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Abstract
Background—Alcohol consumption is influenced by specific genetic risk factors for alcohol use
disorders (AUDs), non-specific genetic risk factors for externalizing behaviors and various
environmental experiences. We have limited knowledge of how these risk factors inter-relate
through development.

Method—Retrospective assessments in 1796 adult male twins using a life history calendar of key
environmental exposures and alcohol consumption from early adolescence to mid-adulthood.
Analysis by linear mixed models.

Results—The importance of non-specific genetic risk factors on maximal alcohol consumption
rose rapidly in early to mid-adolescence, peaked at ages 15–17 years and then declined slowly.
Alcohol-specific genetic risk factors increased slowly in influence through mid-adulthood. We
detected robust evidence for environmental moderation of genetic effects on alcohol consumption
that was more pronounced in early and mid-adolescence than in later periods. Alcohol availability,
peer deviance and low prosocial behaviors showing the strongest moderation effects. More
interactions with environmental risk factors were seen for the non-specific externalizing disorder
risk than for specific genetic risk for AUDs.

Conclusions—The impact of specific and non-specific genetic influences on alcohol
consumption have different development trajectories. Genetic effects on alcohol use are more
pronounced when social constraints are minimized (e.g. low prosocial behaviors or parental
monitoring) or when the environment permits easy access to alcohol and/or encourages its use
(e.g. high alcohol availability or peer deviance). Gene–environment interactions influencing
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alcohol intake may be more robust at younger ages, indicating greater plasticity of genetic
influences early in the development of drinking patterns.
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Introduction
The risk for alcohol use disorders (AUDs) and high alcohol consumption are influenced by
genetic factors that are specific to alcohol (Kendler et al. 2003; Hicks et al. 2004;
Macgregor et al. 2009) and by a broader genetic susceptibility to externalizing disorders/
traits (Kendler et al. 2003; Hicks et al. 2004, 2007). We understand little, however, about
the etiologic role of these two classes of genetic risk factors on alcohol-related behaviors
across development. The first goal of this study was to examine the impact of specific and
non-specific alcohol-related genetic risk factors on alcohol consumption in males from late
childhood to mid-adulthood. This is a crucial time in the drinking history, as it is generally
during this period that alcohol is initiated and regular patterns of use established.

Environmental exposures can moderate the impact of genetic risk factors on a wide range of
psychopathology (Kendler & Eaves, 1986; Moffitt, 2005; Rutter et al. 2006), including
alcohol-related traits (Cloninger et al. 1981; Sigvardsson et al. 1996; Dick et al. 2001; Rose
et al. 2001; Martens et al. 2007; Viken et al. 2007). However, with a recent exception
(Hicks et al. 2009), such studies have typically explored one environmental exposure during
one developmental period. Therefore, the secondary goal of this study was to determine
whether, across adolescence, the impacts on alcohol consumption of (i) specific alcohol-
related genetic risk factors and (ii) non-specific externalizing genetic risk factors are
moderated by six relevant environmental exposures: alcohol availability, church attendance,
peer group deviance, prosocial behaviors, parental bonding, and parental monitoring. We
predicted that, during early adolescence, individuals at elevated genetic risk would be
particularly sensitive to environments, which can act either as social constraints on or social
triggers of alcohol consumption (Kendler, 2001; Shanahan & Hofer, 2005).

Method
This study used data from the third wave of interviews of adult male–male twin pairs from
the Virginia Adult Twin Study of Psychiatric and Substance Use Disorders (Kendler &
Prescott, 2006), and originally contained male–male and male–female twin pairs born
between 1940 and 1974. Initially, 6814 twins participated in the first wave of interviews
(MM1) (participation rate=72.4%). An 82.6% follow-up response rate was obtained for the
wave 2 interviews (MM2). The third interview wave (MM3) (1998–2004) was completed
solely with members of male–male twin pairs, with interviews completed by 1796 twins,
representing 75.1% of the entire cohort and 77.8% of those eligible (excluding those who
died and were lost to follow-up). Subjects were aged 24–62 years (mean age=40.3 years,
S.D.=9.0). The sample for the present analysis consisted of 469 monozygotic (MZ) and 287
dizygotic (DZ) twin pairs (including two triplet sets subdivided into all possible pairings)
and 290 twins whose co-twin did not participate.

Most subjects were interviewed by telephone. After a complete explanation of the research
protocol, verbal or signed informed consent was obtained before all interviews. This project
was approved by the Committee for the Conduct of Human Research at Virginia
Commonwealth University. Interviewers had a Master’s degree in a mental health-related
field or a Bachelor’s degree in this area and at least 2 years of clinical experience. Each
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member of a twin pair was always interviewed by a different interviewer. Zygosity was
determined by a combination of self-report measures, photographs and DNA polymorphisms
(Kendler et al. 2000).

Assessment
To improve accuracy of retrospective recall, we used a life history calendar interview
(Freedman et al. 1988) that assessed a range of relevant constructs for five age periods: 8–
11, 12–14, 15–17, 18–21, and 22–25 years. These periods were assessed sequentially after
the development of a calendar tracing major developmental events from ages 1–30 years.
Interviewers began each new period with specific memory prompts taken from events in the
calendar, thereby cuing the respondent into the relevant ‘memory files’. For variables
assessed at the MM3 interview, test–retest reliability was assessed from evaluations of 141
subjects interviewed an average of 29 days apart.

Genetic risk for AUDs 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). The
contribution of each measure to the total AUD risk was based on a modified ridit score,
which is useful for combining scores from binary and ordinal variables with different
numbers of levels and different prevalence rates. Each ordinal level is assigned a score that
would be the middle score for that level on a uniform distribution of 0–1. For example, an
ordinal variable with prevalence rates of 40, 30, 20 and 10% (0–40, 40–70, 70–90 and 90–
100%) would be scored 0.20, 0.55, 0.80 and 0.95 respectively. Scores from the MZ co-twins
were unmodified from the 0–1 scale whereas scores from the DZ co-twins and parents were
adjusted half way back to the mean score of 0.5 (thus based on a uniform distribution on
0.25–0.75) to reflect the fact that MZ twins are twice as similar genetically as DZ twin or
parent–offspring pairs. In effect, this results in scores from MZ co-twins being weighted
twice as strongly as scores from DZ co-twins or parents.

The genetic risk for externalizing disorders was a composite measure of the co-twin self-
report symptoms of DSM-IV conduct disorder (obtained at MM1 and MM2) and antisocial
personality disorder (MM2) (APA, 1994), and twin report of antisocial personality disorder
in their co-twin and father using Family History-Research Diagnostic Criteria (Muffler et al.
1991) (MM2). The contribution of each measure to the total genetic risk for externalizing
disorders was based on the modified ridit score as described above. The product-moment
correlation between our measures of the genetic risk for AUDs and for externalizing
disorders was +0.39.

Church attendance was measured by the response 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 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’. Test–
retest reliability, as assessed by the intraclass correlation coefficient (ICC), of this variable
for these two time periods was +0.77 and +0.83 respectively.

Parental monitoring was assessed as the sum of three items asked (MM3) for ages 12–14
and 15–17 based on previous work examining parental effects on risk of drug use and
delinquency (Steinberg et al. 1994; Kerr & Stattin, 2000): 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. Response options were they ‘didn’t know’, ‘knew a little’ or ‘knew a lot’. Reliability
(ICC) of this variable for these two time periods was +0.75 and +0.80 respectively.
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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 12–14,
15–17, 18–21 and 22–25, who were engaged in a range of deviant behaviors (MM3) (see
Kendler et al. 2007 for details). Test–retest reliability (ICC) was, for the four age groups,
+0.75, +0.81, +0.78 and +0.73 respectively. Alcohol availability was assessed by a single
item from the Monitoring the Future study (Johnston et al. 1982), which asked subjects at
ages 12–14, 15–17 and 18–21, on a four-point scale, how easy it would have been to get
alcohol if they wanted to use it. Reliability (ICC) of this item at these three time periods was
+0.65, +0.70 and +0.62 respectively.

Parent–child bonding was assessed by the sum of two items asking for the average
frequency of ‘unpleasant disagreements or conflicts’ (reverse coded) separately with mother
and with father and the overall emotional closeness felt between the subject and his mother
and father at ages 12–14 and 15–17. Reliability (ICC) of this assessment at both time
periods equaled +0.83.

Prosocial behavior was assessed at ages 12–14 and 15–17 by the sum of responses to four
items assessing frequency of participation in ‘organized sports activities’, ‘school activities
like clubs and bands’, ‘community activities like YMCA and scouting’ and ‘church
activities like Sunday school or a church youth group’. Reliability (ICC) of this variable at
these two time periods equaled +0.88 and +0.89 respectively.

Church attendance, parental monitoring, parent–child bonding and prosocial behaviors were
all measured up to age 17 and most subjects were living in the home of origin. Alcohol
availability was assessed up to age 21 when it becomes legally available. Only peer deviance
could be meaningfully assessed up to age 25.

Following the methods of Cohen et al. (2003), the actual calendar completed with the
subjects contained columns for each year of the subject’s life. The first rows, completed
early in the interview, documented key changes in living situation in addition to major
educational, employment and interpersonal mile-stones. Toward the end of the interview,
after completion of drug sections assessing standard questions about age at first use,
maximal lifetime use and symptoms of abuse and dependence, we returned to the calendar.
For alcohol, we asked subjects, starting with the age at which they reported using alcohol,
the average number of times per month they consumed alcohol and the average number of
drinks they consumed per day when drinking. We defined a drink as ‘one bottle of beer, one
glass of wine or one shot of liquor’. We then moved forward in time year by year up to their
present age, asking if their drinking patterns had changed and, if so, asked them to document
the new pattern. 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’. The test–retest reliability of our assessments of average monthly alcohol
consumption (calculated as the product of the average number of days per month of drinking
and the average number of drinks per day when drinking) has been presented in detail
elsewhere (Kendler et al. 2008, Fig. 2) and exceeded +0.85 for the time period considered
here. The key dependent variable for our analyses was the maximum reported yearly alcohol
use for each of the age periods examined.

Statistical analysis
The original distribution of the alcohol use data was highly right skewed. We explore
possible optimal Box–Cox transformations in PROC TRANSREG in SAS (SAS Institute,
2008). The results indicated that a log transformation was optimal at stabilizing the variance
(i.e. minimizing heteroscedasticity).
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As the residual correlation within twin pairs was substantial and stronger in MZ twin pairs,
regression models were run as hierarchical linear models using PROC MIXED in SAS (SAS
Institute, 2008), with twin pairs and individuals within twin pairs being treated as separate
levels. Random intercepts were used to estimate family-level variance components. Both the
family-level variance and residual variance were estimated separately for MZ and DZ twin
pairs. This yields parameter estimates and test statistics for regression coefficients that are
adjusted for the residual ICCs for MZ and DZ twins. All explanatory variables were grand
mean centered.

Models for dichotomous outcomes were performed as relative risk regressions using a quasi-
likelihood approach in SAS PROC GENMOD (SAS Institute, 2008). The predicted outcome
was p (the probability of being a drinker) while the residual variance was allowed to be
heteroscedastic, estimated as p/(1 − p). Predicted outcomes were constrained to lie in the
interval (0,1).

Results
Developmental effects of two forms of genetic risk

The relationship between genetic risk for AUDs (GR-AUD) and genetic risk for
externalizing disorders (GR-ExtD) and maximal alcohol consumption over development are
depicted in Fig. 1. For GR-ExtD, the regression coefficient begins at +0.10 at ages 12–14,
rises rapidly to +0.21 at ages 15–17, and then declines slowly to +0.15 at ages 26–33. The
pattern is somewhat different for GR-AUD, which also starts at a relatively low value at
ages 12–14 (+0.09) and then rises first quickly and then more slowly (aside from an
anomalous dip at ages 26–29), reaching a peak value of +0.20 at ages 30–33.

Prediction of alcohol intake from genetic and environmental risks and their interaction
Table 1 presents the results of hierarchical linear regression models predicting maximal
normalized levels of alcohol consumption across four age periods from the main effects of
GR-AUD and GR-ExtD, the main effects of the specified environmental risk factors and the
interaction between them. For ages 12–14, each of the environmental risk factors
significantly predicted alcohol consumption, with peer group deviance having the strongest
effect followed by low parental monitoring and alcohol availability. Low church attendance
had the weakest effect. Strong interactions were seen between both GR-AUD and GR-ExtD
and peer group deviance and alcohol availability. A strong interaction in the prediction of
alcohol consumption was also seen between low prosocial behavior and GR-ExtD and a
weaker interaction was evident with GR-AUD. Low parental monitoring interacted with
GR-ExtD but not GR-AUD in the prediction of alcohol intake.

The main effects on maximal alcohol consumption of all of the environmental risk factors
increased substantially in strength from ages 12–14 to ages 15–17, as did the effects of both
GR-AUD and GR-ExtD. The pattern of interactions remained relatively similar to that seen
at ages 12–14 except that the weaker interactions between GR-AUD and low prosocial
behavior, and between GR-Ext and low parental monitoring, disappeared. Our
environmental measures were much more limited at ages 18–21 and 22–25 when most of the
twins had moved out of the home. Despite strong main effects of alcohol availability and
peer group deviance on alcohol consumption at these ages, no gene×environment
interactions were observed.

We illustrate three different patterns of genotype–environment interaction, all at ages 12–14,
in our analyses in Figs 2–4. Fig. 2 depicts the interaction of GR-ExtD and alcohol
availability. The maximal monthly intake of alcohol over this age period increased with
increasing levels of genetic risk at all levels of alcohol availability. However, at low levels
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of availability, the increase was fairly modest whereas at high levels the increase was much
stronger. Fig. 3 shows the interaction of GR-AUD and peer group deviance in the prediction
of maximal alcohol consumption. At low levels of peer deviance, genetic risk had no
effective impact on the level of alcohol consumption. By contrast, at high levels of peer
deviance, levels of alcohol consumption were strongly related to level of genetic risk. Fig. 4
depicts the results for the interaction of GR-ExtD and prosocial behaviors. At low levels of
genetic risk, alcohol consumption was low and unrelated to level of prosocial behaviors.
However, as the level of genetic risk for externalizing disorders increased, there was a
greater effect of involvement in prosocial behavior.

Discussion
The first goal of this study was to examine developmentally the impact of two different
classes of genetic risk factors on alcohol consumption: those specific to risk for AUDs and
those reflecting a more general liability to externalizing disorders. We found a temporal
progression in their effects. The non-specific genetic risk factors rose rapidly in importance
in early to mid-adolescence, peaking in influence at ages 15–17 and then declining gradually
in impact from late adolescence onward. By contrast, the alcohol-specific risk factors did not
have maximal impact on alcohol consumption until ages 30–33. These results suggest that,
in early adolescence, genetic influences on alcohol intake are preponderantly non-specific
and may reflect a more general picture of largely adolescent-limited externalizing behaviors
(Moffitt, 1993; Moffitt et al. 2002). However, the specific genetic risk factors become more
important than non-specific influences in early to mid-adulthood, a typical time for the onset
of serious alcohol problems (Schuckit et al. 1995). These results provide a good example of
genetic and developmental equifinality (Cicchetti & Rogosch, 1996) in which the same
phenotype at different developmental stages can be influenced by different combinations of
distinct genetic risk factors.

These results also provide potential developmental insight into the etiology of alcohol
dependence. Given that heavy alcohol exposure is a necessary precondition to the
development of dependence (Koob & Le Moal, 2006), our findings suggest two potential
path-ways by which genes influence the development of dependence: an early onset path
driven in part by high genetic risk to externalizing disorders and a later onset path influenced
largely by genetic risk factors more specific to alcohol disorders. These two path-ways to
alcohol dependence are broadly analogous to several prior influential subtyping systems for
alcoholism in postulating early versus late onset forms of illness, with the former
demonstrating more prominent externalizing symptoms than the latter (Cloninger et al.
1981; Babor & Dolinsky, 1988; Babor et al. 1992).

The second aim of this study was to explore environmental moderation of genetic effects on
alcohol consumption. These analyses yielded three particularly noteworthy results. First,
environmental moderation of genetic effects was much more pronounced in early and mid-
adolescence than in later periods. Genetic effects on alcohol use seem to be much more
environmentally sensitive at this early developmental stage. As use patterns become more
established, genetic effects may become less flexible and open to environmental moderation.
These results have obvious implications for prevention efforts. Environmental interventions
that occur in adolescence might be capable of substantially attenuating the effect of high
genetic risk. Similar interventions in early to mid-adulthood may be much less efficacious as
the system has become more developmentally canalized.

Second, somewhat more interactions with environmental risk factors were detected for GR-
ExtD than for GR-AUD. This would suggest that the genetic vulnerability for externalizing
disorder is more environmentally malleable than the genetic risks for AUDs. This finding is

Kendler et al. Page 6

Psychol Med. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



broadly consistent with the large literature that emphasizes the strong role of social–
environmental factors in the etiology of externalizing disorders (e.g. Thornberry et al. 1993;
Dishion et al. 1995; Hawkins et al. 1998; Farrington, 2005; Granic & Patterson, 2006).

Third, our findings are congruent with prior studies in suggesting that when significant
gene×environment interaction effects are found, they show genetic effects on alcohol use to
increase when social constraints are minimized (e.g. low parental monitoring, low prosocial
behaviors and low parental bonding), or when the environment permits easy access to
alcohol and/or encourages its use (e.g. high alcohol availability or high peer deviance)
(Kendler, 2001; Shanahan & Hofer, 2005). For example, previous twin studies have
demonstrated that genetic influences on adolescent substance use and externalizing behavior
are magnified under conditions of lower parental monitoring (Dick et al. 2007b) and higher
peer substance use/deviance (Button et al. 2007; Dick et al. 2007a). More recently, this has
also been demonstrated with respect to specific genes, showing stronger genetic effects in
the presence of lower parental monitoring (Dick et al. 2009) and higher peer deviance
(Latendresse et al., unpublished observations).

Limitations
These results should be interpreted in the context of seven potentially important
methodological limitations. First, we used regression rather than structural equal modeling
in our analyses. We used regression models because they allowed us to easily incorporate
data on parental psychopathology in our measures of genetic risk and because of their
greater simplicity, flexibility and ease of interpretation. However, as we have used them,
they are less precise in their ability to separate genetic from familial environment effects.
Our measures of genetic risk could include environmental parental influences, although a
prior study from this cohort showed no evidence of environmental transmission of risk for
AUDs from parents to children (Kendler et al. 1994). In constructing our measures of
genetic risk, we weighted contributions from MZ twins twice as strongly as from DZ twins,
thereby protecting ourselves from any shared environmental influences ‘leaking into’ our
measures of genetic risk.

Second, the assessment of interactions can be sensitive to the distributional properties of the
dependent variable, here alcohol consumption. The major problem is heteroscadasticity,
which can produce overly influential data points, typically as the high end of a rightward
skewed distribution. We explored optimal transformations of our data to minimize
heteroscadasticity, and the logarithmic transformation, a standard approach in the analysis of
alcohol intake (Viken et al. 2007), performed best.

Third, we were concerned about the degree to which our interactions resulted from the
prediction of drinking versus not drinking versus the quantity of alcohol consumed given
drinking. We explored this question for the ages 12–14 and 15–17 where we observed our
interactions. At ages 12–14, most but not all of the interactions resulted from the drinker–
non-drinker dichotomy (analyzed on a scale of direct probability using a quasi-likelihood
approach, not by logistic regression). At ages 15–17, approximately equal proportions of the
interaction arose from the drinker–non-drinker dichotomy and from the quantity consumed
among drinkers. A substantial rise in levels of alcohol use from ages 12–14 to ages 15–17
(Fig. 1) probably contributed to greater power to observe interactions in the quantity of
alcohol consumed at the later age.

Fourth, despite its flexibility, our regression model does not allow us to unconfound the
effects of gene– environment interaction and gene–environment correlation. We know, for
example, that the two exposures that had the most robust evidence for interaction – alcohol
availability and peer group deviance – both have heritable components (Gillespie et al.
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2007; Kendler et al. 2007). Perhaps the observed interaction with GR-ExtD and GR-AUD in
the prediction of alcohol consumption results in part or entirely from genetic correlations
between these variables. However, the pattern of our findings argues strongly against such
an interpretation. For example, the genetic influences on both alcohol availability and peer
deviance are considerably stronger at ages 18–21 than at ages 12–14 (Gillespie et al. 2007;
Kendler et al. 2007). If our evidence for gene–environment interaction resulted from genetic
effects on these variables, we would expect stronger evidence for interactions at ages 18–21
than at ages 12–14. However, the observed pattern is exactly the opposite.

Fifth, a quarter of the eligible twins for this study did not participate. Might this have biased
our findings? Using data collected at the second interview wave, a multiple logistic
regression analysis showed participation in the third wave to be strongly predicted by
educational status but not by age, zygosity, level of alcohol use or alcohol abuse/
dependence, or by several DSM-IV adult antisocial symptoms. With respect to vulnerability
to the alcohol and externalizing symptoms, this sample was likely to be broadly
representative of the original twin cohort.

Sixth, no formal corrections were made for multiple testing. However, each of the variables
chosen in our analysis has strong prior evidence of an association with alcohol consumption.
The pattern of findings is not consistent with stochastic effects, although it is always
possible that a few of our significant results arose from chance.

Seventh, information on our environmental risk factors and alcohol intake were collected
retrospectively from adults. Some of our findings could arise solely from retrospective recall
bias. For example, subjects may exaggerate the resemblance between their own level of
deviant behavior and that of their peers. However, we consider it unlikely that such biases
would produce the major findings in this study. In particular, it is difficult to construct a
plausible pattern of recall bias that would result in our pattern of interactions. We
demonstrated excellent test–retest reliability for our measures. Furthermore, we used a life
history calendar in our assessments. This method, designed to capitalize on the structure of
autobiographical memory and promote sequential retrieval within memory networks, has
been shown to improve substantially the completeness and accuracy of retrospective recall
(Freedman et al. 1988; Belli, 1998; Yoshihama et al. 2002; Cook et al. 2003).
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Fig. 1.
The strength of association, operationalized as a regression coefficient, between the genetic
risk for alcohol use disorders (- -■- -; GR-AUD) and the genetic risk for externalizing
disorders (–▲–, GR-ExtD) and maximal alcohol consumption as a function of age. For GR-
AUD, all of these regression coefficients are significant at p<0.0001. For GR-ExtD, the
regression coefficients for ages 12–14, 15–17, 18–21 and 22–25 are all significant at
p<0.0001 and are significant at p=0.006 for ages 26–29 and p=0.001 for ages 30–33.
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Fig. 2.
The prediction of the maximal yearly alcohol consumption from ages 12–14, as measured by
standardized monthly intake, by the genetic risk for externalizing disorders (Ext Dis),
alcohol availability (Alc Avl) and their interaction. The results, from the best-fit regression
model with parameter estimates as outlined in Table 1, are depicted for three hypothetical
individuals with a moderately high level of alcohol availability [–●–, values 1 standard
deviation (S.D.) above the mean], an average level of alcohol availability (– –■– –, mean
value) and a moderately low level of alcohol availability (- -▲- -, values 1 S.D. below the
mean). Maximal yearly alcohol consumption is expressed by the average monthly alcohol
consumption in that year, standardized so that, at the mean level of genetic risk and the
mean level of alcohol availability, the score is approximately zero. The y-axis then depicts
this mean score in standard deviation units.
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Fig. 3.
The prediction of the maximal yearly alcohol consumption from ages 12–14, as measured by
standardized monthly intake, by the genetic risk for alcohol use disorders (AUD), peer group
deviance (PGD) and their interaction. The results, from the best-fit regression model with
parameter estimates as outlined in Table 1, are depicted for three hypothetical individuals
with moderately high peer group deviance [–●–, values 1 standard deviation (S.D.) above
the mean], an average level of peer group deviance (– –■– –, mean value) and a moderately
low level of peer group deviance (- -▲- -, values 1 S.D. below the mean).
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Fig. 4.
The prediction of the maximal yearly alcohol consumption from ages 12–14, as measured by
standardized monthly intake, by the genetic risk for externalizing disorders (Ext Dis), level
of prosocial activities (LPSA), reverse coded, and their interaction. The results, from the
best-fit regression model with parameter estimates as outlined in Table 1, are depicted for
three hypothetical individuals with a moderately low levels of prosocial activities [–●–,
values 1 standard deviation (S.D.) above the mean], an average level of prosocial activities
(– –■– –, mean value) and a moderately high level of prosocial activities (- -▲- -, values 1
S.D. below the mean).

Kendler et al. Page 15

Psychol Med. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kendler et al. Page 16

Ta
bl

e 
1

Pr
ed

ic
tio

n 
of

 m
ax

im
al

 a
lc

oh
ol

 c
on

su
m

pt
io

n 
fr

om
 a

ge
s 1

2 
to

 2
5 

ye
ar

s f
ro

m
 e

nv
iro

nm
en

ta
l r

is
k 

fa
ct

or
s, 

sp
ec

ifi
c 

an
d 

no
n-

sp
ec

ifi
c 

ge
ne

tic
 ri

sk
 fa

ct
or

s a
nd

th
ei

r i
nt

er
ac

tio
n

A
ge

 r
an

ge
 (y

ea
rs

)
E

nv
ir

on
m

en
ta

l r
is

k

M
ai

n 
ef

fe
ct

s (
w

ith
 9

5%
 C

Is
)

In
te

ra
ct

io
ns

 (w
ith

 9
5%

 C
Is

)

E
nv

ir
on

m
en

ta
l r

is
k

G
R

-A
U

D
G

R
-E

xt
D

G
R

-A
U

D
G

R
-E

xt
D

12
–1

4
N

on
e

–
+0

.0
8*

**
*  

(0
.0

5–
0.

12
)

+0
.1

0*
**

*  
(0

.0
6–

0.
13

)
–

–

A
lc

oh
ol

 a
va

ila
bi

lit
y

+0
.1

1*
**

*  
(0

.0
8–

0.
14

)
+0

.0
8*

**
*  

(0
.0

4–
0.

11
)

+0
.0

8*
**

*  
(0

.0
5–

0.
12

)
+0

.0
8*

**
*  

(0
.0

5–
0.

11
)

+0
.0

8*
**

*  
(0

.0
5–

0.
11

)

Lo
w

 c
hu

rc
h 

at
te

nd
an

ce
+0

.0
6*

**
 (0

.0
3–

0.
09

)
+0

.0
8*

**
*  

(0
.0

5–
0.

12
)

+0
.0

9*
**

*  
(0

.0
6–

0.
12

)
+0

.0
1 

(−
0.

02
 to

 0
.0

4)
+0

.0
3 

(−
0.

00
 to

 0
.0

6)

Pe
er

 g
ro

up
 d

ev
ia

nc
e

+0
.2

2*
**

*  
(0

.1
9–

0.
25

)
+0

.0
7*

**
*  

(0
.0

4–
0.

10
)

+0
.0

4*
 (0

.0
1–

0.
07

)
+0

.0
8*

**
*  

(0
.0

5–
0.

11
)

+0
.0

9*
**

*  
(0

.0
6–

0.
11

)

Lo
w

 p
ro

so
ci

al
 b

eh
av

io
rs

+0
.0

7*
**

*  
(0

.0
4–

0.
10

)
+0

.0
8*

**
*  

(0
.0

5–
0.

12
)

+0
.0

9*
**

*  
(0

.0
5–

0.
12

)
+0

.0
3*

 (0
.0

0–
0.

06
)

+0
.0

7*
**

*  
(0

.0
4–

0.
10

)

Lo
w

 p
ar

en
ta

l b
on

di
ng

+0
.0

9*
**

*  
(0

.0
5–

0.
12

)
+0

.0
8*

**
*  

(0
.0

5–
0.

11
)

+0
.0

8*
**

*  
(0

.0
5–

0.
12

)
+0

.0
2 

(−
0.

01
 to

 0
.0

5)
+0

.0
2 

(−
0.

01
 to

 0
.0

5)

Lo
w

 p
ar

en
ta

l m
on

ito
rin

g
+0

.1
4*

**
*  

(0
.1

1–
0.

17
)

+0
.0

7*
**

*  
(0

.0
4–

0.
11

)
+0

.0
6*

**
 (0

.0
3–

0.
10

)
+0

.0
2 

(−
0.

01
 to

 0
.0

5)
+0

.0
5*

**
 (0

.0
2–

0.
08

)

15
–1

7
N

on
e

–
+0

.1
7*

**
*  

(0
.1

0–
0.

24
)

+0
.2

1*
**

*  
(0

.1
4–

0.
28

)
–

–

A
lc

oh
ol

 a
va

ila
bi

lit
y

+0
.3

2*
**

*  
(0

.2
6–

0.
39

)
+0

.1
5*

**
*  

(0
.0

8–
0.

22
)

+0
.1

9*
**

*  
(0

.1
2–

0.
26

)
+0

.0
7*

 (0
.0

0–
0.

13
)

+0
.1

1*
*  

(0
.0

4–
0.

17
)

Lo
w

 c
hu

rc
h 

at
te

nd
an

ce
+0

.2
4*

**
*  

(0
.1

7–
0.

31
)

+0
.1

6*
**

*  
(0

.0
9–

0.
23

)
+0

.1
7*

**
*  

(0
.1

0–
0.

24
)

−
0.

04
 (
−

0.
10

 to
 0

.0
2)

+0
.0

4 
(−

0.
03

 to
 0

.1
0)

Pe
er

 g
ro

up
 d

ev
ia

nc
e

+0
.5

7*
**

*  
(0

.5
1–

0.
63

)
+0

.1
3*

*  
(0

.0
4–

0.
17

)
+0

.0
9*

**
 (0

.0
3–

0.
16

)
+0

.0
6*

 (0
.0

0–
0.

11
)

+0
.0

6*
 (0

.0
1–

0.
12

)

Lo
w

 p
ro

so
ci

al
 b

eh
av

io
rs

+0
.1

9*
**

 (0
.1

2–
0.

25
)

+0
.1

6*
**

*  
(0

.0
9–

0.
23

)
+0

.1
8*

**
*  

(0
.1

0–
0.

25
)

+0
.0

4 
(−

0.
02

 to
 0

.1
0)

+0
.0

8*
*  

(0
.0

2–
0.

14
)

Lo
w

 p
ar

en
ta

l b
on

di
ng

+0
.2

0*
**

*  
(0

.1
3–

0.
26

)
+0

.1
5*

**
*  

(0
.0

8–
0.

22
)

+0
.1

8*
**

*  
(0

.1
1–

0.
25

)
+0

.0
4 

(−
0.

02
 to

 0
.1

0)
−
0.

01
 (
−

0.
08

 to
 0

.0
5)

Lo
w

 p
ar

en
ta

l m
on

ito
rin

g
+0

.4
1*

**
*  

(0
.3

5–
0.

48
)

+0
.1

5*
**

*  
(0

.0
9–

0.
22

)
+0

.1
3*

**
 (0

.0
6–

0.
20

)
0.

03
 (−

0.
02

 to
 0

.0
9)

−
0.

00
 (
−

0.
06

 to
 0

.0
5)

18
–2

1
N

on
e

–
+0

.1
8*

**
*  

(0
.1

0–
0.

27
)

+0
.2

0*
**

*  
(0

.1
1–

0.
28

)
–

–

A
lc

oh
ol

 a
va

ila
bi

lit
y

+0
.3

2*
**

*  
(0

.2
5–

0.
39

)
+0

.1
8*

**
*  

(0
.1

0–
0.

26
)

+0
.2

2*
**

*  
(0

.1
3–

0.
30

)
−
0.

02
 (
−

0.
11

 to
 0

.0
7)

+0
.0

1 
(−

0.
06

 to
 0

.0
8)

Pe
er

 g
ro

up
 d

ev
ia

nc
e

+0
.7

1*
**

*  
(0

.6
3–

0.
78

)
+0

.1
5*

**
*  

(0
.0

8–
0.

23
)

+0
.0

6 
(−

0.
02

 to
 0

.1
4)

−
0.

05
 (
−

0.
12

 to
 0

.0
2)

−
0.

05
 (
−

0.
11

 to
 0

.0
2)

22
–2

5
N

on
e

–
+0

.1
9*

**
*  

(0
.1

0–
0.

27
)

+0
.1

8*
**

*  
(0

.0
9–

0.
27

)
–

–

Pe
er

 g
ro

up
 d

ev
ia

nc
e

+0
.8

2*
**

*  
(0

.7
4–

0.
89

)
+0

.1
4*

**
 (0

.0
7–

0.
22

)
+0

.0
1 

(−
0.

07
 to

 0
.0

9)
+0

.0
1 

(−
0.

06
 to

 0
.0

7)
−
0.

06
 (
−

0.
12

 to
 0

.0
1)

C
I, 

C
on

fid
en

ce
 in

te
rv

al
; G

R
-A

U
D

, g
en

et
ic

 ri
sk

 fo
r a

lc
oh

ol
 u

se
 d

is
or

de
rs

; G
R

-E
xt

D
, g

en
et

ic
 ri

sk
 fo

r e
xt

er
na

liz
in

g 
di

so
rd

er
s.

Th
e 

fir
st

 th
re

e 
co

lu
m

ns
 o

f t
he

 re
su

lts
 in

 th
is

 ta
bl

e 
de

pi
ct

 th
e 

m
ai

n 
ef

fe
ct

s o
f t

he
 sp

ec
ifi

c 
en

vi
ro

nm
en

ta
l r

is
k 

fa
ct

or
 e

xa
m

in
ed

 a
nd

 o
ur

 tw
o 

ge
ne

tic
 ri

sk
 fa

ct
or

s:
 G

R
-A

U
D

 a
nd

 G
R

-E
xt

D
. T

he
se

 m
ai

n 
ef

fe
ct

s a
re

ca
lc

ul
at

ed
 w

ith
ou

t t
he

 p
re

se
nc

e 
of

 in
te

ra
ct

io
ns

. I
n 

th
e 

la
st

 tw
o 

co
lu

m
ns

, w
e 

de
pi

ct
 th

e 
in

te
ra

ct
io

ns
 b

et
w

ee
n 

th
e 

sp
ec

ifi
c 

en
vi

ro
nm

en
ta

l r
is

k 
fa

ct
or

s a
nd

 G
R

-A
U

D
 a

nd
 G

R
-E

xt
D

. T
he

se
 in

te
ra

ct
io

ns
, a

lo
ng

w
ith

 a
ll 

th
e 

m
ai

n 
ef

fe
ct

s, 
w

er
e 

ru
n 

se
pa

ra
te

ly
.

Psychol Med. Author manuscript; available in PMC 2012 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kendler et al. Page 17
* p<

0.
05

,

**
p<

0.
01

,

**
* p<

0.
00

1,

**
**

p<
0.

00
01

.

Psychol Med. Author manuscript; available in PMC 2012 July 1.


