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Inhe_ritance of Alcohol Abuse

Cross-Fostering Analysis of Adopted Men

(7. Hobert Cloninger, MD); Michael Bohman, MID); Soren Sigvardason, PhID

#® The inheritance of alcoholism was sludied in 862 Swedish
men adopted by nonrelatives at an early age. Bolh the congenilal
and ol the maodily their risk lor
alcohol abuse. We disling two forms of that have
distinct genetic and environmental causes and differ in their
association with cl'ianllRy. severity of alcohel abuse, and the

of exp mothers. Post | milleu
determines the Ilwuonl::l and severity of expression ol the
common lype of susceplibility in both men and women. In
contrasl, the less common type s highly heritable in men but is
saeldom expressed in molhers of affected men.

(Arch Gen Psychialry 1981;38:861-868)

usceptibility to aleoholism is familial," but its distribu-
S tion cannol be explained by either genetic or environ-
mental factors alone, Well-designed studies of adoptees,
half-siblings, and twins do implicate genetic factors in the
development of al least some forms of aleohol abuse -
However, family members who share half their genes are
not more alike in their drinking practices than other family
members who share only a quarter of their genes, " and
such results are incompatible with simple genetic mecha-
nisms of inheritance. In addition, there are large group
differences in the prevalence of aleoholism due to sociocul-
tural influences; both consumption and complications have
varied widely from one historical era to another and
currently vary from country to couniry, belween social
classes, belween persons of different occupation, and
between men and women.'* These observations strongly

Aveepted for publication April 14, 1981,

From the Degartments of Psyehialry and Genetics, Washington Univer-
sity Sehool of Medicine, 8t Louks, and Jewish Hospital of 31 Louis {Dr
Cloningerk; and the Departments of Child and Yoath Psyehiatey, Umes
University School of Medivine, Umed, Sweden (Dres Bohman and Sigpvands.
san].

Heprint requests in the United States W Depurtments of Psyehialry and
Genelies, Washington University Sehool of Medicine and Jewish Hospital of
Bt Louis, 216 & Kingshighway, PO Box 14108, St Louis, MO &517% (Dr
Cloninger). Reprint requests in Burope to Department of Child and Youth
Papchintry, Umei University School of Medicine, %1 85 Ume, Sweden (Dr
Hohman).

Arch Gen Psychiatry—Vol 38, Aug 1381

CROSS-FITTING ANALYSIS OF
ADOPTED MEN

Commentary by Andrew C. Heath, D.Phil.

KEY WORDS: hereditary factor; AOD abuse; adoptive family
relation; adoption study; environmental factors; risk factors

f all the articles published on the genetic contribution to al-
coholism risk, this 1981 article by Cloninger and colleagues

suggest that susceplibility to aleoholism is neither entirely
penetie, nor entirely environmental, nor simply the sum of
separate genetic and environmental contributions.' "
Rather, specific combinations of prednpo-emg genetie fac-
tors and environmental stressors appear W interact before
aleoholism develops in most persons. How . the nature
of this gene-environment interaction has been a mystery
for the following two major reasons: (1) the elinical hetero-
geneity of aleohol abuse and (2) the confounding of genetic
and environmental influences within families.

Aleohol abuse is a heterogeneous set of behaviors that
ineludes any pattern of ethyl aleohol intake that causes
medieal and/or social complications. For example, some
aleoholies are socially well adjusted as teenagers, work
regularly as young adults, but later drink with inereasing
frequency until prolonged binges lead to marital and work
problems and perhaps withdrawal symptoms when intake
is reduced. Other aleoholics are antisocial persons with
repeated delinguency, criminality, and aleohol abuse as
teenagers; they have frequent social complications [rom
their abuse but seldom have withdrawal symptoms or seek
hospitalization,"* Within any particular family the syn-
drome is often similar in its pattern and severity, Howev-
er, families differ in hoth genetic and socioeultural back-
ground, so the causes of the familial differences remain
ambiguous.

Children are influenced by both the genes and the
environments provided by their parents. Therefore, to
disentangle gene-environment interactions, children sepa-
rated from their biological relatives at an early age and
reared by unrelated foster parents’ must be studied.
Adoption studies of aleohol abuse have been carried out,
but the results are inconsistent. In the United States, Roe
et al found that good foster placement was associated with
no aleohol abuse in all but one of 27 children of aleoholic
parentage and in all but two of 22 children of normal
parentage.' They found that none of 21 adopted-away sons
of aleoholics had drinking problems as adults. In contrast,
Goodwin and associates™ observed that chronic aleoholism
was four times more common in 55 adopted-away sons of
Danish aleoholies than in 75 such sons of nonalecholics, The
risk of aleoholism in the sons was increased by more severe
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INHERITANCE OF ALCOHOL ABUSE:

impact in this area. Based on analy-
sis of alcohol-related registrations
with the Swedish Temperance Board
of adoptees and their biological and
adoptive parents, Cloninger and col-
leagues reported finding two sub-
types of alcoholism: type II, or
“male-limited” alcoholism, which
was observed predominantly in
males and was strongly influenced
by heredity, and type I, or “milieu-
limited” alcoholism, which was ob-
served in both men and women and
was less strongly influenced by he-
redity. In type I, postnatal environ-
ment was found to have an important
moderating effect on the inherited
risk of the disease. Thus, in this arti-
cle, Cloninger and colleagues for the
first time sought to address in one
study the issues of genetic involve-
ment in the development of alco-
holism, gender differences in the
inheritance of alcoholism, the exis-
tence of subtypes of alcoholism, and
the interaction of both genetic make-
up (i.e., genotype) and environment
in the development of disease (i.e.,
differences in the importance of ge-
netic risk as a function of environ-
mental exposure). Cloninger further
elaborated on this work through an
attempt to relate alcoholic subtype to
the pattern of alcoholic symptoms
(Cloninger 1987).

Cloninger and colleagues’
Swedish adoption study was by no
means the first to obtain findings
consistent with a genetic contribu-
tion to alcoholism risk. The pioneer-
ing work in the 1950’s of Kaij
(published in 1960) showed that in
a series of Swedish twins identified
as having alcohol-related problems
(once again through registrations
with the Swedish Temperance
Board), the risk that the other twin

also had alcohol-related problems was significantly elevated in

identical twins (i.e., monozygotic), compared with fraternal
twins (i.e., dizygotic). Such a finding would be predicted if ge-
netic influences were important.

This finding was replicated and extended in a 1981 study by
Hrubec and Omenn, which offers what is arguably the strongest
evidence for a genetic involvement in severe alcoholism. This

study was based on a review of U.S. Veterans Administration
records of 13,486 male twins identified through their service in

World War II. The first large-sample adoption study was the

Danish adoption study of Goodwin and colleagues (1974, 1977).
They found a significantly elevated alcoholism risk in the

and its companion, “Maternal inheritance of alcohol abuse:
Cross-fostering analysis of adopted women,” by Bohman and
colleagues, also published in 1981, have perhaps had the greatest

adopted-away sons, but not daughters, of biological parents who
had been hospitalized with an alcoholism diagnosis, compared
with other adoptees who served as controls. Nonetheless, be-
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cause of the magnitude of the sample (862 male and 913 female
adoptees), the study by Cloninger and colleagues, which found a
significant association between alcohol problems in adopted
children and alcohol problems in the biological but not adoptive
parents, provides the most powerful evidence from any adoption
study for a genetic contribution to alcoholism risk.

Fourteen years later, the question of whether genetic differ-
ences can lead to differences in alcoholism risk is no longer con-
troversial. The most telling evidence comes from Asian samples:
A series of studies have found lower frequency of an inherited
single-gene deficiency of alcoholism metabolism (i.e., aldehyde
dehydrogenase [ALDH2]) deficiency) among alcoholics com-
pared with nonalcoholics (Thomasson et al. 1993).

As has been reviewed elsewhere (Heath et al. in press), the
question of whether the genetic contribution to risk of develop-
ing alcoholism is greater in women than in men remains more
controversial. The theory that there is a gender difference in the
prevalence of alcoholism is perfectly compatible with the hy-
pothesis that genes play an equally important role in alcoholism
in both genders but that women have a much higher threshold of
risk for developing the disease than do men. Fortunately, data on
Swedish Temperance Board registrations for the adoptees and
their biological parents (excluding information about alcohol-
related hospitalizations and other information available on the
adoptees) have been published in a form that permits reanalysis.
These data, however, do not reveal a significant gender differ-
ence in the heritability of alcoholism.

Data from the Virginia twin study (Kendler et al. 1992), an
interview survey of a general population sample of more than
1,000 female twin pairs, are consistent with a genetic contribu-
tion to alcohol dependence in women that accounts for 55 per-
cent of the variation in risk. This figure is very close to the 63-
percent heritability that is estimated from the U.S. male twin
data of Hrubec and Omenn (1981). Even data from studies using
clinically ascertained alcoholics and their relatives (e.g., the
Goodwin data [1977] or the Minnesota twin studies of Pickens
and colleagues [1991] and McGue and colleagues [1992]) when
reanalyzed using appropriate statistical techniques are consistent
with equal heritability of alcoholism in men and women (Heath
et al. in press).

It is not possible to address fully here the controversy over
whether alcoholism is a heterogeneous disorder, with different
subtypes of alcoholism having different patterns of inheritance.
The analyses of Cloninger and colleagues reviewed in this arti-
cle, like all such analyses, need replication in an independent
sample. Subsequent attempts to subtype alcoholics on the basis
of alcoholic symptom profile or personality type have not been
overwhelmingly successful. Perhaps there are many different
pathways to alcoholism and the expression of alcoholic symp-
toms is largely determined by the severity of alcoholism rather
than by subtype.

In closing, perhaps the single most important issue raised by
Cloninger and colleagues was that by studying the interaction of
genes and the environment, researchers will be better able to
identify ameliorating environments for those at high genetic risk
of developing alcoholism. Although their statistical analyses on
this topic are still debatable, the emphasis on this concept was an
important one. With the exception of Cadoret and colleagues’

adoption studies (1985, 1987), this issue has not yet received,
from those studying the genetic contribution to risk of psychi-
atric disorder, the attention that it deserves. H
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