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Abstract
Some twin studies suggest that substance initiation and dependence are part of a complex, two-stage
process and that some genetic influences are stage-specific, acting on either the transition from
abstinence to initiation, or on the transition from use to dependence. However, questions remain
about the two-stage model, especially for illicit drugs. Using a familial aggregation design, we tested
the hypothesized two-stage model of dependence on illicit substances and alcohol in a large,
nationally representative sample. Family history of drug or alcohol problems is significantly
associated with initiation that does not progress to dependence (i.e., conditional initiation).
Furthermore, family history of drug or alcohol problems is significantly associated with dependence
even after conditioning on factors influencing initiation (i.e., conditional dependence). These results
suggest that substance initiation and dependence involve at least partially distinct familial factors.
The possibility that different genetic factors affect initiation and dependence has important
implications for control group selection in case-control genetic association studies, and may explain
some inconsistent results for drug dependence. If some genetic factors are stage-specific (i.e., not
common across initiation and dependence), inclusion of abstainers in the control group may mix the
genetic effects for initiation with those for transition to dependence, providing unclear results.
Depending on the specific question about the nature of the genetic effect (whether on initiation, on
dependence, or both), investigators designing case-control genetic association studies should
carefully consider inclusion and exclusion criteria of the control group.
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1. INTRODUCTION
Twin studies indicate that genetic factors play a significant role in both drug and alcohol
(denoted hereafter as substance) initiation and dependence (Lachman, 2006; Merikangas and
Avenevoli, 2000). Compared to the large number of twin studies on the general heritability of
alcohol and drug disorders, fewer twin studies investigated whether genetic influences are
common across the stages of both initiation and dependence, or involved in a specific stage
(i.e., dependence only). By conditioning on use of the substance (denoted hereafter as
“conditional dependence”), these studies have attempted to partition genetic influences on
initiation of use from those unique to dependence (Agrawal et al., 2005; Agrawal and Lynskey,
2006; Kendler et al., 1999; Tsuang et al., 1999; Whitfield et al., 2004). Results in U.S. and
Australian samples suggest that initiation and dependence are part of a complex, two-stage
process and that some genetic influences are stage-specific, acting on the transition from
abstinence to initiation, or on the transition from use to dependence. Genetic influences on
initiation may act through disinhibitory psychopathology or temperament traits such as risk-
taking and novelty-seeking behavior (Kreek et al., 2005; McGue et al., 2001) whereas
influences on dependence may include pharmacokinetic and pharmacodynamic effects
(Agrawal et al., 2005; Kendler et al., 1999; Saxon et al., 2005; Tsuang et al., 1999).

Separate genetic effects for initiation and dependence have important implications for control
group selection and may explain some inconsistent results in genetic association studies of
substance use disorders. Worldwide, case-control genetic association studies for dependence
on illicit substances have had somewhat inconsistent results (Saxon et al., 2005). While pitfalls
such as small samples and confounding (i.e., population stratification) have been blamed
(Lachman, 2006), the lack of replication may also be due, in part, to differences in selection
criteria for the control groups across studies, particularly with respect to the inclusion of
abstainers (Buckland, 2001; Tsuang et al., 1999), i.e., individuals who never used the substance.
Some studies restricted control subjects to abstainers (Gerra et al., 2004; Li et al., 2004; Liu et
al., 2005; Uhl et al., 2001) or those with extremely low frequency of use (Morita et al., 2005;
Xu et al., 2002). Other studies specifically included users, i.e., those exposed to the substance
(Kohnke et al., 2005; Sullivan et al., 2001a) and attempted to match on level of drug use
(Franke et al., 2003). Still others did not describe if controls were abstainers or users (Dahl et
al., 2005; Luo et al., 2005; Mottagui-Tabar et al., 2005).

While twin studies assessing conditional dependence support the two-stage model of
dependence (initiation as distinct from dependence), some aspects of these studies leave the
issue unresolved, especially for illicit substances: (a) studies typically had limited statistical
power to assess specific drugs types (Kendler et al., 1999), or (b) focused on whether risk
factors were common or unique across substances when the two stages (initiation and
dependence) were considered separately (e.g., Kendler et al., 2003), or (c) did not focus on
illicit substances, but rather, alcohol and tobacco (e.g., Heath et al., 1990; Kendler et al.,
1999; Madden et al., 1999; Maes et al., 2004; True et al., 1999; Vink et al., 2006). Further,
some authors have suggested that the previous twin studies provided only indirect evidence on
progression to dependence (Neale et al., 2006), with newer methods only recently introduced
to directly address conjoint shared and unique influences on the different stages in twin studies
(Agrawal et al., 2005; Neale et al., 2006). More information is needed on support for the two-
stage model in the progression from use to dependence for illicit substances. In addition,
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concerns are sometimes raised that twin results may not generalize to singletons for complex
traits (Hall, 2003; Ronalds et al., 2005).

For all of these reasons, we undertook a familial aggregation study to test the hypothesized
two-stage model of dependence in a large, nationally representative sample, focusing largely
on dependence on illicit drugs. The familial aggregation design is often used to refine disease
phenotypes that appear to have a genetic component in their etiology (Khoury et al., 1993;
Zimmerman et al., 2006). The goal was to determine whether or not family history is a risk
factor for initiation (denoted hereafter as “initiation”), conditional initiation (i.e., use without
dependence), dependence (denoted hereafter as “dependence”), and conditional dependence
(i.e., dependence among users). By conditioning on use without progression to dependence,
familial effects on initiation are not confounded by factors that affect transition from use to
dependence. By conditioning on prior use, familial effects on dependence are not confounded
by factors (both genetic and environmental) involved only in initiation. If family factors are
found to significantly impact conditional initiation as well as conditional dependence, this
would suggest that conditional initiation and conditional dependence involve at least partially
distinct familial factors, supporting the two stage model of dependence. Such findings would
have important implications for the design of genetic association studies of dependence on
illicit substances, for example, whether to include or exclude abstainers in control groups when
the goal is to identify genes affecting the risk for dependence.

2. METHODS
2.1 Sample

Subjects were participants in the National Epidemiologic Survey on Alcohol and Related
Conditions (NESARC), a nationally representative face-to-face survey of 43,093 respondents
aged 18 years and older conducted by the NIAAA in 2001-2002. The target population of the
NESARC was the civilian non-institutionalized population residing in the United States and
District of Columbia, including Alaska and Hawaii. African-Americans and Hispanics were
oversampled, as were young adults. The NESARC also included a group quarters sampling
frame. The group quarters sampling frame was derived from the Census 2000 Group Quarters
Inventory. This frame captures important subgroups of the population with heavy substance
use patterns not often included in general population surveys. These included the military living
off base, boarding houses, rooming houses, nontransient hotels and motels, shelters, facilities
for housing workers, college quarters, and group homes. Hospitals, jails, and prisons were not
among the group quarters sampled. More detailed information of the sample design and
sampling frame are described in detail elsewhere (Grant et al., 2003; Grant et al., 2004). The
overall survey response rate was 81%. Of the subjects analyzed below, 47.9% were male. White
subjects comprised 70.9% of the sample, while 10.8% were African-American, 11.6%
Hispanic, 4.5% Asian, and 2.3% Native American. By age, 21.8% were 18 - 29, 30.9% were
30 - 44, 31.1% were 45 - 64 and 16.2% were 65 or older.

2.2 Procedures and quality control
Approximately 1800 professional interviewers from the U.S. Bureau of the Census
administered the AUDADIS-IV using laptop computer-assisted software with built-in skip
logic and consistency checks (Grant et al., 2004). Interviewers had an average of five years
experience on Census and other health-related national surveys. All interviewers completed
10 days of training, standardized across the Census Bureau’s 12 regional offices through
centralized training sessions directed by NIAAA and Census headquarters staff. For quality
control purposes, regional supervisors re-contacted a random 10% of all respondents and re-
asked a subset of the interview questions to verify the accuracy of the interviewer’s
performance. This careful process showed that the interviewers performed at a high level, as
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indicated by the high reliability of the instrument (Grant et al., 2003). In the very few cases
when the accuracy of the interviews was uncertain, the interview data were discarded and the
interview re-done by a supervising interviewer.

2.3 Measures
The data analyzed in this report were generated by the NIAAA Alcohol Use Disorder and
Associated Disabilities Interview Schedule - DSM-IV Version (Grant et al., 2001), a fully-
structured diagnostic interview designed specifically for non-clinician interviewers and
developed to advance measurement of substance use and mental disorders in large, general
population surveys.

2.4 Drug and alcohol dependence diagnoses
The AUDADIS-IV includes detailed assessment of DSM-IV abuse and dependence criteria
for alcohol as well as for 10 classes of drugs, including sedatives, tranquilizers, opiates (other
than heroin or methadone), stimulants, hallucinogens, cannabis, cocaine (including crack
cocaine), inhalants/solvents, heroin, and other drugs. Participants were classified as
“abstainers” from alcohol if they never consumed a full drink of an alcoholic beverage; and as
abstainers from drugs if they responded negatively to all questions about lifetime use for ten
categories of psychoactive substances. We report data on NESARC participants’ alcohol,
cannabis, cocaine, and a composite “any drug” category (which includes all ten illicit drug
categories). Lifetime diagnoses of alcohol and drug dependence were derived with computer
algorithms that operationalized the DSM-IV (American Psychiatric Association, 1994) criteria;
at least 3 of 7 criteria required for DSM-IV alcohol or drug dependence. The reliability and
validity of substance diagnoses and symptom items have been examined via test-retest
reliability studies, clinical reappraisals conducted by psychiatrists (Canino et al., 1999) and
other designs. These had excellent reliability in U.S. and international clinical and general
population samples, with alcohol diagnoses having a minimum kappa of 0.74 and drug
diagnoses having a minimum reliability of 0.79 (Canino et al., 1999; Chatterji et al., 1997;
Grant et al., 1995; Grant et al., 2003; Hasin et al., 1997b). Validity was demonstrated in
numerous studies including the World Health Organization/National Institutes of Health and
Reliability and Validity Study (Chatterji et al., 1997; Cottler et al., 1997; Hasin et al., 2003;
Pull et al., 1997; Vrasti et al., 1998), psychiatrist re-examination (Canino et al., 1999) and
others (Grant et al., 1992; Grant, 1996; Grant and Harford, 1988; Grant and Harford, 1990;
Hasin and Grant, 1994; Hasin et al., 1997a; Hasin et al., 1997c; Hasin and Paykin, 1999).

2.5 Age at first initiation and age of onset
Age of alcohol and drug initiation (i.e. age of first use) is assessed by the AUDADIS for each
substance used by the respondent. The reliability of the age of first initiation variable has been
shown to be good to excellent, with ICC ranging from 0.69 for sedatives to 0.94 for opioids
(Grant et al., 1995). Age of onset of alcohol or drug dependence was assessed by respondent
report of first age at which substance-specific dependence symptoms began to cluster in the
same time period. For polydrug users, the age of onset for the first drug dependence was used.

2.6 Family history
Family histories of alcohol and drug problems were ascertained in separate modules of the
AUDADIS. Subjects were prompted with a definition that included examples of problems in
the alcohol and drug diagnostic criteria, and then asked whether relatives (by category) had
experienced the condition as defined. The definitions read to respondents included readily
observable manifestations, since these are the mostly likely to be known to family informants
and sensitivity is the main issue in family history information (Andreasen et al., 1977; Slutske
et al., 1996; Zimmerman et al., 1988). To reduce interview time on questions whose answers
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unlikely to be known to respondents, data were not collected on the specific drug types used
by relatives, or whether relatives met diagnostic criteria for alcohol or drug dependence. To
use variables with the best possible quality information in this report, and to cover relatives
sharing the highest proportion of genes in common with the NESARC participant, only first-
degree relatives were included in the analyses shown below; more distant relatives were not
included as their disorders are less likely to be known to the respondent. With this information,
we defined two types of variables for family history of drug and alcohol problems: binary
variables (any first-degree relative positive), and ordinal variables (family density) based on
the proportion of positive first-degree relatives. The ordinal variable was divided into four
ordinal categories: 0% positive, >0% - <25% positive, >25% - <50% positive, and >50%
positive. The test-retest reliability of AUDADIS family history variables is very good to
excellent (Grant et al., 1995; Grant et al., 2003; Hasin et al., 1997c).

2.7 Statistical analysis
Survival analysis was the main type of analyses used, a commonly used method of addressing
the effects of specific risk factors on the occurrence of disorders among right-censored samples
where all participants have not yet passed fully through the period of risk. Four types of outcome
variables were investigated: initiation, conditional initiation (use but never dependent),
dependence, and conditional dependence (dependence only among users). Each was analyzed
separately for alcohol, cannabis, cocaine, and the combined drug category.

For initiation, the full NESARC sample was included. Time to the event was defined as age at
onset of use and observations were censored among respondents that never used the substance.
For censored observations, age at interview represented the censored time.

Conditional initiation was defined the same way as initiation. However, it was analyzed among
the subset of the sample that did not progress to dependence (i.e., use without dependence).

For dependence, the full NESARC sample was included. Time to the event was defined as age
at onset of dependence and observations were censored if respondents never met criteria for
dependence. For censored observations, age at interview represented the censored time.

Conditional dependence was defined the same way as dependence except that the sample was
restricted to respondents that had used the substance (i.e., dependence among users).

In all analyses, we tested if family history was an independent predictor for initiation,
conditional initiation, dependence and conditional dependence for each substance type. For
example, in the analyses for cannabis, we tested if family history of drug problems was an
independent predictor for initiation, conditional initiation, dependence and conditional
dependence as defined above. Similar analyses were conducted for cocaine, and any drug. For
alcohol, we tested if family history of alcohol problems was an independent predictor. All
models were tested using Cox proportional hazards models. Model parameters were estimated
with SUDAAN software (Research Triangle Institute, 2005) that uses Taylor series
linearization to adjust for the design effects of complex sample surveys like the NESARC. In
each model, we controlled for respondent’s gender, age group (18-29, 30-44, 45-64, 65+), race
(white, black, Hispanic, other), and education (college graduate vs. other). For models of drug
initiation and dependence, we additionally controlled for alcohol dependence in the proband
and first degree relatives, and for models of alcohol initiation and dependence, we additionally
controlled for any drug dependence in first degree relatives. We present adjusted hazard ratios
and 95% confidence intervals. For the four-level ordinal family history variables (0% positive,
>0% - <25% positive, >25% - <50% positive, and >50% positive), the hazards ratio is
interpreted as the increase in the risk for the disorder in the NESARC participant for each one-
unit change in the four categories representing increasing family density.
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3. RESULTS
Distributions of the key variables among the total NESARC sample and the sub-samples of
cannabis users, cocaine users, alcohol users and any illicit drug users are shown in Table 1.
Among the total NESARC sample, 20.5% reported ever using cannabis, 6.1% reported ever
using cocaine, 22.8% reported ever using any illicit drug and 82.7% reported ever using alcohol.
Among cannabis users, 6.3% (n=530) met criteria for cannabis dependence. Among cocaine
users, 16.0% (n=408) met criteria for cocaine dependence. Among users of any illicit drug,
11.3% (n=881) met criteria for any illicit drug dependence. Among alcohol users, 15.1%
(n=4781) met criteria for alcohol dependence. Of the total NESARC sample, 34.0% reported
at least one first degree relative with an alcohol problem and 16.3% reported at least one first
degree relative with a drug problem. Not shown in Table 1, there were 24.5% lifetime cannabis
users among alcohol users, 7.3% were lifetime cocaine users, and 26.9% used any illicit drug
in their lifetime. Of the lifetime drug users, 2.6% stated that they were alcohol abstainers.

3.1 Initiation and dependence (unconditional)
Results of the Cox proportional hazards models for time to drug initiation and dependence
(unconditional) by family history are shown in Table 2. Family history, as defined as the
proportion of first-degree relatives with a drug problem, significantly increased the hazard ratio
(HR) of initiation for cannabis (HR = 1.38), cocaine (HR = 1.41), and any illicit drug (HR =
1.38) compared to individuals without a family history. Family history of drug problems also
significantly increased the HR of dependence for cannabis (HR = 1.68), cocaine (HR = 1.55),
and any illicit drug (HR = 1.68) (Table 2). Similarly, family history of alcohol problems
significantly increased the risk for alcohol initiation (HR = 1.18) and dependence (HR = 1.50)
compared with individuals without a family history of alcohol problems (Table 3).

The effects of family history on drug (or alcohol) initiation and dependence was significant
regardless of whether family history was based on proportion of first-degree relatives with drug
(or alcohol) problems (Tables 2 and 3) or defined as a binary variable (data not shown). The
magnitude of effect was always higher for dependence than for initiation for each drug and
alcohol group. All tests (including those based on binary family history variables) resulted in
p-values < 0.0001.

3.2 Conditional initiation and conditional dependence
The results of the Cox proportional hazards models for time to conditional initiation (initiation
without progressing onto dependence) are shown in Table 2. Among individuals who did not
progress to dependence, family history of drug problems (defined as the proportion of first-
degree relatives with a drug problem) significantly increased the HR of initiation for cannabis
(HR = 1.36), cocaine (HR = 1.39), and any illicit drug (HR = 1.34) compared with individuals
without a family history. Similarly, family history of alcohol problems significantly increased
the risk for conditional initiation for alcohol (HR = 1.15) compared with individuals without
a family history of alcohol problems (Table 3).

Family history of drug problems significantly increased the HR of conditional dependence for
cannabis (HR = 1.44), cocaine (HR = 1.21), and any illicit drug (HR = 1.46) compared with
individuals without a family history (Table 2) and family history of alcohol problems
significantly increased the HR for conditional dependence for alcohol (HR = 1.46) compared
with individuals without a family history of alcohol problems.

The effects of family history on conditional initiation and conditional dependence were
significant regardless of whether the family history was based on the proportion of first-degree
relatives with drug (or alcohol) problems (Tables 2 and 3) or defined as a binary variable (data
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not shown). Except for conditional dependence for cocaine (p-value = 0.014), all comparisons
resulted in p-values less than 0.0001. Descriptively, the difference in familial effect between
dependence and conditional dependence (HR [dependence] - HR [conditional dependence])
was notably greater for illicit substances (cannabis, 0.24; cocaine, 0.34; any drug, 0.22) than
for alcohol (0.04).

4. DISCUSSION
In this study, we found evidence that substance initiation and dependence each involve both
common and distinct familial factors. Family history of drug or alcohol problems was
significantly associated with dependence without conditioning on use, supporting familial
effects common across initiation and dependence. Family history of drug or alcohol problems
was significantly associated with initiation that was conditional on not progressing to
dependence, supporting other familial factors specific to initiation. Furthermore, family history
of drug or alcohol problems remained a significant risk factor for dependence even after
conditioning on factors influencing initiation (i.e., conditional dependence), supporting still
other family factors specific to dependence.

In this study, the Cox models using conditional initiation (i.e., use without dependence) and
conditional dependence (i.e., dependence among users) allowed us to separate familial risk
factors specific to initiation (Stage 1 of the two-stage model) from those specific to dependence
(Stage 2 of the two-stage model). These Cox models, while different from the structural
equation modeling used in twin studies (Agrawal et al., 2005; Agrawal and Lynskey, 2006;
Kendler et al., 1999; Tsuang et al., 1999), were also useful in discriminating between the two
stages due to the specific nature of the sub-samples analyzed. One of these sub-samples
compared individuals that progressed to Stage 1 only with a control group that did not. Another
compared individuals that did and did not progress to Stage 2 among those at Stage 1. If the
family factor that predicted dependence on illicit substances entirely explained use, the factor
would not predict use in non-dependent users when compared to abstainers. Note that this study
was not designed to demonstrate that factors affecting initiation and dependence on illicit
substances are entirely independent, nor do we claim that this is what we found. Instead, we
conclude that somewhat different factors are operating at the two stages, and that therefore the
research question in molecular genetics studies involving illicit substances needs to be
sufficiently refined to define the control group correctly. More can be learned about Stage 2
in such a study if care is taken in the design to minimize confusion in the results due to
unknowing mixing of factors influencing both Stage 1 and Stage 2. Thus, the above results can
be used to guide phenotype and sample design in molecular genetic studies.

Examples of processes involved with initiation are sensation-seeking or novelty-seeking;
(McGue et al., 2001), while examples of processes involved with transition from initiation to
dependence involve pharmacodynamic interaction of the substances with various
neurotransmission systems (Li, 2000; Volkow et al., 2004). The distinct nature of these
processes, taken in conjunction with the above results, support the design of genetic association
studies whose phenotypes clearly differentiate between these different processes.

Interestingly, the absolute reduction in the magnitude of effect between dependence
(unconditional) and conditional dependence was greater for the illicit drug categories than for
alcohol. The smaller reduction for alcohol may be due, in part, to the normative aspects and
legal status of drinking alcohol in the United States. Personality traits with a heritable
component such as antisocial traits may have a larger impact on initiation of illicit substances.

Methodological limitations are noted. This study utilized the family history method rather than
direct interviews of relatives. However, the NESARC assessed readily observable
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manifestations of substance use disorders, an advantage as these are the mostly likely to be
known to relatives (Andreasen et al., 1977; Andreasen et al. 1986; Slutske et al., 1996;
Zimmerman et al., 1988). Data were not ascertained on the specific drug type used by the
relatives, or whether the relatives met diagnostic criteria for alcohol or drug dependence. Thus,
this study does not provide information on whether familial factors are drug-specific. Also,
since this is a familial aggregation study, the results do not differentiate between genetic and
environmental influences. However, the results are consistent with twin studies addressing
factors affecting initiation as distinct from dependence (Agrawal et al., 2005; Agrawal and
Lynskey, 2006; Kendler et al., 1999; Tsuang et al., 1999). Additionally, while we controlled
for race-ethnicity over broad groups, the study was conducted in an entirely U.S. sample.
Similar research of this nature is needed in other countries to determine if the results generalize
across different cultures. Finally, the definitions of “abstainer” used in the study (one full drink
for alcohol, any use over the lifecourse for drugs) may not have identified initial users of very
small amounts (e.g., less than a full drink of alcohol or a single puff of cannabis) who had
negative reactions that discouraged further use (Eissenberg and Balster, 2000). For example,
many Asian studies of ALDH2, a gene affecting alcohol metabolism, explicitly included
abstainers (e.g., Chen et al., 1999; Shen et al., 1997; Sun et al., 2002), and our understanding
of ALDH2 could not have been gained without abstainers in the samples. Individuals
homozygous for ALDH2*2 have such unpleasant reactions to alcohol that they cannot drink
more than a small sip. Such individuals would be classified as lifetime abstainers in most U.S.
studies although they were sufficiently exposed to alcohol to determine their response to
alcohol and subsequent abstention. Future studies should include measures of alcohol and drug
consumption that are sensitive to very limited quantities of use, in order to clarify how this
affects the relationship of genetic factors to lifetime minimal use and abstention.

There are also several important strengths of this study. First, this is the first study to address
the issue of conditional initiation and conditional dependence on illicit substances using data
from a large, nationally representative sample. As such, the increased familial aggregation
found could not have been due to selective factors that may bias results when participants have
been ascertained from specialized settings such as clinical facilities. Second, strict diagnostic
criteria were used to evaluate the respondents. The NESARC operationalized both alcohol and
drug dependence as syndromes. Drug and alcohol-specific diagnoses of dependence were
independently assessed whether or not the subject had an abuse diagnosis, allowing complete
assessment of dependence in all individuals (Hasin and Grant, 2004; Hasin et al., 2005). Third,
respondents were interviewed using a highly reliable and valid instrument, the AUDADIS-IV.
This state-of-the-art instrument was specifically developed to assess current and lifetime drug
and alcohol abuse and dependence. Fourth, perhaps because the AUDADIS measure of family
history was designed to tap observable manifestations of alcohol and drug use disorders, the
prevalence of family history of alcohol and drug problems in first degree relatives was similar
to prevalences of alcohol and drug use disorders in the U.S. general population as a whole
(Compton et al., 2007; Hasin et al., 2007). This suggests that sensitivity was good in the
AUDADIS family history measure. Fifth, the sample was large enough not only to analyze
alcohol and illicit drugs separately, but also to control for alcohol when illicit drug use/
dependence was considered, and to control for illicit drug use/dependence when alcohol was
considered, producing specificity of the results.

4.1 Implications of this study
Results of this study have important implications in designing case-control genetic association
studies of drug dependence. Restricting the control group to abstainers (individuals who never
used the substance) may affect results of these studies by mixing the genetic effects for initiation
with those specific to dependence. To illustrate, consider the hypothetically expected allele
frequencies for initiating drug use and for dependence among abstainers, non-dependent users,
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and individuals with dependence (Table 4). Abstainers (i.e., true abstainers that never even
tried the substance) would be expected to have a low frequency of alleles increasing the risk
for initiation (i.e., initiation-specific genes) because they have not used the substance.
However, they would be expected to have the population frequency for alleles that increase
the risk for dependence (i.e., dependence-specific genes) since there are no differential
pressures to increase or decrease the risk-inducing allele frequencies in these individuals. Since
non-dependent users and individuals with dependence have initiated drug use, we would expect
individuals in each of these groups to evidence a high frequency of alleles increasing risk of
initiation. Lastly, we would expect non-dependent users to have low frequency of alleles
increasing risk for dependence, since they did not transition to dependence, whereas individuals
with dependence would be expected to have a high frequency of alleles increasing risk for
dependence, since only these individuals transitioned to dependence.

As Table 4 illustrates, case-control genetic association studies comparing drug dependent cases
with abstainer controls may not provide clear information about polymorphisms increasing the
risk of transitioning to dependence because this comparison mixes the genetic effects
influencing initiation of drug use with those increasing the risk for dependence. Such a
comparison is likely to find associations for polymorphisms involved in initiation (i.e., high
frequency in cases vs. low frequency in controls). Observed associations for alleles influencing
dependence would be weaker, and would depend on the population frequencies of the alleles
influencing dependence (i.e., high frequency in cases vs. population frequency in controls).
However, choosing the appropriate control group also depends on how genetic factors affect
the risk for initiation and dependence. If, as suggested by results of this study, substance
initiation and dependence involve at least partially separate familial factors, then including
abstainers in the control group would mix the effects for initiation and dependence. Choosing
the appropriate control group may also depend on the type of genetic effect being assessed.
Whereas some genetic influences are specific to alcohol dependence or a particular drug type
(e.g., nicotine, cannabis, cocaine), other genetic factors are believed to be involved in both
drug and alcohol dependence. Computer simulation studies present an important means of
clarifying these issues, which may further help guide researchers in choosing the appropriate
control group for various study hypotheses. Such studies should be undertaken.

While some genetic factors may have stage-specific effects and others may influence both
initiation and dependence, little information presently exists to differentiate between these
influences a priori when designing a genetic association study. Therefore, the ideal study
design would involve three groups: individuals with dependence, non-dependent users, and
abstainers. A comparison of drug dependent cases with non-dependent users would address
genetic factors influencing only dependence, while a comparison of non-dependent users with
abstainers would address initiation-only factors. Furthermore, a design that compares users
(both dependent cases and non-dependent users) with abstainers addresses genetic influences
that effect both initiation and dependence. A few studies involving nicotine have used this
three-subject group design (Chen et al., 2004; Greenbaum et al., 2006; Lerer et al., 2006;
Sullivan et al., 2001a; Sullivan et al., 2001b; Zhang et al., 2006) and separately assessed genetic
effects for initiation from those for dependence. These studies, conducted in the U.S. and Israel,
also supported the two-stage model, providing further evidence of the value of such a design
in genetic association studies of illicit substances.

5. CONCLUSION
Results of our study of conditional initiation (i.e., use without dependence) and conditional
dependence (i.e., dependence among users) suggest that substance (both drug and alcohol)
initiation and dependence involve at least partly distinct familial factors. Thus, the study
supports the two-stage model of dependence. The results of this study, twin studies and some

Heiman et al. Page 9

Drug Alcohol Depend. Author manuscript; available in PMC 2009 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



genetic association studies collectively indicate that researchers should consider excluding
abstainers from the control group in case-control genetic association studies where dependence
is the phenotype of primary interest because, including abstainers, may mix the genetic effects
for initiation with those for dependence. Otherwise, researchers should consider a three-arm
design of abstainers, non-dependent users, and dependent individuals. Clarification of the
control group’s inclusion and exclusion criteria should contribute to more consistent and
interpretable results in case-control allelic association studies of dependence on alcohol and
illicit substances.
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