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Objectives: Mild Cognitive Impairment (MClI) is a high-risk condition that may progress to
Alzheimer’s disease, making early screening and clinical intervention essential. Verbal flu-
ency tests are widely used as a simple and effective tool to differentiate MCl from normal
aging. This study aimed to compare the performance of three types of verbal fluency tests
(semantic, letter and action fluency) between MCl and normal control adults. Finally, we
sought to determine which type of verbal fluency test most effectively distinguishes MCI
from normal aging. Methods: A total of 52 participants (26 with MCI, 26 controls) partici-
pated in this study. Group differences in verbal fluency performance were analyzed, and
correlations between verbal fluency and cognitive screening tests were examined. Binary
logistic regression analysis was conducted to evaluate the independent discriminative
power of verbal fluency. Results: The MCl group exhibited significantly lower performance
than the normal controls in the semantic and action fluency tests. Additionally, significant
positive correlations were observed between verbal fluency and cognitive function tests in
both groups. Among the verbal fluency tests, action fluency was identified as the most
sensitive and independent predictor for distinguishing MCI from normal aging. Conclu-
sion: These findings indicate that the action fluency test is a highly sensitive tool for distin-
guishing MCI from normal aging. The results highlight the potential for the action fluency
test to serve as a critical assessment tool in evaluating language and cognitive function in
individuals with MCI. This study provides important theoretical and clinical implications for
the early detection of MCl and the development of targeted screening methods.

Keywords: Mild cognitive impairment, Verbal fluency test, Action fluency test, Cognitive
screening test
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call), F=2]& (attention) % ¢1oj(language) 52 5 Aukz<l <14
715 B7F = QAL ERS AIRE W Algo] 7hs st HoflA E
2] AME-E]3L Qltk(Folstein et al., 1975; Moorhouse, 2009). <Ljjo]]
A= MMSEZ} g0 22 ¥Qheo] Sh=qat 7ho] A4l AFel] AL
(Korean-Mini Mental State Examination, K-MMSE; Kang, 2006)
2 2853 Qlrk 22U MMSE: 55 A E AEshs dle =
2 QI (sensitivity) S EO|A|WE, MCIeF A4} =315 FlHsl=

d|= 3HA|7} 9tk (Lehrner et al., 2005; Nasreddine et al., 2005;
Tang-Wai et al,, 2003). 39} ofujgl, MCI glgho] 2|2 XejE]=
Ko 348 74| detection)3F7] F5H= A2kl M=) gl
(Arevalo-Rodriguez et al,, 2021). 0|5 H&317| $J5}o] = @]o]
A= MCI AEE 2710f Zdkst7] flsl S3H219l 47342 A
S AL lom, ol A= A& A17%412]3AKSeoul Neuro-
psychological Screening Battery-II, SNSB-II; Kang, Jang, & Na,
2012)7} AH8-E] 31 It 18} SNSB-II= A AJ7bo] A1, 7}
o] Bakstol, thAe] 92 EE 2D A5 A5S
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HChoi, Sung, & Jeong, 2020; Galasko et al., 1990; Moorhouse,
2009; Sebaldt et al., 2009). 0] G- AAF= A E4 oJn]
“F(semantic category) WollA| 819 T@ol& At&sh= ov] F-34]
HAHsemantic fluency test, SFT)2} 74 SA(letter) & AA|5IL
A 222 AR EE dolE A& 22 A HAMletter
fluency test, LFT)= Ulth 7 532 #AlE 5 A5 (frontal
lobe)2] &3l 7]%(executive function)@} T&Ho| ¢loH, AAdo|&
o] 52 Brheke o] S, AITol T, ST 5
FH(temporal lobe)2] 2J0] 7] (semantic memory)2} & Ut
Feto] glo], LETRE} 9] 7]ojo] &4 Au) Weks Hasp
AEst=d| et 2o 2 B 1%tk Henry, Crawford, & Phil-
lips, 2004; Kim, Kim, Wolters, MacPherson, & Park, 2019; Lopez-
de-Ipifa et al., 2020). ¥9F o2} SFTHE= MCI A AT wd&
o 23E) s 4 518 Bt ok MCIA] Al Ml
kS of nsHA gx|skchar s th(Benoit, Chan, Piller, &
Doody, 2020; Dudas, Clague, Thompson, Graham, & Hodges,
2005; Quaranta et al., 2016; Taler & Phillips, 2008). McDonnell 5
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215}l Q)tk(Baldo & Shimamura, 1998; Choi et al., 2013; Hsieh,
Schubert, Hoon, Mioshi, & Hodges, 2013).
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maekers, Honey, & Budge, 2009; Rahmani et al., 2022). DST+= 2}
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Table 1. Demographic information of each group

MCI group (N=26)  NC group (N=26) t p

Gender (Male:Female) 6:20 6:20 -

Age (yrs) 72.84+565 7257+6.47 15 87
(61-83) (61-81)

Education (yrs) 6.4+537 6.42+3.74 -01 98
(0.5-18) (0.5-16)

Values are presented as mean+ SD (range).
MCl=Mild cognitive impairment; NC=Normal control.

Mo o]f2-0] glom, 6) ThET 9] -8 A% (Short version of
the Geriatric Depression Scale, SGDS; Jung, Kwak, Joe, & Lee, 1997)
o4 87 Hlgke 2 7]olel o7} S0l 71elak gken,)
YAF Z]ul} 2= (Clinical Dementia Rating, CDR; Hughes, Berg,
Danzinger, Coben, & Martin, 1982)7} .52 X|ufj7} o} Z}2 A4 5}
STk e, S 5 Q1A W ¢lo] o ke 4 9l o] A1
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o Bt 6.42(SD=3.74) 0 & EAH 0 2 8.9]3} 2}o]7} ¢IgiTh
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OIX| 7| ZIA}
2 AFolM = et A 9SSz Frkd = 9l
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& Aol 71 wol Z-8-E= Al 7H] AARE Ad7gstke] QIA1A W
52 ARSIk A WA 01| 715 HAF= KKMMSER, 2 77 ¥
FAEE, 710 55, 719 34, 2 AS/ANE dol E T1217)) 9
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3t Bt
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SVLTO|th. SVLT= 52t 314
(immediate recall, SVLT-imm), A/ 3]4}(delayed recall, SVLT-
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Al 3PEt dojolut g Fojste] TS AFESIITE vpRH)
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fn g
4
o
>
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9Tk AFT 4 Tl Ak 7o) shfat Zjshn 2 S
TR IOYR AREE 5 A= SFTE}LF TS 7F 34 W
1] A7t ZASIE 2, PCAS £ 245 Q018 AASte] B
Aol 28313t SFTS] PCA 4] 23}, 2 2849 Kaiser-
Meyer-Olkin (KMO) Z+= .500, Bartlett®] 34 A4 72 &

E2 00002 UER) Q¢ BAof Alst Ao g gLonggi =

0] BAF A 76.4% 2 LT, SET

20 el o] BEE RO R 2 49188 8]
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A1}, KMO S+ 761, Bartlett®] 184 HA 729 &&-2.000
o2 99l FAo] AR o2 Uit Al WMo T 8918
A 24k 8L19%E AT '3} Rom, ofof uhe} LFTE] 519f HAF
Eshtel aQlo g = W= ko] Hat HaE w4
off A3tk

A i) A7 %o] it FEHMC vs NC) 7F 1 o] £
A4 74 GE(SFT, LET, AFT)S] 2302 2o] BAla] 91,
Shapiro-Wilk 774& AMg-sfo] A4S AEsIct 1 AL 4
Aol %ZEA] ¢kol, Mann-Whitney U 3-8 A3¥5}o] Ak 7+
Aol& 24319t}

2, s ol A ol 24 AAe) als) 3 1 7]
AHK-MMSE, SVLT, DST) 7F2] AFataA| 2 w]o]
(Pearson correlation analysis)< -l 215}
= 471 B AAo)7] o] Qg
oL, SVLT9} DSTE] 790l = 3H¢] A7k A1 ] izl PCA
4 501 ol 9 A & 4010] 8L fch
SVLT-immediate2} SVLT-delayed 47} 51L42] AFlo 2 =
7}55HA] PCA B48- AA|SE A3l AA| E4F2) 80.5%S As
0] 5 75:0] WL SR SVLT 522 Lpehs 1enz A%
et n7 A & DST-forward2} DST-backward = PCA H-4
A 24k FE/d0] 79.8% 2 UER slpe] Ao = 4 7h
Sto] Wt DST A& &7 Hg i 231519tk

A, QA2 W5 BRI Aol 4 T SR MC vs. NCYS 7}

3 2 s ol §304 21412) o191 32 B3] gisl o
g 22| AH 3] £4(Binary Logistic Regression)2 =83} tt
o] 913}, %4 WA-B AEHMCI vs. NO© 2 A3k, 5 4
5 o] 544 AR H4(SFT, LET, AFT)E A|%g3}5iT) E3E,
017] 7]% AAHK-MMSE, SVLT, DST)E F82k0 2 A Aa}o] ol

10
off
o ﬂ-"lﬂ
#
N
)

.‘

-

0][‘ 1 o

https://www.e-csd.org 831



Sujin Choi, etal. « Action Fluency Test in MCI Detection

$J5}o], Mann-Whitney U H%4-2 A|345F3ick 1

215, p=.024) 9} ‘AFT (W=167, p=.001)’ 5=3lo] A Zet 7} 2}o]
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ek 7 Z}o| &= Figure 13} Table 20]] A AI5FTE.
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73
Ak ol A FRof 778 AARRE IR 71 AR
AE AP Sfsl, wloj ARt B A AlRskn AL, MC
o ol Ao At BAE AT EH, SFT= K-MMSE (r=
p< 05) W DST (r= 43, p < .05)2} Lr&- 52 20] Tor,]s} zgzq xo}
HOW, SVLT (r=.74, p<.001)9H= Z7F A 4
@ *ohir% LRtk E4), LFTE= K-MMSE (r=.56, p< 05)
SVLT (r=.55, p<.05)2} S $=320] 50131 A7 AHS K-

ox

i

lo R oX Mo o X i

:

o
i

r
lo
Jo

lo
=

20 | Group
* M ™Ml
HNC

*

Mean score (+ SE)

Semantic fluency Letter fluency Action fluency

Figure 1. Mean scores of verbal fluency tests in mild cognitive impairment
(MCI) groups and normal control (NC) groups.
*p<.05.

Table 2. Mean scores (with standard deviations) of each verbal fluency test
across groups

MClI group (N=26) NC group (N=26) W D
SFT 1215+4.08(45-18)  15.04+4.47(8-22.5) 215 024*
LFT 494+315(1.3-14)  6.37+3.45(1-13.3) 404 208
AFT 742+4.98(1-16) 10.88+4.19(5-18) 167 .001**

Values are presented as mean+ SD (range).

MCl=Mild cognitive impairment; NC=Normal control; SFT=Semantic fluency test;
LFT=Letter fluency test; AFT = Action fluency test.

*p<.05, **p<.01.
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SVLT coefficient
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AFT 039 0.32 00
-0.5
LFT .
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SFT 045" 0.44" 0.46"
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Figure 2. Heatmap of Pearson correlation coefficients between verbal fluency tests and cognitive measures in mild cognitive impairment (MCI) and normal control

(NC) groups.

K-MMSE = Korean-mini mental state examination (Kang, 2006); SVLT = Seoul verbal learning test (Kang & Na, 2003); DST = Digit span task; SFT=Semantic fluency

test; LFT =Letter fluency test; AFT=Action fluency test.

Table 3. Mean and standard deviation scores of each cognitive function test
across groups

MCl group (N=26)  NC group (N=26) t p

K-MMSE (/30)  245+3.37(17-30)  25.8+3.95(16-30)  -1.208 23
SVLT (/24) 10.69+4.41(25-19) 105+4.18(25-17)  .161 873
DST(/14) 39+17(185)  557+222(211)  -3.032 .004*

Values are presented as mean+ SD (range).

MCI=Mild cognitive impairment; NC=Normal control; K-MMSE =Korean-mini
mental state examination (Kang, 2006); SVLT=Seoul verbal leaming test (Kang &
Na, 2003); DST=Digit span task.

*p<.05.

SE=.065, Wald=2.857, p=.004, Exp(/3) =1.278). 0]+= 9|x]| A H4r
£ SARE ol A= AFT7F MCL A H85h= d) glo] =4
2Rl 7|04 & k= AS ofulgtet Wi, SFT (B=-.129, p=.069)
% LFT (B=-.048, p=.126)= A4 0= F-2J5}4] g3kt i 3]
LR 0] A oS 55 B7Iet Ak HHE (accuracy)= 69.23%,
H7}E (sensitivity)+= 61.54%, S0] = (specificity) = 76.92% & L}E}
STk o] oS male] Tg RE B e HHH RS
HERt Ao &, 53] o] & AFT7} 213t ¥z SlE|gl7]of, &
o] F7 Asoll 8ol AFTE] 77} 71 efar sfale 4= 3l
o} melo] vhHE S Wt £914 © 2 71| 98l ROC (receiver
operating characteristic) 493 AA|5}9it) 71 A3} AUC (area
under the curve) -2 6855 e O, o|= B &o| Aok
(MCI vs. NC)2 HE A% 9] ASFAl(moderate discrimination) 2.
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Figure 3. ROC curve for MCI classification based on verbal fluency perfor-
mance.

2 H53t 4= 9182 olu|3lt}(Hosmer Jr, Lemeshow, & Sturdi-

vant, 2013) (Figure 3).
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Bt eA-E Al
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187} 5?7} % 7Hs7do] Tk olef 2 Aol A= ol KA
HARe] 8F9] f+ & (SFT, LFT, AFT) 3t =35 lals}ol, MCI g

ol 717 2201 A RS T
53], & Aol Ae 7 A7 Al 29k shel Q1A 7]
% 2 MCLUE] 218 9 of H58 9jat hEdel
HALR AFEE]= K-MMSE, SVLT, DST2} o] 84k
A TS RS Stk oS et ol £
of gojolat gAY} EAhE 43 A7 AT v
(Duff et al., 2008; McDonnell et al., 2020), & &1-Lof| 4
(HE 2 S UAR BBk 0 70 349 ) 5
o AEE S Hrksh] S8 <l

o
by
_O|L
R
T

F_III:
:cé
ofl
o R

= 2 NCo| H]3]| SFTL} AFT]|
i g A5hE Halo LFToﬂj\']t ey z}o] & Ho]
A] 3k o2t Aih= MCI AT NC 3y ehe] SFT} LFT 43

834  https://www.e-csd.org

COMMUNICATION SCIENCES & DISORDERS
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