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[ Abstract] Background Mild cognitive impairment ( MCI) has highly variable cognitive trajectories. Approximately

10% to 15% of MCI patients progress to dementia, and nearly 24% revert to normal cognition each year. There are few studies
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on the progression and reversion of MCI, especially there version of MCI to normal cognition. Objective To construct a multi—
class classification model of MCI outcomes ( reversion, stabilization and progression ) and to explore the possible associated
factors of these outcomes. Methods Data were collected from the National Alzheimer’s Disease Coordinating Center Unified Data
Set, involving 397 patients who were initially diagnosed with MCI during 2005—2019 with at least two follow—ups and complete
clinical and follow—up data. Patients’ demographic information, physical examination, disease history, and measurement
results by assessment scales in MCI were selected for analysis. Boruta was used for feature selection. Random forest was used for
supporting the classification of MCI outcomes. A stepwise multinomial logistic regression was used to explore the associated factors
of different MCI outcomes. Results  Of the 397 cases, 124 (31.23% ) reverted to normal cognition, 77 (44.58% ) were in
stable condition, and 96 (24.18% ) progressed to dementia. In the multi—classification task, the accuracy of direct three—
class classification was 67.58%. In multiple binary classifications, the accuracies of reversion and stabilization, and reversion
and progression were above 90%. Among the hierarchical three—class classification, the accuracy based on stabilization —
reversion — progression was 84.38%. Stepwise multinomial Logistic regression analysis showed that age = 80 years [ OR=0.260,
95%CI (0.117, 0.574) ] , self-reported cognitive impairment ( OR=0.295, 95%CI (0.139, 0.623) ] , and decreased
Clinical Dementia Rating (CDR) scores [ OR=0.220, 95%CI (0.092, 0.525) ] were associated with decreased risk of MCI
progressing to dementia, while history of stroke [ OR=2.896, 95%CI (1370, 6.122) ], fecal incontinence [ OR=6.556,
95%CI (1.787, 24.047) ), and higher Functional Activities Questionnaire score ( OR=1.048, 95%CI (1.003, 1.095) )
were associated with increased risk of MCI progressing to dementia. Decreased probability of reversion from MCI to normal
cognition was related to age = 80 years ( OR=0.289, 95%CI (0.091, 0.914) ), obesity [ OR=0.236, 95%CI (0.075,
0.740) ), self-reported cognitive impairment ( OR=0.289, 95%CI (0.111, 0.757) ), and higher CDR scores ( OR=0.015,
95%CI (0.003, 0.089) ] , while increased probability of reversion from MCI to normal cognition was related to higher MMSE
score [ OR=1.708, 95%CI ( 1.428, 2.043) ] and higher numbers of correct naming of animals [ OR=1.139, 95%CI ( 1.046,
1.240) J . Conclusion The outcome of MCI patients is affected by multiple factors. Advanced age, obesity, history of stroke,
fecal incontinence, self-reported cognitive impairment and reduced functional activity were important factors influencing MCI
progression and reversion.
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Figure 1 Flowchart of hierarchical three—class classification of MCI
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Table 1 Performance summary of different modalities in classifying

outcomes in MCI patients
E 2SS
W ww o mE
MEE MR AR

Bk
B R R
o B R

HACC (%) 9136 6886 9045 72.29 84.38 73.80
B-ACC (%)  90.84 6169 9036 87.58 7263 54.23
SEN (%) 8790 8588 9113 80.65 7571 1875
SPE (%) 9379 3750  89.58 94.51 69.55 89.70
PPV (%) 9083 7170 9187 86.96 66.67 36.74
NPV (%) 91.71 5902 88.66 91.49 78.06 77.59
F1 7048 0913 0647 0902 0.892 0.719 0.499
AUC 0908 0617 0904 0876 0.726 0.542

. ACC= #E # &, B-ACC= ¥ 5 #E #i %, SEN= R i Ji&,
SPE=FFSJE, PPV= [HYETM(E, NPV=FIPERUM(E, AUC=Z2ik#
TAERFE AR 2R AR
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NPI-Q 7843, MMSE 343 . CDR 1843 . a4 IEREL.

Fz 2 MCIEE AR 0 PR R0

Table 2 Univariate analysis of associated factors of different outcomes in MCI patients

BE i fFift (n (%) ) HeAl (n (%) ) ZHA (1 (%) ) R (n (%) )
<70 % 70~79 % =80 % itk bk < A 13~16 4 >164 Lt &Y
Wi 124 35(2823)  49(3952) 40(3226) 72(5806) 52(4194) 22(1774) 51 (4L13) 51 (4L13) 60 (4839) 64 (51.61)
s 177 26 (1469) 71 (40.11)  80(4520) 83 (4689) 94 (53.11)  47(2655)  68(3842) 62(3503) 60(3390) 117 (66.10)
i 96 25(2604) 42(4375) 29(3021) 39 (40.63) 57(5938) 37(3854) 39 (40.63) 20(2083) 36(37.50) 60 (62.50)
L NN ) 12,626 7.084 15.802 6.588
P{g 0013 0.029 0.003 0.037
1 MIRES (n (%) ) HRF (n (%) ) WA (n (%) ) BMI (n (%) ) 0% (n (%))
RERGANST AN BRI AT & & & 7 E# fHE fslii8 E%E S
i 111(89.52) 13 (1048)  112(9032) 12(9.68) 58 (46.77) 66 (5323) 63 (50.81) 50 (40.32) 11(887) 98 (79.03) 26 (20.97)
TRE 86 (4859) 91 (5141) 162(91.53) 15(847) 103(58.19) 74 (41.81) 68 (3842) 62(3503) 47(2655) 146(8249) 31 (17.51)
b 48 (5000)  48(50.00)  85(8854) 11 (1146) 63 (6563) 33(3438) 32(3333) 36(37.50) 28(29.17) 81 (8438) 15 (15.63)
Kt H 59.047 0.643 8227 18.932 1.124
Pl <0.001 0.725 0.016 0.001 0.570
ol WA (n (%)) RAIREE (n (%) ) RS (n (%) ) Wi dy (n (%) ) AR (n (%) )
E# S & 7 W S % S & %
ik 26(2097)  98(79.03) 107 (8629) 17 (13.71) 117 (9435)  7(5.65) 89 (7177)  35(2823)  22(17.74) 102 (82.26)
R 41(23.16) 136 (7684) 151 (8531) 26 (14.69)  142(80.23)  35(1977) 113 (63.84) 64 (3616)  41(23.16) 136 (76.84)
b 20(2083)  76(79.17)  81(8438)  15(1563)  81(8438)  15(1563) 69 (71.88)  27(28.13)  19(1979)  77(8021)
KR 0.292 0.161 12.003 2.881 1366
Pl 0.864 0923 0.002 0237 0.505
i WFENT S (n (%) ) Bip(n (%)) IR (n (%) ) FIILE (n (%) ) FilgIAE (n (%) )
I RE H P fi ¥ fi x fi o
ik 120 (100.00 ) 0 9(726)  115(9274)  26(2097)  98(79.03) 80 (6452) 44 (3548) 78 (6290) 46 (37.10)
TRE 150 (8475)  27(1525) 20 (1130)  157(8870) 29 (1638) 148 (83.62) 120 (67.80)  57(3220) 123 (6949) 54 (30.51)
i 88 (91.67) 8(833) 25(2604)  71(7396)  27(28.13) 69 (71.88) 65 (67.71)  31(3229)  74(77.08)  22(2292)
g E 21.143 17.686 5.246 0.406 5119
Pfig <0.001 <0.001 0.073 0.816 0.077
e HER B BZAE (n (%) ) HURBER (n (%) ) IRERE (0 (%) ) KIESAE (n (%) ) AT INEIBERT (n (%) )
A Xk fi Xk ] pv A ¥ A o
ik 3(242)  121(9758)  26(2097)  98(7903)  19(1532)  105(8468)  6(484)  118(9516)  62(50.00) 62 (50.00)
TE 24 (13.56) 153 (8644)  32(1808)  145(81.92)  42(2373)  135(7627)  6(339) 171 (9661) 161 (90.96) 16 (9.04)
i 17(1770)  79(8229) 16 (1667)  80(8333)  28(29.17)  68(7083)  10(1042)  86(89.58)  71(7396)  25(26.04)
g E 14.822 0.726 6.278 6.041 63.673
PfH 0.001 0.695 0.043 0.049 <0.001
. MOABEENRRER (n (%) ) GDS-1548%)  FAQE#S  NPI-Q#4r  MMSEf#4 FDR1 6% i z wRme - TMT-A
4 ¥ (M(QR),%%) [M(QR), %) (MCQR), %) (4) (MCQR), 7] EHE (4)  IEBEL (4 #H4 (4)
Wil 43 (3468)  81(6532) 1.0 (20) 0(1.0) 0(1.0) 289+1.6 0 (0.5) 1837+481  12.88+399  409+237
R 160 (90.40) 17 (9.60) 20(25) 7(130) 20 (40) 243+37 05(05) 1328:499 88138 609380
il 78 (8125) 18 (18.75) 20 (40) 8(165) 20(5.8) 240+38 05(0) 1244+4.60  841£3.85 66.8 +34.7
KAt 116.166 19.910" 117.324' 55.995" 88.984" 151.250" 53.687" 50.514" 19.637"
Py <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

W " FOR HAL, "R FAE, RERGEITHRERR x°H;
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BMI= 14 i 48 %%

PR EE B, TMT-A= 250
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Y Trak: $herdR. AT L FHHE L LT,
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EALHAT LAk B0 5 HIE AT, e fe R it 70
LAMEITAF R ; Rt LF#IR G T, BBEFE,

R 3 MCLEFEAFEEHZME RN L3258 Logistic [1IH 73 HT I {E %

Table 3 Assignment for factors associated with progression to dementia and reversion to normal cognition in MCI explored using stepwise multinomial Logistic

regression
Ak A A i AL
I 1= b, 2=k, 3=FuE Yl By, BLZAE 0="1, 1=4
AEI 1=<70 %, 2=70~79 %, 3= =80 % PRAZE 0=7JG, 1=H
P51 0="1, 1=% PN RS 0="J¢, 1=H
TR 1= < 124F, 2=13~164F, 3=>164F BRIz Sea IV a 0=7c, 1=H
U IR 0=ME, 1= O b AR A AN 0=, 1=H
MMSTRET) 0= FFEHERY, 1= 584ty GDS-15 1543 SEMME
WA 0 0= AN, 1= IR HH FAQ 184> SHME
BMI 1= IE%, 2= HE, 3=f08 NPI-Q 343 S E
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Table 4 Stepwise multinomial Logistic regression analyses of influencing factors for progression to dementia and reversion to normal cognition in MCI
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