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Abstract
Purpose of Review The last 2–3 decades have witnessed a decline in age-standardized cardiovascular mortality rates in high-
income regions, whereas this has only slightly decreased or even increased in most of the low- and middle-income countries. A
systematic comparison of global CVD mortality by regions attributable to various modifiable risk factors such as diabetes,
obesity, hypertension, poor diet, and physical inactivity is not available.
Recent Findings We present a summary of time trends and heterogeneity in the distribution of global CVD mortality and the
attribution of risk factors between 1990 and 2017 using the Global Burden of Disease (GBD) 2017 study. Globally, an estimated
~ 17.8 million (233.1 per 100,000) people died of CVD in 2017. The rate of CVD death was decreased in high-income countries
(1990: 271.8 (95% UI (uncertainty interval), 270.9–273.5); 2017: 128.5 (95% UI, 126.4–130.7) per 100,000)) whereas it
remained the same in lower- and middle-income countries (1990: 368.2 (95% UI, 335.6–383.3); 2017: 316.9 (95% UI,
307.0–325.5) per 100,000). Among the various traditional risk factors, high systolic blood pressure, unhealthy diet, high fasting
plasma glucose, and high low-density lipoprotein levels were attributed to most of the CVD death and disability-adjusted life year
lost. We also observed gender variations in tobacco and increased alcohol consumption. In addition to the traditional risk factors,
poor air quality is associated with increased CVD burden in developing countries.
Summary Surveillance, country-specific guidelines, evidence-based policies, reinforcement of multisectoral health systems, and
innovative solutions are urgently needed in resource-challenged settings to curb CVD risk factors and overall burden.

Keywords Globalburdenofdiseases .Non-communicablediseases .Cardiovasculardiseases .Risk factors .Theepidemiological
transition . Disparities . Bodymass index . Type 2 diabetes . Hypertension . Evidence-basedmedicine

Abbreviations NCD Non-communicable diseases
CVD Cardiovascular diseases
HIC High-income countries
LMIC Low-middle income countries
WHO World Health Organization
GBD Global Burden of Diseases
UI Uncertainty intervals
DALYs Disability-adjusted life years
CRA Comparative risk assessment

Introduction

Non-communicable diseases (NCDs) are recognized as “the
dominant public health challenge of the 21st-century” [1] and
a “public health emergency in slow motion.” NCDs account
for nearly two-thirds of all global deaths. These estimates had
been steadily increasing over time from ~ 26.8 million deaths
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due to NCDs in 1990 to 41.1 million deaths worldwide in
2017 and ~ 74% in 2017 [2••]. Importantly, NCDs are not only
a high-income country problem: ~ 80% of premature deaths
attributed to NCDs occur in low- and middle-income regions.
Cardiovascular disease (CVD) is the leading NCD, account-
ing for ~ 50% of the world’s NCD-related deaths and a signif-
icant barrier to sustainable human development. In substantial
part, CVD is preventable, closely linked to a range of perilous
albeit modifiable behaviors such as unhealthy dietary pattern,
tobacco consumption, physical inactivity, social stressors, and
harmful use of alcohol.

A natural question of scientific and public health im-
portance is to address the disparities in global CVD
mortality and how traditional cardiovascular behavioral
risk factors have affected the global burden of CVD.
Notably, the risk attribution and trends of behavioral
risk factors such as unhealthy diet, physical inactivity,
and tobacco smoking and metabolic risk factors such as
increased levels of body mass index, fasting plasma
glucose, cholesterol levels, and systolic blood pressure
have been sparingly studied. Therefore, in this report,
we summarize global and regional trends and variations
in the number of CVD deaths attributed to traditional
cardiovascular risk factors using data from the Global
Burden of Disease (GBD) 2017 study.

Global Burden of Diseases: an Overview

The GBD 2017 study is an endeavor to continuously
document disease burden by integrating the available
data on disease incidence, prevalence, and mortality to
create harmonized, transparent, and up-to-date global,
regional, and national estimates (Table 1). Detailed de-
scriptions of the study and updated methodology used
for CVD burden estimation have been explained in pre-
vious publications [3–5].

Overall Trends: Changes in Number Affected
and Rates of Disease

The absolute numbers of CVD-related deaths increased glob-
ally and in most regions between 1990 and 2017 (Fig. 1a, b).
For instance, in 1990, the global age-standardized CVD death
rate was 379.4 per 100,000 (95% uncertainty interval (UI),
372.5–386.9) for men which had fallen to per 275.5 per
100,000 (95% UI, 270.5–280.6) by 2017, a 27.4% decline.
Despite the rate reduction, however, the absolute number of
CVD deaths over the same period increased from 5.9 (95%
UI, 5.8–6.1) million to 9.3 million (95% UI, 9.2–9.5), a 54%
increase (Fig. 1a). Similarly, the age-standardized rates of
CVD death for women decreased from 297.4 per 100,000 in

1990 (95% UI, 292.4–305.6) to 196.1 per 100,000 (95% UI,
192.0–200.0), a 34% decrease, whereas the number of deaths
increased from 6.0 million (95% UI, 5.9–6.2) to 8.4 million
(95% UI, 8.3–8.6) in 2017, a 40% increase (Fig. 1b).

Income Group Disparities in Total CVD
Mortality and Absolute Burden in 2017

Globally, an estimated ~ 17.8 million people (95% UI,
17.5–18.0 million) worldwide died of CVD in 2017. The
rate of CVD death was ~ 3 times higher in lower- and
middle-income countries than in high-income countries,
with lower-middle-income countries experiencing the
highest rates of the four groups. Correspondingly, the esti-
mated global age-standardized CVD mortality rates in
2017 were 233.1 per 100,000; 128.5 (95% UI, 126.4–
130.7) per 100,000 in high-income countries; 254.1(95%
UI, 249.4–258.6) in upper-middle-income countries; 316.9
(95% UI, 307.0–325.5) in lower-middle-income countries;
and 285.3 (95% UI, 270.5–300.2) in low-income countries.
In high-income countries, the largest burden tended to oc-
cur in older age groups (> 70 years), while in low- and
middle-income countries, the largest burden was noted in
the middle-aged groups (e.g., 40 to 59 years) which are the
most economically productive years.

Table 1 Global Burden of Diseases overview

The GBD is a multinational collaborative research project with the aim of
producing harmonized estimates of health loss due to 359 causes of
disease and injuries and 3484 sequelae in 195 countries and territories.
In total, 68,781 data sources were used in the estimation process for
GBD 2017. The GBD was commissioned in the early 1990s and
featured in the landmark World Development Report 1993. In 2000,
the comparative risk assessment (CRA) module of the GBD database
was launched which includes 26 risk factors, about one-third of which
were linked with CVD. The results of the CRA study formed the basis
for theWorld Health Report 2002: Reducing Risks, Promoting Healthy
Life. Awide range of data sources and methods were employed to
produce age-, sex-, and country-specific results for the years
1990–2017 (time points (years): 1990, 1995, 2000, 2005, 2006, 2010,
2016, and 2017).

In the GBD 2017 study, the burden of CVD was estimated for the ten
most common global causes of CVD-related deaths and an additional
category that combined all other CVD and circulatory conditions.
Deaths due to each underlying CVD cause were identified using the
categorization of International Classification of Diseases (ICD) codes.
Results are updated annually for the entire time-series, and these results
supersede preceding versions of GBD findings. As of 2017, the
database captures 84 different risk factors. Even though the GBD study
is the most extensive database to date, it only provides modeled
estimates rather than observed data.

The table was generated using publicly available web-based data visual-
ization tools
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Regional Shifts in CVD Mortality from 1990
to 2017

In 1990, the lowest age-standardized CVD mortality (<
250 deaths per 100,000) was observed in predominant-
ly high-income regions (15 countries provided data on
men, and 48 countries provided data for women;
Figs. 2 and 3). The highest age-standardized CVD mor-
tality rates (> 725 per 100,000) were in Bulgarian and
Estonian men and Afghani women. By 2017, 116 coun-
tries in women and 83 countries in men had an age-
s t andard ized CVD mor ta l i ty ra te of < 250 per
100,000, with the lowest mortality rates estimated in
most of the high-income countries such as Taiwan,
Japan, Singapore, Spain, Switzerland, and France. At
the other extreme, age-standardized CVD mortality
rates in 2017 were > 700 per 100,000 in men and wom-
en living low- and middle-income countries in Europe
and Central Asia, and Eastern-Mediterranean countries
s u c h a s U z b e k i s t a n , A z e r b a i j a n , U k r a i n e ,
Turkmenistan, and Afghanistan.

Explaining the High and Rising Burden of CVD
Mortality in LMICs

Sociodemographic change over the past three decades was
associated with dramatic CVD decline in high- and middle-
income regions, but only explains a gradual decrease or no
change in most of the low- and middle-income countries.
This sociodemographic change is related to the concept of
the “epidemiologic transition,” which describes the
population-level shift in morbidity from largely infectious dis-
eases and nutritional disorders over to morbidity largely due to
chronic diseases [6]. The epidemiologic transition is one way
of examining the growth of CVD in low- and middle-income
countries. The stage of transition and causes for each region
differ considerably and may consequentially impact the timing
and magnitude of regional mortality and economic burdens.
This transition stems from various “upstream” factors such as
industrialization, unplanned urbanization, changes in lifestyle,
medical innovation, changes in screening and diagnostic
criteria, and the improved understanding of diseases [7]. The
factors impact more proximal risk factors, as discussed below.

a  Men

b  Women

Fig. 1 Age-standardized CVD
deaths (per 100,000) over the
same period of men (a) and
women (b)
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CVD Risk Factors: Overview

There is an overwhelming consensus that the so-called conven-
tional or lifestyle risk factors such as unhealthy dietary habits
(higher intake of sodium and meat and lower consumption of
fruits, nuts, and vegetables), physical inactivity, and tobacco use
are strongly linked with growing CVD burdens. There is

incontrovertible evidence that these lifestyle risk factors are
strongly related to metabolic diseases such as hypertension, obe-
sity, dyslipidemia, and dysglycemia (prediabetes and type 2 dia-
betes) which are independent precursors of CVD. There are other
non-modifiable risk factors such as increasing age, male sex,
genetics, and parental history of CVD which may be considered
when considering screening and intervention for potential CVD.

Fig. 2 Male percent change in the age-standardized CVD mortality rate map from 1990 to 2017

Fig. 3 Female percent change in the age-standardized CVD mortality rate map from 1990 to 2017
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CVD Mortality and Disability-Adjusted Life
Years Attributable to Traditional Risk Factors
by Gender

Table 2 and Fig. 4 show the contribution of these selected
behavioral and metabolic risk factors for CVD mortality and
disability-adjusted life years (DALYs) between 1990-2017
stratified by sex and region respectively. The preponderance
levels of CVD risk factors such as high systolic blood pres-
sure, high fasting plasma glucose, high lipoprotein cholester-
ol, poor diet, and low physical activity in most of the low- and
middle-income countries indicate that CVD burden can be
expected to increase further as populations age.

Diabetes Prevalence and Management

Since 1980, age-standardized type 2 diabetes prevalence and
overall fasting plasma glucose levels increased in each country
[8•]. The International Diabetes Federation projected that ~ 425
million adults had diabetes worldwide in 2017, and by 2045, this
estimate is expected to rise to 629 million. The most substantial
disease burden (~ 80%) will occur in regions undergoing eco-
nomic transitions from low-income to middle-income countries
[9]. While the burden of diabetes is rising, associated CVDmor-
tality from diabetes has been declining in most (but not all) of the
high-income regions, probably because of the improvedmanage-
ment of diabeticmacrovascular complications. Systematic efforts
to screen for dysglycemia (prediabetes and diabetes) were imple-
mented in high-income countries andmay have increased aware-
ness and action in patients but can be resource-intensive [10–13].
Improvement in diabetes and blood pressure management by
clinical interventions can be useful, although there are recent
debates on the appropriate treatment targets to reduce CVD
events [14, 15]. Furthermore, in the majority of the low- and
middle-income countries, adequate health care delivery models
that achieve goals identified in diabetes management guidelines
are not yet available and implemented. Recently, studies in India
and Hong Kong have shown that implementation of scalable,
multicomponent quality improvement care models can improve
diabetes management in resource-challenged settings [16, 17].

Systolic Blood Pressure

Globally, high systolic blood pressure is the leading cause of
CVD deaths and the second leading cause of DALYs in 2017
(9.7 million deaths and 200.5 million DALYs). The increase in
the prevalence of hypertension and corresponding poor manage-
ment especially in low- and middle-income regions represents a
significant missed opportunity for health systems in these coun-
tries. According to the recently published global data from 90
countries, the prevalence of hypertension decreased by 2.6% in
high-income countries but increased by 7.7% in low- and
middle-income regions. Almost three times as many people with

hypertension live in low- and middle-income countries (~ 1.04
billion) than in high-income regions (~ 349 million) [18]. Our
GBD 2017 analysis showed that, from 1990 to 2017, CVD
deaths attributed to high systolic blood pressure decreased in
98 countries, while it is increased in many low- and middle-
income regions especially in China [19], India [20], Pakistan
[21], and Bangladesh [22]. Tackling hypertension is a global
priority, but this is especially pivotal in those locations where
rates are increasing. Emerging studies in low- and middle-
income countries showed home-based health education [23,
24] and mobile-based text reminders [25, 26] as a cost-effective
method to improve blood pressure control.

Behavioral Risk Factors

Suboptimal intake of fruits, vegetables, and nuts and in-
creased intake of salt, meat, sweetened beverages, and
trans fat consumption were the second leading risk factor
for women and the leading risk factor for men globally,
accounting for 4.2 (3.9–4.6) million deaths (rate, 98.2
[89.9–106.3] per 100,000) and 82.0 (75.9−88.7 million)
million DALYs (rate, 1930.9 [1785.4–2088.5] per
100,000) among women and 5.3 (4.9–5.7) million deaths
(rate, 150.3 [138.3–161.9] per 100,000) and 125.1 mil-
lion (116.0–134.1) (rate, 3253.1 [3013.5–3486] per
100,000) DALYs among men. Notably, high salt con-
sumption in the diet was associated with ~ 2.7 million
deaths in 2017. Alarmed by that, the United Nations
General Assembly declared years 2016–2025 as the
Decade of Action on Nutrition. It might be essential to
planning a variety of public policies including food re-
formulation to reduce sodium content, taxation of sugar-
sweetened beverages, and reforming agricultural and
food subsidies [27]. A recent systematic review demon-
strated that multicomponent strategies involving both
upstream and downstream interventions achieved the
substantial reductions in salt consumption and overall
blood pressure reduction across an entire population,
most notably in Finland, Japan, Turkey, and recently in
the UK [27–29]. Smoking-attributable CVD deaths have
decreased substantially in high-income countries, where-
as it increased in developing countries since 1990, with
most deaths occurring in low- and middle-income re-
gions. Furthermore, GBD 2017 data show that poor air
quality was responsible for the loss of ~ 2.1 million lives
around the world, with more than one-third of those
deaths occurring in fast-developing nations of Asia [30,
31]. More research and microeconomic development in
these communities that help remove the exposure to in-
door air pollution and policies that address macro-
economic reliance on carbon fuels may be important
moving forward to reduce CVD burdens in polluted
environments.
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The Way Forward

The constitution of the World Health Organization (WHO)
declared that “the highest attainable standard of health is one
of the fundamental rights of every human being without dis-
tinction of race, religion, political belief, economic or social
condition” [32]. The WHO also stated that population health
is the “responsibility of governments.” According to current
evidence, some salient points must be considered both in sur-
veillance and patient care:

a) CVD risk factor screening and health behavior changes:
Many risk factors for CVD are treatable (e.g., high
blood cholesterol, blood glucose, and blood pressure).
Therefore, appropriate screening and treatment is an

important primary prevention strategy. Multiple risk
factors positively interact to exacerbate CVD risks
[33]. A significant amount (~ 50%) of the reduction
in CVD mortality has come from controlling risk fac-
tors [11]. Several landmark randomized controlled
studies successfully demonstrated that healthy behav-
ior changes could prevent or delay the development of
diabetes and other cardiometabolic risk factors
[34–36]. Despite the favorable benefits of behavior
change interventions on CVD risk [12], lifestyle mod-
ification is a complicated process [37]. Importantly,
due to cultural barriers, translation of successful life-
style interventions into daily life settings is challenging
especially in a low-resource and fragmented healthcare
systems [38]. Major innovations are warranted at

a Global

b Lower Income Countries
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Fig. 4 a–eChange in death and disability-adjusted life year (DALY) rates
attributed to risk factors, 1990–2017. Risks are connected by lines
between time periods. Behavioral risk factors are shown in lavender,
environmental risks in green, and metabolic risks in orange. For the

time period of 1990 to 2016, percent change in the age-standardized
mortality rate is shown. Statistically significant increases or decreases
are shown in bold (p < 0·05). The figures were generated using publicly
available web-based data visualization tools
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relevant personal, cultural, societal, and community
levels for any prevention programs to be successful at
a population level. Healthy behavior changes by mo-
bile health are becoming a transformational tool for the
population health management and a few well-

designed “proof-of-principle” studies in South Asia
and other low- and middle-income regions successful-
ly showed its effectiveness in chronic care manage-
ment [16, 39, 40], medication adherence [41], and di-
abetes prevention [42].
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Fig. 4 (continued)
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b) Health promotion in the workplace: Wellness program-
ming in the workplace has been recognized as an essential
approach to prevent and treat NCDs as > 50% of the
world population spends one-third of their adult lives at
work [43]. It is especially vital for low- and middle-
income countries, as the risk and onset of metabolic dis-
eases happen at working age groups. Therefore,
workplace-based health promotion is one innovative
strategy to improve health outcomes [44]. Currently, our
group is conducting a feasibility study in 11 public and
private sector worksites in India to reduce cardiovascular
risk factors [45]. This kind of collaboration will pave the
way for the identification of effective intervention solu-
tions among a highly vulnerable population. It is to be
understood that the availability of a workplace wellness
program alone does not guarantee its effectiveness, and
the results are highly variable with intervention design,
implementation, and evaluation [46].

c) National CVD registries and surveillance: Although
NCDs and especially CVD mortality contribute to ~
80% of the death and tremendous strain in the healthcare
systems, the best strategies and tools for monitoring the
changing patterns of diseases and risk factors are not
available in most of the low- and middle-income regions
[47]. Accordingly, only 49 out of 242 countries track
NCD mortality and risk factor trends over three decades
[48•]. Comprehensive and standardized surveillance for
NCDs was recommended at the United Nations High-
Level meeting in 2011. A CVD surveillance framework,
encompassing a set of exposures and outcomes, is imper-
ative for policy development and evaluation and monitor-
ing of disease trends [49]. Currently, only a handful of
well-standardized, longitudinal NCD surveillance studies
are available in low- and middle-income regions [50–54].
Promoting both the coverage and the accuracy of mortal-
ity documentation in populous low- and middle-income
regions is a priority.

d) Evidence-practice gaps in the management of CVD and
its risk factors: According to the recent estimates, ~ 1
billion people have uncontrolled hypertension and glyce-
mic control worldwide [18, 55]. Importantly, most indi-
viduals who receive hypotensive treatments use only one
medication [56]; meanwhile, the evidence base suggests
that two different classes of antihypertensive agents are
routinely necessary to control hypertension [57]. Similar
evidence-practice gaps are observed in dyslipidemia man-
agement, with suboptimal use of statins. Notably, due to
the lack of awareness and education, individuals with
known CVD remain exposed to significant risk factors,
with 19% continuing to smoke, 65% physically inactive,
and 61% consume an unhealthy diet [58].

e) Unique challenges: Low- andmiddle-income regions face
unique challenges in combating chronic metabolic

diseases. This includes lack of (a) funding [59, 60], (b)
few context-specific guidelines [61, 62], (c) availability of
essential medications [63], and (d) geographical inequal-
ities [64, 65]. Because of these challenges, chronic meta-
bolic diseases have a significant impact on CVD morbid-
ity and mortality in low- and middle-income regions than
the rest of the world [13].

Conclusions

The last 2–3 decades have seen dramatic declines in age-
standardized CVD mortality rates in high-income regions,
whereas this has only slightly decreased or even increased
in most low- and middle-income countries. This age-
adjusted decline in high-income regions is primarily driven
by preventive interventions that enable people to thwart
disease; optimal management of diabetes, blood pressure,
and dyslipidemia [61, 66]; treatments to prevent death dur-
ing an acute manifestation of illness (especially stroke or
myocardial infarction); availability of CVD medications
[67]; and medical interventions that prolong life expectan-
cy once CVD manifests. Importantly, the secular trends in
CVD risk factors are highly heterogeneous in low- and
middle-income regions. Therefore, understanding
country-specific nuances contributing to CVD burdens
can help guide policymakers and epidemiologists to design
tailored interventions. There continues to be resistance to
funding CVD interventions owing to the lack of sophisti-
cated data documenting the burden in many regions of the
world. As previous World Heart Foundation, President K.
Srinath Reddy succinctly summed up, “we can spend time
cataloging the catastrophe with greater and greater preci-
sion, or we can take action with a good if not perfect plan
for what needs to be done” [68].
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