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Executive Function Impairment in Parkinson’s Disease:
Evidence from Paried-task Comparisons

Da-young Kim Hongkeun Kim'

Department of Rehabilitation Psychology, Daegu University, Gyeongsan, Korea

A number of previous studies reported that patients with Parkinson’s disease (PD) perform poorly on executive function
tests. However, due to the low specificity of most executive function tests, it is uncertain whether these results reflect deficits
in the executive function or some other cognitive functions. Accordingly, the aim of this study was to distinguish between
two hypotheses: (1) low performance of PD patients on executive function tests reflects deficits in the executive function and
(2) low performance of PD patients on executive function tests is due to impairment in some other cognitive functions. To
this end, Cognition Scale for Older Adults was administered to patients with PD (1 =30) and matched controls (rn=26). They
were compared on six sets of paired tasks, in which one strongly demanded the executive function while the other did not.
The major findings were as follows. First, relative to the matched controls, PD patients showed significantly greater impair-
ment in word fluency than in information fluency, Rey copy than picture naming, delayed recall than delayed recognition,
and Executive Function Index than Basic Function Index, indicating that low performance on word fluency, Rey copy, De-
layed recall, and Executive Function Index is associated with impairment in executive function. Second, PD patients showed
a large impairment in both the Stroop simple and interference trials, indicating prominent deficit in the psychomotor speed.
Third, PD patients and controls were not significantly different with respect to Digit span forward and backward, indicating
relative preservation of working memory capacity. Taken together, these results indicate that PD is associated with relatively

greater cognitive impairment in the domains of the executive function and psychomotor speed.

Keywords: Parkinson’s disease, executive function, cognitive function, neuropsychological test

T}71¢="(Parkinson’s disease) 654 OJAF
1-3%S1 A1 E|3§4] Zglo]th(De Rijk, 2000). 0]
Sol glgioz /;j}_xﬂ (strlatum)oﬂ

—{m

tia nigra) ﬂ

Ol

4 e

(Eoox
o~ o
oy
2l

==

=)
rlo

ox
=2
o

o o ogi fr o 2
N =
ol

>
o
o
==
N
—_

rr

s

Correspondence to Hongkeun Kim, Department of Rehabilitation Psychology,
Daegu University, 201 Daegudae-ro, Gyeongsan 38453, Korea; E-mail: hongkn
@daegu.ac kr

Received Apr 25, 2016; Revised Aug 17, 2016; Accepted Sep 13, 2016

This research was supported by the Daegu University Research Scholarship Grants.
This research was adapted from Master’s thesis of the first author submitted to
Graduate School, Daegu University.

797
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MEA oo w2 d )75 A F (prefrontal
cortex) W HAAY T|As} 127} F=2 v 7j3tcH(Alvarez & Emory,
2006; Filley, 2011). 3}71<~1 9] B AL 52X % 2 (nigrostriatal
tract)ol| A AJAFSERINE 2} v AAEEE AA 2 AFH e
= s, mIER ) el i ol g HEiE S Nk
3= 710 2 HoltH(Owen, 2004; Zgaljardic, Borod, Foldi, & Mat-
tis, 2003).

ofg] dt5o] ISR A W7 ee 4ES Rkl
(Elgh et al., 2009; Hausdorff et al., 2006; Litvan, Mohr, Williams,
Gomez, & Chase, 1991; Muslimovic et al., 2005; Taylor, Saint-Cyr,
& Lang, 1986; Verbaan et al., 2007). Taylor 5-(1986)-=> T}71<H %
o] FA4| Hetof v]sf] Thol-3-A4d(word fluency), =214 (de-
sign fluency), A15=2 7 AH(Trail Making Test), $]A~FAl 7fEE 7
HAHWisconsin Card Sorting Test)2] 32|7| 5 @A A A z235t
2 R 53T} Muslimovié 5(2005)2 mH7 11 Rohr} S4) %
S ofg] QIA] ol vl Aol Bel7ls, 719, Al

4% (psychomotor speed)2] A<~o] 714} Alsltial slic Lit-
van 5-(1991)2 I ek} gzstoluy HokS: vl ¢

T 712]715e] 242 zsholuol B Ak, Tl
359 A2 s12MolA o stk 5199k Kudlicka $(2011)
o sy Agt B4 Zvte] Helrls & vlmst dEe]
eHEAJOA QoI 4 AR 9971, LT AR T
AR 2EFAL A A AR A 5112 Aol folah) vt
RS

H #7150l o= A= S0l =(spe-
3 AF=9] Aol Etekal A
el 0“’4 °l“ 441117]%—4 Z7g0l AHgE= AR thit ol ¥
217150l thek S0l (specificity) 0] ZITA] 4] 952 B4 HIRE
TH(Kim, 2001; Phillips, 1997). 9| & &5°¢] ol 4419 =32 &
2]7]5 8 ofyet ¢1ofA] 2|4s a7-gHeH(Kim, Choi, Yi, & Seo,
2009). L2 E & a1 ko] Thol- Rk Aol Azt 3
HAX|ehe 27159 e flmelA] 2 ¢107]59] A& w
QA 2SI thE ol & B, ~EH AR Rl B
fﬂ-E]—(K1m etal, 2009) 1
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7ls Aol BEl7 |5 B oy et QA
7% Rtk oS S0l 2EFHAE VIR B
7} QA WH Aarsland et al.,, 2009; Hausdorff et al., 2006), F217|%
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L& ot ul7]&HElE) M%EE(UK Parkinson’s Disease Society

Brain Bank)2] At} 7|5 wlgtth(Hughes, Daniel, Kilford, &

Lees, 1992). 27151 0] th 2491 557821 A5, QPEAT %14,
R

A, A E R 5 A5 ETE Ao]E 271 o4 1l )
uhe ERAIZON], S THIaY o]2)o) e E3A Tl
oL 5

5ol HE = A2
AL, S04 4| (Lewy body) 21 =y
gh o]gko] o] H9w Zﬂﬂﬁ} Ak Tp1E AL
M=71.87,SD =6.04, -5 94> M=6.70,SD=3.8
7} 159, ojzx7} 155, 7ol 0 E483o]7) 29 “S‘
Wolglr), o1 7]7}(&1)0 M=745, SD=3.850|%]c}. 2 HPOJ 26'8
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212 2IX|ZAHCognition Scale for Older Adults, CSOA)
F 12019) 012)7)15-& 2457 98ke] Kim¥} Kim (2007)0] 74
I3l 2E015H AR, dof7|dsh], AEFHAL 71 A4 EA,
ARl 97, B me)7], ol i7], wholia/de] 7714 43
ARE A E ARl 2 &4 P% Zrefs] Adrgshd ohaat ek
SAAR= A3 ATLo| A 7|« E v 9L of): Chu & Kim, 2009).

A, i 71517 ]5= 3] SAISFAIRY, A ABFAIRY, ZIOVH
QXYL & ]I SA S AR 1 TR
A L]l AR g A HEA BAS
SAIE 7184 Eeeh A QS S
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ARZLEA| TS Sh B 2
o, o] 22 Frhek
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A7) 20702 o] Qe

YA, $:212}97 1= “S2F (Digit Span)} kS, B2 whet 9]
7] A9} AR wat 9} 7] A2 AElo] 9k

A, B a8 7]E Ylo] T8 (Rey figure) S B LA T18= 4
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WA BASE B, 7| EAAEA, Tolf Ak, TPl ST,
EEREVCREE RIS S £

AR, ), AR 71
2 997, AR Qfe7Nelx= 2t 271, ©ol7]9 3P7l(5*l§”

3} 934 AR oA 37)7F Az EL) ZF SAbE =
M=10,SD =391 = T E ARSRIT 2ol =o0716A4]

5, I, ol AT, AU, 719171%11394 5

) RS 516k £ G Aol 12
sl AAA A, 712454 B Al s A= 242 AAl7 s
A3, 712715 A1%, 7 SA R HHtojA] 7|3t K =

= M=100, SD=15%] A4 T=E A}-8-31C) Table 10]=
7} 291350l of' gkl S o] A=A 7} A AL o] STk

Sh=2e QAMMSE ASH=E4 ™I (Korean Activities of Daily Living,

35 1219) QAT Y5 EE B 915tel Won 52002
o] R A HAFolek o] Himk 7RG Y7L AR, =

[e;

Table 1. Composite Scores of Cognition Scale for Older Adults and
Their Component Subtests

Summary scores Component subtests

Index scores

Attention FI Stroop simple
Stroop interference

Working MI Digit forward
Digit backward

Language FI Information
Verbal fluency

Visuospatial FI Picture naming
Rey copy

Memory FI Immediate recall
Delayed recall
Delayed recognition

Summary scores

Basic FI Stroop simple
Digits forward
Information

Picture naming
Delayed recognition
Executive FI Stroop interference
Digit backward
Word fluency
Rey copy
Delayed recall

Full-scale FI All 11 subtests

2317), AA1517), o 5517], S ALEBI), A 2] e
_‘1

o
B HEH, a7t s S oS0 s5S oudtth

Sy = A AUaMSE 3153 HIHKorean Instrumental
Activities of Daily Living, K—IADL)

3 w0le] wPA AT 2L W] 915kl Won
F@002)0] e AT FAfo m o] A 1o—%¥(£ A5t
71, 29k 371, 4} 20st), e, =
ot ol5], B4 AP, A, A} AR, oF iﬂ?%wl)ﬂié a
e, et mae s Aol wa= rleitt

o128 & = (Korean Form of Geriatric Depression Scale,

o

oot

23
K—GDS)

Yesavage 5-(1983)0] 73t A5 Jung, Kwak, Joe2} Lee (1997)
7} &k Aol BHA| e AR Aotk o] M= 5 308
o2 TR 44 B R4S SEEA HRHE ool 2
Aol A2 EHA, BlHA AL B =907 A4 oFat
71e{218, QU175 A5t ALSIA B HEASl] 528le] 22
Speles

4.4_{00

_|_4

ZHHFHAMEIZA-KT (Mini Mental Status Examination—K1,

MMSE—K1)

Folstein, Folstein?} McHugh (1975)7} 7]t AAE Kim¥} Kim

(2007)0] F=3 A7gof] Uk Wik Bl s E3}et FHAfolth o] HAb=
A e, 719, Ak Ao, S SAst e wER R A

o, vHgo] 30g0]3L, Havt e E AV IEol #5= o

it

O AxF
=T =

RpR| 7

Bl OR R 1 Whg ol nE el S TAskck

AR S At 5L B CSOAA AHEEH A2 Ta-

Table 2. Six Paired Tasks

Executive function demand

Fair High Low

1 Executive FI Basic FI

2 Stroop interference Stroop simple

3 Digit backward Digit forward

4 Word fluency Information

5 Rey copy Picture naming

6 Delayed recall Delayed recognition

Note. FI=Function Index; MI= Memory Index.
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ble 20] AJA]fo 9lck. 2}
3} Zrhe] AL A9
Kim, 2009).

3, 7127V 5 A o} el s A ] A 7]
1 CSOAS] BHFI4-5 5 Tel7)ls Rwrl s oz v
AP 1315 el oA e 5 o o
& 57jo] 7)2:3keH Table 1). 7 $H4FI4-5 Fhel7)s of2w7t
Ak ek 7bg e A ot wf T .

SR, 2E B2t SAIT 2 AIO) Mk Al
oAz w8 21 glo] Aolet 7018 M FHE R Tel7) ol
A S Sl L B e
98 OISt Aol HElE 0|2 Bok stz ghelle] 4
g0 2 7l ek

A, 5:71219719] vk whel ©]9719} AT wet 9197]0)
HapAlch vk ujet 997 A s & o wsp|ut stel s
Pep)sol WA Eich yhelo] AT uel 9971 445
A S A ZAE 275 HollA] Tl )l A
o 7] ek

U, 7184 EA S} Chol §3Ae] BT, 7] EA A A
Qloj] Ao Tt QRUTAI) AALeHe HollA] Tel7)so] v
A ik ol §AAE Qloja] MALS a75A)e QXA 2y
3} goiilo] FaH Aol Tl )0l A 0.2 el apE
chitAl, o) Sel1ok B ae)7o) Ak Tglo] S
= AJ24] Al et QEUEAIS] AAtehs Hol A Belrlsol

A 87 ] SIPIE ST A AR
) A3 AJo] S0t HollA] Tl o] AhA o el et
ol B A2 BAR ofet o) Sui/| 8 a7
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Executive Function Impairment in Parkinson’s Disease

& Tho]o] A1§:0 2 loja] vro iz L o], ALHJ5}A] 9L
berste] slabd] HAO R AX|Z ol Rk SEE 7]8le el
% o)A CS0AC] 1ol gt loj7)so] ula) 141247
2 B8 gt ol
AR, ol7]ofs17]0] MeRielat x|eisAe] Ak Al
212 071 wof7} AAIEGIE A91X) oh ek gheks} = ol
2] S ek el A 2 2220
Aeo] 207t oA Tel7lso] e o2 1) arEr
5 712 s el A o 4
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A s7He) Al Pel7)5o] Xpua Aol Q1A el wet ol
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27} Zcho] EfrRlo] i, K-GDS 47} 512191 MANCOVA
5 351k K-GDS2] 38191 F£J-2 = Fthe] AR H]imof| 4]
FroJgt 2ko] 7 1847 | WiEo]ch(Table 3). AUAY, 2+ ZabAd 2 2eh

o #kA| ] A ARgo] =R AT HYkT o] Aol Hto]
SEglo]ar, #ukA| M7t vHE=7d HQ19] mixed ANOVAS

AH-E3ESITE YA, 1 kol A i Wil Q175 R4
7ol Adatko] QJi=A1E Pearson r& AHE-sto] At HOITE HE £

Table 3. Characteristics of Control Participants and Patients with Parkinson’s Disease

Variables Control (n=26) Parkinson’s disease (1 =30) tory Cohen’s d
Age (year, M+ SD) 71.46+5.29 71.87£6.04 -0.27 -0.07
Eduction (year, M+ SD) 7.46+3.48 6.70+3.82 0.78 0.21
Gender (n, male/female) 10/16 15/15 0.75 -
Handedness (1, right/left) 26/0 29/1 0.88 -
Duration of Illness (year, M + SD) 7.45+3.85 -

K-ADL 7.00+0.00 10.67+2.12 -8.8¢%* -2.36
K-IADL 10.00+0.00 15.37+2.70 -10.13*** -2.72
MMSE-K1 27.46+1.58 23.00+3.85 5.51* 1.48
K-GDS 7.62+6.49 15.70+3.33 -5.98%** -1.60

Note. K-ADL =Korean Activities of Daily Living; K-JADL = Korean Instrumental Activities of Daily Living; K-GDS =Korean Geriatric Depression

Scale; MMSE-K1 = Mini Mental State Examination-K1.
p < 001
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412 IBM SPSS 22.02 AF-8-519 .0, B4 4] —4*‘]°p<05(01:
HHE 7)20 2 B519Ick Hok 7} v]i.e] &3} 27] 2= Cohen’
s d (Cohen, 1988)= A3}tk

OITLE||5t T QAL EHO|
Table 301 T2 T} 54 HEHS QAR 9 QA
QIoflA] 1)k A7} Aol ek S, 4
], 7k ulol 4] olat 2ol gigick

2 24T A

Frolg zpol7t 9lgl o
MMSE1L2.2 S5 A5l il Aol dslost

L
_Ori‘
Nor
o
~
iB
1

_=)
i=)
[
>
o
jia)
mt)
©
inj
f
32
il

QA7) 1R1S] Ak 71 ulanie FARS, AT, B0FE4 3

THz 1] Ssigich 3, 1K) SALESoA 2
Rol7} Qe Asii| atol, eto] HeHelo]T K-GD
57F 52121 MANCOVAE =3slSit). AutE B ko] &
7} 501519}, Pillai’s trace = 677, F (11, 43)=8.20, p<.00L. 1t
Hoj| FEHelo] ail= §-9J51R] okQlt), Pillai’s trace=.241, F (11,
=130 s HERY A T34 P 51 L0 4 94y
2o gj3]] Who] Eeuiolo] ANOVAS 2=aa}5it}. ATk Table
4ol ARIEIO] Sick g 4 Aol AES oAl AES 214
A, TolR A d, LT, SA 8, A8 ] 67ER|ofl A
siigon, &SI gl 447

ue)
Ay

95}

5lo], Ftho] E%‘Eﬂfdom K-GDS A<=} aHo]o] MANCOVA
£ dsisinh 275 2 AT anprt 590813, Pillai’s
trace=.507, F (5,49) =10.08, p <.001. HFo]| 21 2] & 7}= 52
81%] 9FoFt, Pillai’s trace =.060, F (5,49) = 0.62, ns. 5-2J8+ Xtk &
o] ot 4] EA 0= 7} 2|3 of| thef Heto] =/
ANOVAE =3§3}9it}. A= Table 4] A|A|=o] Qlct ek 7F
Apoli= FO7|1 AR, o7 SAI3E, AlsttE AR, 7197

Table 4. Performance for Control Participants and Patients with Parkinson’s Disease

Control (n=26)

Parkinson’s disease (1= 30)

Measures F(1,54) Cohen’s d
M SD M SD

Scaled scores
Stroop simple 12.19 3.14 6.50 291 49.58*** 1.89
Stroop interference 10.12 3.17 5.70 2.71 31.67°%* 1.51
Digit forward 12.46 3.29 11.40 1.90 2.26 0.40
Digit backward 12.04 3.00 12.27 2.46 0.10 -0.08
Information 12.35 2.46 13.20 1.71 2.32 -0.41
Word fluency 11.19 2.79 6.97 2.53 35.4400% 1.60
Picture naming 12.77 2.52 12.27 2.38 0.59 0.21
Rey copy 13.15 246 7.83 251 63.83°* 2.14
Immediate recall 10.73 3.09 8.43 2.82 8.44** 0.78
Delayed recall 9.92 2.59 6.70 2.56 21.82%4** 1.25
Delayed recognition 9.88 241 8.60 2.69 3.51 0.50

Index scores
Attention FI 106.35 14.99 76.23 16.20 51.57%% 1.92
Working MI 112.69 15.44 110.40 11.30 0.41 0.17
Language FI 110.38 13.28 100.47 10.17 9.99%* 0.85
Visuospatial FI 118.73 13.82 100.43 10.57 31.4200¢ 1.50
Memory FI 100.92 16.14 85.40 13.33 15.530¢* 1.06

Summary scores
Basic FI 114.46 14.30 102.20 10.98 13.14%%* 0.97
Executive FI 110.00 13.73 83.00 13.69 54,0200 1.97
Full-scale FI 112.96 14.35 91.43 11.59 38.55%* 1.66

Note. FI=Function Index; MI=Memory Index.
p<.01.p<.001.
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o] a7}A|oll A Srolalgom, mi e Anke) 14ty

o
npR|ako 2 37010] QoFdZoA] ATk 7} o)
H7] 95}, 7k QoA Zcto] E2olo| 11 K-
0]9] ANCOVAZ =851t Qo457

% 5|52 MANCOVAL 43314) 9koteh, 3
L ofi BN f0f514) Spoteh THE QAelE

[ Control

120 o

110

100

90 r

Quotient score

70 L
Basic Fl Executive FI

12

10

Scaled score

o

Picture naming Rey copy

14

10 -

Scaled score

CJ

Stroop simple Stroop interf

(E)
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Figure 1. Performance for control participants and patients with Parkinson’s disease.

Note. ns=not significant; Error bars depict 1 SE.
p<.01. p<.001.
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Table 5. Pearson Correlations within Patients with Parkinson’s Dis-
ease

Clinical variables
Duration 4 sy KJIADL  K-GDS
of illness
Scaled scores
Stroop simple -371* -.151 -235 -.059
Stroop interference -512%* -.090 -.164 -.083
Digit forward -.344 -401* -.305 161
Digit backward 203 -.602¢** -.529*%* 174
Information -255 -.190 -151 .090
Word fluency -411* -.298 -.241 -.034
Picture naming 323 -.276 -.166 141
Rey copy 267 -127 -271 -.262
Immediate recall -.356 .100 .015 117
Delayed recall -202 -171 -258 -172
Delayed recognition — -.024 018 -.165 -.075
Index scores
Attention FI - 477 -.134 -.218 -.077
Working MI -.051 -.590** -.480** .188
Language FI -432% -317 -257 .016
Visuospatial FI 418* -273 -.307 -.091
Memory FI -.282 .000 -.158 -.062
Summary scores
Basic FI -.227 -.306 -.336 .064
Executive FI -.204 -.327 -.392% -.126
Full-scale FI -.303 -.323 -.384* -.006

Note. FI=Function Index; MI=Memory Index.
*p<.05.**p<.01. ***p<.001.
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