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[Abstract] Objective To compare the white matter fiber integrity of corpus callosum in
schizophrenia patients with different treatment response with normal controls. And to explore the

relationship between DTI index and the severity of the clinical symptoms in patients with schizophrenia.
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Methods Nineteen patients with treatment-resistant schizophrenia, 19 patients with treatment-responsive
schizophrenia and 25 healthy controls were recruited from December 2012 to March 2016 of The Affiliated
Brain Hospital of Nanjing Medical University. Fractional anisotropy (FA), axial diffusivity (AD), radial
diffusivity (RD) and mean diffusivity (MD) values of the genu, body and splenium of corpus callosum were
obtained by DTI. One-way ANOVA was used to compare the differences in FA, AD, RD and MD values of
the corpus callosum subregions among 3 groups of subjects, and Pearson correlation and partial correlation
analyses were performed between FA, AD, RD, MD values and the Positive and Negative Syndrome Scale
(PANSS) total score, positive symptom score, negative symptom score and general psychopathology score.
Results There were significant differences in FA value of genu (F = 3.139, P = 0.050), FA value of
splenium (F =3.531, P =0.036), AD value of splenium (¥ =5.261, P =0.006), RD value of splenium (¥ =
7.161, P =0.002) and MD value of splenium (F =8.229, P =0.001) of the corpus callosum among 3 groups.
Pairwise comparison showed the FA value of the corpus callosum in the treatment-resistant schizophrenia
patients was lower than that of the control group (¢ =-2.488, P =0.016), and the FA value of the corpus
callosum splenium in the treatment-responsive schizophrenia patients was lower than that of the control
group (1 =-2.491, P=0.016). The AD value of the corpus callosum splenium in the treatment-responsive
schizophrenia patients was higher than that of the treatment-resistant schizophrenia group (¢t =-2.078, P =
0.042) and the control group (¢ =3.334, P =0.001); the RD value of the corpus callosum splenium in the
treatment - resistant schizophrenia patients (¢t = 2.361, P = 0.022) and treatment - responsive schizophrenia
patients (¢ =3.687, P =0.000) were higher than that of the control group; the MD value of corpus callosum
splenium in the treatment-resistant schizophrenia patients (¢ = 2.083, P = 0.041) and treatment-responsive
schizophrenia patients (¢t = 4.039, P = 0.000) were higher than that of the control group. Partial correlation
analysis results showed that, in the genu of the corpus callosum in patients with treatment - resistant
schizophrenia, FA value was positively correlated with general psychopathological score (r = 0.651, P =
0.016); AD value was negatively correlated with positive symptom score (r =-0.553, P = 0.050); RD value
was negatively correlated with PANSS total score (r=-0.645, P =0.017), positive symptom score (r=-0.568,
P =0.043) and general psychopathology score (r=-0.647, P =0.011); MD value was negatively correlated
with positive symptom score (r=-0.640, P =0.018). In splenium of corpus callosum in treatment-resistant
schizophrenia patients, AD value was negatively correlated with positive symptom score (r =-0.639, P =
0.019), and positively correlated with negative symptom score (r = 0.686, P = 0.010). There was no
correlation between FA, AD, RD and MD values of genu, body and splenium of corpus callosum and
PANSS total score, positive symptom score, negative symptom score and general psychopathology score in
patients with treatment-responsive schizophrenia (P > 0.05, for all). Conclusions Patients with treatment-
resistant schizophrenia have more severe clinical symptoms involving more neurobiological bases. The
corpus callosum injury can be used as an imaging marker of treatment response in schizophrenia.
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Table 1. Comparison of clinical data of 3 groups
WS b X B4 (n=25) MR (n=19) WITHUEA (n=19) St P
PES (4]) 0.493 0.782
F 14/25 11/19 9/19
Z 11725 8/19 10/19
R (Rxs, %) 32.80+7.82 3253+ 9.79 37.05+ 8.86 1.656 0.200
ZHEBRE (R, ) 14.12+3.17 1232+ 291 13.95+ 3.42 1.989 0.146
JRAE[M(P,;, P, 4] = 12.00(6.00,23.00) 7.00(5.00,8.00) -2.292 0.022
AT OR i (R 25, mg/d) — 653.16 +234.57 427.32+222.68 3.044 0.004

— ,no data, TLEHE . X? test for comparison of sex, one-way

for comparison of duration, and two-independent-sample ¢ test

REA Y 0 4 45

ANOVA for comparison of age and education, Mann-Whitney U test

for comparison of equivalent dose of chlorpromazine , P 5| % Fb 17

XA, A I 152 20T R B B0 LU AT B PR R T 22 20 T, i AR Y LE AT Mann-Whitney UK 56, 50N 98 56 2000 2 19 LL 84T M 4 57

F2 MEAA ST HURA B H PANSS B RA W 1 LK (R )

Table 2. Comparison of PANSS scores between treatment - resistant schizophrenia patients and treatment -
responsive schizophrenia patients (x +3s)
i 4 el YT R i 4 MR 4L EpIg- Vil
Il 5% $6 Xﬁ(l‘l i i b E] A
WLERAK i (n=19) (n=19) ol PE || W (n=19) (n=19) i Pl
PANSS &iT-4 98.26+12.19  37.11+£6.73  19.146  0.000 FF Pk o 3T 43 23.05+5.68 8.42+1.87 10.666 0.000
PIPERE P> 2589+ 7.53  9.58+3.13 8716 0.000 | —BORMOREIERIFS  4926+629  19.00£2.60 19.383  0.000
PANSS, Positive and Negative Syndrome Scale , BH ¥4 F1 B P AE fR 5 ¢
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Table 3. DTI index comparison of the corpus callosum of 3 groups (x +5s)
pUR S iE 7 Xt R4 (n=25) HMEVAH (n=19) HITHUE A (n=19) FAi P14
FA{H
DRI A [ 748 0.604 74 +0.018 64 0.58876+0.018 10 0.596 12 +0.026 32 3.139 0.050
DI A {8 0.554 89 +0.024 13 0.53702+0.025 11 0.54552+0.03573 1.612 0.208
O I P 75 0.646 64 +0.016 58 0.63565+0.018 73 0.63229 +0.021 81 3.531 0.036
AD i
DRI A4 [ 78 0.001 44 +0.000 05 0.001 44 +0.000 04 0.001 42 +0.000 04 2.654 0.079
JOf I 1A 4 3 0.001 50 + 0.000 05 0.001 49 +0.000 05 0.001 51 +0.000 05 1.109 0.337
O A 35 0.001 59 +0.000 06 0.001 60 +0.000 05 0.001 64 +0.000 04 5.261 0.006
RDH
DRI A [ 748 0.000 48 +0.000 03 0.000 50 + 0.000 03 0.000 48 +0.000 04 2.688 0.076
JOf I A 4 35 0.000 58 + 0.000 04 0.000 60 + 0.000 07 0.000 60 + 0.000 07 0.758 0.473
O A 35 0.000 48 +0.000 03 0.00051 +0.000 03 0.000 52 + 0.000 04 7.161 0.002
MD {8
DRI A g 748 0.000 80 = 0.000 03 0.000 82 +0.000 03 0.000 80 + 0.000 05 2.270 0.112
JOf IR A 4 3 0.000 89 + 0.000 04 0.000 89 +0.000 03 0.000 90 + 0.000 06 0.444 0.644
O A P 35 0.000 85 + 0.000 04 0.000 88 +0.000 03 0.000 90 + 0.000 04 8.229 0.001

diffusivily,ifzﬂﬂﬁhﬁﬁlﬁﬁo The same for Table 4

R4 AR UE BRI DTS B P LA

FA, fractional anisotropy, 04 4% ) 5 5 AD, axial diffusivity , 18 7§ # & #; RD, radial diffusivity, Bm P EC R B0, MD, mean

Table 4. Pairwise comparison of DTI index of the corpus callosum among 3 groups

T FAM(DRIRARMERE)  FAMDRIRIRERS)  ADMEOBFIRIAER)  RDAIIRKER)  MDHEOPEIRI E )
(fE P (fE PfE tfH PfE 1 PlH 1fif P{H

METR AL X IR -2.488 0.016 -1.909 0.061 1.119 0.268 2.361 0.022 2.083 0.041

RITHUSRAL - M R4l -1.343 0.184 -2.491 0.016 3.334 0.001 3.687 0.000 4.039 0.000

MERA RTHUEAL <1074 0.287 0550 0587 -2.078  0.042 1244 0218 -1.835 0071

MD{H 25 5 A G122 X (P =0.001) , Hrp R
(P:0.041)%ﬂ‘4’nfﬁﬁzﬁmﬁ<f>=0000))1)5&H£E121Kﬁir5
MD B 35 5 6 AL 1 X VR 4155 7R 7 SO A 4 )
ZR G E X (P>0.05;3%3,4;&4),
Pearson HH 3¢ 73 M7 7, MEJA PR RS i 4 240E (838
JOF T AR J 3 F A {H 55— FBORE P 3 A 36 DT 43 B2 I A
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EAK G (r=-0460,P =0.047) , EERD A 5

PANSS B34 (r=-0.575,P=0.010) .— K5 #i s 12
H£(r=-0.659,P=0.002) &A%, BEH MDE 5
PANSS B iE2r (r=-0.618, P =0.005) F1— f& K5 #i 95

R PES (r=-0.601,P =0.006) 5 7 A 56 ; JFAGAA
{&# AD {H 5 PANSS & 3943 (r=-0.511,P =0.025) .
B K32 (r=-0.558,P =0.013) S 5 AH 56, fR#
MD {E 5 PANSS B 3F43 (r=-0.467, P = 0.044) Fil—fi
F Piops H B R4 (r=-0.486, P =0.035) 2 71 A 56

JOF G A 3 RD (B — ORS s B a2 38 9F 43 52 67 A
X (r=-0.508,P=0.026) ; H: 4y DTI Z 55 PANSS 4%
PR 43 ¥ JC A ek (B P> 0.05,585) . ik — A7 1
AH 3 B 7, XE VR PR A 23 S40E F8 D G 4 TR 94
FA 55— JBORS #0982 5 22 0 43 2 IEAH K (r=0.651,
P =0.016) , & AD {5 FH P & 2 0F 40 5 A O
(r=-0.553,P=0.050), 4 RD {5 PANSS &1 4
(r=-0.645,P=0.017) . FH % & £ 7 53 (r = - 0.568,
P =0.043) F1— B fihs 2L i R 1F 43 (r=-0.647,P =
0.011) 5 FAH S, R MD A 5 FHPE 5 3R 9P 43 52 11 A
K(r=-0.640,P=0.018) , /K #F AD {5 FH 1 it % F
Iy AA S (r=-0.639,P=0.019) , 5 [ &2 IE5
HEIEM X (r=0.686,P=0.010; 3 6), MG 77 HUSOR
53 Z4RE F8 3T IR AR B AR 8 FA{H L AD fH
RD A \MD {55 PANSS B 2E4) | BH B £ 43 BH 1
R4y — RS pf o B R OE 4 2 JE A et (3
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Figure 1 FA value of the genu, body and splenium of corpus callosum in 3 groups were analyzed based on voxels (red
means higher FA value, blue means lower FA value). There was no statistical difference in FA value in the genu, body and
splenium of corpus callosum between the treatment-resistant schizophrenia patients and treatment-responsive schizophrenia
patients. In the genu of the corpus callosum, FA value of the treatment-responsive schizophrenia patients was lower than that
of the control group. In the splenium of the corpus callosal, FA value of the treatment-responsive schizophrenia patients was
lower than that of the control group. Figure 2 AD value of the genu, body and splenium of corpus callosum in 3 groups
were analyzed based on voxels (red means higher AD value, blue means lower AD value). In the splenium of the corpus
callosal, AD value of the treatment - resistant schizophrenia patients was lower than that of the treatment - responsive
schizophrenia patients. There was no statistical difference in AD value in corpus callosum subregions between the treatment-
resistant schizophrenia patients and the control group. In the splenium of the corpus callosum, AD value of the treatment-
responsive schizophrenia patients was higher than that of the control group.
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Figure 3 RD value of the genu, body and splenium of corpus callosum in 3 groups were analyzed based on voxels (red
means higher RD value, blue means lower RD value). There was no statistical difference in RD value in the corpus callosum
subregions between the treatment-resistant schizophrenia patients and treatment-responsive schizophrenia patients. In the
splenium of the corpus callosal, RD value of the treatment-resistant schizophrenia patients was higher than that of the control

1.00 2.80

group. In the splenium of the corpus callosal, RD value of the treatment-responsive schizophrenia patients was higher than
that of the control group. Figure4 MD value of the genu, body and splenium of corpus callosum in 3 groups were analyzed
based on voxels (red means higher MD value, blue means lower MD value). There was no statistical difference in MD value
in the corpus callosum subregions between the treatment - resistant schizophrenia patients and treatment - responsive
schizophrenia patients. In the splenium of the corpus callosal, MD value of the treatment-resistant schizophrenia patients was
higher than that of the control group. In the splenium of the corpus callosal, MD value of the treatment - responsive
schizophrenia patients was higher than that of the control group.
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Table 5.

Pearson correlation analysis of FA, AD, RD, MD values of the genu, body or splenium of the corpus

callosum and PANSS total score, positive symptom score, negative symptom score and general psychopathology

score in patients with treatment-resistant schizophrenia

E T — PANSS B P4 FHPE 4 PPy B P 4 R 1F 43 — JBOR Fh o B A R4
i P{H i P1H rfH P i P
O JE 1A T 38 P A1 0364  0.126 0.113 0.646 0.016 0.948 0.560 0.013
WEIE A BT ADME - 0.460 0.047 -0.443 0.057 -0.504 0.827 -0.305 0.204
PR TS RDME - 0.575 0.010 -0.334 0.162 -0.060 0.806 -0.659 0.002
DGR ESE MDA -0.618 0.005 -0.444 0.057 -0.068 0.782 -0.601 0.006
IR AR AR FA 0.045 0.854 0.270 0.264 0.229 0.345 0.199 0.415
DEEARIERBADME  -0.511 0.025 -0.558 0.013 0.097 0.693 -0.399 0.091
EIRARIASRRDME -0.318 0.185 -0.037 0.880 -0.173 0.479 -0.406 0.084
PR ATEMDE -0.467 0.044 -0.271 0.262 -0.093 0.706 -0.486 0.035
JoE MG A& L8 F A A 0.183 0.452 0.071 0.774 -0.163 0.505 0.420 0.073
DEACAR B ADE - -0.150 0.539 0.167 0.494 -0.399 0.091 -0.125 0.611
PEIEARTE RD M -0.301 0.210 0.031 0.900 -0.124 0.614 -0.508 0.026
JBEIRAAEFE MDA -0.281 0.243 0.111 0.651 -0.298 0.215 -0.405 0.085

FA, fractional anisotropy, FB A % 1) Sk AD ), axial diffusivity, 2P H R % RD, radial diffusivity, Wl P 2 80, MD, mean
diffusivity, SE Y BC%  PANSS, Positive and Negative Syndrome Scale , [H PR BH P E AR 5 22 . The same for tables below

=6

g1 B R AT 23— ORGP B SR D 20 B4 Ml 4 D% 20 A

Table 6.

MEVA PE RS 11 43 ZUAE B8 DF AR I B 4 8 A0 % FA (B L AD {8 \RD {H . MD {H 5 PANSS 8 3¥- 43 Bl P 1 %37

Partial correlation analysis of FA, AD, RD, MD values of the genu, body or splenium of the corpus

callosum and PANSS total score, positive symptom score, negative symptom score and general psychopathology

score in patients with treatment-resistant schizophrenia

T PANSS B34 PR 8 943 [ P 12 2043 — RO i B R T4
r{H PAH i P i P{H r i P
TR AR T 3 FA 8 0.541  0.056 0.236 0.439 0.197 0.519 0.651 0.016
DEIRIRE# ADME -0.255  0.401 -0.553 0.050 0.475 0.101 -0.163 0.594
PERRERBRDIE  -0.645  0.017 -0.568 0.043 0.122 0.692 -0.647 0.011
RSB MDAE  -0.543  0.055 -0.640 0.018 0.312 0.300 -0.515 0.072
DTG A A 38 A B 0.130  0.671 -0.184 0.548 0.497 0.084 0.092 0.766
DEIRARIATR ADME -0.194 0526 -0.639 0.019 0.686 0.010 -0.090 0.771
PEREAATERDME -0.300  0.319 -0.255 0.401 -0.056 0.856 -0.210 0.492
PERERAATEMDE -0.313  0.297 -0.493 0.087 0.285 0.345 -0.195 0.523
JOF I A 8 F A B 0.282  0.350 0.144 0.640 -0.041 0.894 0.448 0.125
JDFJIG A H 8 AD {E 0.401 0.175 0.284 0.347 -0.072 0.814 0.528 0.063
PR RDME -0.273  0.367 -0.116 0.705 -0.051 0.868 -0.379 0.201
PEIRAR S MDA -0.082  0.790 0.012 0.969 0.078 0.801 -0.126 0.683

(PANSS B P43 | BHME & R 0F 4 M = R0 o —
FBEAE P R A T 43 ) Z 18] A DG R I 4RO
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Table 7. Pearson correlation analysis of FA, AD, RD, MD values of the genu, body or splenium of the corpus
callosum and PANSS total score, positive symptom score, negative symptom score and general psychopathology
score in patients with treatment-responsive schizophrenia

E T — PANSS &L PE4> FHPE 1t PPy FH P it P43 — JBOR P B A RS
r{H PIH i P rH P1H rfH PE
BENEAE R FAME  -0.119  0.627 0.029  0.906 -0.156 0.524 -0.232 0.339
DEIEAAR S ADME - -0.012 0.961 -0.189 0.438 -0.091 0.712 0.249 0.305
JDFJIG A4 % 38 RD {H 0.146  0.552 -0.030 0.902 0.126 0.609 0.315 0.189
JOF G A i 78 MD {HL 0.100  0.683 -0.106 0.666 0.051 0.837 0.339 0.155
PEIRIRAS FAME 0161 0.510 -0.009  0.969 -0.151 0.536 -0.290 0.229
PERARIESR ADME  -0.075  0.760 -0.301 0.211 -0.121 0.622 0.247 0.307
T IEAR AR RD {4 0.096  0.697 -0.071 0.771 0.069 0.778 0.279 0.247
JDF I A A 348 MD {E 0.054  0.827 -0.136 0.579 0.021 0.933 0.282 0.241
DGR RSB FAME -0.161  0.509 -0.016  0.949 -0.178 0.467 -0.272 0.261
DI AAS F 8 AD {E 0.067  0.786 0.040 0.872 0.042 0.865 0.048 0.846
O JU 5 T 3% RD i 0.136  0.578 0.042  0.864 0.135 0.582 0.183 0.452
R A% 8 MD i 0.128  0.601 0.052 0.834 0.115 0.639 0.152 0.534

RS IAT BB P ZOE S8 DR AR B A (AR AN R FA (L AD {E \RD {0 \MD fEL 5 PANSS &% 7 BH 1R bR
PRI AR ARV G — SBOR MO B 2R PF 0 (9 i A G 20 B

Table 8.
callosum and PANSS total score, positive symptom score, negative symptom score and general psychopathology
score in patients with treatment-responsive schizophrenia

Partial correlation analysis of FA, AD, RD, MD values of the genu, body or splenium of the corpus

— PANSS #3743 FH P 5t 2 07 43 B A R F 43 — PR e B A R I 4)
r{H P1H r{H PIH r{H PIH r{H PH
DEICAAR R FAH -0.127  0.664 0.156 0.593 -0.102 0.728 -0.495 0.072
PEIGARESR ADME -0.293  0.310 -0.462 0.096 -0.309 0.282 0.133 0.651
PEIRIABEFBRDME -0.017  0.955 -0.297 0.302 -0.065 0.825 0.443 0.133
PEIRRES MDE -0.146  0.618 -0.417 0.138 -0.190 0.516 0.368 0.195
o 1A 1A 38 FA 0.035  0.906 0.284 0.326 0.128 0.664 -0.440 0.116
DEIEAAR AR ADME -0.297  0.302 -0.556 0.059 -0.287 0.320 0.249 0.390
PEIRIAATRRDME -0.170  0.562 -0.395 0.163 -0.244 0.400 0.341 0.233
DEIRAARASE MDA 0211 0.469 -0.450 0.106 -0.262 0.366 0.322 0.262
DI AAS 68 F A {EL -0.091  0.758 0.123 0.676 -0.033 0.910 -0.406 0.150
WEREAAIERR ADE -0.031 0916 -0.142 0.629 -0.168 0.565 0.176 0.548
JBERE AR 58 RD {H 0.041  0.890 -0.134 0.648 -0.055 0.851 0.341 0.233
JoE I AA FE 6 MD i 0.022  0.941 -0.153 0.601 -0.107 0.717 0.332 0.246

SR IEAH DG, A RD {H 5 PANSS S0 43 Fl— JBOKS
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