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Improving prediction accuracy of early diagnosis of mild cognitive impairment and
conversion to dementia by integration of cognitive assessment, biomarkers and brain

image data
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[Abstract] Objective: To determine whether the combination of neurocognitive assessment and key biomarker data can improve the
accuracy of using MRI image data to predict Alzheimer disease (AD) status and conversion. Methods: Data were collected from the
Alzheimer’ s Disease Neuroimaging Initiative (ADNI) during 2004—2018. Samples with complete MRI image data, cognitive
assessment data and biological measures were screened from the raw data. Seven brain volumetric features including ventricular,
hippocampus, whole brain, entorhinal cortex, fusiform gyrus, middle temporal gyrus, and intracerebral volumes were extracted from
MRI by toolbox FreeSurfer. Cognitive assessment scale included the MMSE and ADAS-Cogl3 scale. Biological measurement data
included four biomarkers, i.e., Abeta peptide, Tau protein, p-Tau protein and ApoE4 genotype. Based on the baseline data of 783

samples, logistic regression model was established for classification of disease development stages. Based on the longitudinal data of
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352 samples with MCI status, a binary logistic regression was established for distinguishing converted patients from non - converted
patients. We integrated cognitive data, and biomarkers with the brain image data, randomly divided the data set through a cross-
validation method, and calculated accuracy, recall, precision, F1 score, and the area under the ROC curve. Results: For the
classification of AD development stage , combining brain image data, cognitive data and biological measures achieved accuracy rates of
100.00% (AD vs. Normal) ,77.18%(MCI vs. Normal) and 89.58% (AD vs. MCI) ; the areas under the ROC curves are 100.00% (AD wvs.
Normal ) , 85.52% (MCI vs. Normal) and 96.39% (AD vs. MCI) respectively; the AUCs for distinguishing Normal , MCI, and AD from
the other two categories are 88.30% , 81.00% and 97.26% respectively, which are significantly higher than the classification
performance using only brain image data. For classification of MCI conversion, the brain image data combined with the cognitive data

can maximize the accuracy rate, from 86.69% to more than 90% ; the corresponding AUC increased from 89.21% , which only use the

brain image data to 94.06%. Conclusion : Combining data from multiple sources can improve the classification and prediction accuracy

of AD status and conversion, thus provide theoretical support for clinical practice in early diagnosis of the AD.
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Table 1 Baseline sociodemographic characteristics and important characteristic variables

AR, 1 T

A NSRRI 2,

IR NC 4 (n=213) MCIZH (n=417) AD 4 (n=153)
P n(%) ]

5 100(46.95) 250(59.95) 84(54.90)

o8 113(53.05) 167(40.05) 69(45.10)
ISR (n (%) ]

B 15(7.04) 33(7.91) 7(4.58)

Ry 152(71.36) 330(79.14) 130(84.97)

FN 15(7.04) 10(2.40) 4(2.61)

e 31(14.56) 40(9.59) 12(7.84)

A 0(0) 4(0.96) 0(0)
P n(%) |

HA 194(91.08) 395(94.72) 147(96.08)

E YN 12(5.63) 10(2.40) 3(1.96)

LAIUN 2(0.94) 3(0.72) 3(1.96)

HoAth 5(2.35) 9(2.16) 0(0)
BT H (%) ]

= 6(2.82) 13(3.12) 1(0.65)

fo 205(96.24) 403(96.64) 151(98.70)

ARHN 2(0.94) 1(0.24) 1(0.65)
(R x5 ) 73.71 +5.72 72.23 +7.28 73.72 + 8.30
ZHEFRAE X £5) 16.24 +2.59 16.05 + 2.77 15.41 +2.63
PANHER (G, 3 +5)

MMSE 29.11 + 1.10 27.68 + 1.83 23.25+1.95

ADAS-Cogl3 9.11 +4.42 16.35 + 6.85 30.84 + 8.35
ApoE4*[n(%)J

ApoE4-0 144(67.61) 193(46.28) 44(29.76)

ApoE4-1 62(29.11) 171(41.01) 72(47.06)

ApoE4-2 7(3.28) 53(12.71) 37(24.18)
HWFRE (pg/mL,x £ 5)

Abeta 1035.75 £ 373.45 845.99 + 346.60 618.38 = 224.69

Tau 227.62 +91.19 288.96 + 136.02 374.72 + 142.19

p-Tau 21.29 £9.93 28.43 + 15.33 37.53 £ 15.17
Eﬁ@f?(mmz,iis)

ik == 5 R 34286 + 18 411 40 774 =22 924 48 022 + 21 626

ES DT 1038 330 = 102 805 1 045 706 = 109 468 989 747 + 118 455

A= 7481 + 845 6764+ 1134 5896 + 1020

ALK Jo 3817 =583 3524 £ 737 2838 + 679

2N 18012 +2223 17 709 + 2 695 15672 +2615

il 20380 +2 768 19 788 =2 940 17 286 + 3 107

Jiki 75 15k 1506 906 + 161 205 1546 849 + 165 154 1536 155 = 181 375

*: ApoE4-0 ApoE4-1 .,

ApoE4-2 70 HIF R FE N B 615 0., 1. 24> Apokd ZE( 3 N MR TTIE o
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Table 2 Basic characteristics of MCI conversion and non-

conversion samples

; MCIAKH Ak MCI#54k,
FHIE
(n=246) (n=106)

PR n(%) ]

5 100(70.42) 42(29.58)

oy 146(69.52) 64(30.48)
USRS [n (%) |

T 25(75.76) 8(24.24)

s 188(67.14) 92(32.86)

B 24(80.00) 6(20.00)

EN 5(100.00) 0(0)

NGl 4(100.00) 0(0)
(S xxs) 72.59 +7.13 7217 £7.22
THE R, 7 £5) 16.11 £2.77 15.92 +3.04
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pij:P(yi:jlxi) = ieaﬁﬁk’r‘ (1>

Hirp =0, 13 53278 P R 43 2B AN AN [R] (18 95
Js E R B B, BIVIX 23 AD 4L AT NC 2B NC 20 % 17 0,
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PR a=0 FB=0, x &5 i MEAPME 5 (1 HUE ;
P i N NETE D EREMBMRER, p T
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43 BB 22 43 238 A ] DSBS R0 2 5000 Ay 1 R A A
TR TR

2 # R

2.1 IR AR TR

HF AN [R) A YR ES i A Sk T30 A8 185 il A Logistic [1]
VAR ST 5 NN RIS AR AR (57 1) )
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BA YR EBCS B (B 4) SRR YRR
SIRABR (AL S) . RaRBIRI RG] T AR
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Table 3 Binary classification evaluation for 5 models based on logistic regression
] HER R (%) AHER (%) A3 (%) F11553(%) AUC(%)
AD vs. NC 89.42 86.45 83.27 477 94.13
A MCI vs. NC 67.22 70.14 80.05 74.73 72.24
MCI vs. AD 77.62 60.13 37.86 46.32 79.85
AD vs. NC 81.14 77.45 81.95 79.55 89.25
HL 2 MCI vs. NC 67.47 71.19 85.55 77.68 69.40
MCI vs. AD 71.67 54.49 21.30 30.48 73.48
AD vs. NC 99.53 99.62 99.03 99.32 99.99
A3 MCI vs. NC 76.37 80.91 79.99 80.42 84.80
MCI vs. AD 89.85 84.32 74.20 78.83 96.07
AD vs. NC 92.35 91.80 89.57 90.61 97.49
Figl 4 MCI vs. NC 71.98 76.04 84.78 80.13 78.30
MCI vs. AD 78.67 64.48 47.56 54.44 83.63
AD vs. NC 100.00 100.00 100.00 100.00 100.00
K%L 5 MCI vs. NC 77.18 82.39 83.51 82.91 85.52
MCI vs. AD 89.58 83.69 75.71 79.39 96.39
F4 %4573 Logistic B3 [F B 4> EFUUIEM FEFREL B
Table 4 Simultaneous classification evaluation for 5 models based on multinomial regression
- HERIZ (%) HfER JREE PSS AUC(%)
it NC4H MCI4H AD4 (%) (%) (%) NC4 MCI 40 AD4]
HFY 1 55.66 45.33 68.85 38.32 50.83 56.32 57.51 77.16 59.20 84.37
HiFY 2 53.26 31.52 76.74 22.98 43.74 52.37 55.05 74.94 55.24 78.98
HiFY 3 72.53 69.64 74.13 73.62 72.46 74.42 71.73 88.30 81.00 97.26
HiF 4 59.45 46.36 70.69 47.26 54.93 59.06 60.42 81.92 63.67 85.96
HiAY 5 70.69 58.44 75.68 75.93 70.02 71.77 69.00 87.95 79.78 96.87

R AR SR MER R LR R S T
16.87% ; IEHf 43250 NC 2H . MCI ZH Fi1 AD 4H A4 EE £61)
Ay SR T 24.31% . 5.27% F1 35.30% ; £ % . 13
] R FN 25 A 48 bR F1AS 43 40 38 & T 21.63%
18.10% F1 14.22% ; AUC 43 il & & T 11.14% .
21.80% 1 12.89% , T il J& X 7 AD 5 HiAh P25 11
AUC L F] T 97.58% , 4 hRAE IR &N 1A
FEAR WL T 232K Logistic [ TR | 811 1% 45
P4 o 28 A R B 2R A X o RO A AR R AR F 0
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KRR AS I o3 2L T rh 245 81 fe 4 1 3 R ROR
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PP R
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A SC N ADNI %5 4 i 8 T MCI %% 4k Bl AD
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Table 5 Prediction evaluation on MCI conversion based on multiple data sources
i R (%) HMEFR(%) (%) F14353(%) AUC(%)
Y 1 86.69 73.71 54.74 61.94 89.21
R 2 81.17 62.98 30.58 39.87 77.46
iR 3 90.77 81.17 73.16 76.20 93.26
iR 4 86.24 71.82 58.72 63.80 90.82
iR 5 90.32 78.84 74.78 76.04 94.06

DA 2 B i o K IR 2 s A 2%, M 86.69%
PR BT 90% LA 1o A Wnbn AR AR BT X AR Y
SRR A FRTHEM o B A 3R IEEE X T
AR AT 20 245 2145 55 19 AUC {H 94.06% (5 FH i
EMGERIE BRI AUC 4 89.21%) .

3o #

AD 2 WL R 2 — , — A B A AR
Ko PR T A4 (WHO) & A i Bop 4811,
22050 4, ¥k 60 % LL T HFPEE A 2019 4
B 249 11% 38 2 22%'", 42 BR AD & 35 506 i B fi
()5 000 J3 3 hn ) 1.5242" . 45 2020 4F rp [ 5
B A D EALS R, RE 605 KL AN
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t,60 % KU EANOWELE FTH5.44% ", 2
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