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Abstract
The association between alcohol use and internalizing symptoms during adolescence varies across
studies, and the causes underlying this association remain unclear. The current study examines the
relationship between symptoms of anxiety and depression and intoxication frequency in a sample
of Swedish twins assessed longitudinally from ages 13–14 to 19–20. The objectives of the study
were to assess the stability of genetic and environmental influences on each trait across
adolescence; to investigate whether these traits share genetic and/or environmental liabilities; and
to explore quantitative changes in the shared liability over time. We found that the magnitude of
genetic influences on internalizing symptoms remained relatively stable across adolescence, while
their impact on intoxication frequency was dynamic. Symptoms of anxiety and depression were
influenced by unique environmental factors, while both shared and unique environmental factors
influenced intoxication frequency. Genetic and environmental innovation and attenuation were
observed for both traits. While no significant genetic correlation was observed between traits,
unique environmental factors did contribute to a shared liability. This environmental correlation
was positive and moderate (rE=0.41) in the early assessment, but decreased and changed direction
at later waves (rE=−.04 –−.01). The genetic and environmental factors underlying internalizing
symptoms and intoxication frequency appear to be developmentally dynamic. Early environmental
factors contribute to the association between these traits, but this shared liability diminishes across
adolescence.
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1. Introduction
Internalizing symptoms and alcohol use are often phenotypically correlated. Studies
examining the relationship between clinical manifestations of these traits (for example,
major depression and alcohol dependence) in adults typically report that individuals
suffering from one of the disorders are two to six times more likely to suffer from the other
disorder as well (B. F. Grant, et al., 2004; Hasin, Goodwin, Stinson, & Grant, 2005;
Kendler, Heath, Neale, Kessler, & Eaves, 1993; Kessler, et al., 1997). Adolescence is a
critical developmental period for investigating this association: internalizing symptoms
commonly manifest during this time, and the lifetime prevalence of a DSM-IV major
depressive episode during adolescence is 14% (Office of Applied Studies, 2005). In
addition, initial experimentation with alcohol typically occurs in adolescence (Johnston,
O'Malley, Bachman, & Schulenberg, 2006), and these early experiences can be predictive of
later alcohol problems (B. F. Grant, Stinson, & Harford, 2001).

A number of epidemiological studies have examined the co-occurrence of internalizing
symptoms and alcohol use prior to adulthood. A study of a sample of adolescent Finnish
twins found that early-onset (before age 15) depressive disorders were positively associated
with frequency of alcohol use and intoxication (Sihvola, et al., 2008). Likewise, Strandheim
and colleagues (Strandheim, Holmen, Coombes, & Bentzen, 2009) found that, among
female Norwegian teenagers, symptoms of anxiety and depression were positively
associated with alcohol intoxication frequency. Another study indicated that depressed mood
during childhood is associated with early age of onset of alcohol use, problematic alcohol
use during adolescence, and adult alcohol dependence (AD) (Crum, et al., 2008). Some
studies have found evidence of a causal relationship between these traits (Fergusson, Boden,
& Horwood, 2009; Kuo, Gardner, Kendler, & Prescott, 2006; Lyons, et al., 2006), though
these results are based on adult samples and are inconsistent in terms of whether alcohol use
influences mood or vice versa. There is also evidence that mood-related drinking
motivations impact the association between internalizing symptoms and alcohol use (V. V.
Grant, Stewart, & Mohr, 2009; Young-Wolff, Kendler, Sintov, & Prescott, 2009).

Genetically informative samples can be used to determine whether the phenotypic
association between these traits is partially attributable to non-causal influences, such as
latent genetic and/or environmental factors that influence liability to both traits. Results from
genetic epidemiological studies investigating shared liability across internalizing symptoms
and alcohol use have been inconsistent. One study of U.S. adult women found that major
depression (MD) and AD were genetically correlated (rA=0.4–0.6, Kendler et al., 1993). A
study of young adult Norwegian twins reported that, among males, the modest phenotypic
correlation between alcohol consumption and symptoms of anxiety and depression could be
accounted for by shared genetic factors; for women, the correlation was due to either shared
environmental influences or a combination of common genetic and environmental
influences (Tambs, Harris, & Magnus, 1997). However, within a sample of adult U.S. male
twins, the genetic relationship between AD and MD could be accounted for by the genetic
correlation between both of these traits and antisocial personality disorder (Fu, et al., 2002).
Despite these inconsistencies, the concept of shared genetic liability is supported by
evidence from molecular genetic studies, which have identified genetic variants that are
associated with both phenotypes (see (Saraceno, Munafò, Heron, Craddock, & B. M. van
den Bree, 2009) for a review). Unfortunately, many such findings have not been consistently
replicated, and must be considered tentative in the absence of more compelling evidence.

Despite the fact that the phenotypic association between internalizing symptoms and alcohol
use often begins during adolescence, little information regarding genetic correlations
between traits during this critical developmental period is available. There is evidence that
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both traits are genetically dynamic during this period (Bergen, Gardner, & Kendler, 2007;
Hicks, et al., 2007; Kendler, Gardner, & Lichtenstein, 2008), with heritability for both
typically increasing with age. Shared environmental factors are often influential during
adolescence, particularly on alcohol use phenotypes (Pagan, et al., 2006; Rose, Dick, Viken,
Pulkkinen, & Kaprio, 2001, 2004), and could also partially account for phenotypic
associations between traits.

Here, we present results from a longitudinal study of a population-based sample of Swedish
twins who were assessed for internalizing symptoms and frequency of alcohol intoxication
across several waves of data collection spanning adolescence. A previous report detailed
changes in the heritability of internalizing symptoms for this sample (Kendler, Gardner, et
al., 2008); the current analyses differ methodologically in several ways (see Methods). In the
current analyses, we sought to assess genetic and environmental on internalizing symptoms
and intoxication frequency, as well as their innovation and attenuation across adolescence;
to determine whether shared genetic and/or environmental factors contribute to the
phenotypic association between phenotypes; and to investigate quantitative changes in
shared liability across adolescence.

2. Methods
2.1. Sample

These analyses include participants in the longitudinal Swedish Twin Study of Child and
Adolescent Development (TCHAD), which began with twin pairs born in Sweden between
May 1985 and December 1986, and where both twins were alive and residing in Sweden in
1994 (Lichtenstein, Tuvblad, Larsson, & Carlstrom, 2007). The first wave involved parental
responses to questionnaires when children were aged 8–9 years; the current analyses include
only adolescents’ self-reports for wave 2 (age 13–14), wave 3 (age 16–17), and wave 4 (age
19–20). Only same-sex twins were included in the analyses (482 monozygotic (MZ) female
twins, 362 female dizygotic (DZ) twins, 474 MZ male twins, and 333 DZ male twins).
Zygosity was determined based on well-validated questions to parents and twins, which in
turn were based on algorithms derived from analyses of a subset of twin pairs of known
zygosity (Lichtenstein, et al., 2007). This sample was 47.2% male. Data were available for
1586, 1663, and 1223 individuals at waves 2, 3, and 4, respectively. The Ethics Committee
of the Karolinska Institute, Stockholm, Sweden approved each questionnaire; Swedish rules
state that response to the questionnaire constitutes informed consent.

2.2. Measures
2.2.1. Symptoms of anxiety and depression—Self-reports of symptoms of anxiety
and depression were obtained using items from the Anxious/Depressed subscale of the Child
Behavior Checklist (CBCL; (Achenbach, 1991) for waves 2 and 3; at wave 4, items were
from the similar Adult Behavior Checklist (Achenbach & Rescorla, 2003). Only the 12
items that are common across both scales were used for these analyses. Items are scored on a
three-point (0, 1, or 2 points) scale: not true, somewhat or sometimes true, and very or often
true. Sum-scores were calculated for each individual, with a possible range of 0–24. The
sum score was then converted to an ordinal variable from 0 (lowest level of anxiety/
depression) to 3 (highest level of anxiety/depression for twin modeling. We will refer to
these variables as “symptoms of anxiety and depression,” or “SxAnxDep.” Readers should
note that a previous report using these data also used this variable name (Kendler, Gardner,
et al., 2008). However, that report employed a continuous factor score from the same
measure, which was derived from parental and self-reports, across four waves of data. The
variables used for the current analysis are derived from only self-reports across three waves
of data, and are used as an ordinal measure in twin modeling.
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2.2.2. Alcohol use—Questions regarding alcohol use varied across waves; we focused on
frequency of intoxication, a measure that remained relatively consistent across waves. In
Wave 2 (the first wave of adolescents’ self-reports), respondents were asked how frequently
in the past 12 months they had “drunk beer, wine, liquor, or other alcohol so that you felt
intoxicated?” Options ranged in frequency from “never” to “more than 50 times.” In Wave
3, respondents were asked how often they get drunk when drinking alcohol, and response
options ranged from “don’t drink” to “always.” Finally, in the fourth wave, participants
responded to the question “How often do you get drunk when you drink?” with response
options ranging from “don’t drink alcohol” to “daily.” Because the exact response options
varied across waves, responses were condensed into ordinal scales ranging from 0 (least
frequent intoxication) to 3 (most frequent intoxication). For simplicity, we will refer to these
measures of intoxication frequency as “intoxication frequency”, or “IntoxFreq”, at different
waves.

2.3. Statistical Analyses
2.3.1. Descriptive Statistics—Descriptive statistics were calculated in using SAS
version 9.1 and Mx (Neale, Boker, Xie, & Maes, 2003). In regression analyses, significance
level was corrected for the correlational structure of the twin data. Twin correlations were
calculated in SAS.

2.3.2. Twin Modeling—Twin modeling was conducted in Mx using the raw ordinal data
option. The use of ordinal data assumes that the categories are representative of an
underlying normal distribution of liability, with thresholds in liability discriminating
between categories. In twin modeling, liability to phenotypes such as depression or alcohol
use can be attributed to several latent sources of variance: additive genetic factors (A),
shared environment (C), and unique environment (E). The C variance component represents
environmental exposures and experiences that are shared by both members of a twin pair
and contribute to twins’ increased similarity irrespective of zygosity in a given phenotype.
Environmental factors that are unique to one twin are accounted for by the E component;
these factors reduce twin similarity for a given phenotype. The E component also includes
measurement error. Estimates of each of these variance components are calculated by
comparing the phenotypic correlation between monozygotic twins, who share all their genes,
to dizygotic twins, who share half of their genes on average identical by descent.

We used a Cholesky decomposition (model) with six variables: SxAnxDep and IntoxFreq at
each of the three waves described above. Variables were ordered by wave; within each
wave, SxAnxDep preceded intoxication frequency. The full model allows for genetic
influences that impact both outcomes (SxAnxDep and intoxication frequency), across all
three waves (2–4) (factor A1); genetic influences that don’t impact SxAnxDep at wave 2,
but influence all other variables (A2); other genetic influences that only become evident at
wave 3 (A3), influence both variables and carry through to wave 4, etc. The C and E
pathways follow the same pattern. This is an atheoretical model from which submodels are
fit to determine the best-fitting model for the data. Figure 1 depicts the genetic structure of a
full model; the structure is identical for shared and unique environmental paths.

Models were estimated using a full information maximum likelihood estimation method.
The fit of nested models was assessed using the Akaike Information Criterion (AIC,
(Akaike, 1987) to select models. A lower AIC value indicates a better balance between the
explanatory power of a model and its parsimony. Our goal is to minimize the AIC value so a
submodel is accepted if the change in AIC is negative.
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3. Results
3.1. Descriptive Statistics and Regression Analyses

Descriptive statistics for self-reported symptoms of anxiety and depression (SxAnxDep),
before being ordinalized for twin modeling, are provided in Table 1. Significant sex
differences in SxAnxDep sum scores were observed at each wave, with girls reporting
higher levels of symptoms. Self-reported frequency of intoxication at each wave is provided
in Table 2; no significant differences were seen between the sexes at any wave.

We conducted regressions between SxAnxDep and IntoxFreq where temporally appropriate
(i.e., contemporaneous SxAnxDep and IntoxFreq, or where the independent variable
temporally preceded the dependent variable); for later waves, preceding waves’ phenotypes
were included as covariates. We detected statistically significant associations between traits
at Wave 2 for both sexes, wherein higher SxAnxDep scores were associated with more
frequent intoxication (boys: beta=0.02, Z=2.06, p=0.04; girls: beta=0.03, Z=2.81, p=0.005).
At Wave 3, no contemporaneous association existed, but Wave 2 drinking was significantly
associated with Wave 3 IntoxFreq (boys: beta=0.45, Z=5.11, p<0.0001; girls: beta=0.45,
Z=7.18, p<0.0001). Associations with Wave 4 IntoxFreq differed by sex. For boys, Wave 3
SxAnxDep was negatively associated with Wave 4 IntoxFreq (beta=−0.12, Z=−2.32,
p=0.02); for girls, Wave 2 SxAnxDep was positively associated with Wave 4 IntoxFreq
(beta=0.04, Z=2.09, p=0.04). In regressions using SxAnxDep as the dependent variable,
there were no significant associations between IntoxFreq variables and concurrent or later
SxAnxDep outcome. These findings underscore the complicated association between these
traits, and suggest that modest sex differences exist.

3.2. Twin Modeling
Twin correlations were derived in Mx from ordinalized data and are presented in Table 3.
The cross-twin, within-trait correlations are consistently higher for MZ twins than for DZ
twins, indicating that genetic factors can at least partially account for phenotypic variance.
Cross-trait correlations – that is, correlations across SxAnxDep and IntoxFreq -- whether
contemporaneous or across waves – were quite low, and were not consistently higher for
MZ than for DZ twins.

Twin modeling statistics are provided in Table 4. We found that sources of variance could
be constrained to be equal across the sexes, so subsequent submodels included this
constraint. We next tested whether an AE model (which excludes shared environmental
variance) or a CE model (which excludes additive genetic variance) fit the data well; both
models fit significantly worse than the full ACE model and were rejected. However,
subsequent testing of submodels (Models 5 and 6 in Table 4) indicated that shared
environmental (C) influences on SxAnxDep could be removed from the model without
worsening fit, i.e., shared environmental factors significantly influenced only the IntoxFreq
variables.

Removing cross-wave genetic factor loadings (Model 7) significantly worsened model fit,
indicating that genetic influences evident at early waves remain relevant at later waves.
Model 8 tested the hypothesis that genetic correlations existed between SxAnxDep and
IntoxFreq. Results indicated that genetic correlations across these traits were not significant:
removal of these paths did not significantly reduce model fit, and resulted in a negative
change in AIC; thus, subsequent models did not include these paths.

Finally, we tested for the specificity of unique environmental (E) influences, those that are
not shared by both twins but might contribute to covariance of traits. Model fitting indicated
that unique environmental factors are significantly correlated across SxAnxDep and
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IntoxFreq. Furthermore, these influences remain relevant across waves, though they are
supplemented by novel environmental factors that become evident at later waves. In the
interest of avoiding over-fitting the model, which could bias remaining factor loadings, we
did not test whether individual paths with low factor loadings could be removed from the
model. Factor loadings from the final model are provided in Figure 2A–C.

Variance components from the final model are provided in Table 6, and genetic and
environmental correlations are provided in Table 7. The heritability of SxAnxDep ranged
from 0.42–0.51. The dynamic nature of genetic factors underlying SxAnxDep is illustrated
in Figure 3A. Factor A1 remains influential across Waves 3 and 4; Factor A3 continues to
contribute to genetic variance in Wave 4, though to a lesser degree than A1. A moderate
proportion (37%) of the total genetic variance is novel to Wave 4.

The heritability of IntoxFreq differed considerably at different waves, ranging from 0.30–
0.67, with the lowest estimate at Wave 3 when respondents are aged 16–17. Figure 3B
depicts the composition of genetic variance for IntoxFreq, which, like that of SxAnxDep, is
dynamic in that we observe genetic attenuation and innovation at each wave. The decrease
in heritability of IntoxFreq at Wave 3 occurs alongside an increase in shared environmental
influences; Figure 3C illustrates changes in these effects across waves. Notably, total shared
environmental influences at Wave 4 were quite low (c2=0.04).

Figure 3D depicts the influence of unique environmental factors across traits and waves.
These factors were the only significant source of variance shared by SxAnxDep and
IntoxFreq in this sample, though each E factor loads predominantly onto SxAnxDep or
IntoxFreq phenotypes. In addition, cross-wave factor loadings are generally low. With the
exception of E1 – which loads positively on SxAnxDep waves 2 and 3 and IntoxFreq at
wave 2, unique environmental factors that load first onto SxAnxDep phenotypes actually
have negative factor loadings onto IntoxFreq phenotypes, and vice versa. However, these
factor loadings are quite low, with confidence intervals spanning 0.

4. Discussion
The three primary goals of these analyses were as follows: i) assess the sources of variance
underlying SxAnxDep and IntoxFreq across adolescence, including innovation and
attenuation of genetic and environmental factors; ii) determine whether a shared liability, in
the form of genetic and/or environmental correlations, contributes to the phenotypic
association between traits; and iii) assess whether there are quantitative changes in any
shared liability changes across adolescence. We address each of these questions in turn.

Consistent with the prior examination of genetic influences on symptoms of anxiety and
depression (Kendler, Gardner, et al., 2008), we found that heritable factors are strongly
influential across development, though the current estimates are lower than were previously
reported (see Methods, and below). Though the total heritability of SxAnxDep does not
differ dramatically across waves (ranging from a2=0.42–0.51), the underlying factors are
dynamic, with novel genetic influences becoming evident at each successive wave (i.e.,
genetic innovation) and the influence of genetic factors already apparent at earlier waves
waning over time (genetic attenuation). In contrast, the total heritability of intoxication
frequency varies considerably across waves, with an estimate of 0.40 at Wave 2, decreasing
to 0.30 at Wave 3, and then increasing to 0.67 at Wave 4, when participants are aged 19–20.
As with SxAnxDep, both genetic attenuation and innovation are observed: factors A2 and
A4 remain influential across waves.

A decrease in the heritability of IntoxFreq from Wave 2 to Wave 3 occurs alongside an
increase in the relative influence of shared environmental factors. By Wave 4, shared
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environmental factors have nearly disappeared. These findings are consistent with the notion
that, as individuals mature, they “age out” of shared environmental influences and their
behavior is more a function of genetic factors and unique environmental experiences, as well
as established behavioral practices (e.g., (Bergen, et al., 2007; Kendler, Schmitt, Aggen, &
Prescott, 2008)). The absence of significant shared environmental influences on SxAnxDep
is also consistent with some previous research, primarily on clinical manifestations of
internalizing disorders (Hettema, Neale, & Kendler, 2001; Sullivan, Neale, & Kendler,
2000).

For both SxAnxDep and IntoxFreq, total unique environmental variance remained relatively
stable across waves, ranging from 0.49–0.58 for the former and 0.17–0.30 for the latter.
Interestingly, the vast majority of environmental variance for either trait, at any wave, is
largely specific to one trait and for only one wave, though loadings are higher within
SxAnxDep or intoxication frequency than they are across phenotypes. Given that the cross-
time and cross-trait unique environment factor loadings are so low (with confidence
intervals for many of them spanning 0) it is surprising that Models 9 and 10 indicated that
removing these loadings substantially deteriorated model fit. However, the cross-time,
within-trait unique environmental correlations suggest that these factors do contribute to
stability of each phenotype over time.

Despite low unique environmental factor loadings, the environmental correlations across
waves and phenotypes are nontrivial in several cases; for example, the environmental
correlation between traits at Wave 2 is rE=0.41. Critical to our research questions, these
results indicate that the shared liability between SxAnxDep and IntoxFreq is limited to
environmental factors in this sample. More specifically, early environmental influences
appear to account for much of the shared liability: factor E1 is the source of the only positive
correlations between traits. Later environmental factors (E3–E6) have only very minimal
loadings across traits or time. Furthermore, the sign of the unique environmental correlation
between SxAnxDep and IntoxFreq changes: after Wave 2, these correlations become
negative, albeit weakly. Thus, the nature of the shared liability between SxAnxDep and
IntoxFreq changes across adolescence, though in a nuanced manner: the degree to which
environmental factors influence covariance between these phenotypes certainly decreases
over time, and is limited almost entirely to the effects of E1.

What might these influential environmental factors be? Epidemiological studies have
identified a number of risk factors for adolescent internalizing symptoms and alcohol use.
Socioeconomic status, ethnicity, adverse home environment, and exposure to maternal
depression have all been reproducibly associated with both phenotypes (Saraceno, et al.,
2009); these circumstances are presumably experienced by both twins, and would only
contribute to unique environmental variance if twin responses to them differed. Other risk
factors are more likely to be at least partly twin-specific. These include peer influences
(Beitchman, et al., 2005), such as rejection or bullying (Calles, 2007), or exposure to deviant
peers (Schulte, Ramo, & Brown, 2009); neglect, or physical or sexual abuse (Bhatia &
Bhatia, 2007; Sartor, et al., 2007; Zalsman, Brent, & Weersing, 2006); or life stressors
(Garber, 2006; Wills, Vaccaro, & McNamara, 1992).

As noted above, the sign of the environmental correlation across SxAnxDep and IntoxFreq
changes from positive at Wave 2 to weakly negative at Waves 3 and 4. Given the age of
participants at Wave 2, we might speculate that environmental risk factors influencing
SxAnxDep also influence an individual’s likelihood of alcohol use initiation. The change in
sign at later waves suggests that, once initiation is established, environmental risk factors for
SxAnxDep actually reduce, although weakly, the frequency of alcohol intoxication. These
possibilities are consistent with some previous research that indicates that children with
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symptoms of depression (Kaplow et al. 2001, Crum et al. 2008) or generalized anxiety
(Kaplow et al. 2001) were at increased risk for early alcohol use initiation. Pitkanen and
colleagues (2008) reported that age 14 anxiety was negatively associated with later alcohol
use. Although the strength of these findings differed by sex, alcohol use measure, and age of
later alcohol use, they support the notion that the relationship between symptoms of anxiety
and alcohol use changes across development. Similar to our own speculation about the
potential nature of the environmental factors underlying this relationship, other researchers
(e.g., Kaplow et al. 2001, Sher et al. 2005) have suggested that peer influences are a critical
factor in adolescent alcohol use. Perhaps at early ages, adolescents with internalizing
problems use alcohol to “fit in” with peers; but as they mature, these same individuals might
instead seek out non-drinking peers. Although we cannot determine from our analyses which
environmental influences are conferring risk, it is clear that these factors can have
detrimental consequences on both mood and alcohol intake.

In contrast to some (e.g., males in Tambs and colleagues (Tambs, et al., 1997); (Edwards, et
al., submitted; Fu, et al., 2002; Kendler, et al., 1993) but not all (e.g., females in Tambs et
al., 1997) previous findings, genetic factors common to both traits do not significantly
influence the phenotypic association between them. Such disparate results might be due to
true sample differences, but differences in how each phenotype is measured likely also
contribute. The use of non-clinical measures of internalizing problems and alcohol use is
likely particularly relevant to our findings: the variables used in these analyses capture
normative variation in these traits. Perhaps syndromal levels of internalizing symptoms and
alcohol use share genetic and/or environmental influences to a greater degree than do
phenotypic levels more typical of the general population.

We conducted post hoc cross-sectional bivariate analyses to investigate further the nature of
the shared liability between phenotypes at each wave. The results of these analyses
essentially confirmed that these relationships are dynamic (results available upon request):
the influences of genetic, shared environmental, and unique environmental factors on and
between phenotypes changed at each wave. Ultimately, the longitudinal Cholesky model is
more powerful and enables us to specifically address our questions regarding cross-time
influences, making it the preferred model for hypothesis testing. However, the results of the
within-wave bivariate analyses provide some insight as to why different studies might reach
inconsistent conclusions regarding the relationship between internalizing symptoms and
alcohol use: this relationship is quite dynamic, at least during adolescence.

Because the manner by which model reduction proceeds can influence results, we also
conducted post-hoc model fitting to test whether genetic correlations between traits could be
detected if these paths were dropped after the environmental components of the model had
already been reduced. Our findings were largely in agreement with the final model described
here: genetic correlations could be removed without a significant deterioration in model fit,
nor did final variance component estimates differ substantially depending on the order of
model reduction. Thus, we are confident that the absence of genetic correlations between
traits is not a function of the specific model reduction procedure utilized.

5. Conclusions
In summary, our analyses indicate that the heritability of internalizing symptoms and alcohol
use is dynamic during adolescence. Although in the case of internalizing symptoms,
heritability is superficially stable, genetic attenuation and innovation are observed for both
internalizing and alcohol use. Common environmental effects do not significantly influence
internalizing symptoms, but are a prominent source of variance for alcohol use until late
adolescence. Unique environmental factors underlying both internalizing and alcohol use
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vary considerably across adolescence, and their effects are generally ephemeral. However,
these factors – particularly those evident early in adolescence – establish a shared liability to
symptoms of internalizing and alcohol use. Thus, environmental circumstances identified as
risk factors for one trait should be investigated as risk factors for the other as well. These
findings potentially have implications for prevention, intervention, and treatment of
psychopathology and substance use that manifest during adolescence.

The results of these analyses must be considered in light of several limitations. First, the
sample is entirely native born Swedish twins and these results may not extrapolate to other
ethnicities. Second, the measure used of internalizing symptoms consisted of items related to
both anxiety and depression, which, on a clinical level, could be differentially related to
alcohol use. However, attempts to identify distinct phenotypic factors within the measure
failed (Kendler, Gardner, et al., 2008), suggesting that the measure is largely homogenous
for this sample. Finally, though the primary goals of the analyses differ considerably, we
note that the current results differ from those reported by Kendler and colleagues (2008) in
that the current heritability estimates of SxAnxDep are lower. This could be due in part to
differences in how the final variables were constructed; in particular, the previous report
used a continuous factor score, which likely has lower error than our ordinal measure. In
addition, the previous study corrected for the unreliability of individual raters through the
use of multiple reporters. Finally, model fitting proceeded somewhat differently with regards
to unique environmental effects. Our analyses are concerned primarily with the nature of a
shared liability between SxAnxDep and IntoxFreq rather than more specifically with
developmental changes in the (distinct) measure of SxAnxDep used by Kendler et al.; our
model fitting approach was designed accordingly.

Abbreviations

SxAnxDep symptoms of anxiety and depression

IntoxFreq intoxication frequency
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Figure 1.
Genetic structure of a full model. Shared and unique environmental structures are identical
to that of genetic factors.
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Figure 2.
Final model. Final model structure, with path estimates (and 95% confidence intervals) for
(A) genetic factor loadings, (B) shared environmental factor loadings, and (C) unique
environmental factor loadings.
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Figure 3.
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Contributions of latent factors to variance. The proportion of total variance at each wave is
depicted for SxAnxDep and IntoxFreq. A) Genetic components of variance for SxAnxDep;
B) genetic components of variance for IntoxFreq; C) shared environmental components of
variance for IntoxFreq; and D) unique environmental components of variance for both
SxAnxDep and IntoxFreq.
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Table 2

Distribution of intoxication frequency at each wave of data collection, separately by sex. See Methods for item
description.

Wave 2

Boys Girls

Never 81.6% 84.5%

Occasionally 12.7% 9.4%

A few times 3.5% 3.2%

Quite a few times 1.3% 1.6%

Often 0.7% 0.9%

Very often 0.3% 0.3%

Sex differences Z=0.26 (n.s.)

Wave 3

Boys Girls

Don’t drink 38.1% 34.2%

Never/seldom 16.6% 17.2%

Sometimes 18.8% 19.9%

Nearly every time 18.1% 21.7%

Always 8.3% 7.0%

Sex differences Z= −0.93 (n.s.)

Wave 4

Boys Girls

Don’t drink 7.5% 5.7%

Never 5.8% 9.3%

Once per year 6.0% 5.7%

3–4 times per year 10.7% 11.2%

Once per 2 months 11.2% 13.4%

Once per month 18.4% 16.5%

Twice per month 35.6% 26.1%

Once per week 11.1% 10.1%

Twice per week 3.7% 2.2%

Daily 0% 0%

Sex differences Z= −0.71 (n.s.)
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