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Background The burden of elderly cardiovascular disease (CVD) has received increasing attention with population ageing worldwide.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aims We reported on the global CVD burden in elderly individuals over 70, 1990–2019.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods and
results

Based on the Global Burden of Disease Study 2019, elderly CVD burden data were analysed. Temporal burden trends
were analysed with the joinpoint model. The slope index and concentration index were used to evaluate health inequality.
From 1990 to 2019, the global elderly CVD incidence, prevalence, death, and disability-adjusted life year rates generally
decreased. However, the current burden remains high. The rapid growth in burden in parts of sub-Saharan Africa and
Asia is a cause for concern. Countries with a higher socio-demographic index (SDI) have generally seen a greater decrease
in burden, while countries with a lower SDI have generally experienced increases or smaller declines in burden. Health
inequality analysis confirmed that the burden was gradually concentrating towards countries with a low SDI. Among the
different CVDs, ischaemic heart disease causes the greatest burden in elderly individuals. Most CVD burdens increase
with age, but stroke and peripheral vascular disease show markedly different distributional characteristics. In addition, the
burden of hypertensive heart disease shows an unusual shift towards high-SDI countries. High systolic blood pressure
was consistently the leading risk factor for CVD among elderly individuals.
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Conclusion The burden of CVD in older people remains severe and generally tends to shift to lower-SDI countries. Policymakers
need to take targeted measures to reduce its harm.
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Key learning points
What is already known
� As ageing increases, the burden of cardiovascular disease in older people is a growing concern.

What this study adds
� The burden of cardiovascular disease in older people is generally shifting towards lower socio-economic countries, which are likely to
face more serious challenges in the future.

� The burden of most types of cardiovascular disease increases with age, but the burden of stroke and peripheral vascular disease show
markedly different distributional characteristics.

Introduction
Cardiovascular disease (CVD) is the leading cause of global mortality
and a significant contributor to poor quality of life.1 In 2017, there
were >17 million deaths from CVD, almost twice as many as from
cancer.2 In Europe, >60 million potential years of life are lost due
to CVD annually.3 For the past 30 years, the burden of CVD in
high-income regions has decreased in general, whereas the burden is
still heavy in low-income regions because of the differences between
lifestyle, environment, education, and so on.2,4 For example, ∼75% of
deaths from stroke and >80% of deaths from ischaemic heart disease
occur in low- and middle-income countries.5,6

Age is a separate and unavoidable risk factor that reduces the car-
diovascular system’s ability to perform at its best.7 According to the
American Heart Association on Heart Disease and Stroke Statistics in
2019, the incidence of CVDs was typically 35–40% in people between
the ages of 40 and 60, patients between the ages of 60 and 80 had an
average incidence of 77–80%, and patients over the age of 80 had an
incidence of over 85%.7,8 During the last 200 years, average human
life expectancy has doubled in most developed countries, and it is
forecast that nearly one-fifth of the population in the world will be
aged 65 or older by 2030.9,10 In fact, ageing problems have become
prominent worldwide, and the burden of CVD is currently falling
mainly on elderly individuals.10

Globally, life expectancy at birth has recently increased to over
70 years in 2019.11 The current growth of elderly adults over 70
is the fastest in many regions, such as Europe, the USA and Asia,
and there is a lack of analysis of the global burden of CVD in those
aged over 70.12 Thus, it is urgent to identify the burden of elderly
CVD, especially those over 70, providing additional information to
local governments for alleviating this stress. The Global Burden of
Disease (GBD) study 2019 provided four indicators for the disease
burden, allowing for a more thorough and precise analysis. Using data
from GBD 2019, we assessed the global, regional, and national burden
of CVD in old age, its spatial and temporal distribution characteristics,
its relationship to socioeconomic level, and its risk factors. First, we
reported the elder CVD burden and its trend for the whole world,
21 regions and 204 countries and territories by gender. Second, we
analysed the relationship between the CVD burden in older adults
and socioeconomic level and assessed health inequalities. Afterwards,
we reported the burden of different CVD subtypes by age and sex,
with a specific assessment of the top four CVD subtypes that cause
the most deaths. Finally, we analysed risk factors for CVD in older
people from 1990 to 2019.

Methods
Data sources
GBD 2019 includes the latest estimation of descriptive epidemiological
data on a total of 369 diseases and injuries for 204 countries and terri-
tories from 1990 to 2019, which was used to determine the worldwide
burden of elderly CVD.13 All countries and territories were divided into
21 regions and then into five categories based on the socio-demographic
index (SDI).13

Statistical analyses
In this study, we included the 10 most common global causes of CVD
in elderly individuals.14 People over the age of 70 were included in our
analysis and divided into six age strata (70–74, 75–79, 80–84, 85–89,
90–94, and 95+). The burden of elderly CVD was analysed by sex, year,
age, location, and cause. Incidence, prevalence, death, disability-adjusted
life years (DALYs), and their rates were reported with 95% uncertainty
intervals (UIs). Additionally, the annual percentage changes (APCs) and
their 95% confidence intervals (CIs) were also calculated. R software (R
Core Team, version 4.1.3, Vienna, Austria) and the Surveillance Research
Program of the US National Cancer Institute’s Joinpoint software (version
4.9.1) were used for analyses. The significance level used to evaluate the
P-value was 0.05. The decomposition analyses demonstrated the contri-
bution of age, epidemiological change, and population to the change in
CVD burden between 1990 and 1991–2019. The slope index of inequality
and the concentration index were used to calculate the degree of health
inequities in the distribution of elderly CVD burden across countries
(details in supplementary methods).

Results
Age and cardiovascular disease burden
Among all types of non-communicable diseases in 2019, CVD showed
the greatest death rate and DALY rate in all age groups, especially
in the 25–49, 50–69, and over 70 years groups, in which CVD
ranked first (Supplementary online, Table S1). The CVD burdens were
analysed among age groups 0–9, 10–24, 25–49, 50–69, and over 70
years. In 2019, patients aged over 70 years accounted for the largest
incidence, prevalence, death, and DALY rates (Supplementary online,
Figure S1). With the baseline of 1990, the burden change of CVD
owing to ageing continued to increase from 1991 to 2019. From 1991
to 2019, the percentage of incidence and prevalence change attributed
to ageing showed a general increase. Meanwhile, the proportion of



Burden of cardiovascular disease among elderly 145

death changes and DALY changes due to ageing rose broadly between
1991 and 2019 (Supplementary online, Figure S2). Based on these
findings, we focused on elderly individuals over 70.

Global cardiovascular disease burden and
its trend among elderly individuals
In 2019, 21172117 (95% UI, 19279481–23193109) new cases
and 12168381 (10817275–12969353) deaths from elderly CVD
were recorded, with 195943227 (185037643–207466433) preva-
lent cases and 162402754 (149298184–172522790) DALYs
(Table 1). The global elderly CVD incidence, prevalence, death, and
DALY rates have noticeably decreased since 1990. Specifically, the
global incidence rate is continuing to decrease, with the fastest fall oc-
curring between 1996 and 2000 (APC = −1.09%). However, the rate
of this decline has slowed in recent years. The APC of incidence rate in
2017–19 was greater than the APC of incidence rate for any previous
time period between 1990 and 2017 (2017–19 APC = −0.04). The
prevalence rate decreased most of the time, but an increasing trend
was observed in 2008–15 (APC = 0.07%). Since 1990, there has been
a considerable decline in both the global death rate and the DALY
rate, with the greatest reductions occurring between 2003 and 2007
(death rate: APC = −1.79%; DALY rate: APC = −1.95%) (Figure 1).
For both sexes, from 1990 to 2019, decreasing trends were similar to
the global trend. However, the rates of incidence, death, and DALY
in males were consistently higher than those in females, whereas the
prevalence rate in males was lower than that in females before 1997
(Supplementary online, Figure S3).

Regional and national cardiovascular
disease burden and its trend in elderly
individuals
For region, in 2019, the incidence, death, and DALY rates of elderly
CVD were highest in Central Asia, and prevalence rates were highest
in Eastern Europe (Supplementary online, Figure S4 and Table S2). Al-
though the global burden has decreased, there were still some regions
where the burden was on the rise and required special attention. Since
1990, in incidence and prevalence rates, the greatest decrease had
been observed in Western Europe and the highest increase in East
Asia. The second highest increase in incidence rate was in Central
Asia, while the second highest increase in prevalence rate was in
Western sub-Saharan Africa. Most regions have experienced a decline
in death and DALY rates, with high-income Asia Pacific and Australa-
sia, respectively, showing the largest declines. However, Central Asia
experienced the largest increases, followed by southern sub-Saharan
Africa (Supplementary online, Figure S4 and Table S2).
At the national level, in 2019, the highest incidence, death, and

DALY rates of elderly CVD were shown in Uzbekistan, while the
highest prevalence rates were shown in Iran (Islamic Republic of)
(Figure 2 and Supplementary online, Table S3). Uzbekistan also had
the greatest increase in incidence and DALY rates from 1990 to 2019.
In addition, Tajikistan had the largest increase in mortality rate, while
Guam had the largest increase in prevalence rate. The Republic of
Korea showed the highest decline in incidence, prevalence, death, and
DALY rates (Supplementary online, Figure S5 and Table S3).

Relationship between socioeconomic
development status and cardiovascular
disease burden among elderly individuals
Over this 30-year period, there were large differences between bur-
den trends in countries with different SDIs. The burden has fallen the
most in high-SDI countries, followed by high-middle-SDI countries.
The decreasing trend in the burden is smaller in low-, low-middle-,

and middle-SDI countries, whose prevalence rate has even shown an
increasing trend (Table 1).
To further validate the relationship between the burden of CVD

in old age and socioeconomic level, we conducted an SDI-related
health inequality analysis. The slope index indicated that SDI showed a
significant positive correlation with the burden of CVD among elderly
individuals in 1990. However, the burden showed a trend towards
lower-SDI countries. In 2019, the positive correlation between in-
cidence and prevalence rates and SDI was significantly weaker than
that in 1990, while death and DALY rates even showed a significant
negative correlation with SDI (Incidence 1990: 2338 to Incidence
2019: 470; Prevalence 1990:18361 to Prevalence 2019: 9758; Death
1990: 822 to Death 2019: −1010; DALY 1990: 3270 to DALY 2019:
−20016) (Figure 3). The concentration index was also evidence
of a gradual concentration of burden towards lower-SDI countries
(Incidence 1990: 0.06 to Incidence 2019:−0.01; Prevalence 1990: 0.07
to Prevalence 2019: 0.02; Death 1990: 0.02 to Death 2019: −0.06;
DALY 1990: −0.02 to DALY 2019: −0.09) (Supplementary online,
Figure S6).

Burdens of different cardiovascular
diseases among elderly individuals
We further assessed the burden of different CVDs in elderly individ-
uals. In 2019, except for the inaccessible incidence and prevalence
of aortic aneurysm, ischaemic heart disease, the most common
form of elderly CVD, was also the top cause of death and DALYs
in elderly individuals with CVD of both sexes worldwide. Stroke,
hypertensive heart disease, and atrial fibrillation and flutter were
the other three most common reasons for death (Supplementary
online, Table S4). From 1990 to 2019, the incidence, death, and
DALY rates of rheumatic heart disease fell the most, and peripheral
artery disease had the greatest decrease in prevalence. Meanwhile,
endocarditis has had the most marked rise in incidence, death, and
DALY rates.
In most CVDs, the burden increased with age, with the largest pro-

portions of incidence, prevalence, death, and DALY rates occurring in
those aged 95 years or older and the smallest in those aged 70–74
years. There was no significant difference between males and females
in the rates at different ages. Interestingly, the distribution of certain
disease burdens did not follow this pattern. In particular, the incidence
rate of peripheral arterial disease even decreased with age after the
age of 75–79. Furthermore, the prevalence and DALY rates for stroke
in men tended to increase and then decrease with age (Supplementary
online, Figure S7).

Further analysis of the top four global
cardiovascular diseases among elderly
individuals
A more detailed assessment of the top four CVD burdens on elderly
individuals worldwide was performed. Our ranking was based on the
death rate brought about by different CVDs. For ischaemic heart
disease in 2019, low-middle-SDI settings had the greatest rates of
incidence and prevalence, while high-SDI settings had the lowest
rates. Meanwhile, the lowest death and DALY rates also occurred in
high-SDI settings. The greatest rates of DALY and death were found in
high-middle-SDI settings. For stroke, high-SDI settings had the lowest
rates of death and DALY. Among various age groups, the incidence
and death rates increased with age, in which elders aged over 95 had
the highest incidence and death rates, whereas elders aged 70–74
had the lowest. However, the rates did not increase simply with age
in prevalence and DALY rates. In terms of subtypes, ischaemic stroke
contributed to most death and DALY rates among all age groups and
had the highest rates of incidence and prevalence (Supplementary
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online, Figure S8). In 2019, for hypertensive heart disease, high-SDI
settings presented the lowest prevalence and the lowest rates of death
and DALY. The greatest death rate and DALY rate were observed in
low-SDI settings. In 2019, the highest incidence and prevalence rates
of atrial fibrillation and flutter were found in high-SDI settings, while
low-SDI settings were the lowest. Meanwhile, the lowest death and
DALY rates occurred in low-SDI settings, and the highest occurred in
high-SDI settings. The 30-year trend in ischaemic heart disease, stroke,
and atrial fibrillation and flutter burden was broadly consistent with
the trend in overall CVD burden, all of which showed a gradual shift
in burden towards lower-SDI countries. However, hypertensive heart
disease showed unusual characteristics, with high- and high-middle-
SDI countries accounting for a greater share of its burden in 2019
than in 1990. Detailed data on the top four causes are shown in
Supplementary online, Tables S5–8.

Changes in leading risk factors
High systolic blood pressure consistently accounted for the greatest
proportion of elderly CVD deaths between 1990 and 2019, followed
by dietary risks, which remained the top two causes of death in 1990
and 2019 (Figure 4A).
The leading risks were similar between males and females. For

males and females, the leading risks in 2019 were high systolic blood
pressure, dietary risks, high LDL cholesterol, and high fasting plasma
glucose. Tobacco was the fifth risk factor for males, while it ranked
eighth for females. Additionally, for the risk factors for death from
CVD, the rank of air pollution was higher in females than in males.
In terms of the top five risks, males had three metabolic risks
and two behavioural risks, while females had three metabolic risks,
one behavioural risk, and one environmental or occupational risk
(Figure 4B and C).

Discussion
Principal findings
This study explored comprehensively the global burden and trend
of CVD among elderly individuals over 70 and generated some new
findings. From 1990 to 2019, the global incidence, prevalence, death,
and DALY rates of CVD in older people all showed promising declines
(Table 1). However, the current global burden of CVD among elderly
individuals remains high, and the decline in incidence has slowed
(Table 1 and Figure 1). At the regional level, Central Asia and Eastern
Europe had the greatest burden, and parts of sub-Saharan Africa and
Asia experienced the sharpest increase in burden (Supplementary
online, Table S2 and Figure S4). As a representative of the high risk
of CVD in older people in Central Asia, Uzbekistan had the largest
incidence, death, and DALY rates and the largest increase in death and
DALY rates of any country and territory, requiring special attention
(Supplementary online, Table S3, Figure 2, and Supplementary online,
Figure S5). Trends in burden changes varied across countries with
different SDIs. High-SDI and high-middle-SDI countries generally ex-
perienced a significant decline in burden, while most of the lower-SDI
countries experienced only a small decline or even a slight increase
(Table 1). Further analysis of health inequalities suggested that the
concentration of burden was shifting to low-SDI countries (Figure
3, Supplementary online, Figure S6). The burden of CVD increased
with age in different 5-year age groups (Supplementary online, Figure
S7). However, the burden due to different CVD subtypes showed
different characteristics. The incidence rate of peripheral vascular
disease decreased with age after the age of 75–79. The prevalence and
DALY rates for stroke in males tended to increase and then decrease
with age (Supplementary online, Figure S7). Among the different
subtypes, ischaemic heart disease caused the greatest burden, while
the trend towards increased incidence, death, and DALY rates was
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Figure 1 Global trends for incidence rate, prevalence rate, death rate, and DALY rate (per 100000 population) of elderly cardiovascular disease
from 1990 to 2019. (a) Incidence rate; (b) prevalence rate; (c) death rate; and (d) DALY rate. Abbreviation: DALY, disability-adjusted life year.

most pronounced in endocarditis (Supplementary online, Table S4). In
addition, the burden of hypertensive heart disease in older people
showed a trend towards countries with high SDI (Supplementary
online, Table S7). Of the different risk factors, the one that had
the greatest impact on CVD mortality in older people was high
systolic blood pressure, followed by dietary factors (Figure 4). Our
study provides a systematic analysis of the global burden caused by
CVD among elderly individuals to help implement more effective and
targeted measures to minimize harm.

Comparison with other studies
To the best of our knowledge, this study provides the most re-
cent and comprehensive analysis available on the burden of CVD
among elderly individuals over 70 on a global, regional, and national
level from 1990 to 2019. CVD remains the main cause of disease
burden worldwide, and ageing is an important risk factor affecting
cardiovascular homeostasis.14,15 Consistent with previous studies, this
analysis revealed a global decline in rates of death and DALY since
1990, which is attributable to recent more precise diagnoses and
better therapies (Table 1).14 The incidence and prevalence rates of

CVD in the elderly are also on the decline, and healthier lifestyles
and better prevention strategies may be important reasons for this
(Table 1).16,17 However, the decline in incidence has slowed in recent
years (Figure 1). Global warming, long-term air pollution exposure,
etc. may be associated with the slowing of this trend.18,19 Ageing
is strongly associated with CVD burden, and it is forecast that ap-
proximately one-fifth of the global population will be over the age
of 65 by 2030, with the prevalence of CVD increasing exponen-
tially9; thus, there is still a huge challenge to elderly health and social
development.
Although the global burden was declining, there were still some

regions where the burden was trending upwards. Of the 21 regions,
East Asia, Central Asia, and western sub-Saharan Africa have seen
the sharpest increases in incidence and prevalence rates, while Cen-
tral Asia and southern sub-Saharan Africa have seen non-negligible
increases in death and DALY rates (Supplementary online, Figure S4,
and Table S2). The incidence and prevalence rates of most CVDs
increased with age (Supplementary online, Figure S7). The generally
lower birth rates and longer life expectancy in East Asian countries
have led to changes in age structure,20 which may be the main reason
for the increased incidence and prevalence burden in the region. From
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Figure 2 National incidence rate, prevalence rate, death rate, and DALY rate (per 100000 population) of elderly cardiovascular disease for both
sexes combined in 2019. (a) Incidence rate; (b) prevalence rate; (c) death rate; and (d) DALY rate. Notes: The raw data are from GBD2019, and
possible zoning issues are not our focus. Abbreviations: DALY, disability-adjusted life year; GBD, Global Burden of Disease.

1990 to 2030, East Asia is also expected to have the largest worldwide
increase in the proportion of people aged 65+ (from 12.9 to 18.1%).21

The local area may face an even greater challenge of CVD in old age
in the future. According to our study, dietary risk was an important
risk factor for CVD in the elderly (Figure 4). The large increase in
the risk of CVD among older people in sub-Saharan Africa may be
strongly associated with the large amount of extra-regional trade
experienced by the southern African Development Community. The
main diet of the local population shifted from highly nutritious and
fibrous staples to imported processed foods and sugary beverages,
which often led to higher CVD incidence and death rates among the
elderly.22–24 The ‘collision’ epidemic of HIV and CVDs in ∼2000 is
also a possible cause of the rising local death burden.25 The rapidly in-
creasing burden in Central Asia may be related to local dietary habits.2

Apart from the risk of diet, diabetes, hypertension, alcohol, tobacco,
insufficient preventive care, and education also take part in the pro-
gressive burden of elderly CVD in Central Asia.26,27 In addition, the
break-up of the former Soviet Union is also a possible cause of this
increase.28

Among the different countries and territories, as a prominent
representative of Central Asian countries at high risk of CVD in
older age, Uzbekistan has shown the largest increases in incidence
and DALY rates over the past 30 years (Supplementary online, Figure
S5 and Table S3). In 2019, Uzbekistan also had the highest rates of
CVD incidence, death, and DALY rates in older age in the world
(Figure 2, Supplementary online, Table S3). The shortage of healthcare
resources, income inequality, limited drug affordability, and excessive
use of alcohol and tobacco participated in the progress of burden of

CVD among elders in Uzbekistan.29 However, current research on
CVD among elderly individuals in Uzbekistan is inadequate, which is
not conducive to improving this situation. Interestingly, in terms of
countries and territories, the Republic of Korea showed the largest
decrease in rates of incidence, prevalence, death, and DALY from 1990
to 2019 (Supplementary online, Figure S5 and Table S3). The range of
measures taken by local authorities to reduce the burden of CVD
in old age, such as establishing legal frameworks and new regional
cardio-cerebrovascular centres, are worthy of study by policymakers
in other countries.30

Although the burden has generally fallen, the downwards trend
varies between SDI regions. Burden tended to fall more in high SDI
areas, while it often fell slightly or even rose in low SDI areas (Table 1).
The SDI-related health inequality analysis confirmed that the burden
of CVD in older people was gradually shifting to countries with lower
SDI (Figure 3, Supplementary online, Figure S6). The most plausible
explanation for the greater decline in high-SDI countries may be
better control of risk factors such as hypertension and obesity in older
people and higher budgets for CVD prevention and treatment.31,32

Low-SDI countries, on the other hand, tend to have lower budgets for
CVD screening, prevention and treatment, and relatively inadequate
education and skills of health workers.33 Although treatment modal-
ities for CVD are improving, the effect of this improvement may be
uneven across countries. The low availability and accessibility of drugs
in low-SDI countries is a major barrier to the use of and adherence
to essential CVD drugs.34 In addition, unlike developed countries, the
older population in less developed countries is growing significantly
slower than younger people in terms of access to health services, and
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Figure 3 SDI-related health inequality regression lines for the burden of cardiovascular disease in older people in 1990 and 2019. (a) Incidence
rate; (b) Prevalence rate; (c) Death rate; and (d) DALY rate. Abbreviations: SDI, socio-demographic index; DALY, disability-adjusted life year.

the link between age discrimination and the health of older people
appears to be stronger.35,36 It is expected that in the future, countries
with low socioeconomic levels will face a greater challenge of CVD in
old age, which requires urgent attention.
We found that the burden of overall CVD among older people

increases with age (Supplementary online, Figure S7), which has been
verified in previous studies.37 However, the distribution of burden for
certain CVD subtypes did not follow this profile. The incidence of
peripheral vascular disease decreased with age from 75 to 79 years
onwards (Supplementary online, Figure S7). An increase followed by
a decrease with age was also observed in the prevalence and DALY
rates of stroke in men (Supplementary online, Figure S7). Although the
exact mechanisms still need to be further explored, this is a reminder
of the need for increased attention to the burden of disease in specific
age groups.
Of the different subtypes of CVD, ischaemic heart disease caused

the greatest burden (Supplementary online, Table S4). Its risk has
been described in previous studies.38 The most widespread increase
in the burden of endocarditis in the elderly cannot be ignored
(Supplementary online, Table S4), and the increasing risk of healthcare-
associated infective endocarditis is a major reason for this.39,40 It is

certainly necessary to develop more effective treatment and care
for elderly patients with healthcare-associated infective endocarditis.
In contrast to the overall CVD burden, the burden of atrial fib-
rillation and flutter quantified by all four indicators was unusually
higher in countries with high SDI than in countries with low SDI
(Supplementary online, Table S8). This suggests that high socioeco-
nomic levels may be an important risk factor for atrial fibrillation
and flutter. Genetic factors may also take part in this, with European
ancestry associated with increased risk while both African and South
Asian populations at lower risk.41–44 In addition, unlike overall CVD,
the burden of hypertensive heart disease exhibited a trend towards
higher SDI areas (Supplementary online, Table S7). Although the exact
causes need to be further explored, this is a reminder that targeted
measures are needed in high-SDI countries to reduce the current huge
burden of atrial fibrillation and flutter in older people and to solve the
potentially huge future problem of hypertensive heart disease in older
people.
In 2019, high systolic blood pressure was still the top risk factor for

elderly CVD (Figure 4). Studies have shown the protective effect of
blood pressure lowering on CVD.45,46 Behavioural risk seems to be
more important in men, such as tobacco (Figure 4).
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Figure 4 Mean annualized rate of change in the number and rate of death in elderly cardiovascular disease due to various risk factors and their
ranking change between sexes from 1990 to 2010 and 2010 to 2019. Notes: Solid lines indicate a rise, and dotted lines indicate a fall. Yellow for
behavioural risks, blue for metabolic risks, and red for environmental/occupational risks.

Strengths and limitations
To the best of our knowledge, this study provides the first compre-
hensive assessment of the global burden of CVD in old age and its
spatial-temporal distribution characteristics through four indicators.
We also provide an in-depth analysis of the relationship between
burden and socioeconomic levels.
This work has some limitations. First, the burden on countries with

low socioeconomic levels may be underestimated due to underdevel-
oped public health systems and unstable national situations. Second,
the GBD study did not provide data on burden by ethnicity. However,
ethnicity and genetic factors can greatly influence the distribution of
CVD in older people in different countries and territories. Third,
the most recent changes in CVD among elderly individuals cannot
be captured owing to time lags in information reporting by national
authorities in the GBD study. Fourth, the distribution of CVD burden
in older people within a given country may vary considerably, for ex-
ample, in the USA, which has a large geographical area. It is therefore
necessary to assess the burden in different subnational regions, and

this will be done in further studies. Fifth, access to CVD diagnostic
techniques may affect the accuracy of the estimated results. For exam-
ple, electrocardiogram of atrial fibrillation—which can underestimate
disease prevalence. Sixth, data on the incidence and prevalence of
aortic aneurysms could not be obtained from the GBD, and further
research is needed.

Future directions
As the global population ages, CVD among the elderly is becoming
an increasingly serious public health issue, warranting further inves-
tigation. The overall burden of CVD demonstrates a trend towards
countries with lower socioeconomic levels, indicating that low-SDI
countries may face a substantial CVD challenge in the future. More-
over, the actual burden in these countries might exceed the observed
burden. Despite this, current research on CVD in the elderly remains
predominantly focused on developed countries, highlighting an urgent
need for additional studies in low-SDI countries. The increasing trend
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of endocarditis burden in the elderly is far ahead of other CVD
burden changes and needs more attention in the future. To fully
understand the distributional characteristics of the burden of CVD
in older people, more assessments should also be conducted on the
burden in different ethnic and subnational regions.

Conclusion
Our study offers an extensive evaluation of the global burden of CVD
in older adults and its spatiotemporal distribution patterns. Despite
a general decrease in burden, the impact of CVD in the elderly
remains substantial. The burden trends vary across SDI regions and
are progressively shifting towards lower SDI regions. Ischaemic heart
disease poses the most significant burden among all CVDs, while
the pervasive upwards trend in endocarditis burden is concerning.
The distribution characteristics of different CVDs are distinct. The
insights provided by our research will assist policymakers in devising
targeted strategies to effectively mitigate the burden of CVD in older
adults.

Supplementary material
Supplementary material is available at European Heart Journal—
Quality of Care and Clinical Outcomes online.
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