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Abstract

With the intensification of the global aging trend, Alzheimer’s Disease (AD) has become one of the
major diseases threatening the health of the elderly. This paper establishes a time series analysis
model based on the mortality rate of Alzheimer’s Disease (AD). Through stationarity test and differ-
ence processing of mortality data of various countries, the parameters of the ARIMA model are
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accurately determined, the AD mortality rate in the next 5 years is accurately predicted, and the
confidence interval is given, which provides a scientific basis for the formulation of public health
policies.
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B IR 2413 BRIE (Alzheimer’s disease, AD)/& —F DL FI D REIEAT P T By 2 BRI b 22 38 47 P 1 35
P o (ERIRERAESS H 2 IR AL SN, BRI IFEER T4 B 4k 0 i I8 03 S S i i
ZAE RSB IU KA TF . I ANDI HLETRIM, 2050 4F, 4Bk AD B AFek£ 2] 7800 15 A[1].

#H AD FET- AR LHURE AT, N I MBI 70 B R 205 B F 3 (BT R B, A ST IR
K £ R HE i R R I B AT AT, T PSS TR) 3 70 20 AT TN 4% B R SR LR N 1 AD FR B BB T 3%,
JE I BT e 1 A U SR X T R 2 1 RO S A AT T AT T

2. BRRIRSMAE

A Kaggle B F# T “Death Alzheimer’s 20247 $#EHH CSV X, K 2020 4. 2022 4.
2023 4EF0 2024 FEAECEIE B AR AT, FroLkEL 1990~2019 4EMIAHCEE, ZBUEE AL MNAEEK
ANFEEL AD JET- A58, W 1 Fin:

Tk

Table 1. Partial mortality rates of Alzheimer’s disease

= 1. BoRRRERRE TR

Entity Code Year Death-Alzheimer’s disease and other dementias
Afghanistan AFG 1990 31.83
African Region (WHO) 0 1990 23.04
Albania ALB 1990 24.78
Algeria DZA 1990 28.78
American Samoa ASM 1990 2421
Andorra AND 1990 21.23
Angola AGO 1990 21.39
Antigua and Barbuda ATG 1990 20.92
Argentina ARG 1990 20.94
Armenia ARM 1990 21.2
Australia AUS 1990 22.53
Austria AUT 1990 20.83

VE: B SRIET Kaggle. Death Alzheimer’s 2024,
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Figure 1. Comparison of mortality trends of Alzheimer’s disease in key countries

E 1. ERERMRIZERHBL TEEHIILE

3. \RBE 5K
3.1. BB

ASSCHSCAR F Bs HE BL AR AN R B X 1990~2019 SR /R 263 BOE I ZE T 345 5, Bodls 2 et 1R) 224k 7,
FA W A 8] e SRe %, B AT IR T R S £ ASUT SR AFEA G E s Hak, BEE N LB R AL i hnga
AD FET-F ] e I — @ G aSs, T H, Z5438 (0t ] BE200) B 7R 28 R BRAE =8 1) B MR L 7 A 5
Wi, A3 AD FET- R I — @ HIZ T st . BRltt, 1 I A) 7 510500 & [ AD FE T R BE I 7] 32
e REAT 0 T

3.2. FREMRLIE

SRS AR 56 A A R W I 8] 7 5P RS AR AT IR (2] AEEAT I (B S TR AT, 7 2R W 2 5
Hg-PRatk, BTt S e it L. BARKGEK:, I ADF (Augmented Dickey-Fuller) £ 4
B ISR H, B A7 AE AR, BB A TR BB B, P UM AE SRR, BT AE . ASC
KM ADF 56, KA AD SET- R AR B A RALIR, ATz e S 8 75 B Rae 1

K36 F40 T BT RE 3]

Ayt:a+ﬂt+7yt—l+2ip:l5iAy’*i+€’ (1)

Hrby, Ay, =y, -y, RETES y, B — 2253
a REFHHIN, AR FIHF R
B RN TS TR L, T 56 Fr 51 A& T A7 AL BE I [H] A2 AL e 3
y R REL,  yy, RO
DOy, p BTG, TR R AU E A SR
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e, NEBEFIRZEI, ARICIE AR R R I BEN LS -
XA E ZBET I [0 7 7SR AT ADF . CLrh SR 96, kR, JRF 518 ADF
Uil ELN-2.418, p EN 0.137, S5AFRZEAKT TG AEAMLL, K RWNE 2 k.

Table 2. Critical values of ADF test for raw time series data of mortality in China

3 2. PERTRIEFIREEIEN ADF 1 IFE

K I (L
1% —3.6889256286443146
5% —2.9719894897959187
10% —2.6252957653061224

BT p EAT 0.05, Feefide)ifBik, Ko EIERE TR AERE PR, XEPHHT
—MrZE I, ANy =y, -y, R E 0 5 EE FRIEAT ADF RS5S, EE ADF 4t & 8-2.980,
p 1H N 0.03684, SHHlEFHE LR, Wik 3 Fis:

Table 3. Critical values of ADF test for first-differenced data of mortality time series in China

3. PERTEMNEFSI—MES EHIEN ADF £1EIEFE

X VSR i S48
1% ~3.7112123008648155
5% —2.981246804733728
10% ~2.6300945562130176

BN p A6/ T 0.05, SR8 SRR, BT LA B —Bir 22 73 Ja (R 80T A2, o AR 1 2 0 B dled = 1.
NEMERZE S G HAR A, b E AD BT A0 22 43 10 5 R ] P 41 Bl an ] 2.
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Figure 2. Time series plots of AD mortality in China before and after differencing
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Figure 3. Time series of AD mortality in other major countries before and after differencing

3. HthFEER AD BT HESHIEHEFS

3.3. ARIMA &8Iy

BET- R B I8 5 BA W R 204, B ar e TR it 2 20 T AL EA M, v LA ARIMA £
UM AD FET-% . ARIMA #5728 (Autoregressive Integrated Moving Average Model), X IH{EZ 4y H [0 9%
EIIREAY[4], ZEER ) — R ERIA N
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Table 4. ADF test statistics of mortality time series in major countries

4. EREZRETRAEFS ADF LB ITER

5 I 7% ADF 4iit& WG 5 p {H %%y ADF 4iit & #45r)E p fE

H —2.418 0.136 -2.979 0.036

EH -2.145 0.226 —4.640 0.000

B 1.417 0.997 -3.112 0.025

YE[E —2.656 0.081 -5.155 0.000

EHE -3.380 0.011 - 0.011
#(B)(1-B)" y,=6(B)e, ©)

v, BRWIESHT, By, =y ¢(B)=1-¢B——¢,B" NAFAZ TN, I T IR 5] 2015
RENEALlELES Y

(1-B)' R SIAT d W20y, A5AE PR AU AL 0 PR 91

O(B)=1-6,8——0,B' REANTHLTA, R T iRETIH Kb

¢ SRR TA], ARIER T B

Wi ARIMA BURHSCHEZEFRIER I 38R0 p (ELRABNE0. d CEABIEOR ¢ (B3 TR0 S
HUE, IR BT E A S E A S (5]

(AR KB B 6] T B LT 1551 5 3 1 S 5 (L2 TR A, 7 AR
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2o (3 =7) (1 =5) 3
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Hrr, p FoRHE K R BMCREL,  y, BRI PIE IR,y ZFIIME, n IFEARE.

p WEUEFITE L1, 1120, Hoxt (K, IR k 00592 AR PR . 24 p, A IE(EN,
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Figure 4. Autocorrelation plot of Alzheimer’s disease mortality in China

4. RERFRZERBIETEBEXE

ME 4 AT, A B B ARG R BAE T e 1 AT 2 Bk LA DX Ta],  ELRE R JE B B iz E g,
ST ES AL, VPR T BI £ g ATREDY 1 B 2.
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Figure 5. Partial autocorrelation plot of Alzheimer’s disease mortality
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Figure 6. Autocorrelation and partial autocorrelation plots of Alzheimer’s disease mortality in other countries
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Fif EA R EE p B G #iR, FAHSRIEEER, R AT B BB p s B AR S BB iR # 7]. I
S EZ A AR TSR, SRR 5:
Table 5. Preliminary judgment of p and g parameters of ARIMA models for various countries from the perspective of ACF

and PACF
% 5.ACF 5 PACF AT &E ARIMA 128 p. ¢ BEANFIFE

E ACF EIHHE 125 q 18 PACF EIRHIE Y125 p 1H
EHE 12 B, Ja IRGE I 2 1R, Ja g 1
xH 1~3 B, a2 3 1R, Ja kT 1
154 1~2 Pri 2, Ja B 2 1R, Ja g 1
e 2~4 B2, JERIEEIT 0 4 1R, JaitR %R 1
EE 02 Brg i8R, 2 Brai o Bzl 2 0~1 Brigsl Wi, 1§14 0

ENIPHE p M g JEHlE, 256 FRMERIRIHE M2 d, A EF B E AR (p, d, g4
A% ARIMA B8, fian, p )0 2 3 HUE, g A 0 2| 3 BUE, d ACHIEE, SERM4x4=16 F4 5.
MR J5, F A AIC (Akaike Information Criterion) [SiEHUR AL S &, AIC tHEH AR N

AIC=-21In(L)+2k @)
Hrp, LR KRG THE, REIEIE, L BOKIE SRR
k R TESEA L, BRI kK.
CLHR E i ), A (p, d, @A TG, 15 EIRERIEAL 45 R (5 6):

Table 6. Correspondence between ARIMA Model (p, d, g) combinations and AIC values in China
5% 6. HE ARIMA & (p, d, g)tAE5 AIC EXT R TR

w0, d, QW& AIC 1
0,1,0) 123.45
0,1,1) 118.23
0, 1,2) 115.67
(0,1, 3) 117.89
1, 1,0) 120.34
(1, 1L, 1) 116.78
1,1,2) 114.56
(1, 1,3) 116.34
2,1,0) 122.12
2,1,1) 119.45
2,1,2) 117.23
2,1,3) 118.9
(3,1,0) 124.56
(3,1,1) 121.78
(3,1,2) 119.89
(3,1,3) 120.56
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M 6 BT, (1, 1,2)4HE AIC EHE/N, A 114.56. Kk, 5 E R 7R 50 BRIPFE T2 T 1 S it ARIMA
RN ARIMA (1, 1, 2).
FREXTSEE . ENRE . De . vhE S EREBRERE, M S E Ml ARIMA #8, 45590685 7 FiR:

Table 7. Optimal model parameters of major countries

#* 7. ERERZRMEESH

Ex ZaEd B, A& ARIMA AIC

HH 1 1,2) 1,1,2) 114.56
FEH 1 1,3) 1,1,3) 135.23
B[R 2 1,2) 1,2,2) 156.78
B e 1 1,2) (1,1,2) 128.45
%E 0 @2 (2,0,1) 98.34

A 355 DABR 22 PP B AL (I M R A% O 00, RPREAY 78 SR BUF B AR B, RIARZEL
B A AEA R ZE ACF E5 Ljung-Box Q it EAG LG HEAT IR0 :

(1) 5%2% ACF . #5k2% AR REUOTEN 95% EEIXIA], R UIIEZE T 0% H A,

(2) Ljung-Box Q 4. JFMRIX H,: FRZENAMEF; H5 5 p [EY > 0.05, WIEHIE4 H,, X
FRR AR 71
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Figure 7. ACF plot of model residual series in China
7. REERRERFSI ACF

L7 AT L, BR 22 B BT i Ja B A B A OC RECITETE 95%E G XK, o3 3. Ljung-
Box Q friRsh R uns 8 fras:

Table 8. Ljung-Box Q-test results of residuals for Chinese model
= 8. R EEBIRE Ljung-Box Q &I844

i e Q Ziit& pia
10 0.0273 1
12 0.0406 1
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IR E KL, P AD SET P U RLAE 53 5 R 19 Q Seit Xt p (E1>0.05 (14 7. %
8), JoiEIELE “HRZENAMEE T YRR, SRR O S AR, A RCR BT
IR, Hop B SR U AR il s AR A A G, 3P IRIE 7R S I AT SR SR

3.4. TG R

FESERL ARIMA SRR SIAL S, AR BB E IRt ARIMA B9 LR, Bl python S A
S, SATTNER S, A RIRR 5 RPN 4G40 H SOy EER IR I FUa —F 1 F ) IISET- R
FHMUAEL AR Xt I (1 EELA X 1) o B DXCTA) ) T SR TR R iR 22 A A e ik 2R, 3 K ELAS KT8 95%.
EWRAELEZ RPN, 29 95%ME L T A SHE AT R EE X E N .

AR T 20T 2% [ BT R S BRI JE TR W 45 5, R 4% 9 Foms:

Table 9. Annual prediction and confidence intervals of Alzheimer’s disease mortality in various countries in the past five years

9. IEAFEEM/RIERFIETRZFETN R EFXER

E  JIsEBETER HEGE AR TMAE(AN/10 5 N) EAE X [H]
514 23.32 [22.98, 23.66]
92 4E 23.37 [22.81, 23.93]
H E 23.23 2020 %34 23.37 [22.62,24.12]
4 F 23.37 [22.35, 24.39]
554 23.37 [22.02, 24.72]
1A 20.9 [21.65,25.09]
B2 4E 20.9 [20.55,21.25]
FH 21.64 2020 % 34E 20.91 [20.34, 21.46]
4 E 20.93 [20.16, 21.66]
554 20.95 [19.92, 21.94]
14 19.03 [19.63,22.27]
B2 4E 18.98 [19.30, 22.60]
ERpE 16.63 2020 o534 19.14 [18.68, 19.38]
9 44E 19.38 [18.42, 19.54]
554 19.5 [18.39, 19.89]]
F1F 20.77 [18.37,20.39]
B2 4E 20.77 [18.18,20.82]]
b [ 20.79 2020 % 34E 20.77 [17.85,21.15]
544 20.77 [22.98, 23.66]
54 20.77 [22.81,23.93]
#14E 21.88 [22.62,24.12]
B2F 21.78 [22.35, 24.39]
15 21.87 2020 B 34E 21.7 [22.02,24.72]
44 21.65 [21.65,25.09]
54 21.64 [20.55, 21.25]
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Figure 8. Historical and predicted trends of Alzheimer’s disease mortality in various countries
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WA, ZWhrdESR T 7T, IRk AD MIZW IR WG R . AEAR SRS 28, 12 Wibs ik
W HaTEE, VF2 T RIS F R B I GG, (513 AD FET- 3 1 G0 vh Bdi 5 it B 5K
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