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Abstract 

We investigated the association of neuropsychological risk indicators in a matched sample of first-degree relatives 
of schizophrenic patients (n = 54) and normal controls (n =72).  We focussed on three functions previously identified 
in a smaller, initial sample as putative risk indicators of the schizophrenia genotype: abstraction, verbal memory and 
auditory attention, The expanded sample of relatives displayed significantly lower scores than controls on abstraction, 
verbal memory and auditory attention. The relatives demonstrated significant intercorrelations among these three 
functions. The significant correlations among relatives between attention and verbal memory and between attention 
and abstraction differed significantly from these correlations among controls. We discuss how the use of multiple risk 
indicators may help us better identify those relatives that carry the schizophrenia genotype. © 1998 Elsevier Science 
B.V. All rights reserved. 
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1. Introduct ion 

N u m e r o u s  studies suggest  tha t  relat ives o f  
sch izophrenic  pa t ien ts  exhibi t  neuropsycho log ica l  
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impa i rmen t s  that  are milder ,  yet s imilar  to those 
seen a m o n g  schizophrenic  pat ients  (Cannon  et al., 
1994; Levin et al., 1989; Saykin  et al., 1991; 
Se idman,  1990; Se idman et al., 1992). We reviewed 
cogni t ive  and  neuropsycholog ica l  studies that  
found  relat ives o f  schizophrenic  pat ients  to mani-  
fest subt le  impa i rmen t s  in susta ined a t tent ion ,  
p e r c e p t u a l - m o t o r  speed, concept  fo rma t ion /  
abs t rac t ion ,  verbal  m e m o r y  and,  to a lesser extent,  
menta l  con t ro l - encod ing  ( K r e m e n  et al., 1994). 
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These neuropsychological deficits in relatives may 
represent expressions of a genetic liability to 
schizophrenia (Seidman, 1997). 

In a previous report, we identified three neuro- 
psychological functions that met two of three 
criteria for putative risk indicators of a genetic 
liability to schizophrenia (Faraone et al., 1995b): 
(1) lower group mean scores in relatives, (2) 
increased variability in relatives, and (3) a higher 
proportion of impaired relatives (at or below the 
second percentile of the control group). The func- 
tions meeting these criteria were: abstraction, 
verbal memory and auditory attention. The expec- 
tation of greater variability in relatives followed 
from our hypothesis that neuropsychological dys- 
function among relatives was caused by the genetic 
liability that also increased the predisposition to 
schizophrenia. Because some relatives have this 
liability while others do not, this extra source of 
variability should be evident in putative measures 
of genetic liability. This would be true under single 
gene or oligogenic models of transmission, but not 
under the assumption that a multifactorial poly- 
genic model causes both schizophrenia and neuro- 
psychological dysfunction. Moreover, if neuro- 
psychological deficits among the relatives of 
schizophrenic patients were due to some factor 
that affected all relatives (e.g., ascertainment bias, 
environmental exposure to a schizophrenic rela- 
tive, psychosocial adversity, poor nutrition), then 
we would observe differences in mean performance 
without differences in variability. 

Although there is a large literature showing that 
neuropsychological dysfunction is found in schizo- 
phrenia families, we know little about the mecha- 
nism of transmission. Because the genetic 
epidemiologic literature implicates multiple genes 
in the genesis of schizophrenia (Faraone and 
Tsuang, 1985; Gottesman and McGue, 1990: 
McGue and Gottesman, 1991; Risch, 1990), one 
reasonable hypothesis is that different domains of 
neuropsychological dysfunction reflect the action 
of different genetic defects. If this were so, then 
we would not expect the correlations of neuro- 
psychological scores to be greater in relatives than 
in normal samples. A competing hypothesis is that 
the full range of cognitive impairment in relatives 
can be attributed to a single underlying genetic 
liability (or to only one gene in an oligogenic 

system). If this second hypothesis is correct, then 
measures of neuropsychological dysfunction 
should be more highly correlated with one another 
among relatives of schizophrenic patients com- 
pared with controls. 

Family study data can address the competing 
hypotheses regarding whether deficits in relatives 
reflect common vs independent genetic liabilities, 
yet the relevant literature is small. Two studies 
suggest that indicators of neuropsychological dys- 
function co-segregate in families. Roxborough 
et al. (1993) divided relatives based on normal vs 
abnormal P300 latency and found that the abnor- 
mal P300 subgroup performed significantly worse 
on both a frontal and a temporal lobe cognitive 
measure than the normal P300 relatives. Grove 
et al. ( 1991 ) reported that eye tracking and atten- 
tional dysfunction were associated among the rela- 
tives of schizophrenic patients. In contrast, 
Yurgelun-Todd and Kinney (1993) reported an 
inverse correlation between the Wisconsin Card 
Sorting and Trailmaking tests. Our purpose in the 
present study was two-fold. First, we sought to 
examine whether the tests comprising the functions 
that met our criteria for risk indicators in our 
initial sample would hold up in our expanded 
sample. Second, we sought to determine whether 
the pattern of test intercorrelations would be con- 
sistent with either of the competing hypotheses 
discussed above. 

2. Methods 

2.1. Subjects 

Subjects in this study were relatives of schizo- 
phrenic probands who were inpatients or outpa- 
tients at three Boston area hospitals (Brockton/ 
West Roxbury Veterans Affairs Medical Center, 
Massachusetts Mental Health Center, and 
Taunton State Hospital).  Inpatients were consecu- 
tively screened for eligibility; outpatients were 
sequentially screened from a register of outpa- 
tients. Inclusion criteria were: a diagnosis of schizo- 
phrenia based on the Diagnostic and Statistical 
Manual of Mental Disorders-Revised (DSM- 
Ill-R; American Psychiatric Association, 1987); 
age over 17 years; English as the primary language; 
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a minimum eighth grade education; and available 
biological first-degree relatives. All probands gave 
informed consent to participate in the study, 
including permission for us to contact relatives. 

For this study, relatives and controls had to be 
between 18 and 59 years of  age, have at least an 
eighth grade education, have English as their first 
language, and be free of psychosis during their 
lifetime. The exclusion criteria for both controls 
and relatives required absence of: (a) substance 
abuse within the past 6months;  (b) history of  
head injury with any documented cognitive 
sequelae or with loss of  consciousness for more 
than 5 rain; (c) neurological disease or damage; 
(d) mental retardation; and (e) medical illnesses 
that may significantly impair neurocognitive func- 
tion. Of the 133 relatives enrolled in the study, 84 
were related to a schizophrenic proband. Eight of 
these relatives were excluded, leaving 76 relatives. 
This study reports on the 54 subjects under age 
60. We previously reported on the functioning of 
the remaining 22 elderly subjects (Faraone et al., 
1996). Nearly all relatives were tested at the hospi- 
tal sites, but a few who were unable to go to the 
hospital were tested at home. 

In a previous paper, we reported on 35 relatives 
(Faraone et al., 1995b). In the full sample reported 
here we studied 54 relatives who were related to 
38 schizophrenic probands and included 36 sib- 
lings, 8 parents, and 10 adult children of these 
probands. The mean age of probands was 
40.7years (SD=9 .9 )  and 33 of these probands 
were male. The ethnicity of one proband was 
unknown, but of  the remaining 37, 32 were 
Caucasian. Of  the 36 patients with available illness 
information, the mean age at first hospitalization 
was 21.0 years ( S D =  7.3) and 50% were inpatients. 
Of the 32 probands for whom we had information 
on education level, 41% had less than a high- 
school education, 47% had a high-school degree, 
and 12% had more than a high-school education. 

For probands, DSM-III-R diagnoses were 
derived from structured interviews using the 
Schedule for Affective Disorders and 
Schizophrenia (Endicott and Spitzer, 1978). 
Relatives were interviewed with the Structured 
Clinical Interview for DSM-III-R (SCID; Spitzer 
et al., 1987) for Axis I disorders and the Structured 
Interview for DSM-III Personality Disorders 

(SIDP; Stangl and Zimmerman, 1983). The inter- 
views were carried out by BA- and MA-level 
research assistants who had received extensive 
training in diagnostic interviewing. Teams of at 
least two clinicians (clinical psychologists or psy- 
chiatrists) reviewed the structured interview results 
and the subject's entire medical record to determine 
the final lifetime diagnoses. These diagnoses were 
consensus diagnoses using the DSM-III-R criteria 
for Axis I disorders and DSM-III criteria for Axis 
II disorders (because the latter were derived from 
the SIDP, a DSM-III instrument). Within our 
larger research program the interviewers, diagnos- 
ticians and testers were working on neuropsycho- 
logical and family studies of both schizophrenia 
and mood disorders. Thus, it was possible to 
maintain blindness between neuropsychological 
and diagnostic interview data and between data 
from probands and relatives. Additional method- 
ological details are provided by Faraone et al. 
(1995b). 

We recruited 72 normal controls through adver- 
tisements in the catchment areas of the hospitals 
from which the probands had been ascertained. 
Our goal was to obtain controls from the same 
geographic area, economic background and ethnic- 
ity as the relatives. Potential controls went through 
the same screening process as the relatives. In 
addition, controls were screened for psychopathol- 
ogy by using the short form of the Minnesota 
Multiphasic Personality Inventory (MMPI-168; 
Vincent et al., 1984) and by inquiring about history 
of  psychosis or psychiatric hospitalization in their 
biological relatives. Potential control subjects were 
excluded if any clinical or validity scale, except 
Masculinity-Femininity, was above 70. We gath- 
ered information on the following, but did not 
exclude controls for a lifetime history of psychopa- 
thology or substance abuse or for neuropsycho- 
logical dysfunction. Further description of our 
control group is reported elsewhere (Faraone 
et al., 1995b). 

We used the reading test of  the Wide Range 
Achievement Test-Revised (WRAT-R) in order to 
match groups on expected ability (Jastak and 
Wilkinson, 1984). In previous work, we found 
some support for the 'matching fallacy' in schizo- 
phrenic patients and their biological relatives 
(Kremen et al., 1995, 1996). This notion suggests 
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that matching on education or IQ may systemati- 
cally mismatch on theoretically expected ability, 
i.e., the ability persons would be expected to 
achieve without the genetic or other biological risk 
for schizophrenia. Procedures below pertain to 
controls and relatives of  the schizophrenic 
probands.  

2.2. Measures 

For the present work, we focussed on the tests 
comprising the functions that met criteria for risk 
indicators in our initial sample: abstraction, verbal 
memory and auditory attention. Measures of 
abstraction included the Wisconsin Card Sorting 
Test (WCST: Grant  and Berg, 1948: Heaton, 1981 ) 
and the Visual Verbal Test (VVT; Feldman and 
Drasgow, 1981). WCST scores included number 
of  categories achieved and number of persevera- 
tions. The VVT score used was the total number  
of  errors. To measure verbal memory,  we used the 
immediate ( L M I )  and delayed ( L M I I )  recall con- 
ditions of  the Wechsler Memory Scale-Revised 
(WMS-R)  Logical Memories Subtest (Wechsler, 
1987). To measure auditory attention, we used the 
Auditory Continuous Performance Test (A-CPT: 
Weintraub and Mesulam, 1985) and the Dichotic 
Listening Test (DLT; Kimura,  1967). The auditory 
CPT consisted of 300 audiotaped letters presented 
at the rate of  1 per second: 30 of these were the 
target letter 'A'. Our measure was the total number  
of  errors including omission, commission, and late 
responses. The dichotic listening measure was the 
total number  of  digits apprehended (regardless of  
ear of  report accuracy) in both ears over 24 trials, 
following four practice trials. Each trial consisted 
of strings of three digits presented simultaneously 
to each ear. Right and left digits were of equal 
intensity (80dB).  Hearing loss or other sensory 
deficits were screened by interview. We assessed 
hearing by presenting five trials of  three digits to 
each ear individually, for a total of  15 digits per 
ear (Seidman et al., 1993). Subjects had to get at 
least 14 of 15 correct to be administered the tests. 

2.3. Analyses 

Several t tests and ~2 analyses were conducted 
to assess comparabili ty between groups on demo- 

graphic variables. We conducted t tests to compare 
the performance of relatives and controls on the 
neuropsychological tests. When the variances 
differed significantly between groups, the t value 
for separate variances was used rather than the t 
value for pooled variances. Similar analyses were 
reported on for our initial sample with the first 35 
relatives (Faraone et al., 1995b). Spearman rank 
order correlations were used to examine the rela- 
tionship between neuropsychological measures 
within each group separately. Rank order correla- 
tions were used because of the varying distributions 
between groups. Fisher's z tests were calculated to 
compare correlation values between relatives and 
controls. We also used a logistic regression model 
using neuropsychological variables as predictor 
variables in attempting to discriminate relatives 
fi'om controls. 

3. Results 

Table I presents demographic characteristics of  
the relatives of schizophrenic patients and the 
normal comparison group. The two groups were 
similar in age, reading level, parental education, 
sex and handedness. There was a trend for a higher 
percentage of Caucasians in the control group. 

Table 2 presents the findings from t tests com- 
paring the groups on all neuropsychological mea- 
sures. With the exception of the VVT and a trend 
for the A-CPT, relatives performed significantly 
worse on all measures when compared to controls. 
Relatives also displayed significantly greater vari- 
ability than controls on the WCST categories and 
perseverations, the A-CPT errors, and the DLT 
number of  digits detected. 

Table 3 reports the pattern of  intercorrelations 
among neuropsychological measures within each 
group. For ease of presentation, the signs of  corre- 
lations were changed so that, in all cases, a positive 
correlation indicates that better performance on 
one test is associated with better performance on 
another test. The four significant intercorrelations 
within the control group were between WCST 
categories and perseverations, WCST persevera- 
tions and the VVT errors, LMI and LMII,  and 
A-CPT and VVT. Within the relative group, there 
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Table 1 
Demographic characteristics of relatives of schizophrenic patients vs controls 

Variable 

Relatives Controls 
(n = 54) (n = 72) 
Mean (SD) Mean (SD) P 

Age 39.1 ( 11.3) 36.0 ( 10.1 ) 0.11 
WRAT-R reading 100.0 (10.6) 101.7 (12.3) 0.41 
Parental education 11.4 (3.0) 11.5 ( 1.9) 0.94 

Sex (% female) 
Handedness (% RH) 
Ethnicity (% Caucasian 

n (%) n (%) Z 2 

39 (72) 44 (61) 0.19 
49 (91) 65 (90) 0.97 
45 (83) 64 (96) 0.09 

Bold type indicates SD with significantly greater variance. 

Table 2 
Neuropsychological test scores in relatives of schizophrenic patients vs controls 

Relatives Controls p 
Test Mean (SD) Mean (SD) 

WCST 
No. of categories 5.0 (i.8) 5.6 ( l.l ) 0.04 
Perseverations 12.8 (16,4) 6.9 (8.0) 0.02 

Visual-Verbal 
Total misses 15.0 (7.0) 13.2 (6.5) 0.15 

WMS-R Logical 
Memories--Immediate 26.1 (6.5) 30.8 (5.2) 0.0001 
Memories--Delayed 23.1 ( 7.3 ) 27.1 ( 6.1 ) 0.001 

Auditory CPT 
No. of errors 1.6 (2.4) 1.0 (1.3) 0.09 

Dichotic Listening 
No. of digits detected 108.3 (17.9) 118.0 (12.9) 0.003 

Bold type indicates SDs with significantly greater variance. 

were nine significant intercorrelat ions.  These were 
between A - C P T  and  all of  the following: DLT, 
VVT, LMI  and  LMII ;  between DLT and  W C S T  
perseverations,  L M I  and LMII ;  between W C S T  
categories and  perseverations;  between W C S T  per- 
severations and  the VVT; and between LMI  and 
LMII .  

Table 4 lists the p values of the Fisher 's  z tests 
and  the difference between the correlat ions within 
relatives and  the correlat ions within controls.  
Corre la t ions  that were significantly greater among  
relatives than  among  controls  were those between 
two a t ten t ion  measures ( A - C P T  and DLT) ,  
between a t ten t ion  and verbal  memory  ( A - C P T  

and  LMII ;  D LT and LMI;  D LT and L M I I )  and 
between a t tent ion and abst ract ion ( A - C P T  and 
W C S T  perseverations; A - C P T  and  VVT).  

For the logistic regression, we used a summary  
variable for each neuropsychological  function.  
Scores on each test were s tandardized and summed 
within funct ion,  creating three predictor  variables 
for verbal memory,  abs t ract ion and  audi tory  at ten- 
tion. Verbal memory  was the only statistically 
significant predictor  variable in discr iminat ing rela- 
tives f rom controls,  Z 2 (1, n =  107)=8.3 ,  p =0.004.  

In order to determine whether the pat tern  of 
intercorrelat ions within each group and the differ- 
ence in these pat terns between groups was 
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Table 3 
Spea rman  cor re la t ion  coefficients anaong aud i to ry  a t ten t ion ,  abs t rac t ion  and  verbal  memory  within relat ives and  wi thin  cont ro ls  ~ 

A - C P T  DLT W C S T C A T  W C S T P V  VVT LM I LM I I 

A-CPT (I.36 0.16 0.27 (t.31 0.33 0,37 

p = 0.02 p = 0.26 p = 0.05 p = 0.03 p - 0.02 p = 0.01 
n = 4 4  n = 52 n - 52 n = 52 n = 50 n - 50 

DLT 

W C S T C A T  

W C S T P V  

VVT 

LMI  

L M I I  

(I.08 0.24 0.42 0.21 0.48 0.48 

p = 0.53 p = 0.12 p = 0.005 p = 0.17 p = 0.001 p = 0.002 
n = 67 n = 43 n = 43 n = 44 n = 41 n = 41 

- 0.02 0.01 0.74 0.20 - 0.04 0.07 

p = 0 . 8 4  p = 0 . 9 1  17=0.0001 p = 0 . 1 7  p = 0 . 8 0  p = 0 . 6 5  
n = 70 n = 67 ii = 53 n = 51 n = 50 n = 50 

-- 0.12 0,13 0.58 0.29 0.06 0.20 
p = 0.33 p = 0.29 p = (I.0001 p = 0.04 p = 0.66 p = (1.16 
n = 70 n = 67 n = 71 n = 51 n = 5(1 n = 50 

0.28 0,23 - 0 . 0 4  0.27 0.26 0.32 
p = 0.02 p = 0.06 p = 0.72 p = 0.02 p = 0.07 p = 0.02 
/l = 70 n = 67 Ii = 71 n = 71 n = 49 17 = 49 

0.03 0.01 - 0.13 - 0.06 0.14 0.88 
p 0.81 p = 0 . 9 1  p = 0 . 2 7  p =0 .63  p = 0 . 2 4  p = 0.0001 
n = 7 0  n = 6 7  n = 7 1  n = 7 1  n = 7 2  n = 5 1  

0.01 0.06 - 0 . 1 7  (1.10 0.14 0.83 
p = 0.92 p = 0.64 p = 0.14 p = (t.43 p = 0.25 p = 0.0001 
i1 = 70 n = 67 n = 71 n = 71 n = 72 n = 72 

"Cor re la t ions  wi thin  relat ives  are above  the d iagona l  and  those wi thin  cont ro ls  are below the d iagonal .  Some of  the cor re la t ion  signs 
were changed  such that .  in this  table,  a posi t ive cor re la t ion  a lways  indicates  tha t  a bet ter  per formance  on one test is associa ted  with 
a bet ter  pe r fo rmance  on the o ther  test. Due to some subjects miss ing  da ta  on some tests, the sample  size for these analyses  ranges  

as noted.  
Test abbrev ia t ions :  A - C P T  = A u d i t o r y  Con t inuous  Per formance  Test; D L T - D i c h o t i c  Lis tening Test: W C S T C A T  = Wisconsin  Card  
Sor t ing T e s t - - C a t e g o r i e s :  W C S T P V  = Wiscons in  Card  Sor t ing  Test Perseverat ions;  V V T -  Visual Verbal Test: LMI  - W M S - R e v i s e d  
Logical  Memor i e s  Immedia t e  Memory :  L M I I  = WMS-Rev i sed  Logical  Memor ies  Delayed Memory .  

r e s t r i c t e d  t o  t h o s e  f u n c t i o n s  h y p o t h e s i z e d  t o  b e  

c o r e  v u l n e r a b i l i t y  i n d i c a t o r s ,  w e  c o n d u c t e d  s i m i l a r  

a n a l y s e s  o n  t w o  f u n c t i o n s  n o t  h y p o t h e s i z e d  t o  b e  

v u l n e r a b i l i t y  i n d i c a t o r s :  m o t o r  a b i l i t y  a n d  v i s u a l  

s p a t i a l  a b i l i t y .  T h e  t e s t s  o f  m o t o r  a b i l i t y  i n c l u d e d  

t h e  p u r d u e  p e g b o a r d ,  a m e a s u r e  o f  f i n e  m o t o r  

s k i l l ,  a n d  t h e  d y n a m o m e t e r ,  a m e a s u r e  o f  g r i p  

s t r e n g t h .  T h e  t e s t s  o f  v i s u a l  s p a t i a l  a b i l i t y  i n c l u d e d  

t h e  v i s u a l  r e p r o d u c t i o n s  s u b t e s t  o f  t h e  W M S - R  

( c o p y  c o n d i t i o n ) ,  t h e  a g e - s c a l e d  s c o r e  o f  t h e  B l o c k  

D e s i g n  s u b t e s t  o f  t h e  W e c h s l e r  A d u l t  I n t e l l i g e n c e  

S c a l e - R e v i s e d ,  a n d  t h e  H o o p e r  V i s u a l  

O r g a n i z a t i o n  T e s t .  W i t h i n  e a c h  g r o u p ,  v i s u a l  s p a t -  

i a l  t e s t s  w e r e  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  e a c h  

o t h e r ,  w h i l e  t h e  t w o  m o t o r  t a s k s  w e r e  n o t  s i g n i f i -  

c a n t l y  c o r r e l a t e d  w i t h  e a c h  o t h e r .  W i t h i n  b o t h  

g r o u p s ,  t h e r e  w e r e  l i m i t e d  r e l a t i o n s h i p s  b e t w e e n  

m o t o r  f u n c t i o n i n g  a n d  v i s u a l  s p a t i a l  a b i l i t y .  

F i s h e r ' s  z t e s t s  w e r e  n o n - s i g n i f i c a n t  f o r  t h e  c o m -  

p a r i s o n  o f  t h e s e  c o r r e l a t i o n s  w i t h i n  c o n t r o l s  a n d  

w i t h i n  r e l a t i v e s .  

4. Discussion 

T h i s  s t u d y  i n v e s t i g a t e d  t h e  a s s o c i a t i o n  o f  v e r b a l  

m e m o r y ,  a b s t r a c t i o n ,  a n d  a u d i t o r y  a t t e n t i o n  



R. Toomey et aL / Schi:ophrenia Reseurch 31 (1998) 89 98 95 

Table 4 
Differences between correlations among auditory attention, abstraction and verbal memory in relatives vs controls a 

DLT WCSTCAT WCSTPV VVT LMI LMII 

A-CPT 0.44 0.18 0.39 0.59 0.30 0.36 
p=0.02 p=0.34 p=0.03 p=0.001 p=0.10 p=0.05 

DLT 0.23 0.29 -0.02 0.47 0.42 
p=0.24 p=0.12 p=0.92 p=0.01 p-0.02 

WCSTCAT 0.16 0.24 0.09 0.24 
p=0.12 p=0.20 p=0.63 p=0.20 

WCSTPV 0.02 0.12 0.30 
p=0.91 p=0.53 p=0.11 

VVT 0.12 0.18 
p-0.51 p=0.32 

LMI 0.05 
p=0.32 

aThe actual correlation within controls was subtracted from the correlation within relatives to yield the values in the table. The p 
values correspond to the Fisher's z test that measured the significance of the difference between the actual correlations within 
each group. 
Test abbreviations: A-CPT=Auditory Continuous Performance Test: DLT = Dichotic Listening Test; WCSTCAT = Wisconsin Card 
Sorting Test--Categories: WCSTPV = Wisconsin Card Sorting Test--Perseverations: VVT = Visual Verbal Test: LMI = WMS-Revised 
Logical Memories Immediate Memory: LMII = WMS-Revised Logical Memories Delayed Memory. 

a m o n g  relat ives o f  schizophrenic  pat ients .  
C o m p a r e d  to controls ,  the relat ives were more  
impa i red  in these neuropsycho log ica l  doma ins  and  
d i sp layed  signif icantly greater  var iance  in abs t rac-  
t ion and  a u d i t o r y  a t ten t ion .  Moreove r ,  there  were 
signif icant  in te rcor re la t ions  a m o n g  the three func- 
t ions within the relat ive group ,  whereas  wi th in  the 
con t ro l  g roup ,  the significant cor re la t ions  were 
p r imar i ly  wi th in  different  tests o f  the same func- 
tion. The significant cor re la t ions  a m o n g  relat ives 
between a t t en t ion  and  verbal  m e m o r y  and  between 
a t t en t ion  and  abs t r ac t ion  differed significantly 
f rom these cor re la t ions  in the con t ro l  group.  Thus,  
neuropsycho log ica l  funct ions  tha t  are  pu ta t ive  r isk 
ind ica tors  for  sch izophren ia  co-occur  to a greater  
degree wi thin  relat ives than  within controls .  The  
increased cor re la t ions  within relat ives are  specific 
to the pu ta t ive  r isk indica tors ,  as this pa t t e rn  was 
not  observed  with the funct ions  o f  m o t o r  and  
visual  spat ia l  abil i ty.  

Ne u ropsycho log i ca l  deficits found  in this sample  
are consis tent  with those descr ibed  in our  ear l ier  
r epor t  f rom the first 35 relat ives ( F a r a o n e  et al., 

1995b). N o t a b l y ,  in tha t  sample,  as well as in the 
comple te  sample  r epor t ed  here, relat ives were sig- 
nif icantly impa i red  on these tests with the excep- 
t ion o f  the VVT and  A-CPT.  Overal l ,  our  results  
are  consis tent  with previous  research on the rela- 
tives o f  schizophrenic  pa t ien ts  ( K r e m e n  et al., 
1994) and  suppor t  the hypothes is  that  neuro-  
psychologica l  dysfunc t ion  a m o n g  relat ives is an 
ind ica tor  o f  the famil ia l  p red i spos i t ion  to schizo- 
phren ia  ( F a r a o n e  et al., 1995a). The  fact tha t  the 
r isk ind ica to r  deficits found  in relat ives o f  schizo- 
phrenic  pat ients ,  a lbei t  mild,  paral le l  those 
observed  a m o n g  schizophrenic  pat ients ,  suggests 
to us tha t  we are  ident i fying meaningful  deficits 
( G o l d b e r g  and  Seidman,  1991; Hof f  et al., 1992; 
Levin et al., 1989; Saykin  et al., 1991; Se idman,  
1983, 1990; Se idman  et al., 1992). 

O u r  f indings suppor t  o ther  studies that  have 
also found  a re la t ionship  between different vulner-  
abi l i ty  indica tors  in h igh-r isk  groups .  G r o v e  et al. 
(1991) found  tha t  eye t rack ing  and a t ten t iona l  
abnormal i t i e s  co-segrega ted  in sch izophren ia  fami-  
lies. The cor re la t ions  between funct ions  in our  



96 R. Toome) et al. Schizophrenia Research 31 (1998) 89 98 

sample of relatives were not high, but are compara- 
ble to the range of correlations reported by Grove 
et al. ( 1991 ). Presumably, the size of the correla- 
tions reflects error variance and other factors' 
contribution to relatives' test scores in addition to 
the contribution of familial factors. Our findings 
are also consistent with the work of Roxborough 
et al. (1993), who reported that a subgroup of 
relatives with abnormal auditory event-related 
potentials also had other neuropsychological 
deficits. 

In contrast, our results are not consistent with 
one report finding an inverse relationship between 
Trailmaking-A time (an attention related measure) 
and categories achieved in the Wisconsin Card 
Sorting Test (Yurgelun-Todd and Kinney, 1993) 
in 15 siblings of schizophrenic patients. We had 
data on the Trails test for this sample and com- 
puted this correlation for purpose of comparison. 
The correlation in our sample between Trails---A 
time and categories achieved in the complete 
Wisconsin was significant ( r = - 0 . 3 4 ,  p=0 .02) .  
Since high scores on the Trails indicate poor 
performance and high scores on WCST indicate 
good performance, this correlation is consistent 
with our other data showing a positive relationship 
between attention and abstraction dysfunction in 
relatives. 

Our work must be interpreted in the context of 
its methodological limitations. Our probands came 
from centers that specialize in the treatment of 
chronically ill psychotic patients. Relatives of per- 
sons with milder cases of schizophrenia may not 
display the same deficits or the same pattern of 
intercorrelation of deficits. 

The tests used in this study were relatively 
complex. It is not possible to determine whether 
the multiple deficits are due to one underlying 
cognitive deficit or to a number of deficits traceable 
to widely distributed neural systems. The greater 
degree of association of these neuropsychological 
functions within relatives provides support for a 
single underlying vulnerability dimension, rather 
than independent processes. However, our data do 
not shed light on the nature of that single under- 
lying vulnerability. The single liability may affect 
different functions through some common mecha- 
nism. Alternatively, one function may be primary 

and the other functions may be secondary. Based 
on various models of attention that posit the 
fundamental importance of attention to other cog- 
nitive functions (Mesulam, 1990; Mirsky et al., 
1991 ), we might expect primacy of the attentional 
function. If the attention deficits are primary, then 
beyond a certain threshold, attentional deficits 
may compromise the functions of abstraction and 
verbal memory. 

An alternative cognitive explanation to that 
described above is that deficits in working memory, 
which have been proposed to be the core deficit in 
schizophrenia (Goldman-Rakic, 1991), could con- 
ceivably explain deficits in all three functions. 
Indeed, Park et al. (1995) found evidence of a 
working memory deficit in relatives of schizo- 
phrenic patients. Working memory is clearly 
dependent on the prefrontal cortex (Goldman- 
Rakic, 1991 ). Our Dichotic Listening task, which 
requires short-term recall and localization of per- 
ception of six digits, is very likely to depend heavily 
on working memory as the task requires holding 
information on-line while performing cognitive 
operations (Baddeley, 1986). The WCST, which 
requires ongoing monitoring of previously learned 
rule-based information, is also likely to depend on 
working memory, at least in part. Recall of the 
logical memory stories may also be influenced by 
working memory, because the length of the stories 
goes beyond the usual working memory span; 
thus, efficient recall requires cognitive operations 
such as strategies of encoding and organization of 
information. The relatives' performance, including 
reduced learning at immediate and delayed recall 
compared to controls, but without an abnormal 
rate of forgetting, is typical of memory disorders 
associated with frontal lobe dysfunction (Wheeler 
et al., 1995). Gold et al. (1992) found numerous 
memory deficits in schizophrenic subjects, despite 
varying levels of attentional demand in the memory 
tasks. They discussed how both frontal and tempo- 
ral lobe structures are implicated in memory dys- 
function in schizophrenia, and that the joint 
dysfunction may be responsible for impairments 
in abstraction and attention. Future research 
should explore further the role of working 
memory, and address the neural and cognitive 
mechanisms of vulnerability expressed through 
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these three functions. Clearly, brain imaging 
studies using structural and cognitive neuroscience 
paradigms are needed to test these hypotheses in 
relatives of schizophrenic patients (Seidman, 1997; 
Seidman et al., 1997, in pr; Strauss and 
Summerfelt, 1994). In the mean time, as discussed 
by Faraone et al. (1995a), the use of multiple risk 
indicators simultaneously may help us better iden- 
tify those relatives with the greatest vulnerability. 
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