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Abstract

Purpose: The purpose of this study was to explore the changes of brain function in patients with
sub depression and clinical depression through in-network and inter-network functional connec-
tivity methods based on resting-state FMRI. Then, it will provide a solid scientific basis for further
exploring the neural basis of cognitive changes in patients with subclinical depression and de-
pression. Method: Brain network components were divided into 26 patients with depression, 25
patients with subclinical depression and 25 healthy controls by dependent component analysis.
First, it was divided into six sub-component networks. Then, the data were further analyzed by
using in-network and inter-network analysis methods. At the same time, it was combined with
depression scale score to explore the correlation analysis. Result: The results showed that there
were intergroup differences in intra-network connections between precuneus and multiple func-
tional networks. These are important nodes in the connection between clinical depression and
subclinical depression compared to healthy brain networks. In addition, the connections between
the ventral default network and the right executive control network were much closer in the sub-
clinical depression group than in the control group which was significantly negative related to de-
pression symptoms in the subclinical depression group. However, there was no significant change
in the clinical depression group. Conclusion: In conclusion, functional networks associated with
subclinical depression and the cognitive status of patients with clinical depression changed in
multiple aspects of static connections within and between networks, which was significantly re-
lated to changes in depressive symptoms.
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1. IRER

BEA& A2 S T 2R N PR AR TR T PR ARk, KSR C AN | R AR SR S 2
R, JCH, HVAAE 2 5 2l PR PR 2 — o AR T AR A SRR A (2016 4F), AERAGTHA 3.2 12N
BRI P SARAE « 7636 EA I 20%, 7R 8 F AT 3000 /7 1A N IEAE S I 3 AR SE 147
J& (Friedrich, 2017; Gotlib & Joormann, 2010). H 7R, FE & K AT IABIE L & BRE LN A 7T 2
AR, IFHBEERE V21X OB EEZ PP A sERE, 1R 2 3 X R ARAE 2o AU I
FEAWIE . Rk, BRARAAREE T B AR BEALE] T BURR i A SR HAIAE 2 W 7 V2 A0 - 4R IR T 7 AR SE
UESRN oS D ws SR 7S IESh: & JiN SN R 2 S R NS S 3= I PN 2 0 i i

JOETRATRHIARAE OB 78 C 2l d B HE, HEBIEFTLE, EERA TR R RS R
AISHE FEZ 55 DR P L 2 A AR St PRI SEE A 1 PR 12 Wt 3 AR S FLIG R R I, Bl dn (SE [ RE #h A2 T
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MGt F——2DUh, DSM-IV) (Segal, 2010)H1 H1tH A BA L ZURA ) I Bz o3 AR 5 4 e i) e 455
HAE——F ) (WHO ICD-10, 2016).

M DSM-1V {112 Wi 58 SCRT LA SH0ARIE (R G VF 22 02 (i e N PR T8 I8 1 45 98 5 O 3 IR A
[FIREZS 5y 15 A Y I0) R8T 78 ) 0 39 R0k 0 s S0 MBI N 1D R0 42 00 S 285 1R A — AN~ 35 L 1 Lok
FETHI PR S MR R, MRS S5 M Bt RS ARE R, R 2880 02 W MR o o 5 A= P RO 5 RE D
55 BAERRE ), XAV R T B AT A4, PR T UM 7 AR M SRE IR 2R B B I AR
HIRETR N ARHER 1 o 0 R X} IS e gl B oy S I R A (B AR I 5, X ) A B

HAT, WIGRIAEE O &A%, 2RSS 45 8 ACE PR PARSEHE M. &5
FRA I ER ISR i AR TG 00, AR N SR B 0 . — A, S MAER I IR R
FHOG AR IR, (HASTE & S BEfS (AR v 12 W bR RS, i A A& I PRADARSE o & nT LURYE DSM 52
SEDAFAE AN R IHERE FRIAZ IR DA AR R 55— ANRER, (HLE AN I PUANREAR), B3 16 B
TRV E AR B I 1573 v T AP AN 2 i PRATARIE 2 bR (Rucci et al., 2003). AR A H K,
X SV PR AV RE AR [ S 0 A 3 R S, XA R A o — i i R I R T 1Y R R 5 352 B AR R 1
Pelg s I RN E A R RCh E8 R HIAIE (A OGRS, T VF 2 B 7R, 3 B HAIORE nT DLIE ik R 6 7 n
PLIEE i (Cuijpers et al., 2014). {HFE H BTG ARISHAESL T, ARGV ARIDACEE G V2 B, H
— ™ B R Al A2 R = I AR PR R A

BEAE PR FRR IR, T8I 5L 5 05 15 T PR M 8503 B8 35 R0 e\ 2 [ ) A= i
AN T AL R BN 77k — . fEXET g, T S Th e ML R R 7R I PR R 4 E iR
PR SR TV HIAR HEACFO B 73 b7 7 35 (1 B e 1 55 7 TR IR AP SR BUAS T Ok, BRI S2 31 7 B 347
M BRITHE T A o R 7008 B 2 A DO RE R 4R 7 70 R BRI A RE I3 N 55 feke FE X R ZEL AR L
FERM) 2 X SR BT ThRERERS , F LXK LU X AL T 2 M ASF S 50 fl I ThREMI 4 o, X LY i
X ALHE AT AT R 2 SO 55 1R Fefiy i (BRI R RYT A i S X 4, e AT JE T A B
155 25 AN 2 ) 4% Z AN AR R T AE R 4% (Diener et al., 2012; Price & Drevets, 2012).

Yan et al. (2019)f8H 2 #.0 (1) MR Z5 38— 20808 T DAEIEFC R R B 25 5 RV PR HAT S 973 A 11
BRI 28 AEAE VG R D B4 1 S T B, I HLdk— DA 1 Ui i 24 M CE I PRAAI R s A A B4
FARLH, 7R 7 W04l I 2 7E ARAE B 3 Mo D e e o v (W B B . I et T AR B e RS Th RB A LR
D5 A BR BIFERE R A S AR C W E E vk, JEH, AR RN REE SR A S bR e N
PRIRRFE TR RIS I (6 B BAR AR, 78 T IR R IZ 1 (1 DSM-V (2013 4F) gl £ 4 2306 A WA i 1 kg
PRI (G RS W AR, EROR M SZBR b I PR = A= T30 1) 456 I R AT R A 2 Wiks i, (R X P
ROV T I PRIZ W v 5 1200 41 2 1l 2 A B 55 75 3K 1) (Koshiyama et al., 2020).

FR BT I RAMARRE A 22 b i B = B B 7T, 0 S PR AT 4 22 A I ST AT IH A PR o AFUX ST 5
ATHIH R B 7 — S S PR AT il B0 (et R 2 R D R 1 22 57 (Hwang et al., 2015, 2016; Yokoyama
et al., 2018). i — THifd7 FH & 225 T BRI L 9 7742 RO F 0 6 SOV s DA 00 A0S i N\ T 7 I T R 77 T 5 fde ot
RAGAEHEES, SR THRRNEMIIEEM K LRI, S5 IRAIAREL, SR IAR B2 e A )
¥ 5 55 (8l (PHG) « 72 15 55 5]/ A5 A 4% 760 2 IR A% (caudate) B 75 A B2 A ¥ 35 BRAIK, 7845 MU T /S /N (PPL)
FEMAUR [l (TEG) A A2 M A (Bl (MEG) 5 s BEAE U R 35 o bk, B HLES 22 50 5 R DU BLY 25
AN X 45k RT LA R0k e 195 2E X 2 2 S PR AT 324 2 5 4 R ot HE S 3R (CP I IE B 2R L 70%)
UL, A D RE R LR 72 AT LAV 9 0 Wl R AR AE AT AR AR 10 A RO 7. I HIX B8 3
511 PR AR SE AH S 70 Hh 6 300 4V RE £ 2 7 DA R 4% o) X 4% 1 6 2 i [X HH I DD e o 0 &5 SR AL, 8
I RAARSE N JHE FT B A7E DA Th RE W 285 (1) 74
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i LA B AT LU i PRAAVISAE S8 28 R0 I Il VIS A N A A e B2 A7 AE ik e b i 2= 5+
I H# ST RERESIR 7 IR A B ARE (I A R B D Re 22 e ik, CAaHUS T2 k.
B2, HATRERE T E A Im RAVASAE 2, ACH B> BRI 7T HERE T MV PRAAISAE A6 25 R0 {2 e A
Z AV T RE 22 S, LI a2 LTI v AN (] ERJ N 42 1) 9 6% >R s BT s PR AV RIS SRE BB AR ALE T 24 i
Z Wt 9T R A O R I I 28 11 9 7 25 R 30 28 DX 8% A T PRIV 55 7 V2 B R R AR 4 R 9 8 T 4 22 A i (Rashid
etal., 2016, 2019),

T AN VR SO X 8] ) D BE % 2 (functional  connectivity, FC): F&T &R [X i (region of in-
terest, ROT) [ 43 At FI A0 57 1%, 43 43 #7 (independent component analysis, ICA). T ROT {4041 77k 75 BT
Jele R ik € ROL, (HIA RS2 2 ROT TR . R/ INFIAL B 72 S DL K AN [] PR ] 22 e PR s a8 oK o 1
ICA 2 — s Iz i 759%, & AT BLIE I 23 18] b e KRR S (R e, I SR AFAEAS B J3 el 12 P B[]
Hlo ICA AR ERETRE B ARE, &0 0FES MR B TR, [FF, 75 ICA Bl BT % 6k
I3 22 T FH HL R 2 1T B e SR T RE M 2% 1% #2(functional network connectivity, FNC) (He et al., 2016). H {if
ICA 1 FNC /78 77 % 3 E 8 b T HAAE B3 5 1R N RN 22 53, 6T MG PR AAR 5 B 98 4520 (Salman
etal., 2019; Zhi et al., 2018).

BRI LA, AN LU AW I PR HVAI i R ik e N 1) 4 i D) B 22 e NI R S BB SRR JE e AN B8 1) o
FEIMGPR S B b, ARAT I A X 704 350 23 AR RE IR AR Ag BT+ STV ik A 013 0 R ks SIS RE T N 18 52 2% 11
o [RGB X B2 VI PR AR RE AN PR AT E 538 A i Dh e AT P2 Bt T I R Gtk
¥, HHERMBIHS ZXFER T, Bk, ASCHEZEHFFH M T:

1) A5 i S A Ty R L AR 7 v 0 i e N ST AR VIS N R I AV A 8 85 DR 18] = 20
23 1] DX 2 (R0 FE AT AT 42 1) O 2% . BRI O 28 I S S I 286, FRER B3R = 2H N AE X 5 Ty R o [ 2% ) 19 8% PN S
FETAFAEZE S

2) AE FFRAS I A 2% () AE  TT V5, IR = AR L AN () D0 0% P i A e e v J R AP AE 2 B R 2 e

3) T 1K S LE AN [ AR5 ) O 265 PR 505 R XK 266 [ 1 42 - 1) 22 S e 15 RHAMAR 2 A %

2. ARAZE
2.1. #iR

RIS 76 4, A XTI 25 4 (Lt 6 4, il 19.2+0.97). WK 25 4 (&
PE10 4, A8 19.7 + L&)FIGRINARIE E 3 26 (LMt 9 4, Fhe 203 + 4.6). = HBAEFR (B /Kb
EHEER) =021, p=09)RIHER(FQ2,74) = 0.93, p = 0.399), RIEHARM H IR, #LEAHFIF. =AY
R REHT HRE NREFGRARIZEA T 2018 45 6 H 4 2019 45 5 HYREE, PG ARIDECAE £ 2 A {6 FE
R R 2 W4 5 D150 01 &3 (the Beck Depression Inventory, BDI 25 —hR)FIH\VEE W K2 W& 56, %)
I RAARSRE £5 25 BRI PR 12 T IR 14 T0000 5% /R i 45 8 5 38 (Hamilton anxiety scale, HAMA)F 24 Ty % /R
B4R & 22 (The Hamilton rating scale for depression, HAMD). BDI # F T 55 H¥IARSE A9 F- ¥ 2 W, DU R
F B RN T HARIE 5 AL I AE £ 3 2 W U It AR S P 1 5 47 (Richter et al., 1998; Szymkowicz et
al., 2019), ASCAFH K BDI 2 2 7E DSM-IV [Pl EOCRim R, 75 MERF ) 2. AR
HH (1 R KT RN T I PR A8 5 S E B e R R A8 T A pde e, o BV T 4 S A R A S5 R PR )
BRATATIG AR @, TPTE 14 43Ul b, (HRZEAIRKZE, HMAEREAS] DSM-1V #
TR A VYASTER (0 B E ) S, A2 WA I PRAMAAE 58 . AT 56 rh i X BB X F 135 BDI 73 808
1 (1~3 Z[8), Wl PARANARAE 54 -7 BDI 540N 22.84 (14~41 2 [8] HANHSRE IR AR FER D F- 0030, A+
0~3 2 [&]),
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{iFH HAMA. HAMD F1 PANSS X il PRAAAE 88 25 () i PRIk — 22 9P 4k, Horh HAMA A1 HAMD
ERAGE IR B W MAE R E &R, 454 HAMA Fl HAMD B & R 1R LRI R 22 2E 1 IR PR 12
W S I PR AMARSE S5, 1590 30 8 4 ELAEIG IR bk e A s DU AN HIARSE I ARE IR R B 12 i Al R
AIAE o ASHIE 70 A (I R P ARRE A8 260 & T 4% B 31 B A5, HAMA “F3543. 934 19 (12~35 43 2 [i]), HAMD
FII1F5r 9 21 (9~29 Z[8]). PANSS AFR N BH 5 B PEIE IR & % (Positive And Negative Syndrome Scale),
Horb ) — O o B2 RE AR o AR AL 16 NITH , AR S AIARE S A BN SE AR L AN £8 EERE AR U7 T B
RUFMAE M (Brdar, 2014), BATHEHM 1~7 45, B3 112 45, AW FHIARE &4 4 1~ F20E 0 N
55 41(36~92 i), AHFHAGE T HRKE NREBRCHZE I E. Fra sl A m#i#E2 7
TR B A SR, IRE T BHAERES. WEARFEENRAEMEEESS TG
X2

2.2. ERREMTLIE

AR A MR IR R ET T AEARER, FHEEE] FERT&RELAM
MagnetomVerio 3.0T FIR{IEHRCES Bk i AR MRI B0 T1 AU 45/ 50E . (6 H — I
MRI FEZ5 (1) HALFH SR ol A% A1 4 1 e 25 0 2 T S SR B 1Sk B, IR ER ] e il ks, 25Kk
WIRREAZ) . BRI T:

ThaeHI

A5 FH — A BRSO B0 FE ALY EPT 341 2K4, TR = 2500 ms; TE =30 ms; B 90 & 45 = 64
x 64; JZJE 3.5 mm; FOV =224 mm’ “FIH 4K 3.125 mm x 3.125 mm; BBATHHE, ZEH0N 42, #oR AR
KEE 8 73 20 0, BEAMAAIERAE 200 TREA

Ly AEREGE

SERY SRR — AN R T IABUFS): TR =2.53 ms; TE =2.34 ms; K¥EM N 12°, 25 1 mm,
R 1.0 x 1.0 x L.Omm’;s REMFEA 256 x 240; FRATHH, EHCN 192,

i spm12 (https://www.fil.ion.ucl.ac.uk/spm/software/spm12/)%F & S &S B AT HALFE . 6T A8
W, BRI — TR W& I BRER MR BT E, SRIEXSkSTIRIE, RIERKHE &R
(28— 5k RAE BUR AL BORTHEY,  AHIEFC I BT A R385 2 AT Sk shHE SR Ar v, BDEAT AT~ 1 1 1
PR R IITE 2 LA (2 mm B3 2 ). HJE, ¥ kaliRIE G FIEEETE 2 ) A — 1L B S RERUR 4 2
WHICHT(MND 2], ASCAEH] 724 T DARTEL BIPIECAERS, 107 VEAH b T AR RS HE 77 16 S 4 1) & 4
P, BERSSRAT T I IO R S (Tahmasebi et al., 2009). K R B KAEE] 3 mm * 3 mm * 3 mm /A ZR K
No B JEAEFH 6 TR AR TR V- B AR 1) 4 ) [ 1 1 A R 500 VA — A0 UG R AT 23 )P0

2.3. BT LHKFRIMILAL ST 534

ffiH GIFT T.H(3.0a fiX, http://icatb.sourceforge.net.) i) F& F- 4L 7K 1) 25 (A B0 37 43 430 #1 75 ¥(ICA)
B FAL B S5 ) fMRI B8 53 A B B ThRE I 4% (Calhoun et al., 2001). 4%, 3 H PR B E R 2 T4 T
Kol B4 USRI S R 20 B . Lk, ICA f# A Infomax BN 2 4L 808 23 A 30 AT 43 (ICs)
(Beckmann & Smith, 2004) . 2% 18 FI|AS [ 2 51l (1 4 1o 7 4 i D) B 1 IR AS T B AR A A7 £E 4 1) i M ) i) 8
R FRATIN = A7 AT T — P8R, 2 — Al aR kAT 1 Sl i /K11 ICA 40 #fr, RRA
A 30 ALY

N T PG ICA S FERIRS E M B N, X4 — 211 ICA /- Hr ] T ICASSO SHAE KR 100 K. i
i, BHKE ICA Wt B A AL EE S M ER B DI Re SR, SRS 1Cs, FRRHEHCA 2
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rEC TSR A 1 R R S DL 5T 43 1 0 M (1 G TR 45 iz 2 PR P 2 TR AR ARLRE DA R A
TR A (Liu et al., 2017), FRATHRZIRE T AP 6 Nesr, HAPBINMGEE = A arisERiA
P25 (aDMN) 15 MU ER A K9 25 (ADMN) F A ER I X 4% (VDMN) ;- 80 T4 il IR 288 A5 AN B 43 e 7 A 450 T 42 1
I £ (LECN)AIAS U A5 T5 47 1] 1 28 (RECN)s - BA S — R I E% (SN) o d5¢ J X =X I BT 6 AN B o3 HUnt
R, R RO =AML R 6 NRZERr . BANEFRRAL A 1 R .

% WAL R 4

v IcA

VS i
L fftag et
X LA o
N WA N M Aty

W me“»wvv\f\/\w\/mw
MWV S e gy,

AREHRDZR

N BkFgt

St SHmRa

Figure 1. Independent component analysis process based
on group level

Bl 1. BETHEKFRIRIIA S D HTRAE

2.4. BRSMEEEZEGE

FRAS 2% 8] ZE e A GIFT LRI T B =4 4 ) aDMN. dDMN. vDMN. LECN. RECN
1SN R Bt N RS 18] PP Z T H 58T AR 2 (R B RN ZE AR G, AVPASAS [ 2% 2 [R] ) T RE i . %)
SREUHIAR SRS Fisher'z 284, DA CREHE 1 IE S (Wang et al., 2015) (LI 2).

2.5. GEitorHn

HAEAEH spm TE ARG E T BT = 2P R ATz i po 25 . TR X 28 FIER A 2% 1) 6 A 1o 1R I 2%
P D RE e B EAT 1 LI . A FH PR DR 3R U 25 4 W B AR T I PRI AL ST VTS I AR DS ZEL A0 ik e v it 28
FERAST 2% BRI ThREERZE S, R LU ERR AR A AR AN OSBRI AR &, % 2 I LAl
FH T AR R IK T/ FWE (family wise error control)r 1E 7775 AT HIME BH M (p < 0.05).

HIR, 8 MANCOVA 50t 5 = R R A | W0 2 [l (R S DU BRI SR 22 57, [RIREI A8 A 1) 1
AR, B AS 8, {H ] FDR (false discover rates error control) J5 151472 B LR IE(p < 0.05).

BT ORI 2% A SR S A R R 5% T 0 i AN I 1 23 B v R AL R) 22 e K Dl e e F hm itk AT B — D B AR
FHIRIERZR 24, DUR IALE i T R J2 T R 30K 22 S5 99908 I 3 300 HH SR P I RO IR 22 TRI PR 9 2R o AH IR 20 M
HRASE A K R IME ST, S A —BAL R R B 2 IR ELBUE I Bonerroni 7715 IEATHr 1E

3. tARGR
3.1. ETFHKFRMIIE S 54
SR A BT IS A T, FEEE 30 AN Bk R T = 4 (B BRI 2 . FhAT
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1] R 2% A1 S ) I35 6 AN TRy, 4358 aDMN. dDMN. vDMN. LECN. RECN 1 SN. 43

LA & BRI AE LK BOF- X2 () oy A B, 206 7 AR e 5 S IR 0 Z > 1 I IX

Figure 3. The spatial distribution of aDMN, dDMN, vDMN, LECN, RECN
and SN in the control group, the subclinical depression group and the depres-
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Figure 2. Functional network connection analysis process
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BEHM

3.2. aDMN RERERE=HEINER

i spm T AL = 209K 1) dDMN [ 9 26 P I 323047 B IR 38 5 22 i R 22 S b 3 RO i [XC = B4
FRLE PANRA S5 107 fii (8] BECARZL A BBl Rz J2 A AMIA b (1 4, 3 1) $RE0Z =38 I X 3047 535 fo A e & B«
ST K A VIS ZEL R A0 2L PR R 550 o ] DA% 15 A5 (5] 15 aDMIN ) DX 4% P Dy B S A T ot R 4
YIRE G, BANACAH B E R T WG RIDARZH ;s DAL ZHAE TS SMUE F 715 aDMN #1925 P9 D B2 AR
T R ZH T B AR TSI PRAMA 2 7E 3 M L[] 5 aDMN 199 4% PN Th i 3% 3 A 0k R 4 58 3 448 o
(5,

Figure 4. Difference among three group of within-network connectivity
in aDMN

4. aDMN BB AThREERMN = HER

Table 1. Difference among three group of within-network connectivity in aDMN (FWE P < 0.05)
Fz 1. aDMN BIMLZ A THREEIZR = HEF(FWE P <0.05)

MNI VAR A AR
i X ek FQ,74)E HEHH
X Y z
P 0 S5 i ] o 0 21 36 65.6281 643
BEIRZL R 2 o 6 —45 0 34.6754 147
MU 1= o -15 66 18 72.766 203

3.3. vDMN KA EZE=HEINER

A spm TR A = A vDMN £ 94 26 A EE SR HEAT 5 B8 3K 05 22 0 A B 22 5 25 RO [X 2 4R
FAERERTH (K 6, 4% 2)o SRBUZNN DOERRERAT FG KA WAL 5 vDMN ) R 25
N D BEE A BT 0 IR A8 88 25 PR AIR (5T 7).

3.4. LECN MEREZEE=HENESR
R spm T E AN =203 LECN R M 4E N IEFE ST BRI E T Z 0 K E 7 BZE RN X EE4E
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BEHM

FHAEREHT I L BRI B RS 2y X 8, 4 3). A2, RAERATHS LECN M4 N Dbt
e LI 0T SR 2 80 0 s PRI A BRI EL ) S 25 R s TR AR X 55 LECN F) R 2% 4 Zh e |,

FEORS T HRZEL, SV PR U0 1S ZEL AT 2 2 300 A S e 35 (1 9).

S - o 1 - R

. — i =3 I RIAR L
24 T = {ARA
14 i
0_

& s
& &

& 4 &

& % A
& F o*

P % ¥

*: P <0.05; **: P <0.01; ***: P <0.001.

Figure 5. Different brain region among three group of within-network
connectivity in aDMN

B 5. aDMN 4% A Th REEEFE R 2 5 X X

Figure 6. Difference among three group of within-network connectivity
in vDMN

[# 6. vDMN B A ThEEIEIZE = HE R

Table 2. Difference among three group of within-network connectivity in vDMN (FWE P < 0.05)
% 2. vDMN HI4& I ThREE R H) = 4HE 7 (FWE P < 0.05)

MNI g AH A AR

i IX. FBR FQ,74)E HEHH
X Y z
BLRT 5 -6 -60 60 63.4544 382
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Figure 7. Different brain region among three group
of within-network connectivity in vDMN

[ 7. vDMN 48 A ThREERRYE 7 X

Figure 8. Difference among three group of within-network connectiv-
ity in LECN
8. LECN HMEATREEZRN = HER

Table 3. Difference among three group of within-network connectivity in LECN (FWE P < 0.05)
%< 3. LECN MIM4E N INBEEIEM = A ZE F(FWE P <0.05)

i . MIN b FQ. 74 EHH
X Y z
AN * -39 -54 —45 46.8568 145
/NI Hi 15 -75 -30 48.0812 147
U | Vi -51 -54 -12 85.3478 404
By 3 5T R * -51 12 21 102.6201 1637
Fir 1] H 63 24 -9 86.4775 191
HIE 3 51 [l H 33 54 -3 67.9366 349
HAMm = H 24 21 51 78.689 419
LRI Vi —42 —69 24 88.8993 1103
Bt ) 54 —54 30 212.5594 693
iy Vi -3 -7 42 45.8226 100
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Figure 9. Different brain region among three group of within-network connectivity in LECN
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FRAETHH . RN I XA 10, % 4). FHERK AP, 5 LECN ANEMZ, WIGRMAERA
TERF 4 Ak X 5 RECN [ Th g 3 O BUAR T 59 W 2H 2 35 (0 T v sl B, T 4R 4L 5 i e X R 2 22 5=
AEEE 1.

Figure 10. Difference among three group of within-network connectiv-
ity in RECN
[ 10. RECN HIME N IhBE RN =HER

3.6. SN MR ERE=HEMNER

i spm TR AN =u i) SN AR A FEREAT SR 207 20 M AL 22 7t 5 35 I X B A
FEMEERA P Al BEATH AR RIS Z X (15 12, 4 5)o SRR I, A T 0 AN I RADASAL, 0T
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Table 4. Difference among three group of within-network connectivity in RECN (FWE P < 0.05)
% 4. RECN HIMZE A THREEIRHI = HER(FWE P < 0.05)

. \ MNI U AR AR 5
i IX. FBR F(2,74){H RZEEH
X Y Z
M [l H 66 —24 -12 43.2253 175
W el 51 -57 -9 120.8478 250
M L =] H 21 66 9 72.837 319
PR S50 i [l H 6 33 30 43.3452 120
5 5 AT | H 51 9 27 66.8534 116
TR A H 54 —48 39 162.0691 646
T L [A] H 24 54 57 141.5905 1053
| +H 36 30 30 56.3801 481
T L [A] Vi -21 —63 42 137.9987 358
TN A Vi —54 -51 39 134.3144 365
LT[R H 27 -6 51 101.9105 163
*kk kK
4 i i
(| m
3- dkk I
H kK s
N e —_ ! L
o oy | _ N = R
e 1 . i B=
y g —
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*: P <0.05; **: P <0.01; ***: P <0.001.
Figure 11. Different brain region among three group of within-network connectivity in RECN

11. RECN M4 A ThEEEEHNER KX

Table 5. Difference among three group of within-network connectivity in SN (FWE P < 0.05)
7= 5. SN BR8N TR IERE A = 4HZE 5 (FWE P < 0.05)

) MNI U A4
Jig X FBR F(2,74){H HEHH
X Y Z
I 5033 I 0 48 -9 90.7462 944
BERT o -6 —66 51 40.3888 193
BB X P -3 9 63 102.5893 767
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Figure 12. Difference among three group of within-network connectiv-
ity in SN
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*: P <0.05; #*: P <0.01; ***: P <0.001.
Figure 13. Different brain region among three group of within-network connec-
tivity in SN
B 13. SN W4 A IhRE RN E =KX

3.7. BTHEHIRLE . 5€ T P4 FORA A P45 59 P 4% 5] Th BE

fEH gift THRHAXTEIE ICA 73 R HREAN I 7S AN X 48 B 53 08 I (4 BT 18] 7 30 33647 196 196 1) 14 Bz 7K
AR 2, 3B FNC AR RE(E 144 18 15). E4LKF Exd = SRk T B =07 2 980T
RILEZE M Z 5 FEHIPL/E aDMN 5 vDMN, aDMN 5 SN, aDMN 5 SN, vDMN 5 RECN. LECN 5
SN L J2 LECN 5 SN [ Zh e 46i& 4z b(E 16), F/ERI R IIEIX L L, AXFTXTHRAE, Wi
PRV L FT AV 2H 2 Bt A (] 1) 10X % 1) R e e i 35 (151 17) .

3.8. ETF ICA HMLEAFIRLE B T aEE#E S IR R IR AT HE S 14
TEANARZH B35, aDMN A7 AMU A L Bl Th g iEH: S5 PANNS &% (r = -0.47, p < 0.05). LECN
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ANZEAMEA [ 1 Dh B 4% 5 PANNS F3K (r = —0.45, p < 0.05). LECN HUA7 {5 [FI K D) HEIE S 5 PANNS

HR(r=-0.67,p<0.001). LECN FZ M| & 55 5040~ B D) GEEH S5 HAMA SR (r = —0.42, p < 0.05)PA &

RECN A4 45+ [5] (1 Bh B2 5 PANNS BE£ (r = —0.46, p < 0.05)3 LR 2 HuE (& 18). T E LI

PRINARZH 4% rF , LECN FIZE (I A (3] 4 T g 1% 32 55 BDI-IT 838 L 3 S AR < (&1 19,1 = —0.47,p < 0.05).
TENLIG RATAB AL 4 X4, vDMN #1 RECN KD fgiE#: 5 BDI-II &% 28 & 5fUAH X (r = -0.54, p<0.01,

K 20).
1 1 1
aDMN| 0g  aDMN 0g  aDMN 0.8
06 06 oM 0.6
dbMN 0.4 0.4 0.4
vDMN - 02 yDMN 02 yDMN 02
i 0 0
LECN| 02 LECN 02 LECN 02
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RECN| 06 RECN 06 06
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aDMN dDMN vDMN LECN RECN SN

Figure 14. Group-level mean FNC connection matrix (from left to right, the control group, the subclinical depression group
and the depression group)

& 14. YA FNC EHEFEME(MNARAROR A RE, TisRINEPLAFNHIERE)

Figure 15. Group mean FNC connection ring map (left to right: control group, subclinical depression group, and depression
group)
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Figure 16. The significant different edges of one-way ANOVA of FNC among three groups (color bar is shown as F value)
& 16. =46 FNC BRZEAENTHEEMEFELERFZETAFE)
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Figure 17. The post-hoc test of one-way ANOVA of FNC among three groups for significant

edge
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Figure 18. The within-network functional connections of subjects in the depression group were significantly correlated

with PANNS and HAMA scale
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Figure 19. The within-network functional connections of subjects in the sub-
clinical depression group were significantly correlated with BDI-II scale
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Figure 20. The between-network functional connections of subjects in the
depression group were significantly correlated with BDI-II scale

B 20. TISHRAVEBA R MRS AEE S BDII BRM 248X M
4. Fig
4.1. TIGKSIGEKRAMMERNEBSIIGEEREREFERY

TEAHE TR IRATR I, LEERIN N 28 147 1 7 BRI R0 BROA WY 2 A5 SR BRI R 2 v, 3k 1 e (IR 2R A
] B2 510G X DA AR, A A A7 A I 35 2L 1) %) o DX, 3 2 0 P A A S5 iy [ L e 03 47085 [ 0 e B2 i
P8 2 UL S MV IR 010 TS AR AR 01T i 2 A S%oF i ko I 2EL 1) DX 8% PN D RE B 4 ) S o R P o A8 2 I 3RAT
25 161 DX 4% IR R I [RIRE R B0 HE T T A R 0 5 i X R ZEL 1T X 4% Y D e IR 1 i R B

BRI 268 2 2 i FRICRE AFF 56 5 2 OGUE I 67 53 = SO AN D RE I 2%, 4 AN 2 PRS2 3 ) £ K P LA R0
RGN EH RGBS BTN AR 2 W48 5 s B R sk, F HLAE K& B 70 5 H AR
E A [R] I PR AE IR IR R A2 2R (Kaiser et al., 2016; Mulders et al., 2015; Yan et al., 2019)— &%t 32 WAk 7211
EFEACF RO AT R, REAAIAE B8 5 FE A0 ] Py BROA W 2 PN S D e R e G n, 17 75 000 i A - 12 )=
DL S (BRI T 28 [X 35k ) T e e 32 HE B0 T P (Kaiser et al., 2015). X S5AMF I R IS B2 MR, &
B 55 R R BRI R RIS SRE 28 255 70 BR DA ) 248 P <50 194 265 4D i DX B, 958 e 000 35 7050 [ 0 A pAy ) 80 5% )
[ o DX DR e A FEIR 2R TR B J2 R R A D Re e T i) e e JF H, ERFEME PRI, IR

DOI: 10.12677/ap.2020.1011213 1836 o3 2


https://doi.org/10.12677/ap.2020.1011213

PIAISHE 58 25 A0 3 AMI AR E Bl S Re B0 R 5 5 PANNS 340 0T 2B R R, 1Z XTI
REEFZIRES, PANNS 15700k Er . Xk —0 Ui B, I RIDAIAE 25 25 76 1 S ER DA DX 28 It 2 e Mt 4l
[ F D B e H 1 i B P RS T A RN SR AN A P IR o 5 PR VAT i 22 DU 7 BRI I 45 T 0 T e i
el s R — 8, xR LG, S PR AR £ 2 00 P A0 55 s [ DA K 72 0 A M AL =] F0
FIEAM P 2 A ok [ RE R R BLE 38 T DR R T B, IX AT R R I I PRATEISRE 2655 7 H IS AR
SESAE R PR H9H [R50 H B T 5 s R A RE AR (A ) T BRI 3 5 0 o FUAH LU T ZE I PR AT AIS A £ v X BRI X 28 1Y
AThRREEZE R 2T, X I PRAVARIE 28 2 i BRI X 28 T R 42 22 S (R AR ST T b TR &R I Bt o

Bk T 2 BRI PR AV AISRE 9 2R PRIV AICRE o X 7 R A X 265 7 3 #0 HE B Th R e 12 T B LASL, 75 22 T
TOU 92 1) O 265 P9 1140 2 AN R 0t R B R ) ) 8 SR o A MDA 0T D e A T BRI (R RT3, R 1A VA R 290 3
W ARG, PSR, ARRRE, DUARERI AT . 7 AR T ) X 2, AR TR
HEE LT A, DR TR UG PR IARIE B35 751X — IR AA R TR B0 R %, IF B 5 INR52 450 %
(Mulders et al., 2015). Ff H7E Hwang et al. (2015) 5 S I A HIAL 2 A Jen-42 1) /0 2% RO AIF 52 bt R B T AR
EE 18 . 1X L8 5 A 58— B R I AT B 7 7 BRI D 7 SV s DR A0V IS JRE I DA S0 1S 5 Pl ) e PP 4% S
i I B BB

TEAN [ X 2% [ P 28 ()22 82 b, A PR R L, 799 2L 4t X0 A T b iy 58 SR DA XX 8% AR A 0 40 T 42 i Do) %
(OB S5 T L T O BRI 19X 28 AR (I BA AT 42 b DX 206 1) B SR o 7 00 T 1) DO 0 R 8 S T 4 P B i i
DA I8 BR O PX 58 1 98 W X 24 1 B i % e o DA L ) R oA R 243 1) 58 OISR A6 TR IT 55k B0 10
ISR £E 3 75 BR A D9 265 P 0 R 5 (0 BRI 28— 1 4 1 T e T 1 4 2 5 T e BB 2H (G et al, 2014), A%
T7F 0 1D P00 BRI 28 5 A 7 H ) 0 BROA D 28 AEABL o B AR 30 AR 6 Lo I I R VISR £ 5 BRI D 285 1)
AT 2 (B S Re e 8 AT IR R BT, AELAHIE ¢ b R SIL7E G R DA IR 28 0 A (B A T 4 i D) 2%
HHEE 5 1) T R F AL I PRADARAE 45X ) BDI-I 738U E B I SO OR R, 1K U B AR 72 A 1R R B
A BTG AR B S, 200 X T Ae 2 00 578 386 -G T BE B RS0 T I PRADARRE 4 X A S AR RE IR
=BT .

4.2. FIGEKSIEFMEERNFFSIEERREFERRYE

TE R I R 5 115 PRI ARE 7E 5 25 Dh e i 42 S W AR AR RV 2 A AR S5 SR [EII, ARt e 2E X I
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{235 ARG T =8 2 P I(1F s X (1L EA R e el B2 2 RY b e 1 570 RN I S 1 S - o N S [ TR S UK
7 B A TOE b TR A 00 [ DA R 2 5 P % v g 2 MR T AN 2 S B 2h X, ST I PAC SIS IE o 1K AR
T A B A BT HE A B SR Th RS, R PR ATAISE B 120 0 5 (g X HE A JE 2 2 I Th R e 4 22 57t
TEXS 6 AN B A3 14 I 285 [B) 32422 43 A o 6 B IV s PR AV RE A 7 20 0 R AT 4 1) D) 288 AR A B A T 42 i D1 2% 1)
D) 4% 1) Ty i T2 2 5 1 o R, (LI R HIVIORE Ao ) 5 i Rt BRLZEL A 2 o IR R IR AT RE R I, A TR
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TE DA S 2P SR (OO IF 045 B TC A 77 250 0 T4 1) D4 4% (V) T R SR BEAR FU ORI T 52D, — S8 1Y)
TTF 90358 AR 2 300 L S OIS RE 7 200 T00 % o) D 265 114 Do) 6% pA) S B A LU A RGP IR R 2 10 BT, R Bt LR
(X35, DL B BT [X 45 (Manoliu et al., 2014; Sexton et al., 2012). X5 A5 1 & I I A S0 ARAE £ 3 78 220
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AT 1) X 28 v R IO F) T R e 18 ik 1) X 3 AR A o 7E 53 — TR R I, 7E— NS 5 1R % )
S LT, VAT R R S AN A A S Ry A X B B T B IR, iZgE RS L
A R TP B SO S T S SR P 4% P S e M R B — 3R (Veer et al, 2010) 0 A FLAE 5 52 04 265 (14 I 2%
PRI L R, MR BT I A A ISR A 1k 7 2 5% o9 8% (1 2 M T DRI 22 N 4t Bz 3 [X 30077 B 5 )
Bz, X FTRESE BT A A R B PR AR B ™ B S DA T 2 K, TR R DU ALY
SEOL. TILEXS I PRADARRE FEAR FAH DGR FE b, 3B AR I ICA J7 31 10 9 I 4 AR A0 TH4% ol I 2% 1)
REE R 22 STk, ANA — R P2 TR 7 s iR I AR I, G RAMISAE B 307 A 0 T2 (=] ) 356
ANV (R0 2 250 ] 2 B H B A T B 2H B v PR i (Gao et al., 2016), 719 SR 1% 1T s ThRE
TR AUSRAN, T A0 R R S S T s T eI B . DRI, I LI A SRS AR AR R I
FRACAIRY, FE 25 R B AT T A8 2 B T A AR 3R I D BRI SR v SR 70 s B, RS R 1 X 3 5 4
06 ¥ 1R P Th RE B2 1) 55, T AN R A0 T o) D9 4% PN SR (0 T e e B, DALk, ek S AR RS AT E
B R L

BRI FE BEE AT 70 R B 45 SRR AL AT EL e MEE gl 4 b, (H, FERRR MO, BATE
PG PRADEICRE R TE 20 0500 el o A 0] B 2 3400 [ R A 0 380 e [ 5 X 45 PR T e 82 0 il 5 B )
PANNS 784 HAMA 1845 LBz PANNS 343 M1 56 X UL, A 70 R IR s ARAVARIE 1 120 78 22 45
THUAE 1) 10X 266 PN 25 A [X 35 1) B8 5026 42 T A 0k e gl X () AR RIS S PR AR A 2 A R w8 B il . DR ) 2
T A R B s PRIl A 7 A U200 T8 1) D) % P Dh e i 5 BDI-IL V4 Z [ S35 A DG, IX T RESZ
PET-FRATTERE A BRI PR R AT 5, AN BR 1) T FRAT TR 2R B8 22 3 5 LA S 401 1A PACE DR R I s PR A AT
S A E A 0 A0 T2 o D) 28 LA B 9 S I 4% PA) 11 5 R R B 2 AT I DR R INIRE ) (HUE, FRATTAOBIE R 45 2R
R, ETIEPRINAC A {4, vDMN 1 RECN (1) Zhfgi%E#H: 5 BDI-II &% £ I8 A, vDMN 4T
BRI 25 R AN S5 30, 78 AR S g ISR AL B A EE S B RS A DGO BEVE 31 DL K [
1A TS 2 T R % (Raichle, 2015), 1fif RECN 78 PAER FL A R B0 T4 2h g B A B ZE A 1E
T RAE 515 26 A0 S B Az )t FE 4y 7 BB A, ARG AR I RECN W48 R Dh e IE #2110 S
S8 v AN 2 B S 11 B IO R 65 X I 8% (1 00 o 428 1) 2R 20 23 DR Bk (Malhi et al., 2019). 7EAHF
FEHORIL, MG PRIDECAE £ 35 1) vDMN F1 RECN [0 £ (¥ 4% (8] Th REZE 82 1) 5 5 T = A AT T/ BDI-IT &
REMBEFE AR R U, EHVACE 2 B R, 5 I PRIDACEE B3 I Dhae %+ bk &
LT ARk, X AN I 285 B T RS 4 1) S T v T BB R I PR AT i 2 T X A AR 8 N i LA AL
BEAT AR, AR & 6 T AT B — D I E T I PR IARIE #F AR L, A 7E BDI-IT &3
R T VY

DRI, NS ST Fe gl St R, T LA HA 70 A A T4 i D] 248 4R T B 28 S I AR 0013 S5 AR 1 PR VT R
et Zze B 3y 7 EE A, T vDMN A1 RECN (1) /0 £% 18] Th A6 74 322 1 S5 5 T v vl A 2 0 I PR 3
IS I3 N 517 26 % URRE DR AR O (1) 8 22 (1) i 20 Al

5. &g

BT FEIETISL R BT 778, PSS R T [0 048 1 S I PR AR B R 00 IS E 6 3 A T I
NG DRE A 2% AR, ELARERAS 2% A D e IR AR M 2% (M) DB e e . VAR UG, AT 9T 1 B4R
PSR T B2 2R

1) IR 28 P 42 (1 T Y o DX — JRTET > M PA ISk ARSIV i A 00 I o A 15 e xR AL kAT
LR, # I T BTN X AE LECN 2551 vDMN 4% 4 If Th BRI #2 T B, 120 XA v 5 B FA

DOI: 10.12677/ap.2020.1011213 1838 LB


https://doi.org/10.12677/ap.2020.1011213

H B ARG HIIAX 8 5 DA R ) S o 4 ) o 4 A 1 ) D REEE 46 F) S5 5 98 v T 5 IS IS 3 m 4
PN BT S A REE A o 22180 DX A I AR ST HIRE AR I s A FAIAIS AR KT T 15 A PR 46 S 1 P S ¥ 384k, FTRERE S
R A S A IEISE DR AE 18 T BE RF SV AR Ak L BT AR Tt ) B B b 48 35

2) EMGFAZE R £, LECN A48 72 ik A FAIS I A0 IV i S0 A XS - I N ) 2% 322 2 A48 14 ) B A
W28 o X265 [0 X1 265 PN 45 (KD AR AL 55 RIS AE IR A 8 S 35 A R OR AR s 7 I A SV AE AR . s PR AT
TR ) NIRRT e LECN I 2 o Ze AU [R] L A5 0 B R 7 000 85 5 5 00 [ 5 o X 10 ) 5 1 3
I H A R

3) FEMZE AL JZ T, vDMN 5 RECN RIEBA T 1EH N 0 12 25 48 55 1] BE 2 S0k PRAIVAR 1Ry 5
PECSAS o S P W 45 1K) ) 245 ) 0 68 42 A8 IV i R 11V RIS 4L ) 7 o 404 95 mT RE VA 5 17 Al AT TRS S 00156 4 ) 4T 42
HIRES), AR Mt — P IR, vDMN A1 RECN HIERGMEE, AR, 10 3500 26 4 i rg
S5 .

ST 2 AT T — SE 3 T D BEE 122 ) IV My PR VRIS A R IO E £ 8 2 A R0 e e L)
—OMERRE SRR, X TS SR ORI — e AR R

SE

Beckmann, C. F., & Smith, S. M. (2004). Probabilistic Independent Component Analysis for Functional Magnetic Reson-
ance Imaging. IEEFE Transactions on Medical Imaging, 23, 137-152. https://doi.org/10.1109/TM1.2003.822821

Brdar, 1. (2014). Positive and Negative Affect Schedule (PANAS). In Encyclopedia of Quality of Life and Well-Being Re-
search. Berlin: Springer. https://doi.org/10.1007/978-94-007-0753-5_2212

Calhoun, V. D., Adali, T., Pearlson, G. D., & Pekar, J. J. (2001). A Method for Making Group Inferences from Functional
MRI Data Using Independent Component Analysis. Human Brain Mapping, 14, No. 3. https://doi.org/10.1002/hbm.1048

Cuijpers, P., Koole, S. L., Van Dijke, A., Roca, M., Li, J., & Reynolds, C. F. (2014). Psychotherapy for Subclinical Depres-
sion: Meta-Analysis. British Journal of Psychiatry, 205, 268-274. https://doi.org/10.1192/bjp.bp.113.138784

Diener, C., Kuehner, C., Brusniak, W., Ubl, B., Wessa, M., & Flor, H. (2012). A Meta-Analysis of Neurofunctional Imaging
Studies of Emotion and Cognition in Major Depression. Neurolmage, 61, 677-685.
https://doi.org/10.1016/j.neuroimage.2012.04.005

Friedrich, M. J. (2017). Depression Is the Leading Cause of Disability Around the World. JAMA4, 317, 1517.
https://doi.org/10.1001/jama.2017.3826

Gao, C., Wenhua, L., Liu, Y., Ruan, X., Chen, X., Liu, L., & Jiang, X. (2016). Decreased Subcortical and Increased Cortical
Degree Centrality in a Nonclinical College Student Sample with subclinical Depressive Symptoms: A Resting-State fMRI
Study. Frontiers in Human Neuroscience, 10, 617. https://doi.org/10.3389/fnhum.2016.00617

Gotlib, I. H., & Joormann, J. (2010). Cognition and Depression: Current Status and Future Directions. In Annual Review of
Clinical Psychology, 6, 285-312. https://doi.org/10.1146/annurev.clinpsy.121208.131305

Guo, W., Liu, F., Zhang, J., Zhang, Z., Yu, L., Liu, J., Chen, H., & Xiao, C. (2014). Abnormal Default-Mode Network Ho-
mogeneity in First-Episode, Drug-Naive Major Depressive Disorder. PLoS ONE, 9, €91102.
https://doi.org/10.1371/journal.pone.0091102

He, H., Yu, Q., Du, Y., Vergara, V., Victor, T. A., Drevets, W. C., Savitz, J. B., Jiang, T., Sui, J., & Calhoun, V. D. (2016).
Resting-State Functional Network Connectivity in Prefrontal Regions Differs between Unmedicated Patients with Bipolar
and Major Depressive Disorders. Journal of Affective Disorders, 190, 483-493. https://doi.org/10.1016/j.jad.2015.10.042

Hwang, J. W., Egorova, N., Yang, X. Q., Zhang, W. Y., Chen, J., Yang, X. Y., Hu, L. J., Sun, S., Tu, Y., & Kong, J. (2015).
Subthreshold Depression Is Associated with Impaired Restingstate Functional Connectivity of the Cognitive Control Net-
work. Translational Psychiatry, 5, e683. https://doi.org/10.1038/tp.2015.174

Hwang, J. W., Xin, S. C., Ou, Y. M., Zhang, W. Y., Liang, Y. L., Chen, J., Yang, X. Q., Chen, X. Y., Guo, T. W., Yang, X.
J., Ma, W. H,, Li, J., Zhao, B. C., Tu, Y., & Kong, J. (2016). Enhanced Default Mode Network Connectivity with Ventral
Striatum in Subthreshold Depression Individuals. Journal of Psychiatric Research, 76, 111-120.
https://doi.org/10.1016/j.jpsychires.2016.02.005

Kaiser, R. H., Andrews-Hanna, J. R., Wager, T. D., & Pizzagalli, D. A. (2015). Large-Scale Network Dysfunction in Major
Depressive Disorder: A Meta-Analysis of Resting-State Functional Connectivity. JAMA Psychiatry, 72, 603-611.
https://doi.org/10.1001/jamapsychiatry.2015.0071

DOI: 10.12677/ap.2020.1011213 1839 LB


https://doi.org/10.12677/ap.2020.1011213
https://doi.org/10.1109/TMI.2003.822821
https://doi.org/10.1007/978-94-007-0753-5_2212
https://doi.org/10.1002/hbm.1048
https://doi.org/10.1192/bjp.bp.113.138784
https://doi.org/10.1016/j.neuroimage.2012.04.005
https://doi.org/10.1001/jama.2017.3826
https://doi.org/10.3389/fnhum.2016.00617
https://doi.org/10.1146/annurev.clinpsy.121208.131305
https://doi.org/10.1371/journal.pone.0091102
https://doi.org/10.1016/j.jad.2015.10.042
https://doi.org/10.1038/tp.2015.174
https://doi.org/10.1016/j.jpsychires.2016.02.005
https://doi.org/10.1001/jamapsychiatry.2015.0071

Kaiser, R. H., Whitfield-Gabrieli, S., Dillon, D. G., Goer, F., Beltzer, M., Minkel, J., Smoski, M., Dichter, G., & Pizzagalli,
D. A. (2016). Dynamic Resting-State Functional Connectivity in Major Depression. Neuropsychopharmacology, 41,
1822-1830. https://doi.org/10.1038/npp.2015.352

Koshiyama, D., Fukunaga, M., Okada, N., Morita, K., Nemoto, K., Usui, K., Yamamori, H., Yasuda, Y., Fujimoto, M., Kudo,
N., Azechi, H., Watanabe, Y., Hashimoto, N., Narita, H., Kusumi, I., Ohi, K., Shimada, T., Kataoka, Y., Yamamoto, M. et
al. (2020). White Matter Microstructural Alterations across Four Major Psychiatric Disorders: Mega-Analysis Study in
2937 Individuals. Molecular Psychiatry, 25, 883-895. https://doi.org/10.1038/s41380-019-0553-7

Liu, F., Wang, Y., Li, M., Wang, W., Li, R., Zhang, Z., Lu, G., & Chen, H. (2017). Dynamic Functional Network Connectiv-
ity in Idiopathic Generalized Epilepsy with Generalized Tonic-Clonic Seizure. Human Brain Mapping, 38, No. 2.
https://doi.org/10.1002/hbm.23430

Malhi, G. S., Das, P., Outhred, T., Gessler, D., John Mann, J., & Bryant, R. (2019). Cognitive and Emotional Impairments
Underpinning Suicidal Activity in Patients with Mood Disorders: An fMRI Study. Acta Psychiatrica Scandinavica, 139,
No. 5. https://doi.org/10.1111/acps.13022

Manoliu, A., Meng, C., Brandl, F., Doll, A., Tahmasian, M., Scherr, M., Schwerthoffer, D., Zimmer, C., Forstl, H., Baduml, J.,
Riedl, V., Wohlschldger, A. M., & Sorg, C. (2014). Insular Dysfunction within the Salience Network Is Associated with
Severity of Symptoms and Aberrant Inter-Network Connectivity in Major Depressive Disorder. Frontiers in Human Neu-
roscience, 7, 930. https://doi.org/10.3389/fnhum.2013.00930

Mulders, P. C., van Eijndhoven, P. F., Schene, A. H., Beckmann, C. F., & Tendolkar, I. (2015). Resting-State Functional
Connectivity in Major Depressive Disorder: A Review. Neuroscience and Biobehavioral Reviews, 56, 330-344.
https://doi.org/10.1016/j.neubiorev.2015.07.014

Price, J. L., & Drevets, W. C. (2012). Neural Circuits Underlying the Pathophysiology of Mood Disorders. Trends in Cogni-
tive Sciences, 16, 61-71. https://doi.org/10.1016/j.tics.2011.12.011

Raichle, M. E. (2015). The Brain’s Default Mode Network. Annual Review of Neuroscience, 15, 433-447.
https://doi.org/10.1146/annurev-neuro-071013-014030

Rashid, B., Arbabshirani, M. R., Damaraju, E., Cetin, M. S., Miller, R., Pearlson, G. D., & Calhoun, V. D. (2016). Classifi-
cation of Schizophrenia and Bipolar Patients Using Static and Dynamic Resting-State fMRI Brain Connectivity. Neurol-
mage, 134, 645-657. https://doi.org/10.1016/j.neuroimage.2016.04.051

Rashid, B., Chen, J., Rashid, 1., Damaraju, E., Liu, J., Miller, R., Agcaoglu, O., van Erp, T. G. M., Lim, K. O., Turner, J. A.,
Mathalon, D. H., Ford, J. M., Voyvodic, J., Mueller, B. A., Belger, A., McEwen, S., Potkin, S. G., Preda, A., Bustillo, J.
R., et al. (2019). A Framework for Linking Resting-State Chronnectome/Genome Features in Schizophrenia: A Pilot
Study. Neurolmage, 184, 843-854. https://doi.org/10.1016/j.neuroimage.2018.10.004

Richter, P., Werner, J., Heerlein, A., Kraus, A., & Sauer, H. (1998). On the Validity of the Beck Depression Inventory. A
Review. Psychopathology, 31, 160-168. https://doi.org/10.1159/000066239

Rucci, P., Gherardi, S., Tansella, M., Piccinelli, M., Berardi, D., Bisoffi, G., Corsino, M. A., & Pini, S. (2003). Subthreshold
Psychiatric Disorders in Primary Care: Prevalence and Associated Characteristics. Journal of Affective Disorders, 76,
171-181. https://doi.org/10.1016/S0165-0327(02)00087-3

Salman, M. S., Du, Y., Lin, D., Fu, Z., Fedorov, A., Damaraju, E., Sui, J., Chen, J., Mayer, A. R., Posse, S., Mathalon, D. H.,
Ford, J. M., Van Erp, T., & Calhoun, V. D. (2019). Group ICA for Identifying Biomarkers in Schizophrenia: “Adaptive”
Networks via Spatially Constrained ICA Show More Sensitivity to Group Differences than Spatio-Temporal Regression.
Neurolmage: Clinical, 22, 101747. https://doi.org/10.1016/j.nicl.2019.101747

Segal, D. L. (2010). Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR). In: The Corsini Encyclopedia of
Psychology. https://doi.org/10.1002/9780470479216.corpsy0271

Sexton, C. E., Allan, C. L., Le Masurier, M., McDermott, L. M., Kalu, U. G., Herrmann, L. L., Mé&urer, M., Bradley, K. M.,
Mackay, C. E., & Ebmeier, K. P. (2012). Magnetic resonance imaging in late-life depression: Multimodal examination of
network disruption. Archives of General Psychiatry, 69, 680-689. https://doi.org/10.1001/archgenpsychiatry.2011.1862

Szymkowicz, S. M., Woods, A. J., Dotson, V. M., Porges, E. C., Nissim, N. R., O’Shea, A., Cohen, R. A., & Ebner, N. C.
(2019). Associations between Subclinical Depressive Symptoms and Reduced Brain Volume in Middle-Aged to Older
Adults. Aging and Mental Health, 23, 819-830. https://doi.org/10.1080/13607863.2018.1432030

Tahmasebi, A. M., Abolmaesumi, P., Zheng, Z. Z., Munhall, K. G., & Johnsrude, I. S. (2009). Reducing Inter-Subject Ana-
tomical Variation: Effect of Normalization Method on Sensitivity of Functional Magnetic Resonance Imaging Data Anal-
ysis in Auditory Cortex and the Superior Temporal Region. Neurolmage, 47, 1522-1531.
https://doi.org/10.1016/j.neuroimage.2009.05.047

Veer, 1. M., Beckmann, C. F., van Tol, M. J., Ferrarini, L., Milles, J., Veltman, D. J., Aleman, A., van Buchem, M. A., van
der Wee, N. J., & Rombouts, S. A. R. B. (2010). Whole Brain Resting-State Analysis Reveals Decreased Functional Con-
nectivity in Major Depression. Frontiers in Systems Neuroscience, 4, 41. https://doi.org/10.3389/fnsys.2010.0004 1

DOI: 10.12677/ap.2020.1011213 1840 o3 2


https://doi.org/10.12677/ap.2020.1011213
https://doi.org/10.1038/npp.2015.352
https://doi.org/10.1038/s41380-019-0553-7
https://doi.org/10.1002/hbm.23430
https://doi.org/10.1111/acps.13022
https://doi.org/10.3389/fnhum.2013.00930
https://doi.org/10.1016/j.neubiorev.2015.07.014
https://doi.org/10.1016/j.tics.2011.12.011
https://doi.org/10.1146/annurev-neuro-071013-014030
https://doi.org/10.1016/j.neuroimage.2016.04.051
https://doi.org/10.1016/j.neuroimage.2018.10.004
https://doi.org/10.1159/000066239
https://doi.org/10.1016/S0165-0327(02)00087-3
https://doi.org/10.1016/j.nicl.2019.101747
https://doi.org/10.1002/9780470479216.corpsy0271
https://doi.org/10.1001/archgenpsychiatry.2011.1862
https://doi.org/10.1080/13607863.2018.1432030
https://doi.org/10.1016/j.neuroimage.2009.05.047
https://doi.org/10.3389/fnsys.2010.00041

Wang, L., Liu, Q., Shen, H., Li, H., & Hu, D. (2015). Large-Scale Functional Brain Network Changes in Taxi Drivers: Evi-
dence from Resting-State fMRI. Human Brain Mapping, 36, No. 3. https://doi.org/10.1002/hbm.22670

WHO ICD-10. (2016). International Statistical Classification of Diseases and Related Health Problems, 10th Revision
(ICD-10). World Health Organization.

Yan, C. G., Chen, X., Li, L., Castellanos, F. X., Bai, T. J., Bo, Q. J., Cao, J., Chen, G. M., Chen, N. X., Chen, W., Cheng, C.,
Cheng, Y. Q., Cui, X. L., Duan, J., Fang, Y. R., Gong, Q. Y., Guo, W. Bin, Hou, Z. H., Hu, L. et al. (2019). Reduced De-
fault Mode Network Functional Connectivity in Patients with Recurrent Major Depressive Disorder. Proceedings of the
National Academy of Sciences of the United States of America, 116, 9078-9083. https://doi.org/10.1073/pnas.1900390116

Yokoyama, S., Okamoto, Y., Takagaki, K., Okada, G., Takamura, M., Mori, A., Shiota, S., Ichikawa, N., Jinnin, R., & Ya-
mawaki, S. (2018). Effects of Behavioral Activation on Default Mode Network Connectivity in Subthreshold Depression:
A Preliminary Resting-State fMRI Study. Journal of Affective Disorders, 227, 156-163.
https://doi.org/10.1016/j.jad.2017.10.021

Zhi, D., Calhoun, V. D., Lv, L., Ma, X., Ke, Q., Fu, Z., Du, Y., Yang, Y., Yang, X., Pan, M., Qi, S., Jiang, R., Yu, Q., & Sui,
J. (2018). Aberrant Dynamic Functional Network Connectivity and Graph Properties in Major Depressive Disorder. Fron-
tiers in Psychiatry, 9, 1-11. https://doi.org/10.3389/fpsyt.2018.00339

DOI: 10.12677/ap.2020.1011213 1841 LB


https://doi.org/10.12677/ap.2020.1011213
https://doi.org/10.1002/hbm.22670
https://doi.org/10.1073/pnas.1900390116
https://doi.org/10.1016/j.jad.2017.10.021
https://doi.org/10.3389/fpsyt.2018.00339

	亚临床抑郁和临床抑郁症患者认知改变相关的大尺度功能脑网络的变化
	摘  要
	关键词
	Changes in Large-Scale Functional Brain Networks Associated with Cognitive Change in Patients with Subclinical Depression and Clinical Depression
	Abstract
	Keywords
	1. 研究背景
	2. 研究方法
	2.1. 被试
	2.2. 图像采集和预处理
	2.3. 基于组水平的独立成分分析
	2.4. 静态网络间连接构建
	2.5. 统计分析

	3. 研究结果
	3.1. 基于组水平的独立成分分析
	3.2. aDMN网络内连接在三组间的差异
	3.3. vDMN网络内连接在三组间的差异
	3.4. LECN网络内连接在三组间的差异
	3.5. RECN网络内连接在三组间的差异
	3.6. SN网络内连接在三组间的差异
	3.7. 额顶控制网络、突显网络和默认网络的网络间功能连接
	3.8. 基于ICA的网络内和网络间功能连接与临床指标的相关性

	4. 讨论
	4.1. 亚临床与临床抑郁症的静态功能连接异常存在相似性
	4.2. 亚临床与临床抑郁症的静态功能连接异常存在特异性

	5. 结论
	参考文献

