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Cortical Thickness of Resting State Networks in the Brain of Male Patients

with Alcohol Dependence

Jun-Ki Lee, MD, Siekyeong Kim, MD

Department of Psychiatry, Chungbuk National University College of Medicine, Cheongju, Korea

Objectives

It is well known that problem drinking is associated with alterations of brain structures and functions. Brain functions

related to alcohol consumption can be determined by the resting state functional connectivity in various resting state networks (RSNs).
This study aims to ascertain the alcohol effect on the structures forming predetermined RSNs by assessing their cortical thickness.

Methods

Twenty-six abstinent male patients with alcohol dependence and the same number of age-matched healthy control were

recruited from an inpatient mental hospital and community. All participants underwent a 3T MRI scan. Averaged cortical thickness of
areas constituting 7 RSNs were determined by using FreeSurfer with Yeo atlas derived from cortical parcellation estimated by intrinsic

functional connectivity.
Results

There were significant group differences of mean cortical thicknesses (Cohen’s d, corrected p) in ventral attention (1.01, <

0.01), dorsal attention (0.93, 0.01), somatomotor (0.90, 0.01), and visual (0.88, 0.02) networks. We could not find significant group differ-
ences in the default mode network. There were also significant group differences of gray matter volumes corrected by head size across
the all networks. However, there were no group differences of surface area in each network.

Conclusions

There are differences in degree and pattern of structural recovery after abstinence across areas forming RSNs. Con-

sidering the previous observation that group differences of functional connectivity were significant only in networks related to task-
positive networks such as dorsal attention and cognitive control networks, we can explain recovery pattern of cognition and emotion
related to the default mode network and the mechanisms for craving and relapse associated with task-positive networks.
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53 A AARE 0|88 9E T A% Mac Pro 64
H|E OS X 2%9A4A(Apple Inc., Cupertino, CA, USA) &1
oA 7]E A 9] FreeSurfer(version 5.3.0. ; http:/surfer.
nmr.mgh.harvard.edu)& ©]-&s}o] 2|54t FreeSurfer
£ ol &3t wd 7 4 T ehdAdel tisiAE 71E
FoA & 71&Eo] ek o]5 aoksiAly, 7|6k HhH
O =2 3] iR} )Xol F7hS 7251eE Sof 3]ul
I} whE] AA Afole] ArlE F4%Ith BE A 9 4

3] Pyl A sl Wast 7)ue 55
of sl ol HYARITE, 502 Abel u, sl
s H4e0) k0] AAE T1 F7 G4 B1del olA Ama

g 5 At A A AEels

3% 3 7]8F 2|3xof Yeo E%] A i ) UE
£ olgsialen, 7t EY =AY Hdt 9d FA=
Aetet 29 vkt FA|9] 23HE S o]-85h3lth
2 A)ZH(visual), A/d-8-5(somatomotor), 5& F
9]&(dorsal attention), & =22 (ventral attention), ¥
A(limbic), A5FA(frontoparietal), U ZE (default) HEL
A5 8k 999 1 FAE AR 7 499 4
¥ FHAo| upet 3| Rujzp AibEw, o]gA AXH
oz Huj= 27 AA T 82 (estimated total in-
tracranial volume, €TIV)& ©]-85F FHEF W o &2 B
WS ol g3altt A 7|HE B4 (vertex—wise analysis)< U
AR A g ko] HEY ud e FA A=E §
3 o]0l on o] T AL 10 mm HHFAE 7k 7
dS Foll HEskelolt)y. S48t dES FHeE gt

FreeSufer®] MRI-GLMFIT ZA}& ©]-&3}3.0H, o] & 53]
of o W BE JRYo| fit 27191 YRS AT

T ULk thE vl ik 2E Hs) slEaE(false
discovery rate, FDR)< q < 0.052 753k

E‘ﬂ]'\f“l

A4 CRAN R 54| 31714] version 2.15.3(http://r-
project.org)¥t T3t 7] A4S I3t effsize version 0.7.0
5 9ag R 1A ol=elels ol goioich 42 7]
EQad uz _1,:_7;1] ﬁn:]X% S|uiR Hulo] Aot Hju= F
A2 Folol T mEo] BAto] A ghSS BT
Student’s t-H4& o]&stloH, U5 7 T HEZY
HHE o vlae] wheh 2 2Y wgS 3R w8 pak

(corrected pr AHESIAL, 2422 0.05 °]5}= d+sith
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ok g 7k Apolo] Fat 2715 vl
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W3E7| 918}o] Cohen's d

ATt Frozte] ArkA ] EAJ2
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Hlsf f-2J5kA|
B corrected p < 0.05). 3HH HA YE

Ao}t AFEFE HEST= YRt vl = ffsialout
BAS A ool AAstlon(F YEYA 25 cor-
rected p = 0.06), JEE HE YEYT= F Atk Akojo] 1
A FA 9] Apo|7t HAER] ¢t corrected p = 0.12). &1t
A7|5 o]&sto] vlustylS of W& oY, 5 3o,
A&, A HERA o= ek Abo]9] Zjo]7} Tty

[e3]
AT

HE HEHR F9oA od HA o] Het Afol= j—_-_
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Table 1. Group differences of cortical thickness, surface area and gray matter volume of resting state networks

Networks Alcohol (n) Control (n) T Corrected p Cohen's d
Thickness
Visual 2.01 + 0.09 2.08 + 0.07 3.17 0.02* 0.88
Somatomotor 2.32 £ 0.11 2.41 £ 0.07 3.25 0.01* 0.90
Dorsal attention 227 +0.12 2.36 + 0.08 3.36 0.01* 0.93
Ventral attention 2.62 + 0.11 2.71 + 0.07 3.64 <0.01" 1.01
Limbic 2.94 + 0.11 3.01 +£0.10 2.73 0.06 0.76
Frontoparietal 2.37 £ 0.11 2.45 + 0.08 2.73 0.06 0.76
Default mode 2.61 £0.11 2.67 + 0.09 2.45 0.12 0.68
Surface area
Visual 32328.23 + 3531.60 33154.50 + 2808.84 0.95 1.00 0.26
Somatomotor 26238.42 + 2538.28 26624.29 + 1984.42 0.64 1.00 0.18
Dorsal attention 18156.15 + 1726.73 18804.61 + 1504.38 1.47 1.00 0.41
Ventral attention 17044.00 + 1618.50 17463.00 = 1311.39 1.05 1.00 0.29
Limbic 13965.92 + 1105.30 14410.18 + 986.11 1.56 0.87 0.43
Frontoparietal 23586.50 + 2364.93 24405.43 + 1717.76 1.46 1.00 0.41
Default mode 36320.50 + 2909.73 37717.93 + 2789.76 1.80 0.54 0.50
Gray volume
Visual 69583.44 + 4858.37 73523.70 + 5005.58 2.93 0.04* 0.81
Somatomotor 66548.38 + 3518.56 69603.19 + 3301.57 3.29 0.01* 0.91
Dorsal attention 4454112 + 4308.55 47619.10 + 2966.89 3.08 0.02* 0.85
Ventral attention 47868.14 £ 3604.87 50779.23 + 2718.93 3.37 0.01* 0.93
Limbic 50755.76 + 2834.43 53276.33 + 3154.86 3.08 0.02* 0.85
Frontoparietal 62194.76 + 5269.19 66035.94 + 3604.35 3.15 0.02* 0.87
Default mode 107980.50 + 7102.80 114497.10 + 6721.01 3.46 0.01* 0.96
# 1 p <0.05 T:p<0.01 byStudent's t-test with bonferroni correction
2o} Wsfgick wHe] o] AgaiglS AoR FHT > glov, ol
o[t AtollA UtEof ot JF2 &2 W T A A S0l e AHARD Tt Wl xAgot
ZEE Ao Hoju], FAAol: WIS G FA Ak abPe) Aojet o] ol ARE AYE B4 4 A
o}, Rakic™& EHA2 74 7]% (cortical column)9] 4=0] UEE BE Y EQIAY Anet g2 5% &2 wi%
et 2 1l T 7k 715e] 71 ARe] o o Fole] HEYAE TAeHE Qe o1 S su »
o] AL sll=d, ofofl w=H dEZo] ofgt Bk HojA HE 5 A 2polS Helow, o] HEY A= o]
Q1 A7 B avhe Al AFA e vl gd T A QA dAtolA TR A Aol HAW d=H A
AE folshll 4AD & ot 1l 7153 2 wHY g RE FRE
of ujAlE FEFE njulgt Ao = Helrk, d3Zof ot AFAR AB =AY AEAA S0l
T2 FoAo R TR Y&rE AW 719 At 4 W o AWOR sfof Akael QJele] rH EAyol
olAEA AZHL QERICE oyl Aol BAHCR doffu] oflofi EAK ML £ 7 St AukAo 2
SHAE A HEE BE HEQYIE FAshs 99 skl Ao AT 4 Sk SRS e 555 F
o] EHe) Hek Aol The WEYAE TGt ] sjo] Ueht 724 SRo)H CBE BE YEYaE T
sl Ak Aoluct jHo R Al 715 A1 Aot ole) 1 A BB hE o) uj) wiA A%
FEE o8-St FAT] UEHA AZAS SRR o] Ho tiy] AT 2 7150 AR o]FoxlE AL
Ao UBE LE YEIoAE QAL Jg Zolh & Motk FEEE 7|7k Boko] 2FE ato] yehts 72
LEREA] QFokQITh” 1Rl ol 2 BAoAE o] HlE 82 2 S5, A, H1k 4k, wEk Aok, WY
9158 TAFHE WA oo S Rulo] Mok xfol7t = wAst WA FolA Uehtid, old JEe gBE
3lgit). of7lols ST ot Eel Adidoz & E YEYAS P 999 Ad B2 A A
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Fig. 1. Vertex-wise analyses. Left
column : distribution of group effect
on cortical thickness over whole

. Visual
D Limbic . Frontoparietal

. Somatomotor

[ pefault

- Dorsal attention . Ventral attention

cortical area. Middle column : intrin-
sic 7-network parcellation of the hu-
man cerebral cortex from Yeo'’s atlas.
Right column : distribution of group

effect over intrinsic network template.

°f

1

UBE BE UEYa)H2) 9Q T 5ol Tt g
ulsh WA AlabElo] daate] Zfolt Atebgirk #7
itk 918 A 8= ] Eae g AR
AR Belo] 7Hsd 71 B0 2 ojojx|u] A% 7]
ololu} 413} 7]9|, Bl wize] W A9} 2 TBE
BE YENDY 715-S WSt o] FE Fa) A
202 we] SRS gAPel o] P
HhEol oj% W B3 Fofy vEQDeL e Bl P
YE9ia gele] 1 sjEe obx] ghawlA) stk ol
3 et Meld W A4 Fole, 58 2] K33t
4 AeFS GASE A0 2 57 A5 gt
OJEiR Q1A R4 2 2] Fasicte ol u
AR AGE 2

N Ppl w2

72

ol Aok nP A BE YE9Ia golel EwHe]
Ak Aol T35 esrek. w1 Hujet AN <l
2lo] fA4 Auae u)d St BEA] o g
2 AR G4 Swold Fasieh” Eak A4 st 7
oA A A9 JP ERAE sk EwAa )

o, 1 fhlel s
e Telol %75 ol el
w0 gofat ofahe SRlskA] Zateirt o iAol
A ERAAE BA| g5l ofat A7 B4l Haju} 2
W Wshrts A2 o] dgtel o 28 b
AR ek 1A ERA QAR T o]

2 glom, B e BATeA AN ge) Ho|S
5] WA 4= gl7) ol Agkel EE o)A Ko7} 2
7] Qk9kS ZHSAE Qlck SHE ERES wio] Rl
6‘];9. H]—.‘:E]— 01‘:]_9_ Z]D]—_J HH &l _1_]% T;H}_ Pé]I‘;_}-
ol =]

rlo

o O e nd o Hob L m 2 _IPN' ru>_4 ox M off

0_L4 O_>|:

l=l:1

il

=1

Solsi7) Atk webd el 2lgk Kol



o m
|
B

i)
ol
K
gl

X,
1o
et
o
=S|
=3
Hu o

£ o

o]
)
o

=S
oot

)
B

rl

8 R/l ot 535
bolot o] 1

% K
Sl
kY
fn
fllo
Y
g
ol %O
%5
o ym
9 o
r—TF b
= F_EL i
n
Lo
i</
oX
N
=4
f
to
offl
)

¢
b
.—\1:@I'>r

e [o

¢

_”Lnﬁl:ﬂ

o] %

b

N ofN
e

)
o
o
In)
ru$
H
i)
uy)
1o
il
N
N
E

_ﬁ
E
1
o
jus}
El
2
N

=2

of w2 dud “43&— J"é’é‘ l Sy
Thol i 29 | &
W= WEEA %‘&’kbtﬂ, o] 4
o % glo] ®gk A7} Wasich w3
= sho] FUPA} AHSUR|} 2
A SEE3AL, HiA] 710l g she 8
2T H A} ol 0]2]e] Aulst =

il

2

K
T
o AN

E
)
©
O

flr AN O3S Ru

by
flo
B

=
r_i‘l‘

18 o

Mo o
S VN
X

o o
ru

off i

o

=
ol
L

2 oo
o oy &

oZi
2
N,
S
o

sukasto] Ao
Sefaix] #aigich npeby ol A

FE A 8

rlm
m{u
ridt
N

FTF 3
of
odt
o

~ O'W’
[ilu:
g

fifo
2 1o
i
o
ul
=2
o)

fo > o
L
1%

)
o
=2
H
s
ol
X
2
)
of,

i
it
2
|o
fru
(68
=
fo
o
~
2
nlJ

)

Ja‘“-\l
&
>
o
5
:(

mN_

3|7} ”‘”FE} ZLEM FHAL A4 HEHA
Ik Zpol7} e x] oFgtem, vl S HEE
EQAE Hdshs 99e AT Ee vIE AN
AtolE B d5E Hdo] FosHA eksttt v
|of et 2fol= wi% ?—F:ﬁ‘ HIE 0NN 71 F-3ist
A S5 HEYD, A 5 AL HEYZ <ol’ith 4
JUEHA 7)5S 22T o, A SFolA slEse o
JollAl == A9 HA ws), A} Ajgel] Holshe
=M A E AABRT

B Bof: 22 o)
A

X

F_E‘IHHJE;F‘.:IHN
é_h'_lim

4o 1o o 2
N

N e
)

o?’: ox

A7 YE

A= ol FA| - 22| -

Acknowledgments
o] =H-2 201580 FH el sh&

il oJste] A==

ATA LAY AT

Conflicts of interest
The authors have no financial conflicts of interest.

REFERENCES

1) Geibprasert S, Gallucci M, Krings T. Alcohol-induced changes in the
brain as assessed by MRI and CT. Eur Radiol 2010;20:1492-1501.

2) Moonat S, Starkman BG, Sakharkar A, Pandey SC. Neuroscience
of alcoholism: molecular and cellular mechanisms. Cell Mol Life

Cerebral Cortex of Alcoholics I Lee JK, et al

Sci 2010;67:73-88.

3) Beck A, Wiistenberg T, Genauck A, Wrase J, Schlagenhauf F, Smol-
ka MN, et al. Effect of brain structure, brain function, and brain
connectivity on relapse in alcohol-dependent patients. Arch Gen
Psychiatry 2012;69:842-852.

4) Fein G. Psychiatric comorbidity in alcohol dependence. Neuropsy-
chol Rev 2015;25:456-475.

5) Diamond I, Messing RO. Neurologic effects of alcoholism. West J
Med 1994;161:279-287.

6) Sheline YI, Raichle ME, Snyder AZ, Morris JC, Head D, Wang S, et
al. Amyloid plaques disrupt resting state default mode network con-
nectivity in cognitively normal elderly. Biol Psychiatry 2010;67:584-
587.

7) Rogers BP, Morgan VL, Newton AT, Gore JC. Assessing functional
connectivity in the human brain by fMRI. Magn Reson Imaging
2007;25:1347-1357.

8) Yeo BT, Krienen FM, Sepulcre J, Sabuncu MR, Lashkari D, Hollin-
shead M, et al. The organization of the human cerebral cortex esti-
mated by intrinsic functional connectivity. J Neurophysiol 2011;
106:1125-1165.

9) Kuperberg GR, Broome MR, McGuire PK, David AS, Eddy M,
Ozawa F, et al. Regionally localized thinning of the cerebral cortex
in schizophrenia. Arch Gen Psychiatry 2003;60:878-888.

10) Lan MJ, Chhetry BT, Oquendo MA, Sublette ME, Sullivan G, Mann
JJ, et al. Cortical thickness differences between bipolar depression
and major depressive disorder. Bipolar Disord 2014;16:378-388.

11) Durazzo TC, Tosun D, Buckley S, Gazdzinski S, Mon A, Fryer SL, et
al. Cortical thickness, surface area, and volume of the brain reward
system in alcohol dependence: relationships to relapse and extended
abstinence. Alcohol Clin Exp Res 2011;35:1187-1200.

12) Fortier CB, Leritz EC, Salat DH, Venne JR, Maksimovskiy AL, Wil-
liams V, et al. Reduced cortical thickness in abstinent alcoholics and
association with alcoholic behavior. Alcohol Clin Exp Res 2011;35:
2193-2201.

13) Jacobus J, Squeglia LM, Meruelo AD, Castro N, Brumback T, Giedd
JN, et al. Cortical thickness in adolescent marijuana and alcohol
users: a three-year prospective study from adolescence to young
adulthood. Dev Cogn Neurosci 2015;16:101-109.

14) Winkler AM, Kochunov P, Blangero J, Almasy L, Zilles K, Fox PT,
et al. Cortical thickness or grey matter volume? The importance of
selecting the phenotype for imaging genetics studies. Neuroimage
2010;53:1135-1146.

15) Vuoksimaa E, Panizzon MS, Chen CH, Fiecas M, Eyler LT, Fennema-
Notestine C, et al. The genetic association between neocortical vol-
ume and general cognitive ability is driven by global surface area
rather than thickness. Cereb Cortex 2015;25:2127-2137.

16) Hogstrom LJ, Westlye LT, Walhovd KB, Fjell AM. The structure of
the cerebral cortex across adult life: age-related patterns of surface
area, thickness, and gyrification. Cereb Cortex 2013;23:2521-2530.

17) Gerrits NJ, van Loenhoud AC, van den Berg SF, Berendse HW,
Foncke EM, Klein M, et al. Cortical thickness, surface area and sub-
cortical volume differentially contribute to cognitive heterogeneity
in Parkinson’s disease. PLoS One 2016;11:e0148852.

18) Im S, Lee SG, Lee J, Kim S, Shin CJ, Son JW, et al. Surface-based pa-
rameters of brain imaging in male patients with alcohol use disor-
der. Psychiatry Investig 2016;13:511-517.

19) Desikan RS, Ségonne F, Fischl B, Quinn BT, Dickerson BC, Blacker
D, et al. An automated labeling system for subdividing the human
cerebral cortex on MRI scans into gyral based regions of interest.
Neuroimage 2006;31:968-980.

20) Fischl B, Dale AM. Measuring the thickness of the human cerebral
cortex from magnetic resonance images. Proc Natl Acad SciU S A
2000;97:11050-11055.

21) Lee J, Im SJ, Lee SG, Stadlin A, Son JW, Shin CJ, et al. Volume of

Jjournal.biolpsychiatry.or.kr T3



Korean J Biol Psychiatry 1 2017;24(2):68-74

hippocampal subfields in patients with alcohol dependence. Psy-
chiatry Res 2016;258:16-22.

22) Kim S, Im S, Lee ], Lee SG. Disrupted control network connectivity
in abstinent patients with alcohol dependence. Psychiatry Investig
[cited 2016 Nov 30]. Available from URL: http:/www.psychiatryin-
vestigation.org/html/inpress.asp.

23) Rakic P. Specification of cerebral cortical areas. Science 1988;241:
170-176.

24) Kiihn S, Witt C, Banaschewski T, Barbot A, Barker GJ, Biichel C, et
al. From mother to child: orbitofrontal cortex gyrification and chang-

74

es of drinking behaviour during adolescence. Addict Biol 2016;21:
700-708.

25) Andrews-Hanna JR, Smallwood J, Spreng RN. The default network
and self-generated thought: component processes, dynamic control,
and clinical relevance. Ann N 'Y Acad Sci 2014;1316:29-52.

26) Andrews-Hanna JR. The brain’s default network and its adaptive
role in internal mentation. Neuroscientist 2012;18:251-270.

27) Camchong J, Stenger VA, Fein G. Resting-state synchrony in short-
term versus long-term abstinent alcoholics. Alcohol Clin Exp Res
2013;37:794-803.



