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Background: Cardiovascular disease is the leading cause of death worldwide and a

major barrier to sustainable human development. The objective of this study was to

evaluate the global, sex, age, region, and country-related cardiovascular disease (CVD)

burden, as well as the trends, risk factors, and implications for the prevention of CVD.

Methods: Detailed information from 1990 to 2017, including global, regional, and

national rates of CVD, and 11 categories of mortality and disability-adjusted life

years (DALYs) were collected from the Global Burden of Disease Study 2017. The

time-dependent change in the trends of CVD burdens was evaluated by annual

percentage change.

Results: More than 17 million people died from CVD in 2017, which was approximately

two times as many as cancer, and increased nearly 50% compared with 1990. Ischemic

heart disease and stroke accounted for 85% of the total age-standardized death rate

(ASDR) of CVD. The ASDR and age-standardized DALYs rate (ASYR) of CVD were

1.5 times greater in men compared with women. People over the age of 50 were

especially at risk for developing CVD, with the number of cases and deaths in this age

group accounting for more than 90% of all age groups. CVD mortality was related to

regional economic development and the social demographic index. In regions with a

high economic income or socio-demographic index, there was a greater decline in the

ASDR of CVD. The ASDR of CVD in high SDI regions decreased more than 50% from

1990 to 2017. Tobacco use, diets low in whole grains, diets high in sodium, and high

systolic blood pressure were the important risk factors related to CVD mortality.
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FIGURE 6 | The relative change in ASDR (A) and ASYR (B) of cardiovascular disease between 1990 and 2017.
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FIGURE 7 | The relative changed (%) in ASDR of cardiovascular disease and its 11 categories for top 50 countries and territories, between 1990 and 2017.
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FIGURE 8 | Cardiovascular disease trends in global, HDI, and SDI regions ASDR from 1990 to 2017. Global (A); high HDI (B); upper middle HDI (C); lower middle HDI

(D); low HDI (E); high SDI (F); high-middle SDI (G); middle SDI (H); low-middle SDI (I); low SDI (J).
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FIGURE 9 | The ASDRs of CVD induced by different risk factors.

DISCUSSION

In this study, we evaluated the burden of CVD in 2017

demarcated by disease type, sex, age, region, and country, and
found that the burden of CVD varies widely across these factors.

More than 17 million people died from CVD worldwide in
2017, accounting for 30% of the total number of deaths in
that year and making CVD the largest burden disease in the
world. This conclusion remains highly consistent with previous
studies. In 2012, 17.6 million people died of CVD worldwide,
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FIGURE 10 | The ASDRs of CVD induced by different risk factors in different regions.

this accounted for an estimated 31.43% of global mortality (9).
Although the total number of global deaths due to CVD increased
by 50% in 2017 compared with 1990, the mortality rate after
age standardization has actually decreased by 30% in that time
frame, and the ASDR has stabilized in recent years. However, it
is worth noting that the changes in CVD mortality are related to
regional economic development or social demographic index. In
regions with high economic income or high socio-demographic
index, the decline in CVD ASDR is greater. The ASDR in the
High HDI region decreased by 52.8% from 1990 to 2017 but
only decreased by 13.9% in the Lower Middle HDI during that
timeframe. Similarly, the ASDR in the High SDI region decreased
by 53.1% between 1990 and 2017, while the Low-middle and
Low SDI regions only decreased by 15.8 and 14.8%, respectively.
Countries such as Uzbekistan, Azerbaijan, Lesotho, Zimbabwe,
the Philippines, North Korea, and Pakistan had the greatest CVD
burden, which was linked to the lower economic income of those
countries. Overall, these results demonstrate the importance of
increased investment in the prevention and treatment of CVD for
countries in low economic development or social demographic
index regions. A study of CVD and associated risk factors
also revealed that compared with the mega-countries that hold
approximately 50% of the global population, it was necessary
to implement well-structured interventions at the primary and
secondary care level in the developing countries (23).

The global mortality rate of CVD and most of its types was
higher in men than in women, with the exception of rheumatic
heart disease and atrial fibrillation and flutter. Previous research
has demonstrated that the incidence of coronary heart disease is
10 to 15 years later in women than men. Prior to menopause, the
incidence of coronary heart disease in women is only 10 to 30%
of that in men. This is due to the protective effect of estrogen
on the cardiovascular system in women, which can reduce the
incidence of cardiovascular disease (24–26). The risk factors for
CVD, including hypertension, hyperlipidemia, diabetes, obesity,
and smoking, are also different between women and men, and
therefore have a differing influence on CVD incidence and death
in women and men (27, 28). For example, low levels of high-
density lipoprotein cholesterol (HDL-C) are the risk factors for
CVD, and studies have shown that women have a lower risk
of CVD than men at any HDL-C level (29, 30). However, the
mortality rate of rheumatic heart disease was significantly higher
for women than men, suggesting that the prognosis of female
rheumatic heart disease is worse than that of male and requires
further attention and targeted prevention.

Themortality rate and burden of CVD increased with age. The
mortality rate increased after the age of 40, with an increasing rate
of change after age 60. Our results indicate that the global CVD
burden is highest among individuals older than 50 years of age.
It has been previously reported that hypertension, coronary heart
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disease, hyperlipidemia, hypercoagulability, and cytotoxicity are
closely related to aging. Diabetes is also an important risk factor
for coronary heart disease (31, 32). The risk of coronary heart
disease in diabetic patients is 2–4 times higher than in non-
diabetic patients, and the incidence of stroke is approximately
3 times higher (33, 34). With the aging of the global population
and the increase in obesity and metabolic syndrome, the elderly
should obviously be the major population targeted for prevention
efforts. The strict control of blood glucose, blood pressure, and
blood lipids are the main preventative measures for reducing the
mortality of older patients with CVD (35). In addition, the results
of this study showed that children under the age of 15 mainly
suffered from cardiomyopathy and myocarditis, endocarditis,
other cardiovascular and circulatory diseases, rheumatic heart
disease, and stroke. Risk factors for children with CVD were
primarily obesity and hypertension (36, 37).

Previous risk factor studies have shown that dietary factors
and hypertension are the two largest factors contributing to the
burden of CVD disease (38). Among the dietary factors, diets low
in whole grains or high in sodium pose the greatest health threat.
WHO recommends an adult salt intake of <5 g/day. Smoking
is also a major contributor to the burden of CVD. There are
approximately 1 billion smokers worldwide, and one in four men
and one in 20 women are nicotine dependent (39, 40). The impact
of alcohol on cardiovascular disease is still controversial, but it
is generally believed that heavy drinking can increase the risk of
CVD (41, 42).

Numerous studies have shown that the incidence of CVD
in adults and adolescents is high. Therefore, our analysis of
the burden of CVD at the sex, age, regional, and national
levels help elucidate the characteristics of the global CVD
burden. As mentioned in our analysis above, the mortality rate
and burden of CVD increased with age, and the global CVD
burden is highest among individuals older than 50 years of
age, while the age of 15 mainly suffered from cardiomyopathy
and myocarditis, endocarditis, or other cardiovascular and
circulatory diseases, etc. Smoking is also a major contributor
to the burden of CVD. In our study, another important
finding is that the changes in CVD mortality are related
to regional economic development or SDI. Thus, it is very
important and necessary to establish corresponding prevention
strategies for CVD. Fortunately, nine necessary strategies to
reduce cardiovascular diseases have been proposed in the
World Heart Federation’s vision (43), and these strategies could
cover our conclusions in the mentioned analysis and studies.
The following principles should be followed: (1) preventive
interventions should begin in childhood and adolescence; (2)
establish CVD prevention alliances between non-medical and
medical institutions and government agencies in the health field;
(3) increase monitoring of mortality, morbidity, and health
risks of CVD; (4) strengthen the implementation of tobacco
control; (5) implement detection and control of hypertension
and secondary prevention of hypertension; (6) strengthen
cooperation between different economic incomes and social
demographic index regions to establish CVD control; (7) large
sample studies in different regions of the world to analyze
the characteristics and risk factors of CVD; (8) strengthen the
research and development of drugs for the treatment of CVD;

(9) improve public health education to promote a reasonable and
healthy lifestyle.

CONCLUSIONS

Cardiovascular disease remains a major cause of death and
chronic disability in all regions of the world. Ischemic heart
disease and stroke account for the majority of the health burden
of CVD. Although mortality rates for CVD have declined in
recent years from a global perspective, the results of the 2017
CVD data suggest that CVD mortality and DALYs vary widely
across different ages, sexes, and countries/regions around the
world, particularly in different economic development or social
demographic index regions. Additionally, it is necessary to
understand and consider the common risk factors that lead
to the occurrence of CVD, so that health management and
early screening can be encouraged for individuals who are at
a high risk of developing CVD. By analyzing the burden of
CVD across disease types, sex, age, and regional and national
levels, our study helps elucidate the characteristics of the global
CVD burden in order to establish more effective and targeted
prevention strategies.

Limitations
Although the GBD estimates can fill in the missing or unavailable
data regarding disease burden, some limitations are still worth
noting. First, the accuracy of the GBD estimates is mostly
dependent on the quality and quantity of the data. These
estimates have a high level of uncertainty due to the low
proportions of South Americans, Asians, and Africans covered
by high-quality CVD registries. Health data on CVD remain
extremely limited for some regions of the world, such as
sub-Saharan Africa. Second, the GBD study has taken several
steps to improve the reliability and comparability of vital
registration data, including the redistribution of junk code, but
some systematic biases due to the use of regional patterns
of diagnostic codes may still exist. Although the inclusion
of measurement errors is an important aspect of the GBD
study, non-sampling errors have not been quantified. Third,
underreporting and misdiagnosis are common during disease
registration, especially in developing countries. Fourth, the GBD
study accounts for comorbidity using a simulation method that
assumes an independent probability of having any disease state.
The overall estimate of YLD will increase with age, but CVD is
more common in the elderly, so independent assumptions may
have a greater impact on this group. Five, the risk factors levels
of exposure might be outside the UIs estimated due to less data
on some countries or territories, and the estimated results might
be inaccurate due to the interaction of multiple risks. Last, the
time trends of certain diseases might be affected by changes in
diagnostic technology over time.
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