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The importance of neurological abnormalities in relatives of schi-
zophrenic patients is not completely clear and has been ques-
tioned. The hypothesis that neurological abnormalities are trait
markers for a vulnerability to develop schizophrenia was tested in
32 parents of patients with schizophrenia and 34 healthy controls.
A comprehensive and standardized neurological assessment bat-
tery was used. The examiners were blind as to whether they
tested a parent of a patient or a healthy control. Four function
domains were investigated; higher cerebral functions, cranial
nerve functions, general motor functions and gait.There were no

signi¢cant di¡erences between parents of patients and healthy
controls on any of the neurological function domains, or on the to-
tal number of neurological abnormalities.No di¡erencewas found
between parents with a positive family history of schizophrenia
spectrum disorders, parents with a negative family history and
controls. Results suggest that the neurological functions investi-
gated are not related to a genetic liability to develop schizo-
phrenia. NeuroReport 13:575^579 �c 2002 Lippincott Williams &
Wilkins.
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INTRODUCTION
Studies of the association between schizophrenia and
neurological abnormalities have consistently shown a high-
er frequency of neurological abnormalities in schizophrenic
patients than in psychiatric and non-psychiatric comparison
subjects [1]. This difference between schizophrenic patients
and controls cannot be explained by medication use since
neuroleptic naive patients also have increased rates of
neurological abnormalities when compared with controls
[2]. Familial studies of high-risk groups for schizophrenia
indicated the presence of more neurological abnormalities in
the offspring of schizophrenic parents than in matched
control subjects [3,4]. In addition, several studies report
more neurological signs in a group of siblings, or a mixed
group of siblings and parents than in controls [5–12]. Levels
of neurological abnormality co-vary positively in schizo-
phrenic patients and siblings within the same family,
suggesting common genetic and/or environmental patho-
genetic factors [9]. Taken together, these results suggest that
neurological abnormalities are trait markers for a vulner-
ability to schizophrenia and are not epiphenomena of
medication or the disease process itself.

Nevertheless, the importance of neurological abnormal-
ities in relatives of schizophrenic patients is not completely
clear and has been questioned. Egan et al. [12] conclude that
the fairly low relative risk of neurological signs (the risk of
having an abnormality for relatives compared with the risk
for the general population) may limit their usefulness in

genetic studies. In addition, the previous studies have
some limitations. In two of the studies with siblings of
patients the examiners were not blind as to the fact whether
they tested a sibling of a patient or a healthy control [9,11].
In addition, one study did not report whether the control
group matched with the relatives on relevant demographic
variables [6]. Finally, none of the studies focused on the
difference in neurological abnormalities between parents of
schizophrenic patients and healthy control couples. The
advantage of studying parents is that the parents’ own
status with regard to schizophrenia can be determined with
some degree of confidence because these individuals
generally have passed the age of risk for developing
schizophrenia.

The present study compares neurological functioning in a
group of both parents of schizophrenic patients with a
group of healthy control couples. Inclusion of both parents
of patients ensures the inclusion of the obligate carrier(s)
and by comparing parents of patients with healthy control
couples one can correct for assortative mating. Assortative
mating denotes a tendency for mated pairs to be more
similar for some phenotypic traits than would be the case if
the choice of a partner occurred at random [13,14]. This
study also compares parents of patients with a positive
family history of schizophrenia spectrum disorders, parents
of patients with a negative family history of schizophrenia
spectrum disorders and healthy controls. The purpose of
dividing parents into two groups on the basis of their family
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history is to produce populations which are enriched or
depleted in terms of genetic risk.

Research groups were investigated with a standardized
comprehensive neurological battery. Investigators were blind
as to whether they tested a parent of a patient or a healthy
control. We hypothesized that biological parents of schizo-
phrenic patients show more neurological abnormalities than
healthy control couples. Furthermore we hypothesized that
parents of patients with a positive family history of
schizophrenia spectrum disorders show more abnormalities
than parents of patients with a negative family history of
schizophrenia spectrum disorders and than healthy controls.

MATERIALS AND METHODS
Participants: Both parents of 16 patients with schizophre-
nia and 17 healthy married control couples participated in
this study after written informed consent was obtained. The
groups were comparable with respect to age, handedness,
IQ and level of education. Mean (7 s.d.) age of parents of
patients and in healthy controls was 55.037 3.86 and
55.177 3.31, respectively.

All participants were physically healthy and had no
history of neurological illness and no history of drug or
alcohol abuse. To ensure that potential neurological
abnormalities in parents of patients are related to a genetic
defect that produces a susceptibility to schizophrenia and
not to the illness itself, parents of patients were excluded if
they had a history of psychotic illness. Healthy controls
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 depressive, manic, or psychotic illness.
Furthermore healthy controls were excluded if their
second-degree relatives had a history of psychotic illness.

At least one of the children of the parents of patients met
DSM-IV criteria for schizophrenia. A positive family history
of schizophrenia spectrum disorders was defined as having

one or more first-or second-degree relatives (other than their
offspring) with a psychotic disorder not related to sub-
stance-abuse, an affective disorder with psychotic features,
or a cluster A personality disorder. Fourteen parents of
patients had a positive family history of schizophrenia
spectrum disorders, 18 parents of patients had a negative
family history of schizophrenia spectrum disorders.

Interviews: The diagnosis of DSM-IV schizophrenia in the
children of the parents was determined by using the
Comprehensive Assessment of Symptoms and History
(CASH) [15] after written informed consent was obtained.
To assess the presence of a psychiatric disorder in parents of
patients and healthy control couples the CASH interview
and the Schizophrenia and Affective Disorder Schedule-
Lifetime (SADS-L) interview [16] were used. In addition,
clinical assessment of all participants included the struc-
tured interview for DSM-IV personality disorders (SIDP-V)
[17] to establish the presence of a personality disorder.
Information about ones personal family history was
obtained with the Dutch translation of the Family Interview
for Genetic Studies (FIGS) [18]. If participants had doubts
about whether or not a relative had a psychiatric disease
they consulted the relative in question, another relative or
the doctor concerned. Psychiatrists or psychologists who
had extensive training in diagnostic interviewing carried
out the interviews.

Neurological examination: A comprehensive and standar-
dized assessment battery consisting of 40 items was used.
Twenty-three items were derived from the assessment
instrument of Ismail et al. [9]. Twenty-five items permitted
bilateral assessment. A senior neurologist (A.E.) was
consulted to divide the items into several function domains.
Four function domains were investigated; higher cerebral
functions, cranial nerve functions, general motor functions
and gait (Table 1). On most items abnormality was scored as

Table1. Neurological tests included in the clusters.

Higher cerebral functions Cranial nerve functions Generalmotor functions Gait

Gaze impersistence Ocular ¢xation Latent pareses arm B* Gait
Palmomental re£ex B* Ocular convergence Latent pareses leg B*
Mirrormovements
(¢nger thumb opposition) B*

Saccadic ocular movements Diadochokinesia

Mirrormovements
(rotating thumbs) B*

Jaw jerk Adequacy (¢nger-thumb opposition) B*

Other involuntarymovements
(rotating thumbs)

Smell Adequacy (rotating thumbs) B*

Two point discrimination B* Babinski re£ex B*
Stereognosis B* Cogwheel rigidity B*
Simultaneous bilateral tactile
extinction

Spastic rigidity B*

Suck re£ex B* Clonus B*
Snout re£ex Hypotonia B*
Grasp re£ex B* Unilateral re£ex hyperactivity
Speech Finger^nose test B*
Right/left confusion (self) B* Heel^knee test B*
Right/left confusion (examiner)B* Intention tremor B*
Ideomotor apraxia/ideational apraxia Choreiformmovements B*
Constructive apraxia Dystonia B*

Resting tremor (parkinsonian) B*
Postural tremor B*

*B indicates bilateral assessment.
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either present (1) or absent (0). For each of the items a sum-
score was computed by adding the scores for the left and
right body side. The total neurological abnormality score
was the sum of the scores of the four function domains. Two
experienced physicians (M.de B., U.K.) performed all
examinations. The examiners were blind to whether the
subjects were parents of patients or healthy controls. A copy
of the neurological examination manual is available on
request from the first author (M.A.).

The inter-rater reliability for the neurological assessment
was studied by testing the correlation of the total scores
determined by the two physicians who coexamined 10
subjects. The intraclass correlation coefficient for the
correlation between the total neurological scores determined
by the two examiners was 0.92 (F¼ 24.49, df¼ 11, p¼ 0.00).

Statistical analysis: Demographic data were compared
between groups by a t-test (age) or a Mann-Whitney U test
(IQ, level of education, lateralization index). Spearman
correlation analyses were done to investigate a possible
dependency between husband and wife and a possible
dependency of the abnormality scores on each neurological
function domain. No significant correlation, nor a large
correlation was found between the several function
domains, or between husbands and wives (all ro 0.3).
Therefore all participants were treated as independent and
the scores on the different function domains were treated as
independent.

The distribution of the neurological abnormalities was
found to be highly skewed. Logarithmic transformation of
the data did not yield a normal distribution of the data.
Non-parametric analysis was therefore employed to com-
pare the frequencies of neurological abnormalities between
parents of patients and healthy controls. To compare the
magnitude of the differences between parents of patients
and healthy controls on each neurological function domain,
effect sizes were calculated.

Receiver operating characteristic (ROC) curves were used
to describe the relationship of the specificity and the
sensitivity of the assessment instrument, contrasting the
scores of parents of patients and healthy controls for all the
neurological function scales. These curves are helpful in
evaluating the relative discriminative properties of the
several neurological function domains.

To test whether parents of patients with a positive, a
negative family history of schizophrenia spectrum disor-
ders, and healthy controls differ on number of neurological
abnormalities a Kruskall Wallis H test was performed.

Statistical significance was defined as p¼ 0.01, two-tailed.

RESULTS
Neurological examination: Parents of patients had higher
scores than normal control subjects on all neurological
function domains except for cranial nerve functions and
gait, however the differences between groups were not
significant (Table 2). As can be concluded from the reported
effect sizes (Fig. 1) the magnitude of the difference between
groups is small on all neurological function domains. When
groups were compared on the 23 items derived from the
assessment battery of Ismail et al. [9], no differences were
found between groups.

Parents of patients who had a psychiatric diagnosis did
not differ from parents of patients without a psychiatric
diagnosis. No difference was found between parents of
patients with a positive family history, a negative family
history of schizophrenia spectrum disorders and healthy
controls on any of the function domains, nor on the total
number of neurological abnormalities (Table 3).

Sensitivity and specificity: Table 4 shows the effect of the
prevalence of the total number of neurological abnormalities
in parents of patients and healthy controls when different
cut off scores were used. The biggest difference between
parents of patients and controls is found when a cut off
score of � 13 is used (i.e. 41% of the parents of patients and
18% of the healthy controls had 13 or more abnormalities).
None of the ROC curves representing the several neurolo-
gical function domains has a high sensitivity at a high
specificity.

Table 2. Neurological abnormality scores (mean7 s.d.) of parents of patients and healthy control couples.

Biological parents of schizophrenic
patients (n¼ 32 couples)

Healthy controls (n¼ 34) Between-group di¡erencesa

Higher cerebral functions 8.0073.05 7.3572.52 Z¼�0.50, p¼ 0.61
Cranial nerve functions 0.4170.56 0.627 0.74 Z¼�1.08, p¼ 0.28
Generalmotor functions 2.7571.65 2.4171.69 Z¼�0.88, p¼ 0.38
Gait 0.007 0.00 0.007 0.00 Z¼ 0.00, p¼1.00
Total number of neurological
abnormalities

11.1673.89 10.387 3.29 Z¼�0.73, p¼ 0.47

aMann-Whitney U-test.
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Fig.1. Magnitide of the di¡erence between parents of schizophrenic pa-
tients and healthy controls expressed in e¡ect size (mean parents of pa-
tients�mean controls/pooled standard deviation).
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DISCUSSION
This controlled study showed no significant difference in
neurological abnormalities between parents of patients with
schizophrenia and healthy controls, nor between parents of
patients with a positive family history of schizophrenia
spectrum disorders, a negative family history and healthy
controls. These results suggest that neurological functioning
is not related to a genetic liability to develop schizophrenia.
The higher number of neurological abnormalities which
previously have been reported to be present in schizo-
phrenic patients and their relatives may be the result of
additional environmental effects (e.g. obstetric complica-
tions) rather than related to the genotype. Another
explanation is however possible. The discrepancy between
our study and previous studies in relatives of patients may
be caused by the fact that previous studies included
offspring, siblings or a combination of siblings and
parents of patients, whereas we included only parents of
patients. It is possible that a difference between relatives
of patients and controls can only be detected in siblings or
offspring of patients. In siblings the relative risk of
neurological abnormalities is already fairly low [12].
Parents of patients might be a relatively healthier
group of first-degree relatives of schizophrenic patients
than siblings and offspring since they generally passed the
age of risk to develop schizophrenia, and they were
obviously all capable of reproduction and parenting.
Therefore it is well possible that in this relatively healthy

relative group potential neurological abnormalities can not
be detected.

Alternatively, one might suggest that we would find
significant differences between parents of patients and
controls if we would include more subjects in both groups.
However, instead of looking at the significance of the data it
is much more important to estimate the magnitude of the
difference between groups [19]. In order to estimate the
magnitude of the difference between groups the effect size
was calculated. In mathematical terms, the effect size is the
difference between group means calibrated in pooled
standard deviation units (mean parents of patients�mean
controls/pooled standard deviation). The effect size is not
influenced by sample size. As can be concluded from Fig. 1,
the effect size is small and not always in the expected
direction. Therefore, including more subjects does not seem
to be useful. In order to obtain significant differences with
such small effect sizes very large groups must be included.
For example, in order to obtain a power of 80%, at a¼ 0.05
about 335 parents of patients and 335 healthy controls must
be included and in order to obtain a power of 90% about 450
persons must be included in each group.

We found no difference between parents of patients with
a positive, parents of patients with a negative family history
of schizophrenia spectrum disorders and healthy controls.
Thus, a family history of schizophrenia spectrum disorders
does not seem to be related to greater neurological
impairment. This suggestion is supported by the fact that

Table 3. Neurological abnormality scores of parents of patientswith a positive familyhistory, a negative familyhistoryof schizophrenia spectrumdisorders
and controls.

Parents of patients with a
positive family history
(n¼14)

Parents of patients with a
negative family history
(n¼18)

Healthy controls
(n¼ 34 parents)

Between-group di¡erencesa

Higher cerebral functions 7.57 7 2.50 8.3373.45 7.3572.52 w2¼ 0.70, p¼ 0.70
Cranial nerve functions 0.297 0.61 0.507 0.51 0.627 0.74 w2¼ 2.76, p¼ 0.25
Generalmotor functions 3.297 2.09 2.3371.08 2.4171.69 w2¼ 2.08, p¼ 0.35
Gait 0.007 0.00 0.007 0.00 0.007 0.00 w2 ¼ 0.00, p¼1.00
Total number of neurological abnormalities 11.1473.72 11.1774.13 10.387 3.29 w2¼ 0.54, p¼ 0.76

aKruskall Wallis H-test.

Table 4. E¡ect of di¡erent cuto¡ scores on prevalence of neurological abnormalities in parents of patients and controls.

Total score on neurological
assessment

Parents of schizophrenic
patients (n¼ 32) n (%)

Controls
(n¼ 34) n (%)

Sensitivity (rate in parents
of patients)

Speci¢city (1.00 minus rate in
controls)

4 0 (0) 1 (3)
� 5 32 (100) 33 (97) 1.00 0.03
� 6 31 (97) 31 (91) 0.97 0.09
� 7 28 (88) 31 (91) 0.88 0.09
� 8 25 (78) 27 (79) 0.78 0.21
� 9 22 (69) 25 (74) 0.69 0.26
� 10 20 (63) 22 (65) 0.63 0.35
� 11 17 (53) 16 (47) 0.53 0.53
� 12 14 (44) 9 (26) 0.44 0.74
� 13 13 (41) 6 (18) 0.41 0.82
� 14 8 (25) 6 (18) 0.25 0.82
� 15 6 (19) 6 (18) 0.19 0.82
� 16 6 (19) 3 (9) 0.19 0.91
� 17 4 (13) 1 (3) 0.13 0.97
� 18 2 (6) 1 (3) 0.06 0.97
� 19 1 (3) 0 (0) 0.03 1.00

578 Vol 13 No 5 16 April 2002

NEUROREPORT M.C.M. APPELS ET AL.



the magnitude of the difference between parents of patients
with a positive family history, parents of patients with a
negative family history and controls is small and in three of
the four neurological function domains not in the expected
direction (Table 3). The finding that parents of patients with
a positive family history of schizophrenia spectrum dis-
orders do not differ from parents of patients with a negative
family history and controls supports the conclusion that
neurological abnormalities are not related to a genetic
predisposition to schizophrenia.

Although we did not find significantly more neurological
abnormalities in parents of patients, parents might have had
more subtle neurological abnormalities. The disadvantage
of comprehensive and standardized neurological assess-
ment batteries is that these instruments use a scoring
method with only limited response possibilities. Therefore,
these instruments might not be suitable to detect subtle
neurological abnormalities (e.g. specific eye movement or
smell abnormalities) in the healthiest groups of first-degree
relatives.

CONCLUSION
Parents of patients did not show more neurological
abnormalities than healthy controls, as measured with a
standard neurological test battery. Furthermore, a positive
family history of schizophrenia spectrum disorder was not
related to a greater neurological impairment. Our results
suggest that neurological abnormalities are not related to a
genetic vulnerability to schizophrenia. Studies using other
types of neurological assessment instruments are needed to
investigate the possible presence of more subtle neurologi-
cal abnormalities in parents of schizophrenic patients.
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