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Abstract

Objective: The characteristic analysis and change trend prediction of the total health cost can pro-
vide a basis for the formulation of medical and health policies and reasonable health cost planning
of relevant administrative departments in China. Methods: The statistical data of China’s total health
expenditure from 1991 to 2020 were collected, and the ARIMA-BP combination model was con-
structed by the reciprocal of variance method. After the model test is passed, the health cost in
2021 is predicted and evaluated. Results: Taking the total national health expenditure from 1991
to 2017 as the training set, ARIMA(0,2,0) model and BP neural network model have good fitting
effect. After generating new data samples through the sliding window method, a three-layer BP
neural network model is constructed. Combined with the reciprocal of variance method, the ARIMA-BP
combined model is constructed. The prediction effect of 2018~2020 is better than ARIMA(0,2,0)
and BP. The average relative errors of ARIMA model, BP neural network model and ARIMA-BP
combined model are 1.127%, 1.052%, 0.05% respectively. Conclusion: ARIMA-BP combined mod-
el has the best prediction effect among the three models. This model can predict the total health
cost in the future and obtain a more reliable budget of the total health cost.
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2 H Box #1 Jenkins %5 A\ T A 20 G- AEARH] R B I — Bl 0P At 8] 2 20 s iyl 7 vk 2 —, e
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Figure 1. Diagram of the internal structure of a neural network
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Figure 2. ARIMA-BP combined model prediction flow chart
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1991~2020 FE PA SR Sk E2IIGKES, PA DM 893.49 {4tk % 72,175 147t
W 1,

Table 1. Total health expenditure in China, 1991~2020
2 1.1991~2020 £HED £ 2 EH

Fhr TABRHALT) Fhr TABRHALIT) Fhr TABRHALT)
1991 893.49 2001 5025.93 2011 2434591
1992 1096.86 2002 5790.03 2012 28119.00
1993 1377.78 2003 6584.10 2013 31668.95
1994 1761.24 2004 7590.29 2014 35312.40
1995 2155.13 2005 8659.91 2015 40974.64
1996 2709.42 2006 9843.34 2016 46344.88
1997 3196.71 2007 11573.97 2017 52598.28
1998 3678.72 2008 14535.40 2018 59121.91
1999 4047.50 2009 17541.92 2019 65841.39
2000 4586.63 2010 19980.39 2020 72175.00

3.2. ARIMA BB FNE FERE R

3.2.1. PR

1991~2020 FIR[E PA= & 2 AR AAEFAR T A, AT AR R, T B T AT AR
K. X FRE 1991~2017 4= TAE 9% FH P BIEAT 2295, IFdEAT ADF SATARAS S, B 2 5 2 5 I P 51 8 °F
P, od=2. FUIEFERE AR 0 25 5T 8. 25K 3.
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Figure 3. 2nd order differential plot
E 3. 2ESE
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3.2.2. SRR R

ZoyREBEZ J5, FIF python3.8 F A% R E P AR 3% FHIEATILA, 51T ARIMA BB &2, @
ik P AE O B Al 1 A G R W R AR 1 Ol e S0 T W, ARSCR AT AIC #EIUFD BIC #EMI[11]45 3 &
mZHhp=0, d=2, q=0. @7 ARIMA(0,2,0)TiMlIAA . ARIMA Tl A5 Y 2 SR vk 72 4 1 g 7 41
FIH python XJ 5k 2 7 54T Mg A I, Bk Rungk 2, 4558 8/R P{E N 0.077 > 0.05, Bk %2 HgE S
FEA, ERERAEE R? N 0.998, ] AR H Hx 3 [ T AR 5 3% Y2t AT 10«

Table 2. ARIMA inspection table
% 2. ARIMA #183%

ARIMA(0,2,0)44:56 %%

i PR Esia| I T 7 G A
5 N AIC BIC Q P R?
18 27 397.44 399.88 3.121 0.077 0.998

3.2.3. =AM
FIF AT 1) ARIMA(O,2,0)BEBS X 56 TEAE RY 2018~2020 4 A= 2 FIEAT T0IN, F3K H HARXS 2 22
WESRIE 3, WIMARIWLE 4 Prrs.

Table 3. ARIMA(0,2,0) fitted values from 1991 to 2017
= 3.1991~2017 £F ARIMA(0,2,0)#l & 4558

Fhr HSAE ARIMA (0,2,0) AHXY 5:22(%) Fhy HSMH  ARIMA(0,2,0) #Xtix% (%)
1991 893.49 - - 2005 8659.91 8596.48 0.732
1992 1096.86 - - 2006 0843.34 9729.53 1.156
1993 1377.78 1300.23 5.629 2007 11573.97 11026.77 4.728
1994 1761.24 1658.70 5.822 2008 14535.4 13304.60 8.468
1995 2155.13 2144.70 0.484 2009 17541.92 17496.83 0.257
1996 2709.42 2549.02 5.920 2010 19980.39 20548.44 2.843
1997 3196.71 3263.71 2.096 2011 24345.91 22418.86 7.915
1998 3678.72 3684.00 0.144 2012 28119.00 28711.43 2.107
1999 4047.50 4160.73 2.798 2013 31668.95 31892.09 0.705
2000 4586.63 4416.28 3.714 2014 35312.4 35218.90 0.265
2001 5025.93 5125.76 1.986 2015 40974.64 38955.85 4.927
2002 5790.03 5465.23 5.610 2016 46344.88 46636.88 0.630
2003 6584.10 6554.13 0.455 2017 52598.28 51715.12 1.679
2004 7590.29 7378.17 2.795 - - - -
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Table 4. ARIMA(0,2,0) model prediction results

5% 4. ARIMA(0,2,0) & BU TN 2% 5R

Ay ARIMA(0,2,0) HE HAXT 12 22 (%)
2018 58451.68 59121.91 1.134
2019 65105.08 65841.39 1.118
2020 71358.48 72175 1.131

3.3. BP &ML TN T IER AR

3.3.1. BiBFA—1abE

FEHARAEFEAT n M TA SRR n+ VM AR R, BI[X, X, X | X RL X, » [FIFE, 2B
KA, BAEAEERES), LR, Xy X | TR X, o CASEZHE, SFUIGRERREAT RISy, M AE AR
[F AL R EARIA—4k, A SCUAHT = HE R T S DU AF 25, RKF 1991 4. 1992 4 A1 1993 4E 14k
WEE NN &, 1994 G TARRRAEAH AR, 1994~2017 FHIEIEE IS, ¥ 2018~2020 &
HARAE IR, BRI 5 B,

Table 5. Sample data

5. BUBRHEAR

Ay X1 X2 X3 Y Ay X1 X2 X3 \4

1994 893.49  1096.86  1377.78 176124 2008  8659.91  9843.34  11573.97 14535.40
1995 1096.86  1377.78 176124 215513 2009  9843.34 11573.97 1453540 17541.92
1996 1377.78  1761.24 215513  2709.42 2010  11573.97 1453540 17541.92 19980.39
1997 1761.24 215513  2709.42 319671 2011 1453540 17541.92 19980.39 2434591
1998 215513  2709.42 319671  3678.72 2012  17541.92 19980.39 2434591 28119.00
1999  2709.42  3196.71 367872 404750 2013  19980.39 2434591 28119.00 31668.95
2000  3196.71 3678.72 404750 4586.63 2014 2434591 28119.00 31668.95 35312.40
2001  3678.72 404750  4586.63 502593 2015  28119.00 31668.95 35312.40 40974.64
2002  4047.50  4586.63 502593  5790.03 2016  31668.95 3531240 40974.64 46344.88
2003  4586.63 502593  5790.03  6584.10 2017  35312.40 40974.64 46344.88 52598.28
2004 502593 5790.03 6584.10  7590.29 2018  40974.64 46344.88 52598.28 59121.91
2005  5790.03  6584.10 7590.29  8659.91 2019  46344.88 52598.28 59121.91 65841.39
2006  6584.10  7590.29  8659.91 984334 2020  52598.28 5912191 65841.39 72175.00
2007  7590.29  8659.91 984334 1157397 2021  59121.91 65841.39 72175.00 -

3.3.2. B¥FEE
ARSI PAMBHEL T EH 1 MEZER BP MM A, A ZH T pythond.8 1

MLPRegressor 4% BP £ [ 25 1141,

FFe IR E A SR, 2 MRS, RS0y &
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SRR T 9 A, WOEH R BN relu, 1ENIAL R ECH 0.001, 11228 15 5E 11 N 28 11 25 Uk 3k 50,000 W%, 1%
ZHE N 0.001, HMLIIZRE] 3400 RIS, RZEXD]T HEAESKR, BB B A 2 A0 AR HEA T I
WWERER SR 4 s, BARGRI03E 6 Fios.
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Figure 4. Training set fitting diagram
4. NEEREE
Table 6. Fitting value of BP neural network from 1991 to 2017
% 6.1991~2017 £F BP &M EINEE
Ay HYHE BP T AHXTRZE (%) Eh HIE BP T AHXTRZE (%)
1991 893.49 - - 2005 8659.91 9179.17 5.996
1992 1096.86 - - 2006 9843.34 10538.85 7.066
1993 1377.78 - - 2007 11573.97 12062.77 4.223
1994 1761.24 1784.30 1.309 2008 14535.40 13863.53 4.622
1995 2155.13 2117.31 1.755 2009 17541.92 16481.41 6.046
1996 2709.42 2537.44 6.347 2010 19980.39 20199.46 1.096
1997 3196.71 3038.16 4.960 2011 24345.91 24257.48 0.363
1998 3678.72 3629.37 1.342 2012 28119.00 28535.20 1.480
1999 4047.5 4343.60 7.316 2013 31668.95 32389.47 2.275
2000 4586.63 4992.18 8.842 2014 35312.40 36730.55 4.016
2001 5025.93 5611.99 11.661 2015 40974.64 40886.21 0.216
2002 5790.03 6276.25 8.397 2016 46344.88 46105.02 0.518
2003 6584.10 7038.90 6.908 2017 52598.28 51830.30 1.460
2004 7590.29 8001.11 5.412 - - - -
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3.3.3. AT
R AT ST () BP A28 P28 AR R S S0 E R HEAT TN, oKk AR SR Z 2 7 FR:

Table 7. 2018~2020 BP neural network predictions
%2 7. 2018~2020 £ BP 142 M4 FNI{E

Ay BP Tl & HLSEAH AR ZE (%)
2018 59706.76 59121.91 0.989
2019 66527.8 65841.39 1.043
2020 72987.46 72175 1.126

3.4. HETMERE

RIEAR(B)K E ARIMA FIFLE A 0.459, BP #IL ML AL E N 0.541, EARBEAL A 0N
y =0.459y yoiya +0.541y,, )

HETMHEE R U 8 Fis:

Table 8. Total health cost projections for 2018~2020
5% 8.2018~2020 £ £ R BEATIN

ARIMA(0,2,0) BP #iZ ARIMA(0,2,0) BP #£ % ARIMA-BP

S B g DO SR e on gxtinszoe) AHRHRZ)
2018 58451.68 59706.76 59130.68 59121.91 1.134 0.989 0.01
2019 65105.08 66527.8 65874.77 65841.39 1.118 1.043 0.05
2020 71358.48 72987.46 72239.76 72175.00 1.131 1.126 0.09
TR - - - - 1.127 1.052 0.05

FERAIESE | ARIMA BRI FOIF- AR 1% 220 1.127%, BP #hZ2 2% (1P IR 1% 22 1.052%,
HAE BT I AR R 2209 0.05%, /8T ARIMA 5RURT BP 28 I £ A0 o JH 2 5 R0 ) R A Tl 25
FRAF, TIKE bR — R RS R

AR T 45 FATRLE, ] AT F e [ Rk =#E B[ 2021, 2022 A1 2023 “E PAR A, BARTI
PRI 9.

Table 9. Total health cost projections for 2021~2023
2 9.2021~2023 F£ D% BB AT

AR LIT)
o :
ARIMA(0,2,0) BP #Z %% ARIMA-BP 4 & 17
2021 78508.61 72960.18 75506.91
2022 84842.22 86904.92 85958.14
2023 91175.83 89330.06 90177.27
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SRH, TSRS R, 2021~2023 R E PAE R 2508 75506.91 1270, 85958.14 27T
90177.27 447G, %GR T2 1A 2 o FH AR At —Fh T 7732 TERIETEA T, RR=FHRET
AR RIS, TRIE AT DU AR AR R 45 A 5% [l R ARUR SR ES % i Tt AERRG

E&WmE

SO E R RITE (B R T 4 A 77120201 5016); 1M K20 H (XJG2021027); Sl K 2E—i
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