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Abstract

Objective: To analyze the time distribution characteristics of diabetes in China, and to establish
the autoregressive moving average model (ARIMA) for diabetes time series analysis in China in
recent years, so as to predict the development trend of diabetes in the future and provide scientif-
ic basis for public health. Methods: The data of diabetes mellitus in China from 2000 to 2013 were
collected and ARIMA prediction model was constructed by R3.4.3 software. The parameters of the
model were estimated, the model was diagnosed, and the optimal prediction model was selected.
The optimal model was used to predict the number of diabetic patients in China from 2014 to
2018, and the prediction effect was evaluated. Results: ARIMA (1,1,0) model was the best predic-
tion model for the number of diabetes mellitus in China in recent years. The AIC and BIC values of
ARIMA (1,1,0) were -38.93735 and -37.80745, respectively. Ljung box statistic of model residual

sequence z° =12.408, p value was 0.4135, indicating that the residual was white noise sequence,

and the model fitted well. The average relative error between the actual value and the predicted
value was 2.27%, and the actual value was within the 95% confidence interval of the predicted
value. Conclusion: ARIMA (1, 1, 0) model can simulate the trend of diabetes mellitus in China in
recent years, and has good prediction effect.
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1. 51§

B PR A B i LB R 2 —, B AT Ide s, N 88 DL e & AR R 3 o,
PRI 2 2B FIHEass . Jgeit, SERMES E LI 100 /RS . o, 1 BURE PR &
Fih 10%, 2 BYBE PRI A 5 90%.

RYE IDF T 2017 4F 11 H 14 HAAPIEHE Bon: 2012 45, SEREECL VIR RZ W, £ 50%
(RVRE R S AN AT [ OB IR IR . 2 480 JT NBETHEIRE, FHd B8t T 60 & DL N . FEIRWGEPIIEERST
PR 4710 1255705 2013 4F, AERBEIRFLE 20 £~79 5 WA B RN 8.3%, H3E AEiclik 3.82
¢, Hr 80%7E A AU E 5 . IDF it 3 2035 4E, 43R AT 5.92 12 N\ EBBERIp . 2 ERRE R
FEILAC HEMIR, HERR X BRI R R0 SCE KB . BB PR I 9 [X, (B SR ) 2
WA CmEEERE A, HUoReE. RE. Bl %P0, [N, BEEN ChE RN RRRT S
FEHIDLRDY SRR, HE 18 %KLL B SORE R 2 O s 11.6%, B LRI AT S e B
B E TR 50.1%. XEWRA, B 10 MR E AN, A 6 AL IR . R — e, FRERE
PRI o NBCUE L1442, BERRIR AT NEEEEIE 5 A2 N o B BRI CL 2 flioh B ] e ok 28 BT F) 8 3
PAM 2 —[1]. ASCHIH ARIMA R U AR5 PR 8 N BB, FEH Ty,
N R S A e H R 22 A A
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2. BRISHZE
2.1. BT

2 1K 9484 2000~2018 4 i E AR ERB AL
22. BRAZE

ARIMA B2t Box Al Jenkings & Hi ) E B (8] 7 51) 73 H PO ASE AL, ARIMA A5 7R 40 45 — i AR A
X BEEEE AR(p), F3IPFHIEA MA(g)F B EE 5 ARMA(P,QERL. Hd, p. q 208 E
EAFEE B I E. N ARIMA BB HTHR 2642 TS S0 — /N RIME M PR BT 51 Hax
— PR LRI A BE I (82540 1 AR A [ 2] 0 SR P AN R PR T 81, 75 ZEXRT 46 PP e T PR Ak i A 3
5 DL AL BRI HEAT d k=5, LA TINELY ARIMA(p,d,q), d AREIEFRRTAIZE ST
A AT R3.4.3 B0 o [ A0 s J o B 0 & ARIMA BERY, FFEZEAT TG 73BT ARIMA
B ARy 4 N IR

1) AR F

ARIMA H5 7Y AR (1) FE At i 4 2 H0H 7 91 B 122 P A7 41, AT 5 e R 4 o [ 30 4 R JR o 26 o
FEBII P, AR Rade, AN P RatE, FERIE “diff” BT 20 PRI TR 51,
PRI 2255 VBRI A ARIMA(p,d,q) B A BN 4 d, 78 I SE A E 2R Y 19 R 9 B0 5 B R 1 R S R 5 7
Wi R A R, IF HARYE BRI E p q BEEAT ERT[3].

2) ¥kt

K B RASRA THH R B B RECIR 304 2 8. FIH “Box.test” BRECHATIAYIZ I, HIWTk 2
ST AR TS, AN M R A ) B

3) BARR S5

WIKWAE pv q BME, A “Box.test” BEUHFATHREALSW, FIMTRZ 2 M2 A, EFRZE 2
HMFERTEE T, K3 B /NREN, R AIC F1 BIC A fe/NFIARAL y fi FEARE TR

4) BEAT I

WA E AR, 6P E 2014~2018 AEBE IR A NEGEAT TN, S SERRE R T L, T
UL A S 1R AR AR X 33 22

3. R
3.1. HEEHAS

Y8 r [ 2000~2018 A4 R Bom N B, WA 1, b [E 2000~2013 A4 PR 0w AN EL
PRI R, W 1. i RS, FE 2000 & 2013 SRR B E ABUEE 2 BT, 2000
% 2005 A EH ANHC ETHEUR, 2005 % 2010 4R E NBUEKEBON S, 2010 %2 2011 i Rk, B
NECHIL T FRe#ads, 2 R e .

PR 1, SR AP A AR AR B 751, JF BL2E & — AN R i id & sy, ik, %
ST AAT L Y Eoria s, FELHZES P AR PR, WK 2,

i 2 o, S@—kENZIG, ENTHIRNEIEEAEIRIG Fik, %555 rEdEZ] acf
F1 pacf K, LI 3.

HE 3 AT LLE H, EAKREE 242G, (I EACREIE L0071 a2, Bk, &
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Table 1. Number of diabetes mellitus patients in China from 2000 to 2018 (unit: billion)
Fz 1. 2000~2018 SR EMERBERALB(EL: 12)

FF 8] (4F) 2000 2001 2002 2003 2004 2005 2006 2007 2008
0.1055 0.1326 0.1742 0.238 0.3827 0.5584 0.6401 0.7135 0.7918
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
0.8847 0.92 0.9 0.924 0.984 0.9629 1.0965 11 1.144 1.149
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Figure 1. Number of diabetes patients in China from 2000 to 2013
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Figure 2. Sequence Diagram of first order difference sequence
E 2. —mfESFIIRFE
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Figure 3. ACF Diagram and pacf diagram of difference sequence
3. ENFFIHY acf EFN pacf

AT AW E LG 1589 ARIMA(L,1,0).
3.2. B¥ K

i 3.1 AT ZLHE ARG ARIMA(LL,0), B H &/ D ikt R a4, Ry
4558, FATAT LARR S iZ AL 42N
X, =0.8622x, , +¢&,

TR, BATFHA “Box.test” pRECIATAEIE, X b L 44 JR I 5538 7 2 P00 S AR 2 () B 22 P 31 3R A T
FEIR 6 MY ANSEIR 12 [ A e ARG I, A I6 25 B WK 2,

Table 2. Residual test results of Arima (1,1,0) model
52 2. ARIMA(L1,0) BRI ERINER

SEIRKAL pa P
6 9.9583 0.1264
12 13.852 0.3102

2 2, LATATLASNE, $EiR 6 MrAliEiE 12 B igiit & Q, i p (A &3 K T #& MKk~ 0.05, FrLA
A AN R (R 55 22 Py 71 2 1 IR 75 P 91

3.3. R 54

AR VR E N ARIMA(L,1,0)-ARIMA(0,1,1)~ARIMA(0,1,2).ARIMA(2,1,0).ARIMA(1,1,1)
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ARIMA(2,1,1). ARIMA(1,1,2), SRJ5HIH “Box.test” pREHATHAISNT, FIRvRZ 2 52 S, &
e R WK 3,

Table 3. White Noise test for residual series of Arima (P, 1, Q) alternative model
= 3. ARIMA(p,1,0) &R BRE FHIR) AR A1

df=6 df =12
7 pfE 7 p fE
ARIMA(L,1,0) 8.9688 0.1753 12.408 0.4135
ARIMA(0,1,1) 3.5783 0.7335 7.7999 0.8006
ARIMA(0,1,2) 4.8535 0.5627 6.8126 0.8697
ARIMA(2,1,0) 8.7234 0.1897 11.482 0.4881
ARIMA(L,1,1) 5.6635 0.4619 7.3736 0.832
ARIMA(2,1,1) 5.2502 05121 7.1655 0.8465
ARIMA(L,1,2) 3.9477 0.6838 6.0152 0.9153

HE 3 ATLAAIIE, 7 AMBERILEIR 6 B FIEiR 12 B 4eit& Q , I p fH Y B3 KT B 3 1 /K~F 0.05,
R AT PN IR 7 AR 5% 22 e A 5 e R 41 bl Tk 22 P A 24036 A8 A s, DRI AR B A B e i
ANJEI, FRATT AR ELIE S AIC A BIC fHH/NIE BN AT, 7 MR AIC, BIC {H L3R 4.

Table 4. Comparison of Arima (P, 1, Q) alternative model AIC and BIC values
= 4. ARIMA(p,1,0)%i%1REY AIC. BIC {ERYELER

A AIC BIC
ARIMA(L,1,0) -38.93735 -37.80745
ARIMA(0,1,1) -35.05312 -33.92322
ARIMA(0,1,2) -36.57639 -34.88154
ARIMA(2,1,0) -37.56978 -35.87493
ARIMA(1,1,1) —38.76389 —37.06904
ARIMA(2,1,1) -36.98161 -34.72181
ARIMA(1,1,2) -37.42787 -35.16807

KHEZE 4, ATLAEH ARIMA(L,1,0)/f) AIC. BIC fEf/h. K, FA1iEE ARIMA(LL,0) M F A
;F_l{

o

3.4. BEATTRA

Wit 3.3, WAV ERMBAS ARIMAL,1,0). Kk, RADES BB AT R K LE, B
2014~2018 4 [T HE R BB AN, HewE g, EgILE 4.
FEL WA AL R T, T LB 5.
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Figure 4. Projected number of diabetes patients in China from 2014 to 2018
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Figure 5. Personalized predictors of Diabetes Mellitus in China from 2014 to 2018
[ 5. 2014~2018 4F 1 [EHEFR R B E A BME L TN E

HUT BB P91, SRR A, LI 95% I EHL.

[ IS4 T 55 3K T4 AU PR S8 NN Se P AT LU, VAR R ZE , HIBTB AR . 45

W% 5.

H2e 5 FATRINL, SLFRME R B AN B ETIE 95%n] (5 X (8] iy, FH 2014~2018 H [E ## fR % S b
B NBOE T ARIMA(L1,0) R TR AERF 2, TRME 5 SEPRE B PN R 228 2.2689%, A JL TG

RGP RIEAR B, BB TR B [4]

&

A
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Table 5. Forecast analysis of Arima (1,1,0) model
5% 5. ARIMA(L,1,0) /& BT 4> #r

H 3 JebrE A 95% ] 1% X [i] RE FEOXT 3% 2 (%)

2014 0.9629 1.0329 0.9421~1.1236 0.07 7.2697

2015 1.0965 1.0726 0.8846~1.2607 0.0239 2.1797

2016 11 1.1050 0.8119~1.3982 0.005 0.4545

2017 1.144 1.1314 0.7302~1.5326 0.0126 1.1014

2018 1.149 1.1529 0.6435~1.6622 0.0039 0.3394
4. B&

AR, BT AERACTRRE, RESHISEE, HERIKNASTZ DB 2 A A5 T 5
WEHER, RERRE RN RS, BRI S gk IR . O ML AR 2 5 5 =™ i AR
TR VER, RK 50 SEW, BRI IR A AP — A E AL AR [S]. x4, BT HATA
MBI SR IEAE R L R S R A, iR B ) IE A ORI 22 M 78 e AT 0 AR5, B
PRI IR UA L2 i B 2B B AN K, AT v LB PR B v e 7 A ROBE PR A PR B v R 2Rk . ]
B TR E R SRS IR, BRI R, 2 8 B AT E LR PRI T LA . N A s
HAETIRAL, Bk H KR PR B NEOHIE N, B A [ B A PRI 1230 R B, —
& NV 22 22 AR B PRI B I6 RUR IR AL, AERE RO BITIa 7 THAF AR TT AN K . 25136 A0
HLA Y AR EIEEN AR, WG T RCR AR . 54k, RIELERE R E 75 Mg 3 U 11
WRAH, BRZEIREE H A& LB IR E FRANIE SR IM[6]. ER KM RET, PELA RN
TlrZ IR 5 VU7 A FE SR BUARRT 5 90BN OB PR Ll iR (i SR R LR LU BRI . A, i T
PEENT BRI E A, TR AN BT A

I 18] 3 1) A 368 o UL 5 AL D S B R U HL i e 5, IR ZL I [R) 7 AT AE A MR 3R - ARIMA H
RINHI T 2805 TRE. A5 KR RZ ik, B2t DAGUR A T IR Ao 3 . N dr . BT
DA MEY S, BT IR KRR E R AR R [7]

AHTFUIE T R 2000~2013 SFEHE PRI 8 NSRS AT I 187 20 73 A o S ik 4 [A) F R PR O
BENECRAR R FiEs, HATsseE g Lot B TREAREE 2, B 2000 F2, i EL5 KRR
H, NRAEFEKTHER, NRIOKESIEE DDA AR, 82 m a0 ama s
BUENATRY ARG, Rk, IXEEEE ], A bR S A BORIR G K. 2010 475, Bl A Bl Ao KOsz,
W AT AT TR 7 — € GR, HIRER K Hadem, B, 3R Rm a4
TR, WK . 2B S8 T BRI E RN ARIMA(L,1,0), FF
HIE R e U PA 0 o [ 2014~2018 3X T4 [A]HH bS8 ANBGIEAT 1 3000, T 55 S P fE -7 A
XHRZEN 2.2689%, HSZBRBE R R A B AE TIINE 95% B A5 XA A, FRINBCREST . i B, 3,
MIRBUX LA, T E S IR 8 AR B4 E T, (BB S8, WL, BEE (S S AR &
J&, N T8 PRI ERBR R 3Z, xh T-Bl PRI BB IR R A &, A ATE i e s 77 5, JF
HAEH S AT, 2HI0e,  Insmeodk, LR IS B R 1 52 .

AHIFCUESS, G N [ P 51056 SRR R AN BB SR AT I, i e DU, ATy XX
OB (1 5 a5 EAT TN, TR TR 2 (R T S R B At 1 — Rl o B
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&5k

[1]
[2]

(3]
(4]
(5]
(6]

[7]

FRRRIE. HINTH T SR A b I A N RSB B S AM]. FRAE KT SR, 2018(1): 20-23, 25.

TRRTE, M, R/NE. L7548 2006-2014 R 2 A AT N BRI (5 (0 B 18] 72 210 F00 43 AT [3]. R e bl 2 =,
2018, 22(2): 122-125, 137.

PR, R, A, T, TR BT ARIMA BERERIITE RS PM2.5 3 JE B R A B AT [3]. BAR
T B 2%, 2018(2): 220-223, 242,

FhgiE, B, K& R B 538 2R A6 ST AR IR X 3009 0 B Ik e 2 R S S R 2R TN R R A ).
9P I, 2017(9): 731-734.

JAfr, B, fha RETRENE R LR ERE B “HEN A [0 7:4 K15, 2018(1):20-23.
BRI Bl 18 SC & AR [EB/OL].
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B3R

Hh BB RO B SR R R
1) AR5
> x<-read.csv("D:/I [a] 77 F1)/ [E JF 445 PR 03 A\ 28.csv™ header=T)
> z1<-ts(x$data,start=2000)
> plot(z1,type="0",pch=17,main="2000-2013 4= [E §E /R 55 FEig NZL™)  #a il 7
> z71.fix<-diff(z1)
> plot(z1.fix,type="0",pch=17) #H R
> par(mfrow=c(1,2))
> acf(z1.fix,lag=50)
> pacf(z1.fix)  #ZHIEAHIS. fwEAHKE
2) B¥flvh. HEKRL
> I<-arima(z1,order=c(1,1,0),method="CSS")
> |
> for(i in 1:2) print(Box.test(I$residual ,type="Ljung-Box",lag=6*i))
3) BRI
> library(forecast)
> z1.fix1<-Arima(z1,order=c(1,1,0),method="ML")
>for(i in 1:2) print(Box.test(z1.fix1$residual type="Ljung-Box",lag=6*i))
> z2.fix2<-Arima(z1,order=c(0,1,1),method="ML")
>for(i in 1:2) print(Box.test(z2.fix2$residual,type="Ljung-Box",lag=6*i))
> z3.fix3<-Arima(z1,order=c(0,1,2),method="ML")
>for(i in 1:2) print(Box.test(z3.fix3%residual,type="Ljung-Box",lag=6*i))
> 74 fix4<-Arima(z1,order=c(2,1,0),method="ML")
>for(i in 1:2) print(Box.test(z4.fix4$residual,type="Ljung-Box",lag=6*i))
> 75.fix5<-Arima(z1,order=c(1,1,1),method="ML")
>for(i in 1:2) print(Box.test(z5.fix5%residual,type="Ljung-Box",lag=6*i))
> 76.fix6<-Arima(z1,order=c(2,1,1),method="ML")
>for(i in 1:2) print(Box.test(z6.fix6%residual ,type="Ljung-Box",lag=6*i))
> 77 .fix7<-Arima(z1,order=c(1,1,2),method="ML")
>for(i in 1:2) print(Box.test(z7.fix7$residual ,type="Ljung-Box", lag=6*i))
> z1.fix1$aic
> z1 fix1$bic
> z2 fix2%aic
> 72 fix2$bic
> z3.fix3%aic
> 73.fix3%bic
> z4 fix4$aic
> 74 fix4$bic
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> z5.fix5%aic

> z5.fix5$bic

> 76.fix6%aic

> 76.fix6$bic

> 77 fix7S$aic

> 77.fix7$bic

4) BEAT I

> z1.fore<-forecast(z1.fix1,h=5)

> 71 .fore

> plot(z1.fore)  #ERYTUN, HEAT T HATIGN

oA A T P «

> Q1<-z1.fore$fitted-1.96*sqrt(z1.fix1$sigma2)
> Q2<-z1.fore$fitted+1.96*sqrt(z1.fix1$sigma2)
> B1<-ts(z1.fore$lower[,2])

> B2<-ts(z1.fore$upper[,2])

> J1<-min(z1,Q1,B1)

> J2<-max(z1,Q2,B2)

> plot(z1,type="p",pch=10,ylim=c(J1,J2))

> lines(z1.fore$fitted,col=4,lwd=2)

> lines(z1.fore$mean,col=4,lwd=2)

> lines(Q1,col=6,lty=2,Iwd=2)

> lines(Q2,col=6,lty=2,lwd=2)

> lines(B1,col=7,lty=2,lwd=2)

> lines(B2,col=7,lty=2,Iwd=2)  #£ | EAL T
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