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Analysis and prediction of the disease burden of ischemic stroke
attributable to high LDL-C in China from 1990 to 2021

DING Wei, WANG Gao-ling, TANG Ruo-yan

School of Health Economics and Management, Nanjing University of Traditional Chinese Medicine, Nanjing, Jiangsu 210023, China
Abstract: Objective To analyze the current status and changing trends of ischemic stroke burden attributable to high LDL-C
in China from 1990 to 2021. By integrating the prediction results for the next decade, this research offers actionable insights
for designing evidence—based interventions targeting ischemic stroke prevention and management in China. Methods Data
were obtained from the Global Burden of Disease Study (GBD) 2021 database and screened for Chinese regions, causes of
ischemic stroke deaths, and high LDL-C risk factors. The disease burden was measured using indicators such as mortality
and disability—adjusted life year (DALY) rates, and systematically analyzed the trends using the Joinpoint regression model.
The autoregressive moving average (ARIMA) model was employed to predict the standardized mortality and standardized
DALY rates of ischemic stroke attributable to high LDL-C in China from 2022 to 2031. Results The overall trend of
ischemic stroke rates attributable to high LDL-C in the Chinese population was declining between 1990 and 2021, with mean
annual percentage changes (AAPC) of —0.42% (95% CI: —-0.66%~—0.18%, P<0.05) and -0.46% (95% CI: —0.63%~—0.29%,
P<0.05), with significant age and sex disparities observed. According to the ARIMA model, China’s standardized mortality
and DALY rates linked to elevated LDL-C would decline to 15.01 per 100 000 population and 319.00 per 100 000
population, respectively, by 2031. Conclusion The disease burden of ischemic stroke attributable to high LDL—-C remains
substantial in China, and the interventions on LDL-C levels in the priority populations of men and elderly ischemic stroke
patients should be reinforced, and prevention and control strategies as well as institutional support should be improved for the
purpose of alleviating the disease burden of ischemic stroke more effectively.
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Table 1 Changes in ischemic stroke disease burden attributable to high LDL—C in China from 1990 to 2021

Ei= 205 1990 4F(95% UI) 2021 4£(95% UI) AL (%)
SET- NEL(T) Bk 5.94 (1.85 ~ 10.10) 17.05 (5.51 ~29.30) 187.01
Eogds 5.52(1.76 ~9.77) 12.95 (3.93 ~23.34) 134.60
Hit 11.46 (3.74 ~ 19.74) 30.01 (9.25 ~ 52.75) 161.87
DALYs(JT A\4F) T 160.18 (54.18 ~ 237.73) 394.75 (137.93 ~ 662.30) 146.44
Eeqds 141.69 (51.05 ~ 237.73) 290.31 (98.45 ~ 492.59) 104.89
At 301.87 (106.51 ~493.89)  685.01 (231.32 ~ 1141.82) 126.92
BT (/10 ) Bk 9.79 (3.05 ~ 16.65) 23.42 (7.57 ~ 41.06) 139.22
T 9.69 (3.10 ~ 17.16) 18.65 (5.66 ~ 33.60) 92.47
A1t 9.74 (3.18 ~ 16.78) 21.09 (6.50 ~ 37.07) 116.53
HL DALY (/10 J7) B 263.96 (89.28 ~ 430.16) 542.16 (189.44 ~ 909.63) 105.39
ECg it 248.74 (89.62 ~ 417.35) 417.93 (141.73 ~ 709.13) 68.02
At 256.59 (90.53 ~ 419.81) 481.50 (162.59 ~ 802.54) 87.65
FRALFET (/10 J7) Bk 21.09 (6.22 ~ 37.09) 20.96 (6.72 ~ 37.13) -0.62
Lk 16.25 (5.05 ~ 29.45) 12.36 (3.73 ~ 22.43) -23.94
Gt 18.23 (5.52 ~ 33.43) 15.93 (4.83 ~ 28.04) -12.62
Frfk DALY #(/10 J7) Bk 431.69 (136.54 ~ 723.27) 416.30 (143.15 ~ 703.34) -3.57
Eegds 349.05 (121.16 ~ 593.21) 268.95 (91.45 ~ 455.85) -22.95
At 385.65 (129.83 ~ 647.51) 335.59 (112.75 ~ 566.25) -12.98
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Figure 1 Joinpoint regression results for standardized mortality in

ischemic stroke attributable to high LDL-C
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— 20102015 APC = -161*
— 20152021 APC = -082"
= Male-4Joinpoints
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Table 2 Joinpoint regression results of standardized mortality and

standardized DALY rate in ischemic stroke attributable to high

LDL-C = female:Slopois
: 1990-1998 APC :—0.63:
e AAPC(%.95% CI) ol P — Toat 07 AR - aoe
= = 2007-2010 APC = -093*
FEAET R - — rstet c - oo~
T -0.05(-0.37 ~ 0.26) -0.33 0.739 sl
Lotk -0.82(-1.15~-0.50)  -4.95 <0.001 ool
,‘é\}\ﬁ —0.42*(—0.66 ~ —0.18) -3.42 <0.001 0 i 1 1 1 1 1 1 1 1 1 J
B 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016 2019 2022
ik DALY % G ()
Tk ~0.15(-0.39~0.09)  ~1.26 0.209 B2 JHRTE LDL-C RS PER A AR {E DALY &
/gcs3 ~0.827(-1.04~-0.61)  -7.45 <0.001 joinpoint [A[IH45 2R
JSPNiis -0.46'(-0.63 ~ -0.29) -5.25 <0.001 Figure 2 Joinpoint regression results for standardized DALY

rates in ischemic stroke attributable to high LDL-C

&3 AFEFREBIAMN T & LDL-C BBk ML PR AE BT 4 5 DALY AL EH
Table 3 Trends in ischemic stroke mortality and DALY rates attributable to high LDL-C in different age groups

L) BET R DALY %

AAPC(%,95% CI) t1H P AAPC(%,95% CI) 18 Py
25~29 -0.36(-0.69 ~ —0.03) -2.11 0.035 -0.29°(-0.45 ~ -0.13) -3.53 <0.001
30 ~ 34 -0.34(-0.92 ~ 0.25) ~1.14 0.255 ~0.18(-0.47 ~ 0.11) -1.22 0.221
35~39 -0.59°(-0.98 ~ -0.20) -2.99 <0.001 -0.28°(-0.51 ~ —0.05) -237 0.018
40 ~ 44 -0.85'(-1.36 ~ -0.35) -3.30 <0.001 ~0.46(-0.62 ~ -0.29) -5.34 <0.001
45 ~ 49 -1.25'(=1.75 ~ =0.75) -4.88 <0.001 -0.77'(-1.16 ~ =0.39) -3.92 <0.001
50 ~ 54 ~1.637(-1.84 ~ -1.42) 14.84 <0.001 ~1.19'(-1.35 ~ -1.03) 1438 <0.001
55~59 -1.62'(-1.92 ~-1.31) 1033 <0.001 ~1.14'(-1.38 ~ =0.91) -9.49 <0.001
60 ~ 64 ~1.10°(-1.30 ~ —0.91) 10.95 <0.001 -0.79'(-0.95 ~ —0.62) -9.40 <0.001
65 ~ 69 ~1.04'(-1.34 ~ -0.74) -6.77 <0.001 ~0.74'(-1.00 ~ —0.48) -5.59 <0.001
70 ~ 74 ~0.74'(-0.90 ~ -0.58) -9.11 <0.001 -0.52'(-0.66 ~ —0.38) -7.21 <0.001
75 ~79 -0.48°(=0.71 ~ -0.24) -3.90 <0.001 -0.28'(=0.51 ~ -0.05) -2.37 0.018
80 ~ 84 -0.02(-0.37 ~ 0.33) -0.12 <0.001 0.12(=0.18 ~ 0.41) 0.78 0.442
85 ~ 89 0.27(-0.23 ~ 0.77) 1.05 0.295 0.36(~0.10 ~ 0.82) 1.54 0.123
90 ~ 94 0.14(-0.42 ~ 0.70) 0.48 0.631 0.23(=0.30 ~ 0.76) 0.85 0.394

TR P<0.05,

R4 2022—2031 A EIHA T LDL-C SR iR A Ao 5O sl 5 1 0
Table 4 Predictive model fits for ischemic stroke burden of disease attributable to high LDL-C in China from 2022 to 2031

2159 RMSE MAE MAPE(%) MASE ACF1
FrfbstT %
SAHEE 0.348 8 0.2237 1.1870 0.728 8 -0.037 4
Bk 0.5313 0.305 1 1.2895 0.7579 0.0577
Lk 0.288 0 0.1909 1.237 3 0.6817 -0.013 1
Frfk DALY R
MOEE 49203 3.133 4 0.8127 0.649 2 —0.008 0
Bk 7.138 1 43840 0.9599 0.7195 0.079 3
Eegds 4.140 4 2.898 6 0.903 5 0.6109 0.006 6

11 : RMSE #5125 s MAE R340 56 1R 25 s MAPE S 34940 X0 1 45 L iR 25 s MASE S 3446 X 4 iR 25 s ACF 1T —Bi FI A OGR4
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Figure 3 Projected disease burden of ischemic stroke attributable to high LDIL.—C in China from 2022 to 2031
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