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Functional Magnetic Resonance Imaging of Brain Reactivity
to Insomnia-Related vs. General Anxiety-Inducing Stimuli in Insomnia Patients
with Subjective-Objective Discrepancy of Sleep
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m ABSTRACT

Objectives: Subjective-objective discrepancy of sleep (SODS) is a common symptom and one of the major phenotypes of
insomnia. A distorted perception of sleep deficit might be related to abnormal brain reactivity to insomnia-related stimuli. We
aimed to investigate differences in brain activation to insomnia-related stimuli vs. general anxiety-inducing stimuli among in-
somnia patients with SODS, insomnia patients without SODS, and healthy controls (HCs).

Methods: All participants were evaluated for subjective sleep status using a sleep diary and questionnaires; occult sleep dis-
orders and objective sleep status were assessed using polysomnography and actigraphy. Task functional magnetic reso-
nance imaging was performed during insomnia-related stimuli (Ins) and general anxiety-inducing stimuli (Gen). Brain reactivity
to Ins versus Gen was compared among insomnia with SODS, insomnia without SODS, and HC groups, and a combined in-
somnia disorder group (ID, insomnia with and without SODS) was also compared with HCs.

Results: In the insomnia with SODS group compared to the insomnia without SODS group, the right precuneus and right
supplementary motor areas showed significantly increased BOLD signals in response to Ins versus Gen. In the ID group com-
pared to the HC group, the left anterior cingulate cortex showed significantly increased BOLD signals in response to Ins ver-
sus Gen.

Conclusion: The insomnia with SODS and ID groups showed higher brain activity in response to Ins versus Gen, while this
was not observed in the insomnia without SODS and HC groups, respectively. These results suggest that insomnia patients
with sleep misperception are more sensitive to sleep-related threats than general anxiety-inducing threats. Sleep Medicine and
Psychophysiology 2020 ; 27(1) : 24-31
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Zltt. (Benjamins 5 2017) Y4291 HoJuj&o, =4l SODSe] tigh A= 79
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= sHket >
HAO| A HEZ 23 (American Academy of Sleep Medicine 3’—} | 22 v sk F-18- E:Q]'E]i}\]i o oF A2} = o
2005)¢] BHZS Ak Hato| 2FE o] JJd thefst 8HZS 5 #Y(Positron Emission Tomography, PET) -7} 211
(o : 34 B9 AAYA B LA oxzE £ FH Aol 3oy (Kay 5 2017), ©]@lofl+= o] Ao tigt 7]
b Bz 5) 5.9 39 (American Academy of Sleep Med— 5% H3AF d4= B vlr) gl
icine 2014)ol| 4] &<l (insomnia disorder, ID)g}= ©]& B oogro] AL 1) SODSE FHISE 213, SODSE &
© 7 3} HQie) 2eu B AAYESA 7| AS ukelA] o BEHE A7t (healthy control, HCO) 7t
osist7] fIshAl, 2t % HZF0 o} o] EAS dAshk= A o guhd E¢hE fdsks Aol vis) EHE-UE A=
< dasith 944 SHSolRAE B UHAAEH @A of gk HEY o] ¥Ste] Zpol7t Ql=A] A, 2) ¥Rk &
7L(sleep state misperception, SSM)-& EHZ2] 92~50%  ¢FS GHlsl= X}Efoﬂ Hlgl] SHS-= 7\}101] gk =g
AFE] 31 (Coleman 5 1982 ; Sugerman 5 1985 ; Salin— Al 9] ¥3}E EWA ol SRHID)Q} 227t Hlwolth, & &

Pascual 5 1992 ; Edinger 5 2000 ; Moon 5 2015), &% 9] 74L& SODSE SHIS EHZE & EE D] SODS
2 -3 ol F-ogt B °‘Xl(subjectlve—objectlve dis= & WA g B doluh il Hls dvbAQl
crepancy of sleep, SODS)7F Qlal A4l =HTFAAAL  E9ME st AT EY EWs-d A=of Aedt &
AvE pHAEY|S g rbetal FeHARE Bt BS B Zlo]ghs Aoltt
B7Feth(Harvey 2t Tang 2012). o4 &l Sof 2y 4=
HATE @& ZFo] glof dfsl A|QHE 7}@"1% D44 #d CHAF 2! "
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12, 3) 7be Ao A, oA 2, 4) S0 B 1 I o
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= aske e A Q] aF(Harvey?} Tang 2012)] itk ol Sabel 2] S AW SHofshAlY
=S 50%+= ‘?_’\éﬁ}ﬂ%tﬂ(Morm 5 2009), EHFEY oA o]Folfth YL Y AW AT oAl 9
Aol AHAAQl Q152 | tigt f=H 27k, =3E gk 1‘1] 22l FE Foto] o] FojFich HH
T ol gt ’HE—H@?_ T HUEY, BEstA A9 A5 18~T0M19AL @B olvt Folste S 5t
A2l ARA &F Folm(Harvey 2002), th& F39 ek P2 i 7| viA| 7] 2ol el ek AP 2
S0l B8l SSMoflA] QA A ofj=to] B st Hatk]  Ag|go] o] FofHal gt Atte] SAso] A
AUtH(Harvey®} Tang 2012). 3, 295 Asol= 1+ sHSS At AAd7doleyt Awo)7t 23k
A AFE e 2] fle AlETe 2 pdely WES stk A ol QALE BiEl AlEEol s Ad
=S W A=l tisf E¢hi-3-o] HFE o] Sl FOAE WG o) s v A IRB| o] 5
7154 %9 (functional magnetic resonance imaging, A% Atk
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F e gt - T 22 A R A AE QI MRl SHUHEAAL Al F 1225 Afo]of] A]
A AAIE AR T 4 Qe 2 Ao E, o) dESlY I 7S MY AT E 7155}7" shal 2
o] Aol thgt ATE-E(Baglioni 5 2014 ; Kim 5 2017 ;  7]27|2 2447} 2H2-31= 2 519}

Spiegelhalder 5 2018) EHZ 2S04 = HH 18 A Fof 7122 1) Diagnostic and Statistical Manual of
o|L} tojo tfgt H&A o] HIlE ALellal AL ATE Mental Disorders, 5th edition (DSM-5) (American Psy—
L g oJ3t w|gA] H3leH Baglioni 5 2014 ; Kim 5 2017)  chiatric Association 2013)2] &HA off Adh7|&=S wk=E 35
132 ok Aik(Spiegelhalder 5 2018)7F A E|o] QIS = AFFCE W & o7l ol Ad AR, 2) A3
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2. +HOHEAAIR E#F7|=7]

oF7t T A A= Embletta MPR sleep system (Na—
tus, Pleasanton, CA, USA)°|| &JallA A=At A=
FTHESES 52 EHS 29 A7} leAleh A
A AT Zelsh] ffsf AlE Sk, v 253l
TH=7)% 249 A (Berry 5 2017)°]l whel RemLogic 3.4.4"
(Embla Systems; Kanata, ON, Canada) 21302 2t
FHE FH7IARE SEAE7PE BEsl 257157
+ Actiwatch 2 device (Respironics Incorporated, Mur—
rysville, PA, USA)E AH&-3I9itt Z57157]19] dlojE+
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default medium sensitivity threshold (40 counts per epoch)
2 #=319 31 Actiware software (version 6.0.8, Philips
Respironics, Bend, OR, USA)S &-85}o] A=),

3. fMRI A& paradigm2| 70t
MRIZGA] BAFE A=FA4 9] B4 7iela 243t

EAS 27 Yl HGA; A Aol Mo uEAE
oAl valence testE Aottt +4> 1) EHS/TH

o
THE AAH fFolt EQl/AFE Y vt B4
(insomnia-related stimuli, insomnia items, Ins), 2) YHF4
ol AA, &9 AL fol= E-E(general anxiety-
inducing stimuli, general anxiety items, Gen), 3) Htl2 &
¢k AAdS A o= F3 AR £ (neutral stimuli,
neutral items, Neu)= 2+ 507§ 7Hebst¢ict, %‘?ﬂ% 28
g, 1791 5482 e ® o] EAE it &
AIAMAA HEe A=E AEHAR Al °§E]c valence test
£ A dskin AR ENA Likert =2 FA7H 1~105
oz HrlsHA sk, %‘?‘L% ol wFo Ay EHS &

X

x—l /7L

4, MRIHO[E| &=
¥ GARE- 3 Tesla AH|(TrioTim Syngo ; Siemens, Erlan—
gen, Germany)E ©]-8-5Fo] 253551t fMRI 292 In-
terleaved T2*-weighted EPI ®'H S AMEsI on, =4 1
2= HFEA| ZHrepetition time, TR) = 2000 ms, ol ZA] 7k
(echo time, TE) = 30 ms, GAA|ok(field of view, FOV) =
220 mm, <A ZHflip angle, FA) = 90", G457 (slice thick—
ness) = 3.5 mm, FA7F4 (in—plane resolution) = 3 X 3 mm,
W E YA T 7] (matrix size) = 64 x 642 A3t} 7+ 1
AAE 2919 runs 3SFAAL 312 run 230712 7]
TR Ak IMRI &9 o|F, ¥ o] 24 it 8
5171 9138l T1-weighted 3D gradient® ©]-8-3}] T1 F4F
SS9t T1 A9 54 WAt the} ek 1 TR -
1900 ms, TE = 3.3 ms, S| A|{H(Inversion time, TI) = 900
ms, FA = 9°, slice thickness = 1.0 mm, in—plane resolu-
tion = 0.5 X 0.5 mm, FOV = 250 mm, matrix size = 416 X
512. A HPAZE 402 H =7t 22 E Sl

mlo A o

O‘



5. fMRI & Al EI.X-I

T AR = fMRI & ol &Y Ftoll =asfof & 2 L}Zﬂ
of thafA AR AHe 3 AAE &8 J3 F
fMRI 92 AAIsH e fMRI A ARSI block design
o2 A =8 A= BHZS A= (insomnia item, Ins), Yyt
B9 (general item, Gen), FHA = (neutral item, Neu)
o8 FAEAL ZF runoll A 3 FFY FH A Aol F
29 Al ® 2 4 WA A EQLom BE 3Rt A 2%
9] run®] == Tk Zt block A=+7ta Hh-g—7to 2
T AL ZF 2 627F A E ATk A=k 9t
Atofof] A&} AFlo] 6 Z7F UrEbLkaL 7} block Ztell= A A
2lo] 10~12 Z QoI A jittering W41 22 A A= k. 7t run
O] AlEto A= A O] ARk el AR ARRIO] T 2
S A= Aok RESEE 53F A= O]x* Z}J‘?Zi o
A =Y A s 4 dANTHA = Etoly A%

S, 22 = Aoldt =2b/A4%, 384 = J%*J /4
g, 49 = AR B/ AR TSt M A o] ut

NSt

2t 4 710 B E 5 stUE R 255 shqlrh BE Bhgof o
T AR A5 7153k & MR 21 5A17H 20 &0
2859tk A= DMDX software (http://www.u.arizona.
edu/~kforster/dmdx/dmdx.htm)& &3l A AA = Ak,

6. &l oEfol CHEt SHEA

ol5telA A Ko} olAA A K= independent ¢ A4, &
°JHH;<] H/\]-H /H _,jr_;q_%x .% o],Q_o]—o:] =S| o].OﬂI;]_ ol/k]»tﬂ
olg] EAof tigt FAH o442 FEHA p < 0.052 5t
dom EAZRZ IO R SPSS for Windows ver. 23
(SPSS ; IBM Corp., Armonk, NY, USA)& AF&-5}9it,

7. =G4 MA2| 2ot MRl 24

fMRI At SPM12 (Wellcome Department of Cogni—
tive Neurology, London, UK) Z 2138 ALg-3lo] HA4]
3t EPI GAto] 2714 H A (non—equilibrium ef-
fect)oll =sl7] Ao A3 6709] G/ A4 Alelst
Aok WA ZF 9 A} el A EPI 4EY 1] S4U=
H7gs17] flsf 9121 A7 E (realignment)& Al 3Y5FRAL A4
ol B Fof AL H FYE=S o834 EPI Bt dd
= A3tk fofXl EPI Ht G2 7I€22 Tl 94=
7k P& Tl G4E ©]-831] Montre—
al Neurological Institute (MNID)o|A] Al3-8l= T1 F+4
AF (template)ll 574 1FSHspatial normalization)< A| 3}
shaich o] W ¥l F2H3} e e E EPI 94 A
Aol A-g-5to] EPI 9/49] 1H8+3H5 Aldskqlet. vt

O:

ol o

—_
oL

A3} (coregistration) 3t

wo 2 EPI g9 AStid3rlE ol 9%
Aol A WA = Q= PR I o AE B 5H 71 ¢
34 8 mm FWHM (full width at half maximum) Gauss—
ian kernel2 %’—Z_Pfﬂﬁ:‘i}(smoothing)é AABFATE GAF
A Al At S
sttt EPI 94 222 %74]%@.% HAZ|GE ARt =
gl (voxel-based general linear model)S ©]-&35Fo] EAI5}
Sk zF 7 fMRI Al &84 (subject-level analysis)©ll
A, Ins, Gen, 27119] =Y }A| O] A=71E H4 Q= =9
ez Akl Sl o] IAE £07] §18i4 Neu
TR bA| e A Zf kA o) WhE Tk ARRARYT EE
T 3ol 71kt EPI 94 85 5 22 dof olgt
/\1§t‘4§]~— HAsE] fleliA 914 AR E wgdHssE W

0 2 AR5 1554 (second-level analysis)< ¢l
H 7F 92 HE S HM5Elns, Gen 3H A o] &}
Z37h o) S5 E= o) 294K contrast image)-2 A ATk 1

EEAL 37019 2E7HSODS7) Q= EHE, SODS7H
Q= B HC) B T 1E(ID, HO)ZH Zpol& B
7] 93l A factorial ANOVA £41& AAISHA L 15 7F Y

Bl
*étg, IPA WSS AolE BASH] YA ols
Hig o g mdof 27181 ieh 1 SAREA oA A
S %94@% | uncorrected p < 0.001, L8] cluster 4>
oA %AQ o] corrected p < 0.05 & W&ot Y9
2 Fojustrtal #ekskeint. Cluster ol Al 9
°o“é g % AFNI (https://afni.nimh.nih.gov)ol iﬂﬂ o]
%= 3dClustSime ©]-§-sko] A4bekGit), HeHd ool
SHA QX = peak z S 7122 AAL2 (http://www.
gin.cnrs.fr/AAL2)E AFE5Fo] A 2513l fMRI 2119
A|Z+sk= MRIcroGL (http://www.cabiatl.com/mricrogl)
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Table 1. Demographic and clinical data at baseline of the participants

Variables Insomnia with SODS Insomnia without SODS HC Statistics*

Age, years 57.77 + 8.72 40.33 + 13.84 41.25 + 14.75 F=7.89, p=0.001
Gender, male/female 4/9 4/11 5/11 x> =0.09, p = 1.000
Education, years 11.92 + 3.82 14.43 + 3.25 15.81 + 2.29 F=5.62, p =0.007
Duration of insomnia, years 8.08 £ 7.54 8.48 + 10.44 —
ISl score (at screening) 20.54 + 3.33 20.27 + 4.50 1.19 £ 1.38 F=173.19, p < 0.001
PSQI (at screening)

Total score 14.69 = 3.01 13.20 = 2.11 2.81 £ 1.43 F=128.69, p < 0.001

TST, min 267.69 £ 91.21 294.00 £ 85.76 441.25 £ 61.74 F=20.80, p < 0.001

Sleep efficiency, % 61.57 + 23.58 74.09 + 22.34 95.12 + 7.87 F=11.85p < 0.001

Data are mean + standard deviation (SD) or n (%) values. = : Statistical tests were performed using analysis of variance and chi-
square test. HC : healthy control, ISI : Insomnia Severity Index, PSQI : Pittsburgh Sleep Quality Index, SODS : subjective objective

discrepancy of sleep, TST : total sleep time

Table 2. Sleep diary and polysomnographic data from participants

Variables Insomnia with SODS Insomnia without SODS HC Statistics*
Sleep diary
TST, min 258.22 £ 111.02 351.18 £ 95.00 425.69 £ 65.74 F=12.16,p < 0.001
Sleep latency, min 70.05 + 44.88 41.73 + 40.49 12.19 + 7.85 F=10.30, p < 0.001
Sleep efficiency, % 52.72 £ 13.10 76.56 = 8.97 94.69 = 3.42 F=77.06,p < 0.001
WASO, min 98.59 + 67.41 20.34 + 11.36 3.03 = 2.64 F=76.12,p < 0.001
Polysomnographic data
TST, min 351.38 £ 75.19 369.39 + 80.23 397.77 £ 75.73 F=1.35p=0.272
Sleep latency, min 34.83 + 55.34 47.95 + 84.23 14.19 £ 15.50 F=1.32p=0.278
Sleep efficiency, % 76.54 £ 12.16 74.05 £ 16.04 85.78 + 8.48 F=23.75 p =0.032
WASO, min 73.79 £ 39.68 89.58 + 83.68 53.16 + 34.87 F=1.57,p=0.220
AHI, number per hour 5.87 £ 4.81 2.51 +2.78 4,04 £ 6.83 F=1.49,p=0.238
PLMSI, number per hour 2.51 £7.99 0.79 £ 2.71 0.50 = 1.33 F=0.747, p = 0.480

Data are mean + standard deviation (SD) or n (%) values. = : Statistical tests were performed using analysis of variance. AHI @ Ap-
nea-Hypopnea Index, HC : healthy control, PLMSI : periodic limb movements during sleep, SODS : subjective objective discrep-
ancy of sleep, TST : total sleep time, WASO : wake after sleep onset
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Z X (precuneus, z = 4.64, cluster size = 378)¢} $-

=
2 H %2859 % (supplementary motor area ; SMA, z =

447, cluster size = 151) G oA F-2ulst Z}o|7} T2
3L ID9F HC 1 7+ HlaLol M= 5 ti/4d3] (anterior
cingulate cortex ; ACC, z = 4.03, cluster size = 176) G
of| A f-oJu] gk 2po] 7} Sl A th(Figure 1, Table 3).
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Q Insomnia with SODS > Insomnia without SODS to Ins vs. Gen

R

Figure 1. Brain areas showing in-
creased BOLD signals in the con-
frast of Ins vs. Gen among groups.
(A) Brain areas showing increased
BOLD signals in insomnia with SODS
groups compared to insomnia with-
out SODS group included right pre- e ID > HC foIns vs. Gen
cuneus and right SMA. (B) In com-
bined ID group compared to HC
group, right ACC showed statisti-
cally significant brain reactivity. The
stafistical threshold was voxel-wise
uncorrected p < 0.001 with cluster-
wise FWE corrected p < 0.05 (141
voxels). ACC : anterior cingulate
cortex, FEW : family-wise error, Gen :
general item, HC : healthy control,
ID @ insomnia disorder, insomnia
with and without SODS, Ins : insom-
nia ifem, SMA . supplementary mo-
tor area, SODS : Subjective-objec-
five discrepancy of sleep.

Table 3. Group comparison results exhibiting increased BOLD signals to the contrast of Ins vs Gen

) ) Peak MNI coordinate (mm)
Group comparison Region § y 5 Peak Z Score Extents (Ke) 29
Insomnia with SODS > HC NS
Insomnia without SODS > HC NS
Insomnia with SODS > Insomnia without SODS  Rt. Precuneus 20 -56 42 4.63 378
Rt. SMA 14 10 24 4.47 151
ID > HC Lt. ACC -14 46 2 4.03 176

The statistical threshold was voxel-wise uncorrected p < 0.001 with cluster-wise FWE corrected p < 0.05 (141 voxels). FWE correct-
ed cluster size was calculated using 3dClusSim. x, y, z was coordinates of maximum activated brain region in MNI. ACC : anterior
cingulate cortex, BOLD : blood oxygen level dependent, Gen . general anxiety-inducing stimuli, FWE . family-wise error, HC :
healthy conftrol, ID : insomnia disorder, insomnia with SODS and without NOSODS, Ins : insomnia-related stimuli, Lt : left, MNI :
Montreal Neurologic Institute stereotactic standard brain femplate, NS : no significant finding, Rt : right, SMA : supplementary
motor area, SODS : subjective-objective discrepancy of sleep

old Aqt=ol USleh Y EHE wE A= A" 7ok

Al Ay WS sk Aol e ol tigh 22|z FHAZEY] @A)z tigt o] 7|54 HIY A4t=
7|o18t= Ao R HaEQth(Harvey®t Tang 2012). A®  #9] git}, o] Hof B {-YU3t PET A+ (A &
A Ao B dho| Eees AALR e Z2 FA WF vs 2 HEE ]9 A - A Q] 2fo] 9
Q19| T} 2 AA] ZS A 22 4A1Y =T e Ao ARgo| diy Y tjARE o] o3 kS vl Xtk
WA k2 vis 4 Qlth(Harvey®t Tang 2012). W5 235 Easkqith(Kay 5 2017). o] A9 EHZE Sl
gEo] WRA/QRA Bk A o]2ldt TS AAT A MR A - Zjolof EHF SHA| H
o o]5 S sk Q02 st (Clark 1999), #4HS = o Ad(right anterior insula)$} &7/
¥ = H&ASAA T2 (hyperarousal)= WA 71 A thA}E] (middle/posterior cingulate)?] EEd thARE©] &
= S Wfohe 240 EHE doith 2 A= ol o IS E3ith(Kay 5 2017).

23t o] 29 URE 7|54 HIAe R FHTh=H on EHS-HH A= AR E )9 fMRI AE0] oA
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o 211 E %I} Baglioni 5= T EHE SxoA] &
AR ARIRRS (], Hholl el w9 e ARDE 5
o %= (amygdala) 9] ¥Hg-/do] S7be Halskelal(Ba-
glioni & 2014), Kim 5= B4 AEH1S 2AtolA] 54
SF =] & (precentral cortex), A+ 1A (prefrontal cor—
tex), 7|EAFE] 3] 2 (default mode network) o] EHZE
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