
Journal 0/ Studies on Alcohol. Val. 50. No. I. 1989 

Interactive Effects of Genotype and Social 
Environment on Alcohol Consumption in 
Female Twins* 

A.C. HEATH, R. JARDINEt AND N.G. MARTINt 

Department oj Human Genetics. Box 33. Medical Col/ege oj Virginia. Richmond. Virginia 23298 

ABSTRACf. Information about drinking practices has been 
obtained by questionnaire from 1,984 monozygotic and dizy
gotic adult female twin pairs from the Australian twin register, 
including 1,690 pairs where both twins bave used alcohol. 
Statistical analyses of these data show that marital status is an 
important modifier of genetic effects on drinking babits. In 
young twins, aged 30 years or less, genetic differences between 
individuals account for only 31% of the variance in alcohol 
consumption of married respondents, but for 600J'0 of the 

E PIDEMIOLOGICAL SURVEYS have demon

strated the important influence of the social 

environment on drinking habits and alcohol abuse. 

In U.S. national surveys of adult drinking practices, 

use of alcohol and heavy drinking have been found 

to be more common in particular religious . groups 

(e.g., Catholic or liberal Protestant), in particular 

geographic regions (e.g., Middle Atlantic States or 

New England), in more highly urbanized areas, and 

in those of particular national or ethnic origins (e.g., 

Irish or Hispanic). Both drinking and heavy drinking 

have been found to be more common in those who 

are better educated, who are of higher socioeconomic 

status or who are unmarried (Cahalan et al., 1969; 

Clark ana Mida.."lik, 1982; Mulford, 1964; Riley and 

Marden, 1947). Surveys of drinking habits in other 

countries (e.g., London, England-see Edwards et 
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variance of unmarried respondents. In twin pairs, aged 31 
years or more, genetic differences account for 46-590J'0 of the 
variance in married twins, but for 760J'0 of the variance in 
unmarried twins. In our young sample (average age 35 years) 
there is no evidence tbat individuals genetically predisposed to 
heavy drinking are any less likely to be married than the rest 
of the population. Some alternative explanations of these 
findings are also rejected. (J. Stud Alcohol SO: 38-48, 
1989) 

al., 1972a; or Sydney, Australia-see Encel et aI., 

1972) have found similar associations of "sociocul

tural" variables with drinking behavior. In those 

surveys where alcohol-related problems have also been 

reported (Cahalan and Room, 1974; Clark and Mi

danik, 1982; Edwards et al., 1972b, 1972c; Mulford, 

1964), and in epidemiological surveys that have fo

cused specifically on diagnosed alcoholism (e.g., 

Weissman et al., 1980), many (but not all-see Clark 

and Midanik, 1982) of these same variables have 

been found to be important predictors. 

Studies of adoptees, of half siblings and of twins 

have established the important effect of genetic pre

disposition both on liability to alcohol abuse (e.g., 

Bohman et aI., 1981; Cadoret et aI., 1980; Cloninger; 

1987; Cloninger et al., 1981; Goodwin et aI., 1974; 

Kaij, 1960; Schuckit et al., 1972) and on individual 

differences in drinking pract.ices (e.g., Cederlof et al., 

1977; Clifford et al., 1981; Jardine and Martin, 1984; 

Kaprio et ai., 1981, 1987; Partanen et aI., 1966). 

How can these findings be reconciled with the evi

dence for marked cultural variation in drinking habits? 

Experimental genetic studies of species other than 

human have shown the importance of Genotype x 
Environment interaction (Le., that gene effects and 

environmental effects do not combine additively) and 

have demonstrated the variety of forms that this 

nonadditivity may take. The same genes may be 

expressed, but to differing degrees, under different 

environmental conditions; or, alternatively. completely 
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different sets of genes may be expressed under some 

conditions (Mather and links, 1982). Quite indepen

dently of this tradition, psychiatric epidemiologists 

have developed the concept of "vulnerability" (e.g., 

Brown and Harris, 1978; Kessler et al., 1985), which 

recognizes that the impact of environmental events 

(e.g., stressful life events) may be modified or "buf

fered" by a variety of situational or personal factors 

(e.g., having a supportive, confiding relationship). It 

is clearly important to establish whether the effects 

of inherited liability on drinking behavior or alcohol 

abuse are likewise magnified or diminished under 

particclar sociocultural conditions. 

Despite reports of Genotype X Environment in

teraction for alcoholism (e.g., Cloninger et al., 1981), 

the effects of such an interaction on drinking patterns 

in clinically unselected samples have not been ex

plored. We present here findings from a large-scale 

survey, conducted by rr.ailed questionnaire, of twins 

in the Australian National Health and Medical' Re

search Council (NH&MRC) Twin Register (Jardine 

and Martin, 1984). Results from this survey show 

that in female respondents there is a significant 

interaction of genetic effects on drinking habits with 

marital status. In particular, having a marriage-like 

relationship appears to reduce the impact of inherited 

liability to heavy drinking. 

Method 

Design 

Most recent studies of alcohol use and abuse have 

used an adoption-based design and have focused on 

alcoholism (e.g., Cadoret et al., 1980; Cloninger et 

al., 1981; Goodwin et al., 1974). We have followed 

a very different research strategy of using adult twin 

pairs and studying differences in drinking practices 

in a clinically unselected sample (see Kaprio et al., 

1987). Although the use of twin data has certain 

potential limitations (e.g., the possibility of a "special 

twin environment effect"), such effects are probably 

unimportant in adult populations (for a review of 

the relevant literature see e.g •. , Kendler, 1983) and 

can usually be detected and controlled for by appro

priate statistical analysis of the data (see below). For 

our purposes the use of twin data has one major 

advantage: information about the importance of ge

netic effects and environmenv-J effects is derived from 

pairs of individuals of the same age, who will have 

experienced very similar social conditions. Thus, by 

considering pairs concordant for exposure, concordant 

for nonexpOsure and discordant for exposure to one 

particular environmental condition, we have a very 

sensitive test for Genotype x Environment interaction 

(Eaves, 1982). An analysis of adoption data. in 

contrast, uses information on relatives from different 

generations, who wiD have experienced social condi

tions differing in many respects (Cloninger et al .• 

1988). Using adoption data, therefore. we would be 

unable to quantify the contribution of genetic dif

ferences to variability in alcohol use and abuse unless 

we were prepared to assume the very hypothesis that 

we wish to falsify (i.e., that there is no Genotype 

x Environment interaction). For many other pur

poses, the adoption design remains a more powerful 

method of resolving cultural and biological inheri

tance (Heath et al., 1985), but for our present task 

it is clearly inappropriate. 

. Sampling 

Ascertainment of a representative sample of twin 

pairs in highly mobile societies with high immigration 

rates, such as Australia or the United States,. raises 

serious practical problems. Approximately one person 

in 50 is a twin (Bulmer, 1970), but large sample sizes 

are required for the purposes of genetic analysis 

(Martin et al., 1978). The traditional methods of 

sampling used in survey research would therefore be 

prohibitively expensive. In Scandinavia (Cederiof et 

al., 1977; Kaprio et al., 1981, 1987; Magnus et al., 

1983), the availability of national birth records and 

of centralized records of current addresses, combined 

with a low immigration rate, has made the devel

opment of national twin registries feasible. In some 

states of the U.S., too, systematic ascertainment of 

twin pairs from state birth records has been achieved 

(e.g., Virginia-see Corey et al., 1986), but in such 

cases the exclusion of immigrants from out of state 

and the difficulty of locating twin pairs who have 

moved out of state necessarily restrict the generaliz

ability of findings. 

To obtain as representative a sample of the pop

ulation of Australia as possible, a two-stage sampling 

procedure was used. In the first stage, twins through

out Australia were asked to register with the Austra

lian NH&MRC National Twin Register. Every attempt 

at systematic ascertainment of twins was made, al

though media coverage of the twin registration drive 

has certainly led to overrepresentation of some groups 

(e.g., the young, educated middle classes-see Jar

dine, 1985) in the register. At this first stage, the 

purpose of the planned survey of alcohol consumpti0Il: 

and other health-related· habits was not revealed to 

minimize sampling bias with respect to these variables. 

In the second stage, between November 1980 and 

March 1982, self-report questionnaires were mailed 

to all 5,967 twin pairs aged 18 years and older on 

the twin register. Responses were received from 3,810 

complete pairs of adult twins. This represents a 64010 
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pair-wise response rate, a very high rate of return 
considering that separate responses from both mem

bers of a twin pair are needed before their data can 

be used for genetic analysis. Comparisons of the 

sample with non-twin samples drawn from the Aus

tralian population indicate that it is representative of 

the Australian population for measures of personality 

(Martin and Jardine, 1986) and symptoms of anxiety 

and depression (Kendler et at, 1986). Total weekly 

alcohol consumption of male respondents did not 

differ significantly from consumption figures obtained 

by interview from a representative sample of the 

Australian population (Australian Bureau of Statis

tics, 1978; Jardine and- Martin, 1984, Table 4). 

Estimates of the alcohol consumption of female twin 

respondents actually exceeded the Australian Bureau 

of Statistics figures, probably reflecting a genuine 

increase in female drinking in the 3-5 years between 

the two surveys (Jardine and Martin, 1984). The two

stage sampling strategy does appear to have been 

effective in minimizing sampling bias, at least as far 

as measures of alcohol consumption, symptoms and 

personality are concerned. 

In the present article, we focus on drinking by 

female same-sex twin pairs, for whom sample sizes 

were sufficiently large to permit detailed analysis of 

Genotype x Environment interaction. Completed 

questionnaires were received from 1,233 female mon

ozygotic (MZ) and 751 female dizygotic (DZ) twin 

pairs, with average (± SD) ages 35.66 ± 14.27, and 

35.33 ± 14.27,respectively. Twin pairs where one or 

both twins had never used alcohol were excluded 

from our analyses, as the determinants of abstinence 

may be quite different from the determinants of 

differences in drinking pattern (Heath and Martin, 

in press). Thus, our fmal sample size for model

fitting analyses was 1,047 female MZ pairs and 643 

female DZ pairs. The overrepresentation of mono

zygotic twins in our sample is a familiar problem in 

twin research (e.g., Lykken et al., 1978) and may 

reflect the greater difficulty of persuading dizygotic 

twins that they were eligible for registration with the 

NH&MRC twin register. It has also been argued that 

overrepresentation of MZ twins may arise from se

lection on a latent scale of "cooperativeness", which 

determines registration and completion of question

naires, and which itself has a genetic component 

(Martin and Wilson, 1982). Provided that coopera

tiveness is not correlated with the trait under study

and the good agreement of the questionnaire data 

with interview data (see above) suggests a relatively 

weak association-this selection will not influence the 

results of genetic analyses (Lykken et al., 1987). 

Statistical analyses reported below used a weighting 

procedure to take account of the different sample 

sizes for MZ versus DZ twin pairs. Because previous 
analyses ignoring Genotype x Environment interac

tion had reported heterogeneity of genetic and envi

ronmental effects as a function of age (Jardine and 

Martin, 1984), the female same-sex pairs were further 

subdivided into a young cohort, aged 30 years or 

younger at the time of testing, and an older cohort, 

aged 31 + years. 

Measures 

The health survey focused on current consumption 

of alcohol, rather than alcohol abuse. In addition to 

standard quantity-frequency questions (Jardine and 

Martin, ,}.984; Straus and Bacon, 1953); respondents 

were asked to report their consumption of beer, wine, 

spirits or sherry, in standard drinks (7 oz in the case 

of beer, 4 oz in the case of wine, 1 oz in the case 

of spirits), for each day of the preceding week. A 

measure of total weekly consumption was then de

rived by summing the total number of drinks re

ported. Estimates of total weekly alcohol consumption 

obtained by this 7-day retrospective diary method 

(Millwood and McKay, 1978; Redman et al., 1987) 

were consistently higher than those obtained from 

the quantity-frequency items. The 7-day recall method 

was also more reliable as assessed in a subsample of 

100 twins by test-retest repeatability over an average 

period of 4 months (Jardine and Martin, 1984). 

Analyses therefore focused on this measure. Measures 

of total alcohol consumption based on general pop

ulation samples have consistently been found to 

follow a log-normal distribution (Armor et al., 1976; 

de Lint and Schmidt, 1968; Ledermann, 1956; Malin 

et al., 1982). A log-transformation. log (x + I), was 

therefore applied to the estimate of total weekly 

consumption prior to statistical analysis. 
In addition to the questions about alcohol con

sumption,respondents were asked to give their cur

rent marital status (single, widowed, married, living 

together, separated, divorced or remarried), and their 

amount of social contact with their twin (live to

gether, almost every day, at least once a week, once 

or twice a month, a few times a year, less often). 

Because of the relative youth of the sample, to ensure 

adequate statistical power for genetic analysis it was 

necessary to recode marital status either as unmarried 

(single, separated, divorced or widowed) or as married 

(including living together). 

Statistical methods 

Preliminary analyses of central tendency and dis

persion were computed ignoring the twin structure 

of the sample. Although observations on members 
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of a twin pair are not statistically independent, the 

bias that will arise when this complication is ignored 

will be minimal with sample sizes as large as in the 

present study. Alcohol consumption scores were log

transformed and then regressed on age to test for 

age-related differences in consumption. For the anal

yses of Genotype X Environment interaction, the 

twin pair, rather than the individual twin, was then 

used as the basic unit for analysis. 

Testing for biases from using twins. The classical 

twin method has been much criticized for the "im

plausibility" of thC? assumption that the environmental 

correlation between members of a twin pair is iden

tical for monozygotic and for dizygotic twins. Most 

of these criticisms relate to early childhood experi

ences of twins (e.g., wearinz similar clothes or sharing 

the same bedroom) that have no bearing on adult 

drinking practices. Such special twin environment 

effects usually lead to differences in mean and var

iance as a function of zygosity, differences that are 

not found in this sample (Jardine and Martin, 1984). 

In adult twin pairs, the different amounts of social 

contact of MZ and of DZ twin pairs might be 

expected to be a problem. We know that in this 

sample MZ pairs reported more frequent social con-

. tact than DZ pairs (Kendler et aI., 1986). Kaprio e~. 

aI. (1987) have observed an association between fre

quency of social contact and concordance in drinking 

habits for male twin pairs. We therefore tested for 

an association between absolute intrapair differences 

in consumption and frequency of conta~t, separately 

for each twin group. As an additional ch~k, covar

iances of young unmarried twin pairs were computed 

separately for those pairs who were living together 

and those pairs who were living apart. Too few twin 

pairs aged 31 years or older were still living together 

to permit a comparable breakdown in the older 

cohort. 

Testing for GE correlation. If there are genetic 

effects on alcohol consumption and heavier drinkers 

are more likely to be unmarried as a consequence of 

their drinking habits, this is one type of genotype

environment (GE) correlation (Eaves et at, 1977; 

Plomin et aI., 1977). The analysis of gene-environ

ment interaction in the presence of genotype-environ

ment correlation is a tractable problem, but requires 

more elaborate statistical analysis than is the case 

when genes and environment are acting independently. 

To test for GE correlation involving marital status, 

cross-correlations were computed between twin's al

cohol consumption and co-twin's marital status, sep

arately for each twin group. If gene-environment 

correlation is important, then we would expect to 

fmd a significant cross<orrelation between co-twin's 

marital status and twin's alcohol consumption, and 

we would expect this cross<orrelation to be higher 

in MZ pairs than in DZ pairs. 

Testing for Genotype x Environment interaction 
or "vulnerability" effects. In the absence of Genotype 

x Environment (G X E) interaction, genetic analysis 

of twin data involves the attempted resolution of 

five competing hypotheses (Heath and Martin, in 

press; Martin et aI., 1978; see Tables 1 and 2): (I) 

there is no twin resemblance for drinking habits (i.e., 

there are no genetic effects and all environmental 

influences on alcohol use are uncorrelated over twin 

pairs ["random environment" modelD; (2) drinking 

habits are environmentally determined, but some im

portant environmental influences are shared by mem

bers of a twin pair (e.g., family background, place 

of schooling, peer effects, etc. ["shared environment" 

model»; (3) drinking habits are influenced by both 

additive gene action and environment, but environ

mental influences are uncorrelated over twin pairs 

(so that twin resemblance is entirely genetic in origin 

["additive genetic" model»; (4) twin resemblance is 

influenced by both additive gene action and shared 

environment ("genetic + shared environment" model); 

or (5) twin resemblance is due to both additive gene 
action and genetic dominance ("full genetic" model). 

The effects of genetic dominance and family back

ground are confounded in twin data so that we 

cannot estimate both effects simultaneously. The ef

fects of family background will usually mask those 

of dominance, unless the former are very weak 

(Martin et aI., 1978). 

In order to detect G x E interaction involving a 

dichotomous environmental variable (e.g., presence 

or absence of a marriage-like relationship), when 

there is no GE correlation, a very simple approach 

is possible (Eaves, 1982). This same approach will 

apply even if there is no genetic variation in drinking 

habits to determine whether a dichotomous environ

mental variable is a "vulnerability" factor which 

modifies the effect on drinking behavior of environ

mental risk-factors (e.g., family background). Instead 

of estimating genetic and environmental effects with

out regard to environmental status, we estimate these 

effects conditional upon environmental exposure (e.g., 

we estimate separate effects for those who are married 

and those who are unmarried). Under a simple 

additive model (when there is no G X E interaction 

or differences in vulnerability) neither genetic effects 

nor environmental effects should vary significantly 

between married and unmarried twins. Under G X E 

interaction, where genetic effects are modified by 

marital status, we would expect to find significant 

heterogeneity of genetic and environmental parameters 

between married and unmarried twins. Expectations 

for the variances and covariances of twin pairs, 
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TABLE I. Expected variances and covariances of twin pairs, conditional upon marital status and twin cohabitation, under G x E interaction 

Variance 

Unmarried twins (living together): 

Unmarried twins (living apart): 

Married twins: 

Covariance 

Concordant unmarried pairs 

(living together) 

Monozygotic VA 

Dizygotic ~ VA 

Concordant unmarried pairs 

(living apart) 

Monozygotic VA 

Dizygotic ~ VA 

Concordant married' pairs 

Monozygotic VA' 

Dizygotic ~ VA' 

Discordant pairs 

Monozygotic g (VA VA')~ 
Dizygotic ~ g (VA VA')~ 

+ VO 

+ ~ VO 

+ VA 

+ ~ VD 

+ VD' 

+ ~ VD' 

+ d(VD VD')~ 
+ ~ d (YO VD')~ 

VA + VD + EC + EC" + ES 

VA + VD + EC + ES 

VA' + VO' + EC' + ES' 

+ EC + EC" 

+ EC + EC" 

+ EC 

+ EC 

+ EC' 

+ EC' 

+ r (EC EC')~ 
+ r (EC EC')~ 

VA, VO, EC, ES denote the variances due to additive gene action, dominance, shared environment and random environment in unmarried twins; VA', VO', 

EC' and ES' denote the corresponding variances in married twins; g, d and c give the correlation between additive genetic effects, between dominance effects 

or between. shared environmental effects, in unmarried and married twins from pairs discordant for marital status. EC" denotes the additional shared environmen· 

tal variance arising when twins are living together. 

conditional upon marital status, are given for the 

most general model of G x E interaction in Table 1. 

Even if there is significant heterogeneity of genetic 

and environmental effects as a function of environ
mental exposure (i.e., marital status), this does not 
necessarily imply either vulnerability or G x E inter

action effects. Alternative possibilities must be elim

inated (see Table 2 for a summary of the constraints 

on the parameters of Table 1 implied by these 

different alternatives): 

formed alcohol consumption that the variance 

increases with the mean. This is certainly the 

case in our sample, although the effect is largely 
removed by using a log-transformation (Jardine 

and Martin, 1984). Differences in total variance 
between married and unmarried respondents will 

lead to corresponding differences in genetic and 

environmental variances. However, we would ex
pect the genetic and environmental variances to 

change in the same ratio, if differences in vari

ability were the sole cause of heterogeneity. 
1. Variability differences between groups as a func

tion of differences in mean consumption. ·It is a 

common finding for variables such as untrans-
2. Heteroscedasticity (Le., differences in random 

environmental [or error] variance between married 

TABLE 2. Summary of hypotheses to be compared in testing for G X E interaction 

CAUSES OF VARlATlON 

a. Random environment model: VA = VA' = VD = VD' = EC = EC' = 0 

b. Shared environment model: VA = VA' = VD = YO' = 0 

c. Additive genetic model: EC = EC' = VD = VO' = 0 

d. Genetic + shared environment model: VD = VD' = 0 

e. Full genetic model: EC = EC' = 0 

f. Cohabitation effects: EC" :1= 0 

HETEROGENEITY OF EFFECTS 

I. No heterogeneity: VA = VA', VD = VO', EC = EC', ES = ES', g = d = r = I 

2. Variability differences: VA' = k VA, VD' = k VO, EC' = k EC, ES' = k ES, g = d = r = I 

3. Heteroscedastidty: VA' = VA, YD' = VD, EC' = EC, ES' :1= ES, g = d = r = I 

4. Spousal interaction'": VA' = k VA, YD' = k VD, EC = k EC, ES' = k' ES, g = d = r = I, Ic:' > Ie: > I 

S. G x E interaction: VA' :1= VA, VD' :1= VD, EC' :1= EC, ES' :1= ES, g = d = r = I 

6. G X E interaction 11: VA' :1= VA. YD' :1= VD, EC' :1= EC, ES' :1= ES, g < I, d < I, r < I 

.. The constraint k' > k > I was not imposed in the model-fitting analyses. 
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and unmarried individuals). A spouse may simply 

introduce an extra source of random environ

mental or error variation. (In cross-sectional twin 

data, random environmental effects and error 

variance will have identical effects, both contrib

uting to the dissimilarity of identical twin pairs). 

3. Social interaction between spouses (spousal inter
action), such that heavy drinking by one spouse 

encourages heavy drinking by the other spouse. 

It is well established that spouses are highly 

correlated in their drinking habits (Cahalan et 

aI., 1969), but it is not yet clear whether this 

occurs because 'heavy· drink~rsprefer to marry 

other heavy drinkers (assortative mating) or be

cause of reciprocal ellvironmental influences of 

spouses. It may be shown that such reciprocal 

effects, when they occur, lead to an increase in 

estimated genetic and environmental variances in 

married individuals (Heath, 1987) whenever ge

netic effects contribute to variation in consump

tion. Variances due to genetic effects and to 

effects of shared family background will increase 

in the same ratio, but the variance due to unique 

environmental effects that make one twin differ 

from his co-twin will increase to an even greater 

extent, leading to a lower correlation in concor

dant married twin pairs than in u,nmarried twin 

pairs. (For full details, see Heath, 1987.) 

If these alternative explanations can be excluded, 

then we must still distinguish between two types of 

G x E interaction (or "vulnerability," if there are no 

genetic effects on the variables of interest). The same 

genes and the same environmental effects may be 

operating under both environmental conditions (i.e., 

presence versus absence of a marriage-like relation

ship), but may have greater effects under one con

dition. Alternatively, some genes or some 

environmental effects may be expressed under only 

one environmental condition, so that the correlation 

between genetic effects or shared environmental ef

fects across conditions will be less ~han unity .• n the 

latter case, we expect to observe a reduced correlation 

between pairs discordant for marital status, whereas 

in the former case correlations between discordant 

pairs should be intermediate between correlations for 

concordant married and concordant unmarried pairs 

(Eaves, 1982). 

Model-fitting procedure 

Twin pairs of each zygosity type were subdivided 

into older ·and younger cohorts and then into con

cordant married pairs, discordant pairs and concor

dant unmarried pairs. In the younger cohort, 

concordant unmarried pairs were further subdivided 

into those pairs who were still living together and 

those pairs who were living apart. Varlances and 

covariances of flrst and second twins were computed 

for log-transformed alcohol Consumption. In concor

dant pairs, identification of a twin as the first or 

.second member of a pair was arbitrary, but in 
discordant pairs; . the Unmarried twin was always 

designated the flrst twin from each pair, the married 

twin the second twin. (fhis reordering is important 

because married twins from discordant pairs are not 

necessarily expected to have the same mean con

sumption as unmarried twins from discordant pairs. 

We therefore wished to examine the variability of 

married and unmarried twins about their respective 
means.) 

Models were fltted to the full set of twin covariance 

matrices for each cohort (eight matrices for the 

younger cohort; six matrices for the older cohort) by 

maximum-likelihood, using the standard methods of 

covariance structure analysis for mUltiple groups 

(Joreskog, 1978; Joreskog and Sorbom, 1986). This 

yielded an overall chi-square test of the goodness-of

fit of each model, which enabled us to reject models 

that gave a poor flt to the data. For the remaining 

models, the flt of different nested models was then 

compared by likelihood-ratio chi-square test, which 

provides a more powerful means of rejecting false 

hypotheses. On the principle of parsimony, we began 

by fltting the simplest possible models (shared envi

ronment model or additive genetic model, with no 

heterogeneity of effects). These models were progres

sively elaborated by allowing for heterogeneity of 

genetic or environmental effects and by allowing for 

additional sources of va.;ation (genetic .:.. family en·· 

vironment model; full genetic model). Simpler models 

were rejected when a more elaborate model gave a 

signiflcant improvement in flt by likelihood-ratio chi

square test (Joreskog, 1978; Joreskog and Sorbom, 

1986). 

Results 

Mean differences in alcohol consumption 

Table 3 gives means (± SDs) of the number of 

TABU! 3. Alcohol consumption (untransfonned number of drinks) 

in past 7 days as a function of social environment 

Unmarried, living with 

co-twin 

Unmarried, separated 

from co-twin 

Married 

Young cohort Older cohort 

n Mean SD n Mean SD 

494 S.79 ± 7.92 19 4.74 ± 12.54 

433 7.15 ± 8.96 291 6.87 ± 9.S3 

731 4.17 ± S.64 1421 6.23 ± 9.73 
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TABLE 4. Twin covariance matrices for log-transformed alcohol consumption. computed conditional upon marital status or cohabitation 

(correlations between twin pairs are given in italics as the upper element of each matrix) 

Youag cohort 

« 31 years old) 

Twin I 

Concordant unmarried 

(living together) 

Monozygotic women (n = 147) 

Twin I 1.280 

Twin 2 0.766 

Dizygotic women (n = 85) 

Twin I 1.077 

Twin 2 0.463 

Concordant unmatried 

(living apart) 

Monozygotic women - -(n = 74) 

Twin I 1.102 

Twin 2 0.642 

Dizygotic women (n = SO) 

Twin I 1.446 

Twin 2 0.489 

Discordant pairs 

Monozygotic women (n = 125) 

Unmarried twin 1.136 

Married twin 0.363 

Dizygotic women (n = 84) 

Unmarried twin 1.098 

Married twin 0.266 

Concordant married 

Monozygotic women (n = 161) 

Twin I 1.019 

Twin 2 0.363 

Dizygotic women (n = 1(0) 

Twin I 0.847 

Twin 2 0.201 

drinks of alcohol taken in the preceding 7 days -as 

reported by respondents, as a function of their marital 

status and whether or not they reported that they 

were still living with their co-twin. Since there were 
no mean differences in alcohol consumption between 

zYgosity groups (Jardine, 1985; Jardine and Martin, 

1984), responses of monozygotic and dizygotic twin 
pairs were combined in these data. In the younger 

cohort, consumption was highest (and most variable) 

in unmarried twins living apart from their co-twin, 

intermediate in unmarried twins living with their co
twin (who in many cases would still have been living 

in their parents' home) and lowest (and least variable) 

in married twins. In the older cohort, Consumption 

was still highest in unmarried twins living away from 

their co-twin, but· -Ufferences in mean and variability 

between these and married twins were very slight. 
The small group of older unmarried twins still living 

with their co-twin had much lower consumption than 

the other twins, but were too small a group to use 

for further analysis. The linear regression of log

transformed alcohol consumption on age was not 

Older cohort 

(31 + years old) 

Twin 2 Twin I Twin 2 

0.613 

1.194 

0.477 

0.962 

(n = 36) 

0.566 1.080 0.720 

1.146 0.771 1.061 

(n = 18) 

0.340 1.214 0.074 

1.393 0.106 1.536 

(n = 113) 

0.349 1.557 0.445 

0.968 0.642 1.348 

(n = 89) 

0.265 1.213 0.077 

0.975 0.088 1.081 

(n = 391) 

0.349 1.262 0.583 

1.056 0.719 1.203 

(n = 217) 

0.243 1.212 0.352 

0.822 0.456 1.290 

significant (F = 1.18, 1/3387 df, p = 0.28). Thus, 
age differences between married and unmarried twins 

within younger and older cohorts could not explain 

the heterogeneity of consumption. 

Effects of twin social contact. GE correlation 

There was no consistent evidence for increased twin 

resemblance in sisters who were living together or 
had frequent social contact, compared with those 

who had less frequent social contact. In three twin 
groups-young MZ women, young DZ women and 

older DZ women-there was no significant correlation 

between absolute intrapair differences in alcohol con

sumption and amount of social contact. In the fourth 
group, older MZ women, the correlation between 

intrapair difference and level of social contact was 

significant but slight (0.09). 
In both cohorts, no significant correlations were 

found between own alcohol consumption and co

twin's marital status (married/unmarried). All cor

relations were less than 0.06 in absolute value. Thus, 
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TABLE S. Results of model-fitting analyses: chi·square tests of goodness~f-fit 

YOUNG COHORT 

Causes of variation 

Shared Additive Genetic + shared FuU 

environment genetic environment genetic 

Heterogeneity of effects df x' df x' df x' df x' 
No heterogeneity 22 34.09' 22 33.25' 21 29.39' 21 33.25' 

Variability differences 21 31.3S' 21 30.7S' 20 26.94' 20 3O.7S' 

Heteroscedasticity 21 33.96' 21 33.25' 20 29.3S' 20 33.25' 

Spousal· interaction 20 IS.91' 20 14.43 19 H.17 19 14.43 

GxE, g,d,c= 1 20 IS.91' 20 14.43 IS 9.56 IS 13.S9 

GxE, g,d,c<1 19 17.171 19 13.03 16 9.36 16 13.03 

OLDER COHORT 

No heterogeneity 16 S2.32Q 16 2S.04' IS 25.04~ IS 2S.04' 

Variability differences IS 49.77Q IS 23.14' 14 23.13' 14 23.13' 

Heteroscedasticity IS 47.21Q IS 21.93' 14 21.SS' 14 21.93' 

Spousal interaction 14 43.S7Q 14 21.02' 13 20.86' 13 21.02' 

GxE, r = 1 14 43.S7Q 14 21.02' 12 10.56 12 7.14 

GxE, r < I 13 3S.38" 13 9.05 10 7.69 10 7.14 

Q Model is rejected at 0.1010 significance level, by chi-square test of goodness~f-fit. 

1,2,3 Model is rejected at S% (I), 1% (') or 0.1% (') significance level, by likelihood-ratio chi-square test. 

for all practical purposes, we can treat GE correlation 
for marital status as negligible in our sample. 

Genotype x Environment interaction 

Twin covariance matrices are given in Table 4 and 
results of covariance structure analysis are presented 
in Table 5. Monozygotic twin pairs were highly 

correlated for their alcohol use, so we do not. give 
results for a random environment model, which would 
predict a zero twin correlation. For ease of interpre
tation, results for best-fitting models are indicated in 
italics in Table 5. Parameter estimates under best
fitting models are given in Table 6. 

In both cohorts, all shared environment models 
could be rejected by either chi-square test of good
ness-of-fit or likelihood-ratio chi-square test. In the 
younger cohort, twin resemblance for alcohol con
sumption was adequately explained by an additive 
genetic model, with significant heterogeneity of ad
ditive genetic and unique environmental components 

of variance as a function of marital status. The 
additive genetic G x E interaction model with g = 1 
and the additive genetic spousal interaction model 
gave equally good fits (as will always be the case 
when there is no familial environmental or dominance 
variance, unless we use constrained optimization; see 
Table 2, note a). Both models gave a significant 
improvement in fit over the no heterogeneity, vari

ability differences and heteroscedasticity additive ge
netic models and did not give a significantly worse 
fit than the corresponding genetic +. family environ

ment or full genetic models. The (nonstandardized) 

unique environmental variance was increased in mar
ried compared with unmarried individuals (0.82 vs 
0.68), but the additive genetic variance was actually 
decreased in married individuals (0.54 vs 0.84), so 
we were still able to reject the hypothesis of spousal 
interaction which would predict an increase in both 
components of variance. Under the additive genetic 
G x E interaction model, genetic differences were 
responsible for 600!o of the variance in drinking habits 
of young unmarried individuals, but only 31% of 
the variance of young m8.rried respondents. 

As a further test for effects of cohabitation on 
twin resemblance in the young cohort, the additive 
genetic G x E model was extended by including a 
shared environmental component contributing to the 
variance and covariance only of twin pairs living 
together (not tabulated). Although this model gave 
an excellent fit to the data (xl = 14.17, 19 df. 
p = 0.77), it gave a negligible improvement in fit, 
by likelihood-ratio test, over the simple additive 

genetic GxE model (xl = 0.16, 1 df, p > 0.05). 
There was thus no evidence for any increased envi
ronmental correlation of twin pairs who were still 
living together. 

In the older cohort, we again found significant 
evidence for G x E interaction. An additive genetic 
G x E model (with r < 1, i.e., allowing for a genetic 

correlation less than unity in discordant pairs), a 
genetic plus family environment model (with 
g = r = 1) and a full genetic model (with g = d = 1), 
all gave good fits to the data. Neither the additive 
genetic model nor the full genetic model could be 

rejected by likelihood-ratio chi-square test. Under the 
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TABLE 6. Parameter estimates (rescaled as proportions of total variance in alcohol consumption) under best-fitting models 

Genetic 

variance (Ofo) 

Environmental varianoe (Of_) 

Shared Random 

Correlation of 

genetic effects 

Young cohort 

Unmarried respondents 

Married respondents 

Older cohort 

Additive genetic model 

Unmarried respondents 

Married respondents 

Full genetic model 

Unmarried respondents 

Married respondents 

Additive genetic + dominance/shared environment model 

Unmarried respondents 

Married respondents 

additive genetic + shared family environment model, 

our estimate of familial environmental effects (BC) 

was zero for older unmarried twins, and indeed from 

inspection of the twin correlations (fable 4) it appears 

that there is genetic dominance for drinking habits 
in the unmarried state, but a shared environmental 

effect in the married state. A mixed G x E model, 

allowing for additive gene action plus genetic domi

nance in unmarried twins and additive gene action 
plus shared environmental effects in married twins, 

with g = 1, d = c = 0, gave an exCellent fit to the 

data (not tabulated: r = 6.37, 12 df, p = 0.90). 
This mixed model did give a significantly better fit 

than the additive genetic + shared environment model 

with shared environmental effects restricted to mar

ried twins (x! = 4.19, 1 df, p < 0.05). Parameter 

estimates under this model, the additive genetic G x E 
model and the full genetic G x E model are all given 

in Table 6. Although we were unable to discriminate 

between these three models, they all point to the 

same conclusion: the importance of genetic factors, 

relative to environmental factors, is also increased in 

unmarried respondents (76-77f1Jo), compared to mar

ried respondents (46-59f1Jo), in the older cohort. 

Discussion 

No effects of twin cohabitation and social contact 

In a study of drinking practices of male Finnish 

twins, Kaprio et al. (1987) found increased concor

dance for drinking habits in those twin pairs having 

more frequent social contact with each other. [n our 

female Australian twin pairs there was no consistent 

evidence for such effects. Indeed, we did not frod a 

significantly greater effect of shared environment on 

young female twin pairs who were still living together 

60 

31 

76 

59 

77 

59 

77 

46 

o 
o 

o 
o 

o 
o 

o 
13 

40 

69 

24 

41 

23 

41 

23 

41 

1.00 

0.59 

1.00 

1.00 

than on young female twin pairs living apart. It 

remains to be seen whether this difference is a genuine 

sex difference in social influences on drinking habits 

or a cultural difference between Finland and Aus
tralia. 

No effects of GE correlation 

We found no evidence that those genetic factors 

that predispose to heavy drinking also make it more 

likely that an individual will be unmarried (i.e., will 

either remain single or undergo divorce or marital 

separation). Although the association between alco

holism and marital breakdown is well-established 
(paolino et al., 1977), we would not necessarily expect 

to find such an association with heavy drinking in 

our population-based sample, which is clinically un

selected and also relatively young (average age 35). 

Major effect of G x E interaction 

Although there have been many studies document

ing the important influence of either genetic or 
cultural factors on patterns of alcohol consumption, 

the interaction of genetic and cultural effects has 

received comparatively little attention. Our results 

show unambiguously that a sociodemographic variable 

(marital status) can be a major modifier of the eff~ 
of genotype on drinking habits. Considering unmar

ried and married twin pairs separately, we observed 

a marked increase in the total genetic variance with 

age-a phenomenon that had previously been noted 

in an analysis of these data that ignored G x E 

interaction (Jardine and Martin, 1984). However, the 

impact of inherited liability was actually decreased in 

those who were married or had a marriage-like 

relationship. Alternative explanations of the hetero-
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geneity of genetic and environmental effects as a 

function of marital status-either as artifacts of mean 
differences between groups or as a consequence of 
marital interaction (Heath, 1987)-were rejected by 
our model-fitting analyses. 

The observed change in the proportion of the total 
variation in alcohol consumption attributable to ge

netic effects-from 31010 in young married women, 

to 76% in older unmarried women-is very large. 
This reflects the considerable heterogeneity of twin 

correlations as a function of marital status (Table 

4). Such large differences call into question the utility 
of traditional "heritability" analyses (ignoring G x E 

interaction) when these- are applied to culturally labile 

variables such as drinking habits. (For personality 

trait measures, in contrast, we have found remarkable 

stability of genetic effects under different environ

mental conditions in this same sample; see Heath 

and Martin, '1986.) Likewise, we must note that 
epidemiological analyses may seriously underestimate 

the importance of sociodemographic variables when 
their modifying impact on inherited liability is ig

nored. The examination of sociodemographic corre

lates of drinking behavior in a genetically informative 

design promises new insights into the determinants 
of variability in drinking habits. 
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