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Abstract

The risks associated with early age at initiation for alcohol, cigarette, and cannabis use are well
documented, yet the timing of first use has rarely been studied in genetically informative
frameworks, leaving the relative contributions of genetic and environmental factors to age at
initiation largely unknown. The current study assessed overlap in heritable and environmental
influences on the timing of initiation across these three substances in African-American women,
using a sample of 462 female twins (100 monozygotic and 131 dizygotic pairs) from the Missouri
Adolescent Female Twin Study. Mean age at the time of interview was 25.1 years. Ages at first
use of alcohol, cigarettes, and cannabis were gathered in diagnostic interviews administered over
the telephone. Standard genetic analyses were conducted with substance use initiation variables
categorized as never, late, and early onset. Variance in the timing of first use was attributable in
large part to genetic sources: 44% for alcohol, 62% for cigarettes, and 77% for cannabis. Genetic
correlations across substances ranged from 0.25 to 0.70. Shared environmental influences were
modest for alcohol (10%) and absent for cigarettes and cannabis. Findings contrast with reports
from earlier studies based on primarily Caucasian samples, which have suggested a substantial
role for shared environment on substance use initiation when measured as lifetime use. By
characterizing onset as timing of first use, we may be tapping a separate construct. Differences in
findings may also reflect a distinct etiological pathway for substance use initiation in African-
American women that could not be detected in previous studies.
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1. Introduction

1.1. Early substance use

The initiation of substance use is a key subject of investigation in prevention-related
research, as the earliest indicators of potential substance-related problems manifest during
this first stage of use. For both licit and illicit drugs, early age at first use is a marker of
elevated risk for developing substance use disorders (SUDs). The relationship between early
onset and later problem use has been demonstrated for alcohol (Chou and Pickering, 1992;
Grant and Dawson, 1997; Hingson et al., 2006; McGue et al., 2001; Prescott and Kendler,
1999), cigarettes (Everett et al., 1999; Hu et al., 2006), and other drugs (Anthony and
Petronis, 1995; Grant and Dawson, 1998; King and Chassin, 2007). Elevation in risk for
SUDs among early users has also been found across substances (Early onset cigarette
smoking, for example, has been tied to both alcohol and drug use disorders [Grant, 1998;
Grucza and Bierut, 2006; Hanna and Grant, 1999]), suggesting that early initiation reflects
more global risk of pathological outcomes.

The increased likelihood of co-occurring substance use among early users of a given
substance of abuse is well documented. Early age at first drink has been tied to cigarette
smoking and illicit drug use in several studies (Callas et al., 2004; Ellickson et al., 2003;
Schmid et al., 2007; Vieira et al., 2007). Early onset cigarette smoking has similarly been
associated with both alcohol and cannabis use (Korhonen et al., 2008; Kokkevi et al., 2006;
Sartor et al., 2008). Prior use of alcohol or cigarettes has, in turn, been found to predict
experimentation with cannabis at a young age (Coffey et al., 2000; Ellickson et al., 2004b).
Consistency across substances in the course of use has been documented as well. Individuals
who begin smoking cigarettes at a young age are also likely to start drinking and using
cannabis at a young age (Agrawal et al., 2006). The significant overlap across licit and illicit
drugs in patterns of initiation and their associated outcomes suggests the possible role of
common vulnerability factors and the utility of examining initiation of use for alcohol,
cigarettes, and cannabis in combination.

1.2. Genetic influences on ‘ever use’

Genetically informative research designs, which have been used extensively to study the
onset of use for a single licit or illicit drug, offer a powerful means of identifying the
source(s) of cross-substance vulnerability to initiation of substance use. Findings across twin
studies (based on dichotomous indicators of lifetime use) indicate that the relative
contributions of heritable and environmental factors vary somewhat by substance (Hopfer et
al., 2003). Heritability estimates are generally lowest for initiation of alcohol use. Genetic
factors have been found to account for between 0 and 39% of the variance in alcohol
initiation in most studies (Fowler et al., 2007; Han et al., 1999; Rhee et al., 2003). One
notable exception is Maes et al.’s (1999) estimate of 72% heritability when use without
permission was specified. McGue et al. (2001) also reported that initiation of alcohol use
was attributable to a substantial degree to genetics in males (55%) but this finding did not
generalize across gender (for females, heritability was estimated at 11%). Genetic
contributions to the onset of cigarette smoking appear to be somewhat higher, with most
studies producing heritability estimates around 40% (Fowler et al., 2007; Koopmans et al.,
1997; McGue et al., 2000; Rhee et al., 2003), although both considerably lower (11%, Han
etal., 1999) and higher (84%, Maes et al., 1999) estimates have been reported.
Approximately 30% of the variance in the onset of cannabis use is attributable to genetic
factors, but as in the case of both alcohol use and cigarette smoking, heritability estimates
cover a wide range (0-72%) (Fowler et al., 2007; Han et al., 1999; Kendler and Prescott,
1998; Maes et al., 1999; McGue et al., 2000; Rhee et al., 2003; Tsuang et al., 1999).
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Only rarely has alcohol, cigarette, and cannabis use been examined in combination in
genetically informative samples. Among the few to do so was Han et al.’s (1999)
investigation with adolescent twins, which produced evidence of a common vulnerability
factor that was explained largely by environmental factors shared by twins (63%, compared
with 23% accounted for by genetic factors). Hopfer and colleagues (2001) reported similar
findings in their study of alcohol use and cigarette smoking in an older adult cohort of
female twins. Shared environmental influences, which accounted for a substantial proportion
of variance in lifetime (ever use) measures of both alcohol and cigarettes, were highly
correlated across substances. Findings from Koopmans et al.’s study (1999) using twins
ranging in age from 12 to 25 years also indicated that, among the 12 to 16 year-olds,
initiation of alcohol use and cigarette smoking were influenced in large part by the same
shared environmental factors. In contrast, the association between the onset of alcohol use
and cigarette smoking among 17 to 25 year-olds was attributable to common genetic factors.
The relatively limited research in this area (in which initiation is measured as “lifetime use”)
has produced mixed findings. The degree to which onset of alcohol, cigarette and cannabis
use is attributable to common genetic or environmental factors is unclear.

1.3. Goals of the current study

The above studies have established a foundation for examining common vulnerability to the
onset of licit and illicit drug use. Two key issues that remain relatively under-explored are
addressed in the current study. First, we examine genetic and environmental contributions to
the timing of alcohol, cigarette, and cannabis use onset. Despite the well-known risks
associated with early initiation, very few genetically informative studies have addressed age
at initiation; even fewer have simultaneously examined timing of first use for more than one
substance. Second, we focus on African-American females, who are under-represented in
genetically informative studies of substance use initiation in general and virtually absent
from the limited literature on cross-substance risk for onset of use. The lower prevalence of
cigarette and alcohol use (Ellickson et al., 2004a; Grucza et al., 2008; Heath et al., 1999;
Scarinci et al., 2002; Vega et al., 2007) and differences in sequence of licit and illicit
substance initiation (Guerra et al., 2000) in African-Americans compared with Caucasians
hint at distinctions in pathways of risk that cannot easily be detected in studies where
African-Americans comprise only a small proportion of participants. In this study, we use
data from a young adult African-American female twin sample to estimate the relative
contributions of genetic and environmental factors to the timing of first use for alcohol,
cigarettes, and cannabis and to assess the degree to which these influences on initiation are
shared across the three substances.

2. Methods
2.1. Participants

The sample consisted of African-American female twins who had participated in the
Missouri Adolescent Female Twin Study (MOAFTS), a longitudinal study of alcohol-related
problems and associated psychopathology in female adolescents and young adults. Female
twin pairs born in Missouri between 1 July 1975 and 30 June 1985 to Missouri-resident
parents were initially identified through birth records and recruited between 1995 and 1999
for the first wave of data collection. Recruitment was conducted using a cohort-sequential
design, with cohorts of 13, 15, 17, and 19 year-old female twin pairs and their families
ascertained in the first 2 years and new cohorts of 13 year-old twins and their families added
in the subsequent 2 years. (For further details on ascertainment, see Heath et al., 2002). A
special effort was made to ensure that the ethnic composition of the sample accurately
reflected the population of Missouri, where approximately 14% of adolescents and young
adults identify as African-American. In 2002-2005, all female twins from the target cohort
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(excluding those who had previously withdrawn from the study or whose parents had
refused permission for the family to be re-contacted) were approached for follow-up (Wave
4) interviews. All women who completed Wave 4 assessments were subsequently invited to
participate in the fifth wave of data collection, which began in 2005.

The sample for the current study was comprised of 100 monozygotic (MZ) and 131
dizygotic (DZ) twin pairs, all of whom were 21 years of age or older at the time of last
interview. (Age 21 was chosen as the cut-off based on Kaplan—Meier estimations of survival
curves for age at onset of each of the three substances.) Of the 255 African-American twin
pairs who met age eligibility criteria, 90.6% had complete data for both twins on initiation of
use for all substances, resulting in a sample size of 462 twins (231 pairs) for the current
study. In the majority of cases (89.4%), data were drawn from the fifth wave of data
collection. For the remaining participants, who did not participate in Wave 5 interviews but
were 21 years of age or older at the time of Wave 4 data collection, data were drawn from
Wave 4 interviews. Mean age at the time of last interview was 25.1 (range = 21-31) years.

2.2. Procedure

All data were collected over the telephone by trained interviewers. An initial screening to
determine zygosity of the twin pair was conducted in Wave 1 with one of the twin’s parents.
Diagnostic interviews were then scheduled with parents who agreed to take part in the study.
Interviews with the twins were scheduled after obtaining verbal consent (and, for those
under the age of 18, the consent of parents). In Waves 4 and 5, verbal consent was also
obtained from all participants prior to the start of interviews, consistent with procedures
approved by the Human Research Protection Office at Washington University.

2.3. Assessment battery

The Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA) (Bucholz et al.,
1994; Hesselbrock et al., 1999) was adapted for interview via telephone and used to collect
lifetime diagnostic data from parents and twins at Wave 1 and from twins at Wave 4.
Detailed histories of alcohol, cigarette, and cannabis use and related problems were obtained
from twins in Waves 1 and 4. Wave 5 data collection was also conducted with SSAGA-
based telephone interviews, but differed from earlier assessments in its focus on obtaining
updated rather than lifetime psychiatric and substance use histories. (The majority of
questions referred to experiences from the previous 24 months, the approximate period of
time between Wave 4 and Wave 5 assessments.)

2.4. Operationalizing age at onset

Alcohol—Age at initiation of alcohol use was defined as the age at which the participant
first consumed a full alcoholic drink, i.e. a standard can or bottle of beer, a glass of wine or a
shot of liquor. Consumption of one or more alcoholic drinks (lifetime) was reported by
87.5% of participants.

Cigarettes—Age at first cigarette use was defined as the age at which the participant tried
her first cigarette. A total of 67.8% of the sample reported having tried at least one cigarette.

Cannabis—Age at first cannabis use was defined as the participant’s age the first time she
used cannabis. Cannabis use (one or more times over the lifetime) was reported by 58.2% of
the sample.

Age at first cannabis use was defined as the participant’s age the first time she used
cannabis. Cannabis use (one or more times over the lifetime) was reported by 58.2% of the
sample. Age at first use of a substance was derived from the wave of assessment in which
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use of that substance was first reported, toward the end of minimizing potential retrospective
reporting bias. In Wave 5, respondents were not specifically asked the age at which they first
drank alcohol or the age at which they first smoked a cigarette, but they were asked about
age at last use. In the small number of cases in which first use of alcohol or cigarettes was
reported for the first time at Wave 5 (8.7% and 1.3%, respectively, of those who ever used),
age at first use was estimated in the following way: For those individuals who reported in
Wave 5 that they had used alcohol or cigarettes in the previous 24 months but explicitly
stated in Wave 4 interviews that they had never used that substance, first use was estimated
as 2 years before age at Wave 5, the earliest age at which initiation could have occurred.
Age at first cannabis use was queried in all waves of data collection. (Reliability of self-
reported age at first use could not be estimated in our sample, but moderate test-retest
reliability for initiation of alcohol, cigarette and illicit drug use has been reported in large-
scale surveys [Johnson and Mott, 2001].)

Categories of ‘early” and ‘late’ age at first use were created by dividing distributions of age
at initiation into two approximately equal groups. For alcohol, early first use was defined as
16 years or younger, late as 17 years or older (using the lower of the two possible cut-offs to
create amore conservative definition of early initiation). For cigarettes, early first use was
defined as 14 years or younger, late as 15 years or older. Definitions of early vs. late age at
first use of cannabis were the same as those for alcohol: 16 years or younger for early and 17
years or older for late. As described in Section 2.5.2, never-users were also included in the
models.

2.5. Data analysis

2.5.1. Twin modeling—Data from monozygotic (MZ) and dizygotic (DZ) twins can be
utilized to parse out the relative contributions of additive genetic (A), shared environmental
(C) and non-shared environmental (E) influences on population variation in behaviors of
interest (in this case, onset of alcohol, cigarette, and cannabis use). Non-additive genetic
influences (including dominance, and thus denoted as D) can be estimated in place of shared
environment when the correlation between members of DZ twin pairs is less than half the
correlation between their MZ counterparts for a given behavior, but C and D cannot be
jointly estimated when data from twins alone are used. In our sample, the DZ correlations
for age at initiation were greater than half the MZ correlations for all three substances,
indicating that a model incorporating C rather D (i.e., an ACE model) would be most
appropriate for these data.

2.5.2. Univariate twin models—Univariate twin models were fit to raw categorical data
on initiation of alcohol, cigarette, and cannabis use. Categories were created for each
substance to represent never used (‘0”) and late- and early-age at first use (‘1” and ‘2,
respectively) in order to account for the potential skewness in the continuous forms of these
variables. Inclusion of non-users in the models ensured that we did not lose information
from twin pairs discordant for ever using a given substance. (Among MZ pairs, discordance
rates were 11.0%, 24.0%, and 27.0% for alcohol, cigarettes, and cannabis, respectively.
Among DZ pairs they were 20.6%, 38.9%, and 39.7%.) In preliminary analyses, univariate
models using dichotomous indicators of ever use and 2-level variables of early vs. late
initiation (users only) were compared with those using the three-level variables that include
non-users. Similar underlying variance structures were observed in all three modeling
approaches, but models using the never/late/early categorical scheme were the most stable,
providing further support for using the three-level variables. Tests of multivariate normality
were conducted and assumptions were met for all three phenotypes.
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Genetic models were fitted by the method of maximum likelihood, using the structural
equation modeling program Mx (Neale et al., 2003). For each phenotype, the thresholds
(assessed as z-scores on the underlying standard normal distribution), were adjusted for lag
time between age at first use and age at the time of report (see Section 2.5.4). A series of
sub-models examining the statistical significance of A, C and E were compared to the full
model to derive the best-fitting univariate models. Sub-models were tested by calculating the
difference between the —2 log likelihood fit of the full model and nested sub-model, which
is distributed as chi-square for the given degrees of freedom.

2.5.3. Trivariate twin model—In order to assess the extent to which genetic, shared
environmental and non-shared environmental influences on the onset of use overlap across
substances, a trivariate triangular decomposition model (also known as a Cholesky
decomposition model) was fitted. The proportions of variance attributable to common vs.
substance-specific sources of influence on initiation of alcohol, cigarette, and cannabis use
were estimated under this model. Models were constructed based on the best-fitting
univariate models and fitted in Mx using raw categorical data. Thresholds for all three
initiation variables were simultaneously adjusted for all three lag times between age at first
use and age at time of report. The final model was derived by testing sub-models against the
full model, as described in Section 2.5.2.

2.5.4. Adjustments for age at report—In an effort to reduce potential retrospective
reporting bias (i.e., the trend toward reports of age at first use to increase slightly with
respondent age [Grucza et al., 2008]), adjustments were made for the length of time between
age at first use and age at the time of report. Since an individual’s reports of first alcohol,
cigarette, and cannabis use could be derived from different waves of data collection,
separate adjustments for time between first use and report of first use were made for each
substance. A total of 10 dummy variables per substance, representing 0, 1, 2, up through 10
or more years of lag time, were included in analyses. (Dummy variables were deemed a
better fit than continuous variables, which rely heavily on assumptions of linearity that are
not met in our measures of lag times.) Lag times for those women who never reported any
use of a given substance were coded as 0 for that substance since assignment to the ‘never-
used’ category was based on reports from the most recent interview.

3.1. Initiation of use: cross-substance distributions

Cross-substance distributions of initiation status (never, late, or early) for alcohol, cigarettes,
and cannabis are shown in Table 1. Significant associations were found between initiation of
alcohol and cigarettes (X2(4) =59.70; p <.001; r = 0.40), alcohol and cannabis (x2(4) = 83.86;
p <.001; r = 0.47), and cigarettes and cannabis (X2(4) =94.74; p <.001; r = 0.51). Patterns
of cross-substance use initiation were in the expected direction, with those who had never
used a given substance being the least likely to use other substances. Early users, by
contrast, were the most likely to report co-occurring substance use, frequently reporting that
they began using other substances at an early age as well. For example, 79.3% of women
who had abstained from ever using alcohol never tried cannabis, whereas 46.0% of those
who began drinking at 16 years of age or younger reported first using cannabis at or before
age 16.

3.2. Univariate models

Separate genetic analyses conducted for alcohol, cigarettes, and cannabis use indicated that a
sizeable proportion of variance in initiation status was attributable to additive genetic
sources (A) for all three substances: 41% for alcohol, 74% for cigarettes, and 52% for
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cannabis. The contribution of shared environmental factors (C) to age at first use was more
modest for all three substances, with point estimates of 0 for cannabis and 0.12 for alcohol
and cigarettes. However, as seen in Table 2, confidence intervals for all three C estimates as
well as estimated A values for alcohol and cannabis included 0. Dropping the C pathway did
not result in a significant difference in model fit for alcohol (sz(l) = 0.15), cigarettes
(sz(l) =0.21), or cannabis (sz(l) = 0.00). Dropping the A pathway also did not result in a
significant difference in model fit for alcohol (sz(l) = 1.39) or cannabis (sz(l) = 2.57), but
a deterioration in model fit was observed for cigarettes when the A pathway was dropped
(sz(l) =5.66). The A and C pathways were dropped simultaneously to determine whether
an E model best captured the variance in alcohol and cannabis phenotypes, but in both cases,
it was a poorer fit for the data (sz(l) =20.39 and 6.81 for alcohol and cannabis,
respectively). Thus, tests of model fit did not support a reduced model for either alcohol or
cannabis. The wide range in confidence intervals for A and C values for cigarettes similarly
indicated that a reduced model did not provide the best fit for the cigarette use initiation
phenotype.

3.3. Trivariate model

The best-fitting trivariate model is shown with unstandardized path coefficients in Fig. 1.
The proportion of total variance attributable to genetic and environmental sources is
reported with 95% confidence limits in Table 2. The final model was derived by conducting
a series of tests, in two stages. First, pathways whose confidence intervals in the full model
included 0 (the A pathway for alcohol and the C pathways for all three phenotypes) were
dropped one at a time and the resulting sub-models were compared to the full model. Of
these, only the removal of the C pathway for alcohol significantly affected model fit. In the
second step, starting with the pathway with the lowest Ay? value (C component for cannabis;
sz(l) =-3.85), the remaining three pathways were dropped in combination and tested
against the reduced model from the previous step. No deterioration in model fit was
observed when the C component for cigarettes was dropped in combination with the C
component for cannabis (sz(z) =—7.41), but dropping the A pathway for alcohol resulted in
a poorer fit to the data (sz(z) =—7.41). As seen in Table 2, variance in these three
phenotypes was best represented with an ACE model for alcohol and AE models for
cigarettes and cannabis.

Heritable influences explained a substantial amount of variance in initiation status for
alcohol (44%), cigarettes (62%), and cannabis (77%). Shared environmental factors had a
modest influence on alcohol use initiation (10%) but did not contribute significantly to the
onset of cigarette or cannabis use. There was evidence for a considerable degree of overlap
in genetic factors influencing initiation status for alcohol and cigarettes (ra1_a2 = 0.70; CI:
0.61-0.75) and alcohol and cannabis (ra;_a3z = 0.49; CI: 0.36-0.83), but the genetic
correlation between cigarettes and cannabis was more modest (ra>_a3 = 0.25; Cl: 0.13-
0.26). A large degree of overlap was observed in individual-specific environmental
influences on initiation of cigarette smoking and onset of cannabis use (rgo_gz = 0.95; ClI:
0.80-0.97). Unique environmental contributions to the onset of alcohol use were also
correlated (to a lesser degree) with those contributing to cannabis use initiation (rgq_g3 =
0.27; Cl: 0.19-0.51), but we were able to drop the E pathway from alcohol to cigarettes
without a deterioration in model fit (Ay?(1) =—2.00).

4. Discussion

The current study examined genetic and environmental influences on the onset of alcohol,
cigarette, and cannabis use in young African-American women. Estimates of common vs.
substance-specific sources of variance were derived using a trivariate Cholesky
decomposition model that adjusted for lag time between age at time of report and age at first
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use for each of the three substances. Our investigation makes a unique contribution to the
literature on heritability of substance use initiation through its examination of the timing of
first use, its assessment of overlapping influences across substances, and its focus on an
understudied population.

For all three cross-substance comparisons, initiation of use for one substance (categorized as
never, late or early) was strongly associated with the timing of first use for the other,
providing further support that risk for co-occurring substance use is elevated in early users
of alcohol (Callas et al., 2004; Ellickson et al., 2003; Schmid et al., 2007; Vieira et al.,
2007), cigarettes (Korhonen et al., 2008; Kokkevi et al., 2006; Sartor et al., 2008), and
cannabis (Coffey et al., 2000). More specifically, our findings are consistent with other
studies reporting that risk for early use of licit or illicit drugs is increased in early initiates of
another substance of abuse (e.g., risk for early initiation of cannabis is elevated in
individuals who began drinking and smoking cigarettes at a young age [Agrawal et al.,
2006; Schmid et al., 2007]). Furthermore, despite the lower overall prevalence of alcohol
and cigarette (but not cannabis) use among African-Americans (Ellickson et al., 2004a;
Grucza et al., 2008; Heath et al., 1999; Scarinci et al., 2002; Vega et al., 2007), we found the
same patterns of cross-substance use as those found in the larger literature, which is based
primarily on Caucasians.

A substantial genetic contribution to the timing of initiation was found for alcohol (44%),
cigarette (62%), and cannabis (77%) use. Shared environmental factors had a modest
influence on the timing of first drink (10%), but we found no evidence that they play a role
in shaping the onset of cigarette and cannabis use—a surprising finding given the support in
the literature for the role of shared environment in substance use initiation, especially in girls
(Han et al., 1999; Hopfer et al., 2001). A significant number of studies on alcohol (Fowler et
al., 2007; Han et al., 1999), cigarette (Koopmans et al., 1999; Han et al., 1999), and cannabis
use (Fowler et al., 2007; Maes et al., 1999; McGue et al., 2000) have reported that greater
than half of the variance in initiation can be accounted for by shared environmental factors.
Discrepancies between our findings and those reported elsewhere may be attributable to
differences in the phenotypes under study. Whereas the current study addressed the timing
of first use, the vast majority of genetically informative studies have operationalized
initiation more broadly as ever vs. never use, which may not capture the risk specific to
early onset. Although one of the few known studies to address age at first use found
evidence for primarily environmental influences on initiation of alcohol and cigarette use
(Stallings et al., 1999), the very limited literature in this area and the demographic
differences between our sample and the older, all-Caucasian twin cohort used by Stallings
and colleagues suggest that the nature of risk for early vs. late onset use remains an open
question.

The disparity in findings between our study and prior investigations may also reflect
differences across ethnic groups in factors associated with risk for drug and alcohol use,
such as perceived peer use (Callas et al., 2004; D’Amico and McCarthy, 2006; Korhonen et
al., 2008; Kosterman et al., 2000), accessibility of substances (Beyers et al., 2004; Komro et
al., 2007), religiosity (Brook et al., 1999; Jeynes, 2006; Turner-Musa and Lipscomb, 2007;
Wills et al., 2003), and parental attitudes toward substance use (Beyers et al., 2004; Callas et
al., 2004). There is some evidence, for example, that lower prevalence of substance use in
African-Americans is attributable in part to higher religiosity (Heath et al., 1999; Nasim et
al., 2007; Wallace et al., 2003) and lower perceived peer substance use (Heath et al., 1999;
Vega et al., 1993). These differences in risk factors may translate into distinctions in the
relative contributions of genetic and environmental factors to substance use onset, although
this hypothesis has yet to be tested empirically.
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By decomposing the variance in each of the three phenotypes and estimating cross-
substance correlations, we were able to test for the contribution of common vulnerability
factors to the association between the timing of first use for alcohol, cigarettes, and cannabis
and determine that this common vulnerability is primarily genetic in nature. The limited
research examining overlap across substances in factors influencing initiation has produced
mixed results. In their study using a sample of older Caucasian women, Hopfer et al. (2001)
reported that lifetime (ever) use of alcohol and cigarettes was attributable to the same shared
environmental factors. Young et al.’s (2006) investigation of alcohol, cigarette, and cannabis
use in an adolescent sample revealed modest but significant correlations across substances in
both shared environmental and genetic influences, although they defined use as repeated
use, thus potentially tapping a different construct than age at first use. Perhaps the most
intriguing finding in this area comes from a study of 12 to 25 year-olds by Koopmans et al.
(1997), who found high correlations between shared environmental influences on initiation
of alcohol and cigarette use in 12 to 16 year-olds, but concluded that among 17 to 25 year-
olds, common influences on initiation were attributable to genetic sources. The trend for
heritability estimates for substance use initiation to increase with age has been noted in a
review of twin and adoption studies of adolescent substance use (Hopfer et al., 2003) and
may help to explain the relatively high estimates of genetic contributions to onset of first use
in our young adult sample.

The substantial contribution of genetic factors to the timing of first use found for alcohol,
cigarettes, and cannabis indicates that although the prevalence of substance use is relatively
low for African-American girls and young women compared with rates in males and other
ethnic groups, early use is highly heritable. The considerable overlap between heritable
factors that contribute to the timing of first alcohol use and those that influence onset of
cigarette and cannabis use suggests that familial risk for problem drinking is a global marker
of risk for early initiation of licit and illicit drugs. The fact that nearly all of the individual-
specific environmental influences on onset of cigarette smoking and initiation of cannabis
use were traceable to a common factor suggests that environmental exposures (e.g.,
association with deviant peers) that increase risk for starting to smoke at a young age also
impact the likelihood of early onset of cannabis use. Our findings differ from those in
studies based on primarily Caucasian samples that have addressed substance use initiation as
a dichotomous construct (ever use), thus suggesting that efforts aimed at preventing early
substance use in African-American girls may need to be based on a different etiological
model than one derived from findings in the larger literature.

4.1. Limitations and future directions

The current study has some limitations that should be kept in mind when interpreting results.
First, substance use history was reported retrospectively and was therefore subject to
potential recall biases. However, by using the earliest reports of first use (across multiple
waves of data collection) and adjusting for lag times between age at first use and age at time
of report, we were able to minimize these biases while gathering data from women who had
passed through the age of risk for substance use initiation. Second, although our final model
of cross-substance use initiation provides clear support for the primary role of heritable
factors, the wide range in confidence intervals for A and C in the univariate models suggests
that evidence should be interpreted as preliminary and that further studies are needed to
confirm that familial influences on substance use onset are attributable to genetic rather than
shared environmental sources. Third, due to power limitations, we were unable to test the
equal environment assumption (EEA), the assumption that correlations in exposure to
environmental events relevant to the trait under study are equal in MZ and DZ twins. Given
the support for the validity of the EEA in studies addressing substance use and other
psychiatric issues (Hettema et al., 1995; Kendler et al., 1993; Xian et al., 2000), the

Drug Alcohol Depend. Author manuscript; available in PMC 2011 February 2.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sartor et al.

Page 10

likelihood that there were violations and that these violations significantly impacted our
results is low, but further investigation of the validity of the EEA in relation to substance use
initiation appears to be warranted (Kendler and Gardner, 1998).

Results from the current study suggest a number of possible directions for future work in
this area. Extension of this line of research to African-American males and members of
other under-represented ethnic groups will address critical questions about the
generalizability of these findings and their implications for tailoring prevention efforts to the
needs of various risk groups. Examination of genetic and environmental contributions to
additional transitions in the course of substance use (e.g., symptom onset) will address the
extent to which these influences fluctuate over time, potentially introducing the need for
different intervention approaches at different stages of use. Investigation of possible
mediators of the correspondence of age at onset for these three substances of abuse, such as
externalizing psychopathology (attributable in part to the same genetic factors that influence
substance use initiation [McGue et al., 2001]), will further our understanding of the pathway
of risk that can lead to substance use disorders. Finally, our estimates of the relative
contribution of heritable and environmental influences on the timing of first alcohol,
cigarette, and cannabis use provide a starting point for identifying the specific genes and
environmental exposures that impact initiation of these substances of abuse (Merikangas et
al., 2006) and the degree to which these influences may vary across gender and ethnic
groups.
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