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Abstract

Background—The development of alcohol dependence (AD) involves transitions through
multiple stages of drinking behaviors and is shaped by both heritable and environmental
influences. We attempted to capture this dynamic process by characterizing genetic and
environmental contributions to the rate at which women progressed through 3 significant
transitions along the pathway to AD: nonuse to initiation, initiation to onset of first alcohol-related
problem, and first problem to onset of AD.

Methods—The sample consisted of 3,546 female twins from the Missouri Adolescent Female
Twin Study. Participants ranged in age from 18 to 29 years. Retrospective reports of alcohol use
histories were collected by telephone diagnostic interview and transition times between drinking
milestones were coded ordinally. Standard genetic analyses were conducted in Mx to derive a
trivariate model that provided estimates of genetic and environmental influences that were
common as well as specific to the 3 transition times.

Results—Heritable influences were found for rate of progression across all 3 transitions,
accounting for 30 to 47% of the variance in transition times. Shared environmental contributions
were evident only in rate of progression from nonuse to initiation (i.e., age at first drink). Heritable
contributions to the rate of movement through successive drinking milestones were attributable to
a common factor, whereas environmental influences were transition-specific.

Conclusions—The current study is unique in its use of a genetically informative design to
document the rate of movement between drinking milestones in a female sample and to examine
genetic contributions to multiple transition times over the course of AD development. Results
indicate that an earlier report of heritability for males in rate of progression from regular drinking
to AD generalizes to women and to other alcohol stage transitions. Findings also suggest the need
to consider stage-specific environmental contributions to alcohol outcomes in developing
interventions.
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TRANSITIONS IN THE COURSE OF ALCOHOL DEPENDENCE
DEVELOPMENT

The development of alcohol dependence (AD) is a multistage process comprised transition
points at which drinking behaviors increase in severity (e.g., initiation of alcohol use to
onset of alcohol-related problems). Identifying factors that contribute to a lifetime diagnosis
of AD, although important in assessing overall liability to the disorder, is of limited utility in
predicting changes in vulnerability to alcohol-related problems over the developmental
course of the disorder. In contrast, characterizing the sources of risk associated with the rate
of progression between successive drinking milestones creates a more comprehensive
picture of the course of AD development and facilitates identification of those junctures
where alcohol outcomes may be most modifiable.

Evidence for developmental stage-specific predictors of drinking course is growing (Sartor
etal., 2007; Sher et al., 2004), yet the course of alcohol use and dependence has only rarely
been studied with respect to the series of stage transitions making up this pathway. A small
number of studies have examined the predictors of progression to a more severe alcohol use
status (e.g., increase in AD symptoms, movement from regular to hazardous use) at multiple
points in drinking course (Bucholz et al., 2000; Lieb et al., 2002), but the outcomes in these
investigations were whether, as opposed to how rapidly these transitions occurred. Initiation
is the only stage of alcohol use that has been extensively studied in terms of the rate of
progression to that drinking status (i.e., age at first drink). Early age at first drink has been
tied to increased risk for AD development in numerous population-based studies (Dawson,
2000; DeWit et al., 2000; Nelson and Wittchen, 1998), including one by Grant and Dawson
(1997), which reported that the odds of developing AD decreased by 5% for every year that
initiation of alcohol use was delayed in a sample of 14- to 21-year olds (Grant and Dawson,
1997). Similarly, based on data from the National Epidemiological Survey on Alcohol and
Related Conditions (NESARC), Hingson et al. (2006) reported that the lifetime prevalence
of AD was 47% among individuals who had initiated alcohol use at age 14 years or younger
versus 9% among those who began drinking at 21 years or older (Hingson et al., 2006). As a
result of these and similar findings, delay of first alcohol use has been proposed to reduce
risk for AD, but work by Prescott and Kendler (1999) suggests that, rather than reflecting a
causal relationship, early age at first drink may be a marker for familial liability to AD.

THE HERITABILITY OF ALCOHOL USE AND DEPENDENCE

The heritability of AD, estimated at approximately 50 to 60% (Reed et al., 1996; True et al.,
1996; van den Bree et al., 1998), has long been established in men (Hrubec and Omenn,
1981; Romanov et al., 1991) and has more recently been demonstrated in females as well
(Heath et al., 1997; Kendler et al., 1994; Knopik et al., 2004; Prescott et al., 1999). Genetic
influences on initiation of alcohol use have also been consistently reported, but are less
robust (14 to 40%) (Hopfer et al., 2003) than those on AD and other later occurring alcohol
use behaviors (Fowler et al., 2006; Rhee et al., 2003) and they account for a smaller
proportion of variance in initiation of use relative to shared environmental influences
(Fowler et al., 2006; Koopmans and Boomsma, 1996; Rose et al., 2001; Stallings et al.,
1999). Among the few genetically informative studies to assess cross-stage influences on
alcohol outcomes was Pagan et al.’s (2006) investigation of alcohol use initiation, frequency
of use, and alcohol-related problems in a large Finnish twin sample. Shared environmental
factors were reported to be the primary sources of variance for initiation, whereas frequency
of use and alcohol-related problems were found to be largely attributable to a genetic source
common to these 2 outcomes (Pagan et al., 2006). Like the epidemiologic investigations
described earlier, these twin-based studies examined stages of alcohol use in terms of
whether a given milestone was reached rather than the rate of progression between stages of
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use. The few that have incorporated timing of transitions into the research design provide the
groundwork for the current study.

Prescott and Kendler (1999) estimated genetic, shared environmental, and unique
environmental sources of co-variance in early initiation of alcohol use and AD in a large
sample of male and female twin pairs and found that 29% of variation in risk for AD in
women and 19% in men was shared with factors contributing to age at onset of first drink,
nearly all of which was genetic. They concluded that familial sources fully accounted for the
shared variance between early first alcohol use and AD (Prescott and Kendler, 1999). In
contrast, an investigation of common vulnerability to early onset of regular drinking and AD
development in an all-male twin sample, which also revealed genetic and shared
environmental sources of risk, concluded that the association could notbe fully explained by
familial factors common to the 2 alcohol outcomes (Grant et al., 2006). Stallings et al.
(1999) assessed 2 alcohol outcomes as transition times, age at onset of first alcohol use and
latency between first use and onset of regular drinking, and found that shared environmental
factors accounted for the most variance in age at initiation, whereas genetic influences were
more prominent in rate of progression to regular drinking (Stallings et al., 1999). The only
known genetically informative study to address the rate of progression in AD development
was conducted by Liu et al. (2004), in which age at onset of regular alcohol use and of AD
as well as the length of time between these 2 transition points were examined in an all-male
twin sample. Approximately 25% of the variability in transition time was accounted for by
genetic factors (Liu et al., 2004).

Although significant steps in addressing the heritability of AD development, these studies
leave critical questions regarding progression through drinking milestones unanswered.
First, do results from this body of literature generalize to other stage transitions not
addressed in these studies? Second, do Liu et al.’s findings apply to women? Finally, to
what degree do the genetic and environmental influences impacting rate of progression
overlap across alcohol stage transitions? The present study aims to address these issues by
examining the lag times between successive drinking milestones along the pathway to AD
using a large all-female twin sample. We attempt to capture the dynamic course of AD
development by focusing on 3 significant transitions: nonuse to initiation, initiation to onset
of first alcohol-related problem, and first problem to onset of AD. Common as well as
transition-specific genetic and environmental contributions to the rate of progression across
these alcohol stage transitions are estimated.

MATERIALS AND METHODS

Participants

The sample consisted of 3,546 female twins [954 monozygotic (MZ) pairs and 819 dizygotic
(DZ) pairs] from the Missouri Adolescent Female Twin Study (MOAFTS), a longitudinal
study of alcohol-related problems and associated psychopathology in female adolescents and
young adults (Heath et al., 2002). Birth records were used to recruit female twin pairs born
in Missouri to Missouri-resident parents between July 1, 1975 and June 30, 1985 using a
cohort-sequential design. Cohorts of 13-, 15-, 17-, and 19-year-old female twin pairs and
their families were ascertained in the first 2 years, with new cohorts of 13-year-old twins
and their families added in the subsequent 2 years. Recruitment was conducted from 1995 to
1999. A total of 2,369 families were initially targeted for inclusion in the study. Parental
diagnostic interviews were completed by at least 1 parent in 1,819 families, representing
77% of eligible families. (For further details on ascertainment, see Heath et al., 2002). Data
for the present study were drawn from the fourth wave of data collection, when participants
had a mean age of 21.6 years (range = 18 to 29 years). Approximately 86% of the sample
identified as Caucasian and 14% as African-American.
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Procedure

Data were collected over the telephone by trained interviewers. At baseline, an initial
screening to determine zygosity of the twin pair was conducted with one of the twin’s
parents and, when permission was granted, parental diagnostic interviews were scheduled.
Interviews with the twins were scheduled after obtaining verbal consent (and, for those
under the age of 18, the consent of parents), consistent with procedures approved by the
Institutional Review Board at Washington University. Wave 4 data were collected
approximately 5 years later.

Assessment Battery

The Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA) was adapted for
interview via telephone and used to collect detailed histories of alcohol use and to obtain
DSM-IV diagnoses of alcohol abuse and dependence. The SSAGA is a highly reliable
(Bucholz et al., 1994) and well-validated (Hesselbrock et al., 1999) instrument designed to
assess alcohol use disorders (AUDSs) and related psychiatric disorders in adults. [Telephone
administration of similar diagnostic assessments has yielded good reliability estimates for
AUD diagnoses (Slutske et al., 1998)].

Alcohol Use

Age at initiation of alcohol use was defined as the age at which the first full alcoholic drink,
i.e., a standard can or bottle of beer, a glass of wine or a shot of liquor, was consumed.
Consumption of one or more alcoholic drinks over the lifetime was reported by 85.3% of
participants.

Alcohol-Related Problem

Age that first alcohol-related problem was experienced was defined as the age at onset of the
first alcohol abuse or dependence symptom. One or more alcohol use disorder symptoms
were reported by 40.6% of the sample (47.6%of drinkers).

Alcohol Dependence

Age at onset of AD was defined as the age at which full DSM-IV criteria for AD (i.e., 3 or
more AD symptoms occurring during the same 12-month period) were first met. AD criteria
were met by 7.3% of the sample (8.6% of drinkers).

Operationalizing Rate of Transition

Categories of “slow” and “rapid” rate of transition between successive drinking milestones
were created by dividing distributions of continuous indicators of transition times into 2
approximately equal groups. For nonuse to initiation, slow was defined as 17 years or more,
rapid as 16 or fewer years. In the initiation to first AUD symptom transition, slow was
defined as 3 or more years and rapid was 2 years or fewer. For first AUD symptom to onset
of AD, slow was defined as 2 or more years, rapid as 1 year or less.

Data Analysis

Twin Modeling—Data from MZ and DZ twins can be utilized to parse out the extent to
which additive genetic (A), shared environmental (C) and nonshared environmental (E)
factors influence population variation in speed of transitions between drinking milestones.
Nonadditive (including dominance, and thus denoted as D) genetic influences 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 transition
time. However, both C and D cannot be jointly estimated when data from twins alone are
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used. In most instances, such as ours, where the DZ correlations are greater than half the MZ
correlations, there is preliminary evidence in favor of C and an ACE model is used.

Univariate Twin Models—We fit univariate twin models to raw categorical data on the 3
transition times: nonuse to initiation, initiation to first AUD symptom and first symptom to
AD. We created categories for each transition measure to represent did not transition (as
“0”) and early-, and late-onset transitions (as “2” and “1” respectively) to account for the
potential skewness in the continuous forms of these variables. Initiation to first AUD
symptom was missing in those who had never used alcohol. Likewise, the transition from
first AUD symptom to AD was missing in those who were lifetime abstainers and in those
who had used alcohol but never reported any AUD symptoms. In the statistical software
package Mx, we used a maximum likelihood estimator to examine the extent to which A, C,
and E shaped transition times. The thresholds for each transition time, which were expressed
as z-scores on the underlying standard normal distribution, were adjusted for age at
interview (dummy coded as “0” for 22 years or older and “1” for 21 years or younger). A
series of submodels examining the statistical significance of A, C, and E were then
compared to the full model using the difference between the -2 log likelihood fit of the full
model and nested submodel, which was distributed as chi-squared for the given degrees of
freedom.

Trivariate Hierarchical Model—Whereas the univariate models estimated the extent to
which the rate of progression to each stage was influenced by genetic and environmental
influences, they did not address the important question of the extent to which common and
specific genetic and environmental influences act across all 3transitions. A trivariate
triangular decomposition model (also known as a Cholesky decomposition model) can
disentangle the extent to which the genetic, shared and nonshared environmental influences
on rate of transition between drinking milestones overlap across alcohol stages and the
extent to which they are specific to each transition. In addition, the 3 phenotypes under
investigation here are contingent on each other. That is to say, the time from initiation to
first AUD symptom can only be measured in those who reported either early- or late-onset
transition from nonuse to initiation but is structurally missing in those who never used
alcohol. Therefore, any individual coded as “0” for the transition from nonuse to initiation
was structurally missing on the latter 2 dimensions of initiation to first AUD symptom and
first symptom to AD. Additionally, rate of transition from first AUD symptom to DSM-1V
AD could not be assessed in those who did not endorse any AUD symptoms. Therefore, the
final transition from first symptom to AUD was structurally missing in those who were
coded as “0” on the transition from initiation to first AUD symptom. This imposed a
hierarchy across the Cholesky, such that genetic and environmental influences on each
transition time were contingent on having made the prior transition (i.e., being coded as 1 or
2, but not 0, on the prior transition). Heath et al. (2004) have demonstrated the applicability
of such a hierarchical model for contingent phenotypes, including stages of substance use
behavior.

Trivariate hierarchical models were fit in Mx. Raw categorical data were used and
thresholds for all 3 transitions were simultaneously adjusted for age at interview. As with the
univariate models, submodels, which tested the statistical significance of the genetic, shared
and nonshared environmental overlap, were tested against the fit of the full model using the
likelihood ratio chi-squared statistic.
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Rates of Movement Across Alcohol Stages

Table 1 displays the rates of transition to the next drinking milestone by rate at which the
previous milestone was reached. A larger number of rapid (age 16 or younger) than slow
(age 17 or older) initiators of alcohol use went on to develop alcohol-related problems
(59.9% vs. 32.5%) (X2(1) =224.75; p<0.001), but as seen in Table 1, individuals in the
rapid initiation group were about equally likely to transition slowly (in 3 or more years) as
quickly (in 2 or fewer years) to the symptom development stage. In contrast, a larger
proportion of the slow initiators who developed AUD symptoms transitioned rapidly than
slowly (22.8% vs. 9.7%). A similar pattern was observed for the transition from first AUD
symptom to onset of AD. A higher percentage of individuals in the rapid versus slow
symptom onset groups went on to develop AD (22.0 and 13.5%, respectively) (Xz(l) =
17.46; p<0.001), but those who transitioned quickly to symptomatic drinking were about
equally likely to make the transition to AD in 1 year or less (12.8%) as in 2 years or more
(9.2%). By comparison, those who developed symptoms slowly were nearly 3 times as
likely to transition to AD rapidly (9.9%) than slowly (3.6%).

Within-twin cross-trait polychoric correlations revealed modest associations between
transition times: 0.27 for transitions 1 and 2 (nonuse to initiation and initiation to first AUD
symptom), 0.20 for transitions 2 and 3 (initiation to first AUD symptom and first AUD
symptom to AD onset), and 0.31 for transitions 1 and 3 (honuse to initiation and first AUD
symptom to AD onset).

Univariate Models

Significant heritable influences (30 to 37%) on rate of progression were noted for all 3
transitions (Table 2). In addition, for the first transition from nonuse to initiation of alcohol
use, evidence for shared environmental influences (43%) was found, even after adjustment
for age at interview. For the transitions from initiation to first symptom and from the first
symptom to AD, the remaining variance in rate of progression was explained by individual-
specific environmental factors (sz(l) = 0.00 for significance of C).

Trivariate Hierarchical Model

The best-fitting model is shown in Fig. 1 and summarized with 95% confidence limits in
Table 3. When all 3 transition times were analyzed in the same model, heritable influences
explained 30 to 47% of the total variance in speed of transition through alcohol stages.
There was also considerable overlap across these genetic factors. Genetic correlations for
rate of progression across stages ranged from 0.83 to 0.93, with the upper confidence limit
reaching 1.00, thus suggesting little evidence in favor of transition-specific genetic factors.
We were able to allow for a single genetic factor acting on all 3 transition times, without a
significant deterioration of model fit (AX2(3) = 3.66, constraining any specific genetic
variance on the second and third transition, and the genetic covariance between them to
zero). In contrast, we found no support for correlated individual-specific environmental
factors (AX2(3) = 1.26, constraining the individual-specific environmental covariance
between the transitions to zero). Thus, while nonshared environment (E) explained between
26 and 59% of the total variance in rate of progression across alcohol stages, these factors
were entirely specific to each transition. As with the univariate models, shared
environmental factors were significant only for speed of transition from nonuse to initiation
and hence, shared environmental correlations across the 3 stage transitions were undefined.
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DISCUSSION

Building on evidence for heritable influences on various stages of alcohol use and the
association of age at first drink with likelihood of developing alcohol-related problems, we
examined genetic and environmental contributions to the rate at which women progressed
through 3 major transitions in the course of AD development. Analyses were conducted with
a multiple stage modeling approach aimed at reducing potential biases and adjusting for age
at the time of assessment. The current study is unique in its use of a genetically informative
design to document the rate of movement between drinking milestones in a female sample
and to examine genetic contributions to multiple transition times over the course of AD
development. Our focus on indicators of change in alcohol-related behaviors over time
offers a novel perspective on heritable risk for alcohol outcomes in women.

Consistent with the well-documented finding that early initiators of alcohol use are at
elevated risk for AD (Grant and Dawson, 1997; Hingson et al., 2006), women in the current
sample who had transitioned rapidly to a given milestone were at increased risk for moving
to the next stage of alcohol use. However, they were not more likely than others to progress
to the next stage at a faster rate. In fact, we found that a higher proportion of late than early
initiators transitioned quickly to symptomatic status. Though seemingly counterintuitive,
other studies of substance use have documented the tendency of early initiators to progress
more slowly to later stages of use (Anthony and Petronis, 1995; Breslau et al., 1993; Sartor
etal., 2007; Sung et al., 2004). One possible interpretation is that although those at highest
risk for later alcohol-related problems are likely to begin drinking at a young age, the
relatively greater difficulty they have in acquiring alcohol slows down the progression of
drinking behaviors. Importantly, this pattern of results underscores the need to consider
years of exposure to alcohol in the context of the developmental stage when exposure
occurs. It also suggests the value of dividing the course of AD development into stages to
capture changes in the rate of progression that could not be detected in a design aimed at
characterizing the trajectory as a whole.

Heritable influences were apparent in all 3 transition times, consistent with previously
reported estimates of modest genetic influences on age at alcohol use initiation (Stallings et
al., 1999) and age at onset of regular alcohol use (Liu et al., 2004). The best-fitting model
incorporating all 3 alcohol outcomes was one that assumed no transition-specific genetic
liability. Heritable contributions to the rate of progression through all 3 stage transitions
along the pathway to AD were attributable to a common genetic factor. This is in keeping
with findings from prior twin-based investigations that focused specifically on early alcohol
use as it relates to risk for AD. Prescott and Kendler (1999), for example, found that 98% of
the association between early age at first drink and AD in women was attributable to
common genetic sources of variance (Prescott and Kendler, 1999) and Grant et al. (2006)
reported that the strong link between alcohol use at a young age and later alcohol-related
problems was due in large part to common genetic influences (Grant et al., 2006).

A substantial effect of shared environmental influences was evident in the transition from
nonuse to initiation of alcohol use, but was absent in the other alcohol stage transitions.
Given that first alcohol use typically occurs in early to mid adolescence, it may be that
shared environmental influences reflect parental control over teens’ behavior, which
translates into suppression of genetic liability, or that shared peer influences are important in
this age group. Although the mechanisms underlying this finding have not been clearly
articulated, our results are in line with previous genetically informative studies on alcohol
use initiation (Koopmans and Boomsma, 1996; Rose et al., 2001; Stallings et al., 1999),
despite the fact that much of the earlier work in this area has used binary indicators (use vs.
nonuse) and we distinguished early versus late onset in the nonuse to initiation transition.
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Unique environmental factors (i.e., factors that make members of a twin pair different on a
given outcome) accounted for the majority of stage-specific variance. Furthermore, unlike
genetic factors, these individual-specific environmental factors were uncorrelated across the
3 measures of transition times, suggesting that environmental exposures impacting
movement to the next stage in the course of AD development differ by phase of involvement
in drinking behaviors. Rapid movement from first drink to onset of alcohol-related problems
may, for example, be influenced in part by accessibility of alcohol, whereas the rate of
transition from problem drinking to AD onset may not, as there is likely to be less variation
in accessibility in later stages of problem use.

In sum, heritable influences across all 3 transitions appeared to be traceable to a common
genetic factor. Environmental influences, in contrast, were stage-transition specific, with
shared environmental variance emerging only in the nonuse to initiation transition. Findings
confirm that Liu et al.”’s (2004) report of a modest heritable influence on rate of movement
between regular alcohol use and AD in an adult male sample holds for women. Furthermore,
Stallings et al.’s (1999) finding of higher heritability in transition times later in the course of
alcohol use (compared with the nonuse to first use transition) also applied in our study to the
rate of progression from first use to onset of first problem. Results highlight the unique
aspect of the course of AD development captured by using lag times between drinking
milestones, especially for late stages of drinking behaviors.

Although not directly tested in the current investigation, results have implications for the
ongoing debate regarding causality in the relationship between early initiation of alcohol use
and later alcohol-related problems. Our finding that genetic contributions to speed of
transitions across drinking milestones were attributable to a common source of variance
supports the noncausal association posed by Prescott and Kendler (1999). Our results are
consistent with their argument that the link between early use and AUDs is explained by
shared familial influences, but, given the phenotypic distinction between transition times and
AUDs, comparisons should be made with caution. In addition, findings from the present
study indicate that genetic liability contributes to rapid transitions throughout the pathway to
AD, reinforcing the notion that intervention efforts at all stages of alcohol use should
consider individuals with family histories of AUDs to be especially vulnerable. However,
genetic factors accounted for the minority of variance in the rate at which alcohol stage
transitions occurred, suggesting that changes in the environment (e.g., adopting a different
peer group) can be implemented that may significantly slow the progression of alcohol-
related problems. Given the stage-specific environmental influences on rate of progression,
consideration of the changing nature of environmental contributions to problem drinking
behaviors is clearly essential for creating developmentally appropriate interventions.

Limitations and Future Directions

The current study has some limitations that suggest possible directions for further work in
this area. First, although most participants had passed through the age of risk for first drink,
not all had reached the peak age range for developing alcohol-related problems. Further
follow-up of this sample should confirm whether age adjustments sufficiently addressed
potential age-related biases in our sample. Second, the assumption of underlying normality
(on which the creation of ordinal variables for the genetic analyses were premised) was met
for rate of progression from first AUD symptom to AD but not for the other 2 stage
transitions, so results should be interpreted with that in mind. Third, data on alcohol use was
based on retrospective reports and, although drinking histories spanned a relatively short
period of time, prospective accounts would likely be more reliable. Fourth, our goal was to
characterize heritable and environmental risk for alcohol stage transitions in women, so we
do not purport that our results will generalize to men, but consider the examination of
potential gender differences to be an important next step in this line of research. Finally, the
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present study focused on the rate of progression through milestones leading up to AD onset,
but the course of AD includes a number of other intriguing transitions, such as remission
and relapse, that remain to be explored in a genetically informative design.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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a?,, =(0.30 252 0. a?,, = 0.47

Non-use to Initiation to 1st AUD
Initiation 15t AUD Symptom
Symptom to AD

A

c2,,=0.44 e2,/=0.26 e2,, ¥ 0.59 e?,, = 0.53

Fig. 1.
Trivariate Model: genetic and environmental influences on speed of progression through
alcohol stages.
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Magnitude of Additive Genetic (A), Shared Environmental (C), and Nonshared Environmental (E) Influences

on Speed of Transitions Through Alcohol Stages: Univariate Models

Proportion of total variance in phenotype attributableto A, C, and E (Cl)

Transition A C E

1. Nonuse to initiation (adjusted for age group) 0.30 (0.15-0.46) 0.43 (0.28-0.56) 0.27 (0.23-0.32)
2. Initiation to 1st AUD symptom (adjusted for age group & 0.36 (0.19-0.44) 0.00 (0.00-0.14) 0.64 (0.56-0.72)
early vs. late initiation)

3. 1st AUD symptom to AD (adjusted for age group & rapid 0.37 (0.00-0.58) 0.03 (0.00-0.47) 0.60 (0.42-0.80)

vs. slow transition from 1st drink to 1st AUD symptom)
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Best-Fitting Trivariate Model

Table 3

Sour ce of Proportion of total variance

variance in phenotype (CI)

A, Nonuse to initiation 0.30 (0.23-0.31)
Initiation to 1st AUD symptom 0.41 (0.34-0.48)
1st AUD symptom to AD 0.47 (0.31-0.62)

Cy Nonuse to initiation 0.44 (0.36-0.51)

E, Nonuse to initiation 0.26 (0.22-0.31)

E, Initiation to 1st AUD symptom 0.59 (0.52-0.66)

Ej 1st AUD symptom to AD 0.53 (0.38-0.69)
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