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BB sRBUE f K, AIC #1 BIC fi/lv; L CDRSB SH 4 )t A1 5 4 € 571 SREM BB 4 e -, 76 A [V i) 119
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Comparison of Predictive Performance for Different Longitudinal Cognitive
Markers in the Reversion of Mild Cognitive Impairment based on the Shared
Random-Effect Model

Qin Yao, Han Hongjuan, Liu Long,et al( Department of Health Statistics, Public Health of School, Shanxi Medical University
(030001) , Taiyuan)

[ Abstract] Objective
impairment( MCI) to normal cognition(NC) , to compare the predictive performance of different longitudinal cognitive markers
for the reversion, and to evaluate the covariate effects of predictors. Methods The SREM model consisted of two sub—models
the longitudinal sub—model adopted linear mixed model to describe different longitudinal cognitive markers trajectories; and the

The shared random—effect model ( SREM ) was applied to study the reversion of mild cognitive

survival sub-model used proportional risk model to fit the survival process. Goodness of fit was based on the log-likelihood
value, and information criterion. AUC (area under the curve) was used to evaluate the predictive performance of different
longitudinal cognitive markers, including MMSE, CDRSB, FAQ, ADAS11, ADAS13 and ADASQ4. Results There were 72
(8.54% ) of 843 patients with MCI reversed to NC at the end of follow—up. The log-likelihood value of the SREM model based
on spline-PH-GH parameter distribution was the largest, and AIC and BIC were the smallest; the SREM model based on
CDRSB score as longitudinal cognitive marker had the best fitting performance, with high AUC values at different times ranging
from 0.797 to 0.852, and the lowest prediction error, ranging from 0.0427 to 0.0429.Age, gender, education level, marital
status and APOEe4 gene affected the cognitive function and daily activity function. Six different longitudinal cognitive markers
influenced the reversion. Conclusion CDR score was the best predictor of cognitive function and the reversion in MCI patients.
Cognitive function and daily activity function can be used as dynamic monitoring indicators of MCI reversion.

[Key words] The shared random - effect model; Joint model; Longitudinal data; Survival data; Mild cognitive
impairment; Reversion
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EE#e-13 45 H (alzheimer's disease assessment scale,
ADASI13) Fl B IR 2% 1 8K 1 28 3 % 538 FR A 45 B
(task 4 word recognition of alzheimer’s disease assess-
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HITTHE, APPSR DURD . weibull-PH-GH | weibull-
AFT-GH, spline-PH-GH I piecewise—PH-GH, H:
1 weibull 4§ weibull JE£E XU | piecewise 45 73 B fH 2
FEZE XUES: | spline 5 B FES%HE T ; PH 45 Ho 51 XU A= 77
TR AFT 48 I R4 [ A | GH 48 /i -3 /R
KFER AR
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W A RO PR B2 L BRI 4 AR BUREAE RN 25, 2R
A TS A BV E A IASE . SREM ALRY 1 S50k 11
YIS IR H T BFE T (7, t+Ar) 1Y
S, 6,7,8,9, 1045, ArHUL4E, SR
ROC £k T 11 (area under the curve, AUC) LLPEA
TERE DT RIAS [F] I (B S A AR S ) 3R B, s
) AUC & BRI () X 53 BE 3 1R o
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Hrp ) a b FoREHLIERE R — XIS, p,
(t+At18) Kl p, (t+At1 1) FRPINWFTER R B 5 0F 150 5%
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fdi ] SPSS 25.0 X B s ATk rE gL it or i, R
FI R F2E A IM K 7 SREM A 17 4 2 XURS: [
(hazard ratio, HR) & H: 95% & 15 X 0], Sit 2~ 5
BFEMIKFEI 0.05,

# =R

1 IEANE

ARG A FELE MCT i 843 A, 4930 KB
i, VIR 6 A AR — K, BEVIH B AT Ik 14,67
4R, FELRAEW O 73.11£7.52 %, Bk 500 A
(59.31%) , ZPE 343 A (40.69%) ; &5 rh sk 184 A
(21.83%) , AP} 352 N(41.76%), AFLLLE 307 A
(36.42%) ; C.UF 656 N (77.82%), Th & 187 A
(22.18%) ; #5747 APOEe4 [ 411 N (48.75%) , K#
W7 APOEe4 FEK 432 A\ (51.25%) ., F:4& MMSE ¥4}
49 27.59+1.81 43, FAQ W-43-8 3.19+4.12 43, B4
WG, H 72 % (8.54% ) MCI 5 #i5% k NC.,

2 AR i 1

FETFPUFPAN [F] 280053 A 119 2 o XU PR SREM
WA LA BE VAN W3R 2, Hoh LT spline—PH-GH
IR AR AR M SREM A5 A0 & e o, Howt
BAUSR BB i, AIC H1 BIC /)N, H.LL CDRSB Wy
bR A i SREM ARAIE I ADAS13 2%,

3 AR bRE D SREM BERIZE

ARFFAURE R FET spline—PH-GH 12\ [a] A g
B YN ] ARG TR A A7 PR RISE B 43 3 L 3%
3AF A4, YA AR B A R U B R ZE R, MCI
85 () MMSE 42237 T % (8=-0.660) , CDRSB(J
=0.809) . FAQ(B=1.554) ., ADASI1(3=1.403) .
ADASI13(8=2.499) il ADASQ4 143 (B=0.233) & i
TR BEB ARG MCI B35 1) MMSE 114332
FF(B=-0.025), CDRSB(4=0.009) . ADASI1 (3=
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2 T VORISR E KUK R KL SREM A U5 D0 IE

I mbrEY ik Log-likelihood AIC BIC
MMSE  weibull-PH-GH ~ -11443.83  22927.65 23022.39
weibull—-AFT-GH ~ —11444.51  22929.02 23023.76
spline-PH-GH  -11349.04  22752.08 22879.98
piecewise-PH-GH  -11359.39  22768.78 22887.20
CDRSB  weibull-PH-GH -8684.70  17411.40 17510.88
weibull—-AFT-GH ~ -8696.86  17435.71 17535.19
spline~PH-GH -8659.37  17374.74 17507.38
piecewise-PH-GH ~ -8694.63  17441.27 17564.43
FAQ weibull-PH-GH ~ -14051.42  28144.83 28244.31
weibull-AFT-GH ~ -14055.78  28153.56  28253.03
spline~-PH-GH  -14038.30  28132.60 28265.23
piecewise-PH-GH  -14058.45  28168.90 28292.06
ADASI1  weibull-PH-GH ~ -14794.46  29630.93 29730.40
weibull—-AFT-GH ~ -14804.88  29651.76 29751.24
spline~PH-GH  -14783.90  29623.80 29756.43
piecewise~PH-GH -14791.39  29634.79 29757.95
ADASI3  weibull-PH-GH  -15886.06  31814.11 31913.59
weibull-AFT-GH  -15886.61  31815.23 31914.71
spline-PH-GH  -15873.56  31803.13 31935.76
piecewise~PH-GH ~ 15884.09  31820.17 31943.33
ADASQ4  weibull-PH-GH -9874.15  19790.29 19889.77
weibull-AFT-GH ~ -9874.27  19790.53  19890.01
spline~PH-GH -9862.87  19781.73 19914.37
piecewise~PH-GH ~ -9873.26  19798.53 19921.69

0.119) . ADAS13 (B =0.213) fl ADASQ4 P£43 (B =
0.079) ZE W b JI; % MCI 3% i) CDRSB (p =
-0.066) F1 FAQ ¥F43 (8= -0.493) T, ADASI3 ¥
Sy (B=0.747) 1 Tb; 52 HUE B 5 9 MCI A8 3 ()
MMSE(S = 0.322) #l FAQ 4% (8 =0.705) - Ft,
ADAS11(B8=-1.328) . ADASI3(B8=-1.769) Fl ADA-
SQ4 143 (B=-1.483) F ;2 & MCI 5 % () MMSE
(B=0.296) I-F+, CDRSB (8=-0.190) . FAQ (B =
-0.756) . ADASI11 (B = - 0.894) . ADASI3 (B =
-1.456) Fl ADASQ4 ¥4 (B =-0.445) T [&; #4iF
APOEe4 % [A iy MCI # % ) CDRSB (B =10.132) .
FAQ(B=0.795) . ADAS11(B=0.660) . ADAS13 (3=
1.730) #1 ADASQ4 P43 (8=1.322) I-F},

AR RS o WHAZITEE X,
MMSE il FAQ BEZA [ 34 1 43, MCI ¥ 5% (19 7] Gtk
A3 Tm 1.477 £% (HR = 2.477, 95% CI: 1.638 ~
3.746) 1 2.290 1% ( HR = 3.290, 95% CI: 2.391 ~
4.529) ; CDRSB. ADASI11. ADAS13 fil ADASQ4 %}
PAmBEI 1 43, MCI 3 5% i w] BB 43 31 F 1% 99.7%
(HR=0.003, 95% CI: 0.002 ~0.006) . 85.1% ( HR =
0.149, 95%CI: 0.097~0.229) . 26% ( HR=0.740, 95%
CI: 0.678 ~0.808) Fil 40.4% ( HR = 0.596, 95% CI:
0.520~0.684) .

VNGNS i /Rl AR e

TSR AR D1 SREM AL MCI £
HAEE 5~10 4F, [AIFE-A 1 4RA9 AUC fEULIE 1, S
ZEEWE 2, B 1A LIE HTEFA I (¢, +Ar) BRI
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MMSE #l ADAS11 ¥4 Tl g fe 2% , CDRSB #-53
PN RE S AT, AUC Juh 0.797~0.852, HAEAIFH
AT PR RIS BE A B e 775 16 2 AT LU 1 ADASQ4
PEFEANF A SREM FERIH 15 2% 5 K, 1 CDRSB
PR 22485, 378 0.043,

=3 AR EY RN RIS R
EAEE ) A B SE Z {8 P1H
MMSE Bt -0.660  0.014  -46.443  <0.001
531 -0.009  0.096 -0.096 0.923
ZHE®RE 0322 0.130 2.481 0.013
TSR 1 0.296  0.106 2.784 0.005
APOEe4  -0.061  0.082 -0.737 0.461
FELRAERS -0.025  0.006 -4.125  <0.001
CDRSB Fifi 15 s 1] 0.809  0.274 2.746 0.006
531 -0.066  0.012 68.136  <0.001
ZHEMRE  -0.089  0.093 -0.955 0.340
BSRA -0.190  0.078 -2.449 0.014
APOEe4 0.132  0.063 2.098 0.036
FLLR AR 0.009  0.004 2.544 0.011
FAQ Fiti st ] 1.554  0.044 34.991  <0.001
P53 -0.493  0.238 -2.068 0.039
TZHERE  0.705  0.288 2.446 0.014
Wk -0.756  0.264 -2.870 0.004
APOEg4 0.795  0.227 3.497  0.001
FELR AR 0.028  0.015 1.875 0.061
ADASI1 Fiti 15 Fsf 1) 1.403  0.054 25.884  <0.001
531 -0.033  0.265 -0.126 0.900
THERE  -1.328 0312 -4.260  <0.001
WSk -0.894  0.297 -3.014 0.003
APOEe4 0.660  0.340 2756 0.006
FELR AR 0.119  0.016 7.647  <0.001
ADASI13 i35 5 ] 2499 0.046 54.973  <0.001
51 0.747  0.325 2296  0.022
TZHEEE -1.769  0.318 -5.564  <0.001
BSIBIRA. -1.456  0.512 -2.845 0.004
APOEe4 1.730  0.301 5.741  <0.001
SLERAR IS 0.213  0.017 12.218  <0.001
ADASQ4 iR [A] 0.233  0.013 18.361  <0.001
531 0.014  0.118 0.115 0.909
THEBRE -1483 0.145 -10.245  <0.001
WSPRBL -0.445  0.137 -3.245 0.001
APOEe4 1322 0.102 13.016  <0.001
FELR AR 0.079  0.008 10.534  <0.001

15 it

LYNAIAZIR S PIAT MCI 8 1) NC 3965 i T
PERE LLER

ARAFFEIET 6 FhAS DA A HbR b P b e o2 bl
BLAOW SRS 0 MCI 835 17 NC 935 5% 5F LB AN )
INIA AR S TR RE . BEIE A B 6 R IR A&
YL S MCI K 7] NC B34 C, HIEF
CDRSB P45 SREM F X} MCI 38 5% (1) 7 4 e ¢
fE, EAWIFTIES: CDRSB & MCI ¥ 5 41 56 1Y i 25 7
W70 AR ST s BOK 1% R T T4k X AR AT
AN RE R 23
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o E ARG 2024 4F 6 5 41 558 3 0]

R4 KRR AR EY G A AFE TR AL R
W brEY) At B SE 2 fi Py HR(95% CI)
MMSE 531 -6.177 0.516 -11.970 <0.001 0.002(0.001, 0.006)
ZHERE -7.364 0.544 -13.547 <0.001 0.001(0, 0.002)
TS IR 0.778 0.668 1.165 0.244 2.177(0.588, 8.063)
APOEg4 1.539 0.630 2.441 0.015 4.66(1.356, 16.019)
TR AR -0.932 0.034 -27.213 <0.001 0.394(0.368, 0.421)
KIKSH o« 0.907 0.211 4.297 <0.001 2.477(1.638, 3.746)
CDRSB P53 0.458 0.452 1.014 0.311 1.581(0.652, 3.834)
ZHERSE 0.247 0.637 0.388 0.698 1.280(0.367, 4.462)
TS AR -0.493 0.526 -0.937 0.349 0.611(0.218, 1.713)
APOEg4 -0.422 0.490 -0.860 0.390 0.656(0.251, 1.713)
FELR AR -0.016 0.009 -1.816 0.069 0.984(0.967, 1.002)
KIKSH o« -5.719 0.347 -16.476 <0.001 0.003(0.002, 0.006)
FAQ 531 -0.074 0.279 -0.264 0.792 0.929(0.537, 1.605)
TZHERE -0.417 0.379 -1.099 0.272 0.659(0.314, 1.385)
TS AR L -0.410 0.386 -1.062 0.288 0.664(0.311, 1.414)
APOEg4 0.074 0.270 0.276 0.783 1.077(0.634, 1.828)
FELR AR 0.010 0.018 0.586 0.558 1.010(0.975, 1.046)
KESE o 1.191 0.163 7.310 <0.001 3.290(2.391, 4.529)
ADASI1 531 -1.376 0.580 -2.373 0.018 0.253(0.081, 0.787)
ZHERE -1.594 0.769 -2.074 0.038 0.203(0.045, 0.917)
TR IR -0.822 0.621 -1.323 0.186 0.440(0.130, 1.485)
APOEg4 1.113 0.493 2.260 0.024 3.043(1.158, 7.999)
FELR AR 0.119 0.035 3.406 <0.001 1.126(1.052, 1.206)
KIKSH o« -1.903 0.219 -8.684 <0.001 0.149(0.097, 0.229)
ADASI13 P53 0.014 0.277 0.049 0.961 1.014(0.589, 1.745)
ZHERE -0.073 0.405 -0.180 0.857 0.930(0.420, 2.056)
TS AR L -0.307 0.312 -0.984 0.325 0.736(0.399, 1.356)
APOEg4 0.379 0.273 1.389 0.165 1.461(0.855, 2.494)
FELR AR 0.028 0.020 1.404 0.160 1.028(0.989, 1.070)
KIKSH o« -0.301 0.045 -6.624 <0.001 0.740(0.678, 0.808)
ADASQ4 5 0.039 0.264 0.148 0.882 1.040(0.620, 1.744)
TZHERE 0.192 0.390 0.491 0.623 1.212(0.564, 2.602)
TS AR L -0.185 0.306 -0.606 0.545 0.831(0.456, 1.514)
APOEg4 0.086 0.254 0.340 0.734 1.090(0.662, 1.793)
FELR AR -0.001 0.018 -0.081 0.935 0.999(0.964, 1.035)
KSR -0.517 0.070 -7.415 <0.001 0.596(0.520, 0.684)
0.907 2.MCI {5 6] NC 35 f 52 I 3% 234
MMSE N N
CDRSE AR SRR GE R— B R R m 2 A E
0.85- R
 FAQ B RIS RIS APOEe4 SE D 2 A S0 D) RE B (9 A7
S 0.80 —— ADASI1 FIRZER, HTEFENZ, BRERAHE E MC 25
B - ADASI3 Gyt NC, Wi ASHIFIE % Ak B MCT 535 (1A 0 2
0.759.... i 2 s ST — .
= aDASOS REFT H B TGS D REALT, FIRER iR T4l 5 i MCT 3
0.7 A——— AT ARG R i 22 5 R R Y, s
5 6 7 8 9 10 ey e s 0% N e
JIRBRIEE 040, AR 50K 58 5 PP A U 08 OC 3R T i
Year L N N 2] A
BB, LAAS TSR T MCT B AT HE RS20
NEE o B g 2 ar
B 1 THJ)\W*/TL;%EJ%U\J AUC ﬁ[z] 3;:2?%*%@&@*%3;@59@%
EF X MCI 8 IFBIIF5E, X MCIL B & B9 90 A 50
015' ’
DRe AN H & A 16 DI s i 9N ) A S 0 A MCI iR 3 1 36
* T S ~.
%om Tt 1 A AR T R s ZZ0 I A ) 5 R 35 B A 1
- . e, AR T L T8 7 1 8 4 T e 1
% M S — e - e Y e
i 0.057 " FAAEAE B TR B A0 i SREM AR 76 J2 I 45 45
R LR 7 vk o e R AT VE A 7 7 5 4 1 42
0.00

&2

AN TR i s 25 0 ) T 3R 2

MMSE CDRSB FAQ ADASII ADASI3 ADASQ4

I FAAFRAE P o), LA S8 22, $2 4t
GETHEWTRRCR BRI bR A5 4 A A2 A B A
AR AR RURE , P 22 18] 14 SR B P 3 LA 52



Chinese Journal of Health Statistics,Jun.2024,Vol.41,No.3

Wi, 5541 SREM A5, ] 3 F 40 [ A ik 4 52 8012 Pk
PR AR R s A T | e R A

AWFFEA LT AR, B, ADNI S & & —4
D EREA, ARG BAS, 8 5E0 5 2 &N F
PAFWZIE, IRV 8.54% ) MCI (45 1
B NC, HR, ARBEFAHAAER | 5151 2
W&, IFRLHEZRTAHR, M8 EY%E
SRTIN MCT B Wi 5, 25 =, MR A 30 A o
ARG N AR R S A A A, 2207 7 iR
log X PIFPAZ it 3 46 I A BCHE AT AS IR TE &5 315, 4%
BRI S, Hm R gl A Rk s
AR AT i ek 22, PR AR 5545 8% LA R A5 0 1
SEMME AT EAR, IAS B AR S5 R RE, (H AT RE
BB BAPE OS5 S, B3 20t 5 R B o T BRIk 1Y
WOE AR AT RS VA D A R
T MCT FR 5 A 396 5 0 vk BB RE S0 a7 B0 B3l
FUNGEFMIREE , vTRES AR, AR g
ANEZAEYEREY, § RO BAFI R A k Pr38 X
WIE Y 5 125 58 3% MCI 3308 () F I 5

Z £ X #t

[ 1] 23, skais, RUF, 55 SRBEIA SR 005 S DU RIIE 3 BRI ST
HEJE. hE2FHE:, 2021, 24(27) : 3506-3509.

[2] Fikdg, whelin, X, % BRI HEERT 4 A [0 B
KARAHIUNITE. hAepoiaiimlZet, 2018, 22(9) : 925-928.

[3] REA, AR, (WS FeTH i B 28 MR & 8O0 AR L Y 2 4F
AIVERFEM K R AL, 28 = A2 B K244, 2019, 41(4) : 384-
387.

[ 4] 250k, 2%, BHLLIH, 5. SRR DRI W a5 £k B 2 9 6 3R
AT, BURTIBT S 4%, 2020, 47(16) : 2891-2894+2932.

[ 5] Hickey GL,Philipson P,Jorgensen A, et al. Joint modelling of time-
to-event and multivariate longitudinal outcomes:recent developments
and issues. BMC Medical Research Methodology,2016,16( 1) :117.

- 375 -

[6] FIUE. FETHA B AN D REFIFE 2 D REXT BT /R 2% i 35 X
B TN FE. 1L PG BERF R4, 2019,

[ 7] Dimitris R. JM: An R Package for the Joint Modelling of Longitudi-
nal and Time-to-Event Data. Journal of Statistical Software, 2010,
35(9): 1-33.

[ 8] Tokuchi R, Hishikawa N, Kurata T, et al. Clinical and demographic
predictors of mild cognitive impairment for converting to Alzheimer’s
disease and reverting to normal cognition. J Neurol Sci, 2014, 346
(1-2) . 288-292.

[ 9] Park MH, Han C. Is there an MCI reversion to cognitively normal?
Analysis of Alzheimer’s disease biomarkers profiles. Int Psychogeri-
atr, 2015, 27(3) . 429-437.

[10] Hkansson K, Rovio S, Helkala EL, et al. Association between mid-
life marital status and cognitive function in later life: population
based cohort study. BMJ Multicenter Study, 2009, 339: b2462.

[11] Qin Y, Tian Y, Han H, et al. Risk classification for conversion from
mild cognitive impairment to Alzheimer’s disease in primary care.
Psychiatry Research, 2019, 278. 19-26.

[12] Wu Y, Zhang X, He Y, et al. Predicting Alzheimer’s disease based
on survival data and longitudinally measured performance on cogni-
tive and functional scales. Psychiatry Research, 2020, 291 (1)
113201.

[13] Seéne M, Bellera CA, ProustLima C. Shared random-effect models
for the joint analysis of longitudinal and time-to-event data: applica-
tion to the prediction of prostate cancer recurrence. Journal De La
Société Franaise De Statistique & Revue De Statistique Appliquée,
2013, 155 134-155.

[14] Rizopoulos D, Biometrics. Dynamic Predictions and Prospective Ac-
curacy in Joint Models for Longitudinal and Time-to-Event Data. Bi-
ometrics, 2011, 67(3) . 819-829.

[15] Yu M, Taylor J, Sandler HM. Individual prediction in prostate canc-
er studies using a joint longitudinal-survival-cure model. Journal of
the American Statistical Association, 2004, 103 178-187.

[16] McCaw ZR, Lane JM, Saxena R, et al. Operating characteristics of
the rank-based inverse normal transformation for quantitative trait a-
nalysis in genome-wide association studies. Biometrics. 2020, 76
(4): 1262-1272.

(TUEGAH K )

( L4%5 369 10)

[ 8] TEMHY, BRAN, HZRAE 45, o 85 IR0 25 1l 58 W 35 BC 245 2% FF
fESYHT. IR PR EE 24 ,2020,27( 1) :1008-6358.

[ 9] Bastola A,Sah R,Rodriguez-Morales AJ,et al. The first 2019 novel
coronavirus casein Nepal. The LancetInfectious Diseases, 2020, 20
(5) :279-280.

[10] ZRHBT?, 3kfh, T AELE. I T DenseNet Ffilis B 7 52 (58 fe A 7
RS MRS I E 2= (B ARFLARR) ,2023,39(2) ¢ 164-
168.

[11] Narin A,Kaya C,Pamuk Z. Automatic detection of coro-navirus dis-
ease( covid-19) using x-ray images and deep convolu-tional neural
networks. Pattern Analysis and Applica tions, 2021, 24 ( 3) . 1207-
1220.

[12] Nam SM, Peterson TA, Butte AJ, et al. Explanatory model of dry
eye disease using health and nutrition examinations; machine learning
and network-based factor analysis from a national survery.JMIR Med

Inform,2020,8(2) :el6153.

[13] FEI50%, BT, 2, S5 R T IR L2 ~J B9 JL Ml S A P A Y 3t 57
BRI, B A A, 2022,39(12) 11579-1584.

[14] E8. HETUWEES A MINE S RSB RUIHR SR, EhRE,
2022.

(15] #hat i, i, 7 SO, S, 26 TR 27 ~) B 285 I J s B 1) 2
FWgE. P LASE,2021,38(3) :363-367.

[16] H ¥, ARIBAR, BARIL, 55, FET P2 2% ) E A CT K& B 35
BRSPS P BT 45 ,2022,37(2) :60-64.

[17] S. Basu,S. Mitra,N. Saha,Deep Learning for Screening COVID-19
using Chest XRay Images. Symposium Series on Computational In-
telligence ,2020:2521-2527.

(18] Fr/8il, Vet i, % 55 JETHR2EIR AR I HUHI A8 CT &1
BOYFE M E B, A7 41,2021,49(5) :984-991.

[19] Krizhevsky A, Sutskever I, Hinton GE.ImageNet classification with
deep convolutional neural networks. Commun ACM, 2017,60(6) .
84-90.

(TG4 2RI )





