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Preface

Surveys have shown a heterogeneous pattern of illicit drug use by
the American public. Fortunately, many people never experiment
with i1Ticit drugs and, therefore, avoid the personal tragedy that
drug abuse can bring. Others may be enticed into experimenting
with drugs but, having done so, refrain from any further drug use.
Still others, however, who begin with experimentation, eventually
develop a regular pattern of drug use that is difficult to termi-
nate although it may produce severe personal, social, and medical
complications. The factors that account for these individual
differences in outcome to drug use are largely unknown. They un-
doubtedly will include a wide range of behavioral, biological,
psychosocial, and cultural influences. In addition, the combina-
tion of factors that account for drug experimentation may be dif-
ferent from the combination of factors that account for chronic
drug abuse/dependence. It is important to understand the factors
involved in the etiology of drug abuse for several reasons. Not
only will this knowledge expand our scientific knowledge base, but
it will hopefully Tlead to improved strategies for the treatment and
prevention of drug abuse as well.

Research findings suggest that genetic factors are involved in the
etiology of alcoholism. It is expected that genetic factors may
also be involved in the etiology of drug abuse. In an attempt to
understand the role of genetic factors in drug abuse, a technical
review on "Biological Vulnerability to Drug Abuse" was held on

June 2-3, 1986, in Rockville, MD. Researchers from the fields of
alcoholism and drug abuse were invited to review the present state
of knowledge in the area and to discuss future research directions.
This research monograph is based in Tlarge part on the proceedings
of that review. Included are discussions of strategies for identi-
fying genetic factors in drug abuse, assumptions and methodological
issues that underlie each strategy, results of recent investiga-
tions in the area, and implications of the findings for treatment
and prevention of drug abuse. The technical review and resulting
research monograph are intended to stimulate research interest in



the genetics of drug abuse, as well as in other factors that may be
involved in the etiology of drug abuse.

Charles R. Schuster, Ph.D.
Director
National Institute on Drug Abuse
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Genetic Vulnerability to Drug Abuse

Roy W. Pickens and Dace S. Svikis

INTRODUCTION

The purpose of this review is to assess the current status of our
knowledge regarding genetic factors in drug abuse. That genetic
factors may be involved in drug abuse is suggested by several
decades of research in the field of alcoholism, where research has
strongly implicated a role for genetic factors in the etiology of
the disorder. For example, animals can be selectively bred to show
alcohol-accepting characteristics (Deitrich and Spuhler 1984).
Human family studies have shown that first-degree relatives of
alcoholics are more Tikely to be alcoholic than first-degree rela-
tives of nonalcoholics (Cotton 1979). Adoption studies have found
that adopted-away children of alcoholic parents are more Tlikely to
develop alcoholism than adopted-away children of nonalcoholic
parents (Goodwin et al. 1973). Twin studies have found that
monozygotic twins are more likely to be concordant for alcoholism
than dizygotic twins (Kaij 1960). Finally, high-risk studies have
shown that children of alcoholics differ from children of non-
alcoholics in response to alcohol (Schuckit 1985).

In contrast to alcoholism, Tittle is known about genetic factors
that contribute to other types of drug abuse (e.g., heroin addic-
tion and cocaine abuse). In terms of etiology, most attention in
the drug abuse field has been focused on psychosocial factors that
contribute to drug experimentation by adolescents (Jones and
Battjes 1985). Only Tlimited attention has been paid to the role of
genetic and environmental factors in drug abuse, particularly as it
relates to the development of compulsive patterns of drug abuse
and/or drug dependence. Evidence suggests that the pattern of
inheritance for drug abuse may be similar to that for alcoholism.
Drug abusers frequently abuse alcohol, and alcoholics often report
problematic drug use (Barr and Cohen 1987; Benzer and Cushman 1982;
Croughlin et al. 1981). Also, alcoholism and drug abuse tend to

run in the same families.  Family studies of alcoholism have found
increased rates of pyschiatric disorders (including drug abuse) in

the relaties of alcoholics (Meyer 1986). High rates of alcoholism



have also been found among the relatives of drug abusers (Smith et
al. 1966; Ellinwood et al. 1966).

One reason for the paucity of genetic studies in drug abuse has
been the difficulty of obtaining a sufficient number of subjects
for research purposes. Compared to alcoholism, drug addiction
occurs Tless frequently in the general population, and drug abusers
are more difficult to recruit into research because of the illicit
nature of their drug abuse activities. Nevertheless, studies of
the role of genetic factors in drug abuse are important for several
reasons. First, such studies would extend our scientific knowledge
base in the areas of behavioral genetics and behavioral pharmacol-
ogg. Second, 1in providing better understanding of the etiology of
substance abuse, these studies would complement studies previously
conducted in the alcoholism area. In fact, knowledge gained from
research with alcoholism should prove useful in directing research
in the drug abuse field. Finally, given the high cost of drug
abuse to our nation and the growing AIDS problem among intravenous
drug abusers, it is essential that we improve our understanding of
basic factors underlying drug abuse so that improved methods of
treatment and prevention of the disorder can be developed.

GENETIC INFLUENCES IN DRUG ABUSE

If genetic factors are involved in drug abuse, what does this mean?
First, we must realize that genes do not directly cause behavior.
No gene or set of genes, for example, will directly cause a person
to become a drug abuser or to engage in drug-taking behavior.
Instead, genes are segments on chromosomes that code for the pro-
duction of specific proteins (or serve to regulate the activities
of other genes) that are important in the control of behavior. If
a gene is absent, a protein that controls the development or func-
tion of a physiological system may not be produced. In certain
cases, the impact may be obvious, as in the case of phenylketon-
uria, when failure of a gene to code for the enzyme responsible for
metabolism of phenylalanine results in development of a severe form
of mental retardation. In other cases, however, the impact of
genes on behavior may be Tess obvious but just as real, as when
genetic factors produce a tendency or predisposition to respond in
a certain manner. Such is believed to be the influence of genes on
a number of behavioral traits and disorders, including alcoholism
and drug dependence. Thus, genes are not the sole determinant of
alcoholism or drug dependence, but their presence (or absence) may
increase the Tikelihood that a person will become alcoholic or drug
dependent.

Second, as the above statement indicates, genes do not act alone in
determining whether a person will become alcoholic or drug depend-
ent. Our experience in behavioral genetics suggests that both
genetic and environmental factors will ultimately be implicated in
the etiology of drug abuse. As with alcoholism, simple cause-and-
effect models will not be sufficient for explaining vulnerability.
Rather, various combinations of biological and environmental fac-
tors are likely to be identified that function to attenuate or



exacerbate an individual's Tlikelihood for becoming drug dependent.
Just because an individual has a genetic tendency for developing
drug dependence does not mean he or she will necessarily develop
the disorder. Whether the disorder develops will ultimately depend
on environmental influences. Certain types of environmental influ-
ences are believed to be necessary for a genetically vulnerable
person to develop drug dependence. For example, one environmental
influence that is essential to the development of the disorder is
that an individual must initially engage in drug-taking behavior
Thus, while a person may be genetically loaded for drug dependence,
if drugs are never used, that person will never run the risk of
becoming drug dependent. The presence of other environmental fac-
tors in the development of drug dependence (e.g., drug availabil-
ity, the manner in which a person uses drugs) is also suspected.
These may include environmental influences that operate within the
immediate milieu (e.g., family and peer influences) or more broadly
(e.g., cultural factors).

Third, genes may influence a person's tendency to develop drug
dependence in many ways. Most people believe that genetic
influences operate by producing an aberrant or idiosyncratic
biological response to drugs. For example, genes may make some
people more (or Tless) sensitive to a drug's effect, or they may
produce a qualitatively different drug effect in some people than
in others. While this may indeed be the case, it is important to
recognize that there are mechanisms other than pharmacological
mechanisms that may account for genetic effects. One nonpharmaco-
logical mechanism is that genes may determine personality charac-
teristics that increase the probability of drug abuse. For
example, a person may inherit a sociopathic personality that in-
creases the Tikelihood of contact and experimentation with drugs.
Cultural factors may in part be genetically determined, which may
increase the Tlikelihood of drug use that will eventually Tead to
increased rates of drug dependence.

For both pharmacological and nonpharmacological factors that
influence drug dependence, it is important to determine the Tevel
at which genetic factors exert their effects. For example, genes
may operate by putting individuals into high-risk situations where
drugs are readily available for use, by increasing the Tikelihood
that drug use (experimentation) will occur, or by increasing the
probability that initial regular drug use will eventually escalate
into drug dependence.

Fourth, genetic influences should not be viewed solely in terms of
factors that predispose an individual to drug abuse. Instead,
genetic influences can also operate by eliminating factors that
protect an individual from drug abuse. If genes serve to eliminate
or reduce the intensity of adverse drug effects, then factors that
suppress excessive drug use will be removed. This will result in
greater drug use than would have occurred had the natural protec-
tive factors been present. For example, in the case of alcoholism,
genetic influences that reduce severity of hangover symptoms may
hypothetically eliminate a mechanism that ordinarily controls



excessive alcohol use. As a result, people with reduced hangover
effects from alcohol may engage in more intense drinking behavior
which will increase the 1likelihood of developing alcoholism.  Simi-
lar mechanisms may also operate with other forms of drug abuse.

Finally, if genetic factors are involved in drug abuse, it is
important to determine whether similar or different genetic factors
are involved in alcoholism and drug abuse, as this may guide future
research to enhance our understanding of the physiological proces-
ses that underlie both disorders. For example, if different genet-
ic factors are found, this suggests that different physiological
mechanisms may underlie alcoholism and drug abuse. If similar
genetic factors are found, however, this suggests a common mecha-
nism for both types of disorders. If this is the case, then re-
search can focus on physiological or biochemical processes that

are common to both disorders, rather than concentrating on proces-
ses that are unique to each disorder. The same is also true for
genetic factors that may be involved in different forms of drug
abuse (e.g., heroin addiction vs. cocaine abuse).

GENETIC RESEARCH STRATEGIES

Five types of research strategies have been employed in the study
of genetic factors in alcoholism and therefore have relevance to
studies of drug abuse. They are: (1) animal selective-breeding
studies, (2) family studies, (3) adoption studies, (4) twin stud-
ies, and (5) high-risk studies. The first four of these are em-
ployed in establishing whether a genetic influence is involved in
alcoholism. Animal selective-breeding studies have attempted to
develop strains of animals that show a propensity toward alcohol
drinking. The successful breeding of such strains suggests that
genetic factors may be involved in human alcohol use. After such
strains are developed, further studies can be conducted to deter-
mine how these animals differ biologically and behaviorally from
animals that do not show this propensity. Additional research is
needed to determine if animals can be selectively bred to show a
greater propensity for drug taking and to determine the extent to
which this characteristic generalizes across drug classes and/or
alcohol.

Family studies in humans attempt to determine if a disorder (such
as drug abuse) runs in families. A familial pattern is indicated
if the disorder occurs more frequently in relatives of affected
individuals than in relatives of nonaffected individuals. While
evidence of familiality fails to distinguish between genetic and
environmental influences, these results are often most useful in
establishing the direction of future genetic research. Failure to
find familiality suggests that genetic factors are not involved in
the etiology of the disorder. While familial patterns of alcohol
use have been well established, more research is needed on familial
patterns of drug use, including the extent to which drug abuse,
alcoholism, and psychopathology co-occur within the same individual
and across family members.



In contrast to family studies, adoption and twin studies permit an
estimate of the relative influences of genetic and environmental
factors in the etiology of a disorder. In adoption studies, the
influence of rearing environment can be largely separated from that
of genetics by use of children born of affected biological parents
but adopted out early in Tife and raised by nonaffected foster
parents. Prevalence of the disorder is determined in this group of
adoptees as adults and compared to that of a control group of
adoptees born of nonaffected biological parents but also raised by
nonalcoholic foster parents. While several adoption studies of
alcoholism have been conducted, only one adoption study of drug
abuse has recently been reported (Cadoret et al. 1986). Because of
the strict adoption confidentiality Taws that exist in the United
States, most of this research is expected to be conducted
elsewhere.

Twin studies compare concordance for a disorder in monozygotic and
dizygotic twins. Because monozygotic twins have all common genes,
any difference in monozygotic twin pairs must be due to environmen-
tal factors. However, since dizygotic twins have only 50 percent
common genes, any difference in dizygotic twin pairs may be due to
either genetic or environmental influences, or both. By comparing
the concordance for a disorder in monozygotic and dizygotic twins,
the relative influences of genetic and environmental factors in the
etiology of a disorder can be determined. While there have been
several twin studies of quantity and frequency of alcohol drinking,
only three twin studies of alcoholism (or the alcohol dependence
syndrome) have been reported. Except for studies of quantity and
frequency of smoking and coffee drinking, only a Timited number of
twin studies of quantity and frequency of other drug use have been
reported. To our knowledge, no twin study of drug dependence has
been reported.

The final strategy, the high-risk paradigm, is employed to deter-
mine possible mechanisms that may underlie an obtained genetic
effect. High-risk studies attempt to identify factors that con-
tribute to the etiology of a disorder by comparing individuals at
high risk for Tlater developing a disorder to individuals without
such risk. When a disorder is familially Tinked, children of af-
fected individuals are known to have a greater risk of developing
the disorder than children of nonaffected individuals. Therefore,
responses of such children may be compared to identify factors that
contribute to development of the disorder. In the case of alcohol-
ism, children of alcoholics are known to be at higher risk for
later developing alcoholism than children of nonalcoholics. In
high-risk studies, these children are frequently compared at early
ages to determine possible differences in behavioral and physiolog-
ical responses, including their response to alcohol. Since chil-
dren of alcoholics also have a higher risk for drug abuse than
children of nonalcoholics (Cadoret et al. 1986), children of alco-
holics may also be employed in studies to identify factors that
contribute to drug abuse. To our knowledge, however, no high-risk
studies of drug abuse have been reported to date.



ORGANIZATION OF THE MONOGRAPH

This monograph reviews research on genetic factors in alcoholism
and drug abuse. The review is conducted for the purpose of better
understanding the possible role of genetic factors in drug abuse
and for stimulating research in the drug abuse field. The first
section is a basic review of the research strategies that have been
employed in determining genetic influences in alcoholism. In each
case, the authors were asked to review the available information
concerning the role of genetic factors in alcoholism and to make
extensions whenever possible to the use of the strategies to study
the genetics of drug abuse. In this section, MEISCH and GEORGE
examine the self-administration of drugs by animals selectively
bred for different responses to alcohol. STABENAU reviews the
family pedigree method as a strategy for examining vulnerability to
alcoholism and drug dependence. PICKENS and SVIKIS describe the
twin study method and summarize preliminary findings from a new
twin study of alcoholism and drug abuse. Finally, CLONINGER
reports the results of adoption studies of alcoholism and discusses
possible biochemical correlates of different types of alcoholism.

The next section examines possible mechanisms for inheritance of a
tendency toward alcoholism or drug abuse. Participants were asked
to review either a strategy for identifying specific characteris-
tics that may predispose an individual to drug abuse or to discuss
some of the frequently posited mechanisms for inheritance of a
biological vulnerability to alcoholism or drug abuse. The use of
the high-risk strategy to identify possible mechanisms in the
inheritance of alcoholism is discussed by TARTER. Personality
factors that may mediate a predisposition to drug abuse are dis-
cussed by BUTCHER. WILSON discusses individual differences in
drug response by humans and presents preliminary data from indi-
viduals with different degrees of genetic and environmental
similarity. Finally, ROUNSAVILLE discusses the role of psycho-
pathology 1in the transmission of substance abuse.

The third section concerns methodological issues in biological
vulnerability research. SVIKIS and PICKENS discuss assumptions
underlying family, adoption, and twin studies, as well as methodo-
logical issues that must be considered in conducting such research.
Statistical approaches to analyzing twin and family data are
discussed by MCGUE, and special problems in drug abuse research
are reviewed by GOTTESMAN.

The Tast section is a discussion of the practical implications of
research on biological vulnerability to drug abuse. Implications
for the treatment of drug abuse are discussed by BIGELOW, BROONER,
MCCAUL, and SVIKIS, and implications for the prevention of drug
abuse are considered by KAUFMAN.
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Influence of Genetic Factors on
Drug-Reinforced Behavior in Animals
Richard A. Meisch and Frank R. George

INTRODUCTION

This paper provides an overview of genetic effects on drug-
reinforced behavior. It is Timited to animal studies, and since
the majority of research has focused on one drug, namely ethanol,
much of this review concerns ethanol studies. The influences of
genetic factors on drug-reinforced behavior are considered within
the Targer context of pharmacogenetic influences on behavior. The
conclusion of this survey of studies can be anticipated by noting
that genetic factors are important determinants of many effects of
abused drugs including their reinforcing effects.

STRAIN DIFFERENCES IN DRUG EFFECTS
Inbred Strains

There are many reports of inbred strains of rats and mice differ-
ing in their acute response to drugs (Broadhurst 1978). One
advantage of these studies is the ability to perform correlations
between behavioral and biochemical variables across strains, and
this use of correlations is a powerful means of testing mechanis-
tic hypotheses. 0One example is that the Tocomotor effects of
morphine vary with the strain of mouse studied (Castellano and
Oliverio 1975; Brase et al. 1977; Moskowitz et al. 1985). This
effect has been analyzed in a series of experiments and has been
attributed to differences between strains in stimulation of dopa-
minergic systems by morphine (Oliverio et al. 1983). Another
example is the variation in analgesic response to opiates among
strains, and this variation is significantly correlated with
differences in mu opiate receptor binding (Reith et al. 1981;
Moskowitz and Goodman 1985). An important general finding from
studies with inbred strains is that the various behavioral and
physiological effects of drugs (e.g., locomotor and analgesic
responses) do not necessarily covary across strains, and the
direction and magnitude of response are dependent on the specific
behavior measured.



Selective Breeding

It has been possible to go beyond the simple demonstration of
strain differences in drug effects by showing selective breeding
for certain drug effects. One of the best known examples is that
of the short (SS) and Tong (LS) sleep mice. Starting from a
genetically heterogeneous stock of mice, McClearn and Kakihana
1973) successfully conducted a bidirectional selective breeding
study. They selectively bred mice for both short and Tong dura-
tions of Tloss of the righting reflex following an intraperitoneal
injection of ethanol. There was a rapid separation of the two
Tines. Other lines of animals have been selectively bred for
differences in ethanol effects, such as the most affected (MA) and
lTeast affected (LA) rat Tines (Riley et al. 1976; Riley et al.
1977) and the alcohol-tolerant (AT) and alcohol-nontolerant (ANT)
rats (Eriksson and Rusi 1981). As Crabbe and Belknap (1980) note,
the successful selection for these characters provides ipso facto
evidence for genetic control.

STRAIN DIFFERENCES IN ETHANOL AND DRUG DRINKING
Measurement of Ethanol Drinking

Rat and mouse strains differ in the amount of ethanol they drink.
However, before these findings can be critically discussed, it is
necessary to describe the most commonly used technique for measur-
ing ethanol drinking. This technique is the two bottle choice
procedure, introduced by Richter and Campbell (1940). In this
procedure, two bottles are attached to the side of an animal's
home cage. One bottle is filled with an ethanol solution and the
other, with water. The amount of ethanol solution and water con-
sumed is measured once every 24 hours. This technique and vari-
ants on it have been used in hundreds of subsequent studies. The
basic findings suggest that rats and mice prefer dilute solutions
of ethanol to water. Neither intoxication nor physical dependence
are reliably observed, which is not surprising given that the rats
and mice do not consume enough ethanol to maintain high sustained
bTood ethanol Tlevels (Cicero 1979; Cicero 1980; Meisch 1977;
Meisch 1981; Meisch 1984; Mello 1976; Myers 1978; Pohorecky 1981).

Many attempts have been made to increase ethanol drinking in rats,
including exposure to different types of stress and injection with
a very broad range of drugs. No consistent progress has emerged
from this research, and often findings reported by one laboratory
have not been replicated in other Taboratories. In summary,
little progress has been made in generating high Tevels of elec-
tive ethanol intake.

This Tack of progress has been attributed in part to the persist-
ent use of the two bottle choice technique (Cicero 1979). For
example, Tow Tlevels of intake and preference for only low concen-
trations may indicate that the behavior is controlled by taste
factors rather than by effects that ethanol produces once it is
absorbed. Moreover, it is not clear that the results from

10



preference studies of ethanol-drinking behavior of rats and mice
are generalizable to the ethanol-drinking behavior of humans.

The two bottle choice technique has also been used in studies of
genetic differences in ethanol drinking. The first study, con-
ducted by Mardones and colleagues (1953), selectively bred rats
for high and Tow ethanol drinking. Large differences in ethanol
intake are also found among inbred mouse strains (McClearn and
Rodgers 1959; McClearn and Rodgers 1961). Differences in ethanol
drinking among selected lines and inbred strains of rats and mice
are well documented, and a Targe body of Titerature exists
(Deitrich and Spuhler 1984).

Although strain differences in ethanol drinking have been examined
in many studies, far fewer studies have been carried out with
other drugs (Crabbe and Belknap 1980). In several of these stud-
ies, oral morphine consumption was examined. Rats were selective-
1y bred for high and Tow morphine solution intake (Nichols and
Hsiao 1967). A difference between high and Tow drinkers rapidly
emerged, and by the third generation there was a fourfold differ-
ence in intake. These differences are not due to a more general
selection for acceptance or rejection of aversive-tasting solu-
tions, since the two Tines did not differ in their intake of a
quinine solution. Differences in morphine intake, however, have
also been reported for rats selectively bred for high and Tow
open-field emotional reactivity and for high and low rates of
avoidance learning (Satinder 1977).

Several studies have been conducted with inbred mouse strains
(Eriksson and Kiianmaa 1971; Horowitz et al. 1977). In one study,
C57BL/6 mice consumed more morphine solution than did CBA mice
(Eriksson and Kiianmaa 1971). In another study, C57BL/6 mice con-
sumed large quantities of a morphine-saccharin solution, whereas
DBA/2 mice consumed Tittle (Horowitz et al. 1977). It is inter-
esting that these findings parallel results with ethanol studies:
C57BL/6 mice display high intakes , and CBA and DBA/2 mice show Tow
intakes.

Several studies have been conducted with etonitazene, a potent
opioid that is pharmacoloically similar to morphine and is effec-
tive when taken by mouth (Wikler et al. 1963). In one experiment,
C57BL/6J and DBA/2J mice were restricted to a 5 upg/ml solution
(George and Meisch 1984). While C57BL/6J mice consumed slightly
more drug solution than water, the DBA/2J mice generally avoided
the drug solution. When both strains were deprived of food and
maintained at reduced body weights, the C57BL/6J mice substantial-
ly increased their intake, while the DBA/2J mice decreased their
drug intake. Similar findings were obtained with Wistar and
Sprague-Dawley rats (Carroll et al. 1986). Initially both groups
of rats consumed similar quantities of etonitazene. However, food
deprivation increased the etonitazene intake of Wistar rats but
decreased the drug intake of Sprague-Dawley rats. The decreases
in drug intake during food deprivation are unusual in that food
deprivation usually enhances the reinforcing effects of drugs
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(Carroll and Meisch 1984). These findings emphasize the degree to
which genotype and environment interact and stress the need to
examine genetically different groups over a range of conditions.

DRUG-REINFORCED BEHAVIOR
Intravenous Drug Self-Administration

In contrast to studies of ethanol drinking, other investigators
have used operant conditioning techniques and concepts to study
drug self-administration. These studies began in 1962 when James
Weeks developed a technique such that animals could intravenously
inject themselves with drugs. Weeks' procedure involved surgi-
cally implanting a chronic indwelling venous catheter in rats
(Weeks 1962). The catheter was protected by a harness the rats
wore so that they could not pull out the catheter, and the distal
end of the catheter was connected to an infusion pump. The rats
could inject themselves by pressing a lever, and the lever press
in turn activated electronic equipment that operated the infusion
pump. Using this technique, Weeks reported that rats would inject
themselves with morphine. These findings have been confirmed and
extended in many ways.

Generality of Findings

The fact that animals will self-inject the same drugs that humans
abuse and will not self-inject the drugs that humans do not abuse
has been well established (Griffiths et al. 1980; Johanson and
Balster 1978). Drugs from several pharmacological classes serve
as reinforcers, such as psychomotor stimulants (including nico-
tine), opioids, dissociative anesthetics, and general depressants
(including ethanol, barbiturates, benzodiazepines, gaseous anes-
thetics, and some solvents). Drugs also serve as reinforcers when
taken via a number of different routes. For example, drugs serve
as reinforcers when injected intravenously (Young and Herling
1986), intragastrically (Altshuler et al. 1975; Yanagita and
Takahashi 1973), intramuscularly (Goldberg et al. 1976; Katz
1979), and intracerebrally (Goeders and Smith 1983), and when tak-
en orally (Meisch and Carroll, in press) and by inhalation (Wood
et al. 1977; Yanagita et al. 1970). Also, wide species generality
is found (Griffiths et al. 1980). For example, d-amphetamine
functions as a positive reinforcer and is self-injected by baboons
(Griffiths et al. 1976), rhesus monkeys (Balster and Schuster
1973), squirrel monkeys (Goldberg 1973), dogs (Risner 1975). and
rats (Pickens and Harris 1968). However, this wide species gener-
ality should not obscure the fact that within species there are
significant differences among animals in their Tevels of drug-
reinforced behavior.

Similarities in the Drug-Seeking Behavior of Humans and Other
Animals

UnTike the home cage ethanol studies, a large and consistent body
of data has emerged from studies of drug-reinforced behavior, and
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there are important similarities between the findings of human
and animal studies. These similarities have been reviewed by
Griffiths et al. (1980) and include comparable functional rela-
tionships between independent controlling variables and measures
of drug self-administration. For example, with both humans and
other animals, variables such as type of drug, drug dose, re-
inforcement schedule, and size of schedule requirement exert
comparable control.

Establishment of Orally Delivered Drugs as Reinforcers

Procedures have been devised to establish orally delivered drugs
as reinforcers (Meisch and Carroll, in press). This line cf re-
search is an outgrowth of the conceptual approach that character-
ized studies of intravenous drug self-administration. However,
the first drug to be studied using this approach was ethanol
(Meisch and Thompson 1971). To establish orally delivered drugs
as reinforcers, two problems must be overcome: the aversive taste
of most drug solutions and the delay that occurs between drinking
and the onset of the interoceptive effects that follow absorption
(MeT1o and Mendelson 1971). To overcome these difficulties, sev-
eral related techniques have been developed. Basically these in-
volve using food-deprived animals and then inducing water drinking
by feeding the animals during the experimental session. Once a
stable pattern of water drinking is established, a dilute solution
of ethanol (or some other drug) is substituted for the water.
Across sessions, the concentration of ethanol is slowly in-
creased. When an intermediate concentration such as 8 percent
(weight/volume (w/v)) 1is reached, food is no longer given during
the experimental session but is given after the session is over.
Under these conditions, water drinking drops to low Tlevels, but
ethanol drinking persists (Meisch and Thompson 1971; Meisch and
Thompson 1974). These same findings also occur when rhesus
monkeys serve as subjects (Meisch et al. 1975) and when drugs
other than ethanol are tested (Meisch and Carroll, in press)

EFFECTS OF GENOTYPE ON BEHAVIOR REINFORCED BY ORALLY DELIVERED
DRUGS

In the Tast several years, these techniques have been used to try
to establish ethanol as a reinforcer for two selected lines of
rats and for several inbred strains of rats and mice (Elmer et al.
1986; Elmer et al., in press a; Elmer et al., in press b; Ritz et
al. 1986; Suzuki et al., submitted for publication). More recent-
1y, these techniques have been used in an attempt to establish
etonitazene, a potent opioid, as a reinforcer for inbred rats
(Suzuki et al., unpublished data). A major purpose was to deter-
mine whether there are genetic influences on drug-reinforced
behavior.
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Selectively Bred Lines: The Alcohol-Accepting and the Alcohol-
Nonaccepting Rats

Three sets of studies were conducted. One concerned the estab-
lishment of ethanol as a reinforcer for alcohol-accepting (AA) and
alcohol-nonaccepting (ANA) rats. These rats were selectively bred
from an original foundation stock based on high and Tow ethanol
drinking in a two bottle choice paradigm (Eriksson 1968). A vari-
ant of previous procedures was used. These rats were maintained
at 75 percent of their free-feeding weight and were induced to
drink water in the operant chamber by giving them food in their
home cage 60 minutes prior to the start of the session. Their
water bottles were removed when they were given food but were
placed back on their cages after the session. Once a stable pat-
tern of water-reinforced responding was present, they were given a
sequence of increasing ethanol concentrations: 0.5, 1, 2, 4, and
5.7 percent. After behavior was stable at 5.7 percent, the time
of feeding was shifted to after the session.

Figure 1 shows that during the induced drinking phase both the AA
and ANA Tines consumed progressively Tlarger amounts of ethanol
(g/kg) as the concentration was increased. At 5.7 percent the AA
rats ingested 1.5 g/kg and had blood ethanol Tevels of 176 mg%.
The ANA rats consumed 0.9 g/kg and had blood ethanol levels of 116
mg%. When access to food was shifted to after the session, how-
ever, responding of the AA rats was maintained by 5.7 percent
ethanol, while the responding of the ANA rats dropped to Tow lev-
els that were not different from subsequent water control values.
Thus, ethanol came to function as a reinforcer for the AA but not
for the ANA rats. The differential maintenance of responding in
the AA rats relative to the ANA rats was confirmed by subsequent
manipulations where, over blocks of sessions, the rats were given
water, then 5.7 percent ethanol (a second time), and then a final
block of water sessions. Figure 2 shows that in the AA but not in
the ANA rats, ethanol consistently maintained high rates of re-
sponding that substantially exceeded water control Tevels (Ritz et
al. 1986). In a related experiment, the ethanol concentration was
varied between 8 and 32 percent (w/v), and responding by the AA
rats was well maintained at all concentrations (Ritz et al., un-
published data).

Selectively Bred Lines: The Ethanol-Preferring and Ethanol-
Nonpreferring Rats

At Indiana University, rats have been selectively bred for ethanol
preference (P Tine) and for ethanol nonpreference (NP Tine). In
one experiment, the intragastric self-administration of ethanol
was studied (Waller et al. 1984). Rats from the P Tine intra-
gastrically self-infused ethanol up to 9.4 g/kg of body weight per
day. When water was substituted for the ethanol solution, re-
sponding extinguished but returned to previous Tevels when ethanol
once again replaced water. Thus, for the rats in the P line,
ethanol appeared to serve as a reinforcer. In contrast, rats in
the NP Tine self-administered only 0.7 g/kg per day. As the
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FIGURE 1.  Ethanol intake (g/kg) and liquid deliveries as a
function of ethanol concentration for AA (n=8) and
ANA (n=8) rats under food-induced conditions on a
fixed-ratio (FR) 1 reinforcement schedule

NOTE: Each data point represents a group mean for 5 consecutive test days. The
mean blood ethanol level at 5.7 percent for the AA rats was 176%20 mg%
(mean+SEM). and for the ANA rats it was 11624 mg%.

SOURCE: Ritz et al. 1986, Copyright 1966, Pergamon Journals, Ltd.
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FIGURE 2. Liquid deliveries on consecutive test days obtained by
AA (n=8) and ANA (n=8) rats as a function of liquid
present : 5.7 percent ethanol or 0 percent ethanol
(water vehicle)

NOTE: Repeated measures ANOVA: Line. F(1,14)=15.42. p<0.002: concentration,
F(3,42)=18.40. p<0.0001; ANA, F(3,21)=1.08. n.s.; AA, F(3,21)=18.14,
p<0.0001. AA Dunnett's t (df=12): 5.7 percent vs. retest=1.71, n.s.;
0 perc%n% vs. retest=0.16, n.s.; 5.7 percent vs. 0 percent=4.15. p<0.01
one-taile

SOURCE: Ritz et al. 1966. Copyright 1986, Pergamon Journals, Ltd.

investigators noted, these findings indicate that the reinforcing
effects of ethanol are postabsorptive and not due to ethanol's
taste or smell.

Studies With Inbred Strains of Rats and Mice

The establishment and maintenance of ethanol-reinforced behavior
has been studied in two inbred rat Tines, the Lewis and Fischer
344 rats (Suzuki et al., submitted for publication). These Tines
were studied because they have had no common ancestors for at
Teast 75 years, thereby maximizing their possible genetic diver-
gence. Ethanol was established as a reinforcer using a food-
induced drinking procedure. The rats were maintained at 80
percent of their free-feeding weight. They were then given their
daily food ration in the operant conditioning chamber where they
could obtain small volumes of water by pressing a lever. A stable
pattern of eating followed by water drinking soon developed.
Subsequently a series of increasing ethanol concentrations was

16



substituted for water. After responding stabilized at 5.7 per-
cent, feeding was shifted to the home cage after completion of the
experimental session.

For both the Lewis and Fischer 344 strains, ethanol maintained
higher response rates and was consumed in Tlarger volumes than the
water vehicle. In addition, in both strains blood ethanol Tevels
increased with increases 1in ethanol concentration. However, Lewis
rats drank substantially more ethanol than Fischer rats. The
typical inverted U-shaped dose-response function between ethanol
concentration and number of drug deliveries was observed for the
Lewis rats, whereas for the Fischer rats responding did not con-
sistently exceed that for water. For the Lewis strain, as the
fixed-ratio (FR) size was increased, the number of responses in-
creased almost in direct proportion to the FR size, so that at the
lTower FR values the rats were obtaining similar numbers of deliv-
eries at different FR sizes. In contrast, for the Fischer strain,
response rate was an inverted U-shaped function of FR size, and
the number of deliveries and blood ethanol Tevels decreased with
increases in FR size. At FR 16, responding of the Lewis rats was
high, while that of the Fischer rats decreased to Tow values.
Overall, Lewis rats showed significantly higher values of response
rates, ethanol deliveries, and blood ethanol Tlevels. Ethanol-
induced behavioral activation was also observed in Lewis but not
in Fischer rats. These results support the conclusion that etha-
nol serves as a strong positive reinforcer for Lewis rats and as a
weak positive reinforcer for Fischer rats.

In a third set of experiments, two inbred mouse strains, the
C57BL/6J and the BALB/cJ mice have been studied. As in previous
studies, ethanol drinking was initially induced by maintaining the
mice at a reduced body weight and feeding them one meal a day.
After eating food pellets, the mice reliably drank water. When a
stable pattern of water drinking was established, a series of in-
creasing ethanol concentrations (1, 2, 4, and 8 percent w/v) re-
placed the water. Mice from both strains drank substantial

amounts of ethanol. At 8 percent ethanol, C57BL/6J mice had blood
levels of 269 mg/dl, and the BALB/cJ mice had blood Tevels of 183
mg/d1. However, when access to food was switched to after the
session, large differences emerged between the two strains. The
C57BL/6J mice persisted in drinking substantial amounts of ethanol
(2.45 g/kg/30-min session), whereas the BALB/cJ mice drank very
lTittle (0.57 g/kg/30-min session). To document that ethanol was
serving as a reinforcer, water was substituted for ethanol, and
responding by the C57BL/6J mice greatly decreased. When 8 percent
ethanol again replaced water, responding increased to previous
Tevels. Lever presses by the BALB/cJ mice were much Tower in num-
ber and were only slightly higher than water values. Thus, etha-
nol had come to serve as a reinforcer for the C57BL/6J mice but
probably not for the BALB/cd mice (Elmer et al., in press a).

These findings were systematically replicated in a second experi-

ment where ethanol concentration was varied from 1 to 32 percent.
At 8 and 16 percent w/v, responding by the C57BL/6J mice reliably
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exceeded water control values, whereas responding by the BALB/cd
mice never rose above water values. The pattern of responding was
similar to that seen when ethanol serves as a reinforcer for other
species; the highest rate of responding occurred at the beginning
of the session and was negatively accelerated (Elmer et al., in
press b). In a third experiment with C57BL/6J and BALB/cJ mice,
ethanol deliveries occurred under an intermittent schedule of re-
inforcement, specifically an FR schedule. As the FR value was
increased from 1 to 2 to 4, the rate of responding of the C57BL/6J
mice increased and reliably exceeded water values. In contrast,
responding by the BALB/cJ mice was only marginally maintained
(ETmer et al., in preparation). Thus, ethanol functioned as an
effective reinforcer for the C57BL/6J mice and as a marginal or
ineffective reinforcer for the BALB/cJ mice.

In our studies, differences among strains in the reinforcing effi-
cacy of ethanol parallel differences found in earlier preference
studies of ethanol drinking. This suggests that these two types
of ethanol-drinking behavior share at least some common underlying
mechanisms.  However, these mechanisms may be related to pre-
absorptive rather than postabsorptive factors.

We have shown that genotype has large effects on both the estab-
lishment and maintenance of ethanol-reinforced behavior. These
findings have been obtained with inbred strains of rats and mice
as well as with selected Tines of rats. Our findings of operant
responding reinforced with orally delivered ethanol complement
results from the study of operant responding reinforced with
intragastrically delivered ethanol (Waller et al. 1984). Taken
together, these studies demonstrate the importance of genotype as
a determinant of ethanol-reinforced behavior.

Etonitazene Intake by Lewis and Fischer 344 Rats

To determine whether genotype also influences the establishment
and maintenance of drug- (other than ethanol) reinforced behavior
we employed similar procedures to induce drinking of etonitazene
solutions. In brief, food-deprived rats were given their daily
ration of food in the operant conditioning chamber. After eating
the food, the rats drank water. Once a stable pattern of water
drinking was established, a series of increasing etonitazene con-
centrations was substituted for water. The drug concentration was
gradually increased to 5 pg/ml. At this concentration, the time
and Tocation of feeding were changed. Food was given after the
session and in the home cage. Thus, drinking was no longer in-
duced by feeding. The Lewis rats continued to drink the etonita-
zene solution, whereas the Fischer rats did not. When the drug
solution was presented under FR schedules of reinforcement, re-
sponding by Lewis rats increased with increases in the size of the
schedule. In contrast, Fischer rats displayed very Tow response
rates. When water was substituted for etonitazene, responding by
the Lewis rats declined, while responding by Fischer rats remained
at Tow Tlevels. Thus, etonitazene came to serve as a reinforcer
for Lewis but not for Fischer rats (Suzuki et al., unpublished
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data). These findings differ from the earlier ethanol study,
where ethanol served as a reinforcer for both strains to different
degrees. The results with etonitazene are of interest in that,
apart from studies with ethanol, these are the first findings of
strain differences in drug-reinforced operant behavior.

CONCLUSIONS

Genetic factors are probably important determinants of reinforcing
effects of all abused drugs. The effects of genotype can be Targe
in magnitude. However, in quantitative terms it is not known pre-
cisely how important genetic variables are. Also, the mechanisms
of these effects are not known. It is unlikely, however, that
strain and selected Tine differences are due solely to acceptance
or rejection of novel tasting substances, since genetic factors
are also important determinants of drug action when drugs are
simply administered to an organism (e.g., intragastrically).

Drug-reinforced behavior is complex in that it is a learned oper-
ant behavior that is determined by many variables including the
animal's experimental history, the dose of the drug, deprivational
states, and schedule of reinforcement. This means that there are
many possible points at which strains may differ. For example,
two strains may show identical behavior at a low drug dose but
differences at high doses. Also, strains may have equivalent drug
intakes under an FR 1 schedule but different intakes at higher
ratio values. A third example is that strains may show equivalent
performance under an intermittent schedule of drug reinforcement
but differ in the amount of responding emitted when the behavior
is extinguished. Such differences may relate to other behaviors
such as the probability of resuming drug self-administration when
the drug is again made available.

The complexity of drug-reinforced behavior has several implica-
tions for the analysis of genetic determinants. First, compari-
sons among strains should be made using several independent
variables and a range of values of each independent variable
e.g., a range of drug doses). Second, the complexity of the
behavior increases the number of possible mechanisms that may
account for strain differences. Third, the complexity of the
behavior makes the use of involved genetic methods such as selec-
tive breeding studies more difficult. Despite these problems,
genetic studies with animals are very important and should be
actively pursued, since they permit investigation of genetically
controlled mechanisms that may act in humans.
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Family Pedigree Studies of Biological
Vulnerability to Drug Dependence

James R. Stabenau

INTRODUCTION

Epidemiologic studies have characterized the frequency of behav-
ioral disorders such as alcoholism and drug abuse/dependence in
the general population (Weissman et al. 1980; Robins et al. 1984).
Family pedigree studies have employed similar case finding methods
in surveys of biologically linked members in several generations
for probands with a given disorder (Winokur et al. 1970; Cotton
1979; Stabenau and Hesselbrock 1980; Rounsaville et al. 1982c;
Cloninger and Reich 1983; Mirin et al. 1984b). When rates of a
disorder in biological relatives of probands with the disorder are
significantly higher than in the general population, such data
provide the first order of confirmation for a genetic vulnerabil-
ity hypothesis for the disorder (Cloninger and Reich 1983). When
rates for two disorders are compared in extended families of pro-
bands who differ for those two disorders, the dependence or in-
dependence of those two disorders may be statistically established
(Cloninger and Reich 1983; Hill et al. 1977; Merikangas et al.
1985a).

Thus, family pedigree studies represent the first stage in the
scientific assessment of genetic/biological vulnerability. Well-
controlled pedigree studies provide sufficient information to
suggest that specific syndromes of clinical characteristics are
transmitted through families (Merikangas et al. 1985a; Cloninger
and Reich 1983; Winokur et al. 1970; Stabenau 1984). They also
provide the statistical basis for determining whether or not
different behavioral disorders are transmitted independently
(Cloninger et al. 198la). For most behaviorally determined dis-
orders, however, family pedigree studies are not as specific as
cross-fostering adoption studies in identifying discrete genetic
risk factors as separate from cultural rearing influences.

The major strengths of the family pedigree model are the capaci-
ties to explore hypotheses and the ease of accomplishment at Tow
cost compared to twin and adoption studies. In the study of sub-
stance abuse, where use of most drugs is illegal, case finding is
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significantly easier among a series of related individuals than
among groups of adoptees or twins. The major Timitation with the
family study method is that for any biological risk factor, the
genetic risk and family rearing experience are not readily sepa-
rable as to independent effect. To achieve this, the adoption
cross-fostering model, where influences of biological and rearing
parents are separately controlled, is required (Goodwin et al.
1973; Cadoret and Gath 1978; Cloninger et al. 1981b). However,
when familial and cultural environmental factors are measured for
index probands plus their biological relatives and for control
probands plus their biological relatives, such variables can be
entered into statistical models along with estimates of genetic
risk (Rice et al. 1983).

The purpose of this paper is to review the results of application
of family pedigree methods in assessing biological vulnerability
for substance abuse including alcohol, heroin and other opiates,
cocaine and other stimulants, and hypnotic and sedative drugs.
This review includes the issues of clinical and genetic hetero-
geneity and potential personality and biochemical "correlates" of
substance-seeking behavior.

Research in substance abuse/dependence has been principally
directed at the phenomenology of drug abuse with predominantly
epidemiologic studies (Dembo et al. 1985). This approach, in-
volving "what, where, and when research," has utilized theoreti-
cally framed models of social and environmental factors. Four
explanatory frameworks dominating the field are: (a) problem
behavior proneness (Jessor and Jessor 1977); (b) social Tearning
theory (Burgess and Akers 1966); (c) self-derogation theory
(KapTan 1980); and (d) socialization theory (Kandel 1975). Of
these four, problem behavior proneness and the degree to which
individuals learn social norms might have a biological basis.

The concept of risk must not only assess the environmental and
cultural variables that place individuals at risk for drug use but
also the possible biological factors that may be under genetic
control. Such factors may constitute personality/behavior varia-
bles that could Tead to drug-seeking behavior as a means of satis-
fying an inner neurophysiologic, neurochemical "need" (Inwang et
al. 1975). Recent efforts have been directed at identifying the
biological factors that may explain differences in drug-seeking
behavior, phases of initiation as well as cessation of chronic
use, and degrees of tolerance and dependence (Kauffman et al.
1984: Nahas 1981). Research must intearate the power of survey
methodology and statistical explanation with the understanding of
the subject's perception and definition of the initiation and
sustenance of drug use, if prevention is to become a possibility
(McBride and Clayton 1985). Study of brain mechanisms and drug
behavior is important, since psychoactive drugs act primarily on
the brain at both the molecular Tlevel, by altering neurotransmit-
ter turnover among other things, and at the neuronal Tevel, by
altering the function of key brain structures (Nahas 1981).
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GENETIC HETEROGENEITY OF ALCOHOLISM

Genetic heterogeneity and risk hypotheses for alcohol abuse and
dependence have been tested (Cloninger and Reich 1983; Lewis et
al. 1983; Stabenau 1984; Stabenau and Hesselbrock 1984;
Hesselbrock et al. 1984; Cadoret et al. 1985; Stabenau 1986a).
Analysis of family pedigree data for DSM-III alcohol-dependent
subjects in a "typology" sample of 321 male and female inpatients
has demonstrated a high frequency (43 percent) of alcoholism
associated with DSM-IIT Anti-Social Personality diagnosis (ASP)
and a high frequency (89 percent) of subjects reporting a parent
or sibling of a parent who was alcoholic by Family History
Research Diagnostic Criteria (FHRDC) (Stabenau and Hesselbrock
1984). Using FHRDC methods for psychopathology diagnosis of
first-degree family members and spouses, evidence of considerable
assortative mating for alcoholism and ASP was also noted in this
sample (Stabenau and Hesselbrock 1980; Stabenau and Hesselbrock
1984).

A separate analysis of the first 210 volunteer DSM-III alcohol-
dependent patients (156 male and 54 female, with a mean age of 39
years) from the same "typology" sample has also been reported
(Stabenau 1984). The results suggested: (1) types of family his-
tory of alcoholism (FHA) were not related to the natural course of
alcohol dependence in male or female subjects; (2) ASP was signif-
icantly associated with an earlier onset of the first stages of
alcohol abuse; (3) compared with the probands having no family
alcoholism and those with alcoholism on one side of the family,
probands with alcoholism on both sides of their families experi-
enced significantly more impaired control over their drinking
behavior, more physical symptoms, and more pathologic symptoms
associated with chronic alcohol use; (4) women began the early
stages of alcohol abuse at a later age than men but reached the
later stages of alcoholism about the same time as men; (5) family
history, ASP, and gender did not differentiate this sample in
terms of age at first treatment for alcoholism; and (6) the sex of
the proband, the presence of ASP, and the type of family pedigree
for alcoholism were not interactive but contributed separate in-
dependent additive effects. Thus, this study suggested that fac-
tors under separate genetic control may be independently operative
in the pathogenesis of DSM-III alcohol dependence.

GENETIC HETEROGENEITY OF SUBSTANCE ABUSE/DEPENDENCE AND RISK
MODELS

A separate "high-risk" study consisted of 116 offspring with a
hospitalized DSM-III alcohol-dependent biological parent (i.e.,
parents were probands in the typology study) and 103 dental clinic
control subjects recruited for their participation in a "Health
Survey." This prospective study cohort (n=219) consists of 98
males with a mean age of 24.2 years and 121 females with a mean
age of 25.5 years. Methods similar to the typology study
(Hesselbrock et al. 1983) were employed, including the National
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Institute of Mental Health Diagnostic Interview Schedule (NIMH-
DIS), estimates ofquantity and frequency of alcohol use, reasons
to drink or not to drink alcohol, the MMPI, and neurocognitive
testing (Stabenau 1986a). DSM-III criteria were applied to estab-
lish current and Tifetime diagnosis of ASP and alcohol and/or drug
abuse/dependence. The distribution of Tifetime alcohol or drug
abuse/dependence diagnoses was not significantly different for the

two subsamples. Fifty-five percent of alcohol abuse/dependence
subjects and 48 percent of drug abuse/dependence subjects were
offspring of alcoholics, while 45 percent of alcohol abuse/depend-
ence subjects and 52 percent of drug abuse/dependence subjects
were dental control subjects (X’=1.4, df=2, and x* = 5.1, df=2, NS.)
Family History Research Diagnostic Criteria (FHRDC) were used in
the diagnosis of parental alcohol abuse and/or dependence from
data provided by the proband. Fourteen male and six female pro-
band subjects had Tifetime DSM-IIT ASP diagnoses. For 40 percent
of the subjects, neither parent had FHRDC diagnosis of alcoholism,
while 31 percent had an alcoholic father, 15 percent had an alco-
holic mother, and for 14 percent both father and mother were
alcoholics. Table 1 shows the lifetime rates of DSM-III alcohol
or drug abuse/dependence analyzed by genetic group (i.e., with (+)
or without (-) ASP diagnosis or family history of alcoholism
(FHA)). Alcohol and drug dependence rates were highest for ASP
subjects with or without a family history of alcoholism. Preva-
lence rates of dependence or abuse for either alcoholism or drugs
were consistently higher for males than for females. The Tlifetime
and current rates for alcohol abuse/dependence were 37.4 percent
and 18.2 percent for males and 19.1 percent and 9.2 percent for
females. Similarly, for drug abuse/dependence lifetime and cur-
rent rates were 23.2 percent and 7.1 percent for males and 15.8
percent and 4.2 percent for females. ASP and FHA, when combined,

TABLE 1. Lifetime prevalence of DSM-III alcohol and drug abuse or
dependence by genetic group

ASP+ ASP+ ASP- ASP-
FH+ FH- FH+ FH- Total

Alcohol Abuse 5 83.3 9 64.3 34 21.2 12 16.2 60 27.4
or Dependence*

X=25.1, df=6, p<.001

Drug Abuse 4 66.7 7 50.0 20 16.0 11 14.9 42 19.2
or Dependence*

X’=13.9, df=6, p<.05

Total Subjects 6 14 125 74 219
in Group

*Some subjects have both diagnoses.
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provided the greatest risk for Tifetime alcohol and/or drug abuse/
dependence, with 66 percent of ASP+/FH+ and 35 percent of ASP+/FH-
subjects receiving DSM-IIT diagnoses of alcohol and drug abuse/
dependence. The frequency of subjects with no alcohol or drug
dependence or abuse diagnosis was highest for those classified as
ASP- with either FH+ (63 percent) or FH- (82 percent).

Initial data have suggested that more individuals either remain
abusers of, or dependent on, alcohol and/or drugs or stop abusing
both. When they remit, they remit from both substances signifi-
cantly more often than do other subgroups of subjects. Nine of
the twenty-nine subjects (31 percent) who currently abused or were
dependent on alcohol were also currently abusing or dependent on
drugs, while 11 of 31 subjects (35 percent) who remitted from
alcohol abuse or dependence had also remitted from previous drug
abuse or dependence (x’=62.4, df=4, p<.001) (Stabenau 1986a).

When ASP diagnosis, parental alcoholism, and gender were used as
risk terms, eight "phenotypes" were formed to describe Tliability.
A Togistic regression model utilizing the three factors plus age
of the subject demonstrated that the improvement x? was greatest
for ASP, then gender, and lastly for FH in describing the risk for
the development of a Tifetime diagnosis of phenotypic alcohol
dependence and abuse. Age did not contribute to the description
of risk (Stabenau 1986a). The observed rates of Tiability for
Tifetime diagnosis of DSM-III alcohol abuse and dependence in this
sample replicated the risk observed by Lewis and colleagues (1983)
for male and female medical and surgical patients (mean age 39
years) for a Tifetime diagnosis of definite alcoholism established
with Feighner criteria. Table 2 shows the mean observed rate of
lifetime diagnosis of alcoholism from the two studies.

MODELS OF RISK FOR SUBSTANCE ABUSE AND DEPENDENCE

A genetic vulnerability hypothesis for alcoholism or alcohol
dependence has been supported by family pedigree (Winokur et al.
1970; Cotton 1979; Stabenau and Hesselbrock 1980), twin (Kaij
1960; Hrubec and Omenn 1981). and adoption studies (Goodwin et al.
1973; Cadoret and Gath 1978; Cloninger et al. 1981b). Alcohol de-
pendence is heterogenous and appears to have three different sub-
forms:  primary alcoholism without family history of alcoholism;
primary alcoholism with a family history of alcoholism; and sec-
ondary alcoholism associated with antisocial personality disorder.
The Tatter two subforms have strong genetic vulnerability compo-
nents (Cloninger and Reich 1983; Lewis et al. 1983; Stabenau 1984;
Cadoret et al. 1985; Merikangas et al. 1985a; Stabenau 1986a)

Base rates of risk for lifetime alcoholism are higher for males as
compared to females when family history of alcoholism and ASP
diagnosis are not present. Rates for both males and females are
twice as high as base rates when family history of alcoholism is
positive and especially when definite diagnosis of ASP is present
(table 2). However, diagnosis of depression and family history of
ASP have not been found to be correlates of risk for alcoholism
(Lewis et al. 1983; Cadoret et al. 1980).
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TABLE 2.  Mean Tifetime risk of phenotypic alcoholism observed in
two studies* based upon gender, family history of
alcoholism in a first-degree relative, and antisocial
personality diagnosis of the proband

"Alcoholism"

Phenotype
Number of Number Percent
Gender FHA ASP Subjects "Alcoholic" "Alcoholic"
M + + 19 17 89.5
M + 28 15 53.6
F + + 26 7 26.9
F + 26 8 30.8
M + - 73 28 38.4
M 107 21 19.6
F + - 140 22 15.7
F 209 13 6.2

*Lewis et al. 1983; Feighner Diagnostic Criteria for ASP and definite alcoholism
diagnosis; 131 males, 281 females. Stabenau 1986a; DSH-III Diagnostic Criteria
for ASP and "alcoholism” as alcohol abuse or dependence diagnosis; 98 males, 121
females.

Genetic studies of substances other than alcohol have included
family pedigree studies of dependent subjects and their biological
relatives (Lewis et al. 1983; Stabenau and Hesselbrock 1984; Mirin
et al. 1984b; Rounsaville et al. 1982c; Lewis et al. 1985a; Hill
et al. 1977) (table 3), several twin studies of patterns of sub-
stance use (Pederson 1981; Cederlof et al. 1977; Kaprio et al.
1978), and adoption studies with a primary focus on alcohol de-
pendence or sociopathy and a secondary description of use of drugs
(Goodwin et al. 1973; Crowe 1974). It is difficult to compare
studies where substance misuse is described by different diagnos-
tic classifications. Three operational systems which utilize
substance dependence behaviors and psychosocial consequences of
dependence are the Feighner criteria (Feighner et al. 1972), the
Research Diagnostic Category (RDC) criteria (Spitzer et al. 1978),
and the DSM-IIT criteria (American Psychiatric Association 1980).
Opioid dependence has been reported as heterogenous, but all three
diagnostic groups included substantial numbers of subjects with
DSM-IIT ASP diagnoses (Rounsaville et al. 1982b). In a study com-
paring opiate abusers to abusers of sedative-hypnotics and stimu-
Tants, most opiate abusers had ASP diagnoses (Mirin et al. 1984b).
Other studies of substance-abusing/dependent subjects have demon-
strated rates of ASP diagnosis substantially higher (Lewis et al.
1983; Stabenau and Hesselbrock 1984; Rounsaville et al. 1982a;
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TABLE 3. Rates of psychopathology in probands using DSM-III, RDC, and Feighner criteria in samples at
differing risk for substance abuse/dependence

Medical & Substance
Study Char-~ Sample Communéfy Communsfy Birth c Surgical d Alcohot ° Alcoho! ¢ Abuse
acteristics Type: Survey Survey Cohor+ inpatients Dependence Dependence {Opiate}”
Sr. Author Rabins Weissman Lewis Laewis Stabenau Cadoret Mirin
Year 1984 1980 1985 1983 1984 1984 1984
Ox Method DsM-i 11 ROC Feighner Felghner DSM-1 1 DSM-i 11 DSM-1i1
N of M&F M=7,816 M=219 M=104 M=97 M=168 M&F =85 MF =91
F=5,727 F=291 F=234 F=59

Age’ (Yrs,) 18 to 65 26 to 76+ 33 42 39 35 30
Proband
Diagnosis

Alcoholism M=24,3 M=10,1 M=15,4 M=26,0 MAF=45,1

F=4,4 F=4,1 F=6,0

Substance M=7,0 M=1,0 M=7.0 M=42,0 M&F=17,7

Abuse/ F=4.4 F=6,0 F=36,0

Dependence

Ma jor M=3,1 M=20,2 M=24,0 M=34,0 M&F=17,6

Depression F=7.2 F=44,0 F=60.0

Bipolar M&F=3,3

Disorder

Any

Affective

Disorder

ASP M=4,6 M=2,9 M=48,0 M&F "most~

F=0,8 F=15,0 ty ASPn
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TABLE 3. (Continued)

Substance Substance Affective Birth Medical & Alcohol Affective
Study Char- Sample Abuse Abuse Opiate Narcotic Disorder Cohgrf Surglcal Dep?ndence Disorder
acteristics Type: (Stimulant)d (Depressant)? Addiction’ Dependence' Study ASP ASP ASP Aspd
Sr, Author Mirin Mirin Rounsaville Croughan Lewis Lewis Lewis Cadoret Lewls
Year 1984 1984 1982 1982 1985 1585 1983 1984 1985
Dx Method DSM-1 11 DSM=111 ROC Feighner RDC Feighner  Felghner OSM=1 11 RDC
N of M&F M&F =36 M&F =33 M=403 M=100 M=104 M=119 M=34 M&F=94 M=23
F=130 F=100 F=a7
Age (Yrs,) 30 30 27 25 37 33 32 33
Proband
Diagnosis
Alcoholism MaF=41,6 MAF=36,4 M=37,0 M=26,0 M=31.7 M=42,9 M=65,0 M=56,5
F=26,9 F=14,0 F=28,0
Substance M=19,2 M=18,5 M=32,0 M3F=54,3 M=47.8
Abuse/ F=13,0
Dependence
Ma jor M3F=30,6 MaF=18,2 M=48,9 M=39,5 M=25,2
Depression F=69,2 F=44,0
Bipolar M&F=22,2 MaF=6,1 M=3,7
Disorder F=10.8
Any M=70,7
Affective F=85,4
Disorder
ASP M=29,5 M=73,0 M=34,4 M=26,0 MAF=42.3 M=10,6
F=16.9 F=61,5 F=17,0




TABLE 3. (Continued)

REFERENCES FOR TABLE 3

“Community Survey; Robins et al. 1984; fAlcohol Dependence; Cadoret et al.
DSM-TIT; M=7,816; F=5,727. 1984; DSM-IIT  M&F=179.

Community Survey; Weissman et al. Substance Abuse; Mirin et al. 1984b;
1980; RDC; M=219; F=291. DSM-TIT; M&F-160; M1°=338; F1°298,
‘Birth Cohort; Lewis et al. 1985b; "Opiate Addiction; Rounsavllle et al.
Feighner; M=223. 1982c; RDC; M=403; F=130.

Medical and Surgical Inpatients; Lewis Narcotic Dependence; Croughan et al.
et al. 1983; Feighner; M=131; F=281. 1982; Feighner; M=91; F=88.

*Alcohol Dependence; Stabenau and IAffective Disorder Study; Lewis et al.
Hesselbrock 1984; DSM-TIT1; M&F=227; 1985a; RDC; M=216.

M1°=555; F1°=555,

Rounsaville et al. 1982b; Rounsaville et al. 1982c; Croughan et
al. 1982; Cadoret et al. 1984; Lewis 1984) than in community sur-
vey populations (Robins et al. 1984). In those populations with a
substantially elevated frequency of ASP, rates of alcohol and
other drug abuse were both higher (Lewis et al. 1985a; Lewis et
al. 1985b) than several community survev rates (Robins et al.
1984). High frequency of affective disorder is seen in most
substance-abusing/dependent populations (Mirin et al. 1984a:
Rounsaville et al. 1982b; Rounsaville et al. 1982c; Croughan et
al. 1982; Lewis et al. 1985b) but is predominantly secondary to
drug dependence (Mirin et al. 1984a; Croughan et al. 1982)
However, stimulant abusers had significantly more first-degree
bioTogical relatives with affective disorder than did opiate or
sedative-hypnotic abusers (Mirin et al. 1984b). One study demon-
strated independence in the familial transmission of alcoholism
and opiate abuse, but biological relatives were not interviewed
for diagnosis (Hi11 et al. 1977). Comparative pedigree studies
should provide structured interviews (Robins et al. 1981) with all
available relatives utilizing dependence criteria (American
Psychiatric Association 1985).

PREFERENCE FOR ALCOHOL AND ALCOHOL-SEEKING BEHAVIOR AS A MODEL FOR
DRUG-SEEKING BEHAVIOR

To become dependent upon alcohol, there must be a choice to drink
alcohol, rather than not to drink alcohol. The multivariate ap-
proach to alcohol dependence has suggested at least four re-
inforcement contingencies for alcohol use or avoidance of alcohol
use and subsequent dependence (Caddy 1977). Positive biological
reinforcers for alcohol use include such items as "enjoyed the
taste" or "to help me sleep," and positive psychosocial reinforc-
ers for alcohol use include items such as "just to be sociable" or
"to relieve boredom." Negative biological reinforcers and nega-
tive psychosocial reinforcers that might reduce alcohol use in-
clude items from “I don't Tike the effect it produces" to "my
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parents disapprove." Subjects rated these items for themselves as
reasons for drinking or not drinking alcohol (Stabenau 1986b).

The reasons to drink or not to drink alcohol were compared for
subjects in the "high-risk" study (n=219). For the non-alcohol-
dependent/abusing subjects (n=159), there was a high positive
correlation between consumption of alcohol in the 6 months prior
to the study and reasons to drink and a negative correlation with
reasons not to drink. In this sample, males (37 percent) were
more frequently abusers of or dependent on alcohol and drugs than
were females (19 percent). A correlation between gender and rea-
sons to drink or not drink alcohol demonstrated that there was a
significantly greater biological and psychosocial "preference" for
alcohol drinking among nondependent, nonabusing males as compared
to females.

Alcohol-seeking behavior was compared for DSM-IIT alcohol-
dependent individuals from the "typology" sample (Stabenau 1984).
Self-reported estimates of ounces of alcohol (as absolute)
consumed in the previous month, corrected for body weight at ad-
mission to the study, were compared. The conclusions were: Male
and female alcohol consumption corrected for body weight was not
related to age; male and female alcoholics showed no differences
when compared within subtypes of alcoholism; and, regardless of
sex, ASP alcoholics drank significantly more alcohol than non-ASP
alcoholics (Stabenau et al. 1986).

One method for evaluating drug-seeking behavior would be to eval-
uate personality variables that have been associated with risk for
substance abuse and concomitantly to evaluate potential biochemi-
cal correlates of neurotransmitter activity in a sample of hospi-
talized individuals and their biological first-degree relatives.
Personality variables may include high sensation-seeking behaviors
as measured by the Sensation Seeking Scale (Galizio et al. 1985);
elevations on the Psychopathic deviant (Pd), Mania (Ma), and
Depression (D) scales of the MMPI (Loper et al. 1973); and high
scores on impulsivity and monotony avoidance behaviors as measured
by the Karolinska Personality Scale (Rydelius 1983). There has
been Tittle effort to test the relationship between such personal-
ity measures and clinical diagnosis of specific drug dependence
syndromes.  Family pedigree studies would enable researchers to
compare family members based on differences in psychopathology
and/or personality phenotypes and different substance dependence
syndromes.

Potential markers of neurotransmitter activity include platelet
monoamine oxidase (MAO) activity and platelet serotonin (5-HT)
uptake. Low platelet MAO activity has been shown to be associated
with a number of disorders including depression (Murphy and Weiss
1972) and alcoholism (Wiberg et al. 1977). In addition, low MAO
was reported in the biological relatives of alcoholics (Sullivan
et al. 1979). Brain 5-HT has been shown to be Tower in selec-
tively bred strains of rats (Murphy et al. 1982), and 5-HT
uptake-inhibiting drugs can reduce alcohol seeking in such
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alcohol-preferring strains (Amit et al. 1984). In humans, plate-
let 5-HT uptake has been reported as significantly Tlower for both
alcoholics (Kent et al. 1985) and depressed patients (Meltzer et
al. 1981). At present, it is difficult to determine whether Tow
5-HT uptake and low platelet MAO represent a primary "trait" or a
"state" secondary to the effects of alcohol use and/or depressed
affect. The study of such correlates should advance understanding
about whether MAO and/or 5-HT might serve as "markers" in pre-
vention of alcohol- and/or drug-seeking behavior. Identification
of a significant relationship among first-degree relatives of
alcohol- and/or drug-dependent individuals for sensation-seeking
and monotony avoidance behaviors, platelet MAO and platelet 5-HT
uptake, and heightened alcohol- and/or drug-seeking behavior would
enhance screening for individuals at high risk for substance
misuse.

These data could have substantial impact for the prevention and
treatment of alcohol and/or drug dependence. For example, using
log Tinear regression models, any genetic or biochemical factors
found to correlate with Tifetime risk for alcohol or drug depend-
ence could be employed for establishing preventive programs in the
early school years. Also, by elaborating upon the predictors or
correlates for differential risk, more specific treatment programs
for dependence upon various psychoactive substances could be
developed.

CLINICAL AND GENETIC HETEROGENEITY OF SUBSTANCE ABUSE/DEPENDENCE

While a model of genetic heterogeneity for alcoholism has been
evolving, it is equally important to assess the degree of clinical
psychopathologic and genetic heterogeneity in individuals who are
drug abusers or drug dependent, in order to provide treatment that
is specific to any subform of drug dependence that may be etiolog-
ically related to different psychopathologic states and different
genetic vulnerability traits (Stabenau 1986c¢).

Table 3 Tlists the rates of psychopathology in probands in samples
at differing risk for substance abuse/dependence according to
DSM-TII, RDC, or Feighner diagnostic criteria. When the studies
using similar diagnostic criteria were compared for psychopathol-
ogy diagnosis (table 3), the following observations could be made:
The frequency of ASP among alcoholic and opiate addicts is higher
than for the general population, and the rates of alcoholism and
drug dependence are higher among ASP subjects as compared to non-
ASP subjects.

The rates of alcohol abuse, drug abuse, depression, and antisocial
personality among first-degree family members of probands with
such diagnoses frequently exceed those found in the general popu-
lation. Independent genetic transmission has been proposed for
alcoholism (Cloninger and Reich 1983), ASP (Cloninger and Reich
1983), depression (Cloninger and Reich 1983; Merikangas et al.
1985b), and opiate dependence (Hil1l et al. 1977). A higher rate
of stimulant substance abuse was found among subjects who were
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depressed and had significantly greater family history of depres-
sion as compared to depressant and sedative abusers (Mirin et al.
1984b). Opiate-dependent subjects and alcohol-dependent subjects
each had respectively more first-degree biological relatives with
opiate abuse and alcohol abuse (Hi11 et al. 1977). While ASP and
depression each had been considered as risk correlates of sub-
stance abuse (Rounsaville et al. 1982b; Mirin et al. 1984b), the
contribution of genetic vulnerability through family history of
psychopathology has only infrequently been assessed through con-
trolled study of psychopathology variables in probands and first-
degree family members when evaluating substance abuse.

CONCLUSIONS

Family pedigree study of classes of substance abuse provides a
valuable method for assessing biological vulnerability or risk
factors for substance abuse and/or dependence. If biological
markers are identified in family pedigree studies, subsequent twin
and adoption studies of putative biological correlates of abuse/
dependence could provide a basis for distinguishing the genetic
factors from the cultural factors in their expression.

Alcohol abuse/dependence etiologic models have demonstrated a
genetic heterogeneity to the Tifetime vulnerability of alcohol
misuse. Several personality and biochemical variables have sug-
gested ways of researching the biological mechanisms of heightened
alcohol-seeking behavior. These methods may have similar appli-
cability in the attempt to understand the biology of drug-seeking
behavior.
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The Twin Method in the Study of
Vulnerability to Drug Abuse

Roy W. Pickens and Dace S. Svikis

INTRODUCTION

The twin study is a powerful research methodology for estimating
the relative contributions of genetic and environmental factors in
the development of a disorder. Apart from alcohol use, cigarette
smoking, and coffee drinking, however, the twin method has rarely
been employed in the study of drug abuse. The purpose of this
paper will be to (1) describe the rationale and assumptions of the
method, (2) review results of previous studies in the area, (3)
discuss Timitations (and underlying assumptions) of the approach,
and (4) present preliminary results from an ongoing twin/family
study of alcoholism and drug dependence.

RATIONALE OF METHOD

In separating the effects of genes and environment, the twin method
capitalizes on differences in number of genes shared by monozygotic
(identical), and dizygotic (fraternal) twins. Monozygotic (MZ)
twins develop from a single fertilized egg that separates early in
development to create two genetically identical organisms. Because
they are genetically identical, any difference in the expression of
a disorder by members of an MZ pair can only be attributable to
nongenetic (environmental) factors. In contrast, dizygotic (D7)
twins develop from two separately fertilized ova and are genetical-
1y no more alike than ordinary siblings. Because they share, on
the average, only half of their genes, any difference in the ex-
pression of a disorder by DZ twins may be due to genetic and/or
environmental factors.

Intrapair twin similarity for discontinuous measures (such as being
categorized as alcoholic or drug dependent) is expressed quantita-
tively by concordance, which is the proportion of cases where both
members of a twin pair are affected by a disorder (Plomin et al.
1977). Concordance rates may range from 0 (where none of the co-
twins are affected) to 1 (where all of the cotwins are affected)

In estimating genetic and environmental influences, concordance
rates of MZ and same-sex DZ twins are compared. If MZ twins show
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higher concordance rates than DZ twins, genetic factors are impli-
cated. However, if MZ and DZ twins show similar concordance rates,
the role of genetic factors appears minimal. In estimating genetic
influences, absolute concordance rates are Tess important than
relative MZ/DZ differences, since absolute concordance rates are
determined by a number of factors including criteria used in diag-
nosing a disorder.

For continuous measures (e.g., number of symptoms or magnitude of
effect), genetic influences are typically estimated by calculation
of heritability (h?). Heritability is a population statistic that
describes the proportion of the observed variance that is due to
genetic factors (Plomin et al. 1977). Heritability values may
range from 0 (no genetic component) to 1 (all of the variance is
attributable to genetic effects). An estimate of heritability can
also be calculated from concordance rates for discontinuous
measures.

PREVIOUS  STUDIES
Twin Studies of Substance Use

In the area of psychoactive substance use, fewer than 20 twin
studies have been reported. The majority of these studies have
focused on the quantitative aspects of substance use (Clifford et
al. 1984; Kaprio et al. 1981), rather than the clinical syndrome of
substance dependence. Findings with substance use may not gener-
alize to substance dependence, however, as factors that contribute
to initiation and pattern of substance use may be different from
those involved in development of substance dependence.

The majority of substance use studies have focused on the herita-
bility of alcohol drinking (i.e., quantity and frequency of
consumption). Results of these studies have been inconsistent.
For example, in two studies conducted with Targe twin samples, a
Finnish group reported significant genetic influences in frequency
and amount of alcohol drinking (Partanen et al. 1966), while a
Norwegian group found no genetic influences in similar measures
(Jonsson and Nilsson 1968).

Apart from alcohol, twin studies of other drug use have focused
primarily on cigarette smoking and coffee drinking. In the Targer
studies, significant genetic effects for smoking status (i.e., ever
smoked) and quantity of coffee drinking (number of cups per day)
have been found, with over one-half of the variance being attrib-
uted to genetic factors (Kaprio et al. 1981; Pedersen 1981).

Apart from cigarette smoking and coffee drinking, however, twin
studies of other drug use have been rare. Of the reported studies,
most concerned the use of prescription drugs such as tranquilizers
and sleeping pills. Again, the results from these studies have
been contradictory, with some studies reporting higher concordance
rates for drug use in MZ than DZ twins, and others finding no
significant differences (Pedersen 1981).
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Substance Dependence

The above studies focused on continuous measures of quantity and
frequency of substance use. From a clinical perspective, however,
it is more important to focus on categories of substance use (that
is, whether the proband met clinical criteria for being diagnosed
as alcoholic or drug dependent). Quantity and frequency of sub-
stance use are clinically distinguishable from substance depend-
ence; a high level of substance use is a necessary but not
sufficient condition for the development of dependence. Most
definitions of dependence, for example, require evidence of
tolerance, physiological dependence, and/or harmful consequences
(American Psychiatric Association 1980; Feighner et al. 1972).

To date, only three twin studies of substance dependence have been
reported, and all concerned alcoholism rather than other types of
drug dependence. The first study was conducted in Sweden by Kaij
(1960). The probands were all males ascertained from County
Temperance Board registrations. In Sweden, an individual can
receive a Temperance Board registration for a variety of alcohol-
related problems, ranging from a single conviction for drunkenness
to heavy continuous abuse with social maladjustment and medical
complications.  Zygosity was determined by similarities in appear-
ance and, in doubtful cases, by blood-group analyses (n=58 MZ and
n=138 DZ pairs). Kaij found significant MZ/DZ concordance rate
differences for all levels of alcoholism, from Tleast to most
severe, However, the MZ/DZ differences were greatest for the most
severe type of alcoholism, with concordance rates of .71 in MZ and
.32 in DZ twins.

The second study, conducted in the United States by Hrubec and
Omenn (1981), ascertained alcoholic twins by examining Veterans'
Administration (VA) hospital records (n=15,924 pairs). The pro-
bands were all males who had served in the U.S. Armed Forces.
Information on alcohol drinking problems was obtained from military
service records, VA records, and from questionnaires. Zygosity was
determined primarily by response to questionnaire items concerning
the similarity of the twins as children. These investigators re-
ported higher MZ than DZ concordance rates for VA hospitalizations
with index diagnoses of alcoholism, alcoholic psychosis, and Tiver
cirrhosis. For alcoholism, concordance rates of .26 and .12 were
obtained, respectively, for MZ and DZ twins.

The third study was conducted by Gurling and colleagues (1981) in
Great Britain. These investigators examined concordance for the
alcohol dependence syndrome (rather than alcoholism per se) in both
males (n=28 pairs) and females (n=28 pairs). The twins were ascer-
tained through a psychiatric twin register, and presumably included
probands with high rates of psychiatric disorders. Information
about drinking problems was obtained from official records and
personal interviews. Zygosity was determined by a physical
resemblance questionnaire and blood-group analyses. In contrast to
the results of the first two studies, Gurling and colleagues found
no evidence for genetic factors in alcoholism for either male or
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female twins. In fact, there was essentially no difference in con-
cordance rates for the disorder, with rates of .33 versus .30 in MZ
and DZ males and .08 versus .13 in MZ and DZ females.

Thus, the results of previous twin studies of alcoholism have not
been consistent. Although two studies found higher concordance
rates in MZ than DZ twins, the third study reported no significant
MZ/DZ differences. Also, in the two studies supporting a genetic
influence, there were differences in the absolute concordance rates
obtained (i.e., .71 versus .26 for MZ twins and .32 versus .12 for
DZ twins). There are a number of possible causes of these dis-
crepant findings, including differences in criteria used to diag-
nose alcoholism, sampling errors due to recruitment bias, and
incorrect estimates of concordance rates due to inadequate sample
size (Svikis and Pickens, this volume).

ASSUMPTIONS OF TWIN METHOD

Interpretation of twin studies is only as good as the validity of
the assumptions on which the method is based. The first assumption
is that twins are representative of the general population. If
twins are not representative of singletons, then the results of
twin studies may not be generalizable to the population at Targe.
Although a number of factors distinguish twins from singletons
(e.g., twins have higher infant mortality rates), several studies
have shown that twin data generalize quite well to the Targer
population; therefore, this assumption appears valid (Fuller and
Thompson 1978).

A second assumption is that MZ and DZ twins share equally similar
rearing environments. This assumption states that environmental
variance is constant across MZ and DZ twins, with the rearing
environment of MZ twin pairs being no more similar than that of DZ
twin pairs. A number of studies, however, have questioned the
validity of this assumption. Monozygotic twins have been found to
share more similar intrauterine and extrauterine environments than
dizygotic twins (Vandenberg 1976). In an effort to test the valid-
ity of the assumption, investigators have examined the relationship
between degree of environmental similarity and degree of behavioral
similarity across twin pairs. For a number of behavioral traits,
no significant relationship between these two measures has been
found (Loehlin and Nichols 1976). This suggests that, although MZ
twins may share more similar rearing environments than DZ twins,
this increased environmental similarity does not significantly
contribute to concordance rate differences in MZ and DZ twins.

The third assumption is parental panmictic mating. When estimating
the heritability of a particular disorder, the twin method assumes
that the parents of MZ and DZ twins have mated randomly. In alco-
holism research, however, studies of spouse choice suggest that
parents of alcoholic individuals mate assortatively (Hall et al.
1983). That is, similarities in members of a spouse pair are
greater than expected if mating were random. Assortative mating by
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parents of twins differentially affects the additive genetic vari-
ance shared by MZ and DZ twins. While MZ twins are unaffected,
assortative mating results in an increase in shared genetic vari-
ance for DZ twins. That is, DZ twins will appear more similar than
would be expected if parental mating were random. Thus, additional
research is needed to test the validity of this assumption in twin
studies of alcohol and drug dependence.

PRESENT STUDY

With these methodological issues in mind, we will present some pre-
liminary data from an ongoing twin/family study of substance abuse.
These findings should be viewed as preliminary, as they are subject
to change as the size of our twin sample increases. Unlike previ-
ous studies, the present subjects were twin pairs in which at Tleast
one member of each pair had been admitted for treatment of alcohol-
ism or drug abuse. To minimize recruitment bias, the twins were
ascertained by screening all admissions to 16 alcoholism and drug
abuse treatment programs throughout the state of Minnesota, includ-
ing public and private detoxification, outpatient, and residential
treatment programs for both adolescents and adults.

Participation in the study was a two-phase process. In the first
phase, both twins completed a brief questionnaire. In the second
phase, both participated in a personal interview and provided a
blood sample for definitive zygosity determination. To insure an
adequate sample size, when completed the present study is expected
to include data from at Teast 100 pairs of MZ and 100 pairs of
same-sex DZ twins. Also, to minimize volunteer bias, efforts will
be made to collect data from at Teast 75 percent of the twins
ascertained during the study. To insure participation, subjects
are paid $25 for questionnaire completion and $75 for the personal
interview.

The questionnaire collects data on demographics, Tifetime pattern
of alcohol and other drug use, lifetime psychopathology indicators
(including psychiatric symptomatology and sociopathic behavior),
twin zygosity indicators, and alcohol/other drug use history in
first-degree relatives. In the personal interview, formal psychi-
atric diagnoses, current and most extensive alcohol use, family
alcoholism and psychiatric disorders, medical history, and person-
ality assessment from each twin are obtained. Assessment was also
made of how well the twins knew one another, and each twin was
asked to report on the alcohol and drug use of the cotwin. Final-
1y, we obtained a blood sample for definitive zygosity determina-
tion (based on similarity of serum proteins and RBC antigens) and
permission to examine school records for academic performance and
behavioral problems. In addition, corroborative information about
each twin's alcohol/drug use and family history is being obtained
from a significant other (usually the spouse).

Zygosity was determined by comparing twin pairs on responses to

questionnaire items about early behavioral and physical similarity
(i.e., "As children, were you and your twin as alike as two peas in

45



a pod?" and "As children, did people, even relatives, have diffi-
culty telling you apart?"). While this approach has been previ-
ously shown to be 90 to 96 percent accurate in distinguishing
"normal" MZ and DZ twins (Cederlof et al. 1961; Cohen et al. 1973),
its accuracy has never been tested with a sample of alcoholic
twins.  Therefore, when blood-group data had been collected for 43
pairs of twins, we compared the blood-group results to the results
of questionnaire data for zygosity determination. The proband
questionnaire data were found to be 91 percent accurate in deter-
mining zygosity. That is, in 91 percent of cases, substance-
abuse twins were correctly classified as MZ or DZ on the basis of
their answers to the questionnaire items.

To date, data have been collected from both members of 139 pairs of
twins in which at least one member of each pair (proband) met DSM-
ITI criteria for Alcohol Abuse/Dependence. The twins were catego-
rized as MZ or DZ on the basis of questionnaire and/or blood-group
data. Based on this classification, 64 pairs were identical, and
75 pairs were fraternal. The demographic characteristics of the
two groups are described in table 1. The data for the MZ and DZ
twins were similar. The mean age for both was in the middle to
late thirties, approximately two-thirds of each sample was male,
and the majority were Caucasian. There were no statistically
significant differences between MZ and DZ twins for age, sex, or
race.

TABLE 1. Demographic characteristics of the sample

MZ Twins DZ Twins

Number of Pairs 64 75
Mean Age (Years) 35.2 38.7
Percent Male 63% 71%
Race

Caucasian 92% 99%

American Indian 5% 1%

Black 3% 0%

To examine the role of genetic and environmental factors in the
etiology of alcoholism, proband-wise concordance rates for DSM-III
diagnoses of Alcohol Abuse and/or Dependence were calculated.

Twins received a diagnosis of Alcohol Abuse if they reported both a
pattern of pathological use (e.g., morning drinking) and problems
resulting from alcohol use (e.g., losing a job due to drinking).
Twins received a diagnosis of Alcohol Dependence if they reported
either a pattern of pathological use or problems associated with
alcohol use and evidence of tolerance or withdrawal from alcohol.
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Table 2 shows alcoholism concordance rates for MZ and DZ twins.
For Tifetime prevalence of Alcohol Abuse/Dependence, the MZ con-
cordance rate was .55, and the DZ concordance rate was .41. The
MZ/DZ difference was not statistically significant (.10<p<.20).

TABLE 2. Concordance for DSM-III Alcohol Abuse/Dependence

A1l Twins (n=139 pairs):

Monozygotic Twins (n=64 pairs) .55
Dizygotic Twins (n=75 pairs) A1

MZ/DZ Ratio=1.3

Males Only (n=93 pairs):

Monozygotic Twins (n=40 pairs) .70
Dizygotic Twins (n=53 pairs) 43

MZ/DZ Ratio=1.6%*

Females Only (n=46 pairs):

Monozygotic Twins (n=24 pairs) .29
Dizygotic Twins (n=22 pairs) .36

MZ/DZ Ratio=0.8

*p<.02.

For males, the alcoholism concordance rates were .70 in MZ and .43
in DZ twins (table 2 The MZ/DZ difference was statistically sig-
nificant at p<.02 (x’=6.5). In females, however, concordance rates
were .29 and .36, respectively, in MZ and DZ twins, a difference
that was not statistically significant. These results suggest that
genetic factors may be important in male but not female alcoholism.

The present findings for males agreed with the results of twin
studies by Kaij and by Hrubec and Omenn. Al1 three studies found
significant MZ/DZ differences for male alcoholism. All three
studies disagreed with the results of Gurling et al., who failed to
find significant MZ/DZ differences for male alcoholism. The pres-
ent findings agreed with those of Gurling et al., however, who
failed to find significant MZ/DZ differences in female alcoholism.
(Kaij's and Hrubec and Omenn's studies included only male alco-
holics.) In adoption studies, Goodwin et al. (1974) have also
found evidence for genetic factors in male but not female
alcoholism.

In addition to alcoholism, we also examined concordance rates for
problematic use of other drugs (excluding alcohol and tobacco).
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Problematic drug use was defined as psychoactive drug use resulting
in family, social, occupational, legal, health, or emotional prob-
Tems for the twin. The sample consisted of 66 same-sex twin pairs
in which at Teast one member (proband) reported family, social,
medical, or occupational problems related to use of other drugs.

0f the 66 twins, 62 also met DSM-III criteria for Alcohol Abuse/
Dependence and were included in the previous analysis. Using the
same zygosity indicators described previously, we found 37 to be
monozygotic and 29 to be dizygotic twins. The mean ages of the MZ
and DZ twins were 31.2 and 32.4 years, respectively. The MZ sample
was 59 percent male, while the DZ sample was 55 percent male.

There were no statistically significant MZ/DZ differences for age
or sex. Because of the small number of subjects that would have
been involved in an analysis by type or class of drug, we did not
analyze the data separately, but for all drugs combined (table 3).

TABLE 3. Concordance rates for problematic drug use

A1l Twins (n=66 pairs):

Monozygotic Twins (n=37 pairs) .43
Dizygotic Twins (n=29 pairs) .28

MZ/DZ Ratio=1.5

Males Only (n=38 pairs):

Monozygotic Twins (n=22 pairs) .55
Dizygotic Twins (n=47 pairs) 31

MZ/DZ Ratio=1.8

Females Onlv (n=28 pairs):

Monozygotic Twins (n=15 pairs) .27
Dizygotic Twins (n=13 pairs) .23

MZ/DZ Ratio=1.2

Concordance rates for problematic drug use were .43 in MZ and .28
in DZ twins, yielding an MZ/DZ ratio of 1.5. The MZ/DZ difference
was not statistically significant (.10<p<.20). When examined by
sex of subject, concordance rates were .55 in MZ and .31 in DZ
males (MZ/DZ ratio=1.8), and .27 in MZ and .23 in DZ females
(MZ/DZ ratio=1.2). Neither difference was statistically signifi-
cant (for males, .10<p<.20; for females, p>.80). Thus, while
similar MZ/DZ ratios were obtained for both alcoholism and
problematic drug use, because of the Targer number of subjects
involved, only the differences for alcoholism in males were
statistically significant.
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CONCLUSIONS

Twin studies offer a powerful research methodology for estimating
the relative contributions of genetic and environmental factors in
the development of a trait or disorder. In the area of substance
abuse, several twin studies of alcoholism have been reported, but
the method has rarely been used to study other types of drug
dependence. Such studies are needed, as their results would be
important in improving our understanding of the basic nature of
such disorders. However, twin studies are expensive to conduct,
and twin subjects who are drug dependent are difficult to Tocate.
In addition, research is needed to determine the validity of the
assumptions that underlie use of the twin method in studies of
alcohol and drug dependence.

If the results of such studies suggest a genetic component to drug
dependence, then it would be important to know whether the influ-
ence is drug specific (i.e., Timited to a single drug), applies to
classes of drugs (e.g., sedatives, stimulants), or applies to
psychoactive drugs in general. Specific attention should focus on
the relationship between genetic factors in alcoholism and other
forms of drug dependence.

Use of twin data may also help to identify environmental factors
important in drug dependence. Because any differences between
members of an MZ pair must be due to environmental factors, a
comparison of MZ twins who are discordant for drug dependence may
suggest environmental factors that either predispose to or protect
individuals from developing the disorder. Such findings may be of
considerable clinical significance when applied in programs for
preventing drug dependence.
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Etiologic Factors in Substance Abuse:
An Adoption Study Perspective

C. Robert Cloninger

INTRODUCTION

In this article, I will first review studies of the classification
and inheritance of alcohol abuse. Then I will describe the adop-
tion study method, review recent findings about the prediction of
susceptibility to alcoholism from childhood antecedents, and relate
these findings to studies of the prediction of substance abuse in
general. Next, the neurobiological basis of susceptibility to sub-
stance abuse will be considered in relation to three neural systems
that have been suggested to mediate susceptibility to personality
disorders (Cloninger 1987b), anxiety states (Cloninger 1986), and
alcoholism (Cloninger 1987a). These neural systems are involved in
modulation of the activation, maintenance, and inhibition of behav-
ioral responses to novel, appetitive, and aversive stimuli, includ-
ing stimulants, opiates, and antianxiety drugs. It is proposed
here that drug-seeking behavior is a special case of exploratory
appetitive behavior and involves different neurogenetic processes
than does susceptibility to behavioral tolerance and dependence.

It is supposed that drug seeking and susceptibility to tolerance
and dependence may be modulated by three putative neural systems
whose functions can be behaviorally measured by quantitative
ratings of personality and stimulus-response learning patterns.

TYPE 1 AND TYPE 2 ALCOHOLISM

Two types of alcoholism were first identified in a Targe-scale
adoption study initiated in Sweden by Michael Bohman and his
coworkers. The subjects included all 862 men and 913 women of
known paternity who were born to single women in Stockholm, Sweden,
from 1930 to 1949 and were adopted by nonrelatives at an early age.
Most of the subjects were separated from their biological relatives
in the first few months of Tife, and all had their final placement
in the adoptive homes before they were 3 years of age. Information
about alcohol abuse, psychopathology, and medical treatment was
available for the entire Tifetimes of the adoptees and their par-
ents from hospitals, clinics, and several registers that are
systematically maintained in Sweden. Identification of alcohol
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abuse, using these sources, identifies about 70 percent of alco-
holics; those so identified are representative of alcoholics in
general, with no appreciable bias for either type 1 or type 2
alcoholics (0jesjo 1980).

The adoption study was initiated to evaluate the relationship
between the clinical features of alcohol abusers on the one hand,
and the pattern of interaction of genetic and environmental factors
on the other. Alcohol abuse in the adoptive parents was not asso-
ciated with an increased risk of abuse in the children they reared,
so there was no evidence that alcoholism is familial because chil-
dren imitate their rearing parents (Cloninger et al. 1981; Bohman
et al. 1981). In contrast, biological fathers with any registered
alcohol abuse had a twofold excess of sons with alcohol abuse (22.8
percent of 268) compared to the sons of parents with no alcohol
abuse (14.7 percent of 571). Likewise, biological mothers with any
registered alcohol abuse had a similar excess of sons with alcohol
abuse (28.1 percent of 32) compared to sons of parents with no
alcohol abuse. However, alcohol abuse was significantly increased
in the adopted-away daughters only if the biological mother was an
alcohol abuser (9.8 percent of 51). not if the biological father
was an alcohol abuser (3.5 percent of 285), compared to the
daughters of biological parents with no registered alcohol abuse
(2.8 percent of 577).

These sex differences suggested that some types of alcohol abuse
may be heritable in both men and women, whereas other forms are
heritable primarily in men. In addition, alcohol abuse in the
families of female alcoholics was found to have adult onset of mild
abuse without associated criminal behavior (Bohman et al. 1981)

In contrast, families with alcohol abuse in the biological father
but not the biological mother were found to have teenage onset of
pboth criminality and alcohol abuse more often than families with
alcohol abuse in the biological mother (Cloninger et al. 1981).
Accordingly, the families with early onset of recurrent alcohol
abuse and criminality in the biological fathers, but not mothers,
were designated as showing type 2 or "male-lTimited" alcoholism.
The families with alcohol abuse in the biological mother, or with
alcohol abuse and minimal criminality in the biological father,
were designated as representing type 1 alcoholism. The actual
classification was based on a discriminant analysis that took into
account all available information about alcohol abuse and crimi-
nality in the biological parents (Cloninger et al. 1981).

Given this subdivision of the biological parent backgrounds of the
adoptees, we evaluated the interaction between the biological pre-
disposition and the postnatal environment. Both genetic predispo-
sition and postnatal provocation were found to be necessary for
adopted-away sons to express susceptibility to loss of control

(type 1) alcoholism (table 1). If the biological parents were type
1 alcoholics and if the adoptee was Tikely to be exposed to a
pattern of heavy recreational drinking, as expected in the homes of
adoptive fathers with unskilled occupations, there was more than a
twofold increased risk of severe alcoholism. If either a genetic
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predisposition or a provocative postnatal milieu was present (but
not both), then the risk of alcohol abuse was Tower than in the
general population. Consequently type 1 alcoholism has been
described as "milieu Timited."

TABLE 1. Cross-fostering analysis of severe type I alcohol abuse
in men in the Stockholm adoption study

Is Genetic  Is Environmental Male Adoptees Obsereved

Background Backgound
Type 1? Severe? Total No. % With Severe Abuse
No No 376 4.3
No Yes 72 4.2
Yes No 328 6.7
Yes Yes 86 11.6%

*Risk is significantly increased compared to all others (x2=5.6, p<.02).

In contrast, in adopted-away sons of fathers with spontaneous
alcohol seeking (type 2), there was an increased risk of alcoholism
regardless of environmental background (table 2). In these
families, the risk of alcohol abuse was increased ninefold in the
adopted-away sons of type 2 alcoholic fathers compared to the sons

of all other fathers.

TABLE 2. Cross-fostering analysis of type 2 alcohol abuse in men
in the Stockholm adoption study

Is Genetic Is Environmental Male Adoptees Observed
Background Backgound
Type 2? Type 27 Total No. % With Type 2 Abuse
No No 567 1.9
No Yes 196 4.1
Yes No 71 16.9%
Yes Yes 28 17.9%

*Risk is significantly increased in those with type 2 genetic background compared to
others (p<.01).
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Other aspects of the inheritance of alcoholism in adoptees have
been reviewed in more detail elsewhere (Cloninger et al. 1985;
Cloninger 1987a). These two groups of alcoholics also differ in
neuropsychological, neurophysiological, and neurochemlcal responses
to alcohol, as reviewed elsewhere (Cloninger 1987a).

INHERITANCE OF CLINICAL SUBGROUPS OF ALCOHOLISM

Many studies of the inheritance of substance abuse have treated
alcoholism and drug abuse as if they were discrete disease enti-
ties. However, factor- and cluster-analytic studies indicate that
social problems, medical problems, family problems, and core symp-
toms of dependence or Toss of control are only weakly correlated
with one another (Cloninger and Reich 1983). In the past, Jellinek
emphasized the clinical importance of distinguishing alcoholics who
had persistent alcohol-seeking behavior ("inability to abstain
entirely") from others who could abstain from alcohol for Tong
periods but were unable to terminate drinking binges once they had
started ("loss of control") (Jellinek 1960a; Jellinek 1960b).
Jellinek assumed that these clinical differences were caused by
different sociocultural backgrounds, but it has recently been shown
that genetic factors are important antecedents of such clinical
differences.

Two syndromes of alcohol abuse that aggregate in different families
have been distinguished in terms of alcohol-related symptoms and in
terms of antecedent personality traits (Cloninger 1987a). The
characteristics that distinguish these two types of alcoholism are
summarized in table 3. In a large family study of hospitalized
alcoholics, the number of type 1 and type 2 symptoms were negative-
1y correlated (r=-.23, p<.01) in the male relatives of alcoholics.
Women were usually type 1 alcoholics: type 1 symptoms were five
times more common than type 2 symptoms in women. In contrast, men
were more heterogeneous: type 1 and type 2 symptoms were equally
common in men (Gilligan et al. 1987). Furthermore, type 1 symptoms
were frequent in the male r