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Predicting the death trend of stroke in Minhang District, Shanghai
from 2023 to 2027 based on grey GM(1,1) model

CHEN Lin-li, XUAN Shui-li, NI Jing-yi, GUO Jia-qi, LIU Wei, XU Hui-lin, ZHOU Yi-bin”
(Department of Information Management ,Shanghai Minhang Center for Disease Prevention and Control,

Shanghai 201101, China)

[ Abstract] Objective To study the trend of stroke mortality in Minhang District, Shanghai from 2012
to 2022 and to predict stroke mortality from 2023 to 2027. Methods Annual percentage change (APC)
of stroke deaths in Minhang District, Shanghai from 2012 to 2022 was calculated, and then Joinpoint linear
regression model was used to analyze the time trend of stroke deaths. A grey GM (1, 1) model was
constructed based on the stroke mortality rate in Minhang District, Shanghai from 2012 to 2022. The
model was used to predict and analyze the stroke mortality rate in Minhang District, Shanghai from 2023 to
2027. The fitting effect of the model was evaluated using relative error and grade deviation. Results
From 2012 to 2022, the overall mortality rate of stroke in Minhang District, Shanghai was on the rise for
both males and females (total population: APC=2.50% , P<(0.001; male: APC=3.41%, P<{0.001;
female: APC=1.46% ,P=0.008). The grey GM (1, 1) model was used to predict the increasing trend of
stroke mortality rate in Minhang District from 2023 to 2027. The crude mortality rate of stroke in the entire

population in 2027 would be 97.55/100 000, with 112.31/100 000 for males and 83.33/100 000 for females.
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The fitting effect of the model was tested and evaluated to meet high requirements.

Conclusion In the

past decade, the mortality rate of stroke in Minhang District, Shanghai has shown a significant upward

trend. The 5-year prediction results showed that the mortality rate will still on the rise year by year.

[Key words] stroke; death trend; prediction;

grey GM (1,1) model
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RERETHBBTHERL 2012—20224F X
A7 X i 26 v 4 N BERLAE T R M 68.73/10 J7 | T %)

87.42/10 J7 , 5 ¥E ML FE 1= % M 69.19/10 Ji I 7t 5
97.43/10 J7 , Lo M MLBE T2 3K M 68.25/10 J7 I Ft F
77.37/10 1 ¥ 8 F I (4 AR APC=2.50%,
P<<0.001; B ¥ . APC=3.41%, P<<0.001; &
APC= 1.46%,P=0.008) o 4= A F £ P il 25 op A
fEFE TR 5 TR (2 AR APC=—0.99%,
P=0.032; & : APC=—2.13%, P=0.001) , B 1 ¥5
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R1 20122022 F LETRITEMEFRTCELER SN
Tab 1 Analysis of the trend of stroke mortality in Minhang

District, Shanghai from 2012 to 2022 (1/100 000)

2012 68.73  69.19  68.25 18.19  19.31  16.88
2013 69.42  66.88  72.01 17.71  17.90  17.53
2014 69.19  71.05 67.29 17.29  18.45  16.06
2015 72.90  81.56  64.06 18.62 22,70 14.11
2016 71.81  73.82  69.75 16.95 18.34 1538
2017 70.40 7237  68.39 15.48  16.50  14.17
2018 73.75  80.38  67.04 15.72  17.62  13.27
2019 81.78  89.04  74.46 17.11  19.83 13.83
2020 79.15  82.97  75.31 15.91  17.28 14.28
2021 83.75  89.87 77.61 16.19  17.87  14.02
2022 87.42  97.43  77.37 16.79  19.38  13.63
APC (%)  2.50 3.41 1.46  —0.99 —0.11 -2.13
t 7.46 630 337  —254 =—0.16 —4.51

P <20.001 <<0.001  0.008 0.032  0.876  0.001

AETEBEZERIETIFR  2012—2022 4 [} 1T
DX A7 H 4 FE St i g S R AE TR A 32.9/10 7
FTHE59.61/10 7, BHEMFET-F M 31.51/10 77 LT+
] 64.74/10 7 , L HEHLAET- % M 34.33/10 J7 LT+ 5
54.46/10J1 , ¥ 5 IR (2 AR APC=6.17%,
P<<0.001; B £ . APC=7.77%, P<<0.001; % Tk
APC=4.61% ,P<C0.001) o 4> A HF i ifiL 1 g 25 v kL
FET-F M 29.27/10 7 T REH] 25.73/10 J7, Ze PE LB
TR M 26.15/10 5 N RES] 20.82/10 77, S 2 Z % T
RFefa s, BRI TR IO AR T s 3 (& B
APC=-1.32%, P=0.041; & ¥ : APC=-2.12%,
P=0.045) (F£2) ., 8l 8k 4 b7 H A 2012 48 (1)
47.87% ETFF) 2022 45 68.19 % , E N I 26 A
TORY EERA

KEGM(1,1) BB ER/R &/ 2012—
2022 4F K47 DX i A oL P8 T 3 S K B GM(1, 1)
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F2 20122022 EEHRTR AR TR MERETEUEEHHT
Tab 2 Analysis of the trend of stroke mortality in different subtypes in Minhang District, Shanghai from 2012 to 2022 (1/100 000)

2012 32.90 31.51 34.33 29.27
2013 36.69 32.95 40.52 26.68
2014 37.75 33.99 41.59 25.43
2015 37.87 36.46 39.32 28.57
2016 40.60 38.84 42.38 26.48
2017 43.38 39.88 46.94 24.10
2018 47.03 47.62 46.42 24.05
2019 51.59 52.49 50.69 26.80
2020 52.23 51.14 53.33 24.88
2021 58.64 61.12 56.14 23.39
2022 59.61 64.74 54.46 25.73

APC (%) 6.17 7.77 4.61 -1.32

¢ 20.61 16.23 10.39 -2.38
P <<0.001 <<0.001 <<0.001 0.041

32.30 26.15 6.56 5.38 7.76
28.05 25.27 6.05 5.88 6.22
29.19 21.58 6.02 7.87 4.12
37.40 19.56 6.45 7.70 5.18
30.56 22.31 4.74 4.42 5.06
29.6 18.52 2.91 2.89 2.93
29.92 18.10 2.67 2.83 2.51
32.39 21.15 3.39 4.16 2.62
29.97 19.76 2.04 1.86 2.21
26.62 20.15 1.73 2.14 1.32
30.62 20.82 2.08 2.07 2.08
—0.64 -2.12 —13.43 —12.61 —14.10
—0.75 =233 —8.00 —4.91 =7.75
0.474 0.045 <0.001 0.001 <<0.001

B I S5 52 A6 56, R FH AR T 15 2 (i 0 % B i 25 (A6
SRR B L5 RO . AR A AHESE TR T M AE
TR (2015 4F BR AN ) il £ P 58 1 38 4004 4 1Y 149 AH XoF
22 {3 <C0.1, 2015 4F 5 M A X R 22 8 10.15 %,
il 7 v A NBEFET- 3 B AL T R M A MR SE T 4l

BB S L R 22 3 <20.1(3R 3) o AR R 22 {H R
P i 22 1 249 08 7% 903000 6 2R 4005 200 R 3 ) 4 g 20K
AN R A 58 S 9 A NBE D5 R L il A v B
TARBY KA GM(1, 1) I 5% 22 24 488 /) , a1
THMEBI

®3 REBGM(1,1)EREWINEERSN
Tab 3  Analysis of Grey GM (1,1) model testing and fitting results

2012 0 - 0

2013 3.25 0.02 2.05
2014 0.31 0.03 0.46
2015 2.83 0.03 10.15
2016 1.31 0.04 2.87
2017 6.13 0.05 8.73
2018 4.05 0.02 1.44
2019 3.63 0.07 5.11
2020 2.26 0.06 5.52
2021 0.74 0.03 0.95
2022 2.34 0.02 3.51

_ 0 _
0.07 8.14 0.04
0.02 0.06 0.09
0.10 6.72 0.07
0.14 0.35 0.07
0.06 3.32 0.04
0.07 7.15 0.04
0.06 .92 0.08
0.11 1.42 0.01
0.04 2.75 0.01
0.04 0.82 0.02

REGM(1,1)ERFNERS®KE 2012
—20224F P47 DX 2% rFORH A6 T 28 58 s A T4, 4
NTE 55 A M R R A T SR A T 1) 4% 2 31 Bl 4331 R
0~4.32/10 77 .0~8.28/10 J1 Fll 0~5.86/10 7 (£ 4) .

RZERIETREETN M 2012—2022 4F

B AT DXl A R B T F 0 2023—2027 4F K AT X
il A BE T KA o B 5 R R 1 2023—2027 4F K]
AT X 25 H A PE T2 3R 5t TR 3, 13T 2027 4F i A
e AHRE 5 MR L R T E 4 I 97.55/10 7
112.31/10 J7 F183.33/10 Ji (£ 5) .
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Tab 4  Analysis of Grey GM (1,1) model prediction values

(1/100 000)

2012 68.73 68.73 0 69.19
2013 69.42 67.16 2.26 66.88
2014 69.19 68.98 0.21 71.05
2015 72.90 70.84 2.06 81.56
2016 71.81 72.75 —0.94 73.82
2017 70.40 74.72 —4.32 72.37
2018 73.75 76.74 -2.99 80.38
2019 81.78 78.81 2.97 89.04
2020 79.15 80.94 -1.79 82.97
2021 83.75 63,113 0.62 89.87
2022 87.42 85.37 2.05 97.43

69.19 0 68.25 68.25 0

68.25 —1.37 72.01 66.15 5.86
70.72 0.33 67.29 67.25 0.04
73.28 8.28 64.06 68.37 —4.31
75.94 -2.12 69.75 69.50 0.25
78.69 —6.32 68.39 70.66 —2.27
81.54 —1.16 67.04 71.83 —4.79
84.49 4.55 74.46 73.03 1.43
87.55 —4.58 75.31 74.24 1.07
90.72 —0.85 77.61 75.48 2,113
94.01 3.42 77.37 76.73 0.64

R5 2023—2027 F LT RT X AN I Tk F IS AT
Tab 5 Prediction analysis of stroke mortality in Minhang

District, Shanghai from 2023 to 2027 (1/100 000)

2023 87.68 97.41 78.01

2024 90.05 100.94 79.30

2025 92.48 104.60 80.62

2026 94.98 108.38 81.96

2027 97.55 112.31 83.33
S
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