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Abstract

Although early use of alcohol during adolescence has been consistently associated with increased risk of alcoholism in
adulthood, the specific mechanisms that underlie this association remain unclear. We describe a program of epidemiological
twin-family research that shows that early use of alcohol is best conceptualized as an indicator of a more general propensity
to engage in adolescent problem behavior. Adolescent problem behavior, in turn, is a risk factor for a broad range of adult
externalizing disorders, of which alcoholism is but one manifestation. These findings are shown to be consistent with a
dual-process model whereby early adolescent problem behavior is associated with increased risk of adult psychopathology
because both are indicators of a common inherited liability and because early adolescent problem behavior increases the
likelihood an adolescent is exposed to high-risk environments. We conclude with a discussion of the importance of cross-
cultural research, which may be especially informative for identifying the consequences of early adolescent drinking.
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alcohol research

One of the most robust findings in the alcohol research
field is the association between an early initiation of
alcohol use and risk of alcohol dependence. In a highly
cited influential study on a large US epidemiological
sample, Grant and Dawson (1997) reported that indi-
viduals who retrospectively report that they had first
tried alcohol prior to age 15 were four times more likely
to have a lifetime diagnosis of alcohol dependence than
individuals you first tried alcohol after the age of 20.
This finding has been replicated in several retrospec-
tive studies (Dewit et al., 2000; Hingson et al., 2006;
McGue et al., 2001a; Prescott and Kendler, 1999) and
at least one prospective study (Keyes et al., 2000).
Unfortunately, however, all of these studies have been
based on US samples, an important limitation to which
we will return later.

The consistency and strength of the association
between early alcohol use and alcoholism suggest that
it has implications for efforts to prevent alcoholism
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onset. The nature of these implications, however, nec-
essarily depends on the specific mechanisms that
underlie the association. Two alternative mechanisms
have been proposed. First, early use of alcohol may
increase alcoholism risk by altering the course of ado-
lescent development (Dewit et al., 2000). Adolescent
alcohol use could alter the course of development by
decreasing the likelihood that an adolescent is affili-
ated with individuals and institutions that value and
model sobriety and increasing the likelihood an ado-
lescent is affiliated with individuals that reinforce and
model deviance. Early use of alcohol may also influence
the course of development indirectly, through its effects
on the developing adolescent brain (Tapert et al., 2004).
Research with rodents (Spear, 2002) and humans
(Brown and Tapert, 2004) suggest that heavy use of
alcohol during adolescence can result in neurocogni-
tive changes that increase the likelihood of subsequent
abuse of alcohol in adulthood.



Alternatively, others have suggested that the asso-
ciation of early alcohol use with alcoholism risk is spuri-
ous, arising because early use of alcohol in adolescence
and alcoholism in adulthood are both manifestations
of a general inherited liability to disinhibitory psycho-
pathology (Krueger et al., 2002; Young et al., 2000).
Support for this proposition came initially from a study
of nearly 9000 twins, which showed that early use of
alcohol was heritable and its association with alcohol-
ism risk was mediated entirely by genetic factors
(Prescott and Kendler, 1999). The common-inherited-
liability model also predicts that, because it is an indi-
cator of a general disposition towards disinhibited
behavior, early use of alcohol should be a non-specific
risk factor for a wide range of behavioral pathologies.
Consistent with this expectation, alcohol use prior to
age 15 is associated with attention deficit/hyperactivity
disorder, conduct disorder, personality measures of
impulsivity, psychophysiological indicators of disinhibi-
tion, academic underachievement, and abuse of sub-
stances other than alcohol, even after its association
with alcoholism risk has been taken into account
(McGue et al., 2001a).

Although the alternative hypotheses for the associa-
tion of early alcohol use with alcoholism may appear to
be mutually exclusive, they need not be. Early use of
alcohol may both be an indicator of inherited risk and
disrupt the course of adolescent development. In this
paper, we summarize a program of research that has
sought to explore the possible dual nature of risk associ-
ated with early adolescent use of alcohol. We begin
with a brief description of the research context upon
which our investigations are based, and then address
three issues: (1) the non-specific nature of risk associ-
ated with early use of alcohol, (2) the heritable basis of
early use of alcohol, and (3) the environmental conse-
quences of early alcohol use. We end with a general
discussion that includes speculation about the cross-
national generalizability of our findings.

Methods

Sample

The Minnesota Twin Family Study (MTES) is a longi-
tudinal study of a community-based sample of two
cohorts of twins and their parents. The older (i.e. age
17) cohort had a mean age of 17.5 years [standard devia-
tion (SD) = 0.45] at the intake assessment and consisted
of 626 pairs of like-sex twins [I189 monozygotic male
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(MZM), 100 dizygotic male (DZM), 223 MZ female
(MZF) and 114 DZ female (DZF)]. The younger (i.e. age
11) cohort had a mean age of 11.7 years (SD = 0.44) at
the intake assessment and consisted of 756 pairs of
like-sex twins (254 MZM, 122 DZM, 233 MZF, and 147
DZF). The MTES sample was identified from birth
records from the US state of Minnesota and is broadly
representative of families with twins born in that state.
A complete description of the recruitment of the MTFES
sample as well as evidence of sample representativeness
is given in lacono et al. (1999). The MTES samples
have been followed longitudinally every 3—4 years, with
in-person follow-up assessments timed to coincide with
major life transitions in the life of American adoles-
cents and young adults (Figure 1). Currently, we are
completing the fourth follow-up assessment of the
younger cohort, at age 24-25, and the third follow-up
assessment of the older cohort, at age 29. There has
been limited sample attrition over the successive waves
of assessments, with from 80-93% of surviving twins
participating at each follow-up assessment. For example,
Elkins et al. (2006) report that in the older cohort 83%
of males and 93% of females from the older cohort
completed their first follow-up assessment, while McGue
at al. (2005) reported that 92% of males and 94% of
females from the younger cohort completed their first
follow-up assessment. Importantly, in all cases non-par-
ticipants differ minimally, although in some cases sig-
nificantly, from participants in terms of their status on
the intake assessments.

Age at Assessment

Life Transition Younger Cohort Older Cohort
1
Elementary School{
14
Junior High {
17 17
Senior High -{
20 20
College -{
24 24
Young Adult -{
29

Figure 1. Longitudinal design of the MTFS: The MTES
includes two cohorts of twins assessed every 3—5 years with
assessments timed to coincide with major transitions in the
lives of US adolescents and young adults.

Int. J. Methods Psychiatr. Res. 17(S1): S30-S38 (2008)
DOI: 10.1002/mpr



S32  McGue and lacono

The MTFS thus depends heavily on the classical
twin study comparison of monozygotic (MZ) and dizy-
gotic (DZ) twins, which is not without its critics. None-
theless, research has generally supported the validity of
the twin study approach (Kendler, 1993) and has shown
that twins are not psychologically different from

non-twins (Christensen et al.,, 2006; Johnson et al.,
2002).

Assessment

At intake, twins and their parents completed a day-
long, in-person assessment that included a comprehen-
sive clinical interview for common mental and substance
use disorders using the Diagnostic and Statistical
Manual of Mental Disorders (DSM); self-report mea-
sures of personality and substance use; measures of
academic aptitude and achievement; a battery of psy-
chophysiological brain-wave and autonomic indicators
of risk; and an extensive assessment of environmental
risk and protective factors that included measures of
peer group characteristics, family functioning, reli-
giousness, and life stress. At each follow-up assessment,
measures in each of these domains are repeated, adapted
for the changing developmental levels of the partici-
pants as necessary. There are several noteworthy fea-
tures of the MTEFS assessments. First,
assessments are administered by interviewers who have
either a bachelor’s or master’s degree in psychology or
related field and who completed an extensive training
program and were required to meet proficiency criteria

interview

prior to being allowed to interview study participants.
Each family member is interviewed independently by a
separate interviewer. Second, a consensus team consist-
ing of at least two graduate students with advanced
training in descriptive psychopathology and differen-
tial diagnosis review all relevant evidence, including
audio tapes of interviews as needed, before any symptom
is coded positive. Diagnoses and symptom counts
according to DSM-III-R, the diagnostic standard current
at the time the MTFS was started, are generated by
computer algorithm. The reliability of this consensus
process for the diagnoses we assess is uniformly high

(Iacono et al., 1999).
Results

The non-specific nature of risk

Early use of alcohol is associated not only with risk of
alcoholism but also with risk for a wide range of psy-
chopathology. We investigated the correlates of early
alcohol use in a sample of 1328 male and 1361 female
ever-drinking parents from the MTFS (McGue et al.,
2001a). Table 1 gives the odds ratios (ORs) relating
alcohol use prior to age 15 with risk for the following
DSM-III-R diagnoses: alcohol dependence (ALCDP),
nicotine dependence (NICDP), drug dependence
(DRGDP), antisocial personality disorder (ASPD), and
major depressive disorder (MDD). Diagnoses were life-
time at a definite (all symptom criteria met) or probable
(all except one symptom criterion met) level of

Table 1. Association of alcohol use prior to age 15 with psychopathology risk in 1328 male and 1361 female Minnesota

adults

DSM-III-R diagnosis

OR (95% confidence interval)

Male sample

Female sample

Uncorrected Corrected for alcohol Uncorrected Corrected for alcohol
dependence dependence
Alcohol dependence 24 (1.8, 3.1) - 41 2.9, 6.1) -
Nicotine dependence 2.1 (1.6, 2.7) 1.7 (1.3, 2.3) 2.6 (19, 3.7) 2.1 (1.5, 2.9)
Drug dependence 3.7 (2.8, 49) 3.2 (24, 4.3) 4.6 (3.2, 6.8) 3.6(24,54)
Antisocial personality 75 (4.5, 12.8) 5.8 (3.0, 10.3) 4.9 (0.8, 29.8) 2.5 (04, 6.6)
Major depression 1.4 (0.9, 2.0) 1.3 (0.9, 1.8) 1.5 (1.0, 2.1) 1.3 (0.9, 1.8)

Note: Odds ratios (ORs) give the relative increase in odds of having the disorder associated with first use of alcohol before
the age of 15 as compared to first use after age 15 or not at all. Diagnoses are lifetime at a definite (all criteria met) or probable

(one symptom short) level of certainty.
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certainty. As can be seen, use of alcohol before the age
of 15 is associated with a significantly increased risk of
not only ALCDP, but also the other disinhibitory psy-
chopathology diagnoses: NICDP, DRGDP, and ASPD.
The association of early alcohol use with MDD, an
internalizing form of psychopathology, is not as strong
as its associations with indicators of disinhibitory psy-
chopathology. Importantly, the associations with disin-
hibitory psychopathology remain significant even after
their association with ALCDP has been statistically
controlled.

Adolescent problem behaviors do not typically occur
in isolation. Adolescents who drink are also more likely
to smoke, use illicit drugs, and break parent or socially
proscribed rules than are adolescents who do not drink
(Jessor et al., 1991). The general nature of adolescent
problem behavior suggests that it is essential that the
risk associated with any specific behavior not be evalu-
ated in isolation. We consequently investigated whether
rate of adult alcoholism was elevated specifically among
early drinkers or more generally among adolescents
who engaged early in other problem behaviors (McGue
and Iacono, 2005). Table 2 summarizes our findings for
ALCDP in a sample of 1252 17-year-old twins (i.e. from
the 626 pairs of like-sex twins that constitute the older
twin cohort from the MTES). Because 17-year olds who
started drinking more than two years earlier will have
had a longer period of time to progress to problem
drinking than their age mates who had started
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drinking later, it is not surprising to find that use of
alcohol prior to age 15 is strongly associated with
ALCDP risk by age 17 (OR > 6.0 in both the male and
female samples). More interesting is the finding that
other adolescent problem behaviors are associated with
ALCDP risk. In fact, the ORs for early smoking and
early illicit drug use were substantially larger and the
ORs for early troubles with police and sexual inter-
course were nearly as large as those for early alcohol
use. Significantly, the OR for every problem behavior
except one (early sexual intercourse in females),
remained significant after controlling for early use of
alcohol. That is, adolescents who smoke, use illicit
drugs, have troubles with police or sexual intercourse
prior to age 15 are more likely to be alcohol dependent
by age 17 even if they did not try alcohol prior to age
15.

In this study, we also showed that each of the early
adolescent problem behaviors, in addition to being
associated with ALCDP, is significantly associated with
risk for NICDP, DRGDP, ASPD, and MDD at age 17.
In order to assess the aggregate association of adoles-
cent problem behavior with disinhibitory psychopa-
thology, we further fit a latent variable model to the
data. In this model, early adolescent problem behavior
was quantified as the number of problem behaviors
prior to age 15 and disinhibitory psychopathology was
operationalized as the latent factor underlying symp-

toms of NICDP, ALCDP, DRGDP, and ASPD. The

Table 2. Association of problem behaviors prior to age 15 with alcohol dependence at age 17 in 578 male and 674 female

Minnesota twins

Early problem behavior

OR (95% confidence interval)

Male sample

Female sample

Uncorrected Corrected for early Uncorrected Corrected for early
alcohol use alcohol use
Alcohol use 6.4(3.9,10.6) — 6.5(3.7, 11.4) -
Smoking 119 (5.1, 27.8) 7.5 (3.1, 179) 15.5 (6.6, 36.7) 10.6 (4.4, 25.8)
[licit drug use 13.5(5.5, 33.2) 6.9 (2.7, 18.1) 6.9 (3.3, 144) 3.1 (14, 7.0)
Police troubles 44(2.5, 1.8) 3.0 (1.7, 5.5) 6.6 (2.6, 16.6) 3.6(1.3,99)
Sexual intercourse 6.4(2.6, 15.6) 39 (1.5, 104) 4.5(2.1, 10.0) 1.9 (0.8, 4.6)

Note: Odds ratios (ORs) give the relative increase in odds of having a diagnosis of alcohol dependence associated with first
expression of each of the problem behaviors before the age of 15 as compared to not having engaged in that behaviour before.
Alcohol dependence diagnoses are lifetime at a definite (all criteria met) or probable (one symptom short) level of certainty

according to DSM-III-R criteria.
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correlation between early adolescent problem behavior
and adult disinhibitory psychopathology as significant
and strong (r = 0.75), demonstrating that early adoles-
cent problem behavior is a major risk factor for adult
psychopathology. Taken together, our research implies
that the association of early alcohol use with alcohol-
ism risk should be conceptualized broadly rather than
narrowly. Adolescent alcohol use is an indicator of a
broader array of adolescent problem behaviors, each of
which is independently predictive of alcoholism risk.
Alternatively, alcoholism in adulthood, at least early-
onset alcoholism, is in part an indicator of a broader
spectrum of externalizing/disinhibitory disorders, each
of which is associated with early adolescent problem
behavior.

The association of early adolescent problem behavior
with inherited risk

Prescott and Kendler (1999) hypothesized that the
association of early use of alcohol with alcoholism risk
arises because both are indicators of a general and
heritable underlying dimension of vulnerability to dis-
inhibitory psychopathology. Consistent with their
hypothesis, we have found that early use of alcohol is
familial and heritable, especially in boys (McGue et al.,
2001b). We have also investigated the association of
early use of alcohol with one of the major biological
risk factors for alcoholism in particular and disinhibi-
tory psychopathology in general, the P3 amplitude
assessed in a visual odd-ball eventrelated potential
paradigm (lacono et al., 2002). Consistent with a bio-
logical hypothesis, reduced P3 amplitude is associated
not only with early use of alcohol but also with the
other indicators of early adolescent problem behavior
(Iacono and McGue, 2006).

We have also investigated whether early adolescent
problem behavior is heritable by determining whether
MZ twins are more correlated for adolescent problem
behavior than DZ twins (McGue et al., 2006). In the
male sample, the correlation for the log-transformed
early problem behavior score was 0.57 for MZ (N = 183)
and 0.50 for DZ (N = 96). The comparable correlations
in the female sample were 0.60 (N = 212) and 0.48 (N
= 105), respectively. The minimal differences between
the MZ and DZ correlations in the two samples suggest
that heritable factors account for a relatively small pro-
portion of variance in the early problem behavior
index. Nonetheless, just like Prescott and Kendler
(1999), we found that the relationship between the
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early problem behavior and disinhibitory psychopathol-
ogy was primarily genetically mediated.

The association of early adolescent problem behavior
with environmental risk

The seemingly anomalous finding that early problem
behavior is only weakly heritable yet its relationship
with disinhibitory psychopathology is primarily medi-
ated by genetic factors may be a consequence of gene-
environment interplay. That is, we hypothesize that
early problem behavior is both a marker of inherited
risk and contributes to a cascade of experiences that
increase the likelihood that inherited risk manifests
phenotypically as disinhibitory psychopathology. To
evaluate this hypothesis, we recently explored the rela-
tionship of early adolescent problem behavior with
contextual risk in a prospective study of 692 male twins
(Keyes et al., 2000). Early adolescent problem behavior
was operationalized similarly to operationalizations in
our earlier studies by taking the number of the follow-
ing behaviors the respondent reported having engaged
in prior to age 15: tobacco use, alcohol use, marijuana
use, other illicit drug use, police troubles, and sexual
intercourse. Contextual risk was operationalized as the
sum of the standardized scores from four measures of
the adolescent’s environment obtained at age 14: con-
flict with parents, academic engagement, affiliation
with positive peer models (reverse scored), and affilia-
tion with negative peer models. Consistent with our
conceptualization of this being an index of environ-
mental risk, the twin correlation for the contextual risk
score was only slightly greater among MZ [r = 0.66, 95%
confidence interval (CI) = 0.57, 0.74] than DZ (r = 0.49,
95% CI = 0.30, 0.64) twins.

Also as expected, early problem behavior and con-
textual risk were substantially correlated (r = 0.53, 95%
CI=046,0.59), indicating that adolescents who engage
in problem behaviors prior to age 15 are more likely to
be exposed to high-risk environments. But how are
each associated with psychopathology risk? Disinhibi-
tory psychopathology at age 17-18 was measured by the
number of DSM-IV symptoms of ALCDP, NICDP,
DRGDP, and adult antisocial behavior (the latter cor-
responding to the adult symptoms of ASPD). This dis-
inhibition composite was significantly correlated with
both the early problem behavior (r = 0.60, 95% CI =
0.54, 0.65) and the contextual risk (r = 0.51, 95% CI =
0.44, 0.57) indexes. Importantly, both indexes contrib-
uted independently to the prediction of symptoms of
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disinhibition (multiple r» = 0.65, 95% CI = 0.60, 0.70).
Multivariate biometric analysis of the twin data pro-
vided additional support for our dual pathway hypoth-
esis. Replicating our earlier research (McGue et al,,
2006) as well as the initial study by Prescott and Kendler
(1999), we found that the relationship between early
problem behaviors and disinhibitory psychopathology
was predominantly genetically mediated. The relation-
ship between contextual risk and disinhibitory psycho-
pathology reflected, however, both genetic and
environmental pathways.

Discussion
A series of large community-based epidemiological
studies by our group, as well as similar research by
others, leads to the following empirically-supported
conclusions:

(1) In the US, alcohol use prior to age 15 is a robust
predictor of risk of alcoholism in adulthood.

(2) Alcohol use prior to age 15 is also a robust predictor
of other forms of adult disinhibitory psychopathol-
ogy, even when its association with alcoholism is
taken into account.
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(3) Other forms of early adolescent problem behavior
(e.g. smoking, troubles with police) are predictive of
adult alcoholism and other disinhibitory psychopa-
thology risk, even when their association with early
alcohol use is taken into account.

(4) Early adolescent problem behavior is modestly heri-
table, yet its association with disinhibitory psycho-
pathology is primarily genetically mediated.

(5) Early adolescent problem behavior increases the
likelihood that adolescents are exposed to envir-
onments that increase risk of disinhibitory
psychopathology.

In considering these conclusions, it is important to
note that our research has focused primarily on adoles-
cents and young adults. Consequently, our findings
apply specifically to early-onset disorders. The nature
of risk for late-onset disorders, where internalizing pro-
cesses may come to play an increasingly important role
(Dixit and Crum, 2000), may be quite different. In any
case, these empirical conclusions are consistent with a
dual pathway model of the association of early adoles-
cent problem behavior with adult disinhibitory psycho-
pathology (Figure 2). Specifically, we hypothesize that

Smokd NICDP
mexne Inherited
Vulnerability
Drinking ALCDP
PE,T::Zm Disinhibitory
Behavior Psychopath
prues DRGDP
Contextual
Risk
Police ASPD

Figure 2. A heuristic dual-process model: We hypothesize that the association of early alcohol use with alcoholism risk nar-
rowly, and of early problem behavior with disinhibitory psychopathology broadly reflects two processes. First, risk and outcome
are both manifestations of an underlying inherited vulnerability to disinhibited psychopathology. Second, the early expression
of problem behavior increases the likelihood an adolescent is exposed to a high-risk environment.
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early adolescent problem behavior appears to be associ-
ated with disinhibitory psychopathology because both
are manifestations of a general highly heritable vulner-
ability to disinhibitory psychopathology and because
the expression of early adolescent problem behavior
increases the likelihood that the developing adolescent
is exposed to high-risk environments. Characterizing
the prevention implications of the original observation
that teens who start drinking early are at heightened
risk for developing alcoholism will require additional
evaluation of alternative models for this association.

Cross-national generalizability

A significant limitation of research relating early ado-
lescent alcohol use with adult risk for alcoholism and
related forms of disinhibitory psychopathology is that
it has been based overwhelmingly on US samples. The
age at which adolescents can legally purchase alcohol
varies markedly across cultures (Ahlstrom and Oster-
berg, 2004), providing a unique opportunity to explore
the consequences of alternative policies governing teen
drinking that has yet to be fully exploited. In the US,
the legal age to purchase alcohol is 21, while in many
European countries it is 18 or younger. Those who
hypothesize that early adolescent drinking results in

elevated rates of adult alcoholism because adolescent
drinking causes neurological damage, for example,
might expect alcoholism rates to be higher in cultures
that condone adolescent drinking versus those that do
not. Alternatively, those who subscribe to a common-
inherited liability model might expect a diminished
association of adolescent drinking with adult disinhib-
ited psychopathology in cultures that allow adolescents
to drink, because in these cultures teen drinking may
be less an indicator of rebelliousness. Indeed, it is even
possible that early teen drinking that is legal and part
of normal family life may lower risk of adult alcoholism
by providing some teens with responsible models of
drinking behavior.

Unfortunately, comprehensive cross-cultural data
relating teen drinking policies with adult rates of alco-
holism does not exist, in part because epidemiological
alcoholism data gathered using a common methodol-
ogy from multiple cultures does not exist (Rehm et al.,
2005). Although uniform cross-cultural data on problem
drinking is definitely needed, we have undertaken a
very preliminary analysis of the association of teen
drinking policies with drinking behavior using per
capita alcohol consumption as the outcome. We classi-
fied European countries in terms of the minimum age

® LUXEMBOURG
® CZECH REP
IRELAND®
FRANCE®
GERMANY
SLOVAKIA® LITHUANIA AUSTRIAR PORTUGAL
12 HUNGARY® oD
SWITZERLAND® ¢————— |edian
=11.5
® FINLAND UK
i BELGIUM:
Median ESTONIA® ® NETHERLANDS
9 =93 8 LATVIA GREECE. ITALY
POLAND®
© ROMANIA
BULGARI,
"8 swepeN SLOVENIA® MALTA
6 ICELAND® NORWAY
® TURKEY

18 OR OLDER

16 OR YOUNGER

MINIMUM LEGAL AGE TO PURCHASE ALCOHOL

Figure 3. European teen drinking policies and consumption rates: Countries are classified according to the minimum age at
which an adolescent can legally purchase some form of alcohol, which is related to 2001 annual per capita adult (age 15 or
older) alcohol consumption in liters of pure alcohol based on World Health Organization (2001) data.
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an individual could legally buy alcohol (either beer,
wine or spirits) in some venue (off- or on-site) as age 16
or younger versus age 18 or older according to the
information summarized by Ahlstrom and Osterberg
(2004). Adult per capita alcohol consumption was
taken from data compiled by the World Health Orga-
nization (2001) and is reported as annual per capita (age
15 and older) alcohol consumption in liters of pure
alcohol. As shown in Figure 3, younger minimum ages
are associated with higher levels of alcohol consump-
tion. Although this pattern of data is consistent with
earlier drinking ages resulting in higher levels of adult
consumption, there are many factors that severely limit
our ability to unambiguously interpret the basis for the
association. For example, the association could simply
reflect that earlier minimum ages increase a country’s
consumption rates by increasing the pool of drinkers
but do not otherwise affect the amount individual
drinkers consume. Alternatively, cultures that permit
teens to drink may do so, in part, because drinking is
an accepted and central aspect of cultural life. In any
case, the data summarized in Figure 3 suggest that a
more comprehensive and rigorous analysis of the rela-
tionship of teen drinking policies and drinking behav-
ior across cultures is warranted.
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