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Clinical Genetics as Clues
to the "Real" Genetics of
Schizophrenia

(A Decade of Modest Gains While
Playing for Time)

by Irving I. Gottesman, Peter
McGuffin, and Anne E. Farmer

Abstract

Although a decade has passed since
the genetics of schizophrenia was
examined for the Schizophrenia Bul-

letin, the epigenetic puzzle of
schizophrenia has not yielded its
secrets to any scientific break-
through. In this article we review a
sample of the highlights relevant to
enlightened genetic thinking, i.e., a
broad diathesis-stressor framework
with multifactorial causation as-
sumed and with provision for the
epigenetic interaction of psychoso-
cial as well as neurobiological
factors.

The clinical genetic epidemiolo-
gist needs to know the lifetime
morbid risks generated by different
definitions of schizophrenia, as
well as the consequences for the fa-
milial risks generated by the
various family, twin, and adoption
strategies. Schizophrenia appears to
occur through an interaction of a ge-
netic susceptibility with some kind
of environmental stress; the stress
need not be an environment con-
taining a person with a diagnosis in
the schizophrenia spectrum; the ge-
netic factors in schizophrenia have
specificity as they do not increase
the risk for major affective disor-
ders or delusional disorder. Clearly,
schizophrenia is clinically or
phenotypically heterogeneous, but
whether this variety is paralleled by
etiological heterogeneity or to what
extent is problematic. Once the ex-
istence of an important genetic pre-
disposition to developing
schizophrenia has been established,
it becomes important to provide a
theory (or theories) to account for
its mode (modes) of transmission.
Psychiatric geneticists have not yet
solved the problem, in part because
of the difficulty of specifying the
appropriate phenotype to analyze

and also because of the unknown

degree of heterogeneity.

Genetic markers are a special cat-
egory of biological markers. In ad-
dition to conventional markers, the
advent of "the new genetics" of re-
combinant DNA has meant that
many more genetic markers
(probes) are now available and that
the day is not far off when the hu-
man genome will be extensively
mapped. Considerable optimism
exists about the future usefulness of
genetic markers in detecting major
gene effects and resolving problems
of heterogeneity in schizophrenia.

Although a decade has passed since
the genetics of schizophrenia was
critically, passionately, and minutely
examined for the Schizophrenia Bul-
letin via an invited review (Gottes-
man and Shields 1976), together
with invited and spontaneous com-
mentaries (Dohrenwend 1976; Kes-
sler 1976; Kety et al. 1976; Kringlen
1976; Lidz 1976; Matthysse 1976;
0degaard 1977; Torrey 1977), the
epigenetic puzzle of schizophrenia
(Gottesman, Shields, and Hanson
1982) has not yielded its secrets to
any scientific breakthrough. The
controversies surrounding the
causal roles for generic factors con-
tinue unabated, with believers, dis-
believers, and agnostics all beating a
path to the podium (e.g., Lidz,
Blatt, and Cook 1981; Pope et al.
1982, 1983; Abrams and Taylor 1983;
Crow 1983; Grove 1983; Murray and
Reveley 1983; Lewontin, Rose, and
Kamin 1984).

In 1976 we noted that "Continu-
ing uncertainty about the etiology of
schizophrenia calls for periodic reap-
praisal of relevant data and conclu-
sions, reappraisals guided by a
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beacon of modest doubt to avoid the
distorted views of both the zealot
and the skeptic" (Gottesman and
Shields 1976, p. 360). In that spirit
we shall review a sample of the
highlights relevant to enlightened
genetic thinking, i.e., a broad di-
athesis-stressor framework (Rosen-
thai 1963) with multifactorial
causation assumed (Reich,
Cloninger, and Guze 1974) and with
provision for the epigenetic interac-
tion of psychosocial as well as neu-
robiological factors (Gottesman,
Shields, and Hanson 1982; Nicol and
Gottesman 1983; McGue, Gottes-
man, and Rao 1986), from among
the developments of this past dec-
ade. We shall also try to make
some informed guesses about the
best placement for continuously in-
sufficient human and financial
resources.

First, however, we must acknowl-
edge with sadness the profound
losses to our disciplines, through
death or disease, of major contribu-
tors to our thinking about genetic
aspects of schizophrenia. We there-
fore pay homage to Margit Fischer,
Lennart Kaij, Hisatoshi Mitsuda,
0rnulf 0degaard, David Rosenthal,
James Shields, and Eliot Slater. Al-
though no way can be found to
compensate for the net loss of their
experience and wisdom, the poten-
tial toll on further research advance-
ment demands attention to the
recruitment and training of appro-
priate scientists lest the infrastruc-
ture for genetic psychopathology
crumble.

Overview of Schizophrenia—
Relevant Reviews

Informative, specialized reviews
with rich bibliographies should be
consulted by readers who wish to
explore in depth topics we can only

treat summarily. Henderson (1982)
updated the literature on human be-
havioral genetics, while Loehlin,
Willerman, and Horn (in press) have
assumed that heroic task for person-
ality, psychopathology, and cogni-
tion. Kendler (1983) re-reviewed
twin studies and confirmed our
earlier conclusions about their es-
sential validity. Propping (1983)
compiled a scholarly collection of all
those genetic disorders which, at
times and to some clinicians, pres-
ent as "schizophrenias"; thus these
"genocopies" or genetic imitators of
schizophrenia complement the clas-
sical treatment by Davison and
Bagley (1969) of the phenocopies of
schizophrenia, those schizophrenia-
like psychoses associated with drug-
induced and nongenetic disease-re-
lated organic disorders of the central
nervous system. All research into
the clinical and etiological hetero-
geneity, the psychopathology, and
the pathogenesis of schizophrenia
should be informed by the ac-
cumulating data on genocopies and
phenocopies. For example, the
symptomatic overlap between
schizophrenia and some cases of
Huntington's disease might be ex-
plained in part by the revelation of
left globus pallidus abnormalities in
blood flow measured by positron
emission tomography (PET) (Early et
al., in press), thereby implicating
shared neuropathology (Bruyn,
Bots, and Dom 1979).

Zerbin-Riidin (1980) has updated
her definitive handbook chapter
(1967), thus permitting continued
contact with the non-Anglo-Saxon
European literature (cf. Schizophrenia
Bulletin, Vol. 12, No. 1, 1986). The
carefully orchestrated Second
Rochester International Conference
on Schizophrenia has resulted in a
collector's gem that will give joy for
years to come (Wynne, Cromwell,
and Matthysse 1978). Omnibus texts

dealing solely with schizophrenia
and giving a balanced hearing to ge-
netic observations are well worth
consulting (Neale and Oltmanns
1980; Cutting 1985). Edited works
from conference proceedings often
lack the kind of peer review seen in
the better scientific journals, but
they do permit one to keep up with
work-in-progress by "visible col-
lege" members (Matthysse 1981;
Nasrallah and Henn 1982; Alpert
1985; Sakai and Tsuboi 1985). An an-
thology of articles on schizophrenia
covering more than a decade from
the British journal of Psychiatry has

appeared (Kerr and Snaith 1986)
with a wealth of thoughtful and
provocative offerings.

A guide to the present and future
contributions of molecular and
mathematical genetics was edited by
Gershon et al. (1981); it provides a
blueprint, in part, for the next de-
cade. Goldin and Gershon (1983),
Cloninger, Reich, and Yokoyama
(1983), and McGuffin and Sturt
(1986) introduce us to the complex-
ities of the new genetics, while
Cloninger et al. (1985) review the
contributions of genetic epidemiol-
ogy. Faraone and Tsuang (1985) suc-
cessfully accomplish the difficult
task of reviewing for behavioral sci-
entists the many modern attempts
to apply mathematical genetic mod-
els to family data sets to explain the
mode(s) of transmission.

Longitudinal prospective and
retrospective high-risk research has
achieved a respectable "yuppie-like"
maturity since the strategies were
outlined in broad brush strokes by
Pearson and Kley in 1957. The in-
terim and final yields from such
projects will contribute important
pieces to the final schizophrenia
puzzle solution. Justice cannot be
done to the material within the
scope of the present review. Over-
views of the progress, promises,
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and disappointments can be tracked
in the encyclopedic volume edited
by Watt et al. (1984), in Garrone,
Jablensky, and Manzano (1986), in
Erlenmeyer-Kimling and Miller
(1986), in the Schizophrenia Bulletin,

Vol. 11, No. 1 (1985) for the continu-
ing saga of the Israeli study
launched by Rosenthal, and in
Nuechterlein (1986).

Classification and Diagnosis

A schizophrenic is a schizophrenic is
a schizophrenic? False, true, and
cannot say! Our field needs an Ein-
stein not a Gertrude Stein to
straighten out the disordered, de-
railed, and ambiguous thoughts
about the most valid way in which
to diagnose the presence of schizo-
phrenia and, eventually, the poten-
tial for developing it. Meehl (1986,
p. 217) has succinctly stated the sine
qua non for progress in research:
"The pulling together of research
data to give a coherent interpreta-
tion of an alleged psychiatric entity,
whether taxonomic or dimensional
in nature, presupposes the pos-
sibility of scanning the research liter-
ature with at least some reasonable
confidence that patients called
schizophrenic by one investigator
are like those called schizophrenic
by another." Such an innocent pre-
supposition would endanger the
health of your analyses and meta-
analyses (see Andreasen, in this Spe-
cial Report). Results from family,
twin, and adoption studies of
schizophrenia using an ICD (Inter-
national Classification of Diseases)
(World Health Organization 1967)
diagnosis cannot be naively equated
across or within such strategies with
studies using RDC (Research Diag-
nostic Criteria) (Spitzer, Endicott,
and Robins 1978), DSM-III (Ameri-
can Psychiatric Association 1980), or
Catego (World Health Organization

1973), let alone with clinical
diagnoses.

Trenchant critiques (Kendell 1975;
Kety 1980; Eysenck, Wakefield, and
Friedman 1983; Blashfield 1984)
make it clear that the concept of
schizophrenia is an "open concept"
(Pap 1958; Meehl 1986) and a "fuzzy
natural category" (Cantor and
Genero 1986) whose validity evolves
from changes in the information
contained in its associated
nomological network. Absent infal-
lible indicators of schizophrenia and
absent infallible validity criteria for
evaluating the indicators, we face a
necessary uncertainty in evaluating
the genetic literature.

Dissatisfaction with the status quo
for making psychiatric diagnoses is
disquieting (Grove and Andreasen
1986; Millon and Klerman 1986;
Zubin 1986). The decision to intro-
duce a "midcourse correction" to
DSM-III on the way to DSM-IV and
the continuing negotiations over the
form to be taken by ICD-10 (ex-
pected early in the next decade)
have combined to destabilize confi-
dence in one's diagnosis of schizo-
phrenia (Brockington, Kendell, and
Leff 1978; Endicott et al. 1982; Finn
1982). Rothblum, Solomon, and Al-
bee (1986) bemoan the fact that the
number of diagnostic entities has
mushroomed from 60 in the first
edition of the DSM to 230 in the
present and project 400 by the end
of the century. Disciples of
Leonhard (1979, 1986) are enthusias-
tic about his 22 subtypes of
schizophrenia.

In an exemplar of construct val-
idation for nine definitions of
schizophrenia, Stephens et al. (1982)
applied the criteria sets to 283 pa-
tient charts after discharge with
nonaffective, nonorganic psychoses
"conservatively" diagnosed (i.e.,
based on observations of behavior as
opposed to psychodynamic in-

ferences). It is especially important
to note here that, depending on
one's views, schizoaffective, schizo-
phreniform, borderline schizo-
phrenia, and paranoid psychoses
are arbitrarily excluded or arbitrarily
included in the different concepts of
schizophrenia. Only 7 percent of the
patients were called schizophrenic
by all nine systems. DSM-III criteria
were met by only 37 percent of pa-
tients, the same yield obtained by
applying the first rank symptoms
(FRS) of Schneider (see Koehler
1979); however, they were not the
same patients—77 percent of FRS
cases were diagnosed schizophrenic
by five or more systems compared
with 94 percent of the DSM-III
cases. Thus, the obvious difference
in narrow vs. broad diagnostic ori-
entation does not necessarily make
the systems tested hierarchical ones,
with all narrow systems being
"nested" within all broader systems.
Carpenter, Strauss, and Bartko's
(1973) criteria (level 5) captured 53
percent of the sample compared to
yields of 46 percent for RDC and 38
percent for St. Louis criteria
(Feighner et al. 1972); all three crite-
ria sets would be classified as nar-
row ones as would the FRS
orientation.

Much more data are provided by
Stephens et al., but we must defer
an extension to such crucial issues
as the sensitivity and specificity of
the concepts tested and their re-
liabilities. The three-fold difference
in yields between their narrowest
(DSM-III, FRS, or St. Louis) and
their broadest (hospital chart) con-
cepts is the point we wish to empha-
size here. The authors noted that
had DSM-III and RDC allowed for
schizoaffective and schizophreni-
form disorders to be included under
the schizophrenia umbrella, the
yields would have been close to 70
percent, the absolute agreement be-
tween the two, 89 percent with a
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kappa (Cohen's index of agreement
corrected for chance; see Bartko and
Carpenter 1976) of .75.

In another paradigm for validating
the definition of schizophrenia,
Brockington, Kendell, and Leff
(1978), using two English hospital
samples of functional psychotics,
tested 10 definitions including ICD
295 (schizophrenia including schizo-
affective and borderline) and 297
(paranoia), three levels of Catego
based on the (structured interview)
Present State Examination (PSE)
(Wing et al. 1974), Taylor, Abrams,
and Gaztanaga (1975), a World
Health Organization project diag-
nosis, and others overlapping with
those mentioned above. They found
an 11-fold difference in the yields
from the narrowest (Taylor,
Abrams, and Gaztanaga) to the
broadest (Astrachan et al. 1972; New
Haven Schizophrenia Index) concept
in one sample. In the other sample
of 134 psychotics, the highest yields
were from the U.S./U.K. project
clinical diagnoses (57) and from Cat-
ego (broad) (56), that is, counting all
computer algorithm cases of definite
or probable S, P, or O.

By following up this latter sample
for an average of 6.5 years, the in-
vestigators had sufficient informa-
tion from all sources to call 54/122
psychotics "final diagnosis" schizo-
phrenics. With this as a criterion the
initial diagnoses could be evaluated;
the best true positive rates were
from Catego (broad) and RDC
(broad) with 40 and 37 hits, respec-
tively (false positive misses were 16
and 7, while false negatives were 14
and 17). When employment status
and social involvement at followup
were accepted as a validating crite-
rion, the clinical diagnoses, Carpen-
ter (5), Langfeldt (1960), RDC
(broad), and Catego (broad) proved
superior to the base rate prediction
for all 129 psychotic patients. The

authors concluded that operational
definitions were a step in the right
direction.

The problems described so far are
magnified within the context of
clinical genetic research as the basic
data consist of rates of affection with
the same disorder in the relatives of
various kinds of probands or index
cases, be they twins, adoptees, sib-
lings, or spouses. It is easy to envi-
sion a situation where the proband
meets criteria for schizophrenia in
one system and relative meets crite-
ria in a different system. Such a
"miss," repeated often enough,
would prevent the detection of
schizophrenia as a familial disorder.

Before the construct validity
efforts described above, we had
mounted a polydiagnostic approach
to a benchmark data set consisting
of the case histories of 114 twins (57
pairs), 62 of whom had a United
Kingdom hospital chart diagnosis of
schizophrenia. The histories have
been judged or rated without
knowledge of zygosity or cotwin
status by numerous experienced
clinicians from diverse schools of
thought, by Catego, and by various
older and newer operational defini-
tions (Gottesman and Shields 1972;
McGuffin et al. 1984; Farmer,
McGuffin, and Gottesman 1984, in
press; McGuffin, Farmer, and Got-
tesman, in press). One goal of these
explorations has been to use the
concordance rates generated in the
twins by each definition of schizo-
phrenia as a means to construct val-
idation. Some of the yields from
various criteria sets are shown in
table 1. Individual judges' diagnostic
orientations are briefly characterized
in the table. A 27-fold difference in
the yields from contrasting the most
"generous" clinician when wearing
his Danish adoption study soft spec-
trum hat (Dr. Joseph Welner) with
the narrowest concept we have

tried, the Type II schizophrenia of
Dr. Timothy J. Crow (1985), who
kindly guided our operationalizing
of his concept for subtyping schizo-
phrenia, can be seen in table 1.

Such a display of yields ranging
from 3 to 81 hits from the criterion
sample of case histories gives both
pause and food for thought; the hits
for the clinical judges included their
probable schizophrenics and some
27 histories had a consensus from
our six-judge panel of "within nor-
mal limits." We will not presume to
reach a conclusion yet as to whether
broader concepts are better than
narrower or vice versa. Each concept
can be used to answer empirical
questions about its own validity.
Given the constraints on the usual
sample sizes available to genetic re-
search strategies, low-yielding defi-
nitions cannot be recommended.
The clinical genetic epidemiologist
needs to know the lifetime morbid
risks (age-corrected for the variable
age of onset of schizophrenia) gen-
erated by each definition as well as
the consequences for the familial
risks generated by the various fam-
ily, twin, and adoption strategies.
Recall that we usually work with the
assumption, based on the Western
European studies of psychiatric epi-
demiology, that the lifetime morbid
risk for an ICD-like definition is
close to 1 percent (McGue, Gottes-
man, and Rao 1983; Jablensky 1986).
The yield for DSM-111 schizophrenia
of 44 is considerably less than that
for RDC (broad, 54), for the complex
of Catego S, P, O (broad, 52), for the
six-judge consensus (69), or for the
United Kingdom hospital chart diag-
noses (70). We can estimate that the
last two would be approximated
closely by ICD 295 plus 297. Others'
uses of Feighner et al. criteria might
not lead to our yield, which is com-
parable to Catego S, P, O (53 and
52), owing to the life-span nature of
our histories which covered many
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episodes and revealed the course of
illnesses. We shall examine the con-
sequences of some of the concepts
for twin concordance rates below.
The hierarchical nature of the con-
cepts has only been partially ex-
plored (Carey and Gottesman 1978;
Stephens et al. 1982).

Epidemiology for Genetic
Research

We can now examine directly the
lifetime morbid risks for schizo-
phrenia defined along a continuum
from broad to narrow and which
may be used for extrapolation from
the data in table 1. In a new collab-
orative study of schizophrenia and
other severe mental disorders, the
World Health Organization (Sar-
torius et al., in press) has inter-
viewed with the PSE and diagnosed
1,352 first-contact psychotic patients
from 13 geographically defined
catchment areas in 10 countries, in-
cluding 6 which had participated in
the earlier International Pilot Study
of Schizophrenia (IPSS) (World
Health Organization 1973, 1979).

Among the goals were the calcula-
tion by sex of incidence, prevalence,
and lifetime morbid risk cross-
culturally, and the testing of ideas
about life events, expressed emo-
tion, and determinants of outcome.
Genetic and psychosocial theories
about the etiologies of the schizo-
phrenias will be critically informed
by the results.

Clinical genetic studies of schizo-
phrenia require the lifetime morbid
risk as a basic datum before the sim-
ilarly age-corrected rates in different
classes of relatives differing in ge-
netic overlap (100 percent in identi-
cal twins, 50 percent in first degree
relatives, and 25 percent in second
degree relatives) can be further
quantified for use in genetic model
fitting (see below). Of universal in-
terest and importance was the find-
ing that the incidence rates of
schizophrenia were very similar
across such vastly different groups
as rural India, Honolulu, Moscow,
Dublin, and Aarhus (Denmark). The
uniformity of case finding and defi-
nition may have resolved many
earlier discrepancies and interpreta-
tions (Dohrenwend et al. 1979; Tor-
rey 1980); some high density and

some low density groups still re-
main a mystery. Four different but
nested inclusion categories were
used: (1) a clinical, ICD diagnosis of
a nonaffective, nonorganic psy-
chosis or meets criteria for Catego
S,P,O; (2) Catego S,P,O; (3) the for-
mer, less doubtful cases of O; and
(4) Catego S+ (i.e., omitting doubt-
ful cases of S). Concept (2) corre-
sponds to a yield of 52 and concept
(4), a yield of 17 in table 1.

The narrowing of the concept
from step 1 to step 2 reduced the
study population to 86 percent; nar-
rowing from step 1 to step 4 reduced
the study population to 56 percent
with "nuclear" schizophrenia (hav-
ing one or more FRS of Schneider).
Of most importance to the current
discussion are the lifetime morbid
risks generated by the concepts
across the reported international
field research centers, but especially
those in Western Europe where so
much of the genetic research has
taken place. Combining sexes, the
lifetime morbid risk for Aarhus and
for Nottingham for the broadest
concept (1) were 0.56 percent and
0.80 percent, respectively; the high-

Table 1. Yields of "schizophrenic" cases by clinicians' and operational criteria from the Maudsley-
Bethlem twin sample (n = 114)

Clinician-based
diagnoses

Operational criteria-

Yields based diagnoses Yields

J. Welner (Danish adoption study "soft

spectrum")

P.E. Meehl ("Radovian" schizotypes)

United Kingdom hospital charts

Gottesman/Shields blindfolded six-judge

consensus

E. Slater (neo-Kraepelinian)

K. Abe (Postwar Japanese)

J. Birley (1960's Maudsley Hospital)

J. Welner ("traditional" Danish)

E. Essen-Moller ("traditional" Swedish)

81

79

70

69

62

56

50

42

34

Research Diagnostic Criteria (RDC)—broad
St. Louis—broad

Catego S, P, O
RDC—narrow

Tsuang/Winokur paranoid + hebephrenic

St. Louis—narrow

DSM-III

Abrams/Taylor

Carpenter et al.—5 cutoff

Catego S only

First rank symptoms (FRS)

Crow, Type II

54
53

52

49

491

46
442

39

33

17

17

3

'Minimum estimate as it excludes "undifferentiated" cases.

^Excludes schizoaffective, scbizophreniform, and delusional disorders (paranoia).
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est rate reported was for rural Chan-
digarh (India) with 1.72 percent; the
lowest, 0.50 percent, was for
Honolulu. For the easily communi-
cated concept (2), any S, P, or O, the
lifetime morbid risks for Aarhus and
Nottingham were 0.40 percent and
0.71 percent with the same cities
above retaining the high of 1.40 per-
cent and the low of 0.30 percent. Fi-
nally, for the narrowest concept
(S + ), the World Health Organiza-
tion project reports all centers
within the range 0.26 percent to 0.54
percent. The overall findings are
quite compatible with the earlier lit-
erature, which has now been put on
a much firmer footing.

Readers with a queasy stomach
for tolerating uncertainty and open,
fuzzy concepts should stop here and
read no further. We will accept the
perils, drawing on denial and re-
pressive defense mechanisms, and
will proceed to brief reviews and
discussions of the recent clinical ge-
netic literature, mindful of the haz-
ards of building structures on
uncertain foundations. In doing so,
we reject diagnostic anarchy and ex-
plicitly advocate a polydiagnostic
approach so as to prevent fore-
closure on optimal definitions. Op-
timality will be judged post hoc by
the successes which lead to mount-
ing the stage in Stockholm later this
century. We will have to accept the
interim uncertainty just as do the
physicists with their Heisenberg
Principle.

Older Data Recycled,
Reanalyzed, and New Data

The most prominent trend in the
past decade with regard to the clini-
cal genetic literature on schizo-
phrenia has been the creative and
sophisticated recycling and re-
analyses of the hard-to-collect fam-
ily, twin, and adoption studies that

so influenced the field in the 1960's
and since. Many of the reanalyses
have been motivated in part by chal-
lenges to the validity of both the
data and the conclusions reached
from them in landmark studies. We
have mentioned the prominent chal-
lengers above and caution against
overreacting to messengers who
may be bearing bad news as op-
posed to examining the "bad news"
for its merits. Another major use to
which the older data have been put
is to explore the construct validity
(Cronbach and Meehl 1955) and the
genetic implications, if any, of sug-
gested organizing schema (i.e.,
ways of cutting the schizophrenia
pie) such as positive vs. negative
symptom schizophrenia (Dworkin
and Lenzenweger 1984; Andreasen
1985; Pogue-Geile and Harrow
1985), Type I vs. Type II schizo-
phrenia (Crow 1985; McGuffin,
Farmer, and Gottesman, in press),
and familial vs. sporadic schizo-
phrenia (Murray, Lewis, and Reve-
ley 1985; Eaves, Kendler, and
Schulz, in press). Many of the oper-
ationalized criteria for making reli-
able diagnoses have been tested
with the Gottesman and Shields
Maudsley-Bethlem twin sample
(McGuffin et al. 1984; Farmer,
McGuffin, and Gottesman 1984, in
press).

Family and Twin Studies. The com-
pilation in table 2 represents all pub-
lished Western European family and
twin studies of schizophrenia 1920
to 1978 with some exceptions.
Adoption studies with their unique
selection and diagnostic criteria are
discussed later. Parents were omit-
ted as a class as they have been se-
lected for mental health and relevant
personality traits, thus yielding risks
that are not directly comparable
with other first degree relatives in
the table (Essen-Moller 1955; Risch

1983). As the concept of schizo-
phrenia did not affect diagnostic
practices until after Bleuler's
(1911/1950) ideas were incubated,
we also omitted grandparents and
other ascendant relatives so as to
preserve diagnostic homogeneity.
Finally, studies using probands af-
fected with complicating additional
diagnoses such as alcoholism and
mental retardation were omitted (cf.
Gottesman, Shields, and Hanson
1982).

With some reservations, we be-
lieve the concept of schizophrenia
relevant to the pooled lifetime mor-
bid risks (LTMR) corresponds to an
ICD 295 diagnosis, with or without
the rare category of ICD 297 (para-
noia). Thus, both schizoaffective
and borderline or latent schizo-
phrenics would have been included
as "hits." The LTMR in the table are
further quantified by converting
them into appropriate correlations in
the posited underlying liability to
develop a threshold disorder
(Cloninger et al. 1985); the necessary
general population risks used in the
calculations were 0.85 percent for
the narrower and 0.99 percent for
the broader of the two concepts.
When the base rate is taken into ac-
count, the risks for the classes of rel-
atives with the same and with
different amounts of known genetic
overlap can be compared in a mean-
ingful way and will become data
points for the genetic model fitting
to be described below. The amount
of overlap will be 0 percent for
spouses, 100 percent for monozy-
gotic twins, 50 percent for first de-
gree relatives, 25 percent for half-
siblings, nieces, and grandchildren,
and 12.5 percent for first cousins
who are third degree relatives.

As the studies pooled in table 2
were conducted before the heyday
of structured interviews, opera-
tionalized lists, and grant-funded
team approaches permitting blind-
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Table 2. Pooled European family and twin studies of schizophrenia 1920-78

Definite diagnosis Definite + probable diagnosis

Affected No. Affected No.

BZ1 (%) r* studies BZ' (%) r2 studies

Spouses 399 1.0 .026 4 399 2.26 .128 4

Children 1678.6 9.35 .439 7 1254.3 12.84 .499 5

Siblings 7523.2 7.30 .381 10 7628 9.26 .418 10

Monozygotictwins . . . . 106 44.3 .853 3 261 45.6 .854 5

Dizygotic twins 149 12.08 .501 3 329 13.7 .515 5

Half-siblings (reared

by common parent ) . . 442.5 2.94 .198 3 267 5.99 .317 2

Nieces-nephews 3965.5 2.65 .179 6 2973 3.46 .202 3

Grandchildren 739.5 2.84 .192 5 382 4.97 .278 3

First cousins 1600.5 1.56 .092 3 1600.5 2.44 .141 3

Wore.—Probands are definite cases; relatives are definite or definite + probable (after McGue, Gortesman, and Rao 1983).

'BZ = age-corrected sample size.
2Tetrachoric correlations calculated using lifetime risk of 0.85% for definite and 0.99% for definite-plus-probable.

folded interviews with probands (in- "hits" in table 1, DSM-III reduced often a misleading guide to the rela-
dex cases) and their relatives, they the 200 original schizophrenic cases tive risk. The correlation in liability
were considered less than definitive to 173, to which were added 159 is a better indicator of the impor-
by many of the critics mentioned more DSM-III hits from consecutive tance of familial factors and, with
above. Furthermore, few of the admissions with schizophrenic chart certain assumptions, of the weight
earlier investigators bothered to col- diagnoses (310 "shrunk" to 159). By of genetic factors; the data above
lect risks in normal or psychiatric focusing on the 253 DSM-III pro- generate a correlation of .38 and an
controls using the same concept of bands with interviewed first degree estimate of broad heritability of .76;
schizophrenia as in the primary tar- relatives and similarly selected i.e., 76 percent of the variance in lia-
get group of schizophrenic pro- schizophreniform (n = 24), schizo- bility to develop schizophrenia is
bands; they had been content to use affective (n = 42), psychotic affec- under gene control, and 24 percent
the available, seemingly appropriate tive disorder (n = 19), and 261 is not. First degree relatives of DSM-
risks compiled by dedicated psychi- controls, the authors discerned an /// schizophrenics had a 7.8 ±1.0
atric epidemiologists (cf. Strdmgren informative pattern of DSM-III and percent risk for the broader category
1950; Zerbin-Rudin 1967). Recent RDC diagnoses. The LTMR in rela- "all nonaffective psychoses" as de-
efforts try to ameliorate the uncer- fives of controls for DSM-III schizo- fined above, a value very close in-
tainty, but we console ourselves that phrenia was only 0.2 percent, close deed to that reported for the pooled
"perfectionism is the last refuge of to the World Health Organization European studies in table 2 for chil-
the skeptic." figure for Honolulu using a concept dren (9.35 percent) and siblings (7.3

Kendler, Gruenberg, and Tsuang known to be broader (S, P, O); the percent) with a corresponding con-
(1985, 1986) have revived and ex- LTMR in controls' relatives for all cept of ICD 295 + 297. Kendler et
panded the Iowa 500 research asso- nonaffective psychotic disorders, al. found 3.6 ± 2.1 percent schizo-
ciated with Tsuang, Winokur, and DSM-III, was 0.6 percent. What phrenia in the relatives of schizo-
Crowe earlier. Structured interviews about the relatives of the psychiatric phreniform disorders, 5.6 ±1.9
and/or hospital charts and blind di- probands? percent in the relatives of schizo-
agnoses using (earlier) St. Louis and Among the large sample of first affective disorders, and 4.3 ± 3.0
newer DSM-III and RDC criteria degree relatives of DSM-III schizo- percent in the relatives of psychotic
provide defensible support for the phrenics, 3.7 ± 0.7 percent were affectives (compared with 20 ± 6.3
pooled data in table 2, as do other likewise DSM-III schizophrenics, percent for the same [homotypic] di-
family and twin studies to be sum- 18.5 times the control value; note agnoses). Interestingly, by shifting
marized shortly. As with the twin that the absolute value of risk is to an RDC framework, thus permit-

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

rtic
le

/1
3
/1

/2
3
/1

8
5
4
8
8
5
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2



SCHIZOPHRENIA BULLETIN

ting the separation of schizoaffec-
tives into mainly schizophrenic vs.
mainly affective, the investigators
found that the risk for schizophrenia
in the relatives of the former rose to
8.2 ± 3.2 percent and in the rela-
tives of the latter dropped to 3.8 ±

2.2 percent. These new values from
the Iowa family study can be com-
pared with the earlier report based
on clinical consensus of St. Louis-
like criteria of 5.3 percent in relatives
of schizophrenics and 0.6 percent in
those of controls, a nine-fold
increase.

From a followup study of the St.
Louis 500 by Guze et al. (1983) we
learn how high the false negative
rate of schizophrenia can be with St.
Louis criteria applied cross-sec-
tionally; the proband sample at in-
dex time of 30 schizophrenic or
schizophreniform cases grew to 44
in the light of further information af-
ter 6 to 12 years. Operational criteria
("modified St. Louis"), a structured
interview, and blind diagnoses of
first degree relatives still revealed
the familiality of schizophrenia.
Among the relatives, 8.1 percent
(prevalence not LTMR, therefore an
underestimate) were definite or
probable schizophrenics compared
to 1.67 percent of the relatives of all
other psychiatric probands (not nor-
mal controls).

Another American study, this
time in New York City, used RDC to
define schizophrenia from a Sched-
ule for Affective Disorders and
Schizophrenia interview and blind
interviews with parents and siblings
of 90 probands and their controls
(acquaintances of the schizo-
phrenics' well siblings). Baron et al.
(1985a, 1985b) reported an LTMR of
8.7 percent among siblings of se-
vere, early onset schizophrenics and

3.3 percent among their parents;
control values were 1.2 percent and
0 percent, respectively. While ex-
ploring the spectrum concept of

schizophrenia, they found an LTMR
of definite schizotypal personality of
17.5 percent among sibs and 12.2
percent among parents; control
values were 1.9 percent and 2.1 per-
cent. Recalling that the latter diag-
nosis would be within the 1CD 295
rubric, and allowing for the relation-
ship between severity in the pro-
band and risk in the relative
(Gottesman, Shields, and Hanson
1982), we find that the combined
risk in siblings of 26.2 percent might
be reconciled with the earlier Euro-
pean data.

Scharfetter and Niisperli (1980),
working in the Zurich Clinic long as-
sociated with the names of Eugen
and Manfred Bleuler, reported the
risks of schizophrenia in the par-
ents, sibs, and children of ICD-de-
fined subtypes of schizophrenics as
well as in unipolar and bipolar pro-
bands. Homotypical and cross-mo-
dal diagnoses were examined to see
whether the subtypes "bred true"
(they did not). Relatives were inter-
viewed (70 percent of the living)
using a checklist and diagnosed
blindly with respect to the pro-
bands' diagnoses. Probands of each
subtype had affected schizophrenic
relatives with all of the other sub-
types. Risks (LTMR) in the relatives
of schizoaffectives and catatonics
were 13.5 percent and 12.8 percent,
while in the relatives of hebephre-
nics and paranoids they were 8.4
percent and 7.0 percent. A total of
180 schizophrenic probands and
their 750 (age-corrected) relatives
were examined so that the addition
of such data would augment the
data base in table 2 from other Euro-
pean studies. Relatives of the affec-
tive probands had a schizophrenia
LTMR close to 3 percent, while the
affective psychosis LTMR in rela-
tives of schizophrenics was quite
low overall (3 percent) but high (9.6
percent) among the relatives of the
schizoaffective probands.

An interesting set of studies has
appeared from Eastern Europe by a
Hungarian psychiatrist using archi-
val data from the Psychiatric In-
stitute in Moscow for 350
schizophrenic probands and their
parents and siblings all classified ac-
cording to three different concepts—
those of ICD, Leonhard, and
Sneznevsky (continuous, shiftlike,
recurrent). Schizophrenia was famil-
ial using the different concepts, with
risks often resembling those de-
scribed in this section (Ungvari 1983,
1984, 1985).

Although no completely new twin
study has been published in detail, a
major updating and clarification of
the United States Veterans Twin
Registry (Pollin et al. 1969) has been
reported by Kendler and Robinette
(1983) with a 62 percent increase in
the number of schizophrenic pro-
bands after record review by the
staff of the NAS-NRC Medical Fol-
low-Up Agency using ICD diag-
noses. Therefore the probands will
include schizoaffective and bor-
derline or latent categories. Sixteen
years elapsed since the records were
collected for the Pollin et al. project
in 1965. The quality of the informa-
tion in such a huge epidemiologic
data set (31,848 individual male twin
veterans) can be criticized, but maxi-
mal use has been made of the avail-
able recorded information. The
built-in advantage of knowing the
prevalence and LTMR of schizo-
phrenia in the total twin sample,
screened for mental and physical
health as it was (Seltzer and Jablon
1974), permits the calculation of the
appropriate base rate for evaluating
the concordance rates quantitatively
and making an estimate of the de-
gree of genetic determination in the
liability to developing schizophrenia
(Gottesman and Shields 1972; Ken-
dler and Robinette 1983).

Overall prevalences in monozy-
gotic (identical) and dizygotic (fra-
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ternal) twins for an ICD diagnosis of
schizophrenia were not significantly
different from each other, 1.63 ± .11
percent and 1.83 percent ± .11 per-
cent. As the prevalence in the non-
twin population of screened vet-
erans is unknown, the data cannot
be used to support earlier observa-
tions to the effect that twins do not
have a higher risk than singletons;
however, lack of monozygotic: di-
zygotic differences here argues in
favor of no difference from sin-
gletons in that monozygotic (MZ)
twins have a greater prenatal and
perinatal frequency of birth com-
plications, the supposed culprit in a
hypothetical difference. The pro-
bandwise concordance rate for ICD
schizophrenia in the enlarged, re-
diagnosed sample was 30.9 percent
in 194 MZ pairs and 6.5 percent in
277 dizygotic (DZ) pairs (in 119 pairs
with undetermined zygosity, the
rate was 25.2 percent). Age correc-
tion made little difference in these
values. Kendler and Robinette's
rates stand in contrast to the 1969
pairwise rates reported for 80 MZ
pairs of 13.8 percent and for 146 DZ
pairs of 4.1 percent.

In the update the investigators es-
timated the effect of selecting out (at
induction) of the twin panel dif-
ferent percentages of men "destined
to become schizophrenic." They
used a range of values to correct the
probandwise concordance rates,
from zero percent selection to 50
percent selection. Arguing by anal-
ogy from the known selection rate
for diabetes mortality in the total of
some 85,000 veterans of 53 percent
(Seltzer and Jablon 1974, p. 370), we
would select a 50 percent correction
factor for schizophrenia in the twin
rates. If correct, the net effect would
be an extrapolation to an MZ rate of
47.2 percent and a DZ rate of 12.2
percent; both values are remarkably
close to the recent literature from
unscreened twin samples (Gottes-

man, Shields, and Hanson 1982).
The Kendler and Robinette updating
of the NAS-NRC Veterans Twin
Registry appears to have consoli-
dated the corpus of knowledge from
twin study strategies and left it
intact.

The clinical, non-mental health
professional applied diagnoses in
twins not specially interviewed for
research will not satisfy the critics. If
the results from earlier twin studies
could be attributed largely to clinical
diagnoses based on unstructured in-
terviews, we might expect the
strong evidence in favor of the role
of generic factors to become weaker
when such stipulations are imposed.
McGuffin et al. (1984), McGuffin,
Farmer, and Gottesman (in press),
and Farmer, McGuffin, and Gottes-
man (in press) recycled the
Maudsley-Bethlem schizophrenic
twin sample (Gottesman and Shields
1972) so as to apply various objec-
tive criteria blindly to the original
case histories including verbatim
transcripts of semistructured inter-
views. The raw sample size yields
were presented in part in table 1.
Probandwise concordance rates gen-
erated by such concepts now be-
come of interest.

RDC and St. Louis criteria, both at
the probable level, preserved the
MZ sample but excluded one third
of the DZs, and resulted in compar-
able concordance rates: RDC MZ
45.5 percent and DZ 8.7 percent.
The correlations in liability led to an
estimate of the heritability of liability
of .83. Applying DSM-III criteria led
to probandwise concordance rates of
47.5 percent in MZ and 9.5 percent
in DZ with similar sample exclu-
sions to the RDC and St. Louis crite-
ria. Requiring one or more
Schneiderian FRS clearly present
decimated the sample and pro-
duced, paradoxically, higher DZ
than MZ concordance rates. Carpen-
ter, Strauss, and Bartko's Flexible (5)

criteria took a great toll on the sam-
ple size and produced no concor-
dant DZ pairs. With Crow's
guidance we were able to type the
twins into pure Type I characterized
by positive symptoms (delusions,
hallucinations) and favorable re-
sponse to medication; pure Type II
characterized by negative symp-
toms, morphological brain changes,
and treatment resistance; and a
Mixed type. As shown in table 1,
only three twins were Type II. Pro-
bandwise concordance rates for
Type I were 53 percent (8/15) in MZ
and 19 percent (4/21) in DZ, while
for Mixed type they were 64 percent
(7/11) and 0 percent (0/11). Our ini-
tial attempt to search for genetic
meaning in Crow's typology yields
mixed results but could be inter-
preted as reflecting a dimension of
severity.

One of David Rosenthal's (1963)
major contributions was the coordi-
nation of the story of the Genain
quadruplets and its utilization as a
microcosm of all schizophrenia re-
search. The clone of four female
schizophrenics differing in symp-
toms, course, and outcome is ideal
for hypothesis generating. Some 25
years after their initial study at the
National Institute of Mental Health,
the women have been recalled and
restudied with the modern arma-
mentarium of brain-imaging, bio-
chemical, and psychological devices
reported in a series of three fact-
filled articles (DeLisi et al. 1984;
Mirsky et al. 1984; Buchsbaum et al.
1984). The major lesson taught con-
cerns the clinical variability possible
for one schizophrenic genotype
cloned four times, thus highlighting
the important roles played by psy-
chosocial and nongenetic biological
factors. PET findings suggested that
frontal brain hypofunction was not
familial and may be a state marker.
Ventricle-brain ratio (VBR) appeared
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to be familial but, contrary to expec-
tation, the quads' computed to-
mographic (CT) scans did not show
ventricular enlargement or cortical
atrophy. One hope-filled finding
was the lack of a downhill, deterio-
rating outcome in these drug-
treated, cared-for chronic schizo-
phrenic (3) and schizoaffective
(1) quadruplets. The strategy of
multiple biological and psychologi-
cal assessments of MZ twins wholly
or partially discordant has much to
recommend it (cf. Johnston et al.
1983) for achieving insights to the
processes of schizophrenia and is
being pursued with a new nation-
wide sample of twins (E.F. Torrey,
personal communication).

Adoption Strategies. When the par-
ents who provide the genes to their
offspring are not the same as the
rearing parents, an opportunity ex-
ists for a better disentangling of the
genetic and environmental rearing
factors that predispose to the de-
velopment of schizophrenia. Dif-
ferent adoption strategies have been
used by Heston in the United States
and by Rosenthal, Kety, Wender,
and Schulsinger in Denmark in now
classical studies, all pointing in the
direction of major genetic contribu-
tions to the etiology of schizo-
phrenia. The studies have been
criticized for the same reasons noted
above for family and twin studies,
that is, dependence on clinical inter-
views and clinical, noncriteria-based
diagnoses for both parents and
adoptees. Some of these studies
have been recycled so as to apply
objective contemporary diagnostic
criteria in a blindfolded fashion.

Lowing, Mirsky, and Pereira
(1983) have subjected Rosenthal and
his colleagues' Danish study of the
adopted-away offspring of schizo-
phrenic mothers and fathers to re-
analvses with DSM criteria. Drastic

changes in the entire sample were
the results of removing parent pro-
bands who did not have unanimous
DSM-II diagnoses of schizophrenia
in the original study by Rosenthal
and colleagues; 78 matched pairs
were reduced to 39—27 ill mothers
and 12 ill fathers. Of the 39 proband
parents, 29 were judged to have
chronic schizophrenia. Only 1 of the
39 index adoptees had a DSM-IIl di-
agnosis of schizophrenia (a preva-
lence, not LTMR, of 2.3 percent)
while none of the controls had such
a diagnosis. Ten index adoptees had
schizotypal or schizoid personalities,
while only four controls fell into
these "spectrum" categories. As
both the index and control adoptees
were all still within the risk period
for developing schizophrenia (35
pairs were under age 45), the final
chapter on this study has yet to be
written.

No additional followup informa-
tion has been added to the re-
analyses. One of the major effects of
the imposition of DSM-IIl criteria on
the index and control adoptees is to
reduce the number of "false posi-
tives" for spectrum disorder in the
controls, thereby increasing the sta-
tistical significance for the difference
from the index adoptees. Rosenthal
(1972) had reported spectrum rates
of 31.9 percent in index and 17.7
percent in controls vs. the new
DSM-11I rates of 28.2 percent and
10.3 percent. The fact that only one
child has been hospitalized for
schizophrenia does support the idea
that adequate adoptive rearing may
prevent the realization of a schizo-
phrenic diathesis.

The classical study by Kety et al.
(1976, 1978) in Denmark using the
unique strategy of examining the bi-
ological and adoptive relatives of
adoptees who grew up to be schizo-
phrenic and their normal controls
has been subjected to DSM-izing by

Kendler and Gruenberg (1984).
Spectrum was redefined and refined
to include not only DSM schizo-
phrenia but also RDC schizoaffec-
tive—mainly schizophrenic,
schizotypal personality, and para-
noid personality. Schizophreniform
disorders were excluded from the
schizophrenia spectrum in this re-
analysis. Only the Greater
Copenhagen sample originally re-
ported by Kety in 1968 has been re-
analyzed by Kendler and Gruenberg
(34 index schizophrenic adoptees
and their relatives together with the
control subjects) using both chart
and interview data updated to the
1980's wherever available. Only
19/34 adoptees retained a spectrum
diagnosis; a further five were called
schizophreniform. Among the 69 bi-
ological relatives of the spectrum
adoptees, 15 (21.7 percent) were
similarly and blindly diagnosed
compared with 3/137 (2.2 percent) of
control relatives; the difference is re-
liable at the .000003 level. Restricting
the analysis to only first degree bio-
logical relatives still resulted in a sig-
nificant difference and an increase in
the expected direction. Of the 17
such relatives of spectrum adoptees,
six (35.3 percent) were also
spectrum.

For the first time the LTMRs for
schizophrenia per se have been cal-
culated for the first and second de-
gree biological relatives of the
adoptees from whom they have
been separated. It was 10.5 ± 9.9
percent in the former and 6.7 ± 6.5
percent in the latter; the severe win-
nowing process has led to very large
standard errors so that the extension
to the nationwide sample will be
awaited. The reanalyses of Kety et
al. by Kendler and Gruenberg have
altered the substance but not the
substantive conclusions reached
earlier. Schizophrenia appears to oc-
cur through an interaction of a ge-
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netic susceptibility with some kind
of environmental stress; the stress
need not be an environment con-
taining a spectrum person as none
of the adoptive parents had such di-
agnoses; the genetic factors in
schizophrenia have specificity as
they did not increase the risk for
major affective disorders or delu-
sional disorder.

A completely new adoption study
examining the offspring of schizo-
phrenic mothers (the strategy of
Heston and Rosenthal), some of
them prospectively, has been
launched in Finland by Tienari,
Wynne, and colleagues (Tienari et
al., in press). Early results, still quite
preliminary, are available; they are
especially interesting to the field of
psychiatric genetics as the investiga-
tors are known for their psycho-
dynamic orientation to schizo-
phrenia and for their healthy skepti-
cism about the weight to be ac-
corded to genetic factors. Hospital
diagnoses of schizophrenia and par-
anoid psychoses (influenced by a
Langfeldtian tradition) are being
used initially but will be supple-
mented by RDC and DSM criteria
eventually. So far 184 offspring of
171 schizophrenic mothers have
been identified, with 49 offspring
still under age 20. Of the 112 index
adoptees with information including
some telephone interviews and all
hospital charts, eight are psychotic
(five schizophrenic, two paranoid,
one bipolar manic) compared with
two schizophrenics in 135 control
adoptees. The 6.25 percent preva-
lence (not LTMR) for nonaffective
psychosis is in agreement with the
literature in psychiatric genetics.
The new "wrinkle," however,
comes from the report that based on
clinical assessments of the joint fam-
ily interview by a psychiatrist, the
adoptive family mental health has
been rated as seriously disturbed for

every one of the seven schizo-
phrenic adoptees. If and when such
soft data become "hardened" by fur-
ther quantification, they would ex-
emplify the diathesis-stressor model
for schizophrenia and provide data
about the relevant psychosocial
stressors. It will be from such a re-
search program that the stuff of pre-
vention will be extracted.

Although not strictly a family
study or an adoption study, the
project begun in Israel by Rosenthal,
Nagler, and colleagues examines the
prospective effect of high-risk chil-
dren of schizophrenic parents being
reared by their ill parents vs. being
reared in a kibbutz environment
with patently less exposure to their
ill parents. First examined between
the ages of 8 and 15, 50 high-risk
children (half kibbutz reared) and
their controls are now reported on
15 years later by Mirsky et al. (1985),
after a SADS-L interview and DSM-
111 diagnosing. Schizophrenia only
appears in the index children (three
in the kibbutz and two in town), as
does schizoid personality (three in
the kibbutz and one in town). Al-
though the subjects are still well
within the risk period, the decreased
exposure to an ill parent does not
appear to have reduced the ap-
pearance of schizophrenia spectrum
disorders; the authors suggest that
the kibbutz may have actually pro-
duced an excess of psychopathology
in this high-risk group.

Heterogeneity—Phenotypic
and Genotypic

Clearly, schizophrenia is clinically or
phenotypically heterogeneous with
respect to phenomenological sub-
type, age at onset, course, outcome,
positive family history, and brain
morphology and function. Whether
this variety is paralleled by etiologi-
cal heterogeneity or to what extent

is problematic. In light of the earlier
discussion about phenocopies and
genocopies, questions about
etiological heterogeneity are para-
mount in all past and future re-
search into schizophrenia.

In his catalogue of mendelizing
(clearly dominant, recessive and
X-linked) genetic disorders,
McKusick (1986) favors the view that
what is called "schizophrenia" is a
mixture of different entities.
However, he earlier noted
(McKusick 1969) that the leading
principles of genetic nosology in-
clude not only the idea of hetero-
geneity, but also pleiotropism.
Pleiotropism is the phenomenon of
a single etiological factor (for exam-
ple, a single gene) having multiple
effects. A nice example with psychi-
atric relevance is the demonstration
of the various (biochemical, mor-
phological, and behavioral) phe-
notypic manifestations of the
phenylketonuria gene. However, we
can broaden the notion of pleiotrop-
ism to include nongenetic medical
conditions, and here syphilis and
systemic lupus erythematosis
provide excellent examples of how a
specific pathogenic process can have
clinical manifestations that are many
and various, often leading to diag-
nostic error and perplexity.

In cases of late syphilis, the con-
trasts in presentation between one
patient and another may be quite
disparate, whereas in schizophrenia,
classification and differentiation of
syndromes is based on com-
paratively subtle differences, and
moreover on differences that are lia-
ble to state dependency. McKusick's
(1969) warning that when dealing
with heterogeneity, purely phe-
notypic differences may provide
"the most treacherous basis for deci-
sion" must be taken seriously.
Against this, it must be allowed that
progress in medicine has depended
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to a large extent on teasing apart
broad clinical syndromes and on the
delineation of specific, narrower dis-
ease entities.

As with other subtyping systems
described above, we have reex-
amined the clinical abstracts for the
Gottesman and Shields (1972)
schizophrenic twin series and have
reclassified affected individuals as
paranoid vs. nonparanoid and with
Crow's typology. Pure Type II cases
are rare in this series, but once again
we see a tendency toward
homotypia which is incomplete.
Furthermore, there is some sugges-
tion that the mixed form is a "more
genetic" condition than is Type I
schizophrenia in that there is a very
marked difference between MZ and
DZ concordance rates where the
proband has a mixed type disorder.

Unfortunately, such a small
amount of data does not permit any
definite conclusions about the Crow
subtypology, and we are unaware of
any other familial data that might
help clarify the issue. Furthermore,
as a result of the CT scan studies of
the Northwick Park group, Crow's
own views on what forms the most
useful clinical basis for a Type 1/
Type II separation are evolving and
changing (Crow 1985).

There is, however, some evidence
which has a bearing on a related

concept, that of a separation of
schizophrenia into two groups on
the basis of whether negative or
positive symptoms predominate.
Dworkin and Lenzenweger (1984)
have examined the available pub-
lished extracts from systematic twin
studies including our own. Using
their own unpublished system,
which they find to be reliable in rat-
ing the presence of negative symp-
toms, they were able to divide up
probands from MZ pairs into "high
negative" and "low negative" cate-
gories. The results are summarized
in table 3, where a fairly consistent
picture emerges. In all twin studies,
except for that of Kringlen (1967),
higher concordance is found where
the proband exhibits a high rate of
negative symptoms. This approach
is rather different from and consid-
erably simpler than the Crow sub-
typology. Nevertheless, there is
clearly a resemblance between these
results and those of our own efforts
to apply the operationalized Crow
criteria to the Maudsley schizo-
phrenic twin series.

It is tempting to speculate that in
cleaving off a group of patients with
Type Il/mixed, or predominantly
negative symptoms, we are simply
selecting a more severely affected
group which, as with nonparanoid,
hebephrenic, or "H-type" cases,

Table 3. Concordance for schizophrenia in monozygotic twins
as function of degree of negative symptoms in probands1

Study

Fischer

Gottesman & Shields

Kringlen

Slater

Tienari

Weighted mean

Concordance

High negative

64

50
32

75

50

52

(%)

Low negative

14

33

48

46

0

36

'After Dworkin and Lenzenweger (1984)

tends to occupy a more extreme
position on a continuum of liability.
It might be argued, therefore, that
all of these findings are reminiscent
of the earlier work of Gottesman
and Shields (1972) who took a more
straightforward approach to the
question of severity. The probands
from identical twin pairs were di-
vided according to time spent in
hospital. Where the proband had
spent less than 2 years in the hospi-
tal, there was a concordance of only
27 percent as against a rate of 77
percent where a proband had spent
more than 2 years in the hospital
since the onset of his/her illness.
Similarly, where probands had
shown an inability to stay out of the
hospital for at least 6 months since
the onset of their disorder, the rate
of schizophrenia in the cotwins was
75 percent.

The evidence considered so far
would seem to favor the existence of
"more genetic" and "less genetic"
varieties of schizophrenia lying on
the same continuum, with cutoff
points dependent on chosen clinical
criteria. A more radical suggestion
has recently been put forward by
Murray, Lewis, and Reveley (1985),
that "sporadic" or nongenetic forms
of schizophrenia may be quite com-
mon and that presence or absence of
a family history of the disorder
provides a useful starting point for
such a classification scheme. There
are undoubtedly many organic con-
ditions that can present with a schiz-
ophrenic-like disorder (Davison and
Bagley 1969; Propping 1983), but
well-established cases of "symp-
tomatic" schizophrenia which, from
a genetic viewpoint, might be con-
sidered as "phenocopies" were un-
common in clinical practice before
the epidemic of amphetamine and
cocaine abuse. Murray, Lewis, and
Reveley (1985) suggest that sporadic
cases of schizophrenia may be com-
moner than is generally supposed
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and that the environmental causes
often go undetected. They point out
that identical twins discordant for
schizophrenia show marked dif-
ferences in cerebral ventricular size
on CT brain scans. Although the
numbers involved were small, Reve-
ley et al. (1982) found a significant
tendency for the affected proband to
have larger ventricles than the non-
schizophrenic cotwin. It was postu-
lated that this might reflect early
trauma such as birth injury, and a
subsequent study (Reveley, Reveley,
and Murray 1984) found a relation-
ship between enlarged cerebral ven-
tricles, negative family history of
psychiatric illness, and positive his-
tory of early cerebral insults in schiz-
ophrenic twins. However, it should
be noted that "family history nega-
tive" here meant absence of illness
in relatives other than the cotwin so
that the sample of "family history
negative" probands appears to have
included some individuals with af-
fected cotwins. Thus, the apparent
elegance and simplicity of a family
history positive/family history nega-
tive division may be dangerously
deceptive.

There are a number of general and
specific objections to a family history
positive/family history negative split
(Eaves, Kendler, and Schulz, in
press). First, any plausible model of
transmission (McGue, Gottesman,
and Rao 1985) would predict that
those patients without a family his-
tory of schizophrenia would include
a high proportion of genetic cases
who are "chance isolates" as well as
those who are true nongenetic
cases. However, there would be no
straightforward way of differentiat-
ing between the two without wait-
ing a generation. Second, the
chances of obtaining a positive fam-
ily history of psychiatric disorder are
closely related to the quality of infor-
mation available. Thorough family

interview studies inevitably uncover
more secondary cases among rela-
tives than do studies based on his-
tory alone. Third, the proportion of
family history positive cases must
also depend on family size and on
the proportion of relatives who have
passed through the age of risk. Most
authors agree that there is an in-
creased rate of schizophrenia and of
spectrum disorders among the rela-
tives of persons with schizophrenia
rather than an increase in psycho-
pathology generally. Nevertheless,
Reveley, Reveley, and Murray (1984)
have taken a broad perspective on
what constitutes a "family history
positive" case and include a family
history of any major psychiatric dis-
order. If we suppose that the popu-
lation risk in adults for major
psychiatric disorder is (conserv-
atively) about 10 percent, then we
would obtain a distribution of family
history positive cases by chance
alone like that shown in table 4. Ob-
viously this is not entirely realistic
since it does not take into account
the tendency of most psychiatric dis-
orders to aggregate in families.
However, the table serves to illus-

Table 4. Proportion of a
population expected to be
"family history positive"1

Proportion (%)2

10

19

27

34

41

47

52

No. of relatives

1

2

3

4

5

6
7

'For a 10% base rate trait by chance (McGuffin,

Farmer, and Gottesman, in press).

Proportion p, calculated as p= 1 - (1 - n ) "

where IT = population frequency and

n = number of relatives.

trate that family size cannot be ig-
nored as a potential confounding
variable in studies of this type.
Eaves, Kendler, and Schulz (in
press) give strong additional reasons
to abandon the strategy as it has
been used thus far.

A more direct criticism of the hy-
pothesis of Murray, Lewis, and Rev-
eley (1985) is that we might expect
to see a consistent relationship be-
tween presence or absence of family
history and cerebral ventricular size
in other studies of schizophrenics.
However, as table 5 shows, there is
a disappointing lack of agreement
between studies carried out in dif-
ferent centers. Some (e.g., Turner,
Toone, and Brett-Jones, in press)
support Murray's hypothesis, one
(Nasrallah et al. 1982) produced
findings in the opposite direction of
that predicted, while most others ac-
tually find no significant differences
between the family history positive
and family history negative groups.

Do earlier twin or family studies
provide any clarification? Only a mi-
nority of even the most thoroughly
investigated schizophrenics have
secondary cases in their first or sec-
ond degree relatives and over 60
percent must be classified as "family
history negative" (Bleuler 1978) or
81 percent if restricted to parents
and siblings (Gottesman, Shields,
and Hanson 1982). Given that this is
so, it could be asked whether dis-
cordance in identical twins might be
due to an admixture of genetic and
nongenetic cases. The question was
first investigated by Luxenburger
(1928). He found that discordant
pairs had other affected family
members as often as did concordant
pairs—results that were subse-
quently replicated by other inves-
tigators. Furthermore, a study of the
adult offspring of MZ twins discor-
dant for schizophrenia revealed a
similar risk for the disorder in both
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Table 5. Computed tomographic brain studies: Ventricle-brain
ratio (VBR) in family history positive (FHP) vs. family history
negative (FHN) schizophrenics1

Authors Summary of findings

Reveley, Reveley & Murray (1984)

Nasrallah et al. (1982)

Owens etal. (1985)

Farmer et al. (in press)

Kolakowska et al. (1985)

Reveley & Chltkara (1985)2

Turner, Toone & Brett-Jones (1986)

Mean VBR in FHN twins significantly

greater than in FHP twins.

Mean VBR in FHN patients

significantly less than in FHP patients.

More FHP than FHN patients with

VBR > control mean.

No significant difference between FHP

and FHN patients.

Mean VBR in FHN patients

significantly greater than in FHP

patients.

'After McGuffin, Farmer, and Gottesman (in press).
2However, one-way analysis of variance showed significant differences, with VBR in FHN patients

> VBR in FHP patients > VBR in controls.

the children of the schizophrenic
probands and the children of their
nonschizophrenic cotwins (Fischer
1971). (The latter finding has been
confirmed and extended in the off-
spring of her MZ and DZ twins by
Gottesman and Bertelsen, in prepa-
ration.) Both findings strongly sug-
gest that a genetic/sporadic
admixture hypothesis to explain dis-
cordance for schizophrenia in identi-
cal twins is incorrect but support the
idea that "sporadic" or nongenetic
forms of schizophrenia are uncom-
mon. This being so, planned studies
of discordant twins should provide
an ideal means of pinpointing spe-
cific environmental stressors which
may precipitate the disorder in the
genetically susceptible as well as in-
dicating possible protective factors.

One further strategy for exploring
the diagnostic ingredients in the
compound, schizophrenia, has been
introduced by Fischer, Gottesman,
and Bertelsen (1985) using a unique
sample of all Danish psychiatric in-

patients who mated with other inpa-
tients and produced "super high-
risk children." Within a larger data
set of 139 dual-mating couples who
had produced 378 offspring surviv-
ing beyond age 15, they chose first
to explore the concept popular in
Scandinavia of reactive psychosis
and its relationship to schizophrenia
and manic-depressive disorder. Mat-
ings between schizophrenic and re-
active psychotics did not lead to an
increased risk for schizophrenia over
the risk for children with one parent
affected; similarly the matings be-
tween bipolars or unipolars and re-
actives did not increase the expected
risk for manic-depressive disorder.
Although the samples were too
small for firm conclusions, it would
appear that reactive psychosis con-
tributes neither genetic nor environ-
mental risk-increasing factors for the
liability to either of these major dis-
orders. Analyses of the 120 offspring
born to 49 schizophrenic parents in
the sample are in progress.

Models and Modeling

Once the existence of an important
genetic predisposition to develop
schizophrenia has been established,
it becomes important to provide a
theory (or theories) to account for its
mode (modes) of transmission, al-
lowing for simultaneous genetic and
cultural transmission. Psychiatric ge-
neticists have not yet solved the
problem, in part because of the diffi-
culty of specifying the appropriate
phenotype to analyze and also be-
cause of the unknown degree of
etiological heterogeneity. Consider
the difficulty of specifying the mode
of transmission of blindness, deaf-
ness, or mental retardation. Faraone
and Tsuang (1985) should be the
starting point for those who would
try to master the complexities of ge-
netic modeling for schizophrenia.

We can only illustrate some of the
issues and partial solutions in this
brief exploration. After their com-
prehensive review of modeling
efforts, Faraone and Tsuang (1985)
conclude there is little support for
the idea of a single major locus ac-
counting for the transmission of the
disorder. Multifactorial polygenic
models, as we shall show below,
have the most "votes" from the field
with the added advantage of incor-
porating cultural transmission into
the models. A genetic model, called
the "mixed model," proposed a sin-
gle major locus together with a mul-
tifactorial and polygenic component;
it remains a possibility but is exceed-
ingly difficult to test with available
data (Lalouel etal. 1983).

Overview of Genetic Transmission
Theories. Four major classes of
models have been invoked to ac-
count for the patterns of transmis-
sion observed in the pedigrees of
schizophrenics and pooled risks to
their relatives. The distinct hetero-
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geneity model specifies that schizo-
phrenia is composed of a large num-
ber of qualitatively separate
diseases, many genetic in origin and
others environmentally caused.
Such a view fits the data on severe
mental retardation and blindness.
With this model we might expect
catatonic schizophrenia to be a sin-
gle major locus (SML) disease on
one chromosome and pheno-
thiazine-resistant schizophrenia to
be an SML disease on another chro-
mosome as well as recognizing
symptomatic schizophrenias associ-
ated with amphetamine and cocaine
abuse. The model requires each of
the SML varieties to have pedigrees
consistent with either dominant or
recessive inheritance.

The second model is the mono-
genic or SML model with all schizo-
phrenics having the same gene at
the same locus as with the rare men-
delian disorder Huntington's dis-
ease. The third model is known as
multifactorial-polygenic (MFP) and
usually incorporates a threshold
effect. It generates the hypothesis
that schizophrenia is caused by a
combination of a number of specific
genes in combination with a number
of prenatal and postnatal environ-
mental factors, biological as well as
psychosocial. The fourth model can
be called a mixed model as de-
scribed above. An overriding model
can be called a combined model be-
cause it incorporates all of the ele-
ments of the four models named.
Figures 1 and 2 illustrate simple ver-
sions of each class of model.

As the simpler versions have been
modified by their proponents, they
overlap in their borrowed assump-
tions and do not run the risk of
being refuted in any final fashion.
All the modified theories make im-
plicit or explicit use of a threshold
concept because they deal with af-
fected and unaffected dichotomies.

Figure 1. Illustrations of hypothetical genotypes and kinds of het-
erogeneity according to 3 genetic models.1

I. DISTINCT HETEROGENEITY

ht if
V V V

t'l'f

Any one of a number of
alleles at different loci

2. MONOGENIC THEORY

Sporadic cases
(environmental)

S gene necessary for all but symptomatic cases

of "Schizophrenia"

Homozygotes (SS)

| | Symptomatic schizophrenia [OO)

Heterozygotes (SO)

3. MULTIFACTORIAL POLYGENIC THEORY

SOME HIGH RISK COMBINATIONS OF COMMON
GENES

AA Bb cc DD Ee
Aa BB CC Dd EE

AA BB Cc dd ee
Aa Bb Cc Dd Ee

aa bb Cc DD EE

Very high risk

High risk T.5

Capital letters indicate genes predisposing to
schizophrenia on illustrative model

'After Gottesman, Shields & Hanson (1982).
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Figure 2. Schematic overview of possible proportions of schizo-
phrenic genotypes under assumption of a combined model.1

COMBINED MODEL

/,
 r
 /// s s /////////

/ / / / //////ss/7
/ / / / / / / / / / / / / / A

Single Commonest specific Polygenes Primarily
rare gene, plus polygenes (various high risk environ-
genes and environment combinations and mental

environment)

(Commonest
specific gene

'After Gottesman, Shields & Hanson (1982).

The distinct heterogeneity model
in figure 1 would have the posited
genotypes, dominant, recessive, and
even sex-linked, as well as the gen-
ocopies (Propping 1983) on the left
and the phenocopies (Davison and
Bagley 1969) on the right.

The rectangle depicting the mono-
genic theory saves some space for
symptomatic, schizophrenia-like
psychoses with no expectation that
they will be transmitted in the next
generation. The three possible gen-
otypes at the "schizophrenia locus"
are SS, SO, and OO. Unlike the
Huntington's disease model, only a
small proportion of the SO gen-
otypes develop the disease whereas
all HO become affected with HD.
The penetrance of the S gene is al-
lowed to be different in each gen-
otype in the generalized SML theory
(Matthysse and Kidd 1976; O'Rou-
rke et al. 1982). This is the same as
saying that different proportions of
each genotype are to the right of one
threshold and therefore affected. No
major effect of any hypothesized
SML gene has been detected yet in
obligate genotypes in the expected
mendelian ratios. O'Rourke et al.
(1982) concluded that the general

Polygenic
influences

SML two-gene model can be re-
jected. It did not explain the pat-
terns of affectation in the familial
distributions of 21 family and twin
studies in the worldwide literature,
even allowing for complete flex-
ibility in the degree of penetrance.
They found-that the risks in MZ
twins and the offspring of dual-
mating schizophrenics were too
high compared to other classes of
relatives. Using a broad and a nar-
row concept of schizophrenia in-
ferred from the individual studies
resulted in 33 percent and 45 per-
cent of them, respectively, being
inconsistent with the model. O'Rou-
rke et al. did not test other models
in figure 1 or 2.

Fitting a model on statistical
grounds is not the same as proving
the truth of the model; it is neces-
sary but not sufficient evidence in a
broader research progTam. Not fit-
ting or refuting a particular model
still can be challenged on the
grounds of the assumptions re-
quired to test the model. Karlsson
(1982) and Matthysse, Holzman,
and Lange (1986) speculate about
the continued viability of an SML

model for different reasons; neither
of their models has been tested
against comprehensive data sets or
pooled LTMRs in different classes of
relatives. Let many flowers bloom.

To illustrate the MFP model in fig-
ure 1, we selected a relatively simple
five-locus version with two possible
alleles at each locus. On this model
schizophrenia is expressed once an
accumulation of genetic (specific and
general) and environmental (gen-
eral) factors, after allowance for
compensatory assets, exceeds a
threshold value in the combined lia-
bility distribution. Figure 1 illus-
trates only the specific genetic
factors in the MFP model.

A capital-letter allele increases lia-
bility while lower-case alleles de-
crease liability. Our 5-locus model
generates 11 genotypic classes with
0 to 10 liability-increasing genes; 243
different genotypes are generated,
but most are functionally equivalent
to others. The three 5-locus gen-
otypes illustrated are a subset of 51
such possibilities. The genotypes
shown as high risk and very high
risk are beyond the threshold be-
cause of additional liability factors
and a shortage of assets. The model
allows even very high risk gen-
otypes to stay compensated and
clinically unaffected. The fact that
the vast majority of schizophrenics
are "family history negative" is
easily managed by this MFP model.

McGue, Gottesman, and Rao
(1983, 1985), building on the inven-
tion of qualitative path analysis (Rao
et al. 1981), used the data points
from pooled LTMR in the Western
European family and twin studies in
table 1 to test one- and two-thresh-
old MFP models. As part of the pro-
gram, they tested the same data set
for a fit to a generalized SML model
for the first time in a "showdown"
for the two models. Goodness-of-fit
tests led to the rejection of the SML
and to the acceptance of MFP for
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different reasons from those used by
O'Rourke et al. (1982). The best-fit-
ting MFP path model was one that
makes provision for cultural
"heritability" or transmissibility (c

2
),

genetic heritability (h
2
), family en-

vironment unique to twins (t
2
), and

effect of assortative mating. For the
wider concept of definite plus prob-
able schizophrenia, all values were
significant with h

2
 of .63, c

2
 of .29,

and t
2
 of .09.

As a precaution against the effect
of heterogeneity among the studies
contributing noise to any one data
point, McGue et al. deleted such
points when there was significant
heterogeneity and found no major
effect on the conclusions. Deleting
all twin data from the analyses re-
sulted in a lower genetic heritability
(.42) and a larger cultural heritability
(.53) than was obtained in the full
model for all data. As a precaution
against the modeling procedure it-
self giving misleading results, they
also fitted family data on tuber-
culosis to the MFP threshold model;
their analyses revealed that cultural
heritability, as logically expected,
was overwhelming with a value of
.62 and genetic heritability was only
.06 for an infectious disease with
some demonstration of genetic re-
sistance to the bacillus. Relying on
twin data only would have been
completely misleading for tuber-
culosis! Pooling studies, pooling
classes of relatives, and avoiding the
weakening of data heterogeneity
have provided enough statistical
power to permit resolving SML vs.
MFP models for the same data set.
The model fits, but we cannot yet
conclude that it represents truth.

It may well be that all four classes
of models are partially correct. Fig-
ure 2 embodies that kind of
ecumenicism. The combined model
does not immediately lead to refuta-
ble hypotheses, but it is compatible

with the discussion about etiological
heterogeneity above. The different
proportions of the phenotype allo-
cated in the rectangle to the dif-
ferent models cannot be taken
literally, but they do reflect our own
reading of the literature. In this re-
spect we are casting our lot with
those who try to account for the
etiology of a number of the common
genetically loaded diseases such as
diabetes, coronary heart disease,
and the entire range of mental retar-
dation. Anderson, Chern, and Sch-
wanebeck (1981), simulating
combined models to account for het-
erogeneity in epilepsy, have given
us in the schizophrenia field food
for thought.

The LTMR for epilepsy was set at
1 percent. Of many possible model
sets for a combined model, they
chose the following (cf. figure 2): 20
autosomal recessive traits each with
50 percent penerrance and a phe-
notypic frequency of 1 in 80,000 plus
10 autosomal dominant traits each
with 50 percent penetrance and a
frequency of 1 in 40,000 plus two
common autosomal dominants with
50 percent penetrance and a fre-
quency of 1 in 2,000 plus two multi-
factorial polygenic systems each
with h

2
 of .50 and a frequency of 3

in 1,000 plus, finally, a sporadic com-
ponent with a frequency of 2.5 in
1,000. The simulation generated pre-
dictions about mating types in par-
ents and risks to their offspring as
well as projections relevant to the
frequency of multiplex families
(those with two or more affected).
Such simulations have heuristic
value; in light of figure 2, we would
suggest a different "mix" for schizo-
phrenia model simulations. If you
find yourself gasping for parsimony
at this point, ask yourself where
parsimony has taken us in the
search for the causes of schizo-
phrenia. The explanation of brain

function may well require a new
level of complex genetic theories
(Sutcliffe et al. 1983).

Genetic Markers

Genetic markers are a special category
of biological markers. Although still
too often used in a loose sense in
the psychiatric literature, the term
genetic marker is probably best
restricted to cover traits that have a
simple, known mendelian mode of
inheritance and that are demonstra-
bly polymorphic (i.e., where there
are two or more alleles with a gene
frequency of at least 1 percent)
(Giblett 1969). Erlenmeyer-Kimling
(submitted for publication) has re-
viewed possible biological markers.
The better known genetic markers
include red cell antigens such as
ABO, rhesus, and MN, as well as
major histocompatability (HLA)
antigens, various blood protein
polymorphisms, and red cell en-
zymes. In addition to these "con-
ventional" markers, the advent of
"the new genetics" of recombinant
DNA (Emery 1984) has meant that
many more genetic markers (probes)
are now available and that the day is
not far off when the human genome
(i.e., the set of 22 pairs of autosomes
and 2 sex chromosomes) will be ex-
tensively mapped. So far, over 900
genes have been assigned to chro-
mosomal locations (De la Chapelle
1985), but only about a quarter of
genes so far mapped are detectably
polymorphic (American Journal of Hu-
man Genetics 1983) and only a pro-
portion of these have been
investigated in relation to schizo-
phrenia (McGuffin and Shirt 1986).

Possible associations discovered
by recent population studies involv-
ing blood complement factors
(Rudduck 1985) merit further inves-
tigation, but most genetic marker
findings in schizophrenia to date
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have been disappointingly inconsist-
ent, and convincing replications of
positive findings have been rare. A
notable exception is the evidence
concerning the HLA system and
clinical subtypes of schizophrenia.
Recall our doubts about such sub-
types being other than proxies for a
dimension of severity. Even so, we
would be interested in susceptibility
genes associated with resistance to
severe illness.

Associations between certain spe-
cificities of the HLA system and a
number of common diseases are
now well established (Thomson
1981). Such disorders include juve-
nile diabetes, multiple sclerosis, and
ankylosing spondylitis. Most HLA-
associated diseases are not rare,
have a tendency to run in families,
and show complex patterns of inher-
itance that are not classically men-
delian. Not surprisingly, therefore,
schizophrenia came under scrutiny
not long after the first HLA-disease
reports (Cazzulo, Smeraldi and Pen-
ati 1974; Eberhard, Franzen, and
Low 1975). Studies of schizophrenia
as a whole, however, provided no

clear pattern of association across
different centers (McGuffin 1979). It
was only when schizophrenia was
broken down into possible subtypes
that a more consistent set of results
emerged. In particular, there was
evidence of an association between
paranoid schizophrenia and HLA
A9, while the hebephrenic subtype
showed a less consistent association
with HLA Al. Table 6 shows the to-
tal of nine published studies that
provide data on an A9-paranoid
schizophrenia association (McGuffin
and Sturt 1986).

Seven of these are consistent with
the presence of an association and,
when the data are pooled, it seems
highly unlikely that the association
has arisen by chance (x

2
 = 19.378, p

corrected for number of com-
parisons = 0.0003). There are a
number of difficulties with such a
pooling. First, it is not clear whether
the diagnosis of a paranoid subtype
is comparable in the different cen-
ters. Second, A9 is a composite anti-
gen consisting of two subspecifi-
cities, AW23 and AVV24 (Festenstein
and Demant 1978), and it is not clear

which of these is more important in
the paranoid schizophrenia associa-
tion. Third, and perhaps most im-
portant, despite its high statistical
significance, the strength of associa-
tion is low. The estimated relative
risk of developing paranoid schizo-
phrenia for an A9 positive individ-
ual compared to an A9 negative
individual is 1.6. If we assume, as
we have done earlier, a liability/
threshold model for the transmis-
sion of schizophrenia, then we can
use the method given by Edwards
(1965) to calculate that the contribu-
tion of the HLA locus to variation in
liability to paranoid schizophrenia is
only about 1.1 percent. It therefore
appears that the HLA studies may
indicate a minor susceptibility locus
rather than an important major gene
effect in paranoid schizophrenia.
The results would require only
slight modification of our earlier
speculations that the separation be-
tween paranoid and other types of
schizophrenia is entirely quantita-
tive and based purely on different
thresholds on a liability continuum.
Instead, we would have to allow

Table 6. Frequency of HLA A9 in paranoid schizophrenics compared with controls (after McGuffin
& Sturt 1986)

Study % Controls % Patients

X

'relative

risk" X2

Leeds (McGuffin, Farmer & Yonace 1981)

Marseilles (Julien et al. 1978)

Milan (Smeraldi, Bellodi & Cazullo 1976)

Prague (Ivanyi, Zemek & Ivanyi 1978)

Mannheim (Gattaz & Beckmann 1980)

Iowa (Crowe etal. 1979)

Gunma (Miyanaga, Machiymaya & Juji 1984)

Lund/Umea (Rudduck et al. 1984)

Amsterdam (Ivanyi et al. 1983)

17.90

21.10

26.94

22.83

20.97

9.98

59.58

16.10

19.25

458

250

386

1,200

472

1,263

1,252

919

1,018

32.14
47.37

42.86

29.50

31.15

21.43

35.00

10.00

30.65

28
38

42

200

61

14

20

30

62

2.17
3.35

2.03

1.41

1.70

2.46

0.37

0.58

1.85

3.37
11.26

4.56

4.17

3.19

1.87

4.55

0.79

4.63

Note— Combined X - 1.591. SD - 105 X? - 19378 (p = 11 x 10 5. p corrected = .00032). Heterogeneity x2 = 19.020. dl = 8 (p - .015) X

= cross-product ratio or relative risk.
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that there may also be overlapping
sets of polygenes, each of which
modify the clinical picture in subtly
different ways.

By contrast with the association
studies, linkage studies which seek
to detect a marker gene in close
proximity to a major disease gene on
the same chromosome have been
predominantly negative with respect
to HLA. Turner (1979) reported that
there was suggestive, but inconclu-
sive, evidence of linkage between
HLA and "schizotaxia" in "typical"
families multiply affected by schizo-
phrenia but not in "atypical" fam-
ilies in which multiple family
members were affected not just by
schizophrenia but by other condi-
tions such as affective disorder.
McGuffin, Festenstein, and Murray
(1983) failed to replicate this finding
and subsequent investigators (An-
drews et al., in press; Chadda et al.
1986; Goldin, DeLisi, and Gershon
1987) are also negative.

So far, there are no published
positive results of studies of schizo-
phrenia and new genetic markers of
recombinant DNA technology, so-
called restriction fragment length
polymorphisms (Botstein et al.
1980). But there is considerable op-
timism about the future usefulness
of such markers in detecting major
gene effects and resolving problems
of heterogeneity in schizophrenia
and other common diseases (White
et al. 1985). Unfortunately, the sta-
tistical analysis of linkage studies in-
volving conditions with complex
and nonmendelian patterns of in-
heritance presents formidable prob-
lems that will need to be solved
before the "new genetics" can yield
tangible benefits for schizophrenia
research (Kidd 1981; Cloninger, Re-
ich, and Yokoyama 1983; Kidd 1985;
Sturt and McGuffin 1985).
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