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Dysfunction in interhemispheric inhibition and enhancement
in patients with schizophrenia

TONG Yongsheng, GUO Nianfeng, Nancy H Liu, CAO Lianyuan

Background The aberrant pattern of interhemispheric cooperation among patients with schizophrenia has been
reported in several studies. However, the two major components of interhemispheric cooperation activities in-
cluding the mutual inhibition and enhancement between the two hemispheres among this group of patients is
unclear:

Methods Thirty patients with schizophrenia and twenty-eight healthy age-, sex- and education-matched con-
trols were administered, and the mutual inhibition and enhancement between the two hemispheres were ex-
amed by a modified picture-word Stroop test and attention span test, using a three-visual-field presentation ta-
chistoscope.

Results (@ Picture-word Stroop test; In both groups, the reaction time (RT) on the Stroop picture-word con-
gruent figures was significantly longer than that of the Stroop picture-word incongruent figures ( P <0. 001) ; the
error rate of the middle visual field (MVF) was higher than that of the left visual field (LVF) (P <0.05). Be-
tween the patients and controls, no significant differences were found on the Combined Stroop Effect (P >
0.05) ; However, the error rate on the MVF was higher in the patients than in the controls (£ <0.05). @ At-
tention span test: The LVF and right visual field (RVF) attention span for both groups were as much as half of
that on MVF. The MVF attention span among the patients was significantly less than that of the controls ( P <
0.01); However, the LVF and RVF attention span in the patients did not differ significantly from that of the con-
trols ( #>0.05). Interhemispheric enhancement was significantly decreased in the patients compared with the
controls (P <0.05).

Conclusions  Interhemispheric cooperation including interhemispheric inhibition and enhancement was de-
creased in the patients with schizophrenia, which may relate to the neuropsychological dysfunction in the pa-
tients with schizophrenia.

Keywords . Schizophrenia interhemispheric inhibition  interhemispheric enhancement Stroop effect Attention span

nterhemispheric cooperation has been shown to be in- ic cooperation has gained support from several studies. Morpho-
volved in many tasks. For example, interhemispheric  logical abnormalities in the corpus callosum'**’ and callosal infor-
cooperation is utilized in performance on a task invol- mation transfer deficits'®’ in patients with schizophrenia have been
ving judgment of actual Chinese words and pseudo-  reported. When performing a task involving activation of the fron-
words!'!. The information received by either hemisphere can be  tal lobe, patients with schizophrenia did not show normal increase
transferred to and integrated by the other hemisphere even among in interhemispheric coherence between anterior brain regions!”'.
split-brain patients'>'. Based on investigations on two split-brain Moreover, when processing linguistic information, patients with
patients and one right-hemispherictomy patient, Guo argued that schizophrenia displayed significant disorganization in information
the interhemispheric cooperation consisted of mutual inhibition  processing between the two hemispheres® ™'’ However, these
and enhancement between the two hemispheres”™’ . The interhemi- studies™ "7 which have reported the dysfunction in interhemi-
spheric mutual inhibition serves to maintain independent informa- spheric cooperation among patients with schizophrenia neglected

tion processing in the two hemispheres by inhibiting information
processing from the opposite hemisphere. The interhemispheric Beijing Suicide Research and Prevention Center, Beijing Hui Long Guan
enhancement involves the activation of both hemispheres through Hospital, Changping, Beijing, 100096, China (TONG YS, LIU NH,
sharing information between the two hemispheres. The hypothesis CAO LY, Tel: 8610 -62716497)
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sub-dividing the cooperation functions as suggested by Guo™.
Therefore, we here conducted a manual Stroop picture-word test
and an attention span test using the three-visual-field presentation
tachistoscopic technique to explore the interhemispheric mutual
inhibition and enhancement function among patients with schizo-

phrenia.
SUBJECTS AND METHODS

Subjects Thirty neuroleptic treated in-patients (15 men and 15
women) were recruited at Beijing Hui Long Guan hospital from
January 2001 to June 2001. The inclusion criteria included: (D
met DSM-IV diagnostic criteria for schizophrenia''* , @ 18 to 45
years old, 3 right-handed'”, @ naked eyesight or rectified
eyesight were 1. 0 or above, and (5 Wechsler 1Q score was higher
than 80. The exclusion criteria included . (D) comorbid mental ill-
ness, @ history of alcohol or addictive substance abuse, @3 his-
tory of neurological illness, hypertension, diabetes, or serious
brain damage (loss of consciousness) , or @ had received elec-
tro-convulsive therapy (ECT) in the last year. Among these pa-
tients, the average age was (31 £7) years old, the education
level was (12.1 £2.1) years, the mean Wechsler 1Q score was
(102.2 £10.5), the average age of first onset was (23 +5)
years, the illness course ranged from 0. 5 to 23 years. Sixteen pa-
tients were diagnosed as paranoid type, twelve patients were diag-
nosed as undifferentiated type, one was residual type, and one
was hebephrenic type. The positive score of the Positive and Neg-
ative Syndrome Scale ( PANSS) was 10.9 = 4.7, the negative
score was 16. 7 £6. 2, the general score was 25.3 +6. 7, and the
total score of the PANSS was 53.0 £ 14. 9.

Twenty-eight healthy controls (14 men and 14 women) were
included. The inclusion criteria and the exclusion criteria were
the same as those in the patients except that there were neither
personal nor family history of psychosis nor abnormal perceptual
experiences in the controls. Among these controls, the average
age was (31 +7) years old, the education level was (12.3 +
2.0) years, the mean Wechsler 1Q score was 111. 4 £8. 1. There
was no statistically significant difference between patients and
controls on age and education levels, but the Wechsler 1Q scores
were significantly higher in the controls than that in the patients
(£=3.698, P <0.001). All the subjects were consented to par-
ticipate in this study, and were paid for their participation.
Methods

we performed the manual Stroop picture-word test ( Experiment

Using a three-visual-field presentation tachistoscope,

1) and the attention span test ( Experiment 2) for all participants
in a quiet and sunshine-proof laboratory environment. The se-
quences of the two experiments were balanced, i. e. Experiment 1

was performed in 15 patients and 14 controls first and Experiment
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2 was conducted in the rest subjects first. Subjects sat 57 c¢m in
front of a computer screen with their eye height level to the center
of the screen. The stimuli were run by the DMDX software using
the computer in a pseudo-random sequence-the stimuli were pres-
ented in the same randomized sequence to all subjects. After a
480 ms wamning tone, a blue cross “-" was located at the center
of the screen and remained for 2s as the fixation point before the
initiation of the stimulus. Subjects were required to maintain fixa-
tion on the central blue cross whenever the blue cross was presen-
ted. Prior to formal test, each subject practiced many times until
he/she could perform the task smoothly.

Stroop picture-word test. This test was to investigate the in-
terhemispheric inhibition function by evoking the interference be-
tween the two hemispheres”’. The stimulus consisted of a circle
30 mm in diameter or a square 30 mm on each side, inside of
which was a Chinese characters “fang” ( meaning “square” in
Chinese) or “yuan” (meaning “circle” in Chinese). There were
four combined picture-word figures in all (Fig. 1). The figures
were approximately 3° visual angle in width and height. The
background was white, and the figures were black. When the fig-
ures were presented on middle visual field (MVF), the figure's
center was superimposed on the center of the screen. When the
figures were presented on right visual filed (RVF) or left visual
field (LVF), the figure’s center was on a level with and the in-
nermost edge was 3°visual angle to the center of the screen. Each
stimulus ( figure ) remained for about 66.7 ms. Subjects were
asked to judge the outside picture as quickly and accurately as
possible. They were instructed to press the mouse as the response
to the modality (i. e. pressing left button as square and right as
circle) , which enabled the reaction time ( RT) and response
(true or false) to each trial to be recorded automatically by the
computer. The maximum period allowed judging a figure was 3 s.
If the subjects pressed the mouse or did not make a judgment
within 3s, the next stimulus would be presented automatically.
Each figure was presented in each visual field (RVF, MVF, and
LVF) eight times, thus making 96 (4 % 3 % 8) trials in total.
Ninety-six trials were divided into 3 blocks, with 32 trials in each
block. After each block, subjects had a 1 min break. Prior to the

formal test, subjects were asked to name the outside picture and

15

read the inside word correctly.

5] | 77

Fig.1 Picture-word figure of Stroop test stimuli
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Interested indices; (D Reaction Time ( RT): the average
time from the presentation of stimulus to accurate judgment of the
stimulus. A longer RT indicated longer period to make an accu-
rate judgment. @ Combined Stroop Effect ( CSE): CSE =
RTs - RTs N

congruent figures The CSE represented extra
time needed in making an accurate judgment for picture-word in-

incongruent figures
congruent stimuli compared with those for picture-word congruent
stimuli. A longer CSE meant larger interference existed in pic-
ture-word incongruent condition in the subjects. 3 Error rate;
error rate = ( total number of errors/total number of trials) x
100% . A higher error rate meant reduced function of inhibition
interference. All indices were measured in each visual field:
MVF, LVF, RVF, and in total.

Attention span test. In this test, subjects were required to
provide the number of randomly distributed black dots, so as to
measure the interhemispheric enhancement function’'. The stim-
ulus consisted of many black dots 1.4 mm ( approx. 0. 14°visual
angle) in diameter, which were distributed randomly in a 2. 6°
visual angle black pane on a white background (Fig.2). For
presentations in the MVF, the number of black dots ranged from 5
to 9, and the pane’s center was superimposed on the center of the
screen. For presentations on the RVF or LVF, the number of
black dots ranged from 2 to 6, and the pane’s center was on a lev-
el with and the innermost edge, which was 3° visual angle to the
center of the screen. Each stimulus remained 130ms, and sub-
jects were asked to provide the number of black dots as quickly
and accurately as possible. Subjects were instructed to report the
number of the black dots inside the pane orally. At the same
time, the numbers were wrote down by the participants and the
button was pressed to start the next stimulus. The same number of
black dots were presented 8 times in each visual field, comprising
120 (5 x 8 x3) trials in total. One hundred and twenty trials
were divided into 3 blocks, with 40 trails in each block. After
each block, subjects had a 1 min break. Prior to the test, all
subjects were asked to count black dots from 1 to 10 correctly to
demonstrate their ability of counting.

Interested indices: (I Attention span. Spearman Computing
was used to calculate the attention span on each visual field. (2)
The interhemispheric enhancement function and each of the two
hemisphere’s cooperative competence which was proposed by
Guo™.,

fields was located in an orthogonal coordinate. The data from the

As shown in Fig. 3, the attention span of the three visual

MVF was superimposed on the axis Y, and the data from RVF
and LVF was located in I and II quadrant respectively. The val-
ues came from the three visual fields that form a triangle. The
value of cosy reflected the degree of interhemispheric coopera-

tion, while that of cosa and cosp reflected the cooperative compe-
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Fig.2 Black dots in a pane used in attention span
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Fig.3 A sketch map for how to measure interhemispheric cooperation.
Br was moved parallel to the broken line in [[ quadrant to form a
triangle.
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tence of left or right hemisphere, respectively. When the vector of
the RVF or LVF approached to even superimpose on axis X, the
greater the value of cosy is, which indicated a lower interhemi-
spheric mutual enhancement cooperation. On the other hand,
when the data from the RVF or LVF approached to even superim-
pose on axis Y, the smaller the value of cosy was, which indica-
ted better interhemispheric enhancement cooperation. At the same
time, the greater the value of cosa or cosf was, the higher the
cooperative competences of the left or right hemisphere was!?).
Statistical analysis Data analyses were conducted using SPSS
10. 0. Pearson’s correlation analysis, Multivariate ANOVA, inde-
pendent and paired t-tests were conducted for normally distributed
data, and non-parameter tests such as Spearman’s rank correlation

analysis, Mann-Whitney-Wilcoxon rank sum test, and Wilcoxon

sign rank test were conducted for non-normally distributed data.

RESULTS

Stroop picture-word effect Non parametric tests were em-
ployed due to the data for error rate was not normally distributed.
The data for the patients and the controls were analyzed together.

The Spearman’s rank correlation of error rate and RT did not
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reach statistical significance (r, =0.22, P =0.09), which indi-
cated that the speed/accurate trade-off strategy was not employed
by the subjects. The stimuli was divided by picture-word congru-
ent and incongruent condition. In LVF, the RT for picture-word
incongruent condition was (834.32 +162.54) ms, significantly
longer than that for picture-word congruent condition [ (796. 82 =
151.26) ms, t =4.71, P <0.001]. In MVF, the RTs for in-
congruent and congruent conditions were (811.99 +149.83) ms
and (788.96 + 144.84) ms, respectively (t =3.217, P =
0.002). In RVF, the RTs for incongruent and congruent condi-
tions were (825. 07 +152.68) ms and (798.40 +143.77) ms,
respectively (¢t =3.17, P =0.002). The results indicated that
the Stroop effect still existed in each visual field in the present
manual Stroop picture-word test.
Comparison of error rates and CSEs between the two groups
Among all the patients and controls, the IQ score was inversely
correlated with RTs (r= -0.33, P <0.05), but the association
of IQ score and CSE (r=0.19, P =0.16) or error rate (r, =
-0.08, P=0.57) did not reach statistical significance. There-
fore, 1Q score would be entered as a covariate while the analysis
related to RT was performed. The total RT of the patients
[ (868.16 + 150.22) ms] was significantly longer than that of
the controls [ (741.27 +91.16) ms, (F =8.28, df(1, 55), P
=0.006)]. The CSE in LVF, RVF, and MVF was computed
respectively to investigate the interference effects among patients
and controls. There was no statistically significant difference in
the CSEs between patients and controls in LVF, RVF, and MVF
(the values of F were 2. 88, 0.395, 0.39, respectively; all Ps
>0.05. See Table 1). Contrary to our hypotheses, however, the
CSEs for MVF was significantly less than that for LVF (1 =
-2.698, df =57, P=0.009) among all subjects as a whole.
Compared with the controls, the total, LVF, MVF, and
RVF error rates were significantly higher in the patients with

schizophrenia (Z-values were 3.89, 2.77, 2.44, 3.03, respec-
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tively, see Table 1). Among all the subjects including the pa-
tients and controls, the error rate on MVF was 0.00% (Qg:
0.00% , 6.25% ), and the error rate on LVF was 0. 00% (Qy:
0.00% , 3.13% ). Wilcoxon signed ranks test revealed that the
error rate on the MVF was significantly higher than that on LVF
(Z=1.99, P<0.05). The total error rates and total CSE did
not correlate significantly among all the subjects as a whole (r, =
-0.12, P=0.38).

Comparison of attention span and the interhemispheric en-
hancement cooperation for the two groups As shown in Table
2, the attention spans in the LVF and RVF were about half of that
in the MVF in both of the patients and controls, which implied
that the interhemispheric mutual enhancement cooperation was in-
volved in this task'™ . The results of MANOVA showed that there
was a statistically significant main effect of group ( schizophrenics
vs. controls, F=3.44, P=0.02), but no significant interaction
of group by gender or a main effect of gender. The attention span
in MVF was significantly less in schizophrenics than controls ( F
=8.68, P <0.01), however this did not hold true in neither the
LVF nor RVF (F=0.013, P=0.91; F=0.01, P=0.92. See
Table 2).

In order to explore the interhemishperic enhancement func-
tion, further analyses were conducted as suggested by Guo'’.
The data of 6 controls and 5 patients did not form a triangle, as
the sum of attention span in the LVF and RVF was less than that
in MVF among these subjects. After excluding there subjects, the
data of the remaining 22 normal controls and 25 patients were an-
alyzed. As shown in Table 2, the results of MANOVA revealed
that, compared with the normal controls, the value of cosy was
higher and the value of cosa was less in the patients with schizo-
phrenia significantly ( F =4.21, P <0.05; F =5.54, P <
0.05). There was no statistically significant difference on cosf

between the two groups (F=2.18, P=0.15).

Table 1 Comparison of error rates and CSEs for patients and controls
F1 EEASEEHEHERRE(%)R CSE LB

o ] Error rate £53%% (% ) B WAE)M(Qr) CSE(% £5)
5] - Total error rate LVF MVF RVF LVF MVF RVF
BHERE LR g bepLid bt L33 e HH¥
Patients %4 300 2.61(1.04,6.25) 7 3.13(0.00,6.25)"  3.13(0.00,6.25)%  3.13(0.00,7.03)"  46.2£76.0 20.4+70.9 27.8481.2
Controls X} F4 28 1.04(0.00, 0.08) 0.00(0.00, 0.00)  0.00(0.00,3.13)  0.00(0.00, 2.35) 30.6+32.4 218318 24.8£37.0

1) Compared with control group, by Mann-Whitney-Wilcoxon rank sum test, P <0.01; 5 Xf B8 41 bt %f, % Mann-Whitney-Wilcoxon £k f1 4 %,

P<0.01

2) Compared with control group, by Mann-Whitney-Wilcoxon rank sum test, P <0.05; 5% B 41 b, ¢, 22 Mann-Whitney-Wilcoxon Bk ¥ 56,

P <0.05
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Table 2 Comparison of attention span and interhemispheric enhancement cooperation
£2 BHAMESAEER EMAMBEREAEITIEE LR (%xs)

Groups ) MVF attention span  LVF attention span  RVF Attention span Interhemispheric Left brain Right brain

15 - - —— P— enhancement (cosy) enhancement (iosa) enhancement (EOSB)
FF BRI ZeER A RARBHE
Patients H &4 30 7.32£0.64% 4.31£0.86 4.16 +0.80 -0.39+0.31¥ 0.81£0.12% 0.84 £0.08
Controls %} B84 28 7.81 £0.63 4.29+0.67 4.18 +0.80 -0.58 +£0.31 0.89 +0.09 0.88 +0.09

1) The sample size for calculating interhemispheric enhancement cooperation is 25 for patients and 22 for controls; 138 t/pIR) § J3 5 B 3 4 F ot R4l

BIBIBS 2 25 122

2) Compared with control group, by MANOVA, P <0.01; S5XFEE4H LA, B L0 447, P <0.01
3) Compared with control group, by MANOVA, P <0.05; S5xt M4 HhAF, 2250 2407, P <0. 05

There were no significant differences on error rates, RTs,
CSEs, attention span, and interhemispheric enhancement be-
tween 16 patients with paranoid schizophrenia and the remaining
14 patients. Further analyses were not conducted due to the small

sample size (n =16 vs. n=14) and limited statistical power.
DISCUSSION

The results in the Stroop picture-word test revealed that, a-
mong all the subjects, the RTs for the picture-word incongruent
condition were significantly longer than those for the congruent
condition in every visual field and the error rate on the MVF was
higher than that on the LVF. It indicated that the interhemi-
spheric interference and mutual inhibiting activation was evoked
by the present manual Stroop picture-word test. The result of the
higher MVF error rate among the patients with schizophrenia than
that of the controls indicated that the interhemispheric inhibition
function was reduced among patients.

In the classic Stroop color-word test, subjects were asked to
make a judgment of color and ignore the word information. The
Stroop Effects referred to phenomena of the RT and the error rates
for color-word incongruent condition were longer and higher than

) yused a

those on color-word congruent condition'**). Phillips'’
three-visual-field presentation of the Stroop color-word test to
study interhemispheric interference in schizophrenics. In the
Stroop picture-word test, the color information was substituted by
picture and such a paradigm was regarded as involving the two
hemispheres more counterpoisedly’™*, for it was believed that
word information processing was RVF / left hemisphere ( LH)
advantaged and picture information processing was LVF / right

2.3,14]

hemisphere (RH) advantaged' . Stimulus presented in the
MVF would allow for information processing to occur in both the
left and right hemispheres simultaneously, thus allowing the evo-
cation of interhemispheric interferences and interhemishperic in-
hibition activation*’. Guo'’! reported that when processing infor-
mation with a linguistic distractor, LVF/RH performed better
than that of MVF,

The present study aimed to investigate whether the CSE and
the error rate on MVF among patients with schizophrenia were
higher than those among controls, and to compare the interhemi-
spheric inhibition function between the patients and the controls.
Contrary to our original hypotheses, however, the CSEs on MVF
were less than that on LVF. Discrepant results of the visual fields
effect on CSEs have also been reported by Phillips!™!. The di-
vergence of our results from the extant literature may come from
methodological and sample differences. First, the stimuli utilized
in our study were different, a manual picture-word test was used
in the present study, while the oral report Stroop color-word test
was used in the previous studies. The manual picture-word test
could decrease the influence of color-naming and phonic process-
ing which were regarded as left hemispheric advantaged. It resul-
ted in a reduced CSE, as the values of the CSEs were approxi-
mately 20 to 40 ms, significantly less than the approx. 100 ms
reported by Phillips'™’. Second, the subjects were different from
that in previous studies. All subjects in Phillips’ study were
male, while half of the subjects in our study were female. There-
fore, gender differences might cause the differences between our
study and the previous study.

Although the interference effect was still present in the man-
ual Stroop picture-word test, the difference in reaction times may
not be an ideal indicator to measure the degree of the interhemi-
spheric inhibition. An alternative to reaction time is the measure-
ment of accuracy, which has been argued by Narr'®’ to be a more
sensitive measure of functional laterality and interhemispheric co-
operation. Accuracy is also commonly used to assess interference
level, especially when the tachistoscopic paradigm is em-
ployed"!. In the present study, the higher error rate in MVF for
both groups indicated that interhemispheric interference was e-
voked by the manual Stroop picture-word test. Interhemispheric
inhibition is necessary to perform such a task'”. In the present
study, higher MVF error rate among patients implied that the in-
terhemispheric inhibition was reduced. Similar and contrary re-

sult-have been obtained by Lohr'® and Narr'®’ respectively.
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Some evidences suggest that only patients who show interhemi-
spheric lexicality priming'®! display difficulty inhibiting irrelevant
information received by opposite hemisphere among schizophrenic
patients. It may give a suitable explanation to the reduced inter-
hemispheric inhibition among schizophrenic patients. Phil-

3] has reported a reduced interhemispheric interference a-

lips,
mong the patients. In his study, an oral report color-word Stroop
paradigm comprising word-reading was used. There is evidence
suggesting that bilateral advantage is related to the processing of

H-11 " Therefore, the reduced inter-

such linguistic information
hemispheric interference in color-word Stroop test among schizo-
phrenics may be a reflection of a deficit in interhemispheric infor-
mation transference among this group. It has been identified in
the past and expounded upon elsewhere by Barnett!® .

The results revealed that the attention span on the MVF was
less in the patients with schizophrenia compared with the con-
trols. Additionally, a higher value of cosy and a lower value of
coso. were found among the patients. The findings indicated that
the interhemispheric enhancement function and the left
hemisphere’s cooperative competence were decreased in the pa-
tients with schizophrenia. Mutual enhancement between the two
hemispheres is another important component of the interhemi-

(23] Performing a cognitive task, such as

spheric cooperation
those measuring attention span, requires spatial searching and or-
ganizational abilities that are regarded as right hemispheric ad-
vantaged in addition to counting abilities that are regarded as left
hemispheric advantaged®. Because the stimuli were presented
on MVF, better performance would be expected as the two hemi-
spheres were involved simultaneouslym. Therefore, the de-
creased attention span on MVF among patients with schizophrenia
implied the decreased interhemispheric enhancement. The grea-
ter value of cosy on patients with schizophrenia ( - 0.39 vs.
—0. 58) indicated that the data from lateral (left and right) vis-
ual field ran opposite from axis Y and approached to axis X,
which implied that the interhemispheric enhancement cooperation
was decreased in the patients. Furthermore, the smaller value of
cosa among patients (0. 81 vs. 0.88) indicated that the vector
of RVF /LH ran opposite from axis Y and approached axis X,
which implied that the enhancement competence of the left hemi-
sphere was impaired among the patients. These findings were

[10

similar to Barnett’s study’®’ that schizophrenic patients showed a

lack of bilateral advantage in a lexical-decision task.
The interhemispheric cooperation is essential for performing

(1-3]

on higher-level cognitive tasks Although the interhemi-

spheric cooperation dysfunction have been reported previous-
16100
y

nored. The present study suggested that schizophrenia was asso-

, the division of the cooperation activation has been ig-

ciated with impaired interhemispheric inhibition and enhance-
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ment cooperation. Therefore, given these findings, it is essential
to examine interhemispheric cooperation at a more exact and ac-
curate level. The anatomical and functional abnormalities of the

") may be the physiological basis for the decreased in-

callosum™
terhemispheric inhibition and enhancement cooperation among
these patients, still, future studies should integrate the use of
fMRI or other advanced technologies to measure the physiological
bases for interhemispheric cooperation.

There were several limitations in the present study. First,
we utilized Guo’s'! novel measurement to assess the degree of in-
terhemispheric enhancement cooperation. However, data ob-
tained from 6 normal controls and 5 patients were not applicable,
given that their coordinates did not form a triangular shape.
Thus, a new index to assess the interhemispheric cooperation
should be established which is suitable to more subjects. Sec-
ond, due to the little sample size, we did not compare the inter-
hemispheric cooperative function between patients with paranoid
schizophrenia and non-paranoid schizophrenia. We were also un-
able to test the relationship between the interhemispheric inhibi-
tion cooperation and other clinical characteristics such as symp-
tom, course, and age of first onset. Therefore, more subjects

need to be included in the future study.
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