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Abstract: Objective To investigate the homogeneity of resting-state neuronal activity in euthymic patients with pediatric bipolar
disorder (PBD) and analyze the relationship between neuronal activity and cognitive function. Methods Eighteen euthymic patients
with PBD and 18 age- and gender-matched healthy controls were enrolled in this study. All the participants underwent functional
magnetic resonance imaging (fMRI) scanning, clinical examination and cognitive function tests. The fMRI data were collected
to calculate regional homogeneity (ReHo) values, and the association of ReHo values with the results of cognitive function tests
and clinical findings were analyzed. Results Compared with healthy control subjects, the patients with PBD showed significantly
decreased Stroop color-word test scores and significantly increased ReHo values in the brain regions including the right
cerebellum, left inferior frontal gyrus (IFG), and right posterior cingulate cortex (PCC) but decreased ReHo values in the left
superior parietal gyrus (SPG) and left supplementary motor area (SMA). ReHo value in the left [IFG was negatively correlated
with the age of disease onset and Stroop color-word test scores, and positively with the results of trail making test. ReHo value
in the right PCC was negatively correlated while the value in the left SMA was positively correlated with the age of PBD onset.
Conclusion Euthymic patients with PBD present with altered ReHo of neuronal activity in the brain regions including the
cerebellum, IFG, PCC, the SPG and SMA. The dysfunction of the left IFG is related with cognitive impairment and age of disease
onset in patients with PBD.

Keywords: functional magnetic resonance imaging; regional homogeneity; pediatric bipolar disorder; cognitive function

(7= B HA]12017-08-18

[BE&TEEEAARRERS (81371531) s AFEFRH A+ T RHIFE & 54 (BWS11J063)

[VEZ A VR AR  WFSETT )« BE A ROR  E-mail: 1071253121@qq.com; @2 4E , E-mail: 421147453@qq.com

[BIs1EE 17T, W, 02, W19y 1) BRI H R A ) B 2455 A0 B, B-mail: bingbao 1 7@163.com; JRME , -1, FATREEI, WF58 07 [ 4
27, E-mail: xysulinyan@126.com



JL # F > 4 WA B B (Pediatric Bipolar
Disorder, PBD) j& JL# I /AT I 5 UL A4S R B fs:
Z—, et B NS SUH B A2 Wi br o 1Y) 7 20
1% 5B R LG, PBD B B A
FEARA LAY GHFEET K MELLE IR A S B R H
Il PRAFAE , ™5 f5 3 LB AR R . pFsE R
B, SR DAEAI HE , PBD & RIN 450 5 DI Re A7
TESH , R GRS A AR i B i R 1
/0, PBD BF LA BERE T8 55", FE R R G
AR S vh, A% 5 I 07 B D Re i e 55
F RN T AMIFTAS R L 1] 22 [ Y D) e 3%
55, #2758 PBD AAAE TARICIZ A% > (R0 -0 i i 22
W28 D) REFE M S i o RURA R ik AR 22 Ny
] ZE A F10HT I [0 %) o 28 28 2 45 1) S 1 53 11
R RES OB AR A ) i A8 K P 4K S (Blood-
Oxygen- Level Dependent, BOLD) 15 5 ik i #i% 1R
(Amplitude of Low Frequency Fluctuation, ALFF) {H
B, T ZE A TR b N i DS AL R [ ALFF {6 %
iK™ AR ER , PBD BAFAHEE 5 A R
AL, 26 MIBZHT I ALFF B8/, BUR A 3k ALFF {8
RN G AR R R B I R U B B AGE AR
BRI ARIG A B HEC IR, X PBD 22 AH I 5
WD FRATHET AT A B, AH LU IE % 75 /D4, PBD
S A R 1 BOLD {5 %5 ALFF S0 {EL 7 A4 /N A
RGN 1 7] S AN v 5% 1] Sk 3 36 0, e Ak i e A
W ZE BRI, W X S ik XA TG S . B
HIT, % T PBD 25 fiff AH i85 i DX ph 28 0% 2 — Btk
ANERE

Jey 3k — 2 Pk (Regional Homogeneity, ReHo ) /52
S — P DS R IRBAE 0 1 12 ReHo (B Y =2
AT DA W2 i X R 28 50T 3l — BRI 5%, ReHo fH
T 1 55 BEEARR 53 00 2 s i DX ey Sl A 28 0 30— B 3
FSRRT . TR BRI A —LE A, AnaR A
XUHH B 15 8 A5 /N B 19 ReHo fH e i BN 2 3% B%
i, PBD EAEAH 5 1) ReHo {ELAE AU B i i AL
A r ST LR RN AR 7] 45 k2 ek 553 , 7 U v
Ze M REARAZ FNAT ¥ £ 557 [0 G 2 Hg i, S5 f XS
HEZAH L, PBD f8 5 (14 ReHo fH 76 25 P A =] XL 45
e [ R o ] 45 A DX G SRR

ABEFE IR F ReHo J5 3% %t PBD & fif A i 1Y
R AR IR BOLD Bl #4790 4 , LA T fi PBD 22
i R RE A B i P 2 35 Bl — SR [T 53 A B 2
REROL S IATIAT A 32458 2 8] B AH DG o

- 48 - B S §35%
B S | e KBRS 7%

1.1 laARZE R

PBD & fiff AH £8 32k F R R M — R B L
KT T2WER ) LEF AR 18 4], XA
(15.2241.67) % . ANHARMEN : (DR 8~17% 5(2)
PG 5 (3) 47 FIF 5 (4) Young B4 3T 2 5t 3% (Young
Mania Rating Scale, YMRS)1F-43<1043; (5) JLEE 245
55 )8 32 [] % (Child Mood and Feelings Questionnaire,
MFQ)P-453<18 41 ; (6) RESE AE MG IL AR MU f5 (MRI) 4148
BT AAE 2 IE R L BB Ak o HEBRARIES - (125G
% 1 (Intelligence Quotient, 1Q)<85; (2) £7-7F HL /K 3¢,
IRIT 5 (3)FFTE MRI K A 128 2 E | W04 J@ 3 AR 1)
BCE B AT RMEE 5 (4) FRTEM & RGP 5 (5)FETEk
B 50 (6) MR RIS A AEAE S 3 o

faFExT B APk A TR TR >
R, 184, AR (14.2241.52) % 0 A4
FRUER : (DAEIE 8~17 % (2) % ; (3) 4 AT (4) g
57 MRIFAE I W AT 2 TF DR SR BB 1k o HEBRBR
S B A

AHHEGE TR R R B B R T S i
BB 11 1 G L e O | v D S OB
TEROHSE] T 21038 1 Rl
1.2 7k
1.2.1 NZHZH 22 HA Pl B IB s ) L
HH ARG PO B IMAS 620 ) LB 1% Ik e 1 Ak
P03 8 2 2 U IR T, XA AR Rt T2
WitE 7R 5 1A . SR YMRS I MFQ A 347 52 3
IR AR
122 INEITHEETEE (1) 3% £k 1 58 (Trail Making
Test, TMT) : 1 A B 70 B0 20 L. A 56 (TMT-
A) G320 IR R 1~25 19 25 S FTELIUT )
Bl , BER A2 13 0 J s R] P 4 DL /IS 38 K A I
B A R . BINES: (TMT-B) 25 32 i R B0 &
FH 1~13 (19 13 ASFTHLI 1) 52 B RN F oK S 0 S0 7Rk
A~L 9 12T LI 1) (B ], 5K 32 3035 7 doe S i
[i) P42 BB ~ R ~ B ~ SRR TR DA/
IR o 33 i v i 6 T DA 38 S, {H A
A FEORNBEEE AR , A ) s 57 G 3T FH A BT
VEHIFR R HI A B 1 ) A5 BN T B2 LA K
TR PJH fE 78R

()BT I (Digit Span Test, DST) : i il
B BER AR B IR B — R YV, o A
875 P FR , i 3F (Forward Digit Span Test, DST-F) %
BN o g T W I e ) B o =18 N =



1

- 49 -

(Backward Digit Span Test, DST-B) B3R i, # 4 IR
W 2 P ECT 3 P 2k . KRS AR AE 4 20 s, 1E 5%
TERLAE B TE) P9 A7 303 B A o B %

(3) Stroop {4 ] + ¢ Ml ik (Stroop Color- Word
Test, SCWT) : Z M B WIFE3IFEREY R R, O
SCWT-A: A RAHBALE L g 5 B 4T
s, ZoRZRE M EMmEH s, @
SCWT-B:B R OWLL ¢ il 8 4 FHE (LY BE , 0K
SZARE P EF b UL FUE 6., @) SCWT-C:C
ROWHILL & I SF AP OB S 2L B E
AR FIB A2, ZORZ A DU
IER UL B . 10 SR A2 XTI
1.2.3 BEAIheeri IR & (MR BHERE 72
A BB BER PG 1T 3.0 T MRISARAX b 58 st
KA BURZILFHAMNENT MRIFHGR I, PAR5 L 56
#r kA B, BUE (i s B ZE DAREAIR I A 5 . SR
TEG [ 35 0 AG T B AT B 0H i R B, T Gtk
4 250 M4 BOLD $udls , F1 I 6] 4 500 s F146Z
Bk & . H42 B[] (Repeat Time, TR)=2 000 ms, )2 J&
4.0 mm, JZ[A]F& 0.4 mm, [B]3% B} 5] (Echo Time, TE)=
30 ms, #LEF (FOV)=240x240, Fl%% £ 90°, S [ =64x
64,3302,

1.2.4 fMRIZIIEAME R ReHo it & XA DPABI 44
X TAT SR AR R A T AR PR, L BRET 10 B TE) A, B F T
B IE , Sk s ik, 25B% 2k 21 KT 2.0 mm [ fMRI
45 . ReHo & —FP LATHAH H/K F1iEE 52 41 (Kendall
Coefficient of Concordance, KCC) by LAt B 5 70 #r
T7  ROWEREER A i IX A 22 T s S i [ A0k, HUE
R R AR SRR ST RR K X 45 AR R Y
BOLD {5 %5 5 H: Ja] Bl 1) 448 32 77 72 55 v 114 ik ] — ¢
P£. ReHo fH M TR s T B, #RFE/RIZ M X #2850
W —BWEfF . R RESTPLUS #f4FX]
i PN B — D AR S AR R (26 MA R ) TE ] —
BF 1] 4 A — B e T BERAS T iR R
KCCAH , i A3 A4 32 183 1 KCC B — Mk
R 1Y KCC R LA A2 IR BIr A7 7 32 F 1 KCC fEL A= BipR
#EAL 1Y ReHo &, 5 X ek 19 ReHo #1742 %
s (FWHM) 4 mm B 3T -, F- S B R
FHKEAT ReHo (HAY AR

1.3 FitFEFE

K M 481t 2 8B 3K 1 (Statistical Parametric
Mapping, SPM) X} 4b # J5 1)) ReHo K& 4T BUFEAS ¢
for 55, o105 P ) R AT i, B P<0.001, AT #%>10,
K HI SPSS 21.0 B AF XTIl R A I8 247 G 143 Hr , 2
[BAFHE  ZUH AF PR \1Q M SCWT S A I DI g Fb R H

GLIVA = NV i A A1 R | P A E I N ok e |
Spearman FkAH 5 X H 4 ReHo %5 5 5 1 PRAS A
NI REMNAZ SR AT A Mo AT

2.1 ERZEM BN LR

PBD 2% fift A H 5 il B X R ZH 2 [A] 1Y YMRS -
IAFTEGE 4 22 5 (P<0.05) . PR PE ] AR IS 52
HAEFRULIQE G522 7 (P>0.05), TEIA
TR 25 Ferp W2 9 SCWT 45 AR S 2 4 5
(P<0.05) , TMT 1 DST ¥ Jt Gt it % 22 5 (P>0.05) .
TEAEE R,
2.2 PBD Zf#tHEEHSRRITERAEReHo BRILE

WE TR, SRS B4 A0 L, PBD 28 ff #H
A ReHo BUEAE AT/ (=4.26) AT (7]
(=4.09) AT 037 [0 )5 58 (=4.46) 21, 7642
TG L[] (1=-4.88) LM B 3 X (1=-4.45 ) i %
%o MRIXIEANGE B2,
2.3 PBD £&f# 8 =% 4H ReHo 3B 5 I KI5 +R KA &0
ThEEMK FFE K 5 #7

F £ 21 5 M ReHo 5 A8 TR X 11 ReHo £ (E- 5
NI REVTAE S5 A TR M0, A 223 T [l
() ReHo {8 73 Il 5 % 5 4F 1 i 2 7 A 3¢ (P=0.014,
=-0.566) (|&]2a) ; 5 SCWT-B 14 B35 1A ) (P=0.007,
=-0.612) (#12b) ; 5 TMT-B 43 it 3 IEAH 5 (P=0.014,
r=0.569) (Kl2¢c) o AWM 545 F047 711 ReHo {H
BEAE(P=0.034, 1=-0.501) (& 2d) ; S 2= Bz
XY ReHo {HE BE TFAE(P=0.027, 7=0.519) (&l 2¢ ),
TEAME LR 2,

AMWFFER FH ReHo 438 757125, % PBD F8 i
SSHEILIR S 6 BOLD (5 St 10 . WF9T & 91,
SR DAEAMH , BOLD {5 5 1t ReHo {EL7E A5 /)y
A ZEAM [ K A i s e g b T, A e T
L RS N A B2 Bh X S R . AR IR R D
4F, PBD 2B AH H 3 SCWT Y TE A K i FF#AK , TMT
JT 5 A B () S R, R ZE A 91 ReHo i
5 SCWT-B IEffi &5 R4 2 B F A (E 2b) , 5
TMT-B i i [a] 222 8 3 EAH DG (] 2¢)

SCWT 1, 7RI Bisf [B] P 32 1 TE A B (e B0 22
] Az I TRE ) R A T RE
RO, TMT 1 B R Zi0E = 7 A5 B
TR EE DA TF IR YA AR J1 45 . ARHIFSE e AR X Tk

H/VAF, PBD 22 fif AH B AT 20 19 SCWT IE A 44 ]



- 50 -

Hh [ R A B A RS

35k

#1 PBD ERIHLE 53 RE—MRIGKR FERI LI (n=18)

Tab.1 Comparison of demographic and clinical data between euthymic PBD patients and

healthy controls (n=18)

Parameters Euthymic PBD patients Healthy controls P value
Gender(male/female) 9/9 6/12 0.500
Age(years) 15.22+1.67 14.22+1.52 0.068
Education(years) 8.33+1.81 7.44+1.38 0.107
1Q 107.17+10.07 105.61+7.61 0.604
Age of onset(years) 13.44+2.18

BD type(I/II) 10/8

Familial history(yes/no) 6/12

Mental symptom(yes/no) 11/7

MFQ score 6.50+4.12 5.78£3.10 0.556
YMRS score 5.39£1.65 3.7242.08 0.012
SCWT-A 53.89+14.20 65.44+12.36 0.014
SCWT-B 71.28+15.65 87.11+8.83 0.001
SCWT-C 31.89+9.56 40.22+9.42 0.013
TMT-A 37.83+13.48 30.50+9.29 0.066
TMT-B 98.44+49.70 82.174+29.51 0.240
DST-F 8.89+1.57 8.94+1.06 0.901
DST-B 4.83+1.65 5.78£1.56 0.087

PBD: Pediatric bipolar disorder; 1Q: Intelligence quotient; BD: Bipolar disorder; MFQ: Child

mood and feelings questionnaire; YMRS: Young manic rating scale; SCWT: Stroop color- word

test; TMT: Trail making test; DST-F: Forward digit span test; DST-B: Backward digit span test

Color coded regions indicated increased ReHo (warm
color) and decreased ReHo (cold color) in euthymic

PBD patients as compared with healthy controls.

1 PBD £ ##184H 533 8R4 49 ReHo Z 57 XX
Fig.1 Brain regions with different ReHo values

between euthymic PBD patients and healthy controls
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Tab.2 Brain regions with different ReHo values between euthymic PBD patients and healthy controls

Peak MNI coordinate
Brain regions Hemisphere Brodman area Peak 7 value  Cluster size
X y z
PBD patients>healthy controls
Cerebelum_Crusl Right 28 -89 -30 4.263 09 40
IFG Left -39 18 15 4.091 10 11
PCC Right 23 3 -30 33 4.463 80 11
PBD patients<healthy controls
SPG Left 7 -21 -63 57 -4.879 80 17
SMA Left 0 -12 63 -4.451 20 20

IFG: Inferior frontal gyrus; PCC: Posterior cingulate cortex; SPG: Superior parietal gyrus; SMA: Supplementary motor area;

MNI: Montreal neurological institute
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