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Background: Research into genes involved in alcoholism
could benefit from use of diagnostic systems most sensitive
to detecting genetic influences. In this study, heritable
influences were estimated in a single twin sample with
commonly used criteria for alcoholism.

Methods: Male twin probands ascertained through alco-
hol and drug abuse treatment programs and their same-
sex cotwins (54 monozygotic and 65 dizygotic pairs) were
diagnosed independently by DSM-III (alcohol dependence
and alcohol abuse and/or dependence), Feighner (proba-
ble and definite alcoholism), and Cloninger (type 1 and
type 2 alcoholism) systems. Using univariate structural
equation modeling, heritability was estimated for each
diagnostic system.

Results: The highest heritability estimates were obtained
for Feighner probable alcoholism (h* = .63), Cloninger
rype 2 alcoholism (b = .54), and DSM-HI alcohol
dependence (h* = .52).

Conclusions: Certain diagnostic systems appear to have
greater sensitivity for detecting genetic influence and may
therefore be more appropriate for use in molecular ge-
netic studies attempting to find genes for alcoholism.
Biol Psychiatry 1998;43:139-145 Published 1998 Society
of Biological Psychiatry

Key Words: Diagnostic systems of alcoholism, genetic
influences, environmental influences, male subjects, treat-
ment sample, threshold modeling

Introduction

With few exceptions (Gurling et al 1981; Roe 1944)
twin and adoption studies have found evidence of
genetic influences in alcoholism (Goodwin et al 1973;
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Kaij 1960); however, in studies finding evidence of
genetic influence, heritability estimates (h?) have varied
considerably, ranging from .32 to .98 (McGue 1994).
Several factors may be responsible for this variability in
results, including secular influences (Heath et al 1985),
population characteristics, subject ascertainment methods,
clinical assessment instruments (Svikis and Pickens 1991),
and measurement error.

The effect of diagnostic criteria on heritability esti-
mates is often difficult to assess, because studies differ
in other methodological aspects as well. A number of
studies have shown that ability to detect a genetic
influence may be related to diagnostic criteria. In some
adoption and twin studies, evidence of genetic influence
was found only with the most severe categories of
alcohol drinking problems (Kaij 1960; Goodwin et al
1973, Yates et al 1996). Previously, we reported higher
heritability for DSM-III alcohol dependence than for
DSM-III alcohol abuse and/or dependence (Pickens et
al 1991), whereas another twin study found little dif-
ference in heritability between broad and narrow defi-
nitions of alcoholism (Kendler et al 1992).

Identifying diagnostic systems that are highly sensitive
to genetic influences is important to both behavioral and
molecular genetic studies. If diagnostic systems differ in
their ability to detect genetic influences, use of systems
that are highly sensitive to genetic influences would
enhance the ability to find genes for the disorder by
eliminating environmental “noise.”

To address this issue, we examined heritability for
alcohol problems using different diagnostic systems in a
sample of male subjects. All diagnoses were obtained from
a single twin sample, so the problem of methodological
differences across studies was obviated. Participants were
ascertained through alcohol and drug treatment clinics.
Herttability was estimated for DSM-III (alcohol depen-
dence and alcohol abuse and/or dependence) (American
Psychiatric Association 1980), Feighner (probable and
definite alcoholism) (Feighner et al 1972), and Cloninger
(type 1 and type 2 alcoholism) (Cloninger et al 1981)
diagnostic systems.
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Methods and Materials

Subjects

For the period 1982-1988, patients in public and private alcohol
and drug abuse treatment programs in Minnesota were screened
for twin status. If probands agreed to participate, cotwins were
also contacted. Of a total of 599 twin probands, both members of
392 pairs consented to participate and completed a questionnaire
about previous substance use. Of these, personal interviews were
conducted on both members of 191 same-sex pairs. Interviews
included administration of the Diagnostic Interview Schedule
(Version III-A) (Robins et al 1981) and other family history,
alcoholism, and personality scales by trained interviewers and
clinicians who were blind to subject zygosity. Blood samples
were also obtained for zygosity determination by serologic
analysis. Other details on subject ascertainment and sample
characteristics are given elsewhere (Pickens et al 1991). Exclud-
ing probands in treatment for drug problems only, the present
analysis was based on 54 monozygotic (MZ) and 65 dizygotic
(DZ) male twin pairs. Because of different selection procedures,
the present sample is not identical to the one reported on before
(Pickens et al 1991). Female subjects were not included because
of insufficient number. The twins ranged in age from 17 to 66
years, and 90% were Caucasian. MZ male subjects were on
average 5 years younger (mean age 33.9 years, SD 11.7) than DZ
twins (mean age 38.2 years, SD 12.6).

Statistical Analyses

All twin subjects were typed for DSM-III alcohol dependence
and alcohol abuse and/or dependence (American Psychiatric
Association 1980), Feighner probable and definite alcoholism
(Feighner et al 1972), and Cloninger type 1 and type 2 alcohol-
ism (Cloninger et al 1981). DSM-III diagnoses were obtained
from items on the Diagnostic Interview Schedule, Version I
(DIS-III) (Robins et al 1981). Where possible, Feighner and
Cloninger diagnoses were also obtained from the DIS-IIL. For
Cloninger type 1, one symptom not appearing in the DIS-III
(“feeling guilty about drinking”) was replaced with the DIS-III
item “did you ever think that you were an excessive drinker?”
Since no match in the data set could be found for Feighner items
“drinking nonbeverage forms of alcohol,” and “loss of friends
because of drinking,” these symptoms were not included in the
analysis. Since the item “did you ever think that you were an
excessive drinker?” was already part of Feighner scoring, it could
not be used to replace the missing item “feeling guilty about
drinking.” Cloninger type 1 and 2 alcoholism were scored using
the method of Gilligan et al (1988). The Cloninger type 2
symptom “have you ever had any treatment for your drinking
other than joining Alcoholics Anonymous?” was replaced by the
questionnaire item “have you ever been treated for alcoholism?”

Population prevalence for alcoholism diagnosed by the six
diagnostic systems, as well as for ever being admitted to an
alcohol treatment clinic, were obtained with data from the
Epidemiological Catchment Area (ECA) study (Eaton and
Kessler 1985). after adjusting for age, sex, and racial character-
istics of the twin sample. The ECA study is longitudinal in
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origin, and at the time of the present analyses information had
been gathered on two separate occasions. In case of a negative or
missing diagnosis for wave 1, wave 2 information for the same
subject was substituted. Since the ECA study included the
DIS-IIT as a survey instrument, items used in determining
population prevalence rate were the same as items used in the
twin analysis, except that the Cloninger type 2 alcoholism
symptom “have you ever had any treatment for your drinking
other than joining Alcoholics Anonymous?” was replaced by
“one or more overnight or longer stays at an alcohol treatment
unit,” which was a non-DIS item in the ECA survey. Population
prevalence for ever being admitted to an alcohol treatment clinic
was also assessed with the item, “one or more overnight or longer
stays at an alcohol treatment unit.” DSM-III alcohol diagnoses
(alcohol dependence, or alcohol abuse and/or dependence) were
obtained by standard DIS algorithm (Boyd et al 1985). Following
scoring convention, a Feighner definite alcoholism diagnosis was
given when symptoms occurred in at least three of four symptom
groups (withdrawal manifestations; control over drinking; law
and work problems because of drinking; and social consequences
of drinking). A Feighner probable alcoholism diagnosis was
given when problems occurred in only two symptom groups. A
diagnosis of Cloninger type 1 alcoholism required two or more
positive items from a five-item group (not happy with behavior
when drinking, binges, attempts to control drinking, health
problems from drinking, age of onset > 25 years). A diagnosis of
Cloninger type 2 alcoholism was made when a subject endorsed
at least two from a four-item group (fights while drinking,
trouble while drinking, couldn’t stop drinking, treated for alco-
holism).

Probandwise concordance rates were calculated separately for
MZ and DZ twins as the proportion of cotwins positive for each
diagnosis for all independently ascertained probands. Using ECA
population prevalence rates, tetrachoric correlation coefficients
for alcoholism status as assessed by the various systems were
obtained for MZ and DZ twin pairs using the statistical program
Mx (Neale 1995). The correlation coefficient in liability to
develop alcoholism is an estimate of the magnitude of the
prevalence of alcoholism among cotwins of affected probands
compared to the prevalence in the general population (Reich et al
1972). From MZ and DZ correlations, additive genetic (A) and
environmental influences were estimated by structural equation
modeling (path analysis). Two separate sources of environmental
variation were estimated: influences common to family mem-
bers, and influences unique to individual family members (C and
E, respectively). Whereas common environmental influences
make family members more alike, unique environmental influ-
ences will decrease their resemblance. In addition to specifying
a threshold for diagnosis of alcoholism, the path model also
included a threshold for ascertainment (prevalence in ECA
sample, weighted for characteristics of the twin sample, was
2.0%). The method allowed for the specification of doubly
ascertained twin pairs. Input were eight of the 16 possible cells
of the 2 X 2 X 2 X 2 contingency tables cross-tabulating twin 1
and twin 2 ascertainment and diagnostic status. Only eight cells
per group (MZ or DZ) were included, because probands were
necessarily ascertained. A heritability estimate (h?) was obtained
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Table 1. Prevalence of Alcoholism Diagnoses in Twin Sample

Criterion Probands Cotwins
Cloninger type 1 78.7 44.6
Cloninger type 2 86.2 40.2
Feighner probable 97.1 67.4
Feighner definite 89.9 56.1
DSM-II dependence 739 41.7

DSM-III abuse and/or dependence 96.4 66.7

by dividing the genetic variation estimated for a diagnosis by the
total genetic and environmental variation. Similarly, estimates of
common environmental influences (¢?) and unique environmen-
tal influences (e®) were obtained by division by the total
phenotypic variation. Confidence intervals (95%) around esti-
mates of h?, ¢, and e? were requested in Mx. Fit of models was
evaluated with the probability (p) value of the associated x*
statistic. A small p value suggests considerable discrepancy
between a model specifying genetic and environmental influ-
ences and observed data, whereas larger values represent in-
creased correspondence, indicating a better fit. Akaike’s Infor-
mation Criterion (AIC), calculated as x> — 2 - (df), where df is
degrees of freedom, was used to evaluate model! fit. In comparing
models, lower AIC values indicate a better combination of fit and
parsimony than do models with higher values (Akaike 1987).

Results

Table ! shows the percentages of alcoholic probands and
their cotwins diagnosed as affected by each diagnostic
system. Feighner probable alcoholism (classitying 97.1%
of probands and 67.4% of cotwins as affected) and
DSM-III alcohol abuse and/or dependence (96.4% of
probands and 66.7% of cotwins affected) appear to repre-
sent the broadest criteria in the twin sample. They also
represented the broadest criteria in the ECA data set
(29.2% for Feighner probable alcoholism, and 29.6% for
DSM-IH alcohel abuse and/or dependence). For the twin
sample, the most narrow systems were DSM-III alcohol
dependence (73.9%) and Cloninger type 1 alcoholism
(78.7%) for probands, and Cloninger type 2 alcoholism
(40.2%) and DSM-III alcohol dependence (41.7%) for
cotwins. In the ECA data set, prevalences of 164%
(DSM-III alcohol dependence), 12% (Cloninger type 1
alcoholism), and 9.6% (Cloninger type 2 alcoholism) were
found. For Feighner definite alcoholism, a prevalence
value of 22.8% was obtained from ECA data.

Table 2 presents concordance rates as well as correla-
tion coefficients based on structural equation modeling.
Higher MZ than DZ concordance rates indicated all
diagnostic systems were capturing at least some genetic
influence, and this pattern was confirmed with correlation
coefficients. For all diagnostic systems except DSM-III
alcohol dependence, DZ correlation coefficients were
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Table 2. Concordance Rates and Tetrachoric Correlation
Coefficients

Probandwise

concordance

rates MX estimates
Variable MZ DZ vz roz
Cloninger type | .64 49 .56 .39
Cloninger type 2 72 49 77 .55
Feighner probable .87 75 .89 47
Feighner definite 78 .64 .63 .36
DSM-III dependence .70 49 .61 .30
DSM-III abuse and/or .84 75 .65 46

dependence

greater than half the MZ correlation coefficients, suggest-
ing shared environmental influences.

Figure 1 gives the results from univariate structural
equation analyses for the six diagnostic systems sepa-
rately. Variation in genetic and environmental estimates
was seen across systems. The largest heritability estimate
was obtained with Feighner probable alcoholism (.63).
Additive genetic factors also explained over half of the
variation in DSM-III alcohol dependence and Cloninger
type 2 alcoholism. Heritability estimates for Cloninger
type 1 alcoholism, DSM-III alcohol abuse and/or depen-
dence, and Feighner definite alcoholism were smaller,
with additive genetic influences explaining between .37
and .40 of the variation. The magnitude of shared envi-
ronmental influences was smallest for DSM-III alcohol
dependence (.08). For the other diagnostic systems, ¢?
components in the. range of .19-.27 were estimated, but
none reached significance. The following confidence in-
tervals around heritability estimates were obtained: Clon-
inger type 1 alcoholism 0-.71; Cloninger type 2 alcohol-
ism .08-.88; Feighner probable alcoholism .01-.95;
Feighner definite alcoholism 0-.79; DSM-III alcohol de-
pendence .01-.79; DSM-III alcohol abuse and/or depen-
dence 0-.80.

No significant discrepancy between model and data was
found for any of the diagnostic systems. Model fit param-
eters were: Cloninger type 1 alcoholism x? (7) = 13.53,
p = .06, AIC = — 47; Cloninger type 2 alcoholism x? (7)
= 698, p = 43, AIC = —7.02; Feighner probable
alcoholism x> (7) = 5.95, p = .55, AIC = —8.05;
Feighner definite alcoholism x> (7) = 7.12, p = .42,
AIC = —6.88; DSM-III alcohol dependence x* (7) =
5.36, p = .62, AIC = —8.64; DSM-III alcohol abuse
and/or dependence x* (7) = 8.42, p = .30, AIC = —5.58.

Discussion

When different diagnostic systems were used to assess
alcoholism in the same sample of twins, heritability
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estimates of different magnitudes were obtained. Rela-
tively higher heritability estimates were found for Feigh-
ner probable alcoholism, DSM-III alcohol dependence,
and Cloninger type 2 alcoholism than for the other
diagnostic systems (DSM-III alcohol abuse and/or depen-
dence, Feighner definite alcoholism, and Cloninger type 1
alcoholism).

Although Feighner probable alcoholism, DSM-III alco-
hol dependence, and Cloninger type 2 alcoholism systems
yielded similar heritability estimates, they employ some-
what different symptoms and scoring procedures. To meet
a Feighner probable alcoholism diagnosis, at least one
symptom in two of four groups (withdrawal manifesta-
tions; control over drinking; law and work problems
because of drinking; and social consequences of drinking)
have to be endorsed. To receive a DSM-III diagnosis of
alcohol dependence, respondents must report either phys-
iological dependence or tolerance symptoms along with
either pathological use or impairment in social or occupa-
tional functioning due to alcohol use (American Psychiat-
ric Association 1980). Cloninger type 2 alcoholism was
met by respondents who endorsed at least two of the
following symptoms: ever gotten into physical fights
while drinking, ever gotten into trouble because of drink-
ing (e.g., accident or drunk-driving arrest), wanted to stop
drinking but couldn’t, and received treatment for alcohol-
ism (Gilligan et al 1988). Unfortunately, all three diagnos-
tic systems lacked the specificity necessary for identifying
a common clinical feature.

Cloninger type 2 alcoholism is often considered to be a
subtype of alcoholism with strong genetic influence (Clon-
inger 1987; Cloninger and Reich 1983; Cloninger et al

He

c?
] h? Figure 1. Estimates of heritability and
= environmental influences in alcohol-
ism diagnoses.

DSM-UlI
Definite Dependence Abuse and/or
Dependence

1981). The subtype was developed from factor analysis of
data collected in a Swedish adoption study and has a
strong alcohol-related antisocial behavior focus. Individu-
als with type 2 alcoholism have been reported to differ
from individuals with type 1 alcoholism on several clinical
(von Knorring et al 1985; Cloninger et al 1989; Cadoret et
al 1986) and biochemical measures (Sherif et al 1992;
Devor et al 1994; von Knorring et al 1991); however, a
number of alcoholics fail to meet criteria for either subtype
(Hill 1992), and a number of alcoholics meet criteria for
both subtypes (Penick et al 1990). In the present study,
4.4% of the probands failed to meet either criterion, while
70.6% met criteria for both. The present findings with
twins also suggest type 2 alcoholism has higher genetic
influence than type 1 alcoholism.

Lower heritability estimates (.37) were found for DSM-
HI alcohol abuse and/or dependence than for DSM-III
alcohol dependence (.52). DSM-III alcohol abuse requires
both pathological use symptoms and impairment of social
or occupational functioning due to alcohol use (American
Psychiatric Association 1980). Because DSM-III alcohol
dependence had a significant genetic influence, loss of that
influence with DSM-III alcohol abuse and/or dependence
must be due to inclusion of subjects with only DSM-III
alcohol abuse. Thus, failure to include physiological de-
pendence or tolerance symptoms in the criteria, or requir-
ing both pathological use and impairment symptoms in the
criteria, appear to result in loss of genetic influence.

Although some adoption and twin studies have indi-
cated greater influence of genetic factors for narrow than
broad diagnostic criteria of alcoholism (Kaij 1960; Good-
win et al 1973; Pickens et al 1991, Yates et al 1996), a
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study of female twins has failed to support these findings
(Kendler et al 1992). The present study obtained higher
heritability estimates for the broader criterion of Feighner
probable alcoholism than for Feighner definite alcoholism.
On the other hand, for the Cloninger subtypes and DSM-
III alcoholism, evidence for genetic influences was stron-
ger for the less inclusive systems (Cloninger type 2 rather
than Cloninger type 1, and DSM-III alcohol dependence
rather than alcohol abuse and/or dependence). These
findings suggest less inclusive criteria need not always be
more sensitive to genetic influences. Because of the
moderate sample size of the present study, replication of
the results by other studies would provide additional
support to this hypothesis.

For all diagnostic systems, heritability estimates were
based on population prevalence rates obtained using the
same survey instrument (DIS-III) and with subjects having
the same demographic characteristics (age, sex, and race)
as subjects in the twin study. To be valid, h* estimates
must be derived from population estimates that are repre-
sentative of the study sample. Population estimates based
on different diagnostic criteria or population groups may
yield inaccurate h® estimates. In the present study, if
population estimates had been obtained from the published
literature, different h” estimates would have been found.
For example, in their original study, Cloninger et al
reported prevalence of type 2 alcoholism to be 4.2% in a
Swedish population of twins (Cloninger et al 1981). If this
estimate had been used in the present study, a h” estimate
for type 2 alcoholism of .37 would have been found;
however, when similar criteria were applied to the ECA
data set adjusted to the characteristics of our twin sample,
a population estimate of 9.6% was obtained. This yielded
an h? estimate of .54 in the present twin study, which was
considerably higher than the estimate that would have
been obtained if the original population estimate had been
used.

For all diagnostic systems, a model including unique
environmental influences only (e?) was found to fit the
data significantly worse than a model also including
additive genetic, and common environmental factors, in-
dicating the importance of influences that are shared
between family members. For most diagnostic systems,
moderate influences of common environmental factors
were estimated (range .19-.27), with the exception of
DSM-III alcohol dependence, for which a relatively small
common environmental component (8§%) was found. Be-
cause of lack of power (Neale et al 1994), however, these
influences were not found to be significant. In addition, as
i1s commenly recognized with moderate size twin samples,
confidence intervals around heritability estimates were
broad. They also included O for Cloninger type 1 alcohol-
ism, Feighner definite alcoholism, and DSM-III alcohol
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abuse and/or dependence. Therefore, replication of the
present results would be recommended. Because of the
clinical nature of diagnoses used, a treatment- rather than
a population-based sample should be used to replicate the
present findings. To date, however, we are not aware of
any treatment sample with an adequate size to allow
significant discrimination of heritability estimates of diag-
nostic systems of alcoholism.

Not all of the symptoms of each diagnostic system were
contained in our data set; however, the symptoms that had
to be excluded or substituted were a small minority of the
total symptoms in each diagnostic system. For DSM-III,
no symptoms were dropped or substituted. For Feighner,
one of four symptoms in group 2 (drinking nonbeverage
forms of alcohol), and two of five symptoms in group 4
were dropped (loss of friends because of drinking, and
feeling guilty about drinking). Feighner probable and
definite diagnoses of alcoholism were based on occurrence
of symptoms in several groups. Although omission of
items might reduce prevalence of Feighner diagnoses, it is
unlikely this omission had a significant effect, given the
high prevalence of probable and definite diagnoses in both
probands and cotwins. For example, the number of sub-
Jjects who scored positive for group 4 was high even with
two of five symptom items omitted (92.8% of probands
and 68.9% of cotwins were positive). For both Cloninger
type 1 alcoholism (total number of contributing items is
five) and Cloninger type 2 alcoholism (total number of
contributing items is four), one item was substituted with
as close as possible a symptom match.

Present results are limited in that they are based primar-
ily on male Caucasians who have been in treatment for
alcoholism. How the results would generalize to female
subjects, non-Caucasians, or untreated alcoholics is un-
known. It is also unclear how the results would generalize
to other types of drug abuse. Although other contemporary
systems for diagnosing alcoholism exist (Zucker 1987;
Morey and Skinner 1986; Babor et al 1992; American
Psychiatric Association 1987, [994), they were not ame-
nable to this data set.

Using instruments better able to capture genetic influ-
ences will increase the chance of success of genetic
linkage and association studies, as well as genetic epide-
miologic studies. Power of linkage analysis to detect loci
contributing to a quantitative trait is a function of a variety
of factors (Risch and Zhang 1995). Blackwelder and
Elston (1982) estimated that a heritability of 50% or more
is needed to detect linkage in realistically obtainable
numbers of nuclear families. The present results suggest
some diagnostic systems capture genetic influences better
than others. For three of six diagnostic systems studied
(Feighner probable alcoholism, DSM-III alcohol depen-
dence, and Cloninger type 2 alcoholism), relatively larger






