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Abstract

Background—Both alcohol-specific genetic factors and genetic factors related to externalizing
behavior influence problematic alcohol use. Little is known, however, about the etiologic role of
these two components of genetic risk on alcohol-related behaviors across development. Prior
studies conducted in a male cohort of twins suggest that externalizing genetic factors are important
for predicting heavy alcohol use in adolescence, whereas alcohol-specific genetic factors increase
in importance during the transition to adulthood. In this report, we studied twin brothers and
sisters and brother-sister twin pairs to examine such developmental trajectories and investigate
whether sex and co-twin sex effects modify these genetic influences.

Methods—We used prospective, longitudinal twin data collected between ages 12 and 22 within
the population-based FinnTwin12 cohort study (analytic n=1,864). Our dependent measures of
alcohol use behaviors included alcohol initiation (age 12), intoxication frequency (ages 14 and
17), and alcohol dependence criteria (age 22). Each individual’s genetic risk for alcohol use
disorders (AUD-GR) was indexed by his/her parents’ and co-twin’s DSM-1V Alcohol Dependence
(AD) criterion counts. Likewise, each individual’s genetic risk for externalizing disorders (EXT-
GR) was indexed with a composite measure of parents’ and co-twin’s DSM-IV Conduct Disorder
and Antisocial Personality Disorder criterion counts.

Results—EXT-GR was most strongly related to alcohol use behaviors during adolescence while
AUD-GR was most strongly related to alcohol problems in young adulthood. Further, sex of the
twin and sex of the co-twin significantly moderated the associations between genetic risk and
alcohol use behaviors across development: AUD-GR influenced early adolescent alcohol use
behaviors in females more than in males, and EXT-GR influenced age 22 AD more in males than
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in females. In addition, the associations of AUD-GR and EXT-GR with intoxication frequency
were greater among 14 and 17 year old females with twin brothers.

Conclusions—We found divergent developmental trajectories for alcohol-specific and
externalizing behavior-related genetic influences on alcohol use behaviors; in early adolescence,
genetic influences on alcohol use behaviors are largely non-specific, and later in adolescence and
young adulthood, alcohol specific genetic influences on alcohol use are more influential.
Importantly, within these overall trajectories, several interesting sex differences emerged. We
found that the relationship between genetic risk and problematic drinking across development is
moderated by the individual’s sex and his/her co-twin’s sex. AUD-GR influenced adolescent
alcohol outcomes in females more than in males and by age 22, EXT-GR influenced AD criteria
more for males than females. In addition, the association between genetic risk and intoxication
frequency was greater among 14 and 17 year old females with male co-twins.

Keywords
Developmental Twin study; Adolescence; Sex Differences; Alcohol Dependence; Externalizing

Introduction

Adolescence is typically the period of development when alcohol use is initiated and regular
patterns of use are established (Swendsen et al., 2012). This period is characterized by rapid
transitions in the degree to which individual differences in alcohol use is attributed to
genetic or environmental factors, with environmental factors predominating in early
adolescence, while genetic factors increase in importance over time (Dick et al. 2007;
Kendler et al. 2008; Viken et al. 1999). Both alcohol-specific genetic factors (Kendler et al.
2007; Kendler et al. 2003; Macgregor et al. 2009; Hicks et al. 2004) and non-specific
genetic factors that impact general externalizing behavior influence alcohol consumption
and the risk for developing alcohol use disorders across adolescence into adulthood (Kendler
et al. 2003; Krueger et al. 2002; Hicks et al. 2004). Although there is a substantial literature
on the genetic influences on externalizing disorders in adolescence (Stallings et al. 2005;
Stephens et al. 2012; Dick et al. 2009) and a separate literature on the genetic influences on
alcohol use disorders in adulthood (Rietschel and Treutlein, 2013), little is known about the
etiologic role of these two types of genetic risk on alcohol-related behaviors across
development.

In a male cohort of the Virginia Adult Twin Study of Psychiatric and Substance Use
Disorders (Kendler et al. 2006), Kendler and colleagues examined the influence of the two
components of genetic risk across development (Kendler et al. 2011). Using retrospective
reports of alcohol use across the lifespan, these authors found that the importance of non-
specific genetic factors related to externalizing behavior in maximal alcohol consumption is
greatest during early to mid-adolescence, peaking at ages 15-17 years and then declining
slowly towards adulthood. In contrast, the influence of alcohol-specific genetic factors
increased slowly through mid-adulthood. However, several important questions regarding
the depth and limitations of these effects remain.
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The first of these unanswered questions concerns potential sex differences. Rates of
problematic drinking behavior are typically greater in males (Kendler et al. 2007), and exist
even when rates of alcohol use do not differ between sexes. In related research, studies have
reported sex differences in alcoholic subtypes, reporting an excess of women in internalizing
subtypes and an excess of men in externalizing subtypes (Carpenter and Hasin, 2001;
Epstein et al., 2002; Moss et al., 2007). Whether there are sex differences in the genetic
influences on alcohol use disorders across development is less clear since studies conducted
on one sex, or that examine mean levels of drinking collapsed across sexes, may mask these
effects. Second, the men in Kendler’s study made retrospective reports of their past drinking
at a mean age of 40. Several studies suggest that there are important recall biases in self-
reports of past drinking behavior (Engels et al. 1997.; Labouvie et al. 1997). Accordingly,
examining these effects with prospective alcohol use data would circumvent the recall
biases. Third, previous studies have also indicated that other aspects of familial
transmission, including sibling relationships (Penninkilampi-Kerola et al., 2005) may
modulate genetic influences on alcohol use behaviors, particularly in adolescence.
Integrating these non-genetic family dynamics into models examining genetic risk for
problematic alcohol use may elucidate important differences among those with same sex and
opposite sex co-twins.

Finally, drinking cultures and related alcohol-control policies vary greatly both between and
within countries, as well as over time. Thus, while overall rates of drinking problems are
similar in Finland and the United States, there are important differences in drinking culture,
and age of legal drinking (Bloomfield et al., 2010; Helasoja et al., 2007) which may impact
how strongly genetic predispositions are expressed.

In the present study, we expanded the previous findings from Kendler et al. (2010) using
longitudinal Finnish twin data from the population-based FinnTwin12 cohort study. First, we
sought to replicate previous findings in examining the impact of alcohol-specific and non-
specific (general externalizing) genetic factors on alcohol use behaviors from early
adolescence (age 12) through early adulthood (age 22) using prospective reports in both
male and female twins from same-sex and opposite-sex twin pairs. However, our main goal
was to extend this work by examining whether the influence of genetic risk for alcohol use
behaviors was moderated by sex of the twin, given sex differences documented across
alcohol use behaviors. Finally, our third goal was to examine whether the sex of the co-twin
impacted genetic risk for alcohol use behaviors across development.

FinnTwin12 is a population based, longitudinal study that has followed five consecutive
birth cohorts of twins born 1983-1987 identified through Finland’s central population
registry (n = 5,600 twins and 5,000 of their parents). The study was initially designed to
examine genetic and environmental influences on health-related behaviors. Baseline
questionnaire data were collected on twins just prior to their 12th birthdays. The twins were
followed-up at ages 14.2, 17.5 years, and most recently at 22.2 years, on average (hereafter
referred to as 14, 17, and 22 years). Zygosity was determined using a well-validated

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Meyers et al.

Measures

Procedure

Page 4

questionnaire completed by both co-twins and their parent(s) at baseline (Rose et al. 2001)
and later by DNA confirmation. Zygosity confirmation by genetic markers at wave four (age
22) revealed that 97% of same-sex pairs retained their original questionnaire zygosity
classification (Knaapila et al., 2011).

Nested within this epidemiological sample is an intensive assessment of a subsample of
1,035 families (n= 2,070 individual twins), largely selected at random (72.3%, 748 families).
The remainder of the subsample (27.7%, 287 families) was enriched with families where the
participants have a family history of alcoholism based on baseline data. Details about the
sub-sample have been described previously (Rose et al. 2001). We drew upon this
subsample for the present analyses. In this subsample, both twins at age 14 and their
biological parents were interviewed using the Semi-Structured Assessment for the Genetics
of Alcoholism (SSAGA;(Bucholz et al. 1994)). The final sample included 1,852 interviewed
twin individuals (51% male) and both of their parents when data was available (89%). Of
these participants, 1,347 had follow-up SSAGA interviews completed at an average age of
22 years. The analytic study design and corresponding sample sizes are detailed in
supplemental figure 1. Briefly, this subsample consisted of 34.7% monozygotic (MZ) twin
pairs (50.5% female) and 65.3% dizygotic (DZ) twin pairs (47.9% female).

Alcohol use behaviors at ages 12, 14, 17, and 22—At age 12, participants were
asked if they had ever used alcohol when they were not in the presence of an adult, coded 0
(no) or 1 (yes) (n = 1,864 individual twins). Alcohol use behavior was assessed at ages 14
and 17 by asking the participants how frequently they became intoxicated. On the age 14
questionnaire, the item included four response options: (1) Never, | don’t drink alcohol; (2)
Less than once a month; (3) About 1 to 2 times a month; and (4) Once or more a week. At
age 14, a total of 1,852 participants responded to the item (1,463 of which had initiated
alcohol use by age 14). On the age 17 questionnaire, the item included nine response
options: (1) Daily; (2) A couple of times a week; (3) Once a week; (4) A couple of times a
month; (5) About once a month; (6) About once every two months; (7) 2-4 times per year;
(8); Once a year or less; (9) | don’t drink any alcohol. The latter response options were
collapsed into four categories to parallel the age 14 data; (1) Never, (2) Yearly, (3) Monthly,
and (4) Weekly. At age 17, a total of 1,864 participants responded to the item (1,783 of
which had initiated alcohol use by age 17). At age 22, the DSM-IV criteria (American
Psychiatric Association 2004) for Alcohol Dependence, code 303.90 (AD) were collected on
1,347 participants (1,312 of which had initiated alcohol use by age 22). Scores totaling the
number of criteria endorsed were computed (range 0-7). Throughout this manuscript, we
describe the above variables as “alcohol use behaviors” for ease of presentation. We note,
however, that the measure at age 12 is drinking initiation, at ages 14 and 17 is frequency of
alcohol intoxication, and at age 22 is AD criteria.

Calculation of the alcohol-specific genetic risk scores (AUD-GR)—Each
participant’s genetic risk for alcohol use disorders (AUDs) was indexed by his/her parents’
and co-twin’s alcohol dependence criterion counts (at age 22). The contribution of each
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measure (parents’ AD criterion count, and co-twin’s AD criterion count) to the total AUD
risk was based on a modified ridit score (Kendler et al. 2011). When data on both parents
were available, the criterion count from the most severely affected parent (the father in 70%
of families with data from both parents) was used in risk score calculation. In an effort to
use the information gained from the twin study, scores from MZ co-twins were weighted
twice as strongly as scores from DZ co-twins or parents. As this method equates the genetic
relationship of parents and offspring and siblings, an additive model is assumed. AUD-GRs
were computed on 1,312 participants assessed.

Calculation of the externalizing genetic risk scores (EXT-GR)—The non-specific
genetic risk score for externalizing disorders was a composite measure of the parents’ (at
baseline) and co-twin’s (at interview) criterion counts of Conduct Disorder (CD) (age 14)
and Antisocial Personality Disorder (ASPD) (age 22). Throughout this manuscript, we will
describe the adolescent antisocial criteria as CD and the adult criteria as Antisocial Behavior
(ASB). As mentioned above, scores from monozygotic (MZ) co-twins were weighted twice
as strongly as scores from dizygotic (DZ) co-twins or parents. Because this method equates
the genetic relationship of parents and offspring and siblings, an additive model is assumed.
EXT-GRs were computed on 1,312 participants.

Statistical Analysis

The distribution of the alcohol use behavior data was highly skewed. Preliminary analyses
indicated that a log transformation was optimal for all variables, with the exception of the
binary age 12 drinking outcome. The appropriate distribution for each outcome was
determined using traditional fit statistics (Akaike’s Information Criterion, difference in X2)
for the data modeled using normal, Poisson, negative binomial, and zero-inflated
distributions. As the majority of participants had not yet initiated drinking at age 12, a zero-
inflated negative binomial distribution fit the data best and was used to assess the
association between the GR scores (i.e., AUD-GR and EXT-GR, separately) and age 12
initiation of drinking. A Poisson distribution best fit all other variables (age 14 and 17
frequency of intoxication and age 22 AD criteria) and was used to assess the association
between the GR scores (i.e. AUD-GR and EXT-GR, separately) and age 14 frequency of
intoxication, age 17 frequency of intoxication, and age 22 AD. The residual correlation
within twin pairs was substantial and stronger in MZ twin pairs compared to DZ pairs;
accordingly, regression models were run as hierarchical linear models using PROC MIXED
and PROC GENMOD in SAS (SAS Institute, 2008), with twin pairs and individuals within
twin pairs being treated as separate levels to account for the non-independence of twin-
family data (Kendler et al. 2011). Because there were differences in mean levels of alcohol
use, sex was used as a covariate in all analyses that collapsed data across males and females.
To test for sibling influences on alcohol use behaviors, we examined the moderating effects
of sex of the twin and sex of his/her co-twin. Accordingly, an ANOVA was carried out in
SAS 9.3 (SAS Institute, 2008), with twin pairs and individuals within twin pairs being
treated as separate levels. Further, differences between observed effects on alcohol use
behavior outcomes across development, and by sex, were also examined using an ANOVA
in SAS 9.3 (SAS Institute, 2008). We note that only those individuals who had initiated
alcohol use were included in analyses of the alcohol use behaviors after age 12. Finally, all
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estimates presented throughout this manuscript have been standardized to allow for
comparisons across models.

Results

Descriptive Statistics

Frequencies of alcohol use behaviors by sex are presented in Table 1. At age 12, most
(93.2%) twins responded that they had never used alcohol outside the presence of an adult.
At age 14, 35.0% had used alcohol, but of them, most (76.6%) reported that they had never
been intoxicated. At age 17, 12% were not alcohol users. Among users, 9.1% of the sample
reported that they had never been intoxicated, 48.4% less often than once a month, 34.4%
about 1 or 2 times per month, and 8.2% once per week or more, respectively. At age 22,
2.7% (n=35) were abstainers, while of those who had ever used alcohol 19.1% endorsed no
alcohol dependence criteria (M=1.09, SD=1.37), and 13.5% of the sample met the criteria
for DSM-IV AD (3 or more AD symptoms).

Consistent with expectations for a population-based sample, the parents of the twins largely
fell within sub-threshold ranges of AD criterion counts (range=0-7, M=1.03, SD=1.68), with
6.2% of the parents (10.0% of fathers, 4.0% of mothers) meeting the criteria for an AD
diagnosis (3 or more AD criteria endorsed in a 12 month period). Of parents meeting AD
criteria, more (57%) were fathers than mothers (43%). Further, there was a significant
relationship between parents’ AD criterion counts (Pearson correlation=0.32, p<0.001).

AUD-GR scores (based on parent and co-twin AD) ranged from 0-8 (M=1.16, SD=1.41).
The majority of the parents were within sub-threshold ranges of CD criteria (range=0-7,
M=0.65, SD=0.99), with 1.7% of the parents (2.7% of fathers, 0.93% of mothers) meeting
the criteria for a CD diagnosis. Twins’ CD criterion sum scores ranged from 0-8 (M=1.08,
SD= 1.26), with 12.3% meeting CD diagnosis criteria. The majority of the twins’ parents
were within normative sub-threshold ranges of ASB (Range=0-6, M=1.12, SD=1.18), with
<1% (n=26, 21 men) of the parents meeting the criteria for the adult portion of the ASPD
diagnosis (ASB). There was no significant relationship between parents” ASB symptom
counts. Twins” ASB sum scores ranged from 0-6 (M= 0.63, SD= 0.96), with 2.6% meeting
criteria for the adult ASPD diagnosis. EXT-GR (based on parent and co-twin CD and ASB)
scores ranged from 0-7 (M=0.87, SD=1.27).

Zero-order correlations among outcome variables are shown in Table 2. AUD-GR and EXT-
GR were correlated at 0.38.

[Table 2. Correlations between Twins” Alcohol Problem Outcomes across Development]

Genetic Risk and Alcohol Use Behaviors across Development

The relationships between AUD-GR, EXT-GR, and the alcohol use behaviors over
development are depicted in Figure 1 and detailed in Table 3 for the overall sample (i.e.
males and females combined). Overall, the patterns for AUD-GR and EXT-GR differed
significantly (p-value<0.001).

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 November 01.
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For alcohol use behaviors, the regression coefficient for EXT-GR was non-significant at age
12 (B=—-0.016 [-0.035; 0.003], p-value=0.107), increased significantly (p<0.001) to a peak
at age 14 ($=0.127 [0.078; 0.176], p-value<0.001), and had lower point estimates at ages 17
(B=0.063 [-0.002; 0.128], p-value=0.058) and 22 ($=0.078 [-0.030; 0.185], p-value=0.155);
the differences between age 14 and later ages were non-significant. In contrast, AUD-GR
started at a low value at age 12 (= —0.018 [-0.033; —0.003], p-value=0.018) and then rose
nominally from age 12-17, and reached a peak value at age 22 ($=0.190 [0.109; 0.271], p-
value<0.001). Only the point estimates for ages 12 and 14 were significantly lower than the
point estimates at ages 17 and 22 (p-values<0.001). [Table 3. Alcohol Specific and General
Externalizing Genetic Risk Scores Predicting the Twins’ Alcohol Use Behaviors across
Development]

[Figure 1. Developmental Trajectories of Two Classes of Genetic Risk for Alcohol Use
Behaviors]

Next, we examined whether the relationship between AUD-GR, EXT-GR, and alcohol
outcomes over development differed by sex. Overall the patterns for AUD-GR and EXTGR
were different by sex (p-value<0.001).

In males, the regression coefficient for EXT-GR began low at age 12 (= -0.005 [-0.037;
0.026], p-value=0.745), rose significantly (p-value<0.001) at age 14 ($=0.121 [0.050;
0.191], p-value<0.001), decreased nominally at age 17 (= —0.021 [-0.120; 0.079], p-
value=0.684), and then nominally rose to its peak at age 22 ($=0.166 [0.013; 0.319], p-
value=0.034); the differences between age 14 and later ages were not significant. In contrast,
AUD-GR started at a low value at age 12 ($=0.010 [-0.035; 0.015] p-value=0.435) and
reached a peak value at age 22 ($=0.250 [0.131; 0.369], p-value<0.001); the differences
between age 12 and age 22 were statistically significant (p-value<0.001), while other age
comparisons were not significant. The relationship between AUD-GR, EXT-GR, and the
alcohol use behaviors over development for males is depicted in Figure 2.

In females, the regression coefficient for EXT-GR began low at age 12 (3= -0.027 [-0.050;
-0.004], p-value=0.024), rose to a peak at age 14 (p=0.134 [0.065; 0.202], p-value<0.001),
and then decreased nominally from age 17 ($=0.126 [0.040; 0.212], p-value=0.004) through
age 22 (p=—0.005 [-0.156; 0.147], p-value=0.953). Age 12 and age 22-point estimates were
significantly different from age 14 and 17-point estimates only. In contrast, AUD-GR started
at a similarly low value at age 12 (p= -0.025 [-0.041; —0.008], p-value=0.005) that
increased significantly (p-value<0.001) at age 14 ($=0.075 [0.024; 0.126], p-value=0.004),
and age 17 ($=0.130 [0.069; 0.191], p-value=0.001) and reached its peak at age 22 (3=0.140
[0.029; 0.251], p-value=0.014); the differences between age 14 and later ages were not
significant. The relationship between AUD-GR, EXT-GR, and the alcohol use behaviors
over development for females is depicted in Figure 2.

[Figure 2. Developmental Trajectories of Two Classes of Genetic Risk for Alcohol Use
Behaviors by Sex]
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Co-Twin Effects

We then examined whether drinking across development differed by co-twin sex. Among
same sex twins, drinking outcomes did not differ by sex at ages 12 (p = 0.005, p=0.874), 14
(B =0.006, p=0.794), 17 (p = 0.041, p=0.087), or 22 (§ = 0.005, p=0.919). Among opposite
sex twins, drinking outcomes differed by co-twin sex at ages 12 (3 = 0.124, p<0.048) and 14
(B = 0.133, p<0.001), in that females with male co-twins were more likely to have initiated
alcohol use (age 12) and drink more frequently (age 14) than males with female co-twins.

Next, we examined whether the associations between GR (AUD-GR and EXT-GR) and
drinking outcomes were moderated by sex of the co-twin. The results indicated that among
opposite-sex twins the relationships between GR (AUD-GR and EXT-GR) and frequency of
intoxication at ages 14 and 17 were significantly moderated by co-twin sex (Table 4).
Specifically, the association between GR and intoxication frequency was greater amongst
females with male co-twins. These effects were not observed at age 12 or 22.

[Table 4. Co-twin Effects on the Alcohol Specific and General-Externalizing Genetic Risk
Scores Predicting the Twins” Alcohol Use Behaviors]

Discussion

Previous studies have demonstrated that genetic influences on alcohol-related outcomes
have both an alcohol-specific component and a general externalizing component of behavior
(Kendler et al. 2003; Kendler et al. 2007). The relative importance of these two sets of
genetic influences across development has been understudied. Further, differences in these
developmental trajectories by sex remain unexamined. Using prospective reports and
diagnostic interview data of alcohol use, AD, CD, and ASB from a population based,
longitudinal sample of Finnish twins, our results indicate that specific and non-specific
genetic influences on alcohol use behaviors have different development trajectories.
Specifically, these results suggest a more robust prediction of alcohol outcomes (initiation of
use at age 12 and frequency of intoxication at age 14) with genetic risk for externalizing
behaviors earlier in adolescence (12-14), and in contrast, a more robust prediction of alcohol
outcomes (frequency of intoxication at age 17 and AD symptoms at age 22) with genetic
risk specific to alcohol use behaviors in later adolescence into young adulthood (17-22).
Importantly, within these overall trajectories, several interesting sex differences emerged,
effects that are masked when examining mean levels of male and female alcohol use
behavior across development. We found that the relationship between genetic risk and
problematic drinking across development is moderated by the individual’s sex; AUD-GR
influenced adolescent alcohol outcomes (i.e. early initiation of use, intoxication frequency)
in females more than in males and by age 22, EXT-GR influenced AD criteria more for
males than females. In addition, the association between genetic risk and intoxication
frequency was greater among 14 and 17 year old females with male co-twins.

Results from this study converge with previous epidemiological (Kendler et al. 2011) and
twin studies that indicate that in early adolescence, genetic influences on alcohol use
behaviors are largely non-specific and may reflect largely adolescent-limited externalizing
behaviors (Moffitt, 1993; Moffitt et al. 2002). Further, alcohol-specific genetic risk factors
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become more important than non-specific (externalizing) genetic influences in early
adulthood (Rose et al. 2003). Moreover, this shift in genetic influences maps onto typical
developmental timing for the onset of serious alcohol problems (Schuckit et al., 1995). In
this study, prospective reports from a population based, longitudinal sample of Finnish twins
permitted several important comparisons to extend previous findings. The first is the age at
which alcohol-specific genetic risk factors and externalizing genetic risk factors shift in their
relative importance. The most dramatic shift in genetic influence on drinking frequency
occurred at approximately age 21 in the Virginia Adult Twin Study of Psychiatric and
Substance Use Disorders (VATSPSUD;(Kendler et al. 2011)). However, this shift occurred
earlier at an average age of 17.5 in the FinnTwin12. There are differences both in the legal
drinking age and cultural norms regarding alcohol use between Finland and the United
States (Bloomfield et al., 2010; Helasoja et al., 2007; Makela et al., 2012). In Finland, the
legal drinking age is 18, and underage drinking at age 17 is socially tolerated in the Finnish
society. Conversely, the legal age to drink is 21 in the US, and greater measures are taken to
prohibit underage drinking. However, the observed age differences in the shift in genetic
influence may be attributable to recall biases in the retrospective reporting of past drinking
by men at a mean age of 40.3 years [SD=9.0] in the VATSPSUD, whereas FinnTwin12
reports were made prospectively. Additionally, the same measure of alcohol use behavior
was used across development in the VATSPSUD, whereas different, but developmentally
appropriate measures of problematic alcohol use behaviors were used in the present study,
which could also contribute to observed differences across these studies.

Because rates of problematic drinking behavior are typically greater in males, we examined
whether sex differences moderated the relationship between AUD-GR, EXTGR, and alcohol
outcomes across development. Overall, the relative influence of AUDGR and EXT-GR on
alcohol use behaviors across development was maintained; in early adolescence, genetic
influences on alcohol use and problems are largely non-specific and later in adolescence and
young adulthood, alcohol specific genetic influences on alcohol use are more influential.
However, within each of these trajectories, several interesting sex differences emerged.
Most striking is the relatively early influence of AUD-GR on alcohol use behaviors in
females. Twin studies have indicated that genetic influences on drinking frequency emerge
in girls at a younger age than boys (Maes et al. 1999; Rose et al. 2001), which may be a
result of increased early alcohol use, pubertal timing, and having a greater number of older
friends who may provide access to drinking opportunities. Earlier access to alcohol and
earlier evidence of heritability in drinking frequency may also be related to the earlier
influence of alcohol specific risk for intoxication frequency in early adolescence. In
addition, risk for alcohol dependence symptoms at age 22 for females is largely influenced
by AUD-GR, with EXT-GR playing a minor role. Conversely, both AUD-GR and EXT-GR
appear to substantively influence age 22 alcohol problems for males, with AUD-GR playing
the larger role. Past studies have reported sex differences in alcoholic subtypes, including an
excess of women in internalizing subtypes and an excess of men in externalizing subtypes
(Carpenter and Hasin, 2001; Epstein et al., 2002; Moss et al., 2007). Findings from the
present study support these sex differences given that alcohol dependence criteria are
influenced more by EXT-GR for males than females.
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Several studies examining the relative contributions of family and peer influences on
adolescents’ alcohol and other substance use have indicated that the magnitude of sibling
influences is greater than that of parental influences (Ary et al., 1993; Fagan and Najman,
2003; Windle et al., 2009) and is similarly important to the influences of peers (Brook et al.
1990; Needle et al. 1986). Twin studies have demonstrated that an interdependent sibling
relationship (reliance on co-twin) is an important modifier of drinking habits, and it appears
to reduce the impact of inherited liabilities on alcohol-related behavior especially in
adolescence (Penninkilampi-Kerola et al., 2005). A study of Australian twins found that
females with an older brother reported greater intoxication frequency and lifetime AUD
symptoms (Ellingson et al., 2013). Previous work in FinnTwin12 found that twins from
opposite-sex pairs were more likely to have initiated drinking at age 14 than age and cohort
matched twins from same-sex pairs (Rose et al. 2001). Taken together, this literature
suggests that aspects of the sibling relationship (e.g. sibling interdependence, opposite-sex
sibling pairs) have effects on adolescent drinking. However, no study to our knowledge has
examined whether sex of the co-twin has an independent effect on adolescent drinking.
Therefore, we examined whether sex of the co-twin modified the influence on genetic risk
on alcohol outcomes across development. Results indicated that the association between
genetic risk (both AUD-GR and EXT-GR) and intoxication frequency was greater among 14
and 17 year old females with male co-twins. This effect was not observed in young
adulthood, likely due to the decrease in interdependence and the increase of unique
environmental influences that the twins begin to encounter at that age (Penninkilampi-
Kerola et al., 2005).

These results should be interpreted in the context of several important limitations. First,
hierarchical linear modeling was used rather than structural equations modeling in our
analyses. We chose this method because it allowed us to easily incorporate and interpret data
on parental psychopathology in our measures of genetic risk. Second, although the present
study uses developmentally-appropriate problematic drinking measures across time, there
were differences in how the question was posed to the subject and how the response options
were made available, and both introduce the potential for measurement invariance. Further,
each measure is confounded with age and/or period of development. Therefore, it is possible
that non-specific genetic risk (EXT-GR) is important for initiation of drinking regardless of
age/period of development. Likewise, it is possible that alcohol-specific genetic risk (AUD-
GR) is important for AD regardless of age/developmental period, however risk for AD
peaks later in development. We note that Kendler et al. (2011) examined the same maximal
drinking (drinking frequency x drinking quantity) measure across development. Therefore,
comparisons between the current study and the previous study (Kendler et al., 2011) should
be interpreted with caution. As mentioned above, the low base rate of ASPD in the parent
sample (<1% of parents met criteria for ASPD) was expected. However, this low base rate
may affect the interpretation of these results in that the EXT-GR is largely influenced by the
co-twin’s ASPD criteria and less so by the parent’s ASPD criteria. Finally, while
internalizing disorders (e.g. anxiety and depression) clearly influence alcohol-related
problems across adolescence and young adulthood (Wellman et al., 2014), evidence
regarding the genetic influences shared amongst internalizing and alcohol-related behaviors
is mixed, with a recent study finding evidence that the phenotypic comorbidity between
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intoxication frequency and internalizing disorders among adolescence is due to shared
environmental risk factors (Edwards et al., 2011). Therefore, we chose to focus on the
established shared genetic covariance between substance use disorders and externalizing
spectrum disorders.

In summary, the present study extends previous findings indicating that two components of
genetic risk related to problematic alcohol use change across development. Results indicated
that alcohol-specific genetic risk factors increase in importance across adolescence and are
most important during early adulthood (age 22); in contrast, non-specific genetic influences
related to externalizing behavior decrease in importance across this same developmental
period and are most important during early adolescence (age 14). In an important extension
of previous work on this topic, we found that the relationship between genetic risk and
problematic drinking across development is moderated by the individual’s sex and his/her
co-twin’s sex. AUD-GR influenced alcohol outcomes in females earlier in adolescence than
in males and by age 22, AD criteria are influenced more by EXT-GR for males than
females. In addition, the association between genetic risk and intoxication frequency was
greater among 14 and 17 year old females with male co-twins. Together, these findings
highlight the importance of assuming a developmental perspective on the role of genetic
influences on alcohol use behaviors during adolescence and young adulthood.

Supplementary Material
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