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To chart the manner in which the causal structures [of
alcohol use disorders] interact requires model building
that will cross-multiple levels of analysis and multiple
disciplines, operating over social, individual, and biolog-
ical time … To capture such a multilevel structure, a
developmental systems framework is essential …
(Zucker, 2006, p. 625)

Alcohol use (AU) and alcohol use disorders (AUDs) are
prototypical complex traits, influenced by a wide range of
variables, including genetic factors that impact on AU
(Heath et al., 1991; Hettema et al., 1999; Kaprio et al.,
1991; Prescott et al., 1994) and which substantially alter
risk for AUDs (Goodwin et al., 1973; Heath et al., 1997;
Sigvardsson et al., 1996; Pickens et al., 1991; Prescott &
Kendler, 1999b; Sigvardsson et al., 1996) and for broader
externalizing traits (Kendler et al., 2003b; Sher et al.,
2005), as well as religiosity (Kendler et al., 1997a; Kendler
et al., 2003a; Koenig et al., 2001), parental attitudes to and
use of alcohol (Tucker et al., 2008), childhood sexual and
physical abuse (Kendler et al., 2000; Fergusson & Mullen,
1999), internalizing symptoms and personality traits
(Kessler et al., 1997; Sher et al., 2005), parental monitoring
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(Dielman et al., 1990; Tucker et al., 2008) and peer group
deviancy (Coie & Miller-Johnson, 2001; Farrington, 2005;
Fergusson et al., 1995; Hawkins et al., 1998; Patterson et
al., 2000). Levels of AU and risk for AUDs in adulthood
can be predicted by risk factors measured in early to
mid-childhood (Caspi et al., 1996; Dubow et al., 2008;
Englund et al., 2008; Manzardo et al., 2005; Maggs et al.,
2008; Pitkanen et al., 2008) suggesting that a complete
understanding of the etiology of AUDs will require a
developmental perspective (Windle, 1999; Zucker, 2006).

Several prior attempts have been made to develop
empirical broad-based models for the etiology of AUDs
(e.g., (Fergusson et al., 1995; Dubow et al., 2008; Guo et
al., 2001; Ohannessian & Hesselbrock, 2008)) some of
which have been particularly comprehensive (Dubow et
al., 2008; Guo et al., 2001). However, we are unaware of
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any such effort that has included all the above factors and,
particularly, measures of genetic risk which, given heri-
tability estimates for AUDs in the range of 50–60% (Heath
et al., 1997; Kendler et al., 1997b; Pickens et al., 1991;
Prescott & Kendler, 1999b), are critical to include in any
model-building. To develop a more complete understand-
ing of the etiology of high levels of AU and AUDs, we need
to develop a broad, inclusive model that would begin to
integrate, over developmental time, these diverse risk
factors. The aim of this study is to present such an effort
in male twins from the Virginia Adult Twin Study of
Psychiatric and Substance Use Disorders (VATSPSUD)
(Kendler & Prescott, 2006).

Methods
SAMPLE
This report utilizes data collected in first (MM1), second
(MM2) and third wave (MM3) interviews with Caucasian
adult male twins born between 1940 and 1974 from VAT-
SPSUD (Kendler & Prescott, 2006). All subjects were
ascertained from the Virginia Twin Registry — a popula-
tion-based register formed from a systematic review of
birth certificates in the Commonwealth of Virginia.
Response rates for the MM1 (1993–1996) and MM2
(1994–1998) interviews were 72.4% and 82.6%, respec-
tively. The MM3 interview, restricted to male–male twins,
was completed in 1998–2004 by 1,796 (75%) of the male
twins who had participated in the second interview. There
were two sets of complete triplets from which we excluded
one member each to give us a final sample of 1,794,
including both members of 469 monozygotic (MZ) and
287 dizygotic (DZ) pairs. MM3 subjects were 24–62 years
old (mean age = 40.3 years, SD = 9.0). Most subjects were
interviewed by telephone by clinically trained interview-
ers. Signed informed consent was obtained for face-to-face
interviews and verbal consent for telephone interviews.
This project was approved by the Office of Research
Subjects Protection at Virginia Commonwealth University.
Members of a twin pair were always interviewed by differ-
ent interviewers. Zygosity was assigned by a combination
of self-report measures, photographs and DNA polymor-
phisms (Kendler & Prescott, 2006). Short-term test–retest
reliability was available on variables assessed at the MM2
(195 subjects interviewed an average of 31 days apart) and
MM3 interviews (141 subjects interviewed an average of
29 days apart), but not for variables entirely or partially
assessed at the MM1 interview.

OUTCOME VARIABLES
Our model had two key outcome variables: (1) average
monthly AU for the ages of 15–17 and, (2) lifetime history
of symptoms of AUDs, here defined as symptoms of
DSM-IV alcohol abuse or dependence (American
Psychiatric Association, 1994). Both of these traits were

treated as ordinal variables, assuming an underlying
normal liability distribution.

MODEL VARIABLES
We examined 15 risk factors conceptualized as four devel-
opmental ‘tiers’ reflecting: (1) genetic risk (and year of
birth), (2) relevant aspects of the childhood environment,
(3) critical temperamental and symptom variables, and (4)
key personal, social and environmental risk factors in late
adolescence.

GENETIC RISK
Genetic risk for AUDs. This factor was indexed from the
history of alcohol abuse and dependence in the subject’s
parents and co-twin, based on interviews with the co-
twin and family history reports about parents and
co-twins obtained from the index twin (Muffler et al.,
1991). Information from the MZ co-twin was weighted
twice as high as that for the siblings and parents to
reflect the greater genetic similarity of MZ twins com-
pared to first-degree relatives.

Genetic risk for externalizing disorders. For genetic risk
for externalizing disorders, we used a composite measure
of  the co-twin self-report symptoms of  DSM-IV
(American Psychiatric Association, 1994) conduct disor-
der (obtained at MM1 and MM2), antisocial personality
disorder (MM2) and twin report of antisocial personal-
ity disorder in their co-twin and father using FH-RDC
criteria (Muffler et al., 1991) (MM2). Scores from MZ
co-twins were weighted twice as strongly as reports from
DZ co-twins or parents.

Birth year. This factor was included as a covariate
because of prior evidence that individuals across this age
span differ in the prevalence of AUDs (Prescott &
Kendler, 1999a).

CHILDHOOD ENVIRONMENT
Low church attendance. This factor was a continuously
scored measure, reflecting the sum of responses to the
item ‘When you were between the ages of x and y, how
often would you attend religious services?’ asked in our
MM3 interview for ages 8–11, 12–14 and 15–17.
Response options were More than once a week, Once a
week, A few times a month, Once a month, Less than once
a month, and Never. Reliability for this variable (intra-
class correlation [ICC]) equaled +0.88.

Household alcohol use was the sum of two items (MM3)
about how often, when he was between the ages of 8 and
17, did people in the twin’s household (other than the
co-twin) ‘drink alcohol’ or ‘get drunk.’ Response options
were Nearly every day, Once or twice a week, A few times a
month, Once or twice a year, or Never. Reliability —
weighted kappa (Fleiss, 1973) — equaled +0.78.
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Parental attitude toward AU in their children. Response
to one item (MM3) asking, during the time they were
growing up, what the attitude of the parents would be to
the statement ‘It is OK for a teenager to drink alcohol.’
Response options were: Strongly agree, Agree, Disagree, or
Strongly disagree. Reliability (weighted kappa) equaled
+0.43.

Childhood physical and sexual abuse. This factor was
assessed with two items (MM1) inquiring from the twin
whether he had ever been ‘sexually abused or molested’
before the age of 16, or ‘physically abused as a child.’

CRITICAL TEMPERAMENTAL AND SYMPTOM
VARIABLES
Attention deficit hyperactive disorder (ADHD). A con-
tinuous measure was obtained from 14 items reflecting
DSM-IV symptoms for Attention Deficit Hyperactive
Disorder (11 items) and Oppositional Defiant Disorder
(3 items) (MM3) asked about for when the twins were
‘growing up’ (defined as before age 18) (American
Psychiatric Association, 1994). Reliability (ICC)
equaled +0.81.

Neuroticism. This factor was assessed by the Short-Scale
(12-item) version from the EPQ-R (Eysenck et al., 1985)
(MM1) scored as a 5 level ordinal measure.

Sensation-seeking was a continuous measure based on
11 items selected from the Sensation Seeking Scale
(MM3)(Zuckerman & Neeb, 1979). Reliability for this
variable (ICC) equaled +0.81.

Early onset anxiety disorder was a binary variable
scored 1 for subjects with an onset, prior to age 18, of
panic disorder, generalized anxiety disorder (MM1) or
any form of phobia (MM2) using diagnostic criteria
outlined previously (Kendler & Prescott, 2006).

KEY PERSONAL, FAMILY AND SOCIAL RISK
FACTORS IN LATE ADOLESCENCE
Conduct disorder. This factor was assessed by items
based on the symptomatic criteria in DSM-IV (American
Psychiatric Association, 1994) conduct disorder scored
on a 4-point frequency scale asked for ages 15–17
(MM3). Reliability (weighted kappa) equaled +0.59.

Low parental monitoring was assessed as the sum of 4
items asked (MM3) for ages 15–17 based on previous
work examining parental effects on risk of drug use and
delinquency (Kerr & Stattin, 2000; Steinberg et al., 1994):
how much parents really knew about: who the twin’s
friends were, how the twin spent his money, what he did
with his free time, and where he was at night. Response
options were they ‘didn’t know,’ ‘knew a little,’ or ‘knew a
lot.’ Reliability (weighted kappa) equaled +0.69.

Peer group deviance was assessed by two validated
instruments (Johnston et al., 1982; Tarter & Hegedus,

1991) that evaluated the proportion of the respondent’s
friends, at ages 15–18, who engaged in specific deviant
behaviors (MM3; see Kendler et al., 2007, for details).
Reliability (ICC) equaled +0.81.

Alcohol availability. This was assessed by a single item
from the Monitoring the Future study (Johnston et al.,
1982) which asked subjects at ages 15–17, on a 4-point
scale, how easy it would have been to get alcohol if
they wanted to use it. Reliability (weighted kappa)
equaled +0.58.

OUTCOME VARIABLES
AU was assessed using a life history calendar (MM3)
(Freedman et al., 1988). Following methods of Cohen et
al. (2003), the calendar contained columns for each year of
the subject’s life. The first rows, completed early in the
interview, documented key changes in living situation as
well as major educational, employment and interpersonal
milestones. If necessary, the interviewers would use other
memory prompts from the information previously
recorded on the calendar to ‘cue’ the respondent into the
relevant ‘memory files’. For alcohol, we inquired separately
about the average number of days per month on which
the subject consumed alcoholic beverages and the average
number of drinks consumed per day when drinking. We
defined a drink as ‘one bottle of beer, one glass of wine or
one shot of liquor’. Drinking quantity and frequency were
multiplied to give a weighted monthly consumption and
this value was averaged for ages 15 through 17. Because
this variable was positively skewed, the data were grouped
into 5 values ranging from 0 to > 15 drinks per month.
Reliability (weighted kappa (Fleiss, 1973)) equaled +0.59.

AUD reflected a count of the lifetime DSM-IV alcohol
abuse or dependence criteria met (MM2). Reliability
(weighted kappa (Fleiss, 1973)) equaled +0.68.

We examined social-environmental risk factors for the
age period 15–17 because the age at onset of AUD syn-
dromes in this sample began to increase sharply at the age
of 18. Consequently, for the vast majority of the sample,
environmental variables and drinking behaviors for age
15–17 represent risk factors that predate the onset of
AUD symptoms.

STATISTICAL METHODS
Model fitting was done using Mplus version 5.1 (Muthen
& Muthen, 2007) because of its ability to combine categor-
ical, ordinal and continuous data. Since the path model
contained categorical and ordinal intermediate variables,
the theta parameterization was used with weighted least
squares as the fit function. We began with a fully saturated
model and then fixed paths to zero sequentially, choosing
the path with the smallest z-score (in absolute value) at
each step until all paths with an associated p value of > .05
had been set to zero. Next, because of our large sample
size, some paths remained statistically significant, which
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were too small to be meaningful. Therefore, our second
step was to set all paths to zero with an absolute value of
< 0.05, regardless of z value. All remaining paths in the
model were statistically significant. This approach does
result in the inclusion of paths in the model with modest
explanatory power.

We utilized three fit-indices, which reflect the model’s
balance of explanatory power and parsimony: the Tucker-
Lewis Index (TLI) (Tucker & Lewis, 1973), the
Comparative Fit Index (CFI) (Bentler, 1990), and the root
mean square error of approximation (RMSEA) (Steiger,
1990). For the TLI and CFI, values between 0.90 and 0.95
are considered acceptable, and ≥ 0.95 as good. For the
RMSEA, good models have values ≤ 0.05. 

Results
MODEL FITTING
Of the 1,794 male twins who participated in the third
interview wave, the mean (± SD) monthly consumption of
drinks of alcohol at ages 15–17 was 7.3 (23.4) while the
mean (± SD) number of symptoms of AUD was 1.8 (2.8).
39.6% of the sample reported consuming no alcohol at
ages 15–17 and 57.6% reported no lifetime symptoms of
AUDs. The fit of our best model was very good (CFI =
0.98, TLI = 0.96 and RMSEA=0.02) and it explained 39%
of the variance in late adolescent AU and 30% of the lia-
bility to lifetime symptoms of AUD.

PREDICTED CORRELATIONS
Table 1 depicts the correlations between the 17 variables
predicted from this best fit model.

PARAMETER ESTIMATES
Tier 1: Genetic Risk and Year of Birth
As seen in Figure 1, the genetic risk for AUD had a mod-
erate correlation with the genetic risk for externalizing
disorders and significantly predicted three downstream
variables: household alcohol use, neuroticism, and AUDs.

The genetic risk for externalizing disorders predicted
nine variables: low church attendance, household alcohol
use, childhood abuse, ADHD, conduct disorder, low
parental monitoring, peer group deviance, AU, and AUDs.

A more recent birth year was modestly correlated with
genetic risk for externalizing disorders and was associated
with six other variables: low church attendance, sensation
seeking, conduct disorder, peer group deviance, alcohol
availability, and AU. Adjusting for its impact on these
intermediate variables, year of birth had no direct effect
on risk for symptoms of AUDs.

Tier 2: Early Familial Factors
Low church attendance in childhood had significant asso-
ciations with household alcohol use and parental alcohol
attitudes, and significantly predicted neuroticism, conduct
disorder, parental monitoring, peer group deviance, and

alcohol availability. When adjusting for this widespread
set of effects, church attendance had no direct impact on
either AU or AUDs.

Household alcohol use significantly predicts seven
downstream variables: alcohol attitudes, childhood abuse,
ADHD, sensation seeking, conduct disorder, alcohol avail-
ability, and AU.

Parental attitudes toward AU significantly predicted
five variables: low neuroticism, low parental monitoring,
peer group deviance, alcohol availability, and AU.

Childhood abuse also predicted five downstream vari-
ables: neuroticism, sensation seeking, early onset anxiety
disorder, low parental monitoring, and alcohol availability.

Tier 3: Temperamental and Symptom Variables
Remarkably, symptoms of ADHD were significantly
related to all nine downstream variables in the model: neu-
roticism, sensation seeking, early onset anxiety disorder,
conduct disorder, low parental monitoring, peer-group
deviance, alcohol availability, AU, and AUDs. In the
context of all the other paths, the path between ADHD
and AU is modest but negative. Given the overall positive
correlation between ADHD and AU (+0.17), this result is
more likely artifactual than substantive.

Neuroticism predicts significantly six other variables,
three positive (early onset anxiety, low parental monitoring
and peer group deviance), and three negative (sensation
seeking, alcohol availability and AU). This suggests that
after accounting for the other paths, high levels of negative
emotionality reduce levels of sensation seeking, the chances
of selecting social environments where alcohol is easily
available, and reduce the probability of consuming high
levels of alcohol in late adolescence.

Sensation-seeking predicted only conduct disorder and
low parental monitoring. Early onset anxiety disorder pre-
dicted only symptoms of AUD. Of note, while neuroticism
reduces the risk for high AU and strongly predicts early
onset anxiety disorders, anxiety disorders themselves
increase the risk for AUDs.

Tier 4: Conduct Disorder and Social-Environmental
Risk Factors in Late Adolescence
Conduct disorder symptoms at age 15–17 predicted 4 of the
5 remaining variables in the model: low parental monitor-
ing, peer group deviance, AU, and symptoms of AUD.

Low parental monitoring at age 15–17 predicted 3 of
the 4 down-stream variables: peer group deviance, AU and
symptoms of AUD. Peer group deviancy predicted alcohol
availability and AU. Alcohol availability predicted only AU.
AU at ages 15–17 strongly predicted symptoms of AUD.

Direct Influences on Alcohol Consumption and
Symptoms of Alcohol Use Disorders
Ten variables in the model significantly and directly pre-
dicted AU at ages 15–17. In order of their direct impact,
the five most important were: peer deviance, alcohol avail-
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FIGURE 1
Results of our best fit model for the prediction of level of alcohol use at ages 15–17 and lifetime symptoms of Alcohol Use Disorders (DSM-IV
Alcohol Abuse and Dependence).
Note: Two-headed arrows represent correlation coefficients while one-headed arrows represent path coefficients or standardized partial regression coefficients.

‘ADHD’ stands for symptoms of attention deficit hyperactivity disorder. ‘Ext Disorders’ stands for externalizing disorders. All variables have estimated resid-
ual variance that is not depicted in the figure. See text for a description of each variable. The variables are chosen and positioned to approximate a
developmental process.
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ability, birth year, low parental monitoring, and conduct
disorder. While significant, the direct effect of genetic risk
factors on AU was modest, reflecting the mediation of
genetic risk through other variables in the model.

Seven variables impacted significantly on AUD symp-
toms. In order of the magnitude of their direct impact, the
four most important were: AU, genetic risk for AUDs,
early onset anxiety disorder, and conduct disorder. Of
note, social environmental factors were consistently
stronger influences on AU than on AUDs.

DIRECT VERSUS INDIRECT ASSOCIATIONS
The correlations depicted in Table 1 reflect both the direct
path between the variables plus all the indirect paths medi-
ated by other variables in the model. By contrast, the path
estimates in figure 1 reflect only the direct relationship
adjusting for all the other variables in the model.
Therefore, a comparison between the values in the table
and figure gives us an estimate of the proportion of the
total correlation between any two variables in the model
that results from direct effects versus total indirect effects.
For example, from table 1, the total correlation between
Genetic Risk for Alcoholism and symptoms of AUD is
+0.33 while the direct path between these two variables
from Figure 1 is +0.24. This suggests that 73% (.24/.33) of
effect of alcohol risk genes on AUD in our model is direct
and 27% indirect, mediated by factors such as household
alcohol use and neuroticism. These results can be usefully
contrasted with those obtained for alcohol household use
and AU where the total correlation is 0.31 and the direct
path .09. Our model predicts that 29% of the association
between alcohol household use and AU is direct and 71%
indirect, mediated largely by conduct disorder, alcohol
availability and genetic risk for externalizing disorders.

PATHWAYS TO ALCOHOL CONSUMPTION AND
SYMPTOMS OF ALCOHOL USE DISORDERS
Our best-fit model suggests two major pathways to AU
and AUDs in men. The first, depicted in figure 2, is charac-
terized by externalizing genetic/temperamental factors
and includes, as major variables, genetic risk for AUDs and
externalizing disorders, ADHD, sensation seeking, conduct
disorder, and peer group deviance. Of note, the social trait
of peer deviance was clearly part of this network given
important input from conduct disorder, genetic risk for
alcoholism and ADHD. As seen in Figure 2, this pathway
had a greater relative impact on AUDs than on AU.

The second major pathway, seen in Figure 3, is domi-
nated by familial and social factors, and includes all four
tier 2 familial environmental exposures as well as low
parental monitoring, peer group deviance and alcohol
availability. This pathway had a greater relative impact on
AU than on AUDs.

These two pathways intersect in three important ways.
First, genetic risk factors impact both on early familial
factors (e.g., paths from genetic risk for externalizing dis-

orders to alcohol household use and childhood physical
and sexual abuse) and later social-environmental factors
(the path for externalizing disorders to peer-group
deviance). Second, adjusting for these genetic effects,
familial factors impact on temperamental variables (e.g.,
pathways from alcohol household use to ADHD and low
church attendance to conduct disorder). Third, tempera-
mental variables contribute, sometimes quite strongly, to
social–environmental factors (e.g., paths from ADHD to
alcohol availability and from conduct disorder to low
parental monitoring and peer group deviance.)

In addition to these two major pathways, a third minor
internalizing pathway is detectable focused on two vari-
ables: neuroticism and early onset anxiety disorders
(Figure 4). The impact of these variables on AU and AUDs
was complex. The overall correlation of neuroticism with
AU and AUDs is weakly positive. However, accounting for
other variables in the model, neuroticism directly predicts
reduced levels of AU and has no direct relationship with
AUDs. Early onset anxiety disorder by contrast has
stronger and more positive overall relationships with AU
and AUDs, and has the third strongest direct impact on
risk for symptoms of AUDs. Overall, this internalizing
pathway has weak and mixed effects on AU but given high
levels of AU significantly predicts risk for subsequent
symptoms of AUDs. 

Discussion
This report describes our effort to construct a broad-based
etiologic model for AU and AUDs that would integrate,
over developmental time, a diverse range of relevant risk
factors including genetic susceptibility. While many in
psychiatry have advocated the development of bio-psy-
chosocial (Engel, 1977), multi-level (Schaffner, 1994) or
integrative (Kendler, 2005) etiological models, the empiri-
cal implementation of such approaches is challenging.
Indeed, our efforts suffer from a number of important
limitations outlined below. However, models in science do
not need to be complete or entirely true to be useful
(Wimsatt, 2007). Indeed, our results provide a range of
useful insights into the etiology of AU and AUDs six of
which are noteworthy.

First, our results are consistent with a recent review of
the major developmental studies of AU and AUD (Zucker,
2008) that found the most robust risk factor to be ‘an
externalizing pathway.’ Our model is also congruent with
prior reviews (Sher et al., 2005; Windle, 1999) that AU and
AUDs are positively associated with several externalizing-
like personality traits including extraversion/sociability,
impulsivity/disinhibition and novelty or sensation
seeking (Grucza et al., 2006; Verdejo-Garcia et al., 2008;
Zuckerman, 1972). Finally, our results are consistent with
twin studies from the Virginia (Kendler et al., 2003b),
Australian (Slutske et al., 2002) and Minnesota Twin
Registries (McGue & Iacono, 2008) in suggesting a sharing
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FIGURE 2
A broad pathway to alcohol use and abuse/dependence characterized by genetic and temperamental factors including symptoms of ADHD and
conduct disorder.
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A broad pathway to alcohol use and abuse/dependence dominated by familial and social factors.
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FIGURE 4
A pathway to alcohol use and abuse/dependence characterized by internalizing personality traits and symptoms.
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of genetic risk factors for AU and AUDs with externalizing
disorders and traits. Our model also illustrates the breadth
of the ‘externalizing’ construct associated with AU/AUDs,
which includes personality traits (sensation seeking),
deviant behaviors (conduct symptoms) and symptoms of
undercontrol and impulsivity (ADHD).

Second, our findings support prior results that risk for
AU and AUDs is influenced by a relatively wide range of
familial and social–environmental factors, including
childhood sexual and physical abuse (Kendler et al., 2000;
Fergusson & Mullen, 1999), parental monitoring
(Dielman et al., 1990; Tucker et al., 2008), religiosity
(Kendler et al., 1997a; Koenig et al., 2001; Larson, 1993),
parental attitudes toward alcohol and exposure to drink-
ing in the home (Hops et al., 2000; Tucker et al., 2008;
Nash et al., 2005), and peer deviancy (Coie & Miller-
Johnson, 2001; Fergusson et al., 1995; Farrington, 2005;
Hawkins et al., 1998; Patterson et al., 2000). Our model
shows that these exposures are substantially intercorre-
lated and can produce a developmental trajectory of
high-risk environmental exposures that in aggregate
strongly predict future alcohol consumption and AUDs.

Third, while earlier studies focusing on clinical alco-
holism generally support an internalizing pathway to
AUDs (Hawkins et al., 1992), our findings are more con-
gruent with recent longitudinal studies which have
produced much less consistent results (Zucker, 2008). In
some studies (e.g., Maggs et al., 2008; Dubow et al., 2008)
internalizing symptoms predict reduced AU while in
others (e.g., Pitkanen et al., 2008; Caspi et al., 1996) they
predict heavy AU and/or symptoms of AUD. Showing the
potential subtly of the relationships involved, in one longi-
tudinal US sample, symptoms of generalized anxiety at
age 9 predicted increased risk of alcohol use over the next
four years while symptoms of separation anxiety predicted
a decreased risk (Kaplow et al., 2001)! We agree with
Sher’s conclusion that ‘Additional prospective … studies
are needed to clarify the relationship between negative
emotionality and the development of alcoholism.’ (Sher et
al., 2005).

Fourth, in addition to clarifying the roles of external-
izing, social and internalizing pathways in the etiology of
AU and AUDs, our model begins to clarify the intricate
developmental interactions that occur between these
pathways. To oversimplify, genetic risk is often associated
with early environmental risk which together impact on
temperament. These three processes — genetics, environ-
ment and temperament — together substantially shape
the adolescent environment which, in combination with
these earlier risk factors, critically influences the proba-
bility of  heavy AU, which in turn strongly predicts
symptoms of AUDs.

Fifth, our findings well illustrate the complexity of the
pathway from genes to phenotypes. We know that some
specific genetic variants impact on risk for AU and AUDs

via classical ‘inside the skin’ pathways (Kendler, 2001) such
as alterations in liver alcohol metabolism, or interactions
between ethanol and specific brain receptor systems
(Mayfield et al., 2008). However, our model provides
strong evidence that ‘outside the skin’ pathways (Kendler,
2001) for gene action are also important in the etiology of
AUDs and include ‘classical’ environmental variables such
as household alcohol use, childhood abuse, church atten-
dance, and peer group deviance. Our results are also
consistent with studies of the children of alcoholics that
suggest the risk for future AUDs is partly mediated by
temperament (Sher, 1993).

Sixth, environmental factors were more potent influ-
ences on AU in late adolescence than on AUDs and the
opposite was seen for genetic effects. These results are
congruent with prior studies showing that genetic influ-
ences on substance use generally increase during
development while the impact of the shared environment
— reflecting social and familial factors — declines
(Bergen et al., 2007; Kendler et al., 2008; Koopmans et al.,
1997; Viken et al., 1999).

Finally, it is useful to note some consistency in results
from our study and those obtained from the two most
comparable prior reports of which we are aware. Guo et al.
studied 808 students and found that AUDs at age 21 were
positively predicted by a wide range of traits measured at
ages 10 to 16 including alcohol use, internalizing and
externalizing behaviors, delinquency, parental and peer
alcohol use, peer deviance, school misbehaviors, and nega-
tively predicted by family monitoring and school
involvement (Guo et al., 2001). Unfortunately, these vari-
ables were analyzed one at a time and their developmental
interrelationships were not examined.

Dubow et al. developed, in 856 individuals from an epi-
demiological sample, a path analytic model predicting AU
and AUD at ages 30 and 48 from assessments of 6 key vari-
ables at ages 8 and 19 (Dubow et al., 2008). Their single
externalizing measure — aggression — robustly predicted
AU and AUD while their single internalizing measure —
behavioral inhibition — was protective against both out-
comes. Neither negative family interactions at age 8 nor
depression at age 19 were predictive of alcohol outcomes.
Educational attainment directly and IQ indirectly were
predictive of AU at age 48 but not AUDs.

LIMITATIONS
These results should be interpreted in the context of six
potentially important methodologic limitations. First, our
results are dependent upon decisions we made about what
variables to include, how to arrange them into develop-
mental tiers, and whether to conceptualize relations
between variables as correlated, mediating, or causal. The
validity of the causal assumptions varies across our model.
Some of the intervariable relationships that we assume take
the form of A→B may be truly either A←B or, more likely,

Alcohol Use Disorders in Men

11TWIN RESEARCH AND HUMAN GENETICS FEBRUARY 2011

https://doi.org/10.1375/twin.14.1.1 Published online by Cambridge University Press

https://doi.org/10.1375/twin.14.1.1


A↔B, i.e., processes influencing each other over time.

Others — for example, the relationship between abuse in

childhood and low parental monitoring in adolescence —

are not likely to be causal but rather to result from other

variables, in this case level of parental care and attention.

Second, a number of variables were assessed by long-

term retrospective recall and may be subject to bias.

However, we did use a life-history method to collect most

of this data and an accumulating body of evidence indi-

cates that such methods, which reflect the structure of

autobiographical memory and promote sequential

retrieval within memory networks, improve the complete-

ness and accuracy of retrospective reports (Belli, 1998;

Cook et al., 2003; Freedman et al., 1988; Yoshihama et al.,

2002). Furthermore, we demonstrated good-to-excellent

reliability for many of our variables. Finally, our use of

information from three different interviews completed

over an 11-year interval may further reduce the impact of

correlated errors of recall.

Third, our model assumes that multiple independent

variables act additively and linearly in their impact on risk

for high levels of AU and AUDs. This is unlikely to be true.

For example, high levels of parental monitoring may

modify the impact of peer group deviance on alcohol

intake (Fletcher et al., 1995; Steinberg et al., 1994).

However, the possible interactions among our 17 variables

are too numerous to permit us to evaluate them systemati-

cally with any degree of statistical power.

Fourth, this sample consisted of adult white male twins

born in Virginia. With respect to the rates of alcohol use

and symptoms of AUDs, these twins are probably repre-

sentative of the general population (Kendler & Prescott,

2006). However, our results might differ in females or

males from other ethnic groups.

Fifth, our model probably underestimates the total

impact of genetic factors on the etiology of AUDs. Our

measure of genetic risk was indirect and we did not

include in our model the well known genetic influences on

key risk factors for AUD such as ADHD (Thapar et al.,

2005) and neuroticism (Loehlin, 1992).

Sixth, while extensive, the risk factors considered for

AU and symptoms of AUD were far from complete and

did not, for example, include specific genetic polymor-

phisms (Mayfield et al., 2008), intra-uterine alcohol

exposure (Spear & Molina, 2005), alcohol expectancies

(Sher et al., 2005), pro-social behaviors, (Guo et al., 2001)

or drinking motives (Cooper, 1994; Prescott et al., 2004).
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