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Abstract

This paper comprehensively applies the grey system theory and demographic models, constructs a
multi-dimensional prediction framework, and studies the epidemic trends of three key infectious dis-
eases—viral hepatitis, tuberculosis, and syphilis—as well as the laws governing the growth of their
medical expenses. By integrating the GM (1, 1) model and the Lee-Carter model, we transcend the con-
straints imposed by data assumptions under a single method, construct a first-order linear differ-
ential equation, capture the dynamic evolution patterns of medical expenses and the long-term trends
of infectious diseases, and perform extrapolative forecasting for time factors. Building upon this,
this paper attempts to analyze the data prediction and prevention indicators of three infectious dis-
eases, preliminarily examines the correlation between diseases and the economy, and thereby aims
to serve as a potential quantitative reference tool for health planning.
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2. MRMRSEBIEN

e Gy KR ANFE T A 73 A 5 T 8 35 PAE USRI A2 O W08 . TR PEIF R . 450, M
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AR T R R A R A R KB X A SRR NN A R R L R SR AT I R AR, AR AT
BEIEIHT 2015~2023 R E A S 9% HIFEACTE 0, 305 B0 e et 2 R g ke A4 22 35 748 77 1 T
TR, I A 27T B4 I AR T R AR T (P, e 35 B DG AR 5% B 5 I BOR [5]. Bk
JH3E FH 8F 70 (0 3910 rp I T 7 5%, G 24 T 0 R A B AT I TR (22 Ak BL R AT PR K 70 A
MAANEAUTE R DL BATHRACR . TR R, R ORE B T4 R 5 E D Hraii fRE
e B, TR DR AR i ) LI T A P2 P A A R T S S ey RE AR, 18 BIAE B AL g 220 3R
PR D S A6 AR R A A T, AT TN S A 1) R A e 6]«

3. ARIMA 5 Lee-Carter 28RBS &
3.1. #IEFKR

P 1. 2 PIREREAT R . A% . HEEE 2014~2023 FE RN R ASE T R B A B ks B R
& https://data.stats.gov.cn/Z bR EAL B A%, A R ECHE HHEAf 2 %L

Table 1. Overview of the incidence rates of infectious diseases in the past decade

% 1 EHEERRERENRIEA L

3RS TARETERT 2 il 4% g
2014 90.25 65.63 30.93
2015 89.47 63.42 31.83
2016 89.11 61.00 31.97
2017 93.02 60.53 34.49
2018 92.15 59.27 35.63
2019 92.13 55.55 38.37
2020 81.12 47.76 33.08
2021 86.98 4537 34.05
2022 78.40 39.76 31.27
2023 90.69 31.27 37.60

Table 2. Overview of the mortality rates of infectious diseases in the past decade

%2, F-HEERRETRNRIRR L

FET % TR 2 il #% My
2014 0.0380 0.1653 0.0051
2015 0.0348 0.1673 0.0043
2016 0.0388 0.1783 0.0038
2017 0.0415 0.2046 0.0033
2018 0.0381 0.2257 0.0028
2019 0.0412 0.2141 0.0030
2020 0.0419 0.1367 0.0038
2021 0.0369 0.1251 0.0021
2022 0.0385 0.1563 0.0016
2023 0.1700 0.1537 0.0011
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3.2. ARIMA M Lee-Carter 28493

3.2.1. ARIMA (p, d, g)tE5!
ARIMA (p, d, g)BRILE4 7 AR BRI s 5 MA BERI G PR AR A, FT DAAL 3 50 45 2% (i 1]
H 1l 7]

Yt =ct+@ t—1+"'+(pp t—p+gt+91‘9r—l+'“+0qgt—q (1)

LT T gpneennp, 16,000, BAEHE QB ¢ BRI, o i 200 W0 5,
Ei1rEye s 6, L KIS
BREE—NETE] y,, & XHIEEHE B, e — A2 E A ET— B ZIROWIE, §ix
MNEEFFNES, )G n DD K
By, =Y., (2)
FAh, I RIS FR LI — B Z R n B 2 IRAE . TR, n B 2200 AT SONAHAR bR 2B 11 2
1H:
Ay, =y, =y, = -B"y=(1-8")y, (3)

BT ER SRR, R —HEE AT B =gy, AT DL X R s E s S S s A
PAGZRHE, o B 2200 T AR R IR
A'y=(1-B)"y, “)
H #H % B8 #1 (Auto-Correlation Function, B[l ACF)F1 H #H 2% & 4 (Partial Auto-Correlation Function, B[
PACF) /2 I [8] 52 471 43 A vh s R PR AS R B e v, AR HIAE T FI it B] e S P Aa vk, JRaiad o 50 e
ARIMA BRI Z4[8] .
EAIRFE S { X, A% FAT R 5 (lag) &,  FIAHSCEREL p (k) 7T AR R A
p(k)=Cov(X,, X, )/ Var(X,) (5)

TR E G X, |, X, 5, X, WIS, X, 5 X, MZMEAHSCFEBE AT 2 SR W I AH O B 3L
(PACF), —MieHE ¢, o Ml B AH G BR B0 v R0 0e A5 72 e HE R L e o B3 5 WM ) 2, R )5 P —
FHIAHNE9]

3.2.2. Lee-Carter %Y
Lee-Carter #2780 AN &S0 TR IPAGEAL, 1ZAEAL I 7E ARIMA SRS (A JEml EREAT R AR, 27 m, (¢)
FORBIA FARERS y x D I ANBERIZET 26, W m, (¢) 5 2 LR R B0 R
Inm, ()=, + B, xk(t)+ () (6)
H o, FoR GER R RA K RE, RICT R AR EBUE HICPME: k() @BHERNETHRE, £oR
5 ) PR 3 A % 1 R B BB T B B A ) ARG K 2 B RN RIS IR o U AR s e, (1) BEAL
PENIOF Hapi AL pe, (1) ~ N(O, o-j) .
IR PRAR T 2R AR SRAS ME— e I AUE R, XIS 0HAT T Lee M1 Carter brifE AL ALEE
YA =LY k(1)=0u, (1)~ N(0.07) %

Horb TSR THIE T R T A5 1 H D4R B 2
ATHY B bR B R ZERATREAN, O TR ZE IR, AT SR ZE P J7 NI 3 10 % bR 4L -
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Figure 1. Comparison chart of incidence trends of three infectious diseases from 2014 to 2023
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Figure 2. ARIMA prediction of viral hepatitis incidence rate
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HE 2 Al A1 BAS X AN 95%, if R FTEEAGFE 2024~2026 E955 25 PEAT 4 K% RIE AR (X (7], [5]INHb
S TUNME, (B H TR ESEAE N R, HERWARIREAN—EBFE T IIME, Pk E S XE
BBl H A bR

BRI T 25 5 L e S H T A R

Table 3. Prediction results of the ARIMA model for incidence rate
3. RIRE ARIMA {ERIFNLE R

fabr Value Standard Error T-Statistic P-Value
Constant 0038649 0.046159 0.83731 0.40242
AR{1} —0.91062 0.96012 —0.94844 0.3429
MA{1} 0.62828 1.1505 0.54607 0.58502
Variance 0.0058746 0.0031419 1.8698 0.061517

2 3 PESE P E AT H WEZTEAKT 0.05, 38 AR{1}. MA {1} IAERRY ip R #EE AT K K
I 2T PR S A 2 R ) 2 3

AT AR WIMESCH : 10, IRZEHBEE: 8 HWHRIRZE: 4.62, Ry = 0203, A% R, =
0.103, F GuitE(HEMAEA): 2.04, pf =0.191. 454G Ry =0.203, iZHHEAL, Ui ARIMA BEA il
TEHE LA EFE AR IR Y, I REARRE 20.3% M AW KB . NI A Lee-Carter #5743 47 LA T
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Figure 3. Prediction trend chart of the incidence rates of three diseases
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Figure 4. Prediction chart of total disease incidence based on the Lee-Cater model
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R ] 4 FRR R T K (I TR 55 Ko A5 B T 006 S0 T XU 10 1 438 A —— I (R AR I 1) - 26T
PrFETHE, SUEARBUR ], SRR T IO AE LT . BBl T B, (BRI R AT 3 S i
a B FHEEK. K 3, MR R KPR RERZE AR FR I LTt (HR B I R &
Mz FBRAE AT Mgtz Ko FRERRENE AR REIFEIC, (B2 HEEYN TR sa i R
WS HERg: BONBURE RBARE /D, FTREORER B ATROES, dERrResE.

Table 4. Evaluation results of Lee-Carter model parameters for incidence rates

F 4. BIRFEER Lee-Carter BRI SHEITFNLER

fabr FEHEROT % ai U REL b
o BRI A 4.4797 -0.2180
it 45 % 3.9784 -0.9739
g5t 3.5215 0.0636

FEMESEL ap W [E G AT R R (B R A FR B8 1. A D) R RYE), I IRV BBURR R B by Sk
T AT R EE I T 3 (K ) (O UK S

WA 4 P RN: JREFIENT 28 (bi=—0.2180), fuoCEk, PRI B G e b (g A48 ) L £ ) b5 BR 22
PRSI KT 100, A8 “Ke BFH(Bamit)” [ R 4afE /250, BIELR o U0 m, (H O R i # 34 1
CORIMNL” o IS5 % (bi=—0.9739): BURMEM R, YR H SR mR s E——E R (SR E
I MR DRSS Eahim AR, I RS Koiksh” BHAEH T A& 75U W8 K TR 72
TNk, RIRRNE AR 2 BRI IRAG PR 4 o KRBT MEdE(bi=0.0636): UK
PRI TS, HE A% 35 1) B T (Pac b B e o B ) R B 28 A O T s ) 5 1 e B 2 A 1 2 SRR K 04T
NIRRT K Eh i DL AR IR AT

3.3.3. FET-F[) ARIMA EH!
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Figure 5. Comparative chart of mortality rate trends for three infectious diseases from 2014 to 2023
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Figure 6. ARIMA prediction chart of viral hepatitis mortality rate
B 6. REMEARILTE ARIMA FUNE

HE 6 s BE XA 95%, FHET ARIMA #AITE 2024~2026 975 5 M1 AT 28 K0 R 9570k L X (4],
T B R B E XA, SREVEEA K. BTHEREERHEER R, HEMRTEA BB TE
T TR .

Table 5. Prediction results of the ARIMA model form mortality rate
F* 5. JETE ARIMA ERFUNLER

=L Value Standard Error T-Statistic P-Value
Constant 0.11472 0.65586 0.17491 0.86115
AR{1} 1 2.7595 0.36238 0.71707
MA({1} —0.39227 2.5229 —0.15548 0.87644
Variance 0.1193 0.12744 0.93619 0.34917

7 5 FESEE PR T IR ZEMEKT 0.05, B8 AR{1}. MA {1} IU7EAR AL o9 25 14 AT 98 R
ESUNITEATRS LS 37 R e

M T ES H: WIMEEH: 10, RZEBHE: 8 HHMIRE: 0.0372, R,=0.285, H*¥ R,=
0.196, F GtitE&(HERA): 3.19, pfi =0.191. 454 Ry =0.285, iZ{HIERAC, Ui ARIMA BA56 i
A R F0 G BEFR AN SRR AT, AN REARRE 28.5% 1 K i 4l . DAL Lee-Carter BEAY HEATHL& 0

3.3.4. FET-ZFAY Lee-Carter 8!

MR & 8 REAIFRIN, 45 2023 4EJE 0 Ko 2 Hrst ETF, S5 & 18 7 BaE i d T 2 28T okt —
B EF, MEREAETIRAREE R, MRS T R AR RS, (RO R 25 o 23 FH .

F7E 6 A0 W EE AT % (ai = —3.1018, b; = 0.6996) 1 a; (I S /N IE EALIRIE L, SHERELH
&), H b IEEEZE, WNET K EFNRTREA——E8 O 5 92TT - PiERasT - R
W7 R A R, KB v T3 v/ e (1 0 R g BT (DI, TSR BB T AU s il 285 % (ai = —1.7726,
bi = —0.0743)¥] a; FUERAH I T 0, FERKEEE s 2T R R(RPIEZY . SRS CREt
T2, AR T R PR MR (a,=—5.8690, b;=—0.7106)1] a; Tt I K(F-WIAf 4 B 2G, K&
LREICWAR), b R, SR K I AET SR T P —— i s i 2 Bl P R AR 2% s Ak HE B
T S I, B0 A /A 2 M S BRI R RE B ], S AT —

m

DOI: 10.12677/m0s.2025.149585 74 e RSE TR


https://doi.org/10.12677/mos.2025.149585

w5

2 s

. —O— HE LN &

R15F —— il %

= Wi

1

0.5
0e ).( )_< ;:L 2\ = = S & - B
2014 2016 2018 2020 2022 2024 2026

Fr

Figure 7. Prediction trend chart of mortality rates of three diseases
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Figure 8. Prediction chart of total disease mortality rate based on the Lee-Cater model

8. Lee-Cater {2 BIRRAY R TL T X FUNE

Table 6. Evaluation results of Lee-Carter model parameters for mortality rates

3% 6. JLT-F Lee-Carter iSRS HITMER

EiEg i TR @ TR R b
SRR R -3.1018 0.6996
it &5 4% -1.7726 -0.0743
g2t —5.8690 -0.7106
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W SR R TR A 6 B OEUR B, 23— B INAR I, B AN H KB
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B2 = (0 (1), (2), 0,2 (n) ) SRANGEAR GBS, 0 HEAEAT— VB0 BT 0 K
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A 20 g8 O HEARE A, B
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x9(2) -2(2) 1
) _,0
u=(ab)’,¥=|" O g 0! (13)
x(o)(n) —z(l)(n) 1
SINE/N Z3RIE(OLS), 5E Xs
=kxi+b (14)
kb= ]\rbgmm(z:'1 (yi—ﬁi)z):irgmian:l(yi—bci—b)z (15)
L
Y —kx b
—kx,—b
Lzzzl( kx b) _[yl kx bY2 kx =b,- ]OC b] (16)
Yo —hx, —b
-
X (k)+az" (k)=b (17)

KA7DFEA GM (1, DK GRS T2, b b RIEFE, a NEERE.

X GEFEH O B R X =(x '(1),x7(2),+-,x") (n)) s NG o (k) A B
HE AR TP LG AR«

™) (k
o(k) =W
x"(k-1)

W Vk,o(k)e[a,b] HXAKE 5 =b—a<0.5, FREM r REFH ) BAHEFHONE
5E R E A X [ LR

p(k)= @
X
B8 ) NASTH, IS ABEAE k (30, p(k) B LIBEEL T 0, R ") BAAHERBONE,
Bivk, 6<0.5, WEH p(k)e(0,0.5) BInT, w4750 " gkt o e(1,1.5)
4.2. YEERIFER—XINE

PSR, BUF BATH. ES DA MBS BA S RN B SRSk E Ex R
ARG ELS, BB N 2015~2023 45, BUdE £ b A0S 56 A DR vHE ff P B i SR VR -

https://data.stats.gov.cn/.

k=23,n (18)

0 ( k)

)(1)+x (2)+-- ol (k 1) (19)

Table 7. Graph of total health expenditure from 2015 to 2023
2 7.2015~2023 FDEBER

izt 2015 4E 2016 2017 4 2018 2019 4
TAERAAZIT) 40974.64 46344.88 52598.28 59121.91 65841.39

izt 2020 4 2021 4 2022 4E 2023 4E
TAERTEAAZIT) 72175 76844.99 85327.49 90575.81
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27 M BAEREEHAE 2015~2023 E R, 2Rr4E ETHE, M 2015 454 x 104K F 2023
EH9x 104, BEAEHIKRIE 9.8%. JRBLEEST 75 R K, I T 4% By A IR BN RS2 0.

Table 8. Graph of various health expenditures from 2015 to 2023
7 8.2015-2023 FRDEXHE

Ei=2 2015 4 2016 £E 2017 £E 2018 £E 2019 £E
BURF(f278) 12475.28 13910.31 15205.87 16399.13 18016.95
({2 o) 16506.71 19096.68 22258.81 25810.78 29150.57
NV 11992.65 13337.9 15133.6 16911.99 18673.87

ANH#)(7T) 2962.18 3328.61 3756.72 4206.74 4669.34

E=gan 2020 4 2021 4 2022 4 2023 4
BUR(fZ.7T) 21941.9 20676.06 24040.89 24147.89
#£x({4.78) 30273.67 34963.26 38345.67 41676.8
IN(W 19959.43 21205.67 22940.94 24751.13

A#)(n) 5112.34 5439.97 6044.09 6425.32

8 BT DARTEHMRT, BUF. . MASH 2BLZE R KEHE: BUFSZHE “ik
- Bl - BT sh, da S ERSEIEEE Y 12.3%), MATHREDHEELRE 9.5%), AW PAR
FHMN 2962.18 JTTH A 6425.32 TG & FARME KIS PAEBE T MBS, NIEERABCER S AP
HF ST HR AL 18] 7 21 S 4%

HR 4 IR AT — RIS H 2R
x10*
—F— U PAT L
—e— & TAR
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Figure 9. Comparison chart of fitted curves for each branch of expenditures
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Figure 10. Smoothed ratio curve of total medical expenditure
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Figure 12. Fitted curve chart of grey model prediction data
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Table 11. Prediction results of the grey model
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