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Structural and Functional Changes of The Brain in The Patient with
Schizophrenia, Paranoid type : Correlation among Brain MRI Findings,
Neurocognitive Function and Psychiatric Symptoms
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Abstract

Objectives : The purpose of this study is to evaluate the role of structural and functional changes of the brain in
the pathophysiology of schizophrenia.

Methods : The authors measured the regions of interest on the magnetic resonance imaging of the brain in 20
patients with paranoid schizophrenia(15 men and 5 women) and 23 control subjects(15 men and 8 women). We
also assessed the neurocognitive functions with the Wisconsin Card Sorting Test, the Benton Neuropsychological
Assessment, and the Weschler IQ test-Korean version, soft neurologic signs, and psychiatric symptoms in the
patient group. '

Results : In the patient group, all ventricles and basal ganglia including caudate nucleus and globus pallidus were
significantly enlarged. Although there were no significant differences between the two groups in the values of right
frontal Jobe and left temporal lobe, there was a tendency of decrease in the values of right frontal lobe and left
temporal lobe. There were significant positive correlations between the values of ventricles and the frequency of
previous hospitalization. However, there were no significant correlations between other values of regions of interest
and clinical data. The value of the right frontal lobe was significantly correlated with the score of soft neurologic
signs, which is suggestive of the neurodevelopmental abnormalities. There were significant correlations between
the value of frontal lobe and the scores of the various subscales of Benton Neuropsychiatric Inventory. In contrast,
the value of left amygdala and putamen showed significant correlation with the score of verbal IQ on the Weschler
IQ test. Structural changes of the temporal lobe areas were related with the positive and general symptom scores on
PANSS, while those of the basal ganglia were related with the negative symptom scores.

Conclusions : These results suggest that the structural changes of the brain in the patients with schizophrenia
show the dual process, which is suggestive that the enlarged ventricle show the neurodegenerative process, while
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enlarged basal ganglia, and shrinked righf frontal and left temporal lobe show the neurodevelopmental
abnormalities. Among these changes, structural changes of the frontal lobe related with various neuropsychological
deficits, while those of left temporal lobe related with language abnormality. Relative to the relation between
structural changes and psychiatric symptoms, structural changes of the temporal lobe areas were related with the
positive and general symptoms, while those of the basal ganglia were related with the negative symptoms. (Sleep
Medicine and Psychophysiology 5(1):54-70, 1998)
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Table 1. Demographic data and prior treatment variables
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Schizophrenia(N=20) Control(N=23) p

Agelyrs) 265149 266165 0.949*
Age of onset(yrs) 21.9+43
Education(yrs) 133421
Duration of illness(months) 46147
Number of previous

hospitalization 24+19
Sex(%) male 15(75) 15(65.2) 0.485**

female 5(25) 8(34.8)

* : t-test ** : chi-square
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Fig. 1. lllustration of measurement areas in selected

magnetic resonance imaging sections. |. coronal
section 3, 1l. coronal section 7, Ill. coronal section
9, IV. axial section 10. RFL-right frontal lobe, LFL-
left frontal lobe, RLVFH-right lateral ventricle frontal
horn, LLVFH-left ventricle frontal horn, RLVB-right
lateral ventricle body, LLVB-left lateral ventricle
body, 3rd V-3rd ventricle, RA-right amygdala, LA-
left amygdala, RTL-right temporal lobe, LTL-left
temporal lobe, RLVTH-right lateral ventricle
temporal horn, LLVTH-left lateral ventricle
temporal horn, H-hippocampus, ICA-intracranial
area, RCN-right caudate nucleus, LCN-left
caudate nucleus, RP-right putamen, LP-left
putamen, RGP-right globus pallidus, LGP-left
globus pallidus.
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Table 2. Measurable values™ in the schizophrenia and control group

Structure Schizophrenia(N=20) Control(N=23) p
Frontal lobe Right 0.2246(0.014) 0.2338(0.017) 0.057
Left 0.2237(0.014) 0.2284(0.013) 0.268
Temporal lobe Right 0.1073(0.007) 0.1094(0.009) 0387
Left 0.1045(0.006) 0.1080(0.007) 0.089
Amygdala Right 0.0122(0.002) 0.0122(0.002) 0.951
Left 0.0114(0.002) 0.0123(0.002) 0.133
Hippocampus Right 0.0073(0.001) 0.0074(0.002) 0.834
Left 0.0070(0.002) 0.0081(0.002) 0.049
Ventricle
frontal horn Right 0.0033(0.001) 0.0015(0.001) 0.000
Left 0.0035(0.001) 0.0018(0.001) 0.000
lateral horn Right 0.0083(0.002) 0.0056(0.002) 0.000
Left 0.0089(0.003) 0.0063(0.002) 0.001
temporal hom Right 0.0041(0.001) 0.0025(0.001) 0.000
Left 0.0035(0.001) 0.0026(0.001) 0.000
third ventricle 0.0035(0.001) 0.0022(0.001) 0.000
Basal ganglia
caudate nucleus Right 0.0073(0.001) 0.0064(0.001) 0.022
Left 0.0078(0.001) 0.0066(0.001) 0.008
putamen Right 0.0206(0.003) 0.0197(0.002) 0.225
Left 0.0192(0.002) 0.0191(0.002) 0.960
globus pallidus Right 0.0090(0.002) 0.0069(0.002) 0.000
Left 0.0104(0.001) 0.0085(0.002) 0.000

* Values are mean(S5.DD.) : % of Region of Interest / Intracranial area
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Table 3. Correlations between MRI values and clinical data in the patient with schizophrenia

Number of
Structure Age Age of onset Education Duration of ifiness previous
hospitalization
Frontal lobe Right -0.1966 -0.2510 0.3790 0.1934 -0.1154
Left -0.2148 0.1679 0.3827 0.2526 -0.0878
Temporal lobe Right -0.1288 -0.2777 0.4786* 0.2699 0.0152
Left -0.2256 -0.0601 0.3364 -0.0904 -0.0631
Amygdala Right -0.1409 0.0999 0.1432 0.0600 0.3798
Left -0.0982 0.1625 0.0749 0.0982 0.4066
Hippocampus Right 0.1585 0.0803 0.2481 0.0160 0.2196
Left 0.0820 0.3195 -0.0458 -0.2109 0.2522
Ventricle
frontal horn Right -0.1555 -0.0588 -0.4851* -0.1719 0.3363
Left -0.1408 -0.1925 -0.2775 0.0539 0.4506*
lateral horn Right 0.0535 -0.3061 -0.3856 03517 0.5580*
Left 0.0157 -0.2313 -0.2879 0.2597 0.5514*
temporal horn  Right -0.1988 -0.2909 -0.7043** 0.1013 -0.0822
Left -0.1889 -0.2264 -0.0992 0.3278 -0.0498
third ventricle -0.1260 -0.3133 -0.2462 03046 0.4801*
Basal ganglia
caudate nucleus Right -0.1426 -0.0549 -0.1050 0.0571 -0.0658
Left -0.1047 0.3080 0.1980 0.0908 -0.0267
putamen Right 0.1497 0.1769 0.0025 0.0178 -0.0128
Left 0.1099 0.0383 0.1143 0.1415 -0.3001
globus pallidus Right 0.2613 0.0651 0.1659 0.3532 -0.3063
Left 0.0845 0.0659 0.0033 0.2108 -0.1341
*p<0.05, *p<0.01
Table 4. Correlation between MRI values and WCST, iQ in the patient with schizophrenia
wesT ) WCST Total Verbal Performance
Structure perseverative category iQ Q Q
error complete
Frontal lobe Right -0.2171 0.3187 0.3561 0.3416 0.3767
Left 0.0147 0.0636 0.0587 0.0281 0.1182
Temporal lobe Right 0.0415 -0.0831 0.2242 0.1730 0.2408
Left 0.5636* -0.1799 0.0220 -0.0566 0.0892
Amygdala Right -0.4139 0.2351 0.2970 0.3772 0.1988
Left -0.2127 0.3404 0.4726* 0.5127* 0.4095
Hippocampus Right -0.0211 -0.0373 0.5198 0.5426 0.4494
Left -0.3374 -0.0432 0.1580 02127 0.0940
Ventricle
frontal horn Right 0.3566 -0.4652* -0.3876 -0.3841 -0.3767
Left 0.2331 -0.5099* -0.2304 -0.2768 -0.1813
lateral horn Right 0.2195 -0.2003 -0.2224 -0.1894 -0.2543
Left -0.0066 -0.2466 -0.0118 -0.0042 -0.0348
temporal horn Right 0.2434 -0.0321 -0.3304 -0.3295 -0.3275
Left 0.2293 -0.1462 02115 0.1660 0.2164
third ventricle 0.1381 -0.6562** -0.2430 -0.3181 -0.1614
Basal ganglia
caudate nucleus Right 0.2551 -0.0617 0.0849 0.0610 0.0984
Left -0.0665 0.1443 0.3613 0.3457 0.3528
putamen Right -0.2807 0.2547 0.3036 0.3519 0.2615
Left -0.5733* 0.5357* 0.4182 0.4686* 0.3855
globus pallidus Right -0.1478 0.3121 0.4223 0.4406 0.3841
Left -0.0227 -0.0856 0.1732 0.1793 0.1325

*p<0.03, **p<0.01



HAS ZMREY SX0IM Hel PXH Hale} JIsH

s}

Table 5. Correlation between MRI values and BNA data in the patient with schizophrenia

Structure BNA3 BNA4 BNA5 BNA6 BNA9 BNA10 BNA12 BNA13
Frontallobe Right 0.2698 0.5755"  0.6466** -0.0097 0.6913* 04770  04456*  0.5404*
Left 0.0785 01369  05631* -0.2141 05382 01771 0.1973 0.2356
Temporal lobe Right -0.0511 04000 03495  -0.0502 04998+  0.2985 02416 03711
Left -0.0872 00112 03022  -0.1533 05018  0.1937 0.3043 0.2822
Amygdala Right 04994 01487  -0.0293 0.28% 0.1559 0.1735 01536  -0.0756
Left 0.57. 03373  0.1446 0.5228*  0.2550 04771*  05256* 03384
Hippocampus Right 04567 03333  0.0549 0.1712 0.1217 0.3910 0.2240 0.2534
Left 03819  0.0025 00926  -0.0905 00050  -00329 -0.1922 03148
Ventricle
frontal horn Right 02790 02341 02480  -0.0424 02105  -0.0697 01682 -03173
Legt -03423  -00108  0.0194 0.1251 0.1209 0.2147 0.1540 0.1334
lateral horn Right -03366 01294  0.2525 03307  -0.1409 0.0435 0.1001 0.0205
Left -0.1742 00476  -0.0023 0.4075 0.0899 0.1789 0.2417 0.1692
temporal horn Right 00813 00155  -0.1680 00859 04095 02377 02068 -01544
Left -0.2206 01523 01741  -0.2541 0.1001  -0.0136 0.1236 0.2053
third ventricle -0.4371 00574 00337  -0.1414 0.1343 01713 00613  -0.0350
Basal ganglia
caudate nucleus Right 0.0207 0.2550 0.4726*  -0.3012 0.2754 0.1709 0.0177 0.0861
Left 0.0241 0.1492 04611*  -03719 0.3995 0.0304 0.2032 0.2044
putamen Right 03310 00576 03321  -0.0323 0.1785 0.1495 01047  -0.0174
Left 0.4384 03465  0.5370*  0.1953 0.3463 0.3144 0.3470 0.3651
globus pallidus Right 0.3237 02169 03372  -0.1301 0.1431 0.1493 0.1556 0.1643
Left 02080  0.0422 01343  -0.1857 00652  -00039  -0.0897 -0.1613

*p<0.05, **p<0.01

BNA3; serial digit learning

BNAG6 ; visual form discrimination
BNA12; right-finger localization

BNA4 ; facial recognition
BNA9 ; right-tactile form perception
BNA13; left-finger localization

BNADS ; line orientation
BNAT10; left-tactile form perception
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Table 6. Correlation between MRI values and soft neurologic sign data in the patient with schizophrenia

Structure SNS SNS SNS SNS SNS
sensory motor complex etc total
Frontal lobe Right -0.5198* -0.3544 -0.4398 -0.2638 -0.6174**
Left -0.2396 -0.1765 0.1363 -0.2460 0.3232
Temporal lobe Right -0.2717 -0.2493 0.1872 -0.1944 -0.3477
Left -0.2571 -0.2484 -0.2930 -0.0740 0.3275
Amygdala Right 0.0120 0.2280 -0.4597* -0.2145 0.2770
Left -0.3826 -0.3171 -0.4548* 0.0509 -0.3973
Hippocampus Right -0.0413 -0.0880 -0.3307 -0.4194 0.4179
Left 0.2714 0.3871 -0.1860 -0.3532 -0.0931
Ventricle
frontal horn Right 0.1669 0.2986 0.1003 -0.1129 0.1146
Left -0.0089 -0.1340 0.3014 0.2397 0.2383
lateral horn Right 0.0156 0.0447 0.2713 0.2815 0.2962
Left -0.0459 -0.0578 0.2334 0.2428 0.2120
temporal horn Right 0.2254 -0.0943 0.0587 0.1777 0.1824
Left -0.1095 -0.2971 -0.1068 0.1315 -0.0869
third ventricle 0.0631 0.1280 0.0076 -0.0641 0.0209
Basal ganglia
caudate nucleus  Right -0.0776 -0.0165 -0.1728 -0.0960 -0.1651
Left -0.2966 -0.2982 0.0443 0.2362 -0.0257
putamen Right -0.0095 0.1767 -0.2041 -0.1304 -0.1300
Left -0.3652 -0.1718 -0.2357 -0.1423 0.3581
globus pallidus Right -0.1721 -0.1398 -0.4646* -0.2182 -0.4314
Left 0.2888 0.2195 -0.3033 -0.1014 -0.045
*p<0.03, *p<0.01
Table 7. Correlation between MRI values and PANSS, BPRS data in the patient with schizophrenia
S PANSS PANSS PANSS BPRS BPRS BPRS
tructure » . " )
positive Negative General positive negative Total
Frontal lobe Right -0.1380 0.1256 -0.1872 -0.3562 -0.2395 -0.2677
Left 0.1632 0.0794 0.0943 0.0243 -0.0983 -0.0453
Temporal lobe  Right -0.3982 0.0718 -0.3599 -0.4483* -0.0403 -0.3971
Left -0.2468 0.0316 -0.2446 -0.2010 0.0574 -0.2825
Amygdala Right 0.2835 -0.0370 0.0279 0.1439 0.2102 0.0359
Left 0.0141 -0.0021 -0.1885 0.0472 0.4072 0.0865
Hippocampus Right 0.0277 0.1064 0.0891 -0.0576 0.1948 -0.0030
Left 0.5028* 0.4211 0.5696** 0.3648 0.1615 0.6050**
Ventricle
frontal horn Right 0.3748 0.1447 0.2162 0.1886 -0.2006 0.2496
Left -0.0457 0.0811 -0.1349 -0.2397 0.1754 -0.3370
lateral horn Right 0.0471 -0.0146 -0.0701 0.0075 0.0345 -0.1145
Left -0.0798 0.1210 -0.1638 -0.1821 0.0746 -0.2444
temporal horn Right 0.3242 -0.2226 -0.1798 0.4729* 0.2235 0.1260
Left -.2954 -0.0181 -0.0579 -0.3151 0.0161 -0.2949
third ventricle 0.0717 0.2865 -0.0047 -0.1593 -0.1032 -0.1116
Basal ganglia
caudate nucleus Right 0.0996 0.2725 0.2135 0.1376 0.0035 0.0236
Left -0.1439 -0.0138 0.1183 -0.0904 0.0091 -0.1003
putamen Right 0.2656 -0.2551 0.2658 0.1296 -0.3400 0.0770
Left -0.0656 -0.2640 -0.0766 -0.1585 -0.3605 -0.1643
globus pallidus Right 0.0377 -0.6062** -(.2470 0.0908 -0.5016* -0.1181
Left 0.0735 -0.3418 -0.1250 0.1762 -0.4683* -0.0417

*p<0.05, *p<0.01
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