g

|

AITF AH2ANDO1 123 IO — =0 ol b X FOH -

[— | i n“.l]l'l'l—'l'-?—='°"l'-l'_- EKIIE_I |_K|-||'U' o "
AITIAAIL i [ ] al =11 0O =2FrX4i0

[T O=EI =AI b o AII_TrEI_TI

MBSt nifst AMMSEel AlAEDL SAHS D ofnicyst MADSt AR TE{chstn ofnjcyst oretel M TP
OlST HElY UMt XS Foo WY sa%

Cognitive Dysfunctions in Patients With Severe Obstructive Sleep
Apnea Syndrome: Neuropsychological Test and Event-Related
Potential Study

Dong Kyoo Lee, MD, Hee Jung Park, Sun Hwa Kim, Jae-Wook Cho, MD?® Eun Yeon Joo, MD,
Ki-Young Jung, MD, PhD®, Seung Bong Hong, MD, PhD

Department of Neurology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea
Department of Neurology, College of Medicine, Busan National University’, Busan, Korea
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Background: Patients with obstructive sleep apnea syndrome (OSAS) show variety of dysfunctions in cognitions
including general cognitive function, attention, and frontal lobe and executive function. However, there is no consensus
on the main features of the cognitive dysfunction in OSAS patients. So we performed neuropsychological tests and
event-related potential (ERP) studies in patients with severe OSAS to evaluate the cognitive dysfunctions and changes
of auditory and visual P300.

Methods: Twenty-eight men with severe OSAS (apnea hypopnea index (AHI)=63.1+17.8/hr) and 16 age, sex, education-
matched normal controls (AHI=2.9+1.8/hr) underwent neuropsychological tests and ERP studies.

Results: Patients with severe OSAS showed deficits in corsi block forward and backward test during neuropsychological
evaluation, and delayed latency and decreased amplitude of auditory P300. There were significant correlations
between auditory P300 amplitudes and digit span forward or corsi block forward test scores, and between visual
P300 amplitudes and digit symbol test scores.

Conclusions: These findings suggest that severe OSAS patients may have deficits in attention and short-term
memory, and abnormal auditory P300.
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OISTH HIS|E AMS ZS F20 BIY B
Table 1. The results of the overnight polysomnography in patients 21734 2] HARRE AR Lle] AudE 2] 98l Al
with OSAS (n=28) 2 3 BE A5 7 gl A2 P3009] et W79k W%
MeantSD o] 3h8 4Tkl AL 2 AA4lE] AL A9} Spearman 4
e o BEAS ATk p(0.059) B9 FAF folHo]
AHI 60.318.5 Aoz woksteich
AHI (supine) 63.1+17.8
Al 53.4£16.7 o ﬂ_l'
WASO 13.1+10.1 =
Desaturation (%) 71.7£12.3
PLM index 5.5+15.3 AJO] E
MAI 0.5+1.7 L Cd:'-'- t“ J—I ‘—TA:)]
Stage 1 (%) 39.9+16.0
Stage 2 (%) 45.2+14.3 SAREI A S B /oISl S| AR 44,4+
Stage 3/4 (%) 22539 5.6, AAFE] AHL 44,945 5A12 T 7 1ol fojgk 2o
REM sleep (%) 12.5+5.4 ~ -
AHI; Apnea Hypopnea Index, Al; Arousal Index, MAI; Movement 7F §TH(p=0.89). & A= BARLS] sFe] 15.0+
Arousal Index, OSAS; obstructive sleep apnea syndrome, PLM; 2.5\ 0 =2 15.8+2 4 A2 AAF] st HT} oFt UgfoL) &
Periodic Limb Movement, REM; Rapid Eye Movement, SD; o -
standard deviation, WASO; Wakefulnes}; Aftez Sleep Onset. AR fofdt Aol %i‘}ir/]'(p =0.40).
ST AR A AR 4 A A oA o] ESS A
Table 2. The results of the neuropsychological tests in patients with OSAS (n=28) and controls (n=13)
Control OSAS p-value
General K-MMSE 29.4+0.7 29.1£1.3 0.91
cognitive FSIQ short form 117.7£9.7 117.4+12.3 0.98
function Raven’s colored progressive matrics 32.5+4.7 33.1+£2.8 0.98
Attention Digit span forward 9.2+1.7 8.6+2.5 0.52
and Digit span backward 7.9+1.4 7.842.0 0.75
frontal lobe Corsi block forward 9.9+1.6 8.542.2 0.03"
function Corsi block backward 10.240.6 8.4+1.7 <0.001°
Trail making test A (sec) 31.2+8.6 35.3+10.6 0.13
Trail making test B (sec) 69.5+£18.8 78.1+£24.5 0.35
Digit symbol test 62.4+10.6 57.6£13.0 0.33
WCST category 5.0£1.8 5.3+1.7 0.56
WCST correct 68.2+8.2 68.7+8.2 0.91
WCST perseverative responses 15.7£14.4 16.0+£17.7 0.81
WCST perseverative errors 14.6x13.5 14.2+14.3 0.88
Stroop word correct responses 112.0+0.0 112.0£0.0 1.00
Stroop color correct responses 105.8+£12.5 104.1£13.3 0.50
COWAT phonemic word fluency 33.4£10.4 29.7£11.7 0.35
COWAT semantic word fluency 36.7+8.0 33.1+6.7 0.13
Memory K-CVLT total 53.848.5 49.619.0 0.25
K-CVLT short delay free recall 10.9+2.7 10.5+2.9 0.71
K-CVLT long delay free recall 11.5€2.7 11.2+2.6 0.84
K-CVLT recognition 14.7£1.4 14.6+1.4 0.95
Rey figure copy 35.6+0.7 349+2.1 0.62
Rey figure immediate recall 25.7£5.5 22.2+6.0 0.11
Rey figure delayed recall 23.9+5.4 22.1+5.7 0.48
Rey figure recognition 20.8+1.6 19.4+£2.0 0.051
Mood Beck depression inventory 7.1£7.4 6.3£5.3 0.82
COWAT; Controlled Oral Word Association Test, FSIQ; Full Scale IQ, K-CVLT; Korean version of California Verbal Learning Test,
K-MMSE; Korean version of Mini Mental State Examination, OSAS; obstructive sleep apnea syndrome, WCST; Wisconsin Card Sorting Test

’p<0.05
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Figure. Comparison of P300 latency and amplitude between patients with OSAS and controls at each electrodes. A; Auditory P300
latency, B; Auditory P300 amplitude, C; Visual P300 latency, D; Visual P300 amplitude. *p<0.05

2 184450808 HHHOoE FFEY FU EEFE & OSASE HT=|Qlt}, Egh A B F55E 52 5359 2
2% Wi Aol ESS Has Wt 6,413,278 08 YA W ZolE B, A F H|A| AAES = 71,7412, 3%
Qo &3l = 2 7t T3k Zfolg B h(p<0.001). Al74] Hanr]o] Qllet, 15| S=Ho] el vlsl F7ketaaL, 3, 4
2] gAkel AP HAF ol A3t EAbte] Sss Ha A =S Akt B Aol AHIE 2,.9+1.8/hr2
L 258+1 1808 Aol 888 A9l 2.31+1 75- K} AAF He|HrH(Table 1)

ESATE FAAR] o148 ATHp=0.26).

A= body mass index (BMI)Z B8}, $EAQ]
BMI& 27.1+2.5 kg/m”2 AAFte] BMIQ] 23.4+2.2 kg/m”
Hr} fzob 3t FATETE BTETE folshAl =kt
(#€0.001),

2. 4uirkl Z4Ak

3. ABAE A

A 7A3A e AAF A3} corsi block forward FAAFR} corsi
block backward A} H=7} OSAS Aol A F-J81A| A4
sialck, A 71 F|ejeloll A AuE O O8AS

Shatato] AR M3 whe A4S Mo Folat Aol

W A,

Rleich. Lk QA5 el Qlofi F wollAl Hikg HE B

[e2]
AN
BRG] HF AHIE 6034185/ ¥, WE F5 o9k Beck depression inventory (BDD) ¥4+ B4

Table 3. The results of event-related potential studies in OSAS patients (n=28) and controls (n=16)

Control OSAS p-value
Auditory P300 latency (msec) 356.5+£24.8 375.5£24.5 0.02*"
Auditory P300 amplitude (V) 9.042.4 7.1£2.5 0.02"
Visual P300 latency (msec) 375.7+£26.1 386.9+27.1 0.32°
Visual P300 amplitude (nV) 9.6+2.9 8.0+3.0 0.09"

Each value indicates the mean value of P300 latency or amplitude at all electrodes. OSAS; obstructive sleep apnea syndrome, ‘Independent
T test, bMann-Whitney U test. *p<0.05
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|4, APAESIE 90%

g 2
ATAZSHE o= 3/4 T

OIS WAl UMst ZMS T2 MY B5E
SR B A S Hol 9852 WEEA| it P300 7] 9 71Z-2- AH
(Table 2). ok ARZE A = ARH %), ZA
o] v]g 2 AL (rapid eye movement sleep, REM sleep) 2]
4, AFEAY HlE 5 ok AR A Aot froldt At/
oiek. A4l ZALeke] vl A 7k P3002] FZ3) digit
OSAS Zx}7to] AANol v]3l S-2l81A AZF P300S HH+ span forward (z=0,42), corsi block forward (r=0,41) A}
AE7Ne AT, BE AFS Paw 27 RerkTable @4 Aolo] $olg AUTAL QI%m, A7 P3009] HEa}
8). A7 P300S B 7] A 9 AE k2RSS B digit symbol AAKI=0,42) A4 Afolel £oJsk AL 9)
Fdoy EAZoZ Fo5HRAE ottt = o] i A= 7t QltHTable 4). =, digit span forward, corsi block forward,
H oA g2k P3009] 571 FZ, FC3, FCZ, C3, CZ, CP3, digit symbol FHAREOIA W2 Hg 7] A5 P300
CPZ, CP4, P3, PZ, P4 A=ol|A, 1EL2 CPZ, PZ A=0llA, o] HFo] Aol AHFEE HolFieh
A2k P3009] FHE1 FO4 AT, AHS 17 Aol 5
Ofgt 2fol5 Ho| ARk oz FAl-uRe £9)9] H=FolA il &
ol Aol Elrh(Fig.).
2 Aol A OSAS $Hb= Akl vIs Al de] HAbellAl
5. AAAE] AR AFA-SEA L] A corsi block forward/backward AAM; ¥ 45 B,
Table 4. Correlations between event-related potentials and neuropsychological tests in patients with OSAS (n=28)
AP latency AP amplitude VP latency VP amplitude
General K-MMSE -0.15 0.08 0.17 0.17
cognitive FSIQ short form 0.06 0.06 0.17 0.15
function Raven’s colored progressive matrics 0.01 -0.09 0.22 0.15
Attention Digit span forward -0.10 0.42° 0.04 0.33
and Digit span backward 0.11 0.20 0.23 0.14
frontal lobe Corsi block forward 0.21 041" 0.22 0.30
function .
Corsi block backward 0.02 0.30 0.21 0.31
Trail making test A (sec) 0.20 -0.11 0.01 0.03
Trail making test B (sec) 0.25 -0.32 -0.15 -0.29
Digit symbol test -0.24 0.30 0.01 0.42"
WCST category -0.12 -0.11 0.29 0.05
WCST correct -0.27 -0.17 -0.18 -0.16
WCST perseverative responses -0.02 0.08 -0.17 -0.04
WCST perseverative errors 0.01 0.11 -0.17 -0.03
Stroop word correct responses 0 0 0 0
0.25 0.11 0.21 0.18
0.01 0.36 -0.04 0.30
-0.13 0.22 0.10 0.23
0.15 0.36 0.29 0.30
0.22 0.19 0.15 0.21
0.32 0.10 0.33
0.00 0.15 0.06
0.05 -0.07
0.15 0.02
-0.02
0.13

Stroop color correct responses
0.03
0.15
0.05
0.15
0.04
0.08

COWAT phonemic word fluency
COWAT semantic word fluency

Memory K-CVLT total
K-CVLT short delay free recall
K-CVLT long delay free recall
K-CVLT recognition
Rey figure copy
Rey figure immediate recall
Rey figure delayed recall
Rey figure recognition

0.03
0.24

-0.08
-0.10
0.28

0.26

sleep apnea syndrome, VP; Visual P300, WCST; Wisconsin Card Sorting Test. *p<0.05
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Each value means correlation coefficient . AP; Auditory P300, COWAT; Controlled Oral Word Association Test, FSIQ; Full Scale IQ,
K-CVLT; Korean version of California Verbal Learning Test, K-MMSE; Korean version of Mini Mental State Examination, OSAS; obstructive



AR floll A g2t P3009| A7) 7F S7HE AL
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ool ¢ito] mlsf 2 HAtollA A7 4] HAMY corsi block
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Digit span forward/backward AAR=
backward FAR} BSZSHA|NE = AtollA] on]7} gIlE 21
AAL] Holx £ 7154 o] 1t} Digit span forward/
backward A= corsi block forward/backward ZAMR} &
2 ARl 947 (1, UHEA S & corsi block forward/
backward AAIR H7}5H= AR 1~27] A =2 AXS 2
oIt} Corsi block forward/backward FAAFZ} QX[ ol H7}
oﬂ 0101 = E] Zjl—zs]- E:llol 7}_&]0] oh:].

AT HAVS OSAS ERfolA Fo3t AaE EYdd
corsi block forward/backward ZAR= ALAmich 24
o E 4S5k ey gqiAF ez 7] 7] ¢ (short—term
memory), ”* ZF¢17]9}(working memory),” A]Z
spatial) ©7]71%, 719 F-&(memory efficiency), Al &7+5=2]
g (visuospatial attention) FARBK= Aoz orefx it ?
wep B AelA 0SAS T ThE QL] ulsh 4
Yx ez Zele @ wlslolo] Astelol ek Wt 4 9
oict

AR Frelet Aol mAAR A
A o)k Y ol fr AZRASIZE BRIl i)

Ao 8 ugksh] wiol AL, Al 0SAS BHbolA] A

¢
1:311

corsi block forward/

7 H(visuo—

Z}91A](visual perception)”} IA] F&FS vHA] FS 7154
% hakE Azt 2 4 ek, WHHOR A3 0SAS HAjel
e Azl Bl & fRE7] el

AR Rl A2 A= Al Aol B4, A7, RS Al
2 Tk 52 HolA IAlE & @r|r|dor AR
P3002 28 A=23} 7]oH o] A=E v|wdlr] Yl =9
2 WFT 1) YL 0SAS T AL Folen P
o] PR 7] wizoll 300 ms LA A FrFo] v,
71 oA 9] 3l Azl X34 (automatic detection proce—
ssing)> PGS WA ko HE 100-200 ms 42 HFojl=
o3afo] gl ? P00 MEL ZojE W y|ol iz}l P wo] o

A% (brain activity) & W95, FE7]= FoR A=+ A
28] 4% (stimulus classification speed)E WG} ® =,
zojelzt ] 7]olelo] 284 P3002] 22717t gidsha
AES A7

£ Aol A P300<]
block forward, digit symbol test &= Alolof] §-2J3t AFat
A7} Q= Aoz vehdi=t], o] Al 7R AAR= Foj W
@7] 7199S Brkshe Hl -85t AlEAE AA A A
OSAS AfsollAl Folgat ©@hr] 7|99 e] Foli7h vk,
A 919 o] e TRt ©r] 7199 9] Aoffet
dAehgo] gler, P300 &9t =008 HARRte] f-oJ5k A
oA 5o Atz & AtolAl= g 0SAS sS4 9]
it &) 7)ol 23k Qxofe] aaeha AEAE
At

A Z3} digit span forward, corsi

o
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