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The main noncommunicable diseases (NCDs) are
cardiovascular disease, cancer, respiratory diseases,
and diabetes, with the first two accounting for 66%
of deaths attributable to NCDs worldwide'™. In 2019,
global NCD deaths rose to almost 42 million, with
nearly a quarter of these deaths occurring in Chlnam
China experienced an 11% relative increase in the
crude mortality rate for NCDs but a 10% relative
decrease in the age-standardized mortality rate
(ASMR) during 2010-2019"'. This situation is similar
to many other countries, and is mainly the result of
population aging. According to World Population
Prospects”, there will be 247 million adults aged 65
years and over in China in 2030, 1.43 times more
than in 2020, which will pose a huge challenge to
managing the burden of NCDs.

China is a developing country with particularly
pronounced regional disparities in many respects,
such as socioeconomic issues, healthcare resources,
and population aging. The NCD burden therefore
also varies by region. However, previous studies
have focused more on national levels or urban-rural
comparlsons . Controlling and reducing regional
disparities in healthcare, including in NCD
management, was one of the goals of Health China
2030. A crucial starting point for this work is
understanding the current status of NCDs burden
with population aging by region during 2010-2019,
and projecting trends for 2020 to 2030. This will
provide data-driven evidence for policy-makers to
develop region-specific measures to address the
increased burden of NCDs in the context of
population aging.

We wused codes from the International
Classification of Diseases, Tenth Revision (ICD 10) to
extract death data for 2010-2019 by region (eastern,
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central, and western China) for seven NCDs with a
high prevalence or incidence, including two types of
cardiovascular disease (cerebrovascular diseases
160-169, ischemic heart diseases 120-125) and five
cancers (lung C33-C34, stomach C16, liver C22,
colorectal C18-C21, and esophageal C15) from
China’s death surveillance datasets. From 2013, the
number of death surveillance points (DSPs) involved
in the system expanded from 161 to 605, increasing
the coverage of the national population from 6% to
24%. The Chinese Center for Disease Control and
Prevention has carried out strict data quality control.
China’s projected population data from 2020 to 2030
were derived from the United Nations Population
Division ~World Population  Prospects, 2019
Revision.

We calculated the age-specific mortality rate for
each 5-year age group (from 30-35 years to 85+
years; the incidence of NCDs in people under 30
years old is low”) by cause of death and region to
describe the status of the selected NCDs during
2010-2019, and ASMR based on age-specific
mortality rate and the Chinese standard population
in 2010,

Considering the impact of sudden changes in the
aging population, we calculated the aging-adjusted
mortality rate (AAM R)"™,

AAMR; = Pi X g5+ MR;
Po

where p, is the proportion of the population aged
65+ years in 2010 (reference year), p;, is the
proportion in the jth year (i=2011,2012,---,2019),

% is the relative change in the proportion of the

population aged 65+ years in the ith year; and ¢, MR;
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is the mortality rate (MR) for the population aged
65+ years.

Under the assumption that current trends will be
maintained for socioeconomic and other risk factors
in each region, we projected 4.MR, ASMR and
AAMR for selected NCDs for the period 2020-2030
as follows.

We identified trends in 5, MR by region over the
baseline period (2010-2019) using a joinpoint
regression model. We noted years in which a
significant change occurred in the linear slope of the
trend, to confirm that each straight line contained at
least five data points (the most recent trends). We
used the most recent trends to fit a linear regression
model and predicted the ¢,MR. 5. MR trends and
annual percent change (APC) are shown in
Supplementary Table S1 (available in www.
besjournal.com). The age-specific mortality rate for
each 5-year age group was predicted using the same
process. We then calculated the ASMR for
2020-2030 using the predicted age-specific mortality
rate and Chinese standard population[el. The same
prediction model was used in other articles”’. To
project the proportion of the population aged 65+
years in the three study regions, we assumed that
the future growth rate in this proportion for the
three regions is the same as that for China overall
from 2020 to 2030, from World Population
Prospects®. This was obtained by fitting linear
regression models (Supplementary Table S2,
available in www.besjournal.com). Finally, the AAMR
was calculated (Supplementary Figure S1, available
in www.besjournal.com).

There is an underlying assumption that the

population aged 65 years and older is homogeneous.
Letting ¢5,.MR denote the effect of modifiable factors
(e.g., smoking, alcohol consumption and sedentary
behavior) and AAMR denote the effect of both
modifiable factors and population aging, challenges
in the management of the NCD burden in the next
10 years can be divided into three scenarios
(Supplementary Table S3, available in www.
besjournal.com).

The analyses used Joinpoint Regression Program
(Version 4.8.0.1, Statistical Methodology and
Applications Branch, Surveillance Research Program,
National Cancer Institute., USA ), and SAS software
(version 9.4, SAS Institute, North Carolina, USA).

In 2019, 60% of the monitoring sites of DSPs in
the eastern region were in rural areas, compared to
66% and 70% in the central and western regions.
Other regional disparities in basic characteristics are
shown in Supplementary Table S4 (available in
www.besjournal.com).

Table 1 shows the cause-specific mortality rates
(per 100,000) of the selected NCDs in the three
regions for the population aged 65+ years. Central
region has the greatest ¢,MR in cardiovascular
diseases in 2019, which can be explained by the
small difference between the population age 65+
years in the central region and the eastern region
(13.74% vs. 12.17%; Supplementary Table S4) and
lower level of health care. In the past 10 years,
changes in the 4,MR for overall cardiovascular
diseases varied across regions. However, changes in
the disease-specific ¢,MR showed a highly
consistent pattern across the three regions. The
65+MR of cerebrovascular disease saw a decline in all

Table 1. Estimated cause-specific mortality rates (per 100,000) of selected NCDs’ for the population aged 65+

years by region in 2010 and 2019

Cause of death 1CD-10° code Eastern Central Western
2010 2019 2010 2019 2010 2019

Cardiovascular diseases 1,925.71 1,693.12 2,273.54 2,051.60 1,636.18 1,755.74
Cerebrovascular diseases 160-169 1,146.82 884.37 1,361.91 1,069.79 1,115.53 1,018.78
Ischemic heart diseases 120-125 778.89 808.75 911.63 981.81 520.65 736.96

Cancer site 706.93 638.35 777.56 623.70 571.41 539.22
Lung C33-C34 283.88 277.95 288.29 273.99 204.28 215.74
Stomach Cl6 146.85 116.26 173.94 112.16 121.96 95.13
Liver C22 118.92 91.88 145.98 112.35 117.80 96.48
Esophageal C15 87.38 75.50 107.32 64.87 77.15 69.51
Colorectal C18-C21 69.91 76.75 62.03 60.33 50.22 62.37

Note. °Noncommunicable disease; ®|nternational Classification of Diseases, 10th Revision.
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three regions, with the most rapid relative decrease
in the eastern region (22.9%) and the slowest in the
western region (8.7%). By contrast, the ¢,MR of
ischemic heart disease showed an increase in all
three regions, with the most rapid relative increase
being 41.5% in the western region, 10 times more
than the slowest.

For overall cancer, the 4.MR showed a decline in
all three regions, with relative decreases of 9.7%,
19.8%, and 5.6% in the eastern, central, and western
regions (Table 1). However, changes in the ¢;,MR for
some cancers showed different patterns across
regions. Lung cancer had the highest ¢,MR among
the five cancers in the three regions, with the 4,.MR
showing a decrease in the eastern and central
regions (2.1% and 5.0% relative decreases) but an
increase in the western region (5.6%). Stomach
cancer had the second-highest ¢,MR in 2010, but
showed the most rapid decrease in g5,MR in all three
regions, with relative decreases of 20.8%, 35.5%, and
22.0% in the eastern, central, and western regions.
The 45;.MR of colorectal cancer, which had the lowest
rate of all cancers in 2010, increased in the eastern
region from 69.91/100,000 to 76.75/100,000 (9.8%)
and in the western region from 50.22/100,000 to
62.37/100,000 (24.2%). China has seen declines in
cardiovascular disease and cancer mortality among
people aged 65-89 yearsm. However, the country
has experienced three fertility peaks since 1949, and
these birth cohorts entered the older population
beginning in 2014; this may be partly responsible for

the decline in mortality rate among the population
aged 65+ years rather than effective control of other
risk factors.

Figure 1 shows projected trends in the ASMR,
65+MR, and AAMR (per 100,000) of cardiovascular
diseases and cancers from 2020 to 2030. The 95%
confidence intervals (Cls) are shown in
Supplementary Table S5 (available in www.
besjournal.com). The scenarios varied by region for
cardiovascular diseases. Compared with 2019, the
65+MR and AAMR in the eastern region are projected
to see a relative decrease of 37.1% and 13.1%
(Supplementary Table S6, available in  www.
besjournal.com). This is likely to be from the effect
of modifiable factors reducing the burden of
cardiovascular diseases, which offsets the effect of
population aging (scenario 3). In the central region,
the effect of modifiable factors in reducing the
disease burden cannot fully offset the effect of
population aging (scenario 2: 8.4% relative decrease
in .MR, 31.2% relative increase in AAMR). The
western region is expected to see the dual effects of
population aging and modifiable risk factors
increasing the disease burden (scenario 1: 13.0% and
64.2% relative increases in ¢;,MR and AAMR). By
2030, the AAMR of cardiovascular diseases in the
western region is expected to be the highest among
the three regions, nearly double that in the eastern
region (4,241.36/100,000 vs. 2,199.87/100,000).

In terms of cancers, the eastern region is
expected to see scenario 1 in the future, with
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Figure 1. Age-standardized mortality rate, mortality rate for age 65+ years, and aging-adjusted mortality
rate (per 100,000) for two major causes of death by region, 2010 to 2030.
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scenario 2 applying to the central and western
regions. From 2019 to 2030, the cancer ¢,MR is
projected to increase in the eastern region (1.0%
relative increase) but decrease in the central and
western regions (by 23.6% and 1.9%). The AAMR in
the western region is projected to show the most
rapid increase (42.5% relative increase). By 2030, the
AAMR of cancer in the western region is expected to
be higher than that of the central region
(1,130.70/100,000 vs. 1,018.68/100,000).

Figure 2 summarizes the scenario for all specific
causes of death in each region during the next 10
years. The recommended management priorities are
broadly consistent with those suggested by the
current status. In 2030, colorectal cancer in the
eastern region is expected to be the second most
important cause of death, with the most rapid
increase in g5,MR among all cancers (16.6% relative
increase) and a 61.1% relative increase in AAMR. The
same is true for colorectal cancer in the western
region. The ¢.MR of lung cancer and esophageal
cancer in the eastern region are also projected to
show a slight increase (7.4% and 6.9% relative
increase). Coupled with population aging, the
burden of these two cancers is likely to pose a
double challenge (Supplementary Figure S2 and
Supplementary Table S6). Cerebrovascular diseases
are expected to show the same scenario in all three
regions, with the highest 2030 ¢;,MR and AAMR in

Cause of death Eastern Central  Western
Cerebrovascular diseases 0 0 0
Ischemic heart diseases (] () ()
Lung () 0 [ )
Stomach (] (] 0
Liver 0 0 0
Esophageal () () 0
Colorectal () 0 o

e Scenario 1 e Scenario 2 o Scenario 3

Figure 2. Summary of scenarios® for specific
cause of death in 2030 compared with 2019.
*Scenario 1, marked with red solid circles,
indicates the effects of modifiable factors and
population aging that increase the disease
burden; scenario 2, marked with yellow solid
circles, indicates that the effect of population
aging in increasing the disease burden is
dominant; scenario 3, marked with blue solid
circles, indicates that the effect of modifiable
factors in reducing the disease burden is
dominant.

the  western region  (922.92/100,000 and
1,972.58/100,000). The regional disparities for
selected NCDs can be explained by the many
modifiable risk factors and socioeconomic issues. In
the western region in particular, there is a higher
prevalence of risk factors (such as hypertension) for
diseases, as well as lower healthcare access and
qualitylsl. In the eastern region, there is high
urbanization, and increases in adoption of a
westernized diet and sedentary lifestyle is expected
to lead to increased mortality from lung and
colorectal cancers in the next 10 years, despite the
lower smoking prevalence there. In resource-limited
China, it is therefore important to use targeted
action in each region to curtail a future rise in deaths
from NCDs.

For cardiovascular diseases in men, the AAMR is
projected to increase in all three regions from 2010
to 2030 (20.2%, 55.1%, and 114.6% relative
increases;  Supplementary  Figure S3  and
Supplementary Table S7, available in www.
besjournal.com). The same trend was also projected
for women. For cancer, the AAMR trends in both
men and women showed the same profile as for
cardiovascular diseases. The AAMR of cancer is
projected to increase faster in women than men, but
still to remain consistently higher in men. This can be
partially explained by smoking prevalence, which is
lower among women but women are more likely to
experience passive smoking at home and in the
workplace[gl.

Compared with developed countries, China’s
healthcare system is not sufficiently mature. In
neighboring Japan, patients can easily access medical
institutions at a low cost, and routine health checkups
cover all adults age 40 years and over™. Chinese
policy-makers are gradually improving the healthcare
system by expanding the coverage of social health
insurance and the scope of reimbursement in the
eastern region. In the western region, the primary task
is to improve socioeconomic status, which is associated
with improving health. To develop the economy of the
western region, the government issued the “Strategy
for Large-scale Development of Western China”
beginning from the 10th Five-Year Plan, and linked to
the Belt and Road Initiative in 2013. These initiatives
provide a material and economic basis for the
management of NCDs. In 2016, China released the
Health China 2030 Planning Outline, which further
highlights the importance of a healthy population. It
also implements health poverty alleviation projects for
the central and western regions to narrow regional
disparities. These initiatives present a tremendous
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opportunity to prevent and control NCDs among aging
populations in these regions.

Our study had several limitations. First, under-
reporting of data may lead to underestimation of
mortality rates. Second, there are many aspects of
change which could lead to uncertainty about future
trends. However, regional disparities are still likely.
With the development of healthcare systems and
urban-rural  development, the 4,MR  of
cardiovascular diseases will probably decline faster
than our prediction, which would overestimate the
projected future mortality rate. Additionally, we do
not have access to data on changes in the proportion
of the population aged 65+ years for each region
between 2020 and 2030. We assumed that the
proportion of this population in the three regions
would grow at the same pace, which may lead to the
projections of AAMR being skewed to some extent.
Mortality rates have been adjusted for age and sex,
but future mortality rates will also be influenced by
many other factors, such as smoking cessation rates,
and the development of screening.

There is wide regional disparity in the burden of
NCDs in China. The most serious burden is in the
western region, where the impact of population
aging far outweighs the decline that could be
obtained by controlling modifiable factors. A one-
size-fits-all management model in China is not
feasible and each region should identify its own
disease control priorities.
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