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Abstract: Acute myocardial infarction (AMI) poses a serious disease burden in China, but studies
on small-area characteristics of AMI incidence are lacking. We therefore examined temporal trends
and geographic variations in AMI incidence at the township level in Beijing. In this cross-sectional
analysis, 259,830 AMI events during 2007–2018 from the Beijing Cardiovascular Disease Surveillance
System were included. We estimated AMI incidence for 307 consistent townships during consecutive
3-year periods with a Bayesian spatial model. From 2007 to 2018, the median AMI incidence in
townships increased from 216.3 to 231.6 per 100,000, with a greater relative increase in young and
middle-aged males (35–49 years: 54.2%; 50–64 years: 33.2%). The most pronounced increases in
the relative inequalities was observed among young residents (2.1 to 2.8 for males and 2.8 to 3.4 for
females). Townships with high rates and larger relative increases were primarily located in Beijing’s
northeastern and southwestern peri-urban areas. However, large increases among young and middle-
aged males were observed throughout peri-urban areas. AMI incidence and their changes over
time varied substantially at the township level in Beijing, especially among young adults. Targeted
mitigation strategies are required for high-risk populations and areas to reduce health disparities
across Beijing.
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1. Introduction

Ischemic heart disease is a leading cause of death worldwide and in China [1,2]. Acute
myocardial infarction (AMI) is a serious manifestation of ischemic heart disease and is
often fatal. The incidence of AMI in Western countries has decreased primarily due to the
implementation of effective prevention strategies [3,4]. However, limited data on temporal
trends for AMI incidence are available for low- and middle-income countries. Beijing
is one of the most populous global cities. In recent decades, this city has experienced
rapid economic and population growth and subsequent social and environmental changes,
such as air pollution, rapid urbanization and lifestyle change, that have been correlated to
cardiovascular risk in other populations [5,6]. However, the recent temporal trends in AMI
incidence in Beijing, and their magnitude, remain unclear.

Research on spatiotemporal variations of cardiovascular disease (CVD) rate at the
small-area level have important implications for developing an effective public health
and policy response and has attracted attention [7–9]. However, small-area studies on
geographic variations and long-term changes in the incidence of AMI are limited [10],
especially within a large, rapidly changing global city. With its highly heterogeneous
physical and social environments, Beijing provides an ideal setting to investigate the
geographic variations in the incidence of AMI at a finer spatial resolution (e.g., at the
township level).

Using annual data on AMI events extracted from the Beijing Cardiovascular Disease
Surveillance System (BCDSS) covering a decade from 2007 to 2018, we aimed to explore
temporal trends and empirically quantify geographic variations in AMI incidence at the
level of Beijing’ s townships.

2. Materials and Methods
2.1. Study Setting

Beijing, which is China’ s capital, covers a total area of 16,410 km2 and comprises
six districts located in the city’s urban core and ten districts, considered peri-urban areas.
Districts can be further divided into townships. We conducted a geographic analysis at
the township level, which is the smallest administrative unit in China. Given the changing
administrative boundaries of some townships over time, 307 townships with consistent
boundaries during the study period were included in the analysis (Figure S1). The median
permanent population of a township was 33,903, while the 10th and the 90th percentiles
population were 10,614 and 86,895, respectively.

2.2. Data Sources

AMI cases were identified through the BCDSS, which links routinely collected records
in the Beijing Hospital Discharge Information System (HDIS) and the Beijing Vital Reg-
istration Monitoring System (VRMS) using personal identification information prior to
this study [11] (Figure S2). The HDIS of the Beijing Municipal Health Commission Infor-
mation Center covers admissions to all secondary and tertiary level hospitals in Beijing,
with the exception of first-level hospitals which directly provide comprehensive medical,
prevention, rehabilitation, and health care services to communities [12]. AMI admissions
were identified from the Beijing HDIS based on principal discharge diagnoses with codes
I21–I22 of the International Classification of Diseases, Tenth Revision (ICD-10) [13]. The
VRMS of the Beijing Center for Disease Control and Prevention covers all deaths in Bei-
jing [14]. Deaths from AMI, which included those that occurred both in and out of hospital,
were identified from the Beijing VRMS according to the underlying causes of death using
the ICD-10 codes (I21–I22) [13]. Information on the age, sex, onset date, and residential
address of each of the AMI cases were obtained directly from the BCDSS. The diagnosis of
AMI in the BCDSS has been validated as described in the method S1.

We took multiple preventative steps to avoid double counting AMI events. Cases of in-
hospital deaths identified in both the Beijing HDIS and the Beijing VRMS were considered
single hospitalized cases. Cases of patients who were discharged and then readmitted on
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the same day (including transferred patients) were deemed single continuous care episodes
(n = 6889). Patients who were discharged following a total length of stay of ≤1 day and
without readmission or death on the same day were excluded (n = 3533), as they were
unlikely to be AMI cases [15]. Cases of hospital admission or death recorded for the
same patient within a 28-day period were considered single events (n = 5874) in line with
the World Health Organization’s monitoring trends and determinants in cardiovascular
disease (WHO-MONICA) protocols [16]. Finally, a total of 259,830 AMI events among
permanent Beijing residents aged ≥35 years recorded in the BCDSS between 2007 and
2018 were included in this analysis (Figure S3). The residential address of each patient
who experienced an AMI event was geocoded and converted to latitude and longitude. All
AMI events were geographically aggregated within townships according to the assigned
latitude and longitude coordinates.

Annual population data from 2007–2018 by sex at township level were extracted from
the statistical yearbooks for districts issued by the Beijing Municipal Bureau Statistics.
Because population data stratified by age and sex are only reported at the district level,
township population by age and sex was estimated by applying the district level population
distributions. The population estimation method referred to a previous study which also
used the population distributions of the larger-level spatial unit to estimate the population
distributions of the smaller-level spatial unit [17].

2.3. Statistical Analysis

AMI incidence estimates in small areas such as townships may be unstable owing
to small numbers of events. We aggregated AMI events and population into four 3 year
periods (2007–2009, 2010–2012, 2013–2015, and 2016–2018) to ensure there were sufficient
numbers of events for stable estimates at the township level. Then, township AMI inci-
dences were estimated separately for males and females, each age group (35–49 years,
50–64 years, 65–79 years, and ≥80 years), and each 3 year period using the Bayesian spatial
model. The model balances between overly unstable within-township estimates and overly
simplified aggregate large-area estimates that mask small-area variation. The details of the
model were described in the method S2.

We reported the posterior mean of AMI incidence rates by sex, age groups, and 3 year
periods for each township. Age- and sex-standardized rates were calculated with weights
derived from the distribution of Beijing’s population by age and sex in the 2010 national
population census. We measured the absolute and relative geographic inequalities in AMI
incidence rates among townships by using the difference between the 90th and the 10th per-
centiles of AMI incidence rates in townships and the ratio of the 90th to the 10th percentiles
of AMI incidence rates in townships, respectively, according to previous literature [7].

To assess the reliability of the permanent population reporting in the statistical year-
books, we used a Bland–Altman graph to compare district populations recorded in the
2010 national population census and the population data from statistical yearbook for the
same year. All the districts except for Haidian had good consistency for the population
data between the census and the statistical yearbook (Figure S4). Therefore, a sensitivity
analysis was performed to assess the robustness of the results after excluding data from
Haidian District.

Data management and analyses were performed using the SAS software, version 9.4
(SAS Institute Inc., Cary, NC, USA), OpenBUGS software, version 3.2.3 (MRC Biostatistics
Unit, Cambridge, UK), and the ArcGIS software, version 10.5 (ESRI Inc., Redlands, CA, USA).

3. Results
3.1. Temporal Trends in AMI Incidence

A total of 259,830 fatal and non-fatal AMI events occurred among permanent residents
of Beijing aged ≥35 years between 2007 and 2018, and 35.8% of patients were female. At
the township level, the median age- and sex-standardized AMI incidence rate increased
by 7.1% from 216.3 per 100,000 population in 2007–2009 to 231.6 per 100,000 population
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in 2016–2018. The median age-standardized rate increased by 14.7% for males, from
288.6 to 331.1 per 100,000 population, whereas the rate for females decreased by 8.1%, from
145.9 to 134.1 per 100,000 population during the study period. Further stratified analyses by
sex and age groups revealed distinct trends. The most pronounced increases in the median
incidence rate were observed among young and middle-aged males (35–49 years: 54.2%;
50–64 years: 33.2%), whereas those for other age–sex groups ranged between −15.1% and
1.5% (Table 1).

Table 1. The Incidence of Acute Myocardial Infarction by Township, 2007–2018 (per 100,000 population).

Characteristic
2007–2009 2010–2012 2013–2015 2016–2018

Median IQR Median IQR Median IQR Median IQR

Total a 216.3 (176.0,
259.5) 239.5 (192.9,

289.4) 236.2 (184.5,
297.3) 231.6 (188.4,

286.1)

Males b 288.6 (230.1,
337.6) 316.4 (253.1,

376.7) 318.9 (253.7,
393.2) 331.1 (267.5,

396.9)

35–49 years 96.5 (76.7, 113.9) 118.8 (95.4, 142.6) 137.0 (103.7,
170.9) 148.8 (108.6,

183.4)

50–64 years 279.8 (215.2,
342.8) 317.5 (258.3,

378.2) 336.1 (264.8,
416.7) 372.6 (297.6,

447.6)

65–79 years 686.2 (577.7,
855.5) 729.6 (577.7,

911.4) 669.3 (541.5,
894.8) 645.2 (506.0,

831.5)

≥80 years 1282.0 (976.1,
1852.0) 1378.0 (1021.0,

1832.0) 1262.0 (958.8,
1733.0) 1301.0 (970.0,

1718.0)

Females b 145.9 (108.5,
186.1) 162.8 (116.6,

206.6) 148.2 (106.5,
199.4) 134.1 (98.3, 174.3)

35–49 years 12.2 (8.2, 15.7) 12.3 (7.5, 16.3) 12.6 (8.0, 18.4) 12.3 (7.2, 16.0)
50–64 years 85.3 (37.4, 134.4) 100.3 (63.6, 124.5) 87.2 (54.4, 116.8) 83.1 (57.3, 105.8)

65–79 years 525.5 (393.0,
639.3) 562.9 (421.2,

695.6) 500.6 (370.7,
657.5) 445.9 (315.8,

574.5)

≥80 years 1220.0 (917.2,
1670.0) 1372.0 (940.0,

1974.0) 1317.0 (937.9,
1883.0) 1192.0 (881.4,

1687.0)
a Age- and sex-standardization according to the population distribution of the 2010 Beijing population census. b Age-standardization
according to the population distribution of the 2010 Beijing population census. IQR indicates interquartile range.

3.2. Geographic Pattern and Inequality in AMI Incidence

Townships with high AMI rates (in the top decile) were mainly found in the southern
peri-urban areas of Beijing in 2007–2009. In 2016–2018, townships with high AMI rates
emerged in the northeastern peri-urban areas and highly clustered in the southwestern
peri-urban areas, while the high-rate townships in the southeastern peri-urban areas had
dissipated (Figure 1). Townships with high AMI rates among young males aged 35–49 years
were more clustered in the peri-urban areas surrounding the urban core by 2016–2018. For
other age–sex groups, the geographic patterns in AMI incidence were similar to those of
the general population during the study period (Figure 2).

Overall, the absolute geographic inequality, which was defined as the difference
between the 90th and 10th percentile of the AMI incidence rate in townships, increased
slightly from 173.8 per 100,000 population in 2007–2009 to 188.1 per 100,000 population
in 2016–2018. Moreover, the relative geographic inequality, defined as the ratio of the
90th to the 10th percentile of the AMI incidence rate in townships, were 2.2 and 2.3 in
2007–2009 and 2016–2018, respectively. The increase in relative geographic inequality was
more apparent in the case of young residents aged 35–49 years (2.1 to 2.8 for males and
2.8 to 3.4 for females) compared with older residents aged 65–79 years (2.2 to 2.4 for males
and 2.7 to 3.1 for females) and those aged ≥80 years (2.9 to 3.2 for males and 3.7 to 3.6 for
females) (Table 2).
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Table 2. Inequalities in the Incidence of Acute Myocardial Infarction by Township, 2007–2018 (per 100,000 population).

2007–2009 2010–2012 2013–2015 2016–2018

Characteristic 10th
Percentile

90th
Percentile 90th–10th a 90th/

10th b
10th

Percentile
90th

Percentile 90th–10th a 90th/
10th b

10th
Percentile

90th
Percentile 90th–10th a 90th/

10th b
10th

Percentile
90th

Percentile 90th–10th a 90th/
10th b

Total c 146.1 319.9 173.8 2.2 147.5 352.1 204.6 2.4 147.5 355.5 208.0 2.4 149.8 337.9 188.1 2.3
Males d 192.7 403.2 210.5 2.1 205.1 446.1 241.0 2.2 211.8 470.3 258.5 2.2 215.3 486.5 271.2 2.3

35–49 years 63.2 135.8 72.6 2.1 77.9 159.3 81.4 2.0 82.6 203.1 120.5 2.5 79.2 221.4 142.2 2.8
50–64 years 180.3 408.6 228.3 2.3 203.5 433.1 229.6 2.1 202.8 482.6 279.8 2.4 241.7 535.9 294.2 2.2
65–79 years 472.4 1053.0 580.6 2.2 458.7 1193.0 734.3 2.6 456.4 1087.0 630.6 2.4 411.6 998.7 587.1 2.4
≥ 80 years 829.9 2413.0 1583.1 2.9 798.6 2589.0 1790.4 3.2 693.1 2425.0 1731.9 3.5 745.8 2357.0 1611.2 3.2
Females d 89.6 234.3 144.7 2.6 85.5 262.5 177.0 3.1 80.8 248.8 168.0 3.1 75.8 221.3 145.5 2.9

35–49 years 6.3 17.9 11.6 2.8 6.0 22.1 16.1 3.7 5.8 27.2 21.4 4.7 5.8 19.9 14.1 3.4
50–64 years 37.4 134.4 97.0 3.6 38.9 153.3 114.4 3.9 37.2 147.7 110.5 4.0 41.3 131.1 89.8 3.2
65–79 years 312.1 830.4 518.3 2.7 316.3 932.4 616.1 2.9 291.6 855.3 563.7 2.9 231.0 721.3 490.3 3.1
≥80 years 707.9 2638.0 1930.1 3.7 723.4 3042.0 2318.6 4.2 705.5 2655.0 1949.5 3.8 679.8 2430.0 1750.2 3.6

a Difference between the 90th and the 10th percentiles of AMI incidence rate in townships, as a measure of absolute geographic inequality. b Ratio of the 90th to the 10th percentiles of AMI incidence rate in
townships, as a measure of relative geographic inequality. c Age- and sex-standardization according to the population distribution of the 2010 Beijing population census. d Age-standardization according to the
population distribution of the 2010 Beijing population census.
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3.3. Geographic Patterns in Changes of AMI Incidence

Most townships with the increase in AMI incidence by 50% or greater were located in
the southwestern and northeastern peri-urban areas of Beijing, and geographic patterns
were similar for males and females. Townships with large declines in incidences of AMI
among females were clustered in the southeastern of Beijing (Figure 3). We found increases
in AMI incidence rates of 50% or greater for young and middle-aged males aged 35–64 years
in almost all peri-urban areas. Declining incidence rates for AMI among other age-sex
groups were mainly found in townships located in the southeastern of Beijing (Figure 4).
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3.4. Sensitivity Analyses

We obtained similar results after excluding Haidian District from the analysis due to
inconsistencies in the recorded population, although overall geographic differences were
smaller (Tables S1 and S2; Figures S5–S8).

4. Discussion

This study reveals the temporal trends in the AMI incidence at the township level in
Beijing over a decade using the most recent data and shows high-resolution inequalities in
the AMI incidence within a global city located in a developing country. We observed an
increase in the median AMI incidence rate in males, particularly those who were young and
middle-aged, and, conversely, a decline in the AMI incidence among older adults during the
study period. High rates and rapid increases in the AMI incidence were particularly evident
in the city’ s southwestern and northeastern peri-urban areas. Moreover, geographic
inequalities in the AMI incidence across townships increased dramatically among younger
residents over the 12 year period of observation.

Our findings show substantial geographic inequalities in the incidence of AMI at the
township level in Beijing. In a previous study conducted at the district level in Beijing,
hotspots of admissions for coronary heart disease were observed in the southwestern
peri-urban Fangshan District [18]. We found similar high-risk areas for AMI incidence.
However, our study, which was conducted at a smaller spatial scale, revealed within-district
variation that may be masked by the district-level averages and expanded the evidence for
implementing targeted actions focusing on specific high-risk areas and populations.

The temporal trends and geographic patterns of AMI incidence observed in our study
may be partly attributed to the changes and variations in the prevalence, awareness, and
control rates of CVD risk factors in Beijing. The increasing prevalence of diabetes and
hypertension within Beijing’ s population may contribute to the increased incidence of AMI
among young and middle-aged males. Studies have shown that the prevalence of diabetes
among Beijing residents aged <40 years increased annually by 13.6% from 2008 to 2017 [19],
while the prevalence of hypertension among residents aged 45–54 years increased by 5.4%
from 2005 to 2011 [20]. Additionally, awareness and control rates of CVD risk factors are
lower among young and middle-aged residents compared with older residents [20,21], who
are more likely to visit healthcare services [22]. The decline in AMI incidence among older
residents in our study may be partly attributable to the improved risk factor management.
For example, from 2005 to 2011, awareness and control rate of hypertension among older
residents in Beijing increased by 11.4% and 10.8%, respectively [20]. Geographically, the
concentration of townships with high and increased incidence of AMI in the southwestern
and northeastern peri-urban areas may be attributed to the higher prevalence of CVD risk
factors in these areas. Recent studies conducted in Beijing found a higher prevalence of
CVD risk factors (e.g., diabetes, hypertension, and higher body mass index) in the districts
of Fangshan (in the southwestern) and Pinggu (in the northeastern) compared with the
average prevalence among residents of Beijing as a whole [19,20,23–26].

Furthermore, there are a number of local public health policies that may explain
some of the temporal trends and geographic patterns of AMI incidence observed in our
study. First, a series of tobacco control policies implemented in Beijing over the last decade
may play a role in the declining trend of AMI incidence among older residents. In 2008,
Beijing enforced a smoking ban in 11 types of public places [27]. One study found that,
between 2001 and 2010, the prevalence of smoking declined by 3.5% (from 24.7% to 21.2%)
among urban older males and nearly halved (declining from 8.8% to 4.1%) among ur-
ban older females [28]. In addition, a previous study found that a significant reduction
in ischemic heart disease was observed only among older residents of Beijing and not
among young and middle-aged residents after the launch of the Beijing Municipal To-
bacco Control Regulation and the implementation of the National Tobacco Tax Reform
in 2015 [29]. Second, Tongzhou District, which has been the location of the Beijing Munici-
pal Administrative Center since 2012, is vigorously promoting the improvement of medical
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resources, and ranks the highest among Beijing’s districts for its increase in medical staff
(160% between 2007 and 2018) [30]. This could partially contribute to the decrease in the
AMI incidence in the southeastern part of Beijing where Tongzhou District is located. Third,
to improve the air quality, the government has enforced a series of policies and control
measures in Beijing, notably the “Regulations of Beijing Municipality on Atmospheric Pol-
lution Prevention and Control” [31] and the “Beijing 2013–2017 Clean Air Action Plan” [32].
Although PM2.5 (particulate matter) concentrations decreased in most areas of Beijing
between 2013 and 2018, townships with high incidence of AMI located in the southwestern
districts, such as Fangshan, continued to rank the highest for air pollution compared with
other districts in Beijing [33], which may have partly contributed to the inequalities in
AMI incidence.

The findings of our study advance the understanding of regional health disparities
and have several implications for effective CVD control. First, our small-area study at
the township level provides targeted guidance on priority areas for preventive activities,
given that a township is the smallest official administrative unit that plays a crucial role
in health-related resource allocation and the implementation of prevention and treatment
programs in China. Second, community-based screening programs, effective at improving
CVD risk factors [34], are essential for CVD control. Third, interventions are needed to
improve accessibility to health care services and ensure adequate medications, and low-
cost guideline-recommended medications should be prioritized in primary health-care
settings [35]. These recommendations are particularly important for developing countries
where there is usually an imbalance between a large and growing CVD burden [2] and
relatively limited allocation of resources for treating non-communicable diseases [36]. Last,
we found that temporal trends and geographic patterns in AMI incidence coincided with
the implementation of certain public policies, such as tobacco control, improvement of
medical resources, and air pollution control. Therefore, more rigorous further studies
focusing on evaluating the impacts of these policies on AMI are warranted, which may be
helpful for the implementation of effective policies targeting preventing CVD and reducing
health inequalities.

Our study had several notable strengths. First, data analysis in most previous geo-
graphic studies has focused either on AMI hospital admissions or mortality, which may
lead to underestimation of the total AMI burden [37–39]. We obtained data on AMI in-
cidence that covered both hospitalized AMI cases and out-of-hospital deaths from the
BCDSS [12,14], thus providing more accurate depictions of spatiotemporal patterns for
the AMI burden. In addition, by borrowing statistical strength across space (neighboring
townships), our Bayesian model produced more robust estimates of AMI incidence at the
small area level [40].

Our study has several limitations to be considered for future studies. First, the total
population of Haidian District recorded in the statistical yearbook was larger than that
recorded in the population census conducted in 2010, which could lead to an underestima-
tion of the overall AMI incidence in Haidian District. However, the results of the sensitivity
analysis, in which Haidian District was excluded, supported our main findings, although
geographic inequalities were smaller than the main results. Second, we were unable to
examine the relative contribution of potential influencing factors to regional disparities
in AMI incidence due to the unavailability of associated factor data at township level
in Beijing. Further association studies focusing on the potential factors and policies that
influence AMI are warranted to better understand the inequities of AMI incidence. More-
over, this observational retrospective study is limited to a Beijing population, whereas the
methodology and findings from this study might be helpful for further studies on trends
and inequalities in AMI incidence in other megacities which experience rapid development
as that of Beijing.
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5. Conclusions

Substantial disparities exist in the incidence of AMI at the township level in Beijing,
with dramatic increases observed among young and middle-aged males from 2007 to 2018.
Hotspots and rapid increases in AMI incidence occurred in the southwestern and north-
eastern peri-urban areas of the city, and geographic inequality in AMI incidence increased
among younger residents. Our findings highlight the need for more targeted actions aimed
at AMI prevention and control among high-risk populations and areas to reduce both the
overall cardiovascular burden in Beijing and regional disparities.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph182312276/s1, Method S1: The validation of the diagnosis of acute myocardial infarc-
tion in the Beijing Cardiovascular Disease Surveillance System. Method S2: The Bayesian spatial
model. Table S1: The Incidence of Acute Myocardial Infarction in Beijing Residents Aged ≥35 Years
at the Township Level after Excluding Data from Haidian District, 2007–2018 (per 100,000 popu-
lation). Table S2: Inequalities in the Incidence of Acute Myocardial Infarction in Beijing Residents
Aged ≥35 Years at the Township Level after Excluding Data from Haidian District (per 100,000 pop-
ulation). Figure S1: Townships in Urban Cores and Peri-urban Areas in Beijing. Figure S2: Data
Source and Linkage of the Beijing Cardiovascular Disease Surveillance System. Figure S3: Flowchart
of the Study Population. Figure S4: The Bland–Altman Plot of Permanent Population by Districts
from Census and Yearbook in the Same Year. Figure S5: Deciles of the Age-Standardized Incidence
of Acute Myocardial Infarction in Beijing Residents Aged ≥35 Years at the Township Level after
Excluding Data from Haidian District, 2007–2018. Figure S6: Deciles of the Incidence of Acute
Myocardial Infarction by Age-Sex Groups at the Township Level in Beijing after Excluding Data
from Haidian District, 2007–2018. Figure S7: Percentage Changes in the Age-Standardized Incidence
of Acute Myocardial Infarction in Beijing Residents Aged ≥35 Years at the Township Level after
Excluding Data from Haidian District, 2007–2018. Figure S8: Percentage Changes in the Incidence of
Acute Myocardial Infarction by Age-Sex Groups at the Township Level in Beijing after Excluding
Data from Haidian District, 2007–2018. References [41,42] are cited in the supplementary materials.

Author Contributions: Conceptualization, J.C., Q.D., J.L. and Y.L.; Data Curation, M.G., F.L., P.H., J.S.
and Y.L.; Formal Analysis, J.C. and Q.D.; Investigation, M.G. and F.L.; Methodology, J.C., Q.D., M.E.,
J.B., H.B.,Y.S., Y.L. and J.L.; Project Administration, J.S.; Visualization, J.C. and Q.D.; Supervision, Y.L.
and J.L.; Validation, P.H.; Writing—Original Draft, J.C. and Q.D.; Writing—Review and Editing, J.C.,
Q.D., M.G., M.E., J.B., H.B., Q.C., J.L., Y.L., D.Z., F.L., P.H., Y.S. and J.S.; Funding Acquisition, J.L. and
M.E. All authors contributed to interpretation of results and drafting of this manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Natural Science Foundation of China (grant num-
ber 82073635), the Pathways to Equitable Healthy Cities grant from the Wellcome Trust
(209376/Z/17/Z), the Beijing Nova Programme Interdisciplinary Cooperation Project (grant num-
ber Z191100001119017), the Capital’s Funds for Health Improvement and Research (grant number
2020-1-1051), and a grant from the Centre of Research Excellence at the British Heart Foundation
(grant number RE/18/4/34215). The funders had no role in the study design, collection, analysis,
interpretation of data, or writing of the manuscript. For the purpose of open access, the author has
applied a CC BY public copyright license to any Author Accepted Manuscript version arising from
this submission.

Institutional Review Board Statement: The study was approved by the ethics review committee at
Beijing An Zhen Hospital, Capital Medical University (ks2020010), with a waiver of informed consent.

Informed Consent Statement: The study was approved by the ethics review committee at Beijing
An Zhen Hospital, Capital Medical University, with a waiver of informed consent. The data were
de-identified prior to analysis.

Data Availability Statement: The data used for this study were obtained from the Beijing Municipal
Health Commission Information Center and cannot be shared publicly, given their institutional
regulations and the data confidentiality agreement. Similar data may be requested by researchers from
the above data holder authorities for research purposes. The analytical methods can be reproduced
based on the details provided in this article, and the statistical code is available upon request.

https://www.mdpi.com/article/10.3390/ijerph182312276/s1
https://www.mdpi.com/article/10.3390/ijerph182312276/s1


Int. J. Environ. Res. Public Health 2021, 18, 12276 11 of 12

Conflicts of Interest: Majid Ezzati reports a charitable grant from the AstraZeneca Young Health
Programme, and personal fees from Prudential, outside the submitted work. The remaining authors
declare that they have no competing interests.

Abbreviations

AMI: acute myocardial infarction; CVD: cardiovascular disease; BCDSS: Beijing cardiovascular
disease surveillance system; HDIS: hospital discharge information system; VRMS: vital registration
monitoring system; ICD-10: international classification of diseases, tenth revision; WHO-MONICA:
World Health Organization’s monitoring trends and determinants in cardiovascular disease.

References
1. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories,

1990–2019: A systematic analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1204–1222. [CrossRef]
2. Zhou, M.; Wang, H.; Zeng, X.; Yin, P.; Zhu, J.; Chen, W.; Li, X.; Wang, L.; Wang, L.; Liu, Y.; et al. Mortality, morbidity, and risk

factors in China and its provinces, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 2019,
394, 1145–1158. [CrossRef]

3. Dégano, I.R.; Salomaa, V.; Veronesi, G.; Ferriéres, J.; Kirchberger, I.; Laks, T.; Havulinna, A.S.; Ruidavets, J.-B.; Ferrario, M.M.;
Meisinger, C.; et al. Twenty-five-year trends in myocardial infarction attack and mortality rates, and case-fatality, in six European
populations. Heart 2015, 101, 1413–1421. [CrossRef] [PubMed]

4. Rosamond, W.D.; Chambless, L.E.; Heiss, G.; Mosley, T.H.; Coresh, J.; Whitsel, E.; Wagenknecht, L.; Ni, H.; Folsom, A.R. Twenty-
two-year trends in incidence of myocardial infarction, coronary heart disease mortality, and case fatality in 4 US communities,
1987–2008. Circulation 2012, 125, 1848–1857. [CrossRef] [PubMed]

5. Geldsetzer, P.; Manne-Goehler, J.; Theilmann, M.; Davies, J.I.; Awasthi, A.; Danaei, G.; Gaziano, T.A.; Vollmer, S.; Jaacks, L.M.;
Bärnighausen, T.; et al. Geographic and sociodemographic variation of cardiovascular disease risk in India: A cross-sectional
study of 797,540 adults. PLoS Med. 2018, 15, e1002581. [CrossRef]

6. Bai, L.; Shin, S.; Burnett, R.T.; Kwong, J.C.; Hystad, P.; van Donkelaar, A.; Goldberg, M.S.; Lavigne, E.; Copes, R.; Martin,
R.V.; et al. Exposure to ambient air pollution and the incidence of congestive heart failure and acute myocardial infarction: A
population-based study of 5.1 million Canadian adults living in Ontario. Environ. Int. 2019, 132, 105004. [CrossRef]

7. Roth, G.A.; Dwyer-Lindgren, L.; Bertozzi-Villa, A.; Stubbs, R.W.; Morozoff, C.; Naghavi, M.; Mokdad, A.H.; Murray, C.J.L. Trends
and patterns of geographic variation in cardiovascular mortality among US counties, 1980–2014. JAMA 2017, 317, 1976–1992.
[CrossRef]

8. Casper, M.; Kramer, M.R.; Quick, H.; Schieb, L.J.; Vaughan, A.S.; Greer, S. Changes in the geographic patterns of heart disease
mortality in the United States: 1973 to 2010. Circulation 2016, 133, 1171–1180. [CrossRef]

9. Asaria, P.; Fortunato, L.; Fecht, D.; Tzoulaki, I.; Abellan, J.J.; Hambly, P.; Hoogh, K.d.; Ezzati, M.; Elliott, P. Trends and inequalities
in cardiovascular disease mortality across 7932 English electoral wards, 1982–2006: Bayesian spatial analysis. Int. J. Epidemiol.
2012, 41, 1737–1749. [CrossRef]

10. Viik-Kajander, M.; Moltchanova, E.; Salomaa, V.; Tuomilehto, J.; Ketonen, M.; Palomäki, P.; Miettinen, H.; Pyörälä, K.; Karvonen,
M. Geographical variation in the incidence of acute myocardial infarction in eastern Finland–a Bayesian perspective. Ann. Med.
2003, 35, 43–50. [CrossRef]

11. Xie, W.; Li, G.; Zhao, D.; Xie, X.; Wei, Z.; Wang, W.; Wang, M.; Li, G.; Liu, W.; Sun, J.; et al. Relationship between fine particulate
air pollution and ischaemic heart disease morbidity and mortality. Heart 2015, 101, 257–263. [CrossRef] [PubMed]

12. Zhang, Y.; Ma, R.; Ban, J.; Lu, F.; Guo, M.; Zhong, Y.; Jiang, N.; Chen, C.; Li, T.; Shi, X. Risk of cardiovascular hospital admission
after exposure to fine particulate pollution. J. Am. Coll. Cardiol. 2021, 78, 1015–1024. [CrossRef]

13. Asaria, P.; Elliott, P.; Douglass, M.; Obermeyer, Z.; Soljak, M.; Majeed, A.; Ezzati, M. Acute myocardial infarction hospital
admissions and deaths in England: A national follow-back and follow-forward record-linkage study. Lancet Public Health 2017,
2, e191–e201. [CrossRef]

14. Liu, R.; Liu, X.; Yang, P.; Du, X.; He, L.; Chen, T.; Li, X.; Xie, G.; Wu, S.; Su, J.; et al. Influenza-associated cardiovascular mortality
in older adults in Beijing, China: A population-based time-series study. BMJ Open. 2020, 10, e042487. [CrossRef]

15. Chen, J.; Normand, S.L.; Wang, Y.; Drye, E.E.; Schreiner, G.C.; Krumholz, H.M. Recent declines in hospitalizations for acute my-
ocardial infarction for Medicare fee-for-service beneficiaries: Progress and continuing challenges. Circulation 2010, 121, 1322–1328.
[CrossRef]

16. WHO MONICA Project. MONICA Manual, Part IV: Event Registration. Available online: https://www.thl.fi/publications/
monica/manual/part4/iv-1.htm (accessed on 13 October 2021).

17. Bearak, J.M.; Burke, K.L.; Jones, R.K. Disparities and change over time in distance women would need to travel to have an
abortion in the USA: A spatial analysis. Lancet Public Health 2017, 2, e493–e500. [CrossRef]

http://doi.org/10.1016/S0140-6736(20)30925-9
http://doi.org/10.1016/S0140-6736(19)30427-1
http://doi.org/10.1136/heartjnl-2014-307310
http://www.ncbi.nlm.nih.gov/pubmed/25855798
http://doi.org/10.1161/CIRCULATIONAHA.111.047480
http://www.ncbi.nlm.nih.gov/pubmed/22420957
http://doi.org/10.1371/journal.pmed.1002581
http://doi.org/10.1016/j.envint.2019.105004
http://doi.org/10.1001/jama.2017.4150
http://doi.org/10.1161/CIRCULATIONAHA.115.018663
http://doi.org/10.1093/ije/dys151
http://doi.org/10.1080/07853890310004129
http://doi.org/10.1136/heartjnl-2014-306165
http://www.ncbi.nlm.nih.gov/pubmed/25341536
http://doi.org/10.1016/j.jacc.2021.06.043
http://doi.org/10.1016/S2468-2667(17)30032-4
http://doi.org/10.1136/bmjopen-2020-042487
http://doi.org/10.1161/CIRCULATIONAHA.109.862094
https://www.thl.fi/publications/monica/manual/part4/iv-1.htm
https://www.thl.fi/publications/monica/manual/part4/iv-1.htm
http://doi.org/10.1016/S2468-2667(17)30158-5


Int. J. Environ. Res. Public Health 2021, 18, 12276 12 of 12

18. Amsalu, E.; Liu, M.; Li, Q.; Wang, X.; Tao, L.; Liu, X.; Luo, Y.; Yang, X.; Zhang, Y.; Li, W.; et al. Spatial-temporal analysis of
cause-specific cardiovascular hospital admission in Beijing, China. Int. J. Environ. Health Res. 2021, 31, 595–606. [CrossRef]
[PubMed]

19. Wang, Z.; Wu, Y.; Wu, J.; Wang, M.; Wang, X.; Wang, J.; Wu, T.; Wu, Y.; Hu, Y. Trends in prevalence and incidence of type 2 diabetes
among adults in Beijing, China, from 2008 to 2017. Diabet. Med. 2021, 38, e14487. [CrossRef]

20. Li, G.; Hu, H.; Dong, Z.; Xie, J.; Zhou, Y. Urban and suburban differences in hypertension trends and self-care: Three population-
based cross-sectional studies from 2005–2011. PLoS ONE 2015, 10, e0117999. [CrossRef]

21. Cai, L.; Zhang, L.; Liu, A.; Li, S.; Wang, P. Prevalence, awareness, treatment, and control of dyslipidemia among adults in Beijing,
China. J. Atheroscler. Thromb. 2012, 19, 159–168. [CrossRef]

22. Zhang, Y.; Moran, A.E. Trends in the prevalence, awareness, treatment, and control of hypertension among young adults in the
United States, 1999 to 2014. Hypertension 2017, 70, 736–742. [CrossRef]

23. Cai, L.; Han, X.; Qi, Z.; Li, Z.; Zhang, Y.; Wang, P.; Liu, A. Prevalence of overweight and obesity and weight loss practice among
Beijing adults, 2011. PLoS ONE 2014, 9, e98744. [CrossRef]

24. He, L.; Tang, X.; Song, Y.; Li, N.; Li, J.; Zhang, Z.; Liu, J.; Yu, L.; Xu, H.; Zhang, J.; et al. Prevalence of cardiovascular disease and
risk factors in a rural district of Beijing, China: A population-based survey of 58,308 residents. BMC Public Health 2012, 12, 34.
[CrossRef]

25. Zhou, X.; Li, Y.; Zhang, X.; Guan, Y.Y.; Puentes, Y.; Zhang, F.; Speliotes, E.K.; Ji, L. Independent markers of nonalcoholic fatty liver
disease in a gentrifying population-based Chinese cohort. Diabetes Metab. Res. Rev. 2019, 35, e3156. [CrossRef] [PubMed]

26. Callaghan, B.C.; Gao, L.; Li, Y.; Zhou, X.; Reynolds, E.; Banerjee, M.; Pop-Busui, R.; Feldman, E.L.; Ji, L. Diabetes and obesity are
the main metabolic drivers of peripheral neuropathy. Ann. Clin. Transl. Neurol. 2018, 5, 397–405. [CrossRef] [PubMed]

27. The People’s Government of Beijing Municipality. Beijing’s Stipulation on the Scope of Public Place Smoking Ban Bei-
jing. 2008. Available online: http://www.beijing.gov.cn/zhengce/zfwj/zfwj/szfl/201905/t20190523_75989.html (accessed on
13 October 2021).

28. Yang, S.; He, Y.; Liu, M.; Wang, Y.; Wu, L.; Wang, J.; Zhang, D.; Zeng, J.; Jiang, B.; Li, X. Changes in and patterns of smoking
exposure in an elderly urban population in Beijing: 2001–2010. PLoS ONE 2015, 10, e0118500. [CrossRef]

29. Wu, Y.; Wang, Z.; Zheng, Y.; Wang, M.; Wang, S.; Wang, J.; Wu, J.; Wu, T.; Chang, C.; Hu, Y. The impact of comprehensive tobacco
control policies on cardiovascular diseases in Beijing, China. Addiction 2021, 116, 2175–2184. [CrossRef]

30. Beijing Municipal Health Commission Information Center/Policy Research Center. Beijing Health Statistical Yearbook 2007–2018.
Available online: http://www.phic.org.cn/tjsj/wstjjb/ (accessed on 13 October 2021).

31. Ministry of Ecology and Environment of the People’s Republic of China. Regulations of Beijing Municipality on Atmospheric
Pollution Prevention and Control. Available online: http://www.mee.gov.cn/home/ztbd/rdzl/dqst/mbzrs/201504/P0201504
22602290709204.pdf (accessed on 13 October 2021).

32. The People’s Government of Beijing Municipality. Beijing 2013–2017 Clean Air Action Plan. Available online: http://www.
beijing.gov.cn/zhengce/zfwj/zfwj/szfwj/201905/t20190523_72673.html (accessed on 13 October 2021).

33. Zhang, L.; An, J.; Liu, M.; Li, Z.; Liu, Y.; Tao, L.; Liu, X.; Zhang, F.; Zheng, D.; Gao, Q.; et al. Spatiotemporal variations and
influencing factors of PM2.5 concentrations in Beijing, China. Environ. Pollut. 2020, 262, 114276. [CrossRef] [PubMed]

34. Chen, S.; Sudharsanan, N.; Huang, F.; Liu, Y.; Geldsetzer, P.; Bärnighausen, T. Impact of community based screening for
hypertension on blood pressure after two years: Regression discontinuity analysis in a national cohort of older adults in China.
BMJ 2019, 366, l4064. [CrossRef]

35. Su, M.; Zhang, Q.; Bai, X.; Wu, C.; Li, Y.; Mossialos, E.; Mensah, G.A.; Masoudi, F.A.; Lu, J.; Li, X.; et al. Availability, cost, and
prescription patterns of antihypertensive medications in primary health care in China: A nationwide cross-sectional survey.
Lancet 2017, 390, 2559–2568. [CrossRef]

36. Tang, S.; Ehiri, J.; Long, Q. China’s biggest, most neglected health challenge: Non-communicable diseases. Infect. Dis. Poverty
2013, 2, 7. [CrossRef] [PubMed]

37. Caswell, J.M. Exploring spatial trends in Canadian incidence of hospitalization due to myocardial infarction with additional
determinants of health. Public Health 2016, 140, 136–143. [CrossRef] [PubMed]

38. Odoi, E.W.; Nagle, N.; Roberson, S.; Kintziger, K.W. Geographic disparities and temporal changes in risk of death from myocardial
infarction in Florida, 2000–2014. BMC Public Health 2019, 19, 505. [CrossRef]

39. Odoi, A.; Busingye, D. Neighborhood geographic disparities in heart attack and stroke mortality: Comparison of global and local
modeling approaches. Spat. Spatiotemporal Epidemiol. 2014, 11, 109–123. [CrossRef] [PubMed]

40. Vaughan, A.S.; Quick, H.; Pathak, E.B.; Kramer, M.R.; Casper, M. Disparities in temporal and geographic patterns of declining
heart disease mortality by race and sex in the United States, 1973–2010. J. Am. Heart Assoc. 2015, 4, e002567. [CrossRef] [PubMed]

41. Zhang, Q.; Zhao, D.; Xie, W.; Xie, X.; Guo, M.; Wang, M.; Wang, W.; Liu, W.; Liu, J. Recent trends in hospitalization for acute
myocardial infarction in Beijing: Increasing overall burden and a transition from ST-segment elevation to non-ST-segment
elevation myocardial infarction in a population-based study. Medicine (Baltimore) 2016, 95, e2677. [CrossRef] [PubMed]

42. Besag, J.; York, J.; Mollié, A. Bayesian image restoration, with two applications in spatial statistics. Ann. Inst. Stat. Math. 1991,
43, 1–20. [CrossRef] [PubMed]

http://doi.org/10.1080/09603123.2019.1677862
http://www.ncbi.nlm.nih.gov/pubmed/31621392
http://doi.org/10.1111/dme.14487
http://doi.org/10.1371/journal.pone.0117999
http://doi.org/10.5551/jat.10116
http://doi.org/10.1161/HYPERTENSIONAHA.117.09801
http://doi.org/10.1371/journal.pone.0098744
http://doi.org/10.1186/1471-2458-12-34
http://doi.org/10.1002/dmrr.3156
http://www.ncbi.nlm.nih.gov/pubmed/30892820
http://doi.org/10.1002/acn3.531
http://www.ncbi.nlm.nih.gov/pubmed/29687018
http://www.beijing.gov.cn/zhengce/zfwj/zfwj/szfl/201905/t20190523_75989.html
http://doi.org/10.1371/journal.pone.0118500
http://doi.org/10.1111/add.15406
http://www.phic.org.cn/tjsj/wstjjb/
http://www.mee.gov.cn/home/ztbd/rdzl/dqst/mbzrs/201504/P020150422602290709204.pdf
http://www.mee.gov.cn/home/ztbd/rdzl/dqst/mbzrs/201504/P020150422602290709204.pdf
http://www.beijing.gov.cn/zhengce/zfwj/zfwj/szfwj/201905/t20190523_72673.html
http://www.beijing.gov.cn/zhengce/zfwj/zfwj/szfwj/201905/t20190523_72673.html
http://doi.org/10.1016/j.envpol.2020.114276
http://www.ncbi.nlm.nih.gov/pubmed/32179215
http://doi.org/10.1136/bmj.l4064
http://doi.org/10.1016/S0140-6736(17)32476-5
http://doi.org/10.1186/2049-9957-2-7
http://www.ncbi.nlm.nih.gov/pubmed/23849054
http://doi.org/10.1016/j.puhe.2016.07.006
http://www.ncbi.nlm.nih.gov/pubmed/27523784
http://doi.org/10.1186/s12889-019-6850-x
http://doi.org/10.1016/j.sste.2014.10.001
http://www.ncbi.nlm.nih.gov/pubmed/25457600
http://doi.org/10.1161/JAHA.115.002567
http://www.ncbi.nlm.nih.gov/pubmed/26672077
http://doi.org/10.1161/JAHA.115.002567
http://www.ncbi.nlm.nih.gov/pubmed/26672077
http://doi.org/10.1161/JAHA.115.002567
http://www.ncbi.nlm.nih.gov/pubmed/26672077

	Introduction 
	Materials and Methods 
	Study Setting 
	Data Sources 
	Statistical Analysis 

	Results 
	Temporal Trends in AMI Incidence 
	Geographic Pattern and Inequality in AMI Incidence 
	Geographic Patterns in Changes of AMI Incidence 
	Sensitivity Analyses 

	Discussion 
	Conclusions 
	References

