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Projected rapid growth in diabetes disease burden and
economic burden in China: a spatio-temporal study from 2020
to 2030
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Summary
Background This study projects the trend of disease burden and economic burden of diabetes in 33 Chinese provinces
and nationally during 2020-2030 and investigates its spatial disparities.

Methods Time series prediction on the prevalence and disability-adjusted life-year (DALY) rates of diabetes was
conducted using a Bayesian modelling approach in 2020-2030. The top-down method and the human capital
method were used to predict the direct and indirect costs of diabetes for each Chinese province. Global and local
spatial autocorrelation analyses were used to identify geographic clusters of low-or high-burden areas.

Findings Diabetes prevalence in Chinese adults aged 20-79 years was projected to increase from 8.2% to 9.7% during
2020-2030. During the same period, the total costs of diabetes would increase from $250.2 billion to $460.4 billion,
corresponding to an annual growth rate of 6.32%. The total costs of diabetes as a percentage of GDP would increase
from 1.58% to 1.69% in China during 2020-2030, suggesting a faster growth in the economic burden of diabetes than
China’s economic growth. Consistently, the per-capita economic burden of diabetes would increase from $231 to
$414 in China during 2020-2030, with an annual growth rate of 6.02%. High disease and economic burden areas
were aggregated in Northeast and/or North China.

Interpretation Our study projects a significant growth of disease and economic burden of diabetes in China during
2020-2030, with strong spatial aggregation in northern Chinese regions. The increase in the economic burden of
diabetes will exceed that of GDP.
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Research in context

Evidence before this study

A rapid increase in the disease burden of diabetes has been
reported in China in recent decades. Diabetes has placed
heavy economic burdens on China’s healthcare systems and
projecting the trend of disease and economic burden in China
is important for its intervention. We searched PubMed and
Google Scholar between Jan 1, 2000, and June 30, 2022, using
the terms “China” or “Chinese”, “cost(s) of diabetes” or the
search term "diabetes” in combination with “economic
cost(s)”, “"economic burden”, “cost burden”, “cost of illness”,
“indirect cost(s)”, "direct cost(s)", "direct expenditure”, or
“health expenditure” in the title. We searched these published
articles reporting the economic burden of diabetes in China as
a whole and/or predicting the trends until 2025 or 2030. Our
search found no research articles projecting the future
economic burden of diabetes in Chinese provinces. Further,
estimates without thorough consideration of the disparity in
Gross Domestic Product (GDP) in provinces would likely
contribute to biases in estimating the Chinese economic
burden of diabetes.

Added value of this study
We projected the disease burden and economic burden of
diabetes in Chinese adults aged 20-79 years and its trends

Introduction

Diabetes mellitus is a fast-growing ongoing global
health emergency in the new millennium." In China, a
combination of population growth,’ urbanisation,* ag-
ing,’ an increase in obesity rate’ and a sedentary life-
style” have led to a substantial increase in the diabetes
population from 98.4 million to 140.9 million during
2013-2021.*° Globally, the age-standardised disability-
adjusted life-year (DALY) rates attributable to type 2
diabetes increased from 628.3/100,000 person-years to
801.5/100,000 person-years during 1990-2019."° In
comparison, the corresponding DALY rate increased
71.5% from 414/100,000 person-years in 1990 to 710/
100,000 person-years in 2017 in China." The upsurge in
the diabetes epidemic had led to a substantial economic
burden in China.

Only a few studies evaluated the economic burden of
diabetes in China. The direct costs of diabetes refer to
the economic resources directly consumed for the pre-
vention and medical treatment of diabetes and related
complications,'” whereas the indirect economic costs are
caused by premature mortality, disability and reduced
work efficiency and work time." In 2015, Bommer et al.,
in their global studies of the economic burden of dia-
betes, estimated the burden in China to be $222.3
billion, accounting for ~2.0% of the total gross domestic
product (GDP) in the country.”” Among these, the in-
direct costs accounted for 36.3% of the total economic
burden of diabetes.'* This study further predicted the

based on a national-level and provincial-level representative
data source in China. The total economic costs of diabetes
were projected to increase from $250.2 billion to US$460.4 b
during 2020-2030, representing an annual growth rate of
6.32%. In line with increased total costs, the per-capita cost of
diabetes increased from US$231 in 2020 to US$414 in 2030,
representing an annual growth rate of 6.02%. Further, the
total economic costs as a percentage of GDP were projected
to increase from 1.58% to 1.69% during 2020-2030. The
positive growth indicated that the overall growth rate of the
total economic burden of diabetes exceeds GDP growth.
Spatial autocorrelation analysis showed the regions with
high-risk total costs of diabetes as a percentage of GDP are
largely aggregated in Northeast and North China.

Implications of all the available evidence

We projected a significant growth of disease and economic
burden of diabetes in China during 2020-2030, with strong
spatial aggregation in northern Chinese regions. We also
project that the increase in economic burden will exceed that
of GDP, even without considering the adverse effects of
COVID-19 on both the economy and diabetes. Effective and
innovative strategies remain a priority for diabetes prevention
and control in the country.

economic burden of diabetes in China was projected to
reach $ 631.7 billion (~2.9% of the GDP) by 2030." In
addition, the International Diabetes Federation (IDF)
estimated that the direct costs of diabetes would be $109
and $165 billion in China in 2019 and 2021, respec-
tively,"”” but did not provide any estimates of indirect
costs. Integrating indirect costs in the total estimation of
the economic burden of diabetes is essential for devel-
oping better societal support for individuals living with
diabetes.

Estimation of the economic burden of diabetes relies
on accurate data on the disease burden of diabetes,
which can largely associate with the economic develop-
ment in a jurisdiction. A previous study has demon-
strated that Chinese provinces with moderate Gross
Domestic Product (GDP) per capita tend to have a much
higher disease burden of diabetes than counterparts
with lower or higher GDP per capita.”” This disparity in
GDP leads to geographical differences in the allocation
of healthcare resources for diabetes prevention and
treatment.'® Large variations in diabetes disease burden
and economic development occur across the 33 Chinese
provinces and special administration regions (SARs).
Estimates without thorough consideration of the
geographical differences would likely contribute to bia-
ses in estimating the economic burden. Our study aims
to forecast the future development of the disease burden
and economic burden of diabetes in 33 Chinese prov-
inces and SARs during 2020-2030 and investigate its
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spatial disparities. The study will provide direct evidence
to inform health funding allocation for China’s next
5-year plan (2026-2030).

Methods

Data collection

We adopted diabetes data for China from the Global
Burden of Disease Study (GBD) 2019 for projection.
Age-, sex-, year-specific prevalence, and DALY rates of
diabetes during 1990-2019 were extracted, along with
population size, for all Chinese provinces. We extracted
the prevalence of diagnosed diabetes patients in China
and provinces from IDF (2019) and the China Chronic
Disease and Risk Factors Surveillance study (2013),
respectively.'” According to the World Population Pros-
pects report released by the United Nations Population
Department in 2019, China’s population data was
extracted for 2020-2030, stratified by 5-year age group
and sex. The World Health Organization (WHO)
reported China’s health expenditure as a percentage
of GDP during 2000-2018.° The China Statistical
Yearbook reported the rural-urban ratio by the province
during 2005-2019 and the GDP by the province during
2000-2019." We extracted health expenditure as a per-
centage of GDP in 33 Chinese provinces and SARs
(excluding Taiwan Province of China) during 1990-2019
from the China Health Statistics Yearbook in 2020."

Spatio-temporal analysis of the disease burden of
diabetes during 2020-2030

The temporal trend of the disease burden of diabetes
(the prevalence and DALY rates of diabetes) was pro-
jected using a Bayesian model” for prediction for 33
Chinese provinces and SARs during 2020-2030, strati-
fied by a 5-year age group and sex (Detail in Appendix
pp2).

In the study, we used spatial autocorrelation to
evaluate the spatial distribution of the prevalence and
DALY rates of diabetes in China. The analysis was
performed in the years 2020, 2025, and 2030. A spatial
cluster analysis of the prevalence and DALY rates of
diabetes was performed, using spatial autocorrelation.
We used the Global Moran’s I index to calculate the
correlation statistics for all the relevant spatial regions of
the data and deduced whether the factors (the preva-
lence and DALY rates) in the studied region were clus-
tered.”’ Anselin Local Moran’s I* and Hot-Cold Spots*
analysis identified the presence of spatial clusters or
regions with high or low risk of the analysed variables. A
high-risk region surrounded by other high-risk regions
may be identified as ‘hot spot’ (detail in Appendix pp2).

Estimating the economic burden

We defined the total economic burden (or total costs) of
diabetes as the sum of direct and indirect costs (details
in Appendix pp3-pp4 and Fig. S1).
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Estimating the direct costs caused by diabetes
We estimated the direct costs for diabetes in the age
group 20-79 using a top-down approach for China and
its provinces during 2020-2030 (details in Appendix
pp3). A critical component of the method is the ratio of
diabetes health expenditure for people with diabetes
(diagnosed or undiagnosed) compared to those without
diabetes. These ratios have been significantly refined by
the work of Bommer et al.,* providing estimates for the
ratio about whether diabetes is diagnosed or not, with
much more specificity with age, sex, and rural versus
urban areas (Table S1).

_ NugCog[ PRP(ROP-1)+PUP(RUP-1)]

asl asl asl asl

Ded == pop(RDD_1) 1 PUB(RVP_1) 41

asl asl asl asl

Where D,y = the group-specific total direct costs for

diabetes, N,y = the population in each group,
C.q = group-specific per capita health expenditure,
P> - prevalence of diagnosed  diabetes,
PP — prevalence of undiagnosed diabetes, RPP = age-

specific, sex-specific, and location-specific cost ratios for
people with diagnosed diabetes, RUD = age-specific, sex-
specific, and location-specific cost ratios for people with

undiagnosed diabetes.

Estimating the indirect costs caused by diabetes

Diabetes can lead to absenteeism, job loss, or reduced
productivity while at work. The indirect costs were
measured by calculating the value of a year of lost pro-
ductive labour. Our study used the human capital
approach to estimate the indirect costs for diabetes in
the age group 20-79 (details in Appendix pp4). The
human capital approach was based on the per capita
GDP to calculate the economic losses caused by the loss
of adjusted life years (DALYs) of diseases. Because of
the different productivity levels of each age group, each
age group was given certain weights for productivity.
Specific calculation method of the indirect economic
burden of disease”:

Indirect economic burden = per capita GDP x DALYs
x productivity weights

Different age groups have different productivity
weights. For example, the international standards
defined the productivity weights of people aged 20-44,
45-59, and 60 and above to be 0.75, 0.80, and 0.1,
respectively.”

The direct and indirect economic burden (as base-
line) for 33 Chinese provinces and SARs were calculated
based on actual diabetes prevalence and DALY data in
2019. The direct and indirect economic burdens during
2020-2030 were calculated based on the projected dia-
betes prevalence and DALY burden during the same
period.
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Spatio-temporal analysis of the economic burden
of diabetes during 2020-2030
We used the estimated annual percentage change (EAPC)
to quantify temporal trends of diabetes economic burden
using the natural logarithm model in the Chinese prov-
inces from 2020 to 2030 (detail in Appendix pp 4).”*
We used the same methods for the analysis of dis-
ease burden to analyse the spatial distribution of the
economic burden-related indicators (per capita eco-
nomic burden of diabetes and total costs as a percentage
of GDP) (detail in Appendix pp4).

Statistical analyses

Statistical analyses were performed using the R (v3.5.1,
https://www.r-project.org/). A probability value of
P < 0.05 was considered statistically significant. The
Global Moran’s I, Anselin Local Moran’s I, and Hot-
Cold Spots were implemented in ArcGIS (v10.2, ESRI,
Redlands, CA, USA).

Role of funding source

The funders of the study had no role in the design or
conduct of the study, including data collection, man-
agement, analysis, or interpretation of the results;
preparation, review, or approval of the manuscript; or
the decision to submit the manuscript for publication.

Results

The spatio-temporal trend of diabetes prevalence
by province

In China, the prevalence of diabetes in the age group
20-79 increased from 4.7% in 1990 to 8.0% in 2019,
corresponding to an increase of 71.1% (Fig. S2a). We
predicted that the prevalence would further increase from
8.2% in 2020 (~88.7 million people living with diabetes) to
9.7% (~108.4 million) in 2030 in China (Fig. S2a).

The prevalence was projected to rise in 33 Chinese
provinces and SARs during 2020-2030, compared to
2019 (Table S2). The highest prevalence was in Beijing
in 2019 (14.8%) and was projected to increase from
15.2% to 17.0% during 2020-2030.

Provinces with a high prevalence of diabetes were
mostly distributed in Northeast, North, and East China,
whereas low prevalence provinces were distributed in
Southwest and Northwest China (Fig. 1a). Consistently,
spatial autocorrelation analysis also showed that regions
with a high-risk prevalence of diabetes were mainly
aggregated in Northeast and North China (local Moran
analysis, P < 0.001), whereas regions with low-risk preva-
lence, were aggregated in Southwest China during
2020-2030 (Fig. 1b). A hot spot analysis also demonstrated
similar findings (Fig. 1c).

The spatio-temporal trend of DALY of diabetes

by province

The DALY rates of diabetes in Chinese adults increased
from 547/100,000 person-years in 1990 to 825/100,000

person-years in 2019, corresponding to an increase of
50.8% (Fig. S2b). We predicted that the DALY rates
would further increase from 846/100,000 person-years
in 2020 to 1165/100,000 person-years in 2030 in
China (Fig. S2b).

The DALY rates caused by diabetes increased to
various extents in 33 Chinese provinces and SARs
during 2020-2030, and spatial autocorrelation analysis
showed no significant spatial distribution trend across
the country.

The spatio-temporal trend of the economic burden
of diabetes by province

Based on the current trend projection, China’s GDP will
grow from $15.9 trillion in 2020 to $27.2 trillion in 2030.

In China, we projected that the total costs of diabetes
in adults would increase from $250.2 billion in 2020 to
$460.4 billion in 2030, corresponding to an annual
growth rate of 6.32% (5.99%-6.65%) during 2020-2030
(Table 1, Table S3). The total costs of diabetes were
projected to rise in 33 Chinese provinces and SARs
during 2020-2030 (the annual growth rate ranged from
5.15% to 8.02%, Table 1).

We projected the direct costs of diabetes would in-
crease from $190.2 b in 2020 to $337.8 b in 2030 in
China, corresponding to an annual growth rate of 5.98%
(5.82%—6.13%) (Table 1, Table S3). The direct costs of
diabetes were projected to rise in 33 Chinese provinces
and SARs during 2020-2030 (the annual growth rate
ranged from 4.10% to 7.46%, Table 1).

In comparison, we projected the indirect costs of
diabetes would increase from $60.0 b in 2020 to
$122.6 b in 2030, corresponding to an annual growth
rate of 7.31% (6.47%-8.15%) (Table 1, Table S3). The
indirect costs of diabetes were projected to rise in
33 Chinese provinces and SARs during 2020-2030 (the
annual growth rate ranged from 3.51 to 10.14%,
Table 1). Notably, the indirect costs, as a percentage of
the total costs, have increased by 2.6% from 24.0% to
26.6% during 2020-2030 in China, corresponding to an
annual growth rate of 0.93% (0.44%-1.42%) (Table S4),
and corresponding changes in Chinese provinces and
SARs ranged between —-7.4% and 10.3%.

The spatio-temporal trend of the economic burden
of diabetes as a percentage of GDP by province
Nationwide, the total costs of diabetes would grow faster
than China’s GDP growth rate during 2020-2030. We
projected that the total costs of diabetes as a percentage
relative to its corresponding GDP would increase from
1.58% to 1.69% in China during this period, corre-
sponding to an annual growth rate of 0.76%
(0.64-0.88%) (Table S4). Across 33 Chinese provinces
and SARs, the estimated percentages increased from
0.69% to 3.51% in 2020 to 0.64%-3.22% in 2030, cor-
responding to a varying range of annual growth rate
of —0.92-3.71% during 2020-2030 (Table S5).
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Fig. 1: Spatial distribution (a), local Moran analysis (b) and hot spot analysis (c) of the prevalence of diabetes in China for 2020, 2025 and 2030.

Provinces with high total costs of diabetes as a per-
centage of GDP were largely distributed in northern
China, whereas the low percentage counterparts were
distributed in Southwest, South and Southeast China
(Fig. 2a). Consistently, spatial autocorrelation analysis
showed provinces with high-risk percentages were mainly
aggregated in Northeast and North China (local Moran
analysis, P < 0.001), but the aggregation of low-risk per-
centage provinces was not observed (Fig. 2b). A hot spot
analysis also demonstrated similar findings (Fig. 2c).

The total costs of diabetes as a percentage of GDP
were positively correlated with the prevalence of dia-
betes in all 33 Chinese provinces and SARs in 2030
(Spearman r = 0.448, P = 0.009, Fig. 4a).

The spatio-temporal trend of the per-capita
economic burden of diabetes by province

We projected that the per capita economic burden of
diabetes would increase from $231 in 2020 to $414 in
2030 in China, corresponding to an annual growth rate
of 6.02% (5.73%—6.31%) (Table S3). Across 33 Chinese
provinces and SARs, the estimated per capita economic
burden increased from $71-$931 in 2020 to
$124-$1538 in 2030, corresponding to a range of annual
growth rate of 4.56%-7.70% during 2020-2030
(Table S6).
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Provinces with a high per capita economic burden of
diabetes were mainly distributed in North China (Bei-
jing, Tianjin) and East China (Shanghai) in 2020 and
2025, and with some additional regions to be on the list
in 2030, including Northeast China (Liaoning), North
China (Inner Mongolia), Northwest China (Shaanxi,
Xinjiang), Southwest China (Sichuan), East China
(Jiangsu) and South China (Guangdong) (Fig. 3a).
Consistently, spatial autocorrelation analysis showed
that regions with high-risk per capita economic burden
of diabetes were mainly aggregated in North China
(Beijing and Tianjin) (local Moran analysis, P < 0.001),
whereas aggregation of regions with low-risk per capita
economic burden was aggregated in Southwest China
during 2020-2030 (Fig. 3b). A hot spot analysis also
demonstrated similar findings (Fig. 3c).

The per capita economic burden of diabetes was
positively correlated with the prevalence of diabetes in
all 33 Chinese provinces and SARs in 2030 (Spearman
r =0.567, P =0.001, Fig. 4b).

Discussion

Our study reports that the diabetes prevalence in
Chinese adults aged 20-79 years was projected to in-
crease from 8.2% in 2020 to 9.7% in 2030. The total
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Province Baseline Projection Annual growth rate (%) during 2020-2030
2019 2020 2025 2030
Northeast Heilongjiang 4.8 (3.8, 0.9) 1(4.1, 11) 9 (5.5, 1.4) 5 (7.0, 1.5) 5.23 (5.65, 3.51)
Jilin 4.4 (33, 11) 8 (3.6, 1.2) 6 (4.7, 1.9) 2 (5.9, 23) 5.62 (5.20, 6.74)
Liaoning 7 (7.4, 2.3) 105 (8.0, 2.6) 14.5 (10.7, 3.7) 17.9 (138, 4.1) 5.44 (5.71, 4.56)
North Beijing 17. 8 (15 6, 2.3) 19.1 (16.6, 2.5) 26.1 (219, 4.3) 33.5(27.8, 5.7) 5.84 (5.39, 8.36)
Hebei 6 (8.6, 2) 11. 5 (9.2, 23) 16.0 (12.6, 3.4) 20.4 (16.5, 3.9) 5.93 (6.06, 5.43)
Inner Mongolia 8 (45, 1.3) 3 (4.9, 1.4) 1 (6.6, 2.5) 123 (87, 37) 7.01 (6.00, 9.92)
Shanxi 0 (5.0, 1.0) 5(53,1.2) 1(72,1.9) 11.8 (9.4, 2.5) 6.22 (5.88, 7.62)
Tianjin 3 (3.9, 1.4) 8 (4.2, 1.6) 1(55, 2.7) 106 (7, 3.6) 6.25 (5.30, 8.37)
East Anhui 6.6 (449, 17) 2 (5.3, 1.9) 10.5 (7 3,3.2) 13.8 (9.8, 3.9) 6.80 (6.55, 7.45)
Fujian 5.9 (4.1, 1.8) 4 (4.4, 2.0) 3(6.0,32) 11.9 (7.9, 4) 6.36 (6.05, 7.00)
Jiangsu 18.4 (12.6, 5.8) 0 (13.5, 6.5) 29. 6 (18.8, 10.8) 38 9 (25.1, 13.8) 6.89 (6.46, 7.70)
Jiangxi 33 (2.8, 0.5) 6 (3.0, 0.6) 2 (4.2, 1.0) 8 (5.6, 1.2) 6.56 (6.26, 8.01)
Shandong 14 (9.6, 4.4) 15 2 (103, 4.9) 21. 8 (141, 7.7) 281 (187, 9.4) 6.35 (6.23, 6.59)
Shanghai 10.3 (8.1, 2.2) 111 (8.6, 2.5) 14.9 (11.2, 3.7) 183 (14.2, 4.1) 5.15 (5.24, 4.83)
Zhejiang 10.5 (7.8, 2.8) 11.4 (83, 3.1) 16.1 (11.2, 4.9) 20.9 (14.8, 6.1) 6.24 (6.03, 6.74)
South Guangdong 23.5 (18.1, 5.4) 25.4 (19.4, 6) 35 2 (25.5, 9.7) 45 1(32.6, 12.5) 5.93 (5.42, 7.38)
Guangxi 4.0 (3.0, 1.0) 332, 12) 3 (4.4, 1.9) 3 (5.8, 2.5) 6.69 (6.27, 7.75)
Hainan 13 (1.1, 0.3) 4 (1.1, 0.3) 0 (1.5, 0.5) 6 (2, 0.6) 6.41 (6.02, 7.80)
Central Henan 113 (8.8, 2.5) 122 (9.4, 2.8) 17.4 (12.9, 4.5) 22.7 (171, 5.6) 6.45 (6.17, 7.33)
Hubei 7.5 (5.9, 1.6) 1(63,1.8) 117 (8.6, 3) 15.4 (115, 3.9) 6.59 (6.26, 7.64)
Hunan 8.1 (6.0, 2.0) 8 (6.5,23) 12.9 (9.1, 3.8) 7 (121, 4.9) 6.88 (6.51, 7.84)
Northwest Gansu 1.9 (15, 0.4) 0 (1.6, 0.4) 0 (2.3, 0.6) 9 (3.2, 0.8) 6.81 (6.92, 6.40)
Ningxia 0 (0.9, 0.1) 1(0.9, 0.1) 5 (13, 0.2) 0(17,03) 6.71 (6.45, 8.18)
Qinghai 0.9 (0.7, 0.2) (o 7,0.2) 4 (1.0, 0.4) 9 (13, 0.6) 7.36 (6.43, 9.80)
Shaanxi 6.7 (5.5, 1.2) 2 (5.9, 1.3) 10.6 (8.2, 2.5) 14.3 (10.8, 3.5) 7.11 (6.32, 10.01)
Xinjiang 4.9 (4.2, 0.8) 3 (4.5, 0.8) 3 (6.0, 1.3) 4 (7.8, 1.6) 5.94 (5.77, 6.78)
Southwest Chonggqing 0 (3.7, 1.4) 5 (3.9, 1.5) 5 (5.7, 2.8) 118 (7.8, 4) 8.02 (7.15, 9.96)
Guizhou 4(17,07) 6 (1.9, 0.8) 1 (2.7, 1.4) 7 (3.6, 2) 7.96 (6.94, 10.14)
Sichuan 11.7 (9.4, 2.3) 12.7 (10.1, 2.6) 18 4 (13.9, 4.4) 24.1 (18.2, 5.8) 6.62 (6.13, 8.31)
Tibet 0.2 (0.1, 0) 2 (0.1, 0) 2 (0.1, 0.1) 3 (0.2, 0.1) 5.69 (4.10, 9.04)
Yunnan 3.6 (2.9, 0.7) 9 (3.1, 0.8) 6 (4.2, 13) 3 (5.6, 17) 6.55 (6.28, 7.50)
SARs Hong Kong 32 (21, 1.1) 522, 13) 9 (3.1, 1.8) 5.9 (4.0, 2.0) 5.41 (5.86, 4.57)
Macao 0.4 (0.2, 0.2) 4(02,02) 6(03,03) 0.7 (0.4, 0.3) 6.01 (7.46, 4.19)
Total 231.0 (177.7, 53.3) 250.2 (190.2, 60) 355.2 (258.4, 96.8) 460.4 (337.8, 122.6) 6.32 (5.98, 7.31)

SARs: Special administrative regions.

Table 1: Projection of total costs (direct costs and indirect costs) of diabetes in China and its provinces (US $billion).

costs of diabetes were projected to increase from
$250.2 billion to $460.4 billion over the same period,
representing an annual growth rate of 6.32%. In line
with increased total costs, the per-capita cost of dia-
betes increased from $231 in 2020 to $414 in 2030,
representing an annual growth rate of 6.02%. More-
over, the total costs as a percentage of GDP are pro-
jected to increase from 1.58% to 1.69% during
2020-2030, indicating a more rapid growth rate of the
economic burden of diabetes than that of the coun-
try’s GDP growth. Furthermore, the indirect costs as a
percentage of the total costs will also increase from
24.0% to 26.6% in the same period. The regions with
high diabetes prevalence and with a high economic
burden of diabetes are largely aggregated in Northeast
and/or North China.

Our study projected an ongoing increase in the
prevalence of diabetes in the Chinese adult aged 20-79
years from 8.2% in 2020 to 9.7% in 2030, consistent
with previous studies.””* The ongoing growing trend of
diabetes prevalence in China may attribute to multiple
factors such as the increasing prevalence of overweight
and obesity, environmental pollution, changes in dietary
patterns, urbanisation, aging, and diabetogenic effects
of COVID-19."** Our study further demonstrates that
the regions with a high risk of diabetes prevalence are
largely concentrated in Northeast and North China
during 2020-2030, consistent with other studies.”
These regional differences are likely due to the
geographical differences in the exposure to certain risk
factors.””* For example, studies have reported that the
prevalence of obesity is markedly higher in northern

www.thelancet.com Vol 33 April, 2023


www.thelancet.com/digital-health

Articles

a 2020 Economic burden as a
percentage of GDP(%),

i b ..

Economic burden
as a percentage of

2025

Economic burden asa
percentage of GDP / ¢ ,\

) “Economic burden b
= as a percentage of 4
y GDP N
Not Significant §
53 High-High Cluster L

\; gl
/7 |: Low-Low Cluster
/ By,
o ,Q/\ 5,
!

\Foo

>z

Economic burden as a
C percentage of GDP

High-Low Outlier A
Low-High Outlier

2025

Fig. 2: Spatial distribution (a), local Moran analysis (b) and hot spot analysis (c) of the cost as a share of GDP of diabetes in China for 2020, 2025
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China than in the southern regions of China.** Simi-
larly, high PM, s concentration is more frequently re-
ported in northern provinces in China such as Beijing,
Tianjin, Hebei, Shandong, and Henan provinces.”
Furthermore, significant differences in dietary patterns
and lifestyle between northern and southern China also
add to the observed disparity in diabetes prevalence in
the country."”

Our study projected an almost doubling in the total
costs of diabetes (from $250.2 billion to $460.4 billion)
during 2020-2030 in China, an annual growth rate of
6.32%. The total economic burden of diabetes as a
percentage of GDP would also increase from 1.58% to
1.69% in China during this period, with an estimated
annual growth rate of 0.76%. Similar positive growth is
also observed in most of the 33 Chinese provinces and
SARs. The positive growth indicated that the overall
growth rate of the total economic burden of diabetes in
China is significantly higher than that of GDP growth in
2020-2030, suggesting more healthcare resources are
required to combat the increasing demand for diabetes
care. Consistently, we also estimate that the per-capita
cost of diabetes will increase steadily (from $231 in
2020 to $414) in 2030 in China. This increase accurately
portrays the rising economic burden of diabetes on in-
dividuals. The spatial aggregation of the high economic

www.thelancet.com Vol 33 April, 2023

burden of diabetes in Northeast and North China is
likely due to the disproportionate disease burden of
diabetes and the relatively low GDP in northern China.

Based on the above findings, we recommend multi-
fold policy changes and interventions to reverse the
projected growing trend and spatial inequality of the
disease and economic burden of diabetes in China. To
address these increasing burdens, fortunately, the Chi-
nese government has enacted the ‘Healthy China 2030’
plan to strengthen the prevention and control of chronic
diseases. Accordingly, we propose three potential in-
terventions. Firstly, early intervention and education on
diabetes should be significantly scaled-up, with a strong
focus on early diabetes diagnosis and treatment in high-
risk areas. Secondly, we recommend integrating current
hospital-based diabetes care with community-based
prevention and treatment. The integrated models will
improve accessibility and treatment adherence for dia-
betic patients, and also enable better follow-up of pre-
treatment monitoring in pre-diabetic individuals.
Thirdly, our study calls for orchestrated cooperation
between multiple governmental bodies and institutions
in diabetes prevention and treatment. Improving
affordability of the health insurance for rural residents,
lowering pharmaceutical costs, and improving the
accessibility to basic diabetes drugs are essential for
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reducing the burden of diabetes in China. Furthermore,
education to promote healthy lifestyles, regular medical
care, and blood sugar control are beneficial for diabetes
control on the individual level.

Our study demonstrates that indirect costs account for
about a quarter of the total costs for diabetes and the
percentage is increasing during 2020-2030. The indirect
costs as a percentage of the total costs will increase from
24.0% to 26.6% during 2020-2030 in China, at an annual
growth rate of 0.93%. The impact of the increasing rate on
people’s well-being and the economy should not be over-
looked. Reduced or lost productivity due to diabetes im-
poses a significant potential burden on China’s labour
force and economic activities. Reduction in the indirect
economic burden can be achieved by improving the self-
management ability of diabetic patients, controlling
blood glucose levels with appropriate medications, and
preventing the occurrence of complications and disabil-
ities. Besides, the government health institutions need to
take active measures in the allocation of medical resources
for ensuring that sufficient societal and financial support is
provided to the carers of diabetic patients, in an effort of
alleviating severe complications of diabetes.

This study has several limitations. First, we assumed
a constant diagnosis rate of diabetes patients as reported
by the IDF 2019' between 2020 and 2030. In reality, the

diagnosis rate will likely increase and the direct costs of
diabetes may have been conservatively estimated. Sec-
ond, the study forecasted the GDP of 33 Chinese prov-
inces and SARs for 2020-2030 without considering the
economic impact of unexpected events such as COVID-
19. Our study was based on an optimistic view of the
Chinese GDP forecast results, which may lead to an
overestimation of the indirect economic burden of dia-
betes. Furthermore, because COVID-19 exacerbates
diabetes and increases the risk of diabetic complications
leading to disability or premature death, this portion of
the DALY burden of diabetes caused by COVID-19 has
not been accounted for, potentially underestimating the
indirect costs of diabetes. Third, in our study, our pre-
diction of future outcomes for DALY rates did not take
into consideration of the impact of diabetes prevalence
but project the future trend of DALY rate based on
trends during 1990-2019. The simplified approach may
result in potential bias in the calculation of DALY dur-
ing 2020-2030. Fourth, our study did not stratify dia-
betes by its types, as China’s national reports on health
expenditure and other economic indicators on diabetes
did not provide type-specific data. Fifth, we calculate the
productivity loss and indirect economic burden based
on DALY weights, and this approach cannot reflect the
composition of indirect economic burden (absenteeism,
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presenteeism, and labour-force dropout). Finally, GBD’s
analysis of diabetes prevalence and DALY rates has its
limitation due to the limited availability of primary data.
Although GBD has provided a standardised approach
for estimating the disease burden of diabetes across all
Chinese provinces, substantial data adjustments were
required and may deviate from the actual disease
burden in the provinces.*

In conclusion, our study projects a significant growth
of disease and economic burden of diabetes in China

www.thelancet.com Vol 33 April, 2023

during 2020-2030, with strong spatial aggregation in
northern Chinese regions. We also project that the in-
crease in economic burden will exceed that of GDP,
even without considering the adverse effects of COVID-
19 on both the economy and diabetes. The indirect
economic burden of diabetes remains a growing and
significant part of the total economic burden of diabetes
in China. Effective and innovative strategies remain a
priority for diabetes prevention and control in the

country.
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