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Abstract. A genetic analysis of alcohol consumption in 3810 pairs of adult twins is
reported. When no correction was made for age, individual environmental variance,
including non-repeatable errors of reporting, accounted for approximately 44 % of varia-
tion in both sexes. In females, there was no evidence of shared environmental effects and
56% of the variance was genetic in origin. In males, only 36% of the variance was genetic
and common environmental effects accounted for the remaining 20% of individual
differences.

For females, the results for younger (30 years and under) and older (over 30) twins
were similar. For males, however, the effect of age was striking. In younger male twins
over 60% of the variance was genetic in origin, with the remaining variance due to environ-
mental influences unique to the indiviudal. In older twins genetic differences do not
appear tobeimportant, with approximately 50% of the total variance due to individual
environmental differences and the remaining 50% due to the effect of the common
family environment. Our results suggest that both age and sex need to be considered
when analysing the causes of variation in alcohol consumption.

Key words: Alcohol consumption, Twins, Common environment, Age, Sex, Genetic
factors

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.
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Perry [21]in America, in a study of 84 pairs of twins, found a substantial heritability
of 0.56 for the amount of alcohol consumed per week. In contrast, Conterio and Chiarelli
[7], studying drinking behaviour in a sample of 77 Italian male twins, 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 studies have also failed to give conclusive
results.

Partanen et al [19] studied drinking behaviour in 902 pairs of Finnish male twins
aged between 28 and 37 years and derived three measures of alcohol consumption based
on a factor analysis of drinking items. The first, Density, measured the frequency of
alcohol consumption. The second, Amount, measured both the quantity of alcohol
consumed and the duration of drinking during the last reported drinking occasion. The
third, Lack of Control, measured the individual’s control over his consumption. The
results showed that genetic factors were an important determinant of a person’s drinking
behaviour, the heritability estimates for Density and Amount being 0.39 and 0.36 respect-
ively. Lack of Control had a lower heritability of 0.14. An interesting difference was
found in the comparison of younger (28-33) and older (34-37) pairs. The heritabilities
were much higher for younger than older twins for both Density (0.52 vs 0.31) and
Lack of Control (0.54 vs —0.07). The heritability for amount was 0.37 for both age
groups.

Kaprio et al [14], in a study of 5044 Finnish male twins aged 18 and over found a
heritability of 0.51 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 60. These
results and those of Partanen et al [19] suggest that age is an important factor which
needs to be considered in genetic studies of drinking behaviour.

Different results for the causes of variation in drinking behaviour are also obtained
when one considers males and females separately. Cederlof et al [3] in Sweden studied
alcohol consumption in 13000 pairs of twins and found higher concordance rates in MZ
and DZ twins for drinking and particularly for excessive drinking, but that this higher
concordance was much more pronounced in females than males. Clifford et al [6], in a
study of 399 English twin pairs, found that genetic influences seemed to be important
in alcohol consumptioninboth males and females. However, in females there was also
evidence of a competition effect, the consumption of one twin, whether high or low,
apparently influencing the other twin to drink in the opposite manner.

Overall, the results of these various studies suggest that there are genetic factors
contributing to variation in alcohol consumption but that their importance depends
on the age and sex of the individual.

We report here some preliminary results from one of the largest twin studies of
alcohol consumption. Our results support the conclusion that genetic factors are im-
portant to variation in consumption but that there are differences in the relative contribu-
tion of genetic and environmental influences depending on age and sex.

METHOD
Sample

The sample comprised 3810 pairs of twins from the Australian National Health and Medical Research
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Council Twin Registry. The sex, zygosity and age distribution of the sample is shown in Table 1.
The twins were participants in a postal questionnaire study of drinking and smoking behaviour, sleep
patterns, general health, personality and attitudes. Pilot prestudy responses, which can be used to test
the repeatability of the measures, are also available for 96 individuals. Only items relating to alcohol
consumption will be analysed here. The sample and method of zygosity diagnosis have been described
in detail elsewhere {12].

Table 1 - Age, Sex and Zygosity Composition of the Sample

MZ MZ DZ Dz DZ
females males females males opposite-sex
Number of pairs 1233 567 751 352 907
Mean age (years) 35.66 34.36 35.35 32.26 3290
Standard deviation 14.27 14.02 14.27 13.88 13.85
Age range 18-88 18-79 18-84 1883 18-79

Measures

The items relating to alcohol use from the entire twin questionnaire are given in the Appendix. We have

looked at two measures of alcohol consumption based on these items:

1. Normal weekly alcohol consumption - based on items 35-39 we have calculated an average of
weekly alcohol consumption which reflects usual drinking behaviour.

2. Alcohol consumption last week - based on item 40 we have calculated the actual amount of
alcohol consumed over the course of the previous week. Both these measures were calculated
as the total number of standard drinks (beer, wine, spirits, etc) consumed. A comparison of
these two measures allows us to assess the variability of consumption and/or response,

RESULTS
Scaling

In a genetic analysis it is most appropriate to chose a scale of measurement where there is
no genotype-environment interaction so that genetic and environmental effects are
additive. Jinks and Fulker [13] showed that certain types of genotype-environment
interaction could be detected by regressing the absolute differences of MZ pairs (a measure
of individual environmental differences - E,) on their pair sums (a measure of genotype
(G) and/or family environment (E,) ). Martin and Eysenck [17] showed that such inter-
actions 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 norma-
lity .

Both raw measures of alcohol consumption show significant and substantial linear
regressions and these are considerably reduced by logarithmic transformation (Table 2).
Although this results in an increase in the quadratic components, other transformations
[logio(x + 3) or logye(logo(x + 1) )] gave no greater improvement so we regard this
transformation as most appropriate. The significance of the DZ regressions will be discus-
sed later. In most cases, transformations have a negligible effect on the results of fitting
models to variance components, but when there are extreme deviations from normality,
as for the measures of alcohol consumption, the results may differ markedly [17]. Conse-
quently, our genetical analysis will be based on the log transformed measures of alcohol
consumption.
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Sampling

An assumption fundamental to the twin method is that MZ and DZ twins have been
drawn at random from the same population and we can test this by comparing the
subgroup means and variances. Although for the raw scores, the variances of both con-
sumption measures are significantly greater in MZ than DZ females, and the variance of
normal weekly consumption is significantly greater in MZ than DZ males, these differ-
ences all become non-ignificant after transformation. The means of both consumption
measures are, however, significantly greater in males than females (Table 3), which
confirms previous results from surveys of alcohol consumption int Australian samples {1,
23]. Males also have a greater variance in consumption than females. These results are
identical 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 the transformed scores (0.83, 0.86), but normal weekly consumption
tends to provide a lower estimate of alcohol consumption than consumption last week.

Since the purpose of a genetical analysis of twin data is to make inferences about the
causes of variation in the population, it is also important that twins are comparable with
nontwin subjects. As a result of the Australian Bureau of Statistics survey of drinking
and smoking habits carried out in 1977 [1], information about the alcohol consumption
patterns of Australian adults aged 18 years and over is available, although it is known that
such survey estimates of consumption significantly underreport estimates of alcohol
consumption based on sales statistics {11,20,22]. A comparison of the stated daily
alcohol consumption of the twin respondents (calculated from consumption last week)
with expected consumption based on ABS [1] data showed that our male twins had
similar drinking patierne to the general population (Table 4). However, our female twins
showed a greater proportion of drinkers than the national average (Table 4), although
this difference may reflect a change in drinking hahiis over the three years sinice the ABS
[1] data were collected.

Repeatability

Prior to mailing the questionnaire to the entire adult sample, a pilot questionnaire had
been mailed to 100 pairs of adult twins in order to assess likely response rate and any
problems in construction of the questionnaire. Only minor changes were made to the
final questionnaire as a result of problems observed in the pilot one and when it was
mailed some months later, 96 responses from the original pilot sample of 200 were
obtained. We have used these duplicate responses to assess the short-term repeatability
of the alcohol consumption measures.

Analysis of the alcohol consumption of the 96 individuals who completed both the
pilot and main questionnaire (Table 5) shows that, although they were typical of the total
sample in distribution of age, they were somewhat atypical in their consumption patterns.
For both the raw and transformed scores, both males and females have higher normal
weekly consumption and lower consumption last week than the total sample. Also, for
both sexes, the variance of the two alcohol measures is greater in the pilot sample than
the total sample, and this is more pronounced for the measures of normal weekly con-
sumption.

Separate analyses of variance of the alcohol consumption measures to obtain mean
squares between (MS) and within (MS,, ) enabled calculation of repeatabilities (intraclass
correfations) as R; = (MSy, — MS_)/(MS,, + MS,). In both males and females, consump-
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tion last week is more reliable than normal weekly consumption, and there is a tendency
for the log transformation to improve reliability. The reliabilities also tend to be higher
in males than females. The within-individual variance components (S‘f, =MS,,) are also
shown in Table 5 and these are estimates of the portion of the total variance which is
unrepeatable and will include measurement error. For both measures of consumption,
SZ is higher in males than females.

Correlations with Personality Variables

Twins also completed the Eysenck Personality Questionnaire [10], the Delusions-Symp-
toms-States Inventory [2] and the Conservatism Scale (C-Scale) developed by Wilson
and Patterson {25]. To improve the properties of the scales, extraversion, psychoticism,
neuroticism and lie scores were all transformed to angles, and anxiety and depression
were subjected to logarithmic transformation. Conservatism scores were untransformed.
The partial correlations, controlling for age, between the measures of alcohol consump-
tion and the transformed personality and attitude scales are shown in Table 6. Individuals
with higher levels of consumption tend to be more anxious, depressed, extraverted,
psychotic and neurotic, and score lower on the lie and conservatism scales. These results
are similar to previous studies which have demonstrated a relationship between alcohol
consumption and extraversion {15,19], anxiety [19,24] and neuroticism {15,19].

Genetical Analysis

Alternative models of trait variation are fitted to between- and within-pairs mean squares
by iterative weighted least squares [4,8,9]. A chisquare test of goodness of fit, based on
expected mean squares calculated from the least-squares parameter estimates, provides a
test of the adequacy of each model.

Where there is a sex difference in means, the within-pairs mean squares (WMS) of
DZ opposite-sex pairs is inflated by an amount (n/2) (M — F)?, where there are n pairs, M
is the male mean and F the female mean. Significant sex differences in means were
found for both measures of consumption (Table 3) and we corrected for this by cal-
culating the residual WMS(withn — 1 df) given by —2+ WMS — % (M — F)*].

Where a variable is strongly age dependent, this inflates the between-pairs mean
square (BMS). The linear and quadratic age correlations with the log transformed
measures of normal weekly consumption (-0.04 and -0.05 in females, -0.05 and 0.07 in
males) and consumption last week (-0.06 and -0.07, 0.06 and 0.08) are significant in
every case but 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.

Examining whether twins become more or less similar with age by correlating abso-
lute within-pair differences with age results in small and non-significant correlations for
both measures of consumption. This indicates that if environmental circumstances of
co-twins become more different as they get older, these do not appear to produce any
greater differences in alcohol consumption.

A simple model for the possible sources of variance contributing to mean squares
from a twin study is shown in Table 8. E; 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. E, is environmental variation shared by
co-twins but differing between twin pairs and will include cultural and parental treatment
effects. V is the genetic variance due to the additive effects of genes in the absence of
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Table 7 - Observed Transformed Mean Squares and Their Degrees of Freedom, Correcied for Sex
Differences, for the Measures of Alcohol Consumption

Normal weekly consumption

Consumption last week

df Mean square df Mean square
. 2 .
MZ fermale Between 1232 3742 123 3710
Within 1233 1032 1233 1075
Between 566 5722 566 5548
MZ male
Within 567 1510 567 1607
Between 750 2933 750 2905
DZ female
Within 751 1597 751 .1668
Between 351 5141 351 .5002
DZ male
Within 352 .1948 352 2146
Between 906 .3578 906 .3699
DZ opposite-sex
Within 906 2318 906 2248
Table 8 - Simple Model for Twin Mean Squares
Mean squares E; E, Va
Between 1 2
MZ female
Within 1 0 0
Between 1 2
MZ maie
Within 1 0
Between 1 2 3/2
DZ female
Within 1 0 1/2
Between 1 2 3/2
DZ male
Within 1 0 1/2
. Between 1 3/2
DZ opposite-sex
Within 1 0 1/2

https://doi.org/10.1017/5S0001566000005882 Published online by Cambridge University Press


https://doi.org/10.1017/S0001566000005882

444 Jardine and Martin

assortative mating. Dominance variation (Vp) is not included in our models because
it is entirely confounded with E, and V, in twin data. Martin et al [16] showed that the
sum-difference regression test used in MZ twins to detect genotype-environment inter-
action could be used in DZ twins to detect directional non-additivity (dominance or
epistasis) or unequal gene frequencies. The results of this analysis ( Table 2) showed that
DZ regressions were no greater than their MZ counterparts. Because this test has proved
powerful in detecting genetical non-additivity for other traits in much smaller samples
[4,18], we conclude that directional non-additivity is not an important source of variation
in alcohol consumption.

A 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 to be explained.
A model including both E, and E, will test whether the between families variation is
entirely environmental in origin, while the E, V, model will test whether it is entirely
genetic. If both two parameter models fail, then a model including all three sources
of variation (E; E, V) may be tested.

Models are first fitted to the mean squares for males and females separately and then
to all eight statistics together. A chi-square to test the heterogeneity of fit of a given
model over sexes can then be calculated by adding the separate chisquare values for
males and females and subtracting from the corresponding chi-square for the combined
male and female data. If there is no significant heterogeneity, then we may proceed to fit
the model to all ten mean squares including those from the DZ oppositesex twins. If the
heterogeneity is significant, then different models must be considered for males and
females. As, in fact, different models were appropriate for the two sexes, the results of
fitting these models to mean squares for normal weekly consumption and consumption
last week are shown for males and females separately (Table 9). In every case, a model
(E{) postulating that all variation was due to individual environmental experiences failed
badly and is omitted from the summary table.

For both measures of consumption in females, the E, V,, model is most appropriate,
while in males the E;E,V, model provides a better fit. Inspection of the parameter
estimates also reveals that there is a larger E; component for males than females but a
similar estimate of V, in both sexes.

A model which specifies a common V, parameter, an E, component in males and
different sized E, effects in males and females has been described and illustrated pre-
viously [9]. The various terms are derived as usual except that the effects are defined
separately for males and females. The result of fitting this model to the two measures
of consumption is shown in Table 10. 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 variation is due to environmental influences
shared by brothers, but there is no evidence of family environmental factors influencing
alcohol consumption in females. We may also subtract the values of S‘f,, obtained from
the repeatability data, from the estimates of E; and so estimate the proportion of total
variance due to non-repeatable “error” and that due to repeatable individual environ-
mental differences (Table 11).

Comparison of Older and Younger Pairs

Since the results of previous studies [14,19] had indicated that the relative contribution
of genetic and environmental factors to variation in alcohol consumption might depend
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Table 9 - Summary of Model Fitting for log Transformed Normal Weekly Consumption

N I, Va df e h?
Female
EL1E2 125%% % J10H 2 60.76%**
E1Va 102% % A3 Ekx 2 1.50 5602
E1E2Vy 103x** 010 21k 1 1.09
Male
E{1Ez 168%** 91 x** 2 8.62%
EyVy 143%%* 21 1k** 2 1156%**
EjEaVy DR b 18 091+* 1 .07 25%.09
Summary of Model Fitting for log Transformed Consumption Last week
E; E; Vi daf v h?
Female
Ei1E, 130%** 105%** 2 61.63%%*
EiVa 107*%* 128%x* 2 .84 551.02
E1EaVy J107*** .002 J26%** 1 .82
Male
E{E, 18 1*** 176%%* 2 10.74%*
E1¥ 554 %% 201k%* 2 6.52%
EjEaVy 161%** L089** .108** 1 -.00 30110

Table 10 - Parameter Estimates (¥ SE) and Heritabilities (h?) from Fit of Models Incorporating
Different Components of Variation for Males and Females

Va Eim Eir Eam
I:o";gx;:fsrfly 130 % 006 146 008 102 % .004 084 %.013
X2 =3.00
12 pemale = 56 % .02 ' h? page = -36 £ .02
E:;l:x:exlz:tion 129 + 006 158 + 008 106 * .004 070013
Xt =191
h? Female = 55 %.02 0% Male = -36 .02
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Table 11 - Sources of Variance (%) for log Transformed Measures of Alcohol Consumption

Normal weekly consumption Consumption last week
Females Males Females Males
Error 16 37 45 15
B~ 44 < 41—~ 45 < a4
T~ Individual 28 ~4 0 ™29
E2 23 20
Va 56 36 55 36

on the age of the individual, we decided to fit models separately for older and younger
pairs. We divided the twin pairs into two groups, those 30 and under, and those over 30.

Just as before, models were first fitted to the mean squares for males and females
separately and then to all eight statistics together, models were fitted separately to those
30 and under and those over 30, and then to all eight statistics combined. The results
of fitting these models to normal weekly consumption and consumption last week are
shown in Tables 12 and 13.

Although for both measures of consumption in females, the E, V, model gives an
excellent fit to the data in both younger and older twins, there is significant hetero-
geneity of fit over age groups for both normal weekly consumption (x; = 31.49; P <0.001)
and consumption last week (x% = 6.79, P < 0.05). While at least some of this hetero-
geneity is due to an increase in variance with age affecting E, and V, equally for normal
weekly consumption, and V, for consumption last week, it does suggest that the relative
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
E,V, model gives a good fit to the data in younger twins, while for older twins the
E{E, model is most appropriate. The effect of E; also increases with age along with this
decrease in V, and increase in E,. While these results suggest that age-dependent effects
are important, it will be necessary to model these effects more precisely in a pedigree
analysis of raw scores [9] before we can make any conclusion concerning the change in
the relative contribution of genetic and environmental factors with age.

DISCUSSION

The preliminary results of this study suggest that the relative contribution of genetic and
environmental factors to variation in alcohol consumption is dependent upon age and sex.

In females, when no correction is made for age, approximately 55% of the variation
in consumption is genetic in origin with the remaining variance due to individual environ-
mental differences. In contrast, in males only 36% of the variance is genetic in origin,
with approximately 20% of the total variation due to common environmental influences
shared by brothers. That the heritability of consumption is higher in females than males
replicates a previous finding [3].

For females, the results for older and younger twins are similar, some of the hetero-
geneity over age groups being due, no doubt to an increase in variance with age. For

https://doi.org/10.1017/5S0001566000005882 Published online by Cambridge University Press


https://doi.org/10.1017/S0001566000005882

Variation in Drinking Habits 447

Table 12 - Summary of Fitting Models to log Transformed Normal Weekly Consumption for Younger
and Older Twins

Data Model E, E, Va df ¥ h?
I-emuales
Y ounger FoFy 106%*%  09gHxx* 2 35.53%xx
EiVa 085%x* 119%x* 2 0.78 58%.03
EykaV,  086*** 009 109**x 1 0.56
Older Fyliy d41xR% [ 1% 2 30.38%xx
E1Va 116%** .143%x% 2 0.72 55+ .03
EiliaV  117*** 108 131 1 053
Younser ik, A25%%% 1 10HRk 6 92.05%**
and older E1Vu 101%** 131w 6 32.99%#x
: EiliaVy  .102%%% 010 d20 5 32.58%%x
Males
Y ounger |G 152%%%  196k*x 2 16.39%**
EyVy 116*x* 227k 2 3.13 66%.03
EyEaVy  120%%% 072+ 155wk 1 0.38
Older Eq Lk, 185%%k 1 gEERHT 2 0.43
E1Va 170%** 198 2 9 29%+*
EyEaV,  180%**  164%** 026 1 015
Vounser Bl 168%x% 191 *** 6 18.81%*
jn"d“‘ofgcr EqVa 143%%x 211%%x 6 25.41%%%
4 EyEaVy ISP 118**% 090%x 5 12 44%

Table 13 - Summary of Fitting Models to log Transformed

OQlder Twins

Consumption Last Week for Younger and

Data

f-emales

Younger

Clder

Younger
and older
Males

Y ounger

Oider

Younger
and older

Model E; E, VA df x? h?

Iy 5 Jd28%%% 093k 2 18.65%**

EiVa .108**+ d11xx 2 0.66 - .51%.03
FiliaVa  .109%*% 012 098**+ 1 0.38

I 1E, A32%%% ]16%** 2 4521%ex

EjVa 105%** Jd42%%% 9 ol 0720 581 .02
Fil, VA .104**%  _009 AS51%*x 1 . 059

I£yE, A30%%% 105%** 6 70,78%**

E(Va 107*%* A28%%x 6 8.17

Ei l,Va  107%** 001 A27%%% 5 8.17

E1E; 169%*% 18] %*x : 2 10.56**

E;Va 136*** 210%%% 2 2.87 61%.03
E(E,Va  .140%%* 072+ 136%* 1 0.30

EiE, 195%x% 171 %wk 2 3.13

E;Va 174% %% 192%%% 9 4.08

E1E,Va  .180%%* 102+ 085 1 0.40

EyE, ABIHRE 176K x 6 15.45*

E(Va 155%%% 200%%* g 12.16

EjEoVa  161%%%  088%*x  108** 5 5.35
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males, however, the effect of age is striking. In younger male twins over 60% of the
variance is genetic in origin, with the remaining variance due to environmental influences
unique to the individual. In older twins, however, genetic differences do not appear to
be important, with approximately 50 of the total variance due to individual environ-
mental differences and the remaining 50% due to the effect of common family environ-
ment. Obviously, our breakdown of the sample into older and younger twins is rather
arbitrary, although in a future paper we will incorporate a pedigree analysis of the raw
scores where age effects can be modelled more precisely.
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APPENDIX: Items on Alcohol Use from Questionnaire Sent to Twin Population Surveyed

(33)

(34)

(35)

(36)

37

(38)

(39)

(40)

(41)

—

Yes

-

‘ Have you EVER taken aleoholic drinks? If NO go to next page. 21 o

l At what age did you start drinking alcohol?

1| Every day
2| 3-4 times each week
OVER THE LAST YEAR, about how often have _, | 3] About twice a week
you usually taken any alcoholic drinks? 4| About once a week
5{ Once or twice a month
6| Less often
25
1| On two days
OVER THE WEEKEND (Saturday & Sunday) —
would you usually drink? Y On one day
3] Not usually
26
1| Each day ]
2] On three or four days
DURING WEEK DAYS (Monday to Friday) — | 3] On_two days
would you usually drink? | 4| On one day
5| Not usually
27
1| About the same
IF OVER 30, how do your present drinking{ . | 2| prink LESS now
habits compare with when you were 25-307
3 | Drink MORE now

Weekdays | Weekends

On average, how many GLASSES

Glasses of beer per day

would you drink on each day that
you take some alcohol?

Glasses

of wine per day

Please note:

Glasses

of spirits per day

Beer glass is about 70z.
Wine glass is about 4oz.

Glasses

of sherry per day

Spirits glass i8 about loz.(1 nip)

Other (specify type and

amount)

Please describe your consumption of alcohol in the LAST WEEK.

Write in the chart

below the number of glasses you had on each day.
Mon Tues Wed Thur Fri Sat Sun

Beer 48

Wines 62

Spirits 78

Sherry 30

Other 1R

118
1| Typical
During the LAST WEEK, was your consumption?| ~ | 2| Greater than average
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Less than average
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