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Abstract

Recent research shows that categorizing patients with schizophrenia based on frontal–striatal and frontal– temporal memory

profiles may yield neurobiologically meaningful disease subtypes. We hypothesize that parents of patients exhibit similar

memory profiles. Both parents of 36 patients with schizophrenia (N= 72) and 26 healthy married control couples (N= 52)

participated in this study. All subjects were physically healthy and had no history of neurological illness or alcohol/drug abuse.

The presence of a psychiatric and/or personality disorder was assessed with the Comprehensive Assessment of Symptoms and

History (CASH) interview, the Schedule for Affective Disorders and Schizophrenia-lifetime (SADS-L) interview and the

Structured Interview for DSM-IV Personality Disorders (SIDP-IV), respectively. Cluster analysis of selected measures from the

Dutch version of the California Verbal Learning Test (CVLT) delineated parents into two subgroups with distinct memory

deficits and a third subgroup without impairments. Specific frontal–striatal and frontal– temporal subgroups, however, were not

found. In addition, our results indicated that mothers seem to be more protected against the negative effects of genetic liability

to schizophrenia than fathers. Furthermore, relatives with a higher level of intelligence may have more cognitive reserve to

compensate for the negative impact of implied brain dysfunction on verbal memory than relatives with a low level of

intelligence. Although the parents of patients with schizophrenia could be delineated into subgroups with primary memory

deficits, frontal–striatal and frontal– temporal subgroups could not be unambiguously identified. The association that emerged

between level of intelligence, gender and severity of memory impairment deserves further exploration.
D 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Schizophrenia is a disorder that seems to be

more characterized by cognitive dysfunction than

by psychotic symptomatology (Sharma and Harvey,
0165-1781/$ - see front matter D 2004 Elsevier Ireland Ltd. All rights re
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2000). Patients display a generalized cognitive im-

pairment, with varying degrees of deficit in all

domains (Heinrichs and Zakzanis, 1998), although

deficits are especially pronounced in the domain of

verbal memory (Aleman et al., 1999; Heinrichs and

Zakzanis, 1998).

Research with patients with known neuropathology

shows that involvement of different brain systems

results in distinguishable verbal memory deficits.

Patients with changes within the frontal–striatal sys-
served.
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tem, like Huntington’s disease (HD) and Parkinson’s

disease (PD), and disorders with predominantly me-

dial temporal lobe involvement, such as Alzheimer’s

disease (AD; for review, see Butters et al., 1995; Delis

et al., 1994; Savage, 1997), show equivalent impair-

ment on measures of immediate free recall of verbal

material. Both may demonstrate deficits in the use of

organizational strategies during learning such as clus-

tering semantically related words. However, HD and

PD patients generally demonstrate normal retention

rates between immediate and delayed free recall,

whereas AD patients consistently display a signifi-

cantly worse delayed free recall compared with im-

mediate free recall. In contrast, when provided with

semantic cueing or a recognition format, HD and PD

patients frequently show a disproportional improve-

ment in performance while AD patients do not.

Therefore, the profile of verbal memory deficits

characteristic of HD and PD is thought to reflect

primarily a retrieval deficit, whereas the pattern seen

in AD points to a primary deficit in the ability to store

verbal information. Table 1 summarizes the character-

istics of the different memory profiles. The validity of

this frontal–striatal and frontal–temporal distinction

is reinforced by the fact that neuropsychiatric disor-

ders that involve these specific brain systems (e.g.,

Korsakoff syndrome) also produce these distinct

memory profiles (see Turetsky et al., 2002).
Table 1

Verbal memory profiles characteristic of disorders with primarily

frontal – striatal pathology (i.e., Huntington’s and Parkinson’s

disease) and with primarily frontal– temporal lobe pathology (i.e.,

Alzheimer’s disease)

Memory function Primarily

frontal– striatal

pathology

Primarily

frontal– temporal

lobe pathology

Immediate free recall – – – –

Retention of information

over a delay

0/– – – –

Response to semantic cueing + + + – –

Response to recognition

format relative to delayed

free recall

+ + + 0

Use of semantic

organisational strategy

– – – –

( – – – ) = disproportionate impairment; ( – – ) = impairment;

( – ) =mild impairment; 0 = normal; (+ + +) = disproportionate

improvement.
Neuroimaging studies have implicated abnormali-

ties in numerous brain regions in patients with schizo-

phrenia. Regions include the frontal lobes, the basal

ganglia, the thalamus and the (medial) temporal lobes

(for reviews, see Shenton et al., 2001; Salokangas et

al., 2002). Because abnormalities are rather subtle and

not consistently found, it has been suggested that

disturbances in the interconnections between the im-

plicated brain regions rather than in the localized

regions themselves underlie the pathophysiology of

schizophrenia (e.g., McGuire and Frith, 1996). Hence,

dysfunctions of frontal–striatal– thalamic circuitry

(e.g., Buchsbaum et al., 1992; Manoach et al., 2000;

Sitskoorn et al., 2000), as well as dysfunctions of

frontal-(medial) temporal circuits (e.g., Fletcher et al.,

1999; Meyer-Lindenberg et al., 2001; Weinberger et

al., 1992), have been hypothesized in schizophrenia.

Given the hypothesized disturbance of frontal–

striatal as well as frontal–temporal circuitry in schizo-

phrenia, a verbal memory profile resembling that

observed in HD and PD patients and that seen in

AD patients is expected in schizophrenic patients.

Indeed, support for both types of memory deficit

profiles has been found. Using a discriminant function

analysis derived from a study with HD and PD

patients (Massman et al., 1990), Paulsen et al.

(1995) found that half of their schizophrenic patients

of mixed chronicity exhibited a frontal–striatal profile

while a small subgroup exhibited a frontal– temporal

profile. The remaining part of their sample exhibited

no memory deficits at all. Although this finding

supports the hypothesized disturbance of frontal–

striatal, as well as frontal– temporal, circuitry in

schizophrenia, it does not necessarily indicate that

these subgroups are indeed present in a schizophrenia

sample because the discriminant formulas forced the

patients into this classification.

Turetsky et al. (2002) concluded on the basis of their

study that categorizing patients on the basis of frontal–

striatal and frontal–temporal profiles may yield neuro-

biologically meaningful disease subtypes. A cluster

analysis of California Verbal Learning Test (CVLT)

performance also classified schizophrenic patients into

a frontal–striatal, a frontal– temporal and an unim-

paired subgroup. In addition, it was shown that these

subgroups differed on clinical, neuroanatomical and

neurophysiological measures as well. The frontal–

temporal, or as Turetsky et al. (2002) prefer to call it,
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the cortical dementia group, tended to be male, had

earlier illness onset, had reduced temporal lobe gray

matter and hypermetabolism. The frontal–striatal or

subcortical dementia group evidenced ventricular en-

largement and more negative symptoms. The unim-

paired group had fewer negative symptoms and

exhibited dorsal medial hypermetabolism.

Several studies show that the most pronounced

deficits are already recorded early in the course of

the illness (Albus et al., 1997; Censits et al., 1997;

Saykin et al., 1994), and thus may, at least partly, be

independent of factors such as medication or dura-

tion of illness. Furthermore, family studies have

demonstrated that there is a substantial genetic con-

tribution to the etiology of schizophrenia (Cardno et

al., 1999; McGuffin et al., 1995) and that some

cognitive deficits in schizophrenia are heritable

(e.g., Cannon et al., 2000; Goldberg et al., 2003;

Tuulio-Henriksson et al., 2002). Therefore, cognitive

deficits might not only occur in patients but in

nonaffected relatives of patients as well. Indeed,

most studies that investigated cognitive traits in

relatives of patients with schizophrenia reported

cognitive deficiencies in relatives compared with

healthy controls (e.g., Appels et al., 2003; Asarnow

et al., 2002a,b; Faraone et al., 1995; Kremen et al.,

1994; Sitskoorn et al., in press). One might therefore

hypothesize that nonschizophrenic relatives exhibit

verbal memory profiles that conform to frontal–

striatal and frontal–temporal profiles.

The current study examines profiles of memory

performance in both parents of patients with schizo-

phrenia. Studying parents of schizophrenic patients has

an important advantage over studying other types of

first-degree relatives of patients. Parents of patients

have passed the age of risk for developing schizophre-

nia. Therefore, the status with regard to schizophrenia

can be determined with more confidence in parents

than in other types of first-degree relatives. It is

important to study both parents of patients because it

is not clear whether schizophrenia is due to unilineal

inheritance or to bilineal inheritance. By including both

parents of a proband, one can ensure the inclusion of

the obligate carrier(s) and one limits the risk of assess-

ing only the healthiest parent. We hypothesize that

subgroups that conform behaviorally to frontal–striatal

and frontal–temporal memory profiles can be empiri-

cally delineated in parents of schizophrenic patients.
A subgroup of the subjects included in the present

paper is also included in an article about neurolog-

ical signs in parents of schizophrenic patients (32

parents of patients and 34 healthy controls; Appels et

al., 2002) and in an article about cognitive deficits in

parents of schizophrenic patients (66 parents of

patients and 50 healthy controls; Appels et al.,

2003).
2. Methods

2.1. Subjects

Both parents of 36 patients with schizophrenia

(N = 72) and 26 healthy married control couples

(N = 52) participated in this study. Written informed

consent was obtained from all subjects. All subjects

were physically healthy and had no history of neuro-

logical illness and no history of alcohol or drug abuse.

To ensure that cognitive deficits in parents of patients

are trait- and not state-related, parents of patients were

excluded if they had a history of psychotic illness.

Healthy control parents were excluded if they, or their

first-degree relatives, had a history of drug or alcohol

abuse, a personality disorder or a history of a depres-

sive, manic or psychotic illness.

At least one of the children of the parents of

patients met DSM-IV criteria for schizophrenia.

2.2. Demographic and clinical measures

The diagnosis of DSM-IV schizophrenia in the

children of the parents was determined by using the

Comprehensive Assessment of Symptoms and History

(CASH; Andreasen et al., 1992) or the Structured

Clinical Interview for DSM axis I (SCID; First et al.,

1997) after written informed consent was obtained

from the patient. To assess the presence of a psychi-

atric disorder in parents of patients and healthy control

couples, the CASH interview and the Schedule for

Schizophrenia and Affective Disorders-Lifetime inter-

view (SADS-L interview; Endicott and Spitzer, 1978)

were used. In addition, clinical assessment of all

participants included the Structured Interview for

DSM-IV Personality Disorders (SIDP-IV; Pfohl et

al., 1995) to establish the presence of a personality

disorder and a Dutch general medical checklist to



Table 2

Summary of the memory measures

Memory function

and measure

Description and formula

Total immediate

free recall, List A

Total number of List A words recalled

on Trials 1 to 5.

Response to

semantic cueing

Measures the extent of improvement of

recall on Long Delay Cued Recall relative

to recall on Long Delay Free Recall.

[(Long Delay Cued�Long Delay Free)/

(Long Delay Free)]� 100.

Response to

recognition

format

Measures the extent of improvement of

performance on the recognition format

compared with performance on Long Delay

Free Recall. Z score (Discriminability

Index)� z score (Long Delay Free).a

Semantic

clustering

Use of semantic organisational strategy:

mean number of observed semantic clusters

in relation to the number of semantic

clusters expected by change on Trials 2

to 5 and Short Delay Free Recall.b

Retention of

information

over a delay

Measures the extent of forgetting on Long

Delay Free Recall relative to recall on List

A, Trial 5. [(Long Delay Free�Trial 5)/

(Trial 5)]� 100.

a The discriminability index measures the ability to discriminate

List A words from distractors on the recognition test; formula=[(-

hits + correctly rejected distractors)/44]� 100. To compare perform-

ances on the discriminability index and long delay-free recall, z-

scores were calculated using the means and standard deviations of

the control groups.
b See Mulder et al. (1996) for the exact formula of semantic

clustering.

M.M. Sitskoorn et al. / Psychiatry Research 128 (2004) 27–3730
ensure that subjects were physically healthy and had

no history of neurological illness.

Current IQ of the subjects was estimated with the

short version of a Dutch intelligence test, the ‘‘Gro-

ningen Intelligence Test’’ (GIT; Luteyn and Van der

Ploeg, 2003). The scoring system of Verhage (1983)

was used to define the subjects’ level of education.

Handedness was assessed with the Edinburgh Hand-

edness Inventory (Oldfield, 1971).

2.3. Memory assessment

To characterize the profile of verbal memory

impairments in parents of patients with schizophrenia,

the present study examined the parents on selected

measures of the Dutch version of the California Verbal

Learning Test (‘‘Verbale Leer en Geheugen Test’’,

VLGT; Mulder et al., 1996). The California Verbal

Learning Test (CVLT; Delis et al., 1987) comprehen-

sively assesses various aspects of verbal memory

performance including immediate and delayed free

recall, recognition memory, the influence of semantic

cues and the use of organizational strategies. More-

over, it has been demonstrated that the CVLT is useful

in identifying and discriminating between the memory

profiles associated with frontal–striatal and medial–

temporal lobe dysfunction (e.g., Delis et al., 1991;

Lundervold et al., 1994; Massman et al., 1990).

The VLGT was administered as part of an exten-

sive cognitive test battery. Subjects were tested by

trained psychometricians who were supervised by a

senior neuropsychologist (MS). The VLGT involves

the verbal presentation of a ‘shopping’ list (List A)

over five immediate recall trials. List A consists of

four words from each of four semantic categories

(fruit, spices, clothing and tools). Examinees are not

informed of the latent semantic structure of the list.

Following the five consecutive learning trials, a sec-

ond list of 16 words (List B) is presented for one trial.

This interference list also consists of words from four

semantic categories, of which two overlap with the

categories of List A. Following recall of List B, short

delay free and cued recall of List A are tested. In the

cued recall procedure, examinees are asked to name

items of List A belonging to the various categories,

with the names of the categories serving as cues. After

an interval of 20 minutes, recall of List A is tested

again in a free and cued recall procedure (long delay).
Finally, a recognition trial is presented in which

examinees have to discriminate List A words from

28 distractors.

For the purpose of the present study, we were

primarily interested in assessing aspects of verbal

memory function suitable to discriminate between

frontal–striatal and frontal– temporal dysfunction.

These aspects include the immediate free recall of

information, the retention of previously learned infor-

mation over a delay, the ability to take advantage of

provided semantic cues or of a recognition format,

and the ability to group words into semantically

related categories. We selected VLGT measures and

calculated contrast measures to assess these different

aspects of verbal memory function (see Table 2). To

examine retention of information over a delay, per-

formance on Long Delay Free Recall was compared

with recall on List A, Trial 5. We chose not to
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examine performance on Short Delay Free Recall to

avoid as much as possible a confounding retroactive

interference effect of List B. For the same reason,

Long Delay Cued Recall was compared with Long

Delay Free Recall to assess the effect of semantic cues

on recall, instead of comparing Short Delay Cued

Recall with Short Delay Free Recall.

2.4. Statistical analyses

All statistical analyses were carried out with the

Statistical Package for the Social Sciences (SPSS

version 9.0 for Windows). All tests were two-sided

and significance was accepted at the 5% level. The

five selected VLGT variables (see Table 2) used in the

cluster analyses had different units of measurement.

Therefore, the variables were transformed into stan-

dardized z scores prior to the analyses. Ward’s method

of hierarchical cluster analysis with squared Euclidean

distance as the similarity measure was used to deter-

mine the clusters. A three-cluster solution was spec-

ified at onset. This is a frequently used and

recommended cluster-analytic method (Aldenderfer

and Blashfield, 1984).

To characterize the verbal memory profile of the

clusters obtained within the sample of parents of

patients, each cluster’s performance on the VLGT

measures was compared with that of the healthy

control group by means of separate Independent-

Samples t-tests. In case of nonnormality and/or in-

equality of variances, the nonparametric Mann–Whit-

ney U Test was used.

In order to evaluate the external validity of the

cluster solution, the clusters and control group were

compared on the various demographic variables

through analysis of variance (ANOVA) tests and

Chi-Square (v2) tests. In case of nonnormality and/

or equality of variances, the nonparametric Kruskal–

Wallis H test was used. Levels of significance of the

post hoc comparisons were adjusted by means of

Bonferroni correction.
3. Results

As shown in Fig. 1, cluster analysis derived from

Ward’s method yielded three subgroups within the

sample of parents of patients with schizophrenia.
Fig. 2 presents the overall memory performance of

the three clusters and the control group, while Table

3 presents the five key memory measures of the

three clusters and the control group.

Of the three clusters, cluster 1 contained the largest

percentage of parents of patients (65.3%, N = 47).

Cluster 1 performed significantly worse on total

immediate free recall of list A (z = � 4.026,

P < 0.001) and benefited less from semantic cueing

in comparison with the healthy control group

(z =� 2.975, P < 0.01). The degree of semantic clus-

tering, retention of information over a delay and

response to the recognition format were the same for

both groups.

Cluster 2 contained 15.3% of the parents of

patients (N = 11) and differed from the healthy control

group on all five memory measures. The parents of

patients in cluster 2 performed significantly worse on

total immediate free recall of list A [t (61) =� 3.214,

P < 0.01] and showed a disproportional decrease of

recall over a delay (z =� 4.481, P < 0.001). Further-

more, cluster 2 showed a smaller degree of semantic

clustering during free recall of information [t

(59) =� 2.492, P < 0.05] and benefited significantly

more from semantic cueing (z =� 3.871, P < 0.001)

and from the recognition procedure [t (61) = 3.614,

P < 0.01], relative to the healthy control group. Cluster

2 had a significantly lower score on IQ than the

control group (z =� 2.78, P < 0.05). To explore a

potentially confounding effect of IQ, analysis of

variance was conducted using immediate recall of

List A words on Trials 1 to 5 as dependent variable

and IQ as covariate. The significant difference be-

tween Cluster 2 and the control group on total recall

during Trials 1 to 5 remained robust [F(1,60) = 4.42,

P < 0.05].

Fourteen parents of patients (19.4%) were included

in cluster 3. Cluster 3 also differed significantly from

the healthy control group on a number of variables.

However, in contrast to cluster 1s and 2, parents of

patients in cluster 3 performed significantly better on

total immediate free recall of list A compared with the

healthy control group [t (64) = 3.751, P < 0.001].

Moreover, cluster 3 showed a higher degree of se-

mantic clustering [t (62) = 3.789, P < 0.001] and

benefited less from semantic cueing (z =� 2,393,

P < 0.05) compared with the healthy control group.

The retention of the material over a delay and the



Fig. 1. Overall performance of the three clusters of parents of patients [clusters 1 (5), 2 (E) and 3 (4)] on the Dutch version of the California

Verbal Learning Test. Positive z scores indicate better performance and negative z scores indicate poorer performance than the control group.
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response to a recognition format did not differ be-

tween the two groups. Cluster 3 contained significant-

ly more women than the control group (v2 = 8.381,
P < 0.05). To explore a potentially confounding effect

of gender, analysis of variance was conducted using

immediate recall of List A words on Trials 1 to 5 as

dependent variable and gender as covariate. The

significant difference between cluster 3 and the con-

trol group on total recall during Trials 1 to 5 remained

robust [F(1,60) = 10.716, P < 0.01].

The demographic data of the three clusters are

presented in Table 4. The clusters are equal with

respect to age [F(1,69) = 0.624, P= 0.539], lateralisa-

tion quotient (v2 = 0.788, P= 0.674) and education

(v2 = 0.849, P= 0.654). However, there was a signif-

icant overall difference for IQ (v2 = 8.461, P < 0.05).
Post hoc comparisons carried out with a Bonferroni-

adjusted level of significance revealed a significantly

lower IQ of cluster 2 compared with cluster 3

(P < 0.05). In addition, analyses revealed a significant

overall difference for gender (v2 = 12.951, P < 0.01).

Post hoc comparisons carried out with a Bonferroni-

adjusted level of significance revealed that cluster 3

contains significantly more mothers of patients than

either cluster 1 (v2 = 12.847, P < 0.01) or cluster 2

(v2 = 6.866, P < 0.01).
4. Discussion

Our data suggest that although parents of patients

with schizophrenia could be delineated into subgroups



Fig. 2. Mean Z scores on measures of the Dutch version of the California Verbal Learning Test for the three clusters of parents of patients.

Positive z scores indicate better performance and negative z scores indicate poorer performance than the control group.
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with primary memory deficits, specific frontal–striatal

and frontal–temporal subgroups could not be unam-

biguously identified. Instead, the profile of each

memory-impaired subgroup resembled frontal–stria-

tal as well as frontal– temporal features.

Specifically, cluster analysis using selected meas-

ures of the VLGT, the Dutch version of the CVLT,
Table 3

Memory performance of the three clusters of parents of patients compared

Memory measure Cluster 1

(N= 47)

Cluster 2

(N = 11)

Cluster

(N= 14

Total free recall list A 45.26F 5.21 40.91F12.98 61.50F
Semantic

clustering index

1.80F 0.57 1.37F 0.55 2.86F

Retention over a delayd � 6.79F 11.86 � 36.50F 15.12 � 5.18

Response to

semantic cueingd
0.29F 11.53 46.49F 27.49 0.16F

Response to a

recognition formatd
� 0.004F 1.00 0.92F 1.06 � 0.17

a N.S.: not significant.
b Mann–Whitney U test.
c Independent sample t-test.
d Data presented as percentages.
identified three subgroups of parents. The first sub-

group, consisting of almost two-thirds of the parents,

exhibited impaired immediate recall and benefited less

from semantic cueing in comparison to the healthy

control group. Their degree of semantic clustering was

intact. They showed neither a disproportionate im-

provement nor a delay in recall in response to a
with healthy control couples (meanF standard deviation)

3

)

Controls

(N = 52)

Cluster 1

vs.

controlsa

Cluster 2

vs.

controlsa

Cluster 3

vs.

controlsa

4.24 51.72F 9.42 P< 0.001b P < 0.05c P < 0.01c

0.71 1.99F 0.78 N.S.b P < 0.05c P < 0.001c

F 9.44 � 6.41F14.97 N.S.b P < 0.001b N.S.b

7.57 12.01F18.55 P< 0.01b P < 0.001b P < 0.01b

F 0.49 � 0.001F 0.70 N.S.c P < 0.01c N.S.c



Table 4

Comparison of demographic characteristics between the clusters

Demographic measures Cluster 1 (n= 47) Cluster 2 (n= 11) Cluster 3 (n= 14) Level of significancea

Age (MF S.D.) 54.08F 3.68 52.72F 4.03 53.24F 5.20 N.S.b

IQ (MF S.D.) 115.32F 13.97 105.55F 16.06 123.57F 12.90 P< 0.05c,d

Lateralization quocient (MF S.D.) 0.82F 0.37 0.77F 0.45 0.80F 0.32 N.S.c

Education (median) 6.0 5.0 6.0 N.S.c

Gender (N male, %) 29 (62%) 6 (55%) 1 (7%) P< 0.01e,f

a N.S.: not significant.
b ANOVA.
c Kruskal–Wallis test.
d Post hoc comparisons. Cluster 2 versus cluster 3: P< 0.05 (Bonferroni correction).
e Chi-square (v2).
f Post hoc comparisons. Cluster 1 versus cluster 3: P < 0.01; cluster 2 versus cluster 3: P< 0.05 (Bonferroni correction).
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recognition format. The memory performance of these

parents shows an initial deficit in the consolidation of

material that cannot be explained by impaired encod-

ing (because their degree of semantic clustering was

intact) or impaired retrieval (because they did not

benefit from cueing or recognition). Therefore, the

profile points to a primary deficit in the ability to store

newly presented verbal information, which is sugges-

tive for frontal– temporal circuitry involvement. How-

ever, the retention of learned information over a delay

was not impaired in these parents. This last finding is

not in accordance with a disturbance in frontal–

temporal circuitry. In contrast, patients with frontal–

striatal involvement often exhibit intact retention of

learned information over a delay.

The second subgroup, consisting of 15% of the

parents, demonstrated impaired immediate recall of

verbal material and impaired use of semantic cluster-

ing strategies. Most importantly, this is the only

subgroup that showed a disproportionate improve-

ment in their performance when provided with se-

mantic cues or a recognition procedure. This is

suggestive for frontal–striatal involvement. However,

retention of information over a delay was also im-

paired, and although memory performance showed

disproportionate improvement with the cueing and

recognition procedure, it remained as impaired as that

of the first subgroup of parents (see Fig. 1). This

suggests that the memory profile of the second sub-

group is not only characterized by retrieval but also by

consolidation deficits, which would be in accordance

with frontal–striatal as well as frontal– temporal cir-

cuitry involvement, respectively.
Finally, cluster analysis yielded a small third sub-

group of parents of patients that performed signifi-

cantly better on immediate free recall than the healthy

control group. In addition, this cluster showed a

higher degree of semantic clustering and benefited

less from semantic cueing than the healthy control

group. The latter can possibly be explained by means

of a ceiling effect because semantic cueing cannot

improve recall performance to a large extent when

free recall performance and semantic clustering are

already high. The verbal memory performance of this

small subgroup of parents of patients is even better

than that of control parents.

Between-cluster comparisons revealed that the se-

cond subgroup showed a significantly lower level of

intelligence than the subgroup that showed even better

memory performance than the controls. Recent re-

search suggests that level of intelligence is associated

with severity of cognitive impairment in schizophre-

nia (see, e.g., Holthausen et al., 2002; Kravariti et al.,

2003). Kravariti et al. (2003) showed that a substantial

proportion of the cognitive deficits in adolescents with

recent onset schizophrenia could be accounted for by

a mild decrement in general intellectual ability. Holt-

hausen et al. (2002) showed that schizophrenic

patients without cognitive impairment scored signifi-

cantly higher on measures of intelligence and educa-

tional level than the patients with impairment. They

hypothesized that schizophrenic patients with less

cognitive reserve capacity, as measured indirectly by

intelligence and education, have a limited ability to

compensate for the impact of brain dysfunction on

cognition.
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Accordingly, it can be hypothesized that the

parents with a relatively low level of intelligence

represent a subgroup that has the least cognitive

reserve to compensate for the negative effects of an

inferred brain deficiency on verbal memory. This

explanation seems to be supported by the parallel

order of level of intelligence and memory impair-

ment in the three subgroups and the control group.

The subgroup with retrieval as well as consolidation

deficits (second subgroup) has the lowest level of

intelligence (IQ 105) and is followed by the sub-

group with primarily consolidation deficits (IQ 115),

which in turn is followed by the controls (IQ 120).

The rank is topped by the subgroup of parents

without memory deficits (IQ 123). This order of

intelligence scores is paralleled by the order of

memory impairment. If we look at Table 3 and

Fig. 1, we can see that the second subgroup has

the lowest level of immediate recall, the lowest level

of semantic clustering and forgets relatively the most

words after a delay. This suggests that they have the

most severe memory impairment. The memory per-

formance of the first subgroup seems better than that

of the second subgroup but is still impaired when

compared with controls. The subgroup of parents

with the highest IQ level displays even better verbal

memory capacities than the controls.

Because the level of total free recall of List A of

the second subgroup remained impaired after covary-

ing for IQ, an explanation in terms of parallel order of

memory impairment and level of IQ cannot fully

account for the verbal memory deficits in parents.

Our finding of a primary verbal memory deficit is

consistent with the results of Kravariti et al. (2003),

who showed that in adolescents with recent onset

schizophrenia, verbal memory deficits are also robust

enough to survive statistical control for the IQ con-

founder. It also complies with the higher discrimina-

tive value of verbal memory impairment in two recent

meta-analyses of cognitive deficits in patients with

schizophrenia (Heinrichs and Zakzanis, 1998) and in

their relatives (Sitskoorn et al., in press).

Of further importance is that the subgroup of

parents without deficits consisted almost exclusively

of mothers of patients. This high-performing sub-

group contained significantly more women than the

other subgroups of parents of patients and the control

group. Turetsky et al. (2002) also reported a gender
difference in their study with patients. The group of

patients that portrayed a memory profile associated

with frontal–temporal circuitry impairment tended to

be male. Gender differences have been reported quite

consistently in patients with schizophrenia, with male

patients having, among other findings, more cognitive

deficits in general than female patients (see, e.g.,

Leung and Chue, 2000). Research on gender differ-

ences in relatives, however, has been sparse. Our

results provide preliminary support to the hypothesis

that male relatives have more verbal memory impair-

ments than their female counterparts. It might be

hypothesized that being a woman is protectively

against the negative cognitive effects of genetic lia-

bility to schizophrenia. This is in accordance with the

estrogen hypothesis in schizophrenia (e.g., Häfner,

2003).

Some caveats of our study should be noted. To

ensure that cognitive deficits in parents of patients

were trait- and not state-related, we excluded parents

of patients if they had a history of psychotic illness.

However, by doing so, we might have decreased the

genetic loading of the parents of patients with schizo-

phrenia and thus enhance the possibility that we

studied non-genetic schizophrenia. It would be inter-

esting to analyze relatives with a history of psychotic

illness and those without such a history separately as

the nature and magnitude of deficiency might differ

between these two groups.

In addition, it is not known yet whether schizo-

phrenia is due to unilineal or bilineal inheritance. If

schizophrenia is unilineally inheritable, then only one

parent of a proband is expected to carry the schizo-

phrenia genotype. We included both parents in order

to ensure the inclusion of the obligate carrier(s).

However, the consequence of this approach is that

possibly half of the parents included might not carry

the genotype, which might have further reduced the

power of the study.

In conclusion, although most parents of patients

with schizophrenia exhibit primary memory deficits,

frontal–striatal and frontal–temporal subgroups could

not be unambiguously identified. Instead, the profile

of each memory-impaired subgroup resembled front-

al–striatal as well as frontal– temporal features. The

finding of an association between level of intelligence,

gender and severity of verbal memory impairment in

parents deserves further exploration.



M.M. Sitskoorn et al. / Psychiatry Research 128 (2004) 27–3736
References

Aldenderfer, M.S., Blashfield, R.K., 1984. Cluster Analysis. Sage

Publications, Newberry Park, CA.

Albus, M., Hubmann, W., Mohr, F., Scherer, J., Sobizack, N.,

Franz, U., Hecht, S., Borrmann, M., Wahlheim, C., 1997. Are

there gender differences in neuropsychological performance in

patients with first-episode schizophrenia? Schizophrenia Re-

search 28, 39–50.

Aleman, A., Hijman, R., de Haan, E.H., Kahn, R.S., 1999. Memory

impairment in schizophrenia: a meta-analysis. American Journal

of Psychiatry 156, 1358–1366.

Andreasen, N.C., Flaum, M., Arndt, S., 1992. The Comprehensive

Assessment of Symptoms and History (CASH). An instrument

for assessing diagnosis and psychopathology. Archives of Gen-

eral Psychiatry 49, 615–623.

Appels, M.C., Sitskoorn, M.M., de Boo, M., Klumpers, U.M.,

Kemps, A., Elderson, A., Kahn, R.S, 2002. Neurological

signs in parents of schizophrenic patients. NeuroReport 13,

575–579.

Appels, M.C.M., Sitskoorn, M.M., Westers, P., Kahn, R.S., 2003.

Cognitive dysfunctions in parents of schizophrenic patients par-

allel the deficits found in patients. Schizophrenia Research 63,

285–293.

Asarnow, R.F., Nuechterlein, K.H., Asamen, J., Fogelson, D., Sub-

otnik, K.L., Zaucha, K., Guthrie, D., 2002a. Neurocognitive

functioning and schizophrenia spectrum disorders can be inde-

pendent expressions of familial liability for schizophrenia in

community control children: the UCLA family study. Schizo-

phrenia Research 54, 111–120.

Asarnow, R.F., Nuechterlein, K.H., Subotnik, K.L., Fogelson, D.L.,

Torquato, R.D., Payne, D.L., Asamen, J., Mintz, J., Guthrie, D.,

2002b. Neurocognitive impairments in nonpsychotic parents of

children with schizophrenia and attention-deficit/hyperactivity

disorder: the University of California, Los Angeles Family

Study. Archives of General Psychiatry 59, 1053–1060.

Buchsbaum, M.S., Haier, R.J., Potkin, S.G., Nuechterlein, K., Bra-

cha, H.S., Katz, M., Lohr, J., Wu, J., Lottenberg, S., Jerabek,

P.A., 1992. Frontostriatal disorder of cerebral metabolism in

never-medicated schizophrenics. Archives of General Psychia-

try 49, 935–942.

Butters, N., Delis, D.C., Lucas, J.A., 1995. Clinical assessment of

memory disorders in amnesia and dementia. Annual Review of

Psychology 46, 493–523.

Cannon, T.D., Huttunen, M.O., Lonnqvist, J., Tuulio-Henriksson,

T., Pirkola, T., Glahn, D., Finkelstein, J., Hietanen, M., Kaprio,

M., Koskenvuo, M., 2000. The inheritance of neuropsycholog-

ical dysfunction in twins discordant for schizophrenia. Ameri-

can Journal of Human Genetics 67, 369–382.

Cardno, A.G., Marshall, E.J., Coid, B., Macdonald, A.M., Ribches-

ter, T.R., Davies, N.J., Venturi, P., Jones, L.A., Lewis, S.W.,

Sham, P.C., Gottesman, I.I., Farmer, A.E., McGuffin, P., Rev-

eley, A.M., Murray, R.M., 1999. Heritability estimates for psy-

chotic disorders: the Maudsley twin psychosis series. Archives

of General Psychiatry 56, 162–168.

Censits, D.M., Ragland, J.D., Gur, R.C., Gur, R.E., 1997. Neuro-

psychological evidence supporting a neurodevelopmental model
of schizophrenia: a longitudinal study. Schizophrenia Research

24, 289–298.

Delis, D.C., Kramer, J.L., Kaplan, E., Ober, B.A., 1987. California

Verbal Memory Test: Manual. Psychological Corporation, San

Antonio, TX.

Delis, D.C., Massman, P.J., Butters, N., Salmon, D.P., Cermak,

L.S., Kramer, J.L., 1991. Profiles of demented and amnestic

patients on the California Verbal Learning Test. Psychological

Assessment 3, 19–26.

Delis, D.C., Filoteo, J.V., Massman, P.J., Kaplan, E., Kramer, J.L.,

1994. The clinical assessment of memory disorders. In: Cermak,

L.S. (Ed.), Neuropsychological Explorations of Memory and

Cognition: Essays in Honor of Nelson Butters. Plenum Press,

New York, pp. 223–238.

Endicott, J., Spitzer, R.L., 1978. A diagnostic interview: the Sched-

ule for Affective Disorders and Schizophrenia. Archives of Gen-

eral Psychiatry 35, 837–844.

Faraone, S.V., Kremen, W.S., Lyons, M.J., Pepple, J.R., Seidman,

L.J., Tsuang, M.T., 1995. Diagnostic accuracy and linkage

analysis: how useful are schizophrenia spectrum phenotypes?

American Journal of Psychiatry 152, 1286–1290.

First, M.B., Spitzer, R.L., Gibbon, M., Williams, J.W.B., 1997.

Structured Clinical Interview for DSM-IV Axis 1 Disorders—

Patient Edition (SCID-I/P) Version 2.0, Dutch Version. Swets &

Zeitlinger, Lisse.

Fletcher, P., McKenna, P.J., Friston, K.J., Frith, C.D., Dolan, R.J.,

1999. Abnormal cingulate modulation of fronto-temporal con-

nectivity in schizophrenia. NeuroImage 9, 337–342.

Goldberg, T.E., Egan, M.F., Gscheidle, T., Coppola, R., Weickert,

T., Kolachana, B.S., Goldman, D., Weinberger, D.R., 2003. Ex-

ecutive subprocesses in working memory: relationship to cate-

chol-O-methyltransferase Val158 Met genotype and

schizophrenia. Archives of General Psychiatry 60, 889–896.
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