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Construction and Evaluation of Maternal Mortality
Prediction Model in Yunnan Province
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[ Abstract | Objective  To construct and evaluate the prediction model of maternal mortality in Yunnan
Province, and predict the maternal mortality rate in Yunnan Province from 2024 to 2030. Methods  Based on the
maternal mortality rates in Yunnan Province from 1994 to 2023, a grey prediction model and a autoregressive
integrated moving average model were constructed, The models were compared using mean absolute error, mean
square error and root mean square error to assess their fitting performance, and the optimal model was used to
predict the maternal mortality rate in Yunnan Province from 2024 to 2030. Resuls  The maternal mortality rate in
Yunnan Province showed a continuous decline from 1994 to 2023( x2=50170.0, P< 0.05) . The mean absolute
error, mean—square error and root mean—square error for the grey prediction model were 2.424, 12.389, 3.519 ,
respectively, while for the differential autoregressive moving average model, they were 3.966, 27.651, 5.258,
respectively. The prediction effect of the grey prediction model is superior to that of the autoregressive integrated
moving average model, with a posterior difference ratio C = 0.079 and a low probability error P =1, indicating a

prediction accuracy of level 1. Using the grey prediction model, the maternal mortality rates for Yunnan Province
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from 2024 to 2030 are 10.05/100 000, 9.16/100 000, 8.34/100 000, 7.59/100 000, 691/100 000, 6.30/100 000

and 5.73/100 000, respectively. Conclusion

The grey prediction model has a good prediction effect on maternal

mortality in Yunnan Province. It is predicted that the maternal mortality rate in Yunnan Province in 2030 can meet
the control targets outlined in the “Healthy China 2030 Plan” , the “Outline of Chinese Women's Development
(2021—2030)” and the “Yunnan Women's Development Plan (2021—2030)” .

[ Key words] Maternal mortality; Grey prediction model; Autoregressive integrated moving average model;

Prediction

ZE = A BE T %R (maternal mortality rate, MMR)

ERERSHIX 20 BE . DAESHESHE
PRURIEbn, IR AT R B2 4 | @Rk
MAAE P EEREY, W ABE E T4
7% J& H#5 (Millennium Development Goals, MDGs) Fll
Al 42 & & H #5 ( Sustainable Development Goals,
SDGs) [ B AR $g bn 2 — 2, 3R = BUM & B H A
ARt TS AR, SeEmiA g g
20307 MR NE ) b E L kA
(2021—2030 4F ) ) Xof 22 7 9 filt g 12t i ok B
=M A BN = FE A2k R (2021 —
20304 ) ) 42 “ 2030 4F 4 4 MMR T % &
9/10 737 B HAR™,

T A G TR R R S =R ) R A R i
PRINHGEY) K R Sl e ok i) — A BT
BORIHE S ) P A A A [ 80 00 A 7 4 [
SRS Oy P A LA BB T SRR AT T T S AR AL
i, Hivp, 2243 A BHE R 38 (auto regres—
sive integrated moving average model, ARIMA) Fll K
OHIATICM(L, 1@ TR . PR E I E
JPENVE R T . ARIMA BERIAE Sk — > 2 LAY B[R]
J¥ 40 TN AL A, 28 56 R X MMR () 75000 0K R
grter, GM(1, DREERUZEHE R UL . H B
(R[] ) T A 2, PRI A e R T A,
o 2 Iy S A BV RT AT R, AT AT
PR AR I )02 oy T 900 4 0 R BB T2 3
W AL s bR . A N 7 98U A 2
JHFM . 25 it kg o0 L 12 0 S5 B 7 AR
G, BRI ISR AR R E S AL TR AR

AT REME R L . X ERK, A
[i) 30 A TR X AN ] il DXy 3300 35 SR PT BB A ) 1+
TC2 8% o B A 27 I B0 T A T AR TR A e AR
TIN5 LR G A DA T 4, AR ST T
1994—2023 4F = F5 44 MMR, & ARIMA 1 GM
(1, DEAL, FFERPBARL G ROR BT IR, BEHE
AR 2024—2030 4 2 448 MMR #E17 700
N FAA TAATBEER 1T 5 47 B MMR 246 H b5
S 2030 4F MMR H bR R BEBOR S22 2 4K 4

1 ARSI

L1 BRSEIR

A BB R T = A 04 AR AR
(1994—2023 4F), Y4k 1994—2023 4F3L 30 4F =
R4 MMR %40
1.2 MRFAE

AR (GM(1, 1)) GM(1, 1)FIHIE
ﬂ}%@[’;’“], ﬂ@ 1,

ARIMA B% ARIMA(p, d, @) BEHEIf3 4~
BWSHIPE, q NP R, RRiREMN
R q Bre qZ80H W A A S5 28 %L (partial auto
correlation function, PACF)H5E, p SHh A AH K
PR %X (auto correlation function, ACF)IRE . &%k d
8 B2 S PP AR e 1Y 25 5, AR IS O B o
#1932 SPSS 26.0 X FiE T ARIMA 7
P, B IR E 8 R PE B A AR, QR E]
FEANA TR, Wk T 2200 b3, H P IR
i 3L Ljung—Box Q4 50 ] W B30 2 75 O 1 W
5. M4E ACF Al PACF WIEDEE ], B A 14
TR 3l F- 2 R B8 857 ARIMA BERL,
2 HUh T R ARG 5
1.3 BN LN ER

28 3k 1 B A [ A5 A ) SF- 1 266 56 % 22 (mean
absolute error, MAE) . 3 77 1% 22 ( mean squared
error, MSE) Fll$4 77 #R 1% 2 (root mean squared error,
RMSE) K gE A AR [A] (4 b, 15 22 8/ UL G ot
% SERC

n
D =i

N

Z:;l i = x)’
N

MAE = (8

MSE = 9)

RMSE = \/—; 0 m° (10)
N



112 R ERKF%H

9% 46 &

hitps://kyxuebao.kmmu.edu.cn

- - S
St E XO= 00, =12,..) g
e ——— - -
— e
]
B | AR 0= (), 21,20} XO(0=YXO) 4 2)
g — —
e — N
1
T 200 ' HHEISE (=[x O 1)]/2 2~ (3)
T o [220]
pmmnn -
]
s —pekie| W WSR2 A @)
woHHE [l M -
— S —
%ﬂg%g ——{ A 2WHUﬂWU%%kw+§FLLﬁ A (5)
1
== - - S
e " 1 N . -
L‘;;}ﬁf%%ﬂ —>i SR EHEO@) A FOO=2DO-ED(~1)
! 4
o — —/
| =% |
B R bt ANONN
P p=p(le(t)-2<0.67455.) - |
1 ]
[ !
7
( T A5 AR R )

E1 GM(1, 1

VEBIE TR E

Fig.1 Flowchart for the establishment of the GM(1, 1) model

Ho, yoh S, o BUMECE, n R
AL
1.4 FitESH

FH#AA TR 56 0 H 3 30 4F 5 B9 44 MMR 728
b, o B 0.05. R 4.3.1 Bk 6M(1,
D BRI AT LG ARG FER S . FH SPSS 26.0 £
PEAT ARIMA AERVEEST | T A A 8L R

&R

2.1 MMR AL #E B IL

=4 MMR M 1994 4 ) 149.19 / 10 J7 F %
#2023 4F%9.70 / 10 T3, TR T 139.49 /1077,
R A 93.5%, HEREFREE NS x2=50170.0,
P<0.05), WL 2,
22 GM(1, 1V)HIHESERG

1994—2023 4F =~ §§ 44 MMR ) GM(1, 1) it
MEE R B o =0.094, u=172.865, Frlk GM
(1, DN

x(D)(E+1) = —=1697.96¢ 0% + 1847.15

K FH-a < 0.3, ULHARIRLE F T op K
W, P GRERE, JFREHRE C=0.079, /N
HEFRIRE P=1, TR H6E K 1 %%, RBn] g7
HME . IR o A HOS R W, LA RO R
PR ESE, {H 1997, 2001 F1 2006 4E T {H 5
FLSE 22 [l 2243 51 4 8.19/10 J5 . 8.37/10 Ji Al
9.84/10 J3 , H:Ath 4F 43 4 22 W 34/ T 5/10 T, WL
3.
2.3 ARIMA HI#i2 5144
231 FREERE R ET R 40 HF
S KIS, 17 ACF, PACF KL, W]
2 AR B B R 5 AR AR5, WE S, E 6.
232 ARIMAE B #@E BRI 1994 —
2023 4z B 44 MMR A9 B [a] 7 51 2 BS54 5 51
T B X RG22 50 I bR e kg . 4 — Ik
Zor)E, WA R BE AR AL T P R 2247
MR ZES A, BHRFFIEESR TRk, WK 7.

1T ACF 1 PACF RS, S ENE, nTLd


https://kyxuebao.kmmu.edu.cn

2 4

B, AF. R AT AT T AR AR R A A S A

113

160 -
140 |
120
= 100
2
= 80t
hﬂ-
2 60}
40t
20
0 1 1 1 1 1 1 1 1 i i i i i i i 1 1 1 1 1 1 1 1 1 1 1 1 i i ]
T VW O -0 DN AN T VOO NN T O —~ AN
D DD DO OO OO0 = = == = Al A A A
(=) e e Mo e e = R i = I = A = I =R =R R e R e e = 2 =S =R R e i e i o B = R e i = =]
Al B s B B o B o B o I o I o Y o BN o Yo Y o o o IR o o Yo IR o o [RNYoN IR oN I oN o N BN BN o I oN
A
B2 1994—2023 ZEARTERTREUER
Fig. 2 Trend of maternal mortality in Yunnan Province from 1994 to 2023
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