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[Abstract] Objective To identify the sensitivity and specificity of Animal-City Alternating Form
Fluency Test (ACFT) differentiating mild cognitive impairment (MCI) and Alzheimer’s disease (AD) from
normal controls. Methods A total of 121 MCI patients, 104 AD patients and 104 healthy controls, who
were matched in sex, age and education level, were enrolled in this study. They performed Animal
Category Verbal Fluency Test (AFT), City Category Verbal Fluency Test (CFT) and ACFT. A series of
standard neuropsychological tests were also administered to reflect episodic memory, verbal ability, working
memory, executive function and processing speed. The validity and related influencing factors of ACFT was
evaluated. Results Compared with control group, the ACFT correct number in MCI and AD groups
reduced significantly (P = 0.000, 0.000). Receiver operating characteristic (ROC) curve revealed the
sensitivity and specificity of ACFT in discriminating MCI (P =0.012, 0.030) and AD (P =0.004, 0.003) from
normal controls were higher than those of AFT and CFT. There was no correlation of correct number in
ACFT with age and education (P > 0.05, for all). The correlations of ACFT with Stroop Color-Word Test
(SCWT), Digital Symbol Substitution Test (DSST), Shape Trail Test (STT) and Digit Span Test (DS), all of
which reflected attention and executive function, were significantly closer than those of AFT and CFT (P <
0.05, for all). Conclusions ACFT is more efficient in early cognitive impairment identification than the
other traditional category verbal fluency tests. It is a new variant form of category verbal fluency test that
could assess cognitive function and could be broadly applied in clinical practice.
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Table 1. Comparison of general data among 3 groups
C Sex [case (%)] Age Education MMSE
roup N e o
Male Female (WS, year) (x£s,year) (vis,score)

T2 A A A TR VI TR 5 12 WAL Y L

Control 104 50 (48.08) 54 (51.92) 63.33+10.27 13.04£2.92 28.36 +1.18
MCI 121 62 (51.24) 59 (48.76) 66.12+ 9.57 12.61+3.09 27.00 + 1.74
AD 104 56 (53.85) 48 (46.15) 66.55+10.55 11.92+3.03 21.83+3.72

X or F value 0.695 3.132 4.107 171.843
P value 0.706 0.130 0.091 0.000

(xxs,1)

Table 2. Comparison of VFTs among 3 groups (x )
Group N AFT CFT ACFT
Control 104 17.20+3.99 18.00 +£5.35 18.06 +3.80
MCI 121 15.09 +3.97 13.50+4.76 12.52 +4.62
AD 104 10.88 +3.74 9.15+4.72 6.54+4.94
F value 78.867 63.882 188.309
P value 0.000 0.000 0.000

X’ test for comparison of sex, and Bonferroni ¢ test for comparison
of otherso MCI, mild cognitive impairment, % & A HI # 3 ; AD,
Alzheimer’s disease, Pl /K 2% ¥ Bk 9% ; MMSE, Mini - Mental State
Examination , fif 7 & &R A 46 £ i 3

MCI, mild cognitive impairment, % A K145 F ; AD, Alzheimer’s
disease , BT /K %< ¥ BR 95 5 AFT, Animal Category Verbal Fluency
Test, 2 ) 11 W5 i) 15 9 W% # W 3 5 CFT, City Category Verbal
Fluency Test, 3% 7 110 W% i8] 1% it % £ I 5 ; ACFT, Animal - City
Alternating Form Fluency Test, 58 25 Jii 1 14 I 46

F(GDS) MM
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Table 3.  Sensitivity and specificity of 3 VFTs for Table 4.  Sensitivity and specificity of 3 VFTs for

distinguishing AD from normal controls distinguishing MCI from normal controls
Test AUC 959%Cl Crit(iscairz)alue Sen(sb;:)i)vity Spe(cciyfi)city Test AUC 95%CI Crit(isc:(l)r:;;llue Sen(sb;i)vity Spe(cb;ofi)city
AFT 0.885  0.789-0.924 <14 81.73 80.02 AFT  0.695 0.624-0.759 <14 44.65 79.87
CFT 0.849  0.772-0.920 <13 70.89 80.35 CFT  0.678  0.618-0.742 <13 43.07 79.47
ACFT  0.950 0.890-0.983 <14 92.32 80.41 ACFT 0.719  0.651-0.782 <14 57.04 80.79

AFT, Animal Category Verbal Fluency Test, 2 ¥ 35 B i) i 7 1 7
M5 ; CFT, City Category Verbal Fluency Test, 3 1l7 11 B4 17 5 i 1%
P 9 55 5 ACFT, Animal-City Alternating Form Fluency Test, 38 5
WA MBS 5 AUC, area under the curve, [ £k T 10 1
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AFT, Animal Category Verbal Fluency Test, 8l 4 35 W4 1] 17 i # 14
W% s CFT, City Category Verbal Fluency Test, 3% 7 115 5 18] 175 3 1%
PE W 45 3 ACFT, Animal-City Alternating Form Fluency Test, 38 %
WA PEMES s AUC, area under the curve, f 2% T TR 1
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ACFT, Animal-City Alternating Form Fluency Test, 5 & it i 5 3 ; AFT, Animal Category Verbal Fluency Test,
Bl W B RS S PE I 56 CFT, City Category Verbal Fluency Test, 38 17 Vi B 7] 75 3 1% 1k I 56
B 1A% T g I TR ) BT R TR R B ROC R AT B2 4% ST i 1 0 6 30 26 B A T 5 B ROC il £k 1]
Figure 1 ROC curves of 3 VFTs discriminating AD from normal controls. Figure 2 ROC curves of
3 VFTs discriminating MCI from normal controls.
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Table 5. Correlations of 3 VFTs with other
neuropsychological tests
AFT CFT ACFT
Test
rvalue P value rvalue P value rvalue P value
MMSE 0.518 0.000 0.478 0.000 0.610 0.000
STT-A elapsed time -0.451 0.000 -0.398 0.000 -0.458 0.000
STT-B elapsed time -0.302 0.000 -0.318 0.000 -0.368 0.000
SCWT-C correct number  0.090 0.175  0.098 0.012  0.140 0.005
SCWT-C elapsed time ~ -0.322  0.000 -0.190 0.000 -0.351 0.000
DSST 0.421 0.041  0.385 0.000 0.598 0.000
DS 0.387 0.000 0.356 0.000 0.406 0.000
BNT 0.420 0.000  0.428 0.000  0.431 0.000
Similarity test 0.375 0.001  0.371 0.000 0377 0.000
AVLT-delay recall 0.399 0.000 0.317 0.000 0.382 0.000

MMSE, Mini-Mental State Examination, i 5 5 Gk 4546 25 4 3¢ 5
STT, Shape Trail Test, i £l % ; SCWT, Stroop Color-Word Test,
Stroop £ 1) M & ; DSST, Digital Symbol Substitution Test, ¥ 5 £
555 5 55 5 DS, Digit Span Test, 05 ) £ il 55 ; BNT, Boston
Naming Test, Boston fir 4% M 56 5 AVLT, Auditory Verbal Learning
Test, UT % 11 15 2% 2] M 55 ; AFT, Animal Category Verbal Fluency
Test, 201 ) ¥ W5 i) 15 % W% ¥ W 3 5 CFT, City Category Verbal
Fluency Test, 3% 7 & B4 i8] 15 U 4% 1% M 35 ; ACFT, Animal - City
Alternating Form Fluency Test, 58 &5 Jii 1 4 I 5%
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