. 5002 oz (.o02) 108112 {123139)




Table 4,5 Total number of twin pairs and unrelated individuals reared together required for 959%

power of rejection of the E1VAVD model at the 5% level of significance when the true

model is EE(VA+VE)VA'

Sample sizes are shewn for both competition and cooperation.

True model

By
.5

(V)
L5450
. 5050
5013
5008
.5002

L5450
. 5050
L5013
L5008
L5002

L5450
L5050
L5013
.5008
.5002

L5450
.5050
L5013
.5008
L5002

v

.30
.10
.05
.04
.02

.30
.10
.05
.04
.02

.30
.10
.05
.04
.02

.30
.10
.05
.04
.02

!=
A

T e e e N ) P e T )

P N

L30)
.10)
.05)
L)
.02)

.300
L10)
.05)
.0%)
.02)

.30}
.10)
.05)
08
.02)

.30)
.10
.05)
o)
.02)

pMZ

0.1

0.3

0.5

0.7

56
461
1886
2962
11968

43
487
2076
3286
13486

40
576
2573
4108
17148

uy
893
4193
6758
28722

W1

(68)
(5106)
(1920)
{3097)
(12239)

(93)
{632)
(2365)
(3647)
(14208}

(144)
(878)
(3173}
(4858)
(18646)

(295)
(1614)
(5630)
(8552

(32309)

56
560
2341
3691
15044

52
652
2846
4525
1674

59
970
4443
7136
30087

0.3

(95}
(679)
(2579)
{3989)
(15640)

(144)
(922)
(3385)
(5198)
{20087)

(286)
(1626)
(5753)
{8768)

(33347)

pbZ
0.5
69 (148)
761 (1001)
3252 (3733)

5151 (5752)
21173 (22377)

T {288}
1108 (1719)
4966 {6182)
7934 (9454)

33175 (36212)

168
1347
5895
9378

38890

0.7

{305)
(1930}
(7059)

{10833)
(41798}




Table 4.6 Total number of twin pairs reguired for 95% power of
rejection of the E,(V,+V])V}] model at the 5% level

of significance, when the true model is E1VAVD°

True model pMZ

E, v, vy 0.1 .3 0.5 0.7 0.9

8.1 0.1 0.8 11254 5184 Yooy 5928 14726
0.3 0.6 21468 9715 8597 10762 263596
0.5 0.4 51706 23009 19941 24723 59703
0.7 0.2 220905 96765 82935 100946 2u0422

0.3 0.1 0.6 17037 7905 TOHL G114 22682
0.3 0.4 b1324 18793 16588 20947 5138¢C
0.5 0.2 177732 79322 £9159 85573 206911

0.5 0.1 0.4 32318 15086 13598 17527 43716
0.2 0.3 59817 27606 24727 314906 77980C
0.3 0.2 140023 63914 56837 71625 176048

0.7 0.1 0.2 107775 50534 45965 59110 147830




Table 4,7 Total number of twin palrs and half-siblings required for
95% power of rejection of the E,(V, +V{§)V} model at the

5% level of significance, when the true model is E,V,Vy,

True model pPMZ pb2
E, Vg Vo 0.1 0.3 ¢.5 0.7
0.1 0.1 .8 0.1 8011 6709 5829 8429
0.3 0.6 14886 11997 12041 14961
0.5 0.4 34655 26718 26465 330846
0.7 0.2 141841 104688 101690 127776
0.3
0.1 0.1 0.8 4324 4265 4874
0.3 0.6 5026 TTHE 8832
0.5 0.4 18758 17653 20068
0.7 g.2 77476 70818 80168
0.5
G.1 0.1 0.8 4101 Ba60
0.3 0.6 7490 7636
0.5 0.4 17250 18133
0.7 G.2 70278 72905
0.7
0.1 0.1 0.8 SHTT
0.3 0.6 9823
0.5 0.4 22234
0.7 0.2 89143
0.1
0.3 0.1 0.6 13076 11268 11363 13563
0.3 0.4 311348 25947 25779 30837
0.5 0.2 130700 105009 102619 122885
0.3
0.3 0.1 0.6 7000 6934 TTHT
0.3 0.4 16523 16062 17876
0.5 0.2 69062 65695 72742
0.5
0.3 0.1 0.6 6557 TOUE
G.3 0.4 15358 16278
0.5 G.2 E3491 66298
0.7
0.3 .1 0.6 8928
0.3 0.4 20317
0.5 g.2 82017




Table 4,7 cont'd

True model pMZ pDZ
E, v,  Vp 0.1 0.3 0.5 0.7
0.5 0.1 0.4 0.1 26611 23417 23495 27214
0.2 0.3 48909 qaU7g o342 49029
0.3 0.2 113589 97312 96334 111476
0.3 |
0.5 0.1 0.4 14208 14069 15384
0.2 0.3 25915 25473 27797
0.3 0.2 5978¢C 582938 653468
0.5
0.5 0.1 0.4 13618 14347
6.2 0.3 24478 256890
0.3 0.2 56077 58512
0.7
0.5 0.1 0.4 18227
0,2 0.3 32619
0.3 0.2 T38%6 .
0.7 0.1 0.2 0.1 95327 guoh9 8u443 95255
0.3 50506 50031 53464
0.5 48954 50471
0.7 654446




Table 4,8 Tctal number of twin pairs and unrelated individuals
reared together required for 95% power of rejection
of the E1(VA*VE}VA model aft the 5% level of

significance, when the true model is EWVAVD'

True model pMZ pDZ
E Va Vi 0.1 0.3 0.5 o.7
0.1 0.1 0.8 0.1 2683 1287 1243 1820
0.3 0.6 702 2218 20749 2999
0.5 G.4 10425 4780 4377 6188
0.7 0.2 51084 18304 16190 22456
8.3
0.1 0.1 0.8 2778 1503 1815
0.3 0,6 4852 2542 301H
G.5 0.4 10720 5428 6280
0.7 0.2 42099 20553 23057
0.5
0.1 0.1 0.8 3007 1638
0.3 0.6 5214 3513
0.5 0.4 11436 7385
0.7 0.2 4578 27442
0.7
0.1 0.1 0.8 3678
0.3 0.6 6280
0.5 0.4 13552
0.7 g.2 51919
0.1
0.3 0.1 0.6 6234 29383 2572 3244
0.3 0.4 13837 0374 5501 65861
C.5 0.2 54602 24553 20735 25577
0.3
0.3 0.1 0.6 6065 28938 3075
0.3 0.4 13485 6304 Erlu2
0.5 0.2 53367 24336 245540
0.5
0.3 0.1 0.6 6306 3661
0.3 0.4 13973 7695
0.5 0.2 55031 29649
0.7
0.3 0.1 0.6 7163
0.3 0.4 15688
0.5 0.2 61052




Table 4.3 conttd

True model pM7Z pDZ
E1 VA VD 0.1 0.3 0.5 .7
c.5 0.1 0.4 0.1 17480 8389 5952 7826
0.2 0.3 30873 15655 12169 13615
0.3 0.2 69006 32402 26892 29918
0.3
0.5 0.1 0.4 16133 7195 £759
0.2 0.3 28578 12657 11788
0.3 0.2 6069 28169 26000
0.5
0.5 0.1 0.4 16300 80973
0.2 0.3 28845 14243
0.3 0.2 64604 31659
0.7
0.5 0.1 0.4 17567
0.2 G.3 30870
0.3 g.2 68097
0.7 0.1 0.2 0.1 81034 39145 32258 33362
0.3 72300 31017 26484
0.5 71697 326u8
C.7 Th6T2




81.

Wﬁere the classicél twin design is extended to include half-
siblings, we see that the sample sizes required £to reject the
E}VAVD model , while less than those comprising only twins, are
still not feasible when sibling effects account for less than 30%
of the variance {Table 4.4), Sample sizes are drastically
reduced when the sample comprises twins and unrelated individuals
reared together (Table 4.5), For both these extended twin
designs 1t 1s easier to reject competition fhan cocperation.

For both competition and cooperation, sample sizeé reguired
to reject the E}UAVD model are smallest 1f the sample comprises
twins and unrelated individuals reared together, followed'by
samples comprising twins and half-siblings. Sample sizes are
largest if we only have information on twins,.

Where the "true" model is E1VAVD’ the sample sizes required
to reject the sibling effect model are pronibltive, even when
dominance accounts for 80% of the variance. This is true for the
classical twin design (Table 4,6}, and samples comprising either
twins and half-siblings (Table 4.7) or twins and unrelated
individuals reared together (Table 4.8).

Table 4.9 summarizes the best solutions for the rejection of
the ET{VA*VE)VA and E1VAVD models using the parameter values
found for extraversion, that is, 0.5 E}, b= ~0.04 and 0.5 E1, 0.2
Vae 0.3 Vp, for the three experimental designs. The optimal
proportion of twin pairs varies with the "right" and "wrong”
model, and the experimental design. However, we sc¢e that
experimental designs using twins or twins pius half-siblings have

prochibitively large sample sizes. Although the sample sizes



Tabie 4,9 Optimal total sample sizes required for 95% power of
rejection of the E;V,Vy and E (V, +V})V; models at
the 5% level of significance. Sample sizes were
calculated assuming a breakdown of variation which
corresponds to that found for extraversion. See

text for futher explanation.

Sample True model False model Sample size Sample breakdown
Twins Eq (Vv VRIVE  EqV,aVyp 32331 LBMZ, .5DZ
E1VAVD EE(VA+VK}V§ 24727 .5MZ, .5DZ
Twins &
Half~-sibs E%(UA+VK)VA ETVAVD 20518 .5MZ2, J1DZ, ,4HS
EqVaVp E1<VA+VE)Vi 24478 .BMZ. .1DZ, .(U4HS
Twins %
Unrelateds E,(V,+Vi)V] E,V,Vp 2962 LiMZ, .1DZ, .8UT

E{V, Vg E (Y, +ViIV) 11788 .34Z, .5DZ, .20UT
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requiféd when we have twins and unrelated individuals reared
tocgether are more reasonable, over 2500 pairs of unrelated
individuals reared together would be reqguired to discriminate
between the alternative models. As noted in the previous
chapter, we would need two-thirds of this sample size for 80-85%
power, one~third of this for 50-60% power. Despite this, it
would still seem unlikely that by model-fitting techniques alone,
we will ever be able to discriminate between the effects of
sibling competition and deominance.

4.,3.,2 Test for genetical non-additivity and sibling interaction

As our results show that the discrimination between
dominance and sibling interaction is likely to prove infeasible
by model-fitting, we now consider other methods for the
resolution of these effects.

The finding of dominance for extraversion would suggest that
this character has been subject to strong directional selection,
rather than stabilising selection, during the course of human
evolution (Mather, 1973)., For a character under directional
selectlion one would expect, as well as directional dominance,
polygenic determination, some additive genetic variance and
duplicate gene action, that is additive x additive, additive x
dominance and dominance x dominance epistasis (Mather, 1973,
1974) ., These expectations lead to several predictions that could
be used to detect the presence of these effects,

Two fTests based on first degree statistics have been
suggested for the detectlion of directional dominance. The first

of these is based on the comparison of the means of coffspring
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frem géhetically unrelated and consanguinecus matings. if the
distributiongof scores are the same in the genetically related
and unrelated parents, then, 1f there is dominance in the
increasing direction, inbreeding depression will oc¢cur. That is,
the mean of the distribution of the children of consanguineous
matings will be lower than that of the children of unrelated
matings. However, 1t is e¢ritical that the distributions of the
parental populations be the same, For example, in a study of
intelligence, Schull and Neel (1965) found that inbreeding 1is
associated with low social status, although the reverse was {ound
by Bashi {(1577). Thek s Sy ASSDLl AR SegEehE o *“a““mw;ﬁﬁam”““
The second test is based on the interracial crcss (Morton et
al., 1967; Mather and Jinks, 1971). Suppose we have a randomly
mating population composed of several groups with different trait
means. If there is no dominance, and assuming that there are nc
between~families environmental effects, then the mean of the
offspring of between~group matings should be equal to the mean of
the parental distributions, and also equal to the average of the
means of the offspring of within-group matings [or the same Lwo
groups. However, if fhere 13 dominance then the offspring of
between~group matings should more closely resemble the parent of
the higher scoring group. Unfortunately, the effeacts of
asgortative mating and between-families envirconment may mimic the
effects of dominance. Thus, any tendency for individuals in the
upper tails of each group to 'marry out' would mimic dominance,
and If there were environmental influences of parents on their

offspring it would not be unexpected to find that the parent with
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the hiéher score had a stronger influence on the development of
the offspring, especially for example if we were dealing with
cognlitive traits.

In addition to the comparison of means, several tests for
genetlical non-—additivity based on third degree statistics have
been suggested. Fisher et al. {(1932) have shown that directional
deoeminance in the ingreasing direction will produce negative
sample skewness, However, sample skewness may also be produced
by epistasis, genctype x environment interaction and unegual gene
frequencies {Fisher et al., 1932; Martin et al., 1978). Martin
et al. (1978) have shown that in fhe absence of mean-variance
regressions in MZ twins, the sum-difference regressicn test
{Jinks and Fulker, 1970} can be used in DZ twins to detect
directicnal non—additivity (dominance or epistasis) or unegual
gene frequencies, thus enabling one f£to eliminate the possibility
of genotype x environment interaction,. Furthermore, the mean
skewness within family means, for families of three or more
offspring, provides a test for genetical non—additivity
{dominance, epistasis and genotype x environment interaction)
which is not confounded with unequal gene freguencles (Fisher et
al., 1932; Jinks and Fulker, 1970). Thus, sum-difference
regressions in DZ twins, in the absence c¢f regressions 1n MZ
twins, plus within-family skewness in sibships greater than
three, would provide evidence for dominance and/or epistasis. As
we have noted, both dominance and epistasis will often coexist
for a trait which 18 under directional selection (Mather, 1973)

and thus if we wish to test the hypothesis that a tralt is under
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direcﬁional selection, our inabhility to discriminate between
these alternatives is unimportant.

Tests have alsoc been suggested for the detection of sibling
interaction. Eaves (1976) has argued that the single most
powerful test for sibling effects would be the expected ranking
of total variances for different groups. Following his argument,

in the presence of cooperaticon we would expect

2 2 > 2 2
UMz 2 9Dz 2 OHs 7 90T 7 9Singletons-

If there was competition we would expect
2 2 2 2
Iz ¢ 9pz < 9hs < 9yr

and that

2 5 2
9yt 9Singletons’

The relationship between Ugingletons and the total variances
of twins and half-siblings will depend on, and be a guide fLo, the
relative magnitudes of the direct and indirect effects of the
genes affecting the trait. However, as we have already seen,
although we found no difference in the variance of MZ and DZ
twins for extraversion, we were still nct able to reject the
competition model.

As we mentioned in the previous chapter, if there was
sibling competition, it would be mutually advantageous if
siblings, and especially twins, capitalised on different aspects
of the environment. We would thus expect that sibling
competition would decrease zs the age difference of siblings
increased. Although it would be possible To test this
hypothesis, the level of competition found for extraversion,
while significant, is small, Thus, in practice, it may be

difficult to detect changes in competition as a function of age.
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4.4 DISCUSSION

The results of our power calcuilations show that the sample
sizes required to discriminate between dominance and sibpling
interaction are almost certalnly prohibitively large. Thus
unless the competition effect is large (greater than 30% of the
variance), or dominance accounts for at least 809 of the
variance, the resolution of dominance and competlitive sibling
interaction by model-Titting i3 unlikely to prove fTeasible. This
is true whether one considers the classical twin design, or
samples comprising either twins and half-siblings, or twins and
unrelated individuals reared together.

Although we nave suggested other tests which may be used to
detect genetical non-additivity and sibling interaction, they are
not without their weaknesses, Thus, the validity of using
inbreeding data for the detection of dominance depends on the
distributions in the parental populations being the same. The
interracial cross assumes that there 1s no assortative mating or
petween—-families environmental effects. There i3 evidence that
this assumption is valid for extraversion within populations
(Eaves and Young, 1981). However, 1f there are cultural
differences between groups, it is possible that the more varied
environment experienced by offspring ¢f mixed marriages may
produce a higher mean score in these offspring fhan would
otherwise occur, and hence mimic the effects of dominance.

Sum~difference regressions in DZ fwins, in the absence ¢f
regressions in MZ twins, plus within-family skewness in sibships

greater than three, would provide evidence for genetical non-
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additivity. When the heritability is high and dominance is
complete, the power of the regression test in DZ twins is very
high {(Martin et al., 1978). However, for intermediate
heritabllity, even when there is complete dominance, the power 13
little above chance level (Maritin et al., 1978). As yet, the
power of the skewness test in sibships greater than three has not
been established, so we are unable to comment on its practical
use. This 1s obviously an area worthy of further investigation,
Vﬁvn\tu.it_is pos3ible that families with three or more
of fspring may be atypical of families in the general population,
= Ve 2%  wa  deda Ts ool b 5 Pl »

More work is needed to determine the power of fests for
8ibling interaction. As we have noted, the presence ¢f sibling
interaction leads Lo predictions aboul the expected ranking of
total variances. The conditions under which the ranking of total
variances leads to the detection of sibling effects of given size
needs to be determined. Similarly, our ability to detect changes
in sibling lnteraction as a function of the age difference of
s5iblings needs to be established.

OQur results show thabt more detailed thecoretical analyses, of
the type we have suggested, need Lo be completed before one can
make any conclusions aboul the optimal experimental design, and

samplée slzes required, to resolve the effects of dominance and

sibling interaction.
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CHAPTER 5 THE CAUSES OF YARIATION IN SYMPTOMS OF ANXIETY AND
DEPRESSION AND COVARIATIOHN WITH THE TRAIT OF NEUROTICISH

5.1 INTRODUCTION

In Chapter 3 we examined the causes of variation in
personallity traits. However, when studying perscnallity it has
been suggested (e.g. Foulds, 1945, 1974) that one should
distinguish between traits such as extraversion, psychoticisnm,
neuroticism and lie, and symptoms. While there are no absoclute
criteria by which one can make this distinetion, guidelines have
been suggestecd (e.g. Foulds, 1971). In general, a trait is seen
as a relatively permanent and broad reaction tendency, while a
symptom is seen as a transient conditicn or mood (see alsc
Cattell, 1965). Of particular interest in this thesis are
symptoms of anxiety and depression. This group of disorders is
prevalent in all adult age groups; at least 9% of the population
being recognised as having a formal psyechiatric disorder
(Henderson et al., 1979; Bebbington et al., 1481). 1In 0% of the
population these symptoms will persist For a median of six
months, and 3% of the population will te lncapacitated by
overwWwhelming feelings of anxiety and depression (Henderson et
al., 1981; Andrews et al., 1981,

Despite the prevalence oOf anxiesty and depression, relatively
iittle is known about the aetioclogy of these symptoms. The
dominant theories of causation have been overwhelmingly
concerned with the effect of mywdivowmendk, FOr example, it has
been argued that anxiety and depression are attributable to

emotional detachment, that i1s, the faiilure to make strong
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emotidﬁal bonds, especlally with parents (Bowlby, 1977). Indeed,
Parker (1979a, 1979p) did find that subiects who regarded their
parents as lacking in care and/or being overprotective had higher
levels of anxiety and depression.

Other environmental thecries have stressed the importance of
life events. For example, events such as parental loss before
the age of 17, & poor non-confiding marriage and lack of full or
part-time employment have been shown t9 be assogiated with
depression (Brown et al., 1975, 1977; BRoy, 1978, 1981). Finlay-
Jones and Brown (1981) found that the degree of 1l0ss associated
with stressful life evenis was related to depression, while the
degree of danger assog¢lated with such events was related to
anxiety. However, while 1life events have been shown to predict
the occurence of later psychological symptoms, prior symptoms are
a better predictor than previous l1ife events {(Andrews, 1981).
Furthermore, 1t has been shown that personalilty traits such as
neurcticism or trait anxiety are the best long term predictors of
neurotic states (Henderson et al., 1%81).

While we know that there is a substantial genetic component .
to variation in neuroticism, genetic studieg of anxiety and

¥

depression have glven conflicting results. The dem 13 evidence of
rd
) vwg%s‘ﬂ s ol

a substantial genetic¢ component in variation infanx;ety, cut much
('iww,g <

less clear evidence for!depression {Slater and Shields, 1969;

Young et al., 197%; Shields, 1976). In the study by Slater and

Shields (1969}, there were 62 MZ and 84 DZ twins, at least one in

each pair having reached a psychiatric consultation. There was

striking concordance in MZ twins for anxiety neurosis and
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personality disorder, but for other diagnoses, mainly conslsting
of minor or neurotic depression, there was little agreement.
Schepank (1971, 1973) tried to avoid the diagnostic problem by
considering instead the concordance for individual symptoms. In
a clinical series of 21 MZ and 29 DZ peirs, he found evidence for
a genetic component in symptoms of both anxiety and depression,

A much larger study based on 587 palirs of twins has also found
evidence for a substantial genetic component in both these
symptoms (Eaves and Young, 1981;. Torgersen {1%83) in a study of
229 same-sex twins found svidence for a genetbtlec component in
neurosis only for male twins and for twins admitted to
psychiatric hospltals, He nas argued that different findings on

the importance of genetic factors in the neuroses may be due T

b

differences in sample seiectiicn. We hope to avoid some of the

problems of sampling bias by conducting our study in a large

i

sample free of the selection effects found in a treated
population.

We shall first examine fhe gauses of variation in symptoms
of anxlety and depression. Then, since neuroticism 13 known to
be closely assoclated with neurotic symptoms under stress, we
shall examine the extent Lo wnich genetic and environmental
effects on anxiety and depression can bs explained in terms of
neurcticisn.

5.2 Measurements

5.2.1 Delusions-Symptoms-States Inventory: Anxiety and

Depression Scales (DSSI/sAD)

The DSSI/sAD (Bedford et al., 1976) consists of 7 state of

anxiety and 7 state of depression items, The items defining the
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scales of anxiety and depression are shown in Table 5.1. Each
item is scored 0,1,2 or 3 according to the degree of distress
claimed, e.g. none, a little, a lot or unbesarably. The possible
range of scores 1s 0-21 for both the anxiety and depression
scales. This screening instrument was chosen because 1Ls
reliability and validity have been established (Bedford and
Foulds, 1977) and it is brief. Unlike other screening
instruments, i%{ provides separate scores for states of anxiety
and depression. It had previousliy performed well in the course
of an epidemiological study of neurosis and the zocial
environment in Australla, proving itself to be a high-threshold
instrument for the detection of states of anxliety and depression
in a generali population {(Henderson et al.,, 1981): only 3% of men
and 3.5%% of women had scores of 7 or more for depression, and
only 1.0% and 5.6% for anxiety. It has been used here as an
appropriate instrument for measuring symptoms by sell-report in a
iarge postal survey,
5.3 RESULTS
5.3.1 Scaling

As a test of additivity of genetic and environmental
effects, we regressed absolute within~pair differences in MIZ
twins on pair sums.&rThe anxiety and depression scales both
show extreme "reverse-J" shape distributions (Figures 5.1 and
5.2} which produce significant and substantial linear regressions
(Table 5.2) These are best reduced by logarithmic transformation
and althoﬁgh this results in an increase in quadratic regression

componegnts, more extreme transformation [lOgEO(lOgIO(X+1)+1) or



Table 5.1 Items defining the anxiety and depression scales of the

DSSI/sAD.
Anxiety
A1, Recently I have worried about every little thing,

AZ. BRecently I have bsen breathless OR had a pounding of my heart.
A3. Recently I have been s0 ‘worked up' that I couldn't sit still,
AY¥. Recently for no good reason, I have had feelings of paniec.

A%. Recently I have had @ pain OR tense feeling in my neck or head.
A6. Recently worrying has kept me awake at night,

A7. BRecently I have been s0 anxious that I couldn't make up my mind

about the simplest thing.

Depression

D1. Recently I have been so miserable that I have nad difficulty
Wwith my sleep.

b2. Recently I have been depressed witnoub knowing why.

D3. Recently I have gone to bed not caring if I never woke up.

Dlit, Recently I have been s¢ low in spirits that I nave sat for ages
doing absolutely nothing.

D5. HRecently the future has seemed hopeless.

D6. Recently I have lost interest in just about EVERYTHING.

D7. Recently I have been so depressed that I have thought of

doing away with myself.
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Table 5.2 Proportions of variance in absolute within-pair differences
accounted for by regression on palr sums for raw and
transformed DSSL/sAD scores and various transformations,
Linear (L) and quadratic components after the linear

regresaion has been remcved (Q) are shown.

MZF MZM
L Q L q
Anxiety
Raw '32*** .03*** .&u*** .OL}***
Angle gt 02" F 23" % o
m .17*** .05*** ey *E K _06***
Logy o (x#1) 00" EE A 05" %% 15
Depression
Raw Ly 05 L6y 037
Angle .33*** .05*** ,49*** '05%**
‘/W .36*** .09*** ‘u6*** ‘08***
%% % ¥* ¥ # * & #* * %%

log10(x+1) A5 .21 .30 .21
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viogyn{x+1}] produces no greater improvement so we regard the
logyo(x+1) as most appropriate for both scales.

5.3.2 Distribution of scores and sex differences

As a test of sampling, two~tailed t-tests were performed between
MZ and DZ means, and variance ratio tests between total
variances, separately for males and females (Table 5.3). The
only significant difference we observe 15 that the variance of
raw depression scores is significantly greater in DZ females than
MZ females. However, this difference becomes non-significant
after transformation,

Examination of differences between sexes {Table 5.4) shows
that females have significantly greater means and variances than
males for both anxiety and depression. These inequalities are
observed for both the raw and transformed scores,. The
distributions of anxiety and depression scores in the twin sample
are gimilar to those observed in a random sample of Canberra
electors {(Henderson et al., 1981).

5.3.3 HRepegatability

The 96 individuals who completed both the pilot and the main
guesticnnaire were typical of the total sample in distribution of
anxiety and depression scores.

Separate analyses of variance of anxlety and depression
scores to obtain mean squares between and within individuals
enabled calculation of repeatabilities (Table 5.5). The
repeatabilities of the anxlety and depression scales range from

.55 ~ ,67 and are no lower than one would expect of symptoms

which fluctuate in their severity. In a longitudinal study of a



Table 5.3 Means and variances of the twin sample for raw and

transformed anxiety and depression scores,

Depression
Raw 10%10(X+1) Raw 1og1o(x+1)

MZF

Mean 2.37 0.42 1,46 0.26

Variance 6.90 g.10 5.90 0.09
MZM

Mean 1.76 0,33 1.05 0.19

Variance 5.04 0.09 4.33 0.08
DZF

Mean 2,37 0.4 1,54 0.27

Variance 5.59 0.10 6.59 0.10
DZM

Mean 1.75 0.34 1.03 0. 21

Variance 4,05 0.09 2,92 0.08
DZO

Mean 2,15 0.39 1.4 a.25

Variance 6.09 0.10 £.23 0.10

Difference between MZ female and DZ female variance significant

at the 5% level,



Table 5.4 Means and variances for raw and transformed anxiety and

depression scores separately for males and females,

Asterisks denote significant differences between female

and male means and/or variances.

Females
Mean Variance Mean Variance

Anxiety

Raw 2.377% 6,92 1.82 1,88

Log, o(x+1) o.42°"  o.10” 0.34 0.09
Depression

Raw 1,507 % 40" 1.12 Ty

108, (x+1) 0.26""  g.10™" 0.21 0.08




Table 5.5 Distribution of raw and transformed anxlety and depressicon
scores for individuals who completed both the pilot and

main gquestionnalire.

Anxiety Depression
Raw log10(x+1} Raw 1og?O(x+1)

Females

Mean 2.55 0. 44 1.7% 0.29

Variance 6.85 0.10 G.17 0.10

Repeatability 0.67 0.63 0.55 G.66

SZ 2.29 0.04 4.09 0.03
Males

Mean 1.67 0,30 0.94 0.18

Variance 5.30 0.10 3.23 .07

Repeatablility 0,61 0,62 0.58 0.58

8% 2.15 0.0k 1.35 0.03
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general population sample (N=230) Henderson et al. {(1981)
administered the DSSI/sAD on two occasions three months apart.
The anxiety scores correlated .62 and the depression .54. This
sensitivity to change has also been reported by Bedford et al.
(1976).

5.3.% Genetic and environmental analysis of variation in

symptoms of anxiety and depression

Alternative models of frait varlation were fitted to
between~ and within-pairs mean squares by iterative welghted
ieast squares (section 3.3.6.1). Models were fitted to the log
transformed scores of anxielty and depression singe this
transformation best minimised G x E interaction. As there was a
significant difference between male and female means for both
anxiety and depression {Table 5.3), we corrected for this by
replacing the within~pairs mean aquare with the residual pairs
mean square corrected for sex differences in means (sectlon
3.3.6.1).

Where a variable 1s strongly age dependent, this inflates
the between-pairs mean square. The linear age correlatlions with
anxiety (~-0.06 in females, ~0.09 in males) and depression {-0.14,
~0,17) are in fact significant. This inaicates that individuals
become less anxious and depressed with increasing age. However,
even the largest of these (~0.317 with depression in males) would
produce only a trivial inflation of the between-pairs mean square
so we have made no correction for this source ¢of variance, The
ten mean squares and thelr degrees of freedom, corrected for sex

differences are shown for anxiety and depression scores in Table

5.6.



Table 5.6- Observed mean squares for log transformed anxiety and

depression scores and their degrees of freedom.

Anxiety Depression

mean mean

dar square dar square

MZF Between 1229 0.134 1229 0.128
Within 1230 0.060 1230 0.061

MZM Between 566 0.122 566 0.103
Within 567 0.057 567 0.054

DZF  Betwesen 749 0.117 749 G.118
Within 750 0.081 750 0.081

DIM Between 351 0.097 351 0.0N
Within 352 0.076 352 0.059

DZ0  Between 301 0.106 901 0.108
Within® 901 0.083 901 0.082

& Corrected for sex differences in means.
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We may also examine whether twins become more or less
similar with age by correlating absolute within-pair differences
with age (Table 5.7). All correlaticons are smail and non-
significant for anxiety. For depression, both MZ and DZ males,
and the DZ opposite-sex palrs, become more similar with advancing
age, but no such effect is apparent in females. While this
latter finding is open to & number of interpretations, it is
cbvious that if there are differences in the environmental
circumstances of co-twins as they get older, these do not produce
differences in symptoms of anxiety and depression.

We shall discuss the results of moedel fitting separately for
anxiety and depression.

5.3.4.1 Results of fitting models {0 anxiety scores

The results of fititing models to log transformed anxiety
scores are sheown in Table 5.8, A purely environmental model
(E{E,) fails to adequately describe the data in elther males or
females, while a simple genetic model (E?VA) gives a good fit in
both sexes. No further reductions in chi-sguare were seen with
addition of extra parameters. Wnen the EJVA model 1s fitted to
the combined male and female data, the chi-square for the hetero~
genelty of it over sexes i1s non-signilicant <x§ = 5,18,
p>.05). Although we are thus entitled to fit the same model to
the joint data, we notice that while the estimates for E, are
similar there is a larger ﬁA component for females than males,

The results of fitting a model tnat specifies a common Eq
parameter but different sized VA effects In males and females is

shown in Table 5.9, Fitting separate V, parameters for males and



Table 5.7 Two-tziled correlations of absolute within-pair differences

in log transformed anxiety and depression scores with age.

MZF MZM DZF DiM BZ0O

Anxiety .02 -.03 ~.01 ~-.06 ~. 01

Depression ~ .0l 8™ S -.13" -~ 1u%*




Table 5.8 Summary of model-fitting to log transformed anxiety scores,

A

E, £, v, Vg af K n2
Female
E. E, 068" Loze™ - - 25477
E\Vy 061 o3 - 2 0.23 .38 & .02
E BV, 060" - 002 0307 - 1 0.16
BV Vp 060" - 03370 ool 1 0.16
Male
E,E, coes Tt Loas™E - - 2 15.06""
BV, OET o3 - 2 1.29 .35 = .03
E E,V, 0567~ 010 OTEA 1 0.26
EV ¥y 0560 - 012 .020 1 0.26
female & Male
E B, 0677 Lo2g™t - - 6 45.377
BV, 060" - 0357 - 6  6.70 .37 .02
E B,V 059" - o0k ouo™t - 5 6.23
E VY L0597 - 027°% 009 5 6.23
Female & Male
& Opposite~sex
E\E, or1 o2y - - & 67.68
E,V, 060" - o3 - 8  10.36 .36 & .02
E 5V, L059""" ~ 008 ouz™t - 7 7.33
B4V, 059 - 020 016 7T 7.33




Table 5.5 Estimates (& s.e.} obtained after fitting a model allowing different genetic
components of variation in males and females for log transformed anxiety

3QQres.

=3

MF

0.060""

0.002

I+

males ~

0-023***

0.006

= 0.39 ¢ .02
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females causes a significant reduction in chi-square (X$ = 5,18,
p>.05). The correlation FVA = 0.67 is not significantly
different from unity and ind?iates that the same V, effects which
act in females also act in males, but with a smaller effect on
the variance. Thus in males approximately 33% of the variation
in anxiety is genetic in origin while in females this rises to
approximately 39%, with the remaining variance due to individual
environmental differences and error. We may subitract the values
of the residual mean sguare, obtained from the repeatability
data, from the estimates of E:1 and so estimate the proportion of
variance due to non-repeatable individual environmental
differences (Table 5.10).

5.3.4.2 HResults of fitting models to depression scores

As in the case of anxiety, in both males and femalss, the
E}VA modéi best describes the data, although in males there i3
some evidence that E2 effects are also ilmportant {(Table 5.111}.
The chi-~sguare for the heterogeneity of fit over sexes 1s highly
significant (Xé = 27.26, p<.001) and inspecticn of the parameter
estimates shows that there are larger ﬁq and ﬁA components for
males than females.

Fitting separate E, and V, parameters for males and females

X2

{Table 5.12) causes a significant reduction in chi-square ( =
C B T -t S T R VT PEC ‘\j-ﬁ “SQ“Q-L‘:.}EQ [ cm.,i

24,97, p>».001). The correlation rVA = 0.73515 not significantly

MF
different from unity which indicates that, as 1ln the case of

anxiety, the same VA effects which act in females also act in
males but with smaller effect. Addition of an B, parameter in

males results in a non-significant reduction of chi-square (X$ =



Tables 5.10 Sources of variance (%) for log transformed anxiety

scores,
Females Males
error ///// 38 _ 45
E, 61 67/
individual enviromment 23 22




Table 5.11 Summary of model-fitting

to lcg transformed depression scores,

. 2

E, E, v, v, ar
Female
E,E, 069" Lo2g™t - - 2 p2.04 "
E\V, 082" - 035 - 2 1.20 236+ .02

* ¥ ¥ LR R
E\E,V, 062" - 000 .035 E 1 1.20
* %% *¥*

BV, .062 - 034 001 i 1.20
Male
E,E, 0567 Lo - - 2 2.46
E,V, 052" - 025 - 2 1.85 .32 + .0b
E{E, ¥, 053 L010 L0713 - 1 0.46

BETT T ~
Eq VU 053 - o8~ o2 1 0.46
Female & Malg
ELE, 065" Lozt - - 6 s
EV, 059" - 032" - 6 30.31°°F
E(E,V, L0597 Lou3 028" - 5 30.22"°"
ELV,Vp 0597 - 037" ~.006 5 30,2270
Female & Male
& Opposite-sex
E B, 0697 o2zttt - - 8 76.11° "
BV, 060" - 032 - 8 33.70""F
ELE,V, 059"~ o0z o3u™ - T 33217
E,V,Vp 0597 - 028" 005 7 33217




Table 5.12 Estimates (+ s.e.) obtained after fitting a model allowing different
genetic and environmental components of variation in males and females
for log transformed depression scores,

g E v v v
0,053 % 0,062 ¥ 0.026 ¥ 0.036%"" 0.022"%*
£ 0.003 0.002 0.003 0.003 0.006

XS = 8.73 (p = .12)

2

« 0.33 + .03 Ofemales

= .37 + .02
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1.%0,_p>.05} indicating that this effect is not necessary to
describe variation. The breakdown of the total variation into
genetic and environmental components separately for males and
females is shown in Table 5.13. While the heritabilities are
similar to those for anxiety, true within-family environment
accounts for a greater proportion of the variance in depression
than anxiety.

5.3.% Correlatlons of anxiety and depression with personality

and attitude scores

Partial correlations, ccntrolling for age, between the
transformed symptoms of anxiety and depression and the other
transformed personality and attitudes scores measured in this
study are shown in Table 5.14,. The correlations are similar for
both sexes. Individuals who are more anxious and depressed tend
to be introverted, more psychotic and neurotic, and have lower
lie scores. There is also a slight tendency for more liberal men
to be more anxious and depressed. While many of these
correlations are statistically significant, they are however
guite low with the exception of the correlations between anxiety,
depression and neuroticisnm.

We know from the univariate analyses that for anxiety,
depression and neuroticism, within-family environment (31) and
additive gene effects (VA) are important causes of trait
variation in both sexes, although there are differences in the
importance of these gffects in males and females, We now ask
whether these two sources of variation are responsible for ftrait

covariation using the genetical analysis of covariance structures



Tables 5.123 Sources of variance (%) for log transformed

depression scores.

Females Males
error 33 29
/ 1/ /
Eq 63 67
\\\\\ individual environment \\\\K 30 \\\\\ 38

33




Table 5.14 Partial correlations, contrelling for age, between the transformed personality and attitude
variables separately for females and males.

Anxiety Depression Extraversion Psychoticism Neuroticlsm Lie Conservatism
log{x+1) log{x+1) Angle Angle Angle Angle Raw
Females
XK ¥ ¥ 9% ¥ k%X *EX *H
Anxiety log(x+1) - .66 ~.08 .15 .61 -.12 ~. 01
* %% % k%% ¥ % ER% ¥
Depression log(x+1) .66* * ~ ~.10 A8 =Y -.09 ~.03
Males
*F % * % * ¥ % %% *
Anxiety logix+1) - .60 ~.12* 12 i . B0 -.11 -.05
HE R L RRE *HR¥ EX% KH¥ *%

Depression logl{x+i) .60 - ~.16 .16 .55 -.08 -.05
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develdéed hy Martin and FEaves (1977). Detailied explanation and
applications of this maximum likelihood technique ¢an be found in
Eaves et al. (1977b), Fulker {1978), Martin et al. (1979), Martin
et al, (1981) and Clifford et al. (1981a) so only a brief account
will be given,

5.3.5.1 Genetic and environmental analysls of covariation

between symptoms of anxliety and depression and the frait of

neuroticisnm

The genetical analysis of covariance structures Is a
technigue that tests simultaneously hypotheses about both the
sources and the structure of covariation, Just as univariate
models were fitted to mean sguares, multlivariate models are
fitted to the between-~ and within-mean products matrices shown in
Table 5.15.

In general, we write the expectation {or a mean-products

matrix:

2n

B
Ly = E Cijfﬁj(éjﬁjﬂj'}ﬁi togyT

1

where there are p scurces of varilation and €y j 1s the coefficient
from the univartate model for the 1-th mean sgquare and j-th
source., For the j-th source Qj is the matrix 0f the factor
loadings and Q?

components., Note, however, that we may complicate the model by

the diagonal matrix of specific varlance

introducing correlations between the [factors in @j, or relate the
factor structures of different sources by a simpler scalar held

in the diagonal matrix B.



Table 5.15% Mean products matrices for the btransformed anxiety,
depression and neuroticism scores,

MZ females between 1228 df

330.30 4,4175 0654
Neurcticism Angle 104.96 13371 .09509
Anxiety log(x+1) 1.1982 .05983 . 12820
Depression  log(x+1) 1.1647 .03232 06063

MZ females within 1229 dr

MZ males between 565 df

315.18 4,1190 3.4697
115.65 L12219 07395
1.1616 05706 .10310
1.1665 .02764 05397

M7 males within 566 df

DZ females between TU9 df

264,70 3.0399 3.5327
157.57 L11675 .08109
1.9503 .08064 L11795
1.8274 . 04999 08120

D7 females witnin 750 df

DZ males between 350 df

263.16 2.9354 2,8184
183,94 .09708 05346
1.9185 07612 .09118
1.5822 .03385 05875

DZ males within 351 df

DZ opposite—sex vetween 899 df

228.45 3.1143 2.9562
174,26 .10568 L0711 4
2.3166 .08276 .10786

2.0929 05045 .08259
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Héving specified the sources of variation and the factor
structures of a model, we Lest the fit of the model as folliows:
Generally, the data will consist of k matrices of mean products,
We write §i for the i-th matrix, having N; degrees of freedom.
Given some model for the gi, we compute the expected values I,
being positive definite, for particular values of the parameters
0f the model. When the observations are multivariate normal, the

log likelihood of obtaining the k observed independent 51 is:

i=k

-1
log L = «—Vgiz1 Nyflog|zy] + tr(S;z; ')]

(omitting the constant term).

For a given model we require the parameter estimates that
maximise Log L. Given maximum-likelihood estimates of our para-
meters, the hypothesis that a less restricting model (ie. one
invelving more parameters) does nct significantly improve the fit

can be tested by computing:
X = 2(140_'[4}),

where L% is the 1l1og likelihood obtained under the restricted
hypothesis (Hi} and LO is the log likelihood obtained under the
less demanding hypothesis (HO}. The Hy Wwe use is that which
assumes that as many parameters are required to explaln the data
as there are independent mean squares and mean—-products 1n the
First place ; 1le, Ly = 8- In this case we have simply:

i=k
Lo = 1/2151 N;{leg|sy|+p]
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When there are k matrices the XZ has 1/2kp{p+1)-m df, where m
denctes the number ¢©f paramefers estimated under H1 and p 1s the
number of variables.

The log likelihood is maximised by attempfing to minimise
-Log L for a given model. We have minimised -~Log L using the
Fortran routine EQUYJAF from the Numeriecal Algorithms Group
Library (19813},

The simplest E%VA model involves a single general factor
causing covariation between anxiety, depression and neuroticisn
plus a variance compenent specific to each trait for both the E.1
and VA sources of c¢ovariation. For each source then, we estimate
3 factor loadings and 3 specific variance components, or 12
parameters in all. Bach mean products matrix contributes 3 mean
squares fTrom the diagonal and 3 off-diagonal mean products,
making 24 unigue statistics from the four between- and within-
pairs matrices of MZ and DZ twins of the same sex. We are Lhus
left with 12 degrees of freedom to test the goodness of flt,

Maximum likelihood estimates of factor loadings and speciflic
variance components from each source are then obtained. The
proportions of variance in each measure accounted for by these
estimates are shown in Table 5.16. in both sexes this model
gives an excellent it to the data and all parameter estimates
are significantly greater than zero (p<0.01).

The results suggest that genetic variation in the symptoms
of anxiety and depression is largely dependent on the effeclts of
the same genes which determine variation in the trait of

neurocticism, This follows from the Tinding that the specific



Table 5.16

depression and neuroticism scores.

Results of fitting a multivariate ElvA model to transformed anxiety

Results are in terms of the

proportion of variance accounted for by each source.

factor specific factor s specific
Females
Neuroticism Angle .20*** .29*** .35*H .}6***
Anxiety log(x+1) 35 0 Lot RE 357 %% 03"
Depression  log(x+1) 337 T .30 06"
X5s = 6.90 (p = .86)
Males
Neuroticism Angle rai 32 Y L2
Anxiety log(x+1) 31 357K 307 oy "
Depression iog{x+i) .33*** .35**% .23*** .09***
5o = 12.52 (p = .40)
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genetlic components of variation are small, nearly all of their
geneti¢ variance being due to the common factor. However, it is
interesting that there is st1ll substantial specific¢ genetical
varlance for neuroticism and it is possible that this may be
manifested relatively independently of the two éymptoms we have
considered,

& factor of individual environmental effects aisc appears to
influence all three variables, although specific E, variation is
equally or more important in most cases. The proportion of
variance due to error or fluctuating environment in anxiety and
depression (Tables 5,10 and 5.13) is equal to or slightly greater
than the specific envircnmental variance, which suggests that
some of this fluctuating environment may contribute to E‘:1 factor
varlance. The specific variance component for neuroticism, on the
other hand, 1s somewhat greater than the unrepeatable varliance,
50 that there may be systematic environmental experiences
influencing the trait of neuroticism which do not influence the
symptoms wWe measure.

Genetic and environmental correlations of the variables are
snown in Table 5.17. In both sexes, genetle correlalions are
much higher (arcund 0.8} than the corresponding environmental
correlations (around 0.4), and are similar for the three
variables. While the distinction nas been made between
persconality traits and states (Foulds, 1965, 197%4), for the
neurotic symptoms measured here, there i3 good evidence for a

common genetic and within~family envircnmental basis.



Table 5.17 Genetic and environmental ¢orrelations between

transformed anxiety, depression and neuroticism

scores. Females upper triangle, males lower

triangle.

ENVIRONMENTAL

Neurotlcism Anxiety Depression
Angle log(x+1)} log(x+1)
Neurcticism Angle - 0,47 0.45
Anziety loglx+1) 0.44 - 0.54
Depression  log{x+1) 0. 45 0. 48 -
GENETIC
Neuroticism Anxiely Depression
Angle log{x+1) log(x+1)
Neuroticism Angle - 0.80 0.76
Anxiety log(x+1) 0.81 - 0,88
Depression  log{x+1) 0.73 0.79 -




5.3.6 Evidence for item hetercgeneity

As we noted in the previous section, genetic variation in
anxlety and depreéession is largely due to the effects of the same
genes which determine variation in the trait of neuroticism.
However, there 1s still some genetic variance specific to
symptoms of anxiety and depression., This may indicate that there
is heterogenelty in the aetiology of specific symptoms of anxiety
and depression, and Kendler et al., (1%85) nave recently examined
the causes of varlation in the responses of our twin sample 1O
the individual items of the anxiety and depression scales, with a
view to detecting and characterising such Heterogeneity.

Although the author was not involved in the analysis of these
data, the main results of Kendler et al. {(198%) are briefly
presented for ccmpleteness.

Kendler et al., (1985) fitted alternative models cof variation
to the five contingency tables derived from the twins' responses
to each of the fourteen DSSI/sAD items using the technigue of
threshold analysis (ssction 3.3.7.17J. As the procedure of
Kendler et al. (1985%) was essentially the same as that used in
our analysis of the EPQ items (Chapter 3), we shall only present
thelr final model-fitting results. The paramefer esiimates of
the best-fitting models are given separately for the anxiety
(Table 5,18) and depression (Table 5.19) items.

For one iltem (D7} it was not possible to find an adequate
description of the data. Of the remaining items, the E1VA model
provides the best description of the data for seven of the

symptoms (A1, A3, A5 and AT7; D3, D4 and D5). The heritability of



Table 5.18 Parameter estimates for best fitting models for anxiety items,

Parameter

item E1 E1M E1F EgM EzF 2MF VA Vi
Al . 656 -~ - - - - 344 -
A2 667 - - ~ - - ~. 149 482
A3 Loh2 -~ - - - - .358 -
Al .536 - - - - - =~ 144 .608
A5 .649 - - -~ - = .351 -
Ab .667 - - ~ - - +333 -

~ .728 707 .272 293 125 = -
AT .563 - - - - - 437 -




Table 5,19 Parameter estimates for best fitting models for depression ltems,
Parameter
Ttem E} ETM E1F EEM E2F EZMF VA VAM VAF
D1 - L7151 .586 - - -~ - 249 LAETh
- 173 L6517 .227 L3489 .109 - - -
b2 . 666 - - - - - L334 - -
- LB7h .718 .326 .282 110 ~ - -
D3 .555 - - - - - LU - -
DA 541 - - - -~ - L8459 - -
D5 N - - - - -~ .385 =~ -
b6 .602 - - - - - .398 - -

- 697 .638 .303 .362 .092
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theselgtems ranged from 0.34% to 0.46. For two items (A2 and AH)
a model incorporating doeminance {the E1VAVD mcdel) provided an
adequate description of the data; Because o0f the large
correlation between VA and Vp in the classical twin design, the
estimate of VA was negative in both cases,. Although 1t is thus
difficuit to determine precise values of VD for these items, the
broad heritabilities are in the range 0.35 to 0.45. For four
items, it was not pessible to choose definitively between two
possible best fitting models, one of which was always the
Ey Eq E, E5 B, model . In three of the items (A6, D2 and D6)
M 'F M “F “MF
the other possible best fitting model was the E1VA model, and the
heritabilities ranged from 0.33 to 0.40. For the remaining item
{D1), the other best fitting model was the E1ME1FVAMVAF model .
This model assumes that the same genes are acting in both sexes,
although the estimated heritability was greater in females (0.41)
than males (0.25). When we consider the results of fitting the
E; Eq Ey E, B, model to these items, we see that the
M 'F *M “F “MF

correlation between family~environmental effects in males and
females ranges from 0.28 (D6) to 0.44 (A6), indicating that there
are some diflferences in between-families environmental effects in
the two sexes. For three items (A6, D1 and D6) between-families
environmental eflfects are more important in females than males,
while for D2 the reverse is true.

As Kendler et al. (1985) note, there 1is scme common theme
between items for which alternatives to the E,V, model could be
found. The items for which dominance may play some role were

both "panic~like" symptoms (A2 - breathless or heart pounding; Al
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- feeiings of panic™). The authoeors suggest that if confirmed,
the results may indicate that the genetic¢ basis of "panice~like"
anxiety may differ from that of "cognitive" or Yphysical-tension-
like" anxiety {e.g. as typified by items Al and A7, and A3 and AS
respectively).

The family~environmental effect was most likely for Ltwo
Tinsomnia" items (A6 - worrying kept me awake; D1 - miserable,
difficulty with sieep), and two core symptoms of depression (D2 -
depressed without knowing why; Db - lost interest in
everything). If replicated, the results suggest that there may
be genuine aetiological heterogeneity in specific symptoms of
anxiety and depression.

5.4 DISCUSSION

While previocus studies on the asticology of neuroses and
minor depression have yielded conflicting results (Slater and
Shields, 1969; Young et al., 1971; Torgersen, 1983}, our large
twin study has provided a clear answer Lo the causes of
individual differences in the symptoms of anxiety and
depression. The data suggest that population variance in these
measures 1s due only to additive genetic effects and the
infiuence of environmental factors which are unigue to the
individual. Both symptoms appear to be influenced largely by the
same genes in boih sexes, but have greater effect in females than
males. Environmental variance for depressicon is also greater in
females, a result found previously by Eaves and Young (1981). We
find no evidence for the importance of environmental influences

shared by members of the same family, effects such as social
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class-énd parental treatment. Workers who postulate that early
family environmental experiences are a major 1nfluence on anxliety
and depression in adulthood {(Bowiby,1%77; Parker, 197%a, 1979b,
1981a, 1981b) must recognise thal such experiences are not
necessarily shared by cotwins; experience from parents is more
likely to be a function of the child's genotype than of the
family environment (Eaves, 1976: Eaves et al., 1978).

Qur results also have important implications for theorists
who emphasise the importance ¢f 1life events in the development of
anxiety and depression. While it has been shown that 1ife events
are related tc symptoms of distress such as anxiety and
depression (e.g. Brown et al., 1977; Roy, 1981; Finlay~Jones and
Brown, 1987} the direction of causality has not been
determined. That is, while l1life events may result in symptoms of
distress, distress could also result in 1life events. Since our
results show that genetic factcors are lmportant to variation in
anxliety and depression, it iIs possible that genetic factors could
also act to increase an individual's predisposition to experience
1life events,

Furthermore, it has heen shown that 1life events are
associated with symptoms of distress in only some individuals
(e.g. Akiskal and MeKinney, 1975). To explain this variability,
it has been suggested that other variables act as modifiers of
the relationship between life evenis and symptoms of anxiety and
depressicn, 0One cliass of modifier variables reflects social
support, that is the perception that support is avallable from

other people if needed. The results of Henderson et al. (19817,
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howeveé, indicate that the effect of social support on sympbtoms
of anxiety and depression can be explained by the trait of
neuroticisnm. They argue that neuroticism 1s the real variable
which modifies the relationship between life events and neurotic
symptoms. This result is particularly interesting in view ¢f our
results which show that genetic variation in symptoms of anxietby
and depression 18 largely dependent on the same genes which
determine variation in the trait of neurcticism. OQur results, in
conJunction with those of Henderson et al. (1981}, suggest that
in the presence of lLife events, genes influencing neuroticism
will have a greater impact on levels of anxiety and depression
than they do in the absence of a 1ife event, This 15 obviously
an important area for future research.

Our analysis of the causes of genetical and environmental
covariation of anxiety, depression and neuroticism shows that
additive genetic effects are equally il not more important in
their covariation than Individual envirvonmental factors and that
genetic correlations are much higher (0.8 than enviroconmental
correlations (0.4), Whnile the distinction between personality
traits and symptoms may be Jjustified because sympLoms are
transitory and take different forms (Foulds, 1965, 1974), the
fact that correlations between neuroticism and the two sympitoms
are as high as between the symptoms themselves provides little
evidence for this distinction.

Nevertheless, there are also substantial genetic effects on
neurcticism (16% of the total in females, 12% in males) which are

independent of the two sympioms we have measured. It is
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intereéting to speculate that the general factor and specific
components of genetic variance that we observe for anxiety and
depression may distinguish between different forms of thesse
gymptoms which differ in their aetiology. The results of Kendler
et al., (1985) do in faect indicate that there is heterogenelty in
symptoms of anxiety and depression. Although for six of the
symptoms a simple genetic model was most appropriate, there was
evidence thalt dominance may be lmportant for "panic-like"
symptoms, while common-family environment may affect variation in
"insomnia" and core symptoms of depression. If replicated these
results may prove useful in characterisng forms of anxiety and

depression which differ in their aetiology.
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CHAPTER 6 THE CAUSES OF VARIATION IN CONSERVATISH

6.1 INTRODUCTION

In previous chapters of this thesis we examined the causes
of variation in personality traits and symptoms. Related to
personalify is the concept of social attitudes. Whereas
personality refers to a general predisposition Lo behave,
attitudes have particularity; that is they have as a particular
object something or someone that 1s outside a persoﬁ% owWn
behavicur (Eysenck, 1954). Theories on the structure of social
attitudes nave had a similar history to theories on the structure
of personality, with considerable debate over the number of
dimensions of sogial attitudes that are important.

Thurstone (1934) analysing the factor structure of 11
attitude scales and cne inteliigence test extracted two major
factors: nationalism and conservatism. Carlson (1934) in a
factor analysis of five attitude scales and one intelligence test
extracted three major factors which he labelled intelligence,
conservatism and religicus. Ferguson in & series of experiments
on the structure of social attitudes isolated two (Ferguson,
1939, 15940, 1641, and then three major factors {Ferguson, 1942y,
which he called religionism, humanitarianism and nationalism,.

Eysenck {(1944) attempted to synthesise the findings of
Thurstone, Carlson and Ferguson, as well as nis own from an
analysis of a 32 item attitude gquestionnaire, He found that if
one considered the original two centroid axes in each of the
various analyses, the various solutions vwere mathematically

equivalent in that one solutlon could be converted into another
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by siﬁéle ortnogonal reotation through 45°¢. He argued that the
different solutions could be best described by reference to two
orthogonal factors which he labelled radicalism~conservatism and
toughmindedness~-tendermindedness. Conservatism was seen as a
contrast between religious, nationalistic and punitive views on
fthe one hand, with those that are more permissive, liberal and
reforming on the other. Toughmindedness was not considered as a
dimension of social attitudes in its own right, but rather was
viewed as a projection of personality variables on to the
radical—-conservative continuum. Tendermindedness was consaidered
as the projection of introverted personality fraits,
toughmindedness as the projection of extraverted personality
traits. Thus oniy one factor, radicalism-conservatism, was sgen
to underlie all social attitudes (Eysenck, 1954; Wilson, 1973a;
Eysenck and Wilson, 1978). In the present study, we shall
attempt to test this model of the structure of sccial attitudes.
As with personality, 1t is often assumed that individual
differences in conservatism are due mainly to the soclialising
influence of the fanily (e.g. Feather, 1978). Certainly
attitudes show substantial family resemblance (Cavalli-Sforza et
al., 1982; Insel, 1974; Feather, 1978) and secular changes in
attitudes are so rapid (Janhoda and Warren, 1966) that frequent
revision of test ianstruments is necessary. While such findings
are consistent with a cultural model for family resemblance, the
majority of studies so far have not attempted to test this
assumption. For example, Cavalli~Sforza et al., {1982) studied

interests and attitudes in a small sample of nuclear families and
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palirs éf friends. Although they found that attitudes were mostly
determined within the family, the authors themselves admitted
that the nuclear family design, comprising only parents and
children, is incapable of resolving cultural and biological
inheritance.

There 1s evidence, however, from three independent twin
studies (see Eaves et al., 1978 for a summary) which suggests
that genetic factors are important to variation in
conservatism. The three studies showed remarkable consistency in
assigning approximately equal proportions of variance to additive
genetflc effects, within-family environmental effects and a
between~family component (B). When corrected for the effects of

assortative mating the heritabilites were around 50%, wnile
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cultural effects accounted for ltess than 2
variation. In this study, which i85 tne largest twin study of
conservatism that has been done Lo date, we nhavae tThe opportunity
to test the generality of these [indings.

The fact that attitudes are however, at least in part,
sensitive to cultural differences may make them a useful paradigm
for the exploration of models in which gene expression and
cultural effects are not independent. In view of the current
interest in cultural transmissiocn {(e.g. Cavalli-S8Torza and
Feldman, 1973; Cavalli-Sforza et al.,, 1982) it would be
interesting to see if there are any indivdual attitude ltems
Wwhich are more culture- or sex-dependent, and thus stimulate the

development of new sgales which could be used to illustrate the

mechanisms of non-hereditary fransmission belween generations,



For example, Feingold (i1684) in a study cof 825 twin pairs found
that attitude items most affected by family environment and
cultural influences related to socialism and prejudice. Thus, as
Wwell as examining the scurces of variation in the trait of
conservatism, we shall also examine the causes of variation in
the individual 1tems and attempt to determine 1f there are any
items which have a predominantly genetic or environmental basis.

6.2 MEASUREMENTS

6.2.1 The C-Scale

The C-Scale (Wilson and Patterson, 1968) was developed to
measure the general personality dimension of authoritarianism
with specific reference to "resistance t¢ change" (Patterson and
Wilson, 1969; Wilson, 1970). The scale consists of 50 items
(Table 6.1) concerning attitudes to such topies as the death
penalty, birth control, church authority and white superiority.
The twins were asked to indicate whether or not they agreed wWith
an item by c¢circling "Yes®, "27, or "No", Answers t¢ odd-numbered
items are scored such that Yes reflecits a conservative response
and No & liberal response, while Yes to even-numbered items
reflects a liberal response and No a conservative response., The
items are scored 0, 1 or 2 according to whether the response is
liberal, ambiguous or conservative, s0 that total conservatisnm
scores could range from 0 to 100 in the direction of increasing
conservatism. The scale has been used to demonstrate the
relationship between conservatism and art preference (Wilson,
1973a), projective aggression (Wilson, 1973b) and child-rearing

practices (Thomas, 1975).



Table 6.1

The C-Scale.
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Death penalty
Evolution theory
Scheool uniforms
Striptease shows
Sabbath observance
Hippies
Patriotism

Modern Art
Self-denial
Working mothers
Horosoopes

Birth control
Military drill
Co~education
Divine law
Socialism

White superiority
Cousin marriage
Moral training
Suicide
Chapercnes
Lkegalised abortion
Empire-~building
Student pranks

Licensing laws

Computer music
Chastity
Fluoridation
Royalty

Women judges
Conventional clothes
Teenage drivers
Apartheid

Nudist camps
Church authority
Disarmament
Censorship

White lies

Caning

Mixed marriage
Strict rules

Jazz
Strait-jackets
Casual living
Learning Latin
Divorce

Inborn consglence
Colourea immigration
Bible truth

Pyjama parties




6.3 RESULTS

65.3.1 Distribution of item scores and sex differences

Chi-square tests were performed to determine if there were
any significant differences between MZ and DZ endorsement
frequencies for individual items, separately for females {(Table
6£.2) and males {Table 6.3)., Of the j00 chi-sguare tests, only 9
were significant at least at the 5% level which is scarcely above
chance level. As the groups appear to be comparable, MZ and DZ
classes were combined to examine the effect of sex on endorsement
frequency.

Table 6.4 gives the percentage of individuals giving a
Liberal, ambigucus or c¢onservaltlive response toc an iltem, broken
down by sex. Chi-square tests were performed between male and
female endorsement freguencies {(Taple 6.4), There is evidence cf
highly significant sex differences in endorsement pattern for all
but 5 items, indicating that the effect 0f s8ex on response
frequency must be lilncorporated into our analyses.

5.3.2 Factor analysis of the C-Scale

The 50 items of the C-Scale were Intercorrelated using
product moment correlations, separately for males and {emales.
Principai Forchon ~g witn iteration was carried out on
the ltem correlation matrices obdtained separately for males and
females. Although 11 factors had elgenvalues greater than one,
only 8 could be easily interpreted. As we wished to test the
hypothesis that a general factor of congervatlism underiles all
soclal attitudes, we first extracted gonly one principal

Lockar . If the uni-dimensional hypothesis of social attitudes



Table 6.2° Chi-squares (for two degrees of freedom) testing the
significance of differences between MZ and DZ endorsement

frequencies for conservatism items in females.

Item 15' Item KE
1 0.46 26 3,31
2 0.93 27 13.38""
3 0.55 28 2.20
3 1.54 29 1.39
5 2.33 30 0.14
6 0.61 31 4,79
7 1.66 32 1.77
8 0.3 33 1.96
9 1.94 34 3,22
10 1,37 35 3,42
11 0.52 36 12.95 "
12 4,56 37 3.95
13 2.7k 38 0.08
14 2. 84 39 5. 64
15 2.26 40 1.80
16 0.82 1 1L HT
17 0.50 42 0.99
18 2.33 43 1,46
19 0.19 1Y 1.00
20 3,84 45 0.08
21 2.23 46 531
22 0.27 iy 2.57
23 1.4y 48 0.06
ol 4,58 49 0.55
25 0.32 50 1.09




Table 6.3 Chi-squares (for two degrees of freedom) testing the
significance of differences between MZ and D7 endorsement

frequencies in conservatism ltems in males.

Item LE ITtem li
1 0.58 26 2,14
2 0.22 27 3.82
3 3.14 28 0,57
4 0.15 29 2.0l
5 1.53 30 1.15
6 6.19" 31 0.98
7 1.15 32 0.34
8 0.08 33 1.63
9 0.55 34 1.85
10 2.03 35 0.06
1 3.06 36 2.75
12 8.59" 37 1.54
13 7.62" 38 0.21
14 13.48™" 39 45,73
15 1.78 4o 2.64
16 0.62 1 0. 28
17 0.07 42 7.51"
18 0.61 43 0.62
19 0.00 4 2.29
20 12.46™" 45 0.26
21 6.05" 46 4.35
22 1.50 47 2.38
23 0.70 48 2,22
24 2,89 49 2,69
25 2.32 50 2,21




Table 6.4

Percentage of individuals giving a liberal, ambiguous

or conservatlve response, broken down Dby sex.

Asterisks

dencte significant differences between male and female

response frequenciles.

Item
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Libveral

Female Male
33.6 30.4
28.3 20.56
8.1 24,0
22.6 57.8
26.9 36.9
28.4 34,4
9.3 12.0
48,2 LY
26.1 30.6
55.4 52.9
52.0 72.0
92.3 87.9
18.2 26.9
91.5 92. 3
18.9 30,4
24.0 29.1
83.6 81.6
4.0 18,1
4,0 7.1
8,8 17.3
56.7 55,1
61,4 £3.6
43.8 50.5
28.2 4y .3
5.0 13.1
28.9 33.4
32.9 40,6
50.7 58.6
17.3 30.7
94,4 85.3

Anbiguous
Female Male
19.5 10.3
34.0 23.7
3.3 6.7
20.6 15.2
23.1 23.5
26.3 21.06
16.5 12.6
21.4 21.2
26.6 24.8
13.9 13.4
16.7 12.2
3.1 L. 7
27.4 13.8
5.3 5.1
38.2 30.8
30.6 22.6
9.3 7.7
20.3 24,2
9.9 12.9
9.8 G.8
20.0 20,0
10.8 11.2
4.4 22.2
19,1 15.9
12.9 11.5
31.5 24.0
26.4 24.3
18.6 20.0
13.3 12.6
3.2 6.3

Conservative
Female
47.
21.
88.
56.
49,
45,
TH4.
30.
47.
30.
31.
b,
6Q.
3.
42,
45,
7.
65.
86,
81.
23.
27
21.
52.
80.
39.
4o.

21

0
8

?
8

9
3
2
5
3
7

3
6

i
1
9
5
1
8
1
i
2
8
7
&
4
G

7

T
69.
2.

b
4

Male

59.
19.
£9.
27,
39.
4y,
75.
34,
hy,

L & & W 0 N & & A "5 o o B O A RS s & s B T “ AU o - T — S o SR o e B OV

i

—t

e & e

149,
128,
457.
979.
97.
40,
30.
16.
17.

306.
41
116,

134,
61
32.
65,
54,
12.

126.
203,
89.
49.
46.

186.
191,
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Table 6.0 cont'd

Liberal Ambiguous Conservative
Item Female Male Female Male Female Male
31 14,2 11.9 15.2 14.5 7G.6 73.6
32 62.7 70.6 12.3 9.7 25.0 19.7
33 65.3 72.2 28.8 19.8 5.9 8.0
4 4o.g 63.5 18.8 15.2 40.3 21.3
35 40.9 50.5 24,4 20.8 34,7 28.7
36 40.3 56.2 35.9 17.7 23.8 26.0
37 17.3 32.6 13.8 13.3 68.9 55,1
38 55.6 51.7 16.2 17.6 28.19 30.7
39 54.5 39.7 18.5 15.5 27.1 a4 .8
&g T0.7 69.7 12.5 11.5 16.7 18.8
i1 28.8 33.5 21.4 19.7 49.8 46,8
yp £9.7 64.2 12.2 14.2 18.1 21.0
43 50.9 43.0 29.2 26.2 19.9 30.8
by 70.6 79.2 12.1 9.7 17.3 [
45 8.2 58.9 26.9 22.3 24.9 18.8
b6 £1.9 62.6 12.5 13.4 25.6 2.0
Ly T 11.7 29.13 3.0 63.2 57.3
48 57.9 54,4 22.0 16.3 20.1 29.3
49 20.3 31.6 28.0 26.0 1.7 bz 4
50 6.5 49,2 20.5 21.0 33.0 29.8

48,
79.
385.
65.
297.
2u3,
10.
252,

18.
24,
114,

71
81

42,
46.
126,
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is coféect, then we would expect that all of the odd-numbered
items should have substantial positive loadings, and the even-
numbered items substantial negative loadings, on this first
general factor.

In both males and females, with the exception of three ltems
(items 11, 28 and 45}, the attitude items do in fact load in the
prediceted direction (Table £.5). However, 20 of the items have
marginal loadings (less than 0.25). These iltems range from the
comparentively trivial (attitudes to computer music¢, Jazz and
learning Latin) to extremely sensitive and topical issues
(attitudes to apartheid, the death penalilty and disarmament),
This first principal component accounts for 12.8% and 13.0% of
the variance in items in females and males respectively. While
these percentages are slightly lower than those found in other
studies of the C~Scale in England {18.7%), the Netherlands
{15.3%) and New Zealand {14.0%) (see Wilson, 1973a}, they are
similar to the value of 12.6% found by Feather {(1975) in a study
of 57% Australian children and adults aged 14 years and over.
Thus, while in general our results support the hypothesis of a
general c¢onservatism factor, more work i3 needed to determine the
relative sallence of particular items in the Australian
population.

As previous research had indicated that 1t 1s possible to
identify other broad attitude dimensions, Independent from
conservatism, which are of psychological siginiflcance, e.g.
Eysenck's toughmindedness~tendermindedness factor, we decided to

examine more extensively the factor structure ¢f the C-Scale. We



Table 6.5 Factor pattern ccefficlents for the first prineipal

component of the C-Scale.

Item
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Females
.08
U3
.30
Y
.50
.52
.22
.34
.29
.33
.18
24
.38
.15
.53
- 31
.18
.30
.32
.38
.31
Li5
AT
.38
10

Males
19
.43
Y
16
.53
.49
24
.29
.27
.34
15
.22
.43
.13
.58
.32
Ak
.28
.36
.34
.32
Lhz
.18
.36
.20

Item
26
27
28
29
30
31
32
33
34
35
36
37
38
39
4Q
41
b2
43
PN
45
46
b7
43
49
50

Females

~.06
LU8
.02
.37
-.16
.31
~.10
.13
-.63
.51
~.22
.35
-, 25
A7
-, 31
41
.16
.04
~-. bl
~.11
-. 45
.M
-.21
.60
- 47

Males

~.12

LH8

.04

.33

.30

Ltk

.53

A5

L2

Ll

~.03

.10

.61
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chose éo extract 8 orthogonal factors, using the method of
principal g%xakcmxrfﬁ with iteration and varimax rotation,
since a preliminary analysis had shown that only & factors could
be easily interpreted., Orthogonal rotation was employed Lo
simplify the interpretation of results. In the discussion to
follow, for the purposes of interpretation a loading of 0.25 or
greater was considered large, Alsc, the order of factors does
not necessarily correspond to the sequence of extraction, The
factor pattern coefficients of items defining the sub~factors of
the C~Scale are shown in Table 6.6.

Factor 1 has high loadings on items concerning military

strength, harsh punishment and sf{rict rules and nas therefore

been labelled militarism-punitiveness,. Wwhile several of the
Ovig.  geunnek mw,{.,.airﬁ ST AP, YL WA W VP t he \*:"‘“‘5“’\537) Wa wesda g vweth Lhameddon e S
£ h lar load 1 d femal Few of | Rewker sieordy,
iltems have similar loadings in males an emales,f _ x ot Of v

Prowesar, M ¢ s Hmndr Wiy Toachee 3 B VUL DA VT VY
%more strongly identified in males than females. °% AR A
Factor 2 has been labellied reiigion. It contrasts sabbath

.

observance, divine law and church aguthority on tnhe one hand, with
evolution thecry, legallzed abortion and divorce on the other.
While there is some similarity between the sexes, this factor is
more pronounced in females than malies.

A second religion factor was identified and this has been
labelled religious fundamentalism (Factor 4}, in particular,
this factor is defined by items concerned with the role of women
as agents of reproduction (birth contrel, legalized abortion,
diverce) and as such seems to Dbe characteristic of the more
dogmatic beliefs assoclated with the Roman Catholic church and

fundamentalist proftestant sects,



Table 6.6~ Factor patitern coefficients of items defining sub-factors

of the C-Scale.

Factor 1: Militarism-punitiveness

Item

Schoeol uniforms
Sabbath observance
Patriotism
Military drill
Sccialism

Moral training
Licensing laws
Royalty
Conventional ¢lothes
Censorship

Inbern conscience

Variance accounted for

Factor 2: Religion
Item

Evelution theory
Sabbath observance
Divine law
Legalised abortion
Chastity

Church authority
Bible truth

Divorce

Variance accounted for

Females
.35
25
.52
ey

~.37
.38
.26
Y
.25
.35
.27

5.2%

Females
~.37
52
.62
~. 31
.33
.59
.71
~.25

12. 8%

Item

Death penalty
Hipples
Patriotism
Military drill
Socialism

Moral training
Licensing laws
Royalty
Conventional c¢lothes
Censorship
Church authority
Caning

3trict rules
Bible truth

Item

Evolution theory
Sabbath observance
Divine law
Legallsed aportion
Chastity

Church authority
Bible truth

Males
.30
~.26
L43
.50
=37
.39
.36
42
.35
Sz
.25
.35
ey
.25
13.0%

Males

5.7%



Table 6.6 cont'd.

Factor 3: Religious fundamentalism

Item

Birth control
Legallised abortion
Nudist camps
Divorce

Evolution theory

Variance accounted for

Females

—

Factor 4: Permissiveness

Item

Striptease shows
Hippies

Student pranks
Nudist camps
Pyjama partles
Casual living

Variance accounted for

Females

.40
bl
.28
.54
.25
2.7

.51
.48
.32
.59
)
.32

5.1%

Item

Birth control
Legalised abeortion
Nudist camps

Divorce

Item

Striptease shows
Hippies

Student pranks
Nudist camps
Pyjama parties
Chastity

Factor 5: Out-group hostility and anti-art

Item

Hippies

Medern art

Computer music

Jazz

Learning Latin
Working mothers
Student pranks
Coloured immigration
Pyjama parties

Variance accounted for

Females

.31
.52
.30
.39
-35
.26
.25
.30
.29

3. 4%

Item

Hippies

Modern art
Computer music

Jazz

Males
~. 45
~.57
-.25
-, 46

Males
.59
.31
.30
.59
.59

-.36
5.6%

Males

~.31

2.89



Table 0.6 cont'd,

Factor 6: Ragialism-prejudice

Item Females
White superiority .52
Empire building .36
Apartheid .46
Mixed marriags =.35
Coloured immigration ~. 46
Military drill .25
Variance accounted for 2.6%

Factor 7: Corporal punishment

Item Females
Death penalty .34
Caning .49
Strait jackets .38
Strict rules .37
Variance acounted for 2.3%

Factor 8: Not interpreted

Ttem Females
Student pranks .35
Variance accounted for 2.3%

Item

White superiority
Empire building
Apartheid

Mixed marriage
Coloured immigration

Women Jjudges

Item

Death penalty
Caning

Strait jackets

Suicide

Item
Self~denial

Suicide

Males
.65
.31
LAg

~ 41

~.58

~.29
3.5%

Males
.29
W37
.30
.26
2.3%

Males
.26
.26
2.3%




Féctor 5 suggests opposition to modern art forms, In
females, this factor is also associated with hostility towards
cther groups and cultures (e.g, hippies) and has been labelled
cut—-group hostility and anti-art.

Factor & is dominated by items concerning racial issues and
is thus easily identified as racialism-prejudice. This factor is
more strongly identified in males than Temales, and it iIs
interesting that in males an item concerning the status of women
(women Jjudges) also loads on this factor.

Factor 7, although defined by only a few items, 1s obviously
concerned with corporal punishment. Factor 8 is defined by only
one item in females (student pranks) and two items in males
(self~denial and suicide). This factor 1ls not easlily
interpreted, and in view of the small number of items loading on
it, may be Jjusltl a statistical artefact.

These 8 principal Hmerers account for 36.4% and 37.7% of
the variance in items in females and males respectively, and the
proportions of variance accounted for by each factor are shown in
Table 6.6. Our factors are similar to those identified in
previous studies of the C-Scale (e.g. Wilson, 1973a, Feather,
197%), and it is interesting fthat in none of these studies is
there strong evidence for Eysenck's toughmindedness-
tendemindedness factor., Wilson (1973a} nas argued that this may
be attributable to the format of the C-Scalse. He notes that the
toughmindedness~tendermindedness factor 1s the projection of
extraversion—-introversion onto the attitude field, while the

content of the attitudes of these different personality types is
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determ;ned by their position on the radicalism-conservatism
axis. Thus, he argues that radicalism-conservatism is a function
of attitude content, while toughmindedness-~-tendermindedness is a
function of item context. Since context effecis were
deliberately excluded in the format of the C-Scale, one would not
necessarlly expect tnis factor to emerge. While we have
identified several other sub-factors of social atititudes, clilearly
gonservatism 1s a general factor of almost overwhelming
importance compared to second and subsequent factors.
6.3.3 Scaling

As a test of additiviity of genetic and envirocnmental
effects, we regressed absolute within-pair differences in MZ
twins on pair sums. The proportions of variance in absolute
differences within pairs accounted for by variation in pailr sums

are shown below.

MZ MZ
females males
. *
Linear .00 .01
Quadratic (after the
linear regression was
removed) .00 .00

Both linear and quadratic components are shown and it can be seen
that in MZ twins only the linear regression in males Iis
significant and even then it only accounts for a trivial

% 'ﬂmmasj,-\)\-’n&

proportion of the within-pairs variance, lack of regression

in MZ pairs reflects the almost perfect normality of the
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distribution of C~scores (Figure 6.1) and indicates that the
scale has uniform discriminating properties across the range, at
least to the level cof second order effects.

6.3.4% Distribution of conservatism scores and sex differences

As a test of sampling, two-tailed t-tests were performed
between MZ and DZ means and varlance ratio tests bsitween the
total wvariances, separately for males and females (Table 6.7).
There are no differences in means or variances between MZ and DZ
male ftwins and the MZ and DZ female variances. The MZI female
mean conservatism score is significantly greater than the DZ
female mean but the difference 1ls trivial and only significant
because of the very large numbers avallable,

However, examination of differences vetween sexes showa that
females (X = U49.00) are more conservative than males (X = 45.21)
(t5351.3a = 12,32, p<.001), which confirms previocus results using
the C-8cale in an Australian sample (Feather, 1977, 1978). Males
also have a greater variance In C-scores than females

(Fia7y3, 4874y = 1-15, P<0.001).
6.3.5 Repeatability

Anaiysis of the C-Scores of the 94 individuals who completed
both the pilot and the main questionnaire {Table 6.8) shows that
they were typical of the total sample in distribution of C-scores
except that the males have significantly lower C~scores than
those of theltotal sample although the variances are equal.ﬁk

Analysis of variance of C~scores to cbtain meansquares

hetween and within individuals enapled calculation of the

repeatability. These are very high for females {0.86) and males
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Table 6.7 Means and variances of the twin sample for conservatlsm

scores.
Mean Variance
*%

MZ females g9.53 148,61
MZ males 45,32 175.27
DZ females 49,23 151,45
DZ males 45,08 182,22
DZ opposite-sex 46,17 158.85%

* Difference between MZ female and DZ female means significant

at the 1% level.



Table 6.8 Distribution of conservatism scores from pilot study for
individuals who also completed the main qguesitionaire.
Repeatability and within individual variance (S%) are

also shown.

Females Males
Mean g, 27 39.61
Variance 153.87 169.48
Repeatability 0.86 0.92
s& 21.14 13.52




1T,

(0.925“and indicate that conservatism scores obtalned from the C-
Scale are very repeatable, at least over the short term. The
within pair variance components (SﬁzMSw} are also shown in Table
6.8 and these are estimates of the portion of the total variance
which is unrepeatable ancd will include measurement error.
Although S% is higher in females than males, this difference is
not significant.,

6.3.6 Genetic and environmental analysis of variation in

conservatism scores

Alternative models of variation were fitted to between- and
within-pairs mean squares using the method of iterative weighted
least squares {see section 3.3.6.1). As there was a significant
difference between male and female means, we corrected for this
by replacing the within-pairs mean square with the residual
within~-pairs mean square corrected for sex differences in means
(section 3.3.6.1).

When a variable is age dependent, this inflates the between-
pairs mean square. The linear age correiaticn with conservatisnm
is 0.37 for males and 0.44 for lemales and both are nighly
significant. We corrected for this age dependence ({(section
3.3.6.1) and the ten mean squares and their degrees of freedom,
corrected for sex differences and regression on age, are shown in
Table 6.9.

We may also examine whether twins become less similar with
age by correlating absolute pair differences with age and these
are shown in Table 6.10. Correlations are small and non

significant for the two MZ groups and for DZ females but zare



Table 6.9 Observed mean squares for conservatism

Statistic Degrees of Mean
freedonm Square
MZ Female Between® 231 200.39
Within 1233 43,66
MZ Male Between® 564 250,49
Within 566 62. 44
DZ Female Between® 749 175.62
Within 751 a4, 25
DZ Male Between? 350 238.67
Within 3Rz 85.06
DZ Opposite sex Between® 90k 179.92
Within® 905 76.05
a

Corrected for regression on age

Corrected for sex differences in means



Table 6.10 Correlation of absolute differences in conservatism

scores with age.

MZF MZM DZF DZM DZO

0.05 0.00 0.04 0.20%** 0.12%"*
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highly_significant for DZ males and opposite sex pairs, This
indicates that in males, genetic¢ differences for conservatism
become more pronounced with age, but no such effectf 18 apparent
in females. If environmental circumstances of co-twins become
more different with age, these do not appear to produce greater
differences in conservatism scores,

The results cof fitting models of variation to conservatism
scores are shown in Table 6.11. Both the Eq{E, and E,V, model
fail to adeguately describe the data in either males or females
but a model inc¢luding all three sources of variation (E1E2VA)
gives excellent Fits in both sexes. However, when this model is
fitted to the combined male and female data it fails badly and
the chi-square for heterogenelity of fit over sexes is highly
significant <X§ = 60.66, p<.0C1). Inspection ¢f the parameter
estimates reveals that there are larger ﬁg and §2 components for
males than females but a similar estimate of VA in both sexes.

Fitting separate Eq and E, parameters for males and {emales
(Table 6.12) causes a significant reduction in chi-square (X% =

R patcelrdiow lsefuee. &, efCecks L olas sa [N
60.01, p<.001). The correlation RE2 = O.QOLis not
MF

significantly different from unity and indicates that the same Ez
effects which act in males also act in females buft with a smaller
effect on the varlance. The significant correlation of absolute
Wwithin-pair differences with age in DZ males and opposite-sex
pairs indicating that in males genetic differences for
conservatism become more pronounced with age,

As described in section 3.3.6.1 our estimate of Eg can be

better described by a parameter B which may be attributable to



Table 6.11

Summary of model-~fitting to age~corrected conservatism scores.

~

E, E, v, ' af 2 h®
Female
E,E, 51.457°° 69,797 - - 2 st
E,V, y1.82°" - 77.82°° - 2 21.317%"
E B,V 43.58™" 35,677 w1.92" " - (Y .35 £ .06
E\V,Vp 43,58 - 148,92 ~71.33 P 0.1
Male
E,E, (AR ERER: ' S S - 2 1.4
B,V 59.59"" - 97.28" " - 2 13.32"
E{E,V, 62.69 " 52,71 43.28" - 1 0.20 27 & .09
E W, Vy 62.69" 1 - 201" —105.42 1 0.20
Female & Male
E, Es 57.67  75.35 ¢ - - 6 108,317
E,V, R PR 83.99" " - 6 97.73" "
£ Eply 49.58"* 4o.95™" w2.50™F - 5 60.97°""
E W, V) 59,58"% - 165.35"° " ~81.90 5 60,97
Female & Male
& Opposite-sex
E,E, 62.047 " 69.78" " - - 8§ 135.90°
BV, 46.u3" - 83.51° " - 8 110.947"
BBV, 49.45™ 35,33 ap9r™ - 7 ek
BV, by ns™* - 150,95 ¢ ~68.66 7  Gh.ui




Table 6.12 Estimates {(+ s.e.) obtained after fitting a model allowing different

environmental components of variation in males and females for
age-corrected conservatism scores.

v g 7 F B £
A T g 2y 25 2yp
gy, sy **¥ 62.05%** 03,y FXF ng.yptE¥ 34,57 ** 37,137 **
+  6.34 3.26 1.69 7,49 6.12 §.96
2 - 4,40 (p = )
Xu - * p - ~35
he = 0.27 + .0b ne - 0.35 + .05
males : - females - < o
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cultural variation (E2) or additional genetic variation due to

asseortative mating (AM) or both. In fact
B = E, + V, (A/(1-2))

where A hau ., A 1Is the correlation between additive deviations

of spouses, h® the heritability and p the observed marital
correlation (Eaves, 1977). If an estimate of p is available we

can solve the quadratic equation

A = noy

#

w(V, CT+(A/1-R))) /g

(where Vo = E4 + B + V,) in A, obtain AM = V, (A/1-A)) (the extra
additive genetic variation due to0 asscrtative mating) and by
subtraction of this term from B we can obtaln an estimate of
"true E,".

We do not have an estimate of the phenotypic marital
correlation for conservatism in the parents of twins in this
study, but Feather (1978) in his use of the {-Scale in an
Australian sample obtained a marital correlation of 0.675 from
103 husband~wife pairs, Using this value as our estimate of gy
and the mean of VT for males and females as the value Vg, we
obtain the breakdown of B into £, and AM as shown in Table
6.13. Thus approximately 38% of the variation in conservatism in
males is genetic in origin and in females this rises to
approximately 49%. Cultural influences and parental transmission
account for about 21% and 14% of the variation in males and

females respectively, the remaining variance due to non-



Table 6.13 Sources of

variance (%) for age~corrected Conservatism

scores.
Females Males
///error ////,18 /////9
Eq 36 1§
individual N 18 N 32
environment
Vy 35 27
total genetic 49 38
assortative 14 11
mating ///// ///f/
Es 25 32
family 15 \21

environment
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repeatabie "error"™ and that due to repeatable individual
environmental differences,

6.3.6.1 An alternative approach t¢ the resclution of assortative

mating and cultural transmission

in the previous section we demonstrated one method for
partitioning the effects of assortative mating from cultural
inheritance. However, such an approach does not enable us to
estimate directly the importance of these effects. We now
illustrate an alternative approach, based on path analysis of
familial correlations, which enables us to obtain direct
estimates of these parameters.

In Figure 6.2 we present a path diagram which represents
genetic and cultural inheritance in nuclear families in the
presence of phenotypic assortative mating. The model assumes
transmission cof additive genetic differences, A, and a direct
cultural effect of parental phenotype, P, on the phenotype of
offspring. The regression of phenctype on genctype 18 h in
males, h' in females and the partial regression of offspring

phenotype on parental phenotpye 1s b in males and b' in

females. The parameter b, therefore, represents cultural
inheritance in the model. The phenotypic correlation between
mates is u. Under the rules of path analysis, the paths from

phenctype of parent to additive genetic effect (w and w') can be
expressed as functions of h, h', b, b' and py at equilibrium under
cultural transmission and assortative mating. For readers
unfamiliar with the technigue of path analysis, a brief

description follows,
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éésic to path analysis is the path diagram {e.g. Figure
6.2), in which every latent or measured variable is represented
by paths which may be determined by either independent variables
{'ultimate factors') or other variables which may in turn have a
common causal basisa§$Tw0wheaded paths are used to connect
uitimate factors and indicate unanalysed correlations. That 1s,
the cause of covariation is left amblguous {(causal or spurious)
and no directionality is implied. A saingle~headed path from an
ultimate (or dependent) variable to another dependent variable
inplies a direct causal influence, and thus indicates a
regression on the dependent variable. It 1s assumed that all
measured and latent variables have been standarised Lo zero mean
and unit variance. On fhis model, the expectation for the
correlation between two variables in terms of the path
coeffTicients in the path diagram may be derived using the
following rules (Wright, 1968):

i)Locate the two variables of interest and trace all
possible rules betwesen then. Note, however, that 1t is possible
to reverse direction once, Dbut only once; and that it is not
possible, in a single route, to pass through a variable more than
onece.

ii)Calculate the contribution of each route ftraced as the
product of the path coefficients along which the route was
traced.

iii)Calculate the expected correlation between two variables

as the sum of the contributions of all possible routes.
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Thus, following these rules, the expectation of w in terms
of h, b and y {(assuming equilibrium) can be calculated by tracing
the following routes:

A to Pgg,

A to Ap, to Py, to Pgg,

A to App to Ppy to Pyy to Pgg,

A Lo Ayg to Pyy to Pgg and

A Lo Ayp to PMO to PFA to Pgqg.

These routes make contributions to the path between phenofype of
parent to additive genetic effect, h, 1/2bw, 1/2ubw, 1/2bw' and
i/2ubw' and summing these gives

W o= h + 1/2b{w + w')}{1 + u).

Similarly, the rules of path analysis permit tLhe expected .
correlations of twins and spouses to be calculated as shown in
Table 6,14,

Having derived expected correlations, it is now pessible Lo
fit models to the observed correlations for conservatism {Table
65.15) using the method of non-linear weighted least squares {(Rao
et al., 1977). Estimation involves the selection of parameter
estimates which minimise the function
1

(z ~ z)

C = (z-2)E (2

[

where 2z 1s the coiumn vector of z-transformed observed

correlationsz, z the corresponding vector of z-transformed

2 If we have an cobserved correlation r, then the z-transform is
calculated as z = 1/2£logG(T+r) -~ loge(i~r}] Wwith standard error
17/ (N - 3), Where N is the number of observations on which r was

calculated.



Table 6.1% The expected correlations of twins and spouses in the

presence of phenctypic assortative mating.

Relationship Expected correlaticn

MZ Female nte 2b‘2{1+u) + bh! (wtw' ) (1+u)

M7 Male n2 + 202(1+u) + bh{wrw') (1)

DZ Female 1720 2( 14w’ ) + 20 2(14p) + BPh' (wrwt ) (1+y)
DZ Male 1/20%(1+uww’) + 202(1+u) + oh{wew' ) {1+y)

DZ Opposite~sex 1/2hh!' (1+pww') + 2bb'Y{1+y) + 1/2{bh'+b'h) (w+w' ) (1+yu)

Spouses u

where W h + 1/72p{wtw')}{(1+p) and

=
i

h' + 172" (wew' ) (T+u) .



Table 6.15 Age—~corrected correlations for twins conservatism scores.

MZF MZM DZF DZM DZO

0.6429 0.6028 C.4642 0.4729 0.4064
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expected correlations, E is diagonal with elements BEiy = 1/(Ni -
3), and Ny is the number of observations from which the observed
correlations were calculated. We have minimised C using a
subroutine for constrained optimisation (EOQOHUAF) from the
Numerical Algorithms Group Library (1981). This procedure wilil
yield maximum likelhood estimates of the parameters we choocse to
estimate. Since the g's are normally distributed and
independent, the sum of weighted residuals (i.e the minimum value
of C) is approximately ehi~square for n-p degrees of freedom,
where n i1s the number of observed correlations and p is the
number of free parameters estimated in the model.

Models were Fitted to the age-~corrected correlations of the
five twin groups cocnservatism scores (Table 6.15), with the
marital correlation (u) fixed at 0.67% {(Feather, 1978). Because
this correlation was based on relatively small numbers (n=103)
and had not been age~corrected, we also repeated our analysis

N O A \ed s vessmeedia \ewes Wouad ok Yhe weriled  Cormcdiie.
specifying a value of p = O.AOOK The results of model-fitting
are shown in Table 6.16.

The rasults for yp = 0.675 show that models allowing only for
cultural inheritance {(models 1 and 2) give an extremely poor fit
to the data. In contrast, a model allowing genetic¢ inheritance,
with the same genetic effects in males and females (model 3),
gives an excellent f£it to the data. No further reductions 1in
chi-square were seen by either allowing different genetic effects
in males and females {model 4), or including the effects of

cultural inheritance {(models 5 and 6). Although it could be

argued that a marital correlation of 0.675 is extremely high, and



Table 6,16 Results of fitting models specifying genetic and
cultural inheritance in the presence of phenotypic
assortative mating to twin and spouse correlations

for conservatism scores.

Model h n' b b . df 2

1. by - - e - 675 I 73.38" %
2. ob'y - ~ .38 A1 L6758 3 68.68" "
3. hy .79 - - - 675 4 4,61

4, hh'y .78 .80 - - 675 3 2.84

5. hou .81 - -.02 - 675 3 4, U6

6. hn'bb'y .75 .83 02 -.02 675 1 2.70

1. bu . - L - 400 4 73.38" %"
2. bbly - - 2 45 L100 3 66.68°""
3. hu .80 - - - 100 4 7.3

4. hh'y .79 .81 - - 100 3 6.04

5. hby 71 . .07 - L4500 3 4,46

6. hh'bb'y .67 .73 .09 .07 L4000 1 2. 71
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that it might arise from convergence after marriage rather than
being an initial correlation at the time of mate selection, ocur
conservative estimate of p = 0.400 leaves the coneclusions of
model-fitting unaltered. Furthermore, in an earlier study,
Martin (1978) found no correlation between absolute differences
in radicalism scores of spouses and the number of years they had
been married,. Thus we have noc evidence that resemblance between
mates i1s due to convergence after marriage. QOur results show
that when we specify explicitly the effects of genetic and
cultural inheritance, we have no evidence that family environment
effects variatiocn in the tralt of conservatism.

6.3.7 Genetic and environmental analysis of variation in

conservatism items

The twins' responses to the 50 C-Scale items were summarised
by 3%3 Qontingency tables containing the number of twin pairs
whose joint responses fell into each of the nine possible reponse
categories., The set of 50 3x3 contingency tables is available
from the author on reguest., Alternative models of variation were
fitted f£o these contingency tables using the ftechnique of
threshold analysis (section 3.3.7.1), except that, having three
response categories, there were two threshold values to be
estimated. As the majority of items had shown significant
differences in endorsement freguency between fthe sexes we
estimated separate thresholds for males and females for all the
nodels that were fitted. In the case of the five items not
showing significant sex differences In endorsement frequency

(Table 6.4), after deciding on the best fitting model, we fitted
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that model agalin estimating a common threshold for males and
females. In every case this resulted in the model with sex
independent thresholds being accepted as most appropriate and
this will be obvious in the table of model-fitting.

The 1ikelihood ratio tests of specific models against the
full model for conservatism items are shown in Table 6.17. Table
6.18 gives, for the best fitting model, the values of the genetic
and environmental parameters estimated and the positions of the
thresholds on the underlying distribution of liability.

For two items it was not possible to find an adequate
description of the data. Of the remaining items, only 3 were

best it by a purely environmental model, while a simple genetic

[N

model 1is adequate for 21 of the items. The EEEEVA model provides
the best it for 15 items,.

Feor the remaining 9 items it was necessary to it models
specifying sex~-limited genetic and/c¢r environmental effects. The
VAMVAFVAMF model 1s appropriate for one item (item 23). For this
item ("Empire building®) the correlation between additive genetic
effects in males and females is 0.59, indicating that there are
some differences in the genes acting in males and females. For
items 3 and 25, the E2 By Es5 ¥V, model 1s most appropriate. For

M “F “MF ™M
items 3 ("School uniforms") and 25 ("Licensing laws'") the
correlations between family environmental effects in males and
females (rgzMF) are .61 and 0.07 respectively., This indicates
that for item 3 there are some different, and for item 25

completely different, family environmental effects in males and

females. For items 12 {"Birth controel") and 48 ("Coloured



Table 6.17 Likelihood ratio test of specific models as compared to the full model for corservabism 3‘.tem:3.Jr

Ttem
Model o1 2 3 55 6 7 8 9 10 11 12
E, i oug.se™ 2u.82" 152" 26.78™ 2uke™ 18.62° 19.18" 30,40 14,36 23.08" 27.08" " 17.12"
v, N 152 2us6 0 11220 1B.66T 9.58° 23060 7.90  13.60° 324 6.3 8.4 19.047
BV, 3 12 7.8 7.6 7.0 058 2.9 5.8 10528 220 WE 668 11.78
E,E, B, V 1 - - 0.18 - - - - - - - - -
% % G By ) .
EzME2 EZ{\/E?UA 1 - - - - - - - - - - 0.1
5 E Va Va - - - - ~ - 0.04 0.2 - - 0.06 -
~ log likelihood
of full model TI7.42 TS94.02 HO92.H7 TI92.87 T781.48 7830.87 5496.80 7828.75 7T994.03 T237.62 6900.73 2715.49
Model o 13 14 15 16 17 18 19 20 21 2 23 24
E, Booss6T L2 13060 16.62° 16,560 AT.O0HT 876 21,36 28,820 23.060 " 36.46° T 20,48
v, yoo376 8.0 200277 16387 hst L4 686 18725 .56 3166 T.M6 (w20
EoVy 30078 1.a2 37 K10 370 O 218 13.78° T.52 3.06 6.04 468
V, U 2 - - - - - - - - - - 0.50 -~
[ 0.%0
- log likelihood
of full model 6999.49 252424 7869.40 TE57.26 1285.37 6858.23 HOL3.64 4688.22 THIB.33 6US3.T6 79180 7513.77
Model ar 25 26 27 28 29 30 3 32 33 3 35 36
E, boogus 250027 39.067 1/ w3108 7. 28767 8.0 27,380 18.62° 18.56° 25,94
v, B9z W58 27,3600 2, 6TH 6.3 6.8 27 208 30.2° 13600 LR
BV, 3 8600 146 21370 048 266 5.6 WA 036 2.08 1.8 216 1.5
1086 - - - - - - - - - ~ -
B = u
B, B, V - -~ 2.3 - - - - - - - - -
225 o by —

~ log likelimood
of full model 5002.13 8206.09 8050.61 T163.38 612,57 2613.48 5964.67 6463.18 5867.25 7265.21 7863.00 7832.61
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Item

Model o 37 38 39 10 i 82 i3 4 45 46 47 8
E, b2 ™ 2t 1800 e™ 21 uae 13.2™ 0t 26.16™ 26,30 23,88
A 400 108 118 776 338 266 7.2 9.82° 1.9 6.00 858 18.76"
B,V 3056 04 528 540 1.78 260 3.08  3.68  1.08 2.8 850 1264
Bale ot 1T - - - N - - - - - - 018

- log iikelihood

of full model 6607.31 Tu32.18 T531.24 6038.66 T97.76 631252 7906.57 S5565.47 T6OT.7h 6726.49 6616.11 7298.50
Model a9 50

E, 5 19.8™ 3.0

‘A b a2 s ot

EVy 3 466 2.18

~ log Tikelinood

of full model 756814 T657.81

T Wnere twice the difference in log likelihood of the models under comparison has X2 distribution with degrees of freedun equal to
fhe differences in the number of paraneters in the two models. Values for the best fitting model are underlired,



Table 6.18 Parameter estimates and position of the thresiolds for best Fitting models For conservatism items,

Item

TTM
-0.521
0.7C5
-0.614
-0.347
~0.113
~1.175
~0.388
0.5
~0. 414
0.580
~7. 450
~0.626
-1
-0.535
~0.025
0.897
G.173
~1.473

0.
~0.

0.009
—0.252
~1.122
-0.187

T1F
-0.423
~1.397

0.170
-0.615
~G.27
-1.318
-0.514
-0.610
-0.509

0.062
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-0.124
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-0.503 -1.206
-0.193  0.746
0.248  0.000
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1.001 G490
~1.168 —1.427
-0.242 ~0.256
-1.392
0.264  0.191
0.565  0.698
1.241 14N
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0.2
~0.309
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0.151  0.567
-0.687 -0.850
0,430  0.35%5
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0.472
0.465

0.642
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0.612
0.524
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0.599
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0.599
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0.740

E
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0.115
0.626

0.627
0.515

-

0.7

0.687
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0,485

0.568
0.514

0.504
0.338

0.603

0.855

)

0.209
0.178
0.261

0.388
0.257
0.210
0.194

0.324

0.192
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0.288

0.366
0.039

0.030
0.48

0.135
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0.515

0.257

0.1%
0.465

0.145

"2

0.236

0.0

Vp

0.509
0,329
0.350
0.274

0,338
0.460

0.525

0.219
0.257
0.501
0.5M
0.287
0.40
0.325

0.302

0.260

0.289

0.178

0.164
0.22%

0.30
0.197

0.397

0.201
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Itam

a7
28
29
30
31
32
33
34
35
36
37
38
39
o
iy
2
13
Ly
b5
U6
N7
43
45
50

T
T

-0,237

~C.

-0.506
-1.372
-1.183
-0.853

0,586
~3.789

0.000
-0.635
-0, 451
-0.501
~(.260
-0.874
-0.428
~0.783
~0.176
~-1.225
0.223

-0.

~1.185
~0.538
~0.498
-0.514

?1F
-0. 544
783
~0.940
-1.978
~1.070
-0.676
0.402
-0.252
-0.225
-0.714
~0.941
~0.581
0.112
-0.970
=0.557
-0.916
C.022
-0.642
=0, 044
675
-1.426
-0.84%
-0.819

~0. 444

"2y
0.383
-0
~0,172
-1, 046
-(3,0636
~(0.543
1,401
~0.336
0.548
~(.150
~(.105
~0. 042
0.133
-0.510
0.075
0,365
0.500
~(,820
0.882
~(
-0.187
-0.106
0.166
0,031

TEF
0.234
235
~-0.505
~1.589
~0.542
~0.325
1.556
0.223
0.399
0.244
-0,490
=0.142
0,611
-0.547
0.007
~0.520
0. 84l
~0,542
0.680
310
—0.339
-G.205
-0,033
0.085

Fq

0. 544
0.429
0.568
0.650
0.608
0.514
0,402
0.503
0.617
0.560
0.5%
0.617
0.548
0.59%9
0.527
0.806
0.516
0.670
0. 466
0.65

0. 411
0.502

0.572

0.549

g

0.521

0.570

E;

0.317
0.203

0.170
0,122

0.194

0.193

0.338
0.498
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0.022

0.451

E E
23 Qe

0.398 -

0.235  0.192

0,456
0.436
0.432
0.350
0.392
0.486
0,281
0.294
0.383
0. 440
0.410
0.213
0.330
0,407
0.473

0.291
0.330
0.534
0.334

0.251
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immigration") the E2 52 Es VA model 1s most appropriate, and
M “F “"MF °F

rﬂzMF is 0.57 and 0.5% respectively, indicating that there are
some differences in family environmental effects in males and
females. For the remaining 4 items the EzMEZFVAMVAF model 18
most appropriate., While this model assumes that the same genetic
and environmental effects act Iin males and females, for items &
("Modern art"), 1t ("Horoscopes') and 27 ("Chastity") V, has a
greater, and 82 a smaller, effect on the variance in males than
females. For item 7 {("Patriotism")} both EZ and VA have a greater
effect on the variance in males than females. Qur analysis of
the conservatism iltems shows that when additive genetic effects
are present they account for between 8% and 53% of the variance,
while when common family envirconment i{s present it accounts for
3% to 52% of the variance, the remaining variance due to the

effects of individual environment and error.

6.3.7.1 The relationship between items and factors

We conclude our analysis by comparing the results from our
factor analysis and the genetic analysis of the trait of
conservatism and the individual items,

We first examine whether there is any heterogeneity in the
contribution of genetic factors Lo individual items. The
heritabilities of the conservatism items, and their standard
errors, are shown in Figure 6.3. As 1n our analysis of the EPQ
items (section 3.3.7.6), as a test of heterogeneity we fitted a
model that assumed that the heritablilities of the conservatism
items were equal, using the method of iterative weighted least

squares, The mean heritability was calculated as 0.40+0.005, and
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this model resulted in a highly significant heterogeneity chi-
square (x§3 = 226.67, p<.001), indicatlng that there are
significant differences in the prcportion of variance
attributable to genetic factors in the individual items.

As we argued in section 3.3.7.6, while some of this
heterogeneity may reflect inter-item differences in reliability,
it may also reflect the relationship between individual items and
the factor of conservatism. Using the results from the first
principal component solution (secticn 6.3.2), and recognising
that there is evidence that both genetic and cultural factors are
important to iltem variation, we correlated éa and %A' estimated
from the it of the EiEZVA model, with the the factor loadings of
items on the general factor of conservatism {(Table 6.19).

-The results are surprisiang indeed. In neither sex does the
estimate of VA for an item correlate with its loading on the
generai conservatism factocr. However, in both sexes, there is a
highly significant and positive correlation between the between-
families environmental component of an item and its loading on
the conservatism factor. That is, ittems wnich have Lhe grealest
loading on the general factor of conservatism display, on
average, the greatest cultural componéent. This suggests that
while genetic factors contribute te specific attitudes, cultural
factors contribute Lo the correlations between these attitudes,

At firast glance, these findings seem Lo contradict the
results of our genetic analysis of the trait of conservatism.

The composite score of conservatism includes information on the

covariation petween items, and yet we found no evidence for



Table 6.19 Correlations of E, and V, with factor loadings from the

first principal component sclution of the C~Scale?.

Females Males
EE X * %
E, 0.58 0.527 "
~-0,08 ~-0,06

T E, and v, estinatec from the fit of the E,E,V, model
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oulturél inheritance for the trait of conservatism. However, as
we have noted previously, the trait of conservatism shows
remarkably high correlations between spouses. If such
correlations reflect association between cultural and genetic
determinants of attitudes rather than convergence in opinions
after marriage, they will generate parental and sibling
correlations in excess of those predicted under random mating.
Thus, if the spousal correlation of attitudes is reflected ai the
item level, then assortative mating will simulate the effects of
cultural resemblance bhetwesgn relatives even when vertical
transmission is purely genetic, We suggest that it is in fact
assortative mating that generates the significant covariation
between attitude items, and that the correlation between mates
predicts very well the increased similarity of DZ twins which we
have attributed to cultural inheritance in our analysis of the
individual itens.

6.4 DISCUSSION

Qur results support a view of the structure of social
attitudes which stresses the importance of an underlying general
factor of conservatism, However, while cur results are similar
to those of Feather {1875} in his study of conservatism in an
Australian population, in both studies the factor of conservatism
is not as c¢learly defined as has been found 1in other studies of
the C~Scale in Western populations (see Wilson, 1973a). As we
have noted, secular changes in attitudes demand frequent revision
of test instruments. Certainly, a study of the salience of

particular attitude items in the Australian population is needed.
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wﬂile Wwe have been able to ldentify sub-factors of social
attitudes, the general factor of conservatism 1is considerably
more lmportant than these subsequent factors. Furthermore, there
is some evidence that these factors differ between the sexes.
While Eysenck (1954) found that radicalism-c¢onservatism and
toughmindedness-tendermindedness were of approximately equal
importance in terms of the amount of variance in social attitudes
that they accounted for, we found no evidence for a
toughmindedness~tendermindedness component., If as Wilson (1973a)
argues this is because context effects have been eliminated in
the format of the C-Scale, it would be interesting to see I we
could identify a toughmindedness-tendermindedness factor in the
fAustralian population using a scale which does not eliminate
context effects and purports Lo measure toughmindedness4
tendermindedness (e.g. Eysencik’'s Public Opinion Inventory;
Eysenck, 19547,

It has been argued that cultural transmission from parents
to offspring is the most important cause of famillial aggregation
in conservatism scores (Feather, 1978) and related attitudes
{Cavalli-Sforza et al., 1982). OQur analysis shows, however, that
a purely sccial model which includes only individual and‘family
environmental effects 1s inadequate te explain variatiocn in
conservatism. In contrast to Eaves and Eysenck (1974) we also
find that a simple individual environmental and additive genetic
model 13 also inappropriate.

Qur results, based on fitting models to mean squares, are

similar to those of three independent twin studies (see Eaves et
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al., f§78 for a summary) that measured conservatism by three
different scales. In every case approximately equal proportions
of variance were assigned to additive genetic effects, within-
family environment effects and a between-family component {B),
which may be due to cultural inheritance or assortative mating.
When aorrected for the effects of assortative mating, the results
suggested that approximately half ©of the variance due Lo B was
attributable to cultural inheritance. However, the method used
provided no test of this aspect of the model.

In contrast Lo these earlier twin studies, we did fit models
that estimated directly the effects of genetic and cultural
inheritance 1in the presence of phenotypic assortative mating. We
found no evidence for the importance of family environment, This
result is similar to that obtalined by Eaves et al. {1678) in
their study of conservatism based on 445 individuals from
pedigrees iﬁcluding parents, natural and adopted children.
Fitting modeis to these irregular pedigrees yielded parameter
estimates very similar to those from the present study, the most
parsimoniocus model included only E1VA and the assortative mating
parameter A, Inclusicn of a Tamily environment parameter in the
model did not improve the likelinoocd and the estimate of E, was
small and non-significant. Competing models whiech included
effects of cultural transmission were less parsimonious, gave no
improvement in likelihocd and &ielded aestimates of cultural
transmission parameters which were small and not significantly

different from zero.



131,

Tﬁe final test of the wvaildity of making generalisations
from twin data about the causes of variation in the general
population must be its ability to make predictions about other
twin and non-twin relatives. We predict a zero correlation
between foster-~parent and adult foster-child For conservatism.
Our model {(Table 6.16, model 3; h=0.79, u=0.675) predicts a
parent-offspring correlation of 1/2h2(2+p)x0.52, correlations of
1/4n2(1+n%y)%=0.32 for the offspring of monozygotic twins and
n€=0.62 for separated monozygotic twins. If ocur model of
assortative mating is correct we predict that the spouses of sibs
should show a correlation of 1/2h2u2(1+h2u)=0.20. The
correlation between the spouse of one MZ twin and the co~twin is
not expected to differ significantly from haumo.&2. All these
data are potentially obtainable and can yield further tests of
our model.

Qur analysis of the individual conservatism items indicates
that 21 items show marked support for genetlc Inheritance, but
not cultural transmission., For 15 items there is evidence of
both genetic and socilal components of family resemblance, and for
an additional 9 items there is strong indication of sex
differences in these effects. Only 3 items snow signif;oant
cultural transmission but no genetic transmission.

We found significant heterogeneity in conservatism items.
However, there was a consistent trend for items with a strong
cultural component Lo load more highly on the general factor of
conservatism. It should be noted, however, that random mating

was assumed in ocur analysis of the individual items. Positive
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assortative mating will resulft in Iinflated estimates of the
shared environmental effect 1n twin data and this will give false
support for cultural transmission even when inheritance 1s purely
genetic,.

In fact, there is remarkable resemblance between spouses for
conservatism (Feather, 1978). The correlation of 0.675 is
amongst the highest marital correlations for any character,
phyvsical or behaviocural {(Spuhler, 1%68; Vandenberg, 1972). 1t
might be objected that such a high correlation arises from
convergence of attitudes aftfter marriage rather than being an
initial marital correlation. We know of no direct evidence to
support or centradict this view, However, Martin (1978} found no
correlation between the absolute difference in radicalism scores
of spouses and the number of years they had peen married.
Similarliy, Eaves {personal communication) studying a sample of
301 spouse palrs in Virginia, USA witn a 42 year range in the
duration of marrlage, found a correlation of ~-0.11 hetween
duration of marriage and absoclute spouse differences in
whnil i hin welr wggmw Qw,m?ywww &M&an5@Mﬁiﬁﬂﬁﬂ“mwg\0$ﬂg\w B R L
radioalismﬁ The apparent lack of divergence between the C-scores

' b
of MZ co-twins with age (Table 5.10) isznot what one would expect
if attitudes tended to converge towards those of spouses,
although a high correlation betwsen spouses of MZ co-~twins might
vitiate this test.

The evidence so far suggests thalt 1t is unlikely that the
resemblance between mates is simply due to convergence after
marriage, although as Cavallli~Sforza et al. (1982) suggest, a

longitudinal study of spouses would be necessary to determine if
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there is any spousal interaction. Rather, 1t appears that
assortative mating is primary, and that this generates a
significant association between the causes of variation in the
next generation. Thus we suggest that at both the item and trait
level, the correlation between mates predicts very well the
excess similarity of DZ twins for conservatism.

Although the high correlation between spouses for
conservatism is well documented, the evolutionary significance of
assortative mating needs to be assessed. Species are likely to
invest resources in the selection of mates for traits that are
especially adaptive. Certainly, the role of attitude concordance
in mate selection and marital success neseds further

investigaticn,
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CHAPTER 7 THE CAUSES OF VARIATION IN DRINKING BEHAVIOUR

7.1 INTRODUCTION

The existence of large variations between people in the use
of alcohol has long been established and although a number of
studies have investigated the contribution of genetic and
environmental factors to variation in alcohol use, the results
show little agreement,

Perry (1973) in a study of 84 pairs of twins found a
substantial heritablility of .56 for the amount of alcohol
consumed per week. In contrast, Conterio and Chiarelli (19%962)
studying drinking behaviour Iin a sample of 77 male twina found
that MZ twins were not significantly more alike than DZ twins
with respect to a drinking/non-drinking dichotomy or a wine
drinking/wine non-drinking dichotomy. Also, there was no
difference between MZ and DZ concordance for quantity of wine
consumed. While both these studies were based on small samples,
larger studlies have also falled Lo give conclusive results.,

Partanen et al, {(1966) studied drinking behaviour in 902
pairs of male Ifwins aged between 28 and 37 vears and derived
three measures of alcohol consumption based on a factor analysis
of drinking items. The first, Density, measured the frequency of
alconol consumption, The second, Amount, measured both tfThe
gquantity of alcohol consumed and the duration of drinking during
the last reported drinking occasion, Thne third, Lack of Control,
measured the individual's control over nis consumption. The
results showed that genetic factors were an important determinant

of a persons drinking behaviour, the heritability estimates for
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Densit& and Amount being .39 and .3% respectively. Lack of
fontrol had a lower heritability of .14. An interesting
difference was however found in the comparison of younger {(28-33)
and older (34-37) pairs. The heritabilities weﬁe much higher for
younger than older twins for both Density (.52 vs .31) and Lack
of Control (.54 vs ~.07). The heritability for Amount was .37
for both age groups.

Kaprioc et al. (1981) in a study of 5044 male twins aged 18
and ¢over found a heritability of .51 For alcohol use,. However,
when they analysed the data separately for 10 year age cohorts,
the heritability was close to zero for those older than £0.

These results and those of Partanen et al. (1966} suggest that
age is an important factor which needs to be considered in
genetic studies of drinking behaviour.

Different results on the causes of variation in drinking
behaviour are also obtalined when one considers males and females
separately. Cederlof et al. {1977) studied alcohol consumption
in 13000 pairs of twing and found higher ccoincidence rates in MZ
and DZ twina for drinking and particularly excessive drinking,
but that this higher coincidence was much more pronounced in
females than males. Clifford et al. {1981) in a study of 399
twin pairs found that genetic Influences seemed to be ilmportant
in aicohol consumption in both males and females although for
females there was evidence of a competition effect as well, where
the consunmption of one twin, whether high or low, influenced the

other twin to drink in the opposite manner,
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Oﬁerall, the results of these various studies suggest that
there are genefic factors contributing to variation in alcohol
consumption but thelr importance depends on the age and sex of
the individual.

In this chapter we shall assess the relative importance of
genetie and environmental factors in determining variation in
drinking behaviour. We shall examine concordance with respect to
a drinking/non-drinking dichotomy and the frequency of alcohol
consumption, as well as determine the causss of variation in the
amount of alcohol consumed Cask eeolMswa D .

7.2 MEASURES OF DRINKING BEHAVIOUR

The items relating to alcohol use from the entire twin
guestionnaire are given in Appendix I. We have looked at several
measures of alcohol consumption based on these items:

1. Drinking status ~ based on item 33 each twin was

classified as either a drinker or non-drinker.

2. Frequency of alcohol consumpbion - based on 1tems 33 and

35, the freguency of alc¢ohol c¢onsumption cver the previous year
was recorded, Non-drinkers were alsoc included and were given an
additional code ¢f 'never'", giving seven categories of
consumption,

3. Normal weekly algohol consumption - based on items 35-~39

we have calculated an average of weekly alcohol consumption which

reflects usual drinking behaviour,.

4, Alcohol consumption last week - Dbased on item 40 we have

caleculated the actual amount of alcohol consumed over Lthe course
of the previous week. These last two measures were calculated as

the total number of standard drinks (beer, wine, spirits etc)
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consumed. A comparison of the two measures allows us to assess
the variability of consumption and/or response,. |

We shall first present our analysis of the categorical data
concerning drinking status and the frequency of drinking. This
will be foliowed by our analysis of the continuous measures of
alcohol consumption.

7.3 Drinking status and the frequency of alcohecl consumption

T.3.1 Distribution of responses and sex differences

As in the case of c¢continuous data, before fitting models to
explain tralt variation, 1%t 1Is important Lo test whether the MZ
and DZ groups are comparable, There were no significant
differences between MZ and DZ endorsement [requencies for either
the drinking/non-drinking dichotomy (x5 = 0.004 in males,

x? = 0,000 in females) or the freguency of alcohol consumption
(X% = 9.82 in males, X% = 4,73 1in females). Thus, the MZ and DZ
classes were compined to examing the effect of sex on response
frequency.

Table 7.1 presents the percentage of drinkers/non-drinkers
and the frequency of alc¢ohol consumption in the sample, broken
down by sex. Chi-sguare tests (Table ?,?}.show that there are
more'male drinkers than female drinkers, and that males drink
more frequently than females. Thus tne effect of sex on response

%

frequency must be incorporated into our genetic analyses.

7.3.2 Fitting models to data on drinking status

The twins' drinking status was summarised by 2%2 contingency
tables g¢ontaining the number of twin pairs whose joint responses
fell into each ©f the four possible reponse categories (Table

*
7.2). Models were fitted to the set of contingency tables of the



Table 7.1. The percentage of drinkers/non-drinkers and the

freguency of alcochol consumpticn in the sample,
broken down by sex.
Drinking status
Males Females
Drinker 31 86
Non~drinker 9 14
X}Z 30.95**%
Frequency of alcohol consumption
Males Females
Every day 13 8
3-4 times each week 20 10
About twice a week T 12
About once a week 15 15
Once or twice a month 13 17
Less often 12 2
Never g 14

339.51




Table 7.2. Contingency tables for drinking status.

MZF
Drinker
Twin 1
Non—drinker
MZM
Drinker
Twin 1
Non—drinker
DEF
Brinker
Twin 1
Non—drinker
DZM
Drinker
Twin 1
Non~drinker
DZ0
Drinksr
Female

Non-drinker

Twin 2
Drinker Non~drinker
978 82
69 104
Twin 2
Drinker Non-drinker
Lgg 24
17 37
Twin 2
Drinker Non~drinker
576 &y
&7 4y
Twin 2
Drinker Non-drinker
248 16
20 18
Male
Drinker Non-drinker
TH5 39

93 30
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five twin groups response to the item on drinking status using
the threshold technique described in section 3.3.7.1 of this
thesis. As there were significant sex differences in response to
this item (Table 7.1), separate thresholds were estimated for
males and females.

The result of fitting models to data on drinking status are
shown in Table 7.3, The it of alternative models was compared
by both the likelihood ratio criterion and approximate chi-~
squares based on observed and expecited cell freguencies (see
section 3.3.7.1). By the likelihcod ratic test, both the E1E2
ang E,V, models are rejected against the full model, while the
ElEZVA model 1s able to adequately describe the data. However, a
model allowing scalar sex-~limited B, and V, effects {the
ETME1FE2ME2FVAMVAF model ) results in a significant improvement in
chi~square over the Z,E,V, model {Xg = 6.26, p<.0%). The same
conclusions are reached if we compare alternative models by chi-
squares calculated from cbserved and expected frequencies. Thus,
by both criteria, we accept the B

1v51 EgFVw VAF model as the

g ;
MR 2y Ay
best description of the data. The same additlive genetic and

between—-family environmental effects are acting in males and

rent effeect on the variance.

]

females, although they have a diff
Thus, approximately 2% of the variation in drinking status in
males, and 55% in females, 1is due to tne additive effects of
genes, while 6C0% of the variance in males, and 26% in females, 1ls

attributable to common family environmeni, the remaining variance

due to within-family environment and error.



Table 7.3 Results of fitting models to data on drinking status.

Model TM
E, 1.334
Va 1.343
E,V, 1.334
E, BEs V, V 1.333
2y 2p Ay Ap
Model
By
Vg
EoV,
B, B, V, V
2y 2p Ay Ap

- log likelihood
of full model

Tp £
.058 0.694
. 062 -
.058 0.334
. 061 -

Likelihood ratios
df

2
X

32,24 "

20.36***
6.82
0.56

2607.95

4
4
3

0.603 0.221 -

Goodness

2
X

38.62"
30, 44%%
14,53
7.72

® %

0.255

of £ith
ar
12
12
11
9

0.554

.r

Based on observed and expected frequencies
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7.3.2.1 Comparison of older and younger pailrs

Since the results of previocus studies (Kaprio et al., 1981%1;
Partanen et al., 1966) had indicated that the relative
contribution of genetic and environmental factors to variation in
drinking behaviour might depend on the age of the individual, we
decided to fit models to the data on drinking status separately
for older and younger pairs., We divided the twin pairs into two
groups, those 30 and under, and those over 30. The c¢ontingency
tables are shown in Table 7.4,

The results of fitting models to data on drinking status are
shewn separately for vounger (Table 7.5) and older (Table 7.6)
pairs.v For younger pairs, by the likellihood ratio test the E1E2,
E1VA and E1E2VA models are all rejected against the full model.,
The scalar sex—limited E1 El Es Eo Vy V, model, while not

M 'F "M TF "M “F
sitgnificantly different from the full model, results in a
negative estimate of VAM' The B EqFEEMEZFEZ Y. model is able

ME RF
to adegquately describe the data as well as yilelding positive

1

eatimates ¢of all parameters. This model 13 also the most
appropriate if we consider the deviations from obsserved and
expected freguencies, thus, Wwe accept this as the final model.
Approximately 89% of the variation in drinking status in males is
due to the effscts of common famlly environment, while in females
only 54% of the variation is due to EE' The correlation between
E, effects in males and females (PEZMF} is 0.63, indicating %that
there are some differences in oommonlfamily environmental effects

between the sexes. In females, additive genetic effects are also

important, acccounting for 34% of the variance,.



Table 7.4.. Contingency tables for drinking status, separately for

younger and older pairs,

MZF

Twin 1

MZiM

Twin 1

DZF

Twin 1

DiM

Twin i

DZ0

Female

Drinker

Non—drinker

Drinker

Non~drinker

Drinker

Non—drinker

Drinker

Non~drinker

Drinker

Non~drinker

Younger
Twin 2
Drinker Non-drinker
491 24
16 39
Twin 2
Drinker Non—-drinker
243 9
& 15
Twin 2
Drinker Noh“drinker
301 17
18 15
Twin 2
PBrinker Non~drinker
185 7
4 10
Male
Drinker Non-drinker

hh3 22

36 9

Older
Twin 2
Drinker Non~drinker
87 . 58
53 65
Twin 2
Drinker Non-drinker
246 15
I 21
Twin 2
Drinker Non—~drioker
275 T
4g 29
Twin 2
Drinker Non~drinker
113 g
16 8
Male
Drinker Non~drinker
302 1T
57 21




Table 7.5 Results

of fitting models

to data on drinking status for younger pairs.

E
2y 2R MR A
E, 1.452 .296 0.783 - ~ ~ -
' 1.470 .307 ~ - ~ ~ 0.897
EoV, 1. 460 1.298 0.431 - ~ - 0.451
E2MEEFVAMVAF 1.456 1,303 - 0.889 0.311 - -
Ey By BV, 1,456 1.302 - 0.892 0.539 0. 443 -
M 2R 2Mp Ap
Likelihood ratios Goodness of fit
Model x° ar ¥ df
E, 25.02° " 4 28,66 " 12
v, 21,007 i 29.16" " 12
E, V) 10.58" 3 15.32 11
B R, V, V 2.06 1 7.76 9
i EFEAM o 0.02 5.86 9
E, E v i 1 X
oM 2p eMp A

~ log likelihood
of full model

Ty

Tp

993.58

G.572
0.337




Table 7.6 Results of fitting models

Lo data on

drinking

status for older pairs.

EoVp
v, v, V
Ay A Ayy

B, E, B, V
2M 2F 2MF Ap

- log Likelihood
of full model

1.223
1.220
1.221
1.215
1.215

Tp
0.877
0.879
0.877
0.880
0.880

Ey
0.616

0.222

Likelihocd ratics

2

X af
18.28%" i
7.60 4
§.80 3
1.16 Z
0.6l 1
1562. 62

0.281

0.188

Goodness of fitT

X2

25.78"

14.39

11.33
8.20
7.68

0.840
0.555

af
12
12
1
10

g

0.698
0.501

1.

Parameter went Lo upper bound
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For older pairs, the E1E2 madel is rejected against the full
medel by the likelihood ratio test, while the E1VA model 1is able
to adequately describe the data (Table T7.6). Either no further
reductions in chi-square were seen with the addition of extra
parameters or parameters went Lo upper bounds. By both the
likelihood ratio test and the chi-square test of goodness of fig,
the E1VA nodel 1s most appropriate. Approximately 75% of the
variation in drinking status in older twins is due t¢o the
additive effects cof genes, with fthe remaining variance due to
Wwithin~family environment and error.

Qur results thus show that there are marked differences in
the causes of variation in drinking status when one considers
different age cohorts, and further, that within age cohorts there
may.be differences in the causes of variation between the
sexes. It is perhaps not surprising that ocur results contradiet
those of Conterio and Chiarelli {(1962) who found no evidence for
a genetlic component Lo drinking status in a smail sample of male
twins who were heterogeneous in age.

7.3.3 Fitting models to data on the frequency of alcohol

consumption

The seft of 7x7 contingency tables of the five twin groups
response to the item on the frequency of alcchol consumption are
shown in Table 7.7. As in the previous sectlon, alternative
models were fitted to the set of contingency tables using the
technique of threshold analysis, except Lhat, having seven

response categorles, there were six threshold values Lo be



Table 7.7.. Contingency fables for frequency of alcohol consumption.

MZF Twin 2
i1 2 3 u 5 6 7
T 1 104 29 15 10 5 5 3
W 2 yy 127 b5 24 15 14 7
i 3 16 56 56 42 21 13 8
n iy 8 35 29 63 28 22 10
5 5 18 22 29 42 18 8
1 ) 3 13 12 14 25 34 26
7 3 8 4 i 8 22 55
MZM Twin 2
1 2 3 4 5 6 7
T 1 37 9 5 0 3 0 4]
W 2 9 25 i5 10 & 2 3
i 3 ) 19 13 22 12 8 1
n 4 1 11 12 34 15 13 5
5 2 4 12 16 24 21 il
1 6 2 8 6 16 22 50 7
7 y 1 2 pod 5 21 b2
DZF Twin 2
1 2 3 4 5 6 1
T 1 4y 28 17 ) 10 1
W 2 22 54 36 19 14 16 8
i 3 12 25 29 24 13 13 6
n H] 13 13 24 26 26 ] 7
5 7 5 13 21 17 13 10
1 ) 7 14 12 14 11 16 11
T 3 10 10 & g T 14
DiM Twin 2
1 z 3 4 5 6 7
T 1 18 6 5} 0 2 ;5 1
W 2 6 10 & 3 4 y 2
i 3 2 3 17 3 7 il Y
n y i 3 9 1 12 12 3
5 1 G 5 " 27 13 3
1 ) 1 2 8 8 18 23 12
7 2 2 3 2 6 8 17
DzZ0 Male
‘”"“' 1 2 3 4 5 6 7
F 1 30 31 13 12 12 15 10
e 2 13 29 24 30 36 34 23
i 3 g 19 33 27 35 38 20
a 4 10 8 19 24 31 34 19
1 5 5 13 14 23 25 27 14
e ) 2 3 6 10 21 22 24
7 0 2 5 iy 10 18 20
"

i

Frequency code: Never, 2 = Less than once or twice a month,
Once or twice a month, 4 = About once a week,
About twice a week, 6 = 3-U times each waek,

Every day

~ Ut -
LI |
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estimaﬁed. As there were significant sex differences 1in response
to this item (Table 7.1), separate thresholds were estimated for
males and females.

By the likelihood ratio criterion, the E,E, (model ), EqV,
{mcdel II) and E{EpV, (model III) models are all rejected against
the full model, while the E, E, E, V, V, ¥V, model {(model 1IV) is

M 'F M “M °F “MF
able to adeqguately describe the data (Table 7.8). However, when
one examines the tests of goodness of fit, the deviaticns between
observed and expected cell freguencies are highly significant.
Although, as we have noted, the chi-square test 18 approximate
when there are low expected cell frequencies (Olsson, 1979), 1t
is unlikely that such highly significant residuals are due simply
to our approximate tLest of significance. Thus, we shall now
consider some of the possible explanations for these very large
residuals,

7.3.3.1 Comparison of oider and younger pairs

One possible source of model failure is that the causes of
variation in the freguency of alcohol consumption are dependent
on age, and thus fitting models to a heterogeneocus age sample 1is
inappropriate. Therefore, we again decided to divide the twin
sample into two groups, those 30 and under, and those over 30.
The contingency tables are shown in Table 7.9.

The results of fitfing models to the data on the frequency
of alecohol consumption are shown separatsly for younger {(Table
7.10) and clder (Table 7.11) pairs., For younger palirs, by the
likelihood ratic test, the E,E, (model I), E,V, (model II) and

E1E2VA (model I11) models are all rejected against the full



Table 7.8. Results of fitting models to data on freguency of

alcohel consumption.

Model
Parameter I il I1I v
T, ~1.350 ~1.360 -1.358 ~1.334
T2y ~0.810 ~0.816 -0.816 ~0.802
T3M -0. 403 ~0.408 ~0.409 ~0. 401
TQM -0.012 ~0.014 ~C.016 =0.014
TSM 0.426 0.432 0.426 0.421
T6M 1.110 1.130 1.120 1,105
T1F -1.046 =-1.050 *}.028 =1.055
Tog -0.330 ~0.334 ~0.334 ~0.336
T3F 0,103 0.094 0.088 0.100
Ty 0.508 0.505 0.501 0.508
TSF 0,894 0.891 0. 887 0.897
T6F 1.394 1.393 1.387 1.401
E, 0.523 - 0.143 -
E2M - - - 0.383
EZF - - - 0,066
Vp - 0.660 0.506 -
Y, - - - 0.305
VAF - - -~ 0.566
Goodness of
fit
df 227 227 226 224
Likelihood
ratios
x° 135.0" " 26,47 "% 15,67 1y
df i i 3 1

- log likelihood
of full model 13048, 7




Table 7.9. Contingency tables for frequency of aleohol consumption,

separately for younger and older pairs,

Older
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Younger
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Table 7.10 Results of fitting models to data on the frequency of

of alcohol consumption for younger pairs.

Model

Parameter I IT If1 Iy

T1M -1.468 -1.478 ~1. 476 -1,454
TZM ~0.916 -0.926 -0, 924 =-0.907
T3M -0, 447 -0.456 -0, 455 ~0. 446
THM 0,039 0.030 0.036 0.035
TBM 0.593 0.597 0.596 0.586
T6M 1.515 1.541 1.537 1,518
T1F =-1.2%2 -1.254 -1.292 -1.304
TEF ~0. 487 ~0.489 -0, 488 ~0, 495
TBF 0.G53 0.049 0. 049 0.047
TMF 0.614 0.608 0.608 0.611
TSF 1.224 1.219 1.218 1.227
T6F 1.97 1.967 1.964 1.979
Es 0.513 - 0.054 -

E2M . - -~ - 0.294
EBF -~ - - 0.013
Vo - 0.685 0.626 ~

VAM - - - 0.429
VAF - - - 0. 647

Goodness of

Fit

2 699.3° % 2ou7.4™%  qgu32™* ouse. g™
dr 227 227 226 224
Likelihood

ratios

NG 103.2° " 10.0" 9.2" 0.1

af 3 4 3 1

~ log likellhood
of full model 6665.08




Table 7.11 Resulfs of fitting models to data on the Trequency of

of alcohol consumption for older pairs.

Parameter {
T1 ~1.241
M
T ~-0.703
T2M
~0.357
M
Ty ~0.074
T : 0,248
.2
Sy
T6 0.805
M
T1 _Oo867
i 92
T -0.1
p
T 0.153
3p
THF 0.418
T 0,659
TBF 1.105
6F N
E2 0.528
E -
2y
EZF -
VA -
V -
Ay

Goodness of

fit

X2 293.§**
df 227
Likelihood
ratios

2 %%
X 56.5
daf Y

~ log likelihood
of full model

Model
11 111
-1.243 ~1.202
~0.703 ~0.703
~0.357 ~0.357
~0.073 -0.074
0.252 0.250
0.817 0.812
-0, 869 ~-0.865
~0.196 -0.194
0.149 0.150
0.414 0,414
0.654 0.654
1.102 1.100
- 0.155
0.660 0,494
265.4" 253.2
227 226
12,17 6.1
4 3

5936.58
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model, while the E, E, E, E, V, V, model (model 1V) is able to
M 'F M =F "M 7F

adequately describe the data. However, the deviations hetween
cbserved and expected cell freguencies are still highly
significant, suggesting that age heterogeneity 1s not the oniy
cause of model fallure in younger twins.

In contrast, for older twins, although by both ¢riteria the
E1E2 and E1VA models (models I and II) fail to adeguately
describe the data, the E1E2VA model {(model II1) 1s nelther
rejected against the full model nor resuits in significant
deviation between observed and expected freguencies, By neither
test of significance is a mocdel allowing scalar sex~limited E,
and VA effects considered more appropriate. Thus, for older
twins, 49% of the variance in the freguency of alcohol
consumption is due to the additive effects of genes, while
approximately 16% is due to the effects of common family
environment, the remaining variance due Lo environmental factors
unigue to the individual and error.

7.3.3.2 An alternative scaling approach

A8 we noted in the previous section, although for colder twin
pairs we were able to find an adeéequate description of the data,
for younger twin pairs the deviations between observed and
gexpected frequencies were highly significant, This suggestis
that, for younger twin pairs at least, there is 3 problem with
our scale of measurement.

An assumption implicit in cur threshold analysis of the
frequency of alcohol consumption data is that, underlying our

observed categories, there 1s a continucus and normal
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distribution of liability to drinking behaviour. However, the
ordering of responses may be different from that presuppoesed 1n
the model or, indeed, any ordering of responses along a sinéle
dimension may be inappropriate. We shall now consider one
approach to this problem, and attempt to determine if there Is
more than one dimension of twin similarity that determines the
twins' responses. In particular, we shall attempt to determine
whether the same dimension of variation which distinguishes light
drinkers from heavy drinkers, also differentiates non-drinkers
from drinkers. If this is not the case, this may explain the
failure of the threshold model in younger twins.

As a first step, we decided to exclude twin pairs where
either one or both of the twins was a non-drinker, and see what
effect this had on the resuits of model-fitting. The results are
shown separately for younger (Table 7.12) and older (Table 7.13)
pairs.

For younger pairs, by the likelihood ratic tesi, both the
E4E, (model I) and E4E,V, (model III) models are rejected agalinst
the full model, while the E%VA model {(model II) is able to
adequately describe the data. No further reductions in chi-
square were seen with the addition of extra parameters., However,
while the deviations between observed and expected frequencies
are less extreme than those including non~drinkers, they are
still significant.

For older pairs, by both the likelihood ratic and goodness
of fit test, the E,E, model {model 1) fails to adeqguately

describe the data, while the E V, model (model II) gives a good



Table 7.12 Results of fitting a model to data on the frequency of

alecohol consumption for younger pairs, excluding

non~drinkers.

Parameter I
T1 -1.25%
. 0.656
T -0.
T2M 0 2
-0.10
3
TuM 0.507
TSM 1. 489
TE -0, 743
13
TZF -0.099
T 1.159
iy
T5F 1.950
EZ 0. 452
EEM -
EzF -
VA e
VAM -
VAF -

Gocdness of

fit

XZ 30&.3**
df 164
Likelihood

ratios

)(2 74.3**
df 4

~ log likelihood
of full model

Model
II
-1.265
~0.662
~0,104
0.511
1.509
~0. 741
~-0.102
0.512
1.182
1.944

A%
225.4

164

8.1
!

III
~-1.266
-0.663
~-0.104

5369.30

Iv
~1.252
~0.658
~0.,106

0.502
1.500
-0.748
~0.104
0.514
1.158
1.955

-0,000
0.7144

3,685

0,543

218.1"
161

2.3

*




Table 7.13 Results of fitting models to data on the frequency of

of alcohol consumption for older palrs, excluding

non-drinkers.

Parameter
T
Tz

M
M

Goodness of
fit

2

X

daf
Likelihood
ratios

2
X

df

~ log likelinecod
of full model

~1.170
-0.682
~0.311

0.061

0.683
-0.628
~0.178
.14
0.416
0.911
0.419

Model
11 I1I
-1.17M ~1.17
-0.6806 -0.687
-0.316 0,317
0.056 0.056
0.684 0.685%
-0, 631 -0.632
-0.182 ~0.183
0.135 0.134
0.411 0,410
0.907 0.907
- -0.076
0.557 0.640
157.1 156.9
164 163
6.2 5.4
4 3

4851.07

v
~1.161
~0.680
~0.312

G.057

151.9
161
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fig. 'éy neither test of significance do models aliowing
additional parameters result in a significant improvement in fit
over this model, Again, the deviations between observed and
expected freguencies are less than those where non-~drinkers are
included.

Thus, for both younger and older pairs, the deviations
between observed and expected frequencies are reduced when one
excludes non-drinkers, giving some support to the notion that
non-drinkers may not lie on the same continuum of drinking
benaviour as drinkers. Although the residuals are still
significant in younger twins, suggesting that this is not the
only cause of model failure in this cohort, we decided Lo see
what effect allowing a bHi-dimensicnal liability to drinking
behaviour had on the results o¢f model fitting to the 7x7
contingency tables of drinking [freqguency. Sur model 1s as
follows.

Consider a 77 contingency table relating to frequency of
alcohol consumpition. The expected proportions of twin pairs in
the table may be denoted by a square matrix A. The elements of A
may be calculated from the expected proportions o¢f twing in the
2x2 contingency table of non-drinker vs drinker (B}, and the 6x6
contingency table of frequency of alcohol consumption given that
both twins are drinkers (9).

Thus, if both twins are non-drinkers

Ayp = Bygo
In the case where twin 1 is a drinker, twin 2 a non-drinker

m=5

where j=2,3,..,.,7 and n=j~1.

mn
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Similaély, where twin 2 is a drinker, twin 1 a non-drinker

B . c

- = . 5

i1 21,5 7an
1

. =
where 1=2,3,,..,7 and m=i-1,

Where both twins are drinkers

A3 7 Boz-Can
where 1i=2,3,...,7, J=2,3,...,7T, m=1-1 and n=j~-1.

On this model, alternative mcdels of variation may be fitted
to the set of T7x7 contingency tables of twins' responses using
the technique of threshold analysis. However, as shown above,
expected proportions are now calculated in terms of the expected
proportions of twins in the 2x2 contingency tables of non-
drinkers vs drinkers, and the ©6x6 contingency tables of frequency
of alcohel consumption given that both twing are drinkers, 1t
should be noted that an important assumption of the model 1s that
the determinants of drinking status, and the determinants of
frequency of alcohol consumption (in those who drink)}, are
completely independent.,

g

For younger twin pairs, the E ?WEZME2F52MFVAE model was

T

most appropriate For the 2x2 contingency tables of drinkers vs
non-drinkers, while for the 6xH contingency taoles of freguency
of alechol consumption the E}VA model was most appropriate. For
older twin pairs, the E1VA model was most appreopriate for both
the dichotomous (2x2) and polychotomous {(6x6) contingency
tables. The results of fitting these models to the set of Tx7
contingency tables of frequency of alcohol consumption are shown
in Table T7.14, separately for younger and older pairs., In this

table, Ltwo sets of thresholds and estimated sources of variance



Table 7.14 Results of fitting a bi-dimensional threshold model Lo
data on the frequency of alcohol consumption, separately

for younger and cilder twin pairs,

Parameter Younger Older

Dichotomous

Ty -1.3%6 ~1.220

TF "%-359 “’0.879

EEM 0.818 -

EEF 0.885 -

E ¢.510 -
2y

VA - 0-7)“58

VAF 0-018 -

Polychotcomous

T‘M -0.870 -1.036

To ~0.278 ~0.577
M

TB 0.297 -0.239
M

Ty 0.906 2.129
M

T 1,720 G, 744
oM

Ty ~{(3.900 -0.544
F

Ty -0, 282 ~-0.092
F

Tq 0.269 0.224
F

Ty 0.843 0,498
B

T5 1.757 0.990
F

Va G,0l2 0.565

Goodness of

fit

' 568.07 323,017 "

df 223 226
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are s&dwn. The first (headed dichotomous in the table) gives the
position of the threshold, and the parameter estimates, relating
to variation in drinking status. The second {(headed
polychotomous in the table) gives the positions of the
thresholds, and parameter estimates, relating to variation in the
frequency of alcohol consumption.

Strictly, no likelihood ratic comparison of the
unidimensional and bidimensional model is possible, since the
latter model is not a special case of the former. However, for
younger twin pairs the bidimensional model gives a substantially
better fit than the previous best fitting model to the set of Tx7

contingency tables (the B, E. E, E, ¥V, V model), although it
ty Tr 2y Ay Af

°p
still fails badiy. For older twins, the bidimensional model is
worse than any of the models previously fitted and also fails to
adequately describe the data. Overall, these regsults suggest
that while there may be some differences in the causes of
variation in drinking status and, given that one is & drinker,
how frequently one drinks, the causes of variation in these fwo

measures are not entirely independent.

7.4 fAmount of alecohol consumed

7.4,1 Scaling

As a test of genotype-environment interaction (Jinks and
Fulker, 1970), absolute within-pair differences were regressed
onto pair sums, for both normal weekly consumption and
consumption last week. Both raw measures of alcohol consumption
show significant and substantial linear regressions and these are

considerably reduced by logarithmic transformation {(Table
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7‘15}'~ Although this results in an lncrease in the guadratic
components further transformatlion [logle(x%g) or
logyqg{log a(x+1))] gave no greater improvement, Consequently,
cur genetical analysis was based on the log transformed measures
of alcohol consumption.

7.4,2 Sampling

Means and variances of MZ and DZ twins were compared as a
test of sampling. Table 7.16 1lists the means and variances of
the two alechol measures for the five twin groups. Two~talled t-
tests and variance ratio tests were performed between MZ and DI
means and total variances, separately for males and females. For
the raw scores, the variances of both g¢onsumpiion measures are
significantliy greater in MZ females than DZ females, and the
variance of normal weekly consumption 13 slgnificantly greater in
M7Z males than DZ males. However, these differences all become
non-significant after transformation. Since the groups appear to
be comparable, the MZ and DZ c¢lasses were combined in the
examination of sex differences.

Table 7.17 presents tLhe mean and varlances of the
consumption measures separately [for males and Females, szow
talled t-tests and variance ratlio tests were performed between
male and female means and total variances {Table 7.17). The
means of both consumption measures are significantly greater in
males than females; which confirms previocus results from surveys
of alcohol consumption in Australian samples (Ausiralian Bureau
of Statisties, 1978; Reynolds et al., 1977). Males also have a

greater varliance in consumption than females, These results are



Table 7.15 Proportions of variance in absolubte-within pair differences

aceounted for by regression on palr sums for raw and

transformed measures of alcohol consumption,

Linear (L)

and quadratic components after the linear regression

has been removed (Q) are shown.

MZ Females MZ Males
L Q L Q

Normal weekly consumption

Raw 607 FF 035 5™ .00

1ogy o (x+1) A3T 2™ e 2
Consumption last week

Raw .)-H*** ‘09*** .535*** 0 EX X

1og, o(x+1) a3 oo 20" "%




Table 7.16 Means and variances of the twin sample for raw and
transformed measures of alcohol consumption., Asterisks

denote significant differences beltween MZ and DZi variances,

Normal weekly consumption Consumption last wesk
Raw 1ogyo{x+1) Raw logglx+1)
MZ Females
Mean .12 0,453 5.20 0.501
Variance 137.47°°F 0.239 73.91° " 0.239
MZ Males
Mean 12.21 0.725 13.54 0.818
Variance 391.06" 0.361 324,92 0.358
DZ Females
Mean 4,68 0.440 L. 89 0,494
Variance 86.10 0.226 63.87 0.229
DZ Males
Mean 12,48 0.763 13.92 0.837
Variance 337.04 0.354 321.20 0.357
DZ Opposite-sex
Mean 9.58 0.624 10.43 0.697

Variance 316. 61 0.333 275,22 0.331




Table 7.17 Means and variances of raw and transformed measures of
alcohol consumption separately for males and females.
Asterisks denote significant differences between male

and female means and/or varlances.

Females Males
Mean Variance Mean Variance

Normai weekly consumption

Raw 591 115,75 13002 w07.36

logyg(x+1)  o.uus™ " 0.232"7°  o.7eh 0.362
Consumnption last week

Raw 5,107 68.9587° " 14,35 359,72

logiglx+1)  0.501 " 0.234° " 0.843  0.360
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identiéal for both the raw and transformed scores. In both males
and females the two measures of consumption correlate highly for
both the raw scores (0.70 in females, 0.82 in males), and tChe
transformed scores (0.83, ¢.86), but normal weekly consumption
tends to provide a lower estimate of alceohol consumption than
consumption last week.

Since the purpose of a genetical analysis of twin data i3 to
make inferences about the causes of variation in the population
it is also important that ftwins are comparable with non-twin
subjects. As a result of the Australian Bureau of Statistics,
survey of drinking and smoking habits carried out in 1977 (ABS,
1978), information about the alcohoi consumption patterns of
Australian adults aged 18 years and over is available, although
it is known thalt such survey estimates o¢f consumption signifi-
cantly underreport estimates of alcchol consumption based on
sales statistics (Pernanen, 1974; Fitzgerald and Mulford, 1978;
Popham and Schmidt, 1981}. A comparison of the stated daily
alcohol consumption of the twin respondents (calculated from
consumption last week) with expecteda consumption based on ABS
(1978) data showed that cur male twins had similar drinking
patterns to the general population {(Table 7.18). However, our
female twins showed a greater pfeportion of drinkers than the
natlional average ({(Table 7.19). Also, our twin sample tended to
be more moderate in their drinking behavicur than the general
population, the average daily alcohol consumption of both male
and female "drinkers" bheing less than the national average (Table

7.20), although these differences may reflect a change in



Table 7.18 A comparison of the average daily alcohol consumption of the male twin sample with expected

numbers in each category calculated from Australian Bureau of Statistics (ABS) data.

Average daily alcohol consumpticn {gm algohol)

ABS
Twins

AES
Twins

ARS
Twins

ABS
Twins

ABS
Twins

235
240

252
254

107
127

52
h0

683
671

18~24 year 0lds

10~ 20~ 30~ 40~ 50~ 60~ 70~

=9 1% 2% 39 #9959 69 79 8o+

217 135 111 68 6T 23 25 19 39
213 169 113 59 40 22 31 13 39
25-U44 year olds
16~ 20~ 30— 40~ 50—~ 60~ 70~ 80~ 90~ 100~ 110~ 120~ 150~

=9 19 29 39 49 5% 69 7% 89 99 109 119 149 199 200+

292 203 175 93 7l 62 33 23 13 14 7 g 10 5 3
264 230 179 111 68 46 40 20 15 6 10 5 10 5 1
4564 year olds
10~ 20- 30~ 40~ 50- 60~ 70—~ 86- 90~

=9 19 29 39 &9 59 6% 79 89 99
91 56 48 30 23 18 14 6 5 310
82 70 by 18 17 15 10 8 T 4 9

65 years and over

10~ 20— 30- 40~ 50-
-9 19 29 39 49 59 60+
34 16 8 5 3 3 3
29 12 8 9 T 1 8

Total

10- 20~ 30— 40~ 50- 60- 70~ 80- 90~ 100~ 110- 120~ 150~
-9 19 29 39 49 59 69 79 89 99 109 119 149 199 200+
634 404 330 19C 155 110 74 BT 25 22 14 ™ 20 i 6
588 481 344 197 132 84 83 43 37 18 18 [ 22 10 3

X9

2
X15

12.80

15.24

9.56

T7.02

20.32




Table 7.19

A comparison of the average daily alechol consumption of the female ftwin sample

with expected numbers in each category calculated from Australian Bureau of

Statistics (ABRS) data.

Average dally alcohol consumption (gm alcchol)

ABS
Twins

ABS
Twins

ABS
Twins

ABS
Twins

ABS
Twins

635
519

1042
818

1-9
505
489

1-9
840
918

1-9
265
264

1-9
48
43

1-9
1554
(AL

10~19
136
208

10~19
296
358

10-19
88
1T

10-19

21

10-19
487
704

18~24 years
2029 30~-39
54 26
82 41
25-04 years
20-29 30-39
87 38
P47 55
45-64 years
20-29 306-39
39 24
57 32
60 years and
20-29 30+
4 3
11 10
Total
20-29 36-39
179 86
297 132

old

40+
17
32

old

40-49
24
20

old
404G

25

over

4Qo-~u9
34
68

50+
26
36

50~59

50~59
18
31

60+

-3 U

60+
29
36

H

41.38"

#*

56.82°"

2?.64***

13.66° "

181.79%%%




Table 7.20 Average daily alcohol consumption {(gm alcchol) of the twin sample and the ABS (1978) sample

by age and sex and drinking status.

Age group
65 and

18-24 25-h4 564 over Total

Per female drinker  Twins §.13 8.29 9.76 8.42 8.50
ABS 9.36 10.04 11.79 10.79 10,46

Per female Twins 7.25 7.38 T.54 5.32 7.28
AB3 5.03 5.59 5. 46 3.27 5.13

Per male drinker Twins 21.23 23.81 22.35 21.06 22.61
ABS 28.50 28.95 29.14 17.87 28.05

Per male Twins 19,46 22.14 19.42 15.29 20.51
ABS 21.36 23.22 21.59 10.25 21.06

Per drinker Twins 13.55 13.88 13.92 13.50 13.77
ABS 20.54 21.34 22.45 14,85 20.98

Per psrson Twins 12.21 12.55 11.16 g.01 12.04

ABS 13.23 14,54 13.57 6.16 12.98
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¢rinking habits over the three years since the ABS (1978) data
was collecteg < See ’E’“J"“‘X’l’} PRV VRN, wi s . \AZE)

7.4.3 Repeatability

Analysis of the alcohol consumption of the 96 individuals
who completed both the pilot and main guestionnaire (Table 7.21)
shows that they were somewhatft atypical in their consumption
patterns. Both males and females have higher normal weekly
consumption and lower consumptlion last week than the tolal
sample. Also, for both sexes, the variance of the two alcecchol
measures 1s greater in the pilot sample than the total sample,
and this 1s more pronounced {or the measure of normal weekly
oonsumption.

Separate analyses of variance of the alcohol consumption
measures to obtain mean squares between and within individuals
enabled calculation of repeatabilifies. 1In females, for the raw
scores, consumption last week is more reliable than normal weekly
consumption, aithough this pattern is reversed whsen one considers
the log transformed scores, In males, for both raw and
transformed scores, consumption last week is more reliable than
normal weekly consumption. With the exception of consumption
last week in males, log ftransformation improves reliability and
85, the proportion of variance which i1s unrepeatable, 1s higher
in males than females, The relliabilities are also higher in
males than females, except In the case of log transformed normal

Wweekly consumption,



Table 7.21 Distribution of alcohol consumption measures from the pilot study for individuals who also

completed the maln questionnaire. Repeatability and within-individual variance (Si) are

also shown.

Females Males
Mean Variance Repeatability Sﬁ Meann Variance Repeatability 85

Normal weekly
consumption

Raw £.29 867.67 0.29 614.03 17.83 153%.,37 0,40 930,143

iog10(x+1) 0.403 0.231 0. 84 0.038 0.833 0.375 0,65 0.133
Consumpticn last
week

Raw 4.95 83.79 0.49 43.19 13.77 399.36 0.89 45,98

loglO(X+?) o.h64 0.235 0.55 0.167 0.872 0.282 0.81 0.053
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T.4.4 ‘Correlations with personality variables

The partial correlations, controlling for age, betwegen the
measures of aleccohol consumption and the transformed personality
and attitude scales described in previcus chapters of this thesis
are shown in Tablie T.22. Individuais with higher levels of
consumption tend to be more anxious, depressed, extraverted,
paychotic and neurotiec, and score lower on the lie and
conservatism scales,nghese results are similar f0o previous
studies whic¢h have demonstrated a relationship between alcohol
consumption and extraversion (Partanen et al., 1966; Langinvainio
st al., 1981), anxiety (Partanen et al., 1966; BSmart, 1%568) and

neurocoticism (Partanen et al., 1966; Langlinvainio et al, 1981).

7.4,5 Results of fitting models %o data on the amount of alcohol

consumed

Alternative models of traif variation were fitted te
between— and within-pairs mean squares by ilterative weighted
least squares {see sectlon 3.3.6.1).

The within-pairs mean sqguare of DZI opposite-sex pairs was
corrected for the significant sex differences in means that were
found for both measures of consumption {Table T7.17).

Where a variable is strongly age dependent this inflates the
between-pairs mean square. The linear age c¢orrelations wikth the
log transformed measures of normal weekly consumption {;.06 in
females, ~.06 in males) and consumption last week (~.05, -.04)
while significant in every case are not substantial, so we have
not corrected for this age dependence. The mean squares for the
consumption measures and their degrees of freedom, both corrected

for sex differences, are shown in Table 7.23.



Table 7.22 Partial correlations, controlling for age, of raw and transformed measures of aloohol

consumption with transformed personality and attitudes scales.

Normal weekly consumption Consumption last week
Raw loglo(x+i) Raw log1o(x+1}
Females Males Females Males Females Males Females Males
Anxiety outt ot 05 ot 067 05" 065 g™
Depression on g™ o Y e 07 o™ o5 Lon®
Extraversion AEE g 200 TR R AT 9T E oo™
Psychoticism AR R RTREAET A SRR ggR i e
Neuroticlsm 03" 097 ¥ .05° % ogttE 050 % g™ o5 % og*t
L,ie ﬁ‘1o*** .."‘ij‘;*** —“]6*** ~Q16*** _.13*** —-.]L!%%* --°}6*** —516***
* XK EE X EE 33 ¥ ¥ K * % ¥ E X3 * %% * ¥ K

Conservatism ~.15 ~.12 -, 25 ~.19 ~.,20 -.13 -.26 -.19




Table 7,23 Observed mean squares and thelr degrees of freedom,
corrected for sex differences, for the measures of

aleohel consumption,

Normal weekly Consumption
Consumption last week
ar Mean square af Mean square
MZ Female Betwesn 1232 0.3742 1232 0.3710
Within 1233 0.1032 1233 0.1075
MZ Male Between 566 0.5722 566 0.5548
Within 567 0.1510 567 0.1607
DZ Female Between 750 0.2933 750 0.2905
Witnin 757 0.1597 751 0.1688
DZ Male Between 351 0.5141 351 0.5002
Within 352 0.1943 352 0.2146
DZ Opposite-sex Between 906 0.3575 906 0.3699

Within 806 0.2318 906 0.2248




Wé may also examine whether twins become more or less
similar with age by correlating absolute within~pair differences
with age and these are shown in Table 7.24. The correlations are
small and non-significant for both measures of c¢onsumption and
indicate that if environmental circumstances of co-twins beconme
more different as they get older, these do not appear to produce
any greater differences in alcohol consumption,

The results of fitting models to mean squares for normal
weekly consumption and consumption last week are shown in Tables
7.25 and 7.26 respectively. 1In every case a model (Eq)
postulating that all variation was due to individual
environmental experiences failed badly and is omitted from
summary tables.

For both measures of consumption, in females the ElvA modedl
i3 most appreopriate, while in males the EEEEVA model provides a
beftter fit. Inspection of the parameter estimates alsc reveals
that there is a larger %1 component for males than females but a
similar estimate of V, in both sexes.

The results of fitting a model which spec¢ifies a g¢ommon Va
parameter, an E2 component in males and different Eq effects in
males and females, to both measures of consumption, is shown in
Table T7.27. In both these measures about 55% of the variation in
consumption between females and 36% between males is due to the
additive effects of genes, In males, approximately 20% of the
vartatlion 1s due to envirconmental influences shared by brothers
but there is no evidence of family environmental factors

influencing alcohol c¢onsumption in females. We may also subtract



Tabie 7.24 Cerrelation of absolute within-pair differences
in log transformed measures of alcchol

consumption with age,

Normal weekly Consumption last
consumption week

MZ Females 0.05 =-0.05

MZ Males 0.04 0.03

bZ Females 0.06 0.02

DZ Males 0.04 0.06

DZ UOpposite-sex ~(.01 -{,02




Table 7.25 Summary of model fitting for log transformed normal weekly

consumption.
- o ; 2 2
Female
E, Es 125 110 - 2 60,76
#* 3
BV, 02 - a3 2 1500 .56£.02
R HE ¥ERE
B, BV, . 103 .010 .121 1 1.09
Male
¥ %%
E, B, .168 1917 - 2 8.6
BV 437 - 2t 2 st
B 5V, 5 g™ o9 ™R 1 0.07  .25x.09
Female
& Male
% ¥ X% E
EE, L138 135 - 6 17151
BV, i ~ 5776 135,657
*
B, B,V a1t ows™ ™ s q20.80"
Female &
Male &
Opposite~
seX
EE, 61 et - 8 279.41 "
E\V, 118" ~ 608 qn3.60""F
B, 8,0, 19" oot 597 quzse™




Table 7.26 Summary of model fitting for log

last week.

transformed consumption

E, E, v, ar 2 n?
Female
£, B, 307 o5 - 2 61637
E Y, o7 - az8™* 2 o8y .55:.02
E BV, 107 002 126 0.82
Male
E, E, IR E- TR T e - 2 qo.7a"
BV, 15577 - 201" 2 g5
E, 5,0, a6t oge™  q08™ 1 0.00 .30+.10
Female
% Male
B, RETIAME ke - 6 175.95°
BV, a2 - 151" 6 qer.9rt
E B,V et Loz’ 207 s 120577
Female &
Male &
Opposite-
_s_q_}g
E,E, 65 s - 38 280,17 "
BV, R - 1557 8 129,967
E{ B,V 12577004 TR SRS I




Table 7.27 Parameter estimates (+ s.e.) and heritabilities (h2}.from fit of models incorporating

different components of variation for males and females,

v £ E E
A 1M 1F 2M
Normal weekly consumption 0.130 = 0.0C6 0.146 + 0.068 0.102 + 0.004 0.084 + 0.013
X% = 3,00
he = 0.56% 0.02 nZ . = 0.36 + 0.02
female s SVE Ve male : -
Consumption last week 0.129 + 0.006 0.158 + 0,008 0,106 + 0.004 0.070 + 0.013
xg = 1,01
n2 - 0.55 %+ 0.02 ne . = 0.36 + 0.02
female : + Ve male : -
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the vaiues of 82

w¢ ©obtained from the repeatablility data, from the

estimates of E1 and so estimate fhe proportion of total variance
due to non-repeatable "error" and that due teo repeatable
individual environmental differences {(Table 7.28).

T.4.5.1 Comparison of older and younger pairs

We decided again to fit models separately for older and
younger pairs 10 see what effect this had on the results of model
fitting. We divided the twin pairs into two groups, those 30 and
under, and those over 30. The mean squares for the two measures
of consumption, and their degrees of freedom, for older and
younger pairs, are shown in Table 7.29, separabtely for males and
females,

Just as before models were first {fitted to the mean sguares
for males and females separately and then to all eight statistics
together, models were fitted separately to those 30 and under and
thoese over 30, and then to all eight statistics combined. The
results of Titting these models to normal weekly consumption and
consumption last week are shown in Tables 7.30 and 7.31
respectively.

Although for both measures of consumption in females, Lhe
EqVa model gives an excellent fit to the data in both younger and
older twins, there is significant heterogeneity of fit over age
groups for both normal weekly consumption (Xg = 31.49; P<.,G01)
and consumptbtion last week <X§ = 6.79, F<.08)., While at least
some of this heterogeneity is due to an increase in variance with
age affecting %? and GA equally for normal weekly consumption,

and VA for consumption last week, it does suggest that the



Table 7.28 Sources of variance (%) for log transformed measures of

alcchol consumption.

Normal weekly Consumpticon
R consumption last week
Females Males Females Males

Error 16 37 45 15
// //
E, ~ iy 41 w5 4y

™\ Individual o8 AN i ™~ 0 N

environment

/
\




Table 7.29 Observed mean squares and thelr degrees of freedom for log transformed measures of

alcohol consumption for older and younger pairs,

Normal weekly consumption

Consumption last week

Females Males Females Males

mean mean mean mean
dar square arf square dar square ar square

Younger
MZ Between 570 0.3319 273 0.5946 570 0.3378 273 0.5742
Within 571 0.0867 274 0.1208 571 0.1102 274 0.1415
DZ Between 350 0.2582 205 0.4768 350 0.2724 205 o.4712
Within 351 G.1377 206 G.191 351 0.1558 206 0.2051

Older

MZ Between 661 0,810 242 G.5514 661 ¢.3999 292 0.5369
Within 662 0.1175 293 G.1792 562 0.1052 283 0,1786
BZ Between 399 0.3237 145 D.5674 399 0.3027 145 0.5386
Within hoo 0.1789 146 0.1958 400 0.1764 146 0.2280




Table 7.3D0 Summary of model fitting for log transformed normal weekly
consumption for younger and older twins.
E, E, v, ar 2 n®
S Females
Younger
E,E, 1067 Logg™" - 2 3553
BV, 085" % - 119" 2 0.78 .58+.03
EqEoV, .086™"" 009 1097 0.56
Older
£, B, ABTE gt - 2 30.38°""
E{V, 167 - w3t 2 o7z 55..03
B E,V, T o8 a3 0.53
Younger
&'older
E,E, st 0™ - 6 92,057
BV, 101 - a3 e 3209977
E E,V, 102" Loto gzttt s 32,58™F
Males
Younger
E,E, 52T gt E - 2 16.397
EV, 167 - 227 3.13 .66+.03
E oV, 120" Lotz 5571 0,38
Older
E{E, ECRAEE-Chl ~ 2 0.43
BV, A" - 198" 2 g.a9*"
E{E,V, 80" L1en™ 026 1 0.15
Younger
& older
E,E, 1687 9T - 6 18.81 "
BV, .1&3::: e .211ii* 6 zs,uz:**
B 85V, 151 118 .090 5 12,44




Table 7.31

Summary of model fitting for log transformed consumption

last week for younger and older twins.

~

~

E, E, ‘A ar x° n®
e Females
Younger
EE, 128" Log3™ ~ 2 18.65"
E,V, 108"77 : a2 oues L51£.03
B BV, 1097 Loz 098" ** 1 0.38
Oider
E\E, 327 et - 2 w2t
BV, 105 % - R 2 0.72 582,02
E BV, o8 - 009 a5 0.59
Younger
& older
E, E, 307 05t - 6 70.78
BV, o7 - 28 6 8.17
E{E,V, 07" oot g2t s sy
vates
Younger
E,E, 65 e - > 10.56°"
BV, 1360 - 2107 2 2.87 614,03
E 5V, Jue™ o7 L1367 ! 0. 30
Older
BB, RTERAE | d R - 3.13
BV, Sk ~ a2 2 a8
E B,V g0t 02" 085 1 0.40
Younger
& older
B, 81 et - 6 15.45"
BV, .455ii: - .2ooiz* 6 12.16
EqEoV, 167 .088 .108 5 5.35
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relati%e contribution of genetic and environmental factors to
total variation is dependent on age. The effect of age is even
more striking in males. For both measures of consumption, the
ETVA model gives a good it to the data In younger twins, while
for older twins. the EqEz model is most appropriate. The effect
of E1 also increases wilith age aiong with this decrease in VA and
increase in Es.

7.4.5.2 A model for developmental change

In the previous section we saw that the genetic and
gnvironmental causes of variation in alcohol consumption are
dependent on age and sex. Iin this section we shall attempt to
model these age changes in the genetic and envirocnmental effects
on the phenotype, separately for each sex.

Several apprcaches have been suggested, As we have seen in
the previous section, one can at the simplest level, fit
different models of variation to separate age cohorts. Young et
al. (1980) developed variance component models which allowed For
the expression of entirely different genes at different ages,
Eaves {(Eaves et al.,, 1978, Eaves and Eysenck, 1980) used an
empirical approach to describe changes in family resemblance with
inereasing age differences in terms of a negative exponential
function., Each method suffers from the weakness that there is no
attempt to make predictions for either different age groups
and/or familial reiationships, or provide a sound theoretical
basis for the analysis of developmental change in gene

gxpression.
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Récently, Faves (1985) has offered one theoretical model for
development that attempts to overcome these criticisms. Figure
7.1 summarises the basic model which supposes thai the phenotype
develops from age 0 at m arblfrary intervals and has successive
values of Poee- Py At each stage, the phenotype is the product
of both genetic {G) and environmental (E) influences. It is
assumed that new environmental effects are continually
influencing development. Figure 7.1 shows that if environmental
effects are "remembered", there will be a path, g, from one

occasion (Im“}) te the next (I Similarly, the persistence of

o) -
genetic effects (G'), which may be seen as a gene product linking
genotype $0 phenotype, may be measured by a path, Y. I1f at least
some, or all, of the genes are responsible for the gene products

on each ocgasion, there will be a correlation, between

Pm,ne
genetic effects on different occasicons. Finally, the phenotype
on one occasion (Pm) may be directly influenced by the phenolLype
on the previous ocgasion (mei)’ and this may be measured by the
path, p. The model assumes that the regression coefficisnts ¢,
£, I, &8, p, B and Y are constant throughout deveiopment.

On this model, Eaves (1985) nas derived Lhe expected
variances and covariances of family members as a function of
age. Where environmental effects are unique Lo esach occasion,

the contribution of environmental factors to the phenotypic

covariances of individuals measured on ocgasions m and n is:

e E 2+m-n E—pZ(M+]) T+n-m T+a-m 1—(p3)m+1
E = {===) [p~ = —=Fg—w— = {p B+DB ) e
m,n P8 1-p2 1-pB
2+n-m 1“82(m+1}
+ —gw——ﬂm
-8

where e=ct.



Environment

Phenotype

Genotype
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ngilarly, where there 13 age specific gene action, the

contribution of genetic factors to the covariances of individuals

measured at occasions m and n is:

G - (_fl,.)2 [petm-n i:REETHll - (p ! TITEg gl l:iEéiT:i
m,n pP-Y P 1__pZ 1-p8
~ 2{m+1)
. Y2+n m lﬂlg _____ 1
1=y

Wwhere h=fg.
When the same genes are expresssed at every stage of

development (i.e. p=1) we have:

s s g s Tt o e ot L L S V. e e e o ot it ik St

An analogous expression holds for constant environmental
effects. Estimates of the above parameters may bhe obtained
through a pedigree analysis of the raw scores (Elston and
Stewart, 1971; Lange et al., 1976). A description of the
technique follows,

Lange et al. (1976) give a standard expression for the log
likelihood of an observed pedigree assuming multlivariate
normality. For a given pedigree of n individuals, we define a
vector of observed scores ¥, and a corresponding vector of
expected scores Ex, The Ex may be estimated as functiocn of
parameters representing eflfects such as age and sex., The
expected covariance matrix of individuals in the pedigree 1s 1I.

The § may be estimated as a function of (co)variance components
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represénting genetic and environmental sources of variation, The
elements of I will depend on the relationship between members of
the pedigree and on the causal model for the trait under study.
For simplicity, we have given above the paths and the
expectations for the covariation of environmental and genetic
effects within individuals as a function of age. However, these
can easily be adapted to descrive changes in covariances between
family members that vary with age, In terms of our usual
netation (viz E?, Ez and VA)' the correlation between MZ and DZ

twins for E2 effects will bpe analagous in form to E For

m,n'
additive genetic effects, the correlation between MZ twins will

be anaiagous to G for DZ twins 1/2G,

m,n:? B, is not separately

0
estimated bul is calculated as a residual category., Thus in the
case of the ETVA model , EE i1s calculated as

A o e

ET = g UA

2 is the estimated total variance,

where g
A more detailed description of the notation used under our
application of Eaves (1%8%) model will be given later.

To eatimate the changes in these covariances as a function
of age, we assume an age of onset for the developmental
changes, In gur case we assume an age of onset of 18 years,
which corresponds to the age at ogcasion m in the model above.
The age of the twins at the time of the study corresponds to the
age at occasion n in the model, In this way, we are able to

examine changes in the covarlance between MZ and BZ twins as a

function of increasing age.
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Fér a given Ex and §, the log likelihcood of obtaining the

pedigree of individuals with observed scores x is
L = (-t/2)1nlz} - 1/§(x~~ExlT% _(x~ Ex) + constant

The joint log likelihood of obtaining p pedigrees is the sum of
the log likelihoods of the individual pedigrees. Estimation
involves the selection of parameter estimates which maximise the
joint likelihood of observing the given set of pedigrees. We
have minimised ~L using a subroutine for unconstrained
optimisation (EQUJAF) from the Numerical Algorithms Group Library
{1981). A test of the goodness of fit of the model 18 cumbersome
with this approach, but i1t 1s possible to compare alternative
hypotheses about the observed variation using the likelihood
ratio criterion suggested by Elston and Stewart {(1971).

The results of fitting developmental moedels fo data on
alcohol consumption are shown separately for femaleg normal
weekly consumption (Table 7.32) and consumption last week (Table
7.333, and male§ normal weekly consumption {(Table 7.34) and
consumption last week (Table 7.35). Models were first fitted
eatimating means and genetic and envirconmental components of
variance fthat were assumed to be constant over age {(models I-
111). By the likelihood ratio criterion, these models were
compared to the fit of a full empirical model which estimated a
gommon mean and variance, but separate correlations, for MZ and
DZ twins, Having decided on the best {itting model, this model

was then elaborated by allowing the mean to vary as a function of



Table 7.32 Summary of fitting models testing for developmental effects on the phenotype for log

transformed normal weekly consumption in females.

Parameter

Model Mean Eq Es Wy X2 df
I JBT 124 109 - 580387
il U6 L1062 - 131 0.38 1
IiT JUL6 L1102 010 2 0.00 -

~ log likelihood

of full model -1170.67
Parameter
Mean
Linear age Quadratic age Improvementa

Model Constant regressicn regression 02 By P(E1) p(E1) v, P(VA) p(Vy) X2 ar
v . 486 -, 001 - .233  .102 - - .13 - - 3.24 1
v L340 .007 ~.0001 232 .102 - ~ 130 - - g.08" 2
VI 3407 0077 ~.00017 148,021 .90z .ooot 127 138 .ooot 30.367°F 1
VII .3u0T 0077 -.0001" 151 L022 .902  .o00T .129 .oo1™T 1,007 30.367°" 1
3 Improvement over model IT
+

Value of parameter is fixed

T parameter went to upper/lower bound



Table 7.33 Summary of fitting models testing for developmental effects on fhe phenotype for log

transformed consumption last week in females.

Model

IT
IiT

Model
Iv

v

Vi
Vil

Parameter
2
Mean E, Es Yy X "
LG9 130 ,105 - 59.54
LUG8 107 ~  .128 0.00
.498 07 .06t 127 0.00
- log likellihocod
of full model ~1138.92

Mean

Linear age Quadratic age

Constant regression regression
.570 -.002 -
L3938 .008 ~-. 0001
L3947 .008% ~.0001T
L3947 L0087 -.00017

dar
1

.235
.233
75
175

Parameter

B, P(E)) p(By) ¥
.108 - - .27
107 - - .126
049 .7uy  .oooT 126
.on9  L7us o ooot 126

Improvementa
p(Vya) x2 ar
to.24™%
18.72""% 2
000t oot 20.55%%% 4
0011t 1,007 20,550 4

P(V,)

a Improvement over model II

T

Value of parameter is fixed

T parameter went to upper/lower bound



Table 7.34 Summary of fitbing models testing for develommental effects on the phenotype for log transformed normal weekly

oconsumplion in males.

Parameter
z
Model  Mean B B VX .
I .T39 168 1917~ 8.26
11 U0 Lt - 21 1T
Iit . T80 J51 V1T 00 0.00
~ log likelimood
of full model -180.53
Mean

Linear age Quadratic age

Model Constarnt regression  regression

IV 837 ~.003 -

v 533 014 -.0002
VI 5337 onat ~.o002"
VI 5337 Lo14F ~.0002"

Parameler

b

-t

150
51
L0l
026

PE) plE]) By PE,) plE) PV, p(Vy)

.999™ Looot

0003 .995™F 1,00t 21T 976

Im;rovanmta

df

NS AV B AV

a Improvenent over model 111

D Model was worse than model TIT

T Valve of parameter 15 fixed

™ parameter went to upper/ lower bownd



Table 7.35 Summary of fitbing models testing for develommental effects on the phenotype for log transformed consunpbion last wesk

in males.
Parameter
Mokl Men B, B, V, ar
1 &4 181 ATE - 1032 1
i1 825 155 - 200 6.0 1
IiI 825 161 .089 .108 0.0 -
~ log likelihood
of full model ~159.24
Paraneter
Mean
Linear age Quadratic age Improvement™
Model  Corstarnt regression  regression & B P(E) plE) E, PE,) olE) Vy PN p(Vy) X2 a
1v 940 —.003 -~ 357 60 - - .08 - o~ .10 - - 1078 1
v .579 017 ~.0002 352 60 -~ .08 -~ o~ .08 - - oo
Vi 5797 o7t oot 3 as0 oot oot Losy oot Looof 108 1.00Tt Loool 2r.uy™* 2
VII 5791 17t —o002t 3 .79 000 Looof oor .&00™ .ot 205 925 ool 12,22 2

a Improvement over model 111
T valwe of parameter is fixed
Al Paraneter went to upper/love bound
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age (médels IV and V), and finally by allowing developmental
changes in the genetic and envirconmental effects cn the phénotype
{models VI and VII). We shall discuss in detaili the results of
fitting modeis to data on normal weekly consumption in females to
illustrate the technique.

By the likelihood ratio criterion, the E1EZ model falls
badly, while the E,V, model gives a good fit (Table 7.32)., The
E1E2VA model has the same number of paramefers as the full model,
and hence yields an identical minus l1og likelihood. Only 1if both
simple environmental and genetic models fail will we consider
this model as most appropriate,. Thus, for normal weekly
congumption in females, we regard the EiUA model as an adequate
description of the data, and the fit of subsequent models was
compared against the minus log likelihood of this model.

Allowing the mean Lo vary a3 a linear function of age (model IV)
results in improvement over the E,V, model (X§ = 3.24,
.05<p<.10), which is further improved by the addition of a
quadratic term {(model IV). These estimates of the mean as a
linear and quadratic function of age were held constant in
subsequent models that were fitted., The first developmental
model fitted (model VI) assumes that within-family environmental
effects are age specific (i.e. p(E?} = 0}, but that there 1is
"remembering" of these environmental effects over time (i.e,.
P(E1) > 0). Similarly, additive gene effects are assumed to be
age specific (p(V,} = 0), with persistence of gene products over
time (P{V,) > 0). This model results in significant improvement

over the E .V, model as well as yielding sensible estimates of all
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parameters. In contrast, model VII, which assumes that both
individual envirconmental and additive genetic effecis persist

over time (i.e. P(Eq) and P(VA} > 0), individual environmental

effects are age specific (p(E1) 0) and that the same genes act
throughout development (p(V,) = 1.0), results in P{(V,)} going to
its lower bound,. Thus we accept model VI as the best description
of the data.

For consumption last week in females, of fthe models assuming
constant genetic and envirconmental effecis throughout
develo?ment, the E1VA model provides the best description of the
data (Table 7.33). Allowing_the mean to vary as a funcilion of
both linear and quadratic age regressions {(model V), results in a
significant improvement over the EaVy model. Although both
developmental models (models VI and VII) result in significant
improvement over the EEVA model, 1in both cases P(VA), the
parameter representing the persistence in gene products over
time, went to its lower bound.

In males, for both normal weekly consumption (Table 7.34)
and consumption last week {Table 7.3%), the BBV, model provides
the best description of the data of tne models assuming no
developmental changes. For both measures of consumption,
impro&ement over the ETEZVA model was obtained by allowing the
mean to vary as a linear and quadratic function of age {(model
V). The first developmental model fitted to these data {(model
VI) assumed that within- and between-family environment, and
additive genetic effects, were age specific in their action

(i.e. p{Ey) = p(Eo) = p(VA) = ). Furthermore, there was
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persistence of these three effeats over time (i.e. P(Eq), P{Ey)
and P(V,) > 0). For normal weekly consumption, this model
resulted in a worsening of it over the EqE,Vy model and
furthermore P(Ez) went to its upper bound. For consumption last
week, although this developmental model results in significant
improvement over the EiEZVA model, the paths representing the
persistence of effects over time (P(Ei), P(EZ) and P(VA)) went Lo
their lower bound. The second developmental model {(model VII)
asumed that within-families environment and additive genetic
effects were age specific in their action (i.e. p(E;) = p(V,) =
0), but that the same between-families environmental fagtors were
operating throughout development (i.e. p(Eg} = 17, It was also
assumed that there was persistence of these effects over time
(p(Ey), p(Ep) and p(V,) > 0). For normal weekly consumption,
this developmental model i3 again worse than thne Elgsz model,
and both P(Ez) and VA go to their upper bounds. For consumption
last week, while this model i1s significantly petter than the
EIEEVA model , the parameters representing the persistence of
within~ and between-familles environmental effects over time went
£o their lower and upper bounds respectively. Thus, only for
normal weekly consumption In females are we able to find a
theoretical model that can adequately describe the changes in
genetic and environmental effects as a function of ag;%m This
does, however, lead to several predicticns that may be tested.
Figure 7.2 shows how the phenotyple variance and
heritability (hz) change when within~family environment and gene

effects are assumed to be age specific (p(E1) = p(VA) = 0%, but
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there ié persistence of environmental and genetic effects over
time (P(E;) = 0.902, P(V,) = 0.134, estimates were obtained from
the fit of model VI to normal weekly consumption in females).
The variance increases, to a limiting adult value, because
information received from the enviroament is continually belng
incorporated into the phenotype. However, the heritability will
decrease with age to a limiting adult value.

Figure 7.3 illustrates predicted changes in correlations in
adults as a function of differenges in their ages (A). The
parent offspring correlation {(P/0) starts at half the value of
the limiting heritability, and then decreases to zero over
time. Thus, a nalve genetic analysis of parents and their
juvenile offspring would mistake these develeopmental changes as
evidence for the expression of dominant genes. Similarly, the
genetic (G), environmental (E) and phenotypiec (P) correlations
within-individuals across occasions start at unity and decline to
zepro as A lncreases.

Although we have only found one instance where 1L i3
possible to glve a theoretical explanation of the changes in the
contribution of genelic and environmental effects to varlatiocn in
alcohol consumption over time, this i1s still superior to
empirical approaches that do not lead to testable predictions
elther for different relationships, or changes in correlations
within individuals as a function of increasing time.

7.4.5.3 Comparison of different age cohorts

In section 7.4.5.1 we saw that for bhoth measures of

consumption, in females there i3 an increase in Va with age,
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while in males E, and E, increase with age while Vv, decreases.
However, these conclusions were based on the comparison of only
two age cchorts. As we have only been able to find an adeguate
theoretical explanation of these developmental changes for normal
weekly consumption in females, wWwe decided to divide the sample
into smaller age cohorts and see if there were perhaps nmore
subtle changes in the contribution of genetic and environmental
factors to variation in aleohol cg¢onsumption with age that our
previous analysis had been unable to detect.

The twin sample was divided into cohorts containing at least
100 pairs of twins, separately for males and females. Thnis
resulted in 16 cohorts in fsmales, and & in males. The mean age,
and The mean squares for the two measures cof consumption, and
their degrees of freedom, for the different age cohorts are shown
in Table T7.36, separately for males and females.

Models were {itted to the mean squares [or the 14 cohorts in
females, and 8 cohorts in males, then to the combined 64 and 32
statistics in females and males respectively. As we were
particularliy interested in the changes in E1 and YV, in Temales,
and E1, EZ and VA in males, we c¢ompared only the fit of the E}VA
model in females, and the ElEZVA model in males, over Lhe
different age cochorts. The parameter estimates obtained from
fitting these models are shown separately for normal weekly
consumption {(Figure 7.4 and consumption last week {(Figure T7.5)
in females, and normal weekly consumpition {Figure 7.6) and

consumption last week (Figure T7.7) in males,



Table 7.36 CObserved mean squares and their degrees of freedom for

different age cohorts.
cohort 1s also shown,

log transformed measures of alcohol consumption for
The mean of age of each

Females

Cohort
1
MZ Between
Within
DZ Between
Within
2
MZ Between
Within
DZ Between
Within
3
MZ Between
Within
DZ Between
Within
i
MZ Between
Within
DZ Between
Within
5
MZ Between
Within
DZ Between
Within
O
Mz Between
Within
DZ Between
Within
7
MZ Between
Within
DZ Befween
Within
3
MZ Between
Within
DZ Between
Within
9
MZ Between
Within
DZ Between
Within

Mean
age

18.

20,1

22,

24,

26.

28,

30.

32,

34,

78

Ly

54

h2

54

48

45

60

Normal weekly
consumption

daf

89
90
56
57

99
100
69
70

95
96
4y
L8

74
75
45
6

86
87
56
57

83
89
47
48

62
63
L6
b7

65
66
38
39

72
73
46

K7

mean
square

0.3741
0.0781
0.2297
0.0919

0.3765
0.0874
0.2453
0.1593

0,2768
0.0930
0.3175
0.1328

0.2688
0.0786
0.2946
0.0963

0. 3424
0.1218
0. 2444
0.2063

0.3439
0.0606
0.2108
0.10%0

0.3619
0.08M1
0.2153
0.1303

0.2750
0.1158
0.20868
0.1630

0. 4545
£.0993
0.2459
0.1408

Consumption
last week
mean
dr square
89 0.3645
90 0.0962
56 0.2845
57 20,1539
29 0.3873
100 0.0839
69 0.3189
70 0.1385
95 0.3087
96 0.1556
Ly 0.3557
48 0.1618
T4 0.2942
75 0.0799
L5 0.2472
45 0.1343
86 0.3177
87 0.1519
56 0.2063
57 5.1857
88 0.3553
89 0.0839
47 0.2617
48 0.1413
62 0.3625
63 0.107¢9
b6 00,2153
q7 C.1472
65 0.2902
66 0.129
38 0.1812
39 0.2588
12 0.4178
73 0.1073
4§ 0.2695
7 0.1383



Table 7.3b6

Cohort

10
MZ

DZ

11
MZ

Dz

12
MZ

DZ

13
MZ

DZ

14
MZ

bz

15
MZ

DZ

16
MZ

DZ

Between
Within
Between
Withnin

Between
Within
Between
Within

Between
Within
Between
Within

Between
Within
Between
Within

Between
Within
Between
Within

Between
Within
Between
Within

Between
Within
Between
Within

Males

1
MZ

DZ

2
MZ

DZ

Between
Within
Between
Within

Between

Within

Beltween
Within

eonttd

Me
ag
37.

4o.

h3.

48.

52,

58.

69.

19.

21

an
&
01

a0

46

09

9l

b2

21

32

.97

Normal weekly

dr

59
60
45
46

66
67
35
36

79
80
37
38

59
60
43
Uk

73
74
B7
48

72
73
35
36

79
80
b2

43

71
72
&5
66

82
83
54
55

consumption
mean
square

OO oo [ e R R ) OO oo [N eNele [l Rl e OO0 OC oOC oo OO OO

oo oo

.3318
,1229
. 2858
1677

4548
L0907
CHT9T
L3177

. 4287
L1343
. 4154
L2490

L4704
L1254
L2468
L2496

L4290
L1373
. 3249
L2227

LA723
L1160
L4385
L1H29

. 3887
L1266
. 3540
L1833

.5979
L1057
L4530
L1458

L5527
1305
.5H03
L1976

Consumption
last week
mean

drf square
59 0. 3477
60 0.1468
45 0.2349
4a 0.1933
66 0. 4067
67 0.0807
35 0. 4143
36 0.1232
79 G.3800
80 0.1000
37 0.3814
33 0.1842
59 0. 4281
60 0.1370
43 0.2576
W 0.2468
73 0. 4594
74 0.0810
iy 0.3310
48 0.1679
T2 0. 4668
73 0.0747
35 0.3881
36 0.1521
79 0.3820
80 0.1010
42 0.2871
43 0.1664
71 0.5577
72 0.1602
65 0. 4868
66 0.1732
82 0.5351
33 0.1394
54 0.5232
55 0.2351



Table 7.36 cont'd

Normal weekly Consumption
consumption l1ast week

Mean mean mean
Cohort age df square df sguare

3 25.46
MZ Between 58 0.6109 58 0.50h2
Within 59 Q. 1177 59 0.1211
DZ Between 50 0, 4534 50 0. 4298
Within 51 0.1679 51 0.1916

i 29.61
MZ Between 86 0.4862 86 0.4789
Within 87 0.1560 87 0.1711
DZ Bebween 45 0.3045 45 0.3329
Within hg 0.2946 Lg 0.2403

5 33.49
MZ Between 71 0.5118 71 0. 4888
Within T2 0.1843 72 0.1918
DZ Between 33 0.5583 33 0. 4905
Within 34 0.1530 34 0.1876

) 39.05
MZ Between 69 06.5108 69 0.5677
Within 70 0.1666 70 0.1348
DZ Between 33 0.5682 33 0.5828
Within 34 0.2305 34 0.2314

T yg,69
MZ Between 67 0. 6463 67 0.5504
Within 68 0.2080 68 0.1852
DZ Between 34 0.6617 34 0,6664
Within 35 0.1597 35 0.1907

8 65.39
MZ Between 54 0.6012 54 0.5588
Within 55 0.1361 55 0.1845
DZ Between 30 0.5505 30 0, 4764
Within 31 0.2379 31 0.304y
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iﬂ females, there is significant heterogeneity of fit of the
E1VA model over the different age cohorts for both normal weekly
consumption (Xgo = 75.93, p<.001) and consumption last week
(X%D = 66.32, p<.001). Furthermore, it is obvious that for both
measures of consumption, there is no simple function that could
describe the changes 1in E1 and VA with age., This is even more
apparent in the male data. Although there is no heterocgeneity of
fit of the E§E2VA model over the different age cohoris for either
normal weekly consumption (ng = 31,11, p>.05) or consumptbtion
last week {X§1 = 16,52, p».05%), the fluctuation in parameter
estimates is even more extreme than that found in females. [IL is
not suprising then that our attempts to find a theoretical model
to describe developmetal changes in alcohol consumption were
unsuc¢essful, when it 18 unlikely that we could find an empirical
model that could adequately describe the data. Unfortunately, by
splitting our sample into small ceohorts, our power to
discriminate between alternative models of variation 1s low
{(Martin et al., 3978),.and thus more detailed analiysis is
unlikely to provide much information. Qur analysis does however
demonstrate that the changes in the contribution of genetic and
environmental factors to variation in alcohol consumption with
age are more complicated than has previously been demonstrated

{e.g. Partanen et al., 1966; Kaprio et al., 1381},

7.4.5,.4 1Interaction with marital status
Throughout t£his chapter we have seen that the causes of
variation in drinking behaviour are dependent on age and sex.

This leads us to a more general questftion as to whelther we can
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identify other factors that might modify the effects of genes and
environment on alcohol consumption. In genetic terms, this can
be conceived as a search for genotype~énvironment interaction.
Although the present study was not designed to detect genotype-
environment interaction, and therefore did not measure possibly
relevant environmental variables, it is possible to 1llustrate
one method of detecting genotype-enviroament interaction by using
data on marital status.

The twin sample was divided into those twin pairs where both
twins have a marrlage—-like relationship (i.e. married c¢r
cohabiting), where only one iwin has such a relationship, and
where neither twin has such a relationship. Tébie 7.37 shews the
variances and covariances for the two measures of consumption for
twin 1 and twin 2, divided int¢ these three groups, separately
for males and females. For concordant pairs, the order of twin 1
and twin 2 was arbitrary. For discordant palrs, twin 1 was
married, twin 2 was not.

It l1s possible to it three baslic kinds of model 0o these
data. First, genes and environment could combine additively, in
which case gene expression is the same in all twin groups.
Second, marital status could govern the degree to which genes are
expressed, but the same genes are expressed regardless of whether
one is married or not. Third, depending on marital status,
different genes could affect alcohol consumption.

In Figure 7.8 we present three path diagrams which summarise
cur basic model, Figure 7.8(i) applies £o concordant pairs who

are married, Figure 7.8(1ii) to coencordant pairs who are single



Table 7.37 Variance~covariance matrices for 1log transformed measures

of alecohol consumption, broken down by sex and marital
status.

Females

Normal weekly

consumption
MZ

Twin 1
Twin 2
DZ
Twin 1
Twin 2
Consumption
last week
MZ
Twin t
Twin 2
DZ
Twin 1
Twin 2
Males

Normal weekly

consumption
MZ

Twin 1
Twin 2
DZ
Twin 1
Twin 2
Consumption
last week
MZ
Twin 1t
Twin 2
DZ
Twin 1
Twin 2

Concordant married Concordant single

j]

(]

o]

<

(=]

.2316
.1310

. 2263
.0661

. 3270
L1807

L3242
L1318

{n=650)
Twin
1 2

L2313 0.1290
L1290 G.2339

(n=380)

2433 0.,0738
L0738 0.2085

1 2
0.1310
0.2380

0, 0661
0.2161

{(n=268)
Twin
1 2

.3579  0.1861
. 1861

C.3377
(n=137)

L3433 0.1530
L1530

0.4012

1 2
0.1807
0.3610

0.1318
0.4088

[ow]

<

o

O

w

<

o

.2295
L1547

2775
L0887

L3460
., 2063

. 3353
L1574

(n=307)
Twin
1 2

.2292  0.1596
L1596 0.2357

(n=181)

.2073 0.08C8
.0808 0.2073

1 2
0.1547
0, 2440

0.,0887
0.2534

(n=187)
Twin
1 2

L3589 0.2483
L2483

0.3536
(n=136)

.3288 0.1648
L16H8  C.3217

1 2
0.2063
0.3396

0.1574
0.3512

[}

o

O

L2274
.0304

L2240
L1122

. 20484
02T

387
. 22066

L3474
L1257

Discordant

(n=276)
Twin
1 2

L2295 0.1260
L1260 0.2722

{n=190)
(.0364
0,2480

H 2
0.1122
0.2728

0.0271
0.24820

{n=112)
Twin
] 2

L3795  0.2094
L2084 0.4382

(n=79)

. 3386  0.1493
L1493 0.3796

1 2
0.22566
0.4522

0.1257
0.3659
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and Fiéure 7.8(1ii) to discordant pairs where one twin is
married, the other is not. In these diagrams, G denotes additive
genetic deviations, C between-families environment and E
individual environment. The correlations (rg) between additive
genetic deviations will be 1 for MZ twins, 172 for DZ twins. For
discordant pairs, the correlations between additive gentic
effects in married and single pairs will be reduced If the genes
affecting alcohol consumptlon differ according to marital
status. The paths to measured alcohol consumption from genotype
{h or h'), betwegen~Tamilies environment (¢ or c¢') or individual
environment (2 or e') will be the same for MZ and DZ twins, but
are allowed to differ according to whether an individual Is
married or noft {(denoted by a prime, ').

On this model, the expected total variance, which should be

the same in MZ and DZ twins, will be

2 2

h2 + o e

in these twins who are married, or
in those twins who are singlse. The expected covariance of
married MZ twins willl bpe
h2 + 02,
the expected covariance of MZ twins wno are single will be
and the expected covariance of MZ twins who are discordant for

marital status will be

hh' + ¢cot,
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Expecﬂéd covarliances for DZ twins are easily derived by
multiplying the genetic terms in the expectations for MZ twins
given above by 1/2. Héving derived these expected variance-~
covariance matrices, it i1s possible to it alternative models to
the full set of observed govariance matrices using the method of
maximum likelihood covariance structure analysis described in
section 5.3.5.1 of this thesis,

The results of fitting the three basic models described
above to both measures of alcohol consumpition are shown in Table
7.38, separately for males and females. We have presented the

resulits in terms of our usual notation where

Vy = n®
E1 = 82
E' o= ef
. ml
E2 - A
B, = o

and RVA and RE2 are the correlations between additve genetic and
between~families envircnmental effects in married and single
twins respectively. There 13 an obvious similarity between this
approach, looking at scalar and non-scalar differences in genetic
and environmental effects in married and single twins, to that
used throughout fthis thesis in the examination of scalar and non-
scalar differences in genetic and environmental effects in males
and females.

In females, for both measures of consumption, both model I,
which assumes that there is no interaction between genotyps and

marital status, and model II, which assumes that the same genes



Table 7.38 Results of fitting models testing for genetic and
envirommental interaction with marital status, in log
transformed measures of alcohol consumption, separately

for males and females.

Females

Normal weekly

consumption
Model VooV Ry, By By ¥ »
I 130 - 102 16 140,143
i1 116 . 160 - .109 .078 14 29.71°"
11 130 .168  L747  .102 .0T3 13 13.48
Consumption
last week
Model Vo Vit Ry By BT X s
I 130 - 102 16 34,60
11 116 .152 - .109 .096 14 27.24"
I1I 123 L1688 .698 .102 084 13 7.69
HMales
Normal weekly
consumption
Model oo T Ry Ep B0 e, B B0df
I .090 - 116 - 152 15 22.53
I 152 .078 - 04O 176 - 160 .116 12 8.25
11T .096 .116  .543  .096 .137 1.0007 .160 .109 10  5.39
Consumption
last week
Model Yoo VAt Ry, B2 B2 fg, Byrodr o y°
I .109 ~ . 084 - 160 15 12,52
1T L152 .084 - .036 .137 - L1688 .14y 12 7.63
11 .130 .102  .8B4 .058 .123  .895 168 .137 10 7.22

T Parameter went to upper hound
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affecthalcohol consumption in married and single females, but
they have a different effect on the variance, fall badly. Model
III, which allows different E? effects, and non-scalar
differences in Vy effects in married and single females, gives an
excellent fit to the data for both normal weekly consumption and
consumption last week. We see that There is a consistent
tendency for the importance of genetic factors to ingrease with
the lack of a steady partner. Furthermore, the correlaticns Ry

= 0,75 for normal weekly consumption, and RVA = 0.70 for
consumption last week, indicate that depending on marital status,
there are some differences in the genes affecting alcohol
consumption.

In males, for normal weekly consumption, a model allowing no
differences in genetic and environmental effects in married and
single twin pairs {(model I), is able %o adeguately describe the
data. However, there i3 a significant reduction in chi-sguare i
we alLliow scalar differences in genetle and environmental effects

-

depending on marital status (model II), (x5 = 14.28, p<.01). HNo

Lo

further reductions in chi-square vwere seen Dy allowing non-scgalar
differences in genetic and envirconmental effects depending on
marital status (model II1). Thus for normal weekly consumption,
the genetic and environmental effecis are the same in married and
single males, but marital status governs the degree to which
genetic and environmental effects are expressed,. The importance
of genetic factors and individual environment decreases, and
between-families environment Iincreases, with the lack of a steady

partner, For consumption last week, model I, which assumes that
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the same genetic and envircnmental effects act regardless of
marital status, is able to adegquately describe the data. No
further reductions in chi-square were seen by allowing elther
scalar or non—scalar differences 1n genetic and environmental
effects depending on marital status (models I and II
respectively), thus we regard model I as the best description of
the data.

The above results show that the effect of marital status on
the causes of variation in alcohol consumption 1s dependent on
3ex. We shall now examine whefher the effect of marital status
on the causes of variation in alcoheol consumption is also
dependent on age. The twin sample was again divided into younger
{30 and under ) and older {(over 30) twin pairs. The variances and
covariances for the twoe measures of aleonol consumption for older
and youngser twin palrse are shown in Table 7.39, separately for
males and females. The results of fitting models to bhoth
measures of consumption are shown separately for younger (Table
7.40) and oider (Table T7.41) pairs.

For normal weekliy consumption in females, for both younger
and older twins, model III which ailows different E1 effects, and
non~scalar differences in V, effects, in married and single
females provides the best description of the data. The
correlatctions RVA = 0.802 in younger females, and RVA = 0,725 in
older females, indicate that for both age cohorts there are some
differences in the genes affecting alcohol consumption depending
ocn marital status. Model III also provides the best description

of the data for consumption last week in older female twin pairs,



Tabie 7.39 Varliance-covariance for log transformed measures of
alcohol consumption, broken down by age cohort, sex
and marital status.

Concordant married Concordant single Discordant
Younger
Females
Normal weekly
consumption
MZ (n=177) (n=254) (n=53%3)
Twin Twin Twin
1 2 1 2 1 2
Twin 1 0.1787 0.0896 0.2283 00,1879 0.3397 0.217
Twin 2 0.0896 0.1674 0.1579 0.2273 0.2171  0.4290
DZ (n=108) {(n=156) (n=87)
Twin 1 0.1189 0.034% 0.1978 0.0822 0.1929 0.0427
Twin 2 G.0346  0.1407 0.0822 0.2094 0.0427 0.2222
Consumption
last week
MZ 1 2 1 2 1 2
Twin 1 0.2074  0.0840 0.2334 0.151% 0.1890 0©.0878
Twin 2 0.0840 G.2016 G.1515 0.2453 0.0878 0.2302
DZ
Twin 1 0.1744  G.0332 $.2211  0.0951 0.18%8 ¢.0234
Twin 2 0.0332 0.1664 0.0951 0.2538 0.0234  0.2156
Males
Normal weekly
consumption
MZ (n=48} (n=173) {n=53)
Twin Twin Twin
1 2 1 2 1 2
Twin 1 0.35%29 0.189% 0.36%4  0.2567 0.3397 o.2171
Twin 2 G.1891  0.2890 0.2557 0.3515 0.2171 0.4290
Dz {n=27) {n=131) (n=48)
Twin 1 0.2702 -0,0198 0.3319 0.1642 0.3368 0,14232
Twin 2 -0.0198 0.3413 0.1642 (.3268 0.1423 0.3534
Consumption
last week
MZ 1 2 1 2 1 2
Twin 1 0.3138 0.2384 0.3584  0.2087 0.3374  0.2299
Twin 2 0.2384 0.3916 0.2087 0.3438 0.2299 0.4152
DZ
Twin 1 0.1554  0.0186 0.2271  0.0951% 0.3289 0.1196
Twin 2 C.0186 0.3772 0.0951  0.2538 0.1196 G.3746



Table 7.39 cont'd
Older
Females
Normal weekly
consumption

MZ

Twin 1
Twin 2
bz
Twin 1
Twin 2
Consumption
last week
MZ
Twin 1
Twin 2
DZ
Twin 1
Twin 2
Males
Normal weekly
consumption
MZ

Twin 1
Twin 2
DZ
Twin 1
Twin 2
Consumption
last week
MZ
Twin 1t
Twin 2
DZ
Twin 1
Twin 2

Concordant married Concordant single

<

o0

2511
L1434

. 2409
. 1485

. 2873
L0745

. 3604
. 1863 0,397

. 3291
1699

. 3576
L1493

(n=473)
Twin
1 2
0.14348
0.2580
(n=272)

.2655 0.,0894
L0894 0.2357

1 2
0.1485
0.2517

0.0795
0.2364

(n=220)
Twin
1 2
0.1863

(n=110)

.3579 0.1899
L1899 0.4137

i 2
$.1699
0.3559

G.1483
0.4084

OO

.2080
L1575

L2720
.0351

.2393
L1483 0.3993

. 0874
L1250

(n=53)
Twin
1 2

L2318 0.1564
L1564

0.2480C
(n=25)

L2742 0.0666
L0666

0.1824

1 2
0.1575
0. 2081

€. 0351
0.2219

{(n=14)
Twin
1 2
0.7483

{(n=5)
0.1250
0.2250
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Discordant

(n=137)
Twin
1 2
2672 0.1532
. 1532 0.3329
{n=103)

. 2565 0.0269

.0269  0.2634

i 2
L2605 0.1392
L1392 0.3149

0.0240
0.2515

.2160
.G240

{(n=%9)
Twin
1 P

L2010 0.1987
0.4172
(n=31)
0.1627
L1027 0.4312

L4372
L2192

<O

.2192
4357

<O

. 3866
1373

<1373
L3616
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Table 7.4D Results of fitting models testing for genetic and
environmental interaction with marital status, in log
transformed measures of alcohol consumption in younger

twin pairs, separately for males and females.

Females

Normal weekly

consumption
Model Ve Yy Ry, By Egtdf x?
I 116 - .078 16 25.93
II LOBL4 L 1ky - .0%6 .068 14 11,02
111 .090 .144  .802 .084 .068 13 7.14
Consumption
last week
Model Voo V4 Ry, By By ar ¥Z )
I 109 - .102 16 28.41
11 068 13k ~ ,123 .084 14 7.60
III 073 152  .815 .116 .084 13 5,92
Males
Normal weekly
consumption
Model Voo Vil Ry, Ep By Ry B Etoer X7
I . 160 - .068 - 123 15 18,07
II 168 .130 -~ 010 .116 -~ Lta4 102 12 7.33
111 .168 130 1.000f .o10 116 1.000" 144 L102 10 7.33
Consumption
last week
Model Voo V' Ry, Eo EToAg, Epodr °
1 1Ay - .068 - 137 15 13.62
II L1059 .22 - .096 .020 - .138 .116 12 11.08
IIX 109 .22t 1.0007 .096 .140 1.0007 .138 .116 10 11.08

T Parameter went to upper bound



Table 7.41

Resulis of fitting models tfesting for genetic and

envirommental interaction with marital status, in log

transformed measures of alcohol consumption in older

twin pairs, separately for males and females,

Females
Normal weekly
consumption

todel

I

Iz

IIT
Consumption
last week

Model

I

IT

IiI
Males
Normal weekly
consumption

Model

I

II

111
Consumption
last week

Model

I

I1

I11

v, vy RVA E, E,' af
14k ~ 116 16
LTk 152 ~ ,109 .130 14
JAH4 0195 725,109 .08Y 13
VA VA' RVA Ei E?‘ df
. 1hh - 102 16
JTHE L1k - 102 .123 14
JTH4 221 627,096 .053 13
v, vy Ry, B2 Bp' Rg,
.029 - 160 -
020 109 - 176 .096 -
.04 058 1.o00" Lis2 L2400 .828
YV V! i B Eat R
A A v, Fe 2 E,
.096 - .090 -
.123 .001 -~ 068 .281 -
.102 .073  .800 LOB4 221 703

2
19.96
17.82
10.49

(2
30. 74"
28.71°

9.05
E, E
176
ATE 176
168 .10y
E,
176
176 078
176,073

1

af
15
12
16

dar
15
12
1C

™

15.03
14,37
12,97

12.55
7.60
7.11

T parameter went to upper bound
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the correlation RVA = 0.627 again indicating that there are some
differences in the genes affecting alcohol consumption in married
and single females,. In contrast, for consumption last week in
younger females, model II provides the best description of the
data, indicating that in this cohort, the same genetic and
environmental effects act in married and single females, but
marital status governs the degree to which genetic and
environmental effects are expressed, However, for both measures
of consumption, in both cohorts, the tendency for the importance
of genetic factors to increase with the lack of a steady partner
is still apparent. Thus, genetic factors are of least importance
in married females under 30, and of greatest importance in single
females over 30,

In males, with the exception of normal weekly consumption in
younger pairs, model I provides the best description of the data,
indicating that marital status and genes and environment combine
additively. That 1s, the same genetic and individual
environmental effects act regardiess of marital statug. For
normal weekly consumption in younger males,=model II provides the
hest desecription of the data, indicating that there are scalar
differences in genetic and environmental effects depending on
marital status. The importance of genetic and individuai
environmental effects decreases, and between-families environment
increases, with the lack ©of a steady partner. Thus our results
show that the interaction of marital status with the genetic and
environmental sources of variatlion in alecohol consumptlion is

dependent on both age and sex.
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7.5 DISCUSSION

The present study demonsfrates that the causes of variation
In drinking behaviour are more ccomplex than has previously Uveen
demonstrated (e.g. Partanen et al., 1966; Kaprio et al., 198131).
Qur results show that the relative contribution of genetic and
environmental factors to variation in drinking behaviour 1is
dependent upon age, sex, and for alcohol consumption in females,
marital status,

When sfudying drinking status we found that for those under
30 years, 89% of the variation in liability to drinking in males
i3 due to family environment and cultural influences, while 1in
females 54% of the variation is due to these effects.
Furthermore, there was evidence that the types of environmental
infiuences that predispose people to drink differ between the
sexes. In females, genetic facters are also important accounting
for 34% of the variance.

In contrast, for those over 30, in both males and females
approximately 75% of the variation in liability to drinking is
genetic in origin, with the remaining variance due to
environmental Influences specific to individuals.

hge effects were also apparent when analysing data on the
frequency of alcohel consumption. When no corregtion was made
for age, it was not possible to find a model which could
adequately describe the data. In younger twin pairs the best
fitting model, allowing scalar differences in genetic and
environmental effects in males and females, still failed to

adequately describe the data, However, in older twin pairs, in
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both ﬁéles and females, 49% of the variation in frequency of
alcohol consumption is genetic in origin, and 16% due to the
effects of common family environment, the remaining variance due
to environmental factors unique fto the individual and error.

Qur analysis of the freguency of alcohol consumption data
assumed that, underlying our observed response categories, there
was a continuous and normal distribution of liability tec drinking
behaviour. We attempted to test this assumption by fitting a
model which assumed that there were two dimensions of liability
underlying our oObserved response c¢ategories. The first dimensicon
reflected the distinction between non-drinkers and drinkers, the
second dimension categorised drinkers on the basis of how
frequently they drank. Although this resulted in a highly
significant improvement in fit tc the data in younger twin pairs,
it represented a worsening of fit in eclder twin pairs. This
result suggests that while there may be some differences in the
causes of variation in drinking status and, given that one is a
drinker, how frequently one drinks, the causes of variation in
these two measures are not entirely independent.

An alternative approcacnh to the problem of dimensions in twin
similarity has been devised by FEaves (see Eaves and Eysenck,
1980). This approach, based on canonical analysis, does not make
any assumptions about the distribution of liability, and simply
derives a set of category weights which maximise twin
correlations for the welghted phenotype, This approach yields a
geometrical representation of the distances between response

categories which may be useful in detecting the dimensions in the
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twins'hresponses. For example, when this method was applied to
data on the smoking habit (Eaves and Eysenck, 1980), it was shown
that non-smokers could not be regarded as one extreme of a single
continuum embracing non—-smokers and all degrees of smoking. In
genetic terms, such models imply interactions between effects
responsgible for the onset of a habit and factors contributing to
intensity once the habit is initiated. Unfortunately, because of
time constraints, it was not possible to fit such a model to our
data on the freguency of alcohol consumption., Hewever, such an
analysis, in the future, may prove useful in elucidating the
causes of variation in the frequency of alcohol consumption.

Data relating to alcohol consumption also showed marked age
and sex effectis. In females, for normal weekly consumption,
although there was an increase in E1 and V, with age, the
heritability decreased from 0.58 to 0.55, For consumption last
week, there was an lincrease in V, with age, with a corresponding
inc¢crease in heritability from 0.51 to 0.58,

In males, the effect of age 13 even more striking. For bhoth
measures of consumption, in younger male twins over 60% of the
variance is genetic in origin, with tne remaining variance due to
environmental influences unique to the individual. In older
twins, however, genetic differences do not appear Lo be
important, with approximately 50% of the variation due to
individual environmental differences, and the remaining 50% due
to the effect of common family environment,

OQur attempt to find a theoretical explanation for the

changes in the contribution of genetic and environmental effects
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with aée was succesful for normal weekly consumption in
females. In this measure, a model which assumed that within-
family environmental and additive genetic effects were age
specific, buft that there was a "remembering" of these
environmental effects, and-persistence of gene products over
time, provided the best description of the data. This leads to
several predictions about changes in genetic, environmental and
phenotypic correlations within individuals over time, and can
also be extended to predict chaﬁges in correlations for different
family relationships with time. Such analyses would provide
further tests of our model. However, for the other measures of
consumption, no adequate theoretical explanation for the changes
in the sources of varilation in alcohol consumpiion with age could
be found. The reason for this was apparent when we analysed the
data separately for a large number of different age cohorts,
There was considerable fluctuation in our estimates of genetic
and environmental sources of variation in the different age
cohorts. Furthermore, 1t was apparent that any attempt to find
an empirical model, to gulde us in our choice of theoretical
model, would.:be unlikely $0 be sucoesful% It should be
remembered, however, Lhat we are dealing with cross-sectional
data and that perhaps we are seeling conort rather than
developmental effects. A longitudinal study of alcohol
consumption would be needed to test this hypothesis,

Another factor found to influence alcohol consumption was
marital status. In females, in both younger and clder pairs,

there is a consistent tendency for the importance of genetic
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factofé to increase with the lack of a steady partner. The most
parsimonious explanation of this finding is that having a steady
marriage-like partner atftenuates the effects of genes on alcohol
consumption, possibly by scme social buffering effect. QCur
results also show that with the exception of consumption last
week in younger pairs, there is some difference in the genes
affecting alcohol consumption depending on marital status. 1In
contrast, in males, with the exception of normal weekly
consumption in younger pairs, marital status and genes and
environment combine additively. That is, the same genetlic and
environmental influences act regardless of marital status.

The significance of the present study lies in three
conclusions. First, there are significant genetic and gculstural
effects on twin resemblance in alcohol consumption, Second, that
the effects of genes and environment depend significantly on
sex, Third, that the effect o¢f genes and environment depend
significantly on age.

Of particular interest 1is the finding that family
environment plays a substantial role in the develcpment of normal
drinking behaviour. However, the envirconmental resemblance
between relatives may take a number of different forms. Any
attempts at behavioural intervention needs $o be based on a
better understanding ¢f the major social components of fTamily
interaction. Different types of family interaction suggest
different therapeutic strategies. For example, children nay
affect parents, siblings may influence one anocther and spouses

may affect each other. Fortunately, models have been developed
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for the contribution of vertical cultural inheritance from parent
to chiid (e.g. Cavalli-Sforza and Feldman, 1%73; Rao et al.,
1974; Cloninger et al, 1979) and for environmental impact on
children of the parental genobtype (Nance and Corey, 1976).

Models have also been developed for horizontal transmission
within a generation {Cavalli~Sforza and Feldman, 1981} including
the effects of one sibling on another (Eaves, 1976; Carey,

1983). Unfortunately, the twin design alone is inherently unable
to resolve all of the effects we have described,

As we have noted in previous chapters, if there 1is
assortative mating, then part of our estimated contribution of
the family environment may reflect assortative mating rather than
cultural transmission. Poslitive marital correlations have indeed
been reported for both alconolism {(Hall et al., 1%83a, 1983p) and
alcohol ¢onsumption {(Heath, personal ¢ommunication). Heath
studied alconol consumption In 1553 spouse pairs in America. The
spouses wWere classified as elther Trequent drinkers, occasional
drinkers or non-drinkers, and the polychoric correlation (see
section 3.3.7.1) for the spouses was estimated as 0.62+0.02,

This c¢orrelation could be due to assortative mating or to
convergence between spouses following marriage. 1f it is due to
the latter, then Eaves' (1976) model of sibling interaction may
be adapted to examine social interaction between spouses. Thus
if there is cocoperation the phenotypic variance of spouses should
be greater than the phenotypic variance of single individuals, if
there is competition the reverse will be true. If the marital

correlation for alcohol consumpticn 1s due to assortative mating,
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then tﬁis could be due to assortative mating for that variable
('primary phenotypic homogamy': Fisher, 1918) or because of
assortative mating for some correlated variable, either some
feature of the individuals social background {sccial homogamy) or
some aspect of his phenotype such as educational level or
socioeconomic status ('secondary phenotypic homogamy': Fisher,
1918, 1924; Rao et al., 1976, 1979).

Although the twin design alone 1s unable to resolve these
competing models of cultural inheritance, social interaction and
assortative mating, Heath et al. (198%) have conducted extensive
simulation studies to determine the efficiency of different
experimental designs to resolve these effects. They show that
extending the classical twin design to include data on the
parents of twins allows the detection of sibling interactions and
offspring-parent cultural transmission. If we further extend
this design to include the spouses and parents-in law c¢f twins,
then we are able to determine whether marital correlations arise
through assortative mating or convergence, and we are also able
to determine the precise bpasis of assortative mating. Such a
study of alcohol consumption would be the single most powerful
twin~based design for resclving cultural and bpiologilcal
inheritance. OQbviously such a study 1s necessary if we are to
determine more precisely the sources of variation in drinking

behaviour.
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CHAPTER 8 CONCLUDING REMARKS

In this thesis we have demonstrated the valuable
contribution that the classical twin study can make to our
understanding of human variation. We have shown the utility of
twins for detecting genotype-environment interaction and age- and
sex—dependence of genetic and environmental effects. Twin
studies are a powerful first step for assessing the broad causes
of trait variation. Indeed, they are beset with far fewer
problems than octher designs {(¢.g. nuclear-~family studies) many of
which are rendered aimost worthless by the inextricability of
geneftic and envirocnmental variance (Eaves et al., 16478). The
importaﬁce of fwin studies is further enhanced when 1t can be
shown that thelr results are generalizable to other
relationships, The advantage of the rigorcus hypothesis-testing
approach that we have adopted in this thesis is that we can use
cur results as a source of predictions to be tested on other
relationships. We snall now consider some of our more striking
findings with a view to now they might be more extensively tested
in the future, and discuss some of the impiications of our
results,

in what is certainly one of the largest fwin studies
undertaken, our results show tnat without a doubt there are
genetical differences leading to nhuman behavioural variation, and
that these differences are often dependent on age and sex. Thus
for the personality traits we have measured, we found that while
the same genes are acting in males and females to produce

variation in psychoticism and lie, for psychoticism genetic



178.

differeﬂées are more pronounced in males than females, while for
lie the reverse is true, For neuroticism there. was evidence for
the action of different genes in males and females, and for
neuroticism and lie genetic differences become more pronounced
Wwith age in females but not males. For the attitude of
conservatism, while the same genes are acting in females and
males, genetlc differences become more pronounced with age in
males. The basis of these sex and age differences is unknown,
and this 1is an area for future Iinvestigation. Prospective
longitudinal studies would provide the information needed to
examine the changes in the sources of variation with age.
However; in view of the problems of sample wastage and the cost
and time involved in & longitudinal study, the cross-sequential
approach (e.g. Schale and Strother, 1968} 1is a more attractive
and feasible alternative. In this design, a cross—sectional
approach is used to examine variation in a sample of wide age
range, and thnis sample is retested some time later Lo examine
developmental changes.

Such a study of drinking benaviour might help to further
elucidate the causes of age dependence in gene expression and
environmental influences that we observed 1n our analysis of data
relating to drinking hablts. These data were also particularly
interesting in that they provided evidgence [or the importance of
family environment in the development ©f normal drinking
habits. We have already noted that this environmental
resemblance may take a number of gifferent forms, or may in fact

he due to assortative mating (as we found for conservatbtism). We
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reiteragé that a study of twins, their parents, spouses and
parents—in-law, would provide valuable information on the effects
of cultural and biological inheritance on drinking behaviour,

Sibling effects are of great theoretical interest to
psychologists and geneticistis alike, especially with the
emergence of the new discipline of sociobiology (Wilson, 1975;
Dawkins, 1976). The basic premise of sociobiclegy is that
individuals influence other individuals, and if such influence
has a genetic basis, 1t may lead to eveclutionary change,.
Although the study of human individual differences has not
contributed much to this area as yet, several workers have
attemptéd to extrapolate from animal evidence to explain human
social behraviour {s.g. Wilson, 1978; Rushton et &l., 1984).
Recognising that the genes of one person can effect (through
environmental interaction) the phenotype of another,
sociobiologlical phenomena can be viewed in terms cof genotype-
environment covariation. Furthermore, in the sociobiological
literature, interactions between individuals are often discussed
in terms ¢f competition (e.g. parent-offspring conflict; Trivers,
1974) or cooperation (e.g. reciprocal altruism; Trivers, 1971).
Thus the detection of sibling interactlion may provide valuable
support for socioblological interpretations of human social
behaviour.

In our analysis of the trait of extraversion, however, we
were unable to distinguish between the effects of sibling
competition and genetic¢ dominance. Furtnermore, our extensive

power calculations show that unless the competition effect 1is
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large (éreater than 30% of the variance), or dominance accounts
for at least 80% of the variance, the discrimination between
dominance and sibling interaction 1s unlikely to prove feasible
by model-fitting techniques. However, as Eaves et al, (1978)
note, inclusion of family density is the key to the analysis of
sibling effects. They point out that singletons and multiple
Births represent the two extremes of a c¢ontinuum of density which
might be experienced in human families, and that family density
will also depend on factors such as total family =size and the
spacing of siblings. Further work aimed at inecluding thesse
parameters in nmodels of social interaction may prove valuable In
the development of further tests of sibling effects.

Qur analysis of the causes of variation between the trait of
neuroticism and symptoms of anxiety and depression represents an
important [irst step in the bridge between the study of normal
personality and psychiatric abnormallty. Our results show that
genetic variation in anxiety and depression 1s largely dependent
on the same genes whilch determine variation in neuroticism,.
Furthermore, there 1Is evidence that additive genetic factors are
more lmportant than individual environmental faciors in the
covariation of anxlety, depression and neurosticism, However, we
recognise that many individuals may have personalities vulnerable
to disease without developing symptoms. The most ilmportant goal
for future research in this area 1s the identification of those
factors which account for the fact that some vulnerable
individuals develop a given disease while others do not. 1In

particular, a genetic and environmental analysis of the
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covariégion between neuroticism, l1ife events and their modifiers
(see section 5.4) and symptoms of anxiety and depression could
help to c¢larify the relationship between normal personality and
disease, Given that genes play substantial role in the aetiology
of symptoms of anxiety and depression, it is possible that genes
might act via increasing an individual's predisposition to
experience 1ife events.

Throughout this thesis we have made the distinction between
the effects of within- and between-families envircnment. This
distinetion 1is not merely formal but recognises that there are
fundamental differences in the types and effects of different
environmental stimuli. Qur analysis has shown that environmental
differences within-families play a substantial role in the
determination of variation in all the traits we have measured,
Although part of this variation is due to non-repeatable error,
the precise causes of repeatable individual environmental
differences are stili not known. If we are to determine the
nature of these influences a trait-specific approach will be
required., Thus in the case of discontinuvous variables, studies
comparing the environment of "affected” individuals with their
"normal" c¢o-twins are needed., In the case of continuous
variables, studies of MZ within-pailr similarity in environmental
experiences and tralt similarity are necesgsary. We should
remember, however, that while we have found variables which
modify the effects of genes on subsequent behavicur (e.g. the
effect of marital status on variation in alcohol consumption in

females), one can not necessarily assume that these effects are
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environmental in origin. Model-fitfing techniques, and the
presence of within-pair c¢orrelations in MZ twins in the absence
of correlations in DZ twins, will be needed Lo determine the
relationship between "“environmental!" variables and trait
similarity.

The results of our analysis of the causes of variation in
personality traits and symptoms and the attitude of conservatlisn
have radical implications for our understanding of cultural
inheritance in man, and c¢ertainly raise serious doubts about
naive attempts to explain familial resemblance in purely soclal
terms. QOur most striking finding as that for all of these
measures, at both the item and trait level, we find virtually no
evidence for the importance of family environment., This i3
neither attridutable to an inherent bias in the twin deslign or
lack of power, In fact, Martin et al. (1978) have shown that the
twin method 1s inherently biased against the detectlon of genetic
rather tfhan cultural effects. Furthermore, based on the power
caiculations of Martin et al. {1978), we know that uniess shared
family environment is making a trivial contribution to varlation
in personality and attitudes, our sample size is sufficient to
detect its presence.

Cur resulfs suggest that geneticists and social sclentists
have misconceived the role of cultural Inheritance in human
variation. Workers who emphasise the Ilmportance of shared
environmental factors must recognise that individuals acquire
little from their social environment that is incompatible with

their genotype. OQur results do not 1mply that learning and
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social environment are unimportant in determining human
behaviour. However, it must be recognised that an individual%
innate abilities and predispositicns help him to select relevant
and adaptive opportunities and stimuli from the environment. Any
effects of learning serve oOnly to augment rather than eradicate

the effects of genotype on behaviour.
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APPENDIX 1

Questionnaire sent Lo twins



AUSTRALIAN TWIN REGISTRY

TELEPHONE: (082) Departmeant of Poputation Biaiogy
49 4486 . Rasegarch School of Brological Screncas
Austrahan National University
PO Box 475
Canbearra City A CT 2801

Dear Twin,

Thank you for giving your name to the Australian Twin Registry {which now includes
those who have previcusly given their names to the Victorian Twin Regilstry).

So far about 10% of all twins in Australia have enrolled on the Registry and with
vyour help we hope to enrol many more -pairs. Setting up and financing the Australian
Twin Registry has taken a long time, and you and your co-twin may have wondered 1£
you would ever hear from us again. However, we now have financial support from the
National Health and Medical Research Council, the University of Melbourne and the
Australian National University to carry out this postal survey of all registered
twins. This survey will help to explaim why some people are more healthy than
others. Twins are vital in this research, because by comparing ideantical with non-
identical twinsg the relative importance of heredity and enviromment in health
differences can be worked out, We hope this work will help in the prevention of
disease in Australia.

You will realise that it ig an expensive project to send reply-paid mail to several
thousand pairs of twins. To obtain full value from the work, we have selected a
detziled set of questicons relating to your birth and life as a twin, your family,
your health, habits, feelings, occupation and beliefs. A1l of these questions are
important for ocur research and we hope vou can spare the time to help us.

This particular survey has been financed by a National Health and Medical Research
Council grant to Dr. J.D. Mathews, University of Melbourne; Professeor J.B. Gibson
and Dr., N.G. Martin, Australian National University.

JSTRUCTIONS :

* We expect that it will fake you about 45 minutes to complete the enciosed
gquestions, You will probably find it easier to complete 1f you can answer
all the questions at one sitting.

* It ig important that we have your OWN answers to the guestions so please
DO YOT discuss your answers with your twin,

*  Before returming the questionnaire in the enclosed reply-paid enwvelove, please
check carefully that you have answered all the gquestions on every page.

* ALL your answers will be STRICTLY CONFIDENTIAL and the resecrch will be in
accordance with National Health ond Medical Research Cowuncil gutdelines.

* Mps. M. Olsen at the above address will be pleased to answer any enquiries.
*  PLEASE CHECK THE DETATLS ON THE LABELS BELOW AND MARK ANY CORRECTIONS NECESSARY.

YOURSELF YOUR TWIN
12 20
Lleauve
L \piank NOW PLEASE TURN OVER

PLEASE DO NOT DETACH ANY PAGES



(13

{(2)

)
(4}

(6)

Enl 2 -
SOY 280N guestnon

Yt

[3%]

1| First born

P

Second born

3 fDon’t now

; : C 22 -
i vhat was the Sime belween i . =1 don 't {::[:]::]:i]ieaue
the delivery of the Ffirst | |pbrs mins LMJ know Elank
' borm ond second borm twin? i
J What was your own birthweight?! i1be E:]::] eEE [:] know blank
: | don’ 30
U What was wour twin's birth- 1h 2 don 't [::[:]::]::]Eéavg
i . = ; 8 %8 know olark
i weianc? | L
. E
11} Single :
How many placentes {afterbirths) 2 2 Joinecd
| t t birth?
{ werg *here at birth 312 Separate
4 | Don't know
Were there any Jdifficulties at your birth? (plaase specify)
3 &
____________________________________________________________________________ leave
bBlank
35
1| Freguently
ds echridr ' ) .
As children were gouqand your twin 2| sometimes
mvstaken by people who knew you?
) 31| Rarely
: " ) - - ; ; 7
| "Non~ldentical twins are no more alike than ordinary brothers and sisters.
gldentical twing on the other hand have such a strong resemblance to each
| sther in stature, colouring, features of the face etc. that people often
!mistake one for the other™.
37
. . . |
A s et P 1| an identical twin
3cav1ng read wae apove statement,
dc you think you are? 2 A non-identical twin
commentg: .
) htldh ' =
During childhood were you an r e j
PR . gou 4 d you How old were you? | age
tuin gver separated from one another If Yes: j
| for more than a year? E No | |Yes How long for? | r years
L2
How fre ﬁentl do : and your twi tact h ther7. I || feave
How freq Y you and your twin see or contact each other: i Blank

[ We live together

[]

4| Once or twice a monthqusee contact

(_Wsee(_Wcontact

51 A few times

a year

f’]seef_1contact

1
2| Alrmost avery day
.

At least once a week(“1see(_]contact

6! Less often

F_Eseerm]contact

| #hen did you start living apart? (if applicable) |

i

v

:

age

Are therve any other twins in your family? If so, please state exact relationship

and whether twins are identical or non-identical.

neCcessary.

dttach o separats page Lf
’ L g

47

leave

blank



TTNEDAT YA e

N A g
R =
1 - 1 e —
(123y ¢ VAEITAL FTaTUz sG {14) Zo bou e 2 Ay A ! Yes | [ No
1] Single I7 285, vilsase zive thetr sex (mulesmd
Al 1o and Femgle=:r) ond fhady Lear o7 Dinth,
2] Widowed | o 1t ‘s - . .
IngreaTe 1l gny o avs Dvox TrETLous
2] Married svcuge, Indioote <7 any oavs Toine.
&) Living together Sex Year of birth
but not married .
5! Separated 5
5] Divorced 3
71 Remarried 51
;_’,,
5 A
(13) | Fow mary years have you 3 6 57
bezn in your oresent [ 99
marlinl state? lvrs
72

(15) FOUCATTONAL ACHIEVEMENT -y (16)

. . ,

dan A
g8 LY aETET L.
f,

"

1y Less than 7 vears e . . .

. 4 YOUR MAIN OCCUPATIZY - riegse desord

schooling P P - .
e.g. "maintenance “riter Ty olL ¥

grn

§-10 vears schooling FULL TDME |

L ra
et

11T < 2 i1
1-12% wears schooling PART TIME

41 Apprenticeship, diploma, NEMPLOYED
certificate, ete, ‘ s

el o an

51 Technical or Teachers
college YOUR FATHISIS VAIT IOCLTATIOY (hatens petdpament )

&) University first degree

ty post-gradaate

P
4

Univers
crainin

5
1
a

Your Toither's | Mothar's
(18) FRIIEI reitigion| religion| reiision
- . 77 73 T3
Il Yo religion Vs
21 Church of England :
3| Other Protestant —
- - P10
41 Catholic R
P e T T OV N S —_— ; a4
51 Jewish 5——L -
T 3.
6| Greek or Russian p=t -
Orthodox iﬂ' once or twice a vear
ORI TEEEE
= i
7| Other, please i5 | rarely E
specify B
& | Prefer not to
answer
LITESTYLE & BEALTH
e bbbt
PTG 5} ! :

(20) [in average, how many cups of TEA would you drink? ? i CEP? f
87 | ! each day

35

On average, how many cups of COFFEE would you drink? | ————

11 always

™3

(21 |17 you were to drink COFFEER 4w the evenina would 1+
vowwe Peom gettivg to sleen gt alaht?

e ——

usuallw

3] sometimes

o~

never




(23

(26)

27

(28)

(29)

(30)

(31)

(32)

vigorous sport (squash,
swimming etc.) 3-4 times a week

35 ER

; Toemuz [ |
H P ~ - a . - - - Leauea i
binten of chs Tollowing co you take regulariy? plohk } } f [ ‘ ]
. . ] E
! 1! Asorin, Panadol, Vincents. etc, 61 Laxatives
' ¥ L]

21 Sedatives or sleeping tablets 7} Tablers for high blood pressure

3| Tranguillisers {eg. Valium) 81 Tablets to remove fluid {diuretics)

41 Antidepressant tablets 9] Tablets for angina (heart pain) B

51 Vitamin tablets 0f Other (specify) X

fatd your leiswrs activity using the | 3| Regular exercise (eg. tenmnis, golf,]

Jellowing as a gutde (tick one box) eoj ete.) about once a week

1} Jogging, cveling to work or 4 Occasional exercise {2-3 times a

month) or regular light gardening

21 Play sport or exercise a coupls
of times a week

wn

No leisure exercise or sport

23
] T 3 Eoo
- . B o 5 - b
What is your height? | ’ i fr | | 1ins OR 1 | itms
25
E : | 5 ! O [
L What i3 your wetcht?] nd l st | [ 1bs CR U S S L
L o = i — L S
22
! - - - i 1} Yes j
| Do you comsider you have socd healih A :
21 Yo i ;
on oW mary i
] i ‘Navs
= ! - :
JO nou s {our Blood relatives T
oy o Self Twins (specify) l
Stuttering s |
= |
Dyslexia, Word hlindness, Specific learning -
disabilitv, Severe reading oroblems !
, I ; i
Autism ; ; i
125
; - - ; | 17 Yes
VHave you EVER Czev g ormoker? 27 07 IO MENT Tane. )
! 21 No
104
i _ . N | T
P At waat age did you srart smokingt o ; : IYears
128
f
P P A e
. _ ' ‘ Stopped cigarettss at i Years
i I wou have stopped smoking, aow i Stopoed bina at ' N Years
| old were you when you storred? | PPEC PP
i Stopped cigars at p T Years
_ HED
| How many CICARETTES do {or did) wow usuwally smoke in o dap? men—
How many CIGARS do (or did) you usually smoke in a day? -
How many FIFES of tobceco do (or did) ou wsually smoke in a dap? | =
Yhot was the LARGEST vumber of ctaarettes, per day, that nou —
resularly emoked?




{33)

(36)

(37)

(38)

(39

(&0)

{41)

{33 I Have you EVER taken alecoholie drinks? 7 170 go to next page., 2| Vo ] i
K-
(34) l At what age did you start drinking alconsl? ! : }ﬂge
R
I 1| Every day i
24 3~4 times each week C
OVER THE LAST YEAR, about how often have | 31 About twice a week L
1 - . . ! i
you usually taken any alcoholic drinks? | 4| About once a week |
51 Once or twice a month
& | Less often
SN
1| On twe days i %
OVER THE WEEKEND {(Saturday & Sunday) | — o
would you usually drink? 2] On one day :
3| Not usually !
25
1| Each day
2 On three or four days i
DURING WEEK DAYS (Monday to Friday) ;“"'"“"'* 3| 0n two days
- N b
would you wsually drink; ! 4| on one day
5| Not usually
27
i
‘ 1 About the same i
T OVE] )
I OVER 30, how do your present drinking | —+ {2 | Drink LESS now
habits compare with when you were 25- 3P9
31 Drink MORE now
Weekdays | Weekends
25 R :
On average, how many GLASSES Glasses of beer per dav : i f i
would you drink on each doy that Classes of win s '
you take some aleohol? il ¢ per day ;
Please note: Glasses of spirits per day] : ! ‘
Beer glass is about 7oz, " |
. R . Gl b 7 v ;
Wine glass 1s about 4oz, classes of sherry per day ! #
Spirits glass is about Icz. (1 wip)|Other (specify type and
amount) ! ! i
Please describe your consumption of alcchol in the LAST WFEE, Weite in the chart
below the wumber of glasses you had on ezch doy.
Mon Tues Wed Thur Fri Sat Sun
Beer 48
Wines 62 !
Spirits 5 E ;
T
Sherry 0 I §
105 X i
Other : :
113
1] Typical
During the LAST WEEK, was your conswmtion?) ~ | 2| Greater than average
31 Less than average




R
>

—
3
1 N = " ‘ 1 12 CHES !
, dow OFTEN have you rad  “y |7 S b i IRt
(42) ) S N I o [TRN P RN T T [
any of Lne ITGLLOing P> EM [URE W A pniie B - Sl
Tick each condition S S | &%l Dok zaeh condition £ | &85 & | &5
oric on. z = lcz
o T 1 T 3 5
Migraine/sick headaches” i ilWarts on skin iz i
i ‘ - B - :
Other headaches ! % |, Boils or bad pimples ] S
i i ; 1 i
Sore threoats % : || Fsoriasis | |
: - 2 ‘ I
Cold sores {eg., on 1ip) : ] | mezema | j
Influenza i i Other skin trouble ' ;
Glandular fever i { Allergy to dust
H
{ :
Hay fever : ! Allergy to food
T
Sinus trouble ; ljOther allergy
Bronchitis {chest cold) i j Stiff joints in morming
£ i 3 . >
Asthma or wheezing | Arthritis or rheumatics 5
: X . , 52 :
Pneumonia 31 ] Ridney/bladder infections ‘
e e e+ [V RS U SN PRI SRS & S - P
: 2 3 5 5 6 7 8
7 J 7 ; ] t g 5
{43) Have you had any oF the folicuwing condiiions? o ot ) é 2 s
If YES please tick the ieft hand columm, I7 - 22 a stal 3
o . - - a . 5] P
any of your close relatives nas nad any of = s 2 o 54 3 o o
the same conditicns (or died From them) A AL B B I IR T
ST o, fad N H - ) ;‘-4 “
BEFOCRE THE AGE OF 80, please tick in the ; 5 = E % z 2 g
appropriate 20Lwwms. = N~ = - o >t bt >
- e e e e :
High blood pressure {(hypertension) 53
Heart attack (infarct or corenary) B i _
Diabetes o RN AU DU NS DUV SN SO
1
Stroke (or apoplexv) 7 P
Thyroid trouble B : I N B
Ulcer of stomach, duocdenum or small bowel . o
Jaundice, hepatitis or liver disease
(U SR S A
Piles (Haemorrhoids) ;
Diverticulitis .
e ! ol SN IS A ]
Cancer or Leukemia (including skin cancer) [ !
- T . T - T i H
Lump or cyst im breast Lol | i
Rheumatoid Archritis ] | ;
T T Y I I A ] \
Prostate trouble {enlarged prostate) "5. f i
- T . N T o o B I P I R
(44) | OPERATIONS {(Don't Forcet to give age) | o Yes HAL age |
tonsils out? e {
appendix out? 52 ;
Have you had.: gall bladder removed? 82 :
s VPR SUNN
thyreid gland removed? &35
- T
varicose veins done? o ;
L
. . ., a4 vasectomv? 71 ; i
MEN ONLY - Have you had: : HE
a prostatectomy? 7h :

(45) Do you have any SERIOUS problem requiring medical treatment? (please specify)
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Teme Tl
On WEEZDAYS, what zime o wow usually zo to Ded ot 1 o
nLGhE ! SREIERETURESRRETIN =
- . i h i
- CALS umry Dy vore Than 15 ewidnute glther woe? R ! ‘
083 LALE UAry op tore TR s MTLMUTEE, 2T0AgP ULl4. | 5;30 l Yes ' i :
I =iy
V0w WEEKDAYS sfter vou o 2 bed, wnav Sire Do wou ! T
Vusualiy ory o gas o slzep? e ! i
On WEEKDAYS, how lovg do yow think it usually svakes = :
wou to fall asleer [rom when you First try fo zo o S
| sTeep? ....nrs.....nins i
IF YOU READ TILL YOU FiLL ASLEEP, estimate how long *"T_f_’t
JoU reqd jor: ....hre.....nins o
B - 33
Gn WEEXDAYS, how much sleep do you wsually get at T
Yy . i
ntght? ....hrs.....mins P i
- o
k] T . -
At WEEKENDS, do you wsually get: 1 More than this; rww
2 About the game; 3 Less ! !
dow often does vt take you much longer| (48)|How often do wou wake un il
than usual to gat ofFf to slesp? s during the nighs? 3
] : !
1 i Less than once & month 1| Less than cnce & montn : |
2| I-4 times per month 21 1-4 times per month P
" ! 1
f3 More thzn once a week 3] More than once a week ;
: : o
14 | Most nights 41 Most nights |
RN 1
If you wake up during the night, what is the usual reason? Teqye T
GIVE THE THPEE MOST COMMON REASONS Dlons R
. i
01] Don't know, awake spontaneously 07} Hungry or thirstv .
02| Wervous tension, worries 08| Dreams or nightmares
03! Need to pass urine 09) Children or spouse
04| Shortness of breath, coughing 10| Neise P
F'05| Aches or pains : 11! Other (specify) ;
; - - ; 1
[ 06} Too hot or toc cold i 12| ¥Never wake during the nizght Lo
103
Iy T
11 Very good it
T H N
- - P - . ~ 5 i E : .
| Aow would you describe the quality of wyouwr uwsual |, Z _ Geod L
| sleep ovar the last ‘aw momths? lould it be: P3 jrair i
4 DTopr Lo
L5 | Verv poor ? !
107
. - - — . - R E— {1 | Zasvy to wake .
s L0 parttousar, Asw would you deseriog thg dapih |5 T about P T
P of your slesp? Are wou: ; L oocub average —
- 12 | Zard o srake Lo
HE
1| Verv much .
. . - - . - . H LR . ) ;
| Zow muck would zou say tre qualiiy of your sleep Z | Moderately P
' . - P ) . LY. DV T
| vartes [from ong Might o the other? Yould <t ba: 3 ESLightly :
Pl Nor ar oz % ;
ias
_ 1! Less than once a month P
P . £ ~ 1 7 ~n ,"'. p s 1 = - . N ] J
| Aow orzen do you doze or glzep auring the 2 | 1-4 times per month |
| Doy lineluding evenings befove going to 3 - —
L bed and weekerds) More than once a week :
4 | Most days :
\ ] ey JER
{IF you doze, For how long at o time? | i hre 1 imins




(58) | 4

(59)

(60)

[ omm e T ISR — T IR '
{ TR LD L - - - - - - . ZLL T il
_ , T N j i i . i ! i
‘{PP SL CUETE Tty tegin Lnt s ot DUSET emosigea D “;rf“‘°3“‘§ E }Years | : {fonths
P e

cMonths

it

i .
Ny ] Acne (pimples)
Tt N 1 . f 4
oy 3 ; 5| Feeling bloated (swollen)
i T
- | L 7| Depression (sadness)

N [ - N PR . 4 e - o
oS sausen tfeeling sick: { g8l Irritability f{easilv upszet)
| ‘
DbEE Irresular aveles {breakthroughé g Other (specify)
i1} bleeding, Irragular bleeding J
' 5T
Pﬂl——m—v—v—-—ﬁ\.
E—— P 1 11 Yes
Fara DI g vppewgnil IF U0 co hn cugetZon 581 >
2 | No
S I
—-, 1 Yes
ng T poomi T o
: ; 21X
) 28,
i Number
: ]
b Ttuz X — Years
! 3 G H
s ooe, | | l No L__}Yes ~ at Years
) | |
™ at iYears
g “oliowing?  wsaygb] |

Jaundiced babv

| N —
! Other birth problems
| {specify)
]
; H
t el
Arg Uour MEnETal pronarl T |Les -
- PN i
£
—
Pa— . T - Yesg |
| I not raoulay, ACve Yoy Tontoii Ao
i ; a Yo i
. . " 1 B i -
}1”q S— Menopause {(Maatural cnanze i at [Yaars
L T S in — = - i i : i
! i Hysterectomy (removal i the ! ; ! At [V aars
TUE T: - L I 7
} Other (specify) b e Yeg atim A _iVears
[ - :_,*i
v gy morz op aa S |
P18 mumbar 2F 4 Zh [ jbhays
l- ; 3l 5 ’ ; S b-- y-- oy n;ﬂ'f'- o A Fliva gour reriods? |
Are wour neriodsr 63 Loa BOUP TETLOlS. o= i"“ JOUT PEPTOas, a5 |
7 ) i
l 1t Heavy : 1 Verv limiting |
| -~ = - d i
i

jZ{ Moderately painful

.l-)

Moderately limiting

Light

31 No trouble

;Ej Yery painful Aj
] |
E

3l

Not limiting

tdmy Do buieon Rhe g iov s
Ty

" the sturt the nemi!

|

58
Don't know

T

P o f

YLD She pavpfose?

£ : + !
Nt s Tae longone? f -

Pon't know 70




I

e 2 n 5y
the guestion. There ars rno rig
quickly and do not tnins ifco 1

n by PUPTING A CTRCLE ARQUYD THE NYE,
v wyong answers, and no tri
+ 7’:4:

aht o
omg ghout the erget meauing o

"OR PEE ICY following

Y suestions. Jork
e sugstions.

. e “ 3 oo
FEBLINGE FIEE )
— 2l
The 7oll T VI 5
For sach - | = = a
M = . ]
how zou =z < .= =
i
1
2
31 FRecently
neart.,
41 Recentvly
gtril
5 Recently I have bzen depressed without knowing why,
5 tecencly I nave gone to bed not caring if I never woke wp.
7\ Recently, for no good reason, I have had feelings of pwnia.
8 | Recently I have been so low in spirvits that I have sat Jor
ages doanv avsolutely nothing.
9 | Recently I have had a pain OR tense feeling in my nack or
nead.
10 | Recently the future has seemed hopeless.
11 | Zecently worrying has kept me awake at night.
12y Recently I have lost interest in juast about EVERYTHING.
13 | HRecently I have been so cwwious that I couldn't make up my
mingd abcut the simplest thing.
14 | Fecently I have been so depressed that I have thought of
doing auay with myself,
AT 7 2
PLEASE CHECK 70 SEE THAT YOU HAVE ANSWERED ALL THE QUESTIORNS 0
1 BI
PERSONALITY

H [§
1 Do wou Agve many 17 Terent hobbies? YES No
2 Do you stop o Think things over before Jotng mything? YES NO
3 Poes your mood otza g0 up and down? YES NO
& Hove you ever taken The praise [or sometiing you knew someone YES NO
elase had really Adons?
5  Are you a talkative person? YES NO
6  VWould being in debt worry wou? YES NO
7 Do you ever feel "just miserable” “or no reason? YES NO
8  Were you ever sreed; by helping wouraszlf to more than your share YES NO
of anything?
9 o you lock wp your Aouge carerully ot night? YES NO
10 Ave you paither livelyp? YES MO




i
11 Would it upset you a lot to see q child or an animal suffer? YES NO
12 Do you often worry about things you should ot have dowme or said? YES Ris)
13 If you say you will do something, do you zluays keep vour promise YES NO
© o matter how inconvenient it might be?
14 Can you nusually lz% yoursel? go and enjoy wourself at a lively party? YES NO
15 Are you an tryritable nerson? YES NO
16 Have you ever blamed someore For doing semeshing jou knew was really YES NO
your Fault?
17 Do you enjoy meeiing new pacple? YES NO
18 Do you Believe insurancs schemes ave 1 zood “dea? YES NO
19 Are your Feelings zastly ~urc? YES NO
20 Are ALL your naftlts geod onad desirable ones? YES Ne
21 Do you tend to keep in the background on sccial oceasions? YES RiY)
22 Would you take drugs which may have strange or dangerous effects? YIS NO
23 Do you often feel "fed-up'? YES NO
24 Have you ever taken anything {even a pin or button) that belonced o YES NO
someone else?
25 Do you like going out a Lot? YES NO
26 Do you enjoy hurting people you love? _ YES NO
27 Are you often troubled about feelings of quilt? YES N0
28 Do you sometimes talk about things you know nothing about? YES NO
29 Do you prefer reading tc meeting people? YES NO
30 Do you have enemies who want to harm you? YES HO
31 Would you call yourself q nervous person? YES NO
32 Do you have many friends? YES NO
33 Do you enjoy practical jokes that can sometimes really rurt pecrle? YES NO
34 Are you a worrier? YES NG
35 As a ehiid did you do as pou were itold irmediately ond withoud srwelling NWES N0
36 Would you call yoursel; happy-go-lucky? YES NO
37 Do good manners and cleaniiness mgtter much ic you? YES NG
38 Do you werry about -wiul things that might happen? YES NO
39 Have you ever rroken or lost something belonging to someone zlse? YES NO
40 Do you usually take the iniiiative in making rnew Friends? YES NO
41 Would you call yourszly tense or "highly-strung”? TES NO
42 Are you mostly guiet when you are with other people? FES NO
43 Do you think marricce is old-fashioned and should be done away with? YES HO
44 Do you sometimes boast o little? YES NG
45  Can you easily get some life into a rvather dull pavty? YES NO
46 Do people who drive carefully mnoy you? YES NO
47 Do you worry about your health? YES NO
48  Hawz you ever said anything bad or nasty about anyone? YES NO
49 Do you like telling jokes and funny siories fto your friends? YES NO

50 Do most things taste the sameg fo you? YES HO




51 Ads a ehild weve you ever shsaxy to your parewnts? Yés NO
52 Do you like mizing YES NO
53 Does 1t worry you i uou know thare are misiakes in your work? YES 5O
54 Do you suffer from gieevlassness? YES NO
55 Do you always wash belfore 2 meall TES N0
56 Do you nearly cluways have a 'ready ansuer’ when nezopie talk to you? YES NO
57 Do you like to arrive g aproinonanzs in olanty of dime? YES NO
58 Have you often F2lt listlass ard =ived for ne regson? YES NO
59 Have you ever cheated at a 2ame’ YES NO
60 Do you like dotng things in which you have o act autokly? YES NO
61 Is (or was) your mother o good woman? YES NO
62 Do you often feel Efe 15 very Jull? YES NO
63 Have you ever taken advantage of someong? YES NO
64 Do you often take on more aotivities than you have time jfor? YES N0
65 Are there saveral people who keep trying to avoid wou? YES NO
66 Do you werry a Lot about your looks? YES NO
67 Do you think people spend too much time safeguarding their future YES NO
with savings and insurances?
68 Have you ever wished that you were dead? YES NO
69 Would you dodge paying tames tf you were surs you could never be YES NO
found out?
70 Can you get a pariy going? YES NO
71 Do you try wot tc be rude to pecple? YES NO
72 Do you worry too long after an embarrassing szperienca? YES NG
73 Have you ever insisted on having your own way? YES NO
74 When you catch a irain do you often arvive at the last minute? YES NO
75 Do you suiier From erves’'? YES NO
76 Do your Friendeiips breck up easily without it Deing your Fauii? YES NO
77 Do you often Feel lonelu? YES NO
78 Do you always praciice want uyou praach? YES NO
79 Do you sometimes Like teosing animals? YE§ NO
80 Are you zasiiy Furt when people find fault with you or *the work you Jo?  YES MO
81 Have you agver bzen lute “or an appointment or work? YES NG
82 Do you iike rlenty of bustle ond excitement around you? YES NO
83 Would you iike other pecple to be afraid of you? YES NO
84 Are you sometimes bubbiing cver with energy and sometimes very sluggish? YES NO
85 Do you sometimes out »7°F7 until tomorrow what you ought to do today? YES NO
86 Do other people think o7 you as being very lively? YES NO
87 Do people tell you a Iot of iies? YES NO
88 Are you touchy about some things? YES NO
89 Are you always willing to admit it when you hawe made a mistake? YES NO
90  Would you fezel very sorry for an antmal caught in a trap? YES NO

PLEASE CHECK T0 SEE THAT YOU HAVE ANSWERED ALL THE QUESTIONS
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:“LJW
ATTITUDES 1 6
Here is a itst of varlous torics. For eash ore wlegse whathnar or not wou
agree with 1t by CIRCLING "YESY e i LEE:
etrele "7, It's just your v 2 z
on any one topic
2 3
L Death penaliy Tes No
2 Evolution thecry Yes No
3 School unirorms Yes No
4 Striptease shows Ves Ho
5  Sabbath ckservarce  Yes No
&  Hippiles Yas 0o No
7 Patriotiem Vesg ? o ; 32 [7’-.3;-7-’55‘7_{,*9 Jnrsiong Yes No
8  Modern Lrt Tes ? Mo 2 33 Yes No
9 Self-denial Yes 7 No 34 Yes No
18 Working mothers Yes 7 ¥No 35 Chmreh quthority Yes No
11 Horoscopes fYes T Yo 36 Disarmament Yes No
12 Birth control Yes 7 No 37 Censorshiv Yes No
13 Miliéary drill Yes 7 No 38 White lies Yes No
14 Co-education Yes 7 No 38 Caning Yes No
15 Divine Law Yes ? No L0 Mized marriage Yes No
16 Sociaiism Yes ?  No 41 Sitriet rules Yas No
17. White superiority Yes 7 No 22 Jusz Tes No
18 Cousin marriage Yes ? No 43 Strait-jackets Yes Yo
18 Moral training Yes ?  XNo G4 Cosual living Yes 7 o
20  Suicide Yes 9 Moy 45 Learwing Latin Yes ? No
21 Chaperones Yes ? No A Jtuoroe Ves ? No
22 lLegalized abortion Yes ? lo 57 nporn oonsolence Yag ? No
23 EmPire—buiZding Yes ? %o 48 lolourad Tmmigration  Yes ? No
24 Studenti pranks Yes 7 o Yes 7 No
25 Lteensing laws Yes ? ) Teog 7 Vo

1

The information wou have

i o
dustraiicn Twin Fegistry, resaarch projects
ouer the next Few vears. 151 e and medical

n avpear in the dally
™ future mailings
the research,

)
Journals, and swwmarizs
Z

We do thank you for y

our Asly in answering so many detailed versonal questions, oid
we believe thal the vesults of thic research will jusiify weur time wrd offort, o

Une last thing!
or perhaps we could send you some
pamphlets for you to distribute?

Do you know any other twing lany age or tyve) who we could write to,
of our Australian Twin Registry regilsiration
(Please 7 you wneed more spacel,

attach a page ]
TWIN NAMES:
ADDRESS »

Please send mé ..v.uuueunn.
FPLEASE ATTACH ANY COMMENTS 701

Australian Twin Fegistyn pamphlets to distribute.
WOULL LIEE 70 MAKE O8N AN ADDITTONAL PAGE.

THANY ¢01L URRY  MUCE FOR VORR HFLR





