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ABSTRACT
Aims To estimate the magnitude of genetic and environmental influences on timing of first alcohol use and alcohol
dependence (AD) and to quantify the overlap in these influences across the two alcohol-related outcomes. Participants
The sample consisted of 5382 twins (2691 complete pairs), aged 24-36 years, from the Australian Twin Registry.
Measurements History of alcohol use and DSM-IV alcohol dependence were assessed by structured telephone
interview. Findings In both sexes, the relationship between age at first alcohol use and risk for AD followed a linear
trend, such that the highest rates of AD were observed in individuals who began drinking at an earlier than average age
(14 years or younger). Heritability estimates for timing of first alcohol use and AD were 36% and 53%, respectively.
Shared environmental factors accounted for 15% of variance in initiation. There was no evidence of shared environ-
mental influences on AD. The genetic correlation between timing of first alcohol use and AD was 0.59. Conclusions
Findings highlight the substantial role of genetics in the development of AD and the early manifestation of that genetic
risk in the timing of alcohol use initiation which, unlike AD, is also influenced to a modest degree by shared environ-
mental factors. The considerable overlap in heritable influences—and the virtual absence of overlap in individual-
specific environmental influences—on initiation of alcohol use and AD indicates that the association between age at

first drink and AD is attributable in large part to common genetic sources of variance.
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INTRODUCTION

Early age at first drink has been associated consistently
with elevated rates of alcohol dependence (AD) [1-5].
Using data from the National Epidemiological Survey on
Alcohol and Related Conditions (NESARC), Hingson et al.
[3] found that the life-time prevalence of AD was 47%
among individuals who had initiated alcohol use at age
14 years or younger compared with only 9% among
those who began drinking at 21 years or older. Results
confirmed findings that had been reported nearly 10
years earlier by Grant & Dawson [2] using data from the
National Longitudinal Alcohol Epidemiologic Survey.
More than 40% of those who initiated alcohol use before
age 15 met criteria for AD versus 10% of those who
started drinking at ages 21 or 22. Elevated rates of AD in
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early initiators have led some to conclude that the asso-
ciation is a causal one and that delaying first alcohol use
will largely reduce risk conferred by early drinking [6,7].
In contrast, it has been argued that, rather than causing
AD, early age at first drink is a marker for familial liability
to the disorder [8—10]. McGue et al. [9], for example,
found that age at first drink was associated with a psy-
chophysiological marker of AD risk (reduced P3 ampli-
tude). A recent study by King & Chassin [11], examining
the association between age at first drink and AD, also
supports this hypothesis: after accounting for family
history of alcohol-related problems (in combination with
other shared risk factors) the association was reduced to
non-significance.

The most notable (and widely cited) contribution to
this literature comes from Prescott & Kendler [10], who
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addressed the issue in a study conducted with 8 746 adult
twins. Their investigation revealed that the strong asso-
ciation between age at first drink and AD was attributable
in full to familial sources of influence—both shared envi-
ronment and genetics—and thus did not reflect a causal
relationship. This study built on an extensive literature
documenting the substantial genetic contributions to AD
and a growing body of research addressing the relative
genetic and environmental influences on the initiation of
alcohol use. Heritability of AD has been estimated at
about 50-60% [12-16] but, in contrast, genetic factors
have been reported to account for between 0 and 39% of
the variance in alcohol initiation [17-19], which is
explained to a greater degree by shared environmental
factors [17,21-23]. The majority of studies addressing
heritability of alcohol use have defined initiation in terms
of ‘ever use’ without reference to the timing of first drink
which, given the variability in prevalence of AD by age at
first drink, is a key aspect of initiation to consider. The few
known studies to do so found that, like ‘ever use’, shared
environmental factors accounted for the most variance in
age at initiation, but additive genetic factors played a
modest role as well [22,23]. Importantly, although initia-
tion is influenced to a lesser degree by genetics than AD,
evidence from the small number of investigations in this
area indicates that the genetic factors that contribute to
the timing of first drink overlap significantly with those
that influence onset of AD [10,23], suggesting that at
least some component of the observed association is
non-causal.

The aim of the current study is to characterize the
relative contributions of genetic and environmental
influences on timing of first alcohol use and AD, adding
to a limited but important literature for the development
of etiological and prevention models. Heritability esti-
mates for AD are consistent across sexes [12,13,24,25],
but there is some evidence that shared environmental
factors play a larger role in the initiation of alcohol use in
females than males [18,26], so we test for potential dis-
tinctions by sex in sources of variance. Most importantly,
we test the hypothesis that the link between early initia-
tion and AD can be explained by common genetic risk.
Under this model, we would expect covariance between
the two phenotypes to be attributed to genetic sources,
with no significant overlap in individual-specific environ-
mental influences on the two phenotypes.

METHODS
Participants

Twins born in Australia between 1964 and 1971 were
recruited for the Australian Twin Registry through
school systems and mass media appeals and registered by
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their parents from 1980 to 1982. Members of the twin
registry were contacted as adults in 1989 by means of
mailed questionnaires. They were subsequently adminis-
tered diagnostic assessments via telephone between
1996 and 2000, when they were 24-36 years of age.
(Participation in the telephone interview was not contin-
gent upon response to questionnaires mailed in 1989.)
Interviews were conducted with 6257 individuals (2761
complete pairs and 735 singletons), 73% of the targeted
sample. Informed consent was obtained prior to the start
of interviews, as approved by the Human Research Pro-
tection Offices of Washington University and the Queen-
sland Institute of Medical Research.

The sample for the current study consists of 5382
twins (2691 pairs), representing all twin pairs in which
both twins endorsed consumption of at least one alco-
holic drink over their life-times (97.5% of all complete
pairs). Breakdown by sex and zygosity are as follows: 681
monozygotic (MZ) female, 480 MZ male, 502 dizygotic
(DZ) female, 387 DZ male and 641 DZ opposite sex twin
pairs. Mean age at the time of interview was 29.9 years.

Assessment

Psychiatric data were collected with a modified Semi-
Structured Assessment for the Genetics of Alcoholism
(SSAGA-0Z) [27,28], adapted for administration via tele-
phone and updated for DSM-IV diagnostic criteria. In
addition to assessing substance use, mood, conduct and
anxiety disorders, SSAGA-based interviews gathered
detailed histories of alcohol and other substance use.

Operationalization of alcohol use variables

Age at initiation of alcohol use was assessed by asking:
‘How old were you the first time you had more than just a
sip of beer, wine, or spirits?’. Mean age at first drink was
16.2 years for females and 15.4 years for males. In order
to account for the potential skewness in its continuous
form, a categorical variable representing age at first drink
was created based on the distribution of age at initiation
for males and females in combination. Those falling
within the lowest 20% in the age range, 14 years and
younger, (15.2% of females and 28.3% of males), were
labeled ‘early’ and those in the highest 20%, 18 years or
older (25.8% of females and 15.0% of males), were
labeled ‘late’. Average age at first drink was defined as
15-17 years (representing 59.0% of females and 56.8%
of males). Life-time alcohol dependence was defined as
endorsing full DSM-IV diagnostic criteria for the disorder
(i.e. three or more of the seven possible symptoms clus-
tering in a 12-month period of time). A total of 15.0% of
females and 30.4% of males met AD criteria.
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Data analysis
Twin modeling

Data from MZ and DZ twins can be utilized to parse out
the relative contribution of additive genetic (A), shared
environmental (C) and non-shared environmental (E)
influences on population variation in behaviors of inter-
est (in this case, timing of first alcohol use and AD). Non-
additive genetic influences (including dominance, and
thus denoted as D) can be estimated in place of shared
environmental influences when the correlation between
members of DZ twin pairs is less than half the correlation
between their MZ counterparts for a given behavior, but C
and D cannot be estimated jointly when data from twins
alone are used. In our sample, the DZ correlations for age
at initiation of alcohol use and AD were greater than half
the MZ correlations, indicating that a model incorporat-
ing C rather than D (i.e. an ACE model) would be most
appropriate for these data.

Univariate models

Univariate twin models were fitted to raw categorical
data, with timing of first alcohol use represented by ‘0,
‘1" and ‘2’ values (late, average and early, respectively)
and AD by a dichotomous variable. A test of multivariate
normality was conducted for the variable representing
timing of first use and the assumption was met. Genetic
models were fitted by the method of maximum likelihood
method, using the structural equation modeling program
Mx [30]. The thresholds (assessed as Z-scores on the
underlying standard normal distribution) were adjusted
for age at the time of interview to minimize the potential
influence of forward telescoping (i.e. reporting events
closer to the time of interview than they actually were).
The age distribution was divided into thirds (24-28,
29-31 and 32 years and older) and represented in the
models by two dummy variables, with the 29-31-year-

Table 1 Alcohol dependence by sex and age at first drink.

olds as the reference group. A series of submodels
examining the statistical significance of A, C and E were
compared to the full model to derive the best-fitting
univariate models. Submodels were tested by calculating
the difference between the —2 log likelihood fit of the full
model and nested submodel, which is distributed as ? for
the given degrees of freedom.

Bivariate model

To assess the degree of overlap in genetic and environ-
mental influences between timing of first alcohol use and
AD, a bivariate triangular decomposition (also known as
a Cholesky decomposition) was fitted. The proportion
of variance attributable to common versus phenotype-
specific sources of influence on initiation of alcohol use
and AD were estimated under this model. Models were
fitted in Mx using full information maximum likelihood
estimation with raw categorical data. As in the univariate
cases, thresholds were adjusted for age at the time of
interview. The final model was derived by testing submod-
els against the full model, as described above.

RESULTS
Timing of first alcohol use and AD

Age at initiation of alcohol use (early, average or late) and
the corresponding prevalence of AD for each age group
are shown separately by sex in Table 1. Risk for AD was
significantly higher among women who began drinking
at an early [odds ratio (OR) = 4.16; confidence interval
(CI): 2.93-5.89] or average age (OR =2.26; CI: 1.68—
3.04) when compared with those who initiated alcohol
use at a later than average age. The prevalence of AD in
women who began drinking at 14 years of age or younger
was 25.3%, compared with 7.5% for those who were 18
or older when they first drank. Similar results were found

Alcohol dependence

Females Males
Odds ratio® Odds ratio®

Age at first drink Prevalence (95% CI) Prevalence (95% CI)
Early 25.3% 4.16 41.1% 4.09
(=14 years) (2.93-5.89) (2.90-5.76)
Average 15.5% 2.26 29.2% 2.42
(15-17 years) (1.68-3.04) (1.74-3.37)
Late 7.5% - 14.6% -
(=18 years)

40dds ratio relative to late age at first drink group. CI: confidence interval.
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Table 2 Proportion of variance attributable to additive genetic (A), shared environmental (C) and non-shared environmental (E)
influences on timing of first alcohol use and alcohol dependence: univariate models.*

Model A C E
Timing of first  Full Females 0.21 0.29 0.50
alcohol use (95% CI: 0.00-0.46)  (95% CI: 0.13-0.49)  (95% CI: 0.42-0.57)
Males 0.39 0.13 0.48
(95% CI: 0.10-0.59)  (95% CI: 0.00-0.38)  (95% CI: 0.40-0.57)
Final (Female and male set equal) 0.37 0.14 0.49
(95% CI: 0.22-0.54) (95% CI: 0.01-0.26) (95% CI: 0.43-0.54)
Alcohol Full Females 0.46 0.07 0.47
dependence (95% CI: 0.03-0.65) (95% CI: 0.00-0.42) (95% CI: 0.35-0.61)
Males 0.55 0.00 0.45
(95% CI: 0.17-0.65)  (95% CI: 0.00-0.31)  (95% CI: 0.35-0.58)
Final (Female and male set equal)  0.53 - 0.47

(95% CIL: 0.44-0.61)

(95% CI: 0.39-0.56)

2All models adjusted for age at time of interview. CI: confidence interval.

for males: 41.1% of early versus 14.6% of late onset
drinkers met AD criteria and when compared with late
initiators, significant elevations in risk for AD were
observed for men who began drinking at an early
(OR =4.09; CI: 2.90-5.76) or average age (OR =2.42;
CIL: 1.74-3.37). The interaction between age at onset and
sex was non-significant (OR = 0.97; CI: 0.77-1.22), indi-
cating that although the prevalence of AD was higher for
males than females (%1 = 181.79; P < 0.001), the asso-
ciation between age at initiation of alcohol use and
risk for AD was consistent across sexes. The correlation
between age at first drink (categorized as a three-level
variable) and AD for the full sample was 0.31 (P = 0.02).

Univariate models

The univariate models for the timing of first alcohol use
and AD are shown in Table 2. For each phenotype, the
full model, which included separate estimates for females
and males, is shown above the final model. For the timing
of first alcohol use, equating A, C and E across females
and males did not result in a significant difference in
model fit (Ax*1)=0.87; P=0.83). A deterioration in
model fit was observed both when the A pathway was
dropped (Ay?*1)=23.61; P<0.001) and when the C
pathway was dropped (Ay*1) = 7.14; P < 0.01). Thus, the
best-fitting model was an ACE model that equated A, C
and E values in females and males. Under this model,
genetic influences accounted for 37% and shared envi-
ronmental influences accounted for 14% of the variance
in the initiation of alcohol use. Individual-specific factors
(E) accounted for the remaining 49%. In the univariate
alcohol dependence model, A, C and E could be equated
across sexes (Ay’1,=0.11; P=0.99). Dropping the C
pathway did not result in a significant change in model fit
(Ax?1)=0.03; P=0.87), indicating that an AE model
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Figure | Bivariate Cholesky decomposition: timing of first alcohol

Adjusted for age al time of interview

use and alcohol dependence. A: additive genetic; C: shared environ-
mental; E: non-shared environmental

provided the best fit for the data. In the final model, just
over half (53%) the variance in AD was attributable to
genetic (A) factors and 47% to unique environmental
sources of variance.

Bivariate model

The bivariate model is shown with unstandardized path
coefficients in Fig. 1. The proportion of total variance
attributable to genetic and environmental sources is
reported with 95% confidence limits in Table 3. Equating
A, C and E across females and males did not produce
a significant change in model fit for timing of first
use (Ax2s=0.64; P=0.89) or for AD (Ay%s =0.27;
P =0.97). Covariance in timing of first use and AD could
also be equated for females and males without a deterio-
ration in model fit (Ay*> = 0.28; P = 0.87). Dropping the
C pathway for AD also did not result in a significant
change in model fit (Ax*> = 1.03; P = 0.60), but C could
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Table 3 Proportion of variance attributable to additive genetic (A), shared environmental (C) and non-shared environmental (E)
influences on timing of first alcohol use and alcohol dependence: bivariate model.*

A C E
Timing of first alcohol use 0.36 0.15 0.49

(95% CI: 0.21-0.52) (95% CI: 0.02-0.27) (95% CI: 0.44-0.49)
Alcohol dependence 0.53 - 0.47

(95% CIL: 0.45-0.61)

(95% CI: 0.39-0.55)

“Adjusted for age at time of interview. CI: confidence interval.

not be dropped for timing of first use (Ay%z =6.98;
P =0.03). Dropping the E pathway between the two
phenotypes did not impact model fit significantly
(Ay?)=3.88; P=0.14), indicating that although a
portion of covariance was attributable to individual-
specific factors common to the two phenotypes (16.5%),
the contribution of common E was not statistically sig-
nificant. By contrast, the A pathway representing the
genetic covariance between timing of first alcohol use
and AD could not be dropped without a deterioration in
model fit (Ax*z = 6.57; P =0.04).

Under the best-fitting model, heritable influences
accounted for a substantial proportion of the variance in
the timing of first alcohol use (36%) and an even larger
proportion of the variance in AD status (53%). There was
also a considerable degree of overlap in these genetic
factors (rai-a2=0.59; CL: 0.45-0.80). The timing of
alcohol use initiation was attributable in small part to
shared environmental factors (15%), but there was no
evidence that shared environment played a role in the
development of AD.

DISCUSSION

In the current study we examined age at first drink and AD
in a genetically informative framework, toward the end of
estimating the magnitude of heritable and environmental
influences on the two alcohol-related outcomes and quan-
tifying the overlap in these influences. Results provide
additional support for the strong association between
early onset of alcohol use and AD and, by producing evi-
dence that common genetic risk accounts in large part for
this association, address the much-debated issue of
whether the relationship is causal in nature.

Consistent with previous studies [1-3,5], initiation of
alcohol use at a younger than average age was associated
with elevated rates of subsequent AD. By operationalizing
timing of first use as a three-level variable (as opposed to
using a dichotomous indicator of early onset) we were
able to detect the higher prevalence in the average versus
late-onset group as well, which suggests a linear effect of
age at first drink on AD. Also consistent with the existing
literature, rates of AD were higher among men than
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women in our sample [30-33] but, importantly, the
relationship between early initiation and AD did not vary
by sex.

Results indicated that the timing of first alcohol use
was attributable in part (36%) to heritable factors but
that shared environment also played a role, accounting
for 15% of individual differences in timing of first alcohol
use. Earlier investigations have also found that initiation
of alcohol use (both ‘ever use’ and timing of first use) is
influenced by a combination of genetic and shared envi-
ronmental factors, but in contrast to the current study,
the relative contributions of shared environmental
factors have been somewhat greater than those from
heritable factors [17,22,23]. Distinctions between our
findings, based on 24-36 year-olds, and earlier work in
this area, which has been conducted primarily with ado-
lescent samples, may reflect the tendency of heritability
estimates for substance use initiation to increase with age
of the sample [34,35]. Koopmans & Boomsma [20], for
example, reported that shared environment accounted
for 58-88% of variance in initiation in a sample of
15-16-year-olds, whereas in their sample of 17-22-
year-olds, 43% was attributable to genetic factors and
only 37% to shared environmental influences. (A possible
explanation for this phenomenon is the decrease in the
relative influence of the family environment and the cor-
responding increase in the degree of influence from
genetic factors with increasing age [34,35]).

Just over half the variance in AD (53%) was
accounted for by genetic factors, with the remainder
explained by unique environmental factors. There was no
evidence for shared environmental influences on AD.
Our heritability estimate falls within the 50-60% range
reported in the larger literature which, like the current
study, supports a model of alcohol dependence as a disor-
der shaped about equally by genetic and individual-
specific environmental factors [12,14-16].

The best-fitting genetic models both for initiation and
alcohol dependence equated A, C and E across females
and males, indicating that the nature and strength of the
influences on timing of first alcohol use and AD did not
vary by sex—an interesting parallel to our finding that
the relationship between the two outcomes was the same
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for women and men. The absence of distinctions by sex in
the relative contributions of genetic and environmental
influences on AD is consistent with the highly similar
heritability estimates for males and females reported in
the larger literature [12,13,24,25]. In studies of alcohol
use initiation, comparisons between sex-specific and non-
sex-specific genetic models have only rarely been made,
and findings across the few that have reported on these
comparisons are inconsistent. Higher heritability esti-
mates for males, non-significant trends for a greater influ-
ence of shared environment for females and the absence
of significant differences between females and males
[4,18,19] have all been reported. Thus, our findings con-
tribute to an as-yet inconclusive literature on an aspect of
alcohol use that, given its important implications for
understanding the etiology of drinking behaviors, merits
further investigation.

Regarding the nature of the link between timing of
first alcohol use and AD, our findings indicate that
common genetic risk plays a major role. The moderate to
high (0.59) genetic correlation is indicative of substantial
overlap in the heritable factors that influence timing of
first use and those that influence AD development. Envi-
ronmental influences, by contrast, did not overlap
substantially across the two alcohol outcomes. Shared
environment contributed to timing of first use but not to
AD and the individual-specific environmental influences
on timing of first alcohol use and AD were not signifi-
cantly correlated. Thus, our results are consistent with
the interpretation of early alcohol use initiation as a
marker for familial liability to AD rather than a direct
cause of the disorder [9-11]. However, given that a small
(albeit non-statistically significant) portion of covariance
(16.5%) was attributable to individual-specific factors
we cannot conclude, as did Prescott & Kendler [10], that
the association is explained in full by familial sources.
Overall, our findings highlight the prominent role of
genetics in the development of AD and the early manifes-
tation of that genetic risk in the timing of alcohol use
initiation, which, unlike AD, is also influenced to a
modest degree by shared environmental factors.

Limitations and future directions

In examining the possible mechanisms underlying the
association between early initiation of alcohol use and
AD, the current study raised questions that are critical to
address in future research efforts. First, the generalizabil-
ity of our findings to populations with different attitudes
toward alcohol use is not known. To what extent might
cross-cultural differences in norms for drinking behaviors
(including distinctions by gender in those norms) trans-
late into differences in heritability and common genetic
risk in other populations? Second, to what degree do

© 2009 The Authors. Journal compilation © 2009 Society for the Study of Addiction

Genetic influences on age at first alcohol use and AD

1517

genetic factors account for variance in other stages of
alcohol use, such as cessation of problem drinking, and
do they overlap with those that influence timing of ini-
tiation and AD? Furthermore, are these associations
explained by inherited vulnerability to disinhibitory
behaviors more generally [9] rather than—or perhaps in
addition to—genetic liability specific to alcohol-related
behaviors? Another important consideration for future
work in this area is the potential bias posed by retrospec-
tive reporting, most notably forward telescoping. We
attempted to minimize the influence of this bias by
adjusting for age at which participants were interviewed,
but studying drinking behaviors prospectively would
provide a higher degree of accuracy in the assessment of
changes over the course of alcohol use. Finally, which
shared environmental factors are most influential in the
timing of first drink and what specific genes contribute to
initiation and AD? The integration of findings from these
lines of research would contribute significantly to the
development of a comprehensive etiological model of the
course of alcohol use and dependence. It would also
provide a framework for devising interventions that
target biological and psychosocial risk factors most rel-
evant to a given stage of alcohol use.
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