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Objective: Schizophrenia is clinically heterogeneous. Recent linkage studies suggest
that multiple genes are important in the etiology of schizophrenia. The authors examined
the hypothesis of whether the clinical variability in schizophrenia is due to genetic hetero-
geneity. Method: Using data from the Irish Study of High-Density Schizophrenia Families
(N=265 pedigrees; N=1,408 individuals), the authors attempted to predict, from major
symptoms and signs of psychosis, evidence for linkage within families for schizophrenia-re-
lated disorders to chromosomal regions 5q21–5q31, 6p24–6p22, 8p22–8p21, and 10p15–
10p11. Results: No substantial evidence was found for associations between clinical fea-
tures of schizophrenia and linkage to chromosomes 5q, 6p, or 10p. However, affected indi-
viduals from families with evidence for linkage to 8p had significantly more affective deteri-
oration, poorer outcome, more thought disorder, and fewer depressive symptoms than
affected individuals from the other families in the study. Conclusions: These results raise
the possibility that the putative susceptibility gene for schizophrenia localized in the 8p22–
8p21 region may predispose individuals to the core dementia-praecox syndrome described
by Kraepelin more than 100 years ago. 

(Am J Psychiatry 2000; 157:402–408)

Since the schizophrenic syndrome was first described
as a diagnostic category (1, 2), clinicians have noted
the extensive variability in its symptomatic presenta-
tion. A central question in schizophrenia research has

therefore been whether clinical variability results from
etiologic heterogeneity.

Evidence from twin, family, and adoption studies ar-
gues persuasively that genetic factors play a strong eti-
ologic role in schizophrenia (3, 4). However, mathe-
matical modeling of aggregate risk statistics and
pedigree data usually fail to support the hypothesis
that the genetic component to schizophrenia is due to
a single genetic locus (4). Linkage studies of schizo-
phrenia are now producing results consistent with
these findings. That is, as an increasing number of ge-
nome scans for schizophrenia are being completed and
published, no studies are finding strong evidence for a
Mendelian-like locus (5–10). Rather, modest evidence
for linkage is being found at a number of different ge-
nomic locations. Furthermore, in some studies, evi-
dence for linkage heterogeneity has been found (9, 11).
Thus, several lines of evidence suggest that several loci
contribute to the vulnerability to schizophrenia.

A fundamental question to ask next is whether the
clinical variability of schizophrenia arises from allelic
variation at different susceptibility loci. Figure 1 illus-
trates two models that relate genetic and clinical heter-
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ogeneity for a complex disease such as schizophrenia,
where the liability to illness is probably influenced by
multiple genetic loci. In a common pathway model
(figure 1, model A), all the genetic loci influence a
common biological vulnerability, which in turn influ-
ences the occurrence of individual symptoms. This
model might apply, for example, if all susceptibility
genes were in a single biochemical or developmental
pathway, and disruptions at any stage of the pathway
would produce similar biological consequences. In an
independent pathways model (figure 1, model B), the
loci have direct and partially overlapping influences on
specific disease symptoms. Thus, a susceptibility allele
at locus 1 would produce high levels of symptoms 1
and 2, moderate levels of symptom 3, and no evidence
of symptom 4, whereas a susceptibility allele at locus 3
would produce relatively high levels of symptoms 3
and 4, moderate levels of symptom 2, and no evidence
of symptom 1. The independent pathways model
might be correct if the distinct “mutations” that influ-
enced risk for schizophrenia affected different neurobi-
ological systems such as those that govern reality test-
ing, perceptual distortion, and affective regulation.

Some evidence has accumulated that addresses the
validity of these two hypotheses. In nearly all plausible
genetic models for schizophrenia, affected relatives are
highly likely to share the same susceptibility alleles.
Under the independent pathways model, therefore,
symptomatic resemblance should be seen in affected
relative pairs. The first attempts to address this ques-
tion, which examined whether Kraepelinian subtypes
“ran true” in families, produced inconsistent results
(12). Three more recent studies of this question, how-
ever, have all produced negative results (13–15). Ef-
forts at examining whether specific clinical features of
schizophrenia are correlated in pairs of affected rela-
tives have been fewer but more successful (16–19). We
recently examined resemblance for psychotic symp-
toms in affected sibling pairs from the Irish Study of
High-Density Schizophrenia Families (20). Modest but
significant sibling resemblance was seen for nearly all
major psychotic symptoms; most correlations ranged
from 0.10 to 0.30.

Although these more recent data are consistent with
the independent pathways model, at least two other
mechanisms could explain symptomatic resemblance
in siblings with schizophrenia. First, they might be
correlated for environmental variables that might in-
fluence symptoms such as perinatal complications, in-
fectious agents, or access to treatment. Second, symp-
tomatic resemblance may be due to other genes that do
not directly influence the liability to schizophrenia,
such as those affecting temperament or intelligence.

A more definitive way to evaluate the validity of
these two models is to examine the association be-
tween individual symptoms and specific chromo-
somal regions thought to contain susceptibility loci.
Two recent examples of this approach are notewor-
thy. In 10 Canadian high-density pedigrees, Brzus-
towicz et al. (21) found much stronger evidence of

linkage to the proximal region of chromosome 6p by
using a positive symptom scale as a quantitative mea-
sure than by examining the diagnosis of schizophre-
nia alone. More recently, Malhotra et al. (22) re-
ported that the severity of hallucinations in drug-free
patients with schizophrenia was significantly pre-
dicted by a functional polymorphism at the seroto-
nin-transporter locus.

In this report, we take a different approach toward
evaluating the common pathway versus the indepen-
dent pathways models. We have, in the course of a ge-
nome scan in the Irish Study of High-Density Schizo-
phrenia Families, uncovered evidence for susceptibility
loci in four genomic regions: 5q21–5q31 (23), 6p24–
6p22 (11), 8p22–8p21 (24), and 10p15–10p11 (25).
Here we examine whether, in the 265 multiplex schizo-
phrenia pedigrees from the high-density schizophrenia
families study, there is an association between the evi-
dence for linkage at these four loci and the level of ma-
jor psychotic and affective symptoms displayed by the
affected family members.

METHOD

Sample

As detailed elsewhere (26), the Irish Study of High-Density
Schizophrenia Families is a collaborative project between the Medi-
cal College of Virginia, the Health Research Board, Dublin, and the
Queen’s University, Belfast. Families containing a high density of

FIGURE 1. Two Hypothesized Models for the Relationship Be-
tween Four Different Disease Susceptibility Loci and Four Key
Symptoms for a Diseasea

a Model A depicts a common pathway model in which all four ge-
netic loci influence a common biological vulnerability, which in
turn influences the occurrence of individual symptoms. Model B
depicts an independent pathways model in which the four loci
have direct and partially overlapping influences on specific dis-
ease symptoms. In this model, strong and weak relationships are
indicated by, respectively, solid and dotted lines. 
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schizophrenia and related disorders were ascertained through 39
separate public psychiatric hospitals in Ireland and Northern Ire-
land. No exclusion criteria were used in our selection of families.
Pedigrees were not screened for bilineal descent of schizophrenia-
spectrum illness or for the presence of other forms of psychopathol-
ogy. However, compared with relatives of the epidemiologically sam-
pled probands with schizophrenia from the Roscommon Family
Study, relatives in the Irish Study of High-Density Schizophrenia
Families had similar risks for affective illness, anxiety disorder, and
alcoholism (26). The similar risk profile indicates that our ascertain-
ment in the Irish Study of High-Density Schizophrenia Families did
not select for families with high “loadings” for other major psychi-
atric disorders. Compared with epidemiologically ascertained
probands with schizophrenia from a county in western Ireland (27),
individuals with schizophrenia in the high-density families study had
a similar symptom pattern except for greater levels of thought disor-
der, and fewer depressive symptoms; however, the high-density study
individuals had a more chronic course and poorer outcome (26).

In this article, we report results from the linkage sample of the
Irish Study of High-Density Schizophrenia Families (26), which in-
cludes all relatives for whom high-quality clinical information (per-
sonal interview and/or hospital record) and DNA were available (N=
265 pedigrees; N=1,408 individuals). Genetic relationships were
confirmed by using data from 25 microsatellite markers, a process
that required reclassifying 13 full sibling pairs as half-siblings.

Procedure

Interviews were conducted by Irish psychiatrists and social scien-
tists with a background in mental health or survey work after ob-
taining participants’ consent by using procedures approved by the
ethical review panels at the Health Research Board and the Queens
University. Whenever possible, individuals suspected of having psy-
chosis were interviewed by a psychiatrist. All interviewers under-
went extensive initial and ongoing training by the first author in the
use of diagnostic instruments.

Our assessment instruments consisted of modified sections of the
Structured Interview for DSM-III-R (28) for selected axis I disorders
and the Structured Interview for Schizotypy (29) for putative schizo-
phrenia-spectrum personality disorders. For 98.6% of the patients
diagnosed with schizophrenia or schizoaffective disorder, we ob-
tained psychiatric records. A detailed abstract of these records was
dictated, and a specially developed case-record rating scale was com-
pleted. All relevant diagnostic information for each individual rela-
tive was reviewed independently by K.S.K. and D.W. These
assessments were done blind to pedigree assignment and knowledge
of the psychopathologic status of other relatives. Diagnostic dis-
agreements were resolved by consensus. The agreement rate and
weighted kappa (30) for our main system of 10 diagnostic categories
in the high-density families study (26) were 73.3% and 0.94 (SD=
0.05), respectively.

During the course of the blind diagnostic assessments, 11 key
symptomatic and course variables from the Major Symptoms of
Schizophrenia Scale (31) were assessed in all patients with nonaf-
fective psychosis by one of these diagnosticians (K.S.K.) by using
all available information. The key variables were: 1) hallucina-
tions, 2) delusions (any), 3) Schneiderian delusions, 4) positive
thought disorder (e.g., loosening of association), 5) catatonic
symptoms, 6) affective deterioration (e.g., affective flattening), 7)
negative thought disorder (e.g., alogia), 8) depressive symptoms, 9)
manic symptoms, 10) chronicity of course (from single episode
with recovery to chronic course without even partial remission),
and 11) outcome (from full recovery to very poor outcome). These
ratings reflected clinical judgment and incorporated the severity of
the symptom, its duration, and its relative prominence over the en-
tire course of the illness. Although outcome was coded on a 4-point
scale, all other variables were coded on 5-point scales with the fol-
lowing guidelines: 1=clearly not present, 2=possibly present but
subthreshold, 3=clearly present but moderate, 4=clearly present
and prominent, and 5=clearly present and severe. Interrater reli-
ability of the Major Symptoms of Schizophrenia Scale was tested
on 47 cases of psychotic illness from the Roscommon Family Study
rated blindly by K.S.K. and A. Gruenberg, M.D. Intraclass correla-

tions ranged from 0.60 for catatonic symptoms to 0.91 for manic
symptoms, with a mean of 0.77 (SD=0.11). In addition, we exam-
ined age at onset and gender.

In this report, we define psychotic illness as encompassing all
cases of nonaffective psychosis (N=646), defined as individuals
meeting DSM-III-R criteria for schizophrenia, schizoaffective dis-
order, schizophreniform disorder, delusional disorder, and psycho-
sis not otherwise specified. In addition, we included in the cate-
gory of nonaffective psychosis a small number of individuals that
we diagnosed with simple schizophrenia by using criteria outlined
elsewhere (31). Individuals meeting these criteria in the Roscom-
mon Family Study appeared to suffer from a disorder that was re-
lated to schizophrenia, from both a clinical and familial perspec-
tive (31). Analyses were repeated examining only cases of DSM-
III-R schizophrenia (N=542). A similar pattern of findings was
obtained.

Linkage studies in the Irish Study of High-Density Schizophre-
nia Families have used three major categories of affection: 1) nar-
row=schizophrenia plus schizoaffective disorder, 2) intermediate=
narrow plus schizotypal personality disorder and other nonaffec-
tive psychoses, and 3) broad=intermediate plus psychotic affective
illness and other putative schizophrenia-spectrum personality
disorders (26).

Statistical Analysis

We calculated, for each family, the multipoint lod score (loga-
rithm of the odds ratio for linkage) over the relevant genomic re-
gion, using GENEHUNTER (32) under the genetic and phenotypic
model that provided the strongest evidence for linkage in the en-
tire sample. The genomic regions were defined by the following
markers (centromeric to telomeric): 5q (D5S815–D5S658), 6p
(D6S291–D6S477), 8p (D8S283–D8S552), and 10p (D10S183–
D10S189). The phenotypic (and genetic) models used were as fol-
lows (11, 23–25): 5q—narrow (recessive), 6p—broad (additive),
8p—broad (dominant), and 10p—intermediate (recessive).

We examined two main approaches to the problem of associating
evidence for linkage within a family to symptoms in affected indi-
viduals: utilizing the sign of the lod score (i.e., dividing families into
those with positive versus negative evidence for linkage) or using
the raw lod score itself. We evaluated these two approaches by pre-
dicting our symptom and course variables from both simulta-
neously, across each of the four chromosomal locations. The sign of
the lod score was statistically significant in multiple analyses, but
the raw lod score was never significant in the presence of the sign.
These results suggested that the information about family “linked-
ness” was indexed by the sign of the family lod score rather that its
precise quantitative estimate. Therefore, we divided our families
into those with lod scores less than 0 and those with lod scores of 0
or more and compared the difference in individual symptoms be-
tween the affected members of these two groups of families by using
a Wilcoxon test (33).

We considered the examination of two diagnostic classifications
of affected individuals: those with schizophrenia and those with
nonaffective psychosis. However, in regression analyses with family
lod score as the dependent variable, including all relatives with non-
affective psychosis, a dummy independent variable reflecting
whether that individual also met criteria for schizophrenia was never
significant. These results indicated that all the predictive power was
seen with the broader diagnostic category. We also explored elimi-
nating families with lod scores between –0.10 and 0.10, dividing the
families into three groups by lod scores, and using nonparametric in-
dices of linkage instead of the lod score. Although the general pat-
tern of results was similar, these other approaches did not give such
marked levels of significance and are not reported here.

For age at onset, a comparison was made by using a t test. All p
values were two-tailed. Although we performed a large number of
analyses, they were highly correlated, making it difficult to imple-
ment a simple correction. In addition, we explicitly view these anal-
yses as exploratory and in need of replication in other samples.
Strictly speaking, the tests of significance assume a basis in a priori
comparisons, which was not the case in the study reported here. As
a compromise, we set the alpha level at 0.01.



Am J Psychiatry 157:3, March 2000 405

KENDLER, MYERS, O’NEILL, ET AL.

To assess the magnitude of the association between individual
clinical features and evidence for linkage, we standardized the symp-
tom scores and age at onset so that differences between affected
members of linked and unlinked families are expressed in standard
deviation units.

RESULTS

Table 1 depicts the mean difference in standard devi-
ation units in symptom score or age at onset for indi-
viduals affected with nonaffective psychosis in families
with positive versus negative evidence for linkage to
chromosomes 5q, 6p, 8p, and 10p. No significant re-
sults were obtained for linkage on 5q, 6p, or 10p.
However, on chromosome 8p, affected individuals in
the families with positive lod scores had higher levels
of affective deterioration and thought disorder, worse
outcome, and fewer depressive symptoms than af-
fected individuals in families with negative lod scores.
The effect sizes of these differences ranged from 0.25
to 0.34, meaning that on these four clinical features,
affected individuals from families linked and not
linked to the 8p region differed by between one-fourth
and one-third of a standard deviation.

To explore further the relationship between symp-
tom scores in affected individuals and the familial evi-
dence for linkage to chromosome 8p, we divided the
families into five groups by their lod score and exam-
ined mean scores for positive thought disorder, affec-
tive deterioration, depressive symptoms, and poor out-
come in the affected individuals (figure 2). In no case
was a clear monotonic function observed. For affective
deterioration and poor outcome, and to some extent
for positive thought disorder, the major difference was
observed between members of families with positive
versus negative lod scores.

DISCUSSION

The goal of this report was to use the clinical and
linkage information from the Irish Study of High-Den-

sity Schizophrenia Families to evaluate two alternative
hypotheses about the nature of the relationship be-
tween multiple putative susceptibility loci and clinical
variability in schizophrenia. There are several method-
ological strengths of this investigation. First, the sam-
ple size of both families and affected individuals is
large and ethnically homogeneous. Second, our clinical

TABLE 1. Difference in Illness Ratings for Individuals With Nonaffective Psychoses in High-Density Schizophrenia Families With
and Without Linkage to Chromosomes 5q, 6p, 8p, and 10pa

Difference Between Mean Standardized Ratings for Affected Individuals From Linked and Unlinked Families

Variable Chromosome 5q Chromosome 6p Chromosome 8p Chromosome 10p

Hallucinations –0.161 0.128 0.129 –0.129
Delusions 0.009 –0.105 0.091 –0.014
Schneiderian symptoms –0.002 –0.086 –0.057 0.059
Positive thought disorder 0.017 0.077 0.252* –0.079
Catatonic symptoms 0.078 0.096 0.111 –0.013
Affective deterioration 0.023 0.225 0.326*** 0.061
Negative thought disorder 0.026 0.170 0.138 0.141
Depressive symptoms –0.061 –0.178 –0.285** 0.008
Manic symptoms 0.057 –0.054 –0.019 –0.135
Chronicity of course 0.058 0.054 0.157 0.004
Poor outcome 0.104 0.208 0.333*** 0.046
Age at onset (years)b 0.056 0.076 –0.015 0.047
a Statistical significance was determined by the Wilcoxon test.
b The t test was used to test for difference between individuals from linked and unlinked families.
*p≤0.01. **p≤0.001. ***p≤0.0001.

FIGURE 2. Mean Symptom and Outcome Scores of Individuals
With Nonaffective Psychoses in Families With High-Density
Schizophrenia Divided Into Fifths by Lod Score to Chromo-
some 8pa

a Symptom and outcome variables from the Major Symptoms of
Schizophrenia Scale (31). The x axis displays the mean family lod
scores (logarithm of the odds ratio for linkage) for families divided
into fifths by lod scores; the y axis shows the mean symptom or
course score for affected individuals in those families.
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evaluations were based on both personal interview and
hospital record data, increasing their likely accuracy.
Third, we coded symptoms averaged over the clinical
course of illness, thereby reducing the influence of fluc-
tuations due to transient environmental factors.
Fourth, the clinical evaluations were performed blind
both to information about other family members and
to evidence for linkage.

However, our study is also limited by several impor-
tant methodological constraints. First, although other
groups have reported linkages to each of the four re-
gions studied (5q [34], 6p [35–37], 8p [9, 37], and
10p [38, 39]), in the absence of gene identification it
is possible that one or more of these linkages repre-
sent false positives and do not contain susceptibility
genes. Second, in the modest-sized families that pre-
dominate in the Irish Study of High-Density Schizo-
phrenia Families, the lod score is a quite attenuated
index of the true probability that a susceptibility allele
is segregating in a given family. By chance alone, be-
cause of the small number of meioses available in a
given family, a moderate proportion of unlinked fam-
ilies will appear linked and linked families will appear
unlinked. Third, we have treated all affected individ-
uals in linked families alike, assuming that they all
carry the susceptibility allele. Given that environmen-
tal factors and other genetic loci likely also influence
susceptibility to illness, this assumption is almost cer-
tainly incorrect. Some affected individuals from
linked families will not share the major susceptibility
gene with their affected relatives. Fourth, even though
our symptom ratings were averaged over the disease
course, there is little doubt that they are likely to be
influenced by a range of factors over which we have
no control, including environmental risk factors (e.g.,
perinatal complications and drug and alcohol abuse)
and the quality of treatment. Fifth, our results might
initially appear contradictory to our prior findings
that linkage to the 8p region was maximized when a
broad definition of the schizophrenia spectrum was
used (24). The earlier results suggest that the suscepti-
bility gene in the 8p region predisposes individuals to
other psychotic conditions and schizophrenia-related
personality disorders. However, the results reported
here suggest that when psychotic illness is manifest,
this gene appears to increase the probability that the
illness will take a dementia-praecox-like course. Fi-
nally, we have performed a substantial number of
analyses with these data. To avoid presenting many
highly correlated tests, we selected both the form of
linkage information (raw lod score versus the sign of
the lod score) and diagnostic criteria (nonaffective
psychosis versus schizophrenia) by using the quantita-
tive criterion of relative significance level. However,
these exploratory methods, which required examina-
tion of the relationship between symptoms and evi-
dence for linkage, increase the risk for false-positive
findings. It is noteworthy, therefore, that a significant
relationship between affective deterioration, poor
outcome, and linkage on 8p was observed regardless

of which approach was taken toward diagnosis or
linkage information.

Given these caveats, what can be concluded from
these results? For chromosomes 5q, 6p, and 10p, no
positive results emerged. By contrast, four significant
findings were seen with the chromosome 8p linkage.
These results deserve attention for two major reasons.
First, several findings are at rather high levels of statis-
tical significance (e.g., p<0.001), although these results
are likely inflated because multiple tests were per-
formed. Second, the results are clinically coherent. That
is, families with positive evidence for linkage on 8p
tend to contain affected individuals with clinical fea-
tures that have long been associated with classical de-
mentia praecox: thought disorder, affective deteriora-
tion, minimal depressive symptoms, chronic course,
and poor outcome (40, 41). Furthermore, using latent
class analysis we recently identified such a subtype of
schizophrenia from a population-based sample of
probands from the west of Ireland (42). However, the
magnitude of the differences in these clinical features in
affected individuals from linked versus unlinked fami-
lies was modest and would be described as having small
to medium effect sizes using Cohen’s definitions (43).

In conclusion, we have presented some evidence in fa-
vor of the independent pathways model for schizophre-
nia and against the common pathway model. In families
from the Irish Study of High-Density Schizophrenia
Families, evidence for linkage to chromosome 8p was
significantly correlated with symptoms of classical de-
mentia praecox in affected members. No such pattern
was seen for linkage to the putative susceptibility re-
gions on chromosomes 5q, 6p, and 10p. Our results
suggest that individual genomic regions that may con-
tain distinct susceptibility genes can be meaningfully re-
lated to the clinical variability of the schizophrenic syn-
drome. These results also provide additional limited
evidence for the existence of a susceptibility gene in the
8p region, as otherwise, this pattern of findings would
be difficult to explain.

However, the highly tentative nature of these inter-
pretations is noteworthy. It is important that others at-
tempt to confirm them in other high-density schizo-
phrenia pedigree collections. In the future, we hope
that we will be able to further examine the validity of
these findings using high-risk marker haplotypes that
would enable us to determine directly which individu-
als possess susceptibility alleles at the individual loci.
Ultimate confirmation of these results must await dis-
covery of the pathogenic alleles themselves.
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