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Altered amplitude of low- frequency fluctuation in remitted patients with pediatric bipolar
disorder: a resting-state fMRI study

WEI Mingxiang', GAO Weijia’, JIAO Qing', CUI Dong', XU Qiang’, CAO Weifang', GUO Yongxin', LU Dali*, XIAO Qian’, SU Lin-
yan*, LU Guangming’

1. Department of Radiology, Taishan Medical University, Tai'an 271016, China; 2. Department of Child Psychology, the Children's
Hospital, Zhejiang University School of Medicine, Hangzhou 310003, China; 3. Nanjing General Hospital of Nanjing Military
Command, Chinese People's Liberation Army, Nanjing 210002, China; 4. Mental Health Institute, the Second Xiangya Hospital of
Central South University, Changsha 410011, China

Abstract: Objective To investigate the alteration of brain function and cognitive function between remitted patients with
pediatric bipolar disorder (PBD) and healthy adolescents by using resting-state functional magnetic resonance imaging (fMRI)
and cognitive function tests. Methods The fMRI signals of 16 PBD-remitted patients and 16 healthy controls were collected,
and the amplitude of low- frequency fluctuation (ALFF) was calculated. Cognitive function tests were performed for all
subjects. Correlations between results of cognitive function tests and ALFF were analyzed. Results Compared with control
group, ALFF in PBD-remitted patients significantly increased in the right cerebellum, the right superior temporal gyrus, the left
parahippocampal gyrus, while decreased in the left middle occipital gyrus, the left cuneus and the right superior occipital gyrus
(P<0.01, FDR correction). ALFF in the right cerebellum was negatively correlated to the results of Stroopl test and ALFF in
the left middle occipital gyrus was positively correlated to the results of backward digit span test. Conclusion PBD-remitted
patients show spontaneous neural activity disorders in the temporal lobe, cerebellum, limbic system and occipital lobe. The
dysfunctions of cerebellum and middle occipital gyrus are related to cognitive impairment of PBD-remitted patients.
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JUEE T /DA XA FE 1 (Pediatric Bipolar Disorder,
PBD) &)™ B RGP AT, I RARAIE A S 5 58
PRI SR , T PERE— BB ] Y 2 401 BRTEAH
RIATE L =ik s s SR R SARAH RN
LTS NG I T S/l s SR iE T gk i
PRIEMR o WFFEZRIH 60% 22 47 1 AT SUAH B (Bipolar
Disorder, BD) f&1E 18 & Hii A&k, PBD 1) Ui 5
1.8% 42 10~24 % ARErP Y55 U R 5R %% . PBD
SRR Y A R R I R N 40 F5 1, IR 295
U ) LB T AR R SO 2l M R R

W55 R W], PBD (5 A7 LE N 2546 B i D) g S
A A AZ S KR [l SRR R ARG 26 1 L AL
HESIRAET , 51EH A ML, PBD 5 25 th B Sk
AT iz o) R AR Il B SIS, R ] R
TE B R . TE#R S AT BE L LR BUR (IMRD) BF Y
o, 3T Rt — 2 (ReHo ) 95T 3 B, PBD BRATAH
SRS I BT (W] 35 Sl ek 55 R AR A TG B ag
PBD IS AH £ 5 50 (1] Kt e (195 3k 55245 . BD
G AH — T 0o B S Bl KT 25 SL IR I R IR, R
INBPAR B B E AR 2 WbaE . (Bt AT
TR, PBD S i AH L 5 1) 4 -850 - [ (2 1) B 3 4
AR, BN BD 22 A AR Y 3 25t BRARA T D0 g i
TR B Kagie )15z PBD S AH
B WA A T DI RE AR B B BEAS  X
BD Zefif A WIS i 55/ IR A OC BD 22 AH
JUHJE PBD 22 fif AH A # B Bl 254 L D RE S A K7 T
) S RO ANTE 2

A FEAUXT PBD 22 fif A S8 5 W IA AT Ry S5 ik
REARBLHEA TS, 38 2k 43 A i L A EMIRTL I 487K A
#i (BOLD) {5 FO A Ik 1 (ALFF) , R 4F5E PBD £
AL T 5% i A I i SRS B I B O, O B 4K
SRR AR S IR DI REI F Z A E R

1 ARETE

1.1 lgARZE R

PBD Z fift AH £ 20k F rpsd Roe e — B e, 3t
16 41, Frb B v 7 491, Lotk 9 9, 7 AR IS (15.12+
1.71) % o AN4Lbr#EN : (1) Young B AF ¥ 22 &
(Young Manic Rating Scale, YMRS) #£43<12 433 (2)
AL 3% AR 3Z [1] 4 (Child Mood and Feelings Question-
naire, MFQ) P-43<18 43 ; (3) A 1A BIAS #1559k B9 12 W7
4T F W26 4 I (Diagnostic and Statistical Manual
of Mental Disorders, IV Edition, DSM-IV )2 WirifE

XLOEEERS BT R SR ARIIAR S R ; (4)
SRR T 4 5 5 (5) 4RI 12~18 % (6) DU ; () A A
F5 (8)REMEAE MRIFIH S R4 Er 1E o HERRARHE R : (1)
FEXEW] IR ia S DI REREAS 5 (2) £ 8 R Al (In-
telligence Quotient, 1Q)<80; (3)45 MR (2% = AE
BLFEATAE & JEAE AR AL EE S 5 (4) B H ek b
PN, ALFERE o 240 R B sl (AE |27 ) R ;
(5) RGBS 5 (6) A R TEIRY T EL

T ROk AT P2 Ry 3t
16651, LR B S 4], 2o 11 4], P24 (14.061.48 )
o NHBRUER : (DR 12~18 5 ()UK ; (3) 47
FIF 5 (4) BEREAE MRS IR 1L o HERR bR ETR]
BEH  ZIR A P g R NE R Be AR R
SAEHE T BT R0 LA 5 0 R
12 Ak
120 NRIZET 5 EFRTME AW LEE DER[H
Joa Bl BE XTI A A R 6 R AT IR IR I o 45 B
0% L 7 7 TR B 5 REORG A o3 4 > 2 =R 0
(K-SADS-P)#A T RIZWT 514N o O3 AR ™ H
PRI YMRS A MFQ 7E MRIAH# 24 KA TPl
1.2.2 INENTHEEVERE (1) Stroop (1Al 4; . FH A .B.C
3FPR R AT, A ROMAT L SR 4 R
(115 53 (Stroopl) s B R W SR A ML 18 4k 4 D
(Stroop2) ; C R MHIZL 8 K k4 Fh B B 5 14l .
T Lk 4 FRE (Stroop3) , (HE (AR UOR—E, R I
Pl ml it A R Eie B RFE .C RINF . ¥
FUBRAE R B R R SRR A ANE, SRt b, 156
A R4 BE 7 0 i e R T RNk R 1 )
2, ()BT BEMER « b TR AIME] 3 2H B, Wi I 3k
NI sl (15 LB T 2 A AN — S . PEHRIbR
HEN T BB, 15 BB D BB B
1R 2
1.2.3 EEAMRISERE RAVETT3.0 TR
PR BARACGHATREIL IR B R 4 o VB M il b T4
TR L, FH I 203 40 [ 0 S0, (il i H 2 DAYsl /D Wt 5 5
M), PRAF Sk R b AN ol PR RS . R
-1 913 5% 7 5 (Echo Planar Imaging, EPT) R 524X
P8 , 280 2 B} A] (Repeat Time, TR)=2 000 ms,
13 Bt [E] (Echo Time, TE)=30 ms, JZ/£ 4.0 mm, JZ[H]
B% 0.4 mm, BLEF (FOV )=240%240, Bl £ 90° , 4F [4=
64x64,3:30 2, WAFFERT G IR 250 MAK 1
BOLD 54l , 94 I 18] 24 500 s
1.2.4 fMRI##EANIE R ALFFitE 3 F MATLAB
V- 55, K H DPARSF2.3 #k 4 (http://www.restfmri.net/
forum/DPARSF ) X} JG ip B g A T i Ab #11 . b 320 %
LG AT DICOM A& 40, SR AT 1 10 4B ] A5
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Bl , A2 0E Sk SR IE , KRR G, B EPTAL
WA bR A, F i (R iE M 2580 8 mm),
Rt E WAL B R SIGRL B KT 2 mm B
B KT 20 DL M e EASEE R BE . o TR
ALFF, {4 B 4L B i MR BRI A (5 5 (0.01~0.08
Hz) #E A7 Pk i BL AR e A5 2000 % 5%, I 113 T %
TR D RAE TT O, I 6 A A R A IR IR R
(0.01~-0.08 Hz) 3K V-3 RIS iZ AR R 1Y ALFF, 5 /5 H
FEMARZ Y ALFF Bi DL 42 fii ALFF (318, 15 354>
IR Z AR EIL S5 1) ALFF{H
1.3 Git%FHE

K I SPM8 B {4 %ot Ak B 5 71 e L IR KA 1264
FEAR ¢ K56, B A P<0.01, H1#% K/N>52 (FDR A5 ) o
PR AR SZ Z0R EBR o >R I SPSS 21.0 #fF
XTI G N AV G245 SV D Be 45 Rk 148

THHT o WA TR SR R ke 3, 4R % 1Q 32 L
B AR SONFI T fE L RCR S AEAS e/ 95 . SR
Spearman kA & X ALFF £ i A1 A - DI re s
SRAEAT ARSI, BN ES . Kr g K ok
0.05, B R AUMIAL 55

2 & B

2.1 IERER

AR A 5 X BRZH 2 (] A AR S 1 1Q RN Az
HE TR IS it 22 5 (P>0.05) . P 4 [A]
YMRS 7 1E 40 1127 22 5 (P<0.05) ,MFQ JC it # P 22
5 (P>0.05) . INHZE R LA, PBD 22 M AH B 1Y
Stroop M K K5 ) B -1 7 WK 1 A 5 SR AN B
1EH T /4E B FRER(P<0.05) . A WO 7EmE R
B R AR P AREIRIRTS . BARGFERILE L,

%1 PBDEMEASER NEA—MRIGKERLE

Tab.1 Comparison of clinical information between PBD—-remitted patients and healthy controls (Mean+SD)

Parameter PBD-remitted pateints (n=16) Healthy controls (n=16) P value
Gender (male/female) 7/9 5/11 0.716*
Age (years) 15.12+1.71 14.06+1.48 0.070
Education (years) 8.19+1.80 7.19+2.04 0.152
1Q 106.69+10.54 105.00+7.00 0.609"
Onset age (years) 13.13£2.09

BD type ([ /1I) 10/6

Familial history (yes/no) 5/11

MFQ 7.50+4.37 5.56+3.18 0.385"
YMRS 5.38+1.69 3.59+1.90 0.010°
Stroop1 55.94+11.34 64.81+11.34 0.003"
Stroop2 73.88+13.41 86.56+8.71 0.001"
Stroop3 33.63+7.54 39.50+7.84 0.006"
Forward digit span test 8.75+1.81 9.00+1.10 0.758"
Backward digit span test 4.50+1.41 5.87+1.63 0.019

PBD: Pediatric bipolar disorder; IQ: Intelligence quotient; BD: Bipolar disorder; MFQ: Child Mood and Feelings Questionnaire;

YMRS: Young Manic Rating Scale; *: % test; *: Independent sample T test

22 BEESEEIIRAALFF ERILR

S IEH X IRZAAR L , R & 4L ALFF BUE A AN
Jiki (£=5.45) A5 L [9] (=5.64)  2c i 55 0] (=
4.12) W 2RI, AEAEMIRL ] (¢=-3.39) ARt (1=
-3.72) AR b 171 (=-4.77) SBE A, DL 1 Fe 2,
2.3 ALFF #3425\ & ThgE i 48 S 14 5 47

W B A L P ALFF 72810 X () ALFF 3

SN RE A 45 R AT AH SR i e & 3, 481
B IE A A B 22 M R 1Y) ALFF {52 3000 2 1F
FH 5 (P=0.01,7=0.65) , Stroop1 1F A% 5 45 1] 7N i
1Y) ALFF {5 B 2 A (P=0.03,7=-0.55) , WK 2.
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A: Right cerebellum; B: Right superior temporal gyrus; C: Left parahippocampal gyrus; D: Left middle occipital gyrus;
E: Left cuneus; F: Right superior occipital gyrus. P<0.05, cluster size>52, false discovery rate (FDR) corrected; color
coded regions indicated increased (warm color) ALFF and decreased (cold color) ALFF in the PBD-remitted patients
relative to healthy controls.

1 PBDEMFHEE S RAMXMALFF £5R
Fig.1 Brain regions showing different ALFF between PBD-remitted patients and healthy controls

#2 PBDEMHEEESEE AMALFFERMEX

Tab.2 Brain regions showing differences in ALFF between PBD-remitted patients and healthy controls

Peak MNI coordinate
Brain regions Hemisphere Cluster size t value
X y z
PBD patients>healthy controls
Cerebellum Right 265 21 -42 -54 5.45
Superior temporal gyrus Right 165 36 3 -24 5.64
Parahippocampal gyrus Left 55 -24 -36 -6 4.12
PBD patients<healthy controls
Middle occipital gyrus Left 58 -39 -81 9 -3.39
Cuneus Left 54 3 -84 18 -3.72
Superior occipital gyrus Right 68 24 -84 33 -4.77

ALFF: Amplitude of low-frequency fluctuation; MNI: Montreal Neurological Institute
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RIS EUD E />, BOLD {55 19 ALFF {E A6 A7 ] Stroop (4 i)l , BT & A ST, Bt 44
NI A ] A o g 5 ] A i DX 2 SR T, P LY i s — 2, e in) S T
FEAE MR A ] A AR KA A L el 2RI, L € RO RN s ) P 2 T A S B 22 /0T
rH )T BT AN B S ZE MR RS ALFF {2 58 2% 0F SN T RE ) R SN I RE AR . A
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2 PBD3PABIEEEH T E-EE MK K Stroop! ¥4 50X ALFF fEA9HH 314 (P<0.05)
Fig.2 Correlation between scores of Stroopl1 test, backward digit span test and ALFF in PBD-remitted patients (P<0.05)
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ZNG SN SR R S R AR AF SN T A O
H T % 30 BD % 7E Stroop 4T 55 4R 28 T 31 19134
TSR B BD AR £ L (9] i ALFF {H F+
" PBD AT AR AR H BRI [9] ReHo fH I,
PORTEAL S RS TR RS T BD B &t
W TG B . A R IR PBD ZZ AR B A
DL 171 (%) ALFF {48 1E % 95 /04 W3 T, il e e
R Y GRS T H B AR 1S s, o BD
FRET L [ 4 28 05 3 S PR TR
INIEAEAE AR IEREAE B85 7 1 % 2 G T
ZER S5 UMY e s . — W3 T PET
FMRI R R, 76 R T a2 KnliEikk
PR TSRS /N2 BRI , A/ 5
VL RPN RE S VIAROE™ . 5T % W BD Al
AHEE A /N () ALFF (B 5 38 =, 5 155 A
Eb, AE7E BN AT RE T A A £ 3 /N 5 1 () ALFF
TR AHFSE & I PBD ZE A AR £ 3 30/ NG 6
SN IEH /D AF S R, R 8 f A AR I
PR B RS 22 30, 15 BD I R4 AL, S5 AH W] fig X
S0 BERE IR A0 28 A, 5L/ Bk T RE 10 S B 4 R AAT
16, —WZRE0r @R, PBD & XU A RE4E PBD A
Eb /NI s i, PBD g KU A5 PBD 28 fiff A
[ Y A I A bR, , HE AR 1 ACRE R 1) It B R = ke
LA B AR . 53 A AT IA K B/ N () ALFF
{85 Stroop1 SZ56 2% WL 52 1 35 R ¢, DA BH /M Y S+

oy T BURE TR AR ) SN RE 1)
5 R ARG 4 T A — 2, B4R 7 /0N 0 %) 40 A8 1T e
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AW KB, 5 1EH AL, PBD ZZf Al A8 5
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—o BRI, HATA % PBD RL L M AW 78 550, i85 0t
— 5T . B SR BANHA O AR 45 R
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