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Sustained Attention Deficit
and Schizotypal Personality Features

in Nonpsychotic Relatives of Schizophrenic Patients

Wei J. Chen, M.D., Sc.D., Shi K. Liu, M.D., Ching-Jui Chang, M.D., Ying-Ju Lien, M.S., 
Yu-Hui Chang, B.S., and Hai-Gwo Hwu, M.D.

Objective: The authors investigated whether nonpsychotic relatives of schizophrenic
probands have an elevated risk of deficits in sustained attention as measured by the Con-
tinuous Performance Test (CPT), whether such deficits are associated with specific factors
of schizotypy, and whether poor CPT performance by probands predicts poor performance
by their relatives. In addition, the heritability of CPT performance in the families of schizo-
phrenic probands was estimated. Method: The study subjects were 60 schizophrenic
probands, 148 of their first-degree relatives, 20 normal comparison probands, and 42 of
the comparison probands’ first-degree relatives. Subjects completed undegraded and 25%
degraded sessions of the CPT and were interviewed with use of the Chinese version of the
Diagnostic Interview for Genetic Studies. Subjects’ CPT sensitivity indexes, d ′, were stan-
dardized against those of a community sample of 345 subjects, with adjustment for age,
sex, and level of education. Results: On average, the d′ values of the relatives of schizo-
phrenic probands were lower than those of the relatives of comparison probands but higher
than those of schizophrenic probands. Lower sensitivity indexes among the relatives of
schizophrenic patients were associated with the interpersonal dysfunction and disorgani-
zation factors of schizotypy but not the cognitive/perceptual factor. When schizophrenic
probands were divided into two subgroups by a cutoff of –3.0 for adjusted z score on the
CPT, the d′ values of relatives of probands with CPT deficits were lower than those of rela-
tives of probands without deficits. The estimated heritability of performance on the CPT
ranged from 0.48 to 0.62. Conclusions: Sustained attention deficit may be a genetic vul-
nerability marker for schizophrenia, and it may be more useful in linkage analysis than tra-
ditional phenotype definitions of schizophrenia. 

(Am J Psychiatry 1998; 155:1214–1220)

Sustained attention deficit detected by the Continu-
ous Performance Test (CPT) is a potential vulnerability
marker for schizophrenia (1). Schizophrenic patients in
various clinical and medication states (2, 3), those with
schizotypal personality disorders (4), relatives of
schizophrenic patients (5, 6), and nonclinical subjects
with high schizotypy scores (7, 8) all exhibit poorer
performance on the CPT than normal individuals. De-

spite the large number of previous investigations, the
interpretation of CPT performance as a vulnerability
marker for schizophrenia is still limited in three re-
spects. First, transmission of CPT performance in the
families of schizophrenic patients has been addressed
in only a few studies of limited sample size (9, 10); sec-
ond, the small number of comparison subjects in previ-
ous studies makes estimating the percentage of patients
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and their relatives who have sustained attention defi-
cits difficult; and third, adjustment for the influence of
demographic features on the CPT has not been ade-
quate. A study of a large community sample (8) found
that older age, female sex, and lower education level
are associated with poorer CPT performance.

Sustained attention deficit is associated with nega-
tive symptoms (11–13) and thought disorders (11, 14,
15) among schizophrenic patients and, thus, may pro-
vide heuristic clues to the pathophysiology of schizo-
phrenia (16). Among nonclinical populations, the la-
tent structure of schizotypal personality features, or
schizotypy, contains factors equivalent to those of
schizophrenic symptoms (17, 18), e.g., negative (or in-
terpersonal dysfunction), positive (or cognitive/percep-
tual dysfunction), and disorganized. Poorer CPT per-
formance is associated with the negative factor (19,
20) and disorganization (20) but not with the positive
factor (19, 20) of schizotypy. Thus, the usefulness of
performance on the CPT as a vulnerability marker for
schizophrenia would be enhanced if sustained atten-
tion deficit among nonpsychotic relatives of schizo-
phrenic patients could be shown to be associated with
specific schizotypal factors.

We investigated CPT performance and schizotypal
personality features among nonpsychotic relatives of
schizophrenic probands and relatives of comparison
probands. CPT performance was standardized against
a large community sample with adjustment for age,
sex, and level of education. The hypotheses tested were
that 1) the CPT performance of the relatives of schizo-
phrenic probands is poorer than that of the relatives of
comparison probands, 2) CPT performance is associ-
ated with interpersonal dysfunction and disorganiza-
tion factors in the relatives of schizophrenic probands,
and 3) poorer CPT performance of schizophrenic
probands predicts poorer CPT performance of their
relatives. The empirical heritability of CPT perfor-
mance in the families of schizophrenic probands was
also estimated.

METHOD

Sixty schizophrenic probands and 148 of their first-degree rela-
tives, 20 comparison probands and 42 of their first-degree relatives,
and 345 community subjects serving as the norm for CPT perfor-
mance were included in this study. Only relatives 17 years of age or
older were included. Written informed consent was obtained from
all subjects after complete description of the study.

The schizophrenic probands were selected from an ongoing pro-
spective follow-up study for validation of the negative/non-negative
subtyping of schizophrenia, the Multidimensional Psychopathology
Group Research Projects. Since Aug. 1, 1993, patients consecutively
admitted to the acute inpatient wards of three hospitals, National
Taiwan University Hospital, Taipei City Psychiatric Center, and the
Provincial Tao-Yuan Psychiatric Center, have been included in the
prospective follow-up study if they meet the DSM-III-R criteria for
schizophrenic disorders and agree to participate. For the present
study, the diagnoses were reevaluated at discharge by consensus
among three senior psychiatrists using all information available
from clinical observations, medical records, and key informants. All

patients with a discharge diagnosis other than schizophrenia and pa-
tients with a history of physical illness or substance abuse that cast
the diagnosis in doubt were excluded. Among 143 eligible schizo-
phrenic patients, 60 patients agreed to let researchers approach their
relatives. Among a total of 303 of their first-degree relatives, 257
were available (25 were dead, 13 were abroad, and eight were less
than 17 years of age) and 158 (61.5%) were directly interviewed.
Three relatives with a diagnosis of schizophrenia, one with schizo-
phreniform disorder, one with mental retardation, and five other rel-
atives who did not take the CPT were excluded from the study. Of
the remaining 148 relatives, 79 were parents, 67 were siblings, and
two were offspring of the probands.

The selection of the community subjects has been described in de-
tail elsewhere (8). Briefly, 345 adults were systematically sampled
from the 1993 and 1994 voter lists of Chinshan Township, which is
a 60-minute drive north of Taipei. Approximately 65% of the pro-
spective subjects who were selected and resided in Chinshan were
successfully interviewed. Only subjects who did not have a diagnosis
of psychosis or stroke and completed both a questionnaire and the
CPT were included. For the present study, 20 normal comparison
probands were selected from this sample by matching them to the
age, sex, and education level of the first 20 schizophrenic probands.
Among the 124 first-degree relatives of these comparison probands,
10 were dead and eight were less than 17 years of age. Of the re-
maining 106 relatives, 42 (39.6%) completed the test (nine were par-
ents, 29 were siblings, and four were offspring).

Probands and first-degree relatives of both groups were inter-
viewed with use of the Diagnostic Interview for Genetic Studies
(DIGS) (21). The Chinese version, DIGS-C, was translated by two
psychiatrists (S.K.L. and C.-J.C.) and one psychiatric epidemiologist
(W.J.C.). The DIGS contains a section of the modified Structured In-
terview for Schizotypy (SIS) (22), which was back-translated into
English to ensure the accuracy of the translation. The DIGS-C inter-
views were carried out by six well-trained research assistants with
majors in psychology or psychiatric nursing. They had received stan-
dardized psychiatric interview training for 4 weeks and completed
six sessions of videotape reliability testing before participating in the
data collection. The interviewers were not blind to the probands’
status, because providing relevant knowledge about schizophrenic
probands was essential in motivating relatives to participate.

The axis I and axis II diagnoses of the study subjects were first as-
sessed independently by three investigators (S.K.L., C.-J.C., and
W.J.C.) by reviewing the DIGS-C records; then a consensus diagnosis
was reached. Additional information, including copies of hospital
records and information from the Family Interview for Genetic Stud-
ies (developed by the National Institute of Mental Health Genetics
Initiative), was considered before a diagnosis was reached. Three
levels of diagnoses according to DSM-III-R were possible: none,
probable (the required number of criteria were met, but one item
was near the criterion threshold), and definite.

The interrater reliability for the DIGS-C was assessed separately
for axis I and axis II diagnoses in two sets of subjects. In the first set,
31 subjects (21 inpatients, four outpatients, and six normal subjects)
were each interviewed by one physician while the other participants
in the reliability study made ratings by viewing the videotapes. The
kappas for the diagnoses of schizophrenia, bipolar disorder, and ma-
jor depression by the three physicians and two research assistants
ranged from 0.86 to 0.93. In the second set, 13 subjects with at least
one axis II diagnosis (six with schizotypal personality disorder, seven
with paranoid personality disorder, and four with schizoid personal-
ity disorder; among them, four had two diagnoses simultaneously)
and 14 subjects without any axis II diagnosis were each interviewed
by one research assistant. The three physicians then read the DIGS-
C records and made diagnoses independently. The kappas of their di-
agnoses were 0.72 for schizotypal personality disorder, 0.68 for
paranoid personality disorder, and 0.90 for schizoid personality dis-
order. Five research assistants who had completed training re-rated
the global ratings of the modified SIS section for these 27 subjects.
The intraclass correlation coefficients for the global ratings of the
modified SIS section ranged from 0.64 to 0.97.



1216 Am J Psychiatry 155:9, September 1998

ATTENTION DEFICIT AND SCHIZOTYPAL PERSONALITY

The CPT

We used a CPT machine from Sunrise Systems (Pembroke, Mass.),
version 2.20. The procedure has been described in detail elsewhere
(13). Briefly, numbers from 0 to 9 were randomly presented for 50
msec each, at a rate of 1 per second. Each subject underwent two
CPT sessions: the undegraded 1–9 task and the degraded 1–9 task. A
total of 331 trials, 31 of them targets, were presented over a period
of 5 minutes for each session. During the 25% degraded task ses-
sion, a pattern of snow was used to toggle background and fore-
ground dots so that the image was not distinct. The sensitivity index
of CPT performance, d′, was derived from the hit rate and false
alarm rate (1). The CPT was not administered until the schizo-
phrenic patients were stabilized. Most of the other subjects took the
CPT in interview rooms of hospitals or the Chinshan Health Station
on the day of the DIGS-C interview; 13 subjects were tested during
a home visit.

Data Analysis

We standardized the sensitivity index of CPT performance with
adjustment for sex, age, and education as described by Saykin et al.
(23). Briefly, the d′ was regressed on these covariates among the 345
normal subjects. Adjusted scores for a subject were then calculated
with use of the regression coefficients for these covariates derived
from the normal subjects. The residual of the regression was then
standardized by the root mean error of the regression, defined as the
adjusted z score for the sensitivity index. Comparisons among the
three study groups were conducted by analysis of variance followed
by post hoc pairwise tests with Scheffé’s correction for multiple com-
parisons. To adjust for within-family correlations in comparing the
CPT performance of the relatives of the two groups, we applied gen-
eralized estimating equations with the assumption that probands
were not matched (24). In choosing an appropriate cutoff point of d′
for genetic analysis, we calculated Risch’s λ coefficient (25). The em-
pirical heritability of CPT performance was estimated from the re-
gression of d′ of offspring on d′ of either one or two parents (26). For
comparisons between two groups, we used Fisher’s exact test (two-
tailed) for dichotomous variables and t tests (two-tailed) for contin-
uous variables. 

RESULTS

The demographic features of the schizophrenic
probands were similar to those of the comparison
probands (table 1). The raw score of d′ of the schizo-
phrenic probands was lower than that of the compari-
son probands (for the undegraded CPT d′, t=–10.8, df=
78, p=0.0001; for the degraded CPT d′, t=–11.7, df=
72.5, p=0.001), as were their adjusted z scores (for the
undegraded CPT d′, t=–10.6, df=70.2, p=0.001; for the
degraded CPT d′, t=–11.2, df=69, p=0.0001). The rel-
atives of the schizophrenic probands were on average
8.5 years older than the relatives of the comparison
probands (t=3.1, df=188, p=0.003), but the two
groups of relatives were similar in distribution of the
sexes and in education. The mean d′ on the CPT was
lower for the relatives of the schizophrenic probands
than for the relatives of the comparison probands ac-
cording to both the raw scores (for the undegraded
CPT d′, t=–7.7, df=162.1, p=0.0001; for the degraded
CPT d′, t=–10.5, df=155.5, p=0.0001) and the ad-
justed z scores (for the undegraded CPT d′, t=–8.0, df=
185.6, p=0.0001; for the degraded CPT d′, t=–10.4,
df=160.6, p=0.0001). These values for the comparison
probands did not deviate from the norms. The differ-
ences in adjusted z score between the relatives of the
two proband groups remained significant in regression
analyses when we applied generalized estimating equa-
tions (z=6.6 for the undegraded CPT d′ and z=9.5 for
the degraded CPT d′; each p<0.001).

We then calculated Risch’s λ values at a series of cut-
off points on the basis of the adjusted z scores of the

TABLE 1. Demographic Features and Scores on the Continuous Performance Test (CPT) of Schizophrenic and Normal Compari-
son Probands and Their Relatives

Probands Relatives

Variable
Schizophrenic 

(N=60)
Comparison 

(N=20)
Of Schizophrenic 

Probands (N=148)
Of Comparison 

Probands (N=42)

N % N % N % N %
Sex

Male 30 50 8 40 67 45 21 50
Female 30 50 12 60 81 55 21 50

Mean SD Mean SD Mean SD Mean SD

Age (years) 30.7 8.0 32.3 7.6 46.9a 16.2 38.4 14.8
Education (years) 11.3 3.1 10.8 3.0 9.4 4.7 9.6  4.3
Raw score of d′b

On undegraded CPT 2.1a 1.8 4.7 0.3 3.0a 1.6 4.3 0.7
On 25% degraded CPT 1.3a 1.6 4.3 0.7 2.2a 1.7 4.1 0.8

Adjusted z score of d′c 
On undegraded CPT –3.0a 2.5 0.6 0.5 –1.4a 2.1  0.2 0.7
On 25% degraded CPT –4.2a 2.3 0.0 1.0 –2.5a 2.3  0.0 1.0

N % N % N % N %
Adjusted z score of d′ ≤–3.0 (deficit)

On undegraded CPT 27 45d 0 0 28 19d 0 0
On 25% degraded CPT 35 63d 0 0 49 34d 0 0

a p<0.001 (t test) for the difference between schizophrenic and comparison groups.
b d′=the sensitivity index of performance on the CPT.
c The adjusted z score of d′ was standardized on the basis of the CPT scores of 345 community subjects(13). Four schizophrenic probands

and five relatives of schizophrenic probands did not complete the degraded CPT.
d p<0.001 (Fisher’s exact test, two-tailed) for the difference between schizophrenic and comparison groups.
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relatives of the schizophrenic probands versus those of
the normal subjects. For d′ on the undegraded CPT, λ
values at the cutoff points of –2.5, –3.0, and –3.5 were
9.6, 16.3, and 53.6, respectively. For d′ on the de-
graded CPT, λ values at the cutoff points of –2.5, –3.0,
and –3.5 were 18.2, 130.3, and ∞, respectively. Be-
cause λ values at the cutoff point of –3.0 for both the
undegraded and the degraded CPT d′ were greater
than those of other schizophrenia spectrum pheno-
types (discussed later), we defined deficit on the CPT
as an adjusted z score less than or equal to –3.0.
Among the schizophrenic probands, the frequency of
d′ deficit ranged from 45% to 63% (table 1). The fre-
quency of d′ deficit was higher among the relatives of
the schizophrenic probands (19%–34%) than among
the relatives of the comparison probands (0%).

Among the study groups, the mean d′ for both the
undegraded and the degraded CPT was lowest in the
group of schizophrenic probands. Relatives of the
schizophrenic probands had an intermediate d′, while
the comparison subjects (the probands and their rela-
tives together) had the highest mean d′ (p<0.01,
Scheffé’s test). The frequency of d′ deficit among the

three groups showed the opposite tendency (Wald χ2=
32.7 for the undegraded CPT d′ and Wald χ2=42.5 for
the degraded CPT d′; df=1, p<0.0001, logistic regres-
sion).

Definite diagnoses of personality disorders among
the relatives of the schizophrenic probands included
schizotypal personality disorder (N=2), paranoid per-
sonality disorder (N=4), and schizoid personality dis-
order (N=2). One relative had both schizotypal and
paranoid personality disorders. The adjusted z scores
of d′ of these seven relatives (for the undegraded
CPT, mean=–2.2, SD=2.7; for the degraded CPT,
mean=–4.2, SD=3.1) were lower than those of the
other relatives (mean=–1.3, SD=2.1, and mean=–2.5,
SD=2.3, respectively), although the differences were
not statistically significant (t=1.1, df=146, p=0.30, and
t=1.7, df=141, p=0.10, respectively). When both defi-
nite and probable diagnoses were included, 19 rela-
tives had one of these three diagnoses. Similarly, their
adjusted z scores of d′ (for the undegraded CPT, mean=
–1.7, SD=2.2; for the degraded CPT, mean=–3.2, SD=
2.8) were lower than those of the remaining relatives
(mean=–1.3, SD=2.1, and mean=–2.4, SD=2.2, respec-

TABLE 2. Demographic Features and Scores on the Continuous Performance Test (CPT) of the Relatives of Schizophrenic
Probands Grouped According to the Probands’ Performance

Variable

Relatives of 
Probands With Ad-

justed z Scores
>–3.0 on the Unde-
graded CPT (N=78)

Relatives of 
Probands With Ad-

justed z Scores
≤–3.0 (Deficit) on 
the Undegraded 

CPT (N=70)

Relatives of 
Probands With Ad-

justed z Scores
>–3.0 on the 25% 

Degraded CPT
(N=50)a

Relatives of 
Probands With Ad-

justed z Scores
≤–3.0 (Deficit) on 

the 25% Degraded 
CPT (N=89)a

N % N % N % N %
Sex

Male 35 45 32 46 25 50 39 44
Female 43 55 38 54 25 50 50 56

Mean SD Mean SD Mean SD Mean SD

Age (years) 47.9 16.5 45.7 15.8 47.3 16.5 45.9 15.7
Education (years) 10.3 4.5 8.3b 4.7 10.3 4.2 8.9  4.7
Raw score of d′c

On undegraded CPT 3.4 1.4 2.5b 1.7 3.4 1.5 2.7d 1.6
On 25% degraded CPT 2.8 1.5 1.5e 1.7 2.9 1.5 1.7e 1.7

Adjusted z score of d′
On undegraded CPT –0.8 1.9 –2.0b 2.2 –0.8 2.1 –1.7d 2.1
On 25% degraded CPT –1.7 2.0 –3.5e 2.3 –1.6  2.1 –3.2e 2.3

N % N % N % N %
Adjusted z score of d′≤–3.0

On undegraded CPT 9 12 19 27f 5 10 22 25f

On 25% degraded CPT 17 22 32 48g 9 18 38 44g

Mean SD Mean SD Mean SD Mean SD
Schizotypy factor score

Cognitive/perceptual 4.7 2.2 4.2 2.0 4.3 2.2 4.1 2.1
Interpersonal 6.6 2.4 7.1 2.6 6.6 2.3 7.0 2.6
Disorganization 0.3 0.7 0.4 0.6 0.3 0.7 0.4 0.6

a Four probands did not complete the degraded CPT; hence nine relatives could not be classified. Among those relatives who could
be classified, four did not complete the degraded CPT.

b p<0.01 (t test) for the difference between relatives of the deficit and nondeficit proband groups.
c d′=the sensitivity index of performance on the CPT.
d p<0.05 (t test) for the difference between relatives of the deficit and nondeficit proband groups.
e p<0.001 (t test) for the difference between relatives of the deficit and nondeficit proband groups.
f p<0.05 (Fisher’s exact test, two-tailed) for the difference between relatives of the deficit and nondeficit proband groups.
g p<0.01 (Fisher’s exact test, two-tailed) for the difference between relatives of the deficit and nondeficit proband groups.
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tively), although this difference was also not statisti-
cally significant (t=0.7, df=146, p=0.50, and t=1.2, df=
141, p=0.20, respectively).

The global ratings on the modified SIS section were
grouped a priori into three factors on the basis of pre-
vious confirmatory factor analysis studies (18, 20). For
the three schizotypy factors, the d′ of the undegraded
CPT (N=148) was correlated with interpersonal dysfunc-
tion (r=–0.27, p=0.001) and disorganization (r=–0.30,
p=0.0008) but not cognitive/perceptual dysfunction
(r=0.01, p=0.92). Similarly, the degraded CPT d′ of the
relatives (N=143) was correlated with interpersonal
dysfunction (r=–0.17, p=0.04) and disorganization (r=
–0.22, p=0.001) but not cognitive/perceptual dysfunc-
tion (r=0.03, p=0.72).

When the probands were classified into deficit and
nondeficit subgroups, the demographic features of the
relatives of nondeficit probands were not different
from those of the relatives of deficit probands except in
level of education, which reached statistical signifi-
cance if subgrouping was based on probands’ unde-
graded CPT performance (t=2.4, df=146, p=0.02) (ta-
ble 2). If probands’ performance on the undegraded
CPT was used for subgrouping, the relatives of pro-
bands with a deficit had lower d′ on both the unde-
graded CPT (for raw score, t=3.2, df=146, p=0.002; for
adjusted z score, t=3.4, df=146, p=0.0009) and the de-
graded CPT (for raw score, t=4.1, df=141, p=0.0001;
for adjusted z score, t=4.3, df=141, p=0.0001). Simi-
larly, if probands’ performance on the degraded CPT
was used for subgrouping, the relatives of probands
with a deficit had lower d′ on both the undegraded
CPT (for raw score, t=2.9, df=146, p=0.005; for ad-
justed z score, t=2.8, df=146, p=0.007) and the de-
graded CPT (for raw score, t=3.7, df=141, p=0.0003;
for adjusted z score, t=3.7, df=141, p=0.0004). The
relatives of deficit probands also had a higher propor-
tion of deficit on both the undegraded and the de-
graded CPT than did those of nondeficit probands.
The differences in adjusted z score between the two
subgroups of relatives remained significant in regres-
sion analyses using generalized estimating equations
(z=2.37 for the undegraded CPT d′ and z=3.78 for the
degraded CPT d′ when relatives were subgrouped ac-
cording to probands’ undegraded CPT d′; z=2.03 for
the undegraded CPT d′ and z=3.44 for the degraded
CPT d′ when the relatives were subgrouped according
to probands’ degraded CPT d′; all p values <0.04).
However, there were no differences in schizotypy fac-
tors between these two subgroups of relatives when
they were classified according to probands’ unde-
graded or degraded CPT d′ (all t values <1.3, df=146,
p>0.20).

Among the relatives of schizophrenic probands, the
sensitivity index of CPT performance of each parent
was known in 10 families, while that of only one par-
ent was known in another 18 families. The empirical
heritability in the first type of family was estimated as
0.62 (SD=0.12) on the basis of undegraded CPT d′
scores and 0.57 (SD=0.28) on the basis of degraded

CPT d′ scores. Empirical heritability in the second type
of family was 0.48 (SD=0.18) on the basis of unde-
graded CPT d′ scores and 0.51 (SD=0.32) on the basis
of degraded CPT d′ scores.

DISCUSSION

If deficit in performance on the CPT is a vulnerabil-
ity marker for schizophrenia, similar deficits in sus-
tained attention should be present in the nonpsychotic
relatives of schizophrenic patients. On the other hand,
since not every relative carries the genetic susceptibil-
ity, the mean magnitude of the deficit in the relatives of
schizophrenic probands should be less than that in the
schizophrenic probands themselves. This was in fact
true in our study and in previous studies (6, 10). Also,
the proportion of relatives with a deficit in CPT perfor-
mance in our study was quite high. These percentages
are higher than those for morbid risk of schizophrenia
or schizophrenia-related personality disorders among
the relatives of schizophrenic patients (27, 28). Com-
paring the genetic usefulness of some potential vulner-
ability indicators of schizophrenia, Faraone et al. (29)
found that the λ values for the P300 latency measure,
two assessments of schizotypal personality disorder,
and two measures of neuromotor impairment were be-
tween 11 and 15, while the value for a composite at-
tention deficit measure (including the CPT) was 30.
Our data indicate that if a threshold of –3.0 for ad-
justed z score was used, the λ value was greater than 15
for the undegraded CPT and greater than 30 for the
degraded CPT. Thus, the CPT performance deficit
alone, when it is at a severe level, might be more useful
than other schizophrenia spectrum definitions in link-
age analysis.

Another concern in our choice of threshold is that
the distribution of d′ scores among the normal group
was skewed because of a ceiling effect. In the commu-
nity sample, the proportion of subjects who reached
the best allowable limit of d′ was 16.5% on the unde-
graded CPT and 4.4% on the degraded CPT (8). Thus,
a stringent criterion at 3 SD below the population
mean would render the impact of the ceiling effect
negligible.

Performance on the CPT was correlated specifically
with the interpersonal dysfunction and disorganization
factors but not with the cognitive/perceptual factor of
schizotypy in the relatives of the schizophrenic
probands in our study. These results are slightly differ-
ent from our findings in a community sample of 345
subjects (8), in which interpersonal dysfunction was
significantly associated with lower degraded CPT per-
formance only, while disorganization was significantly
associated with lower undegraded CPT performance
only. A possible explanation for this is that the current
definition of schizotypy includes both “clinical” and
“familial” schizotypes (30), and the community sam-
ple might have included many clinical cases, whereas
the group of relatives was enriched with familial cases.
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Relatives with schizotypy-related personality disorders
also tended to have lower d′ values than those without
such disorders. This difference was not statistically sig-
nificant, however, possibly because of the small num-
ber of relatives who met the diagnostic criteria.

The relationship between probands’ CPT perfor-
mance and that of their relatives further supports the
notion that performance on the CPT is a genetic vul-
nerability marker for schizophrenia. Schizophrenic
probands with poorer CPT performance presumably
should carry a higher genetic loading than those with
better CPT performance, and their relatives should
manifest such differences in CPT performance. When
we divided the schizophrenic probands into deficit and
nondeficit subgroups according to the adjusted z score
of –3.0, their relatives’ CPT performance was consis-
tent with this prediction. It is interesting that the mag-
nitude of the difference in performance in the two sub-
groups of relatives, classified by probands’ undegraded
or degraded CPT d′, was similar. It seems that an ad-
justed z score of –3.0 was stringent enough that it did
identify schizophrenic probands with high genetic
loading, regardless of the level of CPT difficulty. In
contrast, schizophrenic probands’ CPT deficit failed to
predict more schizotypal personality features in their
relatives. This indicates that despite the moderate cor-
relation between d′ and two schizotypal factors (inter-
personal dysfunction and disorganization) observed
among relatives, CPT deficit and schizotypy may be
distinct traits.

Poor CPT performance thus appears to have poten-
tial as a genetic vulnerability indicator for schizophre-
nia. According to Meehl (31), what is inherited in
schizophrenia is a neurophysiological defect called
schizotaxia, which manifests as schizotypy in individu-
als with a normal upbringing. Comparing several neu-
ropsychological tests, one study (32) found that the
heritable component of neuropsychological dysfunc-
tion lies in attention deficit. Thus, the CPT may have
detected such a schizotaxial defect among the relatives
of schizophrenic patients in our study. Indeed, there
appears to be a substantial genetic contribution to per-
formance on the CPT, as shown by our heritability es-
timates, which lie between those of two previous stud-
ies that examined this issue. Wagener et al. (9) found
only a moderate intergenerational correlation for the
omission rate (i.e., 1 minus the hit rate) (r=0.12) and
commission rate (i.e., false alarm rate) (r=0.13) be-
tween 25 schizophrenic patients and their mothers.
Since schizophrenic patients’ deficits in sustained at-
tention are more severe than those of their nonpsy-
chotic relatives and tend to be the extreme within their
families, including them in the estimations of correla-
tion might have made the intergenerational correla-
tions low. Grove et al. (10) studied the performance on
a different version of the CPT of 61 nonpsychotic sib-
lings of schizophrenic patients and found that the her-
itability of performance was 0.79. Since no parents
were included in that study, common environmental

factors shared by siblings might have contributed to
the high estimate of heritability. To separate common
environment from genetic factors, twin studies of CPT
performance are warranted.
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