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ABSTRACT

The subjects consists of all persons born out of wedlock in Stockholm during the 
years 1930 through 1949 and who were placed in non-related adoptive homes 
by the age of three years (N =  1 753, or 862 men and 913 women).
Data are obtained from official records.
Results. Alcohol abuse cannot be regarded as a homogeneous trait distributed 
in the population according to one single dimension — severity. Rather two 
types of alcohol abuse was demonstrated in this cohort. Type 1 abuse, accounting 
for about 75 % of registered abuse covered the entire range from mild to severe 
abuse. Provided that there was a genetic predisposition to that type of abuse, 
the severity in expression was mainly determined by environmental factors. Type 
2 abuse, on the other hand, was highly heritable over the entire range of social 
backgrounds. Given the predisposition to that type of abuse, the risk was increased 
ninefold in the adopted away sons regardless of postnatal influences.
There were clear sex-differences concerning alcohol abuse. Type 1 abuse was 
common in both men and women whereas type 2 abuse was transmitted primarily 
from fathers to sons. Also as regards type 1 abuse, men and women reacted 
differently to postnatal stress.
D ifferent genetic and environmental antecedents influenced the development of 
criminality depending on whether or not there was associated alcohol abuse. 
The analyses indicated that most registered criminality, especially severe and 
recidivistic forms, were secondary to alcohol abuse.
Adoptees registered for criminality but not for alcohol abuse had usually com
mitted only a small number of petty offences. Their biological parents were also 
characterized by petty criminality and little alcohol abuse.
In conclusion, the results demonstrated genetic heterogeneity, sex-specificity, and 
heterogeneity in postnatal antecedents in the development of alcohol abuse and 
criminality. This means that unittary definitions and models of alcohol abuse and 
criminality have outlived their utility. In the case of alcohol abuse a first prere
quisite is an inborn ability to drink to such an extent that it gives rise to 
social or medical problems. Apparently, not all people seem to have this ability. 
All evidence indicates that genetic factors play an important role in this inability. 
Secondly, among those people who are able to drink alcoholic beverages there 
may be genetically determined differences, for instance, some people may be more 
prone to develop dependence than others.
Implications. Alcohol abuse can indirectly be prented by changing environmental 
conditions that increase the risk. Any plans, however, that are directly aimed at 
decreasing alcohol abuse must primarily focus on the reduction of the distribution 
and consumption of alcohol as well as on changes in drinking habits. 
Concerning criminality, the only implication that seems to be firmly warranted 
is that prevention of alcohol abuse will result in a reduction of criminality, 
especially of recurrent and severe forms. If genetic factors can indeed be shown 
contribute to liability to criminality, the ancient and venerable jurisprudence of 
society, resting on the concept of penalty and penance, will appear utterly out- 
of-date and primitive.
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TO CELIA

Drink to me o n l y . w i t h  t h i ne  eyes  
And I wi l l  pledge with mine;

Or l ea ve  a k i s s  but in the  cup 
And I ' l l  not look f or  wine.

The t h i r s t  t ha t  from the soul doth r i s e  
Doth ask a drink devine;

But might I o f  J o v e ' s  nectar  sup 
I would not  change f or  t h i n e .

Ben Jonson (1573? - 1637)
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In those days they shall say no more,
The fathers have eaten the sour grape and 
the children’s teeth are set on ed g e ... 
every man that eateth the sour grape his 
teeth shall be set on edge.

Jeremiah

The quotation above has at least two dimensions. First there is the obser
vation that human suffering often seems to have its roots in past gene
rations. Failure and success are to a very great extent determined by 
factors transmitted from parents to children. Secondly, the quotation also 
shows that the debate between those who adhere to the theory of inherited 
fate and those who hold that an individual's suffering primarily depends on 
his actual living conditions (his own ”exposure” to sour grapes) is by no 
means an exclusively modern topic of conversation. When the ancient 
prophet wanted to present his contribution to the debate, there was no 
need for any long introduction. It was sufficient for him to quote a well- 
known proverb, and everyone knew what he was talking about.

Religious authorities, philosophers and other wise men have discussed 
these problems through the centuries, often in terms of predestination and 
free will. Scientists of the last century talk ra ther of genetic heritage or 
environmental influences. However, despite their status as scientists, their 
opinions accord no more than those of religious potentates or the great 
philosophers. This scientific dissertation may not be expected to break the 
pattern and provide the definitive argument to settle the dispute. The 
humble aim is merely to keep the debate alive. As a matter of fact, 
though, most of us agree about the heart of the problem - that ”sour 
grapes” , in one way or another, are the direct cause of a tremendous 
amount of human suffering.
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The studies included in this dissertation emanate from earlier investigations 
of a cohort of children born after unwanted pregnancies.1’3 All of the 
children were reported for adoption at the time of their birth or during
the firs t weeks of their lives. However, only about 28% were in fact placed
in adoptive homes whereas 37% were placed in foster homes. The remaining 
35% were brought up by their biological mothers although the latter had 
expressed a wish to have the children adopted away.

The firs t studies, which were carried out when the children were 11-12 
years old concerned adjustment and school achievement. Irrespective of 
type of placement these children showed poorer adjustment and school
achievement than a control group consisting of same-sexed. classmates. On 
the other hand, adopted children had higher school marks and adjustment 
scores (rated  by the class teachers) than subjects who had grown up in 
biological homes or foster homes. This could, of course, be seen as a 
demonstration of the advantages of adoption over foster care or care by 
the biological mother (when the child was born after an unwanted preg
nancy and when the mother had very limited possibilities of taking care of 
the child).

Another explanation could be that the adopted children constituted a 
positive selection; (1) pregnancy and perinatal complications were more
common among children reared by their biological mothers or in foster 
homes than in the adoptive group; (2) the adopted children had on aver
age a shorter stay in infants' homes than the children in the other two 
groups; (3) the biological parents of the adopted children appeared rela
tively seldom in the registers for alcohol abuse or criminality whereas 
biological parents of the other children were over-represented in those 
reg isters; (4) the biological parents of the adopted children were also of a 
higher socio-economic status than the biological parents of the other child
ren . However, such background factors in isolation contributed very little 
to the explanation of the differences between the three groups.

The same cohort (N = 579) was investigated again at the age of 15.3,4 The 
functioning of the children was not only studied through comparison of the 
three subgroups, but also each individual child had two classmate controls 
of the same sex. From this rigorous design an assessment was made of the



relative risk of poor adaptation both at age 11 and 15. The findings at 11 
were that all three groups exhibited greater risk than the classmate con
trols of developing maladaptive behaviour. When the same children were 
assessed again at 15 the adopted children were as equally well adjusted as 
their classmates, whereas the fostered children and those who had been 
retained by their mothers still showed higher rates of maladjustment. 
These studies illustrate the unique value of longitudinal studies for ascer
taining certain types of answers5 - in this case answers that have impli
cations for public policy. Assumptions based on the 11-year-old outcomes 
alone would have missed the crucial differences in the longer run between 
these groups of children. The 15-year-old outcome opened the door to new 
questions such as the power of the protective role of the secure status of 
legal adoption in countering the earlier risk of behavioural disorders, as 
well as whether support services to biological mothers might also have 
mitigated the risk factors.

As in the 11-year-old study, the results at the age of 15 were rather 
uncorrelated with background variables such as perinatal complications, 
early institutional care, socio-economic status of biological, adoptive, and 
foster parents, and criminality or alcohol abuse in the biological parents. 
However, the results were somewhat contradictory concerning alcohol abuse 
or criminality in the biological mothers (N = 5 3 ). In the group of children 
who had been re ’ained by their biological mothers there were no differen
ces between those whose mothers were registered and those whose mothers 
were not registered for criminality or alcohol abuse. On the contrary, 
children in adoptive or foster homes with a registered biological mother 
displayed a clear tendency to poor adjustment in comparison to other 
children in those groups.

In 75 cases the biological father was unknown, but of the 504 fathers who 
were identified 244 (42.2%) were registered for either criminality or alcohol 
abuse; 57 for criminality only, 76 for alcohol abuse only, and 111 for both 
alcohol abuse and criminality. Girls of registered fathers who were reared 
in their biological homes showed significantly poorer adjustment than other 
girls whereas girls in adoptive or foster homes with a registered biological 
father did not deviate negatively. Among boys there were no significant 
differences in any of the three groups between those whose biological 
fathers were registered and those whose fathers were not registered for 
alcohol abuse or criminality. These findings were difficult to reconcile with
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the hypothesis of a genetic link between conduct disorders in the children 
and criminality in the biological fa th e rs .6’7 Nor were the findings in line 
with results reported by other authors indicating a link between adjust
ment problems in the children and alcohol abuse in the fa th e rs .8- 10

The boys in the cohort were also investigated at the age of 18 when they 
enlisted for military se rv ice .11 The variables used in the analyses were 
intellectual capacity, physical function capacity and leadership capacity. 
The results confirmed the findings in the 15-year-old study both con
cerning the importance of a longitudinal design and the implications for 
public policy. The conclusion was warranted that the intervention and 
decisions made by parents, social-welfare authorities, and the adoption 
agency at the time of the child’s birth  had had a decisive influence on 
opportunities and careers in later life, both positively and negatively.

Finally, registered criminality and alcohol abuse were studied in the male 
subjects at the age of 23 .12 The aim of that investigation was to show 
whether early placement in adoptive or foster homes of children from 
socially insufficient families protects them from developing juvenile de
linquency and/or social maladjustment. Accumulated frequencies of reg istra
tions for criminality and alcohol abuse in adopted boys (18.0%) and in boys 
who had grown up in their biological homes (16.5%) did not differ signi
ficantly from the frequency in a group of matched controls (15.5%). Boys 
who had grown up in foster homes, on the other hand, displayed a con
siderable increase in the number of registrations (29.2%). These results 
were somewhat contradictory. The foster parents were themselves very 
seldom known for criminality or alcohol abuse. They lived mostly in small 
communities or out in the country. They were stable families although they 
did not have the social status of the adoptive families in terms of financial 
means, education, occupation and so on. The boys who had grown up in 
foster homes, consequently, were expected to be less prone to social 
maladjustment than the boys in the cohort who had grown up with their 
biological mothers under ra ther insecure social circumstances, at least in 
their early childhood .

The longitudinal study showed that although adopted children had dis
played somewhat poorer adjustment and school achievement at the age of 
11, they were in no respect inferior to their classmates at 15, nor were 
the adopted boys inferior to their peers at the time of their military ser
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vice. Also the prevalence of alcohol abuse and criminality was not greater 
among adoptees at the age of 23 than in a representative sample of con
trols. Provided that the adoptive homes were of good standard and well 
prepared for the task of rearing a non-biological child, the prospects for 
these subjects were very good, irrespective of social or genetic back
ground.

On the other hand, the studies indicated considerable risks of disturbed 
intellectual and social development among children who did not in early 
childhood have the legal, psychological and emotional security that was 
provided by a well prepared adoption. However, the relations between 
deviant development and variables in the biological and social background 
were not so clear-cut as had been hypothesized.

Certainly, the development of these subjects were influenced both by 
characteristics in the biological parents and postnatal conditions, but the 
outcomes were in many respects contradictory. Obviously, more thorough 
studies were needed in order to clarify the complicated interrelationships 
between genetic and environmental factors, but one prerequisite was a 
considerably larger number of cases than was now available. For that 
reason a new cohort of adoptees was gathered: all persons born out of 
wedlock in Stockholm during the period 1917-49 who were placed in non
related adoptive homes at an early age.

A first analysis of a subpopulation of this new cohort13 indicated a genetic 
link in the transmission of alcoholism and alcohol abuse. The prevalence of 
registered alcohol abuse was significantly higher in the adoptees whose 
biological fathers were registered for abuse than in the adoptees whose 
fathers were not registered. On the other hand, there was no such in
crease in adopted women whose biological fathers were registered for 
alcohol abuse. These findings confirmed results reported by other au
th o rs .14- 19 Some earlier studies had also shown a correlation between 
criminality in adoptees and their biological p a ren ts ,20- 21 but this investi
gation indicated that this relationship only might be a reflection of the fact 
that alcohol abuse and criminality are highly correlated.

The conclusion that alcoholism and alcohol abuse are to some extent deter
mined by genetic factors does not imply an attitude of unavoidable p re
destination. Rather it is a strong incitement to fu rther research concerning
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environmental conditions; what variables contribute to, or inhibit, the 
manifestation of a genetic predisposition into overt alcoholism?

*

Until the beginning of the 19th century there were hardly any conflicting 
schools concerning deviant behaviour such as alcohol abuse, criminality or 
mental illness.22 Somewhat simplified the common view was that alcohol 
abuse and criminality were sinful acts and alcoholism and mental illness the 
effects of sin. Treatment was in accordance with public opinion.

There were men, like Pinel, who tried to avoid such moral judgements by 
adopting a medical approach.23 For much of the rest of the century, 
however, deviant behaviour including not only alcoholism and criminality 
but also epilepsy, prostitution and mental handicaps were labelled as 
”hereditary degeneracy” .24

Towards the end of the century attention was directed towards the im
portance of the increasing urbanisation, industrialization and poverty. The 
hereditarian theory was opposed by a view that stressed social conditions. 
The debate between the rival views that followed was usually carried out 
in terms of simple ”either heredity or environment” questions.

Although some recent studies15’25 suggested a possible hereditary com
ponent in the genesis of alcoholism that appeared to act independently of 
environmental influences, most current research is concerned with the 
interaction between heredity and environment. There are several ways in 
which genetic factors and environment can co-operate in the development 
of alcohol abuse, but the theoretical basis in this respect is in most s tu 
dies very loosely formulated, if ever mentioned. This makes it very diffi
cult to evaluate findings and conclusions. Therefore a reassessment of 
theories concerning the relative importance of heredity versus environment 
is of utmost significance. Before new studies were carried out a theoretical 
model had to be defined on the basis of which hypotheses could be advan
ced and results evaluated.

*

The basic theory underlying the subsequent studies is that of dynamic



gene-environment interaction. A description and definition of the in te r
actions t model as distinct from other theories concerned with heredity and 
environment has been made quite apart from the problems of alcoholism and 
criminality.^** Rather the literature on intelligence here provided the most 
suitable material for this purpose. In fact, almost any tra it or phenotype 
could have been used, but there were several motives for choosing intelli
gence. The main reason was that IQ tests and IQ scores as units of mea
sure are much more suitable for this purpose than the inconsistent mea
sures used in studies on alcohol abuse and criminality. There will probably 
never be tools for measuring variances in, for instance, alcohol abuse that 
are as subtle as IQ tests. Nevertheless, theories, hypotehses and p re
dictions have to be much more precisely shaped in order to promote re 
search and contribute to the growth of knowledge in this field.

This thesis consists of;

1. a description and discussion of the theory of dynamic gene-environ- 
ment interaction as distinct from other theories concerned with heredi
ty and environment^*

2. an application of the theory in five studies on alcohol abuse and 
criminality* ^

3. the present paper, which contains a description of the statistics used 
in the studies, a short summary of the results and some theoretical 
considerations concerning the outcome.
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Alcoholism; etiology, classification and prevention.

Alcohol consumption and drinking habits vary from country to country, 
from time to time, between different social groups and between sexes.26’27 
Currently there is a trend in Sweden towards increased alcohol abuse 
among females. At the same time severe alcohol abuse is becoming in
creasingly common in the early teens.

In the light of the fact that alcohol abuse constitutes one of our most 
severe social and medical problems, questions are raised here about etio
logy and cause. Also attention is focused here on diagnosis and classifi
cation .

Obviously, alcoholics do not constitute a group of homogeneous pheno
types, and alcohol abuse may describe a lot of very different patterns of 
drinking habits. Lack of agreement concerning classification may be one 
reason why many authors have reported inconsistent and incompatible 
re su lts .

Besides a knowledge of etiology, a classification system is a necessary tool 
not only for diagnosis and treatment but also for early detection and 
prevention. A system that permits distinctions to be drawn between differ
ent types of abusers is also a necessary prerequisite for fu rther pharmaco- 
genetic research.

Genetic factors or environmental influences.

The number of possible environmental variables to which alcohol abuse has 
been hypothetically attributed  is almost innumerable; from intrauterine 
influences and early childhood experiences, to social status or the marital 
situation in adulthood. There is, however, no general agreement about the 
relative role of all these different factors. One thing, though, is certain - 
alcohol itself is a necessary exposure (i.e . environmental) variable.

Concerning heritage, it is a well known fact that alcoholism is more p re 
valent in some families than o th e rs .28’29 This cannot unreservedly be 
accepted as a proof of the thesis that alcoholism is genetically determined.
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Children do not only inherit their genes from the parents, but also, to a 
very great extent take over values and habits (e .g . drinking habits) at 
the same time, as they usually share the environment with the parents. An 
assessment of the relative importance of genetic versus environmental 
factors consequently presupposes that these two sets of variables can be 
separated and controlled.30

It is, of course, impossible to carry out strictly controlled experiments 
concerning, for instance, the long-term effects of the use of alcohol in 
human populations. Instead, such investigations have usually been re 
stricted to the special designs that nature and society provides, namely 
the twin and the adoptive situation. As mentioned above, it can safely be 
taken for granted that certain environmental factors are necessary, but 
such studies have also indicated that genetic factors may play a role in the 
transmission of alcohol abuse and alcoholism.13’ 15,2 5,2 8- 34

The genetic influence, however, does not seem to be in accordance with 
simple mendelian mechanisms since individuals who share half of their 
genes do not show greater similarities than individuals who share only a 
quarter of their gen es.15,35,36 This fact, in connection with the above 
mentioned social, cultural and sex differences demonstrate that the problem 
of the etiology of alcoholism and alcohol abuse cannot be dealt with in 
easily formulated either-or questions. Quite obviously, alcoholism is the 
result of an interaction of multif acato rial genetic predisposition and a great 
variety of environmental factors. One of the most urgent tasks for alcohol 
research of today is to discover and describe the rules for this in ter
action .

Alcohol abuse and criminality.

At least since the publication of Lange's opus Crime as Destiny37 there has 
been an intense, still unsettled debate, about the possible role of genetic 
factors in the development of criminal behaviour.

It is important in this context to note that it is often very difficult to 
differentiate between genetic disposition and social learning even in longi
tudinal and family s tu d ies.38’39 Individuals who have been registered for 
criminality have a very heterogeneous background.40- 43 Therefore, it is 
very difficult on the basis of previously published papers to draw any
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conclusions about which environmental factors and possibly genetically 
inherited tra its increase the risk of criminal behaviour. In addition, in 
some studies the close relationship between registered criminality and 
registered alcohol abuse is not taken into account.20’21 A reported corre
lation of criminality in parents and adopted children may thus in reality be 
due indirectly to the correlation of alcohol abuse of which criminality is 
only a side effect.
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THEORETICAL BACKGROUND

The theory of dynamic gene-environment interaction

Studies of human behaviour deal with the concepts phenotype, genotype 
and environment.

Genotype refers to the totality of factors that make up the genetic con
stitution of an individual, regardless of whether these factors are expres
sed or not. The genetic basis of a tra it is inferred from the segregation of 
the tra it in families.

Environment in this context includes all physical, social, and psychological 
influences on the individual, from the intrauterine period onwards.

The phenotype is the result of the interaction between genotype and 
environment and refers to the totality of the physically and chemically 
observable characteristics of an individual.

The question is now whether variances in phenotype is the result of ge
netic differences only, of differences in environmental influences only, or 
the result of both genetic and environmental factors. (Note that the truism 
that there can be no phenotype unless the genotype comes into contact 
with an environment does not preclude the possibilty that the differences 
in a particular phenotype might be exclusively the result of differences in 
genotype. )

The pure genetic theory (the hereditarian research programme, to use 
Lakatos’ term inology)^*’4 4,4 5 can be summarized in two propositions: (1) 
All individuals have an innate liability ( ”risk ”) to alcohol abuse, and (2) 
all differences in liability between individuals and between groups are the 
results of genetically inherited factors. In this context studies by Goodwin 
et al15 and Schuckit et al can be mentioned.25 Their results indicated a 
possible hereditary component in the genesis of alcoholism that appeared to 
act independently of the environment.

The environmentalist research programme, on the other hand, consists of 
only one proposition: All individuals are equal from birth  concerning
liability to alcohol abuse. From that follows as a logical consequence that
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individual and group differences are entirely due to the effects of environ
mental influences.

Between those two extremes there are several theories, more or less clear
ly defined, which refer differences in phenotype to both genetic and 
environmental causes. One theory is the additive interactionist model 
according to which phenotype is the sum of genetic and environmental 
contributions, or P = G + E .46 Usually an interaction term is added to this 
formula to deal with possible nonlinear combinations of genetic and environ
mental effects; P = G + E + ( G X E ) ,  where (G X E) does not refer to a 
multiplication of G and E .47 Rather it designates an interaction in the 
analysis of variance sense, that is, the contribution that some nonadditive 
function of G and E makes to the phenotype, independently of the main 
effects of these variables.

Another view is the reaction range theory48 according to which each geno
type has a unique range of reaction and the manifestation of the phenotype 
within that range is dependent on the opportunities provided by the en
vironment. Heredity and environment can also be seen as the reciprocal 
relationship that exists between an organism and its surroundings. The 
organism brings to the situation a set of characteristics that affects the 
environment, which in turn  affects the development of the organism. For 
instance, alcohol abuse interferes with family life, careers, health etc in a 
way that increases the risks of severe abuse .49- 52

In contrast to these various theories, the theoretical model for the studies 
presented here is that of the dynamic gene-environment interaction which 
can be summarized in two propositions: (1) Under different environmental 
conditions the same genotype can be manifested as quite different pheno
types, and (2) under uniform environmental conditions different genotypes 
may result in the same phenotype.53

Single genic or polygenic inheritance.

Genetic transmission may be due to the influence of a single genetic locus 
( i .e . ,  monogenic inheritance) or multiple loci (polygenic inheritance).

Many human tra its , e .g . several diseases, show single genic transmission. 
On the other hand, several common, and socially important tra its , show
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polygenic inheritance, that is, the observed phenotype is the result of the 
compund effect of many genes. There are theories that even more complex 
traits like intelligence are determined by single recessive genic inheritan- 
ce .54)55 However, the theory underlying the studies presented here is in 
accordance with the polygenic mode of transmission, but no assumptions 
about mode of genetic inheritance are required for any of the major con
clusions and analyses presented here.

Heritability

Statements about inheritance are meaningful only in terms of variation, 
e .g . what fraction of variation between individuals is attributable to gene
tic differences. The degree of genetic determination, otherwise called 
broad heritability , stands for the total genetic variance ( i.e . both additive 
and non-additive variance) as a proportion of the total phenotypic variance 
( i.e . both genetic and non-genetic).

The concept of narrow heritability , on the other hand, only refers to 
additive genetic variance as a proportion of the total phenotypic variance. 
It can be estimated from the degree of resemblance between rela tives. 
Under the assumptions of autosomal diploid inheritance, narrow heritability 
may be estimated as twice the correlation between a parent and an off
spring (who receives exactly one half of the genes from each paren t).

Limitations to the practical ability to estimate genetic determination from 
observations on various classes of relatives have been discussed else
w here.56- 58 The best estimates of narrow heritability in human data may 
be obtained from biological parents and their adopted away children, 
because in this special case resemblance is due to only the additive effects 
of genes. For this reason adoption data are especially valuable. Never
theless, the interpretation and generalization of heritability estimates is 
limited in practice because it involves the ratio of variance components that 
vary between populations. That is, heritability estimates are dependent on 
local conditions influenced by the range of environments and genotypes in 
a particular local.

Among adoptees neither the biological nor adoptive parents are represen
tative of the general population. Sweden is, however, more socially homo
geneous than many other countries, so in Sweden genetic variability is
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likely to be relatively more prominent than, for instance, in the United 
States. For this reason it has been regarded as more relevant in the 
present investigation to identify risk factors and evaluate their interaction 
than to make local estimates of heritability .

Discrete, continuous and quasi-continuous variation

Variation in phenotypes is discrete when the tra it is either present or 
absent. Sometimes, but not necessarily, discrete variation implies a true 
point of dichotomy.

A tra it is called continuous when it can assume any value on a graded 
scale over its total range or over a limited portion of the scale.

Quasi-continuous variation refers to the situtation when affected indivi
duals can be measured on a graded scale whereas unaffected individuals 
cannot be graded. Such distinctions, or thresholds, can be artificial, as in 
the case of diagnostic criteria for alcoholism, or can be natural, as when a 
tra it is subject to homeostatic control up to a certain level at which deve
lopment is no longer controlled or at which inhibition is released .60

Natural or artificial thresholds

Sometimes it is only a matter of definition whether variation is discrete, 
continuous or quasi-continuous. Obviously, the use of alcohol can be 
measured on a graded scale, e .g . never, once a year, twice a year and so 
on. It can also be graded as one bottle a year, two bottles etc. Alcohol 
abuse can be defined as the point along this continuum when the alcohol 
consumption has reached the frequency or amount when it starts to become 
a medical or social problem. Is alcoholism now just a fu rther progression 
along this continuum or is there a threshold at which there is no longer 
only an excessive use of alcohol. Are alcohol abuse (or heavy drinking) 
and alcoholism biologically two different traits?

The present studies deal with alcohol abuse that has been officially regi
stered in one form or another; (1) entry in the Excise Board Register for 
offencies against the Temperance Act, (2) treatment in an institution for 
alcoholics, (3) supervision beacuse of alcohol abuse, and (4) treatment in 
a psychiatric department with the diagnosis alcoholism. It is assumed that
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repeated entries in the Excise Board Register imply more severe alcohol 
abuse than one single entry . F urther, treatment in institutions for alco
holics, supervision for alcohol abuse or treatment in a psychiatric depart
ment with a diagnosis of alcoholism is assumed to indicate a more severe 
alcohol abuse than a single or a few entrencies in the Excise Board Re
gister.

Under these assumptions alcohol abuse is a quasi-continuous tra it where 
registration (in any form) is an artificial threshold. Above the threshold 
abuse can be graded according to severity. It is realized that there is a 
considerable amount of alcohol consumption below this threshold, although 
it cannot be measured.

In the same way the threshold for criminality is defined as entry in the 
Criminal Register. Above the threshold criminal behaviour can be graded 
according to number of offences, number of months in jail e tc ., whereas 
criminal behaviour below the threshold, although realized to exist, cannot 
be measured.

Liability

In the case of quasi-continuous tra its the assumption of an underlying 
distribution also below the threshold allows for the application of quan
titative statistical techniques. The hypothetical graded attribute is called 
the liability to a t r a i t .61’62

The liability is not only a measure of the innate tendency to develop a 
tra it, but also includes all external factors that contribute to its mani
festation. It is compatible with the theory of multifactorial inheritance, but 
excludes discontinuous variation, e .g . tratis that are determined by a 
single major gene.

The risk of developing a trait is quantified in terms of the liability of the 
trait in a population. For multifactorial traits it is reasonable to assume 
that liability is normally distributed, for convenience, the population mean 
is assumed to be zero and the standard deviation is defined as the unite of 
measurement.
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Figure 1. The normal distribution of liability.

T is the threshold and q the proportion of individuals who manifest the 
tra it, G is the mean liability in general population and x is the deviation 
of the threshold from the population mean expressed in standard devia
tions. A is the mean liability of q and a the difference between G and A. 
In fact, q is the only parameter that has to be measured, when q is 
known the other parameters can be calculated or easily obtained from 
available statistical tables.

The relationship between the obtained regression (b) and the heritability 
(h2) is as follows:

Let P be the phenotypic value (liability) of any individual and R that of a 
relative and w the coefficient of the relationship (1/2 for parent/offspring 
pairs and full siblings, 1/4 for uncles, aunts, nephews and nieces, 1/8 for 
firs t cousins e tc .) . The regression of R on P is then:

bRp = covRp/V p = wVA/Vp = wh2

where Vp is the phenotypic variance and V^ the additive variance of 
individuals. The heritability (h 2) is, as mentioned above, the ratio of the 
additive genetic variance to the total phenotypic variance. Heritability can 
be e&pr§§§ed by the formula:
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b = whr  or h 2 = — w

For full siblings then h2 = 2b, for uncles h 2 = 4b, for firs t cousins h2 = 
8b etc.

Conceptually it is important to appreciate the importance of the difference 
between studying the transmission of a tra it and the transmission of the 
liability to a tra it. Alcoholism and other developmentally complex beha
viours are not primary gene products (e .g . enzymes and structural pro
teins). Rather the genotype-phenotype pathway may involve many in te r
vening risk factors contributing to the underlying liability.

Measurement of familial resemblance for quasi-continuous traits

The correlation for a quasi-continuous tra it can be the degree of resem
blance between relatives. For such a study two populations are selected. 
The first one consists of individuals in the general population who all 
manifest the tra it (Qg) ar*d the second consists of relatives (r )  of the first 
population with mean liability R and proportions of individuals with the 
tra it (q r ).

/ \
/ \

/ \
/ \

/ \
/ \

R
Figure 2 .Two populations with different mean liability.
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The ratio of the two differences of mean liability, A-G and R-G, is the 
representing of and q and is expressed in the following formula:

r , o  X  -  X
b = or b =  £

A-G a

Multiple thresholds

Sometimes the expression of a tra it makes a subclassification of individuals 
above the threshold natural, e .g . mild/severe alcohol abuse, petty /severe 
criminality etc. This subdivision of a tra it, or multiple thresholds, permits 
the testing of the hypothesis that not only the presence (or absence) of a 
tra it is inherited but also that severity of expression is genetically deter
mined. Other criteria than severity can be used for the subclassification. 
If severity is used as the criterion there are usually few diagnostic prob
lems connected with the severe cases but milder forms of the tra it are 
often doubtful.

For instance, in the studies presented here, alcohol abusers are classified 
into three subgroups; mild, moderate and severe abuse. Mild abuse is 
defined as one single entry in the Temperance Board Register whereas 
severe abuse betokens at least four registrations, or treatment in a psy
chiatric clinic with the diagnosis of alcoholism, or treatment in an insti
tution for alcoholic or compulsory supervision because of alcohol abuse.

The use of multiple thresholds in determining the mode of transmission of 
quasi-continuous traits has the advantage that it allows the severity of 
expression to be taken into account in predicting the liability in relati
v e s .63 When the criteria for the severe form are used as a narrow th res
hold it can be tested whether the mild form is an expression of the same 
tra it or not. This is one of the basic problems in classification of traits 
like alcohol abuse or criminality.
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Subjects

The cohort consists of all persons born out of wedlock in Stockholm during 
the years 1930 through 1949 and who were placed in non-related adoptive 
homes by the age of three (N = 1 775, or 862 men and 913 women).

From the population of 2 125 adoptees originally reported by Bohman13 50 
cases were excluded because of placement after the age of three, 50 cases 
because of placement with relatives and 160 cases because of uncertain 
pate rn ity .

Illegitimate children were chosen for the following reasons; for every child 
who was born of an unmarried mother a Child Welfare Officer was appoint
ed and the case was recorded by the Child Welfare Office. There was also 
a record if the appointment was cancelled for some reason, e .g . if the 
mother married the father of the child, or if the child died or was placed 
in an adoptive home.

That i s , the exact number of the original population was known. The 
Swedish system of population registration makes it possible to follow each 
individual through social and medical registers from childhood and up to 
adulthood.

The data body

Data are obtained from: (1) Official records, such as the Criminal Register 
and the Temperance Board Register, which in addition to registrations of 
offences against the Temperance Act also contains information about trea t
ment in institutions for alcoholics and supervision beacuse of alcohol abuse,
(2) Other official records, e .g . those kept by the Adoption Agency and 
the Child Welfare Office, from which information about preplacement history 
(institutional care e tc .) , age at placement, age, residence, and occupatio
nal status of adoptive parents etc. are obtained. (3) Records kept by the 
National Health Insurance Offices from which occupational status of the 
adoptees is obtained. (4) Records kept by psychiatric hospitals and clinics 
concerning in- and outpatient treatment for alcoholism.
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There are no missing data for registered criminality or registered alcohol 
abuse ; as the identification number for every subject is known, their 
appearance in the records can easily be checked.

Quite obviously there is a lot of criminal behaviour and excessive alcohol 
consumption which is not apparent in official records. To some extent this 
could have been brought out through careful personal interviews of the 
subjects and their relatives. This has not been done for ethical reasons. 
All personal contact with the adoptees as well as with biological and adop
tive parents has been consistently avoided throughout the study.

As concerns information obtained from the Adoption Agency and from the 
Child Welfare Office there is a drop-out of data for about 10 subjects in 
each of the following variables; institutional care, number of temporary 
placements before adoption, hospital care before adoption and foster care 
before adoption.

The occupational status of biological and adoptive parents, recorded by the 
Child Welfare Authorities and Adoption Agency, is that at the time when 
the child was born. Data are missing for 9.6% of the biological mothers, 
for 7.7% of the biological fathers and for 9.9% of the adoptive fathers. 
Only in exceptional cases was there any occupation records for the adop
tive mothers. It was usually required that they should stay at home in 
order to be allowed to adopt a child.

Information about diagnosed alcoholism was obtained from a search through 
the records of hospitals and clinics throughout Sweden. These records may 
not be complete and consequently there may be a drop-out of data to an 
unknown extent.

(In the discriminant function analyses (see below) which were run by 
using the SPSS-programme64, option 2 was implemented. That is, during 
the classification phase, all cases with missing data are processed. If data 
are missing from the discriminating variables, the total mean for the re 
spective variable is substitu ted .)
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The cross-fostering design

A characteristic feature of the studies presented here is the cross- 
fostering design, a method that relates the prevalence of a tra it in a 
population both to genetic factors and environmental influences. The analy
sis will be described here st^p by step with the help of material from the 
study concerned with alcohol abuse in adopted men.**

The prevalence of alcohol abuse was 31.1% in the biological fathers and 
17.5% in the adoptees. The relationship between the two generations can be 
seen from the following cross-tabulation.

Table 1 Alcohol abuse in adoptees
0 1

Alcohol abuse in 
biological fathers

0 504 90
15.5%

594

1 207 61
22.8%

268
31.1%

711 151
17.5%

862

Chi sq = 6.88, 1 df, p = .0087

As can be seen, there was an increased prevalence of alcohol abuse in the 
adoptees when the biological fathers were abusers (22.8%) compared to 
adoptees whose biological fathers were not abusers (15.5%). On the other 
hand, there was no such relationship between adoptees and the adoptive 
fa th e rs .

Table 2 Alcohol abuse in adoptees

0 1

Alcohol abuse in 
adoptive fathers

0 684 147
17.7%

831

1 27 4
15.4%

31
3.6%

711 151
Chi sq = .136, 1 df, p = .712
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The cross-fostering implies that the prevalence of the trait, in this case 
alcohol abuse in the adoptees, is related to both genetic and environmental 
variables.

Table 3

Alcohol abuse in Alcohol abuse in adoptees

biol. adopt. 0 1
fathers fathers ___
0 0 484 86

15.3%
570

0 1 20 4
16.0%

25

1 0 201 61
23.3%

262

1 1 6 0
0%

6

711 151

(This particular cross-tabulation is not presented in the later cross-foster
ing analysis about alcohol abuse in adopted men, beacuse alcohol abuse in 
the adoptive fathers was not found to be a useful environmental predictor. 
However, it serves here merely as a means to illustrate the logic of the
analysis. )

Classification of alcohol abuse

As mentioned above, one of the basic problems concerning alcohol abuse is 
to decide whether mild forms and severe forms are the expression of the 
same trait or not. In order to answer this question the 151 registered 
adoptees were first classified into subgroups according to the severity of 
abuse; (1) mild abusa, N - 64, with only one registration in the Tem
perance Board Register, (2) moderate abusers, N = 36, with only two or 
three such registrations, and (3) severe abusers, N = 36, with four or 
more registrations or hospitalization with a diagnosis of alcoholism, treat
ment in institutions for alcoholics or supervision of alcohol abuse. Table 3 
above is now extended as follows;
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Table 4

Alcohol abuse in Alcohol abuse in adoptees
biol. adop.
fathers fathers 0 1 2  3

0 0 483 38 16 32

0 1 21 1 1 2

1 0 201 25 19 17

1 1 6 0 0 0

711 64 36 51

Two major problem arise with a cross tabulation such as table 4. F irst, the 
genetic and environmental factors that predict alcohol abuse may be differ
ent for the individual subgroups. Secondly, there may be multiple relevant 
background factors but selection of a large number of background variab
les may lead to small numbers in individual cells, making statistical analy
sis problematic. Therefore a series of questions were asked in leading up 
to the final cross-fostering analysis. Specifically the following three ques
tions were posed:

(1) What characteristics in the biological background influence the risk of 
alcohol abuse in the adoptees?

(2) What characteristics in the postnatal background influence the risk?

(3) How do biological and postnatal factors interact in the development of 
alcohol abuse in the adoptees?

The firs t question was answered by a discriminant function analysis of all 
available information about the biological background (instead of using only 
one variable, alcohol abuse in the biological fathers, as in the example 
above). The second question was answered by a discriminant function 
analysis of all available information about postnatal conditions. The th ird  
question, finally, was answered by using the results from the two discri
minant analyses in a cross-fostering analysis.
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The use of discriminant function analysis

Criminality was coded according to type of offence (property offences, 
fraud, violence e tc .) , number of offences and number of months spent in 
jail. The variables were entered in the analysis both as raw numbers (n) 
and as n 2 and n 2 depending on whether greater weight was expected from 
low or high values respectively. Records for alcohol abuse were coded in 
similar ways. Occupational status was coded in accordance with the British 
classification system, ranging from professionals (value 1) to unskilled 
blue-collar workers (value 5). Interaction variables were created, such as 
(crim )x(alc), (crim )x(occup), (alc)x(occup) etc.

In accordance with the f irs t question above, the aim of the discriminant 
function analysis was not primarily to predict alcohol abuse in the adop
tees. Rather the analysis was used to classify factors in the biological 
background with respect to degree of alcohol abuse in the adoptees. Pa
rents who, regarding alcohol abuse, criminality and occupational sta tus, 
were most like the average parents of adoptees with one registration (mild 
abusers) constituted one group. Parents who were most like the average 
parents of moderate abusers constituted another group etc.

Overlap of groups

The problem to be solved centred on the considerable overlap between the 
groups - if there had been no overlap, the whole question of discrimina
tion would have been trivial.

Figure 3. Overlap of background variables.

It is important to note here that the overlap does not. concern the depen
dent variable - registered alcohol abuse in the adoptees. (Group 1 consists 
only of-adoptees_with one registration, Group 2 of adoptees with two or 
three registrations e tc ., and there is no overlap in that respec t.)
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The overlap concerns the background variables. For instance, some adop
tees who temselves belong to group 0 have biological parents who are most 
like the average parents in Group 3. The purpose of the discriminant 
function analysis was to construct clusters of background variables accord^- 
ing to which this overlap was as small as possible.

The number of variables entered in the analysis can be rather large, but 
only those which significantly contributed to the discrimination between the 
groups (here referred  to as significant variables) were kept in the final 
analysis. The functions which discriminate between the groups consist of 
these significant variables. The complement of Wilk's lambda (1 - A.), which 
can be obtained from the computer output, is a measure of the success of 
discrimination.

Failure to discriminate between the groups (or overlap) can be seen in the 
summary table given in the computer output.

Table 5 Classification results

Actual group No of cases
0

Predicted group membership 
1 2 3

Group 0 711 306 79 70 256
43.0 11.1 9.8 36.0

Group 1 64 21 16 8 19
32.8 25.0 12.5 29.7

Group 2 36 7 4 17 8
19.4 11.1 47.2 22.2

Group 3 51 15 8 4 24
29.4 15.7 7.8 . 47.1

Percent of grouped cases correctly classified - 42.11 1 - k  = .121

As can be seen, almost 60% of the cases were falsely classified. However, 
since there are four groups prior probability for each group is .25, i.e . 
correct classification merely by chance is 25%. The 42% correctly classified 
cases in this example thus exceeds chance probability.
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A second discriminant function analysis was also run on all the postnatal 
variables, such as age at placement in adoptive home, length of institu
tional care before placement, number of temporary placements before final 
placement, and occupational sta tus, alcohol abuse and criminality in the 
adoptive parents.

Overlap of variables

With the two discriminant function analyses it is possible to decide which 
set of variables, the biological or the postnatal, best differentiates between 
the groups. One important question is, however, to what exent variables 
from the two sets measure the same thing. For instance, if children of 
alcoholic parents are more difficult to place in adoptive homes than other 
children, the variable alcohol abuse in the biological father and age at 
final placement may only be two ways of measuring the same background 
factor.

To test whether there was any correlation (or overlap) between biological 
and postnatal variables a th ird  discriminant analysis was run on the signi
ficant variables from the two previous analyses. If there was no correlation 
the complement of Wilk’s lambda was expected to be equal to the sum of 
the complement of Wilk’s lambda from the biological and the postnatal 
analyses. If there was correlation the complement of Wilk's lambda would be 
less than the sum of the two preceeding analyses. Furthermore, if there 
was correlation some of the variables that had been significant in the firs t 
analyses would be reduced to insignificance in the th ird  analysis.

The cross-fostering

The two background factors, alcohol abuse in biological fathers (0, 1) and 
adoptive fathers (0, 1), can now be replaced by predicted membership (1, 
2, 3) from the biological discriminant function analyses and predicted
membership (1, 2, 3) from the postnatal analysis. The four biological 
groups and four postnatal group predictors give a total of 16 combinations, 
shown in part below.
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This table is ra ther large for easy inspection. Fortunately, the discri
minant analyses yielded three independent functions, each of which di
stinguished one of the three alcoholic subgroups from the others. There
fore, it was justified to reduce the cross-fostering analysis to a series of 
tables concerned with individuals at either high or low risk for each of the 
three subgropus.

The FUNCAT analysis

For each of the classes with registered alcohol abuse in the adoptees (1, 2 
and 3) the question is asked: How does actual group membership corre
spond to predicted membership obtained from both the biological and the 
postnatal discriminant function analyses?
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Table 7

Predicted membership in 
Group 1 according to

Actual membership in 
in Group 1

biological
analysis

postnatal
analysis

No Yes

no no 551 36

no yes 156 12

yes no 69 8

yes yes 22 8

Similar tables are also set up for the two other groups of registered alco
hol abuse (2 and 3).

By using a linear model designed for analysis of categorical data (imple
mented by the FUNCAT analysis of the Statistical Analysis System)65 it 
was possible to assess the prevalence of sporadic cases, the independent 
contribution (to discrimination) by the biological and postnatal sets of data 
respectively, and their interaction or cross product. The results of the 
analysis is presented in graphs:

Figure 4. Cross-fostering analysis of mild alcohol abuse.
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Alcohol abuse in adopted men

The first part of the investigation concerned alcohol abuse in the male 
adoptees.* Most importantly, the results showed that alcohol abuse cannot 
be regarded as one homogeneous phenotype that is distributed only accord
ing to severity along one single dimension. Rather two types of alcohol 
abuse were identified with distinct biological and postnatal antecedents.

The most common type (type 1), accounting for about 75% of all adoptees 
ever registered for alcohol abuse, covers the entire range from mild to 
severe abuse. Provided that there is a genetic predispostion to that type 
of alcohol abuse, the severity in expression is determined by the degree of 
postnatal s tress.

Severity in expression of the less common type (type 2), corresponding to 
subclass moderate abuse, is much less influenced by environmental factors. 
This type is highly heritable over the entire range of social backgrounds. 
Given this genetic predisposition, the risk of alcohol abuse was increased 
ninefold in the adopted sons. The biological fathers of adoptees with type 
2 abuse were distinguished by severe alcohol abuse and severe criminality 
whereas the biological mothers appeared "normal".

Concerning postnatal variables, early childhood experiences such as con
tact with the biological mother and hospital care before adoption, as well 
as age at placement in the adoptive home contributed to the differentiation 
between the groups. Alcohol abuse in the adoptees was not related to 
alcohol abuse in the adoptive fathers, but severe abuse in the adoptees 
was related to the low occupational status of adoptive fathers.

As concerns biological background, variables about the biological fathers 
accounted for about 90% of the explained variance. Characteristics of the 
biological mothers contributed only to the discrimination of type 1 abuse, 
from type 2 abuse. Thus, despite the fact that this part of the investi
gation focused on the male population only, the results indicated sex- 
differences as regards genetic contribution to alcohol abuse.
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In this context the biological background not only includes genetic contri
bution from the parents but also the influence of maternal intrauterine 
environment. All adoptees were born out of wedlock, so the fathers ex
clusively contributed their genes. Therefore, the contribution from bio
logical parents may be true "genetic’' .

Maternal inheritance of alcohol abuse

Alcohol abuse was also studied among the 913 female adoptees.** Only 31 of 
them were registered for alcohol abuse so any subclassification according 
to severity was not possible. Fifty-one mothers and 307 fathers were 
registered for alcohol abuse. Preliminary analysis showed the importance of 
the inheritance of susceptibility to alcohol abuse from mother to daughter; 
if the mother was registered for alcohol abuse about 10% of the daughters 
were also registered in comparison to 3.5% if the father, but not the 
mother, was registered.

Table 8

Biol, father Biol, mother Female adoptees
registered registered N % registered

Yes Yes 22 9.8
Yes No 285 3.5
No Yes 29 10.3
No No 577 2.8

On the basis of the results obtained from the study of male adoptees it 
was expected that the background factors of female alcohol abusers would 
be similar to those of mild and severe abuse, i.e . the common type, in 
male adoptees. On the other hand, no excess of alcohol abuse was ex
pected among females whose biological parent characteristics were similar to 
those of moderate male abusers.

The results confirmed these expectations. There was an excess of alcohol 
abuse in daughters of biological fathers with mild abuse and no criminality. 
On the other hand, there was no increase of alcohol abuse in daughters 
whose biological fathers were severe abusers or severe criminals. The 
results thus verified the earlier findings which indicated two types of
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alcohol abuse; the common type affects both men and women and is tran s
mitted by fathers as well as mothers. The less common type is male-limited 
and transmitted primarily from fathers to sons.

The results also showed that alcohol in the female adoptees, although 
related to both of the biological parents, was much stronger correlated 
with characteristics in the mothers than in the fathers.

Criminality and alcohol abuse in male adoptees

Thirty-nine male adoptees were registered for criminality only and 64 for 
both alcohol abuse and c rim in a lity .^  There were no differences concerning 
occupational status or age at firs t registration for criminality between the 
two groups.

On the other hand, criminality related to alcohol abuse was more severe, 
violent and recidivistic than non-alcohol related criminality. The proportion 
of cases registered for criminality increased from 22% of mild abusers to 
44% of moderate and 67% of severe abusers. There was fu rther a corre
lation between severity of criminality and degree of alcohol abuse. Alcohol- 
related criminality covered the greatest number of offences and most of the 
severe criminality. There was a high correlation between age at f irs t
registration for crime and for alcohol abuse. In both cases it ususally 
occurred before the age of 23. Further analysis, however, indicated that 
criminality might be secondary to alcohol abuse.

Adoptees registered for criminality but not for alcohol abuse had usually 
committed only a small number of petty offences. Since the analyses did 
not indicate that they were genetically protected from alcohol abuse, they 
were labelled "petty criminals" ra ther than non-alcoholic. Their biological 
parents were also characterized by petty criminality and little alcohol
abuse. Similarly, the biological mothers of petty criminals had a high 
frequency of crime but a low frequency of alcohol abuse. On the other 
hand, petty criminality in male adoptees was not correlated with low occu
pational statua in the parents.

The main result was, however, the demonstration that adoptees registered 
for criminality had different biological and postnatal backgrounds depend
ing on whether or not they were also registered for alcohol abuse. Con
sequently, criminals may not be seen as a group with a homogeneous
phenotype.
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Gene-enviroment interaction and criminality

One part of the investigation focused especially on the 39 adoptees who 
were registered for criminality only but not for alcohol a b u s e .^  The con
tribution to the development of criminal behaviour from biological and 
postnatal factors were assessed in the same way as concerning alcohol 
abuse.

The analyses showed that the prevalence of sporadic (non-familial) cases of 
petty  criminality was substantial. Significant contribution to the risk of 
developing petty criminality was made by both biological and postnatal 
factors. From a theoretical point of view it is important to note that non
additive interaction between the two sets of variables was present but not 
predominant.

Independent or additive contribution refers to the situation when a genetic 
predispositon increases the risk of a behaviour or phenotype regardless of 
differences in environmental variables, or if environmental stress increases 
the risk regardless of genetic differences. Non-additive interaction refers 
to the situation when the manifestation of a genotype is dependent on 
changes in environmental stress.

There was no overlap in the genetic predisposition to petty  criminality and 
to alcohol abuse. On the other hand, there was a partial overlap of post
natal predisposition to type 2 (the highly heritable type) alcohol abuse and 
petty criminality, which confirmed the findings in the previous study.

Jh e  analysis showed that the major part (about 60%) of explained variance 
was due to congenital factors whereas environment accounted for 19%, 
gene-environment interaction for 14% and gene-environment correlation for 
7%. However, explained variance only accounted for 23.6% of the total 
variance.

It should be noted that the fact that the adoptees were all placed in a 
restricted  range of postnatal environments tends to inflate the relative 
contribution of genetic factors in comparison to individuals in the general 
population.



Validation of male typology

Finally the classification derived from the male adoptees was applied to the 
female adoptees^ with the following expectations:

Type 2 alcohol abuse had been found to be highly heritable in men, where
as mothers of type 2 alcoholic sons appeared normal. It was thus expected 
that daughters with a biological background corresponding to that of type 
2 alcoholic men would not display any excess of either alcohol abuse or 
criminality.

In male adoptees the postnatal contribution predominated over the con- 
gential contribution to severe alcohol abuse. Similarly biological background 
was expected to be insignificant in severe abuse among female adoptees.

Since biological parents of non-alcoholic male criminals exhibited an excess 
of petty criminality, it was expected that criminal parents would also have 
daughters with an excess of criminality but not alcohol abuse. Female 
adoptees registered for criminality were expected to have a biological 
background similar to that of male criminals.

Finally, the classification of postnatal background derived from male adop
tees was applied to the females with the assumption that the contribution 
to alcohol abuse in females would be the same as in male adoptees.

The results from the analyses confirmed the predictions as far as concerns 
the biological backgrounds. There was no significant excess of alcohol 
abuse and criminality in female adoptees with a biological background 
similar to that of adopted men with type 2 alcohol abuse. On the other 
hand, there was a twofold excess of female alcohol abusers (6.7%) with a 
biological background corresponding to mild abuse in men compared to the 
prevalence of alcohol abuse in other female adoptees (3.0%).

There was also a significant increase of criminality (4.9%) among female 
adoptees with a criminal background in comparison to the prevalence among 
other female adoptees (1.4%).

Thus, the male-derived classification of the biological backgrounds was also 
valid when applied to female adoptees. However, the proportion of petty
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criminality in the parents was higher for criminal females than males re 
gistered for criminality. This indicates that the congenital predisposition 
for non-alcohol related criminality was higher in women than in men.

The male-derived classifications of postnatal backgrounds, on the other 
hand, appeared not to be valid for female adoptees. This led to a closer 
analysis of the differences in postnatal determinants in men and women. 
Only about half of the variability in male adoptees explained by postnatal 
antecedents was explained by variables that were also significant for 
females. Similiarly, less than 1/4 of the variability in women explained by 
postnatal factors was explained by variables that were also significant for 
men.

Summary

The main results of this investigation can be summarized in three points:

(1) Alcohol abuse cannot be regarded as a homogeneous tra it distributed 
in the population according to one single dimension - severity. Rather 
two types of alcohol abuse has been demonstrated. Type 1 alcohol 
abuse, accounting for about 75% of the registered adoptees covered 
the entire range from mild to severe abuse. Provided that there was 
a genetic predisposition to that type of abuse the severity in expres
sion was mainly determined by environmental factors.

Type 2 alcohol abuse, on the other hand, was highly heritable over 
the entire range of social backgrounds. Given the predisposition to 
that type of alcohol abuse, the risk was increased ninefold in the
adopted away sons regardless of postnatal influences.

(2) There were clear sex-differences concerning alcohol abuse. Type 1 
abuse was common in both men and women whereas type 2 abuse was 
transmitted primarily from fathers to sons. Also as regards type 1
abuse, men and women reacted differently to postnatal stress.

(3) The investigation also showed that adoptees registered for criminality 
do not constitute a group of homogeneous phenotypes. Different 
genetic and environmental antecedents influenced the development of 
criminality depending on whether or not there was associated alcohol 
abuse.
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In conclusion, the results demonstrated genetic heterogeneity, sex-speci
ficity, and heterogeneity in postnatal antecedants in the development of 
alcohol abuse and criminality. This means that unitary definitions and 
models of alcohol abuse and criminality have outlived their utility.
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The following discussion will primarily be focused on paradigms and basic 
theories regardless of whether these are overtly expressed in the studies 
presented here or not. However, the discussion will not be kept limited to 
a strictly theoretical level, but an attempt has been made to restrict alter
native explanations and suggestions to those which are immediately applic
able in practical science.

Finally, for the sake of simplicity, the discussion will mainly be restricted 
to questions concerning alcohol abuse, but the implications of the theoreti
cal considerations are also valid for the conclusions that are drawn con
cerning criminality.

Verification or falsification

Adherents of the positive school hold the view that a good hypothesis is 
one that has gained support and a good theory is one which has been 
verified. The steady growth of knowledge consists of the unceasing accu
mulation of proven facts.66

In contrast, according to Popper67- 69 the merit of a theory is not that it 
has been verified - in fact, no theory can ever be decisively proven. 
Rather, falsification is the essence of science, the only thing that contri
butes to the growth of knowledge.

Kuhn70*71 agrees that there can be no verification, but maintains, with 
the same logic, that there can be no falsification either. Progress lies in 
the scientific revolution. Scientific work is like the solving of a puzzle. 
There is a theory, an image of what the picture will be when all the pieces
are in their right places, and there are rules about how to fit the pieces
together. When, however, the scientist, meets too many anomalies, i .e.  
observations or data that are incompatible with his theory, he realizes that 
he has to change his idea of the entire puzzle. He has to look for a new 
pattern. His world has received a new dimension. There are other ques
tions to be asked, a new puzzle to be solved.

Feyerabend72, on the other hand, gives no credit to falsification or revo
lution. The growth of science can only be promoted when the scientist
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uses all of his creative powers; imagination, intuition, knowledge, artistic 
skills, and even magic and superstition.

These are some opinions among philosophers of science. The pride of the 
scientist himself is usually directly correlated to the degree of probability 
or level of significance by which his hypotheses have been verified. Now it 
must be admitted, that it is relatively easy to formulate a hypothesis that 
can be verified under almost any circumstance.

For instance, a hypothesis that there will be rain in Alaska next summer 
does apparently not run any greater risk of not being supported by facts. 
Even a prediction that there will be rain in the desert of Sahara next 
summer has a good chance of being verified. There may, for instance, be 
rain on the outskirts of Sahara, areas which are not usually considered as 
belonging to the actual desert. Or, since the word summer has different 
meanings in Africa and in Scandinavia, it could be maintained that a rain
fall in the middle of February is in accordance with the hypothesis. And 
what is rain? Is one hundred raindrops on an area big as a tennis court 
rainfall? There are several conditions on different "levels", all of which 
can be "stretched" a little bit in order to make any atmospheric precipi
tation congruent with the theory and the hypothesis.

A good theory, in Popper's sense, is one that it is possible to falsify - on 
any level. For instance, it can be specified in advance that a clearly 
defined area of the desert will receive at least 3 mm rain during the first 
10 days of July.

The situation is the same also concerning social sciences. Those, for 
instance, who hold that alcoholism is the result of genetic factors will 
certainly always find some support for their view, Those, on the other 
hand, who maintain that alcoholism is the result of environmental influences 
will also gain substantial support for their view. Similarly, those will find 
their hypothesis verified who try  the middle course and predict that 
alcoholism is the effect of both genetic and environmental factors, More
over, the last view can be fu rther sophisticated by hypothesizing that 
environmental factors contribute more to the development of alcoholism than 
do genetic factors - or the contrary.
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However, as has been pointed out above, the situation that a theory has 
been verified is no guarantee that it contributes to the growth of know
ledge. As a matter of fact, not even falsification, or refutation of a theory 
matters so much either. The transition from one theory, or one research 
programme, to another is seldom made because the first one is proven false 
and the second one verified, Rather, a theory is abandoned because the 
questions that can be raised within its framework have become obsolete, 
they belong to an outlived puzzle. That is, the merits of a theory depends 
on if it has "successfully stuck its neck out by predicting experimental 
results which had not been known in advance or whether it simply tinkers 
with its assumptions in such a way as to accomodate the already observed 
facts without successfully anticipating further, yet unobserved, novel 
facts."44

Each theory, or research programme, has its own potential falsifiers as 
also does the theory of dynamic gene-environment interaction which is the 
basis for the present investigation. These falsifiers should not only be 
logical from a theoretical point of view, but should also be possible to 
carry out in practice, Therefore, the circumstances under which the 
conclusions drawn from this study can be tested have to be shown.

The two-type theory

The main result of the investigation was the demonstration of the two 
types of alcohol abuse which (1) have distinct biological and postnatal 
antecedents and (2) differ in their association with criminality and (3) 
differ in their expression in men and women.

These conclusions were drawn after analyses where the adoptees were first 
classified into subgroups according to the degree of severity of registered 
alcohol abuse; 0 = no registered abuse (low risk), 1 = müd, 2 = moderate, 
and 3 = severe alchol abuse. That is, alcohol abuse was treated as a 
quasi-continuous trait subclassified by three artificial thresholds.

The question was whether these three groups of alcohol abuse are only 
three degrees of the same trait or if they represent different phenotypes?
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Figure 5. Classification of alcohol abuse.

The findings are ra ther remarkable, not so much because of the fact that 
the results indicated two types of alcohol abuse but ra ther because of how 
these types were defined. The two types were not separated above from 
each other by one of the thresholds in the figure above such as 1/2,3 or 
1,2/3. Rather classes 1 and 3 appeared to have a common background 
whereas class 2 constituted a separate group with a distinct set of biolo
gical and postnatal antecedents (1 ,3 /2).

At this stage the discussion above (p. 30) about overlap of background 
variables should be recalled. It was said that this overlap concerned only 
the biological and postnatal variables, but that the subclasses of registered 
adoptees themselves constituted distinct classes.

Figure 6. Overlap of background variables.

If the two-type theory is correct, and the conclusion that classes 1 and 3 
constitute one type and class 2 the second type, then the overlap of 
background variables should ra ther be described in the following way:
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Figure 7. Overlap of liability.

The crucial thing is that, as a consequence of the two-type theory, this
overlap also affects the classification of adoptees; type 1 alcohol abuse
covers the whole range from one single registration in the Temperance
Board Register up to the severest forms of alcoholism (including 2-3 re 
gistrations which was the criteria for moderate ab u se).

The situation is fu rther complicated by the fact that type 1 abuse was
more common than type 2. In fact, the smaller the second type is compared 
to the first one, the more difficult it will be to distinguish them from one 
another.

The differences in prevalence and the overlap between the two types of
alcohol abuse can satisfactorily explain the fact that there was a relatively
low proportion of correctly classified subjects in the discriminant function 
analyses (reflecting a low value for Wilk's lambda). Nevertheless, this may 
tu rn  out to be the Achilles1 heel of the whole two-type theory. In fact, 
almost any outcome, even those with a very low value for Wilk's lambda 
and the number of correctly classified cases very close to chance d istri
bution can be regarded as being in accordance with expectations. Con
sequently , the only way to save the theory is to show how it can practical
ly be falsified. It has to be determined under what circumstances overlap 
can be accepted or not.

The nature of the problem can be demonstrated by some examples of pos
sible range of frequency distribution for tra its determined by single locus 
inheritance.
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Figure 8. No overlap.

The firs t example illustrates a dichotomy such as those originally chosen 
for study by Mendel. In this simple case there is no overlap between the 
distributions, the first contains one homozygote and the other contains the 
second homozygote and the heterozygotes. Usually, however, there is a 
varying degree of overlap as, for instance, concerning the distribution of 
the liver enzyme L-phenylalanine oxidase or glucose-6-phosphate dehydro
genase (G-6-PHD) activity in m en.73

Figure 9. Overlap resulting in bimodality.

In the example above the distribution is biomodal and the two populations, 
at least theoretically, rather easily distinguished from each other. In other 
tra its , e .g . G-6-PHD in women, not even bimodality is detectable, the 
distribution is only skewed.

/ \ .
Figure 10. Overlap resulting in skewness.

Finally, the activity distribution of red-cell acid-phosphatase is shown in 
the figure below. Even though this enzyme is known on electrophoretic 
grounds to be determined by three alleles at a single locus, the population 
distribution of enzyme activity is so nearly normal that major locus could 
easily be missed.
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Figure 11. Overlap resulting in normal distribution.

The last example above is a good illustration of the difficulties inherent in 
genetic studies, even those concerned with tra its transmitted through 
single locus inheritance. Concerning tra its transmitted through multifac
torial inheritance, such as alcohol abuse, the overlap is by nature still 
more complicated. In addition, there are no methods available correspond
ing to, for instance, electrophoretic analysis in the example above, that 
can be useful in testing theories of mode of multifactorial inheritance. 
Possibly, there can be found some marker, e .g . MAO-activity, that can be 
useful in an attempt to define a riskgroup or to discriminate between 
different kinds of alcohol abusers. Apparently, tests and falsification of 
the theory and conclusions of the present investigation have to be based 
on knowledge about the segregation of alcohol abuse in families. Frequency 
distribution of alchol abuse in the general population quite obviously is an 
inadequate basis for evaluating mode of inheritance. Family data are essen
tial, although population data may provide useful adjunctive information.

The time effect

It can reasonably be assumed that some adoptees who were not registered 
when this study was carried out will be registered later in life. Some of 
the mild abusers in this investigation may accumulate registrations which 
will transfer them to the subclass moderate, or maybe even severe. In the 
same way some moderate abusers will later on meet the criteria for severe 
abuse.

If all adoptees who were registered at the time of this study accumulated 
the same amount of additional reigstrations over the years, there would be 
no problem, the thresholds would just have to be redefined. But this will 
certainly not happen. Some adoptees, but probably not many, who were 
not registered in this investigation will be registered later in life. Similar
ly, some who were registered already at the time of this investigation will
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accumulate more registrations over the years. If a new study is carried 
out on the same cohort after, for instance, 10 years, it will probably turn  
out that the definitions of the thresholds will have to be slightly adjusted. 
This, however, does not affect the theory, but a hypothesis can be ad
vanced in order to test the conclusions from the present study; the adop
tees who over the years accumulate new registrations will to a substantial 
extent be those cases classified incorrectly in this study.

At the time of the present study the adoptees ranged in age from 23 to 43 
years. Variation in the age had here no effect on the observed risks, 
which can be explained by the fact that most registrations occur before 
the age of 23. Thus, there cannot be expected any major changes in 
number of registrations after another 10-year period, but additional regi
strations are expected to reduce the number of incorrectly classified cases.

Secular trend and sex-differences

The present study showed that type 1 alcohol abuse was common in both 
men and women whereas type 2 alcohol abuse was highly heritable in men 
but seldom expressed in women.

The interactionist programme, however, presupposes that the effects of 
genetic predisposition varies with different environmental conditions. In 
past decades, much more than nowadays, the social and psychological 
influences as well as drinking habits were very different for men and 
women. Until 1955 the sale of alcoholic beverages was regulated through 
the use of a customer's passbook, the possession of which was almost 
exclusively reserved to the male population.

Since 1955 there has been a decisive change in female drinking, towards a 
development of habits very similar to those of the male population. Teenage 
alcohol abuse especially has, in the last decade, been almost as usual 
amongst girls as amongst boys, but this trend cannot be traced in our 
cohort, since the youngest adoptees were born as early as 1949.

According to the present study females usually manifested type 1 alcohol 
abuse of the severity which is mainly determined by environmental influen
ces. Females seldom expressed type 2, the highly heritable form of alcohol 
abuse. In order to test this part of the two-type theory other studies
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have to be carried out with younger samples of adoptees. The sex-diffe- 
rences concerning heritability have to be tested on a population in which 
male and female drinking habits are much more uniform than in the present 
s tu d y .

Sampling bias and generalization

Obviously, the adoptive situation is in many respects different from grow
ing up in a biological home. Therefore it has to be shown that the con
clusions drawn from these studies are relevant also for a non-adopted 
population. For that purpose a control group of non-adopted individuals 
has to be selected, matched with the adoptees for sex, age and alcohol 
abuse. Information about occupation, alcohol abuse and criminality in the 
parents has to be obtained and it can be tested whether the biological 
background in the different subclasses in the controls (mild, moderate and 
severe alcohol abuse) is similar to that in the adoptees.

It must here be kept in mind that the controls and the adoptees have
different early childhood experiences. Postnatal variables for the adoptees 
such as age at placement, institutional care before adoption etc. are not 
relevant for the controls. The hard core of the interactionist theory is 
that the manifestation of the genotyp is dependent of the environmental 
conditions. The same biological background for adoptees and controls may 
therefore not be expected to results in similar expressions of alcohol 
abuse, so the conclusions drawn from the adoption study can not directly
be tested by this control study. But this fate is shared with most other
theories. There is seldom, if ever, one crucial test, falsification of a 
theory is a piece-meal business. Nevertheless, there are several details, or 
subordinate problems that can be shed light on.

F irst it can be tested whether conclusions drawn from the adoptive study 
about the relation between alcohol abuse and criminality are relevant also 
for a non-adopted population.

Another important issue is that of social status; does low social status in 
the biological parents contribute to the risk of alcohol abuse to the same 
degree in the controls as in the adoptees? Another important piece of 
information will be given from a comparison of the correlation between 
occupational status of alcoholic controls and their parents with that be
tween alcoholic adoptees and their biological parents.
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Occupational status related to alcohol abuse and criminality

For the analysis of alcohol abuse and criminality in the adoptees infor
mation was used about occupational status both in biological and adoptive 
parents. It may appear somewhat remarkable that the occupational status of 
the adoptees themselves was not included in the analysis, but this was 
quite deliberately.

Certainly, there is a strong association between occupational status and 
criminality as well as between occupational status and alcohol abuse, but 
these variables are so closely interwoven that it is difficult to decide which 
of them is the cause and which is the effect. In fact, this is perhaps the 
most intricate problem in an attempt to evaluate the significance of the 
studies presented here.

The results of the studies showed that there was a strong correlation 
between criminality and alcohol abuse. It was also shown that criminality is 
usually secondary to alcohol abuse, but the question is; What is the re 
lationship between alcohol abuse and occupational status? Does low occu
pational status increase the risk of alcohol abuse, or is low status the 
effect of abuse?

If the problem is reduced to such simple and straight-forw ard questions it 
is obvious that any view can be verified at a substantial level of signifi
cance. Consequently, the problem has to be reformulated and other ques
tions have to be asked.

In order to disentangle these intricate inter-relationships a new study is 
planned with the following design; For a cohort of children1- 4 born after 
unwanted pregnancies data are recorded concering occupational sta tus, 
alcohol abuse and criminality for biological, adoptive and foster parents at 
the time when the child was born. New data will now be recorded for the 
same variables in the parents as well as for alcohol abuse in the adoptees 
when they reach the age of 23 years.

That is, occupational sta tus, alcohol abuse and criminality are recorded on 
two different occasions for biological, adoptive and foster parents. Occupa
tional status is classified in accordance with the British system into five 
classes ranging from professionals (class 1) to unskilled blue-collar work
ers (class 5).
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It may be anticipated that some parents will have the same occupational 
status on both occasions whereas others will have ascended or descended. 
The development of alcohol abuse and criminality could then be related to 
high or low occupational status as well as to upward or downward trends. 
This will not distinguish between cause and effect in the mutual relation
ship, but alcohol abuse in the adoptees could then be seen in relation to 
the outcome in the p a ren ts .

It was shown in the present study that alcohol abuse in the adoptees was 
correlated with both alcohol abuse and occupational status in the biological 
fa thers. The question about the mutual relationship between alcohol abuse 
and occupational status can now be reformulated in the following way: Is 
the relationship between alcohol abuse and occupational status similar to 
that between alcohol abuse and criminality? (1) Is alcohol abuse secondary 
to occupational s ta tus, that is, is alcohol abuse in the adoptees related to 
occupational status (upward or downward trend ), regardless of alcohol 
abuse, in the biological parents? (2) Is alchol abuse in the adoptees asso
ciated with alcohol abuse in the biological parents irrespective of trends in 
occupational status?

In the presents study there was a significant correlation between alcohol 
abuse and occupational status in the biological fathers as well as a signifi
cant correlation concerning occupational status between the generations. If 
alcohol abuse now appears to be secondary to occupational sta tus, then one 
has to consider the hypothesis that it is occupational status ra ther than 
alcohol abuse that is directly affected by gene-environment interaction. 
That is, studying alcohol abuse over two generations without taking into 
account its dependence on occupational status would be to commit the same 
erro r as correlating criminality in two generations without regard to its 
relation to alcohol abuse.

Phenotype or symptom

Granted that there is no sampling bias, secular trends or other factors 
that may affect the resu lts, there is still the question of validity. What is 
alchol abuse? What is criminality?

In this investigation the dependent variables are seen as phenotypes, and 
as such the result of an interaction between genetic predisposition (geno
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type) and the environment. According to the dynamic interactionist theory 
a given genotype can result in quite different phenotypes depending on 
the environmental conditions. As a consequence, prevention of alcohol 
abuse and criminality can entirely be dealt with in terms of changes in 
environmental conditions. Here it must be kept in mind that whereas the 
postnatal variables used in this investigation only had ra ther marginal 
effects on the risks for developing alcohol abuse, the quite decisive and 
everything else overshadowing environmental factor is alcohol itself.

Thus, the prevention of alchol abuse (and criminality, which often is its 
consequence) is to a very great extent reduced to an ”alcohol problem", 
that is to the distribution of alcohol and to drinking habits.

Another view is that alcohol abuse is merely a symptom, or ra ther only one 
symptom among many other possible of an underlying cause. The basic 
reason can be, for instance social or psychological s tress , the effects of 
which, if not expressed in overtly alcohol abuse, will instead be manifested 
as psychiatric or somatic disorders. Major changes in drinking habits, e .g . 
through restrictions in the sale of alcohol may only have the result that 
the underlying cause will be manifested through other symptoms.

In order to answer this question it has to be investigated whether the 
same biological and postnatal antecedents that are important for the deve
lopment of alcoholism also increases the risks for somatic and psychiatric 
illness. Three aspects are of special interest:

(1) Do adoptees with a postnatal background characteristic for type 1 
alcohol abuse show an increased prevalence of somatic and psychiatric 
illness? Do adoptees with that background who are not themselves 
alcohol abusers show a higher prevalence of illness than adoptees with 
the same background who in fact are abusers?

(2) Is there in adopted men with a background that distinguishes type 2 
alcohol abuse an increased prevalence of illness that is independent of 
postnatal stress? Do adoptees with that background who are not 
alcohol abusers show increased illness compared to those who in fact 
are registered for alcohol abuse?
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(3) Similarly, how is somatic and psychiatric illness related to biological 
and postnatal antecedents predisposing to petty criminality?

Comments on Material and Methods

The investigation presented here is a register study with all its inherent 
limitations - and merits. These problems have previously been discussed 
by other au th o rs .74 The preponderant objection that can be raised against 
the use of register data concerns reliability. For instance, is registration 
by the Temperance Board a good measure of the actual degree of alchol 
abuse in a population? Or, what is the congruence between the occurrence 
of criminal behaviour in society and that reported in official records. To 
what extent is registration only a reflection of social class?

Of course, hypothesis-testing presupposes reliable data, but such objec
tions do not in fact directly affect the fundamental theory. There are two 
aspects here that must not be confused. One is that people of lower social 
classes are much more likely to be registered in the case of alcohol abuse 
or criminal acts than people of higher social classes. The other aspect is 
the assumption, discussed above, that low social status is the cause of 
alcohol abuse or criminality.

Another question that more directly affects the basic theory is whether the 
data have been subjected to the most adequate statistical methods. This is 
a matter of concern particularly in the use of discriminant function analy
sis. Several of the independent variables are dichotomous in nature - and 
hence may not be amenable to a discriminant analysis which, according to 
most statistical text-books, assumes a multivariate normal distribution. 
Perhaps a more appropriate method of analysis would have been logistic 
regression with the biological and postnatal variables as the dependent 
variables. This model also allows for an estimation of genetic-environmental 
interaction effects. With the logistic regression it would also be possible, 
to look at conditional probabilities, for instance (1) the probability of any 
abuse, (2) the probability of mild given any abuse, (3) the probability of 
moderate given moderate or severe abuse. The subgroups here are treated 
according to the ordering of severity of alcohol abuse.

Considering that the choice of statistical method must be subordinate to 
th# problem that has to be solved, attention should be drawn to the fact



55

that the problem in this case was not to estimate the probabilités of mild, 
moderate and severe abuse respectively. Rather, the question was whether 
the different subgroups represent different traits or not - or, with refe
rence to the fundametnal theory, whether the three subgroups are distin
guished by distinct pre- and post-natal antecedents. That is, they cannot 
be treated as if the three subgroups represent an inherent successive 
ordering. To use a logistic regression analysis would be to miss the point 
of the theory.

Theoretically, alcohol abuse is not a protein or other primary gene product 
whose concentration is likely to be inherited according to a process vary 
ing in degree along a single dimension; ra ther alcohol abuse is a develop- 
mentally complex behaviour that is likely to be multidimensional and etiolo- 
gically heterogeneous.

The discriminant analysis that was carried out on the biological variables 
involved the simultaneous discrimination of four groups. Three independent 
functions were found to be significant, clearly demonstrating that alcohol 
abuse involves heterogeneous subforms, not variation in severity along a 
single dimension. Even if it would be theoretically possible to handle this 
problem with logisitc regression, there is actually no readily available 
computer algorithm at hand for logistic regression with multiple response 
groups.

Discriminant analysis is derived strictly assuming that all predictor variab
les have a multivariate normal distribution, but this assumption need not 
be strongly satisfied for the purpose of factor selection or classification. 
More specifically, significance tests for the selection of relevant risk 
factors by discriminant analysis are robust to violations of the normality 
assumption and in practice are equivalent to those obtained by logistic 
reg ression .74’75 Estimates of the magnitude of the relative importance of 
the relevant factors may be biased in the discriminant analysis, particular
ly when several dichotomous variables are important, but both the selection 
of variables and the classification of subjects by discriminant analysis are 
highly robust, giving essentially the same results as logistic regression. 
This is illustrated in detail in the classic, analyses of risk factors for 
coronary heart diesase in the Framingham Heart S tudy .74
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Thus, there is no evidence that discriminant analysis is inferior to logistic 
regression analysis in determining which risk factors influence the inci
dence of a disease, even when some or all variables are dichotomous. 
Other analyses, available in statistical packages, like AID or THAID are 
not suitable for other reasons.
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IMPLICATIONS FOR SOCIAL POLICY

It has been shown that alcohol abuse and criminality are the results of the 
interaction between genetic predisposition (genotype) and environment. Of 
course, there are no ”alcohol genes" or "criminality genes". (It must be 
emphasized that this investigation concerns the inheritance of liability - 
not the inheritance of tra i ts . )

In the case of alcohol abuse a firs t prerequisite is an inborn ability to 
drink to such an extent that it gives rise to social or medical problems. 
Apparently, not all people seem to have this ability. All the evidence 
indicates that genetic factors play an important role in the transmission of 
this inability.

Secondly, among those people who are able to drink alcoholic beverages, 
there may be genetically determined characteristics that under certain
environmental conditions will increase the risk of abuse. For instance, 
some people may be more prone to develop dependence than others.

The very complicated role that genes play in the transmission of any
liability falls outside the scope of this investigation, but together with the 
brief remarks above some implications can be pointed out that follow from 
the theory of gene-environment interaction.

(1) Alcohol abuse and alcoholism are regarded as phenotypes, and as
such, the result of both genetic and environmental factors. In this
context alcohol itself is the all-important variable. Any plans that are 
directly aimed at decreasing alcohol abuse must therefore primarily 
focus on the reduction of the distribution and consumption of alcohol 
as well as on changes in drinking habits.

(2) This does not exclude the possibility that alcohol abuse can also be 
indirectly prevented by changing other environmental conditions that 
increase the risks.

(3) Alcohol abuse in this context is not to be regarded as just one of 
many other possible symptoms of, for instance, social or psychological 
stress. This means according to the theory - that there need not be 
an increased risk that individuals with a strong liability to alcohol
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abuse will manifest other symptoms if drinking habits are changed or 
consumption of alchol is drastically reduced.

(4) Type 2 alcohol abuse was found to be highly heritable from father to 
son and fairly independent of postnatal stress. This does not imply 
that the prevalence of type 2 abuse is almost entirely due to the 
effect of genetic predisposition and hardly at all the result of en
vironmental factors.

What it means is ra ther that this genotype is extremely vulnerable to 
one specific environmental variable - alcohol. Furthermore this vulner
ability is so strong that it outweighs all other external factors, even 
social status. Finally, this vulnerability is not the effect of early 
negative experiences such as separation from the mother, institutional 
care in infancy e tc ., but is genetically transmitted from fathers to 
sons.

Of course, psychological reasons can always be put forward in the 
case of alcohol abuse, but the moral burden of children's misery has 
too easily been layed on the shoulders of already deeply depressed 
mothers and fathers. One implication of this model is instead that the 
moral and judicial responsibility ultimately falls upon those who acti
vely or passively take part in the distribution of alcohol.

(5) Concerning type 1 alcohol abuse it was shown that, given the genetic 
predisposition, the severity of abuse was mainly determined by post
natal s tress. It does not follow from this that type 1 abuse is less 
heritable than type 2 abuse. All that is stated is that the genotype 
which predisposes an individual to type 1 abuse is different to that 
which gives rise to type 2 abuse insofar as the genetically determined 
vulnerability to exposure to alchol is significantly increased by other 
environmental factors. (It may be remembered that type 1 abuse was 
three times as common as type 2 abuse.)

(6) Concerning criminality, the only implication that seems to be firmly 
warranted is that prevention of alchol abuse will result in a reduction 
of criminality, especially of recurrent and severe forms.
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(7) The 39 petty criminals with no records of alcohol abuse are too few to 
allow any decisive conclusions to be drawn. However, the acceptance 
of the concept "liability to criminality" seems to imply that the whole 
idea of crime and punishment should be reconsidered. If genetic 
factors can indeed be shown to contribute to that liability, the an
cient and venerable jurisprudence of society, resting on the concept 
of penalty and penance, will appear utterly  out-of-date and primitive.
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