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INTRODUCTION AND GLOBAL OVERVIEW
The Global Heart/World Heart Federation 1990-2010
Global Atlas of Cardiovascular Disease (CVD) charted the
transition from a global burden of disease dominated by
infectious and maternal/child conditions to a new world in
which CVD and other noncommunicable diseases (NCDs)
are responsible for a growing proportion of preventable
loss of healthy years of life, especially in the world’s lowincome regions [1]. This updated Global Atlas of CVD
describes, for world regions and countries, the period
2000-2016, a time when CVD and other NCDs are
entrenched as major causes of preventable health loss from
disease in every world region, regardless of country income
socio-demographic status. According to the Global Burden
of Disease (GBD) 2016 Study, NCDs accounted for about
40% of total, age-standardized global burden of disease in
women, and about 50% of total age-standardized global
burden of disease in men; CVDs alone accounted for 20%
of total burden in women and 24% of total burden in men
(Fig. 1).
At the global level, the highest per capita CVD burden
remains in the countries of Eastern Europe and Central
Asia (Fig. 2). East Asia (78.1 million CVD disability
adjusted life-years [DALYs] in 2016 [uncertainty range
75.0—81.1]) and South Asia (65.6 million CVD DALYs
[uncertainty range 62.2—68.5]) are home to the largest
total burden of CVD, due to their large and aging populations [2].
Over the same 2000-2016 time interval, the rate of
CVD DALYs per 100,000 people decreased in the majority
of the world’s countries—including in higheCVD-burden
countries in Eastern Europe and Central Asia (Fig. 3).
Among countries with a decreasing CVD burden, CVD
death rates decreased the most dramatically over time in
the high-income countries (countries with a high sociodemographic index) [3].
Among high-income countries, the only country
without a deﬁnite decrease in CVD burden rate was Japan
(0.9% DALY rate increase). Several of the largest low- and
middle-income countries (LMICs) (populations >100
million people) had increases in CVD burden rate; in
decreasing order of percent burden increase, these
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included: Bangladesh (27.4%), the Philippines (25.3%),
Mexico (19.7%), India (15.4%), Indonesia (8.8%), and
China (6.6%). The epidemiologic drivers explaining ﬂat or
rising CVD DALY rate trends vary among countries. In
countries like Japan, a reduced CVD death rate (due to
improved risk factor control and secular trends) was
overwhelmed by the rapid aging of the population [4]. In
South Asian countries like Bangladesh and India, slight
increases in CVD rate are coupled with population aging.
The leading cause of total global CVD burden in 2016
was ischemic heart disease (174 million DALYs [uncertainty range 170-180 million]; 49% of total CVD burden)
(Fig. 4), followed by stroke (116 million DALYs [uncertainty range 111-121 million]; 33% of total CVD burden).
Other CVD causes account for a relatively smaller proportion of the global burden of disease (hypertensive heart
disease, cardiomyopathy and myositis, rheumatic heart
disease, atrial ﬁbrillation and ﬂutter, aortic aneurysm,
endocarditis, peripheral artery disease, and other cardiovascular and circulatory diseases). Ranking of CVDs
according to total burden changed little from 2000 to
2016, with total burden increasing for most CVDs over
time. One notable exception was rheumatic heart disease,
for which global burden decreased from 12.6 million
DALYs in 2000 to 9.8 million DALYs in in 2016 [5].
Total CVD burden attributed to each risk factor
increased between 2000 and 2016 (Fig. 5). High blood
pressure is the leading single risk factor responsible for
preventable global CVD burden. Unhealthful diet is also
responsible for a large proportion of preventable CVD
burden. Along with traditional CVD risk factors, air
pollution is responsible for a large portion of preventable
CVD burden and was the fourth ranked preventable CVD
risk factor globally in 2016.
The purpose of the 2000-2016 Global Atlas of CVD is
to quantify CVD burden, monitor progress in the control of
CVD risk factors and burden over time, and identify targets
for future research and preventative actions. Evidence for
prevention policy indicators and CVD prevention success
stories were not available for a sufﬁcient proportion of
countries to permit summarizing all of them within the
region sections of the atlas. We therefore review selected
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FIGURE 1. Age-standardized disability adjusted life-years (DALYs) by cause, global, 2016.

CVD prevention and control policy factors in this atlas
overview section. Areas of focus will be the state, as of
2018, of universal health insurance coverage, the CVD
control workforce, CVD prevention medicines availability
and uptake, and population-wide CVD control interventions. The atlas overview section ends with a brief
description of the scientiﬁc methods underlying data reported in the 2000-2016 Global Atlas of CVD.

UNIVERSAL HEALTH COVERAGE
State of universal health coverage in 2018
The aim of universal health coverage (UHC) is to ensure all
individuals and communities have equitable access to
essential health services of sufﬁcient quality to improve
health outcomes without incurring ﬁnancial hardship [6].
The Sustainable Development Goals (SDG) adopted by the

FIGURE 2. 2016 disability adjusted life-years (DALYs) by country, global cardiovascular disease (CVD) DALYs per
100,000 persons, 2016.
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FIGURE 3. Change in CVD DALYs, 2000-2016, global percent change in CVD DALYs per 100,000 between 2000
and 2016. Abbreviations as in Figure 2.
United Nations General Assembly in September 2015 focuses SDG 3 on achieving UHC goals. It measures progress
toward UHC based on 2 indicators: coverage of essential
health services (target 3.8.1) and the extent of catastrophic
health expenditure (target 3.8.2). The coverage indicator
measures the average coverage of essential health services
in multiple health domains, including maternal and child
health, communicable diseases and NCDs, and access and
service capacity. Although coverage of essential health
services has increased over the last 2 decades, there is wide
variation in levels of service coverage between high-income
and low-income countries [7]. In 2017, based on the UHC
service coverage index, access of essential health services
was estimated to be highest in countries of East Asia,

North America, and Europe, and lowest in Sub-Saharan
Africa [7].
Catastrophic health expenditure is deﬁned as out-ofpocket expenditure on health exceeding a household’s
ability to pay [7]. A commonly used indicator to measure
catastrophic health expenditure is the out-of-pocket health
spending exceeding 25% of total household income or
consumption. One retrospective observational study across
133 countries reported the global incidence of catastrophic
spending at the 10% level to be 9.7% in 2000, 11.4% in
2005, and 11.7% in 2010. This translated to approximately
808 million people who incurred catastrophic health
spending in 2010 at the 10% threshold, and 179 million
people at the 25% threshold [8,9]. Wide variation exists

FIGURE 4. Number of DALYs due to CVD, global, both sexes 2000 and 2016. Abbreviations as in Figure 2.
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FIGURE 5. Number of DALYs due to CVD risk factors, global, both sexes, 2000 and 2016. Note that DALYs attributed to
risk factors overlap, that is, the sum of all individual CVD risk factors is greater than total CVD DALYs. Abbreviations as in
Figure 2.
between countries in catastrophic health expenditure. For
example, the incidence of catastrophic health spending at
the 25% threshold in Bangladesh in 2010 was as high as
4.84%, compared to Pakistan, a country in the same
region, which had an incidence of 0.02% (Table 1).
Few studies have examined the impact of CVD on
catastrophic health expenditure. A large prospective cohort
study examined the economic burden of acute coronary
events across 7 Asian countries at varying stages of
economic development. The study found that out-ofpocket expenditures were almost universally required
from patients experiencing acute coronary events or their
families. Furthermore, 56% of study participants reported
catastrophic health expenditures (deﬁned as out-of-pocket
expenditures >30% of annual household income), with a
lower likelihood of catastrophic health expenditure among
patients with health insurance [10]. Another, crosssectional study of 1,657 recently hospitalized CVD
patients in LMIC found that more than one-half of patients
living in China, India, and Tanzania had experienced
catastrophic health expenditures related to their CVD
event; this experience was particularly common among
uninsured patients [11].
Accumulating evidence has demonstrated that introduction of UHC leads to measurable CVD prevention
beneﬁts. Starting in 2002, Mexico introduced the Sequro
Popular, an insurance plan for approximately 50 million
low-income citizens that effectively ensured universal
coverage. Based on a stepped-wedge study design that
allowed comparison of areas that received universal
coverage early on with those where the reform had not yet
been introduced, the Seguro Popular program was coupled
with evaluation using national examination survey data.
Using this study design, Bleich et al. found that hypertensive Seguro Popular enrollees had 1.5-fold higher odds
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of receiving hypertension treatment and 1.4-fold higher
odds of having controlled blood pressure compared with
matched hypertensive adults without insurance [12]. In
another study, patients with diabetes enrolled in the
Seguro Popular were more likely to achieve glucose control
compared with their uninsured counterparts [13]. Hypertensive patients living in rural Nigeria who received
community-based health insurance were found to have
signiﬁcantly lower systolic and diastolic blood pressures,
improvements that were not observed in the matched
control group without health insurance coverage [14].

THE GLOBAL CVD CONTROL WORKFORCE
State of the physician and nurse workforce
worldwide
Skilled health workers are critical for the functioning of
health systems [15]. Sufﬁcient numbers of trained health
workers are necessary to ensure coverage of essential health
services including emergency obstetrical care, skilled-birth
attendance, and childhood immunization, and for
communicable disease and NCD prevention and control.
Yet many LMICs continue to face severe chronic shortages
in the quality and quantity of their healthcare workforce.
In 2006, the World Health Organization (WHO) called
for a minimum density of 2.3 skilled health workers
(physicians, nurses, and midwives) per 1,000 population
to achieve at least 80% coverage in skilled birth attendance.
This represented the minimum number of healthcare
workers necessary to attain coverage targets for 1 health
service within a single health system domainematernal
and newborn health. However, the SDGs have a much
wider scope and also include other health system domains
such as NCD control [16]. In 2016, the minimum
healthcare provider capacity threshold was raised to 4.45
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TABLE 1. Population with household expenditures on health >25% of total household expenditure (SDG indicator 3.8.2) [2]
Region
East Asia
Southeast Asia

Central Europe

Eastern Europe and Central Asia

Australasia
Western Europe

North America
Latin America and Caribbean

North Africa/Middle East

South Asia

Country

Year

%

Mongolia
Indonesia
Philippines
Thailand
Viet Nam
Croatia
Czechia
Bosnia and Herzegovina
Bulgaria
Hungary
Montenegro
Poland
Romania
Serbia
Slovakia
Slovenia
Albania
Armenia
Belarus
Estonia
Georgia
Kazakhstan
Kyrgyzstan
Lithuania
Mongolia
Republic of Moldova
Russian Federation
Ukraine
Australia
Denmark
Finland
Greece
Ireland
Italy
Luxembourg
Malta
Spain
United Kingdom of Great Britain and Northern Ireland
Canada
United States of America
Colombia
Costa Rica
Guatemala
Mexico
Peru
Egypt
Iran (Islamic Republic of)
Tunisia
Turkey
Bangladesh
India
Nepal
Pakistan

2010
2013
2012
2010
2012
2010
2010
2011
2010
2010
2011
2012
2012
2010
2010
2012
2012
2013
2012
2010
2013
2010
2011
2010
2012
2013
2013
2013
2010
2010
2010
2010
2010
2010
2010
2010
2010
2013
2010
2013
2010
2012
2011
2012
2012
2012
2013
2010
2012
2010
2011
2010
2010

0.18
0.92
1.29
0.68
2.76
0.26
0.05
1.27
0.76
0.31
0.75
1.61
2.29
0.74
0.44
0.26
4.95
4.87
0.15
1.19
8.98
0.19
0.81
1.64
0.46
3.56
0.66
1.07
0.50
0.49
0.97
1.78
0.69
1.08
0.15
2.81
1.21
0.48
0.51
0.78
2.82
1.81
2.25
1.91
1.48
3.90
3.76
2.37
0.32
4.84
3.90
3.31
0.02
(continued)
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TABLE 1. Continued
Region
Sub-Saharan Africa

Country
Congo
Guinea
Malawi
Niger
Rwanda
Senegal
South Africa
United Republic of Tanzania
Zambia

doctors, nurses, and midwives per 1,000 population to be
able to ensure progress toward attaining the more
comprehensive SDG targets [17]. With the epidemiological
and demographic transition to NCDs that many LMICs are
experiencing, the current supply of health workers falls
signiﬁcantly short of this target in many LMICs [18]. The
WHO Global Strategy on Human Resources for Health:
Workforce 2030 estimated the healthcare workforce
shortage in 2013 to be about 17.4 million healthcare
providers worldwide, of which 9 million were nurses and
midwives and 2.6 million were physicians. The projected
shortage of healthcare workers in 2030 is estimated to be
>14.5 million [17].
There are gross disparities in the distribution of
healthcare workers both between and within countries.
The health-workforce density in high-income countries is
often signiﬁcantly higher than low-income countries. For
example, the physician density per 1,000 population was
lowest in countries of South Asia and Sub-Saharan Africa in
2015, with, on average, <1 doctor per 1,000 population,
whereas average physician density ranged from 3-4 per
1,000 population in countries of Western Europe, North
America, and Australasia (Table 2 [19]). Similarly, the
nurse/midwife density in countries of Western Europe was,
on average, between 5-12 per 1,000 population, and in
Sub-Saharan Africa between 1-3 per 1,000 population
(Table 3 [19]).
An adequate healthcare workforce is a health system’s
prerequisite for sustainable and effective reduction in CVD
burden worldwide. Given the chronic nature of most
CVDs, acute and episodic care alone are unlikely to successfully control a CVD epidemic that is growing in the
absolute number of acute and chronic cases (even in regions where CVD event rates are declining, an aging
population often drives absolute burden increase; see
Section 1 above). Healthcare workers need to be integrated
into the continuum of care from prevention to control; at
primary, secondary, and tertiary levels of care. Trained
health workers are necessary to rapidly and accurately
diagnose and prescribe priority interventions for acute
myocardial infarction, heart failure, cardiac valve disease,
strokes, peripheral artery disease, and other CVD conditions. In the community, healthcare workers are needed to
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Year

%

2011
2012
2010
2011
2010
2011
2010
2012
2010

0.36
1.25
0.10
0.36
0.70
0.19
0.12
2.48
0.01

improve adherence to treatment recommendations among
patients by forming collaborative relationships with
patients and emphasizing the importance of long-term
health system engagement, prevention, and treatment. In
addition to increasing the availability of healthcare
workers, health systems should invest in ongoing training
and educating its workforce and incentivizing them to
adhere to clinical guidelines [20].

Impact of nonphysician providers on CVD
prevention
To address the mismatch in disease burden and healthcare
worker capacity, several LMICs have adopted task-shifting,
i.e., training nonphysician health workers for the delivery
of essential health services.
Historically, nonphysician providers, including community health workers (CHWs), have played an important
role in health service delivery in multiple health system
domains, including maternal and child health, and
communicable disease prevention and control, such as
HIV/AIDS, tuberculosis, and malaria. CHWs have provided
a critical mass in the absence of skilled healthcare providers
in many LMICS by delivering targeted tasks such as HIV
testing, immunization counseling, breastfeeding support,
and other health promotion and prevention activities.
There is ample evidence to support CHW effectiveness in
improving health outcomes in all these domains. CHWs
have contributed to reductions in maternal and neonatal
mortality [21,22], scaling up and improving costeffectiveness of HIV treatment and care [23,24].
Increasingly, several LMICs have adopted task-shifting
for NCDs as well. CHW training for CVD prevention and
control have included tasks such as health promotion and
health education counseling related to CVD, hypertension
screening and treatment, and diabetes diagnosis and
management, among others [25,26].
The available evidence demonstrates that CHWs can
be trained effectively to improve CVD prevention and
management. A systematic review by Abdel-All et al. on
CHW effectiveness in CVD management in LMICs
demonstrated training improved knowledge and retention
of diagnosis and management among CHWs 6 months
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TABLE 2. Physicians per 1,000 people by region and country, 2015 [19]
Region
East Asia
Oceania
Southeast Asia

Central Europe

Eastern Europe & Central Asia

Asia Paciﬁc, high income

Australasia
Western Europe

North America, high income
Latin America & Caribbean

North Africa/Middle East

South Asia

Country

Physicians density (per 1,000 population)

China
Fiji
Malaysia
Maldives
Sri Lanka
Thailand
Vietnam
Hungary
Montenegro
Poland
Slovakia
Slovenia
Macedonia, the former Yugoslav Republic of
Mongolia
Estonia
Latvia
Lithuania
Moldova
Russian Federation
Singapore
Brunei Darussalam
South Korea (Republic of Korea)
Australia
New Zealand
Andorra
Austria
France
Germany
Iceland
Ireland
Israel
Italy
Luxembourg
Malta
Netherlands
Norway
Spain
Switzerland
United Kingdom
Canada
Jamaica
Guatemala
Mexico
Jordan
Kuwait
Tunisia
Afghanistan
Bangladesh
Bhutan
Pakistan

1.812
0.837
1.533
3.611
0.881
0.470
0.790
3.093
2.343
2.290
3.450
2.820
2.875
3.262
3.430
3.209
4.379
3.198
3.975
0.922
1.746
2.273
3.496
3.061
3.690
5.150
3.227
4.191
3.791
2.868
3.576
3.898
2.920
3.908
3.478
4.385
3.872
4.189
2.807
2.539
0.429
3.011
2.231
3.426
2.608
1.289
0.302
0.472
0.324
0.978
(continued)

GLOBAL HEART, VOL. 13, NO. 3, 2018
September 2018: 143-163

149

j

gATLAS

TABLE 2. Continued
Region
Sub-Saharan Africa

Country
Mauritius
Rwanda
Uganda
South Africa
Cape Verde
The Gambia

following the intervention [25]. Evidence for the effectiveness of CHWs in improving CVD outcomes is limited
but growing. In 2018, a cluster-randomized trial in Nepal
examined the impact of CHWs in blood pressure control, a
key risk factor in the development of CVD. The study
randomly assigned 14 clusters to 3 home visits by female
CHWs for blood pressure monitoring and lifestyle counseling or to usual care. Signiﬁcant reductions in blood
pressure were observed in individuals with hypertension
receiving a simple CHW-led intervention compared to
those in the control group over a period of 1 year [27].
Average systolic blood pressures in the intervention group
was 4.90 mm Hg lower in the intervention group than in
the control group among those with pre-existing hypertension. In a cluster-randomized, community-based trial in
Pakistan, a CHW-led home visit program coupled with
general practice physician education in 332 intervention
patients with uncontrolled hypertension reduced systolic
blood pressure by about 5 mm Hg compared with 326
usual-care patients [6].

MEDICATIONS FOR CVD PREVENTION
CVD prevention medicine coverage: access and
uptake
The United Nations SDG 3 aims to reduce the burden of
NCDs by 30% by 2030; a goal that requires a signiﬁcant
reduction in CVD burden [7]. CVDs account for almost
one-half (48%) of all NCD deaths [8]. In addition, CVDs
are the number 1 cause of death worldwide, resulting in
17.7 million deaths annually. LMICs account for >75% of
these CVD deaths [28]. Both disease prevention and
control efforts are necessary to reduce the burden of
CVD-related mortality and morbidity. CVD prevention is
primarily achieved through behavioral interventions that
modify key risk factors including sedentary lifestyle, unhealthy diet, tobacco smoking, and alcohol consumption.
Among those diagnosed with CVD, the role of secondary
prevention is to reduce the risk of recurrent coronary or
cerebrovascular disease, death, and disability. Secondary
prevention is achieved through a combination of lifestyle
modiﬁcation and pharmacotherapy, which together have
been shown to slow the progression of atherosclerotic
vascular disease [9]. In particular, smoking cessation and
treatment with 4 priority classes of drugs including aspirin,
beta-blockers, statins, and angiotensin-converting enzyme

150

Physicians density (per 1,000 population)
2.003
0.064
0.093
0.767
0.788
0.107

(ACE) inhibitors or angiotensin-receptor blockers (ARBs),
have been shown to delay or prevent CVD-related mortality and morbidity by 75%-80% [20].
Despite the evidence for the effectiveness of secondary
prevention and the high burden of CVD mortality and
morbidity, medications for CVD control are often unaffordable or unavailable in LMICs [10]. Current evidence
points to low coverage of secondary prevention medications
as a key barrier to CVD control in LMICs. The Prospective
Urban Rural Epidemiology (PURE) study examined the use
of secondary prevention medications in populations with
known CVD in LMICs (Table 4, Fig. 6). The study found
that 80.2% of patients with CVD in low-income countries as
compared to 11.2% in high-income countries received none
of the 4 priority CVD medications [29]. Disparities to access
to key CVD drugs exist within countries. Using data from
the PURE study, Murphy at al. examined the differential
uptake of CVD drugs across income quintiles in 21 countries and found substantial differences between the richest
and poorest quintile in several LMICs [30].
Signiﬁcant health system barriers exist that undermine
the uptake of drugs as with other health services in LMICs.
Low availability and affordability of drugs, inadequate
numbers of trained healthcare workers, and inaccessibility
of health centers are but a few health-systems barriers to
the utilization of drugs in such settings [31,32]. Efforts to
identify such health-system barriers and potential solutions
should be made to improve the efﬁcacy of secondary
prevention. Furthermore, given the chronic nature of
CVDs and the necessity for long-term adherence to medication use and lifestyle modiﬁcation, integration of CVD
management in primary care might be necessary for reliable, cost-effective, and sustainable health outcomes [20].
The World Heart Federation has outlined key recommendations to overcome such potential barriers to CVD
management in LMICs [20].
Some countries, supported by the WHO recommendations, have introduced “essential” medication lists,
including evidence-based drugs that are standard-of-care
for CVD primary and secondary prevention. The idea is
to identify the essential agents that should be widely
available and affordable to patients in need. Availability of
essential medications was proposed by the WHO to measure progress toward Millennium Development Goal
Target 8.E: “In cooperation with pharmaceutical companies, provide access to affordable essential drugs in
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TABLE 3. Nurses or midwives per 1,000 people by region and country, 2015 [19]

Region
East Asia
Oceania
Southeast Asia

Central Europe

Eastern Europe & Central Asia

Asia Paciﬁc, high income

Australasia
Western Europe

North America, high income
Latin American & Caribbean

Country
China
Fiji
Indonesia
Malaysia
Maldives
Philippines
Sri Lanka
Thailand
Timor-Leste
Vietnam
Czech Republic
Hungary
Montenegro
Poland
Serbia
Slovakia
Slovenia
Macedonia, the former Yugoslav Republic of
Estonia
Latvia
Lithuania
Moldova
Russian Federation
Singapore
Brunei Darussalam
South Korea (Republic of Korea)
Australia
New Zealand
Andorra
Austria
France
Germany
Greece
Iceland
Israel
Italy
Luxembourg
Malta
Netherlands
Norway
Portugal
Spain
Switzerland
United Kingdom
Canada
Jamaica
Guatemala
Mexico
Jordan
Kuwait
Tunisia

Nursing and midwifery personnel density
(per 1,000 population)
2.342
2.938
1.303
4.124
8.222
0.240
2.794
2.294
1.304
1.411
8.417
6.633
5.740
5.694
4.719
6.020
8.840
3.793
6.367
4.903
8.050
4.508
8.683
2.485
6.512
6.047
12.379
10.997
4.442
8.304
10.605
13.794
3.407
16.352
5.072
5.790
12.326
9.141
17.824
5.324
18.230
8.437
9.842
1.499
10.808
2.645
3.114
7.048
2.653
(continued)
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TABLE 3. Continued

Region
South Asia

Sub-Saharan Africa

Nursing and midwifery personnel density
(per 1,000 population)

Country
Turkey
Bangladesh
Bhutan
Pakistan
Mauritius
Rwanda
Uganda
South Africa
Cape Verde
The Gambia

2.617
0.267
1.381
0.502
3.347
0.832
0.648
6.363
1.256
1.618

developing countries.” Multinational surveys have
demonstrated that availability of low-cost generic essential
medicines is highly variable, ranging from being unavailable to being available at almost 100% of medicine provision outlets surveyed (Table 5 [19]). In China, a key
component of the 2009 national healthcare reform was a
national essential medications list, which included ﬁxed,
low prices and a zero-proﬁt rule (as Chinese physicians
have traditionally derived ﬁnancial support from medication prescribing fees added to the medication cost). It has
been estimated that complete implementation of the lowcost essential antihypertensive medications list would
make a comprehensive hypertension control program very
cost effective [33].
However, experience has taught us that just formulating and disseminating an essential medications list is not
sufﬁcient to guarantee availability, and that careful policy
design and enforcement are necessary program components. Despite the best intentions of China’s zero-proﬁt
essential medicines program, changing healthcare

providers’ ﬁnancial incentives can be disruptive, and unintended consequences may undermine the program’s
success. The China Patient-Centered Evaluative Assessment of Cardiac Events Million Persons Project primary
healthcare survey revealed that all of 4 standard antihypertensive mediations (ACE-inhibitor/ARB, thiazide
diuretic, calcium-channel blocker, or beta-blocker) were
available to patients only in about one-third of the primary
healthcare facilities [34]. In addition, the survey results
suggested that the zero-proﬁt rule had led to perverse incentives: the essential medicines policy had incentivized
physicians to prescribe more expensive antihypertensive
drugs that were not on the essential medications list, and
forego the less expensive, standard essential medicines,
most likely to retain the prescribing fees and preserve their
proﬁt margin. To avoid this unintended consequence,
certain Chinese provinces (e.g., Zhejiang Province) have
increased physician reimbursement for hypertension
management and use of essential medications list antihypertensive drugs, which may align the policy with

TABLE 4. Drug use in participants with coronary heart disease or stroke by country economic status and overall, the Prospective Urban
Rural Epidemiology (PURE) study
Coronary heart disease or stroke
Antiplatelet drugs
Beta-blockers
ACE inhibitors or ARBs
Diuretics*
Calcium-channel blockersy
Bloodepressure-lowering drugsz
Statins

7,519
1,900 (25.3)
1,312 (17.4)
1,469 (19.5)
1,033 (13.7)
1,006 (13.4)
3,146 (41.8)
1,096 (14.6)

841
521 (62.0)
336 (40.0)
419 (49.8)
138 (16.4)
174 (20.7)
621 (73.8)
559 (66.5)

1,967
484 (24.6)
500 (25.4)
590 (30.0)
350 (17.8)
233 (11.8)
954 (48.4)
347 (17.6)

3,669
803 (21.9)
375 (10.2)
406 (11.1)
507 (13.8)
535 (14.6)
1,371 (37.4)
156 (4.3)

1,042
92 (8.8)
101 (9.7)
54 (5.2)
38 (3.6)
64 (6.1)
200 (19.2)
34 (3.3)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Values are n or n (%).
ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blocker.
*The value of diuretics for reduction of mortality or recurrent events has been shown only after a stroke, but not in nonhypertensive patients with
coronary heart disease.
y
The value of calcium-channel blockers for secondary prevention has not been shown, but they can reduce the number of cardiovascular disease
events in trials of hypertension.
z
Blood-pressure lowering drugs include any of beta-blockers, ACE inhibitors, ARBs, diuretics, or calcium-channel blockers—all of which reduce
recurrent events in participants with previous strokes.
Reproduced with permission from Yusuf et al. [28].
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FIGURE 6. Number of drugs taken by individuals by country economic status, the Prospective Urban Rural Epidemiology (PURE) study. For coronary heart disease (A), drugs counted were aspirin, beta-blockers, angiotensinconverting enzyme (ACE) inhibitors or angiotensin-receptor blockers (ARBs), or statins. For stroke (B), drugs counted
were aspirin, statins, ACE inhibitors or ARBs, or other blood pressure-lowering drugs (e.g., beta-blockers, diuretics, and
calcium-channel blockers). Reproduced with permission from Yusuf et al. [29].

physician incentives and lead to real change in prescribing
behavior [35].

POPULATION-WIDE POLICY INTERVENTIONS
Major behavioral risk factors that have been associated with
CVD development include tobacco use, excessive alcohol
consumption, physical inactivity, and unhealthy dietary
practices including excessive consumption of salt, sugarsweetened beverages, and trans-fats. Prevention efforts
that target both individual-level and population-level risk
reduction are likely to have greater health improvements
than individual patient-level interventions delivered in the
formal health services sector alone. Growing evidence
support the effectiveness of speciﬁc population-level interventions in both high-income countries and LMICs.
National policies such as tobacco taxation, marketing regulations and advertising bans on alcohol consumption, and
collaborative programs with industry to reduce dietary salt
and trans-fat intake have been shown to be both cost
effective and improve health outcomes equitably [36,37].
In 2003, the United Kingdom introduced a nationwide
program to reduce salt consumption—a risk factor linked
to the development of hypertension, a major cause of
cardiovascular mortality. The UK national salt reduction
strategy was a multipronged program that included
collaborative efforts with industry to reduce salt in processed foods, public awareness campaigns about risks of
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excessive salt consumption, and education about recommended daily levels. Studies evaluating the impact of the
policy have shown that salt consumption had declined
signiﬁcantly, by an estimated 0.2 g per day per year between 2003 and 2007 [38].
Similarly, some LMICs have implemented ﬁscal policies to reduce CVD burden with positive outcomes.
Excessive sugar consumption has been linked to both
obesity and diabetes, both risk factors for the development
of atherosclerotic vascular disease. In early 2014, considering the growing rates of obesity and diabetes in Mexico,
the government of Mexico introduced a 10% tax on all
nonalcoholic beverages with added sugar. Impact evaluation of the policy has demonstrated a signiﬁcant reduction
in the purchase of sweetened beverages from a 5.5%
reduction in 2014, to a 9.7% reduction in 2015 [39]. In
addition, modelling studies estimate that the 10% tax on
sugar-sweetened beverages is likely to have a large effect on
reducing incidence of type 2 diabetes and CVD morbidity
and mortality within a period of 10 years [40].

METHODS FOR THE 2000-2016 GLOBAL ATLAS
OF CVD
The Global Burden of Disease, Risk Factors, and
Injuries 2016 Study
The GBD 2016 study used standardized methods to estimate the burden of fatal and nonfatal CVDs and other
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TABLE 5. Median availability of selected generic essential medications, by region and country, 2007-2013 [19]
Region
East Asia
Southeast Asia
Eastern Europe & Central Asia

Latin America & Caribbean

North Africa/Middle East

South Asia
Sub-Saharan Africa

Country

Availability (%)

China
Indonesia
Philippines
Kazakhstan
Mongolia
Republic of Moldova
Russian Federation
Ukraine
Bolivia (Plurinational State of)
Brazil
Colombia
Dominican Republic
Ecuador
El Salvador
Haiti
Mexico
Nicaragua
Iran (Islamic Republic of)
Oman
Syrian Arab Republic
Afghanistan
Burkina Faso
Burundi
Congo
Democratic Republic of the Congo
Malawi
Mauritius
Niger
Rwanda
Sudan
Uganda
United Republic of Tanzania
Zambia

15.5
65.5
26.8
40.0
38.7
46.0
100.0
88.6
31.9
0.0
86.7
52.0
41.7
58.4
17.6
42.6
75.0
96.7
96.7
93.0
81.1
87.1
46.7
21.2
55.6
63.3
88.8
35.0
46.3
77.1
70.0
37.8
74.0

diseases and injuries for the period 1990 to 2016 [41]. The
GBD included 195 countries and 328 diseases and injuries,
including 9 distinct major cardiovascular conditions for a
residual category made up of other minor, less common
cardiovascular and circulatory conditions. GBD 2016 study
methods have been reported in detail elsewhere for the
overall study and for major CVDs [1-4]. The core summary
measure of population health in the GBD 2016 study was
DALYs in the years 1990 and 2016. DALYs represent the
“health gap” between a population’s actual health and an
ideal state. DALYs are the sum of years of life lost (YLL) to
premature deaths and years lived with disability (YLD) due
to nonfatal diseases. In order to capture the combined fatal
and nonfatal burden of CVDs around the world, the Global
Atlas of CVD reports DALYs.
Both absolute numbers of DALYs and DALYs per
100,000 people are reported in the Global Atlas of CVD.
Absolute numbers of DALYs reﬂect the magnitude of
burden, that is, lives and life years lost due to CVD deaths,
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and the number of chronic CVD survivors. Absolute
numbers of DALYs are important for health system planners who need to provide the health system capacity to
care for CVD victims, assess economic and social impact,
or compare the urgency of CVD control priorities with
priorities for controlling non-CVD diseases. However,
research on the root causes of CVDs for the purpose of
prevention is not adequately informed by absolute DALY
numbers: geographic differences and temporal trends in
absolute DALYs may be driven by population growth as
well as by change in CVD rates. DALYs per 100,000 are
more useful in this respect since the impact of population
growth has been removed, and observed differences among
countries or regions and changes in rate over time are due
to epidemiologic and not demographic factors. Epidemiologic factors include the socio-economic context, risk factor
exposure levels, access to healthcare, and quality of clinical
care. To allow comparison across regions with different age
structures, the total burden pie charts in the Atlas were
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FIGURE 7. Color-coded map guide to the twelve 2000-2016 Global Atlas of CVD regions.

age-standardized. Age standardization was performed using the direct method and the GBD study standard world
population.
The GBD 2016 study estimated mortality and burden
of disease for 195 countries, nested inside 21 world regions. The 21 regions were in turn nested within 7 “super
regions.” Regions and super regions almost always consisted of geographically contiguous countries, though
countries were also grouped into regions based on epidemiologic characteristics (e.g., relative proportion of
communicable/maternal and NCD mortality). Based on the
availability of CVD epidemiology data, 12 world regions
were used for the Global CVD Atlas. Atlas regions generally
followed the geographical structure of the GBD 2016
study, but in some cases, GBD regions were collapsed into
a super region (e.g., Sub-Saharan Africa), and in other cases
a super region was split into its component GBD regions
(splitting of High Income into North America, Western
Europe, Asia Paciﬁc High Income, and Australasia) (Fig. 7,
Table 6).

Deﬁning CVDs. The GBD cause hierarchy is a collectively
exhaustive and mutually exclusive classiﬁcation of diseases
and injuries. There are 4 levels, with level 1 being the most
aggregated, and level 4 being the most detailed. Ten Level 3
CVD causes were deﬁned based on International Classiﬁcation of Disease (ICD) classiﬁcations: stroke, ischemic
heart disease, cardiomyopathy, rheumatic heart disease,
hypertensive heart disease, endocarditis, atrial ﬁbrillation,
aortic aneurysm (modeled as a fatal cause only), peripheral
arterial disease, and “other cardiovascular and circulatory
diseases.” The last “other” category is a residual category
necessitated by the structure of the cause hierarchy and
included cardiopulmonary disease, nonrheumatic valvular
GLOBAL HEART, VOL. 13, NO. 3, 2018
September 2018: 143-163

heart disease, disorders of the arteries, capillaries or veins,
venous embolism and thrombosis, hypotension, postprocedural disorders, and cardiovascular disorders in
syphilis and other diseases (corresponding ICD codes
shown in Table 7). Because heart failure is not deﬁned as
an underlying cause of death in the ICD, separate methods
were developed in order to distribute heart failure deaths to
upstream CVDs and other causes of heart failure.

Measuring fatal CVD. GBD collected all available global
mortality data, including vital registration, sample registration, verbal autopsy, burial and mortuary data, inhospital death data, police reports, national census, and
relevant surveys. For CVD, only vital registration and
verbal autopsy data were used. Nonspeciﬁc conditions
(e.g., senility) or intermediate causes (e.g., heart failure)
reported as underlying causes of death were redistributed
using expert consensus and statistical methods [5]. Differences in ICD systems were mapped to a uniform system.
An ensemble model (Cause Of Death Ensemble model
[CODEm]) was used to estimate cause-speciﬁc mortality by
age, sex, and year for all locations using the mortality data
and country-level covariates. Out-of-sample validity testing
was performed for each model and uncertainty was
determined using 1,000 draws taken from the posterior
distribution of CODEm. An algorithm (CoDCorrect) was
used to constrain cause-speciﬁc mortality rates within the
total global estimates of all-cause mortality.
Measuring nonfatal CVD. Incidence and prevalence for
nonfatal CVD causes was estimated from data gathered
from systematic reviews of the epidemiologic literature,
administrative in-patient hospital and insurance claims
data, and information from household and other
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TABLE 6. Color-coded table of countries according to Global Atlas of Cardiovascular Disease regions and corresponding Global Burden
of Disease study regions
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TABLE 6. Continued

structured, representative surveys using a Bayesian metaregression method (DisMod-MR) [1]. Disability from each
case of CVD and other diseases or injuries was estimated in
a household survey of lay people in Bangladesh, Indonesia,
Peru, Tanzania, and the United States, and an international
web-based survey of health professionals [15]. Distribution
of disability severity (asymptomatic, mild, moderate, or
severe) was based on either studies of speciﬁc CVDs that
used a disease-speciﬁc symptom scale (e.g., Rankin Scale
for stroke), or by using the distribution of Short Form 15
quality-of-life scores among patients living with CVDs that
were measured in the U.S. Medical Expenditure Panel
Survey.

Measuring the burden of CVD attributable to risk
factors. The comparative risk assessment framework for
GBD 2016 estimated the burden of CVD attributable to risk
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factors [16]. Data extracted from the epidemiologic literature
and from representative surveys were analyzed in order to
estimate the mean exposure for each risk factor. An optimal,
theoretical minimum risk exposure (i.e., the level of exposure that minimizes risk for each individual in the population) was selected and the relative risk per unit of risk factor
exposure was obtained from the literature. Attributable
burden was calculated using the population attributable
fraction method, assuming independent effects for each risk
factor. Estimates for risk groupings were determined by
multiplicative function, and, if applicable, accounting for
mediation between factors. The main risk factor groups were
tobacco consumption, alcohol consumption, physiologic
factors (high fasting plasma glucose, high total cholesterol,
high blood pressure, high body mass index), diet (diet low in
fruits, diet low in vegetables, diet low in whole grains, diet
low in nuts and seeds, diet high in processed meat, diet high
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TABLE 7. List of International Classiﬁcation of Diseases (ICD) codes mapped to the Global Burden of Disease 2016 study cause list at
Level 3 of the cause hierarchy
Cause

ICD10

ICD9

Cardiovascular diseases

B33.2, G45-G46.8, I01-I01.9, I02.0,
I05-I09.9, I11-I11.9, I20-I25.9,
I28-I28.8, I30-I31.1, I31.8-I41.9,
I42.1-I42.8, I43-I43.9, I47-I48.9,
I51.0-I51.4, I60-I63.9, I65-I66.9,
I67.0- I67.3, I67.5-I67.6, I68.0-I68.2,
I69.0-I69.3, I70.2-I70.8, I71-I73.9,
I77-I83.9, I86-I89.0, I89.9, I98, K75.1

Rheumatic heart disease
Ischemic heart disease
Stroke

I01-I01.9, I02.0, I05-I09.9
I20-I25.9
G45-G46.8, I60-I63.9, I65-I66.9,
I67.0-I67.3, I67.5-I67.6, I68.1-I68.2,
I69.0-I69.3
I11-I11.9
B33.2, I40-I41.9, I42.1-I42.8, I43-I43.9,
I51.4
I48-I48.9
I71-I71.9
I70.2-I70.8, I73-I73.9
I33-I33.9, I38-I39.9
I28-I28.8, I30-I31.1, I31.8-I32.8,
I34-I37.9, I47-I47.9, I51.0-I51.3,
I68.0, I72-I72.9, I77- I83.9, I86-I89.0,
I89.9, I98, K75.1

036.4, 074.2, 391-391.9, 392.0,
393-398.9, 402-402.9, 410-414.9,
417-417.9, 420-423, 423.1-424.9,
425.0-425.3, 425.5, 425.7- 425.8,
427-427.3, 427.6-427.8, 429.0,
430-435.9, 437.0-437.2, 437.5437.8, 440.2, 440.4, 441-443.9,
447-454.9, 456, 456.3-457, 457.1,
457.8-457.9, 459, 459.1-459.3
391-391.9, 392.0, 393-398.9
410-414.9
430-435.9, 437.0-437.2, 437.5-437.8

Hypertensive heart disease
Cardiomyopathy and myocarditis
Atrial ﬁbrillation and ﬂutter
Aortic aneurysm
Peripheral artery disease
Endocarditis
Other cardiovascular and
circulatory diseases

in sugar-sweetened beverages, diet low in ﬁber, diet low in
seafood omega-3 fatty acids, diet low in polyunsaturated
fatty acids, diet high in trans-fatty acids, diet high in sodium),
air pollution (ambient particulate matter pollution or
household air pollution from solid fuels), and other environmental risks (lead exposure).

Regional demographic and health system indicators. Regional and country-level and health-system capacity indicators were selected by the authors of the
2000-2016 Global CVD Atlas. The proportion of the
population aged 65 years or older, and prevalence of
raised blood pressure, diabetes, and active tobacco
smoking were complete for most countries and were
therefore summarized as country-population weighted
proportions in the Global Atlas regions sections. Data on
2016 country population counts and the proportion of
the population aged 65 years or older were obtained
from the United Nations Population Division. Agestandardized estimates of the prevalence of raised
blood pressure (systolic blood pressure 140 mm Hg or
diastolic blood pressure 90 mm Hg [42]), diabetes
(fasting plasma glucose 7.0 mmol/l or taking antidiabetes medication), or active tobacco smoking (selfreported tobacco smoking on a daily or less-than-daily
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402-402.9
422-422.9, 425.0-425.3, 425.5,
425.7-425.8, 429.0
427.3
441-441.9
440.2, 440.4, 443.0-443.9
421-421.9, 424.9
036.4, 074.2, 417-417.9, 420-420.9,
423, 423.1-424.8, 427-427.2,
427.6-427.8, 442-443, 447-454.9,
456, 456.3-457, 457.1, 457.8- 457.9,
459, 459.1-459.3

basis [43]) were abstracted at the country level from
the WHO Global Health Observatory Universal Health
Coverage Indicators website [2].
Data on healthcare workforce coverage, essential
medicines coverage, and catastrophic health spending were
also obtained from the WHO Universal Health Coverage
Indicators website. These estimates were not comprehensively available at the country level and so are reported in
this Global CVD Atlas overview section and are not summarized at the region level in the region sections.

CONCLUSIONS
Between 2000 and 2016, the absolute global burden of
all CVDs increased over time, with the exception of
rheumatic heart disease burden, which decreased. Regions with high per capita CVD burden, like Eastern
Europe, experienced a decrease in CVD burden per
100,000 people and CVD death rate over the same interval. Traditional risk factors like raised blood pressure,
unhealthful diet, diabetes, and tobacco smoking remain
leading CVD causes, but at the global level, novel risk
factors like air pollution also contribute substantially to
CVD burden. The growing global burden of CVDs and
other NCDs is rapidly eclipsing the impact of infectious
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and maternal and child diseases that have long been at
the forefront of the global health agenda. Extending
good quality and comprehensive UHC to the world’s
population has the potential to control CVD risks and
improve CVD event outcomes. Improved availability of
healthcare professionals and particularly CHWs trained
in CVD prevention is urgently needed. Availability of
and access to essential cardiovascular medications is
crucial for preventing CVD in persons at high risk, and
extending life and improving quality of life among
chronic CVD patients, but availability and access to these
medicines are limited in many countries. Populationwide policy interventions are proven and effective tools
to augment the efforts of the formal health system.
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