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Foreword

“Of all man’s instruments, the most wondrous, no doubt, is the book. The other instruments 
are extensions of his body. The microscope, the telescope, are extensions of his sight; the 
telephone is the extension of his voice; then we have the plow and the sword, extensions of 
the arm. But the book is something else altogether: the book is an extension of memory and 
imagination.”

Jorge Luis Borges (1899–1986)

“There is the joy of being healthy and fair, but there is overall the beauty, the immense joy 
of being useful.”

Gabriela Mistral, 1945 Nobel Prize in Literature

It is an honor, not without commitment, to write this foreword on Global Challenges 
on Cardiovascular Prevention in Populations with Low Socioeconomic Status.

Cardiovascular diseases (CVDs) are the leading cause of death in the world. At 
the end of the last century, there was a notable decrease in mortality rates from CVD 
associated with primary and secondary prevention strategies and with more effec-
tive treatments. However, in recent years, it has been observed that the total number 
of deaths and the global mortality rate related to CVD has increased. This highly 
worrying fact is related to the increase in the age of the population and, probably, to 
the increase in the prevalence of obesity, type 2 diabetes, dyslipoproteinemias, 
smoking, and high blood pressure. Lastly, evidence has accumulated pointing to 
socioeconomic and environmental factors as the fundamental causes of a wide 
range of health outcomes, and obviously CVD.

Global Challenges on Cardiovascular Prevention in Populations with Low 
Socioeconomic Status focuses on populations with limited or no access to basic 
health services, about half of the world population. The excellent textbooks pub-
lished on current and updated resources on CVD prevention apply to populations 
with mostly unrestricted access to care. This textbook, as the Editors indicate, goes 
precisely in the opposite direction to define what is available or feasible to imple-
ment in CVD prevention in the still largest world population.

The book is published by Springer Nature Books and is available both in print 
and electronic formats plus an Open access option. The generous contribution of 
Tomás Romero, MD; Carolina Nazzal, PhD; and Fernando Lanas, MD as Editors of 
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the book needs to be acknowledged. Fundación Araucaria Foundation, a nonprofit 
organization established in 1995 in San Diego California supporting research and 
educational activities in CVD prevention, is sponsoring this project and financially 
supporting it.

The experts and contributing authors of this edition are Cecilia Albala, MD; 
Mathew Allison, MD; L.F. Avendaño, MD; M. Canals, MD; Prabhakaran Dorairaj, 
MD; Tiny Jaarsma, PhD; Takeshi Kimura, MD; Fernando Lanas, MD; Kunihiro 
Matsushita, MD; Yubrine Moraa Gacchemba, MBChB; Cheryld Muttel, MSc; 
Carolina Nazzal, PhD; Elijah Ogola, MD; Neiko Ozasa, MD, PhD; Arun Pulikkottil, 
PhD; Barbara Riegel, PhD; Tomás Romero, MD; Pablo Ruiz, ScD; Doris Sau-Fa 
Yu, PhD; Maya Jean Salameh, MD; Pamela Serón, PhD; Sidney Smith Jr, MD; 
Kiyoaki Tanikawa, MD; Kathryn Taubert, PhD; Fernando Vio, MD; Karla 
Yohannessen, PhD; LiPolly Wai-Chi, PhD.  All of them, with vast experience in 
CVD prevention from a wide range of the most populous world regions (Africa, the 
Americas, China, India, Japan) contribute a notable teaching capacity to their rec-
ognized academic hierarchy, covering not only the current state of knowledge but 
also the short- and long-term perspectives that the research envisions.

The book synthesizes contemporary concepts on the global challenges of cardio-
vascular prevention in populations with low socioeconomic status. The edition is 
extremely neat and well-cared-for, featuring a modern design, thoughtful layout and 
high- quality printing and binding.

I encourage everyone to take the time to read it and benefit from the insights it 
offers. Thank you again the authors for their hard work.

	 1.	 Albala Cecilia MD, MPH.  Full Professor, Institute of Nutrition and Food 
Technology, Public Nutrition Unit, University of Chile.

	 2.	 Allison, Matthew. MD, MPH, FAHA.  Professor and Chief. Division of 
Preventive Medicine. Department of Family Medicine. University of California 
San Diego

	 3.	 Alonso, Faustino, Ph.D. Assistant Professor, School of Public Health, Faculty 
of Medicine, University of Chile

	 4.	 Avendaño, Luis Fidel, MD. Pediatrician and Virologist. Professor. Faculty of 
Medicine, University of Chile. Honorary Member, Chilean Academy of 
Medicine

	 5.	 Canals, Mauricio MD, PhD.  Full Professor, Department of Medicine and 
School of Public Health, Faculty of Medicine, University of Chile.

	 6.	 Dorairaj, Prabhakaran MBBS, MD, DM, MSc, Doctor of Science (Honoris 
Causa). Executive Director, Centre for Chronic Disease Control, New 
Delhi, India.

	 7.	 Gachemba Moraa, Yubrine. MBchB, MMed, PGD, MSc, Cardiology Fellow, 
Aberdeen Royal Infirmary, Aberdeen, United Kingdom. Honorary Associate 
Lecturer University of Aberdeen School of Medicine.

	 8.	 Gupta, Ishita. BDS, MPH, MSc. Assistant Director cum Research Scientist, 
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Preface

This book addresses the reality of cardiovascular prevention (CVP) in more than 
half of the world’s population with limited or no access to primary health care and 
thus, to CVP strategies.

Although there are excellent books on the established and recent advances in 
CVP, they are mostly applicable to populations with unlimited access to health care.

In this textbook, we want to go in the opposite direction: we are trying to define 
what is happening with the most basic and effective known CVP tools in the even 
larger segment of the world’s population. A particular goal of the authors is to 
explore what effective and low-cost CVP resources can be applied to these popula-
tions, considering the social, economic, and cultural conditions of different regions 
of the world. To this end, we have been fortunate to have authors with expertise in 
cardiovascular prevention from the Americas, Africa, the Middle East, and Asia, as 
well as experts in environmental and public health issues who recognize the impor-
tance of social determinants in the development and control of cardiovascular dis-
ease. We believe that this book will appeal to a broad multinational readership, 
including primary care, cardiovascular, public health, and research professionals, as 
well as students of the medical professions.

Coronado, CA, USA� Tomás Romero  
Santiago, Chile � Carolina Nazzal Nazal  
Temuco, Chile � Fernando Lanas  
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Chapter 1
An Outlook of Cardiovascular Prevention 
(CVP): Cardiovascular Risk Factors, 
Current Resources, Future Promises, 
and Impact of Socioeconomic Factors

Tomás Romero

1.1  �Historical Background

A healthy lifestyle that included diet and exercise were among the first recorded 
recommendations of what could be interpreted as the primordial steps in 
Cardiovascular Prevention. Sushruta in Benares, India, 600 BCE and later on Galen, 
a former physician of gladiators, developed programs based on those principles. 
Galen established himself at the Asklepion, originally a Greek health center in 
Pergamon, Turkey, then part of the Roman Empire, 150 CE [1]. The Asklepion may 
be seen as one of the first precursors of what is today an advanced hospital facility, 
with many of its activities focused on rehabilitation and prevention.

Cardiovascular Prevention (CVP) has evolved since then over similar stepping 
stones, identifying within the last 150 years other harmful factors and developing 
technical advances for additional support.

1.2  �Textbook Objectives

The main objective of this textbook is the review and discussion of the socioeco-
nomic factors associated with the implementation and outcomes of CVP in different 
world populations. From recent data published by the World Bank and Word Health 
Organization, approximately half of the world population have limited or no access 
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to basic primary health care services, the usual gate to CVP [2, 3]. The focus of our 
intent is precisely the assessment of what is the reality of CVP in these low socio-
economic status regions and populations, attempting an understanding of the social 
patterning involved and derived challenges in health care.

To further define this reality and for recommendations of potentially affordable 
improvements, we have compiled in our textbook reviews by authors with extensive 
work on cardiovascular prevention in different world regions and populations, most 
within the LIC or LMIC socioeconomic patterns.

1.3  �Standard Approaches to Cardiovascular Prevention

CVP traditionally is analyzed in two phases interlocked to each other. Primary pre-
vention starts identifying and managing the major risk factors (hypertension, obe-
sity, diabetes mellitus, and smoking) that lead to the most common causes of 
cardiovascular diseases (CVDs) such as coronary heart disease, cerebrovascular and 
peripheral vascular disease, and congestive heart failure. Once the disease is mani-
fest clinically, secondary prevention begins, continuing the management of risk fac-
tors with maximization of measures for control as needed, plus consideration of 
procedures to provide better blood supply to the coronary arteries and cerebrovas-
cular and peripheral vascular territories or improve the mechanical/electrical heart 
function.

Since the 1900s, cardiovascular risk reduction began focused on the clinical 
management at the primary or secondary prevention level according to the progress 
in identifying the tools to manage the risk factors (lifestyle and dietary changes, 
pharmacological and interventional revascularization procedures). However, preva-
lence of CVD has globally increased steadily and doubled from 1990 to 2019 
(271–523 million) as the number of CVD deaths raised from 12.1 to 19.7 millions 
attributed mostly to the increase in the aging population [4] although reduction of 
mortality in HMIC and HIC populations with less restricted access to health care 
resources has occurred [5].

A different approach aimed on population or community-oriented programs 
based on low-cost lifestyle modifications involving many subjects has been 
attempted. An example of such approach exceeding the improvements noted in the 
more restricted individual clinical management of risk factors is the North Karelia 
Project [6]. This region from Finland had the lowest socioeconomic status and the 
largest CVD mortality until the 1970s in comparison to the rest of the country. 
Preliminary observations in a cohort of 5817 subjects followed since 1972 through 
1978 comparing the reduction of acute myocardial infarctions in North Karelia 
between clinical management of individuals with high risk for coronary heart dis-
ease (CHD, about 10% of the subjects) v/s a strategy to reduce cholesterol and 
blood pressure in the population at large projected clear advantages of the latter as 
shown in Table 1.1.

T. Romero
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These estimates led to the largest CVD prevention (CVDP) community-
population study done to our knowledge since 1972–1995 that included 433,000 
subjects providing a solid justification for long-term community-oriented programs 
for CVDP. Finland in 1975 had the highest mortality for CHD in the world (673 
males, 202 females/100,000), compared to most of HIC (USA 528, 168/100,000), 
Netherlands (363, 102/100,000), and Switzerland (226, 63/100,000). From 
1969–1971 to 1995, the age-standardized CHD mortality (per 100, 000) decreased 
in North Karelia by 73% (from 672 to 185) and nationwide by 65% (from 465 to 
165) with a similar reduction in CVD mortality. A community effort of volunteer 
leaders in every district in North Karelia (local housewives’ groups such as Martha 
Association organized special festivities in local villages offering healthy food pre-
pared and served by local villagers). Local TV involvement, newspaper publica-
tions, businesses, and available health professionals organized campaigns to cut 
down smoking, eating less saturated fats and salt, and continuing with the tradi-
tional regional high level of physical activities.

To what extent similar efforts may surge or already exist in low socioeconomic 
populations is unclear, and we expect that the information searched by our authors 
in the following chapters will fill some of these gaps.

1.4  �Brief Review of Cardiovascular Risk Factor Status: 
Hypertension, Obesity, Diabetes, and Smoking

A case in point in CVDP within our objectives is hypertension, a primary risk factor 
that is discussed at length by Sidney Smith Jr., MD and Kathryn Taubert, PhD in 
Chap. 2. They will also address in Chap. 13, United Nation Sustainable Goals: 
Effective measures for CVP in LMIC and LIC populations. High blood pressure 
(HBP) is the leading risk factor for mortality, with attributable 10.8 million deaths 
in 2019. Alarming news are that HBP control currently around 50% in more affluent 
countries is near 10% in the poorest regions [8].

And this dependency of risk factor control and health outcomes from regional 
socioeconomic resources is a persistent global pattern discussed in detail in the fol-
lowing chapters.

Continuing with this brief outline, obesity has increased in all regions. Its preva-
lence in age-group 5–19  years was 6.8% in 2016, up from 2.9% in 2000. This 
increase has been noticed globally by WHO, but it has been highest in the Americas 
(12.4–16.6%). This trend has also occurred in adults >18 years old, with prevalence 

Table 1.1  North Karelia 
Project. Preliminary studies 
projections (5817 subjects, 
1972–1978)

High risk strategy Population strategy

33% AMI reduction 70% AMI reduction

Kottke et al. 1985 [7]

1  An Outlook of Cardiovascular Prevention (CVP): Cardiovascular Risk Factors…
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in 2016 of 13.1%, ranging from 4.7% in the South East Asia to 28.6% in the 
Americas [9].

As already noted, the influence of socioeconomic factors (income and education) 
in the global prevalence of hypertension, smoking, and diabetes mellitus is well 
documented. Obesity, however, follows a pattern determined mostly for limitations 
of access to a well-balanced diet in the lowest income and education groups, but 
with more readily access to cheaper ultra-processed high caloric food. The obesity 
prevalence still increasing in communities with higher income and education may 
be driven mostly by the middle-income groups, with less restrictions to food access 
as observed in the poorest, but still preferring high calorie ultra-processed foods 
instead of a healthier diet with a steady presence of vegetables and fruits.

Diabetes in 2021 affected approximately 537 million adults (20–79 years). The 
total number is projected to rise to 643 million by 2030 and 783 million by 2045, 
and three in four adults with diabetes live in low- and middle-income countries [9]. 
(Cecilia Albala, MD and Fernando Vio MD will address in detail Obesity and 
Diabetes in Chap. 3).

In 2020, smoking was estimated that 22.3% of the global population over age 15 
were smokers, but down from 32.7% in 2000. This historical prevalence of smokers 
has been more prominent in men than in women (33% vs 7.7%). A study in 49 low- 
and middle-income countries conducted in 2010–2019 showed that smoking in men 
19–49 years old was higher (25.6%) in individuals with no or low education vs 
9.1% with higher education [10].

(Additional information on smoking will be addressed in Chaps. 4, 5, 8, 9, 10, 
11, and 12)

1.5  �Cardiovascular Prevention and Access to Drug Therapy

Information collected from the WHO and World Bank database and published in 
2011 addressed the availability of antihypertensives and hypoglycemic agents 
among other medications for acute and chronic conditions in many low- and middle-
income countries. The data was obtained from 2779 medical outlets (Africa, India, 
China, Eastern Mediterranean, Latin America, and Western Pacific). As an average, 
antihypertensive and antidiabetic medications were used in 42.1% at the public sec-
tor vs 62.5% at the private level, all of them below the WHO bench target of 80%. 
Factors included budget restrictions in stocking supplies in public facilities and 
reduced demand due to unaffordable expenses for higher drug prices in the private 
sector [11].

A PURE study published in 2016 reported that drugs frequently used in second-
ary prevention (ASA, beta blockers, angiotensin converting enzymes inhibitors, and 
statins) were all available in 90% of rural and in 95% of urban HIC, but only in 3% 
of rural and 25% of urban LIC [12].

The INTERHEART was a pioneer case-control study looking at the association 
of risk factors with Acute Myocardial Infarction (AMI). Included 52 countries with 

T. Romero
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their population represented in both sex and age groups. Compared 15,152 AMI 
cases with 14,820 controls, showing an AMI positive association with history of 
hypertension and diabetes, ApoB/ApoA1 ratio, abdominal obesity and psychsocial 
factors. In contrast, daily consumption of fruits vegetables, and physical activities 
showed a protective effect [13].

A study published in 2022 done in 41 low- and middle-income populations that 
included a total of 116,649 subjects, 8% of subjects eligible for primary prevention 
and 21% of those for secondary prevention received statins, with a lower use in 
countries with lesser health spending. These findings were below the WHO thresh-
old of 50% for statin use in eligible subjects [14]. More detailed information on the 
availability of pharmacological resources associated with socioeconomic status will 
be discussed further in the following chapters.

Data collected in the ALLHAT randomized control study of antihypertensive 
drugs in the USA which included 27,862 participants all of them provided with the 
assigned drug therapy showed that low-income subjects (2169) had poorer BP con-
trol and worse outcomes although no information on adherence was obtained other 
than less clinic visits by the low-income subjects [15].

A study published in 2019 done in 44 countries from Latin America, Caribe, 
Africa, and Bangladesh with a total of 1,100,507 participants, showed that 17.5% 
were hypertensive, 29.9% received antihypertensive treatment, and 10.3% achieved 
BP control which was higher in women, in subjects in the upper income and educa-
tion levels, and in nonsmokers [16].

In a final analysis, the different aspects of access to drug therapy for cardiovas-
cular prevention include a complex pattern of factors ranging from availability of 
drugs, their affordability, adherence to therapy, and the not well understood socio-
economic components.

1.6  �Environment and Cardiovascular Health

Nature is shared by humans with all living and inert materials in the so-called bio-
sphere, and from this interaction depends on some extent what we consider health 
and disease. A large number of environmental factors have been identified histori-
cally and more recently to influence cardiovascular health. Seasons and circadian 
rhythms have been associated with the timing and frequency of adverse cardiac 
events like myocardial infarction, heart rhythm disturbances, and strokes and so 
many other factors such as altitude, sunlight, social, built environment, and pollu-
tion (air, agriculture, and water) just to name a few (some of these factors are 
depicted in Table 1.2) [17].

Pablo Ruiz ScD and Karla Johannessen PhD will discuss at length this subject in 
Chap. 6.

L.F. Avendaño MD, M. Canals MD and C. Nazzal PhD will address the impact 
of the most recent pandemic (Covid-19) in the population access to health care pro-
viders (Chap. 7).

1  An Outlook of Cardiovascular Prevention (CVP): Cardiovascular Risk Factors…
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1.7  �Future Expectations and New Steps 
in Cardiovascular Prevention

In a discussion presented by Eugene Braunwald MD at a Houston Methodist Grand 
rounds on January 16, 2022 [18], he pointed out six foreseeable steps in cardiovas-
cular prevention:

Polygenic risk score (PRS) or how genetic risk profiling and risk factor interac-
tion will help to identify susceptible populations to implement effective clinical risk 
assessment.

Primordial prevention of CHD focused on population-based healthy lifestyle 
choices to avoid the emergence or minimize coronary risk factors. Dietary adjust-
ments, exercise, and abstention of smoking are part of this armamentarium common 
to many other cardiovascular risk factors.

More aggressive strategies that include new drugs to obtain maximal lipid con-
trol should go beyond statins. Once a year, injection of inclisiran (small interfering 
RNA that prevents PCSK synthesis) will reset the lipids levels by 40% and may 
prolong life in many.

More potent anti-inflammatory strategies are needed. Recurrence of coro-
nary events in some subjects on statins with maximal reduction of LDL cho-
lesterol suggests the need of stronger new anti-inflammatory drugs like 
canakinumab.

Clonal Hematopoiesis Indeterminate Potential (CHIP). Somatic mutations 
in leukocytes have been found independently associated with adverse out-
comes in individuals with established atherosclerotic cardiovascular disease 
increasing risk from 25% to 85% and opening a potential new line for 
interventions.

Finally, artificial intelligence may become a guiding lead to integrate all the tools 
available in preventive cardiology.

The future of these developments in cardiovascular prevention seems promising 
but of uncertain usage. They will depend on increasing expenses that may go beyond 
affordability even in sectors of HMIC or HIC. However, as Braunwald and others 
have often remarked, the fundamental basic stepping stones in cardiovascular pre-
vention are still the same, and we cannot do it without them. We just must find a way 
for half of the world population to walk on them.

Table 1.2  Environmental domains

Natural environment Personal environment Social environment

Night and day cycles (circadian) Physical activity Built environment
Seasons (cold/heat) Nutrition Pollution
Sunlight Smoking Social networks
Altitude Socioeconomic status
Latitude
Greenspaces

Content partially derived from figure in: Bhatnagar (2017) [17]; Illustration credit: Ben Smith

T. Romero
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Glossary

Primordial prevention  Risk factor reduction targeted toward an entire population 
through modifications on social and environmental conditions.

Circadian  Biological processes recurring naturally on a 24-hour cycle even in the 
absence of light fluctuations.

Built environment  Human-made structures, features, and facilities interpreted as 
an environment in which people live and work.

Polygenic risk score (PRS)  Genetic risk profiling and risk factor interaction to 
identify susceptible populations.

Artificial intelligence  Computer systems able to perform human tasks that require 
human intelligence (visual, speech recognition, translations between languages, 
and decision-making).

CHIP  Somatic mutations in leukocytes increase CHD risk.
PCSK  Inhibits LDL cholesterol liver receptors, thus increasing LDL blood levels 

and CHD risk. Drugs like inclisiran inhibit PCSK synthesis.
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Chapter 2
Global Programs and Outcomes in Arterial 
Hypertension Management in Countries 
with Developing Economies

Sidney C. Smith, Jr. and Kathryn A. Taubert

2.1  �Introduction

Noncommunicable diseases (NCDs) are the leading cause of death worldwide, 
being responsible for approximately three quarters of all deaths each year. Within 
the categories of NCDs, the leading cause of death is cardiovascular diseases (CVD; 
particularly ischemic heart disease and stroke) and within the category of CVD, a 
major risk factor for death (including premature death) and disability is hyperten-
sion (also known as high blood pressure). Recognizing the increasing global burden 
of hypertension, the World Health Organization (WHO) recently published a com-
prehensive report titled “Global report on hypertension - The race against a silent 
killer” [1]. The report highlights the devastating global impact of high blood pres-
sure and acknowledges that the condition leads to stroke, heart attack, heart failure, 
kidney damage, and many other health problems. The report also notes that “High 
systolic blood pressure is the world’s leading risk factor for mortality.” In the 
Foreword to the document, WHO Director-General Dr. Tedros Adhanom 
Ghebreyesus states, “hypertension can be controlled effectively with simple, low-
cost medication regimens, and yet only about one in five people with hypertension 
has controlled it.” He continues saying that strengthening hypertension control must 
be part of every country’s health system.
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2.2  �Global Burden of Hypertension

There are 1.3 billion adults in the world who have hypertension. The global distribu-
tion of hypertension as of 2015 is shown in Fig. 2.1 [2]. Hypertension is defined as 
a persistently raised arterial pressure above the normal range. While the determina-
tion of this normal range varies between countries/regions across the globe, the 
WHO states that hypertension is diagnosed if the systolic blood pressure readings 
on two different days are ≥140 mmHg and/or the diastolic blood pressure readings 
on both days are ≥90 mmHg [1]. Most of the population studies and databases use 
this definition, and unless otherwise stated, the data referred to in this chapter will 
use 140 systolic and/or 90 diastolic as the threshold for hypertension. In population 
studies, the total number of individuals considered to have hypertension is generally 
defined those having an elevated systolic or diastolic blood pressure as well as those 
taking medication for hypertension.

The global age-standardized prevalence of hypertension has remained relatively 
stable over the 3-decade 1990–2019-time interval at about 32–33% [3]. It was simi-
lar between genders (32% in women and 34% in men in 2019). However, there was 
a wide variation in these percentages between various parts of the world. Additionally, 
hypertension becomes progressively more common with advancing age, with one 
study showing that prevalence essentially doubled in the age-group older than 
50 years compared to individuals of 50 years or younger [4].

The absolute number of people aged 30–79 with hypertension has increased 
markedly over the last few decades due to population growth and aging. In 1990, 
that number was reported to be 650 million adults while in 2019 the prevalence had 

Fig. 2.1  Prevalence of raised blood pressure*, ages 18+, 2015 (age-standardized estimate). Both 
sexes. From Ref. [2]

S. C. Smith, Jr. and K. A. Taubert



11

jumped to 1.3 billion, doubling what it was in 1990 [3]. Worldwide, raised blood 
pressure is estimated to cause 10.8 million deaths per year [5].

Over the past few decades, the highest prevalence of hypertension has shifted 
from higher income countries to lower income countries [3, 6, 7]. Figure 2.2 illus-
trates these temporal global and regional changes in blood pressure during the 
1990–2019 time period. As one can see, while the burden of hypertension is sub-
stantial globally, the number of undiagnosed cases tended to drop in the high-income 
countries while tending to increase in the less-rich ones. Furthermore, the steepest 
rise in the total number of cases over these three decades during these past few 
decades was seen in low- and middle-income countries (LMICs). In other words, 
hypertension is a huge global problem that puts a disproportionate burden on those 
who are least able to deal with it.

Although hypertension can be treated, controlled, and sometimes prevented, few 
countries currently do so effectively. Better hypertension management will save 
lives. According to the WHO’s Global Health Observatory for adults ages 30–79 
with hypertension, only 54% have been diagnosed, 42% are being treated, and 21% 
are considered to have their hypertension under control [1]. If one looks at only 
high-prevalence LMICs, the numbers are much worse—only one person in ten with 
hypertension has it under control.

Individual country profiles of hypertension burden and control are available to 
download from the WHO website [8]. Figure 2.3 is an example of one profile.

Fig. 2.2  Trends in the number of people with hypertension who reported a diagnosis, who used 
treatment, and whose blood pressure was effectively controlled, globally and by region. From Ref. 
[3]. Copyright © 2021 World Health Organization; licensee Elsevier. This is an Open Access arti-
cle published under the CC BY 3.0 IGO license

2  Global Programs and Outcomes in Arterial Hypertension Management in Countries…
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Fig. 2.3  Indonesia hypertension profile. From Ref. [8]
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2.3  �UN High Level Meeting on NCDs: Targets for Lowering 
Prevalence of Hypertension

As detailed in Chap. 13 in recognition of the rising global burden of NCDs, includ-
ing CVD, over the past decades the United Nations (UN) held a High-Level Meeting 
on Prevention and Control of Noncommunicable Diseases in 2011 [9]. The WHO 
was tasked with developing goals and targets to reach those goals, and at the World 
Health Assembly (the governing body of the WHO) meeting in 2012, a global tar-
get of 25% reduction in premature mortality from noncommunicable diseases by 
2025 was adopted (referred to as 25 by 25, or 25 x 25) [10]. To help reach the over-
arching 25% reduction in premature mortality from cardiovascular disease, a set of 
six goals targeting key CVD risk factors and two goals targeting health systems 
were developed (Fig. 2.4) [11, 12]. The hypertension control goal is to obtain a 
25% reduction in raised blood pressure by 2025 (from a baseline of 2010). Building 
on the overarching NCD goal of 25% reduction in premature mortality by 2025, the 
Sustainable Development Goals (SDGs; specifically goal 3.4) include a target of a 
one-third reduction in premature mortality from NCDs noncommunicable diseases 
by 2030.

In recognition of the burden of high blood pressure, and mindful of the targets 
for lowering this burden in 25 by 25 and in Sustainable Development Goals, several 
organizations have developed or updated tools, guidelines, and roadmaps 
(Table 2.1). Some of these that are more focused on LMICs can be particularly 
helpful.

Fig. 2.4  The overall global target goal for noncommunicable disease mortality reduction (top 
line); the overall global target goal for cardiovascular disease mortality reduction (second line); the 
risk factors targeted to help reach the global goal (third line); health systems targeted to help reach 
the global goal (bottom line)

2  Global Programs and Outcomes in Arterial Hypertension Management in Countries…
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2.4  �Approach to Blood Pressure Management: Helpful Tools

2.4.1  �HEARTS

In 2016, the WHO and the US Centers for Disease Control and Prevention (CDC) 
launched the new “Global Hearts Initiative.” It was designed to support govern-
ments in strengthening the prevention and control of CVD in primary health care 
settings. As a part of this initiative, the HEARTS technical package (listed n 
Table 2.1) was developed [13]. The package contains six modules:

–– Healthy-lifestyle counseling
–– Evidence-based treatment protocols
–– Access to essential medicines and technology
–– Risk-based CVD management
–– Team-based care
–– Systems for monitoring

There is also an implementation guide as well as a tool for the development of a 
consensus protocol for treatment of hypertension. The modules, which can be 
adapted to country-level needs, were designed to be most useful for Ministries of 
Health at the national level, Health/NCD program managers at the subnational level, 
and facility managers and primary health care trainers at the primary care level.

2.4.2  �PAHO/HEARTS in the Americas

The Pan American Health Organization (PAHO) is the specialized international 
health agency for the Americas. It works with countries throughout the region to 
improve and protect people’s health. PAHO wears two institutional hats: it is the 
specialized health agency of the Inter-American System, and it also serves as 
Regional Office for the Americas of the WHO. PAHO leads the implementation of 
HEARTS in the region of the Americas, ensuring that implementation actions are 
aligned with the strategic priorities of the region. The PAHO website homepage 
(www.PAHO.org) is available in English, Spanish, Portuguese, and French. All 
HEARTS materials are available Spanish as well as English.

2.4.3  �Resolve to Save Lives (RTSL)

RTSL is a not-for-profit organization whose two-pronged mission is to (1) prevent 
100 million deaths from cardiovascular disease and (2) make the world safer from 
epidemics. In 2017, WHO began a partnership with RTSL to support national gov-
ernments in implementation of the Global Hearts Initiative. The RTSL website 

2  Global Programs and Outcomes in Arterial Hypertension Management in Countries…
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shows that by late 2023, approximately 17.4 million patients in 32 countries have 
been enrolled in RTSL-supported hypertension control programs [17].

RTSL, in a collaborative effort with the WHO and CDC, created an information-
rich technical library called LINKS [18]. As part of this library, there is a section on 
“Tools and Guidance to Facilitate Scaling Up Effective Management of 
Hypertension—A six-step guide for program managers starting up national or sub-
national hypertension control programs” [19].

2.4.4  �World Heart Federation (WHF) Hypertension Roadmap

In 2015, the WHF published its first roadmap for hypertension [20]. This original 
roadmap was revised in 2021 to incorporate new information [15]. WHF states that 
their roadmaps “identify potential roadblocks and their solutions on the pathway to 
effective prevention, detection, and management of CVD and guide priority inter-
ventions on a global level.” In addition to their roadmap on hypertension, they also 
have roadmaps focusing on other aspects of CV health and disease. All current 
roadmaps can be accessed on the WHF website [21]. The WHF Roadmaps are 
aimed to support 25 by 25 as well as goal 3.4 of the SDGs. They are designed to 
provide a generic global framework available for local adaptation and are intended 
to serve as a basis for developing region- or country-specific action plans.

Figure 2.5 illustrates the WHF Roadmap Continuum of Care. It covers screening, 
diagnosis, evidence-based treatments, monitoring adherence and BP control, and 
complications. This diagram and its supporting text can be quite helpful to staff in 
primary care facilities.

The paper has a large amount of information such as:

•	 A list of the newest (as of 2021) hypertension guidelines and key treatment rec-
ommendations in them

•	 A table containing the 2016 Lancet Commission on Hypertension 10 key global 
actions and a strategy across the life-course to address the global burden of 
hypertension

•	 Case studies on the implementation of the 2015 WHF Roadmap
•	 A table of roadblocks and possible solutions based on both WHF members’ feed-

back and a review of the literature
•	 A diagram showing selected roadblocks on the way to the ideal patient journey
•	 Some prioritized solutions along the continuum of care for hypertension

2.4.5  �Pan-African Society of Cardiology (PASCAR)

PASCAR is an organization of physicians from across Africa involved in prevention 
and treatment of CVD which is concerned by the lack of progress in the diagnosis 
and effective treatment of cardiovascular disease across Africa. Approximately 

S. C. Smith, Jr. and K. A. Taubert
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10 years ago, recognizing that WHO estimated the global prevalence of hyperten-
sion was highest in the African region, PASCAR organized a task force of experts 
that met several times to identify key actions for a hypertension roadmap on the 
continent. Their ultimate goal was to develop a roadmap, modeled on the WHF road-
map but customized for the African continent to guide the nations to achieve 25% 
hypertension control in Africa by 2025. They identified roadblocks at the govern-
ment and health-system level, healthcare professional level, and patient level. They 
then devised a 10-point action plan as well as a PASCAR roadmap to decrease the 
burden of hypertension in Africa [16]. These will be discussed later in this chapter.

2.5  �Approach to Blood Pressure Management: Measuring 
Blood Pressure and Diagnosing Hypertension

To treat hypertension, one must first confirm a diagnosis. Because it usually has no 
symptoms and is referred to as the “silent killer,” blood pressure must be measured. 
According to the WHO [1, 13], blood pressure in adults should be measured 

Fig. 2.5  The ideal patient pathway for hypertension, referred to as the Continuum of Care. From 
Ref. [15]. © World Heart Federation. ABPM 24-hour ambulatory BP monitoring, HBPM self-
home BP monitoring, HT hypertension

2  Global Programs and Outcomes in Arterial Hypertension Management in Countries…
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“opportunistically” during routine visits to primary health care facilities (including 
at first presentation to the facility). If it is normal, pressure should be measured 
periodically thereafter (e.g., every 1–5 years). Individuals with elevated blood pres-
sure readings (≥140 mmHg systolic and/or ≥ 90 mmHg diastolic) require immedi-
ate follow-up to confirm a diagnosis. The type of follow-up depends on the initial 
reading. Generally, if the systolic pressure is 140–159 mmHg OR the diastolic is 
90–99 mmHg, on the initial visit the confirmatory follow-up visit could be within a 
month; however, if the pressure is either ≥160 mmHg systolic OR ≥ 100 mmHg 
diastolic on two readings on a single day, medications to reduce blood pressure 
should begin as soon as possible (e.g., that day).

Unfortunately, many times blood pressure is not measured accurately. This can 
be due to mechanical reasons such as uncalibrated equipment or ill-fitting cuffs, or 
due to poor techniques used by the measurer. The staff member measuring blood 
pressure in clinics/offices should be trained in proper techniques. Equipment in 
working order (basic validated automated blood pressure measuring devices 
strongly preferred) should be available.

Blood pressure measurement and control are particularly important in adults who:

•	 Already have CVD or are at high risk for it
•	 Have diabetes
•	 Have chronic kidney disease
•	 Are obese
•	 Use tobacco
•	 Have a family history of heart attack or stroke

Table 2.2 is the HEARTS Module E instructions for measuring blood pressure 
[13]. A more detailed graphic from PAHO is seen in Fig. 2.6 [22].

Table 2.2  HEARTS: How to measure blood pressure. From Ref. [13]

Effective treatment algorithms for hypertension are dependent on accurate blood pressure 
measurement. The following advice should be followed for measuring blood pressure:
  • � Use the appropriate cuff size, noting the lines on the cuff to ensure that it is positioned 

correctly on the arm. (If the arm circumference is >32 cm, use large cuff.)
  • � Although at the initial evaluation it is preferable to measure blood pressure in both arms and 

use the arm with the higher reading thereafter, this may not be practical in a busy primary 
care environment.

  • � The patient should be sitting with back supported, legs uncrossed, empty bladder, relaxed for 
5 min, and without talking.

  • � For persons who are getting their blood pressure measured for the first time, it is preferable 
to take at least two readings and to use the second reading.

Blood pressure can be measured either by a conventional sphygmomanometer, using a 
stethoscope, or by an automated electronic device. The electronic device, if available, is 
preferred because it provides more reproducible results and is not influenced by variations in 
technique or by the bias of the observers.
If the primary health care facility has electricity or regular access to batteries, then consider an 
automated validated blood pressure device with a digital reading. If the primary health care facility 
has no electricity or batteries, then a manual BP cuff will have to be used with a stethoscope.

S. C. Smith, Jr. and K. A. Taubert
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2.5.1  �American Medical Association MAP™ Program

The AMA MAP™ Hypertension Quality Improvement (QI) Program (https://map.
ama-assn.org) incorporates evidence-based strategies along with supporting tools, 
resources, performance metrics, and reports and coaching to help improve and sus-
tain hypertension control rates. The program is based on the AMA MAP™ frame-
work, which helps care teams organize their approach to providing evidence-based 
care by Measuring Accurately, that is obtaining actionable BP measurements to 
diagnose and assess BP control, Acting Rapidly by initiating and intensifying treat-
ment when indicated and Partnering with Patients to support self-management acti-
vation, and improve adherence to treatment (MAP). The program is provided to 
health care organizations free of charge. Currently, the full quality improvement 
program is only available in the United States, but many of the supporting tools and 
resources are available through the program’s website. A publication [23] laying the 
groundwork for the program shows the actions to take under each of the three pil-
lars. For example, under the “Measure accurately” pillar, there is a screening check-
list, a confirmatory checklist, and several evidence-based tips for correct positioning. 
Follow-up studies have shown a significant improvement in hypertension control in 
family medicine clinics whose staff had been trained compared to before the train-
ing began, even after coaching support was withdrawn [24].

Fig. 2.6  PAHO illustrated guide for measuring blood pressure. From Ref. [22]

2  Global Programs and Outcomes in Arterial Hypertension Management in Countries…
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2.6  �Management of Hypertension

2.6.1  �Lifestyle Modification

Various guidelines for management of blood pressure give recommendations for 
lifestyle modification [13–16, 25–27]). The essence of these recommendations is 
listed below. As pointed out in the various guidelines, these lifestyle modifications 
are beneficial for overall CV health.

	1.	 Lose weight if needed/maintain an ideal body weight.
	2.	 Stop all tobacco use, avoid second-hand tobacco smoke.
	3.	 Increase physical activity to equivalent of brisk walk for 150 min per week.
	4.	 Eat a healthy diet with several servings of fruits and vegetables (preferably fresh) 

a day. The DASH diet is often recommended [28].
	5.	 Reduce salt intake—most guidelines recommend <5 g salt (2 g sodium) daily. 

Some recommend increasing potassium intake (see further comments below).
	6.	 Alcohol consumption—limit intake to 1–2 drinks a day.

HEARTS Module “H” contains information on the four behavioral risk factors 
for CVD. Brief interventions are described as an approach to providing counseling 
on risk factors and encouraging people to have healthy lifestyles. The areas covered 
include tobacco use, unhealthy diet, insufficient physical activity, and harmful use 
of alcohol. Information on behavioral change, brief interventions for counseling, 
and key points for motivational interviewing is also included.

Sodium is an essential nutrient involved in many cellular processes. However, 
many studies have found that it is overconsumed compared to what the body 
physiologically needs. It has been reported that nearly two million people die each 
year from heart attacks and strokes caused by excess salt consumption [29]. WHO 
has pointed out that the average human consumption is more than 10 g of salt 
(4000 mg of sodium) a day, which is more than double the daily intake of <5 g of 
salt (<2000 mg sodium) for adults that is recommended by WHO.

In 2013, all 194 WHO Member States approved one of the 25 by 25 targets to 
focus on sodium—specifically, to commit to reducing population sodium intake by 
30% by the year 2025. WHO has recommended several sodium-related “best buys” 
as actions that could be undertaken immediately to help prevent CVD and its associ-
ated costs. WHO recommendations included the following [30]:

•	 Reduce salt intake through the reformulation of food products to contain less salt 
and the setting of target levels for the amount of salt in foods and meals

•	 Reduce salt intake through the establishment of a supportive environment in pub-
lic institutions such as hospitals, schools, workplaces, and nursing homes, to 
enable lower sodium options to be provided

•	 Reduce salt intake through a behavior change communication and mass media 
campaign

•	 Reduce salt intake through the implementation of front-of-pack labeling

S. C. Smith, Jr. and K. A. Taubert
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A technical package for salt reduction, “SHAKE the salt habit” was developed 
by WHO under the auspices of the Global Hearts Initiative [31]. This package has a 
general framework of elements needed to create a successful salt reduction strategy 
and help reduce sodium consumption.

In 2023, the WHO issued a “Global Report on Sodium Intake Reduction” 
[32]. It contains helpful guidance on how countries might implement policies 
and measures to reduce salt consumption. It also shows sodium country score 
cards and contains overviews on mandatory and voluntary measures grouped 
by WHO region as well as by World Bank income groups. Progress has been 
slow with only a few countries reducing population sodium intake toward (but 
not yet reaching) the goal. Consideration is being given to extending the target 
to 2030.

Table 2.3, from the WHO Global Report on Sodium Intake Reduction, 
shows global sodium intake [32]. In 2019, the mean global sodium intake of 
adults was estimated at 4310 mg/day (10.78 g/day salt) which is more than 
double the WHO recommendation. Further breakout of countries by WHO 
regions is also shown in Table  2.3. Additionally, the Table includes projec-
tions, based on the trends 2010–2019, of what sodium intake could be in 2025 
and 2030. Based on these 2010–2019 trends, sodium intake will reduce mini-
mally and there is likely little chance for any/many countries to meet the 30% 
relative reduction. There have been some positive results, however. A study 
reported from a group of researchers in China was highlighted in the WHO 
report. The Shandong Ministry of Health Action on Salt and Hypertension 
(SMASH) program [33] was a government-led initiative aimed at curbing salt 
intake and reducing the prevalence of hypertension. Their program and results 
are highlighted in Box 2.1.

Table 2.3  Estimated mean population dietary sodium intake in 2019 and projected mean 
population dietary sodium intake in 2025 and 2030 by WHO regions. From Ref. [32]

WHO region 2019 2025 2030
mg/day 
sodium

g/day 
salt

mg/day 
sodium

g/day 
salt

mg/day 
sodium

g/day 
salt

African 2687 6.72 2680 6.70 2674 6.69
Americas 3583 8.96 3574 8.94 3564 8.91
Eastern Mediterranean 2792 6.98 2800 7.00 2798 6.99
European 3445 8.61 3437 8.59 3430 8.57
South-East Asia 3921 9.80 3907 9.77 3896 9.74
Western Pacifica 6247 15.62 6189 15.47 6137 15.34
Global intake 4310 10.78 4230 10.58 4163 10.41
WHO’s 
recommendation

<2000 <5.0 <2000 <5.0 <2000 <5.0

aThe estimated intake for China is 6954  mg/day sodium, which is likely to be influencing the 
Western Pacific Region mean

2  Global Programs and Outcomes in Arterial Hypertension Management in Countries…
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Resolve to Save Lives also has a focus on salt. RTSL’s target, working with 
their partners, is to reduce the global intake by 30%, and their framework is based 
on WHO’s “SHAKE” technical package. Their strategies target the areas where 
salt is most often found: (1) packaged food, (2) food prepared in the home, and (3) 
food prepared outside the home. Their strategies and action plans are on their 
website [34]. There is also further information in their technical LINKS 
library [35].

An often-mentioned drawback of lower sodium diets is that many people find 
them bland or distasteful compared to their “normal” diets. A 2022 study from 
China reported the results of the multicenter randomized DECIDE-Diet (Diet 
Exercise and Cardiovascular Health-Diet) [36]. Study participants (all with systolic 
BP between 130 and 159 mm Hg) were recruited from four major Chinese cities 
each of which has its own regional cuisine. Chinese heart-healthy diets were devel-
oped with study nutritionists, dietitians, and chefs in each area that conformed to the 
regional cuisines. Among other dietary ingredient modifications, these regional 
heart-healthy diets contained about half as much sodium and about 40% more 
potassium than the participants’ regular diet and were palatable and affordable for 
Chinese adults. After a 1-month intervention period, individuals on the DECIDE-
diet had significant lowering of blood pressure. The study authors listed three clini-
cal implications of their study:

Box 2.1 Case study: The Shandong Ministry of Health Action on Salt 
Reduction and Hypertension (SMASH): Shandong, China. From 
Ref. [1]
The Shandong Ministry of Health Action on Salt and Hypertension (SMASH) 
programme was a government-led initiative aimed at curbing salt intake and 
reducing the prevalence of hypertension among adults. The programme 
employed various strategies, including a media campaign, distribution of 
scaled salt spoons, and public education activities.

The results of the programme were remarkable, with a significant 24.8% 
reduction in sodium intake observed over a 5-year period. This decrease was 
measured through 24-h urine sodium excretion, which dropped from 5338 mg/
day to 4013 mg/day. Additionally, potassium excretion increased by 15.1%, 
and the sodium-to-potassium ratio decreased by 37.7%, indicating positive 
dietary changes. Beyond decreased sodium consumption, the SMASH pro-
gramme demonstrated downstream improvement in blood pressure levels. 
The adjusted mean SBP decreased by 1.8 mmHg, and the adjusted mean DBP 
decreased by 3.1 mmHg, most likely due to decreased sodium intake.

Alongside these physiological changes, the programme positively impacted 
systematically assessed knowledge, attitudes, and behaviours related to 
sodium reduction and hypertension.

Participants showed increased awareness of the recommended salt 
intake, paid more attention to the labeling on processed foods, and took 
action to reduce sodium in their diets.
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•	 The results support the idea that “food is medicine” and will give many patients 
with HBP the confidence to adopt a healthy diet as their lifestyle treatment.

•	 Clinicians should recommend that their Chinese patients with high blood pres-
sure adopt a healthy diet with low sodium and high potassium, fiber, vegetables, 
and fruits as the first-line treatment.

•	 Restaurants and cafeterias should consider adopting the Chinese heart-healthy 
diet menu, particularly those providing services to institutional living 
populations.

The WHO 2023 Global Report on Hypertension discusses potassium in some 
detail [1]. The report states that blood pressure is reduced when dietary sodium 
intake is reduced and when potassium intake is increased, thus they support diets 
with lower dietary sodium and “…plenty of fruit and vegetables high in potassium…”.

Several of the hypertension guidelines have included a potassium recommenda-
tion. For example, the ACC/AHA says: Potassium supplementation, preferably in 
dietary modification, is recommended for adults with elevated BP or hypertension 
unless contraindicated by the presence of chronic kidney disease or use of drugs that 
reduce potassium excretion [25]. The WHF recommends an enhanced intake of 
dietary potassium, aiming for 3500–5000 mg per day, preferably by a diet (such as 
locally available fruits and vegetables) rich in potassium [15]. Replacing high-sodium 
salt with potassium-rich salt is also recommended. The International Society of 
Hypertension has a healthy diets recommendation that states: Eating a diet that is rich 
in whole grains, fruits, vegetables, polyunsaturated fats, and dairy products and reduc-
ing food high in sugar, saturated fat, and trans fats, such as the DASH diet. Increase 
intake of vegetables high in nitrates known to reduce BP, such as leafy vegetables and 
beetroot. Other beneficial foods and nutrients include those high in magnesium, cal-
cium, and potassium such as avocados, nuts, seeds, legumes, and tofu [37].

Lifestyle modification/lifestyle counseling is an important part of preventing/
managing hypertension. Exactly what it entails, especially around dietary modifica-
tions, will vary in different regions of the world and in different cultures. Lifestyle 
modification may be recommended alone as a first step in blood pressure manage-
ment, especially in individuals with borderline pressures of SBP 130–139 mmHg 
and/or DBP 80–89 mmHg. However, as has been pointed out in HEARTS materials, 
in settings where a person does not regularly visit the doctor, that person who is 
given only lifestyle modification may not return for re-evaluation and needed treat-
ment, resulting in uncontrolled hypertension and associated complications. (See the 
HEARTS “H” module for more information on lifestyle counseling.)

2.6.2  �Other Risks for Hypertension: Social Determinants 
of Health

The WHO recently released a document titled “Integrating the social determi-
nants of health into health workforce education and training” [38]: In this publica-
tion, WHO states that “The social determinants of health are the social, economic 

2  Global Programs and Outcomes in Arterial Hypertension Management in Countries…



24

and environmental conditions in which people are born, grow, live, work and age 
that impact health and well-being across the life course, and the inequities in 
access to power, decision-making, money and resources that give rise to these 
conditions.”

The U.S.  Centers for Disease Control and Prevention (CDC) states that 
social determinants of health “…encompasses economic and social conditions 
that influence the health of people and communities. These conditions are 
shaped by socioeconomic position, which is the amount of money, power, and 
resources that people have, all of which are influenced by socioeconomic and 
political factors (e.g., policies, culture, and societal values). An individual’s 
socioeconomic position can be shaped by various factors such as their educa-
tion, occupation, or income. All of these factors (social determinants) impact 
the health and well-being of people and the communities they interact 
with” [39].

The 2017 ACC/AHA hypertension guidelines [25]) list low socioeconomic/edu-
cational status among the CVD risk factors that are common in patients with hyper-
tension. They point out that HTN control rates are higher for persons of higher 
socioeconomic status, for example. There also discuss accounting for age, race, 
ethnicity, sex, and special circumstances in antihypertensive treatment in their clini-
cian’s flow chart for HTN management.

The 2020 hypertension guidelines from the International Society of 
Hypertension [37] has a section on “Ethnicity, Race and Hypertension” which 
states that hypertension prevalence, treatment and control rates vary significantly 
according to ethnicity. Such differences are mainly attributed to genetic differ-
ences, but lifestyle and socioeconomic status possibly filters through into health 
behaviors such as diet—which appear to be major contributors.” There are two 
subsections that discuss populations from African descent and populations 
from Asia.

Geldsetzer and colleagues [40] looked at HTN care in 44 LMICs and found 
that the performance of health systems in general was poor—less than half of 
those with hypertension were diagnosed, less than a third were taking antihy-
pertensive medications, and only one in ten had their hypertension under con-
trol. They also observed that countries in Latin America and the Caribbean 
generally achieved the best performance relative to their predicted perfor-
mance based on GDP per capita, whereas countries in sub-Saharan Africa 
performed worst.

A recently published study from 76 LMICs on the association of socioeconomic 
status with hypertension found that that hypertension affects countries across 
regions irrespective of their level of economic development and affects the full 
spectrum of socioeconomic groups within countries [41]. The data suggest, how-
ever, that hypertension may increasingly affect adults in the lowest socioeconomic 
groups as LMICs develop economically. They conclude that large-scale studies of 
hypertension disease burden in LMICs, and how this burden varies by socioeco-
nomic groups, could better inform health policy in these settings than merely focus-
ing on the prevalence of high BP.
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2.6.3  �Pharmacologic Treatment

When lifestyle intervention strategies alone are not sufficient to manage an indi-
vidual’s blood pressure, pharmacologic treatment is the next step. Pharmacologic 
therapy is not meant to take the place of lifestyle modifications; rather, these two 
management strategies should be used together.

In 2021, the WHO published new evidence-based global public health guideline 
for pharmacological treatment of hypertension in adults [14]. In order to produce 
the guidelines, WHO first organized a Guideline Development Group. As described 
in detail in the final document, the GDG then created an analytic framework linking 
hypertension treatment to important health outcomes, and 11 clinical questions 
were prioritized:

	 1.	 At what BP level should pharmacological therapy be initiated?
	 2.	 Are lab tests needed to start therapy?
	 3.	 Is risk assessment needed to start therapy?
	 4.	 Monotherapy vs no therapy?
	 5.	 Monotherapy vs another monotherapy?
	 6.	 Monotherapy vs combination therapy?
	 7.	 What choice of combination therapy?
	 8.	 Single-pill combination vs free combination?
	 9.	 Post-treatment target BP level?
	10.	 When should BP be re-assessed after treatment initiation?
	11.	 Management by physician vs non-physician provider?

Ultimately, these 11 questions led to eight areas of recommendations in 
the final guidelines, including guidance on BP threshold for initiating ther-
apy, laboratory testing, CVD risk assessment, classes of medications to be 
used as first-line agents, combination therapy, target BP, frequency of assess-
ment, and the role of non-physician health professionals. The eight recom-
mendations are listed in detail in Table  2.4. Each recommendation has a 
“strength” associated with it. There were two strength categories: A strong 
recommendation is one for which the Guideline Development Group was 
confident that the desirable effects of adhering to the recommendation out-
weigh the undesirable effects.

A weak or conditional recommendation is one for which the Guideline 
Development Group concluded that the desirable effects of adhering to the recom-
mendation probably outweigh the undesirable effects but was not confident about 
these trade-offs. Each recommendation has a certainty of evidence and its implica-
tions. The levels of certainty are defined as:

•	 Certainty Level High—WHO is very confident that the true effect lies close to 
that of the estimate of effect.

•	 Certainty Level Moderate—WHO is moderately confident in the effect esti-
mate. (The true effect is likely to be close to the estimate of effect, but there is a 
possibility that it is substantially different.)
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Table 2.4  WHO recommendations for pharmacological treatment of hypertension. From Ref. [14]

1. Recommendation on blood pressure threshold for initiation of pharmacological 
treatment
WHO recommends initiation of pharmacological antihypertensive treatment of individuals with 
a confirmed diagnosis of hypertension and systolic blood pressure of ≥140 mmHg or diastolic 
blood pressure of ≥90 mmHg.
Strong recommendation, moderate- to high-certainty evidence

WHO recommends pharmacological antihypertensive treatment of individuals with existing 
cardiovascular disease and systolic blood pressure of 130–139 mmHg.
Strong recommendation, moderate- to high-certainty evidence

WHO suggests pharmacological antihypertensive treatment of individuals without 
cardiovascular disease but with high cardiovascular risk, diabetes mellitus, or chronic kidney 
disease, and systolic blood pressure of 130–139 mmHg.
Conditional recommendation, moderate- to high-certainty evidence

2. Recommendation on laboratory testing
When starting pharmacological therapy for hypertension, WHO suggests obtaining tests to 
screen for comorbidities and secondary hypertension, but only when testing does not delay or 
impede starting treatment.
Conditional recommendation, low-certainty evidence

3. Recommendation on cardiovascular disease risk assessment
WHO suggests cardiovascular disease risk assessment at or after the initiation of 
pharmacological treatment for hypertension, but only where this is feasible and does not delay 
treatment.
Conditional recommendation, low-certainty evidence

4. Recommendation on drug classes to be used as first-line agents
For adults with hypertension requiring pharmacological treatment, WHO recommends the use of 
drugs from any of the following three classes of pharmacological antihypertensive medications 
as an initial treatment:
  1.  Thiazide and thiazide-like agents
  2.  Angiotensin-converting enzyme inhibitors (ACEis)/angiotensin-receptor blockers (ARBs)
  3.  Long-acting dihydropyridine calcium channel blockers (CCBs).
Strong recommendation, high-certainty evidence

5. Recommendation on combination therapy
For adults with hypertension requiring pharmacological treatment, WHO suggests combination 
therapy, preferably with a single-pill combination (to improve adherence and persistence), as an 
initial treatment. Antihypertensive medications used in combination therapy should be chosen 
from the following three drug classes: Diuretics (thiazide or thiazide-like), angiotensin-
converting enzyme inhibitors (ACEis)/angiotensin-receptor blockers (ARBs), and long-acting 
dihydropyridine calcium channel blockers (CCBs).
Conditional recommendation, moderate-certainty evidence

6. Recommendations on target blood pressure
WHO recommends a target blood pressure treatment goal of <140/90 mmHg in all patients with 
hypertension without comorbidities.
Strong recommendation, moderate-certainty evidence

WHO recommends a target systolic blood pressure treatment goal of <130 mmHg in patients 
with hypertension and known cardiovascular disease (CVD).

(continued)
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•	 Certainty Level Low—WHO confidence in the effect estimate is limited. (The 
true effect may be substantially different from the estimate of the effect.)

•	 Certainty Level Very Low—WHO has very little confidence in the effect esti-
mate. (The true effect is likely to be substantially different from the estimate of 
effect.)

It is noted in recommendation 1 of Table 2.4 that the threshold for initiation of 
pharmacological antihypertensive treatment is systolic blood pressure of 
≥140 mmHg or diastolic blood pressure of ≥90 mmHg or systolic of ≥130 mmHg 
or in those with existing CVD, high CVD risk, diabetes mellitus, or chronic kidney 
disease. Nonpharmacologic therapy should be accompanying these treatment rec-
ommendations. However, some organizations/countries recommend initiating non-
pharmacologic treatment for those with systolic BP of ≥120 mmHg or diastolic BP 
of ≥80 mmHg [25]. This is based on observational studies that have shown high 
blood pressure increases risk of death even when systolic blood pressure is in the 
115–130 mmHg range, which is below the threshold for treatment of hypertension 
in most guidelines [1, 25].

2.6.4  �Specific Comments on Pharmacologic Agents

	1.	 Recommendation #4 indicates that any of three classes of antihypertensive med-
ications are appropriate as an initial treatment: thiazide and thiazide-like agents, 
angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin-receptor block-
ers (ARBs), and long-acting dihydropyridine calcium channel blockers (CCBs). 
This is a strong recommendation with high-level evidence. The Guideline 
Development Group explained that the anticipated benefits clearly outweighed 

Table 2.4  (continued)

Strong recommendation, moderate-certainty evidence

WHO suggests a target systolic blood pressure treatment goal of <130 mmHg in high-risk 
patients with hypertension (those with high CVD risk, diabetes mellitus, chronic kidney 
disease).
Conditional recommendation, moderate-certainty evidence

7. Recommendations on frequency of assessment
WHO suggests a monthly follow-up after initiation or a change in antihypertensive medications 
until patients reach target.
Conditional recommendation, low-certainty evidence

WHO suggests a follow up every 3–6 months for patients whose blood pressure is under control.
Conditional recommendation, low-certainty evidence

8. Recommendation on treatment by nonphysician professionals
WHO suggests that pharmacological treatment of hypertension can be provided by nonphysician 
professionals such as pharmacists and nurses, as long as the following conditions are met: 
Proper training, prescribing authority, specific management protocols, and physician oversight.
Conditional recommendation, low-certainty evidence
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the potential harms these three classes of medications, and the adverse were 
infrequent, usually mild, and could be managed or another agent could be sub-
stituted. (NOTE—some WHO documents categorize ACEIs and ARBs as sepa-
rate classes and therefore list 4 classes of first-line agents for initial treatment.)

	2.	 Recommendation #5 suggests combination therapy, preferably with a single-pill 
combination (to improve adherence and persistence), be used as an initial treat-
ment. The rationale for recommending a combination therapy, particularly in a 
single-pill approach, is based on the following considerations:

–– Most individuals with HTN will eventually require two or more antihyperten-
sive agents to achieve BP control

–– The combination of two agents from complementary classes yields greater 
BP-reduction efficacy (at least equal to the sum of the efficacy of each cho-
sen agent)

–– Lower doses of each agent are needed, which results in a reduction of side-
effects and the fact that use of complementary classes of antihypertensive 
agents may mitigate the side-effects of each agent

–– Adherence and persistence are increased
–– Simplified logistics can lead to fewer stock-outs and a reduced pharmacy 

inventory

The recommendation was classified conditional with moderate-certainty evi-
dence. The Guideline Development Group explained that a comparison requires 
long-term data about hard clinical end points between monotherapy and combi-
nation therapy. Additionally, “real world” research studies are needed to deter-
mine if there is a difference in clinical outcomes and serious adverse events 
between single-pill combinations versus multiple-pill combinations.

	3.	 Consider using diuretics or CCB in patients 65 years or older, or those of African 
or Afro-Caribbean descent; beta-blockers (BBs) post MI; and ACEIs/ARBs in 
those with diabetes mellitus, heart failure, or chronic kidney disease.

	4.	 Hypertension in Pregnancy—There are clear contraindications to the use of 
some antihypertensive medications during pregnancy. The guidelines from 
WHO [14], ACC/AHA [25], and ESC [26] include all ACE inhibitors, ARBs, 
and direct renin inhibitors. WHO also includes the mineralocorticoid receptor 
antagonist spironolactone due to fetal anti-androgen effects. The use of the beta-
blocker atenolol is also contraindicated due to the observation of intrauterine 
fetal growth inhibition. These three sets of guidelines all recommend that women 
with hypertension who become pregnant (or are planning to become pregnant) 
be treated with methyldopa, beta-blockers (particularly labetalol), CCBs (par-
ticularly nifedipine and, as an alternative, verapamil), and the direct-acting vaso-
dilators (particularly hydralazine). WHO points out that there is evidence to 
suggest that among these agents, beta-blockers and CCBs appear to be more 
effective than methyldopa in decreasing the development of severe HTN later in 
the pregnancy. For further information on this topic, see the 2020 publication 
“WHO recommendations on drug treatment for non-severe hypertension in 
pregnancy” [42] as well as a recent scientific statement from the AHA [43].
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2.6.5  �WHO Essential Medicines List

WHO defines essential medicines as those that satisfy the priority health care needs 
of population. Medications on the list are chosen while considering: (a) disease 
prevalence and public health relevance, (b) evidence of efficacy and safety, and (c) 
comparative cost-effectiveness. These medicines, in appropriate dosage forms and 
affordable cost, should be always available in functioning health systems. Quality 
should be assured. The “antihypertensive medicines” section of the 2023 WHO 
Model List of Essential Medicines is shown in Table 2.5 [44].

In July 2019, the WHO added added single-pill combination (also referred to as 
fixed-dose combination or “polypill”) antihypertensive medications to the WHO 
Essential Medicines List. Soon thereafter, a letter to the editor of Lancet from the 
American Heart Association, European Society of Hypertension, Lancet 
Commission on hypertension, International Society of Hypertension, Latin 
American Society of Hypertension, Resolve to Save Lives, World Heart Federation, 
World Hypertension League, and World Stroke Organization was published com-
mending WHO for making single-pill combination antihypertensive medications 
more widely available by including them in the WHO Essential Medicines List [45]. 
Recognizing that the fixed dose combinations are safe, effective, and an emerging 
best practice, they cautioned that “…countries and health systems must ensure that 
everyone who needs treatments for hypertension can access them.”

The complete 2021 WHO guidelines on pharmacological treatment of hyperten-
sion in adults and two annexes are available on the WHO website [14]. Annex A 
contains 104 tables with the summaries of evidence for each of the recommenda-
tions, and Annex B contains their evidence-to-decision frameworks.

A one-page summary of the WHO hypertension treatment guideline is shown in 
Fig. 2.7. It is also available in color on the WHO website [46].

Table 2.5  WHO essential antihypertensive medicines list. From Ref. [44]

Antihypertensive medicines

Amlodipine (see footnote a)
Therapeutic alternatives:
  – � Fourth level of ATC chemical subgroup 

(C08CA dihydropyridine derivatives)

Tablet: 5 mg (as maleate, mesylate, or besylate).

Bisoprolol
Therapeutic alternatives:
  –  Atenolol*

  –  Carvedilol
  –  Metoprolol

Tablet: 1.25 mg; 5 mg.
*Atenolol should not be used as a first-line agent 
in uncomplicated hypertension in patients 
>60 years

Enalapril (see footnote a)
Therapeutic alternatives:
  – � Fourth level of ATC chemical subgroup 

(C09AA ACE inhibitors, plain)

Oral liquid: 1 mg/mL (as hydrogen maleate) 
[note: There is a specific indication for 
restricting its use to children)
Tablet: 2.5 mg; 5 mg; 10 mg (as hydrogen 
maleate).

(continued)
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Table 2.5  (continued)

Antihypertensive medicines

Hydralazine* Powder for injection: 20 mg (hydrochloride) in 
ampoule.
Tablet: 25 mg; 50 mg (hydrochloride).
*Hydralazine is listed for use only in the acute 
management of severe pregnancy-induced 
hypertension. Its use in the treatment of essential 
hypertension is not recommended in view of the 
evidence of greater efficacy and safety of other 
medicines.

Hydrochlorothiazide (see footnote a)
Therapeutic alternatives:
  –  Chlorothiazide
  –  Chlorthalidone
  –  Indapamide

Oral liquid: 50 mg/5 mL.
Solid oral dosage form: 12.5 mg; 25 mg.

Lisinopril + amlodipine (see footnote a)
Therapeutic alternatives:
  – � Fourth level of ATC chemical subgroup 

(C09AA ACE inhibitors, plain) (for 
lisinopril)

  – � Fourth level of ATC chemical subgroup 
(C08CA dihydropyridine derivatives) (for 
amlodipine)

Tablet: 10 mg + 5 mg; 20 mg + 5 mg; 
20 mg + 10 mg.

Lisinopril + hydrochlorothiazide (see 
footnote a)
Therapeutic alternatives:
  – � Fourth level of ATC chemical subgroup 

(C09AA ACE inhibitors, plain) (for 
lisinopril)

  – � Chlorthalidone, chlorothiazide, and 
indapamide (for hydrochlorothiazide)

Tablet: 10 mg + 12.5 mg; 20 mg + 12.5 mg; 
20 mg +25 mg.

Losartan (see footnote a)
Therapeutic alternatives:
  – � Fourth level of ATC chemical subgroup 

(C09CA Angiotensin II receptor blockers 
(ARBs), plain)

Tablet: 25 mg; 50 mg; 100 mg.

Methyldopa* Tablet: 250 mg.
*Methyldopa is listed for use only in the 
management of pregnancy-induced 
hypertension. Its use in the treatment of essential 
hypertension is not recommended in view of the 
evidence of greater efficacy and safety of other 
medicines.

(continued)
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2.6.6  �HEARTS Treatment Protocols

The HEARTS “E” module (Evidence-based treatment protocols) provides several 
sample hypertension treatment protocols using the medications discussed in the 
WHO treatment guidelines. As referenced in the module, it is intended for use by 
national governmental policymakers, subnational program managers, and primary 
health care facility managers who can adapt a protocol(s) and align to local context. 
This ensures that just one protocol is used at the national (or in some instances sub-
national) level. The protocols include:

•	 Hypertension protocol 1: Diuretic as first-line treatment
•	 Hypertension protocol 2: CCB as first-line treatment
•	 Hypertension protocol 3: ACE-I or ARB as first-line treatment
•	 Hypertension protocol 4: ACE-I or ARB + CCB as first-line treatment
•	 Hypertension protocol 5: CCB + diuretic as first-line of treatment
•	 Hypertension protocol 6: ACE-I or ARB + diuretic as first-line treatment
•	 Hypertension protocol 7: Use of BP-lowering drugs in patients with ischemic CVD
•	 Hypertension protocol 8: Adapted example: CCB as first-line treatment
•	 Hypertension protocol 9: Adapted example: telmisartan 40 mg/amlodipine 5 mg 

single-pill combination regimen

Antihypertensive medicines

Telmisartan + amlodipine (see footnote a)
Therapeutic alternatives:
  –  Fourth level of ATC chemical subgroup 
(C09CA angiotensin II receptor blockers 
(ARBs), plain) (for telmisartan)
  –  Fourth level of ATC chemical subgroup 
(C08CA dihydropyridine derivatives) (for 
amlodipine)

Tablet: 40 mg + 5 mg; 80 mg + 5 mg; 
80 mg + 10 mg.

Telmisartan + hydrochlorothiazide (see 
footnote a)
Therapeutic alternatives:
  –  Fourth level of ATC chemical subgroup 
(C09CA angiotensin II receptor blockers 
(ARBs), plain) (for telmisartan)
  –  Chlorthalidone, chlorothiazide, and 
indapamide (for hydrochlorothiazide)

Tablet: 40 mg + 12.5 mg; 80 mg + 12.5 mg; 
80 mg +25 mg.

Complementary list (see footnote b)
Sodium nitroprusside Power for infusion: 50 mg in ampoule.

Footnote (a)—Intended to indicate therapeutic alternatives to the listed medicine that may be con-
sidered for selection in national essential medicines list
Footnote (b)—The complementary list presents essential medicines for priority diseases, for which 
specialized diagnostic or monitoring facilities, and/or specialist medical care, and/or specialist 
training are needed
For further explanation of the footnotes, please refer to the original document [44]

Table 2.5  (continued)
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Protocols 1–6 each have a different starting medication. Individual countries 
should choose and adapt the protocol(s) that best fits their local needs/preferences/
resources. The seventh protocol is an example suited for individuals with hyperten-
sion and ischemic CVD (defined as ischemic stroke, TIA, or myocardial infarction 
>1 month ago). The eighth and ninth protocols are examples of adapted protocols 
based on two of the first six choices. It is noted that a non-comprehensive list of 

Fig. 2.7  Summary of guidelines for the pharmacological treatment of hypertension in adults. 
From Ref. [14]
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advantages and disadvantages is presented in a box relating to each protocol. These 
will help in the selection of the most suitable option for a given program/country. 
Selection of a single option greatly facilitates logistics, training, supervision, evalu-
ation, and overall program implementation. The simpler the protocol, the more 
likely it is to be followed and to achieve the program objective.

2.6.7  �Other Components of HEARTS Package Relevant 
to Blood Pressure

Module “A” (Access to essential medicines and technology) focuses on access to 
medicines and basic equipment for CVD management including:

•	 Information on the pharmaceutical management cycle and policies
•	 Selection of appropriate drugs and technologies
•	 Supply-chain management, including quantification, forecasting, distribution, 

storage, and handling
•	 Ensuring supply and accountability
•	 Rational use of medicines

Module “R” (Risk-based CV management) contains information on a total risk 
approach to the assessment and management of CVD, including country-specific 
risk charts.

Module “T” (Team-based care) describes team-based care and gives advantages 
and disadvantages of the approach. It also suggests steps on how to implement 
team-based care and contains case studies of team-based care in different countries 
and gives sample workflow charts and tables that can be customized to specific 
facilities.

Module “S” (Systems for monitoring) gives information on how to monitor and 
report on the prevention and management of CVD. It contains standardized indica-
tors and data-collection tools.

In 2017, the WHO and RTSL partnered with country governments and other 
stakeholders to design, test, and scale up the WHO HEARTS hypertension services 
package to be implemented in primary care clinics. In 2020, WHO issued a report 
titled “Improving hypertension control in 3 million people: country experiences of 
programs development and implementation” [47]. In it, they reported on the pro-
grammatic experience of 18 countries that had adopted the HEARTS technical 
package for scaling up hypertension control. The included country case series 
described the development, implementation, and status (as of June 2020) of the 
hypertension control programs, based on information provided by each country.

In the same report, they listed five components that are necessary for a successful 
HEARTS hypertension control program:

•	 Drug- and dose-specific treatment protocols
•	 Access to quality-assured medications and blood pressure monitors
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•	 Team-based care
•	 Patient-centered care delivered in the community
•	 Information systems to enable quality improvement

The 18 country cases measured the progress of each country against nine domains 
aligned to HEARTS technical package. In Fig. 2.8, these nine domains are num-
bered, and domains seven to nine show example data from Colombia and Vietnam. 
In the individual country reports in the 2020 report, all nine domains are populated 
with data for that particular country.

A more recent summary of the implementation of HEARTS in 32 countries 
through 2022 has been published [48] by 2022, HEARTS hypertension control 
programs treated 12.2 million patients in 165,000 primary care facilities. At the 
country level, median HTN control rate was 48% and ranged from 5% to 86%. 
The paper also contains a table showing the various HEARTS components, with 
advantages, barriers to implementation, and country examples for each of those 
components (Table  2.6). Additionally, there is information at the country or 
regional level regarding their partners, date the program was initiated, information 
system used, and program performance as of December 2022. The Global Hearts 
experience of implementing WHO HEARTS demonstrates the feasibility of con-
trolling hypertension in low- and middle-income country primary care settings. A 
“central illustration” with an overview of the Global Hearts program at 5 years is 
shown in Fig. 2.9.

2.6.8  �WHO Package of Essential Noncommunicable (PEN) 
Disease Interventions for Primary Health Care

Most primary health care clinics will be tasked with some management of other CV 
risk factors as well as CVD and other NCDs. The WHO Package of Essential 
Noncommunicable (PEN) disease interventions for primary health care defines a 
minimum set of interventions to address major NCDs in primary care [49]. 
Components of WHO PEN include sections on cardiovascular diseases (including 
hypertension), diabetes mellitus, chronic respiratory diseases, cancer early diagno-
sis, healthy lifestyle counseling, self-care, palliative care, and adapting WHO 
PEN. Tools include a health facility assessment sample form, core list of medicines, 
essential technologies and tools list, sample clinical record, and table of indicators 
for hypertension, CVD, and diabetes. These components are feasible even in low 
resource settings and can be delivered by primary care physicians and non-physician 
health workers.
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Table 2.6  HEARTS components, advantages, barriers to implementation, and country examples. 
From Ref. [48]

HEARTS 
component Advantages

Barriers to 
implementation

Solutions proven by global 
hearts program

H: Healthy 
lifestyle 
counseling

  •  Low cost Education sessions are 
time-consuming for 
busy health workers

  • � Short lifestyle coaching 
modules delivered at the 
time of diagnosis by 
nonphysicians

  • � Reinforcement by 
community health 
workers

E: Evidence-
based treatment 
protocols

  • � Evidence-based 
medicines

  • � Small number of 
HTN medicines in 
the treatment 
protocol consolidates 
demand and is 
relatively easy to 
implement

  • � Provider options 
constrained

  • � Reluctance to adopt 
combination therapy

  • � Unreliable drug 
supply

  • � Initial monotherapy 
(Fig. 2.1)

  • � Initial dual therapy 
(Fig. 2.1)

A: Access to 
essential 
medicines and 
technology

  • � Improved patient 
retention

  • � Fixed-dose 
medicines to 
accelerate control

  • � Accurate 
hypertension 
diagnosis

  • � Incomplete 
inventory 
information

  • � Inaccurate supply 
forecasting (based 
only on past 
consumption)

  • � High prices
  • � Price markups along 

supply chain
  • � Low-quality 

medicines
  • � Use of nonvalidated 

monitors
  • � Broken blood 

pressure monitoring 
devices

  • � Medication quality 
assurance

  • � Accurate inventory/
forecasting/stock 
management

  • � Pooled procurement
  • � Streamlined supply 

chain
  • � Regulations requiring 

validated blood pressure 
monitoring devices

R: Risk-based 
CVD 
management

  • � Benefits, without 
added risk, of 
intensive blood 
pressure lowering 
targeted to high-risk 
patients is 
established in major 
clinical trials

  • � Allocates limited 
resources more 
efficiently by 
targeting treatment 
to highest benefit 
subgroups

  • � Lack of laboratory 
services at primary 
care level

  • � Cognitive and time 
burden on health 
care workers 
working in facilities 
with high patient 
load/short visit time 
allocation

  • � Potential for 
delayed HTN 
treatment or early 
loss-to-follow-up

  • � At the time of HTN 
diagnosis, defer risk 
assessment until after 
HTN treatment initiated

  • � Offer intensive blood 
pressure lowering 
treatment to patients in 
high-risk categories 
defined by WHO 2021 
treatment guideline

  • � Offer lipid-lowering 
treatment (statin) to 
high risk, especially 
patients with diabetes 
complicated by HTN

(continued)
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Table 2.6  (continued)

HEARTS 
component Advantages

Barriers to 
implementation

Solutions proven by global 
hearts program

T: Team-based, 
patient-centered 
care
1. Team-based 
care

  • � Increased system 
capacity

  • � Highest trained 
spend time on 
complex cases

  • � Empowers 
nonphysicians

  • � Doctors may be 
reluctant to share 
clinical tasks

  • � Patient preference 
for hospital/
specialist care

  • � Regulatory 
constraints on 
nonphysician scope 
of practice

  • � HTN effectively 
managed by 
nonphysician members 
of the health care team 
in India, Nepal, China, 
and other countries

2. Patient-
centered care

  • � Retention in care
  • � Cost-efficient

  • � Lack of 
infrastructure to 
deliver care in 
community

  • � Regulations against 
visit spacing and 
multi-month 
prescription refills

  • � Delivery of HTN 
services in the 
community in HEARTS 
programs in India, 
Bangladesh Ethiopia, 
Vietnam, Philippines, 
and other countries

S: Systems for 
monitoring
1. Hypertension 
indicators

  • � Standard across 
countries, good for 
tracking and 
comparing

  • � Accurate 
monitoring

  •  Complexity   • � WHO HEARTS HTN 
indicators

2. Digital health 
information 
systems

  • � Improve health 
worker satisfaction 
and performance

  • � Timeliness
  • � Eliminate duplicate 

data entry
  • � QI driver

  • � Real-time data entry 
runs risk of 
complicating work 
routine

  •  Lack of WIFI
  •  Lack of smartphone
  • � Lack of integration 

with national 
surveillance system

  •  Simple app
  •  DHIS2 HTN tracker

HTN hypertension, WHO World Health Organization
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Fig. 2.9  Overview of the global hearts hypertension control initiative, 2017–2022. From Ref. [48]
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2.7  �Lessons Learned: Resources That Can Help 
Along the Way

Successful control of blood pressure at the population level, especially in coun-
tries with limited resources, can be quite difficult. WHO’s HEARTS technical 
package is a simple way to approach the problem, but trained staff, proper tools, 
and quality medications must be available. Patients must be willing and able to 
come to the clinic, be evaluated, receive lifestyle counseling and medications, and 
be adherent to the advice and medicines. Government officials must be willing to 
help where needed in adopting programs such as HEARTS at the regional or 
country level.

The implementation guide is a valuable tool for the HEARTS technical package. 
It discusses five steps for setting up the program: (1) engage stakeholders, (2) select 
demonstration site, (3) plan implementation, (4) implement and monitor, and (5) 
evaluate and scale up. There are also templates for rapid health system review as 
well as for baseline facility assessment. Additionally, there is an annex with a tech-
nical note regarding PAHO-HEARTS prerequisites and preparation for the imple-
mentation phase. The HEARTS module titled “Tool for the development of a 
consensus protocol for treatment of hypertension” is also quite useful. It discusses 
the need for a standardized protocol and gives the steps for the development of a 
consensus protocol. An annex contains examples of consensus protocols developed 
by states in India.

It may be necessary for multiple governmental and nongovernmental groups to 
work together to successfully initiate or sustain hypertension protocols. The India 
Hypertension Control Initiative (IHCI) is a collaborative initiative of several institu-
tions including Ministry of Health and Family Welfare, national and state govern-
ments, Indian Council of Medical Research, WHO-India and Resolve to Save Lives 
as a technical partner. As detailed in the 2023 WHO hypertension report [1], the 
IHCI was started in 2018 to improve hypertension control in the community using 
the WHO HEARTS strategy and launched in selected districts of five states. Soon 
after initiation of the program, problems and setbacks related to procurement/avail-
ability of medicines emerged as the biggest challenge. However, WHO-recruited 
consultants, in conjunction with the Ministry of Health and Family Welfare and 
partners, provided technical and training support on strengthening the medicine 
supply chain, thus allowing for an adequate and uninterrupted availability of the 
needed drugs in Fig. 2.10. It was possible to decentralize the program to 18,000+ 
Ayushman Bharat Health and Wellness Centers (primary health care service provid-
ers) for improved access to care. By 2020, the IHCI had ensured that more than 70% 
of health care facilities had ensured 1 month’s stock of the protocol medicines, and 
fewer than 10% had experienced stock-outs. As of mid-2023, IHCI had scaled up to 
155 districts of 27 states with enrollment of 5.8 million hypertension patients. 
Figure 2.10 shows the incremental changes in procurement of amlodipine in five 
India states between 2017 and 2021. (Data and detailed description of this case 
study are from Ref. [1]).

2  Global Programs and Outcomes in Arterial Hypertension Management in Countries…
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The HEARTS partner forum, led by WHO, with 11 partner organizations includ-
ing the American Heart Association, Center for Chronic Disease Control, 
International Society of Hypertension, International Society of Nephrology, Pan 
American Health Organization, Resolve to Save Lives, US Centers for Disease 
Control, World Hypertension League, World Heart Federation, and World Stroke 
Organization is another useful resource. As described in a 2023 publication [50], the 
HEARTS partner forum supports countries in their implementation of the HEARTS 
technical package in various ways including technical expertise. According to this 
publication, forum members review the HEARTS strategic approach to improve 
CVD health, its advantages, feasibility, and progress of implementation and further 
outline future directions for HEARTS.

Several groups have addressed pitfalls, barriers, and roadblocks in achieving suc-
cessful control of blood pressure. Examples of some of these are described below.

2.7.1  �Global Hearts Initiative

As discussed earlier, a 2002 publication from the Global Hearts Collaborators sum-
marized the implementation of HEARTS in 32 countries through 2022 [48]. For 
each of the six HEARTS components, the authors listed the advantages of the mod-
ule as well as barriers to implementation, and solutions proven by the Global Hearts 
program (Table 2.6). These lessons learned can be quite helpful as more facilities 
adopt HEARTS.

2.7.2  �World Heart Federation Roadmap

The WHF Roadmap (Fig.  2.11) points out selected roadblocks from both the 
demand side and the supply side in achieving their ideal pathway [15].

Their roadblocks and solutions are put into three general categories:

	1.	 Pre-diagnosis and diagnosis
	2.	 Start of treatment/drug therapy
	3.	 Follow-up and retention

In a comprehensive table in their publication, within these three categories, WHF 
has listed dimensions as well as barriers and solutions for each dimension. For 
example, for the general category of pre-diagnosis/diagnosis, their dimensions, bar-
riers, and solutions are shown in Table 2.7. The reader is referred to the full publica-
tion for the barriers and solutions in the categories of treatment/drug therapy and 
follow-up/retention [15].

2  Global Programs and Outcomes in Arterial Hypertension Management in Countries…
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2.7.3  �Resolve to Save Lives Hypertension 
Management Program

In 2019, Frieden and colleagues published a summary of lessons learned in the first 
2 years of the RTSL hypertension management program (operated in coordination 
with the WHO and other partners) [51]. They discussed hurdles encountered in 
hypertension control and noted that most of them were related to limitations in the 
healthcare system, not those related to patient behavior. The key lessons learned 
from this 2-year period were divided into categories of:

•	 Drug and dose-specific protocols
•	 Fixed dose combinations
•	 Drug supply
•	 Blood pressure measurement
•	 Team-based care
•	 Patient-centered services
•	 Monitoring
•	 Private sector
•	 Accountability.
•	 Prioritization

There is detailed discussion of each of these topics in the full open-access paper 
which is available online [51].

Fig. 2.11  Selected roadblocks on the way to the ideal patient journey © World Heart Federation. 
From Ref. [15]
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RTSL also has developed an application known as “Simple” that is designed 
to support large-scale hypertension and diabetes management programs. As of 
December 2023, the app is actively used in 5465 public health facilities in 
India, Bangladesh, Ethiopia, and Sri Lanka to manage approximately 4.4 mil-
lion patients with hypertension and diabetes. Healthcare workers record every 
patient’s visit in an app, managers receive daily reports to monitor progress, 
and patients can chart their own BPs and blood sugars. The software is avail-
able on www.simple.org. A review of the implementation of Simple was pub-
lished in 2023 [52].

Table 2.7  Extracted from the WHF table on roadblocks and solutions. From Ref. [15]

Dimension Barriers Solutions

Demographic and 
socio-economic 
factors (individual 
level)

Lack of access to testing 
centres

Facilitate access to health centers where 
individuals can be diagnosed.

Knowledge and 
beliefs (individual 
level)

People are not aware that 
they are at risk of 
hypertension/have 
hypertension.
Individuals have a poor 
understanding of the 
importance of detecting 
hypertension.

Implement community awareness 
campaigns.
Roll out opportunistic screening (see case 
study 2).
Implement community and worksite-
based screening and education.
Identify and engage local/national 
champions, including community health 
workers and volunteers and other 
non-traditional means to raise 
awareness.
Encourage out-of-office BP measurement 
(see case study 3).
Encourage involvement in and expansion 
of May Measurement Month.

Health systems 
resources and 
processes

Lack of health care 
professionals to screen/
prescribe priority 
interventions and to provide 
counseling

Promote task sharing/enhanced scope of 
practice for non-physician health workers 
for opportunistic screening and early 
diagnosis of HT (see case study 5).
Provide clinical decision support systems 
and incentives for health care providers.

Social relations, 
norms, traditions
Demographic and 
socio-economic 
factors (individual 
level)

Financial constraints
Forgetfulness and poor 
motivation
Competing family and work 
responsibilities

Support universal health care (UHC) for 
all and ensure hypertension is adequately 
covered in UHC coverage plans.
Facilitate access to health centers where 
patients can be followed up free of 
charge.
Provide financial and social support for 
patients (eliminate user fees and 
out-of-pocket medication costs).
Choose low-cost alternatives in settings 
where there is idiosyncratic pricing.

2  Global Programs and Outcomes in Arterial Hypertension Management in Countries…
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2.7.4  �Pan-African Society of Cardiology Roadmap

As mentioned earlier, PASCAR organized a task force of experts to identify targets 
and actions to lay the framework for developing a hypertension roadmap, modeled 
on the WHF roadmap but customized for the African continent. This document 
could then be used to guide the nations to achieve 25% hypertension control in 
Africa by 2025 [16]. They identified roadblocks at the government and health-
system level, healthcare professional level, and patient level. PASCAR then identi-
fied a 10-point action plan which is summarized in Table 2.8. Their full plan includes 
an explanation of why and how each of these actions needs to be undertaken, as well 
as a discussion of steps that can be undertaken if there is a need to adapt the action 
plan at country level.

One of PASCAR’s action plans was to integrate hypertension detection, treat-
ment, and control within existing health services, such as vertical programs (e.g., 
HIV, TB). A case study in Box 2.2 describes a HIV-hypertension integrated care 
pilot in Uganda [1].

Table 2.8  PASCAR 10-point action plan

1. All NCD national programs should additionally contain a plan for the detection of 
hypertension.
2. Allocate appropriate funding and resources for the early detection, efficient treatment, and 
control of hypertension.
3. Create or adopt simple and practical clinical evidence-based hypertension management 
guidelines.
4. Annually monitor and report the detection, treatment, and control rates of hypertension, with 
a clear target of improvement by 2025, using the WHO STEPwisea surveillance in all countries.
5. Integrate hypertension detection, treatment, and control within existing health services, such 
as vertical programs (e.g., HIV, TB).
6. Promote a task-sharing approach with adequately trained community health workers 
(shift-paradigm).
7. Ensure the availability of essential equipment and medicines for managing hypertension at all 
levels of care.
8. Provide universal access and coverage for detecting, treating, and controlling hypertension.
9. Support high-quality research to produce evidence that will guide interventions.
10. Invest in population-level interventions for preventing hypertension, such as reducing high 
levels of salt intake and obesity, increasing fruit and vegetable intake, and promoting physical 
activity.

Adapted from Ref. [16]
aThe WHO STEPwise approach to surveillance (STEPS) is an internationally comparable, stan-
dardized and integrated surveillance tool through which countries can collect, analyze and dis-
seminate core information on noncommunicable diseases. It allows country-level risk factor 
information to inform and improve public health policy. More information is available at https://
www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/steps
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2.7.5  �WHO Regional Offices

In addition to WHO headquarters located in Geneva, Switzerland, WHO Member 
States are grouped into six regions: Africa, Americas, Eastern Mediterranean, 
Europe, South-East Asia, and Western Pacific. Each region has a regional office and 
has information tailored for that part of the world. For example, the South-East Asia 
Regional Office (SEARO), home to over a quarter of the world’s population, has a 
SEAHEARTS Initiative adapting WHO HEARTS elements in the South-East Asia 
Region. As part of this, there are online courses to help adapt and implement 
HEARTS and PEN package. Regional website addresses can be found on the WHO 
at https://www.who.int/about/structure.

2.7.6  �Universal Health Coverage (UHC)

In many documents concerning hypertension, CVD, and/or NCDs, it is acknowl-
edged that achieving the 25 by 25 goals or the Sustainable Development Goals 
could be enhanced by governments enacting some form of UHC. WHO’s work is 

Box 2.2 Case Study: Human Immunodeficiency Virus (HIV) and 
Hypertension Integrated Care. From Ref. [1]
The integration of HIV and hypertension care, based on the WHO HEARTS 
technical package, has demonstrated that high levels of HIV viral suppression 
can be maintained while simultaneously achieving high blood pressure control.

A HIV-hypertension integration pilot in Uganda resulted in control of 
73% at 24 months, up from 5.1% at baseline, while maintaining an HIV 
viral load suppression rate of 98%. Ninety-six percent of the patients 
were also retained in care while receiving integrated multi-month dis-
pensing for both hypertension and HIV medications within a differenti-
ated service delivery model (155).

This arose from a 2-year grant awarded in 2019 by Resolve to Save Lives 
(RTSL) to Makerere University Joint AIDS Program (MJAP) to pilot HIV-
hypertension care at Mulago ISS, the largest HIV clinic in Uganda. Uganda is 
home to about 1.4 million people living with HIV with an HIV prevalence of 
5.1% among adults aged 15–49  years (159; 160). Prior to the pilot, while 
more than 95% of the clinic’s HIV patients were virally suppressed, of the 
24.4% of patients diagnosed with hypertension, only 1% were initiated on 
treatment. Of those initiated on treatment, only 5.1% had achieved blood 
pressure control (155; 156).

Note: Full citations for references 155, 156, 159 and 160 can be found in 
the 2023 WHO report [1].

2  Global Programs and Outcomes in Arterial Hypertension Management in Countries…
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aligned with SDG target 3.8, which focuses on achieving UHC. According to WHO, 
UHC means that all people have access to the full range of quality health services 
they need, when and where they need them, without financial hardship. It covers the 
full continuum of essential health services, from health promotion to prevention, 
treatment, rehabilitation, and palliative care [53].

WHO also acknowledges that progress toward UHC is a challenge. They state 
the progress in service coverage has stalled while the proportion of the population 
facing catastrophic out-of-pocket health spending increases continuously.

On 21 September 2023, the United Nations High-level Meeting (UN HLM) on 
UHC took place. It provided countries and stakeholders an opportunity to reinvigo-
rate progress toward delivering health for all. At this meeting, world leaders recom-
mitted to achieving UHC by 2030. The Political Declaration of the High-level 
Meeting on Universal Health Coverage, “Universal Health coverage: expanding our 
ambition for health and well-being in a post-COVID world” was subsequently 
adopted by the UN General Assembly on 5 October 2023 [54]. A summary of this 
UN HLM on Universal Health Coverage can be accessed on the UN website [55].

2.8  �Take Home Message

It has been shown that, even if difficult, countries can lower blood pressure with 
programs such as HEARTS described in this chapter. WHO, in a September 2023 
press release accompanying the launch of their first-ever global hypertension report, 
stated: An increase in the number of patients effectively treated for hypertension to 
levels observed in high-performing countries could prevent 76 million deaths, 120 
million strokes, 79 million heart attacks, and 17 million cases of heart failure 
between now and 2050 [56].

Glossary

DECIDE Diet  Diet, ExerCIse and CarDiovascular hEalth (DECIDE)-Diet is a 
multicenter randomized controlled feeding trial to evaluate Chinese heart healthy 
diets tailored to participants’ own regional cuisine.

HEARTS  The WHO HEARTS technical package for CVD management in pri-
mary health care supports policymakers and program managers at different lev-
els within the Ministry of Health, primarily in LMICs, who can influence CVD 
primary care delivery.

Social determinants of health  The social, economic, and environmental condi-
tions in which people are born, grow, live, work, and age that impact health and 
well-being across the life course, and the inequities in access to power, decision-
making, money, and resources that give rise to these conditions.
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PEN Package  The WHO Package of Essential Noncommunicable (PEN) disease 
interventions for primary health care defines a minimum set of interventions 
to address major NCDs, including CVD, in primary care. The components are 
feasible even in low resource settings and can be delivered by primary care phy-
sicians and non-physician health workers.

SHAKE  WHO technical package for salt reduction strategies to enable to achieve 
a reduction in population salt intake.
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Chapter 3
Obesity and Diabetes in Latin America: 
The Impact of Socioeconomic Status 
on Programs and Outcomes

Cecilia Albala and Fernando Vio

3.1  �Introduction

Important changes in socioeconomic and environmental conditions and the rapid 
aging of the population in the last decades in Latin American countries have led to 
profound changes in health conditions [1]. The aging of the population leads to an 
accumulation of chronic diseases at the end of life, and on the other hand, the socio-
economic and environmental conditions have led to an accelerated increase in obe-
sity, the most important risk factor for chronic diseases. At global level, cardiovascular 
diseases are the most frequent chronic diseases; however, their evolution has not 
been the same throughout the world. In middle- and low-income countries, such as 
most Latin Americans, an increase in frequency has been observed, while in high-
income countries, the prevalence has decreased [2, 3]. This is fundamentally attrib-
uted to the accelerated increase in obesity in all age-groups, affecting mainly 
low-income people. The related increase in diabetes 2 poses both obesity and diabe-
tes among the main five modifiable risks for cardiovascular disease [3].

In this chapter, we analyze the impact of both diseases, obesity and diabetes 2, in 
Latin America (LA), the associated risk of chronic diseases, and the main causes, 
outcomes, and interventions.
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3.2  �The Increase of Obesity in Latin America (LA)

3.2.1  �Obesity in Adults

Obesity is a serious public health problem globally. With 62.5% of overweight in 
adults (Body Mass Index or BMI >25) from which 28% are obese (BMI ≥30), now-
adays the Region of the Americas has the higher prevalence of overweight or obesity 
in adults from all regions of the World Health Organization (WHO) [4]. In LA about 
64% of adults are overweight, from which 30.5% are obese, with numbers on the 
rise and affecting the entire population from early childhood. According to the 
United Nations Children’s Fund (UNICEF) data [5], between 2000 and 2016, the 
prevalence of obesity doubled in Latin America (LA), and figures that tripled in 
Haiti and Costa Rica. Likewise, deaths associated with obesity have also increased, 
exceeding 8.5% in 2019. The main determinants of this phenomenon have been 
energy-dense fast-food exposition, adverse environments, and sedentary lifestyle [6].

Table 3.1 describes the last available data on the prevalence of overweight and 
obesity in adults in LA, where most of the countries have more than half of the 
population with overweight or obesity. Mexico, Chile, and Argentina have the 
higher rates of obesity, surpassing one-third of the adult population. The lowest rate 
in the Region corresponds to Cuba and Dominican Republic with figures of 15.8% 
and 16.6%, respectively, although the last one Dominican Republic has one of the 
highest prevalence of infant obesity in the Region (Table 3.2). Obesity prevalence in 
adults is higher in women than men in all the countries with the single exception of 
Colombia where men have twice the prevalence of obesity than women (29.4% vs. 
12.6%, respectively). The countries with the highest prevalence of obesity in men 
are Mexico, Argentina, and Chile, with a prevalence over 30% (Table 3.1).

3.2.2  �Children’s Obesity

The most concerning problem is the accelerated increase in obesity and overweight 
in childhood that has affected all countries in Latin America. According to UNICEF 
data [5], between 2000 and 2016, an accelerated increase in childhood obesity and 
overweight was observed throughout the Region, with great inequalities to the detri-
ment of low socioeconomic levels.

Table 3.2 describes the prevalence of children obesity (5–19 years) according to 
UNICEF report 2023 [5], with data from 2016. The higher rates are observed in 
Mexico, Argentina, Dominican Rep., Chile, Venezuela, and Uruguay, with rates of 
obesity about 15% and overweight of 25% or higher. In this group of age, the preva-
lence of obesity is higher in boys than girls in all South American countries and 
Mexico, Dominican Rep., Costa Rica, and Cuba. According to FAO and UNICEF, 
overweight in Latin America affects 7.3% of children under 5 years, rate over the 
global rate of 5.6% [5, 8].
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3.2.3  �Obesity and Non-communicable Diseases

A high BMI is a major risk factor for non-communicable diseases, such as heart 
disease, stroke, diabetes, musculoskeletal disorders, and some cancers. The conse-
quences of obesity are observed throughout the entire life cycle and increase with 
increasing BMI. Childhood obesity is associated with a higher likelihood of diabe-
tes, premature death, and disability in adulthood. In addition to these increased 
future risks, obese children suffer from breathing difficulties, increased risk of frac-
tures and hypertension, and present early markers of cardiovascular disease, insulin 
resistance, and psychological effects. All these problems produce a high burden of 
disease associated with obesity.

Table 3.1  Prevalence of overweight and obesity in adults in Latin America

Region/country
Males Females Total
Overweight Obesity Overweight Obesity Overweight Obesity

Mexico, Central America, and Caribbean

Mexico (2021) ≥20 years 37.8 31.8 33.9 41.1 35.7 36.9
Dominican Rep (2013) 
15–49 years

27.8 13.0 29.7 20.8 28.1 16.6

Costa Rica (2008/2009) 
20–64 years

43.5 18.9 35.3 31.3 39.4 25.1

Cuba (2010) ≥18 years 32.7 12.8 30.8 18.8 31.7 15.8
El Salvador (2014/2015) 
≥20 years

39.5 19.5

Nicaragua (2007/2009) 
20–60 years

30.9 11.9 34.7 29.8 33.1 22.0

South America

Argentina (2018) ≥18 years 38.7 31.4 29.1 33.4 33.7 32.4
Bolivia (2019) 18–69 years 39.1 20.8 35.10 31.8 37.1 26.2
Brazil (2019) ≥18 years 35.7 21.8 33.1 29.5 34.4 25.9
Chile (2016/2017) ≥15 
years

43.3 30.3 36.4 38.4 39.8 34.4

Colombia (2018) 18–75 
years

36.4 29.4 36.0 12.6 36.2 21.3

Ecuador (2018) 19–59 
years

43.1 18.3 39.7 27.9 41.3 23.4

Paraguay (2011) 15–74 
years

35.3 19.9 34.4 26.6 34.8 23.2

Peru (2017/2018) 18–59 
years

39.1 21.3 38.3 29.4 38.7 26.0

Uruguay (2013/2014) 
15–64 years

38.6 22.1 31.3 25.0 34.8 23.7

Venezuela (2014/2017) ≥20 
years

38.2 22.2 31.2 26.7 34.5 24.6

Source [7]: Global obesity observatory https://data.worldobesity.org/region/who-americas-
region-3/#data_prevalence
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According to the Global Burden of Disease (GBD) study 2015, the increasing 
obesity has been faster than the related disease burden but with a wide range of 
variation between countries. Among the obesity related deaths, more than 60% were 
related to cardiovascular diseases, the first problem of Disability Adjusted Life 
Years (DALY) lost, followed by chronic kidney disease, diabetes, cancer, and mus-
culoskeletal disorders [4].

The other growing problem, associated with population aging are neurodegen-
erative disorders as dementia, a disease that could be decreased in 40% by control-
ling modifiable risk factors, such as obesity, diabetes, and physical inactivity [9].

Table 3.2  Children obesity (5–19 years) prevalence in Latin America (data from 2016)

Region/
country Boys Girls Total

Overweight 
(%)

Obesity 
(%)

Overweight 
(%)

Obesity 
(%)

Overweight 
(%)

Obesity 
(%)

Mexico, Central America, and Caribbean

Mexico 35.7 16.7 35.1 12.8 35.4 14.8
Dominican 
Rep

33.1 15.8 32.6 14.2 32.8 15.0

Costa Rica 30.1 12.6 33.0 11.9 31.5 12.3
Cuba 31.0 12.4 29.0 10.3 30.6 11.4
El Salvador 27.7 11.0 33.1 12.5 30.4 11.7
Guatemala 26.7 10.0 30.7 9.8 28.6 9.9
Honduras 25.0 9.3 29.6 9.8 27.3 9.6
Nicaragua 26.7 10.3 32.0 11.4 29.3 10.8
Panama 26.9 9.6 32.0 11.4 28.6 9.9
South America

Argentina 36.5 20.7 31.8 12.9 36.5 16.9
Bolivia 28.1 9.8 30.0 8.5 28.1 9.1
Brazil 28.0 12.4 26.3 9.2 28.0 10.8
Chile 35.4 17.5 33.5 12.9 35.4 15.2
Colombia 24.3 7.5 26.2 6.4 24.3 7.0
Ecuador 28.3 10.5 29.1 8.3 28.3 9.4
Paraguay 27.9 11.7 26.9 9.3 27.9 10.5
Peru 27.0 8.8 27.9 6.8 27.0 7.8
Uruguay 33.4 16.1 31.0 11.4 33.4 13.8
Venezuela 34.1 14.9 33.4 13.2 34.1 14.1

Source [5]: United Nations Children’s Fund, Childhood overweight on the rise. Is it too late to turn 
the tide in Latin America and the Caribbean? 2023 Report, UNICEF, Panama City, August 2023
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3.3  �Diabetes 2 in Latin America

Children and adult obesity are increasing in Latin America. The accelerated increase 
in obesity has also meant an increase in diabetes 2. It is estimated that between 2021 
and 2045 [10], there will be a 50% increase in cases of diabetes 2 in Latin America. 
Andean LA and Southern LA are among the six regions of the world that increased 
diabetes 2 by more than 100% between 1990 and 2021 [11].

According to the Global Burden of Diseases study [10], in 2021 diabetes 2 
accounted for 96.0% of diabetes cases and 95.4% of diabetes DALYs worldwide, 
from which 52.2% of global diabetes 2 DALYs were attributable to high BMI. By 
2050, the same study estimates total diabetes 2 prevalence of 11.3% in LA, second 
after North Africa and the Middle East, with estimates of 16.8%.

Table 3.3 shows the age adjusted prevalence of diabetes estimates (according to 
WHO population), for people 20–79 years. Although some countries show a 
decrease between 2011 and 2021, it is estimated that all the countries in the Region 
will increase the prevalence of diabetes in 2030. By 2021, four countries on the 
Region surpass 10%: Mexico, Dominican Republic, Guatemala, and Chile, but in 
2030, the same situation will be observed also in Brazil, Venezuela, Uruguay, Costa 
Rica, and Guatemala. The higher rate in the Region is exhibited by Mexico with 
16.8% in 2021 and an estimated 18.3% in 2030. A high rate of undiagnosed diabetes 
is observed in all the Region where the rates are over 30%, with the sole exception 
of Venezuela and Ecuador with estimates of 20% of undiagnosed diabetes 2.

The mortality attributed to diabetes 2 in 2021 in South American Countries fluc-
tuates between 1.35% and 2.8%, but in Mexico, Central America, and Caribbean, 
the rates are higher, fluctuating between 1.7% in Cuba and 9.9% in Mexico. Impaired 
glucose test (IGT) is about 10% in all the countries, fluctuating from 7.3% in Bolivia 
to 16.1% in Honduras [12].

The main risk factors for diabetes 2 are obesity, the most important driver; dietary 
risks, physical inactivity, tobacco use, and air pollution are also well documented, 
most of them increasing in LA [13].

The high rates of under diagnoses, the knowledge about the natural history of 
disease, and the identification of obesity as the main risk factor for diabetes rein-
force the need of population-based interventional strategies to address the avoidable 
risk factors, and early screening for detection from IGT to diabetes 2 [14]. In China, 
a 6-year lifestyle intervention program among people with impaired glucose toler-
ance demonstrated a significant decrease in cumulative incidence of cardiovascular 
disease mortality, all-cause mortality, and incidence of diabetes 2 [15].
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In 2019, premature death accounts for most of the diabetes 2 burden in the 
Americas; by 2019, 5.9% of all deaths in adults 20 year and older in the Region 
were due to diabetes 2 [13]. The fraction of the diabetes 2 burden attributed to 
disability increased from 1990 to 2019 reaching figures near 50% in all Regions 
[13]. Central America and the Caribbean have the higher DALY lost in Latin 
America. On the other side, Southern America exhibits the lower DALYs in the 
Region. The diabetes 2 burden increases according to increasing prevalence, but 
better access to health care and higher income decreased it. Among the main 
attributable risk for the diabetes 2 burden is the high BMI accounting for 63.2% 
attributable population fraction of the diabetes 2 burden, seconded by dietary pat-
tern with 27.5% [10].

Table 3.3  Age adjusted prevalence of diabetes 2 in Latin America by 2011, 2021, and 2030

Age adjusted prevalence % (WHO pop) 
20–79 years estimates

% people with 
diabetes 2 
undiagnosed

Mortality 
attributable to 
diabetes 2 
<60 year %

Diabetes 
2011 (%)

Diabetes 
2021 (%)

Diabetes 
2030 (%)

IGT 
2021 
(%) 2021 (%) 2021 (%)

Mexico, Central America, and Caribbean

Mexico 15.6 16.9 18.3 8.7 47.5 9.9
Dominican 
Rep.

8.1 10.5 12.5 10.8 37.3 4.4

Costa Rica 9.6 8.8 10.1 10.3 37.3 2.6
Cuba 9.4 7.6 7.8 9.9 37.3 1.7
El Salvador 9.4 6.3 6.9 10.8 37.3 2.8
Guatemala 9.5 13.1 14.1 9.9 48.8 6.1
Honduras 6.7 5.1 5.6 16.1 50.0 2.2
Nicaragua 11.0 9.3 10.2 12.1 44.8 3.2
Panama 9.4 8.2 8.9 11.8 31.2 2.7
Venezuela 10.2 9.6 11.9 9.9 20.0 4.0
South America

Argentina 5.5 5.4 6.1 11.8 31.2 1.3
Bolivia 6.6 5.5 6.1 7.3 39.6 1.5
Brazil 10.1 8.8 10.2 9.9 31.9 2.8
Chile 9.5 10.8 10.9 11.8 31.2 2.5
Colombia 9.8 8.3 8.9 10.8 36.0 2.8
Ecuador 6.6 4.4 4.6 9.9 20.0 1.8
Paraguay 6.5 7.5 8.3 9.9 37.3 2.3
Peru 6.0 4.8 5.3 9.9 37.3 2.0
Uruguay 5.7 9.0 10 11.8 31.2 1.3

Source [12]: https://diabetesatlas.org/data/en/country/ IDF Diabetes Atlas 10th Ed. 2021
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3.4  �Obesity and Diabetes and Determinants of Health

Among all the countries, obesity affects mainly low-income people, where chil-
dren’s obesity coexists with important problems of undernutrition. The FAO 
report (2018) indicates that hunger, malnutrition, micronutrient deficiencies, 
overweight, and obesity mostly affect people with lower incomes, women, indig-
enous people, and people of African descent and rural families [8]. Although 
important improvements in the fight against undernutrition, childhood obesity is 
on the rise [5]. One of the main causes of the rise in malnutrition among the most 
vulnerable is the change that the region’s food systems have undergone, from 
production to consumption.

Until a couple of decades ago, the fight against obesity and chronic diseases 
associated with poor diet was focused on individual behavior change and educa-
tion. However, these strategies proved to be very little cost-effective in non-exper-
imental conditions, along with increasing the gap between people with greater 
income and education, and those who are more disadvantaged. For this reason, 
since the 2000s it has been proposed that people’s behaviors are also influenced 
by their environments and that we could achieve greater advances in food and 
nutrition if we intervene in these environments. Food environments refer to all the 
social, political, and cultural characteristics that influence people’s eating deci-
sions and include prices, forms of promotion, and availability and quality of food, 
among a series of other factors. Examples of such policy are tax on sugar-sweet-
ened beverages and the food warning labeling. The food industry can play a sig-
nificant role in promoting healthy diets by reducing the fat, sugar, and salt content 
of processed foods, ensuring that healthy and nutritious choices are available and 
affordable to all consumers; restricting marketing of foods high in sugars, salt, 
and fats, especially those foods aimed at children and teenagers; and ensuring the 
availability of healthy food choices and supporting regular physical activity prac-
tice in the workplace [16, 17].

However, the problem of obesity is multifactorial. It must be approached com-
prehensively, with structural, environmental, and cultural policies, considering criti-
cal issues such as food and physical activity, but also the effect of urban and school 
environments, screens, personal image and self-esteem, the family environment 
with the model of parents and the habits they transmit, attachment and their love 
expressed through food, the regularity, and timing of eating and sleeping. The find-
ings make emphasis in the long-term clinical benefits of lifestyle intervention for 
patients with impaired glucose tolerance and provide further justification for adop-
tion of lifestyle interventions as public health measures to control the consequences 
of diabetes.
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3.5  �Interventions

The most important interventions to address the problem with tax on sugar-
sweetened beverages and the food warning labeling policies in the Region have 
been led by Mexico and Chile.

Since June 2014, a tax on sugary drinks and ultra-processed sugary foods was 
implemented in Mexico. The evaluation of results shows a decrease in purchases 
and a decrease in dental cavities [18]. These results are very encouraging consider-
ing that Mexico is the country with the highest prevalence of diabetes 2 in Latin 
America and one of the countries with the highest sugar consumption through soft 
drinks beverages.

The first food warning labeling worldwide (black octagon) was designed in Chile 
and has been replicated in countries in the region such as Mexico, Uruguay, Peru, 
and Argentina and was also being discussed in countries in other regions, such as 
South Africa, India, Canada, among others. The design process was carried out by a 
multidisciplinary team that included experts in public health and nutrition, but also 
experts in food marketing and behavioral economics, exporting techniques and 
designs from those areas. The proposed labeling was finally implemented in June 
2016 through a Food Labeling Law, which also considered advertising restrictions 
for foods with warning labels and protection of school environments regarding the 
sale, promotion, and delivery of foods with seals, becoming a pioneering law in the 
promotion of better food environments [19].

The first partial evaluations show that in general terms, the sale of labeled foods 
has decreased, especially sodium, sugars, and saturated fats, which are nutrients that 
have been related to the appearance of diabetes, cardiovascular disease, and hyper-
tension among others. The marketing restrictions have worked. Today Chilean chil-
dren are exposed to almost half of the advertising of unhealthy foods compared to 
what occurred before the implementation of the law. At the school level, feeding 
program was reformulated, the entire supply of these unhealthy foods was reduced, 
and significant reductions in calories and the consumption of sodium, saturated fats, 
and sugars have been observed [20].

Despite the initial evaluations showing positive results although insufficient, 
children obesity continued increasing in Chile which must be complemented with 
other actions in the coming years. Although these are very valuables policies, the 
addition of more initiatives related to the environment, such as improving urban 
and school environments, controlling time in front of screens, the family environ-
ment, sleep time, and other factors are needed to address the whole problem 
[21, 22].

A recent systematic review of label interventions provides evidence for support-
ing nutrition labels with interactive digital interventions, such as basket feedback, or 
financial incentives is promising. Overall, the findings indicate that more intrusive 
interventions are required to give cause to act on nutrition labels [23].
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3.6  �Discussion

The fast increase in overweight and obesity and its consequent higher risk of diabe-
tes 2 and chronic diseases since earlier ages poses a serious challenge over to healthy 
aging, quality of life, and health care systems [6]. Obesity and diabetes 2 are among 
five modifiable risks for cardiovascular disease [3] as well as other diseases. The 
data in this article demonstrate that obesity is a growing problem in Latin America, 
whose consequences impact the entire life cycle, especially healthy aging, and 
therefore, policy measures need to be taken urgently.

To date, no public policy has been able to stop the advance of obesity, despite the 
efforts made by international organizations such as the WHO and many govern-
ments. These policies have been based on addressing structural issues, such as taxes, 
advertising, and stamps on processed foods high in critical nutrients such as satu-
rated fats, sugar, and salt.

Some interesting examples of public policy related to prevent obesity in the 
world are The Amsterdam Healthy Weight Approach (AHWA) and the Shuku (food) 
Iku (intellectual, moral, and physical education) program in Japan. The AHWA is a 
long-term program run by the municipality of Amsterdam to improve the physical 
activity and diet of children from the poorest sectors where obesity is concentrated, 
through school, home, neighborhood, and the city, with a comprehensive personal-
ized support program for each child. Since 2013, the program has reached more 
than 15,000 children. During this period, the prevalence of overweight and obesity 
among 2–18 years of age decreased from 21% in 2012 to 18.7% in 2017 [24].

In Japan, the Shuku Iku program has existed since 2005. The objective is to 
increase student information about the food chain, the origin and production of 
food, and food education from the beginning of the early years to secondary school. 
The program establishes: (a) healthy menus in schools and specific classes on nutri-
tion; (b) hiring professional nutritionists who also have teaching degrees; (c) pro-
motion of a social culture around food, in which children help prepare and distribute 
food in schools, and at mealtime they transform the dining room into a kind of res-
taurant, where they help set the table, the tablecloth, they serve each other and eat 
together in class. The idea is “eating is a social act” and in schools there are no 
shops or food machines, which makes the environment healthy, without access to 
chips, soft drinks, and snacks [25, 26].

Additional research and research capacity are needed to address the growing 
epidemic of obesity and diabetes 2, particularly with respect to designing, imple-
menting, and evaluating the impact of evidence-based obesity prevention interven-
tions [6].

Considering that although overweight and obesity are preventable, no country 
has reversed the epidemic, WHO is providing new recommendations to accelerate 
and urgently confront this worrying panorama that is the fight against obesity 
[27, 28].
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Chapter 4
Peripheral Artery Disease in Regions 
with Limited Socioeconomic Resources

Kunihiro Matsushita, Maya Jean Salameh, and Matthew Allison

4.1  �Background

Lower extremity peripheral artery disease (PAD) is an occlusive arterial disease that 
is associated with significant cardiovascular and limb complications. Despite repre-
senting a significant public health problem, PAD continues to be underdiagnosed 
and undertreated [1], receiving substantially less public attention compared to coro-
nary heart disease (CHD) and stroke [2]. A large percentage of individuals with 
PAD have concomitant atherosclerotic disease in other vascular beds [3] and, when 
compared to the general population, are at significantly higher risk for myocardial 
infarction, stroke, and cardiovascular disease mortality [4, 5]. Furthermore, patients 
with PAD are at higher risk of major adverse cardiovascular events compared to 
patients with CHD or stroke [6], while those with concomitant PAD and CHD/
stroke have the worst prognosis with a reported 12-year survival of only 26% [7]. 
Patients with PAD are also at risk for claudication and/or loss of mobility, with over 
50% of patients with PAD exhibiting some degree of walking impairment [8], as 
well as more severe limb outcomes including ischemic rest pain, ischemic 
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ulceration, and limb loss. These complications can be associated with poor quality 
of life [9, 10]. As such, PAD imposes a significant economic burden on health sys-
tems [11], with the additional morbidity associated with PAD also contributing to an 
increase in indirect costs due to loss of productivity.

While the burden of PAD in high-income countries (HICs) has been well docu-
mented [12], its impact on low- and middle-income countries (LMICs) has been 
largely overlooked [13]. In recent years, LMICs have been undergoing an epidemio-
logical transition whereby the burden of cardiovascular disease (CVD) has been 
growing exponentially with the World Health Report of 1999 estimating that 85% 
of the CVD burden worldwide arose from LMICs [14]. Indeed, a pattern of prema-
ture CVD mortality has been observed in LMICs, with about half the deaths attrib-
utable to CVD occurring in people aged below 70 years, compared to about 25% in 
HICs [15].

The increasing burden of CVD in LMICs can be attributed to the increased prev-
alence of atherosclerotic diseases due to the aging of the population, as well as 
industrialization, urbanization, and changing lifestyles with an increase in risk fac-
tors such as obesity, smoking, diabetes, hyperlipidemia, and hypertension. 
Urbanization represents one of the most significant environmental changes associ-
ated with the observed increase in CVD burden worldwide [16]. Rates of urbaniza-
tion continue to increase globally, with approximately 60% of the global population 
projected to be living in urban areas by 2025 [16]. Urbanization is associated with 
an increase in consumption of energy-rich foods accompanied by a decrease in 
physical activity and a loss of traditional social support mechanisms [15].

4.2  �Prevalence

The clinical spectrum of PAD is wide. Specifically, individuals with PAD may be 
asymptomatic or present with a variety of symptoms including intermittent claudi-
cation, atypical leg pain, critical limb ischemia (CLI), or acute limb ischemia. The 
reported prevalence of PAD in any given population depends on the characteristics 
and risk factors of the assessed population and the methods used for diagnosis [17]. 
Around 20–40 million people with PAD worldwide are likely to suffer from inter-
mittent claudication while an even larger number of PAD patients likely experience 
atypical leg symptoms resulting in significant limitations in mobility and reduced 
quality of life. Even asymptomatic patients with PAD experience impaired lower 
function and loss of mobility, as well as functional decline, compared to individuals 
without PAD [18–20]. These effects are of even more concern in LMICs where 
significant walking distances may be required to obtain daily life necessities.

PAD (defined as ankle-brachial index [ABI] ≤0.9) is estimated to affect more 
than 230 million people worldwide or 5.6% of the global population [21] with about 
73% of people with PAD living in LMICs [21]. The overall prevalence of PAD in 
2015 represented a relative increase of approximately 17% from 2010. There was a 
notable disparity in the increasing prevalence between HICs and LMICs over the 
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5-year period. Specifically, the increase in prevalence was higher in LMICs (22.6%) 
versus HICs (4.5%), with the Western Pacific Region having the largest share of 
global PAD cases at approximately 75 million. The largest share of cases in LMICs 
was observed in people aged 45–49 years, versus those aged 65–69 years in HICs. 
More specifically, the age group with the largest number of cases in the Southeast 
Asia and the Western Pacific Region was 45–54  years, and in the African and 
Eastern Mediterranean region the largest number of cases occurred in people aged 
25–34  years. Approximately 52.2% of people living with PAD worldwide were 
women. The age- and sex-specific prevalence of PAD worldwide is summarized in 
Fig. 4.1.

Literature from LMICs  Although the global and regional estimates of PAD preva-
lence are available, there are a limited number of studies quantifying the prevalence 
of PAD in LMICs, especially South Asia, Middle East, Africa, and Latin America. 

Fig. 4.1  Prevalence of peripheral artery disease by age in men and women in high-income and 
low-income or middle-income countries. (Song et al. [21])
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Also, differences in reported prevalence may be variable based on the population 
selected for testing and variations in measurement technique [13]. For example, in 
China, the prevalence of PAD in men aged 60–70 years varied between 2.5% and 
6.9% and in women aged 60–70  years the prevalence varied between 1.7% and 
10.4% in several different population surveys [22–25]. The Epidemiology of 
Dementia in Central Africa (EPIDEMCA) study, a cross-sectional population-based 
study in rural and urban areas of two countries of Central Africa, including the 
Central African Republic and the Republic of Congo, reported an overall prevalence 
of PAD of 14.8% based on ABI ≤0.9 [26]. The prevalence of PAD was significantly 
higher in the Republic of Congo compared to the Central African Republic (17.4% 
vs. 12.2%, p  =  0.007). There was a significant difference in the urban vs. rural 
prevalence of PAD in the Republic of Congo (urban 20.7% vs. rural 14.4%, 
p = 0.011) but not in the Central African Republic (11.5% vs. 12.9%).

4.3  �Factors Associated with the Risk of PAD

4.3.1  �Age

Song et al. conducted a review of 118 studies from 61 HICs and 57 LMICs and 
reported that the prevalence of PAD increased consistently with increasing age. 
Specifically, the prevalence of PAD was 4.3% in LMICs and 3.5% in HICs at 
40–44 years, compared to a prevalence of 12.0% in LMICs and 21.2% in HICs at 
80–84 years [21]. The study noted a modestly higher prevalence of PAD in LMICs 
vs. HICs at younger ages, whereas the prevalence was higher at older ages in HICs 
vs. LMICs [21]. Fowkes et al. reported that the increase in the prevalence of PAD 
was particularly striking in the older age groups. The increase was also more pro-
nounced in all age categories in LMICs vs. HICs [17].

Literature from LMICs  As urbanization in regions like sub-Saharan Africa 
increases, life expectancy is expected to also increase [27]. This will likely lead to 
an increase in the PAD burden at a rate proportional to increases in life expectancy, 
particularly in urban populations, due to greater exposure to risk factors such as 
smoking and obesity [28]. Indeed, the fastest-growing population around the world 
is the one above the age of 80 years, projected to increase 5.5-fold from 2000 to 
2050 globally and 8.3-fold in less developed countries [29]. By 2050, countries such 
as Colombia, Malaysia, Kenya, Thailand, and Ghana are expected to see an increase 
of 200–300% in their elderly population [30].

4.3.2  �Gender

Globally, Fowkes et al. reported higher prevalence of PAD in men in HICs whereas 
a higher prevalence in women was observed in LMICs, with more pronounced rela-
tive differences at younger ages [17]. A subsequent analysis by Song et al. reported 
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similar prevalence between women and men in LMICs (e.g., ~6.4% in both sexes at 
age 55–59 years), whereas in HICs, the prevalence was slightly higher in women 
than in men, up to age 75  years (e.g., 7.8% vs. 6.6%, at 55–59  years). Overall, 
52.2% of people living with PAD worldwide were women [21].

4.3.3  �Race/Ethnicity

In epidemiological studies, race-ethnicity has also been associated with the pres-
ence of PAD. The National Health and Nutrition Examination Survey (NHANES) 
reported that the prevalence of PAD in non-Hispanic Blacks was as high as 7.8%, 
compared to 4.4% in Whites [31]. Data from seven community-based studies in the 
United States revealed the prevalence of PAD in Blacks was twice that of non-
Hispanic Whites at any given age [9, 12]. The highest prevalence of PAD was 
reported in Black men ≥50 years of age. Specifically, the prevalence of PAD in 
Black men was approximately 5% at ages 50–59%; 13% at ages 60–69 years; and 
59% ages >80 years (compared to approximately 2%, 5%, and 23% in non-Hispanic 
Whites at similar ages) [9, 12]. The Atherosclerosis Risk in Communities (ARIC) 
study also reported a higher prevalence of PAD in Black males compared to White 
males (3.3% vs. 2.3%) as well as in Black females compared to White females 
(4.0% vs. 3.3%) [10, 32]. A study using data from six US community-based cohorts 
estimated approximately 30% of Black men and women would develop PAD during 
their lifetime, compared to approximately 20% of Whites and Hispanics [31]. 
Studies have also shown that Black patients present at more advanced stages of PAD 
than White patients, with the former having a 37% higher risk of amputation [33]. 
Other studies have also revealed that Black patients experience higher risk of major 
adverse limb events (hazard ratio [HR] 1.15 [95% CI 1.06–1.25], p < 0.001) and 
amputation (HR 1.33 [1.18–1.51], p  <  0.001), irrespective of the region in the 
United States [34].

Community-based studies have shown a similar prevalence of PAD in Hispanics 
compared to non-Hispanic Whites [35, 36] though differences in PAD prevalence 
have been noted among Hispanic subgroups. One study of an ethnically diverse 
Hispanic population in the United States revealed that Cuban Americans had the 
highest risk of PAD (odds ratio [OR] 2.9 [95% CI, 1.9–4.4]) compared with Mexican 
Americans, after adjusting for multiple cardiovascular risk factors [37]. Another 
study reported that Hispanics present with more advanced stages of disease, with 
higher rates of limb-threatening ischemia, failed lower extremity revascularization, 
and amputations compared to non-Hispanic Whites [38]. The racial-ethnic differ-
ence in the prevalence of PAD may be largely explained by social determinants of 
health. See Sect. 3.3.4 (below) for more details.

Literature from LMICs  A study conducted at Mthatha General Hospital, a district 
hospital in a rural and low socioeconomic area of South Africa, enrolled 542 mostly 
Black patients age >50 with no prior diagnosis of PAD. Overall, 159 patients were 
identified as having PAD by an ABI ≤0.9, resulting in a prevalence of 29%. Similarly, 
a study by Krishan et al. conducted in Kerala, India revealed an age-adjusted preva-
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lence of PAD of 26.7% and asymptomatic PAD was more prevalent among women 
(25.35% vs. 20.37%, p = 0.0485). The high prevalence of PAD in that study popula-
tion was attributed to the high frequency of risk factors, most notably smoking [39].

4.3.4  �Socioeconomic Status

Among HICs, studies have shown that the prevalence of PAD is higher in poorer 
socioeconomic groups. For example, the NHANES study demonstrated a strong rela-
tionship between indicators of lower socioeconomic status (SES) such as income or 
education level, and the presence of PAD, even after multivariate adjustment [40]. The 
Edinburgh Artery Study reported that a lower ABI was associated with lower SES, 
less education achievement, and a higher deprivation score [41]. A study based on 
nationwide ambulatory claims data covering approximately 87% of the German pop-
ulation revealed an increase in the prevalence of PAD of a 10-year period, with a 
higher prevalence in patients living in low-income areas (4.8%) compared to high-
income areas (2.8%) by 2018 [41]. The ARIC Study examined the association between 
PAD and SES in the United States and reported that the risk of hospitalization due to 
PAD was more than twice as high in a cohort with low median household income 
(<$12,000) compared with a cohort with a household income >$25,000, after adjust-
ing for age, sex, and race [42]. PAD-associated hospitalization risk was also twice as 
high in those with a lower education level (less than high school) compared to those 
with a higher level of education (more than high school) [42].

4.3.5  �Smoking

Cigarette smoking is one of the strongest modifiable risk factors for PAD, increas-
ing the risk of PAD by two- to sixfold [43]. Smokers are twice as likely to develop 
PAD compared to CHD [44]. The ARIC study reported that individuals who smoked 
>40 pack years had an HR of ~4 for PAD, compared to an HR of ~2 for CHD and 
stroke [45]. Further, the elevated risk of PAD persisted for up to 30  years after 
smoking cessation vs. less than 20 years for CHD and stroke [45]. Current smokers 
with PAD have lower survival rates, reduced bypass graft patency rates, and 
increased likelihood of progression to CLI and amputation [46]. Conversely, patients 
with PAD who quit smoking have improved prognosis and are less likely to develop 
CLI [47]. The global effect of smoking is likely to continue increasing. Recent pro-
jections indicate that the number of smokers will increase from 794 million in 2010 
to 872 million by 2030 [48]. In contrast to an overall decline in HICs, tobacco con-
sumption in LMICs continues to rise [29]. In fact, more than 80% of smokers world-
wide reside in LMICs [49]. The Global Adult Tobacco Survey revealed that in 14 
LMICs, 48.6% of men and 11.3% of women were tobacco users [50].
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Literature from LMICs  A national population-based survey conducted in China 
reported that cigarette smoking is highly prevalent among Chinese males (over 60%) 
and increasing [51]. A study by Krishan et al. revealed a high age-adjusted prevalence 
of PAD (26.7%) in Kerala, India. The high prevalence of PAD was attributed to the 
high frequency of risk factors, especially smoking [39]. Among rural South Africans 
aged 50 or older, the prevalence of PAD was 29% based on ABI <0.9 with smokers 
being 4.5 times more likely to have PAD compared to non-smokers [52].

4.3.6  �Obesity/Diabetes

The presence of diabetes in turn increases the risk of developing both symptomatic 
and asymptomatic PAD by up to fourfold [53, 54]. Patients with diabetes and PAD 
usually display a more distal distribution of disease with more calcified, longer 
occlusions and fewer collaterals compared to non-diabetic patients with PAD [55]. 
Patients with diabetes and PAD are also at increased risk for complications, includ-
ing major limb amputations and higher mortality. The prevalence of diabetes is 
increasing at an alarming rate worldwide, with a projected 330 million living with 
diabetes by 2030, over 75% of them in developing countries [56]. In addition, while 
older age groups are most affected by diabetes in HICs, the most frequently affected 
age group in LMICs is 35–64 years old, resulting in a heavier burden of Disability 
Adjusted Life Years (DALYs) and Years Lived with Disability (YLDs) in those 
countries [57]. Studies have shown that diabetes is a costly disease in many coun-
tries, accounting for up to 15% of healthcare expenditure [58].

Literature from LMICs  Urbanization rates are growing significantly worldwide, with 
over 60% of the world population expected to live in urban areas by 2025 [59]. As popu-
lations become more urban, a nutrition transition is expected to occur, whereby dietary 
patterns will change to include a higher proportion of saturated fat, sugar, and refined 
foods, accompanied by a sedentary lifestyle [60]. In addition, advances in mechaniza-
tion and expansion in modes of transport can lead to a more sedentary lifestyle and 
reduced levels of exercise [13]. As an example, a population-based study in Curacao 
revealed that 37% of the population did not eat vegetables daily, 50% did not eat fruit 
daily, and 75% did not exercise regularly [61]. This expected transition in diet and life-
style will likely lead to a higher prevalence of obesity and diabetes [29].

4.3.7  �Hypertension

Several epidemiologic studies have demonstrated a strong association between 
hypertension and PAD. Population growth and aging is leading to an increase in the 
number of individuals with uncontrolled hypertension worldwide [62] and given its 
high prevalence in the elderly population, hypertension is considered a significant 
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contributor to the burden of PAD in the global population. For example, the Heart 
Professionals Follow-up Study revealed that the population-attributable risk of PAD 
due to hypertension exceeds 40% [63].

Literature from LMICs  The World Health Organization (WHO) Study on Global 
Aging and Adult Health revealed strikingly high rates of hypertension in LMICs. 
The prevalence of hypertension among individuals 50 years of age or older was 
53%, ranging from 32% in India to 78% in South Africa, with consistently higher 
levels for women [64]. By 2025, the global prevalence of hypertension is esti-
mated to increase by 60% to a total of 1.56 billion cases, with a rise of more than 
80% predicted for developing countries from 639 million to 1.15 billion [65]. 
Hypertension is also an emerging risk factor in LMICs, particularly in west Africa 
[66], where it may have a significant effect in the development of PAD. In this 
regard, a community-based survey of two districts in Central African Republic 
reported a prevalence of PAD of up to 32% in those aged >65 based on an 
ABI < 0.9. Notably, subjects with hypertension were approximately two to four 
times more likely to have PAD [67].

4.3.8  �Dyslipidemia

Several studies have reported a significant association between total cholesterol and 
PAD. The NHANES study reported that the prevalence of PAD was 5.8% in US 
adults (age ≥40 years) with hyperlipidemia vs. 3.2% in those without [8]. One study 
demonstrated that the likelihood of developing PAD increased by 10% for every 
10 mg/dL increase in total cholesterol [68]. In addition, a recent study using data 
from the ARIC study showed that triglyceride-related and high-density lipoprotein-
related lipids were particularly robustly associated with future risk of PAD [69]. In 
the Physicians’ Health Study of incident PAD, the ratio of total to high-density 
lipoprotein cholesterol had the strongest association with PAD compared to other 
lipid measures [70].

Literature from LMICs  A prospective observational study of over 9000 Chinese 
men and women between ages 35 and 64 showed a low mean serum cholesterol in 
the overall study population (mean 4.2 mmol/L at baseline); however, serum cho-
lesterol was found to be directly related to mortality from CHD [71]. A systematic 
review and meta-analysis from ten different African countries revealed a preva-
lence of dyslipidemia of 52.8% [72]. Individuals with a body mass index >25.0 kg/
m2 and waist circumference >94 cm were approximately 2.4 times more likely to 
develop dyslipidemia compared to those with lower values [72].
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4.3.9  �Environmental Factors

Long-term air pollution exposure has been associated with an increased risk of ath-
erosclerotic diseases, including PAD [73]. In Germany, pollution from road traffic 
was associated with increased risk of low ABI in exposed individuals. Specifically, 
individuals living within 50 m of a major road had an OR of 1.8 for PAD compared 
with those living more than 200 m away [74].

Toxic metals such as lead and cadmium, by-products of industry that can be 
found in ambient air near industrial or combustion sources, have also been associ-
ated with an increased risk of PAD [75]. In one study analyzing data from 2125 
participants ≥40 years of age in the 1999 to 2000 NHANES, individuals with PAD 
had 13.8% (95% CI, 5.9–12.9) higher mean levels of lead and 16.1% (95% CI, 
4.7–28.7) higher mean levels of cadmium than those without PAD, after adjustment 
for demographic and cardiovascular risk factors [76]. The Strong Heart Study 
revealed that cadmium exposure, measured by urine cadmium concentrations, was 
prospectively associated with increased risk of new-onset PAD in Native American 
individuals followed for up to 10 years, independent of smoking [75].

Literature from LMICs  In a study conducted using data on 18,000 individuals in 
China, those living in urban areas with high levels of air pollution had a two- to 
threefold increased risk of PAD compared with individuals living in rural areas, 
independent of traditional cardiovascular risk factors [25]. In LMICs, the risk of 
PAD may be increased by the consequences of industrialization. Potential mecha-
nisms are shown in Fig. 4.2.

Fig. 4.2  Possible effects of industrialization and urbanization in LMICs on risk of peripheral 
artery disease. (Fowkes et al. [13])
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4.3.10  �Summary of Risk Factors

Globally, cigarette smoking and diabetes are the strongest modifiable risk factors 
for PAD [77]. Risk factors for PAD reported in HICs are similar to those observed 
in LMICs, except for an increased risk in women compared with men in LMICs and 
conversely, an increased risk in men in HICs (Fig. 4.3).

4.4  �Diagnostic Tests of PAD

Ankle-Brachial Index  The ABI (the ratio of ankle systolic blood pressure to bra-
chial systolic blood pressure) is typically used as the first-line diagnostic test for 
PAD [78]. An ABI ≤0.9 is diagnostic of PAD. The ABI can be measured using an 
oscillometric device, but guidelines recommend using a Doppler probe to measure 
brachial and ankle blood pressure [78]. Using the Doppler technique, a low ABI has 
consistently shown high specificity (e.g., >85–90%), whereas the sensitivity has 
been variable probably reflecting the different populations studied. For instance, 
studies with a combination of patients with PAD and healthy subjects showed high 
sensitivity (e.g., >90%), while other studies that included people without diagnosis 
of PAD reported a low sensitivity ~20% [79, 80]. This means that a number of indi-
viduals with PAD may not be captured by a single test of low ABI ≤0.9. Another 
caveat of the ABI is that ABI can be falsely high (e.g., >1.4) when there is medial 
calcification in ankle arteries.

Fig. 4.3  Risk factors for peripheral artery disease in high-income and low- to middle-income 
countries. (Criqui and Aboyans [77])
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Other Tests Supplementing ABI  There are a few tests to supplement ABI: toe-
brachial index (TBI, the ratio of great toe systolic blood pressure to brachial systolic 
blood pressure), Doppler waveforms, pulse volume recording (PVR), and post-
exercise ABI (Table 4.1). Since digital arteries are less likely to be calcified, the TBI 
can be particularly useful among patients suspected of having stiff ankle arteries 
potentially due to medial calcification (e.g., diabetes). Clinical guidelines recom-
mend TBI <0.7 as a threshold to diagnose PAD, but a few studies suggest that a TBI 
<0.6 may be preferable [81, 82]. Doppler waveforms can be recorded using a 
Doppler probe and provide information on blood flow in each ankle artery (i.e., 
dorsalis pedis and popliteal tibial). Normal waveforms are defined as triphasic or 
biphasic with good acceleration and deceleration, while abnormal waveforms 
include biphasic (without the aforementioned qualifiers) and monophasic. PVR is 
measured by a sphygmomanometer with a defined volume of air (usually ~60 mmHg) 
and provides comprehensive information on blood flow in ankle arteries (not each 
ankle artery). Normal PVRs have a systolic upstroke with sharp systolic peak and 
downstroke with dicrotic notch. Loss of the dicrotic notch, flat peak, and low ampli-
tude constitute abnormal PVRs. Finally, the ABI can be measured after a defined 
period of exercise (typically using treadmill, but heel raises are a validated alterna-
tive approach). A post-exercise ABI ≤0.9, drop of ABI >20%, or drop of ankle 
blood pressure >30 mmHg are considered diagnostic of PAD [78].

Table 4.1  Representative non-invasive diagnostic tests for PAD

Measure Methodology Clinical implication

Ankle-brachial 
index (ABI) at 
rest

Ratio of ankle and brachial 
systolic blood pressures at 
rest

Peripheral artery disease, defined by ABI ≤0.9 
(ABI 0.9–1.0 is “borderline low”). ABI >1.4 
indicates medial calcification

Post-exercise 
ABI

Ratio of ankle and brachial 
systolic blood pressures after 
exercise (usually treadmill 
but can be heel raise)

Following findings after exercise: ABI ≤0.9 or 
drop of ABI >20% or drop of ankle blood 
pressure >30 mmHg

Toe-brachial 
index (TBI)

Ratio of toe and brachial 
systolic blood pressures

PAD defined by TBI <0.7. TBI useful 
particularly when ABI >1.4

Doppler 
waveforms

Waveforms of the ankle 
arteries are collected using a 
Doppler probe

Normal waveforms are defined as triphasic or 
biphasic with good acceleration and 
deceleration, while abnormal waveforms 
include biphasic (without the aforementioned 
qualifiers) and monophasic

Pulse volume 
recordings 
(PVR)

PVR measured by cuffs 
inflated with a certain volume 
of air (usually ~60 mmHg)

Normal PVRs have a systolic upstroke with 
sharp systolic peak and downstroke with 
dicrotic notch, and loss of dicrotic notch, flat 
peak, and low amplitude constitute abnormal 
PVRs

Lower 
extremity 
Duplex

The presence of significant 
stenosis is recorded for distal 
aorta, femoral, and popliteal 
arteries

Presence of atherosclerotic plaque and peak 
systolic velocities in the conduit arteries of the 
lower extremities. The latter can be used to 
classify obstructive disease
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Duplex Ultrasound  Although angiography using computed tomography or mag-
netic resonance imaging can be used to identify significant stenosis in the leg arter-
ies, Duplex ultrasound has several important advantages over those approaches such 
as being non-invasive, lack of a contrast agent, and usually lower price; all of which 
are relevant to resource-limited settings. A few limitations include the need of 
trained technicians and potential difficulty visualizing the abdominal aorta, iliac 
arteries, and calcified arteries. A US guideline recommends imaging tests only for 
strategize revascularization in patients with PAD and ischemic symptoms [83].

Literature in LMICs  A Nigerian study explored an oscillometric device to mea-
sure ABI and reported the sensitivity of 61% and specificity of 90%, compared with 
ABI measured using Doppler method. A study from Pakistan compared the palpa-
tory method vs. Doppler method for detecting PAD and reported Pearson’s correla-
tion coefficient of 0.73 between ABI measured by the two methods [84]. Although 
Doppler method should be the preferable option, these alternative methods can be 
considered in resource-limited settings.

4.5  �Outcomes

Other Cardiovascular Outcomes  Since PAD is an atherosclerotic disease, it is 
intuitive that patients with PAD demonstrate elevated risk of other atherosclerotic 
diseases (e.g., myocardial infarction and stroke). For example, a study using data 
from the ARIC study showed a significant association of ABI ≤0.9 vs. 1.1–1.2 with 
the composite outcome of myocardial infarction and stroke, independent of major 
CVD risk factors such as smoking, diabetes, blood pressure, and lipids (adjusted 
hazard ratio 2.40 [95% CI 1.55–3.71]) [85]. Interestingly, a few studies consistently 
reported a robust association of PAD with an increased risk of heart failure (HF) 
[85, 86]. In addition, a high prevalence of abdominal aortic aneurysm (AAA) is 
recognized in patients with PAD [87], and thus clinical guidelines recommend 
screening for AAA in this clinical population [83].

Leg Outcomes  Not surprisingly, individuals with PAD are at high risk of leg out-
comes such as acute limb ischemia (ALI) and chronic limb-threatening ischemia. 
Some people require leg amputation to improve limb and life survival. For example, 
a study using data from a clinical trial of patients with symptomatic PAD showed 
that 1.3% of patients developed ALI within 1 year and 1.2% required leg amputation 
[88]. In the general population, ABI was independently associated with elevated 
risk of leg amputation over a follow-up of ~30 years (adjusted HR of leg amputation 
2.72 [95% CI 1.25–5.91] in ABI ≤0.9 vs. 1.1–1.2) (Fig. 4.4) [89].

Literature in LMICs  Studies have confirmed the prognostic impact of PAD for 
all-cause mortality in Congo [90] and China [91] as well as major cardiovascular 
events in an international registry with data from 17 LMICs [92]. Although cross-
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sectional, a study with data from Central African Republic and Republic of Congo 
showed the association between PAD and dementia [93].

Depression  Major depression is a common comorbidity among patients with PAD, 
particularly in women. In one cohort study of 1635 participants with PAD, women 
were found to have an almost twofold greater prevalence of comorbid depression than 
men (46% vs. 26%) [94]. The higher rates of comorbid depression in female patients 
with PAD are of particular concern because depressive symptoms are associated with 
more significant physical disability and functional decline over time [95]. The Heart 
and Soul study [96] revealed that patients with depression had a twofold increased risk 
of developing PAD after adjustment for sex and age. Patients with both PAD and 
depression demonstrate worse functional outcomes and reduced quality of life [97, 
98]. In addition, one Veterans Affairs study found that PAD patients with depression 
have a higher long-term risk of limb loss, especially if their depression is untreated 
[HR 1.42; 95% CI, 1.27–1.58] [99]. In LMICs, industrialization and urbanization may 
lead to changes in environment and lifestyle that can result in adverse psychological 
effects, such as stress and depression. These effects may in turn contribute to an 
increased risk of developing PAD [9]. Studies are needed to test these hypotheses.
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Fig. 4.4  Adjusted* hazard ratio of leg amputation according to ABI in the ARIC study. *Adjusted 
for age, sex, race, study site, education level, adiposity, total cholesterol, high-density lipoprotein 
cholesterol, cholesterol-lowering drugs, systolic blood pressure, antihypertensive drugs, smoking 
status, drinking status, diabetes, kidney function, prevalent coronary heart disease, prevalent heart 
failure, and prevalent stroke. (Paskiewicz et al. [89])
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Other Outcomes  A US study showed that the prognostic impact of PAD is similar 
or may be even greater than that of CHD or stroke [7]. More specifically, individuals 
with PAD without CHD/stroke had worse overall survival than those with CHD/
stroke without PAD (47.7% vs. 53.2% over 12 years, respectively) (Fig. 4.5). The 
combination of PAD plus CHD/stroke had the worst prognosis (25.5% over 
12 years). The patterns were similar even after accounting for potential confounders 
like age, smoking status, and diabetes. This impact of PAD on all-cause mortality is 
consistent with several studies showing that individuals with PAD at elevated risk of 
adverse outcomes beyond CVD, such as cancer [100] and infectious diseases [101].

4.6  �Challenges of PAD Management 
in Resource-Limited Settings

4.6.1  �Awareness of PAD

Increased awareness of PAD in clinical settings should facilitate earlier detection of 
PAD, resulting in more aggressive risk factor control and initiation of guideline-
appropriate therapies. However, multiple population-based studies have demon-
strated low levels of knowledge of PAD in the general population, as well as in 
affected populations worldwide [2, 102, 103]. The First National PAD Public 
Awareness Survey reported major gaps in public knowledge of PAD, specifically 

Fig. 4.5  Survival estimates by the status of PAD, coronary heart disease, and stroke in the 
1999–2004 National Health and Nutrition Examination Survey. (Matsushita et al. [7])
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regarding PAD terminology, associated risk factors, and leg symptoms including 
risk of amputation [2]. The general public was unaware that PAD is associated with 
high short-term risk of myocardial infarction, stroke, and death. In addition, only 
14% of respondents associated PAD with a risk of amputation, and only 6% associ-
ated PAD with a risk of limb disability or walking impairment [2]. Knowledge gaps 
were the greatest in the populations at highest risk for PAD-associated morbidity 
and mortality, specifically in elderly and non-White participants. In addition, aware-
ness of certain preventative treatment options such as smoking cessation was strik-
ingly low [102]. Lower levels of education and lower SES were associated with 
more significant knowledge gaps around PAD, specifically regarding risk factors, 
symptoms, and outcomes [103].

4.6.2  �Access to Medical Treatment

Essential vascular care functions are necessary to adequately address the growing 
burden of PAD in LMICs, where resources should be increasingly directed at pre-
venting, detecting, and treating PAD.  These include providing counseling for 
healthy diet and exercise routines, screening for and providing tobacco cessation 
counseling for smokers, screening patients at high risk for PAD, and treatment of 
major risk factors such as diabetes, hypertension, and dyslipidemia [104]. Multi-
drug therapy, including antiplatelet therapy, statin, and angiotensin-converting 
enzyme (ACE) inhibitor/angiotensin-receptor blocker (ARB) is cost-effective and 
essential in improving cardiovascular outcomes in patients at high risk for PAD 
[105]. The WHO offers model lists of essential medications, including those for the 
management of cardiovascular risk factors such as hypertension, diabetes, and dys-
lipidemia [106]. Despite this, very low rates of use of aspirin, statin, and blood pres-
sure lowering agents have been observed in LMICs [107]. For example, the 
Prospective Urban Rural Epidemiology (PURE) study reported that in patients with 
known CHD in low-income countries, only 8.8% were taking an antiplatelet agent 
and 3.3% were taking a statin. Moreover, 69.3% of patients in lower middle-income 
countries, and 80.2% of patients in low-income countries received no drug therapy 
at all [107].

Clinical cohorts in LMICs have also demonstrated a low uptake of guideline-
directed medical therapy in patients with PAD. A study by Okello et al. sampled 
229 patients with diabetes aged >50 and reported a PAD prevalence of 24% using 
the ABI [108]. Only 11% of the patients with PAD were taking an aspirin and only 
one patient was taking a statin. Another study at a teaching hospital in Uganda 
reported a PAD prevalence of 39% in a cohort of patients with diabetes aged 
>35 years enrolled in the outpatient diabetes clinic. Approximately 41% of par-
ticipants with PAD were asymptomatic. Only 22% were treated with antiplatelet 
agent and only 12% were taking a statin [109].

A subsequent analysis of the PURE study data examining availability and afford-
ability of cardiovascular medicines revealed that combination therapy with a 
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four-drug regimen (aspirin, beta-blocker, ACE-inhibitor, statin) for the secondary pre-
vention of cardiovascular disease was not affordable for 33% of households in middle-
income countries and 60% of households in low-income countries [110]. A 
meta-analysis of surveys from 36 countries analyzing access to five cardiovascular 
medicines of different classes reported that those were available in only 26% of public 
and 57% of private facilities [111]. Treatment for CVD in general was not affordable 
in most countries, particularly in low-income countries [111].

The international Reduction of Atherothrombosis for Continued Health Registry 
enrolled 68,236 patients over the age of 45 from 44 countries including 8322 
patients with PAD [112]. PAD patients were less frequently in full-time employ-
ment (12.1% vs. 17.3%) and had a lower level of formal education (12.9% vs. 
18.9%) compared to patients without PAD. PAD patients also had poorer risk factor 
control compared to patients with CHD or CVD but without PAD. A significant 
geographic variation was noted in the patterns of risk factor control, with 10.8% of 
patients with PAD in North America achieving good risk factor control, compared 
with only 5.6% in Japan, 4.9% in Latin America, 4.4% in Northern Europe, 4.2% in 
Australia, 3.3% in Eastern Europe, 3.1% in Asia, and 1.8% in the Middle East. PAD 
only patients and PAD patients with polyvascular disease with good risk factor con-
trol had fewer major CVD event rates after 1 year of follow-up [112].

4.6.3  �Access to Vascular Surgical Care

An analysis of the World Bank and WHO data shows a marked scarcity of vascular 
surgeons in LMICs, including in the regions of Southeast Asia, Eastern 
Mediterranean, and Western Pacific, each of which have fewer than 3 vascular sur-
geons per ten million people [113]. There are approximately 101 vascular surgeons 
per ten million people in the United States and 72.7 per ten million in the United 
Kingdom, while in South Africa there are only 10.8 per ten million [114] and in 
Ethiopia there are 0.25 per ten million, 400 times fewer vascular surgeons per ten 
million people than in the United States [115]. In South Africa, it has been noted 
that a high percentage of patients present with CLI, in part due to a shortage of vas-
cular surgical expertise in the country [114]. In Ghana, vascular disease resulted in 
a fourfold increase in DALYs per 100,000 people from 1990 to 2010. In addition, 
the death rate from vascular disease in this country doubled over the same time 
period [116]. Despite this, a nationwide assessment of vascular care capacity found 
that vascular surgical resources were severely lacking [116]. Specifically, skills to 
perform vascular procedures at the regional level were rare, vascular graft material 
were unavailable at all levels of care, and prosthetics for amputees were rarely avail-
able at the tertiary level of care. In addition, diagnostic/therapeutic angiography and 
computed tomography scans with lower extremity runoff protocols were unavail-
able at all hospitals. The main reasons for non-availability of vascular care included 
lack of equipment and supplies, technology breakage, lack of diagnostic capability, 
and lack of experienced surgeons to perform major vascular surgery procedures 
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[116]. Indeed, the absence of a vascular surgeon workforce in LMICs significantly 
limits access to vascular services. Notably, vascular surgery training programs in 
LMICs are limited, in part due to lack of funding, lack of access to proper equip-
ment for training, and lack of infrastructure and supplies necessary for the education 
of vascular surgeons [117].

Other studies report that a major barrier in accessing vascular surgery services in 
LMICs is the lack of a suitable infrastructure, such as lack of operating rooms and 
inadequate surgical supplies and equipment [118]. Even in centers with access to 
operating rooms, a lack of access to angiography, imaging, and endovascular devices 
[119] are additional barriers to providing adequate vascular care. In addition, sig-
nificant financial considerations exist in LMICs. For example, even if vascular sur-
gery services are available, patients may be unable use them due to lack of 
affordability [118]. Additional limitations to seeking out surgical care include loss 
of income, lack of transportation, and needing to travel long distances to access 
surgical centers [120].

4.7  �Prevention of PAD

Increased awareness of PAD and its risk factors at a population level is essential in 
the prevention of PAD and its complications, particularly in low-resource settings. 
This includes education of the general public on the effects of tobacco on arterial 
health, with programs aimed at screening for and providing tobacco cessation coun-
seling. In addition, educational programs highlighting the effects of a sedentary 
lifestyle as well as implementation of dietary counseling and healthy exercise rou-
tines could help in the prevention of obesity, which would in turn reduce the risk of 
developing major PAD risk factors such as diabetes, hypertension, and dyslipid-
emia. Community-based exercise programs would also allow for additional screen-
ing for PAD risk factors, such as blood pressure measurement, glucose monitoring, 
and screening lipid level for all participants. Awareness among healthcare providers 
is also crucial. That will create a foundation for early and optimal treatment of 
hypertension, diabetes, and dyslipidemia, which would in turn help prevent PAD 
and its subsequent cardiovascular and limb outcomes.

4.8  �Summary

PAD is a distinct atherosclerotic syndrome which is associated with a significantly 
increased risk of cardiovascular morbidity and mortality, as well as considerable dis-
ability and poor quality of life due to functional impairment and major adverse limb 
events. While PAD shares common risk factors with both coronary and cerebrovascu-
lar diseases [3], data has shown that individuals with PAD are at a greater risk for 
major adverse cardiovascular events compared to patients with CHD or stroke [6].
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PAD has emerged as a global problem that is increasing in prevalence worldwide 
in both HICs and LMICs, likely due to an epidemiologic transition towards an older 
age distribution, and a resulting increase in risk factors such as smoking, diabetes, 
obesity, and hypertension, which are particularly striking in LMICs [17, 21]. Indeed, 
the burden of PAD has been increasing faster in LMICs and is expected to continue 
rising in the near future as the population ages and environmental changes, such as 
urbanization and industrialization, continue to accelerate [15, 16].

Despite its increasing prevalence, PAD continues to be underdiagnosed and under-
treated due to a general lack of awareness by the general public and healthcare provid-
ers on a global level [2, 102, 103]. To address this, the ABI is a simple test that is 
considered a good indicator of PAD [78] and should be utilized more widely for the 
purposes of early detection and treatment of PAD, allowing for the implementation of 
targeted interventions aimed at managing risk factors and improving limb outcomes. 
Treatment of PAD at later stages of the disease is associated with increasing health-
care costs, placing a significant economic burden on health systems [11], and resulting 
in a substantial physical and psychosocial burden due to poor functional status, loss of 
mobility, and reduced quality of life [8, 9]. This is of particular concern in LMICs 
where PAD represents a major public health challenge and resources are limited. In 
those settings, government agencies and health care organizations should prioritize 
early detection of PAD in order to implement appropriate preventive and therapeutic 
interventions aimed at control of vascular risk factors, with the ultimate goal of 
improving cardiovascular and limb outcomes in this increasingly high-risk population.

Glossary

ABI  The ratio of ankle systolic blood pressure to brachial systolic blood pressure.
Doppler waveforms  Waveforms of the ankle arteries are collected using a 

Doppler probe.
Duplex ultrasound  Imaging modality to evaluate blood flow and vascular struc-

ture using high-frequency sound waves.
Post-exercise ABI  Ratio of ankle and brachial systolic blood pressures after exer-

cise (usually treadmill but can be heel raise).
PVR  Waveforms measured by cuffs inflated with a certain volume of air (usually 

~60 mmHg).
TBI  The ratio of great toe systolic blood pressure to brachial systolic blood 

pressure.
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Chapter 5
Global Experience of Self-Care 
in Cardiovascular Prevention

Barbara Riegel, Heleen Westland, Onome H. Osokpo, and Tiny Jaarsma

Cardiovascular disease (CVD) is the leading cause of death globally and continues 
to rise in economically underdeveloped countries [1]. The World Health Organization 
(WHO) estimates that 32% of all deaths globally were due to CVD in 2019 (17.9 
million people), 85% of which were due to heart attack and stroke. Most CVD can 
be prevented by addressing individual-level behavioral risk factors (i.e., tobacco 
use, unhealthy diet, body weight management, physical inactivity, and excess alco-
hol intake) through self-care. In under-resourced countries, however, healthcare and 
system barriers can make self-care challenging. In this chapter, we define and 
describe self-care, focusing on how self-care is practiced in low- and low-middle-
income countries, classified as such by the World Bank based on the national per 
capita health expenditure. Identifying these countries, we focused on the behavioral 
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risk factors, gender differences, cultural practices, and beliefs about self-care. 
Healthcare focused and system focused factors enabling and supporting self-care 
are addressed. Finally, we explored the self-care interventions studied in low- and 
middle-income countries. We end the chapter with suggestions for policy changes 
that would support self-care across the world.

We have defined self-care in relation to chronic illnesses such as CVD as a pro-
cess of maintaining health through health promoting practices and managing illness 
[2]. That is, self-care is required both when we are healthy and when we are ill. In 
reference to CVD, the known behavioral risk factors (e.g., physical inactivity) 
reflect insufficient self-care. Such behavior is common in young populations that 
perceive a robust time horizon [3]. It is often not until illness occurs that people 
begin to feel situationally pressed for time. At that point, behavior changes and self-
care are adopted.

The WHO takes a broader view of self-care, defining it as “the ability of indi-
viduals, families and communities to promote their own health, prevent disease, 
maintain health, and to cope with illness and disability with or without the support 
of a health worker” [4]. They recognize individuals as active agents in managing 
their own health care, not to replace the health care system, but to provide choices 
and options for healthcare. Although the WHO talks about health promotion, dis-
ease prevention and control, self-medication, caregiving, rehabilitation, and pallia-
tive care, a careful review of their website illustrates the focus on sexual and 
reproductive care (e.g., antenatal care and postnatal care) and immunizations. 
Sections dealing with access to care come closest to a discussion of CVD preven-
tion, but these two topics—CVD and access to care—are not clearly linked to the 
WHO website.

In many low- and middle-income countries such as most of those on the African 
continent, people who have little income rely on under-funded public health facili-
ties. Only a small minority of the population has access to well-funded, quality 
private health care, so self-care is promoted as a form of “individual agency” said to 
support resilience in West and Central Africa [5]. Despite the prevalent lack of 
access to public health facilities, the WHO celebrated the increase by 10 years in 
healthy life expectancy between 2000 and 2019  in Africa at its 75th anniversary 
event in April 2023. However, these changes are due primarily to gains in reproduc-
tive, maternal, newborn, and child health, as well as progress in the fight against 
infectious diseases—not prevention of CVD.

As CVD remains the leading cause of death worldwide, and poor self-care 
behaviors are major contributors to CVD, self-care is particularly important in areas 
of the world where access to essential health services is lacking. Self-care is seen as 
an alternative to expanding access to universal health care in some low-income 
countries [6]. Over three quarters of CVD deaths take place in low- and middle-
income countries, but relatively little is known about the multitude of barriers to the 
performance of self-care in most of these countries.
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5.1  �Facilitators and Barriers to Implementing 
Self-Care Strategies

The facilitators and barriers to self-care in low- and middle-income countries can be 
categorized as system-, provider-, and patient-level factors (Fig.  5.1). The main 
system-level factors that support self-care are health and fiscal policies put in place 
to facilitate local access to healthcare. In addition, the built environment plays an 
important role in supporting self-care.

At the healthcare provider-level, time and training are the main factors influenc-
ing the ability of providers to support self-care. An adequate number of knowledge-
able and trained providers is needed to provide preventive care and early access 
when needed. Limited access to healthcare resources negatively impacts self-care 
for individuals with CVD in these countries [8]. Many physicians and nurses in low- 
and middle-income countries are overstretched, prioritizing acute illness conditions 
over the provision of self-care education to patients and their family caregivers [8, 
9]. Another challenge faced by providers in fostering self-care is the lack of ade-
quate training on effective strategies, such as motivational interviewing, to nudge 
patients living with CVD to engage in adequate self-care [9]. Scarce providers in 
rural areas, driven by migration to high-income countries for a better quality of life, 
exacerbate the problem. Another issue is poorly integrated services that hinder col-
laboration between acute care providers, primary care, and pharmacies [8]. In local 
governmental and non-governmental health centers, high out-of-pocket costs and 
long waiting times for healthcare impede the adoption of self-care practices, par-
ticularly for those living below the poverty line [8, 9].

Fig. 5.1  Australian self-care alliance. The self-care matrix: a unifying framework for self-care. 
Adapted from El-Osta et al. [7]. Reprinted with permission
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At the individual patient-level, many people lack resources for the purchase of 
recommended foods and prescribed medicines due to poverty [8]. Low income is a 
common reason for poor self-care. Furthermore, a limited understanding of the 
severity of asymptomatic conditions such as hypertension contributes to low self-
care uptake [8, 9]. Another barrier is migration to urban areas, which has led to 
adoption of lifestyles that include unhealthy dietary habits and low levels of physi-
cal activity, as discussed further below [8]. Those who live in rural areas are chal-
lenged with having to develop their own self-help capacities (i.e., self-cultivation), 
issues of transportation, and access to health foods because of local agricultural 
resources. Individuals living in rural settings are less likely to self-medicate for 
minor illnesses compared to those in urban areas, perhaps because of poor health 
literacy, low levels of education, and/or family income disparities [10].

5.2  �Behavioral Risk Factors for Cardiovascular Disease

As stated above, CVD can be effectively addressed through self-care practices. By 
addressing the behavioral risk factors of tobacco use, unhealthy diet, body weight 
management, physical inactivity, and excess alcohol intake, CVD could be pre-
vented in a huge segment of the world’s population. System-level policies in some 
countries support self-care behaviors, as described below.

5.2.1  �Tobacco Use

Tobacco use refers to any habitual use of the tobacco plant leaf and its products—
smoking, vaping, water pipe use, chewing, and sniffing. Smoking is most common 
and, as shown in Fig. 5.2, as of 2019, smoking was the most important behavioral 
contributor to death rates—primarily through CVD—worldwide [11]. It is esti-
mated that 23% of the population worldwide smokes tobacco but the proportion of 
adults who smoke is falling in most countries. Unfortunately, about 80% of the 
world’s 1.3 billion tobacco users live in low- and middle-income countries [12].

In 2007, the WHO introduced a practical, cost-effective policy initiative to scale 
up implementation of the demand reduction provisions of the WHO Framework 
Convention on Tobacco Control (WHO FCTC) called MPOWER. The six MPOWER 
measures are (1) to monitor tobacco use and prevention policies, (2) protect people 
from tobacco use, (3) offer help to quit tobacco use, (4) warn about the dangers of 
tobacco, (5) enforce bans on tobacco advertising, promotion, and sponsorship, and 
(6) raise taxes on tobacco. In Africa, the continent with the highest number of low-
income countries, 44 countries have ratified or agreed to the WHO FCTC and 
tobacco use is lower in Africa than many other nations. A WHO press release high-
lights that, as of July 2023, 71% of the world’s population is protected with at least 
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one best practice policy included in the WHO FCTC to help save lives from tobacco 
use; five times more than when the policy was introduced in 2007 [13].

5.2.2  �Unhealthy Diet

An unhealthy diet is one that is high in sodium, sugar-sweetened beverages, and 
processed meats and low in whole grains, fruits, and vegetables. A 2019 study of the 
health effects of diet in 195 countries found that high intake of sodium and low 
intake of whole grains and fruits were the leading dietary risk factors for death and 
disability-adjusted life-years (DALYs) in many countries worldwide [14]. The 
impact of an unhealthy diet was highest for CVD compared to other causes of death 
and disability. Uzbekistan, a low-middle income country, had the highest rate of 
diet-related deaths but globally, consumption of nearly all healthy foods and nutri-
ents was suboptimal in 2017, the year of data collection and analysis. The largest 
gaps between current and optimal intake were observed for nuts and seeds, milk, 
and whole grains while sugar-sweetened beverages, processed meat, and sodium 
intake were far above the optimal levels. The intake of legumes was high in the 

Fig. 5.2  Graphic illustration of the number of deaths by risk factor, worldwide, between 1990 and 
2019. Source: The Institute for Health Metrics and Evaluation, Seattle, WA.  Reprinted with 
permission
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low- and low-middle income countries of western sub-Saharan Africa, and eastern 
sub-Saharan Africa.

The highest age-standardized rates of all diet-related deaths and DALYs were 
observed in countries with a low-middle and high-middle socio-demographic index 
(SDI), a summary measure calculated based on income, education, and fertility rate 
[15]. The four leading dietary risks for low SDI countries were a lack of intake of 
whole grains, fruit, nuts and seeds, and vegetables. Food prices appear to be respon-
sible for the transition from unhealthy to healthy food choices [15].

5.2.3  �Weight Management

Obesity, defined as a body mass index ≥30 kg/m2, is a major risk factor for CVD, 
contributing directly to dyslipidemia, type 2 diabetes, hypertension, and sleep dis-
orders [16]. Obesity is an independent risk factor for CVD mortality and is now a 
worldwide problem referred to as an “epidemic” by the WHO [17]. Obesity was 
originally prevalent in high-income countries but now the greatest number of people 
with obesity live in low- and middle-income countries [17]. Estimates found in the 
World Obesity Atlas [18] suggest that by 2030, 17.5% of the global population of 
adults will be obese. Further, the top ten countries with the most rapid rise in adult 
obesity prevalence over the past decades are almost exclusively low- and middle-
income countries [18].

In many low- and middle-income countries, the population is still grappling with 
undernutrition. That is, undernutrition and obesity commonly co-exist within the 
same country, the same community, and the same household. Children in low- and 
middle-income countries are more vulnerable to malnutrition; yet these same chil-
dren are exposed to high-fat, high-sugar, high-salt, energy-dense, and micronutrient-
poor foods because these foods are often lower in cost. When these dietary patterns 
occur in conjunction with lower levels of physical activity, childhood obesity 
increases in the face of undernutrition.

Factors contributing to obesity include diet, lack of exercise, social determinants 
of health (i.e., the conditions in which we live, learn, work, and play), and genetics. 
Social determinants introduce inequities and deprivations that influence both health 
and the ability to perform self-care. Self-care is relevant to the balance of dietary 
intake and energy expenditure through physical activity. In most situations, obesity 
can be prevented by limiting intake of fats and sugars, increasing consumption of 
fruits, vegetables, legumes, whole grains, and nuts, and engaging in regular physical 
activity. However, limiting caloric intake to that which can be burned through activ-
ity is challenging. Stress and poor sleep cause some people to eat more. Therefore, 
policies that influence the built environment to improve access to parks, sidewalks, 
and affordable gyms are advocated to address obesity. Another important contribu-
tor to weight gain is oversized food portions. Food advertising encourages people to 
buy unhealthy foods, such as high-fat snacks and sugary drinks, and food deserts 
limit access to affordable healthy foods, such as fresh fruits and vegetables. Food 
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preferences are developed in childhood, so much of the effort to address this issue 
is appropriately focused on childhood obesity.

5.2.4  �Physical Inactivity

Physical activity guidelines differ by age, but adults should perform at least 
150–300  min of moderate-intensity aerobic physical activity each week. Being 
physically active contributes in important ways to preventing and managing CVD. A 
recent study estimated that the population-level prevalence-based attributable risk 
for physical inactivity was comparable to that of tobacco use [19]. Yet, globally, at 
least 25% of adults fail to meet the recommended levels of physical activity and 
more than 80% of the world’s adolescent population is insufficiently physically 
active [20]. Unfortunately, as countries develop economically, levels of activity 
decrease due to changing transport patterns, increased use of technology for work 
and recreation, cultural values as discussed further below, and increasing sedentary 
behaviors such as use of social media.

5.2.5  �Excess Alcohol Intake

Alcohol comes in many forms that have been used in various cultures for centuries. 
Alcohol is a psychoactive substance with dependence-producing properties and 
powerful effects on the brain, producing pleasurable feelings and blunting negative 
feelings. These feelings motivate some people to drink alcohol routinely, despite the 
possibility that excessive alcohol intake can lead to high blood pressure, coronary 
artery disease, atrial fibrillation, peripheral arterial disease, cardiomyopathy, and 
stroke [21, 22]. Overall, the use of alcohol is responsible for 5.1% of the global 
burden of disease [23].

Alcohol use is known to be a major contributor to socioeconomic inequalities in 
health and mortality, with mortality rising with declines in socioeconomic status 
[24]. With economic growth, the prevalence and level of alcohol use have increased 
in low-income and middle-income countries [25]. The prevalence of heavy episodic 
drinking (≥5 drinks on one occasion) is thought to be >60% in some low- and 
middle-income countries [26]. A recent study of alcohol use in low- and middle-
income countries found that the highest population-weighted prevalence of both 
current drinking and heavy episodic drinking was found in males [24].

Most recommendations for curbing alcohol intake are system-level policy rec-
ommendations rather than individual self-care practices. The WHO encourages 
policy-makers to regulate the marketing of alcoholic beverages, restrict the avail-
ability of alcohol, enact appropriate drink-driving policies, reduce demand through 
taxation and pricing mechanisms, raise awareness of the health and social problems 
for individuals and society at large caused by the harmful use of alcohol, ensure 
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support for effective alcohol policies, provide accessible and affordable treatment 
for people with alcohol-use disorders, and implement screening and brief interven-
tion programs for hazardous and harmful drinking [26]. Self-care is advocated in 
recovery from alcohol addiction [27].

5.3  �Gender, Socioeconomic Status, and Health

Women of low socioeconomic status experience health disparities that contribute to 
poor outcomes. These disparities may be related to labor force participation, differ-
ent family roles, societal expectations, and differences in the value given to health 
[28]. In a short-term perspective, as men are typically the family breadwinners, their 
health may be perceived as vital for family welfare. However, in long term, wom-
en’s health is fundamental for the health and development of the family and future 
generations.

Self-care behaviors that are related to CVD prevention are known to differ in 
men and women irrespective of socioeconomic status [29, 30]. Obesity is more 
prevalent in women than men, and half of all women living with obesity live in 11 
countries: the United States (U.S.), China, India, Brazil, Mexico, Russia, Egypt, 
Indonesia, Iran, Turkey, and Pakistan [18]. These countries span the full range of 
low- to high-income countries.

In Europe, a large registry sponsored by the European Society of Cardiology 
(EuroAspire V) provides insight into a gender by country–income interaction found 
for smoking behavior (p  <  0.001). The EuroAspire V survey included cardiac 
patients from 27 different European countries with a large diversity in socioeco-
nomic status. Significant gender differences in smoking were found in middle-
income countries but not in high-income countries [31]. The prevalence of obesity 
was also found to vary between countries, with a significant gender by country–
income interaction found for obesity (p  =  0.001). Especially in middle-income 
European countries, the odds of not being obese were lower in women compared 
with men.

There are specific barriers and challenges to self-care that are gender specific and 
need tailoring of education and support. System-level policies serving as barriers 
for women are influenced by cultural norms so gender differences need to be con-
textualized to cultural norms, as described below [32].

5.4  �Cultural Beliefs and Practices

Culture can be defined as the shared values, norms, feelings, and ways of thinking 
that are learned and transmitted to others in a particular group of people. These 
values, norms, feelings, and thoughts shape the beliefs and practices of the group 
[33, 34]. A variety of factors influence cultural beliefs and practices including 

B. Riegel et al.



97

country of residence, time spent in a place, family background and language, race 
and ethnicity, religious, spiritual, and social affiliations [34, 35]. These factors influ-
ence how people think, the beliefs they hold, theirs norms and values, behavioral 
preferences such as diet, and patterns of behavior [36]. Culture also influences how 
a person defines an illness, attributes a cause, chooses a treatment, and anticipates a 
cure [37]. Although culture clearly influences self-care choices, culture is rarely 
addressed in CVD prevention efforts [38].

Cultural norms significantly influence the use of tobacco products. In some 
countries, smoking is expected, especially for men. Religion is an important cultural 
influence on smoking. Some religions speak out against tobacco use while others 
encourage tobacco for spiritual purposes [39]. In a study of South Asian immigrants 
to the U.S., culturally specific tobacco products were considered beneficial [40]. In 
Ethiopia, the use of khat chewing is common and highly associated with smoking. 
Using these tobacco items may be seen as preserving cultural traditions and express-
ing ethnic identity in the new culture.

Dietary preferences are strongly influenced by culture because taste preferences 
develop in childhood and portion sizes and social eating norms are learned early in 
life [41]. These preferences are influenced by access to different kinds of foods and 
financial resources. Culture also appears to influence alcohol consumption of immi-
grant populations. Alcohol addiction is a problem for many people due to less 
opportunities in life but a connection to the culture of origin, traditional values and 
customs have been shown to have protective influences for alcohol use [42].

Beliefs about obesity are also influenced by culture. People in different countries 
may respond differently to weight gain because the association between obesity and 
socioeconomic status differs in various countries. For example, in countries where 
being overweight is associated with wealth and privilege, obesity is perceived as 
desirable [18]. Sub-Saharan Africans may equate higher weight with prestige, 
beauty, and happiness and lower weight with poverty and illness [43–45].

Cultural influences on physical activity include: (1) collectivism and cultural 
identity; (2) religiosity; (3) cultural attitudes and gender norms in regard to physical 
activity; (4) cultural perspectives on health in regard to physical activity; (5) cultural 
expectations of familism and lack of time; (6) lack of role models and motivation; 
(7) lack of culturally appropriate exercise facilities; and (8) cultural expectations of 
body image and physical appearance [46]. African immigrants to the U.S. have been 
found to perceive recommendations about physical activity to be inconsistent with 
their cultural norms and practices [47]. For example, riding a bicycle is perceived as 
a sign of poverty in some African nations [48–50]. Others perceived physical activi-
ties as dangerous to illness [48]. Walking and dancing were perceived as more cul-
turally appropriate African practices than going to a gym [51].

At the provider-level, it should also be noted that the cultural background of 
health care providers may influence how they care for patients. In one study, health 
care providers reported that their own cultural background shaped their experiences 
and their practices with patients [52].
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5.5  �Successful Methods of Providing Self-care Support

System-level government policy plays a crucial role in incorporating structured 
self-care programs in routine care for patients with CVD, especially since the transi-
tion in low-income countries is away from infectious diseases toward chronic dis-
eases, such as CVD, that require lifelong therapy [53, 54]. Such self-care programs 
are primarily focused on self-care education based on the WHO self-care guide-
lines. These programs typically include condition-specific self-care, addressing 
medication adherence, physical activity, weight management, low-salt diet, non-
smoking, moderate alcohol usage, and adherence to diet and glycemic control in 
diabetes mellitus.

Access to care for patients who live in urban and rural areas surrounding the 
countryside may include visits to regional hospitals or clinics in urban and rural 
areas. In these settings, healthcare providers play an important role in providing 
self-care education during regular follow-up consultations. In studies evaluating 
self-care education programs, successful approaches have consisted of face-to-face 
group or individual sessions with videos, photographs, leaflets as well as interactive 
exercises in which participants can share experiences and learn by observing others, 
and telephone calls or SMS messaging [55–59]. Face-to-face and telephone support 
with printed education materials also suit the large number of illiterate patients 
found in low-income countries.

In providing self-care support, healthcare providers should take known risk fac-
tors for poor self-care into account, e.g., living in a rural area, low level of educa-
tion, poor social support, long disease duration, poor knowledge, comorbidity, older 
age, low monthly income, widowed marital status, living a long distance from a 
healthcare institution, and lacking regular medical follow-up [60–66]. Recognizing 
these risks for poor self-care can alert the healthcare provider of potential problems 
with self-care that should be addressed.

5.6  �Addressing Barriers to Self-Care

To address the system-, provider-, and individual-level barriers to self-care, a com-
prehensive approach is needed that incorporates strategies to enhance accessibility, 
affordability, education of patients, caregivers, and community leaders, and support 
for healthcare professionals. Strategies for facilitating the uptake of self-care behav-
iors are outlined here.

Systemic challenges are complex and difficult to address although certain strate-
gies are known to address issues around affordability and accessibility to health-
care. Such strategies include enacting governmental healthcare policies targeted at 
retaining local providers [8, 9, 67], building low-cost community healthcare centers, 
and local pharmaceutical industries [8]. Governmental agencies need to develop 
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policies, including tax incentives, to convince pharmaceutical industries to lower 
medication costs.

At the provider level, efforts are needed to promote effective coordination and 
collaboration among health care providers and services [68]. Adequate training and 
staffing would go a long way in enabling the workforce to support the efforts of 
individuals to engage in self-care.

At the individual level, it is critical to empower patients and their families and 
community leaders with the knowledge and tools needed to minimize illness com-
plications and maintain health [8, 9, 67, 68]. However, these programs must be 
culturally sensitive and tailored to the community. These programs should address 
the impact of fast foods and physical inactivity on health. Healthcare providers can 
be supported by extension providers, patient-led support groups, and community 
workers working with faith and traditional leaders to increase community aware-
ness regarding chronic illnesses and promote self-care uptake in low-and middle-
income countries [69].

We previously described self-care interventions as those that focus on changing 
behavior by equipping the person with the knowledge and skills they need to actively 
engage in self-care maintenance, self-care monitoring, and self-care management 
[70]. Self-care maintenance involves the behaviors used to maintain physical and 
emotional stability. Eating a healthy diet and staying physically active are self-care 
maintenance behaviors. Self-care monitoring refers to the process of observing one-
self for changes in signs and symptoms or body listening. Even someone healthy, 
without a chronic illness, needs to pay attention to themselves, listen to their body 
so that changes can be detected early. Self-care management is defined as the 
response to bodily changes—signs and —when they occur. A self-care intervention 
that addresses only self-care monitoring without addressing what to do with the 
information obtained is not a true self-care intervention because it is not holistic. 
Holistic, broad interventions are needed to capture the variety of issues related to 
health and illness. A true self-care intervention should address multiple compo-
nents: (1) improving behaviors (e.g., tobacco use, diet, physical activity, and stress 
management), (2) encouraging independent monitoring or body listening, and (3) 
enhancing problem-solving and decision-making skills. We believe that interven-
tions that emphasize behavior change without incorporating problem-solving and 
decision-making skills are not true self-care interventions [70].

5.7  �Self-Care Interventions Tested in Low- and Low-Middle 
Income Countries

Some self-care interventions have been tested in low- and low-middle income coun-
tries. These studies are summarized briefly below to illustrate the CVD conditions 
studied and the approaches being used in these countries.
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5.7.1  �Africa

Few investigators are studying self-care intervention for CVD in Africa, but Ethiopia 
seems to be one place where self-care is being actively studied [60–66]. These stud-
ies are targeted at patients with hypertension and evaluated the association between 
self-care and associated factors at one time-point using questionnaires. Generally, 
they found that the level of knowledge on hypertension and self-care activities was 
low compared to the WHO standard. Particularly, self-care activities such as a low-
salt diet intake, physical activity, managing weight, and taking medication to con-
trol hypertension were low [60–66]. In these studies, most participants were 
non-smokers and abstained from alcohol for religious reasons. Patients who were 
unable to read and write, older than 65 years, with uncontrolled hypertension, poor 
social support, comorbid conditions, and living a rural area were most likely to have 
poor self-care. In one study, patients were also interviewed about their self-care 
activities [63]. This study revealed that physical activity was a major challenge due 
to limited or lack of exercise facilities and patients’ awareness and attitudes toward 
physical activity. Participants reported that the pressure during social events, pre-
paring separate meals for one person in a family, and inadequate information on 
hypertension led to negligence of their hypertension. Dealing with temptations pre-
sented challenges for hypertension self-care practice. Together these studies illus-
trate how challenging individual-level approaches are when cultural and system-level 
factors like the built environment are not aligned with patient motivation.

Educational interventions are promising in  locations where knowledge about 
how to prevent and manage illness is underdeveloped. So, it was not surprising that 
a self-care educational intervention based on social cognitive theory tested in 
Ethiopia with adults with chronic heart failure (HF) was effective in improving self-
care [55]. These investigators conducted a clustered randomized control trial (RCT) 
of 186 patients. Intervention group participants received illustrated educational leaf-
lets and an intensive 4-day training session with a 1-day follow-up session offered 
every 4 months. Self-care, measured using an instrument addressing primarily self-
care maintenance behaviors, increased more in the intervention group compared to 
the control group (p < 0.05).

5.7.2  �South Asia

Most of South Asia is classified as low-middle income (e.g., Pakistan, and India) 
except for Afghanistan, which is classified as a low-income country with a health 
system “on the brink of collapse” according to the WHO. A recent scoping review 
revealed that non-communicable diseases such as CVD are escalating in Afghanistan 
[71]. Little intervention research is being conducted in Afghanistan although one 
study of life skills training is based on self-care, improved mental health, and qual-
ity of life [72].
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In India, several RCT of self-care interventions for diabetes have been con-
ducted. One group of investigators studied the impact of a brief self-management 
intervention with education, relaxation skills, goal setting, and problem-solving 
[73]. They demonstrated improvements in HbA1c, quality of life, diet, exercise, 
medication adherence, glucose testing, perceived barriers, illness perceptions, per-
sonal control, beliefs in the effectiveness of treatment, understanding of the illness, 
depression, and anxiety. Another group conducted a pragmatic RCT in patients with 
depression and diabetes in India and significantly improved a composite measure of 
depressive symptoms and cardiometabolic disease at 24 months [56]. Another group 
studied the effect of text messaging with newly diagnosed adults with diabetes and 
found only a significant lowering of low density cholesterol levels in the interven-
tion group [57]. Hypertension is also studied in India. A scalable group-based edu-
cation and monitoring program tested in a cluster RCT significantly improved blood 
pressure control in the intervention group compared to the control group [74].

5.7.3  �Middle East

Self-care is studied robustly in Iran, a low-middle income country in the middle 
east. One RCT conducted with 90 people with HF focused on improving symptom 
awareness and recognition, problem-solving, diet, exercise, and stress management 
[58]. Eight weeks after the intervention ended that they found significant improve-
ment in the health status of patients in the intervention group.

Two other studies were performed with patients with diabetes. In one RCT, a 
structured educational program for improving lifestyle was conducted in 80 adults 
with type 2 diabetes [59]. Three months after the intervention, nutrition and physi-
cal activity improved more in the intervention group than the control group. HgA1c 
improved in both groups but achieving an HgA1c <7% was 10% more common in 
the intervention group compared to only 5% in the control group. In another RCT 
test, a telehealth approach providing care for adults with diabetes demonstrated 
significant decrease in fasting blood sugar and HgA1c in the intervention group 
after 3 months [75]. The authors explained their results as using telehealth allowed 
more time for self-care training.

Self-care interventions are also being used to address hypertension in Iran. Half 
of a sample of 56 older adults with hypertension were randomized to receive self-
care education with written materials and four telephone follow-up visits [76]. After 
3 months, normal blood pressure was achieved significantly more commonly in the 
intervention group compared to the control group. Finally, a 2-month home-based 
self-care education program was tested in an RCT conducted with 110 middle-aged 
adults with hypertension [77]. After 2  months, medication adherence, physical 
activity, adherence to a low-salt diet, and blood pressure control were better in the 
intervention group than the control group.
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5.8  �Conclusion

In this chapter, we have described self-care, an individual-level behavior that is 
strongly influenced by provider-level and system-level factors. The countries that 
have made the most strides are those that have implemented policy initiatives to 
address health needs and the built environment. Policy changes that would support 
self-care across the world are those that address healthcare access, the cost of care, 
and the built environment. Cultural- and gender-related factors have influenced self-
care behaviors in various positive and negative ways. Throughout this chapter, we 
highlighted the efforts to improve self-care and address common risk factors for 
CVD in low- and low-middle countries. Notably, despite a lack of resources and the 
lack of focus on cardiovascular prevention by major organizations like the WHO, 
investigators in some countries are taking the initiative to address CVD locally. 
Clearly more effort is needed at both the policy level and by individuals if we are to 
stop and reverse the current rise in CVD worldwide [1].

Glossary

Culture  The shared values, norms, feelings, and ways of thinking that are learned 
and transmitted to others in a particular group of people.

Healthcare provider-level factors that affect self-care  Time, training, scarcity 
of providers, poorly integrated services, out-of-pocket costs, and long wait-
ing times.

Individual patient-level factors that affect self-care  Poverty, limited understand-
ing of asymptomatic conditions, migration, rural residence, transportation, and 
access to healthy foods.

Individual-level behavioral risk factors  Tobacco use, unhealthy diet, body weight 
management, physical inactivity, and excess alcohol intake.

Motivational interviewing  A collaborative, goal-oriented style of communication 
with particular attention to the language of change. It is designed to strengthen 
personal motivation for and commitment to a specific goal by eliciting and 
exploring the person’s own reasons for change within an atmosphere of accep-
tance and compassion.

Self-care  The ability of individuals, families, and communities to promote their 
own health, prevent disease, maintain health, and to cope with illness and dis-
ability with or without the support of a health worker.

Self-care interventions  Approaches that change behavior by equipping the person 
with the knowledge and skills they need to actively engage in self-care mainte-
nance, self-care monitoring, and self-care management.

Social determinants of health  The conditions in which we live, learn, work, 
and play.
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System-level factors that affect self-care  Health and fiscal policies and the built 
environment.
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Chapter 6
Environment, Cardiovascular Health, 
and Local and Global Inequities

Pablo Ruiz-Rudolph and Karla Yohannessen

When thinking about the environment, we usually recall images of deteriorated ter-
ritories that greatly concern us. We remember images of factories releasing hazard-
ous wastes and trucks emitting air pollutants, and more recently, images of wildfires 
occurring during heat waves, as a likely consequence of global warming. The envi-
ronment, however, can be even more complex and is also found in our cities, in how 
they are built, in the presence of green-spaces, or lack of them, and more broadly, in 
all places where we live, play, learn, and work. In these environments, each compo-
nent can affect our health in different and complex ways; consider motor vehicles, 
they release air pollutants that can affect your health directly, when you inhale them, 
but also indirectly through greenhouse gases and their effects on global warming. 
The environment can also include the biosphere, which affects us and can be affected 
by our actions, and ultimately, the whole earth, in what is understood as planetary 
health [1]. From this point of view, we can meditate in how our societies and econo-
mies are structured, how they can be drivers of the way that cities are built and 
ultimately determine the environments we live, affecting us both locally, for 
instance, by the presence of infrastructure to do exercise, and globally, for instance, 
as sources of persistent chemicals or greenhouse gases.

Cardiovascular diseases (CVD), on the other hand, are one the main contributors 
to global mortality and disability and are quite unevenly distributed around the 
globe [2]. Cardiovascular diseases encompass many different major diseases such 
as ischemic heart disease and stroke and affect different organs, but they can all be 
related in their origin, as they are produced when affecting some general 
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physio-pathological routes such as endothelial dysfunction or oxidative stress 
[3–5]. In this way, when one route is stressed, many diseases could result as an 
outcome. We are all at risk of suffering cardiovascular diseases as they are produced 
by very common and widely spread individual risk-factors, such as obesity and 
cigarette smoking, that stress these routes. The question guiding this chapter is 
whether the environment could be a cause of CVD.  The environment might be 
affecting similar mechanisms as the “traditional” CVD risk-factors, thus com-
pounding their effects. Another question guiding this article is whether the environ-
ment can affect to a greater extent a particular group of individuals, raising an 
equity problem. We will consider this question from the traditional person-time-
place perspective: Who–when–where are the most affected? Women, the poor; now, 
in the future; in some parts of a city, countries in the southern hemisphere? Would 
some already burdened individuals suffer even a larger burden due to the environ-
ment? A final question we will attempt to address is what can be done about all this. 
In facing this question, we will see that there are “synergistic loops” between car-
diovascular health, the environment and social inequities that seem to operate in an 
interrelated way compounding the health impacts; and behind many of these causes, 
we can recognize societal drivers that ultimately push the stress in our environment 
and our health.

The chapter is organized in four main sections. The first deals with our 
understanding of the environment and present three main stressors affecting 
CVD: air pollution, climate change, and the urban environment. We show how 
these stressors are interrelated both by their drivers and effects. The second 
section reviews the current understanding of how these stressors affect CVD, 
describing the main mechanisms postulated and how these mechanisms usu-
ally overlap, compounding the risks. The third starts reviewing concepts of 
equity and environmental justice and presents how some populations, seen 
from a local and global perspective, might be more affected by environmental 
stressors. We close with a section of recommendations of how to prevent these 
impacts. We review main recommendations that can be found in the literature, 
along with the challenges to improve health, now and in the future, presented 
by the presence of these “synergistic loops” and societal drivers presented 
throughout the chapter.

6.1  �What Do We Understand by Environment and What Are 
the Relevant Environmental Stressors 
for Cardiovascular Health?

The concept of environment, and its relationship with health, has many rich 
sources [6, 7]. Some quite intuitive, dictionary definitions of environment point to 
all circumstances, objects, and conditions that surround us. Historically, the con-
cept has mutated from an early twentieth century understanding of the 
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environment as a natural, pristine, healthy place, such as a national park, to a mid-
twentieth century one where the environment is more usually associated with 
chemical pollutants, produced in factories or by combustion sources, which are 
unintendedly present in our air, water, soil, or food [8]. Two well-known examples 
are the contamination by asbestos used as insulating material and lead used in 
gasoline as an anti-knock. More recent definitions also recognize the importance 
of urban environments as promoter of health and well-being and the impacts of 
global environmental degradation in future generations. Last, it is important to 
remark the contribution of the environmental justice movement that made a para-
digmatic shift moving the concept of the environment from natural, pristine, dis-
tant places, to the actual places where we live, play, learn, and work. This shift 
puts at the center the surrounding where communities develop and where they can 
thrive or get sick [8, 9].

Many environmental stressors have been identified as risk-factors of CVD. Here 
we will focus in three major ones: air pollution, climate change, and the urban 
environment, as they have been recognized as major contributors of CVD mortal-
ity and burden of disease [2–5, 10–12], there have been calls for action from 
several scientific societies [13–17], and they have quite interrelated dynamics that 
make interesting cases when sources, projections, and likely solutions are consid-
ered. In any case, many other environmental stressors have been identified [18]; 
with many of them, i.e., microplastics and deforestation, being currently major 
matters of concern.

A critical point when thinking about how to prevent the effects of these environ-
mental stressors is to think about the underlying causes of these manifestations. In 
public health, a useful conceptual framework is the social determinants of health, 
which points to ascertain the “causes of the causes” for a given health effect [19]. In 
this view, determining that smoking increases CVD risks is not enough, but aims to 
understand the social conditions that drive low-income teenage Chilean girls to start 
smoking [20]. This framework has been particularly applied to environmental prob-
lems, generating the DPSEEA model (Driving forces-Pressures-State-Exposure-
Effects-Actions) by the World Health Organization (WHO) [7]. The model links 
environmental stressors with health effects but also with the underlying drivers, the 
underlying social determinants. This facilitates decision-making as driving forces 
become main target for intervention. We can exemplify it with traffic air pollution. 
Driving forces might be population growth, urban design (i.e., a sprawled, highway 
oriented city) and energy options. This would generate pressures to the environment 
in the form of emissions of air pollutants, which in turn modify the state, the actual 
concentrations in air. This deterioration in the state would threaten health only when 
people are actually exposed to pollutants, because they spend time in traffic or are 
downwind from major highways. Actions could be targeted to any of the levels: we 
could use masks to decrease exposures, we could move highways away from popu-
lated centers, we could put filters in the exhausts, but from a public health point of 
view the most effective action is to modify the drivers, for instance, changing a city 
orientation so to decrease traffic. Even more, in the next sections, we will see that 
many stressors share driving forces.
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6.1.1  �Air Pollution

Essentially, air pollutants are gases and particles suspended in air that can be inhaled 
and produce health effects [21, 22]. From all known air pollutants, three have been 
identified as of major concern by monitoring programs due to their ubiquity and 
demonstrated health impacts: particulate matter of size below 2.5 μm (PM2.5), ozone 
(O3), and nitrogen oxides (NOX) [23]. Air pollutants can be directly emitted from 
sources and are known as primary pollutants. Examples are sulfur dioxide (SO2) 
emitted from coal-fired power-plants, carbon monoxide (CO) from motor vehicles, 
and PM2.5 from residential wood-combustion [24–26]. Pollutants can also be pro-
duced in the atmosphere through chemical reactions from gaseous precursors and 
are known as secondary pollutants. Major examples are O3 formed from volatile 
organic compounds and NOX, and PM2.5 which can be formed from reactions of 
SO2, NOX, or volatile organic compounds (VOCs) [22, 27–30]. Consequently, in 
order to control secondary pollutants, O3, or secondary PM2.5, we should control 
their gaseous precursors. Main sources of air pollutants worldwide are vehicular 
and industrial emissions, particularly large combustion sources for energy produc-
tion, such as coil- and oil-fired power plants [3, 31, 32]. More recently, and due to 
energy crisis, the use of biomass burning for heating and cooking has been greatly 
expanded [24, 25, 33–35].

To have effects, people need to be in contact—being exposed—and inhale these 
pollutants. People can be exposed because the pollutants accumulate in a city or 
because they are in the vicinity of emissions. For instance, high exposures to CO, 
PM2.5, NOX, and ultrafine particles (UFP) have been observed within meters of traf-
fic emissions [36–38], and to PM2.5 in neighborhoods with large presence of resi-
dential wood-burning for heating [39–41]. Worldwide, a case that provokes 
particularly large exposures to PM2.5 and CO are household air pollution (HAP) 
produced by unvented indoor biomass burning. These emissions, happening mostly 
in very disadvantage populations, accumulate in close, kitchen microenvironments, 
leading to very high concentrations of pollutants that are later inhaled, mainly by 
women and their children [42–44]. Sources can also have impacts at a regional 
scale, for instance, power plants or smelters emissions can affect cities hundreds of 
kilometers away [27, 31, 32]; and even at a transcontinental or global scale [45], as 
the most notorious impacts of dust storms, which can increase the concentrations of 
particulate matter thousands of kilometers away from their origin [46].

Global exposures to air pollutants are high; for PM2.5, the global annual mean 
concentration was 42.6 μg/m3, much higher than the WHO annual guideline of 2005 
of 10 μg/m3 or the revised 5 μg/m3 guidelines 2021 [22, 26]. Exposures are also 
highly unequal globally with lower concentrations in North America and Europe 
and higher concentrations in East, Central, and South Asia; North Africa and the 
Middle East; and Southern and Western sub-Saharan Africa and Central America, 
with inequalities being even increased when HAPs are considered [2]. Trajectories 
of air pollution exposures also vary widely worldwide depending on technological 
and economic development, being more notorious the rise in emission by China and 
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India with the concomitant reduction in North America and Europe [47]. Forecasting 
future exposures is highly dependent on available technologies, levels of production 
and most important, the links to reduction due to the climate change mitigation 
efforts [48, 49].

6.1.2  �Climate Change

Climate change refers to long-term changes in temperatures and weather patterns 
[50]. These changes may be due to natural internal processes, such as changes in the 
activity of the sun or large volcanic eruptions; however, since the nineteenth cen-
tury, human activities have been the main driver of climate change through persis-
tent anthropogenic changes in the composition of the atmosphere and in land use 
[51]. Human activities that produce persistent changes in the composition of the 
atmosphere are those activities that produce greenhouse gases (GHG), the defores-
tation and destruction of marine ecosystems that absorb GHGs, and the increase in 
population that consumes more and more natural resources, which has led to over-
whelming urbanization and the constant demand of products of animal origin [12, 
52]. The main GHGs in the Earth’s atmosphere are water vapor (H2O), carbon diox-
ide (CO2), nitrous oxide (N2O), methane (CH4), and ozone (O3), which can all be 
emitted naturally; however, the constant and progressive anthropogenic emission of 
GHG due to the combustion of fossil fuels and large-scale production of products of 
animal origin, added to the deforestation and changes in land use for residential use 
or agricultural production, has produced an increase in these gases in the atmo-
sphere [45, 52, 53]. In addition, in the atmosphere, there are a number of GHGs 
entirely produced by man, such as halocarbons and other substances containing 
chlorine and bromine, hydrofluorocarbons (HFCs), and perfluorocarbons 
(PFCs) [53].

As a result of all these anthropogenic emissions, heat is trapped in the atmo-
sphere, and significant variations in the climate are occurring that would not occur 
naturally; the last decade (2011–2020) was the warmest ever recorded and, cur-
rently, the temperature of the Earth is 1.1 °C higher than at the end of the nineteenth 
century [10, 12, 53, 54]. Global warming alters the water cycle which has led to the 
emergence of droughts and desertification, ocean acidification, melting of the poles 
and rising sea levels, as well as an increase in the frequency and intensity of extreme 
weather events. All these phenomena are having devastating consequences in our 
planet with evident damage to ecosystems, loss of biodiversity, extinction of spe-
cies, and general decrease in natural resources with their corresponding impact on 
the health, well-being, and living conditions of the population, while at the same 
time striking a difficult blow to the society and the local, regional, and global econ-
omy [12, 55].

Climate change alters atmospheric conditions and harms the processes of dilution, 
dispersion, and elimination of atmospheric pollutants from the ecosystem. In general, 
densely populated areas may be particularly and disproportionately affected by 
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climate-mediated worsening air quality. For example, global warming is causing 
changes in precipitation patterns and other climate anomalies, which have resulted in 
drier conditions that may increase the frequency and intensity of wildfires and dust 
storms that simultaneously emit or produce toxic air pollutants. Furthermore, higher 
temperatures, decreased precipitation, and air stagnation are favorable conditions to 
promote the formation and accumulation of secondary pollutants; and inversely, some 
pollutants such as O3 are greenhouse gases themselves and can even increase the tem-
peratures during heatwaves [10]. For these reasons, the concept of “climate penalty” 
arises, which refers to the greater formation of secondary pollutants, such as O3 at 
ground level (tropospheric), with the increase in temperatures and the alteration of 
meteorological conditions caused by the climate change [10, 55].

6.1.3  �Urban Environment

According to the World Bank, in 2022, the global urban population will exceed 
55% of the world’s total population, and 7 out of 10 people are projected to live 
in cities by 2050. Once a city is built, the physical structure and land use pat-
terns may be impossible to change over generations, leading to an unsustainable 
expansion [56]. Within a city, the built environment is understood as the totality 
of the places and the infrastructure created, such as buildings, streets, and parks, 
are the main settings where we live, work, study, and play. An important phe-
nomenon that appeared in the twentieth century was urban sprawl, which refers 
to the uncontrolled expansion of urban areas, usually through low density devel-
opments in the suburbs, which dramatically changes the quality of the built 
environment, and involves the consumption of large amounts of land and natural 
resources, such as fossil fuels to fuel motor vehicles and power generation, 
water lost through runoff from extensive impervious surfaces, consumer goods 
to fill large houses, and increased time dedicated to travel [56, 57]. These two 
urban aspects can become environmental stressors as they can facilitate or 
impede physical activity, improve or degrade air quality, provide or impede 
access to healthy foods, and promote social interaction or aggravate social isola-
tion, among many others [57].

The urban environment relates to physical activity through the incentive, or lack 
of it, for the population to commute using active transportation. The combination of 
land use, density, connectivity, and design play an important role in walkability and 
physical activity levels in communities [57, 58]. When different land uses (for 
example, residential, schools, workplaces, and retail) are located close to each other, 
travel distances are shortened, allowing people to move from one place to another 
by walking or cycling, and increasing physical activity as part of the daily routine. 
On the contrary, when distances are long, car use is encouraged along sedentary 
behavior. People who use public transportation typically walk to and from transit 
stops, systematically adding minutes of physical activity to their daily routine. 
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Urban sprawl, with their low-density developments, is associated with fewer people 
walking or cycling, as well as a lack of public transport, which favors the use of the 
car [57–59]. Other urban design features, such as connectivity, bike lines, shade, 
perceptions of safety, and natural amenities such as trees and landscapes, also affect 
decisions about outdoor activities, including walking and cycling for walking and 
commuting [57, 58].

Urban design can also affect us through other paths. Air pollution is affected 
through urbanization and transportation patterns. Emissions from the transporta-
tion sector include GHGs and toxic air pollutants. Exposures to emissions from 
cars and trucks are larger near busy roads [36, 37, 60], which are often located in 
low-income neighborhoods that also face other environmental and social health 
threats. Good urban and transportation planning can reduce miles traveled, GHG 
emissions, and air pollution concentration in a city or neighborhood [57–59]. 
Public parks and green spaces provide places where people can engage in physical 
activity, enjoy contact with nature and other people, and relax, contributing to the 
quality of life of a city’s residents [57–59]. Additionally, green spaces improve air 
quality, reduce noise, and improve biodiversity while moderating temperatures 
during hot periods and providing cool, shaded areas [61, 62]. For these reasons, 
the World Health Organization recommends that all people reside within 300 m of 
green spaces. Healthy food environment in communities includes the location of 
food stores and the availability of healthy, affordable foods, where evidence has 
been consistent in reporting that readily available fresh foods improve health 
[61, 62].

6.1.4  �Compound Impacts

We finish the section alerting in how these impacts may be compounded, which 
is highly likely as they share many drivers, increasing the risks not only for 
CVD but for many other health outcomes. We will illustrate the point through 
climatic extreme events. These events can occur compounded (compound 
events) or in cascade (several events happening consecutively), increasing the 
impacts in the environment, the population, and society. For instance, higher 
temperatures can increase the frequency of heat waves and also, alter global 
water cycles, which can lead to more frequent episodes of heavy rains and more 
intense hurricanes. In turn, more precipitations exacerbate the risk of flooding 
and landslides. Risk of flooding in coastal regions is amplified by sea-level rise, 
threatening costal infrastructure. As other case, increasing temperatures can 
also increase the frequency, severity, and duration of heat waves and droughts, 
which in turn increase the risk of wildfires. Droughts, heat waves, wildfires, and 
floods often occur as product of several interlinked physical processes, which in 
isolation might not be extreme, but combined can provoke very significant 
impacts [55].
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6.2  �How Environmental Stressors Affect Health?

6.2.1  �Air Pollution Effects

Air pollution is the fourth cause of illness and death in the world [11]. The World 
Health Organization (WHO) estimated that 91% of the world’s population lives in 
places where average annual air pollution levels exceed recommended levels for 
PM [3, 5]. According to the Global Burden of Disease (GBD) study, air pollution 
was responsible for 9 million deaths worldwide in 2019, of which 61.9% were due 
to cardiovascular diseases, including ischemic heart disease (32%) and stroke (28%) 
[5]. Air pollutants can cause cardiovascular toxic effects through complex and var-
ied mechanisms. The main categories have been identified: initiating mechanisms, 
effector pathways, and development of risk factors. Once pollutants had entered the 
body, they can initiate mechanisms by triggering processes such as inflammation, 
activation of neural reflex arcs, and ligation of pattern recognition receptors. Effector 
mechanisms involve the subsequent activation of rapid neuronal pathways and the 
release of biologically active substances such as inflammatory cytokines, oxidized 
lipids, immune cells, microparticles, and microRNAs. Last, the development of risk 
factors, such as hypertension and type 2 diabetes, is a result of chronic oxidative 
stress and inflammation induced by the pollutants [5, 10].

Many studies have consistently shown that short-term exposure to daily levels of 
PM2.5 (between hours and days) is associated with an increased risk of myocardial 
infarction, stroke, and death from cardiovascular disease, increasing the mortality 
risk by up to 1% per each increase of 10 μg/m3 of PM2.5 [3–5, 10]. Air pollution has 
also been associated with an increased risk of atrial fibrillation and ventricular 
arrhythmias. On the other hand, long-term exposure to PM2.5 (1–5 years) has been 
associated with elevated mortality from ischemic heart disease and an increased risk 
of hospitalization or death from heart failure [3, 5]. These effects have been observed 
even at very low exposure levels, below the 10 μg/m3 annual WHO air quality 
guideline for PM2.5, unveiling that most air quality standards are not sufficient pro-
tect the cardiovascular health of the population [3, 5]. Biological factors such as 
advanced age, previous cardiovascular disease, cardiovascular risk factors, lung dis-
eases, and immunosuppression can increase a person’s susceptibility to air pollution 
[5]. A very important risk groups are those apparently healthy at-risk individuals, 
which includes a large population of people with asymptomatic peripheral vascular 
or coronary disease, who could be seriously affected by an episode of air pollu-
tion [3].

Air pollution has also been causally related to other risk factors for cardiovascu-
lar diseases, particularly hypertension and diabetes mellitus; in many cases, sharing 
their physio-pathological paths, thus compounding their effects [3–5]. Short-term 
increases in PM2.5 levels have been associated with alterations in vascular tone, 
increases in blood pressure up to 10 mm of Hg, while long-term exposures have 
been associated with increased incidence of new-onset hypertension, and increases 
in carotid intima-media thickness, coronary artery calcification, abdominal aortic 
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calcification, and susceptibility to atherosclerotic plaque formation [3]. Furthermore, 
evidence from experimental and epidemiological studies had linked PM2.5 expo-
sures with insulin resistance and type 2 diabetes. Even more, these associations 
have been observed at very low PM2.5 exposures, below 5 μg/m3 [4, 5]. Finally, we 
highlight that these mechanisms can induce not only CVD but many other health 
effects [63].

Other pollutants, which might originate from similar sources as air pollutants, have 
also been associated with the risk of cardiovascular disease. Lead exposure, which 
might originate from smelters, is a known risk factor for hypertension and is associ-
ated with mortality from cardiovascular causes. Exposure to methylmercury, which 
can originate from coal-combustion, has been associated with an increased risk of 
death from cardiovascular disease and nonfatal myocardial infarction. Consistent 
dose-response associations have also been found between arsenic exposure, which 
can originate from copper smelters, and coronary heart disease, peripheral artery dis-
ease, and type 2 diabetes [5]. Additionally, pollutants from manufactured chemicals 
such as halogenated hydrocarbons (polychlorinated biphenyls, dioxins, brominated 
flame retardants, and organochlorine pesticides), perfluoroalkyl substances, and plas-
tic-associated chemicals (bisphenol A and phthalates) have been implicated in 
increased disease risk and cardiovascular risk factors due to its association with diabe-
tes mellitus, dyslipidemia, insulin resistance, and obesity [5].

6.2.2  �Climate Change Effects

Climate change has been considered the greatest challenge to global public health 
of the twenty-first century. Climate change may worsen cardiovascular health or 
lead to premature deaths from cardiovascular diseases through direct and indirect 
pathways. Direct pathways include exposure to extreme heat and poor air quality 
due to the formation of secondary pollutants, forest fires, and dust storms [10]. 
Indirect pathways involve multiple and complex mechanisms, including access to 
healthy food and clean water, transportation, housing, electricity, communication 
systems, healthcare infrastructure, and other social determinants of health, all of 
which are essential for maintaining good cardiovascular health [4, 10].

From the direct pathways, events of extreme heat or heat waves are the ones most 
easily associated with climate change. Extreme heat can have serious implications for 
cardiovascular health, especially in people with pre-existing conditions. Body 
responses, which include dehydration, increased metabolic demand, hypercoagulabil-
ity, electrolyte imbalances, and systemic inflammatory response, can put significant 
pressure on the cardiovascular system, resulting in increased risks of ischemic heart 
disease, stroke, heart failure, and arrhythmia. Several studies have shown a 15% 
increase in mortality from cardiovascular diseases during heat waves. Furthermore, 
some at-risk patients using diuretics as treatment for some base cardiovascular disease 
can have exacerbated dehydration states and electrolyte imbalances [4, 64]. Higher 
temperatures can also contribute to the climate penalty through increased levels of O3 
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formation, which in turn could increase local temperatures [4]. Additionally, the syn-
ergistic effect between air pollution and high temperatures on the cardiovascular sys-
tem has been observed, with increased heat-related cardiovascular mortality when 
high concentrations of PM2.5 or ozone are present [10].

Droughts are associated with extremely low rainfall, high evaporation, and high tem-
peratures, increasing the risk of dust storms, water insecurity, wildfires, food shortages, 
and other health-related events [12]. The forest fire season and burning time in some 
areas have been extended due to drought and low rainfall. Direct health impacts of wild-
fires include burns, injuries, mental health effects, and premature deaths [12]. Exposure 
to wildfire smoke causes increased cardiovascular morbidity and mortality, particularly 
among older people [65]. Sand and dust storms have been associated with increased 
mortality and cardiovascular morbidity when comparing days with dust storms to days 
without this event, specifically, an increase in cardiovascular hospitalizations and emer-
gency department visits for ischemic heart disease and stroke [4, 10].

Other phenomena that have increased with climate change are heavy rains, hur-
ricanes, storms, and rising sea levels that can cause devastating floods. In addition 
to deaths and injuries, threats continue after floods as people lose their homes, sewer 
overflows can contaminate drinking water and agricultural soils, increasing the risk 
of infectious, water-, soil-, and vector-borne diseases. Studies have shown an 
increased risk of short- and long-term mortality and worsening of non-communicable 
diseases in populations affected by floods during the first year, as well as the occur-
rence of post-traumatic stress disorders, depression, anxiety, and stress, which have 
been described as cardiovascular risk factors [12]. As an indirect pathway, climate 
change is expected to negatively affect food production and security in all aspects of 
the food system (availability, access, utilization, and stability) and their interactions. 
This will have serious consequences for human health due to a lack of sufficient 
nutrients to sustain life or a greater susceptibility to infectious diseases. However, 
healthy eating, which is closely related to cardiovascular health, will also be affected 
by food insecurity [12]. Although the entire planet is being affected by climate 
change, the impact is uneven according to socioeconomic, demographic, and envi-
ronmental factors, so that children, the elderly women, the poor, and those living in 
coastal regions are particularly susceptible to climate change [12].

Although the effects of air pollution and climate change on cardiovascular health 
may appear independent, they are closely interrelated ecologically. Climate change 
and air pollution exist in vicious feedback loops, where each exacerbates the other. 
To start, GHGs and air pollutants largely come from the same sources. GHG emis-
sions, mainly from the burning of fossil fuels, contribute to climate change, and 
conversely, climate change leads to an increase in ground-level PM2.5 and O3. As 
part of climate change and global warming, extreme weather conditions will con-
tribute to more substantial acute increases in air pollution [3]. For example, climate 
change generates extreme heat events, which intensify in large cities where urban 
heat islands are created by replacing trees and vegetation with buildings and pave-
ments that absorb heat instead of reflecting it. These high temperatures also increase 
the demand for electricity for air conditioning, which in turn increases the burning 
of fossil fuels and pollution [5, 10].
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6.2.3  �Effects of the Urban Environment

With rapid urbanization, the urban environment is receiving increased attention as it 
can be a promoter or a threat to health. At the neighborhood level, the urban envi-
ronment is characterized by similar social positions, demographics, and housing 
characteristics, and it is the most appropriate spatial unit to predict residents’ expo-
sures [57, 59]. Within a neighborhood, consistent evidence showing that the protec-
tive effects of green (trees, grass, forests, and parks) and blue spaces (lakes, rivers, 
and coastal waters) on multiple non-communicable disease outcomes, including 
respiratory diseases, diabetes, stroke, coronary heart disease, ischemic heart dis-
ease, and cardiovascular diseases have been found. Green and blue spaces addition-
ally provide regulatory services and health-related benefits including urban heat 
regulation, noise reduction, improved air quality and moderation of climate 
extremes, pollination, pest regulation, seed dispersal, and global climate regulation, 
which are commonly considered protective factors for cardiovascular disease and 
other outcomes. Neighborhood with a higher walkability can effectively reduce the 
risk of diabetes. Green spaces and walk-friendly built environments also promote 
physical activity, social interactions, and psychological well-being, thereby benefit-
ing the overall health of urban residents [59].

Conversely, proximity to major highways, industries and landfills can pose seri-
ous threats to human health. Proximity to major roads has deleterious effects on 
cardiovascular diseases, lung cancer, and type 2 diabetes. Leukemia and lung cancer 
can also be induced by prolonged exposure to industrial sites. Additionally, residen-
tial proximity to landfills is associated with cardiovascular disease, respiratory dis-
eases, and some types of cancer. Pathways may be related to ambient air toxins 
emitted from industrial sites and major highways [59]. Climate change represents a 
threat to urban infrastructure and the built environment. Coastal and low-lying geo-
graphic areas, as well as densely populated cities with poor infrastructure services 
and a lack of green spaces, offer less protection against the potential health risks 
associated with extreme weather events, contributing to vulnerability to climate 
change [4].

6.3  �Environmental Inequities as Determinants 
of Cardiovascular Health Inequities

It has been long recognized that social determinants and inequities can affect the 
health of populations [66, 67]. Social determinants usually associated with health 
outcomes are socioeconomical position, race or ethnicity, networks of social sup-
port, culture and language, access to care, and residential environment [68]. 
Extensive literature demonstrates the disparities in cardiovascular health for differ-
ent groups [20, 68, 69]. A couple of topics that are mainstream in this area are: first, 
how upstream social determinants, such governance and policies, determine health 
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disparities, and the second, how these social differences are embodied in people, 
how they “get under the skin.” It can be argued that our surrounding, our neighbor-
hoods, the air we breathe might be involved [67].

The concepts of environmental justice point directly to these environmental 
inequities and how they can affect our health [9]. Environmental justice put the light 
in the unequal spatial distribution, where we live, play, learn, and work, of the envi-
ronmental risks and benefits of societal activities, and how these burdens dispropor-
tionately fall upon some social groups. This disproportion in understood at many 
levels: in the first macro level, as the lack of political voice so to influence politically 
in the distribution process, in the second communitarian level, as spatial segregation 
of people and the spatial accumulation of risks in their surroundings, and in the third 
individual level, as the individual vulnerability and lack of capacity to cope with the 
extra burden experienced [9]. Thus, some marginalized groups might not have the 
political voice to avoid the location of toxic waste in their surroundings; their neigh-
borhood would deteriorate, increasing their exposures to pollutants, resulting in 
many already vulnerable individuals getting sick, which is aggravated by the lack of 
access to good health care to cope with it. This traditional view of environmental 
justice has been enriched to encompass a global perspective, contrasting the global 
north and the global south. It put the focus in the disproportion, at the global level, 
of where extraction, production, consumption, and disposal happen; in summary, 
who, get the benefits and who bears the burdens. Additionally, new perspectives on 
sustainability, climate justice, and interspecies and intergenerational justice have 
been moved to the front line [8, 70].

Air pollution is a good example of environmental inequity. Large number of 
studies have compared exposures to air pollution by social determinants, finding 
large disproportions by socioeconomical status, particularly in the US [71]. These 
disproportionate exposures occur not only for air pollutants but for many other 
chemical pollutants, affecting vulnerable populations near industrial sites, major 
roadways, and agricultural operations [72]. A well-known example in Chile is the 
Quintero-Puchuncaví industrial area, where 12 companies have gathered since the 
1960s emitting all type of pollutants to the nearby populations [73–75]. Another 
particularly interesting example of air pollution and CVD inequities was reported 
by Bevan et al. Using US counties as unit of observation, they found higher expo-
sures to PM2.5 in counties with higher social deprivation, and at the same time, 
stronger associations between CVD and PM2.5 in these counties [76]. In another 
study, Mujahid et al. found that black adults living in neighborhoods that have been 
historically “redlined,” a form of historical discrimination sanctioned by govern-
ments, presented lower indexes of cardiovascular health [77].

At the global level, large differences in exposures have been seen between 
regions as mentioned in Sect. 6.1.1 [2, 47]. Additionally, evidence of disparities by 
social determinants in regions other than North America and Europe can be found 
but are scanter [71]. In Latin America, for example, evidence is not abundant and is 
limited to three countries (Chile, Brazil, and México); most important, authors high-
light the lack of studies analyzing race or ethnicity considering the colonial and 
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slavery historical past of the region [78]. In general, there is a paucity of studies of 
environmental risks and inequities from the global south [71, 78, 79].

Besides being the major threat facing our generation [80–82], climate change 
stands out for the high inequity that entails both its causes and impacts. There is a 
large disproportion in greenhouse emissions causing climate change, with some 
countries (EEUU, Europe, China, India) leading by far. This disproportion is 
increased and shifted to rich countries of the global north when emissions are con-
sidered in terms of consumption, i.e., not attributing the emission to where a product 
is manufactured but where they are consumed [83, 84]. The impacts, not only to 
health but to ecosystems, the economy, and other societal outcomes, are also greatly 
disproportionate between the global north and the global south but in the opposite 
direction as with the emissions [85].

Within the cities, many low-income residents could only afford to live in infor-
mal setting, exposed to high risks that may add to their already fragile health. 
Additionally, a disproportionate distribution of environmental stressors is expected 
as urban heat islands, urban green, environmental hazards and pollutants, and access 
to healthy waterways [86]. Vulnerable populations, including children, the elderly, 
people with disabilities, racial and ethnic minorities, and people of low socioeco-
nomic status, are at particular risk for adverse health impacts due to poorly designed 
urban environment. These people may have less access to parks, green areas, and 
open spaces for physical activity and to healthy food stores. They may live near 
busy roads that make walking difficult and contribute to high noise levels and poor 
air quality. They may not have a car and public transportation may be poor, limiting 
their access to many of the goods and services available to other members of society 
[57, 62].

Urban population is expected to rise in the range of billion in the next decades, 
with most of the growth happening in cities of the global south [87]. At the same 
time much of the impacts of climate change will happen in these cities, which are 
chronically underfunded for the required adaptation efforts. Within-city inequities 
might even increase, as adaptation plans will likely differ between affluent parts of 
the city and their less affluent counterpart [87]. This can be illustrated by the luxury 
effect [86], where affluent neighborhoods, with greater discretionary income and 
capital, could afford greener and more biodiverse surrounding, which in turn, could 
protect them of heat waves, air pollution, and other environmental hazards.

Two final comments on inequities are regarding the concepts of degrowth and 
intergenerational justice. Regarding the first, Scheidel et al. denounce that many large 
economies have developed by fostering an unsustainable and unjust growth [88]. In 
what is called the “imperial way of life,” rich economies have prospered through the 
unlimited appropriation of resources and work force. From this diagnostic emerge 
degrowth movements that point to a radical change in ways of production, away from 
industrial, capitalistic profiles. From the global south, on the other hand, the stress is 
put in justice. Many countries of the region have suffered scarcity and are not con-
vened by degrowth, asking: degrowth of what? In part it could be understood that 
countries living an imperial way of life should reduce their consumption, but many 
regions in the global south will need to grow in infrastructure and other benefits of 
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modernization to attain a decent quality of life [89]. For intergenerational justice or 
intergenerational responsibility, a driving idea is that our generation must pass our 
world intact to the next generation. In this view, we are custodians, not masters, of the 
biosphere, and warns us of the suffering and tragic choices that we will pass to our 
descendants [70] that could come from our inaction.

6.4  �Recommendations to Face Environmental Challenges 
in Highly Unequal Contexts

Several recommendations have been emanated from medical and scientific societies 
and from major reviews, particularly to face the air pollution and climate change 
threats. Some of the statements stress the benefits of individual actions such as use 
of filtrations systems to protect individuals against air pollution, the use of air qual-
ity indexes and maps so people can avoid exposures, and heat warning systems to 
avoid the effects of heat waves [3, 16, 23]. Others point to a somehow more collec-
tive action of the health care personnel through the direct action in reducing the 
healthcare sector emissions and through research and education, to practitioners and 
patients, of the impacts of the environment on health so it can translate in public 
advocacy. Some of the major review, on the other hand, stress the point of collective 
action and highlight that individual measures are unlikely to solve the problems and 
argue for cross-level global actions that encompass actions to control air pollution, 
the effects of climate change, considering inequalities [4]. Some of the points raised 
are supporting the work of the air quality standards and comply with the Paris agree-
ments, the need of an energy transition with the phase-out of fossil fuels, reorient 
city design to decrease car use, increase public transport and walkability, increase 
green space and in general create people oriented cities, besides arguing for a plant-
based diet and creation of adaptation plans for climate change with a focus on vul-
nerable people [4, 5, 12]. Shi et al. are even more comprehensive when considering 
urban adaptation to climate change and propose that plans should include citizen 
participation, funding at a global scale, and apply multilevel and multi-scalar 
approaches, integrating justice criteria for infrastructure financing of rapid grow, 
low budget cities [87].

We conclude with a final reflection regarding a broader view of the problem and 
solutions. Throughout the chapter, we have seen how all issue regarding the envi-
ronment, health, and equity are quite interlinked among them usually exacerbating 
their impacts (Fig. 6.1). It is not only CVD that are impacted by these environmental 
stressors but many other diseases. It is not only that we affect our nearby environ-
ment, but also of other species and ultimately the whole planet. It is not only us now, 
but the ones to come. And the ones already burdened will be even more. In this 
context we urge to consider broader measures to tackle the problem, modifying the 
driving forces to get out of the loops as presented previously.

P. Ruiz-Rudolph and K. Yohannessen



123

Glossary

Air pollution  Gases and particles suspended in air that can be inhaled and produce 
health effects.

Built environment  Totality of the places and the infrastructure created, such as 
buildings, streets, and parks, are the main settings where we live, work, study, 
and play.

Climate change  Refers to long-term changes in temperatures and weather 
patterns.

Environment  Circumstances, objects, or conditions by which one is surrounded.
Environmental justice  The fair treatment and meaningful involvement of all 

people regardless of race, color, national origin, or income, with respect to the 
development, implementation, and enforcement of environmental laws, regula-
tions, and policies.

Environmental stressors  They are components of the natural or altered environ-
ment that could interact with organisms triggering a response that can lead to 
impaired health.

Green spaces  An area of grass, trees, or other vegetation set apart for recreational 
or aesthetic purposes in an otherwise urban environment.

Greenhouse gases (GHGs)  The gases in the atmosphere that raise the surface tem-
perature of planets such as the Earth.

Urban environment  An area with an increased density of human-created struc-
tures in comparison to the areas surrounding it.

Fig. 6.1  Synergistic loops 
between environment, 
health, and equity
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Subtitles
1. Virological Aspects

1.1. History of epidemics impact in the human communities. Pandemics have 
ever existed and currently viruses are the principal responsible agents.

1.2. Factors participating in the emergence of outbreaks and pandemics. 
Although factors depending on agent, environment, and host always participate, 
those referred to the agent are of principal importance.

1.3. Viral participation in the generation of pandemics. Historically viruses 
have caused the majority of pandemics because its biologic characteristic enables 
their genetic variations. The RNA viruses are the main candidates for future 
pandemics.

1.4. The COVID-19 pandemic. The SARS-CoV-2 jumped in 2019 from an ani-
mal reservoir to the men and it acquired the capacity of easy transmission through 
the air. And it has continued mutating and so evading the control measures that sci-
ence is recommending.

2. COVID-19 pandemic: The case of Chile. This is a long and narrow country 
with 19,500,000 inhabitants living in the southwest of South America. Their social 
status is characterized by a life expectancy at birth of around 80 years, infant mor-
tality of 6.5/1000 alive newborns, general mortality of 6.5/1000 inhabitants: in rela-
tion to the latter, deaths from cerebrovascular disease (48.3/100,000) and myocardial 
ischemic disease (45.7/100,000) account for the two more frequent specific causes. 
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Low-income poverty affects 15% of the inhabitants and the average schooling 
reached 11.7 years in 2020.

2.1 Measures adopted in Chile to mitigate the effects of COVID-19. The 
prompt and permanent access to different vaccines allowed high immunization cov-
erage, which hopefully reduced the lethality of severe cases. Also, the treatment for 
severe hospitalized cases improved with a larger supply of new personnel and 
equipment support.

2.2. Impact of COVID-19  in health outcomes. Most of the health resources 
were destined to severe COVID cases and many out-patient health actions were 
delayed.

2.2.1. Hospitalizations. There was a great demand for intensive care units for 
COVID, but it was resolved with a 243% increase in the number of beds and with 
most O2 supplementation in many wards.

2.2.2. Cardiovascular impact. Despite the decline of the primary healthcare 
consecutive to the priority to COVID management, the universal coverage for acute 
myocardial infarction implemented in Chile in the 90s was effective enough in pre-
venting an increase in AMI lethality during the pandemic.

2.2.3. Health expenditures. A brief comment on expenses increment for pan-
demic management is done.

3. Lessons and Challenges for Future Pandemics
In Chile, the Public Health System traditionally responds promptly. Under 

the risk of the emerging COVID 19 pandemic, in March 2020 after the first case 
was reported, efforts for controlling its diffusion were initiated. The permanent 
information and counseling of WHO and PAHO helped the government authori-
ties to assign personnel and resources to combat the pandemic. Chile was one of 
the first countries in producing worthy statistics related to the local impact and 
in adopting pandemic control measures, acquiring as soon as possible the vac-
cines commercially available as described in point 2. Health and Science 
Ministries and Universities collaborated in testing and evaluating many possible 
vaccines. Significant vaccination efforts were undertaken to achieve a herd 
immunity in the country; however, this goal was hindered by the permanent 
appearance of virus variants of concern causing the increase of new cases. 
National Health Service was permanently incrementing the personnel and 
equipment, mostly mounting new intensive care units (ICU) and coordinating 
the public and private health systems to satisfy the rising health demands.

The lesson for the future is that rapid diagnostic tests are necessary for measur-
ing the factual magnitude of the problem, while science identifies the agent and 
starts the vaccine development race. In the meanwhile, it is necessary to implement 
non-pharmaceutical interventions to reduce COVID-19 mortality and health-
care demand.

We think that the humankind has learnt a lot with the COVID-19 experience and 
is better prepared to contest a future pandemic emergence.
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7.1  �Virological Aspects

7.1.1  �History of Epidemics Impact in the Human Communities

The epidemic and pandemic emergences have historically had a great influence on 
the human community according to accreditable information. They have been 
caused by bacteria, parasites, and viruses, the latter the more frequent agents. The 
control of those events has represented a great advance because the decreasing death 
rates has contributed to a significant increase in the population [1].

Smallpox, produced by a Poxvirus, has probably infected the human beings 
since10,000 years BC, being responsible for around 50% of lethality among the 
infected people and causing more than 300 million of deaths. The impact of the 
smallpox transmission during the Americas discovery in the fifteenth century has 
been extensively reported. The WHO concluded that the smallpox eradication by 
using a live smallpox vaccine had already occurred in 1980.

It has been historically estimated that measles virus has caused more than 200 
million deaths through local and worldwide outbreaks and pandemics. However, its 
actual control also using a live virus vaccine represents other example of effective 
public health intervention. Its massive application has eliminated the infection in 
many countries and regions, but so far it has not been eradicated.

During the Middle Age, the bubonic plague or “black death,” caused by the 
Yersinia pestis bacteria and transmitted by rats and fleas as vectors, produced 75 
million of deaths, equivalent to 30–60% of the European population, taking advan-
tage of the low socio-economic status in those times.

The Spanish influenza caused by influenza A virus (H1N1) in 1918, killed about 
50 million people, far more than lost their lives in the whole First World War. 
Although vaccines and antiviral drugs have been developed so far, influenza viruses 
continue causing human and animal outbreaks and pandemics of variable magni-
tude. Their frequent mutation ability, supported by their particular molecular biol-
ogy, represents a permanent threat of pandemic emergence as the epidemic history 
has clearly shown.

The human immunodeficiency virus (HIV), starting from 1981, is today the prin-
cipal pandemic responsible agent in the world, accounting for more than 25 million 
of deaths. Furthermore, in the twenty-first century another influenza A pandemic 
emerged (Hsw1N1-2009), despite the high scientific and technological advances 
(vaccines, antiviral, communications, transport, health systems, and others) and 
caused around 200,000 deaths, emphasizing that despite their relative simplicity 
and small size, the microbial agents are very difficult to control and combat. In the 
meanwhile, other outbreaks and pandemics have emerged, like dengue, Yellow 
fever, Zika virus, West Nile virus, Chikungunya virus, coronavirus, monkeypox, 
without provoking great international concern [2].

The present COVID-19 pandemia will be further analyzed to learn from the 
experience acquired through 3 years of public and private efforts trying to neutralize 
and avoid its effects.
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7.1.2  �Agents, Host, and Environmental Factors 
in the Emergence of Outbreaks and Pandemics

Factors depending on the agent, the host, and the environment participate in the 
etiology and pathogenesis of epidemics in different moments and proportions. 
During the Middle Ages and the Antiquity, probably the low socio-economic status 
facilitated the emergence of infectious diseases and the unawareness about their 
etiology, the ways of combating them and the persistence of inappropriate attitudes 
and habits contributed to prolong their diffusion.

The successive advances in science, technology, education, and other aspects 
permitted to progress in the socio-economic conditions for improving the public 
health care and decreasing their impact.

However, the modern way of life often includes human individual or group trav-
elers to new territories, interacting with animals and plants and certainly new micro-
bial agents for which there is not immunity, and a threat of emergence of new 
diseases.

Thus, in 2019 a new variant of SARS coronavirus made a host species jump from 
a bat through another animal (pangolin, Manis javanica) to a human being. However, 
some studies have suggested that many other vertebrates could have been the inter-
mediate host in this species jump like palm civets, bamboo rats, raccoon dogs 
(Nyctereutes procyonoides), being probably the latter who transmitted the virus to 
the human specie. This kind of animal is commercially available in Wuhan as pet or 
food. And the virus got the necessary new mutations permitting its efficient trans-
mission among humans evading the control measures to stop its diffusion and upset-
ting the entire humanity [3].

Therefore, we ought to analyze the microbial agents—mostly the viruses—con-
sidered today as the principal factor responsible for the emergence of outbreaks and 
pandemics.

7.1.3  �Viral Participation in the Generation of Pandemics

Viruses are traditionally classified from a syndromic point of view, which is easy to 
understand by health professionals: respiratory viruses, enteric viruses, viruses that 
affect nervous system or cardiovascular system, viruses of sexual or vertical trans-
mission, and so on. But the current classification is done according to the viral 
structure. Thus, the first main consideration is the type of viral genome (DNA or 
RNA). Then, the presence of a lipoproteic membrane: nude or enveloped virus. 
Furthermore, some genome characteristics (one or two strands; linear, circular, seg-
mented, positive or negative sense strand) and other properties are considered.

This classification needs more complete information about viruses because their 
pathogenesis depends on those characteristics. The virulence and transmissibility of 
the infectious agents do not necessarily have direct relationship with the site 
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demarcated as “target organ,” but with other stepladders on the course of the infec-
tion. For example, patients can die from severe measles because of encephalitis or 
pneumonia rather than skin manifestation, or the severity of herpes simplex infec-
tion resides in the possibility of getting an encephalitis.

The structural classification allows to emphasize two very important facts in the 
pathogenesis of viral infections. First, viruses just need to keep themselves in nature 
as species, independently if this fact implies benefit or damage to other living organ-
isms. Viruses are strict intracellular parasites because their replication depends on 
the host metabolic machinery: animal or vegetable cell, bacteria (phagos), amoeba 
or other virus (hepatitis D virus). Secondly, the way of replication depends on their 
type of genome and the need for a polymerase enzyme activity for copying the 
original genomic sequence (Baltimore classification scheme) [4].

The DNA viruses use a DNA-dependent DNA polymerase to replicate its 
genome, a function normally performed by animal cells during their replication. 
However, the RNA viruses need the action of RNA-dependent RNA polymerase 
(transcriptase), which does not normally exist. Therefore, they have just two possi-
bilities to achieve its genome multiplication: (I) to carry the RNA polymerase as a 
structural protein or (II) to have the polymerase sequence codified in its RNA 
genome for being transcripted and translated by the host machinery during the rep-
lication process.

Mutations during viral replication due to insertion or removal of nucleotides are 
not uncommon. They are more frequent in RNA than in DNA viruses because of the 
low fidelity of the RNA transcriptase and the absence of a proof-reading/correction 
ability as compared to the DNA replication process. Consequently, in RNA viruses 
may exist countless genetics variant mixtures, with different genetic and antigenic 
composition (quasi species), which under environmental pressure for viral evolu-
tion can survive as new different viruses. Since among viruses affecting human 
beings, seven DNA virus families are mentioned versus 14 RNA virus families, the 
mutation phenomenon could represent a natural survivability mechanism for the 
RNA virus species. Most of the emerging viral epidemics correspond to RNA 
viruses [4].

Another factor favoring the emergence of viral variants is the presence of non-
human host reservoir, like animals, where their control is normally not possible. 
This biological advantage has difficulty preventing outbreaks and pandemics, and 
the influenza viruses have been the best historical example. They have RNA genome 
consisting in eight fragments and it can undergo gene swapping or reassortment 
when a cell is infected simultaneously by two different viruses and the progeny 
virions may contain mixtures of each parent’s genes (antigenic shift) resulting in 
new viruses to whom the population have no immunity. Thus, after the influenza A 
H1N1 (Spain, EEUU 1918), new mutations continued causing pandemics like influ-
enza A H2N2 (China, 1957) H3N2 (Hong Kong, 1968), Hsw1N1 (EEUU), and 
outbreaks related to pigs, horses, or avian reservoirs which have not been able to 
produce human epidemics. These animal influenza viruses need more mutations to 
be efficiently transmissible to humans, eluding the specie barrier [5] (Table 7.1).
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The viral transmission depends also upon the environmental stability because 
climatic factors (humidity, temperature, wind, rains), overcrowding, urban/rural set-
tings, and other conditions may affect the contagion effectiveness. The enveloped 
viruses are usually unstable out of the cell because their lipoproteic membrane is 
sensible to environmental conditions; therefore, to survive they must be transmitted 
rapidly to a new host. Thus, enveloped viruses like many respiratory viruses, HIV, 
measles, and others must find prompt new hosts to infect, while nude viruses like 
enteroviruses, adenoviruses, rotavirus, and hepatitis A viruses can survive weeks or 
months in the environment.

7.1.4  �The COVID-19 Pandemic

Emergence of a new virus, pandemic emergence, worldwide efforts for contain-
ment; effects of diseases and control measures over population; socio-economic 
impact in health budgets, vaccine development.

The emergence in December 2019 of a new coronavirus specie responsible 
for the COVID-19 pandemic has caused unprecedented disruption of human 
society and represented a great scientific and social challenge for the pandemic 
control [6].

Table 7.1  Epidemics and pandemics for influenza viruses occurred from 1918

Year Virus designation Place Source

1918 H1N1 Spain (USA) Avian
1957 H2N2 Asia (China) Avian/swine
1968 H3N2 Hong Kong (China) Avian/swine
1976 Hsw1N1 Fort Dix—USA Swine
1977 H1N1a Russia (China) Human/avian
1995 H7N7 England Avian
1997 H5N1 Hong Kong (China) Avian
1999 H9N2 Hong Kong (China) Avian
2002 H7N2 Virginia, USA Avian
2003 H7N7 The Netherlands Avian
2003 H9N2 Hong Kong Avian
2003 H5N1c China, Sud East Avian
2003 H1N2 Europe, Asia, America Human
2003 H5N1c Asia, Africa Avian
2003 H7N2 New York, USA Avian
2004 H7N3 Canada Avian
2004 H5N1c Thailand, Vietnam Avian
2004 H10N7 Egypt Avian
2009 Hsw1N1 Mexico/USA Swine

Source: Avendaño LF, Ferrés M, Luchsinger V, Spencer E. Virología Clínica. 2ª Ed. Mediterráneo, 
Santiago, 2018
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The Coronaviridae family includes many enveloped RNA viruses. They are clas-
sified into alpha through delta Coronaviridae subfamilies. The former discovered 
coronaviruses were mostly associated with mild human respiratory infections like 
common cold diseases (hCoV 229E, hCoV NL 63, hCoV OC 43, and hCoV HKU1). 
However, coronaviruses can also infect mammals (canines, felines, pigs, cattle, 
bats) and birds. The last emerging coronaviruses have been associated with severe 
respiratory disease outbreaks, like the earlier SARS (Severe Acute Respiratory 
Syndrome, 2002–2003) and MERS (Middle East Respiratory Syndrome, 2012) 
viruses.

Coronaviruses are pleomorphic, ranging from 120 to 140 nm in diameter. Their 
envelope has large heavily glycosylated spikes (S) giving to the virion the appear-
ance of a crown. The genome is a positive-sense single helical strand of RNA, 30 kb 
in size and is 5′ capped and 3′ polyadenylated. The RNA is translated directly into 
two large proteins, to be lately cleaved to form an RNA polymerase. This enzyme 
transcribes a large negative RNA strand, which will be transcribed both to a full-
length virion-positive strand (genome) and to a set of subgenomic mRNA, to be 
translated to surface (S), membrane (M), envelope (E), and nucleoprotein (N) pro-
teins. Also, functional proteins (ORF) are synthesized (Fig. 7.1).

The replication of SARS-CoV-2 and the pathogenesis of the disease can show 
points considered potential targets for intervention through vaccines, antivirals, and 
other containment measures. Since just a few antiviral drugs have shown clinical 
usefulness, most efforts have been directed to the vaccine development which has 
constituted the main tool for epidemic control.

The viral source of infection is usually an infected person, and pre-symptomatic 
or subclinical cases are supposed to be responsible for at least 50% of infections. 
The virus transmission occurs mostly by respiratory secretions transported in small 
(aerosol) and large droplets, and seldom by fomites. It gets to the epithelial cells of 
the upper respiratory tract, attaches its S glycoprotein to the ACE-2 cell receptor, 
and starts viral replication. Inflammation, edema, and exudation occur in the first 
week, and little fever, cough, sore throat, rhinitis, and general compromise are the 
main symptoms. Since there are ACE-2 receptors in the intestine, diarrhea can also 
arise. Around 80% of cases are asymptomatic or mild, with little fever, coughs, sore 
throat, and rhinitis. Around 5% of patients present with high fever, cough, myalgia, 
and breathlessness and X-ray study may show pneumonia, suggesting the patient 
may require admission to an intensive care unit (ICU) because of his severity. The 
lethality is around 1% considering the cases confirmed by laboratory tests. Since 
there are ACE-2 receptors in cardiovascular, renal, vascular endothelium, and other 
body territories, the patient aggravation can take place through an immune general-
ized hyper reaction, being very severe or fatal.

Their viral structure as an RNA virus with high mutation frequency plus the pres-
ence of an animal reservoir (bats, pangolin, and others) represents two effective 
strategies for surviving in nature almost impossible to control. Although their RNA 
polymerase has some proof-reading/correction capability, it is not efficient enough 
to avoid the mutation emergence and the detection of many new strains has been a 
paradigmatic problem to combat in the COVID-19 pandemia [7] (Table 7.2).
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After the initial human contagion in China from an animal reservoir—equivalent 
to intermediate host—it was promptly transmitted directly from human to human 
generating an outbreak and by this way persisting as a new specie in nature. This 
mutagenic change had consisted in a variation of the viral envelop glycoprotein S, 
facilitating the viral attachment to the cell receptor ACE-2, mostly in the respiratory 
mucosa. The infection induces an immune response allowing to eliminate or ame-
liorate the infection and to prevent a new infection for some time. The development 
of vaccines could also generate immunity to the virus and is one of the principal 
tools to combat the outbreak. Both, the natural infection and the vaccine-induced 
immunity in the community contribute to develop a herd immunity to prevent new 
infections. However, the viral mutation could change the efficiency of the immune 

a

b

Fig. 7.1  Structure of SARS-CoV-2. (a) The virus has one RNA helical genome strain surrounded 
by the nucleocapside protein N.  The viral membrane glycoproteins (M) and envelope (E) are 
embedded in the host membrane-derived lipidic bilayer, where emerges the spike glycoprotein (S) 
which mediates interaction with cell receptor ACE-2. (b) RNA (+) genome where open reading 
frames (ORF) for functional proteins (ORF 1a-1b, 3a, 3b, 6, and others) and structural proteins S, 
E, M, N are displayed
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response and some viral characteristics of the infection, like transmissibility, strain 
virulence, sensitivity to health interventions so the health authorities are performing 
diagnostic methods, vaccine efficacy, and antiviral sensitivity measurements for 
containment [8].

The new virus was detected and identified during the first moments of their emer-
gence—Chinese scientists published its full sequence on Jan. 11, 2020—and the 
World Health Organization declared on January 30th a Public Health Emergency of 
International Concern (PHEIC), the highest alert level and 1 month later announces 
the status of pandemic (11-3-2020). Nevertheless, these actions and recommenda-
tions did not impede the worldwide pandemic diffusion.

The emergence of a new virus pandemic can be explained because the biologic 
characteristics of the SARS-CoV-2 makes very difficult to control its progression. It 
is hard to accept that despite the great advances in science and socio-economic 
development the humanity is not able to beat a simple virus.

The success in smallpox, polio, measles, and rubella control has been possible 
because these viruses have only human reservoirs. Furthermore, attenuated live vac-
cines were developed and applied, which prevent the viral diffusion, not only the 
infection severity and lethality. The infection by Ebola virus is much more severe 
but less contagious because the transmission through direct contact starts when the 
patient has clinical symptoms and does not occur by respiratory secretions as in 

Table 7.2  SARS-COV-2 circulating variants of concern

Lineage Synonyms Emergence

Alpha B.1.1.7, 201/501.Y.V1,VOC 202012/01 UK, Sep 2020
Beta B.1.351, 20H/501Y.V2 South Africa, Aug 2020
Gamma P.1, B.1.1.28.1, 20J/501Y.V3 Brazil, Jul 2020
Epsilon B.1, 427 California (CA) B.1.429, CAL 

20C
USA, Sep 2020

Zeta P.2, B.1.1.28.2 Brazil, Oct 2020
Lota B.1.526,21F USA, Nov 2020
Delta B.1.617.2, 21J India, Dec 2020
Eta B 1.525, 20A/S:484K Worldwide, Dec 2020
Lambda C 37, B.1.1.1.C37 Peru, Dec 2020
Theta P.3,B.1.1.28.3,21E Philippines, Jan 2021
Kappa B.1.617.1, 20A/S:154K India, Oct 2021
Omicron BA 1 BA 1 (previously B.1.1.529), 21K South Africa, Dec 2021
Omicron BA 2 BA.2, 21L South Africa, Dec 2021
Omicron BA. 2.12.1 BA.2.12.1, 22C North-America, Dec 2021
Omicron BA.2.75 BA.4, 22A South Africa, Jan 2022
Omicron BA.4 BA.4, 22A South Africa, Jan 2022
Omicron BA.5 BA.5, 22B South Africa, Jan 2022
Omocron BQ. 1.1 BQ. 1.1, 22E Nigeria, Jul 2022
Omicron XBB. 1.5 XBB. 1.5, 23A USA, Nov 2022

Source: https://viralzone.expasy.org/9556
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coronavirus infection. Furthermore, the contagion in SARS-CoV-2 arises 2  days 
before having symptoms and more than 50% of transmission is due to contact with 
asymptomatic cases.

To demonstrate the difficulties in controlling the advance of the pandemia, we 
cite the Imperial College London’s long list of public health measures aimed at 
reducing contact rates in the population and thereby reducing transmission of the 
virus to limit the COVID-19 impact through non-pharmaceutical interven-
tions (NPIs).

The global impact of COVID-19 has been profound, and the public health threat 
represents the most serious episode seen in a respiratory virus since the 1918 H1N1 
influenza pandemic. In the absence of a COVID-19 vaccine, we should trust in the 
potential role of several public health measures—the so-called non-pharmaceutical 
interventions (NPIs)—aimed at reducing contact rates in the population and thereby 
reducing transmission of the virus. But by observing the evolution of the pandemic 
it should be concluded that the effectiveness of these interventions is likely too lim-
ited, requiring multiple interventions to be combined to have a substantial impact on 
transmission.

Two fundamental possible strategies have been proposed: (a) mitigation, which 
focuses on slowing but not necessarily stopping epidemic spread—reducing peak 
healthcare demand while protecting those most at risk of severe disease from infec-
tion, and (b) suppression, which aims to reverse epidemic growth, reducing case 
numbers to low levels and maintaining that situation indefinitely. Each policy has 
major challenges. Probably optimal mitigation policies (combining home isolation 
of suspect cases, home quarantine of those living in the same household as suspect 
cases, and social distancing of the elderly and others at most risk of severe disease) 
might reduce peak healthcare demand by two-third and deaths by half. However, the 
resulting mitigated epidemic would still likely result in hundreds of thousands of 
deaths and health systems (most notably intensive care units) being overwhelmed 
many times over. For countries able to achieve it, this leaves suppression as the 
preferred policy option [9].

In the UK and US context, suppression will minimally require a combination of 
social distancing of the entire population, home isolation of cases, and household 
quarantine of their family members. This may need to be supplemented by school 
and university closures though it should be recognized that such closures may have 
negative impacts on health systems due to increased absenteeism. The major chal-
lenge of suppression is that this type of intensive intervention package—or some-
thing equivalently effective at reducing transmission—will need to be maintained 
until a vaccine becomes available (potentially 18 months or more)—it is predictable 
that transmission will quickly rebound if interventions are relaxed. While experi-
ence in China and in South Korea showed that suppression is possible in the short 
term, it remains to demonstrate whether it is possible long term, and whether the 
social and economic costs of the interventions adopted thus far can be reduced. 
Furthermore, the policy of zero COVID case in China has failed and recently they 
had a big population contagion, probably because they did not complement it with 
a massive enough vaccination program.
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From the viral point of view, the efficacy of NPIs seems to be limited. The vac-
cine development has four steps for evaluating immune dose schemes, efficacy, and 
safety comparing the vaccinated people with a control group and finally the effec-
tiveness after their use in the community [10]. The NPIs measures do not have those 
evaluation steps to qualify their effectiveness. Is it possible to evaluate the correct 
use of facemasks, the impact of closing nurseries, schools, universities, the social 
distancing, closing the borders, and other measures? Also, the contact tracing is 
done usually late because the contagion starts before having symptoms or from an 
asymptomatic case.

The most effective prevention measure is vaccination. However, a great number 
of vaccines developed against COVID-19 are mostly efficient in decreasing the dis-
ease severity and lethality, but no more than 50% achieve prevention of the infection 
contagion (Table 7.3).

It is necessary to consider that the mutant generation process in SARS-CoV-2 
can generate strains with different transmissibility, virulence, vaccine, and antiviral 
sensitivity.

The forenamed considerations do not explain the amazing observation that this 
pandemic has coincided with a disappearance of the habitual cold season respira-
tory virus circulation. It is almost incredible for us to observe that RSV and influ-
enza epidemics disappeared for 2 years (Fig. 7.2).

We think that the temporal application of some NPIs (e.g., facemask, people 
circulation restriction, social distancing, closure of nurseries and schools) was 
responsible for that effect. The pandemic is teaching this strategy for future 
consideration when it was necessary to isolate some people with immune suppres-
sion, pre-term children, and other conditions because of high risk of contagion.

Table 7.3  Vaccines granted emergency use listing (EUL) by WHO

Inactivated
Bharat Biotech Covaxin
Sinopharm Covilo
Sinovac Coronavac
Protein subunit
Serum Institute of India: COVOVAX (Novavax formulation)
Novavax Nuvaxovid
RNA
Moderna Spikeva
Pfizer BionTech Comirnaty
Non-replicating viral vector
CanSino Convidecia
Janssen (Johnson & Johnson) Jcovden
Oxford/AstraZeneca Vaczevria
Serum Institute of India Covishield (Oxford/AstraZeneca formulation)

Source: © 2023 VIPER Group COVID19 Vaccine Tracker Team https://covid19.trackvaccines.org/
agency/who/
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Since the start of the pandemic 3 years ago, WHO has recorded close to seven 
million deaths from COVID-19 though the real death toll from the pandemic may 
be three times higher. A few thousand deaths are still being reported to the agency 
every week, and some models estimate that excess mortality is still at about 10,000 
deaths a day worldwide.

The WHO declared on May 15, 2023, the end to the emergency phase of the 
COVID-19 pandemic and it likely will usher the world into a new phase of disease 
monitoring with a scaling back of surveillance and available resources to fight 
COVID-19 [11].

7.2  �COVID-19 Pandemic: The Case of Chile

Chile is located at the southwestern end of South America and its long and narrow 
territory of 756,700 m2 is divided into 16 regions. Santiago, localized in the metro-
politan region, is the capital of the country. According to National Statistics Institute 
(INE) protections, the total population in 2023 was estimated in 19,493,184, being 
41.9% of people concentrated in the metropolitan region.

The birth rate for 2022 has been estimated in 10.03 live births/1000 inhabitants, 
and the total fertility rate in 1.3 children per woman of childbearing age. The popu-
lation density is 22.8 inhabitants/km2, reaching 451 inhabitants/km2 in the metro-
politan region; the urban population reaches 87% at all. The masculinity index is 
95.9 men for every 100 women [12]. In relation to the distribution according to age 
groups, 18.6% of the population is under 15 years of age, 71.6% is between 15 and 
64 years, and 12.7% are over 64, which generates an old age index of 68.3 over 
64 years for every 100 children under 15 [12].

Fig. 7.2  Viral surveillance in acute respiratory severe hospitalized cases in Chile. 2019 to 22 week 
2023. (Source: Depto. Epidemiología. MINSAL. Chile)
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The review of some social determinants of health indicates that 7% of the popu-
lation declares belonging to some ethnic group. Total poverty affects 15% of the 
inhabitants, with a percentage of indigence that reaches 4%. The average autono-
mous income of households is US $1500 (approx.), with a relationship of 15.7 
between the income of the fifth and the first quintile (20/20 index) and a Gini coef-
ficient of 0.47 [12]. The Average schooling reaches 11.7 years in 2020 (CASEN).

In relation to the health situation, the life expectancy at birth was reported as 
82.1 years for women and 77.3 years for men during the period from 2015 to 2020. 
General mortality has exhibited a consistent downward trend over the past several 
years, reaching 6.5 deaths per 1000 inhabitants in 2020 [12]. Additionally, infant 
mortality has significantly decreased in recent decades, culminating in an overall 
figure of 6.5 deaths per 1000 live births for children under 1 year of age. In relation 
to general mortality, deaths from cerebrovascular disease (48.3/100,000) and myo-
cardial ischemic disease (45.7/100,000) account for the two more frequent specific 
causes [13]. Despite the importance of this group of causes of death and the growing 
aging of the population, in recent years the lethality due to circulatory diseases in 
the country has decreased and, in comparison to the rest of the world, the Chilean 
rate can still be considered low, not reaching the levels observed in more developed 
countries.

7.2.1  �Measures Adopted to Mitigate the Effects of COVID-19

These measures proposed by the government to control the pandemics and their 
effects can be described in several aspects:

	1.	 Pandemic containment. The mostly considered measures were the mobility 
restrictions, the use of facemasks, and the closure and control of borders, 
among others.

	2.	 Measures to avoid the interruption of supply chains. The objective was to avoid 
the hoarding of essential goods and inputs, the increase in the availability of 
basic supplies, and the prohibition of the suspension of the electrical supply and 
state subsidies.

	3.	 Health. To increase the access and affordability of COVID-19 diagnosis, adapta-
tion and strengthening of the national health system, complementation of public 
and private system for preventive and curative medicine, vaccine implementa-
tion according to the evolution of the pandemic and the availability of new 
vaccines.

	4.	 Employment benefits. Increase of personnel and equipment for covering the 
COVID-19 ambulatory and hospital setting requirements.

	5.	 Social benefits such as the COVID-19 Emergency Bonus, Emergency Family 
Income, and Middle-Class Bonus.

	6.	 Educational policies settings, such as closure of educational centers, continuing 
by alternative means of teaching processes and food support at schools.
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	7.	 Economic reactivation measures such as employment subsidies.

Among the most important epidemiologic interventions, we remark quarantines, 
diagnostic tests, implementation of a trace-treat-isolate strategy, vaccines, and adap-
tation/strengthening of the health system [14, 15]. The implementation of quaran-
tines has many problems because it has important effects on the population, such as 
access to work and to financial resources, and also the confinement can have severe 
effects on mental health. In Chile, while vaccines were not available, quarantine was 
the most important mitigation measure. Dynamic quarantines only at the beginning 
of the pandemic incorporated a large population number, but in the metropolitan 
region were mostly applied in small units (communes), which made difficult their 
effectiveness [16].

The quarantines were incorporated into the so-called step-by-step plan that con-
sidered five successive stages: (A) quarantine, (B) transition, (C) preparation, (D) 
initial opening, and (E) advanced opening, whose restrictive mechanisms were: the 
quarantine of communes, restriction of mobility, restriction of recreational and 
social activities, restriction of classes and curfew [17].

Diagnostic tests: PCR systems were the first pandemic diagnostic/control mea-
sure implemented against the COVID-19 pandemic since it was the most effective 
tool to detect and then isolate and treat people who suffered from the disease in an 
opportune way. Testing makes it possible to protect the health, to reduce the rate of 
contagion in the community and to protect the health systems, being part of the 
trace-treat-isolate strategy (TTI). To guarantee universal access to diagnosis, the 
first policy implemented was to categorize the reverse polymerase chain reaction 
test (RT-PCR) in the Health Benefits Tariff. This allowed both the National Health 
Fund (FONASA) and the Social Security Health Institutions (ISAPRE) to offer the 
corresponding coverage to all their beneficiaries. In Chile, more than 65,000 tests 
were performed in a single day in 2021. The traceability problem in Chile was the 
delay time between diagnosis and isolation implementation. Furthermore, since 
most of contagions occurred from asymptomatic or pre-symptomatic cases, the 
tracing contact moment remains always late for applying efficiently the isolation 
strategy, seriously affecting their effectiveness. Also, the proportion of patients who 
were traced in the system within the first 3 days remained below 60% during 2020 
and 2021, the hardest years of the pandemic [18].

Vaccine development: It was an essential strategy in the fight against COVID-19, 
and Chile participated in its development through the implementation of Phase 3 clin-
ical trials, which aim to evaluate the efficacy of vaccines in the disease prevention. 
The first clinical trial conducted in Chile began in August 2020 and was led by the 
Catholic University and the Sinovac laboratory. For the implementation, there was a 
contribution of public resources of $2600 million [19]. The study aimed to evaluate 
the efficacy, safety, and immunogenicity of two vaccination schedules with CoronaVac, 
an inactivated vaccine against SARS-CoV-2 infection, in adults developed in China. 
Other Phase 3 clinical trials of vaccines against COVID-19 that were being imple-
mented in Chile corresponded to collaborations between the University of Chile and 
Janssen/Johnson & Johnson; the University of Chile and the Las Condes Clinic with 
AstraZeneca; and the Universidad de la Frontera with the CanSino Laboratory [19].
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In September 2020, the Government of Chile announced an agreement with 
COVAX, a global initiative led by the WHO and the European Union, which would 
allow access to eight million doses of a vaccine that had WHO validation. That same 
month, another agreement was also confirmed with the Pfizer BioNTech laboratory 
to access ten million doses of its vaccine from 2021 [19].

The “National Vaccine Plan against COVID-19” began in December 2020, having 
as its main objective the inoculation of 15 million people as the initial target popula-
tion. The initial strategy consisted of immediately vaccinating the health personnel 
and people at risk, and then the target population [18]. The behavior of the population 
was excellent, rapidly reaching high coverage. Studies of the effectiveness of vac-
cines (pharmacological intervention) in Chile did not focus on transmission, but on 
the probability that individuals vaccinated with different doses were hospitalized, 
entered the ICU, or die. These studies clearly determined that during 2021 there was 
a differential admission to hospitalization or ICU and a differential mortality between 
those vaccinated versus unvaccinated. Thus, for example, an effectiveness of the 
CoronaVac vaccine was reported in Chile among people with complete vaccination 
of 65.9% for acquiring COVID-19, 87.5% for hospitalization, 90.3% for admission 
to the ICU and 86.3% for deaths associated with COVID-19 [26]. Also, the complete 
vaccine schedule and the third and fourth doses with different schedules, mainly 
AstraZeneca and Pfizer, showed even better effectiveness, over 90% for deaths [20]. 
By March 2022, a total of 54,745,764 COVID vaccine doses had already been 
administrated to the Chilean target population (E. Paris, Health Secretary. Personnel 
communication, May 2022). The vaccination program has gone ahead until now.

Health Service: Finally, another very important aspect was the plasticity of the 
National Health system to adapt to the pandemic requirements. The COVID-19 
pandemic caused a sharp increase in the demand for health care, such as diagnos-
tics, hospitalizations, and intensive care units. To avoid the collapse of the health-
care network in Chile, an effort was made to fortify the operational capacity of the 
health system, reinforcing human resources in health and the space and supplies 
available for medical care. Thus, the Health Services were able to hire new person-
nel and the entire healthcare network, both public and private healthcare providers, 
were coordinated. Thus, by means of a special resolution of the Ministry of Health, 
private providers were incorporated into the public network of the Health Services 
according to their geographic location and assigned territory. Therefore, the com-
plete organization of this national network, known as the COVID-19 Integrated 
Network, was conducted by the directors of each Health Services [19]. Then, to 
increase the supply, the Ministry of Health used resources for the implementation of 
additional beds. To accomplish this task, the presence of a national centralized bed 
management (CMB) system, created in 2009, which integrates public and private 
hospitals was essential to optimize the use of beds when the system was over-
stressed. CBM was implemented to overcome access and opportunity restrictions to 
hospital admission in the context of the Chilean mixed health system, with public 
and private components (insurance and healthcare providers).

Specifically, in relation to accessibility to Intensive Care Unit (ICU) beds, the 
opening and complexity of the ICU allowed to increase their number by 243% 
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through the conversion of beds [17]. In fact, according to the Ministry of Health, the 
number of ICU beds from the pandemic beginning in January 2020 to June 2021 
increased by 339%, while the increment from 2010 to 2019 had been only 64% 
(E. Paris. Health Secretary. Personal communication, May 2022).

7.2.2  �Impact of COVID-19 in Health Outcomes

Chile experienced for 2 years an epidemic with a high impact on the population 
with high lethality and mortality and a great impact on the health system. In the 
COVID-19 epidemic curve (cases/day) since its beginning, four epidemic periods 
can be recognized: (1) the first epidemic concentrated mainly on the metropolitan 
region (5/13–8/15/2020); (2) a 20/21 epidemic with the participation of all regions 
(12/13/2020–7/16/2021), (3) a short-term outbreak associated with the δ variant 
(11/4–5/12–2021), and (4) a large epidemic outbreak associated with the Omicron 
variant (1/5/2022 to date) [18, 20] (Fig. 7.3).

Fig. 7.3  Evolution of the incidence (reported cases/day) of COVID-19 in Chile, from 3/3/2020 to 
3/31/2023. The letters γ, δ, and O, with the respective lines show the periods in which the Gama, 
Delta, and Omicron variants were dominant. The lines associated with the interventions show the 
duration of each of them. D0 indicates the vaccination period for health personnel and patients at 
risk. D1, D2, D3, D4, and D5, with their respective arrows, indicate the start of the mass vaccina-
tion period with the first, second, third, fourth, and fifth (bivalent) doses
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Viral variants of SARS CoV-2 have played an important role in viral transmis-
sion, with variant of concerns (VOCs) dominating in major outbreaks; the original 
variant (WIV04/2019), and the α variant (UK; B.1.1.7) in the 2020 epidemic, the γ 
variants (P.1) and the Andean variant (λ; C.37) in the epidemic 20/21 and the δ and 
O variants in the last two outbreaks, these last variants being the ones with the high-
est reproductive numbers reported (Fig. 7.3).

The transmission dynamics have been influenced by the usual social movements 
of Chile, especially by vacation periods (January–February), festivities, crowds, and 
overcrowding in transportation media and work locations, which are typical of the 
start of activities, schools, and universities in March. The impact on the health sys-
tem has been direct in hospitalizations, especially on ICU occupancy and a great 
collateral effect on medical consultations, well-child care, surgery waiting lists, and 
care for patients with chronic diseases such as cardiovascular diseases (CVD) and 
cancer [21–23] (Fig. 7.4).

The rapid removal of restrictions in 2021 assumed that population immunity 
acquired through vaccination would allow an incidence that would not saturate 
health systems. Non-pharmacological interventions only had a clear effect when 
five million people were quarantined in the metropolitan region in 2020 [24], while 
dynamic quarantines did not demonstrate adequate efficacy, being insufficient to 
control increases in incidence [16]. Due to the entry and re-entry of infections from 
neighboring communes and, on the other hand, because the most vulnerable popula-
tion did not have the conditions to carry out adequate quarantines, being the most 
affected and the one that decreased their mobility the least during the quarantines 

Fig. 7.4  Number of ICU beds occupied by patients diagnosed with COVID-19. The straight line 
represents the initial number of ICU beds available in the public service
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[25]. Li et al. [16] show that in Chile small quarantines in interconnected areas have 
little effect on reducing transmission although have a good effect in isolated locali-
ties and when considering large areas and a large population.

Vaccination had a rapid and high coverage. However, the moderate effectiveness of 
vaccines and the appearance of new variants disallowed achieving herd immunity 
(Fig. 7.5).

Fig. 7.5  Evolution of vaccination coverage with full dose (two doses; D2) and booster dose (D3) 
for SARS CoV-2 and daily lethality of COVID-19 in Chile from 4/1/2020 to 31/3/2023. The red 
line corresponds to the moving average of order 30 of the lethality (30 days)
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The total case fatality and daily case fatality have been decreasing over time, fol-
lowing higher vaccine coverage and improved patient management. While the entry 
of the δ variant produced an increase in daily lethality in Chile, the O variant pro-
duced a clear drop in daily lethality in Chile and in the world, estimated at values 
close to those of influenza [26–28].

�Hospitalizations

During this pandemic, in the world, associated with the increase in health care due 
to COVID-19, hospitalizations for different diseases such as acute coronary syn-
drome [29, 30], acute myocardial infarction [31], and cerebrovascular accidents 
have decreased [32–36]. An increase in out-of-hospital cardiorespiratory arrest 
events (OHCA) has also been reported [37, 38], which could be explained by 
reduced access to health care during the pandemic.

�Cardiovascular Impact

In the case of acute myocardial infarction (AMI), Chile presented a distinct situa-
tion as compared to other countries worldwide. In the first year of the COVID-19 
pandemic (2020), both admissions and mortality rates related to AMI experienced a 
slight decline. However, the contribution of AMI-related deaths to overall mortality 
remained constant when deaths attributed to COVID-19 were excluded, as illus-
trated in Table 7.4. Given that Chile has universal health coverage for AMI patients, 
which was maintained during the pandemic, it was effective in providing opportune 
health care for AMI, in contrast to other health problems that experienced major 
interruptions in access to hospital care.

Table 7.4  Distribution of hospital discharges and deaths due to acute myocardial infarction 
(AMI), Chile 2019–2020

Year

Total AMI

N N
Relative 
importance (%) Age (mean) Age (SD) Men (%) Ratea

Hospital discharges
2019 1,667,180 13,275 0.80 64.1 13.2 69.7 69.5b

2020 1,330,447 12,598 0.98c 63.9 12.7 70.9 64.7
Mortality
2019 109,658 6062 5.53 72.7 14.2 62.7 31.7
2020 126,169 6161 5.60c 73.2 14.6 61.0 31.7

a Hospitalization and mortality rate expressed per 100,000 inhabitants
b p = 0.017 (comparison of hospitalization rate 2019 vs. 2020)
c The relative importance was estimated excluding hospitalizations and deaths from COVID-19, 
respectively (hospitalizations = 47,996 and deaths = 16,189, according to DEIS databases) to cor-
rect the effect of COVID. p value = 0.45
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The analysis of the pandemic’s impact on emergency room visits in the 
public sector in Chile revealed a decrease in the overall number of visits for 
various causes. However, notably, the number of visits by patients with AMI 
and their access to medical care remained unaffected. This factor contributed 
to the significant observation that the mortality rate from this cause did not 
increase significantly and highlights the effectiveness of the emergency net-
work as a critical component of the Chilean healthcare system [39, 40].

It is noteworthy that public hospitals efficiently managed the demand generated 
by AMI, optimizing the length of stay by reducing it by 1 day. This achievement 
was, in part, a consequence of the extensive use of the Centralized Bed Management 
System, which effectively distributed excess healthcare demand for COVID-19 pri-
marily to private providers. This strategy allowed the entire healthcare system to 
continue caring for other prioritized conditions throughout 2020 (Fig. 7.6).

When comparing the years 2019 and 2020 in Chile, it is evident that deaths due 
to AMI remained relatively constant (6062 vs. 6121). Excluding deaths from 
COVID-19, the relative importance of AMI among the total death toll also remained 
constant (5.53% vs. 5.60%), as shown in Table 7.3. What exhibited more variation 
was the location of these deaths, largely influenced by lockdowns and the fear of the 
population of leaving homes. There was a notable increase in deaths occurring at the 
decedent’s home, rising from 45.3 to 52.0% (p < 0.001). In contrast, deaths in hos-
pitals decreased from 35.8% to 33.4% (p = 0.006). Deaths in “other places of death,” 
including primary care clinics, emergency facilities, nursing homes, and on the 
streets, also experienced a decrease from 18.9% to 14.6% (p < 0.001).

Considering the factors previously discussed, such as the existence of universal 
coverage for AMI care, the centralized bed system, and the functioning of the emer-
gency network, it is noteworthy that the overall AMI case-fatality rate did not exhibit 
significant variation between the pre-pandemic year and the pandemic year in Chile. 
Specifically, the in-hospital case fatality increased from 6.0 to 6.6% (p  =  0.08). 
However, a notable increase in case fatality was observed among patients admitted 
to private hospitals (Fig. 7.7).

The observed difference in case fatality can be attributed to the transfer of 
patients from public to private centers facilitated by the centralized bed system. 
Historically, patients treated in the public sector in Chile have been associated with 
a higher risk and worse prognosis, due to their baseline clinical and sociodemo-
graphic characteristics, including a higher prevalence of diabetes, hypertension, 
obesity, older age, and lower socio-economic status [41]. Additionally, private hos-
pitals had to manage a significant burden of COVID-19 cases, which placed sub-
stantial stress on their healthcare resources [42].

The case of Chile demonstrates that prioritizing AMI patients within a universal 
health coverage system and integrating public and private healthcare providers were 
likely highly effective in reducing the impact of the COVID-19 pandemic on hospi-
tal admissions for AMI.

However, in primary care, the management of patients at risk for cardiovascular 
disease (CVD) was significantly disrupted, raising concerns about potential long-
term effects. This poses a challenge for the management of future pandemics. 
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Ensuring that patients in secondary prevention continue their treatment, especially 
those with established cardiovascular disease, is a critical concern. Additionally, 
data from the Chilean Ministry of Health indicate a nearly 60% decrease in control 
for patients with cardiovascular risk factors or those in secondary prevention in 
2020 compared to 2018 and 2019 [43].

Regarding cardiovascular risk factors control during the pandemic in Chile, dif-
ferent scenarios were observed. More than half of tobacco users sought to quit 
smoking and only 17% increased their consumption. Additionally, a decrease in 
smoking initiation was observed in young populations. Physical activity was heav-
ily altered due to quarantines and its mobility restrictions; sedentarism, associated 
with an increase in screen time, was more prevalent. When analyzing weight varia-
tions 26% of men and 38% of women gained weight during the first half year of the 
pandemic, while 54% of men and 48% of women reduced their body weight. 
Alcohol consumption was also haltered during the first year, decreasing by 42%. 
People referred that lack of opportunities (social activites) were the main cause of 
this reduction, highlighting the effect of access regulations. Goals for Type 2 
Diabetes achievements were also affected: program admission was reduced by 40%, 
total number of patients in control by 14% and compensation rate was reduced by 
24%. For hypertensioin admissions to GES program decreased by 26%, total num-
ber of patients in control by 24%, and compensation rated was 18% lower than the 
previous 3 years [43].

Fig. 7.7  In-hospital case fatality in AMI patients, according to sex and health provider in Chile 
2019–2020
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Access to medical care was also affected, especially during the first year of the 
pandemic. Fear of contagion and interruptions of medical care access were the main 
explanations to stop seeking for health care in primary care. This resulted in a 72% 
reduction in cardiovascular disease screening, a 46% drecrease in admissions to the 
cardiovascular diseases program, and a 60% reduction in CD controls, in 2020, 
compared to the previous 3 years. However, telemedicine proved to be very useful 
in addressing the situation. In 2021, a detriment was also observed but of a lesser 
magnitude. Annual hypertension emergency room and hospital admissions were 
also reduced by 15 and 13%, respectively. For stroke, ER consultations decreased 
by 10% and hospital admissions by 8.6% [43].

�Health Expenditures

According to the Ministry of Finance of Chile, the total health expenditure in Chile 
increased during the Pandemic. The total health expenditure in the previous year, 
i.e., 2019 was 13,516,849,573 Chilean pesos, representing 9.3% of GDP (Gross 
domestic product). Comparing 2019, during the most affected pandemic years, i.e., 
2020, 2021, and 2022, the total heath expenditure in Chile increased by 14.8%, 
24.1%, and 16.0%, respectively. It is notwworthy that during those years, the invest-
ment in new infrastructure was severely halted [46].

7.3  �Lessons and Challenges for Future Pandemics 
and Prevention of Cardiovascular Diseases

It is supposed that viruses will continue generating new variants in the future, 
mostly RNA viruses derived from animal reservoirs. Consequently, the herd 
immunity will be less effective in stopping their diffusion. Probably social and 
scientific advances in controlling pandemic emergences will make them milder, 
with less lethality.

The SARS-CoV-2 impact will probably be similar to the actual influenza prob-
lem, supposedly influenced by the use of vaccines and antivirals.

It is supposed that according to the worldwide COVID-19 experience, the scien-
tific world will cooperate (WHO, Universities, and state/private institutions) and 
will rapidly identify any emergent agent and define the possibility that it constitutes 
a Public Health Emergency of International Concern (PHEIC).

Vaccines candidate preparation will start in many places taking advantages of the 
new technology developed against the COVID-19 pandemic. Also, a genomic net-
work surveillance will be set up to predict and prevent pandemic emergence risks.

Governments will dictate public health measures to “control the diffusion” of 
epidemics as it has been described in many countries in relation to COVID-19. 
Strengthen the primary care network with strategies that incorporate telemedicine to 
control patients with risk factors such as high blood pressure and diabetes.
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In relation to cardiovascular diseases, it will represent both a challenge and an 
opportunity to reshape the care model for cardiovascular patients, emphasizing the 
need for an integrated approach across different levels of care. This entails active 
involvement of community nursing and the incorporation of diverse telemedicine 
modalities to restore continuity in managing these patients [44, 45].

International organizations and local authorities have advocated for the imple-
mentation of telemedicine services, encompassing remote patient care, triage, and 
telephone monitoring.

The emphasis on risk stratification is crucial, directing priority towards those 
most vulnerable, considering both their biological and social profiles. This approach 
ensures a closer and more vigilant monitoring of individuals at heightened risk, 
aligning with the objective of bringing the health system closer to the community. 
The overarching focus on equity should be the main goal, recognizing that the 
impact of the pandemic has disproportionately affected individuals with fewer 
resources.

Besides reshaping healthcare policies towards addressing health inequities such 
as Universal Health Coverage, certainly, preparing for future pandemics involves a 
comprehensive set of strategies to enhance global resilience and response capabili-
ties. Here are key strategies that could be considered, among others:

–– Integration of a network of public-private healthcare providers.
–– Strengthening primary health care to ensure the continuity of rapid diagnosis, 

control, and treatment, mostly in high-risk patients (such as diabetics and patients 
with previous major cardiovascular events).

–– Reinforce collaboration between health authorities and the scientific community 
(Health and Science secretaries, Universities, Research institutions) to get effec-
tive management of the pandemic and improve the prevention and treatment 
measures, like rapid diagnosis, effective vaccine access, intensive care units 
increments, and others.

–– To educate the population on the importance of seeking prompt medical attention 
in the presence symptoms despite mobility restrictions.

–– Strengthen the TTI strategy, mainly in relation to traceability. An important chal-
lenge is the incorporation of effective digital contact tracing technology using 
mobile phones.
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Chapter 8
Cardiovascular Disease Prevention 
in Latin America: Comparative Outcomes 
According to Socioeconomic Status

Fernando Lanas, Pamela Serón, and Cheryld Muttel

8.1  �Latin America, Cardiovascular Diseases and Its 
Risk Factors

Latin America has more than 40 countries and territories from Mexico to Cape 
Horn, with an area of 21,069,500 km2 (7,880,000 sq. mi), which can be subdivided 
based on geographic location in South America, Central America, the Caribbean, 
and Mexico. The region brings together countries whose predominant languages are 
Latin, mainly Spanish and Portuguese although French, English, and Dutch are also 
spoken in the territories located on the Caribbean Sea. According to the International 
Monetary Fund [1], in 2022, the estimated total population of Latin America and the 
Caribbean will be approximately 645.6 million inhabitants; about 434 million peo-
ple live in the southern part of the American continent, while Central America and 
the Caribbean are home to 82 million inhabitants. During the last decades, marked 
human and social development have occurred so the population has better access to 
education, health services, primary health care, and immunizations and, along with 
this, the prevention and control of numerous infectious diseases in several Latin 
American countries. Consequently, an epidemiological transition has been observed 
with a marked increase in the adult population.

According to the Economic Commission for Latin America and the Caribbean 
(ECLAC) [2], population aging is one of the main demographic phenomena in Latin 
America and the Caribbean. In 2022, 88.6 million people over 60 years old lived in 
the region, representing 13.4% of the total population, a proportion that will reach 
16.5% in 2030. Likewise, life expectancy for both sexes has increased from 
48.6 years in 1950 to 75.1 years in 2019. Despite the decline of 2.9 years in 2021 
compared to 2019 due to the impact of the coronavirus disease (COVID-19) 
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pandemic, life expectancy is expected to continue to increase in the future and reach 
77.2 years in 2030. All of the above has resulted in an increase in cardiovascular risk 
factors and an increase in morbidity and mortality rates related to both stroke and 
myocardial infarction.

Cardiovascular disease (CVD) is the leading burden of morbidity and mortality 
in the world. Likewise, according to the World Health Organization (WHO) [3], 
CVD continues to be the leading cause of mortality and burden of disease and dis-
ability in the Region of the Americas. In the latest report from the WHO [3], in 
2019, two million people died from CVDs. However, the age-standardized mortal-
ity rate decreased from 203.3 deaths (95% II: 176.0–227.1) per 100,000 inhabitants 
in 2000–137.2 deaths (95% II: 110.3–165.5) per 100,000 inhabitants in 2019. 
However, age-standardized mortality rates from CVD vary substantially between 
countries, from 428.7 deaths per 100,000 inhabitants in Haiti to 73.5 deaths per 
100,000 inhabitants in Peru; the countries with the highest rates are Haiti, Guyana, 
Suriname, the Dominican Republic, and Honduras. Regarding Disability Adjusted 
Life Years (DALYs), for the same year, CVD caused 40.8  million DALYs and 
36.4 million years of life lost due to premature death. It has been observed that in 
the last two decades, the number of years of life lived with disabilities has almost 
doubled.

Ischemic heart disease and stroke are the two leading causes of mortality and 
disability from CVD. Considering that the most important risk factors in all coun-
tries are high blood pressure and dyslipidemia [4], screening and treatment of these 
conditions are the main strategies to follow for the primary prevention of 
CVD. Likewise, smoking cessation programs should be implemented, along with 
promoting physical activity and healthy eating habits. Other risk factors include 
overweight and obesity, whose rates have tripled in the region in the last 50 years, 
currently affecting 62.5% of the population, and diabetes mellitus, whose preva-
lence has also increased three times in the previous 30 years in Latin America [5], 
as had excessive alcohol intake, which is a factor that is often underestimated and 
contributes to CVD.

Another important risk factor in Latin America is Chagas disease, which mainly 
affects poor populations in Latin America. It has been postulated that positive serol-
ogy would be an independent risk factor for cardiovascular events.

Showing that, for example, serology for Chagas is associated with a greater risk 
of death for patients with heart failure. However, little evidence relates positive 
serology for Chagas with cardiovascular events in asymptomatic subjects [6].

Regarding the economic indicator Gross Domestic Product (GDP), Puerto Rico 
and the Bahamas had the highest GDP per capita in Latin America and the Caribbean 
in 2022, with an average GDP generated per person greater than 30,000 US dollars. 
Excluding Caribbean countries and territories, Uruguay recorded Latin America’s 
highest GDP per capita in 2022, with an income of more than $20,000 per person; 
in turn, the lowest GDP per capita in the region was that of Haiti, with less than 
1,800 US dollars in current prices [7].

Although the risk factors for CVD are known, the various strategies to control 
them are limited by economic reasons that, for example, determine differences in 
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access to a healthy diet. According to multiple sources such as the International 
Fund for Agricultural Development (IFAD), the WHO, and the World Food Program 
(WFP), a large proportion of the population in Latin America and the Caribbean is 
limited in maintaining a healthy diet due to the cost of such foods in their place of 
residence. It is estimated that, in 2020, nearly nine out of ten people in Haiti could 
not access a healthy diet due to economic reasons, making it the most affected coun-
try within a selected group of nations in the region.

This puts the situation in Latin America and the Caribbean into perspective, and 
according to recent reports from the World Bank, growth projections for 2023 are 
2%. The growth forecast for 2024 is 2.3%, indicating that the region has regressed 
to low pre-pandemic growth levels. The region will also suffer from global adverse 
effects, such as declining commodity prices, rising interest rates in Group of Seven 
(G7) countries, and China’s unstable recovery. Household income losses due to the 
pandemic have not been fully recovered, especially for the middle class. The aver-
age poverty rate is now above pre-pandemic levels, at 30.3%. Overall, employment 
has returned to 2019 levels, including for women, but real wages remain stagnant 
and often below 2019 levels. Less-educated workers and older adults are the fur-
thest behind in the recovery, while informality has mainly remained stable since 
2019. On the other hand, currently, the region is going through the worst migration 
crisis in its history. In addition to traditional flows from Central America and Mexico 
to the United States, Venezuela and Haiti have recently experienced significant out-
flows of people. Around 7.5 million Venezuelans have left their country since 2015, 
while 1.7 million Haitians are abroad, adding to the two million internally dis-
placed people.

8.1.1  �Health Care in Indigenous Groups

It is estimated that more than 400 different indigenous groups live in the Latin 
American and Caribbean region, approximately 10% of the total population, in just 
five countries: Bolivia, Guatemala, Peru, Ecuador, and Mexico live 89% of them, 
between 5 and 13 million indigenous citizens [8]. Language is an essential factor 
that identifies and allows the differentiation of the indigenous groups. There are 
approximately 400 different indigenous languages across Latin America, and, as a 
World Bank report suggests, each country has 7–200 languages. Uruguay is the only 
country on the continent that is monolingual in Spanish. Language is fundamental 
to the health of indigenous people as a means for transmitting knowledge within 
cultures and health systems.

Regarding health determinants, people living within natural ecosystems are 
exposed to many health hazards their environment produces. In the past, health risks 
were related to primary access to food, water, and shelter and, in many cases, risks 
from predators. However, over the years, the colonization of the indigenous regions 
has led to the development of new diseases and different disease patterns, also deter-
mined by the ethnic origin of the populations, so that despite the variations in the 

8  Cardiovascular Disease Prevention in Latin America: Comparative Outcomes…



162

trajectory of inclusion of different ethnic groups, they continue to be disadvantaged 
both in terms of their well-being and their access to opportunities [9]. Existing stud-
ies suggest that in most Latin American countries, indigenous peoples have higher 
rates of mortality and morbidity than their non-indigenous counterparts. In some 
cases, indigeneity may be a surrogate indicator of poverty. Regarding disease pat-
terns within and among indigenous peoples, these depend intensely on the degrees 
of contact with society, so a series of health outcomes in indigenous communities in 
the region are related to their social environment and linked to acculturation.

The indigenous communities most integrated into society, in general, are more vul-
nerable to the so-called modern diseases and the diseases of poverty; this vulnerability 
can be linked to exposure to diseases and poor living conditions. For example, in 2002, 
in an indigenous community in Venezuela, researchers reported severe rates of alcohol 
consumption (86.5% of all men and 7.5% of all women were heavy alcohol users). This 
would have been directly related to the fact that the consumption of corn liquor had 
gradually been replaced by the consumption of commercial beer and rum at more fre-
quent intervals and with negative social consequences [10]. Other studies have recorded 
an increase in cardiovascular risk factors, such as obesity and hypertension, related to 
changes in diet, lifestyle, and blood pressure [11, 12], related to changes in nutrition and 
the transition from a nomadic life to a sedentary urban one [13, 14].

In general, 43% of the indigenous population and 25% of Afro-descendants in 
the region are poor, and many indigenous peoples of Latin America still live in iso-
lated environments with precarious sanitary and environmental conditions. 
Therefore, an important aspect that should be considered is the geographic segrega-
tion each group faces. For example, although more than 80% of Afro-descendants 
in the region live in cities, most of them are relegated to poor neighborhoods and 
marginal neighborhoods. So today, despite the traditional paradigms that link indig-
enous peoples with the rural population, the reality today is very different since 
almost half of them live in marginalized urban areas, which implies differences in 
access to health services and care, which is emerging as an essential determinant of 
health in the indigenous population of the region [9].

8.2  �Impact of Socioeconomic Disparities on Risk Factors 
and Cardiovascular Disease in Latin America

The multinational PURE cohort has reported that individuals from wealthier nations 
have a higher risk of cardiovascular events, assessed by the INTERHEART risk 
score. However, the incidence of cardiovascular events and 1-year lethality is higher 
in low- and middle-income countries (LMIC) [15]. Additionally, within affluent 
countries, it is the socioeconomically disadvantaged segments of the population that 
face the highest risk of developing CVD [16].

Socioeconomic disparities in Latin America significantly impact risk factors 
[17]. While some risk factors have decreased, such as smoking, other risk factors, 
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such as obesity, diabetes, or physical inactivity, are increasing and continue to con-
tribute to the burden of CVD, disproportionately affecting the socially disadvan-
taged [18]. Recent evidence demonstrated a link between socioeconomic status and 
atherosclerosis-related biological pathways involving inflammation, platelet activa-
tion, and blood pressure [19].

Also, socioeconomic disparities impact CVD incidence and prognosis; the rela-
tive contribution of socioeconomic position to CVD prevalence in Latin American 
countries varies widely from 9.4% to 23.4% [17, 20]. While some countries have 
seen a decrease in CVD mortality, others have noticed an increase, particularly in 
Central American and Caribbean countries [21]. Countries with greater incidence of 
cardiovascular disease and mortality in Latin America are those with higher levels 
of poverty, lower education levels, limited access to healthcare services, and less 
favorable socioeconomic conditions, leading to a higher prevalence of risk factors 
such as hypertension, high cholesterol, and diabetes [22]. Thus, countries with less 
mortality from cardiovascular disease are Chile, Uruguay, and Peru, with a stan-
dardized rate per 100,000 inhabitants of 94.6, 106.5, and 93.4, respectively, com-
pared to countries with higher levels of poverty and socioeconomic disparities as 
Mexico, Ecuador, or Paraguay (198.5, 167.5, and 155.5 death per 100,000, respec-
tively) [23]. In a report of the PURE Study [24] comparing data from four countries, 
the incidence of CVD (per 1000 person-years) only modestly varied between coun-
tries, with the highest incidence in Brazil (3.86) and the lowest in Argentina (3.07). 
However, there was a more significant variation in mortality rates (per 1000 person-
years) between countries, with the highest in Argentina (5.98) and the lowest in 
Chile (4.07). In this study, deaths were higher in rural than urban areas regardless of 
the country [24]. These findings suggest that there are complex interactions between 
socioeconomic factors, access to healthcare services, and the prevalence of cardio-
vascular disease and its risk factors in Latin America.

Inequality in access to education is the most frequently reported factor and likely 
the most significantly associated with cardiovascular disease and its risk factors. 
The SALURBAL project, for example, which included survey data from cities in 
Argentina, Brazil, Chile, Colombia, El Salvador, Guatemala, Mexico, and Peru, 
reported frequencies of hypertension by socioeconomic status. In women, a higher 
level of education was associated with a lower likelihood of hypertension. However, 
living in suburban areas with higher education was linked to a higher likelihood of 
hypertension in both genders. The association between city-level education and 
hypertension varied across countries, with an inverse pattern observed in Peru 
(higher city-level education was associated with lower odds of hypertension). 
Additionally, the inverse relationship between individual-level education and hyper-
tension became stronger (in women) or emerged (in men) as city or suburban educa-
tion levels increased [25].

While disparities are shown between countries, they can also be observed within 
countries. Within countries, socioeconomic inequality based on income and educa-
tion contributes to increased CVD risk factors. In Argentina, the fourth National 
Risk Factor Survey showed that the prevalence of diabetes, hypertension, and high 
cholesterol, defined by step methodology proposed by the WHO (Step 1: self-report; 
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Step 2: physical measurements; Step 3: biochemical determinations), was related to 
the level of education. The prevalence of diabetes was 29.2% (95% CI: 19.1–39.3) 
in those with incomplete primary education, compared to 12.8% (95% CI: 
10.3–15.2) and 7.7% (95% CI: 6.2–9.3) in those who had completed primary or 
advanced secondary education and those who completed secondary education, 
respectively. Meanwhile, the prevalence of hypertension was 65.2% (95% CI: 
60.7–69.7) in those with incomplete primary education, compared to 53.5% (95% 
CI: 51.2–55.8) and 40.1% (95% CI: 38.3–42) in those who had completed primary 
or advanced secondary education and those who completed secondary education, 
respectively. Cholesterol was also higher in people with incomplete primary educa-
tion, with a prevalence of 53.3% (95% CI: 41.4–65.2) compared to 39.8% (95% CI: 
35–44.6) and 37.9% (95% CI: 34.6–41.2) prevalence in those with incomplete sec-
ondary education and complete secondary education respectively. Additionally, 
79.7% (95% CI: 76.5–82.8) of the population with incomplete primary education in 
this national survey were overweight and obese by anthropometrics measurements, 
while 70.6% (95% CI: 68.3–72.8) and 61.5% (95% CI: 59.8–63.2) were overweight 
or obese when they had finished secondary education or had even started higher 
education, respectively. In the case of tobacco, although no relation was found with 
educational level, there was a gradient according to income quintiles with 24.7% 
(95% CI: 22.7–26.7) of those in the first quintile are smokers, and 20.3% (95% CI: 
18.6–21.9) are in the fifth income quintile [26].

In Brazil, the National Health Survey found that factors such as advanced age, 
being male, white race/color, lower education levels, not having health insurance, 
and self-assessing health as regular or poor were associated with a higher preva-
lence of cardiovascular disease [27]. Also, it has been reported that slum inhabitants 
in Brazil have higher rates of behavioral cardiovascular disease risk factors [28]. 
The “Pesquisa Nacional de Saúde“(PNS) 2014–2015 reported a prevalence of total 
cholesterol ≥200 mg/dL of 32.7% (95% CI: 31.5–34.1) in the general population; 
low high-density lipoprotein cholesterol (HDLc) of 31.8% (95% CI: 30.5–33.1), 
and high low-density lipoprotein cholesterol (LDLc) of 18.6% (95% CI: 17.5–19.7). 
A greater level of education was related to a lower prevalence of high total choles-
terol, high LDLc, and low HDLc [29]. In the ELSA study, hypertension was reduced 
among individuals holding postgraduate degrees (28.4%), in contrast to those lack-
ing a complete secondary education (44%). Additionally, a lower prevalence of 
hypertension was observed in individuals with a per capita family income surpass-
ing USD 1000.00 (30.7%) compared to those with an income below USD 500.00 
(40.9%) [30]. About diabetes, the prevalence has been reported higher among illit-
erate individuals or those with incomplete elementary education and those with 
incomplete secondary education [9.61% (PR 1.42, 95% CI: 1.13–1.77) and 5.36% 
(PR 1.59, 95% CI: 1.23–2.06), respectively], while in those with higher education, 
the prevalence is 4.18% [31]. Also, in the ELSA cohort, the highest percentages of 
overweight and obesity were observed among low education levels (35.0%), and 
overweight increased with low per capita income and fewer years of schooling [32]. 
Finally, the prevalence of tobacco use among adults in Brazil is lower in populations 
with higher education, being 17.6% (95% CI: 16.8–18.4) among those without 

F. Lanas et al.



165

education or with incomplete primary education, 15.5% (95% CI: 14.3–16.6) 
among those with complete primary education and incomplete secondary educa-
tion, 9.6% (95% CI: 8.9–10.2) among individuals with complete secondary educa-
tion and incomplete college education, and 7.1% (95% CI: 6.3–7.8) among those 
with complete college education [33].

In Colombia, similar patterns were observed, with lower socioeconomic status, 
lower education levels, and limited access to healthcare services contributing to 
higher rates of cardiovascular disease and its risk factors among older individuals. 
Specifically, the risk of CVD mortality has been reported to be higher in less eco-
nomically and socially privileged municipalities [34]. Also, educational level is the 
most critical determinant of hypertension awareness, treatment, and control. 
Specifically, hypertension prevalence is 25% higher among those with the lowest 
educational level [35].

In Chile, a higher educational level is associated with fewer risk factors such as 
diabetes, hypertension, or obesity [36]. For example, obesity in people with less 
than 8 years of education is 43.2% compared to 29.8% and 27% in people with 
8–12 years and 12 years or more of schooling, respectively. The same is observed 
for hypertension and diabetes, both of which are more than twice as prevalent in 
groups with less than 8  years of education, with 57% of people with suspected 
hypertension and 25.3% with suspected diabetes. The prevalence of low HDLc is 
also different according to years of education, being significantly lower in those 
with more than 12  years of schooling (36%) compared to those with less than 
8 years (48.5%) or between 8 and 12 years of schooling (50.3%). Tobacco use is 
higher as people have more education, with a prevalence of 18% for those with less 
than 8 years of schooling, 35% for those with 8–12 years of education, and 38.9% 
for those with 12 or more years of schooling. This survey also assessed cardiovas-
cular risk and showed that high cardiovascular risk was 51% in people with less than 
8 years of education, compared to 14.2% in people with 12 or more years of educa-
tion [36].

The National Health and Nutrition Survey findings in Ecuador indicate a direct 
correlation between educational attainment, residential location, ethnicity, and eco-
nomic quintile. This reaffirms the existing disparities in access to education, exert-
ing a substantial influence on the health and nutritional well-being of the population 
and consequently contributing to the prevalence of chronic non-communicable dis-
eases such as CVD [37].

In Mexico, ENSANUT 2022 reported a prevalence of diagnosed and total diabetes 
was higher at lower levels of education. A higher percentage of non-diagnosis was 
also found in people with low socioeconomic status and no health insurance [38]. The 
prevalence of adults with a diagnosis of hypertension and controlled blood pressure is 
also different according to the level of education, being 26% (95% CI: 18.4–35.8) 
among those who have not completed primary education, 31.9% (95% CI: 28.1–35.9) 
among those with primary or secondary education and 39.8% (95% CI: 32.7–47.3) 
among those with more than secondary education [39]. The prevalence of obesity was 
lower in people with a bachelor’s degree (32.0% [95% CI: 28.6–35.7]) than in those 
with a secondary or high school education (38.9% [95% CI: 36.6–41.2]). Also, it was 
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observed that adults with a bachelor’s degree or more were less likely to have obesity 
as measured by body mass index (BMI) (0.7 [95% CI: 0.5, 0.9]) and central obesity 
(0.5 [95% CI: 0.4, 0.7]) than adults with a primary school education or less [40].

The available evidence from various studies in Latin America demonstrates that 
socioeconomic disparities, particularly in access to education, play a crucial role in 
the prevalence of risk factors and CVD. However, caution should be taken when inter-
preting this evidence as most of it comes from national surveys that report prevalence 
according to educational level or other variables representing socioeconomic status 
but do not study associations through models that adjust for other co-variables such as 
age, which can potentially be confounding, for example, in the Argentina survey it is 
explicit that people in the lowest educational strata are older people. Only the reports 
from Brazil and Colombia mention that a multivariate analysis adjusting for co-vari-
ables was performed. Despite this shortcoming, the consistency between the findings 
of the different studies at the national level in Latin America strengthens the conclu-
sion that socioeconomic disparities, represented mainly by the educational status of 
individuals and communities, determine cardiovascular risk and CVD. Addressing 
these disparities and improving access to education and healthcare services is essen-
tial in mitigating the burden of CVD in the region.

8.3  �Initiatives for Cardiovascular Prevention 
in Latin America

Several initiatives have been implemented in Latin America to control risk factors. 
WHO programs addressing the control of smoking, obesity, and hypertension are 
the ones that have been widely applied in different countries in the regions and will 
be described in detail. Some relevant clinical trials with strategies that have not yet 
been widely implemented will also be mentioned. Governments have moved 
towards offering Universal Health Coverage (UHC) to their population. However, in 
the implementation of different strategies, it is critical to consider the environmen-
tal, racial, social, and economic conditions of the population [41].

8.3.1  �Smoking

In 2001, the Pan American Health Organization (PAHO) Member States signed a 
resolution urging all countries of the Americas to protect nonsmokers through a 
smoke-free environment (SFE) in all workplaces and public places as soon as pos-
sible: the Framework Convention on Tobacco Control (FCTC). This resolution also 
included a mandate for the PAHO Secretariat to develop a plan of action under the 
name “Smoke-Free Americas” and to support countries to adopt and implement 
SFE through capacity-building actions aimed at policymakers and local tobacco 
control advocates [42]. In 2005, the FCTC entered into force, which in its Article 8 
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requires States Parties to “adopt and implement effective measures providing for 
protection from exposure to tobacco smoke in indoor workplaces, public transport, 
indoor public places, and, as appropriate, other public places” [43]. In addition, in 
2007, WHO presented a policy package to help countries fulfill obligations under 
the FCTC. It included six effective tobacco control policies, known as MPOWER, 
an acronym for Monitor tobacco use; Protect people from tobacco smoke; Offer 
help to quit tobacco use; Warn about the dangers of tobacco; Enforce bans on 
tobacco advertising and promotion; and Raise taxes on tobacco products [44].

Progressive, sustained, and synergistic implementation of FCTC measures has con-
tributed to a regional reduction in smoking prevalence of more than 50% over 15 years 
[45]. In 2005, Uruguay became the first country to adopt a 100% smoke-free policy by 
decree; Colombia, in 2008, and Peru, in 2010, adopted similar measures. According to 
the 2021, WHO report on the global tobacco epidemic, SFE, jointly with health warning 
labels, was the most implemented measure by American countries in alignment with the 
FCTC and WHO criteria [46]. Almost 20  years after launching the “Smoke-Free 
Americas” initiative, in December 2020, South America became the first subregion in 
the Americas to accomplish 100% smoke-free environments. Latin American countries 
have achieved these 100% SFE policies through laws, decrees, resolutions, or a combi-
nation. In addition, Brazil, with Mauritius, Netherlands, and Turkey, is setting new 
global standards for tobacco control, adopting all six MPOWER measures at the highest 
possible level [47]. With sustained commitment, most of the regions should continue 
reducing the smoking prevalence to below 12.9% by 2025 [48].

However, despite these advances, tobacco use remains a leading preventable risk 
factor for disease, disability, and premature death in Latin America, accounting for 
10% of all deaths [48]. Additionally, some countries have more robust provisions 
than others, and the lack of enforcement weakens the implementation of compre-
hensive smoke-free laws in the subregion. New and emerging tobacco and nicotine 
products pose a severe threat to smoke-free measures. Tobacco and related indus-
tries market e-cigarettes and other new and emerging nicotine and tobacco products 
as alternatives. These products include nicotine pouches, e-shishas, e-pipes, e-cigars, 
and supplementary products to conventional cigarettes that can be used in indoor 
public areas, even where smoking bans exist [46].

Latin America needs to strengthen its existing measures of tobacco control aim-
ing at their full implementation: (1) substantial increases in tobacco taxes to reach 
international standards; (2) complete implementation and enforcement of smoke-
free environments; (3) plain packaging; and (4) complete bans on tobacco advertis-
ing, promotion, and sponsorship [49].

8.3.2  �Obesity

To face the severe health threat derived from obesity in Latin America, PAHO 
launched 2015 the Latin American Action Plan for Prevention of Child and 
Adolescent Obesity [50]. They acknowledge that the individual’s food preferences, 
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purchasing decisions, and eating behaviors are shaped by price, marketing, avail-
ability, and affordability and that these factors are, in turn, influenced by upstream 
policies and regulations on trade and agriculture. The document also mentions the 
need to promote coordination between ministries and public institutions, primarily 
in the sectors of education, agriculture, finance, trade, transportation, and urban 
planning, as well as with local city authorities, to achieve national consensus and 
synergize actions to halt the progression of the obesity epidemic among children 
[50]. The action plan has five aspects:

	1.	 Primary health care and breastfeeding promotion. Breastfeeding is one of 
the most effective ways to ensure child health and survival. In 2012, the World 
Health Assembly approved the global nutrition target of increasing the rate of 
exclusive breastfeeding in the first 6 months of age to at least 50% by 2025. 
However, in the Region of the Americas, the prevalence of exclusive breastfeed-
ing in infants under 6 months of age is 32.3%, a rate that has not improved in two 
decades [51].

	2.	 Healthy eating improvement of school nutrition and physical activity environ-
ments. Programs directly providing healthy foods effectively reduce obesity [52]. 
Student feeding programs that adapt their nutritional guidelines to tackle obesity are 
supported by the World Food Program and the Food and Agricultural Organization 
(FAO) (Global Food Research Program UNC 2021) [53]. Nearly 85 million chil-
dren receive some school meal at zero cost or reduced price annually [54].

	3.	 Fiscal policies and regulation of food marketing and labeling. Market-based 
food interventions, including taxes on junk food, nutrition labeling, and market-
ing restrictions, decrease the consumption of targeted foods. They include poli-
cies designed to change the relative prices of different foods in the market via 
taxes or subsidies. Chile and Mexico were among the earliest countries to imple-
ment a tax on sugar-sweetened beverages. Panama, Ecuador, and Peru shortly 
followed [55]. Studies showed a positive effect on reducing consumption, pur-
chase, and sale and decreased purchases of non-essential energy-dense foods. 
However, nutritional education in vulnerable groups is essential to understand 
their interpretation better [56]. Chile enacted a Food Labeling law in 2016 that 
includes a new front warning labeling on food, which consists of a black octagon 
with white edges placed on the front of the food or beverage package, with the 
message high in calories, sodium, sugars, or saturated fats [57]. An evaluation of 
sugar-sweetened beverage purchases after implementing Chile’s law found that 
purchases declined by nearly 24% in the first 18 months although Chile’s law 
combines marketing and labeling policies [58].

Marketing of less healthy food has been widely implemented. Chile, for 
example, restricted the sale of junk food in educational establishments, followed 
by Uruguay, Peru, and Brazil [59]. However, subsidies for increasing healthy 
food consumption have been less popular among policymakers. Interventions 
are also necessary to improve natural and whole foods production, storage, and 
distribution systems. The family farming initiative is one example of those 
interventions.
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	4.	 Other multisector actions. The provision of urban spaces for physical activity, 
such as parks, implementation of “open streets” programs, and establishment of 
rapid public transportation systems are initiatives that promote physical activity 
policies and programs focused on increasing accessibility and promoting physi-
cal activity, which is crucial for nutritional health. One area of expansion has 
been cycling infrastructure. A recent study showed a massive increase in the 
construction of bike paths in major cities across Latin America. However, green 
space investments are not distributed equitably.

	5.	 Surveillance, research, and evaluation. The review identified 115 PAHO poli-
cies/interventions (43% implemented after signing the proposed plan in 2014). 
Nearly all (18/19) countries implemented food guidelines or school feeding pro-
grams, but fiscal and marketing policies were less commonly implemented 
(6/19). Through the review, 44 valuations of PAHO policies were identified, of 
which 23% were qualitative and 77% quantitative. The results of these evalua-
tions were in general positive (e.g., decrease in sugar-sweetened beverages con-
sumption following tax implementation), but no studies evaluated the outcome 
of reduced obesity.

8.3.3  �Hypertension

Strategies to improve hypertension controls have been developed in the last decade. 
In 2013, the US Centers for Disease Control and Prevention (US CDC) and PAHO 
launched the Standardized Hypertension Treatment Project [60]. Inspired by the 
success achieved by Canada [61] and Kaiser Permanente in the United States [62]. 
The use of standardized treatment protocols, a core set of high-quality, affordable 
medicines, patient registries for cohort monitoring, and team-based care. At the end 
of 2015, the Standardized Hypertension Treatment Project was successfully piloted 
in Barbados and a year later, it was introduced in parallel in Colombia, Cuba, and 
Chile [63].

To support governments in strengthening the prevention and control of CVDs, in 
2016, WHO and the US CDC launched the Global Hearts Initiative. HEARTS tech-
nical package aims to improve the management of CVDs in primary health care. In 
2016, the WHO and other partners launched the Global Hearts Initiative [64]. The 
HEARTS in the Americas Initiative, spearheaded by PAHO, is the regional adapta-
tion of the WHO HEARTS technical package [65], a new model that shifts the focus 
of hypertension and CVD secondary prevention management, including diabetes, 
from the secondary or tertiary level of care to the primary care setting.

The WHO HEARTS technical package details components of a successful 
national hypertension control program. HEARTS is an acronym for H: Healthy life-
style, including diet and exercise recommendations E: Evidence-based, simple 
hypertension treatment protocol, with a linear stepwise algorithm for medication 
use, defined drugs, and doses at each step. Specific medicines and doses were 
selected from WHO-recommended antihypertensive medication classes; A: Access 
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to quality, affordable hypertension medicines, and blood pressure monitoring with 
validated automated digital oscillometric devices; R: Risk-based hypertension man-
agement, with risk and blood pressure thresholds to define HTN diagnosis and treat-
ment goals defined at the national level. T: Team-based, patient-centered HTN care, 
multidisciplinary, often supervised by a physician and including trained and licensed 
nonphysician staff. Task allocation depends on local regulations, customs, and pref-
erences. S: Systems are used to monitor progress in controlling blood pressure at the 
individual patient level and for improving outcomes at the healthcare facility level.

HEARTS recommends that each country develop a national protocol through a 
consensus process that engages local stakeholders, including healthcare profession-
als, scientists, pharmacy and health system managers, and ministries of health [66].

By 2022, HEARTS hypertension control programs treated 12.2 million patients 
in 32 participants LMICs in 165,000 primary care facilities. Hypertension control 
was 38% (median 48%; range 5–86%). In four HEARTS countries using the same 
digital health information system, facility-based control improved from 18% at 
baseline to 46% in 48  months. At the population level, the median estimated 
population-based hypertension control was 11.0% of all hypertension patients 
(range 2.0–34.7%) [67]. The Global Hearts experience of implementing WHO 
HEARTS demonstrates the feasibility of controlling hypertension in LMICs pri-
mary care settings [67]. As of 2022, 12 countries in the Latin America and Caribbean 
region implemented a protocol using initial two-drug combinations [68]. After 
5 years, the program’s success demonstrates that hypertension control is feasible 
and affordable in LMICs and can be scaled and sustained with government leader-
ship and support [69].

8.3.4  �Clinical Trials

A comprehensive model of care led by NPHWs, involving primary care physicians 
and family that was informed by local context, substantially improved blood pres-
sure control and CVD risk. This strategy is effective and pragmatic and has the 
potential to substantially reduce CVD compared with current strategies that are 
typically physician-based.

The Heart Outcomes Prevention and Evaluation 4, conducted in Colombia and 
Malaysia, evaluated a multifaceted intervention package that includes (1) detection, 
treatment, and control of cardiovascular risk factors by nonphysician health workers 
in the community who use tablet-based simplified management algorithms, deci-
sion support, and counseling programs; (2) free dispensation of combination antihy-
pertensive and cholesterol-lowering medications, supervised by local physicians; 
and (3) support from a participant-nominated treatment supporter (either a friend or 
family member) [70]. At the 12-month follow-up, the reduction in Framingham 
Risk Score was −6.40% in the control group and −11.17% in the intervention 
group, and an absolute 11.45 mm Hg reduction in systolic blood pressure, and a 
0.41  mmol/L reduction in LDL with the intervention group (both p  <  0·0001). 
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Change in blood pressure control status (<140 mm Hg) was 69% in the intervention 
group versus 30% in the control group [71].

The Hypertension Control Program in Argentina was a cluster randomized trial 
testing a multicomponent intervention that targeted the healthcare system, provid-
ers, and family groups among low-income patients in Argentina—including a com-
munity health worker-led home intervention (health coaching, home BP monitoring, 
and BP audit and feedback), a physician intervention, and a text-messaging inter-
vention. The community health workers are trained in motivational interviewing 
techniques, measuring blood pressure, facilitating behavioral change, and providing 
management skills to improve medication adherence and lifestyle modifications 
[72]. This comprehensive intervention has been demonstrated to reduce blood pres-
sure and improve hypertension control effectively. The proportion of patients with 
controlled hypertension increased from 17.0% at baseline to 72.9% at 18 months in 
the intervention group and from 17.6% to 52.2% in the usual care group; the differ-
ence in the increase was 20.6% (95% CI: 15.4–25.9%; P < 0.001 [73]. The multi-
component intervention was effective in increasing fruit and vegetable intake and 
physical activity with no effect on alcohol consumption, smoking, addition of salt, 
or body weight among low-income families in Argentina [74] and was also cost-
effective [75].

8.3.5  �Universal Health Coverage

Universal health coverage (UHC) means that all people have access to the full range 
of quality health services they need, when and where they need them, without finan-
cial hardship. Achieving UHC is one of the targets the nations of the world set when 
they adopted the 2030 Sustainable Development Goals (SDGs) in 2015. The UHC 
service coverage index worldwide increased from 45 to 68 between 2000 and 2021. 
However, recent progress in increasing coverage has slowed compared to pre-2015 
gains, rising only three index points between 2015 and 2021 [76].

Since the 1980s, many Latin American countries began reforms to reduce 
inequalities in health access and outcomes focused on expanding universal health 
coverage, especially for poor citizens, with an approach to universal health coverage 
based on principles of equity, solidarity, and collective action to overcome social 
inequalities. In most countries, government financing enabled the introduction of 
supply-side interventions to expand insurance coverage for uninsured citizens. 
During the 2000s, several countries in the region improved healthcare coverage for 
informal workers by expanding the treatments available to them and making explicit 
the healthcare benefits to which the entire population was entitled [77].

The effect of those health reforms in Latin America was that effective health 
coverage improved between 1990 and 2012 in all Latin American countries but one 
[78]. However, the median expenditure in the region has not changed much over the 
past 20 years and is about 6.64% of GDP, much lower than the median 8.97% of 
OECD country expenditure. Out-of-pocket expenditures have fallen over the past 
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20 years, but they are still high at 28.62% for the median country, far more than the 
17.25% for OECD countries, reflecting inadequate default coverage [9]. On aver-
age, 29.3% of people in countries of the Americas reported forgoing needed care 
due to access barriers, including long waiting times, inappropriate hours of opera-
tion, cumbersome administrative requirements, and financial, language, and geo-
graphic barriers. People in the poorest quintile were likelier to experience those 
barriers [79].

A recent telephone survey was conducted in Colombia, Mexico, Peru, and 
Uruguay. The authors found that although access to care was high, only a third of 
respondents reported having a high-quality source of care, and only 25% of those 
with mental health needs had their needs met. Two-thirds of adults could access 
relevant preventive care, and 42% of older adults were screened for cardiovascular 
disease. Telehealth access, communication, and autonomy in most recent visits, rea-
sonable waiting times, and receiving preventive health checks showed inequalities 
favoring people with a high income [80].

To achieve UHC in Latin America, PAHO has proposed (1) Expanding equitable 
access to comprehensive, quality, people- and community-centered health services, 
(2) Strengthening stewardship and governance, (3) Increasing and improving financ-
ing with equity and efficiency, and advancing towards eliminating direct payments 
that constitute a barrier to access at the point of service, and (4) Strengthening mul-
tisectoral coordination to address the social determinants of health that ensure the 
sustainability of universal coverage [81].
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Chapter 9
Tackling the Challenge of the Epidemic 
of Cardiovascular Diseases: A Case 
of Sub-Saharan Africa

Elijah N. Ogola and Yubrine M. Gachemba

9.1  �Introduction

SSA is now facing a double burden of disease where patients are suffering from 
non-communicable diseases such as coronary heart disease, hypertension, kidney 
disease, and diabetes while still grappling with communicable diseases [1]. Due to 
this double burden, CVD prevention and treatment has been overlooked for a very 
long time, allowing the rates to continue to rise unchecked.

Due to adoption of western lifestyles, the rates of CVD risk factors, such as dia-
betes, are expected to increase by 50%. Because of this, 80% of CVD deaths world-
wide take place in developing countries like those in SSA [2]. CVD is emerging as 
a leading cause of mortality overtaking communicable diseases [3]. It is therefore 
imperative that concerted efforts are taken to combat the looming epidemic.

9.2  �The Unique Challenges in SSA

Globally, CVD deaths have steadily increased by over a third from just over 12 mil-
lion in 1990 to 18.6 million in 2019. More than 80% of these cases were in low- and 
middle-income countries (LMICs) [4]. Risk factors for the development of CVD are 
similar throughout the world [5]. SSA is witnessing a marked increase in major 
CVD risk factors, such as hypertension, diabetes, overweight and obesity, physical 
inactivity, tobacco use, and the dyslipidemia. This is mainly driven by an increase 
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in urbanization leading to behavioral and dietary changes like increase in salt and 
alcohol consumption [6, 7].

In SSA, CVDs are the largest contributor to the total NCD burden, accounting 
for 38.3% of NCD deaths and 22.9 million DALYs [8, 9]. CVD deaths have jumped 
from the sixth to the second leading cause of death in sub-Saharan Africa (SSA) 
between 1990 and 2019 [7]. More than half of CVD deaths in Africa are categorized 
as premature mortalities, occurring between the ages of 30 and 70 years [10]. The 
rise in traditional CVD risk factors largely leads to a rise in atherosclerotic cardio-
vascular disease (ASCVD). However, there remains a large burden of endemic 
CVD in Africa that are largely neglected. These include conditions such as rheu-
matic valve disease, various cardiomyopathies, for example, peripartum cardiomy-
opathy and endomyocardial fibrosis (EMF), and pericardial disease, often 
HIV-associated tuberculous pericarditis. These neglected cardiac diseases impose a 
major burden upon the patients, their families, the health systems, and the societies 
as a whole [7].

On average, Africa still has low health expenditure (averaged at 103 US$ per 
capita in 2016), with several countries still below the minimum recommended $44 
per capita. Compounded by the lack of universal health coverage in most SSA coun-
tries, there is a resultant high out-of-pocket cost for citizens of SSA, causing impov-
erishment and inequity in health care access [7].

Variations in the levels of risk factors for CVDs in SAA, such as high sodium 
intake, low potassium intake, obesity, alcohol consumption, physical inactivity, and 
unhealthy diet, might explain some of the regional heterogeneity in CVD preva-
lence in SSA [11].

The WHO Global Action Plan for the prevention and Control of NCDs [12] set 
targets for a 25% decrease in premature CVD mortality by 2025 and a third reduc-
tion for premature NCD mortality by 2030, covered in the sustainable development 
goals (SDGs). Even in the context of ASCVD, the drivers of mortality and morbid-
ity in SSA are considerably different compared to high-income countries (HICs). 
Ischemic heart disease (IHD) has been identified as the leading cause of cardiovas-
cular mortality globally (nearly 50% of all CVD deaths), but on the other hand, 
stroke (specifically hypertensive stroke), has been the greatest contributor to 
ASCVD mortality in Africa [13].

There have been regional efforts to address Africa specific challenges mostly 
spearheaded by the Pan-African Society of Cardiology (PASCAR). Among these is 
the PASCAR roadmap on the control of hypertension which aims to achieve a 25% 
reduction in hypertension prevalence in Africa by 2025 [6]. Another significant ini-
tiative was the Addis Ababa communique on the eradication of rheumatic heart 
disease [14]. This led to the World Health Assembly passing a resolution in 2018 on 
the eradication of RHD, which emphasizes political commitment to tackle RHD as 
a matter of priority with the emphasis on the need for technical guidance on the 
design of RHD control programs that can be integrated within primary health care 
and universal health coverage systems in SSA [15].

Hypertension deserves special mention being the leading cause of global mortal-
ity and morbidity [16]. Hypertension prevalence is exponentially rising in SSA [6]. 
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It is dubbed the “silent killer,” and many patients in SSA present for the first time to 
health care facilities with fatal complications. This “silent killer” is responsible for 
more than half of total CVD-related deaths, being the main driver to IHD, heart 
failure, and stroke burden on the continent [17, 18].

A prospective study in Tanzania showed that hypertension-related deaths 
accounted for 33.9% of all NCD deaths and 15.3% of total mortality [19]. Benefits 
of adequately controlled blood pressure are well-known and cannot be overem-
phasized [20]. Africa not only has the highest age-adjusted prevalence but also 
one of the regions with a rising age-adjusted prevalence [13]. Of importance is 
the large burden of undiagnosed, untreated, and uncontrolled hypertension in 
SSA [13, 21]. The poor awareness rates are due to poor screening systems for 
hypertension. A national NCD risk factor survey in Kenya showed that about two 
thirds of adults have never had a BP measurement. Even among treated cases, 
poor control is common [22]. The need for hypertension control in Africa is 
undoubtedly one of the highest priorities as the region aims to lower the CVD 
burden of disease.

9.3  �Gender Inequalities in CVD Care

There is evidence of sex differences in the risk and occurrence of CVDs in SSA, 
which has not been adequately addressed [23]. A review of the evidence from 
Ghana, Nigeria, South Africa, and Tanzania indicates a poor health system response 
to the increasing risk of CVDs with no discussion on the risk associated with sex 
and gender [24]. While sex-based studies, especially in NCDs, are gaining more 
advocacy globally, there is a sex and gender research gap and data paucity in the 
African context.

Understanding the mechanisms that contribute to worsening risk factor profiles 
in young women to reduce future CVD morbidity and mortality in SSA is para-
mount. Data is required to recognize the prevalence of traditional ASCVD risk fac-
tors, and their differential impact in SSA women, as well as their unique emerging, 
non-traditional risk factors, so as to contribute to new understanding of mechanisms 
leading to worse outcomes for women.

Evidence [25] shows that awareness of CVD as the primary cause of mortality in 
women has been slowly increasing. For instance in 1997, only 30% of American 
women surveyed were aware that CVD was the leading cause of death in women 
and this increased to 54% in 2009 and has subsequently plateaued when last sur-
veyed in 2012 [25].Noteworthy available evidence indicates that women are less 
likely to receive preventive treatment or guidance, such as lipid-lowering therapy, 
aspirin (ASA), and therapeutic lifestyle changes, than are men at similar ASCVD 
risk, and when medications are prescribed, treatment is less likely to be aggressive 
or to achieve optimal effects [26].

The Women’s Ischemia Syndrome Evaluation (WISE) [27] implicated abnormal 
coronary reactivity, microvascular dysfunction, and plaque erosion/distal 
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microembolization as causative to female-specific IHD pathophysiology. Women 
with IHD have a persistent suboptimal treatment pattern, higher mortality, and 
poorer CVD outcomes compared with men.

The few trained cardiologists in SSA have traditionally been trained to equate IHD 
with angiographically defined obstructive CAD; failure to recognize unique aspects of 
IHD in women has contributed to less aggressive lifestyle and medical preventive 
interventions in women relative to men and may contribute to the observed sex-based 
mortality gap. With more data from SSA women a paradigm shift beyond solely an 
anatomic description of obstructive CAD is needed to translate into earlier IHD risk 
detection and treatment for SSA women. These unique challenges of CVD in women 
have not been studied in SSA, which is a major evidence gap.

Biological variances among women and men are called sex differences and are 
frequently reproducible in animal models. Sex differences in CVD risk and events 
have been investigated but their association with sociocultural gender has not 
received the same attention. Unfortunately, sex and gender are often used inter-
changeably and incorrectly in scientific writing, obscuring the relationships and 
insights that would otherwise be revealed. While sex and gender are distinct con-
cepts, they are also interrelated and intersect and therefore are not mutually 
exclusive.

A general acceptance and use of agreed upon definitions may go some way in 
resolving this confusion. The body is at once both biological and social, and thus 
physical health is simultaneously influenced by both sex (the biological) and gender 
(the social) [28].

Sex-stratified analysis lacks considerations of the influences of gender and may 
not present a complete description of CVD health/events, directly impacting the 
design and implementation of interventions designed to meet the targets for 
Sustainable Development Goal 3 and achieve a 30% reduction in premature mortal-
ity due to cardiovascular diseases and other NCDs [23].

Cardiac disease is a leading cause of non-obstetric maternal death worldwide, 
but little is known about its burden in sub-Saharan Africa [29]. The growing popula-
tion in SSA comes with more pregnancies and labor. This poses remarkable physi-
ological and hemodynamic stress and portends significant negative consequences 
on both maternal and fetal outcomes [30]. Globally, 1–4% of pregnancies are com-
plicated by maternal CVDs (excluding systemic arterial hypertension). On its own, 
hypertension occurs in up to 10% of all pregnancies, while pre-eclampsia compli-
cates 2–8% of all pregnancies and is responsible for the highest maternal mortality 
in SSA [7].

Challenges still exist in the management of patients with heart disease in preg-
nancy in SSA. African women in general are under social pressure to bear children 
and will take the risk despite the severity of disease. Improving outcomes of preg-
nant mothers with CVD requires a well-tailored, integrated, and context-specific 
approach that engages the patient (understanding the patient needs) and involves a 
multidisciplinary team headed by a pregnancy heart team [31].

Currently half way between 2015 and 2030, current projections indicate that in 
SSA, overall progress is not enough to achieve SDG 3.4 by 2030. There is limited 
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awareness and access to preconception counselling, with many women seeking 
health care after or at the end of the first trimester while on chronic cardiac medica-
tions and anticoagulation therapy which are contraindicated in pregnancy [7].

The rising prevalence of overweight/obesity in young population of females in 
SSA is very worrisome as it is associated with increasing risks of hypertension and 
diabetes that are known risk factors of CVD mortality and morbidity. In order to 
impact the rising epidemic of hypertension in women in SSA, gender factors need 
to be considered in the interventions aimed at the prevention and control of hyper-
tension. For example, the CREOLE (Comparison of Three Combination Therapies 
in Lowering Blood Pressure in Black Africans) Trial done across 10 sites across 
sub-Saharan Africa found clinically important differences in the therapeutic 
response to antihypertensive combination therapy among African women compared 
with African men [32].

Therefore, it is important to consider the gender-related risk factors while imple-
menting preventive programs and creating effective health policies. There is defi-
nitely need for future research that is directed in exploring the association of other 
important gender-related factors and their role in CVDs in SSA.

9.4  �Social Disparities and CVD in SSA

Although CVD mortality rates have almost halved over recent decades in developed 
economies it continues to rise in LMIC like SSA [13] and thus, there is no room for 
complacency in the efforts required to address the major challenges that CVD con-
tinues to play in individual lives, communities, and society as a whole in SSA.

Furthermore, CVD is one of the conditions most strongly associated with health 
inequalities, even within individual countries and regions. If you live in SSA’s most 
deprived areas, you are almost four times more likely to die prematurely than those 
in the least deprived areas somewhere else in the globe [33].

Data from industrialized countries [34] has suggested a positive association of 
obesity with low-income and deprived neighborhoods. This contradiction has been 
demonstrated to be due to heightened deprivation and exposure to poor-quality 
foods, which are the default choice due to low income among the poor in Western 
countries. In sharp contrast in Africa, a possible explanation for the higher preva-
lence of obesity and malnutrition in affluent and urban populations in Africa may be 
explained by the increasing evolvement of urbanization within the African conti-
nent [35].

The majority of SSA countries are undergoing swift changes in their social and 
economic environments, accompanied with concomitant changes in food-
consumption patterns. The consequence of urbanization in SSA, which is often con-
nected with the adoption of a lifestyle commonly referred to as “westernization,” is 
the increased intake of energy-dense foods and high-calorie sugary meals and drinks 
associated with less energy-demanding jobs, complemented by increased sedentary 
lifestyles and the adoption of detrimental eating habits. All of these factors above 
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may have contributed to the higher prevalence of obesity noticed in the urban and 
affluent populations of African countries [36]. This creates the unique situation 
where “undernutrition” and “over nutrition” exist side by side.

9.5  �Lack of Patient and Public Involvement and Engagement

In the SSAs, sustainable primary prevention of cardiovascular disease is associated 
with the engagement of facilitators that support it and hindered by barriers that 
undermine the support of a healthy lifestyle at the community and family level.

SSA countries do not have the benefit of integrated primary health care (PHC) 
programs for prevention, early detection, and treatment of CVD compared to high-
income settings. As a result, individuals in low- and middle-income countries are 
often detected late in the course of the disease resulting in increased mortality and 
morbidity. They die younger from CVD and other NCDs while in their most pro-
ductive years with major consequences to the society [37].

For instance, in 2013, an estimated one million premature deaths were attributed 
to CVD in sub-Saharan Africa, constituting 5.5% of all global CVD-related deaths 
and 11.3% of all deaths [35].

Preventing and managing CVD in low-resource and urban poor settings in SSA 
countries should consider perceptions and understanding of risk factors for CVD in 
these countries, and the interrelationships among them while accounting for cultural 
and contextual issues of the citizens involved.

Locally generated evidence on awareness and opportunities for CVD care is a 
good place to start, coupled with effective risk communication through health care 
providers. Screening for and treatment of CVD must address issues such as prohibi-
tive cost of health care without overlooking social determinants of disease and 
health, mainly poverty and illiteracy, which are important social determinants of 
CVD in low-resource settings.

9.6  �Poor Health Care Systems in SSA

The epidemiological transition in SSA has created enormous public health chal-
lenges, by leading to a double burden of disease. The double burden of communi-
cable and chronic NCDs has long-term public health impact as it exerts considerable 
strain on health care systems. Failure to address the problem will impose significant 
burden for the health sector and the economy of sub-Saharan African countries.

SSA countries, similar to most developing countries, often do not have the public 
health infrastructure and finances to address both communicable and poverty-
related illness and behavior/chronic-related illnesses. In addition, health care fund-
ing, especially from donor agencies, is disproportionately directed at communicable 
diseases at the expense of NCDs [38].
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The involvement of SSA governments on both national levels and local jurisdic-
tions is necessary to curb the emerging epidemic on CVD in SSA. Lack of aware-
ness of the rising burden CVDs by policy makers leads to lack of prioritization of 
NCD programs. Advocacy towards prioritizing NCD programs is therefore 
necessary.

Despite the high cardiovascular risk burden, it is important to note that health 
care systems in many parts of SSA are designed to treat acute communicable dis-
eases, rather than chronic NCDs such as CVDs, in part due to resources. As a result, 
the health care system is ill equipped for the management of CVDs.

Some important issues such as lack of protocols for CVDs, evaluation and moni-
toring, little or non-existent referral systems, inadequate health facilities, and absence 
of multidisciplinary approach to care teams also make CVD care difficult [39].

9.7  �Poor Resources and Low Prioritization of CVD in SSA

NCD prevention and control is of low but increasing priority in SSA; challenges to 
addressing this burden relate to huge numbers with NCDs (especially hypertension) 
requiring care, overall resource constraints and wider systemic issues, including 
poorly supported primary care services and access barriers. In addition to securing 
and strengthening political will and commitment and directing more resources and 
attention towards this area, there is a need for constructive engagement to shape 
future SSA governments involvement and commitments to lowering the burden of 
CVD in SSA [40].

Health systems in many sub-Saharan African countries remain fragile, frag-
mented, under-resourced, and limited for mounting an effective response to the 
double burden of communicable diseases and NCDs [41].

Notably the migration of skilled health workers from sub-Saharan African coun-
tries has significantly increased. Despite the growing problem of health worker 
migration for the effective functioning of health care systems, there is a remarkable 
paucity and incompleteness of data on this subject and its contribution to CVD in 
SSA underscoring the real extent of migration from, and within, Africa, so as to 
develop effective forecasting or remedial policies.

Increasingly, fragility is recognized as a multi-dimensional phenomenon reflec-
tive of country and historical context, the vulnerabilities of the health system in SSA 
countries and the population itself, as well as breakdowns in interactions between 
populations and health systems. For example, violence and prolonged conflict, 
political and economic instability, marginalization and inequality, weak and dis-
torted national governance structures and processes and substantive environmental 
threats including climate change and natural disasters undermine, and even reverse, 
the advances in health and well-being in SSA [42].

Most of the time there is lack of contextual data from SSA, hindering priority 
setting. Reliance on donor-funded initiatives programs gives the donors undue influ-
ence in setting the agenda leading to skewed priorities.
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Moving forward, investment in cost-effective ways for the prevention and treat-
ment of risk factors for CVD is paramount [40].

Systematic screening, improving access to medication, and implementing stan-
dardized guideline-directed clinical management is vital to control efforts. CVD 
research output from Africa is rising but remains low and out of proportion to the 
rising burden of CVD on the continent, despite some progress over the past 50 years. 
The extent of collaboration within Africa is much lower than the level of collabora-
tion with non-African countries [7].

Advocating for strategies to improve the quantity and impact of cardiovascular 
research, including increased resources to train cardiovascular health professionals 
and researchers, build infrastructures, and fund research on CVD priorities for SSA 
cannot be overemphasized.

Creating and expanding collaborative research networks within Africa will be 
pivotal to improve global cardiovascular health [6]. Lack of systematic surveillance 
data covering vital statistics such as causes of mortality within countries hinders 
disease burden estimates and consequently affects monitoring and evaluation of 
interventions.

Therefore, there is a large gap to fill for general access to CVD care, and the 
contributory factors include [12]:

Low health budget allocation—Most SSA countries have insufficient health 
financing systems with high out of pocket expenditures. Almost half of all African 
countries still have out-of-pocket expenditures of above 40% [43].

In general, health spending in still very low in Africa, with the Central, Western, 
and Eastern African regions documented to have the lowest worldwide. In addition, 
there is a huge reliance on donor funding among several African countries and rela-
tively less government health service expenditure on primary care with donor fund-
ing mostly directed towards communicable diseases.

The lack of universal health coverage and consequently high out-of-pocket 
expenditure often results in catastrophic health spending for citizens of SSA.

Inadequate access and long-term affordability of evidenced-based CVD 
medications, including important drugs for CVD prevention [37].

Lack of centers of excellence not only to offer advanced care and training, 
but also to spearhead advanced home grown research and innovation [37].

Low education and health literacy levels, affects health choices made, includ-
ing health-seeking behavior partly contributing to challenges described such as the 
late presentation of CVDs and subsequently poor prognosis [7].

There is a paucity of cost-effective, integrated, and evidenced-based 
approaches for CVD prevention targeted at whole populations and supported 
by effective policies and government commitment.
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9.8  �Solutions

Prevention of CVD in SSA should be strengthened across the whole spectrum, from 
primordial, primary, secondary to tertiary prevention levels. For example, the 
Strategic Plan from the AHA for 2020 [44], articulated the goal “by 2020 to improve 
the cardiovascular health of all Americans by 20%,” while reducing deaths from 
CVD and stroke by 20%.” To achieve these goals, the AHA outlined a series of 
steps, many of which depend on lifestyle modalities with an overall strategy based 
on three pillars: (a) primordial prevention, (b) evidence that risk factors for CVD 
develop early in life, and (c) balancing individualized risk approaches with popula-
tion level approaches.

SSA countries need to identify and implement cost-effective, preventive strate-
gies targeting both high risk and the general population. Integration and strengthen-
ing of primary health care services is an important strategy. This should be in the 
backdrop of preventive efforts such as the adoption of the FCTC for tobacco con-
trol, introducing sugar tax for processed foods, and implementing population-based 
interventions that promote healthy lifestyles that have proven effective in several 
settings.

This will therefore require sustained advocacy by in-country stakeholders such 
as cardiovascular specialists, patient organizations, civil society, policy makers, and 
implementers to prioritize these policies in order to improve CVD outcomes.

Most critically in the context of SSA, hypertension prevention deserves con-
certed efforts given its contribution to CVD. Universal and periodic screening, diag-
nosis, and guideline-directed treatment through strengthening and integration into 
primary care facilities, task-shifting, and universal availability of effective drugs 
should be prioritized in SSA countries.

9.9  �Improvement of Access

Access to Affordable care: Reducing out-of-pocket expenditure and implementing 
health financing plans with the objective of increasing equitable and effective access 
to CVD care is of critical importance [1].

Strengthening PHC: Health reforms in SSA countries to promote progress 
towards UHC will involve country commitments to increasing revenue generation 
and overall government expenditure on health, employing a whole system approach. 
SSA governments need to increase health expenditure by allocating at least 15% of 
their national budgets to the health sector, including a minimum of US$ 44 per 
capita for health funding [45].

Task shifting: Task shifting of cardiovascular care strategies like screening, life-
style modification counselling, routine, uncomplicated, follow-ups, specialized care 
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linkage, and coordination of NCD support groups will assist in closing the current 
gap in staffing shortages [46].

Management protocols and clear referral pathways: To optimize the impact of 
task shifting, both simplified management protocols and well-defined referral path-
ways have to be put in place.

Motivating the workforce: Incentivizing the workforce with the aim of retaining 
knowledgeable and skilled medical personnel within SSA countries is crucial and 
will actually build a strong chain of CVD care advocates [47].

Integration of chronic care model in the management of cardiovascular diseases: 
Borrowing from well-studied Chronic Care Models, has been proposed as a solu-
tion to improve the integrated management of CVD in SSA. This model identifies 
six essential elements: community resources and policies, health care organization, 
self-management support, delivery system design, decision support, and clinical 
information systems. For example, the untapped capacity of chronic care models for 
HIV/AIDS care in SSA should be viewed as a model for CVD care. Lessons learnt 
from the implementation of care models for HIV/AIDS and tuberculosis in SSA 
could be effectively applied to improve care models for CVD care in SSA [48].

9.10  �Increase Research Output

High-quality epidemiological and implementation research, as well as dedicated 
investments towards strengthening vital statistical data and systematic surveillance, 
will inform cardiovascular care practice in SSA and contribute towards identifying 
and evaluating sustainable interventions in various settings, track progress, and 
strengthen policy development and adoption.

9.11  �Improve Training of Human Resource 
for Cardiovascular Care

Priorities to improve cardiovascular care training should include establishing in-
country cardiology training centers and strengthening existing training centers through 
bench marking and fostering collaboration with strong external cardiology training 
institutions. Not to forget the training of the allied medical cadres that are critical to 
the delivery care especially in an environment with a net deficit of health care workers.

9.12  �Conclusion

There is a growing burden of CVD in SSA. This is as a result of increasing and unchecked 
risk factors with considerable heterogeneity in risk trends across the different countries 
leading to explosive rates of CVD-related morbidity and mortality in the region.
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Despite the sustained efforts to combat CVDs on the continent by the different advo-
cacy groups such as WHO, PASCAR, and the World Heart Federation, the adoption of 
effective policies is lagging in many SSA states. Overall, available evidence suggests 
applying preventive strategies targeting the whole population aiming at targeting major 
risk factors and collectively contributing towards reaching the set targets by 2030.

Intensified and tailored regional efforts need to be channeled to lower blood pres-
sure and other risk factors that should be coupled with continued surveillance and 
reliable data collection and monitoring of programs. The promotion of efforts of 
global, regional, and local experts needs to be encouraged to contribute towards 
increased advocacy for CVDs.

Efforts towards identifying innovative ways to improve access and service provi-
sion at a primary health care level, and investing towards universal health coverage, 
cost-effective preventive approaches that are easily adaptable and prioritizing 
research are important areas of focus.

Countries in SSA need to work together to support delivery of these important 
ambitions, including research and shared commitments and by highlighting how the 
whole SSA region can each collaborate with each other in the prevention of CVD, 
which we know still negatively impact lives of millions of people, often living in our 
more deprived communities.

With commitment by SSA countries, individually and collectively, to strengthen 
health systems, adopt and implement key metrics targeting CVD awareness, preven-
tion and management, significant strides are possible towards changing the current 
trajectory of CVD burden in SSA leading to the improvement of cardiovascular and 
overall health of the population of SSA.
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Glossary

Gender  Male or female sex when considered with respect to cultural or social dif-
ferences rather than biological ones.

Low- and middle-income countries (LMIC)  Defined by the world bank as hav-
ing a gross national income (GNI) per capita of US$ 1045 or less (low income), 
or between US$ 1046 and 12,745 (middle income).

Non-communicable diseases  Diseases that are not spread by infection or through 
other people but are typically caused by unhealthy behaviors.

Sub-Saharan Africa (SSA)  The region of Africa that lies south of the Sahara.
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Chapter 10
Socio-economic Factors 
and Cardiovascular Outcomes in Japan: Is 
Unrestricted Access to Healthcare 
Resources Enough?

Neiko Ozasa and Toshiko Yoshida

10.1  �Cardiovascular Disease Prevention in Japan, 
an Economic Superpower: The Limitations 
of Medical Care

To prevent and treat cardiovascular diseases, it is important to improve lifestyle and 
social environment related to nutrition and diet, physical activity and exercise, sleep 
and rest, moderation of alcohol consumption and smoking, and dental and oral 
health [1, 2]. In Japan, medical insurance covers nutritional guidance by physicians, 
nurses, and dietitians for patients with diabetes, dyslipidemia, and hypertension as 
primary prevention of cardiovascular diseases. Cardiac rehabilitation is also cov-
ered by medical insurance as a secondary prevention for cardiovascular diseases and 
is provided to patients with myocardial infarction, angina pectoris, heart failure, 
postoperative cardiac surgery, arteriosclerosis obliterans, aortic disease, and post-
transcatheter aortic valve implantation (TAVI). The patients are provided with com-
prehensive and specialized guidance for lifestyle improvement by a multidisciplinary 
team of doctors, nurses, dietitians, physical therapists, exercise instructors, occupa-
tional therapists, psychologists, etc. [2, 3].

However, these interventions, which are covered by medical insurance estab-
lished by the government, also incur a co-payment of 10–30%, depending on the 
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type of medical insurance. Japan has a “universal health insurance system” that 
requires all citizens to have some form of medical insurance, but if a person is 
unable to pay the co-payments or purchase medical insurance due to poverty, there 
is a system of public assistance available. Under the public assistance, medical care 
is paid for in kind, and there is no co-payment of medical expenses. Therefore, it can 
be said that only patients who have the financial ability to pay the co-payments of 
medical insurance or those who are approved for public assistance can receive life-
style guidance for the prevention of cardiovascular diseases as part of medical care 
in Japan.

10.2  �Growing Income Inequality and Health Inequities

Japan is known as the “world’s third largest economy,” has “a universal healthcare 
system unlike any other in the world,” and is actively engaged in research on highly 
advanced medical care. In reality, however, wealth in Japan is concentrated in the 
hands of big capital and a few wealthy people, and poverty is a social problem. 
According to the Organization for Economic Co-operation and Development 
(OECD), wage growth over the past 20 years has increased in each country: 38.9% 
in Sweden, 27.7% in France, 18.8% in Germany, and 15.3% in the United States. In 
contrast, the rate of increase in Japan was −9.9%, a decrease of 9.9%. Average 
annual wage is the lowest among the seven industrialized countries and lower than 
the OECD average. One-fourth of the working population in Japan is called the 
“working poor,” or those earning less than two million yen a year. When the poverty 
rate is defined as the ratio of the number of people (in a given age group) whose 
income falls below the poverty line; taken as half the median household income of 
the total population, Japan’s poverty rate ranks tenth among OECD countries. 
(Inequality—Poverty rate—OECD Data, Viewed December 28, 2023).

As poverty spreads, the number of people without medical insurance is increas-
ing due to their inability to raise the costs to purchase medical insurance, and as of 
2022, approximately half a million households were uninsured [4]. The uninsured 
are less able to access healthcare and tend not to see a doctor until their illness 
becomes severe. These patients may also have difficulty accessing cardiac rehabili-
tation after a myocardial infarction or other cardiovascular events.

Low-income individuals, especially the older, are more likely to have an increased 
risk of developing disease, as they often have poor nutritional and dietary balance 
and few exercise habits. The medical insurance system for the older aged 75 and 
over has been changed in October 2022. The new system requires patients to pay 
20–30% of the total cost, depending on their income, instead of the 10% that was 
previously required. These amendments to the healthcare insurance system for the 
aged have resulted in an increase in the number of patients who were required to pay 
two to three times more than the total cost, even if they were only required to pay 
10% before the revision. There are concerns that older patients who are forced to 
pay the increased co-payments may be discouraged from receiving medical exami-
nations, resulting in more severe illnesses and further escalation of medical costs.

N. Ozasa and T. Yoshida



197

10.3  �Dealing with the Living Poorness Person

In addition to cash assistance, public assistance provides medical care and nursing 
care in kind to those in financial need. As of 2023, the number of households receiv-
ing public assistance has nearly doubled from 20  years ago to 2.02 million 
(Fig. 10.1). Medical care accounts for 50% of the payments to public assistance 
recipients, indicating a high need for medical care. However, another problem is 
that many households do not receive welfare benefits even though they are finan-
cially below the public assistance entitlement threshold, with the 2018 public assis-
tance capture rate standing at 22.9%. The low capture rate is due to a variety of 
issues, including the complexity of the procedures for applying for and receiving 
public assistance and social prejudice [5].

Since 2008, Free/Low-Cost Medical Care (FLCMC) have been provided to 
enable living poorness person access medical care and nursing care [6], with a total 
of 6.84 million people using the FLCMC in 2022. On the other hand, this system is 
not fully recognized by general medical institutions and the general public in the 
community, and it is believed that there are many persons with poverty not able to 
use this system. The challenge is to create a system that enables more people to 
utilize the system.

Fig. 10.1  Number of public assistance recipients (prepared by the author based on data released 
by the Ministry of Health, Labor and Welfare, Viewed December 28, 2023). The number of public 
assistance recipients has increased rapidly since the global financial crisis. Although the number 
has been decreasing in recent years, more than two million people are still receiving public assis-
tance. The number of persons 65 years old and over continues to increase. Half of the total number 
of persons receiving public assistance are 65 years of age or older
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10.4  �Problem of Poverty Among Patients 
with Cardiovascular Diseases in Japan

There are few studies on poverty among patients with cardiovascular diseases in 
Japan. Because persons with poverty are less likely to make regular visits to medical 
institutions, the presence of poverty may not be noticed unless healthcare providers 
are aware of it. It is thought that by the time indigent patients, who are prone to 
medical inactivity, visit a medical institution, their disease is often severe.

We conducted a prospective, observational, multicenter study on heart failure, a 
terminal manifestation of cardiovascular diseases, among the indigent patients [7]. 
The KCHF study is an all-comers registry of consecutive patients who were admit-
ted to 19 Kyoto University affiliated facilities distributed nationwide between 
October 2014 and March 2016 due to acute decompensated heart failure and 
received intravenous heart failure medications within 24  h. In this study, socio-
economic background was investigated, including status of public assistance [7]. In 
addition, adherence to medication and the presence or absence of a cohabitant were 
also investigated in detail. The results of this study showed that 3728 patients were 
included in the study, of which 218, or 5.8%, were public assistance recipients, that 
was approximately three times the recipient rate of 1.6% for the Japanese population 
at that time. The mean age of public assistance recipients was significantly younger 
than that of non-recipients (72.3 ± 12.2 vs. 78.0 ± 11.9 years), more current smokers 
(31 vs. 11%) and more chronic lung disease (21 vs. 13%) (p < 0.001). Medication 
adherence was low (27 vs. 16%), more people lived alone (56 vs. 19%), and employ-
ment rates were low (5.1 vs. 14%) (p < 0.001). Although there was no significant 
difference in mortality within 1 year of discharge from the hospital between those 
with and without public assistance, the heart failure rehospitalization rate after 
180 days, adjusted for age and other factors, was significantly higher among those 
on public assistance (p = 0.02). Poverty is likely to lead to social isolation, reducing 
not only the ability to pay for expenses and time, but also the ability to recognize 
health needs, to accept and search for the need for medical assistance, and to reach 
needed medical care. The development of cardiovascular diseases, particularly 
symptomatic heart failure, contributes to the decline in these abilities. Furthermore, 
the poor prognosis among patients with public assistance in the current study sug-
gests that they are likely not receiving early consultations and exacerbating their 
disease until they present to the emergency department with worsening heart failure.

10.5  �Widening Health Inequities After the COVID-19 
Pandemic, and Measures to Address the 2025 Problem

In Japan, the problems of poverty and inequality had been an issue even before the 
COronaVIrus Disease of 2019 (COVID-19) pandemic, but the decrease in  local 
communication due to infection control measures further exacerbated the material 
and mental deprivation of the indigent patients. Opportunities to provide face-to-face 
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information to the indigent patients, such as FLCMC introduced by social workers 
to their patients, have also decreased. Future studies are needed to address the health 
inequities that have become even more pronounced after the COVID-19 pandemic.

Japan’s population is expected to continue aging, and by 2025, those aged 75 and 
over are expected to account for a quarter of the population. In order to maintain the 
accompanying medical and long-term care system, the Ministry of Health, Labor and 
Welfare announced in 2016 a policy to promote the establishment of the community-
based integrated care system [8]. This system plans to establish regional comprehen-
sive support centers throughout Japan and strengthen regional cooperation to support 
medical and nursing care for the older. At the present stage, however, most community 
comprehensive support centers are operated by the private sector under contract from 
the government, and there is no standardization of intervention methods among the 
centers. In operating Community General Support Centers, there is a need to enhance 
the training of front-line staff, as well as the education of the staff, so that necessary 
medical care and long-term care can be distributed appropriately in the future.

10.6  �Social Determinants of Health Other Than Poverty 
and the Role of Healthcare Providers

In a model by Booske BC et al. based on data from four US states, the provision of 
healthcare and quality of healthcare affect only about 20% of health, social determi-
nants of health (SDOH)—income, education, employment, family and social sup-
port, and community safety—40%, lifestyle factors that affect health 30%, and 
environmental factors such as clean water and air quality, climate change, and disas-
ters account for 10% [9]. A well-known example of natural disasters and cardiovas-
cular diseases is the increase in cardiovascular diseases among survivors of the 2011 
Great East Japan Earthquake. Aoki et  al. reported that the number of emergency 
room visits for heart failure, acute coronary syndrome, stroke, and cardiopulmonary 
arrest in the week following a major earthquake increased to about twice the previ-
ous level [10]. In major earthquakes, physical and psychological stress has a signifi-
cant impact on disease, but other human factors, such as interference with the supply 
of medicines and medical care, also often cause disease exacerbation. With regard to 
social isolation and cardiovascular diseases, Takabayashi et  al. reported on the 
KICKOFF study of 1253 acute heart failure patients admitted to 13 facilities in the 
Osaka area between April 2015 and August 2017, reported a significant association 
between living alone and 3-year heart failure hospitalization among male patients [11].

10.7  �SDOH and Health Advocacy by Healthcare Providers

In routine medical care, healthcare providers tend to judge patients who do not show 
up for appointments or who tend to discontinue prescription medications as “nonad-
herent” or “unwilling” to receive treatment. However, SDOH may be hidden among 
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such patients, and it is necessary for healthcare providers to view health inequities 
from the perspective of SDOH. However, if patients are unable to see a doctor or 
discontinue treatment because of social factors, it is difficult for the healthcare pro-
vider to address these social factors. In cardiovascular treatment especially in car-
diac rehabilitation, where the goal of intervention is patients’ self-management of 
their diseases, the decline in adherence, which is not a problem of the patient’s own, 
cannot be ignored. The AHA SCIENTIFIC STATEMENT on SDOH in heart failure 
patients was published in 2020 [12]. This document includes a definition of SDOH, 
provider competencies, and SDOH assessment tools and addresses the following 
questions: (1) What models or frameworks guide healthcare providers to address? 
(2) What are the SDOH affecting the delivery of care and the interventions address-
ing them that affect the care and outcomes of patients with heart failure? (3) What 
are the opportunities for healthcare providers to address the SDOH affecting the 
care of patients with heart failure?

The Royal College of Physicians and Surgeons of Canada has identified seven 
roles for healthcare providers, one of which is that of the health advocate. The role 
of the health advocate is to “provide the non-medical care necessary for the health 
of patients,” and to “work with those who make up the community, including 
patients in the area or specialty in which he or she practices, to make effective 
change at the organizational and institutional levels” [13].

10.8  �Actions to Mitigate the Effect of SDOH

Several support tools for health advocates have been proposed for health providers 
in Japan. “Financial Support Tools for Medical and Nursing Staff” (https://www.
hphnet.jp/study-data/5185/https://www.hpnhnet.jp/whats-new/5185/, Viewed 
December 8, 2024) for indigent patients, the “Guidelines for Supporting the Balance 
between Treatment and Work in the Workplace” (https://www.mhlw.go.jp/con-
tent/10900000/001179451.pdf https://www.mhlw.go.jp/con-
tent/11200000/001088186.pdf, Viewed December 8, 2024) for those seeking for 
employment, and several others have been proposed that can be utilized according 
to needs. However, these tools are not yet fully recognized by medical professionals 
in the cardiovascular field. It would be desirable for Japanese societies and organi-
zations related to cardiovascular diseases and others need to encourage their fur-
ther use.

On the other hand, the long-term care insurance system for the older, which has 
been in effect since 2000, has become widely accepted among medical professionals 
involved in cardiovascular care [14]. In the KCHF study and the KICKOFF study, 
54% and 44% of patients were certified or scheduled to be certified for long-term care 
insurance at the time of discharge from the hospital, respectively [8, 15, 16]. As these 
studies are not randomized controlled trials (RCTs) planned to assess the efficacy of 
long-term care insurance so that they could not test the effect of long-term care 
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insurance, the results of these studies demonstrated half of all patients with acute heart 
failure admissions required for care and support. For older patients with heart failure, 
it will be necessary to create a system to manage the disease during the stable phase, 
beyond the framework of lifestyle guidance and cardiac rehabilitation.

Telecardiac rehabilitation is about to be launched in Japan, but it should not 
exclude impoverished elderly heart failure patients, who are considered to have the 
poorest prognosis among heart failure patients. A system must be established to 
provide access and support disease management for these patients as well.

10.9  �Conclusion

As Japan’s population ages, there are many older patients with cardiovascular 
diseases who require nursing care and support. In addition, although not fully 
investigated, the number of people in need is increasing due to the growing income 
inequality in Japan, and heart failure patients are thought to be increasing among 
the older persons who are unable to find work. SODH such as climate change, 
including global warming, the increase in natural disasters such as earthquakes, 
and the increase in the number of single people and people living alone, as well as 
various other factors increase patients who are not able to access to medical care. 
Even in telemedicine, which is expected to increase in the near future in Japan, 
patients who are poor, elderly, or digitally illiterate may be left behind. Future 
Japanese healthcare needs to create a framework to accept patients facing SDOH.
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Glossary

Living poorness person  A person who is in actual economic distress and is at risk 
of becoming unable to maintain a minimum standard of living.

Free/Low-Cost Medical Care (FLCMC)  Free and Low-Cost Medical Services is 
a system that provides free or low-cost medical services so that people are not 
limited in their access to necessary medical care due to economic reasons.

Long-term care insurance system  The public assistance system is a public wel-
fare programs by the government that provides necessary protection to those in 
need and guarantees a minimum standard of living that is healthy and culturally 
acceptable.

SDOH (social determinants of health)  The circumstances in which people are 
born, grow up, live, work, and age and the systems put in place to offer health 
care and services to a community.
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Chapter 11
Socioeconomic Status and Cardiovascular 
Disease Prevention in India

Ishita Gupta, Arun P. Jose, and Dorairaj Prabhakaran

11.1  �Cardiovascular Diseases (CVDs) and Associated 
Risk Factors

Indians have a higher propensity of developing cardiovascular disease (CVD), 
experience CVD a decade earlier than their European counterparts, have a higher 
case fatality rate, and high premature mortality (nearly two-third of all CVD deaths) 
[1–4] leading to substantial loss of lives during their most productive ages. In India 
(2016), CVD alone was responsible for more than a quarter of total deaths (28.1%) 
and 14.1% of total Disability Adjusted Life Years (DALYs). This is considerably 
higher than the respective estimates of 15.2% and 6.9% in 1990 [5]. The state-level 
burden of disease study (GBD study group) reported that, as of 2016, all states in 
India have a predominance of non-communicable diseases (NCD) compared with 
communicable diseases, which was the case only in one state as early as 1990 [6]. 
This rapid transition and increase in disease burden has been driven by demographic 
transition (population growth and aging populations), advancements in medical care 
leading to greater life expectancy, and rapid urbanization.

Ischemic heart disease (IHD) and stroke were among the top CVD types in India 
contributing to 61.4% and 24.9% of total DALYs from CVDs, with the former being 
the largest contributor towards total deaths 17.8% (95% CI: 16.8%–18.5%) [6]. The 
Harvard School of Public Health and the World Economic Forum have estimated 
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that India will lose 2.17 trillion dollars before 2030 due to CVD alone [7]. It has 
been suggested that early life exposures among Indians (through the life-course) 
along with the changes that have happened alongside the epidemiological, demo-
graphic, nutritional, environmental, social-cultural, and economic transitions also 
put Indians at an increased risk of CVD and associated mortality [8]. As the transi-
tion progresses to more advanced stages, prevalence of NCDs including CVD gravi-
tates towards the poor and vulnerable, affecting them even more than the rich which 
will further have a deleterious impact on the economic growth of the country. Such 
a loss has a huge bearing on our progress towards sustainable development goals [9] 
underscoring the importance of risk factors of CVD along with their social and 
economic determinants while formulating policy and planning implementation of 
CVD programs.

Risk Factors for CVD: Family history of CVD, tobacco use, physical inactivity, 
abnormal serum lipids, body weight, air pollution, hypertension, and diabetes are 
few of the known conventional CVD risk factors [10]. According to the ICMR-
INDIAB study, a cross-sectional population-based survey of more than 1 lakh adults 
from 31 Indian states/UTs found that the prevalence of hypertension was 35.5%, 
dyslipidemia was 81.2%, and diabetes was 11.4% [11]. In addition to these 
individual-level risk factors that primarily include behavioral and metabolic factors, 
there is a set of upstream factors or social determinants of health that are important 
contributors of CVD as well as its risk factors [12].

Social Determinants of Health: According to the WHO, social determinants of 
health “are the conditions in which people are born, grow, work, live, and age, and 
the wider set of forces and systems shaping the conditions of daily life. These forces 
and systems include economic policies and systems, development agendas, social 
norms, social policies, and political systems” [13]. These include several socioeco-
nomic and environmental factors that have a significant impact on both community 
and individual-level health. Socio-economic status (SES)/position is an important 
construct of the multi-dimensional social determinants of health. It refers to the 
social and economic factors that influence what positions individuals or groups hold 
within the structure of a society [14, 15] often characterized by income, education, 
occupation, physical assets, social position, caste, and so on. Nair et al. reported that 
while conventional risk factors are responsible for a large proportion of the CVD 
risk, several conditioning factors such as education, socio-economic status, and 
early life influences also contribute considerably [8]. This is further supported by 
the results of a meta-analysis with 1.7 million individuals that demonstrated an 
inverse association between socioeconomic position and premature all-cause as 
well as CVD-related mortality [16]. Thus, while the current practices continue to 
address individual/conventional risk factors (reducing tobacco and alcohol con-
sumption, diet modification, and promoting physical activity), this approach alone 
may not be adequate due to the role of the social determinants that operate at a 
broader level and are responsible for shaping an individuals’ health behavior and 
choices. Thus, it is imperative to address these upstream factors by broadening the 
scope of interventions and targeting families and communities for better health 
outcomes.
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Pathways of SES and CVD: There are several pathways through which SES 
leads to CVD. In most LMICs during the early stages of epidemiological transition, 
CVD was more prevalent in affluent sections of the population who had the resources 
and economic stability to experiment with a change in lifestyle. As the risks associ-
ated with the new lifestyle (tobacco, unhealthy foods, and automated transport) 
became available and accessible for wider consumption, the impact of CVD became 
apparent in all socioeconomic groups [17]. As the transition evolves to more 
advanced stages, the educated and affluent segment utilizes resources to acquire 
better health-related information and resort to healthy lifestyle thus indicating a 
decline in the CVD events in this group. While, on the other hand, the risk factors 
and CVD burden gradually increased in the disadvantaged groups and spilled over 
to the rural areas having low education and awareness levels, served by a deficient 
health system [17].

While some models explain the role of early life factors which may or may not 
be influenced by the intervening life experiences to impact the occurrence of CVD 
[18, 19]. Others suggest a cumulative or additive effect of psychosocial and physi-
ological experiences and environments during early and later life that accumulate to 
influence adult disease risk [20, 21]. As suggested by these models, often early life 
circumstances, shape adult social circumstances, which, in turn, influence CVD risk 
and mortality. Consistent with these observations, the life-course theory relies on a 
multidisciplinary approach to suggesting the role of early- and later-life biological, 
behavioral, social, and psychological exposures on an individual’s health and how 
social inequities can be transmitted across generations [22].

11.2  �An Overview of Socioeconomic Groups in India

The need to understand the role of socioeconomic determinants of CVD in India, 
home to a culturally and socially diverse population of 1.3 billion people (18% of 
the world’s population) that have been shown to have a preponderance to CVD, 
becomes even more important to achieve global and national targets for CVD 
[23]. There are multiple, complex dimensions to socioeconomic status or position 
in India. Several indicators individually or combined have been proposed to char-
acterize SES [24]. Each indicator reflects a differing but related aspect of an 
individual’s position in society [25, 26]. For example, education represents 
achievement of milestones such as primary school, secondary school and beyond, 
and future earning potential. Occupation reflects social standing in society; how-
ever, homemakers, students, retired, and unemployed are often inadequately cat-
egorized. Monthly household income may be inconsistent as income can vary 
and/or is often under-reported due to bias and multiple sources of income. 
Household assets reflect current material wealth and may not capture genera-
tional wealth. Therefore, evaluating multiple SES indicators provides a more 
comprehensive representation of the social determinants of health and an oppor-
tunity to address the same [27, 28].
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There are several scores or indices for the assessment of SES status in India. 
Some of which are solely based on a single measure assessment (including income 
or expenditure alone) while others are composite indices that are a combination of 
two or more measures (education and income and occupation, etc.). Rahman et al. 
report a total of 25 SES indices in their scoping review of more than 250 South 
Asian studies classified into asset-based wealth index, wealth index with education, 
indices based on income and expenditure, indices based on education and occupa-
tion, and other undescribed indices [29]. Some common indices used across Indian 
studies include: The Kuppuswamy Scale is a combination of material possession, 
education, occupation, and income [30]. Pareekh et al. further added caste and fam-
ily type and created a new scale with a total of nine indicators [31]; and Tiwari et al. 
used housing, material possession, education, occupation, economic profile, culti-
vated land, and social profile in his scale [32]. These scales have been modified 
further in 2007 [33].

11.3  �SES, CVD, and Its Risk Factors in India

Statistics based on the Central Bureau of Health Intelligence, National Health 
Profile 2022 suggest that the India’s overall literacy rate was 73%, with urban areas 
reporting a 16% higher rate (84%) than rural (68%). An overall proportion of 21.9% 
people were below the poverty line [34]. As discussed previously, the occurrence of 
CVD and its risk factors varies by SES. While in developed countries those in the 
low socioeconomic group experience higher morbidity and mortality [35–37], in 
low-middle income countries such as India an initial predominance of CVD in the 
upper SES has been followed by increasing vulnerability of lower SES groups with 
the maturation of the transition.

Agarwal et  al. with data obtained from a large, representative population 
(n = 38,457) in Himachal Pradesh, India observed that tobacco and alcohol con-
sumption was higher among the low socioeconomic position population (as mea-
sured by education, household income, and household assets) [38]. Several other 
studies in the past are reflective of similar patterns of consumption of tobacco and 
alcohol. Data from 1983 individuals from villages in 18 states in India also reported 
a higher prevalence of tobacco and alcohol use in low socioeconomic position indi-
viduals [39]. When compared by education status, individuals with no education 
were more likely to be smokers (57.7% vs 39.5%, p  <  0.001) and use alcohol 
(36.8% vs 25.5%, p < 0.001) compared to those with some level of education [40]. 
Greater prevalence of smoking and/or tobacco use (OR 3.27, 95% CI: 2.66–4.01) 
was observed when low education groups were compared to high education groups 
in urban settings [41]. The CARRS-Study, one of the largest population-based 
cohorts (>16,000 adults) in South Asia (>12,000 from two Indian cities, Delhi and 
Chennai) illustrates that tobacco smoking varied by education status with 17.0% 
(95% CI: 15.5–18.5) among primary, 12.2% (95% CI: 11.3–3.0) among secondary 
school education and 7.0% (95% CI: 5.8–8.2); p < 0.001) among graduates [42]. 
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Similar trend was observed across the wealth quintile, with prevalence declining 
with an increase in wealth quintile.

The CARRS-Study also reported lower consumption of fruits/vegetables among 
those with lower level education (primary: 68.0%, 95% CI: 65.6–70.2 vs secondary: 
60.3%, 95% CI: 58.6–62.0 vs graduate: 48.0%, 95% CI: 45.1–50.9; p < 0.001) and 
those belonging to lower wealth quintile [42]. The National Family Health Survey 
(NFHS-4), a large nationally representative periodic cross-sectional survey also 
confirms that less than half of the population consumes vegetables, legumes, or 
pulses every day [43]. This could be partly explained by healthier foods being priced 
higher than the unhealthier options making them less accessible [44–46]. 
Additionally, despite being an agrarian population with a higher consumption of 
plant-based foods [47], Indians experience a high CVD burden due to a transition in 
diet from coarse cereals to more refined ones (white rice, refined-flour), packaged 
and ready-to-eat food, a carbohydrate-rich diet which is gravy dense (high in satu-
rated fats and salt) and often low in quality/quantity of protein, fruits and vegeta-
bles. Further, the vegetables are overcooked leading to loss of micronutrients 
[48–51].

The relationship of physical activity and SES is heterogeneous depending on the 
location and setting. A multicenter sentinel surveillance (n  >  19,000) conducted 
among employees and their family members in ten medium-to-large industries (in 
urban, urban, and peri-urban regions) of India found that leisure-time physical 
activity was related to the educational status. A significantly higher proportion of 
men and women in the lower education groups reported lower leisure-time physical 
activity [17]. Likewise, in a population-based study (n ~ 6000 participants from 11 
Indian cities) respondents with low education level had lower physical activity 
(1.15, 95% CI: 0.97–1.37) compared to higher education group [52]. According to 
the ICMR-INDIAB (2008–2010), a large cross-sectional survey with 14,227 adults 
from four regions in India, more than 50% participants were physically inactive 
which would translate to 392 million individuals at the country level [53]. This 
study also highlights that a significantly higher proportion of women (63.0% vs men 
45.7%, p < 0.001) and participants from urban (65.0% vs. rural 50.0%, p < 0.001) 
areas were physically inactive. The average time spent doing moderate to vigorous 
intensity physical activity per day at work was higher compared to transport or rec-
reation, with men spending significantly more time in physical activity at work [53]. 
The National Noncommunicable Disease Monitoring Survey reports similar find-
ings and emphasizes the role of economic status in addition to education and rural/
urban differences in the levels of physical activity [54]. Physical inactivity increased 
with increasing wealth status, with adults in the highest wealth quintile having 
insufficient physical activity twice higher than those in the lowest quintile (aOR 
1.86, 95% CI: 1.32–2.60, p < 0.001) [54]. This could be attributed to time intensive 
and sedentary job profiles leaving less time for physical activity. The situation is 
further aggravated by lack of space due to rapid urbanization, inadequate foot path 
to walk or cycle and other limitations of the built environment infrastructure.

Although, studies indicate an increase in prevalence of obesity, hypertension, 
and diabetes among lower SES groups [52] it continues to remain higher among 
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those belonging to higher socioeconomic positions. The National Family Health 
Survey (n = 757,958) (2015–2016) reported more than eight-fold higher odds of 
obesity among individuals in the highest quintile of income compared with those in 
the lowest quintile though the odds were lower when compared across education 
status [55]. Another nationally representative study of 1.3 million Indian adults with 
pooled data from two large household surveys in India: The District-Level 
Household Survey-4 (DLHS-4) and the second Annual Health Survey (AHS), 
reported higher probability of hypertension (rural: 4.2%, 95% CI: 3.7–4.6; urban: 
3.01%, 95% CI: 2.38–3.65) and diabetes (rural: 2.8%, 95% CI: 2.5–3.1; urban: 
3.47%, 95% CI: 3.03–3.91) among individuals of richest household wealth quintile 
compared to the poorest quintile. Although the prevalence of hypertension and dia-
betes tended to be higher in urban than rural areas, the relative differences across 
wealth quintiles in the probability of both conditions were higher in rural areas than 
in urban areas [56].

Despite the overlapping yet divergent gradient of conventional CVD risk factors 
across SES groups, the burden of CVD does seem to be disproportionately higher 
among those in the disadvantaged groups [57]. Studies conducted between the 
1960s and 1990s suggested a direct relationship between income and CVD risk. 
However, recent research illustrates an inverse relationship between education and/
or income with CVD [58–60]. One of the hospital-based case-control studies with 
200 patients showed a significantly higher risk of acute myocardial infarction (AMI) 
among the low SES group compared to the high SES group (OR 0.32, p = 0.005 
highest vs lowest; OR 0.75 middle vs lowest) [59]. Patients (350 cases, 700 con-
trols) with no education had a higher relative risk of IHD 2.5 (95% CI: 1.0–6.0) 
compared to those with a graduate/professional level of education [60]. Results 
from 30-day follow-up data of more than 20,000 acute coronary syndrome (ACS) 
patients from the CREATE registry demonstrated a significantly higher mortality 
rate in the low SES group compared to the higher one (poor vs. rich patients: 8.2% 
vs 5.5%, p < 0.0001) [61]. When compared by education status, participants with 
<8 years of schooling were found to have a higher risk of AMI compared to those 
with higher education level in the INTERHEART Study [62]. Similarly, the PURE 
study, a prospective cohort of 155,722 participants without CVD from 21 countries 
(mostly LMICs) showed that low education level was associated with a higher haz-
ard ratio of incident CVD (1.37, 95% CI:1.23–1.52) and associated mortality (1.55, 
95% CI: 1.39–1.74) and was the single largest risk factor for CVD mortality (12·5%, 
95% CI: 10.7%–14.3%) of the population attributable fraction [63].

It is worth noting that women are also at an increasing risk of CVD in India. 
Serial rounds of the NFHS data have shown that while the proportion of women 
consuming tobacco is less than men, an increasing trend of tobacco consumption 
has been observed among women [64]. Additionally, studies have shown an increas-
ing prevalence of metabolic risk factors such as dyslipidemia, hypertension, diabe-
tes, and obesity among Indian women, [65, 66] which has translated to a rapid 
increase in IHD and associated mortality among women (From 2007 to 2017: 
0.32–0.62 million (+93.7%) compared to men (0.53–0.92 million, +73.6%) [67]. 
Lower education levels [66] among women along with individual social (stress, 
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social stigma, family arrangements, social capital, etc.) and societal level (fewer job 
avenues, inequity, etc.) factors may be adding to this gender difference [68]. These 
factors may also be responsible for low awareness and access to treatment rates 
among women [67, 69].

11.4  �Challenges and Possible Solutions

Since development is socially and regionally uneven in India, the role of SES and 
related factors in CVD risk and events simulates the same pattern. Lack of resources 
to access health-related information and services coupled with lower education sta-
tus often contributes to social patterning of CVD and its risk factors thus marginal-
izing the disadvantaged groups [70–73]. This problem is further compounded by 
underdiagnosis and underreporting of CVD especially among the poor [74]. 
Literature suggests that economically underprivileged patients with CVD are less 
likely to receive evidence-based treatment because cardiac treatment often involves 
large out-of-pocket payments and catastrophic health expenditure on drugs/hospi-
talization over a long term and often no health insurance coverage [75]. An unpre-
pared health system adds to the existing CVD-social gradient. The absence of 
efficient and quality care facilities in the form of sporadic presence of specialist-
equipped centers in rural areas, not enough doctors and nurses (doctor–patient ratio, 
vacant posts in rural health facilities), drug supply chain issues and lack of low-cost 
evidence-based medicines further limit accessibility for disadvantaged people [76]. 
In addition to this, the large unorganized sector in the rural and urban slum areas 
makes provision of health insurance and health planning challenging.

CVD by its very nature demands lifestyle changes and lifelong therapy requiring 
regular follow-up and frequent drug titration. However, there are several social 
impediments for disadvantaged sections to manage the same.

Firstly, there are several social influences leading to physical inactivity in 
India, which include lack of green spaces in urban areas, poor walkability index, air 
pollution, rise in sedentary jobs, and the move from a primarily agrarian to an indus-
trial community over the last few decades. Secondly, social influences leading to 
unhealthy diet include an increase in availability of cheap processed ready-to-eat 
food, lack of time to prepare home-cooked meals [77, 78], an increase in trends of 
eating out or online food delivery, rise of trans-national food corporations that invest 
in cheaper foods with longer shelf-life and fast-food [77], increase in consumption 
of street foods, high consumption of sugar sweetened beverages (SSBs), high cost 
of fruits and seasonality of vegetables. Thirdly, there are social factors influencing 
poor compliance to follow ups such as poor health seeking behavior, poor access 
to care (in most instances individuals from rural regions must travel more than 
100 km to access tertiary-level care), non-availability of specialists in rural areas, 
loss of daily wages while seeking care and inherent inequities reducing access to 
digital solutions such as telemedicine. Fourthly, there are social and health system 
factors influencing poor drug titration such as drug supply chain issues and 
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therapeutic inertia among primary care physicians. Last but not least, social influ-
ences on medication adherence like poor affordability, lack of drug availability 
in locality, education and health awareness and small drug refills in the public sector 
necessitating frequent visits also contribute to the high burden. Social adverse influ-
ences of gender on these cardiometabolic factors, access to treatment and adherence 
are more pronounced among women due to complex medication regime, lack of 
dispensable income available for accessing care, and other cultural factors [67].

As increasing disparities in CVDs are fundamentally driven by the wider 
upstream social determinants [79], addressing these via community and clinical 
interventions needs to be a global and national priority. A deeper understanding and 
due consideration of the social patterning of CVD can help develop, design, and 
implement contextually relevant efforts in India’s resource-constrained health sys-
tem. As one of the preliminary measures, we should emphasize on increasing the 
awareness of healthy diet, physical activity, and lifestyle among the population 
through a targeted and focused approach. National data on CVD risk factors, events, 
and related SES factors should be systematically collected and reported routinely to 
facilitate co-designing and scaling up of sustainable interventions [80]. This could 
be done by leveraging electronic health record (EHR)-based surveillance for valu-
able insights into the impact of SES and related factors on the overall CVD risk 
[81]. Further, the use of innovative models of care involving trained non-physician 
health workers (NPHWs), such as community health workers and pharmacists, with 
proven evidence in LMICs and India [82], implementing lifestyle change education 
and support at the worksite to deliver an intervention that acceptable, accessible, 
and overcomes barriers to lifestyle change (e.g., lack of time or resources) [83, 84] 
and rolling out mobile clinics and telehealth programs could be additional options 
worth exploring for their potential for sustainable delivery of CVD care addressing 
concerns of accessibility to evidence-based management.

These individual and community-based interventions need to be complemented 
by policies that promote cardiovascular health and prevent CVD morbidity and 
mortality, including “best-buys” for preventing NCDs [85]. This calls for a multi-
faceted approach, by targeted reductions in tobacco and alcohol usage through bans/
taxes, promoting physical activity by better planning that takes into consideration 
neighborhoods that promote physical activity and promoting healthier dietary habits 
by imposing taxes or ban on unhealthy food items (processed, ready-to-eat food 
items, SSBs, trans-fat) through inter-sectoral collaboration with non-health sector 
entities. Several examples from across the globe highlight population level benefits 
of policy changes. Introduction of a tax on SSBs in Mexico led to a subsequent 
reduction in the purchase of the same [86]. Modeling studies suggest a 20% tax on 
SSB will show an estimated reduction in prevalence of overweight and obesity by 
3% and incidence of type 2 diabetes mellitus by 2% [87]. Likewise, a tax on palm 
oil could potentially avert approximately 363,000 deaths from myocardial infarc-
tions and strokes over a period of 10 years [88]. Several surveys in Finland show an 
increase in the level of physical activity through commitment to multisectoral pol-
icy, investment in community infrastructure [89]. Therefore, national policies 
should be aimed at ensuring affordable seasonal produce, offering subsidies to 

I. Gupta et al.



213

marginalized groups, and creating an environment conducive to healthy behaviors, 
such as ample green spaces for physical activity, along with tobacco control mea-
sures for reducing social disparities and ensuring equity [90].
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Chapter 12
Cardiovascular Disease Prevention, 
Management, and Outcomes in China

Doris Sau-fung Yu, Sophia Fen Ye, and Polly Wai-Chi Li

12.1  �Epidemiology of CVD in China

Cardiovascular disease (CVD) is the primary contributor to global morbidity and 
mortality. China shares the same epidemiology. The age-standardized incidence and 
prevalence rate of CVD increased from 646 and 5848 per 100,000 persons in 1990 
to 652.2 and 6177 per 100,000 in 2019, respectively [1]. Referring to the National 
CVD Report 2022, it was estimated that around 23% of the Chinese population (330 
million people), were affected by CVD, with stroke and coronary heart disease 
being the most common types of CVD [2]. The incidence of stroke has seen a sub-
stantial increase by 86% since 1990, with the rate escalating to 276.7 per 100,000 
population in 2019 [3].

In fact, when interpreting the epidemiological trend of CVD in China, consider-
ation has to be given to the socio-demographic structure of the country. In particu-
lar, the increased life expectancy, rapid population ageing, and health inequalities 
due to regional disparities have play a part to contribute to the current landscape of 
CVD in China [4].

The Global Burden of Disease Study indicates that for every decade of age, the 
risk of CVD doubles [5]. According to the World Bank, the average life expectancy 
in China increased from years in 68 years in 1990 to 78 years in 2021 due to the 
improvement in health care and living standard [1]. This, on the other hand, is trans-
lated to a sharp increase in the CVD incidence. The extremely low fertility rate since 
the launch of the one-child policy in 1979 further shifts the demographic pattern 
towards the advanced age [6], and the United Nation projected that about 16.9% of 
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the population will be at age 65 or above in 2030 [7]. Against this backdrop, a fur-
ther rise in the epidemiological pattern of CVD in China would be anticipated.

Another socio-demographic characteristic which shapes the CVD epidemiology in 
China is about the regional disparities. China has the fourth-largest land area globally; 
there is considerable diversity in the socioeconomic development and geographic loca-
tion which affect the CVD epidemiology. For example, the great variation in the per 
capital gross regional income between the eastern (e.g. Beijing and Jiangsu) and western 
(Cinjiang and Qinghai) China led to an unequal distribution of healthcare resource. The 
more remote and mountainous region in the west and central China also adds accessibil-
ity challenges on service delivery. For example, the utilization of medication for overall 
cardiovascular patients was greater in high- and middle-income and urban areas com-
pared to low-income rural regions, suggesting inferior healthcare accessibility in the 
latter [8], reflecting disparities in healthcare accessibility. Another study conducted in 
2016 found that only 36% of patients with acute myocardial infarction in rural areas 
received percutaneous coronary intervention, compared to 51% in urban areas [9]. The 
disparity in the CVD epidemiology in China was reported in a territory-wide survey 
covering 64 urban and 93 rural areas, in which the age-standardized mortality, preva-
lence, and incidence of stroke were higher in rural areas (117, 930, and 227 per 100,000) 
compared to urban areas (75, 168, and 789 per 100,000), respectively [10].

12.2  �Impact of CVD in China

CVD is associated with detrimental health impact and economic loss in China. It is a 
leading cause of premature death in China, with survivors experiencing a lower life 
expectancy and poorer quality of life compared to those without the disease [11]. 
Living with CVD also cause high psychological morbidity such as anxiety and depres-
sion in China [12, 13], which further aggravates the mortality and morbidity, health 
deterioration (physical function, symptom burden, quality of life) and increases 
healthcare costs [14, 15]. The Global Burden of Disease Study 2019 estimated that 
there were more than 4.6 million CVD-related deaths in China, which accounts for 
25% of global CVD-related death [1]. Furthermore, men had a higher age-standard-
ized mortality rate (362 per 100,000) compared to women (220 per 100,000) in China 
[1]. The economic impact of CVD in China is massive and growing, with an estimated 
economic loss of $8.8 trillion at the national or regional level attributed to CVD 
between 2012 and 2030 [16]. As such, risk factor control, primary prevention, and 
effective CVD management are crucial to delimit the epidemiological growth.

12.3  �Risk Factors of CVD in China

Lifestyle and environmental risk factors are the cornerstones shaping the develop-
ment and progression of CVD. In China, the rapid urbanization casts an impact on 
the CVD risk profile. According to data from the National Bureau of Statistics of 
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China, the industrial value-added output increased by 2.4% year-on-year since 
2020, despite the challenges posed by the COVID-19 pandemic [17]. Urbanization 
and industrialization have led to increased exposure to environmental pollutants and 
less healthy lifestyle changes with the risen income (disposable income: USD$ 
2819 in 2014 vs. USD$ 4499 in 2020) [17, 18]. These changes are closely inter-
twined with the prevalence of CVD risk factors, such as hypertension, obesity, and 
diabetes [19]. Table 12.1 shows the prevalence of CVD risk factors and the disease 
manifestation and the mortality impact among regions of different income in China.

12.3.1  �Unhealthy Diets

China had the highest age-standardized rates of CVD deaths associated with dietary 
factors [20]. Urbanization and the opening-up of China leads to a rapid nutrition 
transition from traditional diets rich in whole grains, fruits, and vegetables towards 
Western-style diets high in refined carbohydrates, fats, and sugars since the late 
1980s [21]. Such dietary transition has greatly increased the risk profile for CVD 
including hypertension, obesity, and metabolic syndrome [22]. Children may be 
more affected by such dietary transition, as under the one-child policy, the only 
child usually received more resource and attention from parents, including food, 
which lead to overnutrition, obesity, and high blood pressure [23]. Increased con-
sumption of processed foods, sugary beverages and high-sodium Chinese eating 
habit (e.g. pickled vegetables and soy sauce) further aggravates the CVD risk 
including hypertension [24] in China. According to the China Health and Nutrition 
Survey, the age-adjusted prevalence of overweight and obesity among adults 
increased from 24% and 4% in 1991 to 39% and 14% in 2011, respectively [21]. It 
is estimated that approximately two-thirds of Chinese adults would be affected by 
overweight/general obesity in 2030 [25]. Another study, indeed, reported that the 
average sodium intake in China was 5 g/day (9 g/day salt), which is far beyond the 
WHO recommended limit of 5  g/day salt in all provinces [26]. Tackling all the 
dietary risk for CVD control in China therefore need to take into consideration of 
the socio-cultural influence.

12.3.2  �Physical Inactivity

Physical inactivity also contributes significantly to the CVD burden in China. 
Rapid urbanization and technological advancements (e.g. increased screen time) 
have led to increasingly sedentary lifestyles [27, 28]. More specifically, the con-
comitant social changes including increased access to higher educational insti-
tutions, improved housing infrastructure, advancements in sanitation, and 
heightened community economic well-being were consistently found to be 
account for 57% of the decline in total physical activity for men and nearly 40% 
for women from 1991 to 2006 [28]. According to a population-based study 
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(n  =  645,903) in China, the age-adjusted prevalence of physical inactivity in 
Chinese adults increased from 18% in 2010 to 22% in 2018 [29]. This CVD risk 
factor, indeed, affects even more older adults for whom poor functional mobility 
and fear of fall further discourage physical activity. In the past two decades, a 
study identified a two–three folds increase in the time of watching television 
and a 24% reduction in exercise among the older Chinese individual. Given the 
increasing rates of urbanization and population ageing in China, the trends of 
increasing physical inactivity would be continued to threaten the cardiovascular 
health at the population level.

12.3.3  �Smoking

Smoking is a significant risk factor of CVD, leading to atherosclerosis and an 
increased risk of coronary heart disease and stroke [30]. Despite governmental 
efforts to curb tobacco use, smoking prevalence remains high, particularly among 
men, with 64% of the male population are smokers and 2% among the women 
[31]. Several challenges, including high social acceptance of smoking, low aware-
ness of the health risks, and the influence of the tobacco industry may explain 
such high smoking rate [32]. A territory-wide study, indeed, found that male in 
urban China starts smoking before aged 20 and was associated with a two-fold 
higher in ischemic heart disease and even mortality than the non-smoking coun-
terpart [33].

12.3.4  �Alcohol Consumption

Alcohol consumption, particularly heavy drinking, is a risk factor for CVD, contrib-
uting to hypertension, cardiomyopathy, and arrhythmias. The rapid economic 
growth in China leads to a drastic increase in alcohol consumption over the past 
decades. The WHO reported that the per capita alcohol consumption in China has 
increased significantly from 4.1 L in 2005 to 7.2 L of pure alcohol in 2016 (with an 
average daily intake of 27.9 g of pure alcohol per individual among drinkers) [34]. 
This rise has been particularly notable among men and younger age groups, reflect-
ing changing social norms and increasing acceptance of drinking. In fact, accompa-
nying China’s documented surge in alcohol consumption is a noticeable shift in its 
drinking culture. This change indicates a burgeoning acceptance of alcohol con-
sumption within contexts that were previously abstinent, such as work meetings 
[35]. In contemporary society, having drinks with work colleagues and clients is 
often viewed as crucial for career progression. Certain job postings even list a “high 
tolerance for alcohol” as a potential prerequisite for applicants [36]. Controlling this 
risk factor thereby needs to go beyond behavioural modification to influence the 
socio-cultural norm at the society level.
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12.3.5  �Psychosocial Stress

Rapid urbanization and the concomitant social change and economic transition also 
render psychological stress as a significant public health problem [37] which 
increases the risk of CVD in China [38–40]. An epidemiological study, involving a 
sample size of 32,552 participants, revealed that the prevalence of mental disorders 
(excluding dementia) in China is significant, with 17% of participants experienced 
some form of mental disorder at any point in their lives prior to the study [41]. 
Primary prevention of CVD needs to address the role adaptation and stress manage-
ment of the population in China.

12.3.6  �Environmental Factors

The environmental changes in China, notably air pollution and changes in tem-
perature and humidity, along with rapid urbanization, present significant chal-
lenges for cardiovascular health. Air pollution is a significant environmental issue 
in China, primarily driven by industrial emissions, vehicle exhaust, and the burn-
ing of fossil fuels [42]. The main pollutants include particulate matter (e.g. PM2.5 
and PM10), nitrogen oxides (NOx), sulphur dioxide (SO2), and ozone (O3) 
[43–45]. Studies have found a strong association between exposure to these pol-
lutants and an increased risk of CVDs, including ischemic heart disease, stroke, 
and hypertension [43, 45, 46]. An interesting longitudinal cohort study (from year 
2005–2017) found that those who were exposed to yearly average PM2.5 levels of 
54 μg/m [3] or more were typically dwelling in urban areas with less physical 
activity (resulted from farming, etc.) than those exposed to a lower level of air 
pollution [43]. This implies the importance of considering the synergies between 
the territory-specific environmental and behavioural risk factors in CVD risk 
control.

12.4  �Prevention and Management of CVD in China

To tackle the ever-escalating incidence and prevalence CVD, the Chinese 
Government has implemented various public health policies and initiatives to 
contain CVD through upstream health behaviour modification and risk factor con-
trol at primordial and primary prevention level, as well as improving the care of 
downstream management of CVD at secondary and tertiary level, and optimizing 
the health system policies to ensure proper medical treatment for the Chinese 
population.
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12.4.1  �Primordial and Primary CVD Prevention

The “Healthy China 2030” programme, launched by the Chinese government in 2016, 
signifies a national commitment to improve the health of its citizens by 2030. This 
initiative represents the country’s first medium to long-term strategic plan specifically 
geared towards mitigating the risk factors implicated in non-communicable diseases 
including CVD (i.e. The Medium and Long-term Plan for Chronic Disease Prevention 
and Control (2017–2025)) [47, 48]. Noteworthy shift is embodied in this programme, 
transitioning from a focus on disease treatment to an emphasis on health promotion 
and management through avenues of education, policy reform, and environmental 
changes [47]. The government also promotes health education in schools, workplaces, 
and communities to raise awareness about the importance of a healthy diet, regular 
exercise, and the dangers of smoking and excessive alcohol consumption.

�Promoting Nutritional Health

As part of ongoing efforts to monitor the health and nutrition status of its people, 
China has established a regular national nutrition survey. Since its inception, six 
rounds of this comprehensive survey have been conducted [49]. These surveys pro-
vide critical data to track the progress and effectiveness of health initiatives over time. 
The General Office of the State Council of the People’s Republic of China introduced 
the National Nutrition Plan of Action (2017–2030) [50]. This strategic plan encom-
passes a variety of cross-disciplinary and cross-sector measures, all designed to 
improve the nutritional health of the Chinese population, including the development 
and implementation of guidelines for a balanced diet and for food companies to 
reduce the amount of salt, oil, and sugar in their products, and promoting nutritional 
education to improve dietary habits [51]. To address the urgent health concerns associ-
ated with unhealthy lifestyle, the Chinese Government initiated the “China Healthy 
Lifestyle for All” programme in 2007, with its day-to-day operation managed by the 
Chinese Center for Disease Control and Prevention (China CDC) [52] This initiative 
aimed to improve the public awareness on preventive health strategies, with particular 
emphasis on reducing the consumption of salt and oil [53]. A collaborative approach 
involving a diverse group of stakeholders was adopted to achieve the programme 
objectives. Health educational messages were disseminated via a wide range of media 
platforms, such as mass communication channels, academic programmes, outdoor 
advertisements, and printed materials. Apart from enhancing the public knowledge 
and awareness, the initiative also promoted the setup of healthier public policies, 
mobilization at the community level, peer-led education, and the establishment of 
environment conducive to health [53], under the supervision of the initiative of the 
National Health and Family Planning Commission, the Office of the National Patriotic 
Health Campaign Committee, and the China CDC [53].
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�Facilitating Physical Activity

The China’s Government promotes physical activity through both hardware and 
software. In terms of hardware, much effort has been directed to increase the 
sports venues at the national level. In 2013, China carried out its Sixth National 
Sports Venues Census, which was the first of its kind carried out in 1974 [54, 55]. 
By the end of 2013, the density of these facilities stood at 12.45 venues per 10,000 
residents, offering a per capita area of 1.46 m2 [56]. Despite this growth, the avail-
ability of sports venues in China paled in comparison to countries like the United 
States and Japan [56]. Another drawback of this primary health initiative is about 
the accessibility of the sport venues. Over half of these venues (51.5%) are granted 
with full-time access, while 14.3% offered part-time access and 34.2% operated 
on a membership basis [56]. As for the software, territory-wide campaign is the 
core strategy. The Chinese Government has launched initiatives like the National 
Fitness Plan (2016–2020) [56], which sought to foster national fitness and physi-
cal health, aiming to increase the proportion of citizens regularly engaging in 
physical activity.

�Tobacco Control

Though smoking is a highly prevalent public health problem in China, the 
Government in fact has ratified the Framework Convention on Tobacco Control 
of the World Health Organization as early as in 2005 [57]. To align with the 
declaration of The “Healthy China 2030” plan in reducing the adult smoking 
rate from 27.7% in 2015 to 20% by 2030, various measures have been imple-
mented to reduce smoking and exposure to second-hand smoke through public 
smoking bans, restrictions on tobacco advertising, and increased taxes on 
tobacco products [58]. Territory-wide surveys were conducted to closely mon-
itor the smoking rate in youth and second-hand smoking in a wide range of 
community facilities to inform policy making [59–61]. Efforts to protect peo-
ple from second-hand smoke has led to the passing of 18 subnational legisla-
tions, but national laws have stalled [62]. The quality and accessibility of 
cessation services are being improved, and public awareness about the dan-
gers of tobacco is being raised through media campaigns, despite the absence 
of pictorial health warnings. In 2014, the State Council released a national 
tobacco control guideline, the first of its kind, aiming to significantly curb 
tobacco consumption. The new regulations propose a smoking ban in all 
indoor and certain outdoor public places, a complete ban on tobacco advertis-
ing, large health warnings on tobacco packages, strict controls on selling 
tobacco to minors, and the promotion of smoke-free families [63]. The coun-
try is also attempting to enforce bans on tobacco advertising and promotion 
although legal loopholes and enforcement issues persist [64]. While cigarettes 
remain relatively affordable, there is recognition of the need to raise tobacco 
taxes in line with inflation and income.
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�Reduce Alcohol Consumption

As compared with tobacco cessation, the strategies for alcohol control are less obvi-
ous. On the other hand, tax reduction for alcohol in the past two decades triggered 
an increase in consumption [65]. The Health China 2030 initiative nevertheless 
advocates policies to restrict the sale of alcohol. However, these policies lack speci-
ficity, offering neither clear actions nor guidelines for consumption or restrictions 
on the alcohol industry [66].

�Air Pollution

The Chinese Government launched an initiative—the Air Pollution Prevention and 
Control Action Plan (APPCAP), in 2013. This initiative represents China’s first 
comprehensive and ambitious policy designed to mitigate ambient particulate mat-
ter with an aerodynamic diameter <2.5 μm (PM2.5), the major component of air 
pollutant contributing to adverse health outcomes [67]. The APPCAP comprises a 
series of regulatory mechanisms, including mandatory and fortified standards for 
enterprise air pollutant emission. It signifies a paradigm shift from total emission 
control to the enhancement of air quality. The policy also underscores the diversifi-
cation of pollution control strategies and the optimization of pollution management 
approaches. A substantial investment of $270 billion was committed towards 
addressing the root cause of the pollution, which encompasses reducing coal depen-
dency, regulating vehicle emissions, promoting the use of renewable energy, and 
upgrading emission standards enforcement [68]. Further, the APPCAP puts a strong 
emphasis on data transparency, advocating for the expansion of the air quality moni-
toring network and the enhancement of public data accessibility. Another significant 
feature of the policy is the transition from a singular territorial management 
approach to a combined territorial management and regional joint prevention and 
control strategy [69]. The implementation of the APPCAP has led to significant 
reductions in PM2.5 concentration and sulphur dioxide emissions, particularly in 
the pilot regions (e.g. Beijing-Tianjin-Hebei, Yangtze River Delta, Pearl River 
Delta, Central Liaoning, Shandong, and Wuhan).

12.4.2  �Secondary and Tertiary CVD Prevention

To tackle the increasing prevalence of CVD, the management of CVD has advanced 
recently through introducing novel techniques for managing CVD.  This section 
introduces the updated approach in managing CVD in China, highlighting recent 
advances in CVD management, the role of rehabilitation, and the potential contribu-
tions of traditional Chinese medicine. In response to the increased medical expendi-
ture related to the advanced CVD management, the government’s policies relating 
to reimbursement and health insurance are also discussed.
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�Coronary Artery Disease (CAD)

For managing stable CAD, the Chinese guidelines for percutaneous coronary inter-
vention recommend patients who have prescribed optimal medical therapy but still 
present with ischemic symptoms to have revascularization therapy. Therefore, sta-
tistics from the annual report indicates that the number of cardiovascular interven-
tional therapy is increasing steadily in China. With the increasing experience, the 
procedural mortality was low (i.e. 0.23% in 2017) and over 90% of the cases were 
adopted trans-radial approach. In addition, the experienced centres started to per-
form percutaneous coronary interventions on those patients with complicated 
lesions, such as patients with left main bifurcation disease, and chronic total occlu-
sion [70, 71].

For managing patients with acute coronary syndrome, China has adopted a com-
prehensive approach to streamline the logistics of managing these patients in order 
to achieve timely diagnosis and initiation of reperfusion treatment. With the support 
of the National Health Commission, the first Chinese Chest Pain Centre was estab-
lished in 2011, and the Chinese Society of Cardiology officially began to accredit 
chest pain centres in 2013 [72]. These centres compose healthcare professionals 
with different expertise, including the medial staff from the emergency medical 
system, emergency department, cardiology department, and the imaging depart-
ment, which aims to optimize the diagnosis and treatment for patients with acute 
coronary syndrome and other acute cardiovascular diseases. The essential standard 
for accreditation is the centre should be equipped with the ability to perform emer-
gency percutaneous coronary intervention around the clock. For patients with 
ST-segment elevation myocardial infarction (STEMI), the door-to-balloon time is 
expected to be 90 min for patients undergoing percutaneous coronary intervention 
[73]. Since then, many hospital-based chest pain centres were established through-
out China. To standardize clinical practices and facilitate quality improvement, a 
nationwide quality improvement initiative named the National Chest Pain Centres 
Programme was launched in 2016, which aims to monitor and improve the quality 
of care for patients with acute chest pain. A large-scale study reviewed the data of 
patients with acute coronary syndrome from the Hospital Quality Monitoring 
System database of 746 hospitals, using propensity score matching to compare hos-
pitals with and without chest pain centre accreditation during 2013 to 2016 and 
found that patients admitted to accredited chest pain centres had lower in-hospital 
mortality, shorter length of stay and more likely to receive percutaneous coronary 
intervention than those patients admitted to hospitals without accreditation [74].

�Heart Failure

In recognizing the disparity in treatment of heart failure across hospitals in different 
regions of China, the China Heart Failure Registry was established to assess the 
management and outcomes of heart failure patients. The first stage of the results 
from 2012 to 2015 was published in 2017 [75], followed by the second stage from 
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2017 to 2020. According to the first stage registry data of 13,687 patients, the in-
hospital mortality rate was 4.1%. The overall using rates of diuretics, angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers (ACEI/ARB), and 
β-blockers at admission ranged 25% to 30%, which was relatively low [75]. For 
those patients with heart failure with reduced ejection fraction (HFrEF), the use of 
ACEI/ARB, β-blocker, and mineralocorticoid receptor antagonist was 67.5%, 
70.0%, and 74.1%, respectively [75]. The clinical outcomes of heart failure patients 
were improved according to the second stage of the registry data for 34,938 patients 
hospitalized during 2017–2020, the mortality rate was reduced to 2.8% [76]. Such 
an improvement should be related to the increased use of guideline-directed medical 
therapy. The second-stage registry data showed that 78.2% discharged alive patients 
were prescribed with diuretics, 78.7% patients with HFrEF were prescribed with 
renin-angiotensin system inhibitors, including ACEI, ARB, or ARNI [76], ARNI is 
the dual inhibitor of angiotensin II receptor and neprilysin, which has been approved 
by the China Food and Drug Administration in 2017 for the treatment of 
HFrEF. Moreover, device therapy with cardiac resynchronization therapy and 
implantable cardioverter defibrillator for heart failure patients is also increasing in 
China [71].

�Arrhythmia

Bradycardia is a common heart rhythm disorder in China. According to the statistics 
of the online registration system of the National Heath Commission, a total of 
99,306 pacemakers were implanted in 2021, a 15.2% increase as compared with 
2020 [77]. The novel techniques of left bundle branch pacing and Hitchcock 
Purkinje system pacing are rapidly progressing in China. The technique of left bun-
dle branch pacing was rapidly adopted in China. According to the database of the 
Chinese Society of Pacing and Electrophysiology, there were 5000 cases conduc-
tion system pacing performed in China, while 80% of these causes were left bundle 
branch pacing [78]. In addition, the implantable cardioverter defibrillator and car-
diac resynchronization therapy have also been increasingly used in China for pre-
venting sudden cardiac deaths in patients with CVD.

Atrial fibrillation affects 1.6% of Chinese aged 18 years or older [79], and it 
accounts for a quarter of the stroke in China. According to the Chinese atrial 
fibrillation Registration study included patients from 32 hospitals during 2011 to 
2014, it showed that 36.5% and 28.5% of patients with CHA2DS2-VASc scores ≥2 
and 1, respectively, were treated with oral anticoagulants, while 21.4% of the 
patients with 0 point were also prescribed with the anticoagulant [80]. Another 
study retrospectively reviewed 10,725 patients with AF at their first hospitaliza-
tion during 2008 to 2018 in three large-scale hospitals and reported that 24.4% of 
patients were prescribed with anticoagulant at the time of admission [81]. 
Radiofrequency catheter ablation is extensively adopted as a treatment modality 
in China. The data from the National Arrhythmia Intervention Quality Control 
Centre indicated that the annual growth rates of this procedure increased from 
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13.2% to 17.5% from 2009 to 2021. The incidence of periprocedural ischemic 
stroke as low as 0.4% and that of intracranial haemorrhage stroke was 0.1% [82], 
which demonstrated the safety profile of the radiofrequency catheter ablation pro-
cedure performed in China.

�Cardiac Rehabilitation

Cardiac rehabilitation has been well established in Western developed countries 
and being proved to be efficacious in reducing rehospitalization and mortality and 
improving health-related quality of life in patients with CAD. However, its devel-
opment in China was until recent years. The number of cardiac rehabilitation 
centres was <10 in 2012, which increased to 500 in 2017 [71]. Despite such rapid 
growth in the number of cardiac rehabilitation centres in China, the service 
remains inadequate. A national survey involving 454 hospitals (51% of the largest 
level IIIA hospital) in China revealed that only 24% having an operational cardiac 
rehabilitation programme [83]. As a result, the density of cardiac rehabilitation 
programmes was found to be low, with only two programmes available per 100 
million inhabitants [83]. Hospitals that had rehabilitation programmes were more 
likely to be university or government hospitals, have more inpatient cardiovascu-
lar beds, and provide secondary CVD prevention services [83]. Nevertheless, the 
participation rate of cardiac rehabilitation remains low, with approximately 5% of 
eligible for service enrolled [84]. The major barriers to participate in cardiac reha-
bilitation include regional disparities in availability, with rehabilitation pro-
grammes concentrated in urban areas while rural regions lack facilities and trained 
healthcare professionals, and patients’ limited knowledge and awareness of the 
benefits of cardiac rehabilitation, leading to low referral and uptake rates [85]. In 
addition, patients face hurdles such as distance or transportation difficulties, high 
costs, time constraints, a preference for home-based exercise, and lack of social 
support [85].

Despite reforms, the concentration of health services in the public hospital and 
pharmaceutical sectors has hindered progress, leading to increased health and 
insurance costs [86]. The utilization of primary health facilities has decreased 
from 62% and 29% in 2009 to 54% and 18% in 2017 for outpatient and inpatient 
services, respectively [87], while hospitalization lengths have increased due to a 
shortage of long-term care facilities [88]. The high proportion of out-of-hospital 
deaths of CVD (e.g. 79% for coronary heart disease) suggests the need for 
improved out-of-hospital care, which might include community-based interven-
tions to recognize and quickly respond to symptoms [11]. Consequently, urgent 
implementation of an integrated health and social care approach, particularly in 
community settings, is advocated to enhance affordability and quality of care for 
patients with CVD.

Efforts to mitigate these challenges are underway. Researchers in China are also 
exploring innovative models of cardiac rehabilitation to enhance accessibility. A 
home-based cardiac rehabilitation programme that utilizes telehealth services to 
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deliver education, physical activity tracking, remote blood pressure and heart-rate 
monitoring, individualized exercise plans and lifestyle advice, and has proven to be 
effective, accessible, and easy to use [89]. Despite these promising developments, 
cardiac rehabilitation in China is still in its early stages, and much work is needed 
to improve its accessibility and utilization. Future research and policy should focus 
on addressing the barriers to cardiac rehabilitation, developing innovative delivery 
models, and educating patients and healthcare professionals about the importance 
and benefits of cardiac rehabilitation.

�Traditional Chinese Medicine as CVD Treatment

While conventional medicine plays a crucial role in managing CVD, there is grow-
ing interest in the potential role of complementary and alternative medicine, espe-
cially traditional Chinese medicine (TCM), in the management of CVD [90]. TCM 
has evolved over 2000 years to be used in preventing and treating diseases in China. 
Substantial research has been conducted to examine the role of TCM in managing 
CVD risk factors [91]. Several TCM herbs (e.g. red sage root) have been investi-
gated for their potential therapeutic benefits (e.g. angina symptoms) [92]. Some of 
these herbs and formulas have been found to have anti-inflammatory, anti-oxidant, 
and anti-atherosclerotic properties, and some may help in regulating blood pressure 
and lipid levels [91].

For the management of CVD, several TCM drugs have been tested in random-
ized controlled trials and reported favourable results regarding their efficacy and 
safety for CVD [92]. The Chinese clinical practice guidelines only recommend one 
TCM drug, which is Qiliqiangxin. It comprises extracts from 11 types of traditional 
Chinese herbs, is a patent drug approved by the China Food and Drug Administration 
for the treatment of heart failure. Basic research studies have shown that Qiliqiangxin 
is effective against cardiac remodelling and heart failure after ischemic and hypoxic 
injuries [93, 94]. Moreover, a multi-centre, randomized placebo-controlled study 
(N = 512) found that Qiliqiangxin is effective in reducing the plasma N-terminal 
pro-B-type natriuretic peptide (NT-proBNP) level during 12 weeks of treatment as 
compared with the placebo group. In addition, Qiliqiangxin demonstrated superior 
effects in New  York Heart Association functional classification, left ventricular 
ejection fraction, 6-min walking distance, and quality of life in comparison with the 
heart failure patients in the placebo group [95]. However, the effects on long-term 
outcomes remain to be investigated.

For the management of acute myocardial infarction (AMI), the use of TCM is 
common in Western medicine hospitals. The data from a large representative sample 
of 162 Western medicine hospitals showed that nearly all of these hospitals used 
early intravenous TCM for management of AMI [96]. Salvia miltiorrhiza (danshen) 
was most commonly prescribed for one third (35.5%) of all patients admitted with 
AMI, despite no evidence of its benefit or harm being recorded [96]. There is an 
urgent need to conduct clinical studies to evaluate the efficacy and safety of TCM 
for treating CVD.
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�Health System Policies

The National Healthcare Security Administration (NHSA) of China was established 
in 2018 to oversee the country’s health insurance system [97]. One of its responsi-
bilities is managing the national formulary-the National Reimbursement Drug List 
(NRDL) [97]. This list illustrated the medications that are covered by the national 
health insurance system. These drugs have been evaluated and approved for reim-
bursement based on their effectiveness, safety, and cost-effectiveness. The list 
serves as a reference for healthcare providers for medication prescription and for 
patients’ information on which medications are covered by their insurance. To 
ensure the NRDL remains relevant and up to date, the NHSA has implemented a 
dynamic adjustment mechanism.

In alignment with Healthy China 2030, the National Health Commission initi-
ated two consecutive 3-year plans in 2015 to improve medical services, address 
healthcare bottlenecks, and enhance Internet-based medical services [98]. The 
Commission has issued a notice to further improve the appointment treatment sys-
tem and strengthen the construction of smart hospitals, with three core aspects: (1) 
accelerate the establishment of an improved appointment treatment system to 
enhance the patient experience; (2) innovate and perfect the smart hospital system 
using technology for efficient, safer, and more personalized medical services; (3) 
promote the development of Internet diagnosis and treatment and Internet hospitals 
to relieve the pressure of offline diagnosis. These measures have been instrumental 
in managing the COVID-19 pandemic and meeting public medical needs [98]. 

12.5  �Challenges and Opportunities in Tackling 
Cardiovascular Disease Burden

China’s urbanization and lifestyle shifts have led to a surge in non-communicable 
diseases, notably CVD, driven by risk factors such as unhealthy diets, sedentariness, 
tobacco use, and harmful alcohol consumption. However, China’s unique social and 
cultural practices offer an ample opportunity for promoting cardiovascular health.

Despite significant healthcare advancements, China still grapples with dispari-
ties in healthcare access and quality, particularly between urban and rural areas and 
among different socioeconomic groups. Enhancing primary healthcare services, 
especially in underserved regions, is vital for early CVD detection and manage-
ment. Despite substantial investments in primary health care, gaps persist in quality 
and integrated service delivery. Addressing these challenges requires comprehen-
sive strategies, including strengthening physician training, establishing performance 
accountability, integrating clinical care with basic public health services, and 
enhancing coordination between primary healthcare institutions and hospitals. 
Leveraging digital data and innovative technologies can modernize the primary 
healthcare system, improving disease surveillance and promoting patient self-
management. Equipping primary healthcare workers with skills in CVD risk 
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assessment and integrating CVD care into routine services can improve prevention 
and management.

The rising trend of integrating TCM with Western medicine for CVD manage-
ment, driven by patient preferences, presents both challenges and opportunities. 
Developing suitable care models and ensuring safe practices require establishing 
guidelines for the combined use of TCM and Western therapies, training healthcare 
providers in both systems, and creating integrated clinics. Research into TCM 
mechanisms can uncover new therapeutic strategies. However, more high-quality 
research is needed on CVD prevention and management, including the efficacy of 
TCM and digital health rehabilitation programmes.

The widespread tradition of communal activities such as Tai Chi and dancing in 
parks not only encourages physical exercise but also fosters social engagement, 
which can be leveraged for further health promotion. These gatherings can serve as 
platforms for health education, screenings, and peer support initiatives. Moreover, 
the abundance of parks and public spaces presents prospects for organizing health 
events and facilitating outdoor exercises. Additionally, traditional dietary habits, 
rich in vegetables, grains, and lean proteins, can be promoted to encourage healthy 
eating, and the mind-body emphasis in practices like Tai Chi and Qigong contrib-
utes a holistic health approach to combining physical activity with stress reduction.

Patient education and empowerment is a key aspect of managing CVDs. 
Implementing educational programmes and providing resources can help patients 
make healthier lifestyle choices. Addressing the mental health-CVD connection is 
also essential, which involves screening for mental health conditions in CVD 
patients and integrating mental health care into primary health care. Investing in 
healthcare infrastructure in underserved areas can reduce access and quality dispari-
ties. Innovative solutions like mobile clinics or telemedicine can reach patients in 
remote areas. Public-private partnerships can also facilitate resource and knowledge 
exchange, leading to innovative local solutions.

The “Healthy China 2030” initiative emphasizes the significance of international 
cooperation in achieving its health objectives. Collaboration in disease surveillance 
and response, where partnerships with global organizations like the WHO can 
enhance China’s capacity to handle disease prevention. In research and develop-
ment, joint ventures with international counterparts can promote medical advances. 
Sharing knowledge and experiences in health policies and systems can lead to 
mutual growth and understanding. China is also expected to have an active presence 
in global health diplomacy, addressing worldwide health challenges and contribut-
ing to global health security. This can involve participation in international forums, 
contributing to international health funding mechanisms, and providing aid and 
assistance to other countries. The initiative also seeks to promote the understanding 
and use of TCM on a global scale. These forms of international cooperation can 
help China to achieve its health goals while also contributing to global health.

In summary, while the CVD burden in China is significant, there are consider-
able opportunities for innovation and improvement. By capitalizing on these oppor-
tunities, China can make substantial strides in preventing and managing CVDs, 
thereby enhancing population health and well-being.
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Chapter 13
WHO, UN, and Sustainable Development 
Goals: Effective Measures for Prevention 
of CVD in Developing Economies

Kathryn A. Taubert and Sidney C. Smith, Jr.

13.1  �Introduction

Cardiovascular disease (CVD) is the number one cause of death globally. According 
to the World Health Organization (WHO), CVD is responsible for taking almost 18 
million lives per year. Over 80% of these CVD deaths are attributed to myocardial 
infarction and stroke, with one-third of these deaths occurring prematurely (under 
70 years of age) [1].

From the beginning of the twentieth century through 1970, there was a sharp rise 
in deaths attributable to heart disease in the United States and other similar high-
income countries (HICs) [2, 3], as shown in Fig. 13.1 [3] CVD, especially heart 
attack, previously was referred to as a “disease of affluence” or “rich man’s disease” 
because of its prevalence and mortality in higher income countries. In lower income 
countries, the leading causes of death in much of the twentieth century were still 
infectious diseases and malnutrition. However, CVD mortality began rising in low- 
and middle-income countries (LMICs) in the latter part of the twentieth century, and 
by the first decade of the twenty-first century, CVD was the largest cause of death in 
all the developing regions of the world with the exception of Sub-Saharan Africa 
where it is the leading cause of death in those over the age of 45 [4]. Although the 
mortality from CVD began to plateau and, in some instances, decline in HICs from 
the latter part of the twentieth century, it remains the number one cause of mortality 
globally [5].
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Cardiovascular disease is in the category of noncommunicable diseases (NCDs; 
also referred to as chronic diseases). Other major NCDs include cancer, diabetes, 
and chronic lung disease, and these four are collectively responsible for 74% of all 
deaths worldwide. Over 75% of all NCD deaths, and 86% of the 17 million people 
who died prematurely (before reaching 70 years of age) occur in low- and middle-
income countries [6]. The burden of NCDs, led by CVD, was the greatest in LMICs 
and many of those countries were ill-equipped to deal with this epidemic.

This chapter describes the initiatives from the World Health Organization (WHO) 
and the United Nations (UN) that have been designed to tackle this epidemic of 
noncommunicable diseases, especially CVD. The focus will be on the WHO plan 
for prevention and control of NCDs and the UN plan to “ensure healthy lives and 
promote well-being” which is a part of the UN Sustainable Development Goals. A 
helpful glossary of organizations, programs, and their targets/goals, is included in 
Table 13.1.

Fig. 13.1  Deaths attributable to CVD, United States, 1900–2020. CVD (ICD-10 codes I00–I99) 
does not include congenital heart disease. Before 1933, data are for a death registration area, not 
the entire United States. Reprinted with permission Circulation.2023;147:e93–e621©2023 
American Heart Association, Inc. (From Ref. [3])
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13.2  �WHO and NCDs

The WHO is the directing and coordinating authority on international health within 
the United Nations (UN) system, and their mission is to promote health, keep the 
world safe and serve the vulnerable, with measurable impact for people at country 
level. Virtually every country in the world is a Member State of the WHO. The 
WHO collaborates closely with the UN system on certain public health issues.

As the implications of the rising global morbidity and mortality caused by CVD 
and other NCDs became more evident, WHO began having increased dialogue 
about what could be done. The World Health Assembly (WHA) is the decision-
making body of the WHO. The WHA meets yearly, and a report from the WHO 
Director-General on NCD prevention and control [7] was an agenda item at the1998 
WHA meeting [8]. After discussion concerning the growing impact of NCDs on the 
health of global populations, the WHA endorsed a plan for the integrated prevention 

Table 13.1  Organizations and initiatives

United Nations (UN)—an intergovernmental organization whose stated central mission is the 
maintenance of international peace and security
World Health Organization (WHO)—the directing and coordinating authority on international 
health within the UN system. Their mission is to promote health, keep the world safe and serve 
the vulnerable, with measurable impact for people at country level
Member State—countries that are members of the UN or WHO are referred to as Member 
States
UN General Assembly (UNGA)—is the main policy-making body of the UN. It is made up of 
the 193 UN Member States
World Health Assembly (WHA)—is the main decision-making body of the WHO. It is made 
up of 194 WHO Member States
UN High-Level Meeting (UN HLM)—convened by the UN General Assembly (UNGA) ad 
attended by all Member States. the meeting is dedicated to a specialized topic and is taken in 
exceptional circumstances through a UN resolution and vote, with the purpose of reaching 
agreement on cooperation measures and solutions on important global issues
Global Action Plan (GAP)—the WHO Global Action Plan for the Prevention and Control of 
NCDs was endorsed by the WHA in 2013. The GAP provides Member States, international 
partners and WHO with a road map and menu of policy options which, when implemented 
collectively, will contribute to progress on 9 global NCD targets to be attained in 2025, 
including a 25% relative reduction in premature mortality from NCDs by 2025. It is often 
referred to as “25 by 25” or “25 × 25”. Note: In 2019 the World Health Assembly extended the 
WHO Global Action Plan for the Prevention and Control of NCDs end date to 2030
NCD Global Monitoring Framework—allows monitoring of trends and assessment of 
progress made in the implementation of national strategies and plans on NCDs. The Global 
Monitoring Framework for the Prevention and Control of NCDs comprises 9 global targets and 
25 indicators (adopted at the 2013 WHA meeting)
SDGs—Sustainable Development Goals—a product of the United Nations, the 17 goals are a 
call for action by all countries – richer and poorer—to promote prosperity while protecting the 
planet. They recognize that ending poverty must go hand-in-hand with strategies that build 
economic growth and address a range of social needs including education, health, social 
protection, and job opportunities, while tackling climate change and environmental protection
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and control of NCDs and urged Member States to collaborate with WHO in devel-
oping a global strategy for the prevention and control of NCDs, thus ensued several 
years of their meetings with Member States, nongovernmental organizations, and 
other relevant stakeholders. In 2000, the “Global Strategy for the Prevention and 
Control of Noncommunicable Diseases” report from the WHO Director-General 
was released to the WHA [9]. The report noted that the rapid rise of NCDs repre-
sented one of the major health challenges to global development in the coming 
twenty-first century. This challenge threatens economic and social development as 
well as the lives and health of millions of people. It was further noted that there was 
a vast body of knowledge and experience related to prevention of NCDs and 
immense opportunities for their control by global action [9]. Action plans were 
further revised in the WHO publication “2008–2013 Action Plan for the Global 
Strategy for the Prevention and Control of Noncommunicable Diseases” presented 
to the 2008 WHA meeting [10]. Mindful of the rapidly increasing burden of NCDs 
in LMICs and its serious implications for poverty reduction and economic develop-
ment, it was agreed that the UN General Assembly would hold a dedicated High-
Level Meeting (HLM) on the topic of NCDs in September 2011. A UN HLM is only 
convened through a UN resolution and vote, and the HLM on NCDs was only the 
second one on a health topic ever convened (the 2001 HLM on HIV/AIDS being 
the first).

The President of the UN General Assembly submitted a draft resolution titled 
“Political Declaration of the High-level Meeting of the General Assembly on the 
Prevention and Control of Non-communicable Diseases” and the resolution was 
adopted [11]. Following the Political Declaration adoption, WHO in consultation 
with other groups was tasked with developing a Global Monitoring Framework to 
enable global tracking of progress in preventing and controlling major NCDs, spe-
cifically calling out CVD, cancer, chronic lung diseases and diabetes, and key risk 
factors. The completed framework contains 9 global targets and 25 indicators. the 
nine areas that were selected to be targets (Fig. 13.2) include one mortality target, 
six risk factor targets (harmful use of alcohol, physical inactivity, dietary sodium 
intake, tobacco use, raised blood pressure, and diabetes and obesity), and two 
national systems targets (drug therapy to prevent heart attacks and strokes, and 
essential NCD medicines and technologies to treat major NCDs). The targets were 
stated to be both attainable and significant, and when achieved will represent major 
accomplishments in NCDs and risk factor reductions. The global NCD targets are 
intended to focus global attention on NCDs and would represent a major contribu-
tion to NCD prevention and control.

The overarching mortality target of “25% relative reduction in risk of premature 
mortality from cardiovascular diseases, cancer, diabetes, or chronic respiratory dis-
eases” was adopted at the 2012 WHA meeting and the rest of the framework was 
adopted by Member States during the 2013 WHA meeting. As situations are not the 
same in all countries, Member States were encouraged to consider the development 
of national NCD targets and indicators building on the global framework. The nine 
voluntary global targets are aimed at combating global mortality from the four main 
NCDs, accelerating action against the leading risk factors for NCDs and 
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strengthening national health system responses. The targets are discussed in detail 
in the WHO document “Noncommunicable Diseases Global Monitoring Framework: 
Indicator Definitions and Specifications” [12]. As shown in the framework docu-
ment, each target has one or more indicators. For example, for the target “A 25% 
relative reduction in the prevalence of raised blood pressure or contain the preva-
lence of raised blood pressure, according to national circumstances,” the indicator is 
“Age-standardized prevalence of raised blood pressure among persons aged 18+ 
years (defined as systolic blood pressure 140  mmHg or greater and/or diastolic 
blood pressure 90 mmHg or greater) and mean systolic blood pressure.” The pur-
pose of the global monitoring framework is to provide detailed guidance to Member 
States so they can correctly measure each of the 25 indicators and monitor their 
progress over time. For each indicator, a complete definition is provided, appropri-
ate data sources are identified and a detailed calculation, where applicable, is pro-
vided. All of the goals/targets have a “reach-by” date of 2025 with a baseline of 

Fig. 13.2  Set of nine Global Noncommunicable Disease (NCD) goals targets for 2025. (From 
Ref. [12])
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2010. The plan is often referred to as “25 by 25” or “25 × 25,” reflecting a commit-
ment to a 25 % reduction in NCD mortality by the year 2025. To monitor progress 
of the 25 by 25 targets and goals, follow-up HLMs on NCDs were scheduled for 
2014, 2018, and 2025 (discussed later in this chapter).

13.3  �UN and NCDs

As the WHO was finalizing the targets and indicators for the NCD framework, the 
UN had begun discussing the Sustainable Development Goals (SDGs), which would 
be the successor to the Millennium Development Goals. An Open Working Group 
was established to develop a set of Sustainable Development Goals for consider-
ation and appropriate action by the General Assembly at its 68th session in 2013 
[13]. Ultimately, the 2030 Agenda for Sustainable Development [14] was adopted 
by all UN Member States in 2015 and provides a shared blueprint for peace and 
prosperity for people and the planet, now and into the future.

At its heart are a group of goals which are an urgent call for action by all coun-
tries—developed and developing—in a global partnership. They recognize that end-
ing poverty and other deprivations must go hand-in-hand with strategies that 
improve health and education, reduce inequality, and spur economic growth—and 
be sure no one is left behind. The 2030 Agenda went into effect in January 2016 
with an “end-by” date of 2030. The agenda sets out 17 wide-ranging and ambitious 
goals (Table 13.2), and a total of 169 targets in support of these goals [15]. All of the 
goals have indicators by which progress can be measured. The 2030 Agenda for 
Sustainable Development recognized NCDs as a major challenge for sustainable 
development [16]. As part of the 2030 Agenda, Heads of State and governments 
committed to develop ambitious national responses to address NCDs, and this is 
reflected in Goal 3, which is to “ensure healthy lives and promote well-being for all 
at all ages.” It is often referred to as the “health goal.”

Thirteen targets are listed for Goal 3 [17] (Table 13.3), and target 3.4 states “By 
2030, reduce by one-third premature mortality from noncommunicable diseases 
through prevention and treatment and promote mental health and well-being.” This 
is an extrapolation of the WHO’s reduction of premature mortality goal one-fourth 
(25%) in the 25 by 25 NCD framework but extended to 2030—hence the one-third 
(33%) reduction in premature mortality in the SDGs. After release of the NCD 
goals/targets, mental health was added, and this is reflected in the SDGs. Indicator 
3.4.1 (for NCDs) is the “mortality rate attributed to cardiovascular disease, cancer, 
diabetes or chronic respiratory disease” in the UN SDG framework. This is defined 
as the percent of 30-year-old-people who would die before their 70th birthday from 
cardiovascular disease, cancer, diabetes, or chronic respiratory disease, assuming 
that they would experience current mortality rates at every age and would not die 
from any other cause of death (e.g., injuries or HIV/AIDS) [18].

There are other targets under Goal 3 that have implications for NCDs. These 
include:
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•	 3.5 (harmful use of alcohol)
•	 3.8 (universal health coverage; UHC)
•	 3.9 (air pollution)
•	 3.a (tobacco)
•	 3.b (support the research and development of vaccines and medicines)
•	 3.c (health workforce)
•	 3.d (early warning, risk reduction, and management of national and global 

health risks)

3.9 is called out here because although not included as one of the risk factors in 
25 by 25, it is an established risk factor for CVD. 3.d is included because according 
to the political declaration of the third HLM on the prevention and control of NCDs, 
the COVID-19 pandemic poses further challenges for creating and maintaining 
healthy environments and people living with NCDs are at increased risk of severe 
illness and death due to COVID-19. NCDs need to be part of the national prepared-
ness and response plans. The economic effects of the pandemic are likely to have a 

Table 13.2  United Nations sustainable development goals to achieve by 2030. (From Ref. [15])

Goal 1. � End poverty in all its forms everywhere
Goal 2. � End hunger, achieve food security and improved nutrition and promote sustainable 

agriculture
Goal 3. � Ensure healthy lives and promote well-being for all at all ages
Goal 4. � Ensure inclusive and equitable quality education and promote lifelong learning 

opportunities for all
Goal 5. � Achieve gender equality and empower all women and girls
Goal 6. � Ensure availability and sustainable management of water and sanitation for all
Goal 7. � Ensure access to affordable, reliable, sustainable, and modern energy for all
Goal 8. � Promote sustained, inclusive, and sustainable economic growth, full and productive 

employment, and decent work for all
Goal 9. � Build resilient infrastructure, promote inclusive and sustainable industrialization and 

foster innovation
Goal 10. � Reduce inequality within and among countries
Goal 11. � Make cities and human settlements inclusive, safe, resilient, and sustainable
Goal 12. � Ensure sustainable consumption and production patterns
Goal 13. � Take urgent action to combat climate change and its impactsa

Goal 14. � Conserve and sustainably use the oceans, seas, and marine resources for sustainable 
development

Goal 15. � Protect, restore, and promote sustainable use of terrestrial ecosystems, sustainably 
manage forests, combat desertification, and halt and reverse land degradation and halt 
biodiversity loss

Goal 16. � Promote peaceful and inclusive societies for sustainable development, provide access to 
justice for all and build effective, accountable, and inclusive institutions at all levels

Goal 17. � Strengthen the means of implementation and revitalize the global partnership for 
sustainable development

aAcknowledging that the UN Framework Convention on Climate Change is the primary interna-
tional, intergovernmental forum for negotiating the global response to climate change
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long-term impact on NCD prevention and control [17]. More information about 
SDG Goal 3 is available on the UN website [17].

13.4  �On the Way to 2025 and 2030—Interim 
Program Reviews

In 2018, a report on the progress regarding NCDs was distributed to the UN General 
Assembly from Heads of State and Government and representatives of States and 
Governments [19]. Among many comments, it was recognized that action to realize 
the commitments made for the prevention and control of noncommunicable dis-
eases is inadequate, that the level of progress and investment to date is insufficient 

Table 13.3  Targets for UN sustainable development goal 3. (From Ref. [17])

 �� • � 3.1 By 2030, reduce the global maternal mortality ratio to <70 per 100,000 live birth
 �� • � 3.2 By 2030, end preventable deaths of newborns and children under 5 years of age, with 

all countries aiming to reduce neonatal mortality to at least as low as 12 per 1000 live 
births and under-5 mortality to at least as low as 25 per 1000 live births

 �� • � 3.3 By 2030, end the epidemics of AIDS, tuberculosis, malaria and neglected tropical 
diseases and combat hepatitis, water-borne diseases, and other communicable diseases

 �� • � 3.4 By 2030, reduce by one third premature mortality from non-communicable diseases 
through prevention and treatment and promote mental health and well-being

 �� • � 3.5 Strengthen the prevention and treatment of substance abuse, including narcotic drug 
abuse and harmful use of alcohol

 �� • � 3.6 By 2020, halve the number of global deaths and injuries from road traffic accidents
 �� • � 3.7 By 2030, ensure universal access to sexual and reproductive health-care services, 

including for family planning, information and education, and the integration of 
reproductive health into national strategies and programs

 �� • � 3.8 Achieve universal health coverage, including financial risk protection, access to quality 
essential health-care services and access to safe, effective, quality, and affordable essential 
medicines and vaccines for all

 �� • � 3.9 By 2030, substantially reduce the number of deaths and illnesses from hazardous 
chemicals and air, water and soil pollution and contamination

  • � 3.a Strengthen the implementation of the World Health Organization Framework 
Convention on Tobacco Control in all countries, as appropriate

��  • � 3.b Support the research and development of vaccines and medicines for the 
communicable and noncommunicable diseases that primarily affect developing countries, 
provide access to affordable essential medicines and vaccines, in accordance with the 
Doha Declaration on the TRIPS Agreement and Public Health, which affirms the right of 
developing countries to use to the full the provisions in the Agreement on Trade-Related 
Aspects of Intellectual Property Rights regarding flexibilities to protect public health, and, 
in particular, provide access to medicines for all

  • � 3.c Substantially increase health financing and the recruitment, development, training, and 
retention of the health workforce in developing countries, especially in least developed 
countries and small island developing States

��  • � 3.d Strengthen the capacity of all countries, in particular developing countries, for early 
warning, risk reduction and management of national and global health risks
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to meet target 3.4 of the SDGs, and that the world has yet to fulfill its promise of 
implementing, at all levels, measures to reduce the risk of premature death and dis-
ability from noncommunicable diseases. It was acknowledged that the progress 
achieved by some countries in the implementation of their commitments made in 
2011 and 2014 for the prevention and control of four major noncommunicable dis-
eases, namely, CVD, diabetes, cancer, and chronic respiratory diseases, by reducing 
their main common risk factors, namely, tobacco use, harmful use of alcohol, 
unhealthy diets, and physical inactivity, and by addressing the underlying social, 
economic, and environmental determinants of noncommunicable diseases and the 
impact of economic, commercial, and market factors, as well as by improving dis-
ease management to reduce morbidity, disability, and mortality. Additionally, it was 
recognized that many countries still face significant challenges in the implementa-
tion of their commitments and remain deeply concerned that the burden of noncom-
municable diseases continues to rise disproportionately in developing countries and 
that every year 15 million people between the ages of 30 and 69 die from noncom-
municable diseases and that 86 % of these premature deaths occur in developing 
countries. The report included a commitment from these Heads of State and 
Government and representatives of States and Governments to increase their efforts 
and listed several actions that could be implemented [19].

Every year in July, governments join businesses, civil society, thought leaders 
and influencers at the UN High-Level Political Forum on Sustainable Development 
to review progress and accelerate global efforts to deliver meaningful progress on 
the 2030 Agenda for Sustainable Development and its 17 Sustainable Development 
Goals. Specific goals are reviewed at each meeting [20].

From the various follow-up meetings and other reports, it has become clear that 
the NCD goals were not on track to achieve their 2025 targets. Progress slowed 
down even more with the onset of COVID-19.

In 2019, the World Health Assembly extended the WHO Global Action Plan for 
the Prevention and Control of NCDs 2013–2020 to 2030 and called for the devel-
opment of an Implementation Roadmap for 2023 to 2030 to accelerate progress on 
preventing and controlling NCDs. This was detailed in a 2021 WHO discussion 
paper “Development of an Implementation Roadmap 2023–2030 for the Global 
Action Plan for the Prevention and Control of NCDs 2013–2030” [21]. Considering 
the relatively slow progress in the achievement of the 9 NCD targets, the WHA has 
requested WHO to develop an implementation roadmap to support the implemen-
tation of the extended NCD GAP in countries. In line with the extension of the 
NCD GAP to 2030, the NCD Global Monitoring Framework targets are also 
extended to 2030. Changes have been made in several of the original 9 voluntary 
25 by 25 NCD targets due to the end-date extension to 2030 (or other reasons). 
Specifically, there are changes in the mortality target as well as the alcohol, physi-
cal inactivity, sodium, tobacco, and blood pressure targets. These changes that 
were made are shown in Table 13.4 [21].

To assess national-level responses to NCDs, WHO has implemented NCD coun-
try capacity surveys periodically since 2001. Since the first survey round, the NCD 
Country Capacity Survey has been conducted a further seven times, most recently 
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Table 13.4  NCD global monitoring framework indicating target metric changes due to end-date 
extension from 2025 to 2030. (From Ref. [21])

Premature 
mortality 
from NCDs

A 25% relative 
reduction in the 
overall mortality 
from cardiovascular 
diseases (CVD), 
cancer, diabetes, or 
chronic respiratory 
diseases

Unconditional 
probability of dying 
between ages of 30 and 
70 from CVD, cancer, 
diabetes or chronic 
respiratory diseases

Target extended to a one third 
relative reduction in the 
overall mortality from CVD, 
cancer, diabetes, or chronic 
respiratory diseases. This 
target is adapted as per the 
SDG target on NCDs and 
with 2015 as the baseline and 
an extrapolation of the 25% 
relative reduction to 2030, 
making it 33.3%

Harmful use 
of alcohol

At least 10% relative 
reduction in the 
harmful use of 
alcohol, as 
appropriate, within 
the national context

Total (recorded and 
unrecorded) alcohol per 
capita (aged 15+ years 
old) consumption within 
a calendar year in liters 
of pure alcohol, as 
appropriate, within the 
national context

Target extended to a 20% 
relative reduction in harmful 
use of alcohol. The proposed 
revision of the target is under 
the draft action plan on alcohol 
that will be considered by EB 
150 and WHA75

Physical 
inactivity

A 10% relative 
reduction in 
prevalence of 
insufficient physical 
activity

Age-standardized 
prevalence of 
insufficiently physically 
active persons aged 18+ 
years (defined as 
<150 min of moderate-
intensity activity per 
week, or equivalent)

Target extended to a 15% 
relative reduction in 
prevalence of insufficient 
physical activity as part of the 
Global Action Plan on Physical 
Activity adopted by MS at 
WHA May 2018

Salt/sodium 
intake

A 30% relative 
reduction in mean 
population intake of 
salt/sodium

Age-standardized mean 
population intake of salt 
(sodium chloride) per 
day in grams in persons 
aged 18+ years

Target extended to a 40% 
relative reduction in mean 
population intake of salt/
sodium

Tobacco use A 30% relative 
reduction in 
prevalence of current 
tobacco use

Age-standardized 
prevalence of current 
tobacco use among 
persons aged 18+ years

Target extended to a 40% 
relative reduction in 
prevalence of current 
tobacco use

Raised 
blood 
pressure 
(BP)

A 25% relative 
reduction in the 
prevalence of raised 
BP or contain the 
prevalence of raised 
BP, according to 
national 
circumstances

Age-standardized 
prevalence of raised BP 
among people aged 18+ 
years (defined as systolic 
BP140 mmHg or greater 
and/or diastolic BP 90 
mmHg or greater) and 
mean systolic blood 
pressure

Target extended to a 33% 
relative reduction in the 
prevalence of raised blood 
pressure

Note: No changes were made to the diabetes and obesity target or to the two national systems 
response targets
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in 2021. The surveys are completed by the NCD focal point within each country’s 
ministry of health or similar agency, and the countries are asked to report on a num-
ber of topics relating to NCDs. The resulting report is titled “Assessing national 
capacity for the prevention and control of noncommunicable diseases: report of the 
2021 global survey” [22]. Results are reported by WHO region and by the World 
Bank Income Group for the following topics:

•	 aspects of NCD infrastructure
•	 plans, policies, and strategies
•	 surveillance
•	 health systems capacity
•	 NCD-related disruptions during the COVID-19 pandemic

In April 2022, an International Strategic Dialogue on NCDs and the SDGs was 
held in Accra, Ghana, hosted by the Government of Ghana, Government of Norway, 
and the WHO [23]. It is now recognized that insufficient global action on NCDs, 
combined with the COVID-19 pandemic, are creating the very real possibility that 
SDG targets 3.4 and 3.8 will not be met. Just 14 countries are on track to achieve 
SDG target 3.4 to reduce by one-third the premature mortality of NCDs through 
prevention and treatment and promote mental health and well-being by 2030.

The International Strategic Dialogue seeks to:

•	 Raise the priority accorded to the prevention and control of NCDs within the 
national SDG response in low- and middle-income countries

•	 Bring together national and international actors and partners to share knowledge 
and ideas with key stakeholders on what would it take globally for low- and 
middle-income countries to achieve SDG 3 on health, with a particular focus on 
SDG 3.4 (NCDs) and SDG 3.8 (UHC) targets

•	 Raise the political visibility of Heads of State and Government who are provid-
ing a strategic leadership role in the prevention and control of NCDs to a 
global level

The dialogue will launch:

•	 An International NCD Compact 2022–2030 to accelerate the progress towards 
the NCD and SDG targets [24]

•	 An (informal) International Group of Heads of State and Government on the 
Prevention and Control of NCDs (NCD Presidential Group) that will meet annu-
ally during the high-level general debate of the UNGA from 2022 towards 2025

13.5  �What Can Be Done to Reach the 25 by 25 NCD Goals 
and the SDG Goal 3?

It is clear that failing to meet the 25 by 25 NCD goals would jeopardize success for 
SDG 3.4. There is also the socioeconomic impact. As pointed out on the WHO 
website, “Poverty is closely linked with NCDs and the rapid rise in NCDs is 
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predicted to impede poverty reduction initiatives in low-income countries, particu-
larly by increasing household costs associated with health care. Vulnerable and 
socially disadvantaged people get sicker and die sooner than people of higher social 
positions, especially because they are at greater risk of being exposed to harmful 
products, such as tobacco, or unhealthy dietary practices, and have limited access to 
health services. In low-resource settings, healthcare costs for NCDs quickly drain 
household resources. The exorbitant costs of NCDs, including treatment, which is 
often lengthy and expensive, combined with loss of income, force millions of peo-
ple into poverty annually and stifle development” [25].

There have been many suggestions and recommendations by WHO, UN, and 
associated agencies as well as from NGOs, global health experts, and others. Some 
groups weighed in on strategies before or shortly after the Global Monitoring 
Framework for NCD was being populated with constructing goals and targets. For 
instance, a study by Sacco and colleagues [26] titled “The Heart of 25 by 25: 
Achieving the Goal of Reducing Global and Regional Premature Deaths from 
Cardiovascular Diseases and Stroke—A Modeling Study from the American Heart 
Association and World Heart Federation concluded that “Aggressive strategies to 
achieve multiple WHO targets, especially for raised blood pressure and tobacco 
control, will be required to meet the 25 by 25 overall goal. Success is possible if the 
individual WHO targets are met, and healthcare systems are strengthened. Achieving 
these goals can be accomplished only if countries and regions set priorities, imple-
ment cost-effective population-wide strategies, and collaborate in public-private 
partnerships across multiple sectors.”

In an article by Sridhar and colleagues, regarding the (then) upcoming HLM, 
they listed five critical elements Member States should address to hopefully make 
the new measurable goals and means of building accountability may be within reach 
[27]. These are briefly summarized as:

•	 meeting should spotlight the true scale of morbidity and mortality caused by 
NCDs and the economic consequences for households, health systems and 
national economies

•	 governments should commit to developing national NCD plans
•	 identify/create feasible financial avenues
•	 governments commit to strengthening national regulation of NCD risk factors
•	 incentives and mechanisms put in place to encourage cross-sectoral action and 

coordination

A publication by Thakur and colleagues covers the progress and challenges in 
achieving NCD targets for the sustainable development goals [28]. They give an 
overview of the status of the NCDs and SDGs, NCD targets within the SDGs, and 
progress and challenges affecting NCD targets of the SDGs. They conclude with 
key recommendations to achieve the NCD targets of the SDGs (summarized 
briefly here):

•	 Continue the dialogue from the three UN high-level meetings within global gov-
erning bodies
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•	 Increase funding at national, regional, and international levels to invest in health 
systems, services, and workforce development. Funding should be guided by 
“best buy” interventions

•	 Design and scale-up solutions for high risk, resource-limited, and marginalized 
populations

•	 Create a unified national response to align and coordinate various stakeholders
•	 Strengthen early detection and monitoring for NCDs with consistent follow-up

A commentary written by a group of experts from the World Heart Federation 
titled “Accelerated reduction in global cardiovascular disease is essential to achieve 
the Sustainable Development Goals” stated that governments, with the support of 
all stakeholders, will need to do as follows [29]:

•	 Continue efforts to improve data on CVD and associated risk factors, particularly 
in low-income and middle-income countries, where information gaps exist.

•	 Ensure that their healthcare expenditure as a percentage of gross domestic prod-
uct is at least 5%, in line with recommendations from the WHO.

•	 Implement policies to combat CVD, guided by the burden of disease and risk 
factors, and ensure that their implementation is adequately resourced and moni-
tored for progress.

In 2022, the NCD Countdown 2030 collaborators published a health policy paper 
“NCD Countdown 2030: efficient pathways and strategic investments to accelerate 
progress towards the Sustainable Development Goal target 3.4 in low-income and 
middle-income countries” [30]. In this paper, the authors synthesized the evidence 
related to interventions that can reduce premature mortality from the major NCDs 
over the next decade and that are feasible to implement in countries at all levels of 
income. They stated that their recommendations are intended as generic guidance to 
help 123 low-income and middle-income countries meet SDG target 3.4. They con-
cluded that “This Health Policy lays out an ambitious but pragmatic approach to 
helping LMICs get back on track towards achieving SDG target 3.4 in the wake of 
the COVID-19 pandemic. Focusing on a relatively small number of highly cost-
effective NCD interventions to scale up fits with the progressive universalist 
approach to UHC.”

Common barriers to success that are often mentioned at the national or subna-
tional level include lack of money, lack of time, lack of champions at country level, 
healthcare provider inertia, patient inertia, government inertia—and, in the years we 
are living in, COVID-19.

13.6  �Universal Health Coverage

Another issue vital to the success of the NCD Global Monitoring Framework 
and SDG 3.4 is UHC. According to the WHO, UHC means that all people have 
access to the full range of quality health services they need, when and where 
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they need them, without financial hardship. It covers the full continuum of 
essential health services, from health promotion to prevention, treatment, reha-
bilitation, and palliative care. To deliver on this promise, countries need to have 
strong, efficient, and equitable health systems that are rooted in the communi-
ties they serve. Primary health care is the most effective and cost-efficient way 
to get there.

UHC is an issue discussed at both the WHO and the UN. In fact, the UN con-
vened a High-Level Meeting on UHC which was held in September 2019 [31]. 
World leaders endorsed the most ambitious and comprehensive political declaration 
on health in history. However, post-meeting global monitoring reports on UHC indi-
cate progress is not on track, and the COVID-19 pandemic has brought the world 
further away from the targets set by the political declaration, which included (1) 
progressively covering 1 billion additional people, with a view of covering all peo-
ple by 2030; and (2) stopping the rise and reversing the trend of catastrophic out-of-
pocket health expenditure and eliminate impoverishment due to health-related 
expenses by 2030.

In September 2023 at the second UN General Assembly High-Level Meeting on 
UHC, world leaders approved a new political declaration titled “Universal Health 
Coverage: expanding our ambition for health and well-being in a post-COVID 
world” [32]. The declaration contained 107 action points and is hailed as a vital 
catalyst for the international community to take big and bold actions and mobilize 
the necessary political commitments and financial investments to attain the UHC 
target of the SDGs by 2030. World leaders committed to redouble efforts towards 
UHC by 2030 [33].

Just ahead of this 2023 high-level meeting, the WHO and the World Bank 
released a jointly published comprehensive “Tracking Universal Health Coverage 
2023 Global Monitoring Report,” revealing an alarming stagnation in the progress 
towards providing people everywhere with quality, affordable, and accessible health 
care [34]. It is widely recognized that achieving universal health coverage by 2030 
is crucial for fulfilling the promise of the 2030 Agenda for Sustainable Development 
and realizing the fundamental human right to health. Unfortunately, the report 
shows that based on the latest available evidence, more than half of the world’s 
population is still not covered by essential health services. Additionally, two billion 
people face severe financial hardship when paying out-of-pocket for the services 
and products they needed. The report also found that, over the past two decades, less 
than a third of countries have improved health service coverage and reduced cata-
strophic out-of-pocket health spending. The UHC target measures the ability of 
countries to ensure that everyone receives the health care they need, when and 
where they need it, without facing financial hardship. It covers the full continuum of 
key services from health promotion to prevention, protection, treatment, rehabilita-
tion, and palliative care. Alarmingly, global progress towards UHC has been largely 
stagnating since 2015, before stalling in 2019 [35]. Another high-level meeting on 
UHC is scheduled for 2027.
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13.7  �Available Resources

Many of the documents cited in this chapter can provide guidance to individuals or 
groups at the country level, whether they are policymakers, public health officials, 
advocates, or healthcare workers (especially those in primary healthcare clinics). 
For those working on the “frontline” of patient care (e.g., physicians, nurses, other 
trained healthcare professionals, and case managers), there are also tools available 
that can help. For example, the WHO HEARTS package can be quite useful [36]. 
The HEARTS technical package for CVD management in primary care provides a 
strategic approach to improving CV health in countries. It contains modules on 
healthy-lifestyle counseling, evidence-based treatment protocols, access to essential 
medicines and technology, risk-based CVD management, team-based care, and sys-
tems for monitoring. There is also an implementation guide as well as a tool for the 
development of a consensus protocol for the treatment of hypertension. The 
HEARTS package can be adapted for country or regional needs and supports min-
istries of health to strengthen CVD management in primary healthcare settings. The 
HEARTS modules are intended for use by policymakers and program managers at 
different levels within ministries of health, and within resource-limited settings, 
who can influence CVD primary care delivery. HEARTS is discussed in more detail 
in the hypertension chapter. 

The WHO also maintains an essential medicines list which is intended as a guide 
for countries or regional authorities to adopt or adapt in accordance with local pri-
orities and treatment guidelines [37]. Additionally, there is the list of WHO “NCD 
best buys” evidence-based, cost-effective treatments, and interventions to prevent 
and control NCDs. The list was most recently updated in 2023 [38].

The World Heart Federation (WHF) is another good source of materials. WHF is 
the organization representing the CVD community in Official Relations with the 
WHO. WHF addresses the determinants of CVD and mobilizes the global commu-
nity through roadmaps, roundtables, and advocacy. Their global CVD roadmaps are 
particularly helpful. In 2014, the WHF launched an initiative to develop a series of 
Global Roadmaps, with the aim of identifying potential roadblocks on the pathway 
to effective prevention, detection, and management of CVD, along with evidence-
based solutions to overcome them.

The CVD roadmaps have become the cornerstone of WHF activities as resources 
for implementation to guide initiatives to support heart health globally, translating 
science into policy and influencing agencies, governments, and policymakers alike. 
With this framework, countries can develop or update national NCD programs 
aligned with the WHO Global Action Plan for the Prevention and Control of NCDs. 
The overall aim is to drive efforts within national agendas to meet the ambitious 
target set out in the UN Sustainable Development Goals: a one-third reduction in 
premature mortality caused by NCDs (including CVD) by 2030.

There are roadmaps on the following topics:

•	 Atrial fibrillation
•	 Chagas disease

13  WHO, UN, and Sustainable Development Goals: Effective Measures for Prevention…



258

•	 Cholesterol
•	 CVD in people with diabetes
•	 Digital health in cardiology
•	 Heart failure
•	 Hypertension
•	 Rheumatic heart disease
•	 Secondary prevention of CVD
•	 Tobacco control

All of the roadmaps are published in a scientific journal and are also available 
through the WHF website at https://world-heart-federation.org/cvd-roadmaps/

13.8  �Latest Snapshot of Where We Are

In 2023, the WHO Director-General presented a “Political declaration of the third 
high-level meeting of the General Assembly on the prevention and control of non-
communicable diseases, and mental health” to the WHO Executive Board [39]. This 
report was submitted by the Director-General pursuant to the request in decision 
WHA72(11) (year 2019) “to consolidate reporting on the progress achieved in the 
prevention and control of noncommunicable diseases and the promotion of mental 
health with an annual report to be submitted to the Health Assembly through the 
Executive Board, from 2021 to 2031, annexing reports on implementation of rele-
vant resolutions, action plans and strategies, in line with existing reporting man-
dates and timelines.” The report presented an overview of the progress achieved in 
the prevention and control of NCDs, the promotion of mental health and well-being, 
and the treatment and care of mental health conditions.

The section of the report titled “Where we are today” says the following: “Global 
attention and national action on NCDs over the past two decades have been insuf-
ficient to reduce their burden against the nine voluntary targets of the global action 
plan and target 3.4 of the Sustainable Development Goals (by 2030 reduce by one-
third premature mortality from NCDs through prevention and treatment and pro-
mote mental health and well-being). No country is on track to achieve all nine 
voluntary global targets for 2025 set by the Health Assembly in 2013 against a 
baseline of 2010. The failure of health system capacity to keep up with the needs for 
preventing and controlling NCDs is reflected in the lack of progress for NCDs of the 
universal health coverage service coverage index. The pandemic of coronavirus dis-
ease (COVID-19) has highlighted the urgent need to strengthen health systems 
through a radical reorientation towards primary health care as the foundation for 
progress towards universal health coverage, as well as to ensure health security and 
achieve health and well-being for all. The prevention and control of NCDs and the 
promotion, protection, and care of mental health are integral to this reorientation.”

Another section says “The data broadly show that countries with policy, legisla-
tive and regulatory measures, including fiscal measures, for the prevention and 
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control of NCDs, as well as strong and inclusive health systems, have had the best 
outcomes against NCDs. In those countries, people living with and affected by 
NCDs are more likely to have access to effective services, including protection 
against NCD risk factors, detection of hypertension and diabetes, treatment of 
NCDs, and consistent, high-quality follow-up and care.”

The report goes on to say, however, that new data from WHO show that the NCD 
targets are not just aspirational but achievable. The data broadly show that coun-
tries with policy, legislative and regulatory measures, including fiscal measures, for 
the prevention and control of NCDs, as well as strong and inclusive health systems, 
have had the best outcomes against NCDs. In those countries, people living with 
and affected by NCDs are more likely to have access to effective services, including 
protection against NCD risk factors, detection of hypertension and diabetes, treat-
ment of NCDs, and consistent, high-quality follow-up and care.

Glossary

Global action plan  Provides Member States, international partners, and WHO 
with a road map and menu of policy options which, when implemented collec-
tively, will contribute to progress on nine global NCD targets to be attained in 
2025 (later extended to 2030).

Sustainable development  Development that meets the needs of the present with-
out compromising the ability of future generations to meet their own needs.

Universal health coverage  This means that all people have access to the full range 
of quality health services they need, when and where they need them, without 
financial hardship.
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Glossary

ABI  The ratio of ankle systolic blood pressure to brachial systolic blood 
pressure.

Air pollution  Gases and particles suspended in air that can be inhaled and 
produce health effects.

Artificial Intelligence  Computer systems able to perform human tasks that 
require human intelligence (visual, speech recognition, translations between 
languages, decision-making).

Built environment  The totality of the places and the infrastructure created, 
such as buildings, streets, and parks, and are the main settings where we 
live, work, study, and play.

CHIP  Somatic mutations in leukocytes increase CHD risk.
Circadian  Biological processes recurring naturally on a 24-h cycle even in the 

absence of light fluctuations.
Climate change  It refers to long-term changes in temperatures and weather 

patterns.
DECIDE Diet  Diet, ExerCIse, and CarDiovascular hEalth (DECIDE)-Diet is 

a multicenter randomized controlled feeding trial to evaluate Chinese heart 
healthy diets tailored to participants’ own regional cuisine.

Doppler waveforms  Waveforms of the ankle arteries are collected using a 
Doppler probe.

Duplex ultrasound  Imaging modality to evaluate blood flow and vascular 
structure using high-frequency sound waves.

Environment  Circumstances, objects, or conditions by which one is 
surrounded.

Environmental justice  The fair treatment and meaningful involvement of all 
people regardless of race, color, national origin, or income, with respect to 
the development, implementation, and enforcement of environmental laws, 
regulations, and policies.
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Environmental stressors  Components of the natural or altered environment 
that could interact with organisms triggering a response that can lead to 
impaired health.

Free/Low-Cost Medical Care (FLCMC)  Free and Low-Cost Medical Services 
“is a system that provides free or low-cost medical services so that people 
are not limited in their access to necessary medical care due to economic 
reasons.”

Gender  Male or female sex when considered with respect to cultural or social 
differences rather than biological ones.

Global Action Plan  Provides Member States, international partners, and 
WHO with a road map and menu of policy options which, when imple-
mented collectively, will contribute to progress on nine global NCD targets 
to be attained in 2025 (later extended to 2030).

Green spaces  An area of grass, trees, or other vegetation set apart for recre-
ational or aesthetic purposes in an otherwise urban environment.

Greenhouse gases (GHGs)  The gases in the atmosphere that raise the surface 
temperature of planets such as the Earth.

HEARTS  The WHO HEARTS technical package for CVD management in 
primary health care supports policymakers and program managers at dif-
ferent levels within the Ministry of Health, primarily in LMICs, who can 
influence CVD primary care delivery.

Living poorness person  A person who is in actual economic distress and is at 
risk of becoming unable to maintain a minimum standard of living.

Long-term care insurance system  The public assistance system is a public 
welfare program by the government that provides necessary protection to 
those in need and guarantees a minimum standard of living that is healthy 
and culturally acceptable.

Low- and middle-income countries (LMIC)  LMIC is defined by the world 
bank as having a gross national income (GNI) per capita of US$ 1045 or less 
(low income), or between US$ 1046 and 12745 (middle income).

Non-communicable diseases  Diseases that are not spread by infection or 
through other people but are typically caused by unhealthy behaviors.

PCSK  It inhibits LDL cholesterol liver receptors increasing LDL blood levels 
and CHD risk. Drugs like Inclisiran inhibit PCSK synthesis.

PEN Package  The WHO Package of Essential Noncommunicable (PEN) dis-
ease interventions for primary health care defines a minimum set of inter-
ventions to address major NCDs, including CVD, in primary care. The 
components are feasible even in low resource settings and can be delivered 
by primary care physicians and non-physician health workers.

Polygenic risk score (PRS)  Genetic risk profiling and risk factor interaction 
to identify susceptible populations.

Post-exercise ABI  Ratio of ankle and brachial systolic blood pressures after 
exercise (usually treadmill but can be heel raise)

Primordial prevention  Risk factor reduction targeted towards an entire pop-
ulation through modifications on social and environmental conditions.
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PVR  Waveforms measured by cuffs inflated with a certain volume of air 
(usually ~60 mmHg)

SDOH (social determinants of health)  The circumstances in which people are 
born, grow up, live, work, and age and the systems put in place to offer 
health care and services to a community.

SHAKE  WHO technical package for salt reduction strategies to enable to 
achieve a reduction in population salt intake.

Social determinants of health  The social, economic, and environmental con-
ditions in which people are born, grow, live, work and age that impact health 
and well-being across the life course, and the inequities in access to power, 
decision-making, money, and resources that give rise to these conditions.

Sub-Saharan Africa (SSA)  The region of Africa that lies south of the Sahara.
Sustainable development  Development that meets the needs of the pres-

ent without compromising the ability of future generations to meet their 
own needs.

TBI  The ratio of great toe systolic blood pressure to brachial systolic blood 
pressure.

Universal Health Coverage  This means that all people have access to the full 
range of quality health services they need, when and where they need them, 
without financial hardship.

Urban environment  An area with an increased density of human-created 
structures in comparison to the areas surrounding it.
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A
Acute myocardial infarction (AMI), 149–152
Affordability, 186
Africa, 100
Air pollution, 110–113, 115–118, 120–122
Air Pollution Prevention and Control Action 

Plan (APPCAP), 229
AMA MAP™ Hypertension Quality 

Improvement Program, 19
Angiotensin-converting enzyme inhibitors or 

angiotensin receptor blockers 
(ACEI/ARB), 231

Ankle-brachial index (ABI), 64, 66–75, 80
Annual Health Survey (AHS), 210
Antihypertensive medicines, 5, 29–31
ARIC Study, 68
Arrythmia, 231–232
Artificial Intelligence (AI), 6
Asklepion, 1
Atherosclerosis Risk in Communities (ARIC) 

study, 67, 68, 70, 74, 75
Atrial fibrillation (AF), 231

B
Biosphere, 5
Black death, 133
Braunwald, Eugene, 6
Bubonic peste, 133

C
Canakinumab, 6
Cardiac rehabilitation, 195, 196, 200, 

201, 232–233
Cardiovascular disease (CVD), 64, 74, 76, 78

Africa, 100
behavioral risk factors

excess alcohol Intake, 95–96
physical inactivity, 95
tobacco use, 92
unhealthy diet, 93, 94
weight management, 94

causes of, 2
in china

alcohol consumption, 225
communal activities, 235
environmental factors, 226
epidemiology, 219–220
impact of, 220
patient education and 

empowerment, 235
physical inactivity, 221, 225
prevalence, 221–224
primordial and primary 

prevention, 227–229
psychosocial stress, 226
risk factors, 220–226
secondary and tertiary 

prevention, 230–234

Index
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smoking, 225
unhealthy diets, 221

cultural beliefs and practices, 96, 97
disadvantages, 211, 212
epidemiology, 89
gender, socioeconomic status, and 

health, 96
in Japan, 198
Latin America

clinical trials, 170–171
epidemiological transition, 159
hypertension, 169, 170
indigenous groups, 161, 162
initiatives, 166
morbidity and mortality, 160
obesity, 167–169
population aging, 159
risk factors, 160
smoking, 167
socioeconomic disparities, 162–166
Universal health coverage, 171, 172

prevention of, 153–154
Middle East, 101, 102
mortality, 179, 180, 205, 243, 244
NCDs, see Noncommunicable 

diseases (NCDs)
prevalence, 2
risk factors, 179, 180, 206, 208, 210
roadmaps, 257
SES, 207–211
self-care interventions, in low- 

and low-middle income 
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