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Differences in Resting-State Functional Network between
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Late-life depression(LLD) is overshadowed by the general physical symptoms of the elderly, making it difficult to diagnose and
treatment accurately. In the rs-fMRI study, salience network is a suitable network to describe emotional control and goal-directed
behavior processes related to depression symptoms, and is known to be an important network for therapeutic effects, but studies
for depressed elderly people are lacking. In this study, we compared the resting-state of 18 LLD group (GDS M=21.78 SD=3.30)
and 18 randomized control group(GDS M=8.78 SD=4.42). We used a network based statistic (NBS) for searching network
dynamics within the salience network(intra/inter). Thus, connectivity within salience network(caudate-amygdala) was significantly
lower in the depressed group, and connectivity between networks(insula-prefrontal cortex-lateral parietal cortex) was found to be
contrary to the prior study. In addition, we used a graph theory analysis for identifying inconsistent network topology between
groups, LLD group was found to be significantly lower in the small-worldness and clustering coefficient(salience network, default
mode network, temporal lobe) although there were no differences between the two groups in characteristic path length. Reduced
intra-network connectivity seems to be related to difficulties in behavior and emotion regulation, while reduced inter-network
connectivity seems to reflect a reduction in goal-directed behavior rather than a negative reflection on the past. The results of
this study suggest that there is intended to help neuropsychological understanding of the symptoms of depressed elderly people,
and also help with treatment using TMS(transcranial magnetic stimulation) by examining areas of poor network connectivity and
efficiency.
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Aol " Qs (Glover & Srinivasan, & FHACR AFdt= AmE ALs|k shed], 1 SO

2013), A} A=mFE sh= d ofgzol Atk ol = A AT A7IASH (transcranial magnetic stimulation)

$or UBUe F4E° kdrlo dutdoR U=
ARkl A7) Astel 7hA o] of2-e-w (Hays,
Saunders, Flint, Kaplan, & Blazer, 1997), ®FH2-22]l k&4
ok 92570 ] HAaHA de A7t 30-40%=
7] wjEo|th(Roose & Schatzberg, 2005). ©]o] 2F&Eo|ut

o Amai= ¥ F959 FA7] YEH L (resting—state
network) 924 (connectivity)?} AF U= Aoz dHA
Ith(Fox, Halko, FEldaief, & Pascual-Leone, 2012). ZESt
o T T8 AN A FelA §27] HESA

a4 (efficiency) 9] #ole Glgole] A4 olsiE
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A ATHSuo et al., 2018). Wb 54 T o
7] YEYAS d8A4% asAd] E4& AT
29 A7 A9 adsS W S HHH o]
= B9 opye}, AR A=Y 22 HAE A
-85 HASAZIHAE G9HAQl X A=92E Zed
E2o] = Ao|thFox & Greicius, 2010).

7] e §27] YEHQA & @24 YUEHA
(salience network, SN)&= AAZ oA L= Thefst 5
A9 AAsHAQl olflE T9m, XzaTte] Fasgh
EHa=z dreFHtH(Volkmar, 2005; Peters, Dunlop, &
Downar, 2016). o] YEY3aLE u|= AdiAo A (dorsal
anterior cingulate cortex)¥t A= A (anterior insula) &2
olFox 1d g9 (Downar, Crawley, Mikulis, & Davis,
2000; Menon, 2011) @ m]AH(caudate nucleus), A]AF
(thalamus), Al (hypothalamus), 27149 (putamen)
W AEA(amygdala)2 o]FolX md sf gdor 74
Hct(Seeley et al, 2007; Shirer, Ryali, Rykhlevskaia,
Menon, & Greicius, 2012). SN 9224} Tste] &
74A19] eE Helrh x|, SNUjollx 957t 944
Hal= AA 28T dF Qe AeE yeidth 3T
oA H=AeH v HAoiAw]H(dorsal anterior cingulate
cortex, dACC)9] AZAJo] AT Hls] AHstd AL
FAAQ A=of izt AAxHY ofy g} Belse Ao
2 YePd e (Johnstone, van Reekum, Urry, Kalin,
Davidson, 2007; Veer et al., 2010), *E& H= A
(right anterior insula)¥t At 9 A= HYG9 <
4 Aol 2589 AZEe Aol Sl AR UE
thH(Manoliu et al., 2014). gt SN} ofE YHESQZ 719
44 Hste F71eH AeHde AYshs Ao® ek
tH(Sridharan, Levitin, & Menon, 2008; Hamilton, Chen,
& Gotlib, 2013). F713Hd FFHE FA1719 7|2 RE
Y EY T (default mode network, DMN) Arejollx] Hlojit
A B T #HAE HAA-5A4 YEY I (executive control
network, ECN)& H25HA| Hi= @Alo|A SNol FAfst=
Wgow, oF eFoRRY P HHE T FOf #
A 719 2 AL A S HAAA FRAFH
Q1 FEol UEA E= A AEAAolet wet
Z= QtHGoulden et al., 2014; Menon, 2015). ©] A oA

£ HEIEST d840] U= A2 9F oz RE
AEE WA Hojk PFoz 47 oA Y=th= As
ojn|gtck(Yuen et al., 2014).
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ECN9] W& & HHFn A (dorsal lateral prefrontal
cortex), DMN9] ZtjAtu] A (posterior cingulate cortex) 2
2719 A (precuneus) 1] Aol =2 AoZ Yeptt
(Yuen et al., 2014). & t}2 AFoAE ECNO HiZ HA
SF1A(dorsolateral prefrontal cortex), 45 5% A (superior
parietal lobe)¥ SN =A s} JAA 7| A8 (basal
ganglia), 55 XA (ventral striatum) 2 Al (thalamus) <]
Ao Ad4o] ST Eohdt AHle Aoz u
Bton, ECN9| 2= HAFu4d, DMN9| H& HdF
A(medial prefrontal cortex), o1& A (inferior parietal
lobe) 9 &= tjAto] A (posterior cingulate cortex)T SN2
Adidmde] 271 AZdo] 29 AZAEet Aol gl
Aow UeE, ECNY & AdFnd 3 =
I SNO| MY 7F fAad A48 A 759 A48
o= Ao@ YeRTHLI et al, 2017). SN9| F&
HEAE SHoE 2% =59 X YEYT 4
ZARE AFolAE 5 HEAR} 95 Y 72 (right
middle occipital gyrus)®] FrAE AZAJo] QIA|IA o
2473 (verbal fluency)dt &2F & HAHdigit span test)] 4
P A Aol gle AoE UstHYue et al,
2013). ool A8 AAEs FAONEH, &% koI5
SNUj9] 242 A=A Had Aoz yetod, SN
oF ok HESA 1t AZAAE duEA] 42 At B
E QU

(]

4
18 o oX X
o o & w2 1r

Y,
o,

ZaRIR: =
T Buziarl FEAE Aog BuEy 9rhRaz et al,
1997; Scahill et al., 2003). | WIEHZ AFoA] F22Q
dd4o] 715AQ A4 FdE Aol HAeRE o
F2 A £ Q7] gEol(Honey et al, 2009; Park, &
Friston, 2013), 7|54 A4l thgh AFolAle = Fujo
FFS iAok Zo] Hasi.

E3t APAFANNAY A7AES] A7l whet AH
SF Ao PY(seed region)= FHOR AARL ZolE &

olt
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A3 719 SA (network

odEx%cﬂ O]:/\]—Q M-J—l%i _/’\_ %\% 74 oz Aﬂﬂ-ﬂq.

e M4 Ho] YEHAS maide 1z o]&(graph
theory) 22 EA& 4 Qltk(Bullmore & Sporns, 2009).
Yol FHEAZ}FLS AFACR 7} 7l5S FEotl e
okel YEYTY Eget AA| HEHAY Foto] HFH
ggdol SdgtEE 22 A YWEYA(small-world
network)®] HAS ZH=th HdF FHAS(clustering
coefficient) = AA HEHF7}L 7152 cr & 2
E Jehjs A Fo|t}h, N9 ZAAQl oHxt oA
25 AP 4o AvEo] AAP 7t
Fo] YA Frol =oAL A=
&7 (local efficiency)®t =2 AHA/g3o] Qlr}. X
Zroll HA=Zole] Atagilel B A=
Ol(characterlstlc path length)= A HESZZ} 7|54

A B9 e Amoln] Autd aaA
(g obal efficiency)t= F4 A3to] qlrh. 22 At HES
F(small-world network)e= HdZdATE FHHFF22
o|F Whr #o= BowHATY gro]l A3 BAFGH=Z
o7} AgE o] 2 AAW, M §&H w44 §

ST=T ey |
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A AEoA Ze|7h A
W(Lim, Jung, & Aizenstein, 2013) TN A
Aget BHAHARZolo Fho] ¥ w2 Zom HIEI
QltHAjilore et al.,, 2014). ¥ 99=9 A3 Ae 7+ A
T or dE4S Aot 7154 924 diEME A
o b B HAS, B DR =Edolet A2 AT ‘-ﬂE
A HroA "k 7t zZpel7b gAY Bohr et al., 2013), ¢
=HTolA AR o] w2 =44 aaAdT 22
AR YEQaZE e Aor HUET QJuhli et al,
2015). & @Al diFt 929 A= 7153Hweighted)d
Fo2 Aot ATES AMEY, XA AZAAAN &
o] BrdATE o A, g Edols o

W2 Aoz YedthShin et al, 2018). &, A I HE

Y2 A ;R ZEfe} S| A& Ao|7t A @A B
HA o

oot AT et olgE FAsiY, WA ¥ o5
7 AAge olEioR BAT A7k VEQAE T
Ael] Ste ARAEE xst shgon, ol W 4os
7 AR ognt 4" Aol gt B¢ d9E
Bwol 49 oz adg Aow 724 Ad4 a7l 4
Sl oA Flat AXY ¥ golo] wet st Foret
Az} Aolste] A wet YEYD B8

S gyoh AsHste] ] 2ES WED T 4B

et 7hEehd gez st dde Aolste] HEYA
o made YT, W JRARS] dAA] aads
o5 2 e Aoz Helg
2ol 7154 T HEAY d24 HelE 7t
2o I Weph 929 k=UEY AVl HAN
de 7FsAE AEshE 4 Ao = kdsolA 719

IRE QIA|7)S Astol] et Sa= AJEs] 25] Kk
#A 24 (Elderkin-Thompson, Hellemann, Pham, &
Kumar, 2009; Lee, Liu, Wai, Ko, & Lee, 2013), ¥ ¢
9] A5 Qage] sk 923 kolSelA Leht
B s Aue Bast ot

=1} Jr_]f H X d449 B4
23 LolEe a
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s 9190,

SHHo g FER HISE kS FAEH Bl 7154 4
A4 v }51 25 syl ol el WA 7 W d9=9
Hojo|Ae] Hab ztol7t 7]eA AAde] wAZAT el nA
S HiAlsH ] Qo 72t ¥ P9 Fu s A7t o
He 7+ J9E9] Fujof| Zol7t Q= A sttt Egt
7% AAA %01]/\1 Aot JH(seed region) e FAHOE

slolt, NBSE AHgste] ¥ uE9)a
9 A IHE A% I FIH A, 53,

SNe| Fad 999 Agn AN 4GS FHoR e
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e, EMS; Chey, 2007), =39 A
A Hmodified Trail Making Test, mTMT;
Park & Chey, 2003) % A& 21734 HAHSeoul
Neuropsychological Screening Battery, SNSB; Kang, Jang
& Na, 2012)9] st=mt MAF-tho] AEE AAHKorea—color
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stroop test, K-CWST)®F <o
(Controlled Oral Word Association Test, COWAT)E A
yopoiet. ERh MA X UEAS] &S A6k

£ 7] AAAE AREHoE ARt oF Y|
EQ(binary network)2 ZolstA] ¢t HAZAA ko] uet
IS = UESA(weighted network)Z goJsto] & 4
o 7F AA4de Hrp Hds] grgste] A6,

word T3 A

Y o

A7 kRt
2 AFE K& YHo| AFshe & 604 o] welaf 1
92t M-S AR k=Rl ARRA 4h, 17, =1
3t Z2AE(Korean Social Life, Health and Aging
Project: KSHAP) ol ofstal Sl siid 5 43 4178423
7H2015Q) 0l ot kRlEs e R XA & 195
Y F A7]3H 9 (magnetic resonance imaging, MRI) Z
G Al Edel AP e 2 AW - HES 5 HAge] g
AHE A Aol =gol, MRI #4 At §l= 7k
MMSE-DS #47F Bt o=z R e - 155D o) Hlojit <l
2] ezt o4 Ei= AE ARk 809 kole o=
MRI #9Z stalrh. 1 FollA =7 gAdo= QI Am
o] etd7do] oiE= tiidAE HiAlsH ] Ash 7154 X @
& Amel AEE AW 3° ol -(rotation), 3mm O
o5 (translation)°] IAH 1272 A LJstGint. olF & =9
& I (geriatric depression scale, GDS) HTHd 18H<
71Elo® 187 oldell didste 18WS & Hdo= A4
Stinh =T Hwd AdHuge-s sk fI5ke,
ZAnjgh &o] JiEE +F(GDS 16~173) 482 ALl
469 5 18 FAOR FESHGTh & S+ AAdietw
A8 4 2] 911 3] (institutional  review board, IRB)Z%E]
QlE HotTh HE XTEAlA dte] wiAE =4, 4at
HHA ol gt F&g A9 Algsty Ausos T2

F 248 o R 239 4FBS AT

T

A AEG 7Ho] A AAHMini-Mental State Examination
for Dementia Screening, MMSE-DS). Z7to]AAIFe A AL
(Mini—Mental State Examination)+= Folstein, Folstein, 1
211 McHugh(1975)7F 7Rt AAZ 2w AUAANE 2
A= ok AE9 QA AstE 7R o o Al Sl
of RIFES}t Bolxrt 45 Xuf AE Zoln, H AlA

—

Aoz 7P de olgEH1 ot B AFoAs oA
A Hotwlo] BZE3HE MMSE-DSHan et al., 201002
Aget o™, O vt ZF JlQlel ARt g £5& 1
et o)A BForRE - 1.55D o4 Hlofi} 914
o7t o = AE iAlsE] flete] ARSE ST

9l & A (Geriatric Depression Scale, GDS)9] gH=o]
. Yesavage 5(1983)0] 7Hiet Lol AL E Sh=rmo
=2 54 4 ®ictsto] mFeRRt ol & AL FAE AR
St (Jung, Kwak, Joe, & Lee, 1997). ©] HAl= 30+%
o=z FHE 304011 HHUt =2 8 o0l 222
LrEbde: dvrd oz 18-S A dd 4= HA 16-17
e =29 2 AR 950w ER3HBae & Cho,
2004). & AollA 184 ol k¢S ¢& Adow A
Hol7] 9l AFEE STk

A5 SH=F

d&8 A5 AL 48(Korean—WechslerAdult Intelligence
Scale-IV, K-WAIS-1V). €&8 A5 HAHWAIS-IV) 9]
st=olet AAE (Hwang, Kim, Park, Choi, & Hong,
2012), & AolAe durAel 59 aE2 dotlr] fldl
o]9](¢dofe] g A=, durAQl Qo Als, dofol tigt A

Aot YBFERAL 8, A4H 29 58, At F
€ s e e ARSSHlth(Lichtenberger &

T A4 & s 24" AR Sl7] HAHMTMDE Al
, TS EE 2 854 5= ¥
7¥sF 4 Qlth(Park & Chey, 2003). 3t ghaut AAF o
AEF AHK-CWST)E Algstaer, ol At At 60
Z el 22 $719F Az 97] AARR A Ell. F=
T4 7% A, 7o Ao A 2 oA FYe SAot
AAtolth(Kang, Jang, & Na, 2012). A@715e Az
Aret 2EF HARY] 1M A|4(Interference) 2 S5t
o, Z} A5 e} Zo] AXtETH mTMT Interference
= mTMTc AIZH-{mTMTa A7t + mTMTb A|7H/2),
K-CWST w87 3g5ks -

lo
N
2

[t

rr

N
ot
¥R >

Stroop Interference =

K-CWST A7Z<el7] Auke

Aol.

Apgel dejdl 19e HelFI AHEO] of
Fslrs st PA 1

929 HAH
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(Korea—Boston Naming Test, K-BNT; Park & Chey,
200002t A= A7BAAA A AR 5 Tol A A
AHCOWAT) &, MTE =251 AR 60 ol H
T QoA Fdie B2 FRE "ote HARK! ¥HF 534
HArHcategory fluency test)E AlFotArHKang, Chin, Na,
Lee, & Park, 2000). 1oji}Ae 7+ AAL 32| Av¥t-S 4

2 AHgstint

A Fk. K-CWSTolA gof <7] dAlo] Arts gt
mTMToA S22t Sl7]9] ARks ARt g2 ARSI,

2] 719, Ad719E SA5k] s EMS AfAIRE 2ot
" 22 = HAHDigit Span Test, DST)9F 337+ & A}
P2

(Spatial Span Test, SST)S Al35tAct. DSTE =744l o

o2 3AFe] E(span)S ZA5H7] Yl £35] AFREH F9

g, w7 71, A 719 FEe SAske Aotk Song
] Z

o 1=
& Chey, 2006). SST= Al-57HA<I

(B |

lN'

R oot S A e, £ AFols
T A ATR wesb] ARl 2448 4
Y2 Agorck

vorr o2 E

s} 7|9, Ao

S ZA5t7] 18l EMSe] 23d 9l
o] g5 ZHAHElderly Verbal Learning Test, EVLT)2} ©]
of7] 3% AAKStory Recall Test, SRT)E Alfstact.
EVLTE A4 k919 97 k3ts vaste] doles 24
gF Lol Tolsky AR esdEht 59, Triet 47171
A 58, dold 719 HEH 58 Alel9] AdeAtE
S WrI5H7] $I9t =to]tH(Chey, Lee, Kim, & Kim, 2006).
SRT(An & Chey, 2004 A& 719 FA} 38| =23
7191 HAHlogical memory)?] 52 FA|5l0] = L olE9)
olopy] 34 TS Z4st7] ol /L= ek Chey, 2007).
A3t 7192 kel Qo] S5 HARY] 7R 349 ARk

ol

lo 12

WUt olobr] S HARS] AA 2 T4 k= AMESHAH
H G 85 N G4 3T ZH](Magnetom Trios

a MRI
Siemens, Germany) %‘jéﬁl-?&ﬂr HA A i dAA =

planar imaging, EPD22 TR = 2000ms, TE = 30ms,
FOV = 240x240mm’, flip angle = 79°,
3X3X3mm’, gap =
w4 28718 sttt 24 94 854 MRI #Y
stetulE = o2 goh 24 g4 T19 &9 el
E o237 2o &8t FH] 14 AL o F(magnetization—
prepared rapid acquisition gradient echo, MPRAGE), TR
= 2300ms, TE = 2.36ms, FOV = 256x256mm’, flip

voxel size =

Imm, number of slices = 3022 5

angle = 9°, voxel size = 1X1XImm’, gap = ImmO=
sgeter,

M Hu BN 3xA oA T1 o]u|X]E Freesurfer
Software 5.3ve Argoto] 2ZbsA o2 tfy] md 9 njd of
, ZF 999 RuE AR 7154

&9 7S viAlstAt =Y BE ¢

@elo] nuo] Aol @A <

e Basqn
W] ol e
Azoz g 71 ¥

.05; FDR-corrected).

Y 7158 I HAAE. H JA FEE Statistical
Parametric Mapping(SPM12)#} CONN 18.a5 o]-85}o] A
A2 =Hlrk. CONN 18.a°l ¢l default preprocessing
pipeline for volume—based analysis(direct normalization to
MNI-space) #Hgo=2, ¢ tidzt miek 150709 7154 <
g 294 gol F 300719 EPI d44= P, 7 ‘:H’E}X}
o] FxA omzE Yol F 1719 TIgH= ¥alth HA,
7152 olu|AE A H(realignment) ¥ 3] E-(unwrap)st3
on AW FEAIZHslice-timing)-& HAsIh E3H 75
2 g Fx2 onfzof|A M, WA gl 440 (CSF)&
A2 oE 2% g0z ET(segmentation)oty, A
= 24 omAE MNI o HF3}
(normalizing) sttt thgo2, F7H4 HPsFE faff §HA]
AZ(full width at half maximum, FWHM)2 8mm= Z-&
St AAE AzoA X A5t AT o]e]e] & A4l
SE AASH] A8l CompCor Strategy(Behzadi, Restom,
Liau, & Liu, 2007)°] w=t me] 224, Wd A9, 4
A ASE SAHCRE AAYE EFF FA7] H
Ao fied Age] xS 957] $8l band-pass
filtering(0.027-0.073H2)st3 2, 1 2] F-ASE A|AsH]
st

758 9

915l linear detrending=

Y JEga 984 24,

HEZA 7+ 42 human
connectome project(Smith et al. z

, 2013)04 At =9 A&
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A(group—independent component analysis, group—ICA)
2 987 3709 YEYASN, DMN, ECN)E Z3Hsle]
onf, HE 11719 ¥ Fdoz sttt EeF HES
3 W 42 54 2 5d ot
SR, ot HEA|, 54 9@ EFsh= SN
e B Foz FLoiqink f93 | HES
Oé‘(nxlo/z)iaL YEJT W 9 (21x20/2)4 75501] 1’41

H X
i
o

AN, e, 27Hls,
99 21

0.0S(false dlscovery rate, FDR)E TAE T ?‘i@%‘)ﬂ o
ato] Z|gt AE(10,00081 ¥HE)ste], 14 Fkof wet fo
njgt A= HE YEYIE A6

HUEQT 884 24 M G WA Al ARSI
conn 18202 ZA tiuE 106709 TA Fdoz fEs}

o™ (harvard-oxford atlas, HOA), €3} H & v}
O AHolstnt. B 959 g AALE Az 7k A
TS 7+ e AR AHoJstArh. AAS e 7154
AAX Ol Aoy, Z+ EHA}X}_,] 1067 ¥ ddE=Z )9

PFES WEAT A7l HERS
A= 49 A2 7 B4 AEREE ol&skela, A
I AELE Fisher's z2 #HESIATH 0] SPMQ] toolbox$]
graphVar 2.02b& AHgsto] EA4s5HTE Wk (density)= 0.1
oAl 0.2742](0.01 7tAC =) HXx|gFote] A5t o 7] A
D= vidE 7H] 7Hsst BE A9 foflA 7P Adato]
=0 49 HE&S et Ao=R (.1 7};(} oqAo] 7}st
49l 10%9] QA5 u|gitt. 2 o]&
]—7\1/\3 /ﬂxﬂ Aﬂ%oll—l(ﬂ }.;] LﬂEO
22 AV HENA s 37 & Sle o= UEk
(Hosseini, Hoeft, & Kesler, 2012). E3t 7|49 & 924
oA 20%9] Bk 2 HE WIS s9 A4
e g oFo], tidA 2+ HEZ 132 Hlwstal 7]Ad
e T2 dF2AY FrE ARt #E(10%~30%) 02
dAde &4 tH(Van Wijk, Stam, & Daffertshofer, 2010;
Bohr et al, 2013). w&tA E dAFoas ULE 0.19A
0.25F7H] 4 sieled, 72t 1k 3ol ddE o
Zgkste] ] ols}e] ﬁ@ﬁ o= It YEQA =
BAE ALt o] o mit It A4S A AE= Tt

SHweighted)sto] wit] 7+ A= 72E Atstdh. 10004
o AgdFE AAIRE Y7 Bxet vlalsto] g 2t T8

2479 Aol AFSHA. T4 =R AL B

$2 7 I 237 Aol Wee] met nAsA.

Y |H

W At 54 vidERe AgEs 42 5 A
WS 4 ol BE H90] Sl A4 BEE 4G
QEe 4o wgol, Fad B YEYIAY A%
Bel2 ojnlsith. AARgols WA 54 nh] e
S #g Aeloln] WEYA] F1%5H FFE onlske A

it B2 Aol ok A2 AT YEQAE 3
TE B HDHRLolR U o=, o] g
o 27t g o o|fojtl AL E e
. X FYE Tl HHHEEZol9 AaEditd] Bt
Z7Z0](characteristic path length)&= 7] YEZ7}
s R R E A L B S B
(global efficiency)T= 24 o] ot 22 A Y]
A (small-world network)= B HdAGTE B2
& Ue #ox FdydAS9 ghol 21 Bzt
7b A&55 o] grol AR, A9 aeA =4
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Differences in Resting-State

Functional Network between Depressed and Non-Depressed Elderlies

2 7T1.28MI(SD = 7.08, HS] 59~81A)%oH, Bt &
A%k 6.83W(SD = 391, W9 0~16W) oz eyt £
& Ao it AHL 71.89M(SD = 6.10, HY 62~84A)
Fon, Hd wS A2 6W(SD = 4.69, H4 0~20Ld)3
2 et 59 32 r 1S A% 9% wSAglA
ek 7+ 2pol7t fofstA] kdth(ps > .05). F, é} ol

EA5 549 Hol(AF,

RGP Aot 9

T A0S g

T Aow yehgth E3, K-WAIS-IV oj$]et 252]9
o] gt MMSE-DS 4 Hd 74 Zol7h felet
A ggkom(ps ) .05), k=9 2 HAR ST 42 +F
2 el Y duydRt fols wtHp <
05).

Table 1. Participant demographic and neuropsychological factor (N=36)
Control Group (n=18) Depressed Group (n=18) t p q
M SD M SD df =34
Demographics
Age 71.28 7.08 71.89 6.10 -.28 183 839
Education 6.83 3.91 6.00 4.69 .56 579 790
Male/Female 7/11 7/11
Screening Test
General ability 18.22 5.43 17.50 474 425 674 730
MMSE-DS 26.83 2.46 25.94 2.53 1.07 292 759
GDS 8.78 4.43 22.06 3.35 -10.15 000" 000"
Neuropsychological factor
Executive function
mTMT interference 101.19 92.15 124.22 65.66 -.86 .394 731
Stroop_interference 36.33 14.13 32.82 19.35 .62 542 105
Language process
K-BNT 11.12 2.37 9.94 3.24 1.22 233 57
CFT 30.72 11.29 24.39 9.15 1.85 073 316
Processing speed
mTMT A 41.00 19.19 43.39 22.10 =35 731 731
Stroop_wr 71.17 22.53 63.65 27.75 .88 384 832
Working memory
DST Backward 3.44 1.294 317 1.249 656 .661 181
SST Backward 4.56 1.542 4.22 1.396 483 483 185
Episodic memory
EVLT 5.28 2.47 472 2.27 703 487 703
SRT 11.42 7.29 6.19 5.50 2.43 021" 137
ZF M = mean, SD = standard deviation,
g = FDR—corrected p-value, Significant for p < .05, p <.017
General ability = vocabulary + matrix reasoning, =~ GDS = geriatric depression scale

mTMT = modified trail making test, mTMT interference = {TMTc~

(TMTa+TMTb)/2}

Stroop_wr = a number of word reading, Stroop_interference = a number of word - color reading

K-BNT = Korean—Boston naming test, CFT = category fluency test
DST = digit span test, SST = spatial span test
EVLT = elderly verbal learning test, SRT = story recall test
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N7z 54 o @ g 5
et 2F AR S0l et TA B4 Table 1 e b ¥ Fujo] Zpolof gt FA 242 Table 29 A
of A, A8 SRS AMEd, gFHI s AStEen, ZF gof et ME= Table 3o AASAH
2ARE W Y A5, dol A2, Az &= DY Ao A5A ¥ Gyl Bugeel isae sy 59
9 A3} 7)ol He 2F Zpol7b fofetA] AUTHFDR-  EE r HESS T 2T 64ME ol JHollA W F
corrected ps > .05). o9t ¢dojd Usr|Ad SAA] F SRT 9 At 7 zfol= FolokA] eokth(ps > .05).
Aol 49 FHns wAsH] ok o, g
o] A4 el Hlg] W2 £S HIAT = 243, p = k| YEYI AZM Zn}
020). SN GAE Z 22 npgeln 1= HEAe] dEAo] A
ok 7F Golgt AJol7t Q1= Ao eRdthTable 4). &, 9
Table 2. Brain Structural Volume Thickness Differences
Brain region 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Control (n=18)
M 266 24 181 333 261 223 269 233 198 237 1.89 217 259 248 243 242 231 217 150 191 249 247
SD 28 21 15 34 20 16 12 32 18 16 17 19 14 3 16 19 18 14 10 15 23 .17
Depressed (n=18)
M 256 234 182 327 256 218 265 216 197 242 183 226 253 245 233 239 228 210 149 187 240 242
SD 22 18 13 45 15 14 18 21 14 15 10 24 17 23 17 14 16 14 11 11 14 14
t (df = 34) 125 97 -18 48 100 92 8 18 26 -101 115 -120 124 24 18 .50 .39 139 26 .71 138 .9
P 218 340 855 635 325 364 395 076 794 318 257 239 223 815 .08l .621 .698 .173 796 482 177 .329
q 826 826 950 917 826 .826 .834 826 .936 .826 .826 .826 .826 .936 .826 917 936 .826 936 .834 .826 .826
Brain region 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
Control (n=18)
M 223 274 210 250 204 262 230 209 294 231 239 237 183 343 267 225 270 213 207 228 190 216
SD d6 020 15 18 15 17 17 20 a8 14 31 19 17 45 19 14 19 19 19 14 12 .13
Depressed (n=18)
M 219 272 212 249 200 250 224 202 292 227 245 234 175 345 258 221 266 212 209 238 1.89 221
SD A8 25 19 22 14 20 17 19 15 12 24 17 11 52 21 13 17 19 13 19 14 22
¢t (df = 34) 57033 -26 05 80 187 97 L6 40 9% -70 48 146 -09 148 74 77 11 -28 -170 24 -90
D 571 742 797 957 429 071 337 254 691 345 491 636 152 929 148 467 448 912 783 099 .810 .373
q 885 936 936 957 .834 .826 .826 .826 .936 .606 .834 917 .826 950 .826 .834 .834 .950 936 .826 .936 .826
Brain region 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
Control (n=18)
M 263 248 239 237 229 213 150 194 236 235 223 251 205 241 206 268 235 205 296 230
SD d6 34 021 12 14 14 12 15 19 20 18 24 12 16 12 18 13 24 17 12
Depressed (n=18)
M 260 253 229 234 230 217 149 190 235 234 219 259 213 241 203 260 230 211 289 228
SD d6 36 21 14 20 13 05 09 25 22 A7 21 14 19 12 21 15 25 12 .11
t (df = 34) S8 -35 152 70 -12 -93 36 92 .16 13 67 -1.04 -173 -08 .67 123 94 -T2 143 52
P 566 730 137 488 903 358 722 367 .876 .897 508 304 .093 935 511 227 355 474 162 .606
q 885 936 .826 .834 950 .826 .936 .826 .950 .950 .834 .826 .826 .950 .834 826 .826 .834 .826 .606
Z = t-value, p = p-value, ¢ = FDR—corrected p-value, Significant for p < .05%
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Table 3. Number of structural brain region

1 caudal anterior cingulate L 17 pars orbitalis_L

2 caudal middle frontal L 18 pars triangularis_L

3 cuneus_L 19 pericalcarine_L

4 entorhinal L 20 postcentral L

5 fusiform_L 21 posterior cingulate_L

6 inferior parietal L 22 precentral_L

7 inferior temporal L 23 precuneus_L

8 isthmus cingulate_L 24 rostral anterior cingulate L
9 lateral occipital L 25 rostral middle frontal L
10 lateral orbito frontal L 26 superior frontal_L

11 lingual L 27 superior parietal L

12 medial orbito frontal L 28 superior temporal _L

13 middle temporal L 29 supra marginal L

14 para hippocampal_L 30 transverse temporal _L
15 para central L 31 insula L

16 pars opercularis_L 32 Mean Thickness_L

3
34
35
36
37
38
39
40
41
)
43
44
45
46
47
48

caudal anterior cingulate R
caudal middle frontal R
cuneus_R

entorhinal R
fusiform_R

inferior parietal R
inferior temporal R
isthmus cingulate_R
lateral occipital R
lateral orbito frontal R
lingual R

medial orbito frontal R
middle temporal R
para hippocampal R
para central_ R

pars opercularis R

49 pars orbitalis_R

50 pars triangularis_R

51 peri calcarine R

52 post central R

53 posterior cingulate_R
54 precentral_R

55 precuneus_R

56 rostral anterior cingulate R
57 rostral middle frontal R
58 superior frontal_R

59 superior parietal R

60 superior temporal R

61 supramarginal R

62 transverse temporal R
63 insula R

64 MeanThickness R

. L = Left, R = Right

Table 4. Group difference in intranetwork connectivity of salience network (V=36
Control group (n=18) Depressed group (n=18) t P
M SD M SD df = 34
Caudate(l) - Amygdala(L) .158 126 -.032 172 =379 .000°
. M = mean, SD = standard deviation, ¢ = t-value, p = p-value (FDR-corrected)
* Significant for p < .05 ; (L) = left, (R) = right
ROI-to-ROI effects: s.61 [N ll :-
V- il N
@
Pl h A7\
@
<
i<3
Ssy. Q%U 03
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Figure 1. Group differences in Internetwork connectivity
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Table 5. Group differences in Internetwork connectivity (V= 36)
Control group (n=18) Depressed group (n=18) t p
M SD M SD df = 34
LPFC(L) - A Insula(L) .019 205 .208 217 -2.68 011
LPFC(L) - LPR) 202 151 .039 193 2.82 008"
LPFC(L) - LP(L) 318 196 .079 .200 3.61 0017

% M = mean, SD = standard deviation, ¢= t-value, p = p-value (FDR-corrected)
* Significant for p < .05 ; (L) = left, (R) = right
LPFC = lateral prefrontal cortex, A Insula = anterior insula, LP = lateral parietal cortex,

Table 6. Correlation between network connectivity and psychological test scores in depressed group(n=18)

Intra Inter
caudate(l) — amygdala(L) LPFC(L)-A Insula(L) LPFC(L)-LP(R) LPFC(L)-LP(L)
Emotional scale
GDS .387 -.144 .080 -.008
p 125 .582 761 976
q 924 .985 .996 .996
Executive function
mTMT interference 087 -019 -487" -500"
D 741 941 .048 .041
q .996 .996 924 924
Stroop_interference -.367 197 184 238
p 147 448 A79 358
q 924 .985 985 .985
Language process
K-BNT .168 .027 -.001 .186
p .520 917 .996 A4
q 985 .996 .996 985
CFT -.094 -.062 11 147
P 720 813 673 573
q .996 .996 .996 .985
Processing speed
mTMTa -.179 297 -.023 -.076
D 492 248 931 773
q .985 .985 .996 .996
Stroop_wr -.262 .002 159 204
D 310 .995 542 433
q 985 .996 .985 .985
Working memory
DST backward 382 .040 .041 323
p 130 878 875 .206
q .924 .996 .996 .985
SST backward -.193 -.336 -.093 183
D 458 .188 723 A82
q .985 .985 .996 .985
Episodic memory
EVLT -.447 -.078 .020 .188
p 072 766 938 AT71
q 924 .996 .996 .985
SRT -.408 -.286 -.044 -.176
P 104 .266 .866 499
q .924 .985 .996 .985

. * Significant for p < .05, g = false discovery rate for multiple comparison

GDS = geriatric depression scale

mTMT = modified trail making test, mTMT interference = {TMTc—(TMTa+TMTb)/2}

Stroop_wr = a number of word reading, Stroop_interference = a number of word - color reading
K-BNT = Korean—Boston naming test, CFT = category fluency test

DST = digit span test, SST = spatial span test

EVLT = elderly verbal learning test, SRT = story recall test

LPFC = lateral prefrontal cortex, LP = lateral parietal cortex, A Insula = anterior insula, (L) = left, R) = right
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= Ado] A4 ko] Hlsf SN HoflA o] & g9s3t d  glgloy, YEYIEN A7 5 AHFuH(ECN)
Aol g2 Aoz YeytHp € .05). &, SN 9951 3 &= 54 mZDOMN)Y dZ4o] mTMT Interference
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7} Q= Aoz yepgthFigure 1, Table 5). $2HE¢ 4
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Y HESYI 584 Z3t

Zre] AAAol st =ktHp < .05). §HH ECNe W ARl o 7+ B HARAHRAolg r AT

M50 da DMNY| 45 FADARe] dZ242 ¢ 3 A7k YEQT WX 0.1~0.2 Ate](zHE 0.0DA 59

o] AAHlw HeEot foulstA Woktkp .05). S 2FAUTH0.29 < p € 0.72). &, 49 YEHa Ux
A ol Bt HAGARE Zolo Fpol= F5kA] gttt
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i
el

HESI AZMT WEEH 24 2N

ot AU o] A4 Aot Golslld o ¥l BE 2PAL AT 1 BE 2AAG] Aolg ¢ AET
E93014 77| 5 7 AdFigure 2), WEYZ BT 0102 AR 0,010
of Ame 2A] 9 2T Hold | YEYZ @ A AvHon el Aow ekt ¢ 05). Hg T
Aot AANREAASRO Hole AVEAL st 2A AL Aol vk ¥ 9958 URE AnFigure
(Table 6). 7 A%, ©-2Awe] SN ol 4 olujgr Ahe  3), choket JolA fojnla Ao tepdti(p ¢ 05). 3
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Figure 2. Differences between groups of average clustering coefficient in network density

Red = control, Blue = depressed, Green = differences

Filled circle = significant, Empty circle = non significant
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Figure 3. Differences between groups of clustering coefficient in network density across brain regions
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2 Hi"rth(Hamilton et al., 2011; Lemogne, Delaveau,
Freton, Guionnet, & Fossati, 2012). @2ty 7]& &4
o] DMN #&/dst= WHE otz FYE dAlsH7] o
o AAA AR A FelE B He ZAoR HAYy
AcHSheline et al., 2009).
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(Rubinov et al., 2009; Zhao et al.
950 AR AT ARATS LR 98 1
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ECN 3 DMN®| #7415 Amrgich. ECN# DMNO| 74
| Az FaArlse Astet AT gl Zloa ek,

20] H Aog :
Jeu B a7 dAES W 9de] 29 AR O
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T oM Aol v Aol $25e Aa 27 5 Y
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H/EO]THAPA, 2013). 12 A%t q] PR
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L HEQZ Q84 24

Brain region

SRCES

Bl

4
J

X Y Z
Medial Prefrontal Cortex 1 55 -3
Default Lateral Parietal Cortex (L) -39 =77 33
mode

Lateral Parietal Cortex (R) 47 -67 29

network
Precuneus Cortex 1 -61 38
Prefrontal Cortex (L) -43 33 28
Central Posterior Parietal Cortex (L) -46 -58 49

executive
Prefrontal Cortex (R) 41 38 30

network
Posterior Parietal Cortex (R) 52 -52 45

Salience network
Anterior Cingulate Cortex 0 22 35
Cortical region Anterior Insula (L) —44 13 1
Anterior Insula (R) 47 14 0
Thalamus (R) 11 -18 7
Thalamus (L) -10 -19 6
Caudate (R) 13 10 11
Caudate (L) -13 9 10
Putamen (R) 26 2 0
Putamen (L) =25 0 0
Pallidum (R) 20 -4 -1
Subcortical region

Pallidum (L) -19 -5 -1
Hippocampus (R) 27 -21 -14
Hippocampus (L) =25 -23 -14
Amygdala (R) 23 -4 -18
Amygdala (1) -23 -5 -18
Accumbens (R) 9 12 =7
Accumbens (L) -9 12 -7
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IL 4 99 5%

==
1 Frontal Pole Right 54 Paracingulate Gyrus Left

2 Frontal Pole Left 55  Cingulate Gyrus, anterior division

3 Insular Cortex Right 56  Cingulate Gyrus, posterior division

4 Insular Cortex Left 57 Precuneous Cortex

5 Superior Frontal Gyrus Right 58  Cuneal Cortex Right

6 Superior Frontal Gyrus Left 59  Cuneal Cortex Left

7 Middle Frontal Gyrus Right 60  Frontal Orbital Cortex Right

8  Middle Frontal Gyrus Left 61  Frontal Orbital Cortex Left

9 Inferior Frontal Gyrus, pars triangularis Right 62 Parahippocampal Gyrus, anterior division Right
10 Inferior Frontal Gyrus, pars triangularis Left 63 Parahippocampal Gyrus, anterior division Left
11 Inferior Frontal Gyrus, pars opercularis Right 64 Parahippocampal Gyrus, posterior division Right
12 Inferior Frontal Gyrus, pars opercularis Left 65 Parahippocampal Gyrus, posterior division Left
13 Precentral Gyrus Right 66  Lingual Gyrus Right

14 Precentral Gyrus Left 67  Lingual Gyrus Left

15 Temporal Pole Right 68  Temporal Fusiform Cortex, anterior division Right
16 Temporal Pole Left 69  Temporal Fusiform Cortex, anterior division Left
17 Superior Temporal Gyrus, anterior division Right 70  Temporal Fusiform Cortex, posterior division Right
18  Superior Temporal Gyrus, anterior division Left 71 Temporal Fusiform Cortex, posterior division Left
19 Superior Temporal Gyrus, posterior division Right 72 Temporal Occipital Fusiform Cortex Right

20 Superior Temporal Gyrus, posterior division Left 73 Temporal Occipital Fusiform Cortex Left

21 Middle Temporal Gyrus, anterior division Right 74 Occipital Fusiform Gyrus Right

22 Middle Temporal Gyrus, anterior division Left 75 Occipital Fusiform Gyrus Left

23 Middle Temporal Gyrus, posterior division Right 76 Frontal Operculum Cortex Right

24 Middle Temporal Gyrus, posterior division Left 77 Frontal Operculum Cortex Left

25 Middle Temporal Gyrus, temporooccipital part Right 78  Central Opercular Cortex Right

26 Middle Temporal Gyrus, temporooccipital part Left 79  Central Opercular Cortex Left

27  Inferior Temporal Gyrus, anterior division Right 80  Parietal Operculum Cortex Right

28  Inferior Temporal Gyrus, anterior division Left 81  Parietal Operculum Cortex Left

29  Inferior Temporal Gyrus, posterior division Right 82  Planum Polare Right

30 Inferior Temporal Gyrus, posterior division Left 83 Planum Polare Left

31 Inferior Temporal Gyrus, temporooccipital part Right 84 Heschl's Gyrus Right

32 Inferior Temporal Gyrus, temporooccipital part Left 85  Heschl's Gyrus Left

33 Postcentral Gyrus Right 86  Planum Temporale Right

34 Postcentral Gyrus Left 87  Planum Temporale Left

35  Superior Parietal Lobule Right 88  Supracalcarine Cortex Right

36 Superior Parietal Lobule Left 89  Supracalcarine Cortex Left

37  Supramarginal Gyrus, anterior division Right 90  Occipital Pole Right

38  Supramarginal Gyrus, anterior division Left 91  Occipital Pole Left

39 Supramarginal Gyrus, posterior division Right 92 Thalamus Right

40  Supramarginal Gyrus, posterior division Left 93 Thalamus Left

41 Angular Gyrus Right 94 Caudate Right

42 Angular Gyrus Left 95  Caudate Left

43 TLateral Occipital Cortex, superoir division Right 96  Putamen Right

44 Lateral Occipital Cortex, superoir division Left 97  Putamen Left

45 TLateral Occipital Cortex, inferior division Right 98  Pallidum Right

46 Lateral Occipital Cortex, inferior division Left 99  Pallidum Left

47 Intracalcarine Cortex Right 100  Hippocampus Right

48  Intracalcarine Cortex Left 101  Hippocampus Left

49  Frontal Medial Cortex 102 Amygdala Right

50  Juxtapositional Lobule Cortex - formerly Supplementary Motor Cortex— Right 103 Amygdala Left

51  Juxtapositional Lobule Cortex - formerly Supplementary Motor Cortex— Left 104 Accumbens Right

52 Subcallosal Cortex 105  Accumbens Left

53 Paracingulate Gyrus Right 106  Brain—Stem
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. a8z =A%) 9] (Rubinov & Sporns, 2010)
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Link
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