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A b s t r a c t

Introduction: Cardiovascular disease (CVD) is a major public health concern, 
and its burden and trends require further clarification. This study aimed 
to compare the CVD burden between China and the global population and 
provide projections.
Material and methods: Data on CVD metrics from the Global Burden of 
Disease (GBD) 2021. The Joinpoint regression model was applied to analyze 
long-term trends in age-standardized incidence (ASIR), prevalence (ASPR), 
mortality (ASMR), and age-standardized disability-adjusted life year (ASDR) 
rates. Decomposition analysis quantified drivers of change, and autoregres-
sive integrated moving average models projected future trends.
Results: From 1990 to 2021, ASMR and ASDR showed significant down-
ward trends in China and globally. However, the ASIR for CVD in China in-
creased from 783.897 to 811.813 per 100,000, while globally it declined 
from 878.787 to 787.04 per 100,000, with average annual percent change of 
0.105% (95% CI: 0.067%, 0.144%) and –0.353% (95% CI: –0.404%, –0.301%), 
respectively. The upward trend of ASPR in China exceeded the global level. 
The crude rates of CVD metrics were low among individuals younger than  
40 years and then increased with advancing age; sex differences were 
also observed. Decomposition analysis highlighted population aging as an 
important driver of increased CVD incidence in China (total population: 
41.88%, male: 24.17%, female: 47.81%). Projections suggested that ASIR in 
China and globally will continue to rise to 825.94 and 807.96 per 100,000, 
respectively, by 2036, whereas ASMR and ASDR will continue to decline.
Conclusions: This study revealed a complex CVD epidemiological landscape 
in China and globally, with increasing ASPR alongside declining ASMR and 
ASDR. The ASIR of CVD in China remains significant and is projected to con-
tinue increasing. 

Key words: cardiovascular disease, burden of disease, trend analysis, 
average annual percent change, prediction.

Introduction

Cardiovascular disease (CVD) is a major public health concern world-
wide, accounted for approximately 17.9 million deaths, 396 million years 
of life lost (YLLs) and contributing an extra 44.9 million years lived with 
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disability (YLDs) in 2022 [1]. In China, CVD re-
mains the leading cause of mortality, responsible 
for 48.98% and 47.35% in rural and urban popula-
tions, respectively [2]. With accelerating population 
aging and socioeconomic development, a 14.65% 
increase in CVD prevalence was observed during 
1990-2016, accompanied by a 33.7% absolute in-
crease in the disease burden [3]. The financial im-
pact of CVD is expected to rise significantly, with 
expenditures projected to increase by an average 
of 9.6% annually, reaching 23.4% of current health 
expenditures by 2036, thereby imposing a consid-
erable burden on society and families [4]. Further-
more, CVD burden may be further intensified by 
shifts in lifestyle factors, nutrition transition, and 
other modifiable CVD risk factors. Therefore, an-
alyzing the evolving patterns of CVD is essential 
for forecasting its future impact and developing 
preventative measures.

A  recent study, using historical data from the 
Global Burden of Disease (GBD) 2019 study, 
projected that, between 2025 and 2050, CVD 
prevalence would increase by 90.0%, with cor-
responding increases of 73.4% and 54.7% in 
crude mortality and DALYs [5]. GBD 2021 analysis 
demonstrated that CVD remains a pressing public 
health issue, which resulted in six million deaths 
and 125 million DALYs in the Western Pacific re-
gion, constituting 39.4% of all-cause mortality 
and 22.5% of total DALYs [6]. Previous GBD-based 
studies have provided valuable descriptions of 
CVD burden at national or global levels [7]. How-
ever, evidence from comprehensive analysis of the 
CVD burden in China, including comparison with 
the global profile, is limited. Moreover, most stud-
ies have overlooked the consequences of demo-
graphic and epidemiological shifts for the burden 
of CVD. Studies have indicated that elderly people 
are at a much higher risk of developing CVD, with 
a prevalence of atherosclerosis as high as 87% in 
people aged 60 to 69 years [8]. The increase in 
CVD mortality was higher in men than in women 
[9]. This raises the need for targeted and effective 
interventions tailored to different demographic 
groups. However, the current lack of analyses ex-
amining CVD burden and trends by age and sex in 
China and globally may hinder the development of 
future interventions and policies. 

The GBD database represents a  large-scale 
observational epidemiological initiative with 
worldwide coverage, designed to systematically 
quantify health loss from major diseases through 
metrics such as incidence, prevalence, mortality, 
and DALY rates, categorized by age, sex, region, 
and period [6]. In this study, we aimed to provide 
a focused comparative perspective on the burden 
and long-term trends of CVD in China and world-
wide from 1990 to 2021. Additionally, an autore-

gressive integrated moving average (ARIMA) mod-
el was employed to forecast trends until 2036, 
and decomposition analysis was applied to assess 
the contributions of aging, epidemiological transi-
tions, and population growth to the CVD burden. 
By integrated analysis of long-term trends, drivers, 
and future projections, the findings will not only 
deepen our comprehension of CVD’s epidemio-
logical patterns but also offer valuable insights 
for prioritizing prevention and management ap-
proaches.

Material and methods

Data sources

A  secondary analysis was carried out using 
data from GBD 2021. This iteration of the GBD 
study was the first to include global health burden 
estimates resulting from the COVID-19 pandemic, 
quantifying 371 diseases and injuries along with 
88 risk factors across 204 countries and regions. 
The assessment relied on modeling techniques 
including CODEm, STGPR, and DisMod-MR to eval-
uate key health metrics [10, 11]. GBD estimates 
the burden of disease indices at regional, national, 
and global levels, including prevalence, incidence, 
mortality, and DALYs. Detailed methodology has 
been published elsewhere [12, 13]. In this study, 
we retrieved data on crude rates and age-stan-
dardized rate for incidence (ASIR), prevalence 
(ASPR), mortality (ASMR), and DALYs (ASDR) of to-
tal CVD in China and globally from 1990 to 2021, 
accompanied by 95% uncertainty intervals (UIs), 
categorized by sex and age groups. In the GBD, 
total CVD included rheumatic heart disease, isch-
emic heart disease, hypertensive heart disease, 
stroke, non-rheumatic valvular heart disease, 
pulmonary arterial hypertension, cardiomyopa-
thy and myocarditis, atrial fibrillation and flutter, 
lower extremity peripheral arterial disease, aortic 
aneurysm, endocarditis, and other cardiovascular 
and circulatory diseases. All GBD 2021 health es-
timates are available at https://vizhub.healthda-
ta.org/gbd-results/. This study was conducted in 
accordance with the Guidelines for Accurate and 
Transparent Health Estimates Reporting (GATHER), 
to ensure full transparency and replicability [14]. 

Joinpoint regression analysis

We selected the Joinpoint regression model, 
which can objectively identify the inflection points 
of temporal trends, to analyze long-term trends of 
age-standardized CVD metrics in China and glob-
ally from 1990 to 2021, and the annual percent-
age change (APC) and average annual percentage 
change (AAPC) as well as their 95% confidence 
intervals (95% CIs) were calculated. We assumed 
a natural logarithm of age-standardized rates to fit 
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a linear regression model: Y = β0 + β1year + ε, where 
Y is equal to the natural logarithm of age-stan-
dardized rates, β0 is the constant, β1 indicates the 
positive or negative changing trends, year stands 
for the calendar year, and ε is the error term, as-
sumed to be independently and identically distrib-
uted with constant variance. The optimal number 
and locations of joinpoints were determined by an 
iterative algorithm that minimizes the Bayesian 
Information Criterion (BIC), with the statistical sig-
nificance evaluated using a Monte Carlo permuta-
tion test (4,999 permutations, α = 0.05), from 0 up 
to a maximum of 5 joinpoints. For each segment, 
the APC was calculated as 100 × (exp(β1) – 1), with 
its 95% CI derived from the CI of β1. AAPC can be 
calculated based on the following equation: 100 × 
(exp(βavg) – 1), where βavg is the length-weighted av-
erage slope, with its 95% CI calculated accordingly. 
An upward trend was considered statistically sig-
nificant if both the AAPC estimate and the lower 
bound of its 95% CI were greater than zero. Con-
versely, a downward trend was considered statisti-
cally significant when both the AAPC and the upper 
bound of the 95% CI were less than zero.

Decomposition analysis

Decomposition analysis was used to inves-
tigate the impact of population growth, demo-
graphic aging, and epidemiological trends on CVD 
burden in China and globally. This decomposition 
method developed by Das Gupta uses mathemat-
ical techniques of additivity and the absence of 
interaction effects to break down overall changes 
into components to identify the specific contribu-
tions of each part, and it is independent of the 
order in which the components are entered, there-
by ensuring the robustness of the estimates and 
the uniqueness of the interpretation [15, 16]. The 
total change in CVD metrics (ΔTotal) is defined as 
the difference between the end and start years: 
ΔTotal = Σ (Ri2 × Pi2) – Σ (Ri1 × Pi1), where i de-
notes the i-th age group, R is the age-specific rate, 
and P is the corresponding population size. Using 
Das Gupta’s iterative averaging algorithm, ΔTotal 
was decomposed into three additive components:  
(1) Rate Effect: change due to variations in 
age-specific rates, holding population constant, 
(2) Age Structure Effect: change due to shifts 
in the proportion of the population in each age 
group, holding rates and total population con-
stant, (3) Population Growth Effect: change due to 
the increase in total population size, holding rates 
and age structure constant. 

Model prediction

Projections of CVD burden were extended 
to the year 2036. This horizon was selected to 

align with the mid‑term evaluation timeline of 
major health initiatives (the WHO Global Action 
Plan on NCDs and China’s “Healthy China 2030” 
strategy) and to balance long‑term planning rel-
evance with reasonable forecast precision. We 
employed the autoregressive integrated moving 
average (ARIMA) model, a widely used time series 
analysis method, integrating autoregression (AR), 
integration (I), and moving average (MA) compo-
nents, which is essential for capturing the com-
plex, inertia-driven epidemiology of CVD burden 
over time. This provides a  more rigorous foun-
dation for forecasting compared to simple linear 
extrapolation [17]. The ARIMA (p, d, q) modeling 
approach, where p, d, and q signify the orders of 
autoregression, differencing, and moving average, 
was implemented to capture trends and cyclical 
patterns for prediction. The initial time series was 
differenced (d) to achieve stationarity, verified 
using the KPSS test. After comparing candidate 
models using Akaike information criterion (AIC) 
and Bayesian information criterion (BIC) criteria, 
the optimal model was selected. Model validity 
was subsequently assessed by confirming that re-
siduals followed a normal distribution (using Q-Q 
plots) and exhibited white noise characteristics 
(using the Ljung-Box test), indicating adequate 
model fit. The accuracy of forecasts was quanti-
fied and reported using standard metrics: mean 
absolute error (MAE) and mean absolute percent-
age error (MAPE). The primary output of our anal-
ysis is the long-term trend trajectory with 95% 
prediction intervals. These intervals are calculated 
from the model’s residual variance and define the 
range where future values are expected with 95% 
probability, with narrower intervals indicating 
higher precision.

Statistical analysis

Data management and all statistical analy-
ses were conducted using R software, version 4.3 
(R Foundation for Statistical Computing, Vienna, 
Austria). A p-value of less than 0.05 (two-tailed) was 
considered statistically significant for all analyses.

Results

Description of the CVD burden in China 
and globally

In China, ASIR increased from 783.897 (95% UI: 
718.421, 857.63) per 100,000 people in 1990 to 
811.813 (95% UI: 736.137, 892.008) per 100,000 
in 2021, while globally it decreased from 878.787 
(95% UI: 808.166, 959.896) per 100,000 to 787.04 
(95% UI: 719.74, 859.695) per 100,000. From 1990 
to 2021, the AAPC of ASIR increased by 0.105% 
(95% CI: 0.067%, 0.144%), while it decreased by 
0.353% (95% CI: –0.404%, –0.301%) globally. For 
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ASPR, China and globally saw an increase trend, 
with AAPC values of 0.290% (95% CI: 0.273%, 
0.308%) and 0.027% (95% CI: 0.015%, 0.038%), 
respectively. Overall, the trends of ASMR and 
ASDR for CVD in China and globally were similar 
over the past three decades, showing a significant 
downward trend (Table I).

Long-term trends of CVD burden in China 
and globally

Figure 1 presents the APC of ASIR, ASPR, ASMR, 
and ASDR of CVD in China and globally. In Chi-
na, ASIR of CVD showed an upward trend, with 
the largest increase from 1995 to 2005 (APC = 
0.642%, 95%  CI: 0.613%, 0.672%), and ASPR 
showed the largest increase from 2001 to 2004 
(APC = 0.895%, 95% CI: 0.729%, 1.061%). Mean-
while, ASMR exhibited an overall downward trend, 
with an intervening period of increase from 1998 
to 2004 (APC = 1.669%, 95% CI: 1.199%, 2.141%). 
ASDR mainly decreased from 2004 to 2007 (APC 
= –4.267%, 95% CI: –5.006%, –3.523%), but in-
creased again from 1998 to 2004, with an APC of 
1.669%. Globally, ASIR, ASMR and ASDR of CVD 

generally displayed a  downward trend, while 
ASPR showed an upward trend with fluctuations. 
The increase in ASPR was mainly concentrated 
between 2015 and 2021 (APC = 0.219%, 95% CI: 
0.187%, 0.252%).

Age and sex difference of CVD burden in 
China and globally

Figure 2 compares the crude incidence, preva-
lence, mortality, and DALY rates of CVD between 
China and the global level for 1990 and 2021. The 
corresponding absolute numbers are also present-
ed. In both 1990 and 2021, all crude CVD rates 
were observed to be low among individuals un-
der 40 years of age, after which they exhibited 
a  consistent rise. The absolute number of corre-
sponding CVD metrics in 2021was higher than 
that in 1990. Globally, in 2021, the number of in-
cident CVD cases peaked in the 65–69 age group 
(8941141.59, 95% UI: 7176764.19, 11181053.52), 
while deaths were greatest in the 80–84 age group 
(2949194.02, 95% UI: 2644216.89, 3166494.84). 
The peak DALYs occurred in the 70–74 age group. 
In addition, in 2021, we observed that the num-

Table I. Number of CVD cases, age-standardized incidence, prevalence, mortality, and DALY rates, and correspond-
ing AAPC in China and globally in 1990 and 2021

Location Measure 1990 2021 1990–2021 
AAPCAll-ages cases Age-standard-

ized rates 
per 100,000 
population

All-ages cases Age-standard-
ized rates 

per 100,000 
population

n (95% UI) n (95% UI) n (95% UI) n (95% UI) % (95% CI)

China Incidence 6248590 
(5727577–
6853739)

783.897
 (718.421–

857.63)

16039153 
(14443325–
17780115)

811.813 
(736.137–
892.008)

0.105
(0.067, 0.144)

Prevalence 52364490
(48335272–
55935626)

6024.238 
(5599.031–
6393.016)

133845555 
(123702971–
144518968)

6603.716 
(6121.896–
7087.642)

0.290 
(0.273, 0.308)

Deaths 2497062 
(2206621–
2780395)

407.721
 (361.402–
452.124)

5085458 
(4311063–
5904298)

280.113 
(237.896–
323.899)

–1.254
(–1.495, –1.013)

DALYs 63253834 
(56338614–
70379371)

8074.756 
(7162.988–
8953.394)

100208734 
(84648255–
116556037)

5120.062 
(4340.161–
5935.789)

–1.476
(–1.603, –1.349)

Global Incidence 34742351 
(31845969–
37984786)

878.787 
(808.166–
959.896)

66809837 
(60907604–
73102151)

787.04
 (719.74–
859.695)

–0.353 
(–0.404, –0.301)

Prevalence 289550232
 (270659431–
305371954)

7116.054
 (6668.139–
7482.018)

612059322
 (570319528–
649806889)

7178.733
 (6696.148–
7620.665)

0.027 
(0.015, 0.038)

Deaths 12330009 
(11626405–
12787472)

358.122 
(333.741–
372.629)

19414853
 (17775807–
20668512)

235.181
 (214.636–
250.521)

–1.396
(–1.538, –1.254)

DALYs 297507308 
(284600935–
309345618)

7550.168 
(7181.463–
7861.993)

428327412
 (403683550–
453711663)

5055.864 
(4759.549–
5359.165)

–1.271 
(–1.374, –1.167)
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Figure 1. The APC of ASIR, ASPR, ASMR, and ASDR of CVD in China (A–D) and globally (E–H) from 1990 to 2021  
(*p < 0.05, statistically significant). A – ASIR in China; B – ASPR in China; C – ASMR in China; D – ASDR in China
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Jointpoint 4: 2015
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Jointpoint 4: 2010

Jointpoint 5: 2019

Jointpoint 4: 2010

Jointpoint 3: 2004

Jointpoint 1: 1998

 Observed
 1990–1995 APC = 0.17*
 1995–2005 APC = 0.64*
 2005–2009 APC = –0.13
 2009–2015 APC = –0.69*
 2015–2019 APC = 0.48*
 2019–2021 APC = –0.61*

 Observed
 1990–1998 APC = –1.36*
 1998–2004 APC = 1.67*
 2004–2007 APC = –4.58*
 2007–2010 APC = 0.25
 2010–2015 APC = –2.82*
 2015–2021 APC = –1.57*

 Observed
 1990–1998 APC = 0.20*
 1998–2001 APC = 0.39*
 2001–2004 APC = 0.90*
 2004–2009 APC = 0.44*
 2009–2019 APC = 0.03*
 2019–2021 APC = 0.53*

 Observed
 1990–1998 APC = –1.64*
 1998–2004 APC = 0.69*
 2004–2007 APC = –4.27*
 2007–2010 APC = –0.39
 2010–2016 APC = –2.56*
 2016–2021 APC = –1.42*

ber of male incident CVD cases was higher than 
that of females before the age of 80 years, and the 
number of deaths and DALYs in males were higher 
than those in females, except in individuals aged  
≥ 90 years, in China. In terms of prevalence re-
sults, the number of females was higher than that 

of males after 55 years old. Globally, the number 
of male incident CVD cases was higher than that 
of females in the age range of 25–74 years, and 
the number of deaths and DALYs in males were 
higher than those in females before the age of 80 
years (Supplementary Figures S1 and S2). 
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Figure 1. Cont. The APC of ASIR, ASPR, ASMR, and ASDR of CVD in China (A–D) and globally (E–H) from 1990 to 
2021 (*p < 0.05, statistically significant). E – ASIR globally; F – ASPR globally; G – ASMR globally; H – ASDR globally
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 2014–2021 APC = 0.08*
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 1994–1998 APC = –1.78*
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Figure 2. Age-specific distribution of crude CVD rates and absolute numbers of cases, deaths, and DALYs in China 
and globally in 1990 and 2021. The black line and shaded area represent the 95% uncertainty interval (UI). A – Inci-
dent cases and crude incidence rates in China. B – Prevalent cases and crude prevalence rates in China. C – Deaths 
and crude mortality rates in China. D – DALYs and crude DALY rates in China
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Decomposition analysis

Drivers of changes in CVD burden varied from 
1990 to 2021 (Figure 3). The results revealed that 
in China the increase in CVD incidence is primar-
ily driven by population aging (total population: 
41.88%, male: 24.17%, female: 47.81%); however, 
it negatively affected the increase in CVD preva-
lence (total population: –59.31%, male: –43.97%, 
female: –64.00%). Population growth contributed 
positively to the increase in CVD incidence, prev-
alence, mortality, and DALY rates, while epidemio-
logical trends had a negative contribution to CVD 
mortality, and DALY rates in China. Globally, chang-
es in epidemiological trends also have a negative 
contribution to the CVD incidence, prevalence, 
mortality, and DALY rates, although this does not 
alter the overall trend. We observed that popula-
tion growth and aging had a positive contribution 
to CVD incidence, mortality, and DALY rates in Chi-
na and globally (Table II).

Projections of CVD burden for the next 15 
years in China and globally

To project future trends, we applied the auto.
arima() function to 1990–2021 data, generating 
optimal ARIMA models for the ASIR, ASPR, ASMR, 
and ASDR of CVD in China and globally for the 
next 15-year forecast. According to the ARIMA 
model results, the ASIR and ASPR of CVD in Chi-
na are projected to continue rising. By 2036, the 
ASIR and ASPR of CVD are projected to increase to 
825.94 per 100,000 (95% CI: 621.05, 1030.82) and 
7056.84 per 100,000 (95% CI: 6727.62, 7386.06) 
in the total population. However, the ASMR and 
ASDR will decline, the ASMR and ASDR for the to-
tal population in China are projected to decline to 
222.03 per 100,000 (95% CI: 149.78, 294.27) and 
3797.22 per 100,000 (95% CI: 2763.56, 4830.87). 
At the global level, ASIR and ASPR of CVD are pro-
jected to increase to 807.96 per 100,000 (95% CI: 
698.01,917.91) and 7457.46 per 100,000 (95% CI: 
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7204.51, 7710.41) in 2036 in the total population 
(Table III, Figure 4). The sex-specific prediction 
results showed that the ASIR of CVD for females 
initially rose then declined, while a declining trend 
among males is projected in the next 15 years in 
China. Globally, the ASIR of CVD for females will 
continue to increase in the future, while that of 
men will decline. China’s ASPR of CVD is projected 
to continue rising in the future, while the global 
ASPR among females is projected to rise initially 
and then decline. For ASMR and ASDR, both males 
and females are projected to show a downward 
trend in the next 15 years in China and globally 
(Supplementary Figures S3–S6).

Discussion

This study undertakes a systematic comparison 
of CVD trends between China and the global aver-
age from 1990 to 2021, yielding insights into the 
evolving burden and epidemiological distribution 
of the disease. The results indicated that ASIR and 

ASPR of CVD in China showed significant upward 
trends, while ASMR and ASDR showed decreasing 
trends. This is consistent with the latest research 
from countries of the Association of Southeast 
Asian Nations; compared to 1990, the number 
of people suffering from CVD has increased by 
148.1%, and ASPR has risen by 2.5% [18]. Glob-
ally, except for ASPR, other CVD metrics showed 
declining trends over the past three decades. The 
upward trends in ASIR and ASPR are plausibly ex-
plained by concurrent improvements in diagnostic 
capabilities and public health awareness, leading 
to earlier and more frequent detection of cases. In 
addition, over the past three decades, China has 
experienced a period of rapid economic develop-
ment, and changes in lifestyle, such as the adop-
tion of western dietary patterns and physical inac-
tivity, have led to the increase of CVD risk factors, 
resulting in increased CVD incidence [19]. Addi-
tionally, phases of economic growth are frequent-
ly accompanied by the intensification of environ-

Figure 2. Cont. E – Incident cases and crude incidence rates globally. F – Prevalent cases and crude prevalence rates 
globally. G – Deaths and crude mortality rates globally. H – DALYs and crude DALY rates globally. Bar charts represent 
counts; lines represent crude rates
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Figure 3. Decomposition analysis of CVD from 1990 to 2021 in China and globally. A  – Incidence in China;  
B – prevalence in China; C – mortality in China; D – DALYs in China; E – incidence globally; F – prevalence globally; 
G – mortality globally; H – DALYs globally
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Table II. The impact of aging, population growth, and epidemiological trends on changes in CVD incidence, preva-
lence, mortality, and DALY rates in China and globally, 1990–2021

Location Measure Sex Overall difference Change due to population-level determinants  
(% contribution to total changes)

Aging Population 
growth

Epidemiological 
change

China Incidence Both 122370960.620 51254872.432 
(41.88%)

33011204.035 
(26.98%)

38104884.158 
(31.14%)

Male 32301186.640 7808154.577 
(24.17%)

13202645.585 
(40.87%)

11290386.483 
(34.95%)

Female 68224942.480 32619828.276 
(47.81%)

17314657.035 
(25.38%)

18290457.169 
(26.81%)

Prevalence Both 35242284.87 –20903716.622 
(–59.31%)

40233061.475 
(114.16%)

15912940.012 
(45.15%)

Male 18238284.45 –8019032.618 
(–43.97%)

18379588.566 
(100.77%)

7877728.504 
(43.19%)

Female 17550897.61 –11232183.705 
(–64.00%)

21185493.189 
(120.71%)

7597588.123 
(43.29%)

Deaths Both 3340289.76 3619402.122 
(108.36%)

1415126.187 
(42.37%)

–1694238.546 
(50.72%)

Male 2311952.78 1910498.017 
(82.64%)

694965.605 
(30.06%)

–293510.838 
(12.70%)

Female 1360051.9 1732677.95 
(127.4%)

732492.678 
(53.86%)

–1105118.733 
(81.26%)

DALYs Both 40210811.75 54385655.439 
(135.25%)

26111672.972 
(64.94%)

–40286516.657 
(–100.19%)

Male 30012288.8 29822279.963 
(99.37%)

13762951.153 
(45.86%)

–13572942.316 
(–45.22%)

Female 12955196.26 24786272.415 
(191.32%)

12364399.036 
(95.44%)

–24195475.192 
(–186.76%)

Global Incidence Both 13744853.05 17567652.319 
(127.81%)

26363592.949 
(191.81%)

–30186392.217 
(–219.62%)

Male 6252344.53 10110543.396 
(161.71%)

13648821.153 
(189.03%)

–17507020.02 
(–205.20%)

Female 6667088.06 7745262.132 
(116.17%)

12602917.108 
(189.03%)

–13681091.177 
(–205.20%)

Prevalence Both 25662543.09 –15081053.949 
(–58.77%)

42682908.475 
(166.32%)

–1939311.431 
(–7.56%)

Male 14536131.09 –6176881.844 
(–42.49%)

21424613.742 
(147.39%)

–711600.808 
(–4.9%)

Female 11204733.83 –9165043.857 
(–81.80%)

21400277.599 
(190.99%)

–1030499.912 
(–9.2%)

Deaths Both 2502845.24 3039567.745 
(121.44%)

1237202.046 
(49.43%)

–1773924.547 
(–70.88%)

Male 1357495.09 1581134.43 
(116.47%)

610259.583 
(44.95%)

–833898.92 
(–61.43%)

Female 1131233 1437410.703 
(127.07%)

624290.08 
(55.19%)

–930467.778 
(–82.25%)

DALYs Both 40985207.7 49591277.195 
(121.00%)

25429052.658 
(62.04%)

–34035122.148 
(–83.04%)

Male 24611323.53 27986901.772 
(113.72%)

13938045.112 
(56.63%)

–17313623.357 
(–70.35%)

Female 16304979.29 21602019.271 
(132.49%)

11453309.652 
(70.24%)

–16750349.632 
(102.73%)
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Table III. Optimal ARIMA models and 2036 forecast values for ASIR, ASPR, ASMR, and ASDR of CVD in China and 
globally

Location Measure Sex Best model BIC MAE MAPE 2036

China ASIR Both ARIMA (0,2,0) 159.72 1.98 0.24 825.94 (95% CI: 621.05, 1030.82)

Male ARIMA (0,2,0) 159.72 1.98 0.24 753.87 (95% CI: 524.96, 982.77)

Female ARIMA (2,0,2) 181.42 1.75 0.23 777.50 (95% CI: 745.88, 809.11)

ASPR Both ARIMA (1,1,0) 258.52 7.29 0.11 7056.84 (95% CI: 6727.62, 7386.06)

Male ARIMA (2,1,1) 218.20 5.99 0.06 7032.94 (95% CI: 6393.41, 7672.47)

Female ARIMA (1,1,0) 281.53 9.62 0.02 7035.84 (95% CI: 6686.09, 7385.59)

ASMR Both ARIMA (0,1,1) 212.02 3.64 1.02 222.03 (95% CI: 149.78, 294.27)

Male ARIMA (1,1,0) 233.20 5.55 1.23 369.26 (95% CI: 241.72, 496.81)

Female ARIMA (0,1,1) 200.77 3.31 1.13 147.45 (95% CI: 85.52, 209.38)

ASDR Both ARIMA (0,1,1) 372.68 50.49 0.75 3797.22 (95% CI: 2763.56, 4830.87)

Male ARIMA (0,1,1) 393.01 68.04 0.83 5563.53 (95% CI:4209.33, 6917.73)

Female ARIMA (0,1,1) 364.11 49.68 0.93 2335.51 (95% CI: 1447.24, 3223.78)

Global ASIR Both ARIMA (0,2,0) 121.98 1.08 0.13 807.96 (95% CI: 698.01, 917.91)

Male ARIMA (1,1,0) 127.5 1.21 0.13 819.15 (95% CI: 787.46, 850.85)

Female ARIMA (0,2,0) 127.22 1.04 0.14 790.14 (95% CI: 670.46, 909.81)

ASPR Both ARIMA (0,2,1) 214.94 4.7 0.07 7457.46 (95% CI: 7204.51, 7710.41)

Male ARIMA (0,2,0) 170.24 2.82 0.037 7900.23 (95% CI: 7627.10, 8173.37)

Female ARIMA (2,0,2) 269.16 6.86 0.1 6747.13 (95% CI: 6603.35, 6890.90)

ASMR Both ARIMA (1,1,0) 146.8 1.51 0.5 180.85 (95% CI: 155.49, 206.22)

Male ARIMA (1,1,0) 156.89 1.76 0.51 227.35 (95% CI:199.89, 254.82)

Female ARIMA (0,1,1) 140.07 1.33 0.51 141.51 (95% CI: 121.12, 161.90)

ASDR Both ARIMA (1,1,0) 331.45 28.46 0.44 3970.61 (95% CI: 3430.37, 4510.86)

Male ARIMA (1,1,0) 344.77 36.43 0.47 5045.15 (95% CI: 4413.12, 5677.19)

Female ARIMA (1,1,0) 319.07 24.77 0.47 3003.17 (95% CI: 2528.05, 3478.29)

BIC – Bayesian information criterion, MAE – mean absolute error, MAPE – mean absolute percentage error, ARIMA – autoregressive 
integrated moving average.

mental pollution, such as air pollution and climate 
change, both of which are closely linked to higher 
CVD risk [20, 21]. It is worth noting that China is 
facing the challenge of an aging population, and 
an increasing proportion of the elderly population 
may lead to an increase in CVD incidence [22]. 
The reduction of ASMR and ASDR of CVD may 
be attributed to earlier screening, identification, 
and diagnosis of CVD by medical technology, al-
lowing for timely interventions that effectively 
mitigate the progression of adverse events [23]. 
This difference is also explained by our decompo-
sition analysis: the rise in ASIR and ASPR stems 
from unfavorable changes in the “epidemiological 
rate” component, reflecting increased population 
exposure to key behavioral and metabolic risk fac-
tors. Moreover, the introduction of new medica-
tions, such as statins and antihypertensive drugs, 
along with interventional therapies such as stent 
implantation and coronary artery bypass surgery, 
has significantly improved the prognosis of pa-
tients [24–26]. 

We observed divergent trends in the ASIR of CVD 
between China and global estimates, possibly due 

to several factors. First, many high-income countries 
have successfully controlled CVD risk factors and 
the incidence has entered a declining phase, where-
as China remains in a transitional stage character-
ized by persistent exposure to increasing risk fac-
tors [27]. Second, China’s health policy has focused 
on reducing CVD mortality in the past few decades 
(such as promoting thrombolysis, interventional 
therapy, and improving the first aid system), and 
policy resources have been directed more toward 
treatment than primary prevention [28]. The imple-
mentation and coverage of primary prevention poli-
cies such as hypertension, obesity and smoking are 
still insufficient. Third, China has experienced one of 
the most rapid and substantial processes of popu-
lation aging globally, resulting in a sharp increase in 
the absolute number of older adults. Therefore, even 
a modest increase in the age-standardized rate may 
translate into a substantial increase in new cases, 
while the global average aging rate is slower than 
that of China. Thus, compared with global patterns, 
China’s unusually rapid and compressed epidemio-
logical transition (which occurred in just a few de-
cades, in contrast to the century-long transitions 



Yue Zhang, Ning Zhang, Changjian Lin

12� Arch Med Sci

Figure 4. Projected trends in ASIR, ASPR, ASMR, and ASDR of CVD in China and globally from 2021 to 2036. A – ASIR 
in China; B – ASPR in China; C – ASMR in China; D – ASDR in China; E – ASIR globally; F – ASPR globally; yellow 
dotted lines and shaded regions represent the predicted trend and its 95% CI
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observed in other countries) has shaped a distinct 
CVD trajectory. Hence, China should adopt a  two-
track strategy: strengthening primary prevention of 
CVD, while adapting the health policy to meet the 
dramatic increase in demand associated with pop-
ulation aging.

Findings from the current study showed that 
both in 1990 and 2021, the crude incidence, prev-
alence, mortality, and DALY rates of CVD were low 
under the age of 40 years and then increased with 
age. The absolute number of corresponding CVD 
metrics was substantial among the elderly. Age is 
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a well-established risk factor for CVD due to phys-
iological changes that occur with aging, such as 
arterial stiffening, increased blood pressure, and 
cholesterol accumulation in the arteries. In addi-
tion, older adults are more likely to have other CVD 
metabolic risk factors, such as diabetes and hyper-
tension, which further increase CVD risk [29, 30]. 
We also observed a significant sex disparity, with 
males experiencing higher incidence, mortality, and 
DALYs compared to females. Possible reasons were 
that physiological factors such as lower estrogen 
levels and higher prevalence of abdominal obesity 
in men increase the CVD risk [31]. Additionally, be-
havioral factors, including higher rates of smoking, 
alcohol consumption, and less frequent healthcare 
engagement for males, further contribute to this 
disparity [32]. For example, based on the 2010 
Chronic Disease Risk Factor Surveillance Survey, 
the smoking rate among individuals aged 60 and 
over was 22.4%, with the rate being substantially 
higher in elderly men (41.5%) than elderly women 
(4.3%) [33]. Smoking remains the leading risk fac-
tor for cardiovascular disease (CVD) and the lead-
ing cause of death globally, so promoting smoking 
cessation is critical [34]. These findings underscore 
the urgent need for targeted public health inter-
ventions and preventive strategies to address the 
growing burden of CVD in China, particularly in 
high-risk male elderly populations.

Decomposition analysis revealed that in China 
the increase in CVD incidence was primarily driven 
by population aging, whereas changes in age-spe-
cific rates contributed negatively to CVD mortal-
ity and DALY rates. China has taken a  variety of 
measures to prevent CVD, such as public health 
promotion, smoking cessation programs, healthy 
diet advocacy, and regular health examinations, 
which have alleviated the rising incidence of CVD 
to a certain extent [35, 36]. However, due to the 

rapid aging process and large population base, 
these gains have not reversed the rising incidence 
of CVD [37]. At the global level, observed shifts 
in epidemiological trends exerted a  moderating 
effect on the rates of CVD incidence, prevalence, 
mortality, and DALYs, albeit insufficient to reverse 
the overarching upward trend. These findings in-
dicate that despite favorable shifts in some CVD 
risk factors, a  substantial gap persists between 
the current levels of these indicators and their 
guideline-recommended targets. Projections to 
2036 further suggest that the ASIR and ASPR of 
CVD in the total population in China will contin-
ue to rise, while the ASMR and ASDR will decline. 
This showed that the continuous improvement of 
healthcare systems and breakthroughs in thera-
peutic medicine have made real progress in im-
proving CVD mortality and DALYs; however, in-
creased ageing has led to an increase in incidence 
and prevalence. Accordingly, addressing the im-
pact of population ageing must be a paramount 
consideration in the health planning agendas of 
all countries. Healthy China 2030 proposed that 
the rising trend of CVD incidence and risk factors 
should be effectively controlled, and the mortali-
ty rate should be reduced to less than 190.7 per 
100,000 by 2030 [38]. Therefore, enhancing pri-
mary prevention through better control of CVD 
risk factors, improving access to early screening 
and diagnosis for timely treatment, especially pri-
oritizing the distinct requirements of an ageing 
populace, and strengthening healthcare capacity, 
particularly in primary healthcare services, are 
essential steps for CVD prevention. In addition, 
we used ARIMA models, a  well-established fore-
casting tool, to predict trends in the CVD burden 
through 2036. The strategic application of fore-
casting provides critical data to inform proactive 
health planning for future CVD trends.

Figure 4. Cont. G – ASMR globally; H – ASDR globally; yellow dotted lines and shaded regions represent the pre-
dicted trend and its 95% CI
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The innovation of this study is the creation 
of a  unified analytical pipeline that benchmarks 
China’s progress against global targets, providing 
a replicable template for other countries. However, 
this study has several limitations that should be 
considered. First, the heterogeneity in data quality 
across regions – especially the lower completeness 
and reliability of health records in underdeveloped 
areas – may introduce potential inconsistencies, 
as the analysis relies on secondary data from the 
GBD database. Moreover, variations in diagnostic 
standards and detection technologies over time 
between countries may contribute to heteroge-
neity in the estimates. Second, the trend analysis 
considered only time as an independent variable, 
while the decomposition and forecasting models 
did not incorporate potential confounding factors, 
such as socioeconomic status, healthcare access, 
and lifestyle, which are important drivers of CVD. 
Their absence means that our analysis may not 
fully disentangle the contribution of social deter-
minants to CVD trends. Furthermore, the predic-
tive models assume that that historical patterns 
will continue into the future, which may limit their 
ability to accurately capture future changes in 
CVD burden. Third, the time series ARIMA model 
relies on extrapolation methods and mechanical 
principles, generating predictions based on past 
trends without considering causal factors, con-
temporaneous predictor variables, or potential 
future policy changes. Its accuracy is entirely de-
pendent on the quality and stability of the histor-
ical GBD input data, and cannot take into account 
unexpected events such as pandemics; and as the 
prediction time range increases, the uncertainty of 
the prediction significantly increases. Finally, the 
absence of provincial-level data limited the granu-
larity of our analysis, precluding a subnational ex-
amination of the CVD burden across China. Future 
studies should seek to incorporate more granular, 
region-specific data to enhance the resolution of 
CVD trend analyses and identify important local 
disparities.

In conclusion, this study revealed the complex 
epidemiological landscape of CVD in China and 
globally, with increasing ASPR juxtaposed against 
declining ASMR and ASDR. In China, the rising 
incidence of CVD has placed a heavy burden on 
healthcare systems, particularly among the male 
elderly population, and is expected to continue 
over the next 15 years. The CVD burden increased 
with age, and sex differences were observed. Pop-
ulation aging is an important driver of increased 
CVD incidence. Therefore, it is crucial to develop 
differentiated screening and treatment strategies 
for specific age and sex groups, with the dual ob-
jectives of enhancing healthcare access and im-
plementing effective interventions to reduce the 
CVD burden.
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