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ABSTRACT. Objective: Resemblances between parents and children 
for alcohol use can be due both to cultural transmission and genetic in- 
heritance. We examined the genetic and environmental determinants of 
the familial resemblances in alcohol use. Method: With a parent-twin 
design a distinction was made between the contribution of genetic ef- 
fects, the environmental influences shared by siblings and the effects of 
cultural transmission from parents to offspring. By questionnaire, data 
on whether subjects had ever used alcohol were obtained from 403 
Dutch families with a twin aged 15-16 years old and from 805 families 
with a twin aged 17 years and older. Results: For 15-16 year olds, the re- 
semblance between parents and offspring could be explained either by 
genetic inheritance or cultural transmission. Shared environment ex- 
plained between 58% and 88% of the individual differences in adoles- 

cent alcohol use. For twins aged 17 years and older, 43% of the individ- 
ual differences in alcohol use could be attributed to genetic factors and 
37% to shared environment. There was no evidence for cultural trans- 

mission in this age group. Conclusions: For adolescents aged 17 years 
and older, parental alcohol use did not create an environment that stim- 
ulated alcohol use in children. The resemblance for alcohol use between 

parents and their children aged 17 years and older could be explained by 
their genetic relatedness. For 15-16 year old adolescents, shared envi- 
ronmental influences were more important than for older adolescents. 
Only 10% of this shared environmental variance might be influenced by 
parental alcohol use due to cultural transmission. (J. Stud. Alcohol 57: 
19-28, 1996) 

HE FAMILIAL aggregation of alcoholism is well es- 
tablished. In a review, Merikangas (1990) showed that 

first-degree relatives of alcoholics have, on average, a 
seven-fold increase in the risk of developing alcoholism as 
compared to controls. Several reviews of family, twin and 
adoption studies have shown that the familial nature of alco- 
holism is in part due to genetic factors (Anthenelli and 
Schuckit, 1990; Devor and Cloninger, 1989; Merikangas, 
1990), although the degree of heritability of alcoholism and 
the extent to which genetic factors play a role in women re- 
main controversial (Heath and Martin, 1994; Kendler et al., 
1992). To date, there is not much insight into the mecha- 
nisms that are involved in the transmission of alcoholism. 

Besides the genetic transmission of biochemical traits 
(Schuckit, 1994) another possible explanation is that famil- 
ial aggregation of alcoholism is due to cultural transmission, 
that is the influences of parents' behavior on behavior in 
their offspring. Of considerable interest is the modeling of 
parental drinking behavior during adolescence, a transi- 
tional period in which adolescents start to use alcohol. 
There is evidence to suggest that parental alcohol use and 
parental attitudes toward alcohol use influence adolescents 
drinking behavior, at least to some extent (Ary et al., 1993; 
Dielman et al., 1993; Duncan et al., 1994; Weinberg et al., 
1994). However, these familial influences may be due both 
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to cultural inheritance and to the genetic relatedness be- 
tween parents and children. 

The separation of genetic effects, environmental influ- 
ences shared by siblings and cultural transmission from par- 
ents to offspring is possible by using a parent-twin design 
(Boomsma and Molenaar, 1987; Eaves et al., 1978; Fulker, 
1982, 1988; Heath et al., 1985). By comparing monozygotic 
(MZ) twins with dizygotic (DZ) twins, the relative contribu- 
tions of genetic and shared environmental factors to individ- 
ual differences can be estimated (Neale and Cardon, 1992). 
By including the parents of the twins, a distinction is possi- 
ble between the effects of parental influences (cultural trans- 
mission) and the shared environmental effects among the 
offspring that are not shared with the parents (e.g., peers), 
while accounting for the genetic relatedness between parents 
and children. 

Several large-scale twin studies have investigated the de- 
terminants of alcohol-related behaviors. In these studies self- 

reported measures of quantity, frequency and density were 
assessed with questionnaires. Kaprio et al. (1991) reviewed 
the cross-sectional and longitudinal studies of alcohol use 
and abuse in the Finnish Twin Cohort, a population-based 
sample of same-sex adult twin pairs. Results showed modest 
but significant genetic influences on quantity, density and 
frequency of alcohol use in men and women, with h 2 (the pro- 
ponion of the total variance due to genetic factors) ranging 
from 29% to 45%. Evidence was found for shared environ- 

mental influences: fwins in more frequent contact showed 
greater similarity for alcohol use. Carmelli et al. (1993) 
showed, in a 16-year follow-up of World War II veteran 



20 JOURNAL OF STUDIES ON ALCOHOL/JANUARY 1996 

twins, significant genetic effects for alcohol consumption at 
baseline (up to 40%) and follow-up (up to 48%) and some- 
what lower shared environmental influences (0-32% at base- 
line, 1-20% at follow-up). Longitudinal stability of drinking 
behaviors in this cohort was largely due to the continuity of 
genetic influences. 

A study of 572 families of adult twins and their parents in 
the U.K. found evidence that the amount of alcohol con- 

sumption in 1 week was influenced both by genetic factors 
(37%) and shared environment (42%) (Clifford et al., 1984). 
The parent-offspring correlations for alcohol consumption 
were around 0.20. Clifford et al. did not assess the contribu- 

tion of cultural transmission or genetic inheritance to this 
parent-offspring resemblance. The shared environmental in- 
fluences on twins consisted of two parts; one part was man- 
ifest when twins lived together, whereas the other part 
persisted when twins lived apart. The contribution of genetic 
and shared environmental effects did not differ between men 

and women. In another study, sex differences in the relative 
contribution of genetic and environmental factors to varia- 
tion in alcohol consumption were found in 3,810 pairs of 
adult Australian twins (Jardine and Martin, 1984). Variation 
of alcohol consumption in women was explained by genetic 
factors (56%) without evidence for shared environmental in- 
fluences. In men, 36% of the total variance was explained by 
genetic factors and 20% was due to shared environmental ef- 
fects. The effects of genetic and shared environmental fac- 
tors were dependent on age. For women, results were similar 
in younger (30 years and younger) and older (over 30) twins. 
However, for younger male twins 60% of the individual dif- 
ferences in weekly alcohol consumption were explained by 
genetic factors and not by shared environment, whereas for 
older male twins no genetic effects were found and 50% of 
the total variance was explained by shared environment. 
Heath et al. (1991a,b) analyzed the same sample of adult 
Australian twins and showed that abstinence of alcohol use 

was determined by factors that were largely independent of 
the factors that determined frequency and quantity of alcohol 
consumption. Abstinence was strongly influenced by shared 
environment but not by genetic factors, while frequency and 
quantity were mainly determined by genetic factors. Consis- 
tent with these findings, results from a study of alcohol use 
in a U.S. volunteer sample of 3,049 female and 1,070 male 
twins aged 50 to 96, suggested that determinants of whether 
one drinks differed from those underlying amount of con- 
sumption (Prescott et al., 1994). Both genetic (40%) and 
shared environmental (42%) factors contributed to lifetime 
abstinence in both men and women, while among drinkers 
resemblances for alcohol consumption were only explained 
by genetic influences (43%). The twin studies cited so far all 
described adult drinking behavior. To our knowledge, there 
are only two twin studies in which adolescent drinking be- 
havior was assessed. In a study of 1,400 adolescent Aus- 
tralian twin pairs, aged 11 to 18 years, drinking in the 
previous month was assessed with the question, "Have you 

had an alcoholic drink in the last four weeks?" (Hopper et al., 
1992). Twin associations were represented by log odds ra- 
tios. Higher odds ratios in MZ male twins compared to DZ 
male twins indicated that genetic factors play a role in deter- 
mining alcohol use in male adolescents. In female twins, MZ 
and DZ odds ratios were equal, suggesting only shared envi- 
ronmental influences. Retrospective information about absti- 
nence from teenage alcohol use and age of onset of drinking 
was obtained from 1,589 Australian twin pairs aged 20-30 
years (Heath and Martin, 1988). Abstinence from teenage al- 
cohol use was determined by both genetic and shared envi- 
ronmental factors, to differing degrees in males and females. 
The shared environmental factors that influenced initiation 

of alcohol use were uncorrelated in males and females. Indi- 

vidual differences in age of onset of teenage drinking in 
males were not explained by genetic factors but by shared en- 
vironmental influences (51%). Age of onset of drinking in fe- 
males was determined by moderate genetic influences (44%) 
and to a lesser extent by shared environmental factors (14%). 

To summarize, twin studies of adult drinking behavior 
show that genetic factors, and to a lesser extent shared envi- 
ronmental influences, contribute to individual differences in 

alcohol consumption. For adolescent drinking behavior 
shared environmental effects seem to be more important. No 
studies have explicitly addressed the question of cultural 
transmission for alcohol use. Kendler et al. (1994) used the 
extended twin-family design to examine the transmission of 
the vulnerability to alcoholism in 1,030 pairs of adult female 
twins and their parents. They concluded that alcoholism in 
parents was genetically transmitted to their children and that 
there was no evidence for cultural transmission. 

In this article we examine to what extent genetic and 
shared environmental factors contribute to adolescent alco- 

hol use, whether parents and children resemble each other for 
alcohol use and whether this resemblance is best explained 
by cultural transmission or by genetic inheritance. Under 
random mating parents and children have 50% of their genes 
in common. Genetic inheritance refers to the fact that parents 
transmit their genetic predisposition for alcohol use to their 
children. Besides the shared genes, parents and c'hifdren may 
share environmental influences. In general, shared environ- 
mental factors indicate to what extent family members re- 
semble each other due to the environmental influences that 

they have in common. In the parent-offspring model that we 
used the shared environment of the children can be parti- 
tioned into environmental influences that the children share 

with each other but not with their parents and cultural trans- 
mission. Cultural transmission refers to the effect of parental 
behavior (e.g., parental alcohol use) on the shared environ- 
ment of the children. Several studies have shown that alco- 

hol use in spouses is correlated (Clifford et al., 1984; 
Gleiberman et al., 1992; Hall et al., 1983; Price and Vanden- 

berg, 1980; Tambs and Vaglum, 1990). This correlation be- 
tween spouses can be due to assortative mating or to 
environmental influences shared by spouses. Price and Van- 
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denberg (1980) found some evidence that spouse similarity 
for alcohol consumption increased with the length of mar- 
riage, but they also showed that there was a significant asso- 
ciation for amount of drinking when spouses began dating. 
This suggests that there is initial assortment for alcohol use. 
We modeled the correlation between alcohol use in spouses 
as phenotypic assortative mating. Under this model spouses 
select each other based on a observed trait or phenotype (e.g., 
Fulker, 1982). Consequently, the genetic and environmental 
factors that influence the paternal phenotype become corre- 
lated with the latent factors that influence the maternal phe- 
notype. The correlation between the genetic factors of the 
spouses increases the genetic resemblance between relatives. 
The increased similarity of DZ twins relative to MZ twins, 
due to these genetic effects of assortative mating, will inflate 
the estimates of shared environment in the classical twin 

model (Fulker, 1982, 1988). In the twin-family model that 
we use, these effects of phenotypic assortative mating are ex- 
plicitly taken into account. 

We collected questionnaires on health-related behaviors 
from 1,700 pairs of adolescent twins and their parents. We 
have previously examined smoking initiation and sports par- 
ticipation in this sample and found that environmental fac- 
tors that influenced smoking and sports participation were 
shared between twins but not between parents and children. 
The resemblance between parents and offspring for smoking 
and sports participation could entirely be explained by their 
genetic relatedness and not by cultural transmission 
(Boomsma et al., 1994; Koopmans et al., 1994). 

Method 

Subjects and measures 

This study is part of the Dutch twin family study on health- 
related behavior (Boomsma et al., 1994; Koopmans et al., 
1994). Questionnaires on health and lifestyle were mailed in 
1991 to adolescent twins and their parents. Twin families 
were recruited by asking all city councils (720) in the Nether- 
lands for addresses of twins aged 12-22 years. A positive re- 
sponse was received from 252 city councils which supplied 
3,859 addresses; 177 addresses were available from other 

sources. After contacting these families by letter, 2,375 twin 
families indicated that they were wiIling to participate and 
1,700 families returned the questionnaires. 

Age of the twins was between 12 and 24 years, less than 
4% of the sample were younger than 14 years and 7% were 
older than 21, the mean (_SD) age was 17.7 ___ 2.26 years. 
The average age of the fathers and mothers was 48 _+ 5.6 
years and 46 _+ 5.2 years. Zygosity of the twins was deter- 
mined by questionnaire items about physical similarity and 
frequency of confusion of the twins by family and strangers 
(Goldsmith, 1991; Magnus et al., 1983). The classification of 
zygosity was based on a discriminant analysis, relating the 
questionnaire items to zygosity based on bloodgroup poly- 

morphisms and DNA fingerprinting in a group of 131 same- 
sex adolescent twin pairs who participated in a study of car- 
diovascular risk factors (Boomsma et al., 1993). In that 
sample zygosity was correctly classified by questionnaire in 
95% of the cases. We were able to control the validity of the 
zygosity questionnaire in a subsample of 88 same-sex twins, 
aged 16 years, who participated both in our study and in a 
longitudinal study of brain function (van Beijsterveldt et al., 
1994). For these same-sex twins, the agreement between zy- 
gosity based on the questionnaire and zygosity based on 
blood/DNA polymorphisms was 88%. Of the 11 pairs who 
were misclassified by questionnaire, nine pairs were MZ 
twins mistakenly assigned as DZ twins. 

The questionnaire contained questions about alcohol and 
tobacco use, sport activities, health, social economical sta- 
tus, religion and a number of personality factors. We asked 
both parents and twins whether they used or had used alco- 
hol. The question could be answered with "no, seldom or 
never," "yes, but not any more" and "yes." Less than 2% of 
the sample of twins and less than 4% of the parents an- 
swered "yes, but not any more." Therefore, the last two an- 
swers were collapsed into one category, leaving a 
dichotomous variable for alcohol use. Those who answered 

"no, seldom or never" but indicated that the quantity of al- 
cohol they consumed in a week was one or more glasses 
were considered alcohol users. Thus, the variable under 
study divides the sample into never used alcohol versus ever 
used alcohol. Of the 1,700 families who returned question- 
naires, 1,396 families provided complete data for alcohol 
use from both father and mother and the twins. The families 

were divided in five groups by sex and zygosity of the 
twins; monozygotic males (MZM) and females (MZF), 
dizygotic males (DZM) and females (DZF) and dizygotic 
opposite sex twins (DOS). 

Statistical analysis 

The way we defined alcohol use, a person can be either a 
drinker or a nondrinker. Quantifying the genetic and envi- 
ronmental factors that contribute to such a dichotomous vari- 

able is possible by assuming that the variable has an 
underlying continuous distribution (Falconer, 1989). This 
underlying continuous variable has been termed the liability. 
The liability is due to multiple genetic and environmental in- 
fluences, giving a normal distribution in liability. A thresh- 
old divides the distribution into two classes, affected or 
not-affected. The correlation in liability, between two family 
members for example, is called the tetrachoric correlation. 
We used Pl•.I•S2 (J6reskog and S6rbom, 1993) to estimate 
the tetrachoric correlations between twins, spouses and par- 
ents and offspring. For each pair of family members (e.g., 
twin 1-twin2; father-mother; father-twin 1) a two-by-two con- 
tingency table is obtained from which the maximum likeli- 
hood estimate of the tetrachoric correlation is computed by 
PRELIS2, under the assumption that the two variables (e.g., 
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FIGURE 1. Path diagram of the full twin-family model. Circles represent the latent variables and squares the observed variables. Pf and Pm are the observed 
phenotypes of father and mother, Pt 1 and Pt2 the phenotypes of twin 1 and twin2. Part of the total variance in twins is explained by the effects of age of the 
twins. A represents the additive genetic influences, C the shared or common environmental effects and E the unique environmental influences that are specific 
for each individual. The influence of A, C and E on the phenotype is given by path coefficients h, c and e, respectively. The path coefficients equal the stan- 
dardized regression coefficients. The model allows for the possibility that genetic factors in the parental generation are different from the genetic factors in the 
twin generation. r• estimates the correlation between the parents' genotype and the parents' latent genotype (A') that is transmitted to their children, ra= 1 in 
the full model. Cultural transmission is represented by zf and Zm. for father and mother, respectively. The genotype-environment correlation s is induced by cul- 
tural transmission and assumed to be at equilibrium. Phenotypic assortative mating is represented by a copath gt (Cloninger, 1980). This path induces correla- 
tions among the spouses' latent variables without affecting their within-person covariance structure before assortment. The correlation between the genetic 
factors in the parents can be expressed as •/= (h+sc) 2 gr. The total variance of the twins is computed as h2+c2+age+e2+2hcs = 1. 

drinking in twin 1 and drinking in twin2) have a bivariate nor- 
mal distribution. 

A structural equation model was fitted to the twin, spouse 
and parent-offspring correlations simultaneously to obtain 
estimates of the genetic and environmental factors that con- 
tribute to the familial resemblance of alcohol use. In the full 

model, the total phenotypic variance in twins is partitioned 
into an additive genetic part, an individual-specific or unique 
environmental part, and a shared environmental part (Figure 
1). The genetic factors are correlated one in MZ twins, as 
they are genetically identical. Under random mating, the ge- 
netic correlation in DZ twins is a half, as they share on aver- 
age 50% of their genes. Under phenotypic assortative 
mating, the genetic correlation in DZ twins is inflated by the 

correlation between the genotypes of the parents (Falconer, 
1989). The genetic correlation in DZ twins thus becomes 
0.5(1 + 3'), where 3' is the correlation between the genetic 
factors of the parents (see Figure 1). 

By definition, the correlation between the shared environ- 
mental factors is unity in MZ and same-sex DZ twins. In 
opposite-sex twins the correlation between the shared envi- 
ronmental factors in males and females can be less than 
unity, indicating the extent to which males and females ex- 
perience different environmental influences. The shared en- 
vironment of twins is partitioned into a part due to cultural 
transmission (i.e., the influence of parental drinking behav- 
ior on children's environment) and into a part due to envi- 
ronmental influences that are shared by twins only, such as 
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peers and school. The cultural transmission parameter from 
the paternal phenotype to the environment in children is al- 
lowed to be different from the maternal influences. The ge- 
netic inheritance was modeled as a path (with value 0.5) from 
the parents' genotype to their children' s genotype. If there is 
assortative mating, the genetic resemblance between parents 
and children is inflated by the correlation between the geno- 
types of the parents. The model allows for the possibility that 
genetic factors in the parental generations are different from 
genetic factors in the twin generation. This genetic correla- 
tion between generations is estimated as a path from the par- 
ents' genotype to the parents' latent genotype that is 
transmitted to their offspring. This path is one in the full 
model. The genetic correlation between generations can only 
be estimated in a model without cultural transmission, be- 
cause these two parameters are confounded. The correlation 
between the spouses was modeled as assortment based on the 
phenotypes. Phenotypic assortative mating induces correla- 
tions between the latent factors that determine the paternal 
phenotype and the latent factors that determine the maternal 
phenotype. Due to the effects of cultural transmission the ge- 
netic and shared environmental factors within a person be- 
come correlated and inflate the phenotypic variance. The 
assumption of the model is that the effects of assortative mat- 
ing and cultural transmission have been going on for some 
generations and have reached a state of equilibrium (Eaves 
et al., 1978; Fulker, 1982, 1988). 

Age of the twins was included in the model as a separate 
factor, explaining part of the total variance. The effects of 
age contributes to differences between twin pairs and not to 
differences within pairs, since twins are always of the same 
age. If we did not correct for the effects of age, the estimated 
share environmental influences would be inflated (Neale and 
Martin, 1989). 

For each twin family group, a 5 x 5 matrix of observed 
correlations was computed with PRELIS2, giving the correla- 
tions for alcohol use between each pair of family members 
(father, mother, first-born twin, second-born twin) and the 
correlations between alcohol use and age of the twins. For 
opposite-sex twins a correlation between male and female 
twins was computed. Age was recoded to an ordinal variable, 
resulting in a polychoric correlation between age and alcohol 
use, because PREL•S still has some problems in estimating the 
asymptotic weight matrix of the polyserial correlation (a cor- 
relation between a continuous and an ordinal variable). 

We used Mx, a structural equation modeling package 
specifically designed for modeling genetically informative 
data (Neale, 1993), to fit the twin family model to the ob- 
served correlation matrices. Parameters were estimated us- 

ing weighted least squares (WLS). The asymptotic 
covariance matrix of the observed correlations, which is re- 
quired as a weight matrix for WLS estimations, was com- 
puted with PRELIS2. Different models of familial 
resemblance were fitted. Under a model where familial re- 

semblance is explained by additive genetic factors, MZ 

T^BLP. 1. Frequency of alcohol use in males and females for different 
age groups 

Males Females 

Age (years) n % n % 

13< 59 3 68 0 

14 145 11 175 6 
15 194 26 230 22 
16 258 46 270 31 
17 231 71 251 48 
18 175 73 253 46 

19 204 75 264 53 
20 165 83 207 52 

21> 119 74 131 48 

Overall 1,550 55 1,849 37 

twins, who are genetically identical, are expected to be twice 
as similar as DZ twins and parents and offspring, who have 
on average half of their genes in common. Under a shared en- 
vironmental model, MZ and DZ correlations are predicted to 
be the same, and parent-offspring correlations depend on the 
size of the cultural transmission parameters. Under a model 
where both genetic and shared environmental influences 
contribute to familial resemblance, DZ correlations are 

expected to be more than half the MZ correlations. The 
goodness-of-fit of the models was assessed by likelihood- 
ratio X 2 tests and by Akaike's Information Criterion (AIC) 
(Ak•iike, 1987). AIC is computed as the X 2 minus two times 
the degrees of freedom. This is a measure of the parsimony 
of the model. The model with the lowest (i.e., largest nega- 
tive) value of AIC is the most parsimonious and best- 
fitting model. 

Results 

The number of adolescents who use alcohol is shown in 

Table 1. Most adolescents start to drink alcohol after the age 
of 15. At 17 years of age, 71% of the boys and 48% of the 
girls have used alcohol. The figures in Table 1 show that al- 
cohol use is more common in boys than in girls. This sex dif- 
ference is also seen in their parents: 88% of the fathers and 
65% of the mothers have used alcohol. Because of the preva- 
lence differences in alcohol use between the age cohorts the 
sample was divided into three age groups: 12 to 14 year old 
twins, 15 and 16 year old twins, and twins of 17 years and 
older. For the three different age groups, Table 2 gives the 
percentages of alcohol users for each zygosity group. In each 
age group, we tested if alcohol use was independent of zy- 
gosity. The alcohol use patterns did not differ significantly 
between MZ males, DZ males and males from opposite sex 
twins for the 12 to 14 year old twins (X 2 --3.42, 2 df, 
p = .18), for 15-16 year olds (X 2 = 3.41, 2 df, p = .18) and 
for twins aged 17 years and older (X 2 = 3.95, 2 df, p = .14). 
For females, alcohol use was also independent of zygosity 
(12-14: X 2 = 3.26, 2 df,.p = .20; 15-16: X 2 = 0.62, 2 df, 
p = .73; 17 and older: X 2 = 1.80, 2 df, p = .41). 
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TABLE 2. Concordances and tetrachoric correlations for alcohol use in 

each zygosity group for different age groups 

Drinking status Correlation 

n ø %Yes %Both %One %Neither r SE 

12-14 years old b 
MZM 40 6 25 75 90 
DZM 32 14 6 16 78 
MZF 46 8 7 2 91 

DZF 49 3 - 6 94 
DOS 51 6m - 8 92 

2f 

15-16 years old 
MZM 68 36 27 19 54 0.80 0.09 
DZM 64 34 27 14 59 0.89 0.07 
MZF 74 26 22 9 69 0.94 0.05 
DZF 73 30 21 19 60 0.78 0.10 
DOS 124 44m 22 31 48 0.58 0.11 

30 f 

17 years and older 
MZM 122 71 61 20 19 0.74 0.09 
DZM 129 78 67 22 11 0.60 0.12 
MZF 172 47 37 21 42 0.79 0.06 
DZF 153 51 35 31 33 0.55 0.10 
DOS 229 78m 45 40 15 0.35 0.11 

52f 

an is the number of complete twin pairs in 12-14 year olds, and n is the num- 
ber of complete families in the other two age groups. 
bDue to the small number of subjects in this age group and the empty cells 
in the DZF and DOS group tetrachoric correlations were not computed. 
Note: MZM = monozygotic male twins; DZM = dizygotic male twins; 
MZF = monozygotic female twins; DZF = dizygotic female twins; DOS = 
dizygotic opposite-sex twins; m -- male; f -- female; r = tetrachoric corre- 
lations; SE = standard error. 

Twin resemblances were expressed as concordances and 
as tetrachoric correlations (Table 2). Twins in the youngest 
age group (12-14 years) were highly concordant for not 
drinking alcohol. For this cohort (n = 218) the tetrachoric 
correlations could not be computed because of the small 
numbers of subjects, the low rate of alcohol use and the 
empty cells in the concordance tables for the DZF and DOS 
twins. Therefore, genetic analyses were carried out only for 
the 403 families of 15-16 year old twins and for the 805 fam- 
ilies of twins aged 17 years and older. The tetrachoric corre- 
lations showed that twins highly resembled each other for 
drinking behavior. In the group aged 15-16 years, the DZM 
correlations were as high as the MZM correlations. For fe- 
males, the DZ correlations seem to be lower than the MZ cor- 
relations. In the oldest cohort, the DZ twins were less alike 

TABLE 3. Spouse and parent-offspring correlations for alcohol use for two 
different age groups in the offspring 

15-16 years old 17 years and older 

n r SE n r SE 

Spouses 403 0.41 0.06 805 0.55 0.04 
Father-son 388 0.12 0.07 731 0.34 0.06 
Mother-son 388 0.33 0.06 731 0.31 0.05 

Father-daughter 418 0.33 0.08 879 0.37 0.05 
Mother-daughter 418 0.22 0.07 879 0.25 0.04 

Note: r = tetrachoric correlation; SE = standard error. 

TABLE 4. Model fitting results-parent-offspring model for 15-16 year 
old offspring 

Model X2 df p AIC 

1. ACE, cult.trans. fa ;• mo 40.80 43 0.57 -45.20 
2. ACE, age = 0 57.66 44 0.08 -30.34 
3. ACE, cult.trans. fa = mo 40.82 44 0.61 -47.18 
4. ACE, cult.trans = 0 41.50 45 0.62 -48.50 
5. ACE, cult.trans. = 0,r(G) free 41.54 44 0.58 -46.46 
6. CE, cult.trans. fa ;• mo 43.39 44 0.50 -44.61 
7. CE, cult.trans. fa = mo 43.40 45 0.54 -46.60 
8. CE, cult.trans. = 0 67.18 46 0.02 -24.82 

Note: A = additive genetic factor; C = shared environmental factor; E = 
unique environment; fa = father; mo = mother; r(G) = the genetic correla- 
tion between generations. 

than the MZ twins. The pattern of correlations in the two age 
groups suggests that shared environment is an important fac- 
tor in the familial resemblance of alcohol use. With increas- 

ing age, the difference between MZ and DZ twins increased, 
suggesting that genetic factors become more important. In 
both age groups, the opposite-sex twins were less Mike for al- 
cohol use than were the same-sex dizygotic twins. This indi- 
cates that drinking in males and femmes is, to some extent, 
influenced by different factors. 

Table 3 shows the spouse and parent-offspring correla- 
tions in these two age groups. The spouse correlations sug- 
gests that the parents of the younger twins resemble each 
other less than parents of the older twins. However, this dif- 
ference was not significant, equating the spouse correlations 
across the 2 age groups by 5 zygosity groups gave 
X 2 = 13.33, 9 df, p = 0.15. The overall (_+ SE) spouse cor- 
relation was estimated at 0.51 _+ 0.03. The parent-offspring 
correlations were much lower than would be expected from 
the twin and spouse correlations. The parent-offspring corre- 
lations were not dependent on the sex of the parents nor on 
the sex of the offspring, both for the 15-16 year old offspring 
(AX 2 = 3.57, 3 df, p = 0.31) and for the offspring aged 17 
years and older (AX 2 = 2.63, 3 df, p = 0.45). For the 15-16 
year olds the overall parent-offspring correlation was esti- 
mated at 0.25 -+ 0.04; for the oldest cohort the estimated 

overall parent-offspring correlation was 0.31 -+ 0.03. 
With a structural equation model we tested whether the 

parent-offspring correlations could be explained by cultural 
transmission or by genetic inheritance or by both. First, the 
parent-offspring models were fitted separately for twins aged 
15-16 years and for the twins aged 17 years and older. The 
goodness-of-fit parameters for the different models that were 
considered for the 15-16 year olds are given in Table 4. Un- 
der all models, the correlation between the shared environ- 

mental factors in boys and girls was estimated as a free 
parameter; constraining this correlation to one worsened the 
fit of the model significantly (AX 2 = 8.00, 1 df, p < .01). The 
first model in Table 4 is the full model with an additive ge- 
netic factor (A), a shared environmental factor (C), a unique 
environmental factor (E) and age of the twins. Under this 
model, different cultural transmission parameters were esti- 
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mated for fathers and mothers. The second model shows that 

the effects of the age of the twins on alcohol use were sig- 
nificant and could not be constrained to zero (AX 2 = 16.86, 
1 df, p < .001). The correlation ( + SE) between alcohol use 
and age was 0.26 _+ 0.05. Therefore, the factor loading on 
age of the twins was estimated as a free parameter in the sub- 
sequent models. In the third model the cultural transmission 
parameters were constrained to be equal for fathers and 
mothers. Model 4 showed that the cultural transmission pa- 
rameter was not significant. Cultural transmission could be 
set to zero without a significant increase in the chi-square. 
Model 5 estimated the correlation between the genetic fac- 
tors in the parents and genetic factors transmitted to their 
children. The estimated genetic correlation was equal to one, 
indicating that the genetic factors influencing alcohol use did 
not differ between generations. The additive genetic factor 
could be constrained to zero (Model 6) without worsening 
the fit of the model, compared to the first model (Ax2 = 2.59, 
1 df, p =. 11). Under this model, in which only shared envi- 
ronment explained familial resemblance in alcohol use, cul- 
tural transmission was significant (Model 8) and equal for 
fathers and mothers (Model 7). 

The model fitting results for the group aged 15-16 years 
showed that both Model 4 and Model 7 gave a good descrip- 
tion of the data. It is not possible to make a distinction be- 
tween the two models based on likelihood-ratio X 2 tests. The 
AIC indicated that Model 4 is a slightly better fitting model. 
Under Model 4, the resemblances between parents and their 
15-16 year old offspring were explained by their genetic re- 
latedness and not by cultural transmission. For this model, 
additive genetic factors explained 34% of the total variance 
in alcohol use, 58% was accounted for by shared environ- 
mental factors and 7% by age of the twins (Table 6). Under 
Model 7, familial resemblances in alcohol use were ex- 

plained by shared environmental influences (88%) and age 
of the twins (7%) (Table 6). Cultural transmission explained 
10% of the shared environmental variance in twins. This 

means that 79% of the total variance was explained by shared 
environmental influences in the children that were not shared 

with their parents, and 9% was explained by cultural trans- 
mission. The correlation between shared environmental fac- 

tors in boys and shared environmental factors in girls was 
estimated at 0.49 under Model 4 and at 0.44 under Model 7. 

The model fitting results for the families of twins aged 17 
years and older are given in Table 5. For this age group the 
additive genetic influences on alcohol use were significant. 
Constraining the additive genetic component to zero (Model 
3) gave a significant reduction of the goodness-of-fit, com- 
pared to the first model (Ax 2 = 10.92, 1 df, p < .001). The 
best fitting model for the twins aged 17 years and older was 
Model 5. Under this model there was no cultural transmis- 

sion for alcohol use (i.e., the shared environment of twins 
was not influenced by parental alcohol use). Additive genetic 
factors accounted for 43% of the individual differences in al- 

cohol use, 37% was accounted for by shared environmental 

TABLE 5. Model fitting results-parent-offspring model for offspring aged 
17 years and older 

Model X 2 df p AIC 

1. ACE, cult.trans. fa •e mo 70.67 43 0.005 - 15.33 
2. ACE, age-- 0 75.13 44 0.002 - 12.87 
3. CE, cult.trans. fa • mo 81.60 44 0.000 -6.40 
4. ACE, cult.trans. fa= mo 73.10 44 0.004 - 14.90 
5. ACE, cult.trans.=0 75.01 45 0.003 - 14.99 
6. ACE, cult.trans.=0,r(G) free 73.10 44 0.004 - 14.90 

Note: A=additive genetic factor; C=shared environmental factor; 
E= unique environment; fa= father; mo= mother; r(G)= the genetic correla- 
tion between generations. 

influences and 1% by age of the twins (Table 6). Although 
the proportion of the total variance that was explained by age 
of the twins was only 1%, this was significant (Model 2). The 
correlation (_ SE) between alcohol use and age was 0.06 
_+ 0.03. Under Model 6, the genetic correlation between the 
generations was estimated at 0.64. However, the fit of this 
model was not significantly better than Model 5 with a ge- 
netic correlation of one. As in the 15-16 year old twins, boys 
and girls of 17 years and older experienced to some extent 
different shared environmental influences. The correlation 

between the shared environmental factors in boys and girls 
of opposite-sex twins was 0.41. 

Next, it was tested whether the same model could explain 
familial resemblances in alcohol use for both the 15-16 year 
old twins and the twins of 17 years and older. First, a full 
parent-offspring model was specified with different parame- 
ter estimates for the two age groups, giving X 2 = 111.48, 86 
df, p = .03. Then, the parameter estimates were constrained 
to be equal across the two age groups, giving a significant re- 
duction in the goodness-of-fit (AX2 = 29.71, 7 df, p < .001). 
Fitting a model in which the effects of age were allowed 
to be different for the two age groups still gave a worse fit 
than the first model (Ax2 = 24.93, 6 df, p < .001). Thus, the 
magnitude of the genetic and environmental influences on 
alcohol use in 15-16 year olds was significantly different 
from the magnitude of the latent factors influencing alcohol 
use in the older cohort. For 15-16 year old twins the resem- 
blance between parents and offspring could be explained by 
either genetic inheritance or cultural transmission. For twins 
aged 17 years and older there was no evidence for cultural 
transmission. 

Discussion 

This is the first genetic study in which the transmission of 
parental alcohol use to their adolescent offspring is exam- 
ined. The question whether the familial resemblance of alco- 
hol use could be accounted for by cultural transmission was 
studied in parents and twins aged 15-16 years old and in par- 
ents and twins aged 17 years and older. For the adolescents 
aged 17 years and older we found no evidence for cultural 
transmission (i.e., parents' alcohol use did not directly influ- 
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TABLE 6. Standardized parameter estimates for the best fitting twin-family 
models of alcohol use 

Model h 2 c 2 age e: • zf Zm s r(C) 

15-16 year 
Model4 0.34 0.58 0.07 0.01 0.41 - - - 0.49 
Model7 - 0.88 0.07 0.05 0.37 0.19 0.19 - 0.44 

17 years and older 
Model5 0.43 0.37 0.01 0.19 0.57 - - - 0.41 

Note: h 2 represents the proportion of the total variance that is due to ge- 
netic factors; c 2 is the proportion due to shared environment and cul- 
tural transmission; age is the proportion of the total variance that can be 
explained by age of the twins; e 2 is the effect of unique environment. 
The total variance is computed as h 2 + c 2 + age + e 2 + 2hcs -- 1, where 
s = genotype-environment covariance induced by cultural transmission. zf 
and Zm represent the cultural transmission parameters for father and mother, 
respectively. The residual shared environmental variance in twins that is not 
influenced by cultural transmission is computed as I - 2z2( 1 + Ix). Ix is the 
assonative mating parameter; r(C) is the correlation between the shared en- 
vironmental factors in boys and girls. 

ence alcohol use in the children). For this age group the re- 
semblance in alcohol use between parents and offspring was 
explained by their genetic relatedness. The results for the 15- 
16 year old twins are less conclusive. It was not possible to 
make a distinction between a model in which the familial re- 

semblances of alcohol use were explained by cultural trans- 
mission and a model in which familial resemblances were 

explained by genetic inheritance. Both models fitted the data 
equally well. Under a model with cultural transmission, there 
was no evidence for genetic influences on alcohol use. Re- 
semblances in drinking behavior were explained by shared 
environmental influences. Due to cultural transmission, part 
of the shared environment in twins was influenced by 
parental alcohol use. However, this influence of cultural 
transmission was rather small. Parental alcohol use con- 

tributed only 10% to the shared environmental variance in 
twins. The residual 90% of the shared environmental vari- 

ance may consist of the influences of peers, siblings and 
parental influences that we could not account for in the 
model, such as parental attitudes towards alcohol use. 

Under a model with genetic transmission, the resem- 
blances between parents and offspring for alcohol use were 
explained by the resemblances in their genetic make-up. Be- 
sides the genetic influences in this model, alcohol use in 15- 
16 year old adolescents was determined by shared 
environmental influences. These shared environmental fac- 

tors were not influenced by parental drinking. For older ado- 
lescents we found a substantial genetic influence on alcohol 
use. It is possible that the genetic factors expressed at age 17 
and older are correlated with genetic factors expressed at age 
15-16. If we can find evidence for such a genetic correlation, 
a model in which the familial resemblance of alcohol use in 

15-16 year olds is explained by genetic transmission will be 
more likely. This can be resolved by including siblings of the 
twins to the design. That gives the possibility to compute the 
correlation in alcohol use between siblings aged 15-16 and 
siblings aged 17 years and older. Under a model with genetic 

and shared environmental influences on both 15-16 year old 
siblings and siblings aged 17 years and older, the expected 
correlation between the siblings will be higher than under a 
model with cultural transmission and no genetic effects for 
15-16 year old siblings. 

Kendler et al. (1994) used the same twin-family design in 
a study of alcoholism in adult female twins and showed that 
there was no cultural transmission for alcoholism in women. 

Tambs and Vaglum (1990) studied alcohol consumption in 
parents and children aged 18 years and older. The nuclear 
family design cannot make a distinction between shared 
genes and shared environment. However, based on the pat- 
tern of correlations and estimates of genetic transmission 
from previous twin studies, Tambs and Vaglum (1990) con- 
cluded that there was no evidence for cultural transmission. 

We have previously examined smoking and sports participa- 
tion and found that there was no evidence for cultural trans- 

mission for these health-related behaviors (Boomsma et al, 
1994; Koopmans et al., 1994). The resemblances between 
parents and offspring for smoking and sports participation 
were explained by genetic inheritance. 

The parent-offspring correlations that we found are con- 
sistent with other studies of adolescent alcohol use that found 

a moderate association between parental drinking and chil- 
dren's alcohol use (Ary et al., 1993; Dielman et al., 1993; 
Duncan et al., 1994; Hopper et al., 1992; Weinberg et al., 
1994). For adolescents aged 17 years and older, we have 
shown that this association is not due to the shared family en- 
vironment but due to shared genes. For 15-16 year old ado- 
lescents, there is some evidence to suggest that initiation of 
alcohol use is partly due to the modeling of parental alcohol 
use. However, the parent-offspring correlations that we found 
for alcohol use were lower than the spouse and DZ twin cor- 
relations. This same pattern of lower correlations between 
generations than within generations was als0 found for smok- 
ing and sports participation (Boomsma et al., 1994; Koop- 
mans et al., 1994; Ptrusse et al., 1988). It suggests that for 
alcohol use, and for other health-related behaviors, horizon- 
tal cultural transmission within generations is more important 
than vertical cultural transmission between generations. 

In all models for parent-offspring resemblances in the fam- 
ilies of 15-16 year old twins, shared environmental influences 
were the most important contributor to the individual differ- 
ences in adolescent alcohol use. Peers constitute a major part 
of these shared environmental influences. Several studies 

have shown that peer use and peer pressure are strongly re- 
lated to adolescent alcohol use (Ary et al., 1993; Dielman et 
al., 1993; Duncan et al., 1994; Hopper et al., 1992). Our re- 
sults showed that shared environmental influences were im- 

portant for both 15-16 year old twins and twins aged 17 years 
and older. However, the magnitude of these influences dif- 
fered between the two age groups. The shared environmental 
influences on alcohol use become less important as adoles- 
cents grow older, whereas the contribution of genetic factors 
to the individual 'differences in alcohol use increases. We 
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found that opposite-sex twins were less alike for alcohol use 
than were same-sex dizygotic twins. This lower opposite-sex 
correlation was explained by the reduced correlation between 
the shared environmental factors in boys and girls of oppo- 
site-sex twins. This means that boys and girls experience dif- 
ferent types of shared environmental influences, at least to 
some extent. These sex-specific environmental influences 
were also found for abstinence from teenage alcohol use 
(Health and Martin, 1988), smoking (Boomstoa et al., 1994) 
and sports participation (Koopmans et al., 1994). Another ex- 
planation for the lower opposite-sex correlation, compared to 
the same-sex DZ twin correlations, can be a reduced genetic 
correlation, suggesting that different genes are expressed in 
males and females. However, sex-specific genetic factors 
would have resulted in sex-differences in the parent-offspring 
correlations. We did not observe such sex-differences; par- 
eAt-offspring correlations were independent from sex of the 
parent and sex of the children. 

With our measure of alcohol use, we assessed whether or 

not people use alcohol. This may be a broad definition; we 
did not make a distinction between light and heavy drinkers. 
However, understanding the factors that influence alcohol 
use gives us more insight into the development of alcohol- 
related problems. Only those who initiate alcohol use can 
develop alcohol problems in the future. Therefore, it is im- 
portant to investigate the factors that determine why some 
people drink alcohol and others do not. 

Adolescent alcohol use is widely accepted in the Nether- 
lands. The legal age to buy alcohol in a liquor store is 16 
years. Even with the availability of alcohol for adolescents 
there was still a considerable proportion of the sample that 
stated that they did not use alcohol. For example, in the old- 
est cohort of twins aged 17 years and older, around 25% of 
the males and 50% of the females did not use alcohol. This 

gave us the possibility to assess the factors that contribute to 
the individual differences in alcohol use. It will be interest- 

ing to see if the determinants of adolescent alcohol use are 
different in countries with a more restricted policy regarding 
alcohol use. 

Our sample is representative of the general population 
with regard to alcohol use. The number of adolescents who 
used alcohol in our study was comparable with the percent- 
age of high-school students that spend money on alcohol 
consumption in a large scale survey of around 11,000 high- 
school students in the Netherlands (de Zwart et al., 1993), but 
somewhat lower than the percentage of adolescents aged 10 
to 20 that consumed alcohol in the previous month in a na- 
tional .youth health care survey (N = 8,019) (Plomp et al., 
1991). 

A problem in our study was that, in a small subsample of 
same-sex twins, 12% of the twins were misclassified for zy- 
gosity by questionnaire. The most common error was that 
MZ twins were mistakenly classified as DZ twins, which 
could have resulted in elevated same-sex DZ twin correla- 

tions. This would result in overestimated shared environ- 

mental influences and underestimated genetic influences. 
However, we have previously studied sensation seeking in 
the same sample of 1,700 adolescent twins, using the same 
classification for zygosity, and found no evidence for ele- 
vated DZ twin correlations. As for other aspects of personal- 
ity, we found for sensation seeking that the DZ correlations 
were about half the MZ correlations (Koopmans et al., 1995). 

In conclusion, the shared environment was the most im- 

portant determinant of alcohol use in 15-16 year old adoles- 
cents. If there is cultural transmission of parents' alcohol use, 
this explains only 10% of the shared environmental variance 
in their offspring. This small influence of parental drinking 
is reduced to zero in adolescents aged 17 years and older. As 
adolescents grow older, the influence of genetic factors be- 
comes more important and the influence of shared environ- 
ment decreases. 
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