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ustained Attention Deficits in Nonpsychotic Relatives of
chizophrenic Patients: A Recurrence Risk Ratio Analysis
ei J. Chen, Chin-Hao Chang, Shi K. Liu, Tzung J. Hwang, and Hai-Gwo Hwu, collaborators from the
ultidimensional Psychopathology Group Research Project

ackground: In nonpsychotic parents and siblings of schizophrenic patients, the recurrence risk ratios of sustained attention deficits,
s measured by the continuous performance test (CPT), were examined with a series of cut-off points.
ethods: Among 116 parents and 95 siblings of 91 schizophrenic probands in northern Taiwan, both undegraded and degraded

essions of the CPT were administered. Subjects’ signal detection sensitivity of CPT performance (d�) was standardized against a
ommunity sample without (unadjusted z score) or with (adjusted z score) adjustment for age, gender, and educational level.
esults: Differences in the risk ratios between the parents and siblings that were based on the unadjusted z scores of CPT d� diminished
arkedly if the adjusted z scores were used. As the cut-off point in the adjusted z score decreased from �2.5 to �3.0, the risk ratio

ncreased continually for both the undegraded (10.1–18.8 for parents, 10.0–16.7 for siblings) and degraded (12.4–102.7 for parents,
.6–72.0 for siblings) test.
onclusions: Stringent cut-off criteria of CPT deficits with adjustment for demographic features leads to recurrence risk ratios greater

han those based on schizophrenia alone in both parents and siblings of schizophrenic patients.
ey Words: Schizophrenia, continuous performance test, sus-
ained attention, recurrence risk ratio, endophenotype

ustained attention deficits in schizophrenia, as measured by
the continuous performance test (CPT) (Rosvold et al
1956), have become an increasingly important focus in the

earch for potential endophenotypes for genetic susceptibility to
chizophrenia (Chen and Faraone 2000; Cornblatt and Keilp
994; Cornblatt and Malhotra 2001). Several lines of evidence
ave converged to support this assertion. For example, deficits
n the CPT are present in schizophrenic patients over a range of
llness stages (Asarnow and MacCrimmon 1981; Nuechterlein
nd Dawson 1984; Orzack and Kornetsky 1966), and these are
articularly associated with negative and disorganized symptoms
Buchanan et al 1997; Ito et al 1997; Liu et al 1997; Nuechterlein
t al 1986; Roitman et al 1997). Furthermore, deficits on more
ifficult test versions have been found to be more significant
Seidman et al 1998) and not reversed by treatment with neuro-
eptics (Addington and Addington 1997; Cornblatt et al 1997;
pstein et al 1996; Finkelstein et al 1997; Liu et al 2000). Although
atients with major affective disorders might also display such
eficits during the acute stage of their illness, they usually
mprove to normal or a much less affected status when clinical
ymptoms disappear (Liu et al 2002; Mojtabai et al 2000; Nelson
t al 1998). In parallel, nonpsychotic relatives of schizophrenic
atients (Chen et al 1998b; Grove et al 1991; Mirsky et al 1995) or
eople with schizotypal features (Chen et al 1997; Lenzenweger
t al 1991; Obiols et al 1993) also exhibit deficits on more difficult
ersions of the CPT, and the deficits are specifically associated
ith the negative and disorganization factors of schizotypy.
In the assessment of the magnitude of familial aggregation of

disease or physiologic trait, the recurrence risk ratio (�) is a
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commonly used index (Risch 1990a). In a multilocus multiplica-
tive model, � is found to be proportional to the power of an
affected-relative-pair genetic linkage analysis (Risch 1990b). For
sustained attention deficit to be a useful endophenotype, the
magnitude of its � should be greater than that of the schizophre-
nia diagnosis itself. Previously, we (Chen et al 1998b) reported in
a preliminary sample of parents and siblings of schizophrenic
patients that the �s for the CPT deficits might reach as much as
15–30, consistent with the predictions by Faraone et al (1995).
Recently, Egan et al (2000) replicated the finding that the risk of
attention deficits among nonpsychotic siblings of schizophrenic
patients was elevated, although the magnitude of the risk ratio
was only 3–5, not greater than that of schizophrenia itself. The
two studies differed in several aspects of methodology, such as
sources of schizophrenic probands, types of relatives included,
and the sampling and size of the reference sample. A further
issue is whether pooling both parents and siblings together
would bias the estimate.

In this study, we used an expanded sample from our previous
study to estimate the recurrence risk ratio of the CPT deficits at
various cut-off points. Issues addressed included 1) whether the
� of parents differs from that of siblings; 2) the impact of the
control for demographic features on the estimates of �; and 3) the
impact of different CPT versions on the estimate of �.

Methods and Materials

Subjects
Schizophrenic probands were drawn from a 5-year, prospec-

tive, clinical study of schizophrenia in Northern Taiwan, the
Multidimensional Psychopathology Group Research Project
(Chang et al 2002; Chen et al 1998b). Briefly, from August 1, 1993
to June 30, 1998, patients admitted to the acute inpatient
psychiatric wards of National Taiwan University Hospital, Taipei
City Psychiatric Center, and Taoyuan Psychiatric Center were
included. Patients had to fulfill DSM-IV criteria for schizophrenia
and the requirements of sampling design, in which the ratio of
patients admitted for the first time to those admitted for relapse
was set at 1:2 to ensure inclusion of patients in different phases of
the illness. Patients with a discharge diagnosis other than schizo-
phrenia and patients with a history of physical illness or substance
abuse that made the diagnosis questionable were excluded.
BIOL PSYCHIATRY 2004;55:995–1000
© 2004 Society of Biological Psychiatry
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Eligible schizophrenic patients were further included as the
robands of the present family genetic study when they fulfilled
he following inclusion criteria: 1) the proband agreed to let
esearchers meet with their relatives; 2) at least one of their
irst-degree relatives agreed to participate; and 3) more than one
alf of their first-degree relatives were logistically accessible
living within Northern Taiwan, from Hsinchu County to Yilan
ounty). All the first-degree relatives aged 16 years or older were

ncluded in the present study. Written informed consent was
btained from all subjects after complete description of the
tudy. The study was approved by the institutional review boards
f the participating hospitals.

Among 234 schizophrenic patients recruited, 94 (40.2%) met
he criteria to be included for this family study (Chang et al 2002).
hen the participating and nonparticipating probands were

ompared, there was no difference in ethnicity; however, the
onparticipating probands were older (32.2 � 7.1 years vs. 28.9
7.3 years) and had a lower education level (10.5 � 2.8 years vs.

1.4 � 3.0 years) than the participating ones. Among a total of
50 first-degree relatives, 441 were aged 16 years or older. Of
hese, 45 were excluded from interviewing (30 were dead, 13
ere abroad, and two were profoundly mentally retarded), and
34 (59.1%) of the remaining 396 were directly interviewed. The
ompletion rate was higher in parents (80%) than in siblings
42%). Three schizophrenic probands who did not complete at
east one session of the CPT were deleted from subsequent
nalyses. Among the relatives, six had a diagnosis of schizophre-
ia, one schizophreniform disorder, two mental retardation, 10
lcohol abuse or dependence, and one drug abuse; these were
xcluded from subsequent analyses. In total, 91 schizophrenic
robands and 211 first-degree relatives were included for the
nalyses. Compared with the first-degree relatives who were
ncluded in this study, those not included had a higher proba-
ility of being male, young in age, and sibling but were not
ifferent in educational level.

To provide estimates of the population prevalence of the
ustained attention deficits at various cut-off points, a represen-
ative sample of community subjects was recruited (Chen et al
998a). Briefly, adults aged 20–65 years were systematically
ampled from the 1993 and 1994 voter lists of Chinshan Town-
hip, north of Taipei. Among a total of 880 selected adults, 215
id not live in Chinshan, and 102 could not be located. For the
emaining 563 subjects who could be contacted, 365 (64.8%)
ompleted a questionnaire on schizotypal personality after in-
ormed written consent had been obtained. The reasons for
oncompletion included the following: 120 (60.9%) failed to
how up for appointment, 50 (25.4%) refused to take the test, 23
11.7%) were in military service, four (2.0%) were overseas
ishing, and one remained silent during interview. Among the
65 adult subjects who completed the questionnaire, 18 did not
omplete the CPT testing, and two were excluded because of a
iagnosis of either schizophrenia or stroke. Overall, 345 adult
ubjects who did not have a diagnosis of psychosis or stroke and
ompleted both the undegraded and the degraded CPT were
ncluded as the reference sample of the test.

nterview Instruments and Diagnostic Procedure
Schizophrenic probands and their first-degree relatives were

nterviewed in person with the Diagnostic Interview for Genetic
tudies (Nurnberger et al 1994). The establishment of the Chi-
ese version and its interrater reliability have been described in
ur earlier report (Chen et al 1998b). For those relatives who
ere not directly interviewed, interviewers used the Chinese
ww.elsevier.com/locate/biopsych
version of the Family Interview for Genetic Studies (NIMH
Genetics Initiative 1992) to collect relevant information from
other family members.

Two psychiatrists and one psychiatric epidemiologist inde-
pendently assessed the diagnosis of each subject by reviewing
the subject’s results on the Diagnostic Interview for Genetic
Studies and other available information, including hospital
records and the interviewer’s notes. Best-estimate lifetime psy-
chiatric diagnoses according to the DSM-IV criteria were deter-
mined independently and then finalized in a consensus meeting.

Continuous Performance Test
The participants were assessed with the CPT, version 2.20,

operated on a Sunrise Systems machine (Pembroke, Massachu-
setts). As described by Chen et al (1998a), numbers from 0–9
were randomly presented for 50 msec each, at a rate of one per
second. Each subject undertook two CPT sessions: the unde-
graded 1–9 task and the degraded 1–9 task, in which subjects
were asked to respond whenever the number “9” preceded by
the number “1” appeared on the screen. A total of 331 trials, 34
(10%) of them targets, were presented over 5 min for each
session. During the 25% degraded session, a pattern of snow was
used to toggle background and foreground dots so that the
image was not distinct.

Raw scores on the CPT performance were expressed in two
signal-detection indices on the test—sensitivity (d�) and response
criterion (natural logarithm of � [ln �])—which were derived
from the hit rate (probability of response to target trials) and
false-alarm rate (probability of response to nontarget trials)
under the assumption of the normal distribution and equal
variances of signal and noise (Nuechterlein 1991). Sensitivity
measures an individual’s ability to discriminate target stimuli
from nontarget stimuli, whereas response criterion measures the
amount of perceptual evidence that the person requires to
identify a stimulus as a target. Variables extraneous to the
intended comparison of sensitivity, such as differences between
groups in level of motivation or cooperativeness, would yield
differences in ln � rather than in d�. In a 1-week test–retest
reliability study of the CPT versions used in this study, the
intraclass correlation coefficients of reliability of d� were .83 and
.82 for the undegraded and the 25% degraded task, respectively,
and those of ln � were .49 and .72 for the undegraded and the
25% degraded task, respectively (Chen et al 1998a).

Statistical Analysis
Each subject’s CPT performance raw scores were 1) merely

standardized by use of the mean and SD of the community
subjects, expressed as unadjusted z score; and 2) standardized
with adjustments for gender, age, and education, as described by
Chen et al (1998b), expressed as adjusted z score. Briefly, the
predictive score of a subject was calculated by use of the
regression coefficients obtained from the regression of the scores
on these 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. For compar-
ison between two groups, Fisher’s exact test (two-tailed) was
used for dichotomous variables, and t test (two-tailed) was used
for continuous variables.

Subjects were designated as affected with attention deficit if
their z scores of the CPT d� fell below a prespecified cut-off
value. A series of cut-off points was chosen: 1, 2, 2.5, 2.75, and 3
SDs below the population mean. The � was calculated as the
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atio of the recurrence risk among a certain type of relatives to
he prevalence of the general population.

For estimation of recurrence risk, only the relatives of those
robands whose CPT scores fell below a specified cut-off value
ere included for the estimation. Two siblings who had schizo-
hrenia were not included for the analyses here because they did
ot take the CPT. Families included for the analyses at a series of
ut-off points can thus be treated as ascertained under single
scertainment. A recent study has shown that the unweighted
stimator of the recurrence risk is a consistent estimator of sibling
ecurrence risk under single ascertainment (Olson and Cordell
000). The recurrence risk was hence calculated as the number
f affected relatives divided by all nonpsychotic relatives pooled
ogether. The prevalence of the deficit on the CPT in the general
opulation was estimated from the 354 community subjects with
he corresponding cut-off values in the z scores of CPT d�.

esults

The mean age of schizophrenic probands was 28.8 years,
lightly younger than their siblings, whereas the distribution of
ender and educational level were similar between the schizo-
hrenic probands and their siblings (Table 1). The parents of the
chizophrenic probands had lower educational levels than their
ffspring, which was mainly owing to the limited educational
esources for the parents’ generation while it came of age in
aiwan. For the mean raw scores of d� on both versions of the
est, the schizophrenic probands had the lowest value, followed
y the parents and then the siblings, as compared with the
ommunity sample (all p values of the t test � .05). In contrast,
he mean raw scores of ln � for the siblings were not different
rom those of the community sample. The raw scores of ln � for
he schizophrenic probands and their parents were only slightly
ess than those of the community sample. As expected, the mean
djusted z scores of d� for the schizophrenic probands and their
arents and siblings were less than 0, with the probands having
he lowest values, followed by the parents and the siblings. In
ontrast, the mean adjusted z scores of ln � for the siblings were
ear 0, and those of the schizophrenic probands and their
arents were at most 1 SD less than zero.

When the criterion of attention deficit as defined by the
nadjusted z score of d� became more stringent, the proportion
f the deficit in both the parents and the siblings decreased
ubstantially for the lowering of the cut-off point from �1 to �2

Table 1. Demographic Features and Continuous Perfor

Variable
Schizophreni

(n � 9

Male, n (%) 49 (
Age (years), Mean (SD) 28.8 (
Education (years), Mean (SD) 11.3 (
Raw Score on the Test, Mean (SD)

d� on the undegraded test 2.3 (
d� on the 25% degraded test 1.4 (
ln � on the undegraded test 1.6 (
ln � on the 25% degraded test 1.2 (

Adjusted z Score on the Test, Mean (SD)
d� on the undegraded test �3.0 (
d� on the 25% degraded test �2.6 (
ln � on the undegraded test �.6 (
ln � on the 25% degraded test �1.1 (

aFive missing for the degraded test.
bSix missing for the degraded test.
cTwo missing for the degraded test.
and then remained relatively steady for the lowering from �2 to
�3 (Table 2). This indicates that there was indeed a core
subgroup of relatives who were markedly deviant on the CPT.
Meanwhile, the prevalence of the deficit in the community
sample decreased even more sharply. Thus, the � in both the
parents and the siblings increased as the threshold became more
stringent. At cut-off points from �1.0 to �2.0, the �s of the
degraded test were slightly greater than those of the undegraded
test. When the cut-off point moved to �2.75 or �3.0, however,
the �s of the undegraded test became much greater than those of
the degraded test. The parents had greater �s than the siblings
across all cut-off points.

The proportions of the deficit based on the adjusted z scores
are displayed in Table 3. The �s of the degraded test were greater
than those of the undegraded test at all cut-off points in the
parents and at the majority of the cut-off points in the siblings.
When the two types of relatives were compared, the �s of the
undegraded test for the parents were either slightly less or
slightly greater than those for the siblings, whereas the �s of the
degraded test in the parents were consistently greater across all
cut-off points than those in the siblings.

The impact of controlling for the demographic features on the
estimates of risk ratios could be evaluated by comparing the values
in Table 2 with those in Table 3, as displayed in Figure 1. First, for
cut-off points � �2.5, the difference between the �s based on
the unadjusted z scores and those based on the adjusted z scores
were relatively small. When the cut-off points were more strin-
gent than �2.5, the magnitude of �s based on the adjusted z
score became much less than those based on the unadjusted z
scores for the undegraded test, whereas the magnitude of �s
based on the adjusted z score became much greater than those
based on the unadjusted z scores for the degraded test. Second,
the �s of the undegraded test were no longer greater than those
of the degraded test when the adjusted z scores were used.
Instead, the �s of the degraded test were greater than those of the
undegraded test for both the parents and the siblings. Third, the
differences between the parents and the siblings in the �s
became less (�3) when the adjusted z scores were used except
for the degraded test at the cut-off points of �2.75 and �3.

Discussion

Ascertainment bias is a common problem encountered in the
estimation of � because the relatives are identified through

e Test Scores for Study Subjects

ands Parents
(n � 116)b

Siblings
(n � 95)c

Community Sample
(n � 345)

46 (40) 47 (49) 165 (48)
56.8 (9.1) 32.3 (10.1) 41.3 (13.0)

7.4 (4.8) 12.3 (3.0) 7.4 (4.3)

3.1 (1.6) 3.7 (1.2) 4.0 (.8)
2.2 (1.7) 3.0 (1.7) 3.3 (1.0)
1.9 (1.6) 2.2 (1.0) 2.2 (.9)
1.4 (1.8) 1.9 (1.4) 2.2 (.9)

�.9 (2.1) �1.0 (1.6) 0 (1.0)
�.9 (1.9) �.8 (1.7) 0 (1.0)
�.5 (1.9) .1 (1.2) 0 (1.0)
�.9 (2.0) �.2 (1.5) 0 (1.0)
manc

c Prob
1)a

54)
7.4)
3.0)

1.8)
1.7)
1.8)
1.8)

2.5)
1.8)
2.1)
1.9)
www.elsevier.com/locate/biopsych
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ffected probands (Guo 1998). In this study, the analyses were
imited to the relatives whose schizophrenic probands also had
eficits on the CPT. Thus, it is reasonable to assume single
scertainment, and the estimator used in this study is corrected
or ascertainment bias (Olson and Cordell 2000); however, the
articipation rate among the eligible siblings (42%) was a con-
ern, because it was much lower than that among the eligible
arents (80%). This might reflect the strong social stigma against
chizophrenia in Taiwanese society, which might prevent sib-
ings from exposing themselves to inquiry about the illness. In
ddition, some siblings might decline participation because of
heir schizotypal personality features (Norden et al 1995), which
ave been found to be associated with poorer sustained attention
Chen et al 1998b). Hence, the proportion of siblings with
ustained attention deficit in this study might be underestimated
nd the � underestimated as well.

An important assumption of the current risk ratio analysis is
hat a person’s CPT performance is stable. The risk ratio estimates
ight vary if a person’s test performance changes with time, as

evealed in a recent longitudinal analysis on cardiovascular risk
actors (Chen et al 2003). Our classification of probands’ attention
tatus was based on their CPT administered shortly after their
dmission to psychiatric wards. Although previous studies have

able 2. Proportion of Subjects Whose Unadjusted z Score of d� on the Co
ecurrence Risk Ratio at Various Cut-Off Points

ut-off in Unadjusted z Score Schizophrenic Probands Paren

ndegraded Test
� �1 55/91 (60.5) 36/69 (5
� �2 41/91 (45.1) 19/53 (3
� �2.5 40/91 (44.0) 14/51 (2
� �2.75 36/91 (39.6) 13/48 (2
� �3 33/91 (36.3) 11/44 (2

egraded Test
� �1 56/86 (65.1) 41/68 (6
� �2 48/86 (55.8) 22/59 (3
� �2.5 37/86 (43.0) 16/44 (3
� �2.75 32/86 (37.2) 14/37 (3
� �3 29/86 (33.7) 12/33 (3

Data other than risk ratio are presented as n/N (%). The denominator of
enominator of probands and normal comparison subjects remained the s

able 3. Proportion of Subjects Whose Adjusted z Score of d� on the Conti
ecurrence Risk Ratio at Various Cut-Off Points

ut-Off in Adjusted z Score Schizophrenic Probands Parent

ndegraded Test
� �1 69/91 (75.9) 36/84 (42
� �2 51/91 (56.1) 21/66 (31
� �2.5 45/91 (49.5) 15/57 (26
� �2.75 42/91 (46.2) 12/54 (22
� �3 40/91 (44.0) 12/53 (22

egraded Test
� �1 63/86 (73.3) 45/77 (58
� �2 53/86 (61.7) 23/66 (34
� �2.5 50/86 (58.2) 20/62 (32
� �2.75 44/86 (51.2) 16/53 (30
� �3 41/86 (47.7) 16/52 (30

Data other than risk ratio are presented as n/N (%). The denominator of
enominator of probands and normal comparison subjects remained the s
ww.elsevier.com/locate/biopsych
indicated that schizophrenic patients’ CPT performance deficits
on more difficult versions were stable at least in a period up to 3
months (Addington and Addington 1997; Cornblatt et al 1997;
Epstein et al 1996; Finkelstein et al 1997; Liu et al 2000), whether
this is true for a longer period remains to be investigated.

One concern over the performance deficits on the CPT is
subjects’ lack of motivation or cooperation. Indeed, the mean
response criterion adopted by the schizophrenic probands and
their parents was less than that of the community sample, though
not less than 1 SD. In contrast, the siblings adopted a response
criterion similar to that of the community sample; however, the
impact of this in parents seemed minimal because the mean
adjusted z scores on both the undegraded and degraded CPT for
the parents were almost similar to those for the siblings.

Although some of the � estimates were similar between those
based on the unadjusted z scores of d� and those based on the
adjusted z scores of d�, many were considerably different. The
differences in the � estimates between the parents and the
siblings diminished markedly after the demographic features
were controlled for. Some changes in � estimates were so
substantial that they reversed the overall trend. For example, the
estimates of � based on the unadjusted z score of the undegraded
test were much greater than those of the degraded test at cut-off

ous Performance Test Was Below a Threshold and the Corresponding

Siblings Community Sample

Risk Ratio

Parents Siblings

25/68 (36.8) 55/345 (15.9) 3.3 2.3
10/48 (20.9) 20/345 (5.8) 6.2 3.6

7/44 (15.9) 6/345 (1.7) 16.2 9.4
7/39 (18.0) 2/345 (.6) 45.2 30.0
5/38 (13.2) 1/345 (0.3) 83.3 44.0

25/65 (38.5) 50/345 (14.4) 4.2 2.7
14/58 (24.1) 12/345 (3.4) 11.0 7.1
12/50 (24.0) 10/345 (2.9) 12.6 8.4
11/44 (25.0) 8/345 (2.3) 16.4 10.9

8/39 (20.5) 6/345 (1.7) 21.4 12.1

ives would decrease as the threshold became more stringent, whereas the
cross all cut-off points.

s Performance Test Was Below a Threshold and the Corresponding

Siblings Community Sample

Risk Ratio

Parents Siblings

31/80 (38.8) 53/345 (15.4) 2.8 2.5
23/64 (35.9) 15/345 (4.4) 7.2 8.2
14/54 (25.9) 9/345 (2.6) 10.1 10.0
11/49 (22.5) 6/345 (1.8) 12.3 12.5

9/45 (20.0) 4/345 (1.2) 18.8 16.7

36/72 (50.0) 48/345 (13.9) 4.2 3.6
19/61 (31.2) 16/345 (4.6) 7.6 6.8
13/58 (22.4) 9/345 (2.6) 12.4 8.6
12/54 (22.2) 5/345 (1.5) 20.1 14.8
11/51 (21.6) 1/345 (.3) 102.7 72.0

ives would decrease as the threshold became more stringent, whereas the
cross all cut-off points.
ntinu

ts
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5.9)
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oints more stringent than �2; however, similar estimates of �
ased on the adjusted z score of the undegraded test turned out
o be less than those of the degraded test. These findings
einforce the notion that a sufficient size of the community
ample is essential for comparison of CPT scores across groups of
ubjects.

Another concern related to our earlier report, raised by Egan
t al (2000), was that the �s might be overestimated because
arents and siblings were pooled together for the estimation. In
he present study, the �s based on the unadjusted z scores
mong the parents were indeed greater than those among the
iblings; however, this was most likely due to the older age and
ower educational level among the parents as compared with the
iblings. When the adjusted z scores were used for the estima-
ion, the values of the two groups became very close to each
ther, though parents’ � was still slightly greater than siblings’.

The CPT used in this study includes a working memory
omponent in both versions and additional perceptual load in
he degraded one (Nuechterlein et al 1992). The �s based on the
egraded test were found to be greater than those based on the
ndegraded test after the demographic features were controlled
or. The difference between the two estimates became more
pparent when more stringent criteria were chosen. These results
ndicate that a more difficult test and/or a more stringent criterion
ead to a higher risk ratio. Particularly, the � for the cut-off point
t �2.5 or �3 is greater than the � that is based on the clinical
henotype of schizophrenia (approximately 10). This is consis-
ent with previous studies (Chen and Faraone 2000; Liu et al
002) in supporting the proposition that the different CPT
ersions might tap into different components of sustained atten-
ion: the more difficult versions are stable vulnerability indica-
ors, whereas the simpler versions might be more state-depen-

igure 1. Recurrence risk ratio (�) at various cut-off points in z score on t
onpsychotic parents (n � 116) and siblings (n � 95) of schizophrenic pat

unadjusted z score) or with (adjusted z score) adjustment for age, gender,
dent. With a cut-off point of �3, approximately 44%–48% of
schizophrenic probands were below the threshold, which might
be a homogeneous subgroup for genetic dissection; however,
very few community subjects whose degraded CPT scores were
less than �3 and render the � estimates unstable.

Intriguingly, Egan et al (2000) found that the risk ratios at
corresponding cut-off points in siblings of schizophrenic pro-
bands were only approximately 2–5. Several reasons might
account for this. First, the probands recruited by Egan et al, who
were outpatients and had a mean d� less than 1 SD below that of
the control group, had less impairment in the sustained attention
as compared with the probands in this study. Second, the size of
the sample used for the estimation of population prevalence was
much smaller (n � 45) in the Egan et al study as compared with
our community sample (n � 345), which might affect the
estimation of SD for the scores on the test. Our results indicate
that the estimation of � was sensitive to the number of the
community sample exceeding a stringent criterion. Third, the
CPT versions used by Egan et al seem to be less difficult than
ours, because their controls had a higher mean raw score of d�
(ranging from 4.80 to 4.70) and lower mean ln � (ranging from
.30 to .37) than the community sample in this study.

Although � indicates the overall relative risk, it does not
necessarily reflect the effect for a specific gene. For example, a
recent study has revealed that � is influenced by the allele
frequency and mode of inheritance of the trait locus (Rybicki and
Elston 2000). Thus, by itself � does not provide a reliable
parameter for estimating the statistical power of a proposed
linkage study. Nevertheless, an accurate estimate of � can still
serve as a prelaboratory assessment of the genetic effect con-
ferred to the trait under study. An alternative approach toward
gene mapping for the sustained attention in the families of

) undegraded and the (B) degraded continuous performance test for the
(n � 91), as standardized against a community sample (n � 345) without
ducational level.
he (A
ients

and e
www.elsevier.com/locate/biopsych
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chizophrenic patients is to treat the scores on the CPT as
ontinuous and use the methods for quantitative-trait locus
apping. This might boost the statistical power further for

inkage analysis (Risch 2000).
In conclusion, sustained attention deficits, defined by being

ore than 2.5 SDs below the population mean, are present in
pproximately half of schizophrenic patients and indicate higher
ecurrence risk ratios than those based on schizophrenia alone
mong their parents and siblings as well.
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