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Abstract
Sustained attention deficits measured by the Continuous Performance Test (CPT) have been proposed as an endophenotype of
schizophrenia. However, little is known about whether sustained attention deficits in first-degree relatives of schizophrenic patients
are associated with familial loading for schizophrenia. We examined 107 parents and 84 siblings of simplex schizophrenia families
as well as 72 parents and 56 siblings of multiplex schizophrenia families, all nonpsychotic, using the Diagnostic Interview for
Genetic Studies and two sessions of the CPT (undegraded and degraded). The effect of perceptual load was assessed using the
residual of the regression of the degraded score on the undegraded one. Statistical models that can adjust for familial correlations
were used to compare the CPT performance of relatives between the two types of families. Siblings from multiplex families
exhibited worse performance on the degraded CPT and less proficiency in processing the perceptual load than those from simplex
families. No such difference was observed for the parents on either CPT version. We concluded that sustained attention along with
perceptual load processing is more impaired in the siblings of schizophrenic patients with high familial loading and that this finding
might be useful for future genetic dissection of schizophrenia.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction
Heterogeneity in schizophrenia has been a central
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1990). One way to tackle this is to identify a subgroup of
patients with higher genetic loading on the basis of
family history (Farmer et al., 1990; Lewis et al., 1987).
The rationale is that patients with negative family
history (sporadic cases) would have less genetic loading
for schizophrenia than those with positive family history
(familial cases). However, given the low penetrance of a
disease gene, the distinction between sporadic and
familial subtypes of disease is not straightforward
(Kendler, 1987, 1988). Another concern is how to
define the magnitude of genetic contribution in
schizophrenic patients. One study comparing schizophrenic patients who did not have other affected siblings
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with those who did found no differences in their
psychotic symptoms or other comorbidity except a
lower prevalence of alcohol abuse in the latter group
(DeLisi et al., 2001). If alcohol abuse was unrelated to
the genetic vulnerability to schizophrenia, this finding
implied that substances might have a substantial role in
the development of schizophrenia in simplex families
rather than genes and the patients from simplex families
were indistinguishable clinically from those with
considerable genetic contribution. It thus lends support
to the potential utility of family history in terms of
indicating genetic loading in schizophrenia.
On the other hand, the endophenotype approach has
been increasingly adopted by researchers in the search
for the genetic predisposition to schizophrenia (Almasy
and Blangero, 2001; Gottesman and Gould, 2003). If
patients are found to have the endophenotype, their nondiseased family members would have a higher rate of
endophenotype expression than the general population.
Among several candidates, sustained attention deficits
as measured on the Continuous Performance Test (CPT)
(Rosvold et al., 1956) have been proposed as an
endophenotype of schizophrenia. CPT deficits have
been shown to be present not only in schizophrenic
patients, but also in subjects with schizotypal personality disorder as well as nonpsychotic relatives of
schizophrenic patients (Chen and Faraone, 2000;
Cornblatt and Keilp, 1994). In addition, using 2.5
standard deviations or more below the population mean
as threshold, the risk ratios of CPT performance deficits
among parents or siblings to that in the general
population were higher than the risk ratio of schizophrenia alone (Chen et al., 1998b, 2004).
A combination of both approaches is to use some
probable endophenotypes, which can be measured
objectively even in non-diseased family members, to
compare the families of sporadic with those of familial
schizophrenia. To date, only two studies specifically
compared the CPT performance of schizophrenic
patients with positive family history versus those
without, but their relatives were not examined (Roy et
al., 1994; Walker and Shaye, 1982).
The objective of this study was to test a hypothesis
that sustained attention deficit in nonpsychotic firstdegree relatives of schizophrenic patients would be worse
in multiplex than in simplex families. Simplex families in
this study are similar to so-called “sporadic” ones except
that the affection status is limited to first-degree relatives.
The definition of a multiplex case is more stringent than a
familial one in the sense that the familiality is restricted to
a co-affected sibling. The study also tested the following
more specific hypotheses: (1) The difference between
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simplex and multiplex families in sustained attention
deficit might be greater for siblings than for parents, since
a sib-pair share one more component in genetic
covariance than a parent–offspring pair (Falconer and
Mackay, 1996). (2) A more difficult version of the CPT
might reveal a greater difference between simplex and
multiplex families in sustained attention deficit, since a
higher recurrence risk ratio was observed using the
degraded than the undegraded version of the CPT in
nonpsychotic relatives of schizophrenic patients (Chen et
al., 2004). (3) A component measured by the CPT other
than sustained attention per se, i.e., the perceptual load
component that can be isolated by regressing a relative's
degraded score on his undegraded one, might distinguish
simplex from multiplex families since deficiency in
information processing is part of the proposition that
neurocognitive deficits are involved in schizophrenia
(Braff, 1993; Nuechterlein and Dawson, 1984).
2. Methods
2.1. Probands
Probands of both simplex and multiplex families
were recruited from two studies on schizophrenia. The
first study, the Multidimensional Psychopathology
Group Research Project, aimed to recruit schizophrenic
patients and their first-degree relatives. From August
1993 to June 1998, patients consecutively admitted to
the acute inpatient wards of the National Taiwan
University Hospital, the Taipei City Psychiatric Center
and the Provincial Tao-Yuan Psychiatric Center were
included if they met the DSM-III criteria for schizophrenic disorders (Chang et al., 2002; Chen et al.,
1998b). During the study period, the diagnostic criteria
were shifted to DSM-IV and earlier subjects were rediagnosed with the updated criteria. The second study,
the Multidimensional Psychopathological Study on
Schizophrenia, aimed to collect sib-pairs who were coaffected with schizophrenia and had at least two alive
first-degree relatives. The affected sib-pair probands,
who met the DSM-IV criteria for schizophrenia or
schizoaffective disorders, depressed type, were identified from either the inpatient wards or outpatient clinics
of the National Taiwan University Hospital and the
Provincial Tao-Yuan Psychiatric Center from July 1998
to December 2001. Written informed consent was
obtained from all subjects after complete description
of the study. Both studies were approved by the
institutional review boards of the participating hospitals.
On the basis of affection status among first-degree
relatives, 11 out of the 91 families recruited from the
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first study (Chen et al., 2004) did not fulfill the
definition of simplex families: six had an affected
sibling (one had already been included in the second
study and the remaining five families were reassigned to
the multiplex group for subsequent analyses); another
five families had one parent affected with schizophrenia
or schizophreniform disorders and were excluded from
this study. Because the schizophrenic probands in each
multiplex family were not examined concurrently
during their hospital admissions for the CPT, several
factors have to be incorporated before subjecting their
CPT performances to comparison with those of simplex
families. Thus, the sustained attention deficits of these
probands will be reported in a separate paper and the
current study will be focused on relatives only.
2.2. Measurements
2.2.1. Interview instruments and diagnostic procedures
Probands and their first-degree relatives were interviewed with the Diagnostic Interview for Genetic
Studies (DIGS) (NIMH Genetics Initiative, 1992a),
which was designed specifically for family-genetic
studies of schizophrenia and bipolar disorder with
good inter-rater reliabilities (Nurnberger et al., 1994).
Kappas for the Chinese version of the DIGS for the
diagnoses of schizophrenia, bipolar disorder and major
depression ranged from 0.86 to 0.93 (Chen et al.,
1998b). Interviews with the Chinese version of the
DIGS were carried out by research assistants who had
received standardized psychiatric interview training. In
addition to the DIGS, interviewers used the Chinese
version of the Family Interview for Genetic Studies
(FIGS) (NIMH Genetics Initiative, 1992b) to collect
relevant information on relatives who were not interviewed for the study. Two psychiatrists independently
reviewed all available information including the DIGS,
the FIGS, hospital records and the interviewer's notes.
Best estimate lifetime psychiatric diagnosis according to
the DSM-IV criteria were determined independently; if
both psychiatrists disagreed about a diagnosis, a third
one was sought and a consensus diagnosis was reached
after discussion.
2.2.2. CPT
A CPT machine from Sunrise Systems, v. 2.20
(Pembroke, MA, USA), was used to assess sustained
attention with a procedure detailed elsewhere (Chen et
al., 1998a). Briefly, numbers from 0 to 9 were randomly
presented for 50 ms each, at a rate of one per second for
two sessions. During the first session (undegraded),
subjects responded to the target stimulus (the number 9

preceded by the number 1) by pressing a button,
whereas a pattern of snow was used to toggle
background and foreground so that the image was
visually distorted during the second session (25%
degraded). A total of 341 trials, 31 (10%) of which
were target stimuli, were presented over 5 min for each
session. Both sessions include a working memory
component and additional perceptual load is assessed
in the degraded one (Nuechterlein et al., 1992).
The signal-detection indexes of performance on the
test, sensitivity (d′) and response criterion (lnβ), were
derived from the hit rate and false-alarm rate (Nuechterlein, 1991; Swets, 1973). Sensitivity measures an
individual's ability to discriminate target stimuli from
nontarget stimuli, whereas response criterion assesses
the amount of perceptual evidence an individual
requires prior to making a decision to respond to a
stimulus as a signal. Using the technique of Receiver
Operating Characteristic analysis, the effect of decision
criterion can be isolated from the sensitivity, and
measures of d′ and β would be independent under the
assumptions of normal and equal-variance distributions
(Swets, 1973). Variables extraneous to the intended
comparison of sensitivity, such as differences in
motivation or in cooperativeness between the groups,
would yield differences in lnβ rather than in d′.
A 1-week test–retest reliability study of the CPT
versions used in this study was conducted in a separate
sample of 10 schizophrenia inpatients, 10 nonpsychotic
inpatients, and 10 normal age- and sex-matched control
subjects (Chen et al., 1998a). The intraclass correlation
coefficients of reliabilities (ICCRs) of CPT performance
indices were reported for all participants together so the
range of variation would be large enough to make a
stable estimate. The ICCRs of d′ were 0.83 (undegraded) and 0.82 (degraded), and those of lnβ were 0.49
(undegraded) and 0.72 (degraded). A possible reason for
a higher reliability of lnβ for the degraded CPT than that
for the undegraded one might be that the distraction
caused by the degrading forced some participants to
adopt a more stringent response criterion during the test.
The CPT performance in a representative sample of 345
community subjects, whose sampling was described in
detail previously (Chen et al., 1998a), was used as
normative data for the standardization of subjects' CPT
score in this study.
2.3. Relatives: psychiatric status and exclusion criteria
Among 199 first-degree relatives of the simplex and
143 of the multiplex families that completed at least one
version of the CPT, 197 of the simplex and 123 of the
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multiplex were directly interviewed with the DIGS. No
relatives in the simplex group had schizophrenia or
schizophreniform disorder, while four of the multiplex
group had schizophrenia and none had schizophreniform disorder. The two groups seemed to have
comparable proportions of substance use disorders. In
the simplex group, six (3.1%) had alcohol abuse, three
(1.5%) alcohol dependence, one (0.5%) drug abuse and
one (0.5%) drug dependence. The corresponding
numbers in the multiplex group were 6 (4.9%), 3
(2.4%), 0 and 1 (0.8%). Similar proportions of anxiety
and mood disorders, except dysthymia, were also
observed in the two groups. In the simplex group, 5
(2.5%) had major depressive disorder, 14 (7.1%)
dysthymia, none bipolar disorder, obsessive-compulsive
disorder or phobia, and 1 (0.5%) panic disorder, while
the corresponding numbers for the multiplex group were
3 (2.4%), 2 (1.6%), 0, 1 (0.8%), 0 and 0.
Any first-degree relatives with schizophrenia, schizophreniform disorder, alcohol/drug use disorders or
mental retardation were excluded from the final
analysis. Hence, 8 relatives for the simplex (7 with
alcohol abuse or dependence, and 1 with alcohol and
drug dependence) and 15 relatives for the multiplex
families (4 with schizophrenia, 8 with alcohol abuse or
dependence, 1 with alcohol and drug dependence, and 2
with mental retardation) were excluded from analysis.
The final study sample included 107 nonpsychotic
parents (from 74 families) and 84 nonpsychotic siblings
(from 48 families) of schizophrenic probands from the
simplex group (80 patients), and 72 nonpsychotic
parents (from 54 families) and 56 nonpsychotic siblings
(from 40 families) who were related to the multiplex
group of schizophrenic probands (which included 166
co-affected patients from 99 families).

for standardization. Each subject was categorized on the
basis of his or her adjusted z scores of CPT d′ against the
cut-off points of − 1, −2 and − 2.5.
In comparing the CPT performance of relatives from
simplex families with that of relatives from multiplex
families, the perceptual load component of the degraded
CPT was assessed by regressing a relative's degraded
score on his undegraded one. Then, the residual of the
regression was treated as a proxy for the perceptual load
processing. Because the perceptual load processing was
found to be negatively correlated with age in the
community sample (r = − 0.15, p = 0.0046) and part of
the current study (r = − 0.22, p = 0.0096, for the siblings;
r = 0.03, p = 0.6968, for the parents), an adjusted z score
for perceptual load processing was further calculated by
including age in the regression of the degraded CPT d′
on the undegraded one.

2.4. Data analysis

The demographic features of the study subjects are
shown in Table 1. The subjects from simplex and
multiplex families, regardless of probands, parents or
siblings, were comparable in terms of male–female
ratio. Probands from simplex families were younger
than those from multiplex families. In parallel, parents
from simplex families were also younger than those
from multiplex ones. Siblings from simplex families had
fewer years of education than those from multiplex
families.
Although all the first-degree relatives were invited to
participate in the study, 1 out of 80 (1%) simplex and 26
out of 99 (26%) multiplex families failed to recruit any
relatives for the assessment of the sustained attention.
However, adjusted z scores of CPT d′ were not
significantly different between the probands of the

2.4.1. Adjusted z score and perceptual load component
for CPT performance
The CPT scores were standardized with adjustments
for sex, age and education as described previously
(Chen et al., 1998b). The predictive score of a subject
was calculated by using the regression coefficients
obtained from the regression of the scores on the
covariates among the 345 community subjects. The
difference between the raw score and the predictive
score was then standardized by the root mean error of
the regression and was defined as the adjusted z score of
the subject. In addition, for three subjects younger than
16 years of age, the age-specific mean and standard
deviation of a school sample (Lin et al., 1999) were used

2.4.2. Statistical analysis
Since some parents and siblings were from the same
families, we adopted statistical models that allow for the
adjustment for within-family correlation. For continuous response variables, linear mixed effect models with
family as the random effect (Laird and Ware, 1982) was
applied using the Proc MIXED procedure in the
software package SAS version 8.2 for Windows (SAS
Institute, Cary, NC, USA), whereas for categorical
response variables, generalized estimating equations
with family as the clustering variable (Zeger and Liang,
1986) were applied using the Proc GENMOD procedure. Effect sizes were calculated with the simplex
group as the reference group to directly contrast the
strength of evidence for genetic loading.
3. Results
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Table 1
Demographic characteristics of study subjects
Variable

Male, n (%)
Age (years),
mean (S.D.)
Education (years),
mean (S.D.)
Age at onset (years),
mean (S.D.)
a
b
c

Probands

Parents

Siblings

Multiplex
(N = 166)

Simplex
(N = 80)

Multiplex
(N = 72)

Simplex
(N = 107)

Multiplex
(N = 56)

100 (60)
33.9 (7.0)

43 (54)
28.5a (7.3)

29 (40)
59.6 (7.9)

41 (38)
56.2b (9.0)

28 (50)
32.6 (7.8)

11.8 (2.9)

11.4 (3.0)

7.1 (4.6)

7.6 (4.8)

13.3 (2.2)

23.2 (6.3)

21.6 (6.0)

Simplex
(N = 84)
40 (48)
31.8 (10.4)
12.3c (3.1)

Community
sample
(N = 345)
165 (48)
41.3 (13.0)
7.4 (4.3)

p < 0.001 (t = − 5.61, df = 244) for the difference between simplex and multiplex groups.
p < 0.05 (t = − 2.59, df = 177) for the difference between simplex and multiplex groups.
p < 0.05 (t = −2.21, df = 138) for the difference between simplex and multiplex groups.

multiplex families with relatives' participation and those
without (p = 0.19 for the undegraded and 0.70 for the
degraded CPT). Among the participating families, the
mean number of siblings per family differed signifi-

cantly between the multiplex 4.6 (S.D. 1.9) and simplex
3.6 (S.D. 1.6) groups (t = 3.79, df = 178, p = 0.0002).
The performance scores on the CPT by first-degree
relatives are listed in Table 2. No significant differences

Table 2
The scores of the Continuous Performance Test (CPT) in nonpsychotic first-degree relatives of schizophrenic probands and community sample
CPT score

Raw score
Ln β on the
undegraded test
Ln β on the 25%
degraded test
d′ on the undegraded
test
d′ on the 25%
degraded test
Perceptual load
processing
Adjusted z score
Ln β on the
undegraded teste
Ln β on the 25%
degraded teste
d′ on the undegraded
teste
d′ on the 25%
degraded teste
Perceptual load
processingf
a
b
c
d
e
f

Group
comparison a

Siblings
Multiplex
(n = 56)

Simplex
(n = 84b)

p

Mean (S.D.)

Mean (S.D.)

0.29

2.5 (0.9)

2.2 (1.0)

0.3

0.48

2.2 (0.9)

0

0.99

1.8d (1.2)

2.1 (1.3)

− 0.2

0.05

2.2 (0.9)

3.2c (1.5)

−0.1

0.43

3.6c (1.2)

3.7 (1.2)

− 0.1

0.20

4.0 (0.8)

2.1c (1.5)

2.2c (1.7)

−0.1

0.66

2.5c (1.5)

3.1 (1.5)

− 0.4

0.01

3.3 (1.0)

0.0 (1.1)

0.0 (1.1)

0

0.77

− 0.3 (1.0)

0.2 (0.9)

− 0.6

<0.01

0.0 (0.8)

−0.8c (1.9)

−0.4c (1.8)

−0.2

0.24

0.5d (1.1)

0.2 (1.2)

0.3

0.51

0 (1.0)

−0.9c (1.7)

−0.9c (1.9)

0

1.00

− 0.5d (1.3)

− 0.0 (1.5)

− 0.3

0.05

0 (1.0)

−0.9c (2.0)

−0.8c (2.0)

−0.1

0.60

− 1.2c (1.6)

− 0.9c (1.6)

− 0.2

0.14

0 (1.0)

−0.9c (1.6)

−0.9c (1.8)

0

0.87

− 1.5c (1.6)

− 0.7c (1.6)

− 0.5

<0.01

0 (1.0)

0.3 (1.4)

0.2 (1.3)

0.1

0.65

− 0.5c (1.2)

0.1 (1.1)

− 0.5

<0.01

0 (1.0)

Parents

Effect
size

Multiplex
(n = 72b)

Simplex
(n = 107b)

Mean (S.D.)

Mean (S.D.)

1.7c (1.6)

2.0 (1.5)

−0.2

1.4c (1.5)

1.4c (1.8)

3.0c (1.5)

Linear mixed effect model with family as the random effect to control for intrafamilial correlation.
Four multiplex parents, five simplex parents and two simplex siblings missing for the degraded test.
p < 0.01 vs. community sample, using linear mixed effect model with family as the random effect.
p < 0.05 vs. community sample, using linear mixed effect model with family as the random effect.
Adjusted for sex, age and education level.
Adjusted for age.

Effect
size

Group
comparisona

Community
sample
(n = 345)

p

Mean (S.D.)
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points of − 1 or − 2, but only borderline for that of − 2.5.
Nevertheless, the risk ratio of the multiplex group to the
simplex one at the cut-off point of − 2.5 (1.89) was
similar to that for the cut-off point of − 2 (1.95) or − 1
(1.56).

were observed between parents from simplex families
and those from multiplex families in both the undegraded and degraded CPT lnβ and d′, and hence in
perceptual load processing. In contrast, siblings from
multiplex families had a lower mean lnβ and d′, both
raw and adjusted z scores, than their counterparts from
simplex families on the degraded CPT. When the effect
of perceptual load was separated from the working
memory-related CPT performance, siblings from multiplex families had lower proficiency in processing the
perceptual load as compared with siblings from simplex
families. Similar results were found on effect sizes, with
the greatest differences between the two groups being
the degraded d′ and perceptual load for the siblings.
When compared with the community sample, the
parents and siblings of both multiplex and simplex
families showed lower mean CPT d′ after adjusting for
sex, age, and education level (Table 2). However,
perceptual load processing did not discriminate the
relatives of schizophrenic patients from the community
sample. Parents in both groups of schizophrenia also
showed lower lnβ than the community sample, whereas
lnβ was equivalent between the siblings in the simplex
group and the community sample. Additionally, siblings
from multiplex families even showed a higher mean lnβ
than the community sample.
Similarly, using a categorical index to indicate
impairment in sustained attention, the differences in
the proportion of subjects with CPT deficit between
simplex and multiplex families were only significant for
the siblings on the degraded version (Table 3). For the
three arbitrarily chosen cut-off points in the adjusted z
score of degraded CPT d′, the contrast between the two
groups of the siblings was significant for the cut-off

4. Discussion
To our knowledge, this is the first study comparing
sustained attention in nonpsychotic relatives of schizophrenic patients with different familial loading for
schizophrenia. There have been two major criticisms
of grouping patients according to family history in
schizophrenia research (Goldin et al., 1987). First, the
family history negative families might still carry the
genetic liability. If the number of relatives is small or
information is not available on some relatives, the type
of family history could be misclassified. Second, the
question of whether a relative is affected depends on the
disorders incorporated in the definition of schizophrenia
and whether these are genetically linked to schizophrenia, and hence is open to debate. Therefore, Lewis et al.
(1987) suggested using large sample sizes and taking a
complete family history when using the familialsporadic approach.
With the above criticisms in mind, we adopted a
grouping strategy with a sample size larger than
previous studies (Lencer et al., 2000, 2003; Ross et
al., 1998) and stringent definitions of familiality and
sporadicity. In addition, other methodological concerns,
including use of personal interviews for the diagnosis of
relatives and controlling for confounding factors (Roy
and Crowe, 1994), were also addressed in this study.
However, we still failed to see a difference in sustained

Table 3
Number and proportion of relatives whose adjusted z score of d′a on the Continuous Performance Test (CPT) was below a threshold
Cut-off
in
adjusted
z scorea

Parents
c

Multiplex (n = 72 )

c

Simplex (n = 107 )

Group
comparisonb

Group comparisonb

Siblings
c

Multiplex (n = 56)

Simplex (n = 84 )

N (%)

χ (df = 1)

p

N (%)

N (%)

χ2 (df = 1)

Undegraded version
<− 1
28 (38.9)
<− 2
15 (20.8)
<− 2.5
12 (16.7)

37 (34.6)
21 (19.6)
16 (15.0)

0.23
0.09
0.09

0.63
0.77
0.76

24 (42.9)
15 (26.8)
10 (17.9)

27 (32.1)
22 (26.2)
15 (17.9)

2.33
0.13
0.19

0.13
0.72
0.66

Degraded version
<− 1
28 (41.2)
<− 2
17 (25.0)
<− 2.5
12 (17.7)

45 (44.1)
21 (20.6)
19 (18.6)

0.15
0.30
0.08

0.70
0.58
0.78

34 (60.7)
20 (35.7)
13 (23.2)

32 (39.0)
15 (18.3)
10 (12.2)

6.76
5.29
3.14

<0.01
0.02
0.08d

a
b
c
d

N (%)

2

Adjusted for sex, age, and education level.
Score statistics for type 3 GEE analysis, correlation structure: exchangeable.
Four multiplex parents, five simplex parents, and two simplex siblings missing for the degraded test.
Z = 1.95, p = 0.05, analysis of GEE parameter estimates, empirical standard error estimates.

p

178
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attention between the parents from simplex and
multiplex families, and even the siblings of the two
groups differed only on the degraded CPT. Several
reasons might account for this. First, according to
quantitative genetic theory (Falconer and Mackay,
1996), siblings share one fourth non-additive genetic
variance, which is not shared by a parent–offspring
pair. If there is a non-additive genetic component of
schizophrenia susceptibility and sustained attention is
indeed part of it, we would see a sharper contrast
between simplex and multiplex siblings than between
simplex and multiplex parents. Second, since siblings
share more in both pre- and post-natal environment
than parent–offspring do, our results might also
suggest the contribution of “environmental loading”
to sustained attention. Third, the siblings of schizophrenic patients tend to have higher risk for schizophrenia, hence for carrying the genetic susceptibility,
than the parents because of the reduced fertility effect
of schizophrenia (Kendler and MacLean, 1989).
Fourth, the tasks performed on the CPT might involve
different cognitive components, to which genes might
contribute differentially. In this study, the degraded
version of the CPT appears to be a more sensitive
indicator of genetic susceptibility to schizophrenia than
the undegraded one. Another interesting issue was
related to the fact that multiplex was defined as having
a sibling with schizophrenia in the current study and
the familiality effect was observed in siblings only.
Whether the familiality effect could be found in
parents if multiplex had been defined as having a
parent with schizophrenia deserves further investigation. By examining the role of ascertainment bias on
the familiality effect of sustained attention in schizophrenia families, the impact of sibling- or parentspecific genetic or environmental factors might
possibly be clarified.
The worse performance of siblings from multiplex
families on the degraded CPT was accompanied by a
significant decrease in lnβ. However, lnβ did not appear
to be consistently associated with d′ in this study.
Siblings from simplex families were comparable to the
community sample in lnβ but showed lower d′ on both
undegraded and degraded CPT after adjusting for sex,
age and educational level. Therefore, the dissociation
between d′ and lnβ was consistent with the expectation
of signal detection theory. The effect of motivation
should at best partially explain the worse performance
on the CPT.
Among various versions of the CPT, the “1–9” task
used in this study includes a working memory
component in both the undegraded and the degraded

versions and additional perceptual load in the degraded
one (Nuechterlein et al., 1992). Our results are
consistent with previous family studies in the sense
that, among a battery of cognitive tests, only the one
involving visual working memory was shown to be
worse in families with two or more schizophrenic
patients than in families with sporadic cases (Faraone et
al., 2000; Tuulio-Henriksson et al., 2003). However,
working memory measured by different tasks may have
more than one dimension (Pukrop et al., 2003). Thus,
the issue of whether working memory with and without
perceptual load is a unitary construct is worth
examining.
In previous studies using more difficult CPT
versions, the performance deficits in schizophrenic
patients were more significant (Seidman et al., 1998)
and not amenable to short-term treatment with neuroleptics (Epstein et al., 1996; Liu et al., 2000). Moreover,
after the effect of demographic features was adjusted for,
the degraded version of the CPT led to a higher
recurrence risk ratio in nonpsychotic relatives of
schizophrenic patients than the undegraded one (Chen
et al., 2004). In line with these findings, this study
provides further evidence that the degraded CPT is more
sensitive than the undegraded one in distinguishing the
nonpsychotic relatives of the simplex families from
those of the multiplex ones.
One unique feature of this study is that the residual of
the regression of the degraded score on the undegraded
one was used to differentiate the effect of perceptual
load from that of working memory load on the task of
the degraded CPT. Our results indicate that siblings
from multiplex families indeed were less proficient than
their counterparts from simplex families in processing
the perceptual load. Although the working memory
component of the CPT, as indicated by the undegraded
CPT score, can differentiate schizophrenic patients from
normal controls (Chen et al., 1998b), this finding
suggests that it is the add-on perceptual load in the
degraded CPT that accounts for the better discrimination
and for the higher genetic susceptibility in the
nonpsychotic siblings of multiplex families.
Unlike the finding on the recurrence risk ratio of the
CPT deficits (Chen et al., 2004), increased stringency in
the cut-off point in the degraded CPT did not lead to a
better discrimination between siblings from simplex and
multiplex families. One possible reason for this is that
the optimal threshold for the difference in CPT deficit
between the first-degree relatives of schizophrenic
patients and normal controls might differ from that for
the difference in CPT deficit between siblings from
multiplex and simplex families.
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Some limitations of this study should be kept in mind
in interpreting our results. First, the relatively low
participation rate of the relatives in the multiplex
families might bias the mean CPT performance in this
group of relatives. Although there were no significant
differences in the CPT performance between the
probands of the families with and without relatives'
participation, we could not rule out the possibility that
the relatives of the multiplex families without any
relative's participation turned out to have more severe
attention deficit. If so, the CPT performance in the
relatives of the multiplex families would be biased
toward better performance and hence not be different
from that in the relatives of the simplex families.
Second, because we interviewed directly first-degree
relatives only, the schizophrenic probands of the
simplex families in this study might have a seconddegree relative with schizophrenia. However, the impact
of this misclassification would be relatively minor since
morbidity risks of schizophrenia among uncles/aunts
and nieces/nephews were only 2% and 4% (Tsuang,
2000), respectively. Third, with a smaller family size
and a mean age of 32 years for the siblings of the
simplex families, some families might be misclassified
owing to censoring bias. Nevertheless, all of the above
limitations would diminish rather than increase the
simplex–multiplex distinction.
In summary, this study indicates that the simplex–
multiplex distinction in sustained attention is useful for
the siblings but not for the parents of schizophrenic
patients. Siblings from multiplex families exhibited
worse performance on the degraded CPT and less
proficiency in processing the perceptual load than did
their counterparts from simplex families. These findings
further support the claim that impairment in sustained
attention along with perceptual load processing is a
sensitive endophenotypic marker for schizophrenia and
might be useful in future genetic dissection.
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