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The Genetics of Schizophrenia:
Chromosomal Deletions, Attentional 

Disturbances, and Spectrum Boundaries

The scientific study of the genetics of schizophrenia began in 1916 (1, 2). The last
year has seen several potential watershed events in the identification of a number of
possible susceptibility genes (3–6) and replication of at least two of them (7, 8). This is-
sue of the Journal has three articles devoted to schizophrenia genetics that examine an
intriguing chromosomal deletion syndrome and explore attentional abnormalities in
and the boundaries of the schizophrenia spectrum.

The search for genetic subtypes of schizophrenia began in the earliest days of psychi-
atric genetics, with the initial finding that the Kraepelinian subtypes “breed true” within
families (9–11). It is unfortunate that modern studies, using superior methods, have
been unable to confirm this finding (12–14). The
article by Bassett et al. in this issue takes a differ-
ent approach to this problem, proposing that the
schizophrenic syndrome associated with mi-
crodeletions of chromosome 22q11 reflect such a
distinct “genetic subtype.” The 22q11 deletion
syndrome (22qDS)—which has variously and
confusingly been called the velocardiofacial syn-
drome, the DiGeorge syndrome, or the Shprint-
zen syndrome—is the second most common hu-
man chromosomal anomaly (after trisomy 21)
and occurs in approximately one out of every 4,000 births. Individuals with 22qDS have
excess rates of psychopathology, although the precise nature of the psychiatric condi-
tions overrepresented in these individuals is a subject of debate (15–17).

In their report, Bassett and colleagues address the question of whether the schizo-
phrenic syndrome occurring in 22qDS subjects is clinically similar to typical schizo-
phrenia. Across nearly all historical and symptomatic variables examined, including
negative symptoms, the two groups do not significantly differ. They conclude that
22qDS subjects with schizophrenia constitute a valid genetic subtype of the disorder.

While their conclusion is likely to be correct, at least two methodologic issues are
noteworthy. The 22qDS subjects with schizophrenia whom they studied were probably
not a representative sample, since most were selected because they were first diagnosed
with schizophrenia and only later shown to have the deletion. This selection process
probably biases toward more typical schizophrenic presentations. A prior study that as-
certained most of their 22qDS schizophrenic subjects through medical genetics clinics
found that they had significantly lower levels of negative symptoms than a typical
schizophrenia comparison group (15). If 22qDS individuals with more typical or more
disabling schizophrenic symptoms were more likely referred to psychiatric care and to
then receive a diagnosis of schizophrenia, this could explain the discrepancy in these
two results.

Second, 22qDS is usually associated with diminished intellectual functioning. IQ
scores were available on the 22qDS subjects in this study but not on the comparison
group of typical patients with schizophrenia. The authors’ approach to this problem was
to exclude 22qDS subjects with overt mental retardation. However, it remains unclear
how well the resulting group of 22qDS subjects was matched to the comparison group.
Since intelligence can influence both symptoms of schizophrenia and global function-
ing, the lack of matching of the two groups could have influenced their findings.

“If some of these 
‘gene discoveries’ for 

schizophrenia turn out to 
be true...we will have a 
new set of particularly 

exciting tasks before us.”
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Nonetheless this present work, along with other studies showing that brain structural
abnormalities in 22qDS schizophrenic patients are similar to that seen in more typical
schizophrenia, suggests that much might be learned by studying this rare group of pa-
tients. The study of potential chromosomal abnormalities in schizophrenia has now
moved from a relatively unproductive examination of gross alterations (18) to subtler
abnormalities typified by the 22qDS patients and the analysis of translocations (19, 20).

The second paper related to schizophrenia genetics in this issue by Hazlett et al. ex-
plores attentional abnormalities in individuals with schizotypal personality disorder. A
large research literature suggests abnormalities in sensory gating and attention abnor-
malities in individuals with schizophrenia. In this study, Hazlett et al. examine the de-
gree to which the startle response elicited by a short burst of loud noise is altered by
prior auditory tones. While the interested reader should consult the paper for details,
previous research had shown a particular pattern of abnormalities in the modulation of
the startle response in patients with schizophrenia. The question posed in this report
was whether similar findings would be seen in individuals recruited from the general
population meeting criteria for schizotypal personality disorder.

The results were clear-cut. The pattern of differences seen in the schizotypal person-
ality disorder and comparison subjects were very similar to those previously observed
in schizophrenic subjects. Along with prior results of their group and others, these re-
sults suggest that schizotypal personality disorder and schizophrenia share common
dysfunctions in the modulation of sensory input. This startle paradigm, along with a
number of other promising “endophenotypes” or “intermediate phenotypes,” may
prove of substantial value in clarifying the etiologic pathway leading to schizophrenia
and the schizophrenia spectrum condition.

One modest methodologic concern deserves mention. Experimental design usually
dictates that a control group be matched to the experimental group on all variables ex-
cept the one isolated for study. Here that variable was having schizotypal personality
disorder. However, the authors have followed a rather common practice and obtained
“supernormal” subjects who not only did not have schizotypal personality disorder but
also had no other psychiatric illness and had no family history for psychiatric illness.
The problem with this approach is that it prevents us from isolating the source of the
between-group differences. While the major source of the effect probably results from
one group having and the other not having schizotypal personality disorder, the differ-
ences in the startle response in the two groups could have been influenced by the differ-
ing rates of other psychopathology or differences in the psychiatric family history of the
two groups.

In the third schizophrenia genetics paper in this issue, Tienari and colleagues present
a definitive analysis of the boundaries of the schizophrenia spectrum in their large-
sample Finnish adoption study. Although Kety and colleagues, in their analyses of the
Danish Adoption Studies of Schizophrenia (21, 22), are widely and justly credited with
having stimulated modern interest in the schizophrenia spectrum, in fact, empirical
studies of this issue also go back to the first systematic family studies of schizophrenia
conducted in Germany in the first half of the 20th century (23).

In a time-tested approach, Tienari et al. operationalized the schizophrenia spectrum
as those disorders that were significantly more common in the genetic high-risk group
(here adopted away offspring of the schizophrenic or schizophrenia spectrum mothers)
versus those in the control group (here adopted-away offspring of mothers without
schizophrenia spectrum disorders). In addition to schizophrenia, they found significant
evidence that both schizotypal personality disorder and other nonaffective psychoses
belong within the spectrum. They found little evidence that other putative spectrum
disorders, particularly schizoid, paranoid, and avoidant personality disorders and af-
fective psychoses, belonged within the spectrum. They also found no indication that
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nonpsychotic affective illness, anxiety disorders, or alcohol abuse were genetically re-
lated to schizophrenia.

This study has three noteworthy strengths. First, their sample was nationally repre-
sentative. Second, they employed careful diagnostic procedures, utilized multiple
sources of information, and had an 18-year follow-up interview on most subjects. Fur-
thermore, the median age of the adoptees at their last evaluation was in their mid-40s,
suggesting that most had passed through their age of risk of illness. Third, because this
was an adoption study, the authors could examine the impact of genetic factors, uncon-
founded by possible effects of the rearing environment. The sample, however, has one
limitation. Although quite large by the standards of adoption studies, the sample size of
relatives studied (total N=364) was substantially smaller than a number of recent family
studies of schizophrenia that examined the boundaries of the schizophrenia spectrum
(e.g., references 24–26). Thus, their study would have limited power to detect the aggre-
gation of the rarer disorders in relatives of schizophrenic subjects.

Nonetheless, the pattern of findings in this study is reassuringly similar to that found
in the prior literature. A meta-analysis of three independent family studies of schizo-
phrenia demonstrated significant familial aggregation for schizotypal personality dis-
order (odds ratio=5.0) and other nonaffective psychoses (odds ratio=4.0) in relatives of
schizophrenic probands, with the results being statistically homogeneous across stud-
ies (27). A recent review noted 11 family and adoption studies that have examined the
risk for schizophrenia-spectrum personality disorders (mostly schizotypal but also in
some studies paranoid personality disorder) in first-degree relatives of schizophrenic
and control probands (28). In all studies, the risk for these spectrum personality disor-
ders was higher in relatives of schizophrenic probands (unweighted relative risk=5.9),
and the difference was significant in all but two of the studies. A controlled family study
of childhood-onset schizophrenia also demonstrated significant aggregation of schizo-
typal personality disorder in relatives of schizophrenic probands (29).

Whether the schizophrenia spectrum extends to other personality disorders—espe-
cially schizoid and avoidant—as suggested by some studies (26, 29) is less certain, prob-
ably for two reasons. First, these are relatively rare disorders, and large sample sizes
might be needed to reliably demonstrate that they belonged within the spectrum. Sec-
ond, differences in results across research groups may derive from distinct approaches
toward the diagnosis of cases commonly seen in these samples that present with a mix-
ture of schizotypal, schizoid, paranoid, and avoidant traits.

Much controversy remains about the genetic relationship between schizophrenia and
affective illness (30, 31). It is therefore noteworthy that the prevalence rates of total af-
fective illness (psychotic and nonpsychotic forms) in this large adoption study were
nearly identical in the adopted-away offspring of the schizophrenic (mean=6.6% [SD=
2.1]), schizophrenia spectrum (mean=7.4% [SD=1.9]), and control (mean=7.3% [SD=
1.9%]) mothers. These results are inconsistent with the hypothesis that these two forms
of psychiatric illness share genetic risk factors.

In conclusion, these three papers provide good examples of the range of research
questions in the vibrant field of the genetics of schizophrenia. We have reason to be
proud of the advances we have made, although we have very far to go. If some of these
“gene discoveries” for schizophrenia turn out to be true, as evidence is increasingly sug-
gesting (32), we will have a new set of particularly exciting tasks before us. Two of them
are directly relevant to papers in this issue: 1) clarify the set of disorders to which vari-
ants in these genes predispose, and 2) begin the critical and long-term goal of tracing
the pathway from DNA variants to the complex and still rather enigmatic clinical syn-
drome we call schizophrenia.
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