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1. Introduction

Patients with schizophrenia have a wide spectrum of disturbances, including social,
cognitive, and emotional dysfunctions. Of these, the most serious dysfunction may be
cognitive impairment (Goldberg and Seidman, 1991),'with the associated memory deficits
(Saykin et al.,, 1991; Saykin etal., 1994; Heinrichs and Zakzanis, 1998). Whereas motor
dysfunctions, as well as cognitive impairments, have been noted since the Kraepelin era
(Kraepelin, 1919), the attention has decr;eased with the mtroduction of antipsychotic drugs as
motor dysfunction were mainly interpreted as side-effects. Never&;eless, motor function of
schizophrenia has been revisited by recent investigators (e.g. Rogowska et al., 2004 ; Jahn et
al., 2006).

The most remarkable motor dysfunction in schizophrenia may be the deficit in fine motor
skills (Rosofsky et al., 1982; Manschreck, 1986). To evaluate motor functions in patients,
three tests have been generally applied: the reaction time test to evaluate the speed of initial
timing, the finger tapping test to examine the speed of continued oscillato‘ry movement, and
the pegboard test to determine motor dexterity (King, 1958; Heinrichs and Zakzanis, 1998).
However, the score of the pegboard test is thought to be affected by the motor speed as well as
dexterity (Rosofsky et al., 1982). Therefore, the development of a motor test that can evaluate
dexterity irrespective of motor speed would be beneficial. The examination of movement
dexterity has recently received an increasing amount of attention since dexterity was shown to
* be associated with fun ctional outcomes (Lehoux etal., 2003). Furthermore, some studies have
found that deficits in dexterity were greater in familial schizophrenics than in sporadic patients
(Sautter et al., 1997, quhwandtner et al., 2005).

In thiS study, we attempted to elucidate motor dysfunction using some traditional and

newly developed tests (finger movement test) in chronic schizophrenia. We also attempted to
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elucidate which tests most discrimate patients and controls among several motor and cognitive

tests.
2. Method

The research protocol was approved by the ethics committee of the National Center of
Neurology and Psychiatry (NCNP), Tokyo, Japan. Written informed consent was obtained

from all subjects.

2.1. Subjects

The pafticip ants in the present study were 27 patients who met the Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition (DSM-IV) criteria for schizophrenia and 49 healthy
volunteers (Table 1). The patients were under treatment at the Department of Psychiatry,
Musashi Hospital, NCNP. A consensus diagnosis of schizophrenia was made by at least two
psychiatrists based on clinical interviews, observations, and case notes. Patients were
clinically stable on a stable dose of antipsychotic medication for at least 3 months prior to the
neuropsychological testing sessions. Among 27 patients, there were 15 inpatients under
long-term care. Healthy volunteers from hospital staff and their associates who had no history
of psychiatric treatment were recruited. The subjects had no history of central nervous system
disease, severe head injury, alcohol/drug dependence, or mental retardation. They were
Biologically unrelated Japanese who resided in the same geographical area, the Western part of

the Tokyo metropolitan area.

2.2. Procedures
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We selected the following four motor function tests: pegboard, mirror drawing, normal
drawing, and finger movement tests. The pegboard test has been widely used to evaluate
motor dexterity (e.g. King, 1958; Heinrichs and Zakzanis, 1998). Mirror drawing test
measures visuo-motor coordination and its procedure learning, which has been shown to be
impaired in patients with schizophrenia (Scherer et al., 2003). To assess whether deficits in the
mirror drawing test depend on the mirroring procedure, normal (non-mirror) drawing test
using the same figure was also administered. In order to evalnate motor dexterity, excluding
effect of motor speed, we developed the “finger movement test”. In addition to motor domain,
memory, intelligence, and executive functions were also examined, since such functions were
impaired in schizophrenic patients (e.g. Bilder et al., 2000). The handedness of each subject
was evaluated using the Edinburgh inventory (Oldfield, 1971). With the exception of the
finger movement test, each motor test was performed with the dominant hand.

The pegboard testperformed was the grooved pegboard test(Matthews and Klove, 1964)
with minor modifications, ie., the sﬁbjects were asked to pinch aluminum rivet pins (3 mm in
diameter, 1.5 cm in length) one by one and insert them into small holes arrayed ina 5 x 5 grid
as fast as possible. The time (seconds) for completion was measured as the score. In the mirror
drawing test (Milner et al., 1968), the subjects were asked to trace a shape, which was a
modified hexagon with double lines, using a pencil (Fig. 1) while looking at it through a mirror
apparatus (TAKEI Corp. Tokyo, Japan). The width between the lines was 3 mm. At the
beginning of a trial, the examiner put the tip of the pencil at the starting position and asked the
subject to trace the shape as fast as possible without deviating from the lines. If the subject
moved the pencil tip from the space between the lines and could not return it within the lines
by himself/herself, the examiner assisted in returning the tip to the lines. In the normal

drawing test, the subjects were asked to trace the same hexagon. The subjects were asked to
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trace the shape as fast as possible without deviating from the lines. In both the mirror and
normal drawing tests, the subjects were asked to trace the shape clockwise for the right hand
and anticlockwise for the left hand. The time (seconds) to complete the task with his/her
dominant hand was recorded as the score for the mirror and normal drawing tests. Although
the scores of these motor tests can estimate motor dexterity, they are also dependent on motor
speed as mentioned above. Consequently, to examine motor dexterity, we developed the finger
movement test, which was derived from a fin ger-movement exercise (Kurita, 1995). The
subjects were asked to rotate each finger pair while keeping the remaining fingers fixed (Fig.
2). First, the subjects turned their right and left thumbs together in the same direction five
times and then in the reverse direction. The subjects then similarly turned their second, third,
fourth, and fifth fingers. An examiner counted the number of separations of the finger pairs
that were supposed to remain fixed as a score. The performance for each finger pair was
grvaded as follows: no separation, 5; 1—4 separations, 4-1; 5 or more separations or an inability
to do the task, 0. The maximum score was 25 points for individuals who showed no
separations. VIn this test, the time to complete the task was unrelated to the score, making this
test independent of motor speed.

To examine cognitive functions, we administered the Japanese version (Shinagawa et al.,
1990) of the Wechsler Adult Intelligence Scale Revised (WAIS-R) (Wechsler, 1981) and the
Japanese version (Sugishita, 2001) of the Wechsler Memory Scale Revised (WMS-R)
(Wechsler, 1987). To examine executive functions, we administered a computer version
(http://cvddb.shimane-med.ac.jp/user/wisconsin.htm) of the modified Wisconsin card sorting
test (WCST) (Kashimaetal., 1987). We analyzed the following measures: the performance 1Q,
verbal 1Q, and full scale IQ from the WAIS-R and the verbal memory, visualymemory, generél
memory, attention and concentration, delayed recall from the WMS-R, and completed

categories from the WCST.
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2.3. Data analysis

Data were analyzed using SPSS for Windows version 11 (SPSS Japan Inc., Tokyo, Japan).
Inter-group differences in means and proportions were assessed with a ¢-test and chi-square
test, respectively. Correlation analysis was performed using Pearson's product moment
correlation coefficient. Analysis of covariance (ANCOVA) was used when comparing means
controlling for confounding variables. To select items that distinguish the patients from the
healthy controls, we employed a stepwise discriminant function analysis using the Wilks’
lambda method. The criterion for inclusion/exclusion P value was 0.05. Statistical

significance was considered when the two-tailed P value was less than 0.05.
3. Results

The demographic and clinical data of the patients and controls are shown in Table 1. Mean age,

sexratio, and education level in years were significantly different between the two groups.
3.1. Motor tasks

More than half of the patients (13/23) gave up the mirror drawing test at an early stage (for
example Fig. 1), whereas the remaining ten patients completed the test. By contrast, most of
the control subjects (46/49) completed the test, and only three of them failed. This difference
was statistically significant (xz =15.8,df=1, P = 0.00007). Therefore, although the mirror
drawing test could distinguish tth patients from the healthy controls, the data of the mirror

drawing test were excluded from later analyses. Because significant d ifferences were observed
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between the patients and control groups conceming age, sex, and education level (Table 1), the
performance in each test was compared between the two groups usingan ANCOVA,
controlling for these variables. As shown in Table 2A, there were highly significant
differences between the two groups in the pegboard, normal drawing, and finger movement

tests (P = 3.0x 107°,9.1 x 1078 5.0 x 107, respectively).
3.2. Cognitive tasks

Results of the cognitive tests in the total patients and controls are shown in Table 2B. The
performance of the patients was significantly poorer than that of the healthy controls in the
majority of the cognitive tests, even after controlling for age, sex, and education level in the
analysis by ANCOVA. Among the cognitive tests, the delayed recall test was found to be most
impaired in the patients. With respect to 1Q, deficits in the performance IQ were greater than
the verbal IQ in the patients. With réspect to the WCST, test performance Was lower in the
patients than in the controls; the difference approached, but did not reach, statistical

significance (p=0.051).
3.3. Pair-wised analysis

The observed differences in motor and cognitive tasks between patients and controls may be
attributable to the differential distributions in age, sex, and education years between the two
groups. Therefore we reanalyzed the two groups using a pair-wise procedure controlling for
age, sex and education years. We selected each pair so that differences of age and education
year could be within two years. Eleven matched pairs were selected. After pairwise procedure,

there was no significant difference between two groups in age (¢ (20) = 0.6, P=1.0), education
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year (¢ (20) = 1.3, P =0.2), and sex ratio (xz( 1)= 1.8, P=0.2). Table 3 shows results of  test
analysis of the matched pairs, which showed essentially similar results to the original analysis

(Table 2).
3.4. Discriminant analysis

We performed a discriminant analysis to select items to distinguish between patients and
controls. Two motor tests (finger movement test and pegboard), four memory and intelligence
indices (general memory, attention and concentration, delayed recall, and full scale 1Q), and
one executive test (completed categories of WCST) were put into the stepwise discriminant
analysis procedure. In the first step, delayed recall test was selected. Next, delayed recall and
finger .movement tests were selected. These two items correctly classified 96.1% of the
originally grouped subjects (Wilks’A = 0.28, P = 4.9 x 10 ™'®). When the correlation between
delayed recall and finger movement tests was examined within the patient group, there was no

correlation (Pearson’s » =—0.001, P = 1.0).

3.5. Relationship of demographic and clinical variables with delayed recall and finger

movement

The correlations of the demographic and clinical variables (continuous variables) with the
delayed recall and finger movement tests are shown in Table 4. While the education level was
significantly correlated with the performance in the delayed recall test (» = 0.51, P = 0.01),
there was no correlation between the education years and the performance in the finger
movement test. No significant correlation was observed for the remaming variables.

Differences in performance in the delayed recall and finger movement tests between the
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groups classified by categorical variables (sex, family history, and out- or inpatient status) are
shown in Table 5. We found a significant difference in finger movement between out- and
inpatients (z-test, P = 0.014). The scores of outpatients were significantly higher than those of
inpatients in the finger movement test, although this difference was not observed for the
delayed recall test. In regard to sex or family history, there was no significant difference in the

scores in either test.

3.6. Relationship of motor and cognitive functions with delayed recall and finger movement

The correlations of the motor and cognitive functions with the delayed recall and finger
movement tests are shown in Table 6. Finger movement was correlated with pegboard only,
while delayed recall was correlated with many of the variables: normal drawing, indexes of

WMS-R, and full scale IQ.

4. Discussion

By using a series of tests, we confirmed that both motor and cognitive functions are
profoundly impaired in patients with chronic schizophrenia. The scores of all of the motor
(pegboard, mirror drawing, normal drawing, and finger movement) and cognitive (WAIS-R
and WMS-R) tests were significantly poorer in the schizophrenic patients than in the healthy
control subjects even when sex, age, and education years were controlled for. A discriminant
analysis revealed that the functions that most successfully distinguished patients and controls
were delayed recall and finger movement among the tests. Because the finger movement test
that we developed is independent of motor speed, our results suggest that motor dexterity is

intrinsically impaired in chronic schizophrenia. Furthermore, the score of the finger
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movement test did not correlate with that of the delayed recall, suggesting that these two
functions are dimensionally different.

In accordance with our results, schizophrenia is characterized by a substantial deficits in
memory functions (Saykin et al., 11991; Saykin et ai., 1994; Censits et al., 1997). Among the
subscales of WMS-R, the most impaired function was delayed recall in our patients (index
score of 69.2), followed by visual memory (73.4), verbal memory (76.6), and attention and
concéntration (83.7). This order is not consistent with previous studies (Wechsler, 1987,
Randolph et al., 1994; Hawkins et al., 1997). For example, Gold et al. (1992) studied 45
schizophrenic patients and reported that the subscale scores of WMS-R were similarly
impaired (attention and concentration: 80.0; verbal memory: 81.8; visual memory: 81.5;
delayed recall: 81.6). The inconsistency between previous studies and ours may be attributable
to the ethnic difference or relatively older age of our subjects (mean age: 44 years). With
respect to the WCST, the difference between patients and controls just failed to reach
statistical significance (p=0.051), in spite that many studies have thus far shown that deficits in
WCST are incontestable marker of schizophrenia (e.g. Franke et al., 1992; Scarone et al.,
1993). The failure to reach statistical significance may be attributable to the small sample and
relatively large inter-individual differences (i.e., a wide range of SD) in the test score.

In addition to memory functions, motor functions can be another factor to distinguish
schizophrenic patients from healthy controls. The finger movement test we developed was
found to have a highly discriminative power between patients and controls; this power might
be even higher than that of the conventional motor tests, such as the pegboard test. Motor
dysfunction in schizophrenia has been noted since the Kraepelin era (Kraepelin, 1919; King,
1958; Weaver and Brooks, 1964; Heinrichs and Zakzanis, 1998). Our present results further
add evidence for this. The majority of previous studies employed the finger tapping and

pegboard tests (Heinrichs and Zakzanis, 1998). Score of the latter test is, however, influenced
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by not only dexterity but also motor speed (Rosofsky et al., 1982). Therefore, we developed
the finger movement test to evaluate motor dexterity alone. There was a highly significant
correlation between finger movement and pegboard tests, ensuring that the validity of the
newly developed finger movement test as a tool to measure motor dexterity. Our observation
that finger movement test had a highly discriminative power between patients and controls
suggest that impairment in motor dexterity per se might be a major characteristic of chronic
schizophrenia. |

However; one might suspect that impaired motor dexterity might have been due o
undesirable side effects of the antipsychotic drugs (i.e., extrapyramidal symptoms). Finger
rigidity, for example, may influence finger movement test results. Though we found no
significant correlation between daily dose of antipsychotic drugs and performance in the
finger ﬁlovement test, there have been conflicting reports concerning the effect of
antipsychotic medication. Some reports showed that motor deficit was independently of
antipsychotics (Saykin et al., 1994; Tigges et al., 2000), but others showed that medicated
patients were much worse than drug naive patients (Putzhammer et al., 2004; Putzhammer et
al., 2005). One plausible explanation was that drug naive patient suffer from a primary motor
deficit and antipsychotic medication (especially conventional one) worsens these primary
deficit (Putzhammer and Klein, 2006). Taken together, poor performance observed in the
finger movement test is unlikely to be attribute solely to side effects of antipsychotic
medication.

With respect to the mirror drawing task, more than half of the patients did not complete it.
So we excluded the results of mirror drawing task from further analysis; however, the
observation that so many patients could not complete the task may suggest a major difficulty
with visuo-motor coordination in schizophrenia.

There is some evidence that deficits in motor function or dexterity have developmental
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origin and manifest before the onset of schizophrenia. Cannon et al. (1999) examined various
activities of school age m individuals who later developed schizophrenia, and found that they
were significantly poorer than control subjects only in nonacademic factors such as sports and
handicrafts. Gschwandtner et al. (2005) reported that poorer fine motor functions as well as
cognitive functions during childhood were crucial risk factors for later development of
schizophrenia. Such deficits in motor functions may be related to genetic factors. Sautter etal
(1997) reported that familial patients were much worse than non-familial patients in the
domain of motor function and frontal lobe function. In the present study, however, we
obtained no evidence suppor‘ting this possibility.

In the present study, the inpatients were poorer in performance of the finger movement
test than the outpatients. In line with this, Weaver et al. (1964) reported that scores n motor
function tests were highly associated with the probability of discharge from a hospital. Lehoux
etal (2603) studied the relationship of several cognitive and motor tests with social
functioning and revealed that the best fitting multivariate model to explain social functioning
included fine motor dexterity and executive functioning. Sota and Heinrichs (2004) showed
that motor dexterity was one of the crucial cognitive factors which predicted overall quality of
life three years after initial measurement. These observations may suggest motor dexterity is
related to functional outcomes.

Several limitations are present in this study. First, the sample size was not very large.
There is a possibility that some factors to discriminate between patients and controls have
been missed due to the small sample size (type 11 error). Second, the mean IQ and memory
indices of our controls were relatively high (around 110); therefore, it is possible that motor
functions might also be relatively higher than the general population. Thus, the differences in
motor functions between patients and conftrols may have been overestimated in our study.

Third, we did not administer a test for motor speed alone; the possibility remains that motor
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speed may be an important factor in discriminating patients and controls. Indeed, deficits in
motor speed have been reported in schizophrenics and individuals at risk for the illness
(Niendam et al., 2006). Fourth, scoring of finger movement test was performed by a single
examiner without monitoring by a second examiner or objective instrument; thus some
scoring errors might have occurred. Furthermore, strength of the fixed finger might have had
some influence on the finger movement test score; controlling for such strength should have

been done in the test.

In conclusion, we demonstrated profound impairment in motor dexterity as well as
cognitive impairment in chronic schizophrenia using a newly developed motor test, the finger
movement test. Impaired motor dexterity is a major characteristic of schizophrenia, which is

relatively independent of cognitive functions.
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