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Abstract

Background: The Chinese population has aged significantly in the last few decades. Comprehensive health losses

including both fatal and non-fatal health outcomes associated with ageing in China have not been detailed.

Methods: Based on freely accessible disability adjusted life years (DALYs) estimated by the Global Burden of Diseases

(GBD) 2017, we adopted a robust decomposition method that ascribes changes in DALYs in any given country across

two time points to changes resulting from three sources: population size, age structure, and age-specific DALYs rate

per 100,000 population. Using the method, we calculated DALYs associated with population ageing in China from

1990 to 2017 and examined the counteraction between the effects of DALYs rate change and population ageing. This

method extends previous work through attributing the change in DALYs to the three sources.

Results: Population ageing was associated with 92.8 million DALYs between 1990 and 2017 in China, of which 65.8%

(61.1 million) were years of life lost (YLLs). Males had comparatively more DALYs associated with population ageing

than females in the study period. The five leading causes of DALYs associated with population ageing between 1990

and 2017 were stroke (23.6 million), chronic obstructive pulmonary disease (COPD) (18.3 million), ischemic heart disease

(13.0 million), tracheal, bronchus, and lung cancer (6.1 million) and liver cancer (5.0 million). Between 1990 and 2017,

changes in DALYs associated with age-specific DALY rate reductions far exceeded those related to population ageing

(− 196.2 million versus 92.8 million); 57.5% (− 112.8 million) of DALYs were caused by decreases in rates attributed to 84

modifiable risk factors.

Conclusion: Population ageing was associated with growing health loss in China from 1990 to 2017. Despite the

recent progress in alleviating health loss associated with population ageing, the government should encourage

scientific research on effective and affordable prevention and control strategies and should consider investment in

resources to implement strategies nationwide to address the future challenge of population ageing.
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Introduction
As in many other countries, population ageing in China

has emerged as an increasingly important social issue in

the last few decades, driven especially by the combin-

ation of decreased birth rates and prolonged life expect-

ancy [1]. A key step to address the societal public health

challenge of ageing is to quantify the health impact

associated with population ageing accurately [2].

Previous research has described changes in deaths, in-

cidence, prevalence, and disability-adjusted life years

(DALYs) associated with population ageing for specific

diseases in particular countries and regions, including

China [3–17]. However, these studies suffer from meth-

odological limitations. Studies implementing traditional

decomposition methods fail to generate robust results

because those results are sensitive to the selections of

decomposing order of population size, age structure and

age-specific rate, as well as the choice of the reference

group for comparisons [6, 7, 9, 10]. In addition, studies

relying on projection models [4, 5, 8] depend heavily on

the validity of model assumptions, which can deviate

from reality and prevent researchers from properly dis-

tinguishing the effects of population ageing from that of

population growth.

Another limitation of existing research is in the use of

data from different sources and/or different time periods

for decomposition analyses [15–17], making compari-

sons across studies difficult. In addition, many previous

studies focus only on a single health outcome – either

mortality [3, 5, 12], prevalence [9–11] or incidence

[4, 6–8, 12] – each capturing only a slice of the

health effects of population ageing.

Amidst the broader global literature, several studies

from China offer evidence for the need to study popula-

tion ageing among the Chinese population. A study by

Xu et al. [11], for example, projected population ageing

would cause significantly increased costs to treat de-

mentia in China between 2020 and 2030. Three other

studies quantified the impact of population ageing on

cardiovascular incidences [12, 13] and deaths [14] in

China. They reported an increase of coronary heart dis-

ease deaths related to population ageing in Beijing from

1990 to 2010 and predicted future cardiovascular inci-

dence related to population ageing. One recent study

quantified deaths related to population ageing in 195

countries/territories from 1990 to 2017, including

China, and for 169 kinds of diseases and injuries [18].

While offering valuable data for the field, this study ex-

cluded the effect of population ageing on prevalence

cases (non-fatal health outcomes) from the data ana-

lyses and did not cover decomposition details across

sex and type of disease. Thus, assessing the impact of

population ageing on a broad spectrum of health out-

comes in China remains highly needed.

Developed from many different data sources and so-

phisticated statistical models, the Global Burden of Dis-

eases, Injuries, and Risk Factors Study 2017 (GBD 2017)

offers estimates of key health outcomes across 359 dis-

eases and injuries, 84 modifiable risk factors or clusters

of risks, and sex-specific population sizes for 195 coun-

tries and territories from 1990 to 2017 [19]. The dataset

therefore provides comparable data across time periods

and countries to permit accurate decomposition of the

change in health outcomes associated population ageing.

Based on a recently-developed robust decomposition

method [20], we employed estimates from the GBD

2017 to extend the literature by examining two research

questions:

(a) Was the change in DALYs associated with

population ageing in China from 1990 to 2017, and

did the contribution of population ageing to the

temporal change in DALYs vary by sex and by the

type of disease?

(b) Did the changes in population ageing and change in

the age-specific DALY rates, including overall rate and

the attributed rate defined by GBD 2017, counteract

each other in their effects on the overall DALY change

from 1990 to 2017 in China, and did the level of

counteraction vary by sex and by type of disease?

Methods
Data source

Data were derived from online resources of GBD 2017

[21]. The GBD study group integrates multiple-source

data and adopts complex statistical models to mitigate

the impact of limited availability and poor-quality of data

(including underreporting, misclassification, and garbage

codes) [19]. GBD estimates have been regularly updated

since 2010 [22].

GBD 2017 estimates includes age- and sex-specific

population sizes and key health indicators based on data

from 1257 censuses and 761 population registry location-

years [23, 24]. We used the level-3 categorization of causes

defined by the GBD 2017, which includes 169 kinds of

disease. Age was classified into 20 age groups from under-

5 years to 95 years and older; each age group spanned 5

years.

We considered three primary outcomes. Years of

life lost (YLLs) measure premature death and are cal-

culated as the sum of the remaining life expectancy

for people dying in each age group. Years lived with

disability (YLDs) equal the sum of prevalent cases

multiplied by the general public’s assessment of the

severity of health loss. DALYs are calculated by sum-

ming YLDs and YLLs [19].

The research was approved by the Ethics Committee

of Xiangya School of Public Health, Central South University,
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Changsha, China (approval number: XYGW-2020-50).

Results are reported in adherence to the Guidelines

for Accurate and Transparent Health Estimates

Reporting (GATHER) statement (Addtional e-file-

GATHER Checklist) [25].

Decomposition method

We adopted a recently-developed decomposition method

to analyze the data [20]. This method attributes differ-

ences for a given health outcome (e.g., death, DALY, YLD

or YLL) between two time points to changes in three inde-

pendent factors: (a) age structure of the population, the

shifting of which toward greater numbers of older individ-

uals are referred to as population ageing in the literature,

(b) population size, and (c) age-specific rate, which can be

interpreted as reflecting the joint effect of all factors other

than age structure and population size. The decompos-

ition process involves the following formulas:

Mp ¼
X20

i¼1
N2−N1ð Þsi1ri1 ð1Þ

Ma ¼
X20

i¼1
N1 si2−si1ð Þri1 ð2Þ

Mr ¼
X20

i¼1
N1si1 ri2−ri1ð Þ ð3Þ

Ipa ¼
X20

i¼1
N2−N1ð Þ si2−si1ð Þri1 ð4Þ

Ipm ¼
X20

i¼1
N2−N1ð Þsi1 ri2−ri1ð Þ ð5Þ

Iam ¼
X20

i¼1
N1 si2−si1ð Þ ri2−ri1ð Þ ð6Þ

Ipam ¼
X20

i¼1
N2−N1ð Þ si2−si1ð Þ ri2−ri1ð Þ ð7Þ

Where Mp, Ma and Mr represent the main effects of the

changes in population size, age structure of the population

and age-specific DALYs rates; Ipa, Ipr, Iar and Ipar indicate

their one-way and two-way interactions; sij is the propor-

tion of the ith age group in population in the jth year (i = 1,

2, ..., 20; j = 1, 2); rij denotes age-specific DALY rate of the

ith age group in the jth year; and N1 and N2 represent the

population size for the two population being compared.

The change in the number of DALYs can then be attrib-

uted to changes in population ageing, population growth,

and age-specific DALY rate as follows:

A ¼ Ma þ
1
.

2
Iam þ 1

.

2
Ipa þ

1
.

3
Ipam ð8Þ

P ¼ Mp þ
1
.

2
Ipm þ 1

.

2
Ipa þ

1
.

3
Ipam ð9Þ

R ¼ Mr þ
1
.

2
Ipm þ 1

.

2
Iam þ 1

.

3
Ipam ð10Þ

A detailed introduction about the decomposition

method is included in Additional e-file.

Data analysis

We first graphed stacked bar charts to illustrate the as-

sociations of overall changes in DALYs, YLLs, and YLDs

with population ageing from 1990 to 2017. Analogously,

the associations were also plotted for the top ten level-3

disease categories defined by GBD 2017. Next, we com-

pared changes in DALYs between 1990 and 2017 associ-

ated with changes in age-specific DALY rates and those

changes associated with population ageing to assess pos-

sible counteraction between the effects of changes in

DALY rates and population ageing. In addition, we per-

formed the counteraction analysis for DALYs for each of

the level-3 disease categories. Finally, we calculated

DALYs attributable to the changes of 84 modifiable risk

factors and those not attributable between 1990 and

2017 using the standard comparative risk assessment

framework [24]. Similar analyses were conducted to as-

sess the counteraction between changes in DALY rates

attributed to 84 risk factors and population ageing.

Considering the substantial differences in aging and

disease between males and females, we conducted ana-

lyses stratified by sex. We also conducted analyses separ-

ately for overall DALYs, YLLs, and YLDs. Data analyses

were conducted using R version 3.6.1(R Core Team,

2020). Graphs were drawn using Microsoft Excel. R

scripts for the decomposition method are included in

the Additional e-file.

Results
Population ageing

GBD 2017 population estimates suggest the number of

people aged 65 and older increased by 141.9% in China

from 66 million (30 million males and 36 million fe-

males) in 1990 to 160 million (76 million males and 84

million females) in 2017 (Additional e-file). Over the

same time period, the proportion of Chinese people aged

65 years and older rose from 5.5 to 11.3% (from 4.9 to

10.6% for males and from 6.2 to 12.1% for females)

(Additional e-file).

DALYs associated with population ageing

Using year 1990 as the reference, DALYs associated with

population ageing first decreased continuously from

1991 to 1996 and then began to increase gradually,

reaching 92.8 million in 2017 (Fig. 1a). Notably, DALYs

associated with population ageing remained less than

zero from 1991 to 2001, as the result of similar changes

in YLLs in this period. YLDs associated with population

ageing gradually increased from 0.8 million to 31.7

million between 1991 and 2017 (using 1990 as

reference), but its contribution to DALYs was

exceeded by YLL after 2011. Between 1990 and 2017,

YLLs accounted for 65.8% of DALYs (61.1 million)
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associated with population ageing, while YLDs ex-

plained the remaining 34.2% (31.7 million).

Males and females demonstrated similar patterns of

DALY changes associated with population ageing from

1991 to 2017, using 1990 as the reference (Figs. 1b and

1c). Since 2000, however, the number of DALYs associ-

ated with population ageing was higher among males

than among females. The contribution of YLDs to

DALYs was higher among females than among males

throughout the most recent decade, and reached 42.9%

for females vs. 27.1% for males in 2017.

Changes in DALYs associated with population ageing be-

tween 1990 and 2017 varied across the 169 level-3 disease

categories. The top ten categories accounted for 66.0

Fig. 1 Change in disability-adjusted life years (DALYs) associated with population ageing in China, 1990-2017. Notes: YLLs - years of life lost,

YLDs - years lived with disability, DALYs equals to the sum of YLLs and YLDs
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million (71.1%) of DALYs associated with population age-

ing. The five leading causes were stroke (23.6 million),

chronic obstructive pulmonary disease (COPD) (18.3 mil-

lion), ischemic heart disease (13.0 million), tracheal, bron-

chus, and lung cancer (6.1 million) and liver cancer (5.0

million) (Fig. 2a). YLLs explained more than 90% of DALYs

associated with population ageing for the top ten causes

except for stroke (89.4%), COPD (81.1%), Alzheimer’s dis-

ease and other dementia (77.3%), and diabetes mellitus

(36.5%).

Although the spectrum of the top ten disease categor-

ies of changes in DALYs associated with population age-

ing between 1990 and 2017 was generally similar

between males and females (Fig. 2b and 2c), the ordering

of the top ten categories was somewhat different across

Fig. 2 Top 10 diseases with the largest disability-adjusted life years (DALYs) change associated with population ageing between 1990 and 2017

in China. Notes: YLLs - years of life lost, YLDs - years lived with disability, DALYs equals to the sum of YLLs and YLDs
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the two sexes. For example, Alzheimer’s disease was

ranked the 4th leading cause of DALYs for females

(explaining 2.3 million DALYs) but the 11th leading

cause for males (explaining 1.6 million DALYs). For the

same diseases, males typically had more DALYs associ-

ated with population ageing compared to females.

DALYs associated with rate changes versus with

population ageing

Between 1990 and 2017, DALYs associated with reduc-

tions in age-specific DALY rates far exceeded those re-

lated to population ageing (− 196.2 versus 92.8 million)

(Fig. 3a). The overall temporal pattern of DALYs is

jointly shaped by the counteracting effects of population

ageing and reductions in age-specific DALY rates

(Additional e-file Fig. S4). We further decomposed age-

specific DALY rates into the rates that can be attributed

to the 84 modifiable risk factors and the rates that can-

not, allowing us to calculate changes in DALYs associ-

ated with changes in risk-attributable rates and in non-

risk-attributable rates. Changes in DALYs driven by

these two types of DALY rates are shown as dark and

light blue stacked bars in Fig. 3. Changes in overall and

risk-attributable DALY rates contributed more to total

DALY changes than population ageing for nearly all

years in the study period. Of the reduction of 196.2 mil-

lion DALYs between 1990 and 2017 caused by rate re-

duction, 57.5% (− 112.8 million) was contributed by

falling risk-attributable rates. Sex-specific analyses pro-

duced similar results (Fig. 3b and 3c).

The counteracting effect between reduced age-specific

DALY rates and population ageing varied widely across

level-3 disease categories (Fig. 4a). Among the top 20

disease categories with the largest changes in DALYs be-

tween 1990 and 2017 associated with population ageing

for both sexes, the counteraction was prominent for nine

categories: COPD (− 29.3 vs. 18.3 million), stomach

cancer (− 5.8 vs. 4.9 million), hypertensive heart disease

(− 3.4 vs. 3.3 million), esophageal cancer (− 3.3 vs. 2.9

million), cirrhosis and other chronic liver diseases (− 4.0

vs. 2.5 million), chronic kidney disease (− 2.0 vs. 1.9

million), upper digestive system diseases (− 1.9 vs. 1.6

million), rheumatic heart disease (− 4.0 vs. 1.3 million)

and tuberculosis (− 7.3 vs. 1.2 million). That pattern did

not hold for the other types of disease associated with

the largest DALYs related to population ageing, includ-

ing stroke (− 15.8 vs. 23.6 million) and ischemic heart

disease (0.3 vs. 13.0 million). Further decomposition ana-

lyses showed that the effect of population ageing was

surpassed by that of the falling risk-attributable DALY

rates for four disease categories: COPD (− 23.0 vs. 18.3

million), hypertensive heart disease (− 3.4 vs. 3.3 mil-

lion), chronic kidney disease (− 2.0 vs. 1.9 million) and

tuberculosis (− 3.0 vs. 1.2 million).

When data were analyzed separately for males and fe-

males, we observed counteracting effects between falling

DALY rates and population ageing for seven disease cat-

egories among males and for nine disease categories

among females (Fig. 4b and c). Surprisingly, on occasion

the magnitude of counteraction differed between males

and females even for the same disease. For example, the

contributions of falling DALY rates and population age-

ing for rheumatic heart disease were − 1.4 vs. 0.5 million

for males and − 2.7 vs. 0.8 million for females.

Discussion
This study presents four major findings that are novel to

the field. First, an increase of 92.8 million DALYs was

associated with population ageing in China between

1990 and 2017, with 65.8% of that increase in YLLs. Sec-

ond, in China, males suffered more health losses associ-

ated with population ageing compared to females

between 1990 and 2017 (52.8 vs. 40.4 million); stroke,

chronic obstructive pulmonary disease and ischemic

heart disease were most affected by population ageing,

contributing 54.9 million (59.2%) to total DALY loss.

Third, the increase in DALYs related to population age-

ing between 1990 and 2017 was offset by the decrease in

DALYs due to reduced DALY rates (including overall

rate and -risk-attributable rates). Last, the counteracting

effect between decreasing DALY rates and population

ageing was roughly similar between males and females

but varied greatly across the level-3 disease categories.

Extending previous research on decomposing mortal-

ity changes in China [18], this study offers an overall pic-

ture of the health impact of population ageing in China

using DALY as a metric. DALY offers a summary meas-

ure of morbidity, disability, and mortality, and therefore

reflects overall health impact of diseases and injuries in a

country compared to single fatal or non-fatal health in-

dicators. The decomposition results obtained via apply-

ing a robust method [20] to GBD 2017 data is a valuable

addition to the literature [12–14], providing rigorous es-

timates for China that can readily be compared across

different time periods and with other countries for a var-

iety of health outcomes [19]. We recommend the same

decomposition method for analyzing GBD 2017 esti-

mates for other countries to maximize comparability.

The small fluctuation in DALYs associated with

population ageing we discovered before 2002 might

be primarily due to the joint effects of temporal varia-

tions of both age structure and DALY rates across

age groups in the population. For example, the pro-

portion of people aged 30 to 65 with a fairly low

DALY rate increased from 35.6 to 45.9% between

1990 and 2002, and the proportion of the under-five

age group with an extremely high DALY rate de-

creased from 13.4 to 6.6% in the same time period.
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The steady increase of DALYs associated with popula-

tion ageing since 2002 was primarily caused by ex-

tremely high DALY rates among older people and the

rise of the number of older people in the population ra-

ther than changes in population size or changes in age-

specific rates. Ageing typically is related to progressive

Fig. 3 Change in disability-adjusted life years (DALYs) associated with rate changes versus population ageing in China, 1990-2017. Notes: DALYs -

disability-adjusted life years
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loss of physiological integrity, leading to impaired func-

tions and increased vulnerability to morbidity and mor-

tality among people in the oldest age groups [26, 27].

The increase in numbers of older people in China

corresponds with prolonged life expectancy, which is

attributed to substantial social development, especially

improvement in health care services [28]. Between 1990

and 2017, the life expectancy of Chinese people rose

from 68.7 to 70.1 years [29].

Interestingly, DALYs associated with population age-

ing in China were significantly larger among males than

among females even though females had a comparatively

higher life expectancy, a higher proportion of old people,

and a larger number of old people. This finding reflects

the comparatively higher DALY rate among males (29,

019 per 100,000 population in 2017) compared to fe-

males (23,464 per 100,000 population) [21]. Similarly,

variations in health losses associated with population

ageing across different disease categories reflect varying

changes in DALY rates.

Encouragingly, the health losses associated with popu-

lation ageing in China were wholly counteracted by the

reduction in DALY rates over time. Notably, the reduc-

tion of risk-attributable rates adequately offset the in-

crease in DALYs associated with population ageing for

COPD, hypertensive heart disease, chronic kidney dis-

ease and tuberculosis. This reflects considerable progress

in prevention and control efforts for certain diseases

such as COPD and stomach cancer. Progress has been

inconsistent across disease categories, however, diseases

like ischemic heart disease and diabetes should be tar-

geted for successful ageing because the earn from reduc-

tions in DALY rates was insufficient to offset the health

loss from population aging, and continued work is

needed to control preventable health outcomes through

evidenced-based strategies like prohibiting smoking in

public places, reducing harmful use of alcohol, and pro-

moting physical activity that have potential to continue

such progress [30–32].

For diseases with substantial burden that is difficult

to control, like dementia and age-related hearing loss,

DALY rate reductions between 1990 to 2017 were

minimal, and insufficient to offset the burden associ-

ated with population ageing. Continued research to

Fig. 4 Disability-adjusted life years (DALYs) change associated with

population ageing, change in risk-attributable DALY rates and

change in non-risk-attributable DALY rates by sex among top 20

diseases most affected by population ageing in China, 1990–2017.

Notes: 1. DALY change associated with change in risk-attributable

DALY rates in this study refers to decrease of age-specific rate that

can be explained by attributable GBD risk factors. 2. Diseases

included in this part must be attributable and the number of DALY

change associated with population ageing are greater than zero
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understand and ultimately prevent such diseases is

recommended [33, 34].

Our findings have three major implications. First, they

demonstrate the enormity of health loss associated with

population ageing in China. As life expectancy continues

to rise, we might expect increased health losses in the

future. This calls for urgent action to address the chal-

lenges of an ageing society. Second, our results illustrate

how the health burden associated with population ageing

can be offset by prevention and treatment efforts. Holis-

tic efforts should be made to reduce population expo-

sures to known modifiable risk factors for diseases.

These efforts will require government investments to

disseminate effective strategies that are available but not

fully implemented nationwide; examples include creating

age-friendly products and a built environment and

promoting a healthy lifestyle among older adults [35].

Last, our findings underscore the value of increasing

government investment in scientific research. Re-

search is needed to generate effective prevention and

treatment strategies, including for currently unpreven-

table diseases, and to explain observed changes in

DALY rates that cannot be attributed to the known

modifiable risk factors.

The primary limitation of this study is in its use of the

GBD 2017 dataset. As previously noted [36–38], GBD

2017 estimates are affected by the paucity and low qual-

ity of raw data although advanced and complex models

have been adopted to impute missing values and

optimize the estimation for each country or territory, in-

cluding China. Furthermore, because full posterior sam-

ples of cause-specific rates stratified by age sex, location,

and year are not freely accessible for GBD 2017 [19], we

were unable to provide 95% uncertainty intervals for the

estimates.

Conclusion
The increase in population ageing in China since the

early 2000s was associated with substantial and growing

DALY burden. Health losses associated with population

ageing in China between 1990 and 2017 differed by sex

and type of disease. The health burden associated with

population ageing was largely offset by decreases in

DALY rates associated with evidence-based prevention

and treatment of diseases. The government of China –

as well as the governments of other countries facing

similar demographic patterns – should increase support

for research on disease prevention and control and im-

plement evidence-based intervention strategies to ad-

dress the rising health losses associated with population

ageing. For both the overall DALY and many disease-

specific DALYs, a significant part of reduced DALY was

not attributed to known modifiable risk factors for the

overall rate as well as for many disease-specific rates,

meriting further research to exploring the underlying

drivers and to develop practical and generalizable

interventions.

Supplementary Information
The online version contains supplementary material available at https://doi.

org/10.1186/s12877-021-02322-7.

Additional file 1.

Acknowledgements

Not applicable.

Authors’ contributions

G.H. developed the research idea; R.L. and X.C. designed the study; R.L.

implemented the research and conducted data analysis; R.L. and G.H. drafted

the manuscript; the other authors provided substantive contributions to the

manuscript. All authors read and approved the final manuscript.

Funding

This study was funded by the Natural Science Foundation of Hunan

Province, China (Grant No. 2020JJ4764) and the Project Program of National

Clinical Research Center for Geriatric Disorders (Xiangya Hospital) (Grant No.

2020LNJJ14).

Availability of data and materials

The data that support the findings of this study are available from Global

Burden of Diseases, Injuries, and Risk Factors Study 2017, which is an open

access resource. Bona fide researchers can apply to use the GBD 2017 data

at GBD Results Tool: http://ghdx.healthdata.org/gbd-results-tool.

Declarations

Ethics approval and consent to participate

The research was approved by the Ethics Committee of Xiangya School of

Public Health, Central South University, Changsha, China (approval number:

XYGW-2020-50).

Consent for publication

Not applicable.

Competing interests

The authors have no relevant financial or non-financial interests to disclose.

Author details
1Department of Epidemiology and Health Statistics, Hunan Provincial Key

Laboratory of Clinical Epidemiology, Xiangya School of Public Health, Central

South University, Changsha 410078, China. 2Department of Geriatric

Medicine, Xiangya Hospital, Central South University, Changsha, China.
3Department of Psychology, University of Alabama at Birmingham,

Birmingham, AL, USA. 4Department of Biostatistics, College of Public Health

and Health Professions, University of Florida, Gainesville, FL, USA. 5Emerging

Pathogens Institute, University of Florida, Gainesville, FL, USA. 6National

Clinical Research Center for Geriatric Disorders, Xiangya Hospital, Central

South University, Changsha, China.

Received: 18 January 2021 Accepted: 1 June 2021

References

1. Zhou M, Wang H, Zhu J, Chen W, Wang L, Liu S, et al. Cause-specific

mortality for 240 causes in China during 1990-2013: a systematic

subnational analysis for the global burden of disease study 2013. Lancet.

2016;387(10015):251–72.

2. Deeg DJH, Litwin H, Wahl HW. The European journal of ageing and the debate

on consequences of population ageing. Eur J Ageing. 2014;11(1):1–3.

3. Roth GA, Forouzanfar MH, Moran AE, Barber R, Nguyen G, Feigin VL, et al.

Demographic and epidemiologic drivers of global cardiovascular mortality.

N Engl J Med. 2015;372(14):1333–41.

Li et al. BMC Geriatrics          (2021) 21:369 Page 9 of 10

https://doi.org/10.1186/s12877-021-02322-7
https://doi.org/10.1186/s12877-021-02322-7
http://ghdx.healthdata.org/gbd-results-tool


4. Modig K, Drefahl S, Andersson T, Ahlbom A. The aging population in

Sweden: can declining incidence rates in MI, stroke and cancer

counterbalance the future demographic challenges? Eur J Epidemiol. 2012;

27(2):139–45.

5. Carioli G, La Vecchia C, Bertuccio P, Rodriguez T, Levi F, Boffetta P, et al.

Cancer mortality predictions for 2017 in Latin America. Ann Oncol. 2017;

28(9):2286–97.

6. Burden of Cancer in the Eastern Mediterranean Region, 2005-2015: findings

from the Global Burden of Disease 2015 Study. Int J Public Health. 2018;

63(Suppl 1):151–64.

7. Assogba FGA, Couchoud C, Hannedouche T, Villar E, Frimat L, Fagot-

Campagna A, et al. Trends in the epidemiology and care of diabetes

mellitus-related end-stage renal disease in France, 2007-2011. Diabetologia.

2014;57(4):718–28.

8. Rossi A, Berger K, Chen H, Leslie D, Mailman RB, Huang X. Projection of the

prevalence of Parkinson's disease in the coming decades: revisited. Mov

Disord. 2018;33(1):156–9.

9. Prince M, Ali G-C, Guerchet M, Prina AM, Albanese E, Wu Y-T. Recent global

trends in the prevalence and incidence of dementia, and survival with

dementia. Alzheimers Res Ther. 2016;8(1):23.

10. Al-Houqani M, Jamieson F, Mehta M, Chedore P, May K, Marras TK.

Aging, COPD, and other risk factors do not explain the increased

prevalence of pulmonary Mycobacterium avium complex in Ontario.

Chest. 2012;141(1):190–7.

11. Xu J, Wang J, Wimo A, Fratiglioni L, Qiu C. The economic burden of

dementia in China, 1990-2030: implications for health policy. Bull World

Health Organ. 2017;95(1):18–26.

12. Stevens W, Peneva D, Li JZ, Liu LZ, Liu G, Gao R, et al. Estimating the future

burden of cardiovascular disease and the value of lipid and blood pressure

control therapies in China. BMC Health Serv Res. 2016;16:175.

13. Moran A, Gu D, Zhao D, Coxson P, Wang YC, Chen CS, et al. Future

cardiovascular disease in China: markov model and risk factor scenario

projections from the coronary heart disease policy model-China. Circ

Cardiovasc Qual Outcomes. 2010;3(3):243–52.

14. Cheng J, Zhao D, Zeng Z, Critchley JA, Liu J, Wang W, et al. The impact of

demographic and risk factor changes on coronary heart disease deaths in

Beijing, 1999-2010. BMC Public Health. 2009;9:30.

15. McDonald SA, Mangen MJ, Suijkerbuijk A, Colzani E, Kretzschmar ME. Effects

of an ageing population and the replacement of immune birth cohorts on

the burden of hepatitis A in the Netherlands. BMC Infect Dis. 2013;13:120.

16. Bone AE, Gomes B, Etkind SN, Verne J, Murtagh FEM, Evans CJ, et al.

What is the impact of population ageing on the future provision of

end-of-life care? Population-based projections of place of death. Palliat

Med. 2018;32(2):329–36.

17. Batljan I, Lagergren M, Thorslund M. Population ageing in Sweden: the

effect of change in educational composition on the future number of older

people suffering severe ill-health. Eur J Ageing. 2009;6(3):201–11.

18. Cheng X, Yang Y, Schwebel DC, Liu Z, Li L, Cheng P, et al. Population

ageing and mortality during 1990-2017: a global decomposition analysis.

PLoS Med. 2020;17(6):e1003138.

19. Global, regional, and national disability-adjusted life-years (DALYs) for 359

diseases and injuries and healthy life expectancy (HALE) for 195 countries

and territories, 1990-2017: a systematic analysis for the Global Burden of

Disease Study 2017. Lancet. 2018;392(10159):1859–922.

20. Cheng X, Tan L, Gao Y, Yang Y, Schwebel DC, Hu G. A new method to

attribute differences in total deaths between groups to population size, age

structure and age-specific mortality rate. PLoS One. 2019;14(5):e0216613.

21. Global Health Data Exchange. GBD results tool Seattle: Institute for Health

Metrics and Evaluation; 2020 [updated 2020; cited 2020 JAN 10]. http://

ghdx.healthdata.org/gbd-results-tool.

22. Global, regional, and national age-sex-specific mortality for 282 causes of

death in 195 countries and territories, 1980-2017: a systematic analysis for

the Global Burden of Disease Study 2017. Lancet. 2018;392(10159):1736–88.

23. Population and fertility by age and sex for 195 countries and territories,

1950-2017: a systematic analysis for the Global Burden of Disease Study

2017. Lancet. 2018;392(10159):1995–2051.

24. Global, regional, and national comparative risk assessment of 84

behavioural, environmental and occupational, and metabolic risks or

clusters of risks for 195 countries and territories, 1990-2017: a systematic

analysis for the Global Burden of Disease Study 2017. Lancet. 2018;

392(10159):1923–94.

25. Stevens GA, Alkema L, Black RE, Boerma JT, Collins GS, Ezzati M, et al.

Guidelines for accurate and transparent health estimates reporting: the

GATHER statement. Lancet. 2016;388(10062):e19–23.

26. López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hallmarks

of aging. Cell. 2013;153(6):1194–217.

27. Beard JR, Officer A, de Carvalho IA, Sadana R, Pot AM, Michel JP, et al. The

world report on ageing and health: a policy framework for healthy ageing.

Lancet. 2016;387(10033):2145–54.

28. Yang G, Wang Y, Zeng Y, Gao GF, Liang X, Zhou M, et al. Rapid health

transition in China, 1990-2010: findings from the global burden of disease

study 2010. Lancet. 2013;381(9882):1987–2015.

29. Foreman KJ, Marquez N, Dolgert A, Fukutaki K, Fullman N, McGaughey M,

et al. Forecasting life expectancy, years of life lost, and all-cause and cause-

specific mortality for 250 causes of death: reference and alternative

scenarios for 2016-40 for 195 countries and territories. Lancet. 2018;

392(10159):2052–90.

30. Wang M, Luo X, Xu S, Liu W, Ding F, Zhang X, et al. Trends in smoking

prevalence and implication for chronic diseases in China: serial national cross-

sectional surveys from 2003 to 2013. Lancet Respir Med. 2019;7(1):35–45.

31. Li Z, Bai Y, Guo X, Zheng L, Sun Y, Roselle AM. Alcohol consumption and

cardiovascular diseases in rural China. Int J Cardiol. 2016;215:257–62.

32. Ng SW, Howard AG, Wang HJ, Su C, Zhang B. The physical activity transition

among adults in China: 1991-2011. Obes Rev. 2014;15 Suppl 1(0 1):27–36.

33. Gale SA, Acar D, Daffner KR. Dementia. Am J Med. 2018;131(10):1161–9.

34. Frisina RD, Ding B, Zhu X, Walton JP. Age-related hearing loss: prevention of

threshold declines, cell loss and apoptosis in spiral ganglion neurons. Aging.

2016;8(9):2081–99.

35. World Health Organization. World report on ageing and health. Geneva:

World Health Organization; 2015.

36. Cooper RS, Osotimehin B, Kaufman JS, Forrester T. Disease burden in sub-

Saharan Africa: what should we conclude in the absence of data? Lancet.

1998;351(9097):208–10.

37. Cheng X, Wu Y, Ning P, Cheng P, Schwebel DC, Hu G. Comparing road

safety performance across countries: do data source and type of mortality

indicator matter? Accid Anal Prev. 2018;121:129–33.

38. Bhalla K, Harrison JE. GBD-2010 overestimates deaths from road injuries in

OECD countries: new methods perform poorly. Int J Epidemiol. 2015;44(5):

1648–56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.

Li et al. BMC Geriatrics          (2021) 21:369 Page 10 of 10

http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Data source
	Decomposition method
	Data analysis

	Results
	Population ageing
	DALYs associated with population ageing
	DALYs associated with rate changes versus with population ageing

	Discussion
	Conclusion
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

