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Foreword

Understanding and addressing cardiovascular disease (CVD) and hypertension in
Asia is like completing a challenging 1000-piece jigsaw puzzle. The problem is so
grand that it accounts for the 10.8 million annual deaths in Asia, comprising 58% of
the 18.6 million reported CVD deaths worldwide in 2019. Close to 40% of these
deaths were deemed premature, defined as deaths before the age of 70 years.
Uncontrolled hypertension remains the real-world “Freddy Krueger” which kills its
victims, not with razors and gloved hands, but with heart attacks, strokes, and other
hypertension-related complications.

Describing hypertension as a serial killer is actually an understatement. It has
killed in pandemic proportions, and the excess deaths due to it have apparently
increased in the past 2 years, as the whole world grapples from the deadly strangle
of another pandemic—COVID-19. A double whammy indeed!

And just like the complexity of a multi-piece puzzle, the CVD and hypertension
enigma in Asia is the consequence of the complex effects of varied factors among
the countries in the world’s most populated continent. These include the diverse
socioeconomic, cultural and living environments, demography, and Westernized
lifestyles. With different healthcare systems and strategies being employed, Asian
countries also differ in their capacity to achieve CVD prevention and treatment goals.

With the multifactorial diversity and heterogeneity, it is understandable that the
CVD spectrum may also differ in Asia as a region. It is well known that the cardio-
vascular phenotype is quite different in Asia, with stroke being associated more with
hypertension than ischemic heart disease; in contrast to the Western world wherein
the opposite is true. Within some of the countries comprising Asia, the diversity in
clinical disease presentation may also be apparent, since some countries may be
characterized by a multiethnic composition. The CVD and hypertension pandemic
may also pan out differently among the different Asian countries, depending on the
socioeconomic stage or development a particular Asian country is in.

It is humbling to admit that we still find some odd pieces that don’t fit in the CVD
and hypertension jigsaw puzzle in Asia. And just like when we solve challenging
puzzles, we need to sort out the pieces first, so we would know where they might fit.
Gathering all the updated information one could gather on all aspects of hyperten-
sion and CVD in Asia—from epidemiology to disease presentation to manage-
ment—is a big step in helping clinicians, researchers, and policy makers understand
the complex picture which hypertension and CVD in Asia present.



Vi Foreword

This book, Hypertension and Cardiovascular Disease in Asia, is definitely a big
accomplishment that fills in a major gap in the understanding and management of
hypertension and CVD in a continent that is considered the disease epicenter in the
world. Our hats off to the editors—Doctors C. Venkata S. Ram, Boon Wee Jimmy
Teo, and Gurpreet S. Wander; and all the world-renowned contributing authors for
this remarkable feat.

This book will definitely occupy a prominent place in my library; I hope it does
in yours, too.

Rafael R. Castillo
(Retired), Adventist University of the Philippines, College of Medicine
Silang, Cavite, Philippines



Preface

We are privileged to introduce this book on Hypertension and Cardiovascular
Disease in Asia to readers interested in preserving public health by reducing the
disease burden in the community. As Asia is going through a cardiovascular disease
endemic, it is timely to push back the wave through medical education and preven-
tive strategies. The grim statistics show a high incidence of cardiovascular disease
in Asia compelling policy makers and medical practitioners to action. Advances in
prediction technology will enable medical practitioners to take an active stance in
disease prevention, changing the paradigm from disease management to “anticipa-
tory” medicine. While individual patient-level disease prevention is important, a
greater impact is achieved if the majority of the population can be prevented from
ever having hypertension and cardiovascular disease.

The current epidemiology, clinical profile, and consequences of hypertension
and cardiovascular disease in Asia are discussed extensively. From population sci-
ence to individual therapeutic implications, clinicians will gain additional knowl-
edge. We should discard the status quo and embark on a firm footing to safeguard
public health in Asia. We will live a longer and a healthier life. One unique feature
of this compendium is that it does not have the typical textbook structure where a
sequence of reading is required; instead you can start the journey from any chapter
based on your preference or interest.

We would like to thank the European Society of Hypertension and its leadership
(Drs. Giuseppe Mancia, Enrico Agabiti-Rosei, and Reinhold Kreutz) for giving us
the special opportunity to assemble this book devoted to Asian countries. It is timely
that the ESH asked us to look at the pattern of hypertension and cardiovascular dis-
ease in Asia. The term “Eurasia” indicates the contiguous landmass of Europe and
Asia. There is no geographic demarcation between the two continents. It is an ethnic
and cultural demarcation at best. Asia has 49 countries with 5 being transcontinental
(partly in Asia and Europe) and is the largest continent of the world. It has 30% of
the land area of the world and has 60% of the world population. The pattern of these
diseases in Asia is important also to Europeans. With increasing international migra-
tion, public health becomes an important matter of great economic significance.
Asia has very diverse climates and cultures. The United Nations statistics depart-
ment divides Asia into 6 regions. The body build, genetic ancestry, disease preva-
lence, and phenotypes are different due to varying climates and diverse lifestyles.

vii



viii Preface

The economic situation of different regions is also variable. These challenges should
be kept in mind while going through this book.

We are grateful to all the authors for their valuable and expert contributions to
this book. They have covered the various aspects of hypertension and cardiovascu-
lar disease with an Asian perspective. They have a vast experience in the field and
have done original work in cardio-metabolic diseases in the Asian countries. We are
grateful to the staff of Springer Nature publications for working with us closely in
completing this book. We acknowledge the excellent managerial help provided by
Ms. N.Madhavi Latha and meticulous proofing and corrections done by Ms.
Nicola Ryan.

Hyderabad, India C. Venkata S. Ram
Singapore, Singapore Boon Wee Jimmy Teo
Ludhiana, India Gurpreet S. Wander
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Epidemiology of Hypertension in Asia

Rody G. Sy, EImer Jasper B. Llanes,
Felix Eduardo R. Punzalan, Jaime Alfonso M. Aherrera,
and Paula Victoria Catherine Y. Cheng

1.1 Geographical Definition of Asia

Asia is the largest and most populous continent, with roughly 60% of the total popu-
lation in the world. It is divided into five regions, namely Middle East, East Asia,
South Asia, Southeast Asia, and Central Asia. Asian countries of interest in this
chapter would include Afghanistan, Armenia, Azerbaijan, Bahrain, Bangladesh,
Bhutan, Brunei, Cambodia, China, Georgia, India, Indonesia, Iran, Iraq, Israel,
Japan, Jordan, Kazakhstan, Kuwait, Kyrgyzstan, Laos, Lebanon, Malaysia,
Maldives, Mongolia, Myanmar, Nepal, North/South Korea, Oman, Pakistan,
Philippines, Qatar, Russia, Saudi Arabia, Singapore, Sri Lanka, Syria, Tajikistan,
Thailand, Timor-Leste, Turkey, Turkmenistan, United Arab Emirates, Uzbekistan,
Vietnam, and Yemen. Much of the literature reviewed would involve the countries
in Southeast Asia (SEA) (e.g., Malaysia, Indonesia, Thailand, Singapore,
Philippines, Vietnam, Laos, Cambodia, Myanmar, Brunei, East Timor), Japan, and
countries in the middle East. This chapter discusses the prevalence, incidence, and
risk factors of hypertension across the Asian countries. It is important to highlight
that the various literature reviewed here would have different definitions of hyper-
tension and blood pressure control, as well as different methods in determining
blood pressure measurements. Period of evaluation also varies from study to study.
Caution must be exercised when interpreting the presented numbers, specifically for
the prevalence and incidence data.
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2 R.G.Syetal.

1.2  Prevalence of CVD and Hypertension as a Risk
Factor Worldwide

Hypertension is a major cause of premature death worldwide and remains as the most
common, readily recognizable, and modifiable risk factor for myocardial infarction,
stroke, heart failure, atrial fibrillation, and peripheral arterial disease. It is estimated
that 1.13 billion people worldwide have hypertension, most (two-thirds) of whom live
in low- and middle-income countries [1]. Although hypertension has often been
regarded as a “silent killer,” it is still a major modifiable risk factor for cardiovascular
morbidity and mortality. In 2013, death from complications of hypertension (e.g.,
coronary artery disease, stroke) was estimated by the WHO to be responsible for
9.4 million deaths worldwide every year [2]. The global burden of hypertension is
rising due to escalating obesity and population aging, and is projected to affect 1.5 bil-
lion persons—one third of the world’s population—by 2025 [3-5]. High blood pres-
sure (BP) continues to be the largest single contributor to the global burden of disease,
causing two-thirds of all cerebrovascular accidents (strokes) and half of all ischemic
heart disease worldwide, and thus 9.4 million deaths each year [3].

1.2.1 Definitions of Hypertension

Historically, hypertension has long been defined as a systolic blood pressure (SBP)
of more than or equal to 140 mmHg and/or a diastolic blood pressure (DBP) of
90 mmHg or more. Over the past decade, guidelines have been revised to adapt to
the evolving data. In 2017, the American College of Cardiology/American Heart
Association (ACC/AHA) taskforce has lowered the cutoffs for the definition of
hypertension—130-139 mmHg SBP/80-89 mmHg DBP [6]; whereas the European
Society of Cardiology retains the traditional definition of more than or equal to
140/90 mmHg [7]. In Asia, certain countries have developed their own definitions
of hypertension, summarized in Table 1.1.

1.3  Prevalence of Hypertension in Asia

Blood pressure levels and the prevalence of hypertension vary among countries and
among subpopulations within a country. The overall prevalence of hypertension in
Asia in 2015 has been similar to the global prevalence [18]. During the past four
decades, the highest worldwide BP levels have shifted from high-income countries
to low-income countries in south Asia, while BP remained persistently high in cen-
tral and eastern Europe [19]. In Southeast Asia (SEA), about one-third of the adult
population have hypertension and an estimated 1.5 million deaths are associated
with hypertension annually [20]. A comprehensive review for SEA reported a prev-
alence of hypertension at 35% [21]. In the Urban population, a systematic review
was performed in 2021 and found that out of 37,630 individuals, 12,842 had hyper-
tension [PPE of 32.14%, (95% CI: 30.2-3.8)] [4]. Table 1.2 summarizes the avail-
able data on the prevalence of hypertension across Asian countries.
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Table 1.2 Prevalence of hypertension in Asia

Country Author N Prevalence
Central Asia
Tajikistan Demographic and Health Survey 2017 6% in women aged 15—49 y/o
[22]
Kyrgyzstan  Polupanov, 2020 [23] 1330 34.1% (36.7% in men, 30.5%
in women)
Kazakhstan  Supiyev, 2015 [24] 497 70% (65% in men, 75% in
Aringazina, 2018 [25] women)
24.3%
Uzbekistan  Aringazina, 2018 [25] 5462 8.3%
Russia Erina, 2019 [26] 20,652 50.2%
East Asia
China Wang, 2020 [27] 797 24.2%*
Li, 2020 [28] 983,476 41.3%
Japan Ministry of Health, Labor and Welfare, Age 40-74: 60% in men; 41%
Japan, 2017 [29] in women
Age > 75: 74% in men; 77%
in women
Mongolia Potts, 2020 [30] 4515 25.6% (31.9% in men, 25.5%
Li, 2016 [31] 3251 in women)
28.6% (13.9% in men, 14.7%
in women)
South Korea Kim, 2021 [32] 23.5% (28% in men, 18.6% in
women)
Hong Kong  Population Health Survey [33] 2347 27.7% (30.1% in men, 25.5%
in women)
Taiwan Cheng, 2020 [34] 24.1%
Middle East
Jordan Khader, 2019 [35] 4056 41.4% in men, 28.3% in
women
Syria Ratnayake, 2020 [36] 915 17.2% > 18yl/o,
39.2% > 30y/o
Egypt Ibrahim, 1995 [37] 6733 26.3%
Middle Yusufali, 2017 [38] 10,516 33%
East*
Saudi Saeed, 2013 [39] 10,735 152%
Arabia Alhabib, 2020 [40] 2047 30.3% (32.8% in men, 27% in
women)
Qatar Bener, 2004 [41] 1208 32.1%
Turkey Sengul, 2016 [42] 5437 30.3% (28.4% in men, 32.3%
in men)
Israel Abu-Saad, 2014 [43] 763 32.5% (36.1% in men, 28.9%
in women)
Iran Eghbali, 2018 [44] 2107 17.3% (18.9% in men, 15.5%
Yusufali, 2017 [38] 6013 in women)
28%
Iraq Saka, 2020 [45] 1480 54.7% (63.4% in men, 51.8%
in women)®
Kuwait El-Reshaid, 1999 [46] 2836 26.3% (28.3% in men, 22.9%

in women)
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Table 1.2 (continued)
Country Author N Prevalence
Oman Al Riyami, 2003 [47] 7011 25.2%
Palestine Yusufali 2017 [38] 1545 38%
UAE Yusufali 2017 [38] 917 52%
South Asia
India Gupta, 2002 [48] 1673 36.4% in men, 37.5% in
Mohan, 2001 [49] 1175 women
Gupta, 1999 [50] 99,589 14%
Anchala 2014 [51] 326,644 43.8% in men, 44.5% in
women
29.8%
Sri Lanka Katulanda, 2014 [52] 4485 23.7% (23.4% in men, Women
23.8%)°
Bangladesh  Islam, 2018 [53] 1036 6.9% (4.5% in men, 8.9% in
Hasan, 2021 [54] 4856 women)®
31% (23.6% in men, 38.1% in
women)®
Pakistan Jafar, 2003 [55] 9442 19% (20.2% in men, 18% in
women)
Nepal Prajapati, 2020 [56] 617 23% (27.6% in men, 22.4% in
Karmacharya, 2017 [57] 1073 women)
27.8% (25.6% in men, 12.2%
in women)
Maldives Aboobakur, 2010 [58] 2028 31.5%
Southeast Asia
Brunei Lupat 2016 [59] 5063 48.3%
Cambodia  Gupta 2013 [60] 5017 15.3%
Indonesia Peltzer 2018 [61] 29,965 33.4% (31% in men, 35.4% in
Christiani 2016 [62] 15,802 women)
32.1%
Laos Lao Peoples 2010 [63] 4180 24.9% in men; 20% in women
Malaysia Ab Majid 2018 [64] 11,288 35.3%
Abdul-Razak 2016 [65] 47.9% (50.9% in men, 45.6%
in women)
Myanmar  Bjertness 2016 [66] 7319 29.9%
Singapore ~ NPHS 2017 [67] 4100 21.5% (23.6% in men, 19.6%
Liew SJ 2019 [68] 10,215 in women)
31.1%°
Thailand Tiptaradol 2012 [69] 36,877 19.1%
Vietnam Son 2012 [70] 9823 25.1%
Meigiari 2019 [71] 21.1%
Philippines NNHES 2019 [72] 3334 19%
Sison 2013 [73] 28%

* No difference between sexes but prevalence increasing with age

® Increasing with age
¢ Chinese 1519/4817 = 31.5%; Malay 879/2659 = 33.1%; Indian 780/2739 = 28.5%
“Includes Iran, Palestinian Territory, Saudi Arabia, UAE
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1.3.1 Central Asia

Prevalence of hypertension in this region of Asia is highly varied. The countries
with the low overall prevalence are Tajikistan at 6% and Uzbekistan at 8.3%. These
data came from their national surveys which mostly included women and relatively
young individuals aged 15-50 years old which could explain the low prevalence of
hypertension in these areas. However, in Russia, Kyrgyzstan, and Kazakhstan the
prevalence rates were 50.2%, 34.1%, and 70%, respectively since it included a
wider age group. No significant differences were seen in both sexes in this region.

1.3.2 East Asia

The prevalence in this region was somewhat similar in every country approximately
at 25% with the exception of China having a higher rate at 41.3%. Men and increas-
ing age showed a higher prevalence rate.

1.3.3 Middle East Asia

Hypertension prevalence in this region ranges from 25 to 54.7%. Some countries
have no recent data such as in Kuwait and Egypt wherein published dated back to
the 1990s. Others have very small population and even are refugees brought about
by civil unrest. These factors are factors to the widely varied prevalence rate in this
region. Men and increasing age were more prevalent for hypertension.

1.3.4 South Asia

All countries in this region have a prevalence rate of hypertension of approximately
30% with the exception of Pakistan at 19%. However, the Pakistani data was taken
nearly two decades ago. More hypertensive women than men were seen in this
region. Older individuals showed an increasing prevalence rate as well.

1.3.5 Southeast Asia

Prevalence of hypertension was low in Thailand and Cambodia at 19.1% and 15.3%,
respectively while higher in Brunei and Malaysia at 48%. There were no significant
differences in prevalence between sexes. Older age remains to be a factor for
increasing prevalence of hypertension which was similar to other regions in Asia.
The prevalence of hypertension is increasing fastest in developing countries,
where poor hypertension treatment and control contribute to the growing epidemic
of cardiovascular disease. For example, in India, the prevalence of raised BP rose
from 5% in the 1960s to 12% in the 1990s, to >30% in 2008 [74]. The prevalence
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increases with age, from 13.7% in the third decade to 64% in the sixth decade. The
reasons for the recent rural-urban convergence in hypertension are not well under-
stood but could be due to the recent rapid changes in the lifestyle of those living in
rural areas including increase in salt intake [75]. In Indonesia, the prevalence rose
from 8% in the year 1995 to 32% in the year 2008 and 33.4% in the year 2015 [61,
74]. In Myanmar, the Ministry of Health reported an increase in hypertension preva-
lence, from 18% to 31% in males, and from 16 to 29% in females during 2004—-2009
[74]. In the Philippines, the prevalence of hypertension has been increasing. Several
cross-sectional studies have shown that the numbers are steadily increasing; from
11% in 1992 to 25% in 2008. The National Nutrition and Health Survey (NNHES)
of the Food and Nutrition Research Institute conducted in 2012 indicated a small
decline in the prevalence of individuals with hypertension, about 22.3% [76, 77].
Later data gathered in 2018 from FNRI (2019) showed the prevalence of elevated
blood pressure at 19%. It was higher among males (20.7%) compared to females
(15.7%) [72]. In China, in 2008, the sample included 131,520 individuals with a
mean age of 54.1 years (SD, 9.7), of which 64,430 (48.9%) were men. In 2018,
10,926 participants accomplished the study, with 4390 men (40.2%) and an average
age of 60 years. The crude prevalence of hypertension was 44.3% in 2008 and
60.6% in 2018. The age-standardized prevalence increased from 44.7 to 53.6%
from 2008 to 2018 [78].

The prevalence of hypertension in Singapore fell from 27.3% in 1998 to 24.9%
in 2004 and 23.5% in 2010 [67]. In Malaysia, prevalence remained largely stable at
34.6% in 2006, 33.6% in 2011, and 35.5% in 2015 [64]. In Korea, age-standardized
prevalence of hypertension modestly decreased from 26% in 1998 to 23.5% in
2018. However, the absolute number of people with hypertension, has exceeded
12 million [32]. In Jordan from 2009 to 2017, there was nonsignificant decrease in
hypertension prevalence of 2.7% among men and 1.1% among women [35]. The
trend in the shifting of hypertension burden from higher income countries to lower
income countries has also been suggested in a recent analysis. A pooled global age-
standardized prevalence of raised BP found that, over the past four decades, mean
BP decreased from 1975 to 2015 in high-income Western and Asia Pacific coun-
tries. Highest worldwide BP levels have shifted from high-income countries to low-
income countries in South Asia and Sub-Saharan Africa [18, 19].

1.4 Incidence of Hypertension in Asia

There were several cohort studies that investigated the development of hypertension
over a period termed as incidence rate [79-87]. Difference in follow-up time frame,
different number of population size studied and expressed rates (in percentage or in
person-years) makes it difficult to compare between countries. Published data on
incidence rates are quite sparse but from here we can identify factors that have con-
tributed to the development of hypertension.

Obesity, overweight, and increasing age are common factors that lead to hyper-
tension [79-87]. Hypertriglyceridemia was a unique predictive factor for Iran as
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Table 1.3 Incidence rate of hypertension in different Asian countries

Thailand Thawornchaisit, 57,588 Thai open 4% (Men 5.2%, Women
2013 [79] university open 2.1%)
4-year follow-up
Tehran, Iran  Asgari, 2020 [80] 6533 Tehran Lipid and All 36.1 per 1000
Glucose study person-years
13.1-year follow-up Men 34.9 per 1000
person-years
Women 38.7 per 1000
person-years

Central Iran Talaei, 2013 [81] 3283 Isfahan Cohort 22.1%
7-year follow-up

Chennai, India Mohan, 2020 [82] 1650 CURES cohort 28.7 per 1000 person-years
9-year follow-up

Chennai/ Prabhakaran, 2017 12,504 CARRS cohort 16.2%

Karachi, India [83] 2-year follow-up

China Luo, 2021 [84] 12,952 China Health and  40.8 per 1000 person-years

Nutrition Survey (CHNS) (95%CI 38.3—43.4) between
1993 and 1997
48.6 per 1000 person-years
(95%CI 46.1-51.0) between
2011 and 2015

Korea Yu, 2021 [85] 21,172 National Health 76.4%
Insurance Service-Health
Screening
12-year follow-up
Japan Oka, 2018 [86] 22.45 million who Wakayama prefecture
underwent med check-up  28.3% for men
last 2010 20.9% for women
Philippines LIFECARE Sy, 2089 Filipinos 15%

unpublished [87] 4-year follow-up

seen in its two cohorts [80, 81]. Glucose intolerance was a predictive factor for both
Iran and India [80-83] while alcohol consumption was both common factors for
India and China [83, 84]. High normal blood pressure levels were a factor for Iran
and the Philippines [80, 87]. In the cohort of Japan, an increase in level of activity
measured by a pedometer and usage of public transport negatively correlated with
development of hypertension [86] (Table 1.3).

In Thailand, hypertension was associated with increasing age, BMI, and the
presence of comorbidities. Income and education were not predictive factors. In
men, the risk for hypertension is with physical inactivity, smoking, alcohol, and fast
food intake. In women, hypertension was correlated with having a partner [79].

A study in Iran, the multivariate-adjusted model controlled for all study covari-
ates showed that significant contributors to hypertension include age, male sex, gen-
eral and central obesity, hypertriglyceridemia, impaired fasting glucose, diabetes
mellitus, baseline BP at least 120/80 mmHg (nonoptimal BP), and parental history
of hypertension. Higher education level and more than 10% decrease in waist cir-
cumference over 7-year follow-up represented protective effects [81].
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In the Chennai and Karachi regions in India, higher body weight, BMI, age, glu-
cose intolerance, low socioeconomic status, and current heavy alcohol use were
significantly associated with an increased risk of incident hypertension [83].

Incident hypertension in China increased with age, BMI, and increased alcohol
consumption, while lower risk was noted with higher educational attainment and
the female sex [84].

In Japan, unique associations between living conditions and risk of hypertension
were seen. Incidence of hypertension showed a significant negative correlation with
walking and medical check-ups, and a significant positive correlation with light-
vehicle usage and slope of habitable land. Between the number of steps and vari-
ables related to the living environment, number of rail stations showed a significant
positive correlation, while, standard and light-vehicle usage showed significant
negative correlation [84].

An unpublished study in the Philippines by Sy et al. in 2015 (LIFECARE study)
determined that predictive factors for hypertension include age, male sex, abdomi-
nal obesity, family history of hypertension, and pre-hypertension BP levels [87].

1.5 Awareness and Control of Hypertension
in Asian Countries

There is an abundance of literature for hypertension control in the Western popula-
tion, but data in Asia has been limited. In 2015, 1 in 4 men and 1 in 5 women had
hypertension [2]. Fewer than 1 in 5 people with hypertension have the problem
under control [2]. Awareness of a diagnosis of hypertension, treatment rate, and BP
control vary from country to country; and available data are summarized in Table 1.4.
Note that the numbers presented are less favorable compared to Western data such
as in the United States showing hypertension awareness at 81%, treatment rates at
74%, and hypertension control at 53% [88].

Hypertension awareness is an important initial step toward BP control. In several
countries in SEA, awareness level of hypertension is less than 50%, but 56-70% in
the more affluent countries in the region. Of those who are aware, about half are on
treatment, but control rates to BP levels below 140/90 remains dismally low [77].
Generally, BP control is low in the Asian countries, compared to Western nations
with treatment rates ranging from 51 to 80% and control rates ranging from 27 to
66% [18, 88].

The term “control” has been variably defined in various guidelines. The ACC/
AHA guidelines in 2017 suggest a BP target <140/90 mmHg for those with an ath-
erosclerotic cardiovascular disease (ASCVD) risk of less than 10% and a target of
<130/80 mmHg for those with a 10-year ASCVD risk of >10%. The Singaporean
guidelines in 2017 [12] and Malaysian guidelines in 2013 [13] have a similar rec-
ommended target of <140/90 for most patients, <150/90 mmHg for those 80 years
and above, <140/80 mmHg for those with diabetes mellitus, and <130/80 mmHg for
those with significant albuminuria. A systematic review evaluating medication
adherence factors for hypertension in developing countries cited other factors such
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Table 1.4 Awareness of diagnosis, treatment rate, and overall blood pressure control for patients
with hypertension in different Asian countries

Country Author Awareness Treatment rate* Overall BP control®
Singapore Epidemiology 2010 [90]  73.7% 67.4%
Liew, 2019 [68] 51% 74.8% 37.6%
Thailand Tiptaradol, 2012 [69] 48.4% 42% 14.9%
Vietnam Son, 2012 [70] 48.4% 61% 36.3%
Meigiari, 2019 [71] 9.3% 4.7%
Myanmar Bjertness, 2016 [66] 27.8% 8.7%
Malaysia Ab Majid, 2018 [64] 83.2% 37.4%
Laos Lao People 2010 [63] <20%
Indonesia Peltzer, 2018 [61] 42.9% 11.5% 14.3%
Philippines  Sison, 2007 [91] 16% 20%
Sison, 2013 [73] 19% 75% 27%
India Wander, 2018 [92] 42% 38% 20%
Middle East* Yusufali, 2017 [38] 49% 47% 19%
Jordan Khader, 2019 [35] 57.7% men 30.7% men
62.5% women 30.7% women
Saudi Arabia Saeed, 2013 [39] 57.8% 78.9% 45%
Alhabib, 2020 [40] 61.1% 58.9% 30.6%
China Xing, 2019 [93] 48.5% 38% 14.9%
Xing, 2020 [78] 54.2%—2008 42%—2008 3.7%—2008
47.5%—2018 35.4%—2018 3.6%—2018
Japan JSH 2019 [11] 67% 56% 40% men
45% women
South Korea Kim, 2021 [94] 25%—1998 22%—1998 5%—1998
65%—2016 61%—2016 44%—2016
Taiwan Cheng, 2019 [34] 72.8% 57.2% 63.4%
Turkey Sengul, 2016 [42] 40.7%—2003 31.1%—2003  8.1%—2003
54.7%—2012 47.4%—2012 28.7%—2012
Kuwait El-Reshaid, 1999 [46] 23%
Iran Eghbali, 2018 [44] 69.2% 92.4% 59.2%
Nepal Karmacharya, 2017 [57] 43.6% 76.1% 35.3%
Mongolia Li, 2016 [31] 66.34% 87.03% 43.58%
Potts, 2020 [30] 69.7% 46.8% 24%
Kazakhstan  Supiyev, 2015 [24] 91% 77% 34%

4 Number of hypertensive patients on treatment
" Defined as BP < 140/90

as cost barriers, irregular follow-ups, and competing availability of traditional
herbal remedies [18, 89].

1.6

Risk Factors of Hypertension

The risk factors for developing hypertension are divided into modifiable and non-
modifiable risk factors. The modifiable risk factors include diet, physical activity,

alcohol consumption and tobacco smoking, and obesity or being overweight. In
contrast, the nonmodifiable risk factors include family history of hypertension, age
>65 years, and the presence of other comorbidities, including diabetes and chronic
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kidney diseases [4, 95]. In a 2021 review, strong risk factors associated with hyper-
tension are male sex, low education status, low socioeconomic level, higher BMI,
increased waist circumference, dyslipidemia, and smoking [4].

1.6.1 SaltIntake

Dietary salt intake, a strong risk factor for hypertension, also contributes signifi-
cantly to the poor control of hypertension in SEA. Salt intake in SEA is high, rang-
ing 10-17 g a day, which is 2-3 times as high as the recommended daily salt
consumption of <5 g/day by the World Health Organization [18, 96]. In countries
such as Japan, high salt intake is one of the risk factors purported to be the cause of
high prevalence of hypertension and stroke in the country, as salt intake in the 1950s
using 24 h urine collection was estimated to be as high as 25 g/day. In the more
recent National Health and Nutrition survey in Japan in 2016, the mean daily intake
has decreased to 9.9 g with a goal of further reducing it to <8 g for men and <7 g for
women by the year 2022 [11]. This can be one factor as to the declining prevalence
of hypertension in the country. In Korea, estimated daily intake of salt is around
10 g. Several studies have shown an independent association between salt intake
and blood pressure among patients with metabolic syndrome [10]. In Ningbo,
China, the mean dietary intake was noted to be 13 g, and this was significantly asso-
ciated with the risk of developing hypertension and pre-hypertension [97]. The
Taiwan Society of Cardiology Hypertension guidelines recommend limiting sodium
to 2—4 g/day as part of the lifestyle interventions to control hypertension [98].

1.6.2 Low Education Status and Low Socioeconomic Level

In the present study, low education and low socioeconomic level are associated with
hypertension among the urban population [4, 62, 70, 99]. This is probably because
higher education may aid better health literacy of the importance of a healthy life-
style (e.g., diet, physical activity, regular check-ups) [4]. Likewise, individuals with
a low socioeconomic status might be unemployed or may have jobs with fewer
health benefit packages [100, 101]. In India for example, about 70% of patients
meet treatment expenses “‘out of pocket” since they have no insurance coverage.
Treatment cost has important bearing on drug compliance in India [15]. In a pub-
lished study from China looking into the effect of socioeconomic and geographical
factors affecting hypertension and the presence of usual comorbidities (dyslipid-
emia, diabetes, and coronary artery disease), it was shown that hypertensive patients
with higher incomes had higher levels of cholesterol but hypertensive patients with
lower incomes had higher prevalence of coronary artery disease. This was postu-
lated to be due to increased intake of fatty food among those with higher income,
but with increased opportunities to intervene earlier to prevent coronary artery dis-
ease as compared to their lower income counterparts [102].
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1.6.3 Overweight/Obesity

A high body mass index has also been linked to hypertension. Being obese or over-
weight has a twofold likelihood to be associated with hypertension compared to
being nonobese [103, 104]. A high waist circumference is also associated with two-
to three-fold increased risk of being hypertensive, compared to a normal waist cir-
cumference [103, 105]. The combined presence of high waist circumference and
high BMI is superior to individual indices for predicting hypertension [106, 107].
The average prevalence of obesity in SEA is 7.4%, with the highest prevalence in
Brunei and Malaysia at 15%, followed by Thailand with 11% [20]. Latest data from
Indonesia in 2019 showed prevalence of obesity at 21.8% [108].

On the other hand, in countries like Japan, the phenotype of patients who are
hypertensive used to be lean patients with high salt intake. However, in recent
years, there was a two-fold increase of the proportion of obese persons, corre-
sponding to the increase in metabolic syndrome prevalence in the country. However,
overall numbers of obesity prevalence is still very low compared to Caucasian
counterparts [11]. In a recent study published in Korea which followed up a total
of 115,456 individuals who were prehypertensive over a course of 12 years and
they identified risk factors associated with progression to hypertension. A higher
BMI (>30 kg/m?) was invariably associated with the development of hypertension
and is the strongest predictor among the risk factors, while a lower BMI appeared
to confer protective effects [109]. Similar findings were seen in South Asia where
a meta-analysis published in 2014 showed that general obesity and central obesity
were both associated with hypertension [110]. In a systematic review conducted
for the Middle Eastern countries, it was found that the overall prevalence of obesity
in this region was 24.5%, with more women who were obese compared to
men [111].

1.6.4 Alcohol Consumption

Alcohol intake and hypertension have long been associated but its correlation with
other factors such as sex or race have been unclear. In a recent study, the pooled
analysis of 22 articles with over 400,000 total participants, it was seen that the type
of alcohol and sex affects the risk for hypertension at low levels of ethanol intake.
In terms of race, black people may have increased risk of hypertension compared
to Asians at the same level of alcohol consumption [112]. In another meta-analysis
of 36 trials, it was seen that alcohol intake reduction also lowered BP in a dose-
dependent manner with a possible threshold effect. This was especially true for
patients who had more than two drinks per day [113]. In a meta-analysis in
Myanmar, a pooled analysis of three studies showed an associated higher risk to
have hypertension in patients with alcohol intake, though no specific amount of
alcohol intake was mentioned [114]. The Taiwanese Society of Hypertension rec-
ommends limitation of alcohol intake to <20 g of alcohol per day in women and
<30 g in men [98].
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1.6.5 Smoking

In the 2009 Global Health Risk report of the WHO, tobacco smoking ranks second
as the risk factor with the highest attributable deaths worldwide, with smoking
accounting for as much as 8.7% of deaths worldwide [115]. In South Asia, the
pooled odds ratio of a meta-analysis showed that smokers had a higher likelihood of
having hypertension [110]. In SEA, the average prevalence of smoking is around
21.1%, with the highest prevalence seen in Timor-Leste at 42%, followed by Laos
at 27%, and the Philippines at 24%. There was a notable higher frequency of smok-
ers among males compared to females. The average prevalence of male smokers is
at 38.6%, and of female smokers, 3.7% [20]. In the Middle East, a similar distribu-
tion of smokers exists, with 2.9% prevalence in women compared to 28.8% in men.
Overall prevalence was estimated at 15.6% [111]. Smoking cessation is not only
recommended to control blood pressure but also to reduce the risk of other cardio-
vascular disease [98].

1.6.6 Physical Inactivity

The association of physical activity and hypertension has been established in so
much so as increased physical activity (moderate intensity, at least 30 min per day
for 5-7 days a week) decreases BP in patients with established hypertension.
Endurance training, more than other types of exercise, can reduce BP the most. This
also translates to mortality benefit in patients with hypertension [7]. On the other
hand, a recent meta-analysis was not able to establish an association between physi-
cal activity and incident hypertension [116]. Data regarding the level of physical
activity in the general population in different Asian countries are difficult to ascer-
tain due to lack of published studies on the topic as well as differences in definitions
and methods of determining the level of physical activity. In South Asia, a meta-
analysis showed that physical inactivity was associated with hypertension [110]. In
a different systematic review for South Asians, they found that females, skilled
workers, professionals, and those with higher education tended to have more inac-
tive lifestyles [117]. Among the Hui population in China, physical exercise was seen
to be a protective factor against having incident hypertension [118]. Regular exer-
cise should therefore be part of the lifestyle interventions prescribed for the control
of hypertension [98].

1.6.7 Dyslipidemia

Prevalence of the coexistence of hypertension and dyslipidemia is 15-31%. The
coexistence of the two risk factors has more than an additive adverse impact on the
vascular endothelium, resulting in enhanced atherosclerosis. The odds of develop-
ing hypertension is not as high as compared to the previously mentioned risk fac-
tors; nonetheless, it still has a significant association with hypertension and other
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cardiovascular diseases [62, 99]. Hypercholesterolemia is similarly highly prevalent
in SEA. The average prevalence in the region is 41.2%; with the highest prevalence
of 57.50% in Singapore, 55.50% in Brunei and Thailand, 52.10% in Malaysia, and
43.4% in the Philippines [119].

1.6.8 Diabetes Mellitus

Hypertension is also a common comorbid condition with type 2 diabetes mellitus
(T2DM) in the region, with high BP coexisting in 40-60% of individuals with
T2DM, and vice-versa. This dual problem likely accounts for the increased deaths
due to cardiovascular disease (CVD), which remains the leading cause of mortality
in the continent [77]. In a Korean study of pre-hypertensives, a personal history of
T2DM was also shown to be associated with increased risk for developing hyperten-
sion [109]. Similar findings were seen in a meta-analysis conducted in South Asia
which showed an association between diabetes and dyslipidemia [110]. Diabetes
was also prevalent in the Middle Eastern countries with an estimated 10.5% of the
population having the disease, with a significant association with obesity [111]. In
SEA, T2DM has an average prevalence of 7.18%. In Malaysia and Thailand, the
prevalence is 10%, followed by Brunei with 9% [20]. In the Philippines, prevalence
is increasing with more than a two-fold increase over 15 years [72]. The double
burden of diabetes and hypertension increases the risk for cardiovascular morbidity
and mortality and control of both is necessary.

1.7  Burden of Hypertension: Hypertension Related
Morbidity and Mortality

South Asians (e.g., India, Pakistan, Bangladesh, Nepal, Sri Lanka) have been shown
to experience their first myocardial infarction almost 10 years earlier compared with
people from other countries. This increase is largely due to a high prevalence of risk
factors, including hypertension [120, 121].

In a project to pool data from major cohort studies in Japan, Evidence for
Cardiovascular Prevention from Observational Cohorts in Japan (EPOCH-JAPAN)),
a meta-analysis of ten cohort studies, with approximately 70,000 included individu-
als, showed that the association between blood pressure level and cardiovascular
mortality risk was almost linear in middle-aged (40-64 years) and early-phase older
(65-74 years) people. The slope was stronger in younger people, and the risk was
lowest in those with blood pressure levels of <120/80 mmHg. Furthermore, the
EPOCH-JAPAN revealed a significant association also between blood pressure
level and mortality due to heart failure [122].

Hypertension is known to be associated with cardiovascular morbidity and mor-
tality and is a strong risk factor for cardiovascular deaths. In the recent Japanese
Society of Hypertension guidelines published in 2019, hypertension ranks as the
number one risk factor with the highest attributable cardiovascular deaths, followed
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by low physical activity and smoking [11]. A similar proclamation was made by the
World Health Organization in 2009 where hypertension was ranked as the leading
risk factor with the most attributable deaths globally, estimated to be 12.8% of all
deaths worldwide. In the same report, 51% of strokes and 45% of ischemic heart
disease deaths worldwide are attributable to hypertension [115].

In a systematic review published in 2020 that investigated the costs of hyperten-
sion globally, majority (51.5%) of the money spent is still ascribed to direct costs of
the disease such as those used for medications, diagnostics, hospitalization etc. as
compared to indirect costs (48.5%) such as the economic losses brought about by
absenteeism or premature death due to the disease or its complications. The esti-
mated total cost per year of hypertension can reach as high as US Dollars (USD)
316 trillion in the United States. In the same study, some Asian countries such as
Indonesia have also been included with estimated total cost of USD 1.32 trillion for
the treatment of hypertension. Estimated cost per person in Indonesia is 30, which
was lowest, compared to the USD 6250 that is utilized in the United States, which
was highest among the countries included. In terms of costs of complications of
hypertension, the amount used for treatment of stroke is one of the most utilized
means to measure this value. In the same study, cost of stroke per person can range
from USD 380 (Indonesia) to over USD 40,000 (Spain) [123].

1.8 Summary

Hypertension remains to be prevalent in Asia with a shift of the burden from devel-
oped to developing countries. The burden for risk factors for hypertension is also
high. If these factors are not controlled alongside hypertension, it will lead to sig-
nificant socioeconomic and health impacts on the Asian population.
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Pathophysiology and Mechanisms 2
of Hypertension (Asian Context)

Leilani B. Mercado-Asis

2.1 Genetics of Hypertension

Essential hypertension is a heritable disease with a complex genetic trait caused by
multiple susceptibility genes the effects of which are modulated by gene—environ-
ment and gene—gene interactions [1]. These genetic determinants involve multiple
genes that make it challenging to study blood pressure BP variations in general
population [2]. BP may be dependent on a genetic pattern of many loci with influ-
ence at variance according to race [3], gender [4], age, or lifestyle [5].

Table 2.1 summarizes the linkage of genes studies that cause Mendelian forms of
hypertension. Almost all are geared toward increasing BP through genetic muta-
tions involving net renal salt reabsorption [6], mutations in enzymes like aldoste-
rone synthase (glucocorticoid-remediable aldosteronism), enzymes synthesizing
steroids that activate the mineralocorticoid (MC) receptor like 11-f hydroxylase
(apparent mineralocorticoid excess), beta and gamma subunits of the renal epithe-
lial sodium channel (Liddle’s syndrome), the serine-threonine kinases (WNK1 and
4 in pseudohypoaldosteronism type 2), and mutation in the MC receptor (hyperten-
sion exacerbated by pregnancy) [7].

There are candidate genes analyzed based on their known biological or physio-
logical function. Conspicuous of these are genes from the renin-angiotensin-
aldosterone system which polymorphisms have affected the regulation of blood
pressure: angiotensinogen [8], renin, angiotensin-converting enzyme [9], angioten-
sin (AT) II receptor type 1 [10], and aldosterone synthase [11, 12]. These genetic
cascade abnormalities have resulted into enhanced renal tubular sodium reabsorp-
tion that leads to hypertension. G protein-coupled receptors (GPCRs) for
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Table 2.1 Mendelian forms of human hypertension, disease entities, and gene mutation loci

Disease entity Gene mutation locus

Glucocorticoid-remediable aldosteronism  Aldosterone synthase and 11 B-hydroxylase

Apparent mineralocorticoid excess 11 B-hydroxylase

Liddle’s syndrome ENaCBp- or y subunit

Pseudohypoaldosteronism type 2 WNK kinase 1 and 4

(Gordon’s syndrome)

Hypertension exacerbated by pregnancy Ligand-binding domain of the mineralocorticoid
receptor

endothelins, o and p adrenoceptors, angiotensin II (ANG II), and vasopressin have
also been implicated in the development of hypertension. Similarly, regulators of G
proteins signaling (RGS2) have been reported to influence vasoconstrictors includ-
ing ANG II, endothelin I, noradrenalin, thromboxane, thrombin, and vasopressin
[13]. Augmented and chronic vasoconstriction lead to severe elevation of BP and
vascular hypertrophy in knockout mice [14].

Although different mutations in the same gene may cause hypertension, mono-
genic disorders of BP regulations are uncommon and may not explain BP variability
in the general population [15]. With the advent of the genomic era, it is now gener-
ally accepted that the most common form of hypertension is a complex trait with a
polygenic basis and environmental influences that may also exert effects through
epigenetic changes which could even be transmitted across generations [16—19].

Genome-wide association studies (GWAS) permit the investigation of most
variability due to common traits in the human genome. This approach examines
unrelated individuals in a population using genotypes of a large number of poly-
morphic markers in subjects with marked BP elevation compared with healthy
controls. A single nucleotide polymorphisms (SNPs) array is used as marker in
GWAS mapping studies to identify hypertension susceptibility loci. In a recent
report of one million people, 535 new loci associated with BP traits were identified
[20]. A GWAS of BP traits: systolic blood pressure (SBP, diastolic BP (DBP) and
pulse pressure (PP) in people of European ancestry drawn from UK Biobank [21]
and the International Consortium of Blood Pressure Genome-Wide Association
Studies (ICBP) [22, 23] was reported [24]. The estimated SNP-wide heritability of
BP traits for SBP, DBP, and PP with a gain in percentage of BP variance increased
from 2.8% for the 274 previously published loci to 5.7%. When association analy-
sis was extended to unrelated individuals from Africa and South Asia, blood pres-
sure variants in combination were associated with 6.1 mmHg and 7.4 mm Hg
higher, sex-adjusted mean SBP, respectively, in the two ethnic groups compared to
European descent.

In the assessment of tissue enrichment of blood pressure loci, enrichment was
greatest in the cardiovascular system; blood vessels, heart, adrenal tissues, and adi-
pose tissues. The enrichment of BP gene expression in the adrenal tissue gives light
to autonomous aldosterone production by the adrenal glands thought to be respon-
sible for 5-10% of all hypertension rising to 22% amongst people with resistant
hypertension [25, 26]. Other new novel loci include genes involved in vascular
remodeling like vascular endothelial growth factor A (VEGFA) and fibroblast
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growth factor 5 (FGF5) which are linked to enhanced angiogenesis, atherosclerosis,
and vascular smooth muscle cell differentiation [27, 28].

Lastly, novel loci analyzed provided insight on blood pressure variants and life-
style exposures [20]. There are genetic associations with daily food intake, urinary
sodium, and creatinine concentration, body mass index (BMI), weight, waist cir-
cumference, and intake of water, coffee, and tea. SNP rs13107325 novel locus is
associated with frequency of drinking alcohol, time spent watching television, and
association of BMI with weight and waist circumference. Most importantly, regula-
tor analysis identified several BP therapeutic targets such as calcium channels,
angiotensinogen, natriuretic peptide receptor, angiotensin-converting enzyme,
angiotensin receptors and endothelin receptors [20].

The human genetic linkage of essential hypertension has been demonstrated in
the study of Ciolac and his group [29]. The hemodynamic, metabolic, and neurohu-
moral biomarkers for risk of hypertension among normotensive offsprings with
hypertensive parents have shown to be significantly different versus those offsprings
with normotensive or only one parent with hypertension. Nonhypertensive young
individuals with hypertensive parents have higher pulse wave velocity, fasting insu-
lin, insulin-to-glucose ratio, DBP response to exercise, and altered catecholamine,
endothelin-1, and nitric oxide response to exercise [29]. The most likely explanation
to the increased BP response to exercise commonly found among normotensive
offspring of hypertensive parents appears to be a failure to reduce total peripheral
resistance [30].

Indeed, genetic studies of a human genome of an individual at risk for essential
hypertension is a very promising approach where precision medicine takes its role
in decreasing morbidity and mortality of the disease.

2.2  Neurohumoral Regulation of Blood Pressure
2.2.1 The Sympathetic Nervous System

Neurogenic form of hypertension is characterized by increase in BP with sympa-
thetic overactivity, loss of parasympathetic mediated cardiac function and compli-
cated by the renin-aldosterone-angiotensin circuit with influence on the
cardiovascular system [31, 32]. Studies have shown that the adrenergic overdrive
that characterizes hypertension is not stable but instead follows the BP increase and
the progression from uncomplicated to complicated stages that may occur in the
course of the disease [33].

It is well-established that sympathetic nervous system regulates blood pressure via
the modulation of peripheral vascular tone and cardiac output [31]. Both the surgical
sympathectomy [34] and use of antihypertensive medications that lower sympathetic
activity [35] provide an indication of the clinical evidence for a significant neurogenic
component to hypertension. As elaborated by the groups of Fisher and Platon [32] and
Mancia and Grassi [36] sympathetic neural drive has been demonstrated in various
strata of the population, such as in the young, middle-aged, and elderly hypertensives;
in pregnancy- induced hypertension; and in systolic-diastolic hypertension or an iso-
lated elevation of systolic BP [37]. The same has been documented in patients with
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both elevated BP and metabolic risk factors, such as obesity, metabolic syndrome, or
diabetes mellitus [38]. These observations have led to the conclusion that in hyperten-
sion, sympathetic hyperactivity is a generalized occurrence, irrespective of the hetero-
geneous clinical aspects that accompany a high BP condition.

In the study of the relationship between adrenergic outflow and BP values [39],
the number of neural bursts and burst amplitude were progressively greater in indi-
viduals with elevated BP compared with the normotensive individuals. Other stud-
ies revealed that sympathetic activation is normally more pronounced in complicated
than in noncomplicated stages of hypertension. Similarly, sympathetic activation
were found to be pronounced in various disease conditions such as, hypertensive
patients with impaired renal function [40, 41] and those with adverse cardiac out-
comes like left ventricular hypertrophy, impaired left ventricular diastolic function,
systolic heart failure, and ventricular arrhythmias [42]. Finally, in resistant hyper-
tensives who do not respond despite treatment with multiple antihypertensive drugs
[43] muscle sympathetic nerve firing is more pronounced than in patients with
hypertension who respond to the usual antihypertensive drug regimen [44]. There
data suggest that activation of the adrenergic nervous system evolves from less to
more severe hypertensive states.

The clinical model of excess catecholamine secretion in adrenal chromaffin
tumors so-called pheochromocytoma (PHEO) clearly demonstrates the influence of
sympathetic stimulation on the cardiovascular system leading to marked elevation of
BP [45, 46]. The marked stimulation of the adrenoceptors al, a2, f1, p2, f3, and
dopaminergic receptors D1 and D2 from the excessive circulating catecholamines
from the adrenal chromaffin tumors cause hemodynamic changes that alters the car-
diovascular system milieu and leads to elevation of BP [46]. In general, al receptors,
mostly found in smooth muscle, peripheral arteries and veins cause vasoconstriction
upon stimulation and increasing systemic pressure. Stimulation of «2-adrenergic
receptors located on smooth muscles will result in arterial vasodilation and coronary
vasoconstriction; in PHEO typical manifestations may include diaphoresis and
orthostatic hypotension. Stimulation of $1-adrenergic receptors has a positive chro-
notropic and inotropic effect in the heart and will also result in release of renin. In
PHEO this can contribute to hypertension, palpitations, and tachycardia [46—48]. It
has been repeatedly demonstrated the causative relationship of hypercatecholamin-
emia with severe elevation in BP [49, 50]. Removal of the unilateral adrenal chro-
maffin tumor [51] or merely performing unilateral adrenalectomy in bilateral
syndromic PHEO [52] or removal of the dominant adrenal tumor in bilateral PHEO
[53] normalizes or decreases BP level with no required antihypertensive medication
or decrease in the number of antihypertensive drugs postoperatively [53-55].

2.2.2 The Autonomic Nervous System
The modulation of the autonomic nervous system on the cardiovascular system and

BP regulation has long been demonstrated with various physiological and func-
tional investigations. With environmental manipulation and at rest, there is a gradual
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reduction of the bradycardic and tachycardic responses to baroreceptor stimulation
and deactivation in mild to more severe degrees of BP elevation, respectively [39].
Experimental and clinical investigations have tested the hypothesis that the origin,
progression, and outcome of human hypertension are related to dysfunctional auto-
nomic cardiovascular control with much influence from disturbed activation of the
sympathetic division [36]. In animal studies, hypertension adverse outcomes have
demonstrated to be attributed to both an increase in sympathetic nerve activity and
a reduction of vagal cardiac tone [56, 57]. Subsequent investigations in human
showed similar autonomic alterations that may have a causative or co-causative role
in the pathophysiology of human hypertension [58—60].

Sympathetic overdrive seen in individuals with essential hypertension have been
linked to reduced inhibitory influence of the arterial baroreceptors. In various ani-
mal studies, arterial baroreceptor denervation is followed by a marked increase of
BP variability, with little or no change in long-term mean blood pressure level [60,
61]. In humans, with environmental manipulation, Sinski and his group demon-
strated that deactivation of carotid body chemoreceptors reduces sympathetic activ-
ity in hypertensive subjects and decrease BP [61, 62]. This reflex mechanism is
thought to be more involved in BP stabilization than in the regulation of its average
values [36]. Furthermore, the arterial baroreflex loses much of its ability to control
heart rate, but it continues to effectively modulate BP and sympathetic activity [39].
These observations point to the role of the autonomic nervous system in the main-
tenance and progression of sympathetic drive as BP severity increases.

The participation of the autonomic nervous system in the regulation of BP have
also been demonstrated in several studies with invasive approaches like deep brain
stimulation (DBS) of the periaqueductal gray matter (PAG), vagus nerve stimula-
tion, baroreflex activation therapy, and renal denervation or carotid body ablation,
whereby effective lowering of BP and heart rate [63, 64] has been attained. High
and low-frequency peripheral nerve stimulation has been reported to produce sys-
tolic and diastolic BP changes and decrease heart rate both in hypertensive patients
[65] and healthy subjects [66]. Furthermore, in animal studies, stimulation of the
median nerve inhibits sympatho-excitatory cardiovascular responses and thereby
decreases cardiac sympathetic drive and reverses hypertension [67]. Recently, Bang
and his colleague demonstrated the BP-lowering effect of transcutaneous electrical
activation of C-fiber in the median nerve among hypertensive individuals with slight
reduction in heart rate [64].

2.2.3 The Renin-Angiotensin-Aldosterone System

While the baroreceptor reflex responds in a short-term manner to decreased arterial
pressure, the renin-angiotensin-aldosterone system or RAAS is responsible for
more chronic alterations to elevate the BP in a prolonged manner [68, 69].

The RAAS regulates BP and fluid balance through three (3) stimuli: (1) decrease
in blood volume, (2) decrease in blood sodium level, and (3) increase in blood
potassium [70, 71]. Renin from the juxtaglomerular cells in the kidney is secreted to
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stimulate angiotensinogen, produced in the liver, to be converted to the hormone
angiotensin I (ANG I). The conversion of angiotensin I to angiotensin Il is catalyzed
by an enzyme called angiotensin-converting enzyme (ACE). ACE is found primar-
ily in the vascular endothelium of the lungs and kidneys. After ANG I is converted
to ANG I, it has effects on the kidney, adrenal cortex, arterioles, and brain by bind-
ing to angiotensin II type I (AT1) and type II (AT2) receptors. The role of AT recep-
tors has been shown to cause vasodilation by nitric oxide generation. In the plasma,
angiotensin II has a half-life of 1-2 min, at which point peptidases degrade it into
angiotensin III and IV. Angiotensin IIT (ANG III) has been shown to have 100% of
the aldosterone stimulating effect of ANG II, but 40% of the pressor effects, while
angiotensin IV (ANG IV) has further decreased the systemic effect. In the proximal
convoluted tubule of the kidney, angiotensin II acts to increase Na-H exchange,
increasing sodium reabsorption. Increased levels of Na in the body acts to increase
the osmolarity of the blood, leading to a shift of fluid into the blood volume and
extracellular space (ECF). This increases the arterial pressure of the patient. ANG II
also acts on the adrenal cortex, specifically the zona glomerulosa. Here, it stimulates
the release of aldosterone, a hormone that causes an increase in sodium reabsorption
and potassium excretion at the distal tubule and collecting duct of the nephron. The
increased total body sodium leads to an increase in osmolarity and subsequent
increase in blood and ECF volume. In contrast to ANG II, aldosterone is a steroid
hormone. As a result, it produces change by binding to nuclear receptors and alter-
ing gene transcription. Thus, the effects of aldosterone may take hours to days to
begin, while the effects of ANG II are rapid. The effect of ANG II on vasoconstric-
tion takes place in systemic arterioles. Here, ANG II binds to G protein-coupled
receptors, leading to a secondary messenger cascade that results in potent arteriolar
vasoconstriction. This acts to increase total peripheral resistance, causing an
increase in BP. Finally, ANG II acts on the brain. Here, it has three effects. First, it
binds to the hypothalamus, stimulating thirst and increased water intake. Second, it
stimulates the release of antidiuretic hormone (ADH) by the posterior pituitary.
ADH or vasopressin, acts to increase water reabsorption in the kidney by inserting
aquaporin channels at the collecting duct. Finally, ANG II decreases the sensitivity
of the baroreceptor reflex. This diminishes baroreceptor response to an increase in
BP, which would be counterproductive to the goal of the RAAS. The net effect of
these interactions is an increase in total body sodium, total body water, and vascular
tone [70-73].

2.2.3.1 The Central Nervous System and Angiotensin Il
and Angiotensin Il

Several investigations have demonstrated the participation of the central nervous
system (CNS) in the pathophysiology of essential hypertension [74]. As mentioned,
the CNS influences BP thru the sympatho-humoral mechanisms which involve the
sympathetic nerve activity (SNA), adrenocorticotropic hormone (ACTH), growth
hormone, ANG II) and vasopressin. Increased circulating ANG II generated within
the brain increases sympathetic nerve activity leading to elevation of the plasma
levels of vasopressin and ACTH and thereby causing increased BP [75]. The major
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mechanisms of actions for these RAS inhibitors or receptor blockers are mediated
primarily by blocking the detrimental effects of the classic angiotensinogen/renin/
ACE/ANG II/AT1/aldosterone axis [74-76].

The long-term pressor effect of central ANG II has been shown to be associated
with the progressive activation of a slow neuromodulatory pathway [77]. This path-
way is mediated by a sequence that involves local aldosterone synthesis, activation of
mineralocorticoid receptor (MR), and benzamil-sensitive epithelial sodium channels
(ENaCs), increased ENaC activity and local synthesis of brain digitalis (ouabain)-
like compounds [77-79]. Hamlyn and his group elaborated a novel neuroendocrine
humoral and vascular pressor pathway for brain ANG II. The proximal components
of this axis are neuronal pathways activated by brain ANG II that depend upon cen-
tral aldosterone and MRs. The distal components of the axis include up-regulated
circulating levels of endogenous ouabain (EO) and related steroids, and functional
reprogramming of arterial function due to increased expression of arterial myocyte
proteins that raise arterial myocyte Ca** and myogenic tone and that enhance sympa-
thetic responses [75, 80]. The long-term increases in central ANG II and circulating
EO sustain BP via the combined effects of heightened sympathetic activity and the
functional reprogramming of arterial function. Alteration in the axis by various stim-
uli like, stress, hormones, and environmental factors lead to hypertension.

Li and colleagues elaborated the current understanding on the entire RAS super-
family, including the classic angiotensinogen/renin/ACE/ANG II/AT1 receptor
axis, the prorenin/renin/prorenin receptor (PRR or Atp6ap2)/MAP kinases ERK1/2/
V-ATPase axis, the ANG II/APA/ANG III/AT2/NO/cGMP axis, the ANG I/ANG II/
ACE2/ANG (1-7)/Mas receptor axis, and the ANG III/APN/ANG IV/IRAP/AT4
receptor axis [68]. The first two axes represent the powerful vasopressor systems,
which are physiologically required to maintain normal cardiovascular, BP, and renal
homeostasis. However, overactivation of these two axes of the RAS plays a critical
role in the development of cardiovascular and kidney diseases and hypertension [68,
75, 76].

ACE is the primary enzyme responsible for ANG II formation [81, 82]. ANG II
is metabolized to form ANG III, primarily by aminopeptidase A (APA) [83, 84]. In
spontaneously hypertensive rats (SHR) and ANG Il-infused rats, high levels of APA
and high APA activity [78, 85] are expressed. In the extrarenal tissues, the pituitary
express high levels of APA or APA activity, followed by the median eminence, and
paraventricular nuclei, which are linked to the central regulation of cardiovascular
function and BP [86, 87]. Since APA is the key enzyme for the degradation of ANG
IL, its implications in cardiovascular diseases have been studied in APA-KO mice
[88]. Mitsui et al. showed that basal systolic blood pressure was significantly ele-
vated in APA-KO mice, and with infusion of ANG II BP further increased signify-
ing an enhanced response due to the lack of APA to metabolize ANG II [88].
Interestingly, consumption in APA-KO mice was significantly elevated, suggesting
that ANG II rather than ANG III regulates water drinking behavior or thirst [89].

ANG III is the key metabolite of the effector peptide ANG II [78]. The metabo-
lism of ANG II and generation of ANG III and their structure and activity relation-
ship have been extensively investigated [75, 83]. The presence of ANG III has been
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demonstrated in various tissues. Wysocki and colleagues reported that the level of
plasma ANG III was remarkably higher than that of ANG II in wild-type mice on
the C57BL6 genetic background, whereas the kidney ANG III level was much lower
than that of plasma [90]. In normal rat plasma, the ANG II level is about 50% of that
for ANG I, whereas the ANG III is about 50% of ANG II. Based on the available
data, ANG III levels are most likely lower in the plasma and kidney than ANG
1 [78].

The physiological roles of ANG III as a vasopressor or a vasodepressor remains
to be further elucidated. Carey and colleagues demonstrated that ANG III is less
efficacious than ANG II in increasing BP and stimulating aldosterone production
[91, 92]. A novel role of ANG III in the kidney in inducing natriuresis via activation
of AT?2 receptors has been demonstrated [93]. Interestingly, ANG III significantly
increased urinary sodium excretion in the presence of an AT1 receptor blocker, sug-
gesting a possible role of AT2 receptors in mediating ANG IlI-induced natriuretic
response unmasked by AT1 receptor blockade [94]. Furthermore, a recent report by
Kopf et al. demonstrated there is an obligatory metabolism of ANG II to ANG III in
the adrenal zona glomerulosa cells not for adrenal secretion but for relaxation of
adrenal arteries [95].

Lastly, the AT2 receptor plays a key role in mediating the vasodepressor
responses, and cardiorenal protective effects to the activation of the APA/ANG III/
AT2/cGMP axis [96, 97]. Angiotensinogen/renin/ACE/ANG II/AT1 receptor axis is
an important factor to induce vasoconstriction, increase BP, and promote growth
and fibrotic and proinflammatory responses [98, 99]. The most commonly described
signaling pathways for the AT2 receptor include ANG II-induced inhibition of the
protein phosphotyrosine phosphatase (PTP) activity, phospholipase A(2), nitric
oxide, and cyclic guanosine monophosphate (cGMP) [96, 97]. Angiotensin receptor
blockers (ARBs) selectively blocks the actions of the angiotensinogen/ renin/ACE/
ANG II/AT1 receptor axis by binding and occupying AT1 receptors in target tissues,
which leads to several-fold increases in the circulating ANG II levels. ANG II then
may bind and activate the unopposed AT2 receptors in cardiovascular and kidney
tissues to induce vasodepressor effects [96, 97].

2.2.4 Isolated Systolic Hypertension and Its Pathophysiology

Isolated systolic hypertension (ISH) is defined as systolic BP (SBP) >130 mmHg
and DBP <80 mmHg in the American guidelines and SBP >140 mmHg and DBP
<90 mmHg in the European and most hypertension guidelines [100, 101]. ISH pre-
dominates among the elderly and is now becoming a common form of hypertension
among the young adults and adolescents [102—104]. With aging, SBP continues a
linear rise but DBP starts to fall after mid-50 years of age [102, 105]. This phenom-
enon contributes to the increasing pulse pressure with increasing age. The predomi-
nant cause of ISH is vascular aging-associated large artery stiffening. In the young,
ISH is often associated with several secondary causes. These illnesses involving
physico-hormonal and vascular abnormalities include accelerated atherosclerosis
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from chronic kidney disease, repaired coarctation of the aorta, peripheral vascular
disease, insulin resistance, osteoporosis with vascular calcifications, thyrotoxicosis,
and altered elastin formation during intrauterine fetal growth retardation [106, 107].

The major pathophysiology of ISH is a reduction in the compliance of the large
elastic arteries. This is in contrast to the long-term vasoconstriction of arterioles
causing systolic-diastolic hypertension (SDH) [108]. The hemodynamics of ISH
patients are characterized by a marked increase in arterial stiffness and aortic char-
acteristic impedance, a marked increase in central SBP and central pulse pressure, a
mild increase in total peripheral resistance, and a moderate increase in wave reflec-
tions [109-112]. ISH is often classified into the burned-out type, which is a result of
aging-related decrease in DBP in the established SDH, and the de novo type caused
by a novel increase of SBP [108]. In the Framingham study population with ISH, as
many as 40% did not go through a period of SDH [113].

Longstanding ISH leads to adverse effects including increased inflammatory
cytokines levels, activation of the renin angiotensin-aldosterone system and sympa-
thetic tone, endothelial dysfunction, and end-organ hypoperfusion [114]. These
untoward effects in turn further enhance arterial stiffness through influence from
reduced vasodilatation, accelerated atherosclerosis, and left ventricle remodeling,
leading to worsened ISH and higher cardiovascular risk if ISH remains uncontrolled
[114-116].

23 Summary

Essential, primary, or idiopathic hypertension accounts for 95% of all cases of
hypertension. It is a heterogenous disorder with various causal elements that
accounts for the elevation in BP. There are two primary elements in the etiopatho-
genesis of essential hypertension: genetic and neurohumoral factors. These factors
have been demonstrated to intertwine with environmental and behavioral influences
like lifestyle, obesity, alcohol, and salt intake that brought about various phenotypes
of the disease. The recent report on the genome-wide association studies (GWAS)
on the human genome with newly discovered novel loci sheds light on the associa-
tion of blood pressure with environmental variants and lifestyle exposure. The con-
tribution of peripheral and central neurohumoral factors in the development of
essential hypertension has lately gained significant research interest and advance-
ment. It is well-established the sympathetic nervous system regulates blood pres-
sure via the modulation of peripheral vascular tone and cardiac output through the
adrenergic receptors with increased in the number of sympathetic neural bursts and
amplitude of burst. The sympathetic overdrive in individuals with essential hyper-
tension has also been linked to reduced inhibitory control of the autonomic nervous
system. While the baroreceptor reflex responds in a short-term manner to decreased
arterial pressure, the renin-angiotensin-aldosterone system or RAAS has been
shown to be responsible for more chronic alterations to elevate the blood pressure
affecting both the vascular and cardiac remodeling. Lastly, ISH might dominate the
cardiovascular problem involving elevation of BP owing to a growing global aging
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population and young adults developing metabolic problems that will lead to vascu-
lar stiffness, activation of RAAS and eventual endothelial dysfunction. Overall, fur-
ther research to understand other gray areas in the pathophysiology of hypertension
are warranted to specifically define genotypes and phenotypes of individuals at risk
for timely intervention and thus prevent long-term cardiovascular complications.
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3.1 Introduction

About 20-35% of the worldwide adult population has hypertension. It is the com-
monest noncommunicable disease and contributes to target organ damage in the
heart, kidneys, and brain. Therefore, hypertension is a major contributor to cardio-
vascular disease (CVD) morbidity and mortality worldwide and in India. Taking
into account the special geographical and climatic background, dietary habits, lit-
eracy levels and socioeconomic variables, there are significant regional variations in
the manifestation and management of hypertension in different regions.

Substantial progress has been made in understanding the epidemiology, patho-
physiology, and risk associated with hypertension, and there is a wealth of evidence
showing that lowering blood pressure (BP) can substantially reduce premature mor-
bidity and mortality. A number of proven, highly effective, and well-tolerated life-
style and drug treatment strategies can facilitate this reduction in BP. Despite this,
BP control rates remain abysmal worldwide. Therefore, hypertension remains the
major preventable cause of CVD and all-cause death globally and in Asia.

Hypertension is a lifelong condition and therefore often requires long-term phar-
macological treatment. Good hypertension management program is important if we
want to reduce the overall impact of noncommunicable disease. However, economic
factors have a significant impact on hypertension management protocols and feasi-
bility. A comparison of some of these important economic and healthcare delivery
system factors is shown in Table 3.1.
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Table 3.1 Differences in economic and healthcare delivery system factors between India, the US,
and Europe

Parameters USA European Union India
Population (2017) (million) 325.7 5124 1339.1
GDP (2017) (trillion USD) 19.3 17.2 2.5
Per capita income (USD) 59,531 33,715 1939
Health expenditure (% of GDP) 16.8 7.9 3.9
Health expenditure per capita (USD) 9536 2192 63

GDP gross domestic product, USD United States dollar

Recently, various societies have published guidelines on management of hyper-
tension: the American College of Cardiology/American Hypertension Association
(ACC/AHA) in 2017 [1], the European Society of Cardiology/European Society of
Hypertension (ESC/ESH) in 2018 [2], Indian Guidelines on Hypertension (IGH) IV
in 2019 [3], the International Society of Hypertension in 2020 [4], and Canadian
guidelines 2020 [5]. These have made some significant changes, including a change
in definition of hypertension, changes in the target BP (based on the findings of the
Systolic Blood Pressure Intervention Trial [SPRINT]), greater use of home blood
pressure monitoring (HBPM) and ambulatory blood pressure monitoring (ABPM),
reduced interest in renal angioplasty and renal denervation therapy due to recent
data, and increased use of mineralocorticoid receptor antagonists (e.g., spironolac-
tone) for resistant hypertension. In addition, there is new epidemiological data from
different regions on hypertension and hypertension-mediated organ damage (HMOD).

This article provides a summary of the salient features of several current hyper-
tension guidelines to help practicing physicians to streamline management of this
important public health problem [6-9].

3.2 Definition and Classification

All currently used definitions of hypertension are arbitrary. There is some evidence
that the risk of cardiovascular events in Asian Indians is higher at relatively lower
levels of BP [10]. There is a continuous relationship between BP level and the risk
of complications. Hazard ratio values for coronary heart disease (CHD) and stroke
were 1.1-1.5 for a systolic BP (SBP)/diastolic BP (DBP) of 120—129/80-84 mmHg
compared with <120/80 mmHg, and 1.5-2.0 for SBP/DBP 130-139/85-89 mmHg
versus <120/80 mmHg [1].

The BP cutoff values used to define hypertension, has been a topic of intense
debate over the last few years. Major guidelines recommend that hypertension is
diagnosed when a person’s office SBP is >140 mmHg and/or their DBP is
>90 mmHg, or any BP level in patients taking antihypertensive medication
(Table 3.2). Corresponding home and ambulatory BP values have also been defined
(Table 3.3). The latest ACC/AHA guidelines changed the BP threshold for defining
hypertension to >130/80 mmHg (Table 3.4). However, Indian [3], European [2],
and ISH [4] guidelines, and many others, maintain the earlier definition of
140/90 mmHg. The lower BP cutoff value for defining hypertension in the ACC/
AHA guideline was associated with an increase in prevalence of hypertension from
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30 to 42% [6]. Definitions for each stage of hypertension also differ between the US
and European guidelines (Table 3.5). Staging cutoff values in the IGH IV and ISH
guidelines are similar to those in the ESC/ESH guidelines. However, all these guide-
lines do not differ markedly in terms of the target BP to be achieved.

Table 3.2 Classification of BP for adults aged >18 years (IGH IV [3] and ESC/ESH [2])

Category Systolic (mmHg) Diastolic (mmHg)
Optimal <120 and <80
Normal <130 and <85
High normal 130-139 or 85-89
Hypertension

Stage 1 140-159 or 90-99
Stage 2 160-179 or 100-109
Stage 3 >180 or >110
Isolated systolic hypertension

Grade 1 140-159 and <90
Grade 2 >160 and <90

Table 3.3 Diagnosis of hypertension based on office, home, and ambulatory BP values (ESC/
ESH 2018 [2], IGH IV [3], and ISH 2020 [4])

SBP (mmHg) DBP (mmHg)
Office BP >140 >90
Mean home BP >135 >85
Ambulatory BP
Mean daytime >135 >85
Mean night-time >120 >70
Mean 24-h >130 >80

Table 3.4 Classification of BP in adults (ACC/AHA 2017) [1]

BP category SBP (mmHg) DBP (mmHg)
Normal <120 and <80

Elevated 120-129 and <80
Hypertension

Stage 1 130-139 or 80-89

Stage 2 >140 or >90

Table 3.5 Comparison of ACC/AHA [1] and ESC/ESH [2] hypertension guidelines regarding
definition and grading/staging of hypertension

Parameter ACC/AHA ESC/ESH
Definition (mmHg) >130/80 >140/90
Grading of normal pressure (mmHg) Normal: <120/80 Optimal: <120/80

Elevated: 120-129/<80  Normal: 120-129/80-84
High normal: 130-139/85-89
Grading of hypertension (mmHg) Grade 1: 130-139/80-89 Grade 1: 140-159/90-99

Grade 2: >140/90 Grade 2: 160-179/100-109
Grade 3: >180/110
Target BP <65 years: <130/80 <65 years: <130/80

> 65 years: <130/80 >65 years: <140/80
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3.3 Measurement of Blood Pressure

BP can naturally vary widely over different time periods and the diagnosis of high
BP should not be made on a single office measurement. Usually, 2-3 office readings
taken at 1- to 4-week intervals (depending on the BP) should be taken to confirm the
diagnosis of hypertension. The exception would be if BP is >180/110 mmHg or
there is evidence of HMOD. Recommended methods for BP recording are similar
in all the guidelines [1-5]. One important feature of more recent guidelines, includ-
ing those from Asia, is the greater emphasis on out-of-office BP monitoring [11,
12]. The latest Canadian guidelines include HBPM as a part of the criteria to diag-
nose hypertension. Most other guidelines suggest that HBPM is used for diagnosis
and follow up [1-4].

3.4 Epidemiology

The prevalence of hypertension is variable in different parts of the world. India and
China are the two most populated countries, and between them they include 42% of
the world’s population. However, there are significant differences in the pattern and
prevalence of hypertension between different Asian countries [10]. As a complica-
tion of hypertension, stroke is more common in China and Korea while South
Asians have a higher prevalence of CVD [10]. However, some features are common
to patients with hypertension across Asia (Box 3.1) [10].

In addition to the differences from other continents in Asia, there are also signifi-
cant differences in the epidemiology of hypertension within various Asian coun-
tries. For example, in India there are rural versus urban differences in prevalence of
hypertension [3]. Also, the prevalence of hypertension has increased over the last
two to three decades in some developing countries [13]. The level of control of BP
also varies between regions. In some developed countries such as the USA, BP
control has been achieved in 50% of individuals [1]. However, in India, the BP con-
trol rate is only 20% in urban areas and 10% in rural areas [3]. The need for public
awareness and better compliance is one of the reasons behind the development of
country-specific guidelines.

Box 3.1: Features of Hypertension in Asians

* Masked hypertension is more common

* BP variability is more common

» Early morning surge and nocturnal rise are more common
* Region-wide differences in prevalence

* HBPM practices are variable

» Higher BP at lower BMI than in Europe
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Table 3.6 Multiplication factors for calculating cardiovascular disease risk in immigrants accord-
ing to the ESC/ESH guidelines [2]

Region of origin Multiplication factor
Southern Asia 1.4
Sub-Saharan Africa 1.3
Caribbean 1.3
Western Asia 1.2
Northern Africa 0.9
Eastern Asia 0.7
Southern America 0.7

3.5 Hypertension and CVD Risk

Hypertension often coexists with other CVD risk factors such as metabolic syn-
drome, diabetes mellitus and dyslipidemia. This multiplies CVD risk, meaning that
risk stratification is an important part of hypertension management.

Consideration of CVD risk has been suggested in nearly all current guidelines
[1-4]. The ESC/ESH 2018 guidelines use the Systemic Coronary Risk Evaluation
System (SCORE) for CVD risk, while the ACC/AHA guidelines use atherosclerotic
CVD (ASCVD) risk for assessment of an individual’s overall risk. Most scoring
systems include five major risk factors including age, sex, dyslipidemia, diabetes
mellitus and smoking. Risk modifiers that increase CVD risk estimation by the
SCORE system of the ESC/ESH guidelines include obesity, physical inactivity,
psychosocial stress, family history of premature CVD, autoimmune and inflamma-
tory disorders, major psychiatric disorders, human immunodeficiency virus infec-
tion, atrial fibrillation, left ventricular (LV) hypertrophy, chronic kidney disease,
obstructive sleep apnea and social deprivation. South Asians, especially Indians, are
genetically at higher risk for CVD events. A multiple of 1.4 is recommended for
calculating CVD risk in South Asians [2] (Table 3.6).

In addition to CVD risk factors, the presence of HMOD and associated clinical
conditions (ACC) reduce the threshold for initiating pharmacotherapy. The progno-
sis of the patient, the urgency to initiate therapy, and BP targets during therapy should
be based on the overall risk stratification depending on risk factors, HMOD and ACC.

3.6 Nonpharmacological Therapy

The primary goal of therapy is to effectively control BP to prevent, delay, or reverse
the complications of hypertension and thus reduce overall CVD risk.
Nonpharmacological approaches and lifestyle modifications are usually lifelong.
Dietary patterns and other lifestyle factors vary significantly by region (Fig. 3.1).
For example, salt intake is high in some regions of Asia, including India and China.
Different guidelines have advocated salt restriction to a variable extent due to the
prevalent pattern of diet [1, 4] (Table 3.7). Even the ESC/ESH guidelines suggest
restriction of salt to less than 5 g/day [2]. Most guidelines recommend the DASH
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Salt intake in 2010 for adults
aged >20 vy

150 2000 2750 3500 4800 6000 Sodium (mglday)
38 51 10 g0 122 1s2 Salt equivalent (g/day)

Fig. 3.1 Salt intake in different regions of the world [10]

Table 3.7 Daily salt intake recommended in different guidelines

ACC/AHA guidelines IGH-IV guidelines
Year 2017 2019
Daily salt intake 3.75 g/day 6 g/day

recommended

diet IGH IV [3] and ACC/AHA [1]). Potassium supplementation has also been
recommendation in some guidelines (ACC/AHA) [1] but is less emphasized in oth-
ers (ESC/ESH) [2]. Alcohol restriction is important and is equally recommended by
all guidelines [14-16].

3.7 Threshold and Target of Drug Therapy

After assessing the patient and performing individualized risk stratification, the next
step is to implement lifestyle modifications, then drug therapy can be considered.
The threshold for starting drug therapy is somewhat lower in the ACC/AHA [1]
guidelines than in the ESC/ESH [2] and IGH IV [3] guidelines due to the different
definitions in these guidelines. However, the BP goal during treatment is same in all
these guidelines (Fig. 3.2). The targets in the latest version of the ESC/ESH guide-
lines (2018) [2] are different to those in the earlier (2013) version (ESC 2013) [17]
based on the availability of new data to support these recommendations (Fig. 3.3).
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LATEST HYPERTENSION GUIDELINES
2017/2018

2018 ESC/ESH > 140/90 mm Hg
< 130/80 mm Hg

2017 ACC /AHA > 130/80 mm Hg

Fig. 3.2 Differences in definition and goal of treatment in the ESC/ESH and ACC/AHA guide-
lines [8]

Treatment Threshold Treatment Targets

Treatment thresholds
High normal BP (130-139/85-89 mmbg): Drug
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very high due B ally CAD.
. = N -

Fig. 3.3 Changes in treatment thresholds and targets between the 2013 and 2018 ESC/ESH
guidelines

This change in the threshold and target is similar in other guidelines also [3, 4].
Thus, although the guidelines differ in their definition of hypertension, the approach
to treatment is quite similar.

The ACC/AHA guidelines provide the same target of 130/80 mm Hg for all
patients with hypertension, irrespective of age and comorbidities [1]. A significant
addition in the ESC/ESH guidelines is the recommendation relating to the target
DBP level, which should not be below 70 mmHg (Table 3.8) [2]. The table also
shows the range in which systolic and diastolic blood pressure should be kept. This
is different from the ACC/AHA guidelines, which only give a single BP value [1].
The Indian guidelines (IGH IV) provide a range of SBP and DBP values for differ-
ent individuals depending on age and comorbidities (Table 3.9) [3].
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Table 3.8 The desirable range of diastolic blood pressure in the ESC/ESH guidelines [2]

Office SBP treatment target ranges (mmHg) DBP target
+ Stroke/  range

Age group Hypertension + Diabetes + CKD + CAD TIA (mmHg)
18— Target to 130  Target to Target to Target to Target to <80-70
65 years or lower if 130 <140-130 130 130

tolerated or lower if iftolerated or lower if or lower if

Not <120 tolerated tolerated  tolerated

Not <120 Not <120  Not <120

65— Target to Targetto  Targetto  Targetto  Target to <80-70
79 years <140-130 <140-130 <140-130 <140-130 <140-130

if tolerated if tolerated if tolerated if tolerated if tolerated
>80 years Target to Targetto  Targetto  Targetto  Targetto  <80-70

<140-130 <140-130 <140-130 <140-130 <140-130

if tolerated if tolerated if tolerated if tolerated if tolerated
DBP target <80-70 <80-70 <80-70 <80-70 <80-70

range

CKD chronic kidney disease, T/A transient ischemic attack

Table 3.9 BP thresholds for treatment initiation and target BP according to the IGH IV 2019
guidelines [3]

Threshold to start treatment Target BP range,

Subjects (=), mmHg mmHg
Age < 65 years
High ASCVD risk 140/90 120-130/70-80
Low ASCVD risk 140/90 130-140/70-80
Age 65-80 years 140/90 130-140/70-80
Age > 80 years 140-150/90 130-140/70-80
With other risk factors
Diabetes 140/90 130-140/70-80
History of stroke, TIA 140/90 130-140/70-80
Chronic kidney disease 140/90 130-140/70-80
Coronary artery disease 130/80 120-130/70-80
Heart failure 130/80 120-130/70-80

3.8 Pharmacotherapy

Four classes of antihypertensive agents are recommended by the ACC/AHA guide-
lines for the first-line treatment of hypertension [1]. These are angiotensin-converting
enzyme inhibitors (ACEISs), angiotensin receptor blockers (ARBs), calcium channel
blockers (CCBs), and diuretics. Beta-blockers are not recommended as first-line
therapy by the ACC/AHA guidelines [1]. However, the ESC/ESH, IGH IV and ISH
2020 guidelines recommend that beta-blockers can be used as first-line agents in
special situations, such as young individuals and those with angina, heart failure and
after myocardial infarction [2—4]. Specific agents are mentioned within each guide-
line based on the local availability of specific agents within each class [18-20].



3 Summary of Recent Guidelines on Hypertension 47

Younger Older
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Step 4 Resistant Hypertension:
Add MRA-spironolactone, if side effects then use eplerenone
Step 5 Add Alpha blocker or beta blocker. In Special situations
centrally acting drugs or direct vasodilators
A : ACE Inhibitor or angiotensin receptor blocker B : B-blocker
C : Calcium Channel Blocker D : Diuretic (thiazide)

*Combination therapy involving B and D may induce more new onset diabetes
compared with other combination therapies. Use B blockers only in special
situations. B = Newer [ blockers. Younger age: 55 years. MRA = Mineralocorticoid
receptor antagonist

Fig. 3.4 Algorithm for approach to antihypertensive drug therapy in the IGH IV guidelines [3]

Most guidelines recommend the use of ARBs or ACEIs as first-line therapy in
individuals aged <55-60 years [2, 3]. In elderly patients, CCBs and diuretics are
recommended as first-line antihypertensive therapy [2, 3]. The IGH IV guidelines
provide an algorithm for starting therapy and progressing to combination therapy
for different individuals (Fig. 3.4).

Combination therapy is emphasized in all the recent guidelines [1-4]. The ESC/
ESH guidelines recommend the use of a single pill combination (SPC) to improve
compliance with therapy [2]. The ACC/AHA guidelines recommend specific com-
binations that are approved in that country [1]. Some guidelines even recommend
triple combination SPCs because these are available in many countries.

3.9 Conclusion

The first guidelines on hypertension, were the JNC guidelines which were followed
across the globe. However, after the JNC stopped issuing guidelines the ACC/AHA
guidelines are followed in America. Various medical bodies have issued guidelines
which have more relevance to the people of that country. There are some differences



48 N. Mehta and S. Shetty

in the definition and management approach of various guidelines. However, since
they are all based on the recent evidence, they are similar on most issues. In all these
guidelines there is emphasis on better control of risk factors and blood pressure
levels to reduce the TOD. Also, combination therapy is emphasized by all guide-
lines from across the globe. Asians are genetically and socially different from peo-
ple in other regions and hence physicians need to follow guidelines from their
country while heavy a knowledge of the other guidelines as well, since hypertension
is the commonest non communicable disease.
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Cardiovascular Disease
and Hypertension in Migrant Asian
Populations in the West

Avneet Singh, Rajiv Jauhar, and Joseph Diamond

4.1 Introduction

Cardiovascular disease (CVD) remains the leading cause of mortality and morbidity
worldwide, with variable distribution between developed and low- and middle-income
nations. In Western nations, improvements in lifestyle and healthcare interventions
have been associated with a reduction in the overall incidence of CVD. Howeyver, the
beneficial impact of these changes and interventions is not uniformly distributed
among the diverse population groups that live in these countries. The starkest example
of this disparity is the disproportionately high incidence of CVD and its associated
risk factors among immigrants from South Asia to the Western nations of Europe and
the USA [1]. South Asians in Western countries have a much higher incidence of both
CVD risk factors and CVD itself. This may be explained by a higher incidence of
traditional risk factors including diabetes [2], but also disparities in lifestyle, diet,
socioeconomic status, literacy levels, and access to healthcare. This has a significant
social and economic impact on the countries where South Asians live. Contemporary
trials in North America and Europe have not specifically addressed the high CVD
burden in Asian immigrants. A scientific statement from the American Heart
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Association (AHA) highlights the importance of recognising the growing epidemic of
heart disease among this group and the need for specific research to help understand
and treat these high-risk populations [3]. This section discusses the various aspects of
CVD among Asian migrants living in Western regions.

4.2 Epidemiology

Asian Americans represent the fastest growing group of immigrants to the USA,
UK, Australia, and other Western nations around the world. US census data from
2019 estimated that there were 18.9 million Asian Americans living in the United
States, representing 5.7% of the total population [3]. Asian Americans are broadly
categorised into three groups based on geographical origin: East Asia, Southeast
Asia, or South Asia (i.e., the Indian subcontinent). South Asians are a mixed group
of immigrants from countries including India, Pakistan, Bangladesh, Bhutan, Nepal,
Sri Lanka, Maldives, and the diaspora from Guyana, Trinidad, Fiji, Kenya, and
other nations [4, 5]. Indians account for 80% of US immigrants from South Asia,
followed by Pakistani, Bangladeshi, Nepali, Sri Lankan, and Bhutanese [6]. These
communities are extremely heterogeneous with respect to linguistic and cultural
beliefs, education levels, diet, and access to healthcare. This diversity makes it chal-
lenging to apply standard methods of healthcare delivery and risk assessment tools
to predict and treat CVD. The variable CVD mortality rates in various Asian
American subgroups is shown in Fig. 4.1 [3].
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Fig. 4.1 Proportional mortality rates for cardiovascular diseases in Asian American subgroups.
(Modified from AHA scientific statement article) [3]
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The earliest epidemiological evidence of coronary artery disease (CAD) among
South Asians in the Western region is from UK. Based on data from observational
studies, it was seen that South Asians not only had premature CAD but also had
more extensive atherosclerosis with multivessel involvement [7]. The Southall and
Brent Revisited (SABRE) study examined a community-based cohort from North
and West London and found that rates of CAD and stroke over a 20-year follow-up
were significantly elevated in South Asian migrants compared with British
Europeans and this difference was only partially attributed to traditional risk fac-
tors [8].

In the USA, the self-reported prevalence of CAD, diabetes mellitus and dys-
lipidaemia was higher among Indian physicians and their families compared
with a matched Caucasian population [9]. In addition, a population-based study
from California showed that during the period from 1985 to 1990, Asian Indians
had disproportionately higher cardiovascular mortality compared with other
ethnic groups [1]. While other ethnic groups showed a reduction in mortality
over time, Asian Indians showed a 16% increase in all-cause mortality and 5%
increase in CAD mortality [1]. For reasons not clearly understood, the overall
incidence of CAD is lower among Chinese populations but these individuals
have higher mortality after myocardial infarction compared with other groups
[10]. An epidemiological survey from Spain also showed significantly higher
prevalence of CV risk factors and CVD among South Asians, especially
Bangladeshis and Pakistanis, and a lower incidence among Chinese immi-
grants [11].

The survey by EA Enas et al. described above [1] assessed the prevalence of
CAD and its risk factors in selected first-generation immigrants to the US. These
immigrants were Asian Indian physicians and their family members, a total of 1688
individuals (1131 men and 557 women aged >20 years). These individuals were
compared with a native White American population, based on the Framingham
Offspring Study. The age-adjusted prevalence of myocardial infarction and/or
angina was approximately three times higher in Asian Indian versus White American
men (7.2% vs 2.5%; p < 0.0001), but not in Asian Indian versus White American
women (0.3% vs 1%; p = 0.64). Asian Indians also had higher prevalence of type 2
diabetes mellitus (7.6% vs 1%; p < 0.0001). The prevalence of hypertension was
lower in Asian Indian compared with White American men (14.2% vs 19.1%,
p < 0.008) but similar in the two populations of women (11.3% vs 11.4%). Asian
Indians were significantly less likely to smoke than White Americans (1.3% vs
27%; p < 0.0001), and less likely to be obese (4.2% vs 22%; p < 0.0001). The latter
findings may reflect an overall healthier population given that the Asian Indian
study population consisted of the families of healthcare professionals. Overall,
CVD risk factors in individuals of South Asian origin differ from those in individu-
als of other ethnicities, with a higher prevalence of central obesity, metabolic syn-
drome and diabetes [12]. Each of these risk factors, plus hypertension, is
discussed below.
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4.3 Risk Factors in Migrant Asians
4.3.1 Impaired Glucose Tolerance and Type 2 Diabetes Mellitus

Diabetes is one of the strongest predictors of CVD in the general population. There
has been a significant increase in the number of people with diabetes mellitus in the
Indian subcontinent. Government data estimated that the prevalence of diabetes
mellitus in India is as high as 14.2%. There are many genetic and environmental
factors responsible for development of diabetes mellitus [13, 14]. Insulin resistance
may be the cause of a high proportion of type 2 diabetes in South Asia. Both healthy
individuals and those with diabetes from South Asia have been shown to have ele-
vated insulin levels in response to an oral glucose load compared with Europeans,
suggesting baseline insulin resistance [15].

Although the exact aetiology of insulin resistance in this population is not well
established, Asian Indians have greater amounts of visceral fat as measured by CT
scan compared with matched Caucasians [16]. There are over 60 genes that have
been linked to the development of diabetes mellitus, but to date no specific gene has
been identified to explain the higher incidence of diabetes mellitus in South Asian
populations. MASALA study investigators found that South Asians had a signifi-
cantly higher incidence of diabetes mellitus (23%) compared with other ethnic
groups, and suggested that this may be related to lower beta-cell function [17]. The
high prevalence of diabetes mellitus is likely to be the result of interplay between
genetic predisposition and environmental factors, and this will remain the focus of
future research to target at-risk individuals at an early age.

4.3.2 Dyslipidaemia

Dyslipidaemia is a well-established predictor of atherosclerotic cardiovascular dis-
ease (ASCVD), with elevated low-density lipoprotein (LDL) and low high-density
lipoprotein (HDL) levels being the strongest risk factors. There are marked differ-
ences in the lipid disorder subtypes between different racial and ethnic subgroups in
the US. South Asians have a much higher incidence of lipid disorders, typically with
elevated triglycerides, low HDL, and only mild elevation of LDL, compared with
African Americans, Hispanics, and Caucasians [18]. Furthermore, observational
studies show a unique pattern of elevated apolipoprotein B100/apolipoprotein A-I
ratio, lipoprotein-a (Lp-a), and cholesteryl ester transfer protein [19, 20]. These
findings are likely related to a combination of factors including genetic predisposi-
tion, dietary/lifestyle choices, and metabolic syndrome.

4.3.3 Obesity

Obesity rates are increasing across the globe due to changes in lifestyles and diet.
Population-based studies have shown a correlation between obesity and underlying
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cardiometabolic diseases. Asians may not have the same level of obesity based on
traditional indices such as body mass index (BMI), but the risk of developing diabe-
tes mellitus and CVD even at lower BMI values is higher among South Asian popu-
lations [21]. For this reason, the World Health Organization defines obesity at a
BMI of 23 kg/m? in Asians rather than the 25 kg/m? value used in other populations.
As noted above, there is higher distribution of central and visceral fat in South Asians.

In a pooled data analysis from MASALA and MESA, South Asians had an
unfavourable distribution of body fat, with high levels of intermuscular and hepatic
fat and lower lean muscle mass [22]. They also had higher levels of resistin and
lower levels of adiponectin, which may play a role in insulin resistance and the
development of truncal obesity [14]. Based on these observations, it is recom-
mended that abdominal diameter index or waist-to-hip ratio (WHR) may provide a
better indication of abnormal adipose tissue than BMI, which accounts for overall
body fat [23].

4.3.4 Hypertension

There is a strong association between hypertension and ASCVD including CAD,
peripheral arterial disease, cerebrovascular disease, and chronic kidney disease. The
MESA study investigators did not find a significant difference in the prevalence of
hypertension between Asians and non-Hispanic Whites [23]. US Centers for Disease
Control (CDC) data, obtained using interviews and physical examinations of a sam-
ple of the civilian noninstitutionalised population, found that the overall incidence
of hypertension in Asians living in the USA to be high, but relatively stable. In the
MASALA study, 43% of men and 35% of women had hypertension [24].
Furthermore, it appears that individuals from South Asia develop elevated blood
pressure (BP) early in life, along with multiple metabolic derangements. There are
complex biological, social, dietary, and environmental factors that may contribute to
these differences. Specific details relating to hypertension in individuals from dif-
ferent parts of Asia living in the West are provided below.

Prevalence in India: In 2018, the estimated prevalence of hypertension in India
was estimated to be 24.5% (95% confidence interval [CI] 24.2-24.9%) in men and
20.0% (95% CI 19.7-20.3%) in women [25]. Prevalence varied considerably by
state, being highest in the northern states of Punjab and Himachal Pradesh, the
southern state of Kerala, and the north-eastern states of Sikkim and Nagaland.
Increasing age was a more important risk factor for elevated BP than any socioeco-
nomic factors. However, important socioeconomic factors associated with a higher
prevalence of hypertension included residence in urban versus rural region, and
higher household wealth. The impact of level of education on prevalence of hyper-
tension was relatively small [26]. Surveys of Asian immigrants to the United States
showed that cardiovascular risk factors varied, depending on the origin of the indi-
viduals. Having some understanding of their original culture may help healthcare
providers to understand health attitudes, behaviours and cultural beliefs that influ-
ence health outcomes.
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Hypertension in migrant Asians: Koirala et al. reviewed health data for
more than 500,000 U.S. adults from 2010 to 2018, including nearly 34,000 Asian
immigrants [18]. Of those immigrants, 26% came from the Indian subcontinent,
45% from Southeast Asia and 29% from the rest of Asia. They found substantial
differences in heart disease risk factors, particularly when it came to obesity,
hypertension, and diabetes, the so-called cardiometabolic risk (CMR) factors.
Compared to Whites, immigrants from the Indian subcontinent had a higher
prevalence of diabetes (16.1% for those immigrating from the Indian subconti-
nent vs 9.5% in white American adults). The prevalence of being overweight or
obese was also higher in immigrants from the Indian subcontinent, with preva-
lence of 79.2% vs 65% respectively. The prevalence of hypertension, however,
was lower in the immigrants from the Indian subcontinent, 27.2% vs 34% respec-
tively. Immigrants from the Indian subcontinent also had lower rates of active
cigarette smoking.

Hypertension in migrant South Asians: In addition to region of origin, other
variables that need to be considered are the eventual destination, level of education,
baseline and subsequent income, ownership of land, ownership of consumer dura-
bles (e.g., car, television, tractor, animals, etc.), type of employment and religious/
cultural beliefs as they pertain to health. In one study of individuals from Kerala,
India who immigrated to the Gulf countries, age-adjusted hypertension prevalence
was 57.6% in these migrants compared with 31.7% in non-migrants (p = 0.05).
Unlike migrants to the US, migrants to the Gulf States were more likely to have
hypertension than non-migrants after adjusting for age (odds ratio 3.00, 95% CI
1.83-4.94) [27]. It is not clear why migrants to the Gulf States had higher rates of
hypertension than migrants to the US because there are so many variables that con-
tribute to hypertension. These include the cutoff BP values used to define hyperten-
sion, genetic predisposition, socioeconomic and cultural factors of migratory
populations (as outlined above), and the socioeconomic changes that occur with
migration.

In the Indian Social Class and Heart Survey, individuals living in rural north
India who had higher overall socioeconomic status had a higher prevalence of
hypertension that was associated with increased body weight and a sedentary life-
style [28]. This contrasts with what is seen in developed countries (e.g., US, Great
Britain) where there is a strong inverse association between social status and
CVD, and the prevalence of coronary risk factors and high BP were higher in
lower social classes [29]. Studies in Indian migrants to Britain reported a higher
prevalence of hypertension, stroke mortality, and BMI than in their compatriots in
India [12]. This suggests that socioeconomic factors and lifestyle changes that
occur with immigration to Western countries may be important factors in the
development of hypertension [30, 31]. By 2015, there were over 43.3 million
immigrants in the US, comprising 13.5% of the population [32]. The top five
countries of origin in 2015 were India, China, Mexico, Philippines, and Canada
[33, 34].
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Data from the National Health Interview Survey (NHIS), a population-based
survey of civilian, noninstitutionalised US adults aged >18 years was conducted
by the National Center for Health Statistics (NCHS) [35]. Of the 41,717 immi-
grants included in this study, 2712 (6.5%) were from the Indian subcontinent [35].
Immigrants from the Indian subcontinent, Mexico, Central America, and the
Caribbean had the highest prevalence of obesity and diabetes, while those from
Russia and Southeast Asia had the highest prevalence of hypertension [27]. The
overall prevalence of hypertension in individuals from the Indian subcontinent was
23.3% (95% CI 21.1-25.5%), with prevalence rates of 21.8% (95% CI 18.9-24.6)
in men and 24.3% (95% CI 20.9-27.7) in women [35]. This was a relatively young
group with mean age 40.7 £+ 0.5 years, and the prevalence of hypertension does
increase significantly with increasing age. The prevalence of hypertension in
Russian immigrants was 26% (95% 23.1-28.8), and these patients were older
(mean age 53.5 + 0.4 years) [27]. The prevalence of obesity in immigrants from the
Indian subcontinent was 77.6%, (80.4% in men and 76.0% in women), and the
prevalence of diabetes mellitus was 14.3%, (16.3% in men and 11.4% in
women) [35].

The findings from these trials confirm that the prevalence of hypertension in
migrating populations is influenced by numerous factors. Genetic predisposition
is modified by environmental factors, which undergo great change in migrating
populations. The impact of migration from rural to urban environments, and from
one nation to another, will create changes that have a noticeable impact on the
prevalence of hypertension and other CVD risk factors. Some studies have
reported higher rates of diabetes, obesity, hypertension, and CAD among immi-
grants from the Indian subcontinent worldwide (including Indians, Pakistanis,
Bangladeshis, and Sri Lankans), though not uniformly, particularly with respect
to hypertension. Post-migration socioeconomic challenges, poor education,
dietary changes, behavioural changes (e.g., level of physical activity), and lack of
health insurance are among some of the most important factors that are associated
with an increased risk of hypertension and cardiometabolic disease among immi-
grants. As such, it behoves health care providers to better understand the cultural
and socioeconomic challenges faced by immigrants in their new homelands and
take into consideration the health behaviours and cultural beliefs that influence
health outcomes.

4.3.5 Diet, Physical Activity, and Smoking

Diet, physical activity, smoking, and other psychosocial factors correlate with the
development of lipid disorders, diabetes, and hypertension, and ultimately con-
tributing to ASCVD. The dietary pattern of Asian Americans, especially those of
Indian origin, often includes an extremely high proportion of carbohydrates and
saturated fats, while lacking dietary fibre and fruit. This is likely related to the
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inherent dietary habits from native counties, compounded by socialisation and the
adoption of more processed foods in Western societies. Lack of physical activity
has a direct association with most important CVD risk factors. Although there
may not be a reliable way to determine physical activity among various ethnic
groups, there seems to be less self-awareness and lack of availability of fitness
resources among Asians.

4.4  Screening and Risk Reduction

Early detection, screening of high-risk individuals and appropriate early interven-
tions remains the cornerstone of preventing clinical events in any community.
South Asian communities have some unique biological and nonbiological links to
future risk of ASCVD, and these need to be used as screening tools. Traditional
risk assessment tools do not account for heterogeneity among the Asian popula-
tions and may underestimate the risk of CAD. The QRISK2 calculator [36], derived
from a large data set in the UK, has country-based ethnicity as an independent data
point, and may therefore provide more accurate prediction of risk and future
CVD events.

We recommend an individualised approach using thorough assessment of tra-
ditional risk factors, the Framingham risk score, ASCVD risk scores and the
QRISK?2 calculator, complemented by diet/lifestyle questionnaires and assess-
ment of visceral fat distribution using WHR to identify at-risk patients. Numerous
biomarkers may become useful as screening tools to identify high-risk subjects.
These include homocysteine, plasminogen activator inhibitor-1, Lp-a, C-reactive
protein (CRP), leptin, interleukin-6, tumour necrosis factor-«, leptin, adiponec-
tin, and resistin. However, most of these currently remain under investigation.
Levels of high sensitivity CRP are elevated in South Asians, even after adjusting
for other CVD risk factors [37, 38]. In our opinion, this is an easily tested bio-
marker that may help identify at-risk patients. Genetic studies are still under
investigation, but genetic testing may have a role to play as a screening tool in
the future.

Several pharmacological therapies that target lipid and metabolic disorders
include statins, ezetimibe-statin combinations, PCSK-9 inhibitors, sodium-glucose
cotransporter-2 inhibitors and glucagon-like peptide analogues. However, most of
the clinical outcome data obtained in patients using these therapies comes from tri-
als that did not have a significant representation of Asian communities. In smaller
studies, it appears that these agents have a similar impact on biomarkers in Asian
patients, but their correlation with hard clinical endpoints in Asian subgroups has
not been well studied [39, 40]. It is recommended that patients be treated as per
standard guidelines of the respective professional societies. However, further
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research focusing on the impact of various interventions is needed to guide the best
evidence-based therapies for Asian populations.

Revascularisation strategies and interventional cardiology techniques have
evolved over the last three decades. It was historically seen that there was a signifi-
cant ethnic disparity in the healthcare distribution between Asians versus non-
Hispanic Whites. Several initiatives have helped narrow this gap. Most notably,
“Get with The Guidelines-Coronary Artery Disease Program (GWTG-CAD)”
facilitated better and timely care for patients presenting to hospital with
CAD. However, despite this, Asian Americans are at higher risk of mortality com-
pared with non-Hispanic White patients [41]. Furthermore, Indians and Chinese
have a disproportionately higher incidence of myocardial infarction within 1 year
of index coronary angiography [42]. Similarly, South Asians have higher mortality
and morbidity after coronary artery bypass graft surgery, despite adjustment for
other risk factors [43].

The comparatively worse outcome may be explained by a higher prevalence of
CV risk factors, especially diabetes mellitus, more multivessel CAD, and a smaller
vessel calibre. However, there are other barriers to care that negatively impact
outcomes. Asians may not seek preventative care, routine healthcare screenings,
and ultimately may have a delay in presentation to healthcare facilities. Medication
noncompliance and lower utilisation of cardiac rehabilitation programmes may
further explain poor outcomes. Significant cultural, linguistic, and economic het-
erogeneity within Asian communities poses a challenge for equitable and uniform
quality healthcare delivery. Community approaches that consider these barriers
must be instituted to improve awareness, education, and utilisation of available
resources.

4.5 Future Research

In this chapter, we have addressed the high burden of CVD and hypertension in
Asians living in modern Western countries. There are complex genetic, environ-
mental, dietary, lifestyle, and cultural factors that need to be investigated further to
better understand and guide interventions to improve the health of this growing
population. We need more ethnicity-specific data to formulate risk calculation tools
to stratify the minority groups living in the US, the UK, and other Western nations.
Large registries like the MASALA study will provide valuable data to better under-
stand these heterogeneous groups. Importantly, large population-based clinical tri-
als must be designed with appropriate representation of various ethnic groups to
determine the efficacy of new therapies. Some of the ongoing and recently updated
studies on the prevalence of hypertension and CVD in migrant populations from
Asia are shown in Fig. 4.2.
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Studies being conducted in the United States

Translating a Heart Disease Lifestyle Intervention Into the
Community - Northwestern University

MASALA (Mediators of Atherosclerosis in South Asians Living in
America) - University of California, San Francisco

HealthPals (Chronic Cardiovascular Risk Outpatient Management in
South Asians Using Digital Health Technology) - Stanford University

Change of Fructose to Fat in South Asians - Cornell University

Studies being conducted in the United Kingdom

GlasVEGAS Study (Glasgow Visceral & Ectopic Fat With Weight Gain
in South Asians) - University of Glasgow

AIMHY-INFORM (Comparison of Optimal Hypertension Regimens)
- Cambridge University Hospitals NHS Foundation Trust

Ethnicity and Onset of Cardiovascular Disease: A CALIBER Study
- University College, London

FISH MEAL (Effect of Fish Intake on Metabolic Health in a Diabetic
South Asian Population) - University of Aberdeen

Studies being conducted in Canada

SAHARA (South Asian Heart Risk Assessment Project)
- McMaster University

CLASS-ACT (Colesevelam, Lipids & Sugars, South Asian Canadian Trial)
- Canadian Collaborative Research Network

START (South Asian Birth Cohort Study)

- University of British Columbia

Fig. 4.2 Recent studies (ongoing and complete) on atherosclerotic cardiovascular disease risk
factors in South Asian populations and prevalence in the UK, the USA and Canada
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Countries
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5.1 Introduction

Hypertension or high blood pressure (BP) is the most important contributor to dis-
ease and disability worldwide [1]. According to Global Burden of Diseases study, in
2019 there were 828 million adults (95% uncertainty interval 768—888 million) with
systolic blood pressure (SBP) 2140 mmHg [2]. On the other hand, the
Noncommunicable Disease Risk Factor Collaboration (NCDRiSC) estimated the
number of individuals with hypertension (SBP 2140 mmHg and/or diastolic blood
pressure [DBP] 290 mmHg or known hypertension) as more than one billion in
2015 [3].

There are large global variations in the prevalence of hypertension and
hypertension-related mortality. The global prevalence of hypertension has been
determined by NCDRiSC and it was calculated that more than half of all individuals
with hypertension reside in the countries of East, South-East, and South Asia
(Fig. 5.1). The highest number of individuals with hypertension are in East and
South-East Asian countries (332 million), followed by South Asia (258 million),
and Central Asia, Middle East, and North Africa (79 million). These values are
much higher than in high-income countries in Europe and North America (141 mil-
lion), Sub-Saharan Africa (107 million), Latin America (87 million), and Central
and Eastern Europe (87 million) [4].
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Fig. 5.1 Number of individuals with hypertension in different regions of the world (NCDRiSC
2015) [3]

The Global Burden of Diseases Study has also reported that high SBP (above the
ideal of 110-115 mmHg) is the most important cause of disease burden and disabil-
ity (disability-adjusted life-years [DALYs]) globally [1], and identified hyperten-
sion as the most important cause of death not only in high-income countries but also
in upper-middle and lower middle-income countries [2, 4]. It has also been reported
that while the number of high SBP-related deaths and DALY is declining in high-
and upper middle-income countries, rates are either increasing or not declining in
most lower middle-income and low-income countries [4, 5]. Age-standardized
DALY due to high SBP in the year 2019 are shown in Fig. 5.2. Globally, hyperten-
sion resulted in the loss of 3042 DALY per 100,000 person-years in 2019 [5]. The
number of DALYs was highest in upper-middle sociodemographic index (SDI)
countries and lowest in low SDI countries [S]. An important observation is that the
number of DALY is significantly lower in high SDI countries, suggesting a lower
hypertension prevalence, higher age of onset, better treatment and control, and
lower mortality related to high blood pressure (BP) compared with mid and low SDI
countries [6].

Figure 5.2 also highlights the geographic variation in hypertension-related
DALYs. These are highest in Central Asia, Europe, East and South-East Asia, the
Middle East, and North Africa [5]. Country-level hypertension-related disease bur-
den shows that Asian countries have the highest burden of high BP-related prema-
ture disease and deaths (Fig. 5.3). A low number of DALYSs are seen in most of
Western Europe, North America, Japan, and Australasia, suggesting an inverse asso-
ciation between hypertension-related disease burden and socioeconomic develop-
ment [7].
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Fig. 5.3 Map of age-standardized DALYs due to high SBP. (Global Burden of Disease Study
2019) [2]

Although hypertension is highly prevalent in Asian countries, there is significant
between-country and within-country variation in rates of hypertension. The rates of
hypertension awareness, treatment and control are low in most Asian countries [7,
8]. The age-adjusted prevalence of hypertension is declining in most of the high-
income countries of Europe, North America, Asia, and Latin America but is increas-
ing in most of the countries of South Asia, South-East Asia, and the Middle East [5].
Multiple factors have been suggested to account for this increase, including race and
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ethnicity, genes, unhealthy diet (high intake of salt, trans-fats and alcohol, and low
intake of fruits and vegetables), physical inactivity, obesity and abdominal obesity,
social determinants, and environmental factors [8]. This chapter focusses on genetic
ancestry, racial groups and ethnicity and highlights their importance in hypertension
in different countries of the Asian continent.

5.2  Asia: Hypertension Epidemiology

Asia is the largest continent in the world and has five separate and well-demarcated
zones—East Asia, South Asia, South-East Asia, Central Asia, and West Asia
(Middle East), each with a population of 0.5—1.5 billion. North Asia is mainly com-
posed of Russia and not included in the present review. Within Asia there are a few
high-income (e.g., Japan, Taiwan, Saudi Arabia and Gulf countries, Singapore),
many middle-income (e.g., China, Iran, West and Central Asian countries, Malaysia),
lower middle-income (e.g., India, Pakistan, Indonesia, Philippines), and many low-
income countries. The epidemiology of hypertension is different in these coun-
tries [4, 5].

Global Burden of Disease (2019) has reported substantial differences in the bur-
den of hypertension (DALYs) and deaths due to raised SBP in various Asian regions
(Table 5.1) [5]. The highest burden per 100,000 population is in Central Asian coun-
tries while the lowest is in South Asian countries. Hypertension-related deaths are
also the highest in Central Asian countries (208/100,000) and the lowest in South
Asian countries (105/100,000) [5]. However, in terms of absolute numbers, East
Asian and South Asian countries have the highest burden (Fig. 5.1) [4]. In the large
countries of East and South Asia, hypertension epidemiology is characterized by
significant geographic and urban—rural differences, premature onset of high BP,
varying levels of hypertension awareness, treatment and control, and disparate out-
comes [8]. These differences are also observed between various countries in
Asia [7].

Table 5.1 High SBP-related disease burden (DALY's and deaths) in various Asian regions (Global
Burden of Disease Study 2019) [1]

Deaths (95%

Population DALYs (95% UI) per
Region (million) UI) per 100,000 100,000
Asia 4678.2° 3202 (2834-3567) 139 (113-152)
South Asia 1805.2 2672 (2304-3083) 105 (90-121)
East Asia 1472.2 3815 (3197-4449) 182 (150-214)
Central Asia 935.3 4888 (4311-5498) 208 (180-235)
South-East Asia 673.7 3764 (3324-4215) 151 (132-170)
Middle East and North Africa 608.7 3126 (2682-3602) 132 (113-152)
High-income Asia-Pacific 187.3 2080 (1753-2390) 127 (98-151)

DALYs disability-adjusted life-years, Ul uncertainty interval
Data source: http://ghdx.healthdata.org/gbd-results-tool
 Source: https://www.worldometers.info/world-population/asia-population/
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5.3  Race and Hypertension in Asia

At the beginning of twentieth century, most people including many scientists
believed that race was an established fact and that divisions between races were
fundamentally biological [9]. Race as a determinant of chronic diseases has received
significant attention and evaluation of racial differences in various socioeconomic
parameters, disease incidence and health outcomes has been studied for decades
[10-12]. Human beings have been wrongly classified into racial categories based on
differences in skin-color, superficial features and bony characteristics [13, 14]. This
racial discrimination reached its peak with the development of eugenics, which is
the study of or belief in the possibility of improving the qualities of the human spe-
cies or a human population, especially by such means as discouraging reproduction
by persons having genetic defects or presumed to have inheritable undesirable traits
(negative eugenics) or encouraging reproduction by persons presumed to have
inheritable desirable traits (positive eugenics) [13]. There is also an attempt to aban-
don fixed racial typologies and to reimagine race as populations defined by differ-
ence in the frequencies of certain genes or traits [11]. Population genetics remains
at the core of scientific understanding of race today, with evolutionary geneticists
often preferring the language of genetic ancestry groups [15, 16]. This phrase
addresses genetic differences between people and variation of gene frequencies
among human populations. There are protagonists and antagonists in this debate on
population classification into racial groups or genetic ancestry groups.

5.3.1 Do Racial Groups Exist?

Genetic ancestry has been determined using two methods. Cavalli-Sforza synthe-
sized knowledge from archeology, linguistics, history, and genetics to describe the
migration of people out of Africa and into various regions of the world [17]. This
was the first evidence-based refutation of morphology-based racial groups.
Subsequent researchers combined anthropological information, obtained from vari-
ous sources, with data on mitochondrial DNA (mtDNA) and showed migration out
of Africa to other parts of the world, with the first stream of migrants moving along
the seacoasts into Central and Western Asia, South Asia, and South-East Asia and
subsequently into East Asia and Australasia. The second wave of migrants moved
into Central Asia and Western Europe and then to East Asia and the American con-
tinents (Fig. 5.4) [18, 19].

Reich and colleagues used ancient DNA technology, developed in Germany and
the USA, to trace the path of migration and evolution and identified multiple routes
of migration out of Africa with significant admixture with Neanderthals in Europe,
Denisovians in North and Eastern Asia, and Ancient clines in South and South-East
Asia [14]. Asian races, which are the focus of this chapter, have seemingly evolved
from Yamanaya cline estimated to be present in Caucasus Mountain region and
Central Asia (Fig. 5.5) [14, 20]. More details of this ancient genetic ancestry group
or cline are unknown because it has been extinct for at least 5000 years. There is
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Fig. 5.4 Migration and the peopling of Asia. Evidence from mitochondrial DNA (mtDNA)
studies [23]

Fig.5.5 Evidence of peopling of Asia by ancient Yamanaya Steppe Pastoralists from Central Asia
and evolution of regional groups in Asia by admixture of genes from native populations [14, 20]

evidence of genetic admixture of this cohort with Neanderthals in West and Central
Asia, Denisovians in Eastern Asia, and ancient Indian groups and others in South
and South-East Asia. This could be responsible for the peopling of the Asian conti-
nent [14]. Importantly there is anthropological and genetic evidence of a
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bidirectional migration of populations and substantial admixture of genes from cen-
tral regions to the peripheral regions and vice versa, especially in the Asian conti-
nent [14]. The regional differences in ancient DNA and differences in modern
genetic architecture of the Asian populations is a work-in-progress and more studies
are needed [21, 22].

Significant differences in health status of genetic ancestry and ethnic groups
have been reported. Two chronic conditions have received attention. Clinical and
epidemiological studies have consistently shown a higher prevalence of hyperten-
sion among African Americans in the US [12]. Multiple hypotheses have been
raised to explain this difference, including social and economic factors and genetics.
Similarly, in the past hundred years, diabetes has been identified with the Jews,
American Indians and Mexican Americans in the US [9]. It is now understood that
the health disparities that exist in various race-based or ethnic groups lead to racism,
which is a much more fundamental cause of socioeconomic and health disparities in
various genetic ancestry groups (races) [13, 15, 24]. Most scientists now believe that
the differing rates of hypertension incidence, hypertension awareness, treatment
and control, and hypertension-related adverse outcomes in diverse groups is mani-
festation of racism and not race [24, 25]. We shall follow this premise in highlight-
ing differences in hypertension among various genetic ancestry groups in Asia.

5.4  African Americans and Primitive Populations in Asia

Hypertension is 42-45% more prevalent in African Americans than in Mexican
Americans and White Americans [26]. Risk factors that predispose to higher hyper-
tension prevalence in this group include advancing age, family history of hyperten-
sion, obesity, physical inactivity, high dietary sodium intake, low dietary potassium
intake, low vitamin D intake, harmful use of alcohol, psychosocial stress, low socio-
economic status, low educational attainment, and harmful psychological traits [26].
Most scientists now believe that these factors are more important than race or genet-
ics in contributing to the higher hypertension prevalence and complications in this
group. Indeed, availability of better primary care and hypertension management in
the Kaiser Permanent programme in the US has resulted in a narrowing of the
uncontrolled hypertension gap between African Americans and Whites, from 8.1%
in 2009 to 3.9% in 2014 [27]. Although, there are differences in the pharmacoge-
nomics of hypertension in the two groups [28], data clearly show that tackling social
determinants can lead to better awareness, treatment and control of hypertension in
African Americans, and the so-called racial differences can equalize [26].
Hypertension prevalence has been studied in only a few tribal populations in
Asia. In India, a meta-analysis and a multisite study reported higher hypertension
prevalence in these populations [29, 30] than in the general population [31]. Tribal
populations in Asia are considered a separate genetic ancestry group that belong to
earlier migrants out of Africa (Fig. 5.4) [18]. Similar to African Americans, a higher
prevalence of hypertension in more acculturated tribal populations could be due to
greater prevalence of adverse socioeconomic, dietary, and other lifestyle factors
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along with poorer hypertension management [29, 32]. More studies are needed
among these groups of Asians who are widely dispersed in India, China, and South-
East Asian countries. Pharmacogenomic characteristics should also be evaluated in
these populations.

5.5 East Asians, South Asians, South-East Asians,
and West Asians

Asian populations have been arbitrarily divided into genetic ancestry groups or
racial groups based on older classification of races into Caucasiods, Mongoloid, and
Negroids [10, 17]. Recent anthropological data and genetic mapping of populations
in Asia reveals less genetic diversity than believed earlier [14, 18]. The racial clas-
sification into Caucasiods (West, Central and South Asia), Mongoloids (East and
South-East Asia) and Negroids (ancient populations, tribals) is arbitrary. To evalu-
ate the association of geographical location and the racial classification with hyper-
tension prevalence, data on age-adjusted hypertension in various Asian countries is
presented.

Studies have reported the prevalence and disease burden from hypertension in
almost all Asian countries [2, 3]. Based on age-adjusted hypertension prevalence
data from the NCDRisC for the years 1990-2015 [4], the prevalence of hyperten-
sion varies from a low of 8-10% in high-income countries of Eastern and South-
Eastern Asia to a high of 30-35% in countries of Central and Western Asia (Figs. 5.6
and 5.7). More detailed analysis reveals that variability in the prevalence of hyper-
tension is related to the socioeconomic development of a particular country rather
than geographic location. An important finding is that the prevalence of hyperten-
sion is higher in men versus women in almost all countries in Asia. This is in con-
trast to the female dominance of hypertension in most European countries and needs
further studies. The prevalence of hypertension in various Asian countries shows a
significant correlation with cardiovascular mortality. Countries with higher rates of
hypertension also have higher rates of cardiovascular mortality. Hypertension is the
most important risk factor for stroke, which is the predominant form of cardiovas-
cular disease in East Asia, although the prevalence of hypertension in these coun-
tries is lower than in Southern and Central Asian countries. Again, this needs to be
investigated further [33]. On the other hand, higher hypertension prevalence rates in
China compared with other Asian countries have been reported in the PURE
(Prospective Urban Rural Epidemiology) study [34]. This large study, using uni-
form methodology, reported that the hypertension prevalence in individuals aged
35-70 years was the highest in China (42%) and the South-East Asian region (47%)
compared with South Asian (32%), and West Asian (30%) countries.

In conclusion, clinical epidemiology suggests that race is of questionable impor-
tance as a hypertension risk factor in Asia. Ancient DNA studies have identified that
there are no major racial differences in Asian populations, although ethnic differ-
ences are present. Geographic epidemiology of hypertension in Asia and ethnicity-
based distribution does not show significant correlation [32, 33]. China is an outlier
in many such studies. More studies are needed to clarify this finding.
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Fig. 5.6 Age-adjusted hypertension prevalence (%) in men and women in South Asian and East
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Fig. 5.7 Age-adjusted hypertension prevalence (%) in men and women in Central Asian, West
Asian and South-East Asian counties. (Data source: NCDRisC 2015)

5.5.1 Race and Hypertension Management

The association between ethnic-racial differences and hypertension management is
an important question [6, 7]. So far, the only relevant racial differences in hyperten-
sion management have been reported between White Caucasian Americans and
African Americans in USA [24, 26]. It has been argued that African Americans are
not a homogenous group and multiple factors could be responsible for hypertension.
The low socioeconomic status of this group in USA is an important risk factor [9].
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Multiple biological factors have also been identified, including: high sympathetic
nervous system activity, alteration in renin-angiotensin-aldosterone system (RAAS),
neurohormonal influences, alterations in circadian control of BP, exaggerated BP
responses to various stimuli, increased sodium sensitivity, impaired renal handling
of sodium, endothelial dysfunction, and chronic alternations in vascular structure
and function [26]. Clinical trials have reported that dihydropyridine calcium chan-
nel blockers and diuretics are better drugs for treating hypertension in African
Americans than beta-blockers and RAAS blockers. [26]

No similar race-based differences in hypertension pathophysiology have been
identified in Asians. Salt sensitivity could be important [33], but more studies are
needed. Studies on hypertension management among various racial groups —
Caucasians, East Asians, South Asians, and the Afro-Caribbean—in the UK and
Canada have failed to show variable responses to different hypertension manage-
ment strategies, including drugs [35-37].

5.6 Conclusions

Hypertension is the most important cause of disease burden and deaths in Asia.
However, there is heterogeneity within Asia, where the highest mortality burden
from high BP is in Central and South-East Asian countries (Table 5.1).
Epidemiological studies show that there are no differences in various genetic ances-
try groups. The adult prevalence of hypertension varies from 10 to 35% in men and
8 to 30% in women in different countries (Figs. 5.6 and 5.7). Differences in hyper-
tension prevalence are associated with socioeconomic development, with lower dis-
ease burden in more developed countries of East and South-East Asia.
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Relation of Genetics and Obesity 6
with Hypertension: An Asian Perspective

Rajeev Gupta

6.1 Introduction

Ancient DNA studies have identified the course of human migration in Asia and
reported basic genetic similarities among populations. However, an important con-
cept is the presence of minor genetic variations that lead to major phenotypic
changes. Two types of genetic variations are important in hypertension pathophysi-
ology [1]. The first is uncommon and relates to rare monogenic forms, clinically
identified as secondary hypertension. Multiple monogenic forms of hypertension
exist and the allele frequency is below 1/1000 with a large effect size per variant. So
far about 13 gene loci have been identified, although the estimated number of genes
involved is likely to be 15-20. The effect size of these genetic variants is large, with
systolic blood pressure (SBP) being 20 mmHg higher in those with dominant alleles
[2-4]. Monogenic forms of hypertension identified to date are due to variation in
genes involved in aldosterone, renin, and cortisol metabolism. Monogenic hyper-
tensive syndromes include glucocorticoid remediable aldosteronism (GRA),
Gordon syndrome, familial hyperaldosteronism III, pseudoaldosteronism, syn-
drome of apparent mineralocorticoid excess, Bilginturan syndrome, autosomal
dominant hypertension with exacerbation in pregnancy, and congenital adrenal
hyperplasia types (Table 6.1). These syndromes are rare in Asian populations are
not discussed here.
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Table 6.1 Important monogenic hypertension syndromes

Pathogenesis Syndrome Genes Inheritance
Elevated aldosterone Glucocorticoid remediable CYP11B2 AD
aldosteronism
Gordon syndrome WNK1, WNK4, AR and
KLHL3, CUL3 AD
Familial hyperaldosteronism III ~ KCNJ5 AD
Low aldosterone Liddle syndrome SCNNI1B, SCNN1G AD
Apparent mineralocorticoid HSD11B2 AR
excess
Low aldosterone and Hypertension and brachydactyly PDE3A AD
other features Autosomal dominant NR3C2 AR

hypertension of pregnancy
Congenital adrenal hyperplasia ~ CYP11B1, CYP17al AR

AD autosomal dominant, AR autosomal recessive

The genomics of the more common primary hypertension are complex. Genes
affect both SBP and diastolic blood pressure (DBP) and primary hypertension has a
heritability of 30-50%. It has been estimated that more than 500 genes (loci) are
involved in this form of hypertension and so far about 90 genes of major importance
have been identified [1]. However, each of these genes has a small effect size, with
a blood pressure (BP) increment of 0.5—-1 mmHg per allele. The complex genetic
architecture of hypertension and variations in various ethnic groups in Asia is dis-
cussed below.

6.1.1 Single Nucleotide Polymorphisms and Genome-Wide
Association Studies

Single nucleotide polymorphisms (SNPs) are the basic unit of a gene. Initial studies
on the genetics of hypertension focused on identification of individual SNPs that
modulate a protein function and lead to hypertension using case-control study
design [5, 6]. In previous decades, a number of gene-linkage and candidate-gene
studies were performed to identify significant SNPs, but these yielded only a few
reproducible genetic results, mainly due to small sample sizes [1]. With the devel-
opment of modern microarray platforms where millions of genetic variants can be
genotyped, research into genetics of common diseases (coronary artery disease,
stroke, diabetes, hypertension, atrial fibrillation, etc.) has proliferated rapidly [7].
The technique that permits interrogation of almost the entire genome for association
with a trait such as BP is known as genome-wide association studies (GWAS). Apart
from multiple SNPs, this technique can also identify copy number polymorphisms
and structural variants (copy number variations; CNVs), methylation marks (epi-
genetics) and some additional variants.

GWAS identifies both rare and common variants responsible for hypertension
and while rare variants have a much greater influence on BP (Table 6.1), the com-
mon variants responsible for small effects are more important. Hypertension is a
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polygenic disorder in which genes act in combination with environmental exposures
to make a modest contribution to BP. Furthermore, different subsets of genes may
lead to different phenotypes associated with hypertension, such as obesity, dyslipid-
emia, and insulin resistance [7]. Candidate-gene studies and GWAS have identified
anumber of hypertension-related genes involved in pathways that regulate BP. Genes
identified include those that encode components of renin-angiotensin-aldosterone
system, atrial natriuretic peptide, beta-2 adrenoreceptor, alpha-adducin, and others
(Table 6.2).

Earlier studies reported that genetic determinants account for about 1% of BP
variance, while family studies have estimated the heritability of hypertension to be
30-40% [1]. One hypothesis accounting for missing heritability is the epigenetic
modification of DNA due to environmental factors, and there also may be genetic
determinants of target organ damage and vascular disease attributed to hypertension

Table 6.2 Examples of genes that influence blood pressure

Chromosome
No. Gene SNPs Phenotype
1 CASZ1, MTHFR-NPPB, ST7L-CAPZA1-MOV 10, SBP, DBP, HTN
MDM4, AGT
2 OSR1, KCNK3, FERILS5, FIGN-GRB14, STK39, PDE1A PP, SBP, DBP,
MAP
3 HRHI1-ATG7, SLC4A7, ULK4, MAP4, CDC25A, SBP, DBP, MAP
MIR1263, MECOM
4 CHIC2, FGF5, ARHGAP24, SLC39A8, ENPEP, PP, multiphen,
GUCY1A3-GUCY1B3 SBP, DBP
5 NPR3-C5o0rf23, GPR98/ARRDC3, PRDM6, ABLIM3- SBP, DBP
SH3TC2, EBF1
6 HFE, BAT2-BATS, TTBK1-ZNF318, ZNF318-ABCC10, SBP, DBP
RSPO3, PLEKHG1
7 HDAC3, HOXA-EVX1, IGFBP1-IGFBP3, IGFBP3, PP, SBP, DBP,
CDKG6, PIK3CG, NOS3, PRKAG2 multiphen
8 BLK-GATA4, CDH17, NOV SBP, DBP,
multiphen
9 SMARCA2-VLDLR SBP-age-spec
10 CACNB?2, C100rf107, VCL, PLCE1, CYP17A1-NT5C2,  SBP, DBP, MAP
ADRBI
11 LSP1-TNNT3, H19, ADM, PLEKHA7, NUCB?2, SBP, DBP, MAP,
LRRC10B-SYT7, RELA, FLJ32810-TMEM133, PP
ADAMTS8
12 PDE3A, HOXC4, ATP2B1, SH2B3, RPL6-PTPN11- SBP, DBP, HTN
ALDH2, TBX5-TBX3
15 FBN1, ITGA11, CYP1A1-ULK3, FURIN-FES PP,
SBP-age-spec
16 UMOD, NFATS SBP-age-spec,
DBP, PP
17 PLCD3, GOSR2, ZNF652, C170rf82-TBX2 SBP, DBP
19 AMH-SF3A2 PP
20 JAG1, GNAS-EDN3 SBP, DBP, MAP

Age-spec age-specific, DBP diastolic blood pressure, MAP mean arterial pressure, multiphen mul-
tiple phenotype, PP pulse pressure, SBP systolic blood pressure
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[7]. On the other hand, recent reviews have reported that SNPs identified in GWAS
explain approximately 27% of the 30-50% estimated heritability of BP [8]. A
majority of BP SNPs show pleiotropic associations, and unraveling those signals
and underpinning biological pathways offers potential opportunities for drug repur-
posing [9]. The main limitation of these data are that the studies have mostly been
performed in White Caucasians and there is almost no representation of Asian popu-
lations in the large hypertension genetic collaborations [10].

In East Asian populations, earlier GWAS confirmed the presence of SNPs found
in other populations—CSK, CYP17A1, MTHFR and FGF5 [11]. The Asian Genetic
Epidemiology Network consortium is a large meta-analysis of GWAS on BP traits
among East Asians that included 19,608 individuals. After de novo genotyping,
seven loci previously identified in European populations were confirmed as impor-
tant in East Asians, plus identification of an additional six novel loci: ST7L-
CAPZAT1, FIGN-GRB14, ENPEP, NPR3, TBX3, and ALDH2 [12, 13]. In another
meta-analysis of a Han Chinese population (n = 11,816 discovery, n = 69,146 repli-
cation), twelve novel loci (CASZ1, MOV10, FGF5, CYP17A1, SOX6, ATP2B1,
ALDH2, JAG1, CACNAI1D, CYP21A2, MEDI13L, and SLC4A7) were identified
[14]. These findings suggest presence of some allelic heterogeneity between
Europeans and Asians. A study from Korea reported the importance of genetic vari-
ations in ATP2B1, CSK, ARSG, and CSMDI loci in relation to BP and hyperten-
sion [15]. A Japanese study identified ATP2B1 as important gene responsible for
hypertension, which is similar to Caucasians [16]. More studies are needed to evalu-
ate important genetic determinants of hypertension in East Asian populations by
creating international consortia.

Large GWAS have not been conducted in populations from Southern and Western
Asian countries. A trans-ancestry meta-analysis including 320,251 individuals of
East Asian, European, and South Asian ancestry identified 12 new loci that were
associated with BP and highlighted genes involved in vascular smooth muscle
(IGFBP3, KCNK3, PDE3A, and PRDM6) and renal function (ARHGAP24, OSR1,
SLC22A7, and TBX2) [17]. In addition, an important role of DNA methylation was
identified. A large meta-analysis of one million people of European ancestry identi-
fied 535 novel BP loci that highlighted shared genetic architecture between BP and
lifestyle exposures [18]. Such studies are important to provide biological insights
and guide drug development. These should be done in Asian populations.

6.1.2 Polygenic Risk Scores

Essential hypertension is influenced by multiple genetic variants with small indi-
vidual effect sizes. Meaningful risk prediction necessitates examination of the
aggregated impact of these multiple variants [10]. This is through calculation of a
polygenic risk score (PRS), which is a mathematical aggregate of risk conferred by
all of the SNPs significantly associated with BP [19]. The risk information provided
by the PRS is different from that obtained from genetic markers of monogenic dis-
orders. The latter is a dichotomous result (either high or low probability of disease),
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whereas the former provides a wider range of probabilistic risk [19]. In addition, the
rare variant genotype points to specific biological impact of the variant, whereas the
PRS is an amalgamation of numerous small-effect variants across the genome with
no specific pathway implicated. A PRS constructed to use of all the significant
GWAS BP SNPs showed a significant association with stroke, coronary artery dis-
ease, heart failure and left ventricular mass [20].

There is considerable interest in the use of PRS as a biomarker for early interven-
tion, although currently there is no evidence for the clinical utility of PRS for inter-
vention or disease prevention [19, 21]. It is likely that PRS that have been developed
recently have limited utility because studies were conducted in adults aged >40 years
where disease is already well established. However, PRS may have more value in
identification of younger at-risk individuals [22]. This merits further study. PRS has
limited utility for facilitating the personalization of treatment or new drug discov-
ery, primarily because it is derived from an amalgamation of all genetic variants and
does not represent unique pathways.

We calculated a hypertension gene risk score incorporating 23 SNPs in 181
patients with hypertension in India (Table 6.3) [23]. SNPs were identified using data
from international studies (mentioned in Table 6.2) and from our previous studies in
India in coronary artery disease and diabetes patients [24, 25]. Most of the well-
known BP SNPs were present in significant proportions (GRBI14-FIGN,
ABLIM3-SH3TC2, PIK3CG, CYP17A1, CNNM2, NT5C2, LRRC108-SYT7,

Table 6.3 SNPs for calculation of hypertension gene risk score in India

Prevalence (%)
Genes SNP ID n=181
CASZ1 rs880315 119 (65.7)
KCNK3 rs1275988 109 (60.2)
GRB14, FIGN rs16849225 168 (92.8)
SLC4A7 rs820430 128 (70.7)
CACNAI1D rs9810888 96 (53.0)
FGF5 rs1902859 46 (25.4)
ENPEP rs6825911 67 (37.0)
ABLIM3, SH3TC2 19687065 168 (92.8)
ZNF318 rs1563788 71 (39.2)
PIK3CG rs17477177 161 (88.9)
WBPIL rs284844 58 (32.0)
CYP17A1 rs4409766 170 (93.9)
CNNM2 rs11191548 172 (95.0)
NT5C2 rs11191580 170 (93.9)
SOX6 rs4757391 42 (23.2)
LRRCI10B, SYT7 1751984 154 (85.1)
ATP2B1 rs17249754 143 (79.0)
ATXN2 rs653178 178 (98.3)
HECTD4 rs11066280 181 (100.0)
TBX3 rs35444 112 (61.9)
MEDI13L rs11067763 127 (70.2)
Cl70rf82, TBX2 rs2240736 119 (65.7)

JAG1 rs1887320 109 (60.2)
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ATXN2, and HECTD4) (Table 6.3). The PRS had a normal distribution, similar to
studies performed in individuals of other ethnicities [19]. This is a small demonstra-
tion project and larger prospective studies are required to determine the diagnostic
and prognostic significance of these findings. It has been speculated that PRS can
provide important diagnostic value at younger age and can also risk stratify patients
so that intensive control of BP and lifestyle messages are provided earlier in the
course of the disease.

6.1.3 Pharmacogenomics

Pharmacogenomics has been defined as the study of the role of genomic variations
in drug response. It is the science of combining pharmacology and genomics and
analyses the influence of individual genes on the response to drugs in terms of phar-
macokinetics and pharmacodynamics [26]. There are many examples where host
genomics is important in drug response. In cardiovascular medicine, for example,
there is the influence of the CYP2C19 gene on response to clopidogrel, the role of
VKORCI, CYP2C9 and CYP4F2 genes in the response to vitamin K antagonists,
and the influence of the SLCO1B1 and OATP1B1 genes in statin-induced myopa-
thy [26].

Drugs used for hypertension are also influenced by pharmacogenomics.
Metoprolol, carvedilol, and propranolol are metabolized by CYP2D6, which can
influence drug clearance and responsiveness [26]. African Americans are known to
harbor APOL1 gene variants, which are known to influence rate of progression of
chronic kidney disease in patients with hypertension [27]. The GenHAT study (a
sub-study of ALLHAT) was the largest randomized clinical trial to explore gene
panel risk prediction with respect to antihypertensive therapies (n = 39,000) [28].
This trial failed to show any significant usefulness of genetic stratification in clinical
outcomes for Caucasians and African American participants [29]. Whole-genome
approaches and next-generation sequencing are likely to identify new pharmaco-
genes, including therapeutic target genes that determine drug efficacy and safety.
Studies are needed in ethnically diverse Asian patients to identify the importance of
carefully selected genes in BP responsiveness to various antihypertensive drugs.
However, gene-modifying therapies remain a pipe dream for hypertension manage-
ment and cardiovascular disease prevention [29].

6.2  Obesity

Obesity has been a defined as a state of excess adipose tissue mass [30].1t has been
estimated that about 60-65% of cases of essential hypertension are related to over-
weight and obesity [30]. The most widely used, though imperfect, measure of obe-
sity is body mass index (BMI) which is equal to weight (kg)/height (m?). Other
measures of obesity include anthropometry (skin-fold thickness, waist circumfer-
ence, waist-hip ratio, etc.), densitometry, computed tomography or magnetic
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resonance imaging, and electrical impedance. Based on BMI, it has been deter-
mined that more than half of the global population is either overweight (BMI
25-29.9 kg/m?) or obese (BMI >30 kg/m?) [31]. The prevalence of obesity is sig-
nificantly higher in high- and middle-income countries compared with low- and
lower middle-income countries. In higher-income countries, obesity is more com-
mon among the socioeconomically deprived, while in lower-income countries it is
more prevalent in the affluent [32].

Abdominal obesity has been defined by either waist size or waist-hip ratio, and
different diagnostic criteria have been proposed for Asian populations (waist cir-
cumference: men >90 cm, women >80 cm; waist-hip ratio: men >0.9, women >0.8)
compared with Caucasians in Europe and the Americas, West Asian and Eastern
Mediterranean populations and other geographic groups (waist circumference: men
>94 cm, women >80 cm; waist-hip ratio: men >1.0, women >0.9) [32]. The preva-
lence of abdominal obesity is significantly higher in Asian populations, using Asia-
specific criteria, compared with other geographical groups, and in many countries
more than half of the adult population is abdominally obese [33]. The etiology of
obesity and abdominal obesity is complex and may vary from country to country.
Risk factors contributing to obesity include social determinants and environmental
factors, rising incomes, changing food supplies, and reduced physical activity [29].

Both generalized and abdominal obesity are associated with hypertension and
there is a significant linear relationship between increasing SBP/DBP and BMI in
populations across the continents. Data from an Indian study (India Heart Watch,
n =~ 6000) showed a significant association between SBP and BMI (R? = 0.028),
waist circumference (R? = 0.050), waist-hip ratio (R?> = 0.007) and hip circumfer-
ence (R? = 0.035) (p < 0.001) (Fig. 6.1) [34]. Mechanisms of hypertension differ

o R?=0.028 = R?=0.050

P<0.001 P<0.001

R2=0.007 S R?=0.035

0,00 P<0.001 P<0.001
— s

Fig. 6.1 Correlation between SBP and both BMI and waist circumference in the India Heart

Watch Study [34]
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between the two types of obesity: generalized obesity has predominant sympathetic
nervous system overactivity while metabolic factors are as important as sympathetic
nervous system activity in abdominal obesity [35].

6.2.1 Generalized Obesity, Abdominal Obesity
and Hypertension

Reflex sympathetic overactivation to utilize (burn) excess fat is an important com-
pensatory mechanism in obesity. This leads to sympathetic overactivity in tissues
such as vascular smooth muscle and the kidneys and leads to hypertension [35].
Sympathetic activation is implicated in the development of insulin resistance and
other features of the metabolic syndrome but the precise stimulus to sympathetic
overflow is unknown. The adipocyte also has important endocrine functions that are
beyond its primary function of fat storage. Multiple factors are released by adipose
tissue, including hormones (leptin, adiponectin, resitin, etc.), cytokines (tumor
necrosis factor-alpha, interleukin-6, etc.), substrates (free fatty acids, glycerol),
enzymes (aromatase, 11-beta-hydroxysteroid dehydrogenase type 1), complement
factors (adipsin) and others (plasminogen activator inhibitor-1, angiotensinogen,
retinal binding protein-4) [32]. All these are important in hypertension
pathophysiology.

Studies conducted in Asian populations have highlighted the importance of BMI
and markers of abdominal obesity in hypertension. Utilizing data from the Chinese
National Stroke Prevention project, Wang et al. reported a significant association
between obesity markers (BMI, waist circumference, visceral adiposity index, body
adiposity index and lipid accumulation product index) and the risk of hypertension
(p <0.001) [36]. BMI was found to be the strongest indicator of hypertension [36].
In addition, an Asian Collaborative study of 1.1 million persons from Eastern and
Southern Asian countries found a variable association between BMI and all-cause
and cardiovascular mortality [37]. Furthermore, in East Asian cohorts (from China,
Japan, and Korea), there was an increased risk of cardiovascular mortality when
BMI was below 22.6 kg/m? and more than 27.5 kg/m?, while in South Asian cohorts
there was a weak association between a BMI of >20.0 kg/m? and cardiovascular
mortality. This greater risk is partially mediated via the presence of hypertension. In
the PURE study, in which >50% participants were from Asian countries, higher
BMI and waist-hip ratio was associated with greater SBP, DBP and hypertension,
and an increased incidence of cardiovascular events and deaths [38].

In lower middle- and middle-income countries of Asia, changes in diet and phys-
ical activity are among the hypothesized leading contributors to obesity. Emerging
risk factors include environmental contaminants, chronic psychosocial stress, neu-
roendocrine dysregulation, and genetic/epigenetic mechanisms [39]. The associa-
tion between adipose tissue metabolism and the pathogenesis of hypertension has
not been well studied among Asians, especially in East Asians (except Japan) and
South Asians, and further studies are required.
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6.2.2 Muscle Strength, Frailty, and Hypertension

An inverse correlate of obesity is frailty and muscular weakness. Frailty is defined
as an aging-related syndrome of physiological decline, characterized by marked
vulnerability to adverse health outcomes. Frailty can be assessed using a variety of
tools such as a phenotype model, a cumulative deficit model, comprehensive geriat-
ric assessment, and others [40]. Hypertension associated with frailty is widespread
in Asia, especially in older individuals with low socioeconomic status. In the PURE
study, with predominantly Asian participants, grip strength was used as a measure
of frailty [38]. Individuals with grip strength in the lowest quintile were at signifi-
cantly higher risk of both cardiovascular and non-cardiovascular death than those
with grip strength in the highest quintile (hazard ratio [95% confidence interval]
1.78 [1.42-2.23] and 1.56 [1.36-1.79], respectively). Interestingly, associations
between frailty (based on grip strength) and cardiovascular disease events/mortality
were not seen in high-income countries from the region, significant associations
were observed in middle-income countries (China, Southeast Asia, and West Asia
participants) and low-income countries (South Asia and Africa participants) [38].

A meta-analysis of observational studies and also reported an association
between frailty and outcomes in patients with hypertension [41]. Data from six
longitudinal studies (two from China) and one cross-sectional study (Japan) were
pooled and frailty was found to be a significant predictor of mortality (hazard ratio
2.45, 95% confidence interval 2.08-2.88). It has been suggested that more studies
with larger sample sizes are needed using robust tools to identify frailty among
individuals with hypertension, especially from low- and lower middle-income
countries. These data support the observation that BMI at both extremes is associ-
ated with adverse cardiovascular outcomes in Asia [37], and both high and low BMI
are important risk factors for hypertension and cardiovascular disease.

6.2.3 Interventions for Obesity, and Pharmaceutical Agents

Lifestyle interventions are crucial for addressing the obesity epidemic in Asia.
These include focus on healthy diet and enhanced physical activity using macro-
level interventions, and by addressing the social determinants [29]. Both are impor-
tant in the management of generalized and abdominal obesity [42, 43]. However,
the long-term effectiveness of an individualized lifestyle approach is marginal, as
reported in the US-based LOOK-AHEAD trial and several trials in Asia [44, 45].

Pharmaceutical agents have also been studied for obesity management, but the
outcomes are not satisfactory and most of the drugs used to date have been associ-
ated with major side effects (Table 6.4) [46]. There are no Asian-specific trials of
any of these drugs, and larger and long-term trials should be conducted in Asian
populations, especially focused on abdominal obesity, which is associated with a
substantial risk of hypertension, diabetes, and cardiovascular disease in these
populations.
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Table 6.4 Pharmaceutical agents for obesity management

Strategy Drugs Usefulness
Metabolic drugs GLP-1 receptor agonists (e.g., semaglutide) 4t
Twincretin agents (e.g., tirzepatide) +++
SGLT2 inhibitors (e.g., dapagliflozin) ++
Locaserin +
Surgery Bariatric surgery -t
Older drugs Anorexigenic drugs, antidepressants, cannabinoids Side effects and toxicity

GLP-1 glucagon-like peptide-1, SGLT2 sodium-glucose co-transporter 2

6.3  Social Determinant Approach
for Hypertension Management

Prospective studies have reported a number of hypertension risk factors that encom-
pass macrolevel social determinants of health to individual-level factors (Table 6.5).
Many of these hypertension determinants and risk factors can be controlled by
social, economic, and health policy and clinical interventions, as highlighted in the
Lancet Commission on Hypertension [42]. The Lancet Non-Communicable Disease
Countdown 2030 strategy document outlines multiple pathways for achieving the
United Nations’ (UN) Sustainable Development Goal (SDQG) target 3.4—to reduce
premature mortality from noncommunicable diseases by a third relative to 2015
levels by 2030 [47]. It confirms that globally, regionally, and nationally, the risk of
dying from various noncommunicable diseases is marked by huge diversity in terms
of magnitude. It also highlights the fact that no country can achieve this UN SDG
target by addressing a single disease. Pathways to the SDG 3.4 target require accel-
erated reductions in several diseases (especially hypertension and cardiovascular
diseases) to the rates of decline achieved in the best performing 10% of countries
evaluated. Essential components of strategies to achieve SDG target 3.4 in most
countries include effective health system interventions, the most important being
hypertension management. Scaling up these interventions requires an accessible
and equitable health system with the capacity for priority setting, and implementa-
tion of noncommunicable diseases care within the health system is especially
important in Asia [48, 49].

Addressing social determinants is central to the prevention of hypertension and
to improve its management and control [29]. Social and financial policies are impor-
tant and can lead to significant change in population health. The policies relevant to
Asia include focus on universal right to education, universal basic income, job guar-
antee schemes, social support, strict application of the World Health Organization
framework convention on tobacco control guidelines, taxes on cigarettes, tobacco,
alcohol and sugar-sweetened beverages, and a ban on trans fats [48]. Healthcare
policies include promulgation of socialized medicine, state-funded health services,
high-quality universal healthcare, health insurance for select groups (poor, margin-
alized, elderly, etc.), drug price control and production of high-quality generics, and
free medicine supply in public health systems [49, 50]. Technological interventions
could be important and need more Asia-specific studies before implementation [51].
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Table 6.5 Macrolevel and microlevel social and clinical determinants of hypertension that need
suitable interventions

Macrolevel and social determinants of

health Individual and clinical factors

Individual-level socioeconomic factors
Maternal nutrition and development origin

Macrolevel social factors
Human and social development

Societal evolution

Lifetime social class

Societal inequality Education
Urbanization Income
Migration Occupation
Area-based measures Employment status
Macroeconomic factors Exclusion
Measures of income Stress
Gini coefficient Addiction
Education Anthropometric factors
Food availability Age
Transport Sex
Political determinants Body-mass index

Waist circumference, waist-hip ratio
Adherence to healthy lifestyles

Cultural determinants
Healthcare service delivery
Universal health coverage Smoking/tobacco use
High quality primary care Healthy/unhealthy diet
Availability of medicines Alcohol abuse
Medicine cost Primary prevention (risk factor management)
Secondary prevention (disease management)

6.4 Conclusions

Genetic factors are important in hypertension pathophysiology, and a number of
genes and polymorphisms that predispose to hypertension and its complications
have been identified by genome-wide association studies. However, there are lim-
ited hypertension genome-wide and candidate-gene association studies in Asia.
Hypertension polygenic risk scores should be evaluated for early identification of
hypertension risk. Generalized and abdominal obesity are important hypertension
risk factors and are widely prevalent in most Asian countries. Asia-specific hyper-
tension pharmacogenomics and other management strategies, including technology-
based interventions, need further evaluation. The burden of hypertension in Asia can
be alleviated by implementation of a social determinant approach [52] to control
proximate hypertension risk factors.
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Effect of Pollution and Environmental
Factors on Hypertension and CVD

Suganthi Jaganathan and Dorairaj Prabhakaran

7.1 Introduction

Every individual is exposed to a multitude of environmental factors in their every-
day lives. These can be classified into the following: [1] a general external environ-
ment, including factors such as the urban environment, climatic factors such as
climate change, social capital, and stress; [2] an external environment that includes
specific contaminants, diet, physical activity, tobacco, infections, etc.; and [3] an
internal environment that includes internal biological factors such as metabolic fac-
tors, gut microflora, inflammation, and oxidative stress [1]. This chapter discusses
general external environmental factors and their role in cardiovascular diseases
(CVDs), with specific reference to hypertension. This includes exposures such as air
pollution, green spaces and built environment, night light, noise, extremes of tem-
perature, metals and metalloids and their imbalance, which are known to be major
causes of chronic noncommunicable diseases globally. Climate change is evolving
issue, and its effects on CVDs are not yet fully understood and this issue is therefore
beyond the scope of this chapter.
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7.1.1 Air Pollution

Air pollution results from a complex blend of gaseous mixtures and particulate con-
stituents that vary by time and location [2]. It is a function of chemistry, size, or
mass, and specific constituent elements. Each air pollutant has a distinct source,
which could be domestic, anthropogenic (a result of human activity), industrial,
construction, secondary processes, and so on. The World Health Organization
(WHO) has developed air quality guidelines with maximum threshold levels for
these pollutants. The WHO air quality guidelines are designed to offer guidance in
reducing the health impacts of air pollution based on expert evaluation of current
scientific evidence, and these standards are not legally binding. Hence, nonadher-
ence to these guidelines is not strictly enforced. In addition to the WHO air quality
guidelines, individual countries set their own air quality guidelines unique to their
local context. Table 7.1 lists air quality standards of various pollutants set by WHO
and examples from other countries [3-6].

1. Particulate matter
One of the major air pollutants, particulate matter (PM) is broadly categorized
by its aerodynamic diameter: <10 pm (thoracic particles [PM,¢]), <2.5 pm (fine
particles [PM,s]), <0.1 pm (ultrafine particles), and between 2.5 and 10 pm
(coarse [PM,5_10]). PM is quantified by the particles (mass) contained per cubic
meter (pg/m?) of air. PM is composed of both primary and secondary chemical
components. Primary PM is derived from particle emissions from a specific
source. Secondary PM originates from gas-phase chemical compounds present
in the ambient atmosphere that have participated in new particle formation or
condensed onto existing particles. Primary particles, and the gas-phase com-
pounds that ultimately contribute to PM, are emitted by natural and anthropo-
genic (human) sources [7]. However, over 90% of the pollutant mass breathed in
urban settings is from gases or vapor phase compounds, including volatile

Table 7.1 Overview of air quality guidelines

Major air WHO Chinese
pollutants  standards US standards ~ EU standards  Indian standards standards
PM, ;s 15 pg/m® (D); 35 pg/m? (D); 25 pg/m® (A) 60 pg/m? (D); 75 pg/m? (D);
S5pg/md(A) 12 pg/m? (A) 40 pg/m® (A) 35 pg/m’ (A)
PM,, 45 pg/m* (D); 150 pg/m? (D) 50 pg/m* (D); 100 pg/m* (D); 150 pg/m? (D);
15 pg/m? (A) 40 pg/m’ (A) 60 pg/m? (A) 70 pg/m® (A)
SO, 20 pg/m® (D) 75 ppb (H) 350 pg/m? (H); 80 pg/m? (D); 150 pg/m? (D);
125 pg/m® (D) 50 pg/m? (A) 60 pg/m’ (A)
NO, 25 pg/m* (D); 100 ppb (H) 200 pg/m* (H); 80 pg/m’ (D); 80 pg/m’ (D);
10 pg/m? (A) 53 ppb (A) 40 pg/m® (A) 40 pg/m® (A) 40 pg/m’® (A)
O, 100 pg/m? 0.070 ppm 120 pg/m? (8h) 100 pg/m?® (8h) 160 pg/m?* (8h)
(8h) (8h)

A annual, D daily, H hourly, 8 h 8-hourly, PM, 5 particles with a diameter of <2.5 pm, PM,, parti-
cles with a diameter of <10 pm, SO, sulfur dioxide, NO, nitric dioxide, O; ozone, ppm parts
per million
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organic carbons [8]. Anthropogenic sources can be divided into stationary and
mobile sources. Stationary sources include fuel combustion for electricity pro-
duction and other purposes, industrial processes, agricultural activities, road and
building construction, demolition, and biomass combustion. Mobile sources
include diesel- and gasoline-powered highway vehicles and other engine-driven
sources such as locomotives, ships, aircraft, and construction and agricultural
equipment [7]. According to revised 2021 WHO air quality guidelines for fine
particulate matter (PM, ), the annual mean must be 5 pg/m* and the 24-h mean
must be 15 pg/m?® [9]. Global population-weighted PM, 5 increased by 11.2%
from 1990 to 2015. Countries like Bangladesh, China, India, Nepal, and Pakistan
have higher population-weighted mean concentrations of PM, 5 than other coun-
tries in the region as shown in Fig. 7.1 [10, 11].
2. Ozone (0O3)

Ozone is the most prevalent secondary pollutant, often referred to as “smog.”
Ozone develops in the atmosphere from gases that come out of tailpipes, smoke-
stacks, and many other sources. When these gases come in contact with sunlight,
they react and form ozone smog. This occurs via reaction of pollutants such as
nitrogen oxides (NO,) from the vehicle and industry emissions and volatile
organic compounds (VOCs) emitted by vehicles, solvents, and industry with
sunlight (photochemical reaction). As a result, the highest levels of ozone pollu-
tion occur during periods of sunny weather [8, 9]. The WHO-recommended limit
for ozone is 100 pg/m? 8-h mean. Global population-weighted Os increased by
7.2% from 1990 to 2015 [10].

South Asia has the highest level of PM2.5 air pollution
PM2.5 air pollution, mean annual exposure (micrograms per cubic meter)

90 /\/\/ South Asia

80 ......................................
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Europe & Central Asia
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Fig. 7.1 PM2.5 levels in various regions of the world. Between 1990 and 2010 the data is avail-
able at 5 year intervals (1990, 1995, 2000, 2005, 2010). For the other years, the data points have
been interpolated. (Source: World Development Indicators (EN.ATM.PM2.5.MC.M3))
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3.

Nitrogen dioxide (NO,)

NO, is the indicator for gaseous oxides of nitrogen (i.e., oxidized nitrogen com-
pounds), including nitric oxide and gases produced from reactions involving
NO, and nitric oxide [12]. The primary sources of anthropogenic emissions of
NO, are combustion processes (heating, power generation, and engines in vehi-
cles and ships). NO, is the main source of nitrate aerosols, which form an essen-
tial fraction of PM, 5 and, in the presence of ultraviolet light, ozone. The current
WHO guideline value of 10 pg/m? (annual mean) and 25 pg/m® (daily average)
was set to protect the public from the health effects of NO, [9].

Sulfur dioxide (SO,)

The largest source of SO, in the atmosphere is the burning of fossil fuels by
power plants and other industrial facilities. Smaller sources of SO, emissions
include industrial processes such as extracting metal from ore, natural sources
such as volcanoes, and locomotives, ships and other vehicles and heavy equip-
ment that burn fuel with a high sulfur content [13]. As per WHO air quality
guidelines, SO, concentrations should not exceed a 24-h mean of 20 pg/m? [9].

. Household air pollution

Sources of household air pollution (HAP) vary from country to country. They
include cooking fuel, cooking method, heating, tobacco smoking, incense
sticks, mosquito repellents, cleaning and personal care agents, pet animals,
construction dust, and so on. The most significant contributor to HAP is
unclean cooking fuel. Higher levels of HAP levels are typically encountered in
most low- and middle-income countries such as India, and these are much
higher than ambient outdoor levels in the exact geographic location, contribut-
ing to steep indoor-outdoor gradients [8]. Type of housing, including building
materials and proper ventilation, is also a significant factor in HAP. Urban
dwellings are often overcrowded in developing countries and do not have ade-
quate ventilation in the kitchen/cooking area [14]. For instance, mean indoor
24-h PM,, levels of 200-2000 pg/m® are common. Peak exposures of
>30,000 pg/m* during periods of cooking with exposure to low-efficiency
combustion of biomass fuels have been reported [15]. From India state-level
burden estimations, the 24-h mean concentration of PM, s in households that
use solid cooking fuel ranged from 163 pg/m? (95% confidence interval [CI]
143-183) in the living area to 609 pg/m?* (95% CI 547-671) in the kitchen area
[16]. The recommendations for regulating household air pollution focus on
reducing emissions of pollutants as much as possible while also recognizing
the importance of adequate ventilation and information and support for house-
holds to ensure the best use of technologies and fuels. Specific recommenda-
tions include household energy fuels and emphasis on accelerating access to
clean household fuels [17].

7.1.1.1 Mechanisms Associated with Air Pollution and CVD

Environmental exposures have been associated with a range of cardiovascular health
effects. Most environmental factors induce a similar response in the body when
inhaled, ingested, and absorbed through skin contact. There are several pathways by
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Fig. 7.2 Mechanisms by which environmental exposures are associated with cardiovascu-
lar disease

which environmental factors can influence CVDs and outcomes depending on their
entry route into the body. There are a variety of mechanisms by which various
inhaled air pollutants are associated with cardiovascular mortality and hypertension
(Fig. 7.2).

After inhalation, air pollutants are deposited in the respiratory tract and lungs,
and the smaller particles reach the alveolar region. These particles induce an inflam-
matory response and cross the alveolar membrane to enter the systemic circulation.
Primary initiating pathways are pollution-mediated oxidative stress, local inflam-
mation, and ion channel or receptor activation [18-20]. These trigger a chain of
events that include signal transduction via the systemic release of numerous biologi-
cal intermediates (such as oxidized lipids, cytokines, activated immune cells, mic-
roparticles, and endothelins), autonomic imbalance and activation of the
hypothalamic-pituitary-adrenal (HPA) axis, and nanoparticles or pollutant constitu-
ents reaching the circulation or transmitted via neurological pathways. These path-
ways are associated with various effects on the cardiovascular system, including
endothelial barrier disruption or dysfunction, tissue (vascular or adipocyte) inflam-
mation, heightened coagulation and thrombosis, increased potential for cardiac
arrhythmia and responses due to autonomic imbalance or HPA activation (e.g.,
vasoconstriction and increased blood pressure [BP]), secondary tissue damage
(leading to plaque instability) and epigenomic changes. Finally, this paradigm of
responsivity includes chronic end-organ changes resulting from long-term expo-
sures that promote future susceptibility. These changes include the potentiation of
cardiometabolic disorders, such as hypertension, diabetes mellitus, left ventricular
hypertrophy or remodeling, vascular hypertrophy, proteinuria or renal disease, and
the progression of atherosclerosis.
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7.1.1.2 Exposure Temporality

The timing and scale of the CVD effects of pollution vary and might depend on pol-
lutant characteristics, the duration of exposure and the degree of susceptibility,
influenced by genetic predisposition and homeostatic pathways. Various CVD
effects are triggered immediately after exposure to air pollution. CVD effects may
even convergence, leading to additive effects of the pathways, contributing to the
development of cardiovascular risk factors (such as high glucose levels and BP) and
diseases (such as coronary artery disease, heart failure, arrhythmia, and stroke). The
duration of exposure and pollutant characteristics are very important in determining
the extent of health impacts and are less studied. Epidemiological studies have
shown a stronger association between PM,s and CVD mortality, ischemic heart
disease, heart failure, myocardial infarction (MI), and stroke for both long- and
short-term exposures. Short-term exposures are also associated with hospitaliza-
tion, especially for heart failure, arrhythmias, and atrial fibrillation. It must be noted
that there is also no safe threshold of air pollution below which long-term air pollu-
tion exposure has no health effects [19, 20].

7.1.1.3 Pollutant Interactions and Climate Change

Climate and weather conditions have a strong influence on the spatiotemporal dis-
tribution of air pollutants. Analyzing pollutant interactions means studying two or
more pollutants for their association with the health outcome of interest. Effect
modification of multiple pollutants may be interdependent, synergistic (positive
interdependence) or antagonistic (negative interdependence). It is also essential to
study their interactions to understand if they have certain risks that can help prevent
adverse effects and for insights into impact mechanisms. Synergism may increase
the disease burden beyond that anticipated from the threat of one pollutant alone
and could place some people at particularly high risk (and vice versa for an antago-
nistic effect). Very few epidemiological studies undertake multipollutant analyses
and study complex pollutant interactions. These complex interactions between air
pollutants coupled with climate change suggest that future policies to mitigate these
twin challenges will benefit from greater coordination. Assessing the health impli-
cations of alternative policy approaches toward climate and pollution mitigation
will be a critical area of future work [21, 22].

7.1.1.4 Cardiovascular Diseases and Mortality

1. Particulate matter
The link between PM, 5 and cardiovascular mortality has been noted at both low
and high levels of exposure. It was ranked as the fourth mortality risk factor in
2015 and causes 6.7 million deaths globally, with 59% of these deaths occurring
in East and South Asia. Over 20% of these pollution-related deaths are due to
CVD [23]. For example, short-term elevations in regions with low daily levels of
exposure to PM, 5 (<35 pg/m?) is associated with a 0.3—1.0% increase in the rela-
tive risk of cardiovascular mortality per 10 pg/m?® increase in PM,5 [24]. At
higher levels of daily exposure (such as in China, where daily PM, s levels are
39-177 pg/m?), a meta-analysis of seven studies reported that each 10 pg/m?
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increase in PM, s was associated with a 0.35% (95% CI 0.06-0.65) excess risk of
cardiovascular death [25]. Although a growing body of studies supports the tox-
icity of ultrafine particles and possibly coarse PM [26], the growing burden of
evidence highlights PM, 5 as the principal air pollutant that poses the greatest
threat to global public health, especially CVDs [27].
. Ozone
Globally, exposure to ozone caused 254,000 (95% CI 97,000-422,000) deaths in
2015 [10]. However, evidence for the role of ozone in increasing CVD deaths is
somewhat contradictory. Large registry-based studies from France and Sweden
found associations between short-term increases in ozone levels and acute coro-
nary events [28], out-of-hospital cardiac arrest [29] and stroke [30]. In contrast,
a meta-analysis and systematic review reported no evidence of associations
between long-term annual ozone concentrations and the risk of death from
CVD [31].
. Oxides of nitrogen
Evidence for the effects of short-term and long-term NO, exposure on cardiovas-
cular outcomes (e.g., arrhythmia, cerebrovascular diseases, and hypertension), is
inconsistent. There still is uncertainty about whether NO, exposure has products
that are independent of other traffic-related pollutants. However, recent epide-
miologic studies indicate that short-term NO, exposure may trigger MI and hos-
pital admissions or emergency department (ED) visits for MI, angina, and their
underlying cause, ischemic heart disease [32]. New findings from experimental
studies point to the potential for NO, exposure to induce cardiovascular effects
and diabetes but are not sufficient to address uncertainties in the epidemiologic
evidence [12].
. Sulfur dioxide
Sulfur dioxide (SO,) is associated with changes in vasomotor tone [33], heart
rate and cardiac function [34]. Such mechanisms may underlie the association
between SO, and CVD [35, 36]. An occupational study found that a 10%
decrease in SO, emission was associated with 0.28% (95% CI10.39-0.95) and
1.69% (95% C10.99-2.38) reduction in CVD risk for males and females, respec-
tively. Thus, enhancing regulations on SO, emission control represents a target
for national and international intervention to prevent CVD [33].
. Household air pollution
The Global Burden of Disease (GBD) study estimated that HAP was associated
with 2.8 million deaths worldwide in 2015 [37]. In India, HAP is responsible for
0.61 million (95% CI 0.39-0.86 million) deaths annually [38]. A prospective
study in China showed that the use of solid fuel was significantly linked with
increased cardiovascular mortality (hazard ratio [HR] 1.20, 95% CI 1.02-1.41,
compared to clean energy) [19]. Large-scale intervention trials are underway to
investigate the effect of liquid petroleum gas (LPG) stove intervention (clean
fuel alternatives) on HAP exposures and health across the lifespan [39, 40].
Besides clean fuel, air filters have also been widely studied. Small random-
ized, controlled trials of air filtration to improve indoor air quality have shown a
consistent decrease in BP with a reduction in exposure to air pollution [41],
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confirming the causality of exposure in mediating the increase in BP. A trial
enrolling elderly individual in the USA found that air filtration systems reduced
PM, 5 from 15 to 7.4-10.9 pg/m?, which was associated with a systolic BP (SBP)
reduction of 3.2 mmHg (95% CI —0.2, 6.1) [42]. The mechanisms underlying
short-term BP increases in response to HAP might involve rapid alterations in
autonomic tone that are exacerbated in the presence of endothelial dysfunction
[43]. Emerging evidence shows that exposure to concentrated PM, s, but not
ozone gas, led to a linear increase in diastolic BP (DBP), which correlated with
changes in measures of autonomic function, such as heart rate variability [43].
Whether or not the cardiovascular effects of air pollution can be modulated by
intensive BP control is yet to be confirmed [19].

7.1.1.5 Hypertension

1.

Particulate matter

Most studies, including controlled clinical trials and large-scale meta-analyses,
support associations between PM, s and higher SBP and DBP [44, 45]. In con-
trast, some studies have reported protective effects or no association [46—49].
Several studies have been published investigating associations between short-
term PM, 5 concentrations and BP, but, overall, recent data provide mixed evi-
dence for associations [7]. Acute exposure to PM, s at 10 pg/m? correlated with
an increase in SBP of 1-3 mmHg [50]. The association between PM, 5 and BP
appears to be stronger among men, Asian individuals, those with higher body
mass index (BMI), and individuals living in areas with high air pollution levels
[51, 52]. Long-term exposure to PM, s is associated with correspondingly more
significant increases in BP and is also associated with incident hypertension
[52]. Importantly, associations between PM,s and hypertension have been
observed in studies from countries with low levels of pollution (Canada and the
USA) and those with extremely high levels of exposure to PM, 5 (India, China),
with no evidence for a flattening of the response at higher exposures [53]. A
longitudinal study found that long- and short-term exposure had strong effects
on SBP and DBP, and the risk of developing hypertension [52]. Higher average
systolic BP differences were seen for monthly and annual exposures (1.8 and
3.3 mmHg per interquartile range; ~9—15 pg/m® of PM, 5, respectively). Positive,
but less pronounced associations, were observed for DBP. Average PM, 5 expo-
sure over durations of 1 year, 1.5 years and 2 years increased the risk of develop-
ing hypertension by 1.5 times (50% higher risk) 1.6 times (60% higher risk), and
1.2 times (20% higher risk), respectively. These associations were stronger in
study participants who had higher waist-to-hip ratios (an indicator of central
obesity) [52].

Oxides of nitrogen

There is limited evidence from available epidemiologic studies and controlled
human studies to suggest that short-term exposure to ambient NO, is associated
with changes in BP or cardiac output in the population overall. However, it is
important to note that there is no evidence of any association in longitudinal
studies and but there is mixed evidence from cross-sectional studies [12].
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3. Ozone
The association between ozone and BP is not consistent and needs to be investi-
gated further. Some previous studies found that ozone exposure was negatively
(beneficially) or not associated with BP [54-56], but a recent study has reported
a positive association between ozone and both SBP and DBP measurements at
slightly higher exposure concentrations [43, 57].

7.1.2 Green Spaces and Built Environment

Green space is land partly or entirely covered with grass, trees, shrubs, or other
vegetation. These are generally described as man-made or modified structures that
provide people with living, working and recreational spaces. In general, parks, play-
grounds, vegetation, community gardens and forests are considered green spaces
[58]. They are believed to increase the quality of urban settings and promote sus-
tainable lifestyles, improving both the health and well-being of the population [59].
The built environment is closely related to green spaces which includes all aspects
of our lives, encompassing the buildings, water and electricity distribution systems,
and roads, bridges, and transportation systems. However, the built environment is
confounded by the socioeconomic status (SES) of an individual or family.

There is evidence that the built environment, an important determinant of health
and well-being, may contribute to CVD risk [60]. Green space in urban areas lowers
air temperature [61, 62] and can improve air quality [63, 64]. Given that long-term
exposure to air pollution is related to higher CVD mortality [65, 66], green spaces
play a pivotal role in combating air pollution and improving CV health. Socio-
environmental characteristics such as social cohesion, neighborhood identity, and
stigmatization vary between communities with different area characteristics, con-
tributing to CVD risk factors and mortality. Social inequalities such as living in
deprived neighborhoods are associated with increased CVD prevalence and mortal-
ity, independent of personal income, education, and occupation or established CVD
risk factors [67].

The following are possible causal mechanisms through which green spaces and
built environment contribute to CVDs: psychological and physiological effects of
contact with the natural environment; reduction of pollutants; and opportunities for
social contacts and outdoor physical activity [68]. Some evolutionary hypotheses
state that human beings have a genetic need for nature. The impact of green spaces
on health is also often explained by green space-obesity and green space-physical
activity associations [69]. Green space has also been related to reduced stress and
better self-rated health, leading to lower CVD mortality [70].

7.1.2.1 Cardiovascular Mortality and Hypertension

A review of studies found a significant reduction in the risk of CVD mortality
among those living in areas with greater amounts of green space [71]. In a cross-
sectional study, the most versus least income-deprived group had a higher risk of
CVD mortality in areas with the lowest amounts of green space coverage (incidence
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rate ratio [IRR] 2.19, 95% CI 2.04-2.34) and those with the highest green space
coverage (IRR 1.54, 95% CI 1.38-1.73) [72]. A study that focused on parks and
recreation spaces found that proximity to a major road was independently associ-
ated with increased CVD risk [73]. Data from a US study showed that smaller
amounts of green space were associated with higher stroke mortality [74]. CVD
mortality in the least green areas was twice that in the greenest areas [75] and the
odds of CVD-related hospitalization were 37% lower [76]. In a longitudinal study
conducted in Ontario, Canada, higher levels of greenness were associated with a
lower risk of CVD and stroke mortality [77]. In the US, residential proximity to
green spaces was found to be associated with higher survival rates after ischemic
stroke, even after adjustment for socioeconomic factors [78]. In a Japanese study
[79], 5-year survival of the elderly was higher in those living near accessible green
space. Studies from Hong Kong also showed that greater amounts of natural green
space are associated with lower CVD mortality [80, 81]. A study conducted in
Australian adults reported that people who spent more time in green spaces had
lower rates of high BP [82, 83]. Furthermore, a Chinese study found that BP and
hypertension prevalence were lower in people living in greener areas [84].

In summary, these data show that exposure to vegetation decreases CVD risk,
mortality, and severity. However, most existing studies have a cross-sectional design
and therefore cannot provide information about causality. In addition, most were
conducted in developed countries, highlighting a need for population-based longi-
tudinal studies investigating the association between urban green space and CVD in
developing countries.

7.1.3 Night Light

Artificial light and technology (such as televisions, computer screens, and smart-
phones) expose people to light in the evening, opposing and desynchronizing
intrinsic clocks. Night light has been extensively researched in human circadian
and sleep patterns, and has been shown to cause acute suppression of melatonin in
response to light exposure and a shift in circadian phases. The circadian rhythm
controls internal process of the sleep-wake cycle, which is linked to metabolism-
regulating blood sugar and cholesterol [85] and regulating heart rate. Light cues,
the primary clock input signal (synchronizer), are received through the retina and
transmitted to the master clock, which synchronizes peripheral clocks throughout
the body via various neurohumoral signals [86]. Circadian rhythms are essential
regulators of cardiovascular physiology and disease [87, 88]. Chronic circadian
misalignment is associated with elevated BP and increases overall cardiovascular
risk [89]. There is sufficient evidence that common CVD events, including sudden
cardiac arrest, stroke, and MI, predominantly occur in the early hours of the morn-
ing in response to rising heart rate and BP [90] and early morning release of hor-
mones such as cortisol [91].

Night light and shift work, a well-studied domain among occupational research,
are known to disturb the circadian rhythm and alter BP, increasing the risk for CVD
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and mortality [92]. It is also widely accepted that circadian rhythm disruption can
increase the inflammatory responses leading to major CVDs [93].

7.1.3.1 Hypertension

Studies show that short-wavelength light (blue light and light-emitting diode [LED]
light) is a particularly strong desynchronizer and is associated with metabolic syn-
drome, sleepiness, and reduced quality of life [94]. Another well-studied example of
circadian disruption is in the intensive care unit. Critically ill patients in the inten-
sive care unit are often exposed to many factors such as parenteral feeding and 24/7
artificial lights. Cardiovascular functions with a 24-h rhythm, such as BP and heart
rate, and rthythms in core temperature, hormone secretion and activity, are disrupted
in these patients [95].

7.1.4 Noise

The definition of noise is “unwanted or disturbing sound.” Sound becomes unwanted
when it interferes with normal activities such as sleeping, conversation, or disrupts
or diminishes quality of life. Like air pollution, noise is another environmental fac-
tor that has an important bearing on cardiovascular health and disease. Noise gener-
ated from several sources, such as roadway traffic, railroads, construction activities
and aircrafts, interferes with communication, causes annoyance, and disturbs sleep.
The WHO reports an onset of adverse health effects in humans exposed to noise
levels above 40 decibels (dB) at night [89]. Direct exposure studies in humans have
shown that simulated traffic noise increases BP, heart rate and cardiac output, which
are likely to be mediated by the release of catecholamines, cortisol, and other stress
hormones. Similarly, exposure to aircraft noise, particularly at night, induces endo-
thelial dysfunction measured by flow-dependent dilation, increases BP [67]. Acute
effects occur not only at high sound levels in occupational settings but also at rela-
tively low environmental noise levels when concentration, relaxation, or sleep is
disturbed [18].

7.1.4.1 Cardiovascular Morbidity and Mortality

Insights from epidemiological studies show that exposure to traffic noise (aircraft,
road vehicles and trains) is associated with increased cardiovascular morbidity and
mortality [96]. In Europe, 40% of the population are exposed to road traffic noise
exceeding a daytime average sound level (Lpy) of 55 dBA Lpy and >30% population
are exposed to >55 dB at night which can lead to sleep disturbances [97]. Traffic
noise in Europe is responsible for 18,000 premature deaths, 1.7 million cases of
hypertension, and 80,000 hospitalizations each year [98]. In the US, nearly 46% of
the population (145.5 million individuals) are exposed to noise at levels exceeding
55 dBA Lpy, and 43.8 million individuals are exposed to noise levels exceeding 65
dBA Lpy [99]. Constant noise exposure induces stress, and affects cognitive func-
tion, autonomic homeostasis, and sleep quality, all of which could increase
CVD risk.
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7.1.5 Extremes of Temperature

The recent Intergovernmental Panel on Climate Change Sixth Assessment Report
[100] highlighted that the global mean surface temperature on earth is projected to
rise in the future. Global surface temperature between 2001 and 2020 was 0.99
[0.84—1.10] °C higher than in the period 1850-1900. Last decade (2011-2020), the
global surface temperature was 1.09 [0.95-1.20] °C higher than in 1850-1900, with
larger increases over land (1.59 [1.34-1.83] °C) than over the ocean (0.88
[0.68-1.01] °C) (IPCC 2021). Outdoor temperatures are associated with worsening
of CVDs [101], but the effect of extreme temperatures on CVDs remains unclear
[102]. There are limited studies assessing the impact of hot temperatures and heat-
waves on cardiovascular morbidity. Similarly, extreme cold increases the risk of
cardiovascular hospitalization at that time and for some days after [103, 104]. The
impact of cold spells on health has studied in cold-weather regions of Russia [105],
Canada [106], China [107], the USA [108] and the United Kingdom [109]. It has
been reported that both people and housing conditions are not well adapted to
extreme cold-weather events, and hence the increased adverse health events
[110, 111].

Cold weather is thought to be responsible for the greatest proportion of
temperature-related CVD mortality. Cold seasons cause physiological changes,
including increases in blood sugar, cholesterol levels, fibrinogen concentration and
platelet aggregation, predisposing to formation of clots in the coronary artery, the
start of acute MI and life-threatening arrhythmias [108]. Cold temperature also
causes peripheral vasoconstriction and an increase of cardiac afterload in patients
with preexisting CVDs. Furthermore, cold weather may contribute to the spread of
respiratory infections, with an indirect effect on cardiovascular performance [112].

On the other hand, physiological reactions to heat have been studied and ana-
lyzed in experimental settings. The studies that have been referenced below are
conducted in young and healthy volunteers, especially sports people and military
personnel. It has been shown that cutaneous and systemic vascular conductance is
significantly increased during heat exposure, thus ameliorating the increase in core
temperature [113]. On the other hand, this imposes an acute demand on the cardio-
vascular system by recruitment of cardiac reserve and increases heart rate and car-
diac output by up to 7-10 L/min [113] and decreases central blood volume, right
atrial pressure, mean pulmonary artery pressure, left atrial volumes, aortic mean
pressure, stroke volume, and total peripheral resistance (—52%) [114, 115].

7.1.5.1 Cardiovascular Mortality

Globally, increased mortality attributed to extreme outdoor temperatures has been
reported. This is exemplified by an increase in all-cause mortality of 2.1% (95% CI
1.6-2.6) when temperature increases by 1 °C above the regional heat threshold.
Smaller increases have been reported in mortality from cardiovascular causes (1.8%
[1.2-2.5]) and MI (1.1% [0.7-1.5]), while there was a greater increase in deaths
attributable to arrhythmias by (5.0% [3.2-6.9]). Overall, 33.9% of heat-related
deaths were attributable to cardiovascular causes [116, 117].
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7.1.5.2 Hypertension

Indoor and outdoor temperatures have independent effects on SBP, and both tem-
peratures must be controlled for in studies that measure BP. A study that used data
from the WHO MONICA Project risk factor surveys from 25 populations in 16
countries found that populations closer to the equator showed larger seasonal
changes in BP [114]. A 1 °C increase in indoor temperature reduced SBP by an
average of 0.31 mmHg (95% CI —0.44, —0.19), and a 1 °C increase in outdoor tem-
perature reduced BP by an average of 0.19 mmHg (95% CI —0.26, —0.11); the
effect of outdoor temperature remained after controlling for indoor tempera-
ture [118].

7.1.6 Metals and Metalloids (Arsenic, Cadmium, and Lead)

Metals and metalloids are widely distributed in the earth’s crust and are often
detected at very low concentrations in the human body. On the other hand, their
presence in the air, soil, and water, even in traces, can cause serious problems.
Multiple metals can induce oxidative stress, potential atherogenic effects, endocrine
disruption, and abnormal endothelial vascular functions. Specifically, metals can
produce reactive radicals, and deplete glutathione and other proteins involved in
redox balance. Arsenic, cadmium, and lead have consistently been associated with
increased risk of CVD and are included in the top ten environmental chemicals of
concern compiled by the WHO and the Agency for Toxic Substances and Disease
Registry (ATSDR) [119].

7.1.6.1 Arsenic

Prospective cohort studies evaluating arsenic exposure (using biomarkers or drink-
ing water measures) have found associations between arsenic levels in the low-to-
moderate range and the occurrence of CVD events, particularly coronary heart
disease. In addition to clinical CVD outcomes, arsenic exposure is associated,
although inconsistently, with established CVD risk factors such as hypertension
[120] and electrocardiographic abnormalities (including prolonged QT interval)
[121] in experimental and epidemiological studies. Clinical studies have also
reported dose-dependent arsenic-induced cardiovascular effects, including hyper-
tension, atherosclerosis, coronary heart disease, and stroke [122, 123].

7.1.6.2 Cadmium
Cadmium damages vascular tissues, induces endothelial dysfunction, and promotes
atherosclerosis via oxidative mechanisms [124]. It can also disrupt physiological
responses to oxidative stress by competing with zinc for binding to metallothionein,
a group of cysteine-rich proteins involved in antioxidant reactions, and by binding
glutathione [125]. It can also contribute to atherosclerosis indirectly through hyper-
tension and renal effects.

Chronic cadmium exposure is associated with hypertension [126]. However, the
exact influence of cadmium on the cardiovascular system remains controversial.
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More importantly, the data show that cadmium may exert effects on the cardiovas-
cular system at extremely low exposure levels. Data from in vitro showed that low-
dose cadmium levels may contribute to the initiation of pathophysiological changes
in the vessel wall [127].

7.1.6.3 Lead

Humans experience environmental exposure to lead mostly from air and dust,
and sometimes from food, soil, and drinking water [128]. Broadly, lead is asso-
ciated with cardiovascular outcomes [20]. High blood lead levels have been
associated with mortality due to coronary heart disease, peripheral artery dis-
eases, high BP, ventricular hypertrophy, and chronic kidney diseases. Lead pro-
motes oxidative stress, inflammation, endothelial dysfunction, and proliferation
of vascular smooth muscle cells and fibroblasts, and inhibits heart rate variabil-
ity [129].

Chronic low-level lead exposures are associated with the pathogenesis of CVD
[130]. Population-based studies have found that lead is associated with hyperten-
sion [131] and high BP [132], and atherosclerosis and increased cardiovascular
mortality [133]. The precise mechanism explaining the hypertensive effect of lead
exposure is unknown. An inverse association between estimated glomerular filtra-
tion rate and blood lead levels below 5 g/dL has been observed in general population
studies [134], indicating that lead-induced reductions in renal function could play a
major role in the development of hypertension in this setting.

7.2 What Needs to Be Done

Complex issues such as air pollution, extremes of temperature, green spaces, and
other exposures as discussed earlier in this chapter require comprehensive evalua-
tion to facilitate understanding of the health impacts and take necessary action.
Most of the epidemiological studies discussed in this chapter are based on high-
income countries, with a few exceptions. There are several understudied areas of
research, and several successful policies and interventions that could help to improve
the population health.

7.2.1 Research and Capacity Building

There are still many areas where environmental exposures and their impacts on
CVD are yet to be explored. Some areas where further research is required are
described below, although the list is not exhaustive [8, 135].

1. Pollutant mixtures and interaction: Traditionally, studies have only examined
one pollutant at a time. This means that there are very few multipollutant studies,
especially in the Asian context. This is important because pollutant interactions
play a key role in health and disease.
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. Longitudinal studies for cardiovascular risk factors: There is a need to inves-
tigate CVD risk factors in longitudinal studies to allow better appreciation of the
exposure-response function in diverse exposure settings.

. Time-series studies for cardiovascular mortality: CVD mortality in Asian cit-
ies and environmental exposures is not well documented. These data would be
important to help establish stricter guidelines around dangerous environmental
exposures.

. Context specific studies in high/low exposure and rural/urban areas: Given
that environmental pollutants are so diverse in spatiotemporal scale, they need to
be studied for specific context, including in both rural and urban areas, and in
high and low exposure settings. Exposure levels can vary even within a given
city/state/province.

. Studies examining both outdoor and indoor air pollution: There is a school
of thought that studying outdoor or indoor air pollution in isolation could lead to
either under- or over-estimation of exposures. Therefore, detailed exposure
assessment including both indoor and outdoor spaces should be considered. In
addition, standard procedures for ascertaining exposures need to be used to facil-
itate comparison between studies.

. Speciation analysis: Some of the studies that have assessed the composition of
PM indicated that composition is important factor for specific health impacts.

. Intervention trials for specific population and health outcomes: Research on
reducing various environmental exposures and documenting the effectiveness of
interventions will be informative. Given that most listed environmental expo-
sures have a cultural angle, it is imperative to conduct intervention trials so that
the data can be used to help inform local policies.

. Health impact assessments: These assessments form an important part of the
evidence base about various environmental exposures. Many Asian countries
lack continuous monitoring data relating to environmental exposures and robust
health impact assessments.

. Capacity building: There are two aspects to this. Firstly, environmental health
research is an emerging field in several Asian countries, and therefore there is a
need to build capacity at various levels, such as monitoring, research, policies,
setting regulations, health association studies, etc. Secondly, healthcare profes-
sionals need to have knowledge and awareness about the potential health risks
associated with environmental exposures. This allows them to better inform
patients with specific health conditions to prevent acute exposures.

7.2.2 Policies and Intervention

Some historic policies have contributed to reductions in air pollution and prevented
CVD mortality in different parts of the world [131, 132]. These are some examples:

1. 1952 London fog: This occurred when coal consumption in the UK skyrocketed

and smoke enveloped cities like Glasgow, Leeds, London, and Manchester,
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blocking out the sun, blackening buildings, increasing the severity of fog, and
contributing to 12,000 excess deaths. Subsequently, the UK government passed
the Clean Air Act of 1956 which regulated both domestic and industrial smoke
emissions for the first time [136].

2. Air pollution reached its worst levels in Los Angeles during the 1940s and 1950s.
Millions of people driving millions of cars plus temperature inversion provided
Los Angeles with a near perfect environment for the production and containment
of photochemical smog. In 1947, the Los Angeles County Board of Supervisors
established the nation’s first air pollution control program by creating the Los
Angeles County Air Pollution Control District. A children’s health study cap-
tured lung function data from three different cohorts of children born in the
1980s, 1990s, and 2000s, and showed significant improvements in lung function
development, irrespective of asthma status [137].

3. Beijing Olympics: This is a successful example of reducing air pollution through
traffic control, closing highly polluting factories and use of natural gas in place
of coal-fired boilers, which was associated with decreased cardiovascular mor-
tality [138].

4. A ban on coal sales in Dublin was associated with decreased cardiovascular
deaths [139].

1. Monitoring of environmental exposures and data availability: Strengthening
of the existing monitoring network and expansion to cover areas that are sparsely
monitored. In addition to monitoring, improving data availability for researchers
and policy makers is important.

2. Given the diversity of exposures and their sources, policy action and interven-
tions should take a multidisciplinary approach including experts such as engi-
neers, urban planners, transport and health researchers, social scientists,
intervention specialists, economists, and others. Some of the best policy
approaches are to reduce industrial emissions, improve energy options, reduce
traffic congestion, and remove sources of pollutant.

3. Vehicular and fuel standards: Based on knowledge that the major contributing
sources of PM and ozone are poor vehicular and fuel standards, along with
incomplete combustion, there is need to work in this area and ensure strict regu-
lations for adapting to newer vehicular and fuel standards. Best practices with
vehicular emission and standards should be improved, and increased use of pub-
lic transport and strict policies related to replacement of older diesel vehicles
are needed.

4. Construction activities with improved materials: Research is also required in
advanced construction materials and technologies which should be designed to
help reduce the air pollution and improve cost-effectiveness.

5. Household clean fuel with adequate ventilation: There are a few intervention
studies that have promoted the uptake of clean cooking fuel in developing coun-
tries. More research is required to facilitate understanding of the health impact
and cost-effectiveness of these interventions in various settings. Houses must be
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designed with special attention to exposure-ventilation and have dust suppres-
sion techniques.

. Personal protection: This includes anti-pollution masks, air purifiers, and

noise-canceling technologies. It is an emerging field where these are tested in
various settings to determine their effectiveness in improving the health. Personal
protection is design to personal exposure to air pollution and noise. Very few
studies have been conducted in Asian cities, which have higher loads of both
indoor and outdoor air pollution. It is also important to evaluate the health
impacts of using personal protection interventions in occupational settings and
high-risk groups.

. Planned cities with more access to green spaces: Emerging economies need to

plan their cities for future generations, with more focus on green spaces. This
requires improved urban planning, and more localized studies will help inform
policy makers about the benefits of living closer to green spaces.

. Regulating noise levels and metals: Regulating noise levels and exposures to

metals and metalloids need to be contextualized for specific settings. This is only
possible when there is robust evidence about their health impacts.

. Climate resilient households: With looming challenges of extreme tempera-

tures, development of climate-friendly policies is needed to minimize the health
impacts of higher temperatures. Again, this also specific for different cities and
countries, which all have different challenges. Some cities are being affected by
heat waves, while others have extreme cold, some have drought conditions, and
others are experiencing more floods and hurricanes.
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What Is New in the Non-pharmacological 8
Approaches to Hypertension Control

Kwee Keng Kng and Ashish Anil Sule

Non-pharmacological therapy such as lifestyle modification is recommended to all
patients with hypertension or high normal blood pressure as it may be sufficient to
delay or prevent the need for drug therapy in patients with Grade I hypertension
(SBP of 140-159 mmHg or DBP of 90-99 mmHg). Lifestyle modification can also
augment the effects of antihypertensive agents. However, lifestyle changes should
never delay the initiation of drug therapy in patients with high cardiovascular risk.
A major limitation of lifestyle modification in hypertension control is that there is
poor persistence over time [1].

All healthcare professionals have an important role in promoting lifestyle
changes. Lifestyle modification that we are discussing include diet, dietary sodium
restriction, smoking, alcohol intake, weight loss and physical activity (Table 8.1).

8.1 Diet

The concept that multiple dietary factors affect blood pressure is supported by a
significant body of evidence. In non-hypertensive individuals, dietary modifications
can lower blood pressure and prevent hypertension. In uncomplicated Grade I
hypertension, dietary modifications serve as initial treatment before drug therapy.
The DASH diet is a combination diet rich in fruits, vegetables, legumes, and low-
fat dairy products and low in snacks, sweets, meats, and saturated and total fat. The
DASH diet comprised of four to five servings of fruit, four to five servings of
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vegetables, two to three servings of low-fat dairy per day, and <25% fat. It was
observed that the DASH diet reduced the blood pressure by 5.5/3.0 mmHg more. In
hypertensive patients, the DASH diet reduced the blood pressure by 11.4/5.5 mmHg
more. In conclusion, the DASH diet can substantially lower blood pressure and
offers a nutritional approach to preventing and treating hypertension [2].

ESC/ESH recommends a healthy balanced diet containing vegetables, legumes,
fresh fruits, low-fat dairy products, wholegrains, fish, and unsaturated fatty acids
(especially olive oil), and to have a low consumption of red meat and saturated fatty
acids [1].

8.2 Dietary Sodium Restriction

There is a direct relationship between sodium intake and elevated blood pressure [2,
3]. Dietary modifications are established to lower blood pressure and one of the
ways is to reduce salt intake [2]. Sodium is commonly consumed as sodium chloride
(table salt). It is uncommon not to find salt in food. Though population-wide sodium
reduction is a means to prevent cardiovascular disease and stroke [4], it is challeng-
ing to reduce and limit salt intake.

As sodium intake is reduced, blood pressure is also reduced. A few studies also
showed that these effects in Asian populations were greater. A Cochrane review has
shown that a reduction of sodium intake from a high average of 201 mmol/day
(11.6 g of salt) to an average level of 66 mmol/day (3.8 g of salt), resulted in a
decrease in blood pressure of 7.8/2.7 mmHg in Asian people with hypertension [3].
In those hypertensive patients already on drug therapy, dietary sodium restriction
can further lower blood pressure [2]. Hence, dietary sodium restriction is recom-
mended in major international and national guidelines as a component of nonphar-
macologic therapy of hypertension.

ESC/ESH recommends sodium intake to be limited to approximately 2.0 g per
day (equivalent to approximately 5.0 g salt per day) in the general population and to
try to achieve this goal in all hypertensive patients [1].

8.3 Smoking

Cigarette smoking, including second-hand smoking, [5] increases blood pressure
[6]. In a study on normotensive smokers, the average systolic blood pressure
increased by approximately 20 mmHg after the first cigarette. Blood pressure began
to fall 10-15 min after smoking was stopped. However, if smoking was continued,
blood pressure remained elevated [7].

Smoking cessation is the single most effective lifestyle modification for the pre-
vention of a large number of cardiovascular diseases [6]. Smoking cessation can be
achieved by non-pharmacological methods such as cold turkey and gradual reduc-
tion method. Pharmacological agents approved for smoking cessation include nico-
tine replacement therapy, bupropion and varenicline.
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Bupropion was effective for smoking cessation in 248 Chinese patients treated in
the outpatient setting. At the end of 12 weeks, the abstinence rate for Bupropion and
that of placebo was 39.8% and 8.0%, respectively (both p < 0.001) [8].

In a narrative review, it was concluded that varenicline was an effective medica-
tion that could assist smoking cessation in the Asians. The results in Asians (Japan,
Korea, and Taiwan) were about the same as those for western populations [9]. A
study involving 618 Japanese smokers reported a complete abstinence rate of 65.4%
for varenicline at weeks 9—12, which was comparable to the 44% abstinence rate
reported in the US studies [10].

8.4 Alcohol Intake

Study has shown an association between excess alcohol intake and the development
of hypertension [11].

In a Cochrane review of alcohol consumption in healthy persons, alcohol was
reported to have a biphasic effect on blood pressure after consumption. Both
medium- (14-28 g) and high-dose alcohol (greater than 30 g) decreased blood pres-
sure within 6 h of consumption while high-dose alcohol increased in blood pressure
after 12 h [12].

In a systematic review and meta-analysis, it was found that a reduction in alcohol
intake was associated with increased blood pressure reduction in people who drank
more than two drinks per day. On the other hand, a reduction in blood pressure was
not seen with a reduction in alcohol in people who drank 2 or fewer drinks per day.
In people who drank 6 or more drinks per day, reduction in systolic blood pressure
of mean difference —5.50 mmHg (95% CI —6.70 to —4.30) and reduction in dia-
stolic blood pressure of mean difference —3.97 mmHg, 95% CI —4.70 to —3.25)
was significant if they reduced their intake by about 50% [13].

Conversely, in another meta-analysis, moderate alcohol intake seems to have
cardioprotective effect where people who consumed 8—10 g of alcohol per day had
a decreased risk for all-cause mortality (RR 0.82, 95% CI 0.76-0.88) [14].

ESC/ESH recommends hypertensive men who drink alcohol should be advised
to limit their consumption to 14 units per week and women to 8 units per week (1
unit is equal to 125 mL of wine or 250 mL of beer) [1].

8.5 WeightLoss

Excess weight usually raises blood pressure while weight loss usually lowers blood
pressure [2]. Every 1 kg weight loss can lead to blood pressure lowering by
0.5-2 mmHg [15]. Weight loss diets reduced body weight and blood pressure [16].

ESC/ESH recommends maintenance of a healthy body weight (BMI of approxi-
mately 20-25 kg/m? in people <60 years of age; higher in older patients) and waist
circumference (<94 cm for men and <80 cm for women) is recommended for
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non-hypertensive individuals to prevent hypertension, and for hypertensive patients
to reduce blood pressure [1].

8.6  Physical Activity

Regular exercise is recommended for lowering blood pressure [17]. There is an
inverse relationship between higher exercise dose with a lower incidence of hyper-
tension incidence [18] and a lower rate of mortality [19]. In a meta-analysis, aerobic
exercise was found to significantly lower both resting systolic/diastolic blood pres-
sure and daytime ambulatory blood pressure by 3.0/2.4 mmHg and 3.3/3.5 mmHg,
respectively [20]. There is no one exercise prescription that is suitable for all adults
and the prescription should be individualized.

ESC/ESH recommends hypertensive patients should be advised to participate in
at least 30 min of moderate intensity dynamic aerobic exercise (walking, jogging,
cycling, or swimming) on 5-7 days per week [1].
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Special Diets in Various Asian
Populations and Their Effect

on Hypertension and Cardiovascular
Disease

Neeta Deshpande

9.1 Introduction

Globally, cardiometabolic deaths can predominantly be attributed to dietary habits.
The risk of cardiovascular disease (CVD) increases in direct proportion to hyperten-
sion across all ranges of blood pressure (BP) [1]. Although there are several risk
factors for hypertension, including genetic and behavioural aspects, there is also
evidence that diet plays an important role in the increasing prevalence of this dis-
ease. It is well known that chronic overconsumption of sodium-rich food, excessive
calories, fats, and carbohydrates combined with reduced intake of plant-based food
increases the risk of developing hypertension and CVD. From a public health and
economic perspective, dietary strategies are viable options to mitigate the risks. To
reiterate the importance that diet plays in the entire cardiometabolic conundrum,
optimal lifestyle modification can reduce the risk of myocardial infarction by
81-94% [2, 3] compared to just 20-30% with the use of pharmacotherapy [4]. Of
course, cultural norms and a population’s traditional dietary habits may prove to be
a challenge in the implementation of such strategies. Several studies explore the
relationship between diet and these conditions. In some studies, the Dietary
Approaches to Stop Hypertension (DASH) diet in a variety of versions [5-9], plus
reduced salt intake [10-12] has been shown to be effective in reducing BP. Both
individual foods and specific dietary patterns of certain geographical areas assume
importance when we assess the relationship between hypertension and diet.
However, a lot of existing data come from cross-sectional studies. Given that hyper-
tension and CVD are major contributors to morbidity and mortality globally, it is
imperative that we find preventive strategies, especially in the form of nutritional
interventions, to try and reduce the prevalence of these diseases.
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9.2 Diet and Hypertension
9.2.1 The Relationship

Several nutrients, including sodium, potassium, fibre, whole grain, magnesium,
nuts, protein, calcium, dairy products, and vitamin D, have all been shown to favour-
ably or unfavourably affect BP, some with sufficient evidence and some without.
The effects of sodium, potassium, fruits, vegetables, and fibre on BP are well known.
However, there are many nutrients for which the relationship is not yet clear. More
studies are needed to establish the relationship between nutrients such as magne-
sium, calcium and nuts, and hypertension.

Vegetarianism: There are convincing data supporting the beneficial effects of
plant-based diets in the therapy of hypertension, as recently reviewed [13].
Historically, population studies and cross-sectional studies conducted as far back as
1929-1959 have shown a lower prevalence of hypertension in the indigenous popu-
lations of Africa, China, Germany, and Australia [14—16]. These were populations
that consumed predominantly plant-based food. Vegetarianism is also practiced as a
part of religious choices, and the effects are similar. For example, Seventh Day
Adventists (vegetarians) had lower BP than Mormons (omnivores), although their
lifestyles in other respects were comparable [17]. Similar results were obtained in
another study, and the prevalence of hypertension was 8.5-10% in the omnivores
compared with just 1-2% in the vegetarians [18]. A more recent meta-analysis of
data from 32 studies showed that vegetarians had significantly lower BP than omni-
vores [19]. Data from prospective cohort studies have corroborated these findings,
and all reported the significant superiority of plant-based versus meat-based diets
with respect to BP levels and rates of hypertension [20, 21].

Several hypotheses could explain why plant-based diets are more successful in
reducing BP. Predominantly plant-based diets are obviously higher in fibre and
lower in calories, which facilitates weight loss [22], something that is known to
lower BP. Secondly, many studies have noted an inverse relationship between high
potassium intake and BP [23]. It is possible that vegetarians have a higher potassium
intake than meat eaters [24], most likely due to the consumption of more fruits and
vegetables by vegetarians. Another hypothesis explores the relationship between
gut microbiota and hypertension but although there are many theories to explaining
this connection, human studies on the subject are scarce.

DASH Diet: All the above studies paved the way for the formulation of the very
effective DASH diet. It was used in the first ever randomized controlled trial to
assess the effectiveness of a plant-based diet in hypertension, although limited
amounts of lean meat were incorporated into this diet. To minimize confounding
factors, dietary sodium was kept uniform across all the study groups. The results
were very encouraging because the DASH diet significantly reduced systolic BP
(SBP) by 5.5 mmHg and mean diastolic BP (DBP) by 3.3 mmHg compared with the
control group [5]. Reductions in both SBP and DBP during consumption of the
DASH diet were greater in patients with known hypertension than in those with
normal BP at baseline. The combination of the DASH diet and sodium restriction
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had additive effects on BP reduction in a later trial. Perhaps both these trials could
have shown even better effects on BP had the nonvegetarian component been elimi-
nated entirely [6].

9.2.2 Role of Diet in Treatment

Even small reductions in BP can significantly reduce CVD risk and events [25].
Regardless of the need for pharmacotherapy, lifestyle modification is an important
part of disease management across all stages of hypertension. As noted above, the
DASH diet and sodium restriction are two dietary approaches that have gained a lot
of attention in the treatment of hypertension [5].

Salt intake: The recent SOTRUE randomized, double-blind feasibility study
examined the effects of a low sodium diet on BP in older adults (age >60 years)
[10]. Meals in both arms of the study were matched for all nutrients, including
potassium and macronutrients, and differed only with respect to sodium. Compared
with the typical sodium meal plan, the low sodium meal plan decreased SBP by
4.8 mmHg, but this was not statistically significant.

A recent meta-analysis of data from 185 trials investigated the effect of a low
sodium diet on BP, hormones, and lipids in both normotensive and hypertensive
individuals [26]. Most of the included studies were conducted in White participants
and therefore the results were stratified by race. Although some studies provided
only weak evidence, in general, the BP-lowering effects of a low sodium diet were
more pronounced in Black populations and Asians than in the White population.
However, this effect was more pronounced in patients with hypertension compared
with normal BP, suggesting that low sodium diets may not prevent hypertension but
could be an effective treatment. Importantly, the meta-analysis showed consistent
potential harmful effects of a low sodium diet on hormones such as renin, aldoste-
rone, noradrenaline, adrenaline and on lipids, especially in normotensive individuals.

Overall, data show that salt restriction is an important component of the non-
pharmacological treatment of hypertension. Physicians need to be aware of the salt
content of common diets. The sodium content of foods (per 100 g) in common
Indian diets is shown in Table 9.1.

Combined DASH diet and salt restriction: In 2001, the DASH Collaborative
Research Group published the DASH-Sodium Study, which investigated the combi-
nation of a DASH diet with different dietary sodium levels in patients with or with-
out hypertension [6]. Thus, the two important modalities of lifestyle modification
and diet to control BP, namely sodium intake and the DASH diet, were combined in
this study. The results very clearly showed that a combination of the DASH diet and
low sodium intake had a more profound BP-lowering effect in subjects with and
without hypertension. Another important finding was that reducing dietary sodium
could have a beneficial effect on BP independently of the DASH diet.

A more recent study examined the effects of the low sodium and DASH diets
alone and in combination based on baseline BP [7]. Although reducing salt alone
was beneficial across BP categories, there was a dramatic reduction in BP when the
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Table 9.1 Sodium content of foods per 100 g—common Indian diets

<25 mg 25-50 mg 50-100 mg >100 mg

Low Moderate Moderately high High

e Amla e Raisins e Cauliflower ¢ Amaranth

* Bitter gourd e Carrots e Fenugreek (Methi) (Rajgira)
(Karela) e Black gram (Urad) < Lettuce (Salad e Bacon

* Bottle gourd dal Patta) e Egg
(Laukee) e Green gram (Moth) < Field beans e Lobster

e Brinjal (Baingan) dal Beetroot

* (Cabbage * Bengal (Chana) ¢ Watermelon

e Lady finger gram * Bengal gram dal
(Bhindi) e Banana e Tender liver

* Cucumber * Pineapple e Prawns

* Peas, onion, potato ¢ Apple * Beef

* Tomato ripe *  Mutton e Chicken

*  Milk

* Wheat

two dietary approaches were combined, especially in subjects with a baseline SBP
>150 mmHg (-20.8 mmHg).

High fat DASH diet: More recent thinking has been that high fat diets do not
have as much of a negative effect on metabolism as was thought at the time the
DASH diet was conceived. Therefore, a recent study used a modification of the
DASH diet that replaced low-fat components with high fat foods while all other
components of the DASH diet were retained [27]. The results showed that the high
fat DASH diet reduced BP to the same extent as the traditional DASH diet, and
reduced plasma triglyceride and very low-density lipoprotein (VLDL) levels and
not increasing low-density lipoprotein (LDL) cholesterol. The results of this study
are particularly significant because they allow variety in the diet because there is
variation in the macronutrient composition, allowing for some substitution of carbo-
hydrates for fat. This could facilitate better adherence to the diet because it gives the
individual more options.

Mediterranean diet: Another healthy diet that has possible beneficial effects on
BP is the Mediterranean diet. This describes the staple foods of countries that border
the Mediterranean Sea, such as Greece and Italy. The diet itself is mostly plant-
based, much like the DASH diet. The main difference is a much higher fat content,
mostly sourced from olive oil. In addition, seafood, dairy, and poultry are consumed
in moderation. There are several randomized clinical trials on the subject [28-30],
but with varied methodology.

9.2.3 Asian Perspective

It is well known that Asian communities living in the UK and other Western nations
have a higher prevalence of hypertension and CVD than their Caucasian counter-
parts [31-33]. Unlike a few decades ago, the prevalence of hypertension has now
increased in the countries of their origin, perhaps attributable to the increasing
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adoption of Western lifestyles and dietary patterns, which increases the prevalence
of obesity and its consequences, including hypertension and CVD [34]. All pub-
lished guidelines for treatment of hypertension emphasize the role of dietary ther-
apy [34-36]. However, the implications and implementation of this strategy need to
be examined for Asian populations. Added to the environmental insult, undesirable
dietary patterns are harmful for a thrifty genotype. Another racial difference seen is
renin suppression that has been seen in Japanese and Chinese individuals with
hypertension [37]. All of this is conducive to an explosion of metabolic disorders in
the Asian population. The various aspects of diet that influence hypertension from
an Asian perspective are described below.

DASH diet: As one of the two well-known diets that have been well studied and
known to impact hypertension favourably, the DASH diet appears to be closer to
Asian cultural norms in that it advocates the consumption of fruits, vegetables, low-
fat dairy, and reduced amounts of fat and cholesterol. On the other hand, not all
Asian communities would be able to adopt the Mediterranean diet in entirety
because it includes the use of olive oil with moderate intake of fish and wine in addi-
tion to the plant-based food that the DASH diet is based on. A study conducted in
Japan showed that a modified version of the DASH diet improved cardiovascular
risk factors when followed for 2 months [8].

Salt: In general, the sodium content of Asian cuisines is higher than recom-
mended by guidelines. For example, Chinese cuisine often uses monosodium gluta-
mate, which makes a significant contribution to sodium intake. In Asian population
reducing salt intake to acceptable limits has been shown to have a beneficial effect
on BP [11]. Although there is some evidence to show that potassium supplementa-
tion can help reduce BP [38, 39], none of the Asian hypertension guidelines specifi-
cally address the issue. Therefore, consumption of potassium-rich foods needs to be
encouraged. Of course, the DASH and DASH-like diets that have been advocated
by Asian guidelines do provide the requisite amount of dietary potassium.

A cross-sectional study conducted in China found that dietary intakes in middle-
aged adults fell into four distinct patterns: traditional Chinese; Western style; animal
food; and high-salt diets [40]. The results showed that those who consumed the
animal food and high-salt dietary patterns were at higher risk of developing hyper-
tension compared with those with the other patterns of dietary intake. Data from a
South Indian population (n = 8080) showed that sodium intake was higher than that
advocated by guidelines and was an independent predictor of higher SBP [41]. Salt
intake was higher in men than in women, with a correspondingly higher prevalence
of hypertension in men versus women.

Modified versions of these two dietary patterns (vegetable-based diets and salt-
restricted diets) have been advocated by guidelines from China, Japan, Korea,
Taiwan, and India [34, 42—45]. These guidelines recommend that salt consumption
should not exceed 5-6 g/day. However, they do not specify the potassium intake.
The Indian guidelines (2019) specify alcohol consumption: no more than two drinks
per day for most men and no more than one drink a day for women [34].

Whole grains: The nutritional benefits of whole grains are well known, espe-
cially in terms of preventing metabolic diseases including hypertension. However,
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the consumption of whole grains is limited mostly to the affluent classes in the
Asian region. A 3-year survey of Japanese adults showed that the chances of devel-
oping hypertension were considerably lower in those who consumed whole grain
foods versus those who did not [46]. A population-based study performed in India
showed that, among other variables, high dietary fat and low fibre intake were sig-
nificant determinants of hypertension, as were urban location, obesity, and truncal
obesity [47].

Monounsaturated fatty acids (MUFA): In another Asian study, 1529 Korean
subjects without hypertension were followed for 4 years to investigate the effects of
consuming MUFA and their metabolites on the incidence of new-onset hyperten-
sion. The results showed that MUFA and its metabolites had a protective effect
against onset of hypertension in this population [48].

Obesity pattern: Higher BMI has been linked to higher BP [49]. The correlation
is even stronger for visceral fat, which is reflected by waist circumference [50]. The
Asian Indian phenotype with increased body fat is now a well-accepted entity.
Managing and treating obesity optimally is an important component of dietary strat-
egies to treat hypertension, especially in Asian populations.

9.3 Diet and Cardiovascular Disease (CVD)
9.3.1 The Relationship

There is a good body of evidence showing a correlation between healthy eating and
alower risk of CVD in Western populations. However, such evidence is quite scarce
in Asian populations. It appears that Westernized diets high in sodium and low in
potassium could cause oxidative stress, resulting in damage to the vascular endothe-
lium. The underlying mechanism could be reduced availability of nitric oxide lead-
ing to defective relaxation of the vascular smooth muscle [51]. Westernized diets
that are predominantly meat based and low in fruits and vegetables, as well as potas-
sium, also lack phytochemicals, carotenoids, and other minerals present in plant-
based foods. These substances are natural antioxidants that help to reduce oxidative
stress. Indeed, the phytochemical content of the DASH diet was found it to be sig-
nificantly higher than in the control group [9].

Another diet that has been shown to reduce cardiovascular outcomes is the
Mediterranean diet. The ATTICA study conducted in Greece is worth mentioning in
this regard [52]. It included 3042 individuals without CVD who were followed up
for 10 years, at which time 2583 individuals could be assessed. Independent of any
other factors, intake of the Mediterranean diet conferred considerable protection
from CVD that was evident even in the presence of other risk factors, such as obe-
sity and smoking. Reductions were also seen in levels of C-reactive protein and
interleukin-6. Another analysis of the same study showed that a Mediterranean diet
reduced cardiovascular risk by 29.3%, irrespective of statin use [53]. However, car-
dio protection was not seen in a subgroup of this population who followed a
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DASH-like diet [54]. In a systematic review, the Mediterranean diet also protected
against stroke [55].

Preliminary studies suggest that the gut microbiome could be altered by the con-
sumption of soluble fibre to have a favourable effect on cardiovascular risk fac-
tors [56].

9.3.2 Role of Diet in Treatment

The DASH diet has been one of the mainstays of dietary treatment of CVD. The
Nurse’s Health Study showed that a DASH-type diet could reduce the risk of athero-
sclerotic heart disease and stroke [57]. One variation of the HF-DASH diet men-
tioned above replaces 10% of carbohydrates in the traditional low-fat DASH diet
with unsaturated fats [58]. This was shown to lower triglycerides and improve HDL
cholesterol, without any effect on LDL cholesterol, thereby improving the
Framingham Risk Score. Given that adherence to very low-fat diets may be poor
[59], this modification of the DASH diet may be beneficial in improving compliance
while retaining the beneficial effects on cardiovascular risk.

Endothelial health is vital to the prevention of CVD and attenuation of CVD
progression, and this is an area where diet can play a part. A meta-analysis of data
from 1930 patients showed that the Mediterranean diet had a beneficial effect on
endothelial health [28]. One measure of endothelial health, flow-mediated dilatation
(FMD), was improved by 1.66%. This suggests that a Mediterranean diet could
contribute to the early prevention of atherosclerotic vascular disease.

The CORDIOPREV study studied the comparative effects of a Mediterranean
diet rich in olive oil and a low-fat diet on endothelial dysfunction and included some
patients with diabetes [60]. Compared with baseline, FMD was significantly
improved after 1.5 years in patients with type 2 diabetes or prediabetes who con-
sumed a Mediterranean diet. Additionally, the FMD was significantly better in the
Mediterranean versus low-fat diet group. This has implications for slowing the pro-
gression of CVD in patients with type 2 diabetes.

9.3.3 Asian Perspective

There is a comparative lack of studies that have evaluated the correlation between
eating patterns and CVD in Asian populations. A recent cross-sectional study used
food frequency questionnaires to explore the correlation between healthy eating
patterns and cardiovascular risk factors in Chinese, Malay, and Indian individuals
living in Singapore [61]. In all groups, healthy dietary patterns seemed most similar
to the DASH diet and were associated with the healthiest individuals in terms of
cardiovascular risk factors (i.e., BMI and serum lipid levels.

Many South Asians reside in the USA. A study of these individuals found that
those who consumed meat, fried snacks and high fat food had a worse
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cardiovascular risk profile than those who consumed a DASH-like diet [62]. The
latter group also had a lower prevalence of hypertension and other metabolic risk
factors.

Vegetarianism: It has always been thought that vegetarianism protects against
the development of cardiometabolic disorders. A vegetarian diet appears to be quite
similar to the DASH diet in terms of content. However, South Asia, which has a
large population that practices vegetarianism, has recently seen a significant rise in
the prevalence of cardiometabolic disorders. It is possible that the vegetarianism
practised in South Asia is not optimal in terms of the food groups consumed. Indeed,
differences have been found between food groups consumed by vegetarian adults in
South Asia and the US [63]. The number of practicing vegetarians in South Asia
was much higher than in the US (33% vs 2.4%). Common food groups in the two
vegetarian populations were legumes, fruit, and vegetables. However, consumption
of desserts and fried foods was much higher in vegetarians from South Asian versus
the US, while the consumption of refined cereals, juices, and sodas was much lower
in vegetarians from the US versus South India. These differences resulted in
American vegetarians being considerably less overweight/obese and less likely to
have central obesity compared with their nonvegetarian counterparts. In contrast,
South Asian vegetarians were only slightly less overweight/obese than nonvegetar-
ian individuals from the same region. These data suggest that being vegetarian alone
may not ensure a better cardiometabolic risk profile, and that it is actually the food
groups consumed by vegetarians that are most important.

Indian diets: Indian diets are heterogeneous in terms of cuisines across different
states and have the common issue of being high in carbohydrates. There is recent
data which shows a strong association between high carbohydrate intake and the
incidence of cardiometabolic diseases in India [64]. India’s consumption of sugar is
huge and is the largest in the world [65]. In most states, carbohydrates can contrib-
ute as much as 70% of the total daily calorie intake. This increases the risk of type
2 diabetes and other cardiovascular risk factors. Also, Asian Indians are ethnically
prone to have insulin resistance [66]. This results in post-prandial spikes in blood
sugar, even in non-diabetic individuals, which are responsible for an increased bur-
den of oxidative stress. This is known to adversely affect the cardiovascular risk
profile [67].

94 Conclusions

Dietary strategies to alleviate cardiometabolic diseases and hypertension, and their
risk factors, are an important adjunct to pharmacotherapy. Dietary strategies are
cost-effective from a public health perspective, especially in developing countries,
such as many of those in Asia. In general, a diet that is mainly plant-based, such as
the DASH diet and its modifications, along with a salt intake that does not exceed
5 g/day must be implemented to reduce the burden of hypertension in Asian coun-
tries. Diets rich in potassium should also be advocated. Many traditional Asian diets
fulfil these criteria and must be actively propagated as lifestyle interventions for the
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prevention and management of hypertension. Many mechanisms explain the con-
nection, but more studies are required to elucidate the association. Plant-based diets
not only reduce BP, but also oxidative stress that impairs endothelial function,
thereby reducing the intensity of major cardiovascular risk factors. More population-
based studies are necessary in Asia to determine the dietary patterns and food groups
consumed. Additionally, the focus should also be on attaining optimal BMI to
achieve BP targets.
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Heart Rate Variability, Blood Pressure 1 0
Variability: What Is Their Significance
in Hypertension

Uday M. Jadhav and Shilpa A. Kadam

10.1 Introduction

Heart rate variability (HRV) represents changes in the RR interval and instanta-
neous heart rate (HR). The interval between successive beats is analysed. HRV is
recognised as an important marker of autonomic activity imbalance, and indicates
reduced vagal activity and increased sympathetic activity [1, 2]. Reduced HRV has
been shown to be a marker of increased risk after acute myocardial infarction
(AMI), and can provide an early indication of diabetic neuropathy [3].

Blood pressure variability (BPV) is also being increasingly recognised as an
independent risk factor for target organ damage and cardiovascular events. Variations
in BP can occur over the very short term (beat-to-beat), short term (over 24 h) or
long term (between visits or seasons). There is increasing evidence showing that
both short-term and long-term BPV correlate with target organ damage (TOD) and
CV events in patients with hypertension [4]. Increase BPV is also associated with
increased microvascular complications in diabetes mellitus (DM) and progression
of renal failure in patients with chronic kidney disease (CKD) [5].

10.2 Heart Rate Variability

HRYV is a non-invasive clinical tool that can help to detect cardiac autonomic dys-
regulation in hypertension. HRV is generally assessed by 2-min and 6-min beat-to-
beat heart rate recordings [1, 6, 7]. Common HRV measures are summarised in
Table 10.1.
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Table 10.1 Commonly used measures of heart rate variability

Variable, units Description

Statistical measures

SDNN, ms SD of all NN intervals

SDANN, ms SD of the averages of NN intervals in all 5-min segments of the
entire recording

RMSSD, ms The square root of the mean of the sum of the squares of
differences between adjacent NN intervals

SDNN index, ms Mean of the SD of all NN intervals for all 5-min segments of the
entire recording

SDSD, ms SD of differences between adjacent NN intervals

Geometric measures

HRYV triangularindex, ms ~ Total number of all NN intervals divided by the height of the
histogram of all NN intervals measured on a discrete scale

Differential index, ms Difference between the widths of the histogram of differences
between adjacent NN intervals measured at selected heights

NN normal to normal, SD standard deviation
Some of these measures are described below:

1. Mean normal-to-normal (NN) RR interval length: the RR interval reflects the
sum of parasympathetic and sympathetic influences.

2. Standard deviation of NN RR intervals (SDNN): SDNN reflects total variability.

3. Root mean square of successive differences in NN RR intervals (RMSSD):
RMSSD reflects high-frequency variations in heart rate and is a marker for the
actions of the parasympathetic nervous system.

10.2.1 Reduced HRV: A Risk Factor

The autonomic background of HRV is well recognised. It reflects decreased vagal
and increased sympathetic influences on the heart which cause electrical instability.
Reduced HRV is a strong predictor of mortality after AMI [8]. Reduced HRV can
also predict the development of diabetic neuropathy, especially the autonomic
involvement [9]. Reduced HRV has been observed in heart failure, hypertension,
mitral valve prolapse and hypertrophic cardiomyopathy [2]. Reduced parasympa-
thetic and increased sympathetic activity has been shown in hypertension [10].

The autonomic nervous system and alteration of its regulation can potentially
contribute to the development of hypertension [10]. The temporal sequence of HRV
and blood pressure (BP) rise of interest to determine whether decreased HRV can
predict incident hypertension or whether hypertension can alter HRV.

In a hypothesis proposed by Julius et al., mild hypertension is characterised by
high heart rate and cardiac output, and normal vascular resistance [11, 12]. Over
time, HRV of normotensive individuals and patients with persistent hypertension
tends to converge. The heart rate will then decrease, cardiac output normalises, and
vascular resistance increases. This is due to the combined effect of increased sym-
pathetic activity and decreased parasympathetic activity, and can be labeled as the
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“BP-seeking property” of the central nervous system [11-13]. Resistance to antihy-
pertensive therapy may be associated with activation of the neurohormonal system
as indicated by reduced SDANN and RMSSD [14, 15].

HRYV may precede clinical hypertension, and low values of HRV indices such as
SDNN and RMSSD at very low frequency (VLF), low frequency (LF) and high
frequency (HF), have been shown to be related to the incidence of hypertension in
normotensive subjects (BP <120/80 mmHg) and those with pre-hypertension (BP
120/80-139/89 mmHg) over 4 years of follow-up [16].

Sympathetic overactivity and parasympathetic withdrawal have been proposed
in the development of clinical hypertension. Reduced HRV on 24-h Holter monitor-
ing was significantly associated with hypertension, and was more common in
patients with uncontrolled versus controlled BP [17].

10.2.2 Some Evidence

10.2.2.1 International Studies

The Framingham study reported an association between logarithmically trans-
formed low-frequency power among men and no association for SDNN and high-
frequency power in either sex [14]. The Atherosclerosis Risk in Communities
(ARIC) substudy found that the incidence of hypertension was significantly
increased in patients with NN RR intervals in the lowest versus highest quartile
(hazard ratio 1.24, 95% confidence interval 1.10-1.40) [18]. For these individuals
with normal BP at baseline (n = 7099), low heart rate variability predicted greater
risk of incident hypertension over 9 years of follow-up. However, the rate of change
in HRV over time did not differ between those with versus without hypertension
[18]. A study conducted in India that enrolled 30 patients with hypertension and 30
individuals with normal BP showed that SDNN, RMSSD and pNN50 were signifi-
cantly lower, and the LF-HF ratio was significantly higher those with versus without
hypertension [19].

HRYV is related to vagal tone in atrial fibrillation (AF), irrespective of hyperten-
sion. Individuals with permanent AF have higher HRV than those with paroxysmal
AF, probably due to autonomic dysregulation [20]. Interestingly, medications
designed to control AF or BP did not improve HRV [20].

Twenty-four-hour recording of SDNN is proposed as the “gold standard” for
medical stratification of cardiac risk. SDNN values of <50 ms, 50—-100 ms and
> 100 ms are classified as unhealthy, compromised health and healthy, respec-
tively [2].

10.2.2.2 Asian Studies

Studies in Asian populations have shown that impaired autonomic nervous function
in patients with hypertension is strongly associated with uncontrolled BP [2, 19,
21-24]. The Toon Health Study enrolled 1888 men and women aged 30-79 years,
and participants self-monitored BP at home twice in the morning and evening for
1 week [23]. The results showed that the parasympathetic nervous system activity
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parameters, low HF and RMSSD, were associated with increased home mean arte-
rial pressure (MAP) in the morning rather than in the evening. These associations
were independent of sex, age, body mass index, smoking, alcohol consumption, use
of antihypertensive agents, diabetes and physical activity. The study also empha-
sised that physical inactivity, insomnia and socioeconomic stress factors induce
sympathovagal imbalance and higher home BP in the morning.

With respect to antihypertensive drug classes, users of beta-blockers have been
shown to have equivalent or higher HRV than non-users, while those using diuretics
or angiotensin-converting enzyme inhibitors (ACEIs) had a lower HRV compared
with non-users [18], and users of captopril had increased HRV [25].

10.3 Blood Pressure Variability

In patients with hypertension, increased BPV contributes to future cardiovascular
events [4, 5]. The white coat effect is one indicator of BPV in clinical practice. Day-
to-day BPYV, visit-to-visit SBP variability and long-term BPV have been shown to be
associated with an increased risk of stroke [4], cardiovascular events and mortality
[1]. Short-term BPV can be measured by 24-h ambulatory BP monitoring [5] and
long-term BPV can be determined based on visit-to-visit assessments [26]. Unlike
morning BPV, evening BPV significantly predicted cardiovascular events indepen-
dent of the corresponding home BP readings [27]. Lower nocturnal SBP, and non-
dipper and reverse dipper patterns of nocturnal hypertension were associated with a
higher risk of cerebral small vessel disease [28]. A summary of different BPV mea-
sures, how they are assessed and relevant influencing factors are summarised in
Table 10.2.

Data from the Valsartan Antihypertensive Long-term Use Evaluation trial
(VALUE) involving 14,000 hypertensive middle-aged and older subjects reported
that there was a 10% increase in the risk of death and a 15% increase in risk of CV
events for each 5 mmHg increase in the standard deviation (SD) of visit-to-visit and
within-visit systolic BPV, respectively [29].

Rates of fatal and non-fatal cardiovascular events over a >15-year follow-up
were significantly higher in the presence of high short-term (24-h) systolic BPV in

Table 10.2 Types of blood pressure variability

Type of BPV ~ Assessment Measurement Influencing factors
Very short term Beat to beat Intra-arterial recording  Baroreceptor and chemoreceptor
with spectral analysis activity

Short term Within 24 h ABPM 1 sympathetic activity, sleep, activity
behavioral factors
Medium term  Day to day HBPM Age, increased arterial stiffness,
emotional factor
Long term Visit to Repeat visit to the Behavioral change, drug choice and
visit office compliance, environmental factor

ABPM ambulatory blood pressure monitoring, BPV blood pressure variability, HBPM home blood
pressure monitoring
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1206 young patients with stage 1 hypertension (mean age 33 + 8 years) [30]. In
addition, BPV has been associated with arterial stiffness, left ventricular hypertro-
phy, decline in renal function, subclinical brain small vessel disease and the risk of
developing foot ulcers in diabetes [31-36].

10.3.1 BPV and Antihypertensive Treatment

Short-term BPV is calculated as the standard deviation of 24-h, daytime or night-
time systolic BP and diastolic BP. Different antihypertensive drugs classes may
have a differential impact on BPV and this is probably more apparent on visit-to-
visit BPV [37]. Short-term BPV is decreased by calcium channel blockers (CCBs),
diuretics, and their combination [38]. Angiotensin receptor blockers (ARBs), beta-
blockers and ACEIs may increase short-term BPV, as shown in a recent meta-
analysis [38]. White coat effect was smaller in patients with hypertension treated
mainly with the CCB amlodipine compared to those treated mainly with the beta-
blocker atenolol. The addition of a CCB or diuretic to any antihypertensive treat-
ment regimen may reduce BPV to the same extent as seen with monotherapy of
these drugs. The addition of an ACEI or ARB agent did not have a similar impact
[39, 40]. Amlodipine, which has a long elimination half-life of 34 h, has a positive
effect on morning BPV [41].

The mechanism(s) underlying changes in BPV with different antihypertensive
drug classes is not completely understood. Changes in peripheral vascular distensi-
bility and differential effects on pulse wave velocity may explain some of the differ-
ences, such as the reduction in arterial compliance during treatment with
beta-blockers and increased vascular compliance during CCB therapy [42, 43].

10.3.1.1 Circadian BPV

Recently, there has been renewed interest in bedtime chronotherapy after the results
of Monitorizacion Ambulatoria para Prediccion de Eventos Cardiovasculares
(MAPEC) [44]. In this study, >1 antihypertensive drug was given at bedtime to
provide better control of nighttime BP. After a median follow-up of 5.6 years, par-
ticipants who had bedtime antihypertensive dosing had a significantly lower relative
risk of cardiovascular event than those who took all their antihypertensive therapy
in the morning [44]. However, current guidelines do not recommend evening dosing
of antihypertensive and additional studies are needed to determine the validity of
this approach [45].

10.3.1.2 Non-circadian BPV

Three months of treatment with amlodipine and indapamide sustained release was
associated with greater reductions in daytime, nighttime and 24-h systolic BPV in
the X-CELLENT (Natrilix SR Versus Candesartan and Amlodipine in the Reduction
of Systolic Blood Pressure in Hypertensive Patients) study of 577 middle-aged
patients with hypertension [46]. Two large analyses involving more than 4000
patients reported lower daytime BPV in those treated with telmisartan/amlodipine
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versus telmisartan/hydrochlorothiazide [46—48]. The triple therapy combination of
olmesartan plus a dihydropyridine CCB and a thiazide diuretic, and dual combina-
tions of olmesartan plus a dihydropyridine CCB or a dihydropyridine CCB plus a
thiazide diuretic were associated with greater decreases in BPV compared with pla-
cebo and monotherapies [49].

10.3.1.3 Mid-Term BPV

Greater decreases in day-to-day BPV were seen during treatment with a CCB/ARB
combination compared with a diuretic/ ARB combination in the Japan Combined
Treatment with Olmesartan and a Calcium Channel Blocker Versus Olmesartan and
Diuretics Randomized Efficacy Study, despite similar reductions in systolic BP [49].

10.3.1.4 Long-Term BPV

The superiority of CCBs for reducing BPV compared with ARBs, beta-blockers or
diuretics was reported in the COLM (Combination of OLMesartan) [50], COPE
(Combination Therapy of Hypertension to Prevent Cardiovascular Events) [51] and
ASCOT-BPLA studies [52], but not in the ELSA (European Lacidipine Study on
Atherosclerosis) trial [53]. Thiazide-like diuretics were shown to be more effective
than beta-blockers in reducing long-term BPV in the MRC trial [54].

10.4 Conclusion

Autonomic nervous system dysregulation with reduced vagal effects and increased
sympathetic activity plays a potential role in the development of hypertension.
Reduced HRYV is a marker of this autonomic imbalance and has been shown to be
significantly associated with hypertension. Reduced HRV is now recognised as
marker of increased mortality in AMI and is a useful marker of development of
diabetic neuropathy. As a marker of autonomic imbalance suggesting increased
sympathetic activity, it also is increasingly being recognised as an important marker
in hypertension, heart failure and mitral valve prolapse.

Increased short- and long-term BPV has been shown to be a marker of increased
TOD and cardiovascular risk in patients with hypertension, in addition to mean
BP. The white coat effect and early morning rise in BP are markers of this
BPV. Increased visit-to-visit BPV is also a marker of complications and TOD in
hypertension. Some antihypertensive drugs, especially long-acting CCBs, can
reduce BPV.
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Central Aortic Blood Pressure: 1 1
Measurement and Clinical Significance

Upendra Kaul

11.1 Introduction

Detection and management of hypertension has traditionally been based on measur-
ing the brachial artery pressure (BAP) using various types of instruments. These
instruments need periodic caliberation. Blood pressure (BP) in the aorta and the
brachial artery can differ from BAP due to reflected waves that modify the values.
Systolic BP (SBP) and pulse pressure (PP) increase from the aorta towards the
periphery, whereas diastolic BP (DBP) and mean artery pressure (MAP) decrease
slightly towards the periphery.

Central aortic pressure (CAP) is a better indicator of the dynamics of blood flow
supplying target organs, especially the brain and kidney [1]. In contrast to BAP,
target organs are directly exposed to CAP. CAP has been shown to have a closer
relationship with the occurrence of cardiovascular events than BAP [2, 3]. In addi-
tion, the effects of pharmacological therapy on CAP differ from the effect of treat-
ment on BAP. The Conduit Artery Function Evaluation (CAFE) study is a good
example of differential effects of drug interventions on central and peripheral pres-
sure [4]. It showed that CAP was a better measure of hemodynamic burden on the
heart and central organs, and a better predictor of stroke, myocardial infarction and
heart failure, compared with BAP [4].

The best and most reproducible way of measuring CAP is a direct and invasive
method, based on insertion of a catheter in the aorta. However, this is not suitable
for application in routine clinical practice. Recently there has been considerable
interest in the development of tools to non-invasively measure CAP that would be
better suited to routine clinical use.
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11.2 The Basis: Reflected Pulse Waves

The cardiac pump transfers blood from the centre towards the aorta and the periph-
eral vessels. Along these vessels, the pressure waves generated by the heart transmit
to the periphery (forward wave) and are reflected back (reflected/backward wave).
These reflected waves meet at different times and at different sites of the arterial tree
during the cardiac cycle, forming different pressure waveforms and contours. This
explains the differences in pulse wave contour along the arterial tree [5, 6]. The
measure of the time when forward and reflected waves meet is the pulse wave veloc-
ity (the speed at which the pressure wave transmits in the artery). Pulse wave veloc-
ity is determined by arterial stiffness, which does not change significantly in the
brachial artery with ageing. This is the basis of using a generalised transfer function
to estimate aortic pulse wave from radial/brachial pulse wave [7]. However, there is
change in the central arteries with ageing, hypertension, different disease states and
exercise, which led many researchers to seek accurate and adaptive or individual-
ised methods to estimate CAP [8, 9].

11.3 Devices and Methods

Many devices using different methods are available for measurement of CAP. Of
these, the pulse waveform of carotid arteries should be the best surrogate for CAP
[10]. However, waveforms obtained from peripheral arteries are most commonly
used for non-invasive central BP estimation because they are easier to apply. These
techniques can be either ‘tonometry-based’ [11, 12] or ‘cuff-based’ [13, 14]. The
working methods of these central BP measurement devices include pulse waveform
analysis, transfer function and N-point moving average (NPMA) [12]. Transfer
function is a relationship between two physical properties [15, 16] and has been an
accepted central BP measurement method. Pulse waveform analysis can be used to
identify waveform characteristics. The peak of second peak of radial or brachial
pulse wave (SBP2) in late systole is a pressure waveform resulting from distal pulse
wave reflections. This correlates well with the peak of central aortic pressure wave-
forms (central SBP) [16, 17]. Central SBP and PP can be estimated with reasonable
accuracy if the comprehensive waveforms, including SBP2, are used in regression
equations.

The NPMA method (a mathematical low pass filter to remove random noise) to
obtain a good high frequency waveform, which eliminates distortions from periph-
eral arterial waves and provides a good estimate of CAP, has also been reported
[18, 19].

It is very important to test the accuracy of non-invasive measurements of CAP by
simultaneously comparing these with invasive measurements (the current gold stan-
dard method). The accuracy determined from these comparisons is device specific,
and a major limitation is that it is dependent on the accuracy of the cuff BP mea-
sured waveform used for calibration. There are a number of devices available for
measuring CAP (Table 11.1).
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Table 11.1 Invasively validated central blood pressure measuring devices

Recording Method of

Central aortic pressure site recording (sensor) Method Calibration

Office measurement

ArteriographTensioMed ~ Brachial ~ Supra-systolic SBP2 + Brachial cuff

Ltd., Hungary brachial cuff regression MAP/DBP
plethysmography

ARCsolver + VaSeraVS-  Brachial =~ Brachial cuff pulse GTF Brachial cuff

1500Austrian Institute of volume SBP/DBP

Technology, Austria plethysmography

BPLab Petr Telegin, Brachial ~ Brachial cuff pulse GTF Brachial cuff

Russia volume SBP/DBP
plethysmography

BP + Uscom Ltd., Brachial ~ Supra-systolic Physical model  Brachial cuff

Australia (acquire brachial cuff Brachial SBP/DBP

Pulsecor Ltd., plethysmography  supra-systolic

Cardioscope II) waveform

Complior Alam Medical, Carotid Applanation Simple Brachial cuff

France tonometry, Single, substitution MAP/DBP
fixed

cBP301Centron Brachial =~ Brachial cuff GTF Brachial cuff

Diagnostics, UK (acquired plethysmography SBP/DBP

by SunTech Medical)

DynaPulse Pulse Metric ~ Brachial ~ Supra-systolic Physical model  Brachial cuff

Inc., USA brachial cuff SBP/DBP
plethysmography

Gaon Hanbyul Meditech, Radial Applanation GTF Brachial cuff

Korea tonometry, Single, SBP/DBP
fixed

HEM-9000AI Omron Radial Applanation SBP2 + Brachial cuff

Healthcare, Japan tonometry, regression SBP/DBP
Arrayed, fixed

Mobil-O-Graphl. EM Brachial ~ Brachial cuff pulse GTF Brachial cuff

GmbH, Germany Brachial volume SBP/DBP

Artery plethysmography

NIHem Cardiovascular Carotid Applanation Simple Brachial cuff

Engineering Inc., USA tonometry, Single, substitution MAP/DBP
manual

Oscar 2 with SphygmoCor Brachial ~ Subdiastolic GTF Brachial cuff

SunTech Medical, USA brachial cuff SBP/DBP

Brachial Artery plethysmography

PulsePen DiaTecne srl., Carotid Applanation Simple Brachial cuff

Italy tonometry, Single, substitution MAP/DBP
manual

SphygmoCor CVMS, Radial Applanation GTF Brachial cuff

AtCor Medical, Australia tonometry, Single, SBP/DBP
manual

SphygmoCor XCELAtCor Brachial  Subdiastolic GTF Brachial cuff

Medical, Australia brachial cuff SBP/DBP
plethysmography

(continued)
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Table 11.1 (continued)
Recording Method of

Central aortic pressure site recording (sensor) Method Calibration

Vicorder Skidmore Brachial ~ Brachial cuff pulse GTF Brachial cuff

Medical Ltd., UK volume MAP/DBP
plethysmography

WatchBP Microlife Corp, Brachial  Brachial cuff pulse (SBP2, DBP, Brachial cuff

Taiwan volume As, Ad) + SBP/DBP

plethysmography  regression
Ambulatory BP measurement

Arteriograph 24 h, Brachial ~ Supra-systolic SBP2 + Brachial cuff

TensioMED Ltd., Hungary brachial cuff regression MAP/DBP
plethysmography

ABPM 7100Welch Allyn, Brachial  Brachial cuff pulse GTF Brachial cuff

Inc. (acquired by Hillrom) volume SBP/DBP
plethysmography

BPro + A-Pulse, Radial Applanation N-point moving Brachial cuff

HealthSTATS, Singapore tonometry, Single, average SBP/DBP

(acquired by Hillrom) fixed (watch type)

Mobil-O-Graph NGL.LEM  Brachial =~ Brachial cuff pulse GTF Brachial cuff

GmbH, Germany volume SBP/DBP
plethysmography

Oscar 2 with Brachial ~ Subdiastolic GTF Brachial cuff

SphygmoCor, SunTech brachial cuff SBP/DBP

Medical plethysmography

WatchBP O3 (2G), Brachial ~ Brachial cuff pulse (SBP2, DBP, Brachial cuff

Microlife AG, Widnau, volume As, Ad) + SBP/DBP

Switzerland plethysmography  regression

Ad area under pressure wave curve during diastole, As area under pulse wave during systole, DBP
diastolic blood pressure, GTF generalised transfer function, MAP mean arterial blood pressure,
SBP systolic blood pressure, SBP2 second peak of radial or brachial pulse wave

11.4 Clinical Utility

The clinical utility of measuring CAP is increasingly being recognised. It has
been shown that patients with normal BAP can have Stage I hypertension based
on measurement of CAP [20]. If central BP is a better target for therapy, mis-
classification or diagnosis based on brachial BP may result in over- or under-
treatment of hypertension, which is of clinical importance [21]. The diagnosis
of hypertension based on office, home or ambulatory BP readings is currently
based on BAP measurements. Because of the phenomenon of PP amplification,
brachial SBP and PP are usually higher than CAP measurements made at the
same time [22].

PP amplification reflects the disagreement between central and peripheral BP,
and varies within and between individuals [23]. More importantly, such variability
depends on a number of factors, including age, sex, height, heart rate, medications
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and systemic vascular diseases [24-27]. Also, non-invasive measurement of bra-
chial SBP as a surrogate for central SBP has been shown to have a significant ran-
dom error [28].

11.5 Cardiovascular Outcomes

CAP has been shown to correlate better with left ventricular mass index, carotid
intima-media thickness and pulse wave velocity than brachial pressure. In a number
of international studies conducted on Anglo Cardiff trial participants, CAP was
more closely associated with preclinical indices of target organ damage and cardio-
vascular events, including mortality, compared with brachial pressure [28-30].
Better correlation between central SBP and cardiovascular events and mortality was
also reported in a large study of African American patients with stage 2 hyperten-
sion (the ATLAAST study) [31]. In addition, the clinical benefits of different anti-
hypertensive agents observed in the CAFE study (a substudy of ASCOT) was better
associated with the reduction of central rather than brachial BP [4]. This observation
led to a keen interest in the application of CAP for clinical practice. One important
issue has been between-device variability in central BP measurements. This needs
to be improved so that measurement of CAP becomes more acceptable.

11.6 Outcomes of Treatment

The differential responses of central and brachial BP to various antihypertensive
drugs have been emphasised in the literature [30-32]. Beta-blockers have been
shown to lower CAP to a lesser extent than renin angiotensin system blockers and
dihydropyridine calcium channel blockers. For that reason, in the presence of simi-
lar brachial BP reduction with all these agents, the reduction in vascular events
(especially stroke) is less with beta-blockers such as atenolol. Another observation
is that beta-blockers have an unfavourable effect on PP amplification, as docu-
mented in the CAFE substudy of the ASCOT trial [4], and the BP GUIDE study [23].

Previous studies have shown that central BP-guided hypertension management
may allow fewer medications to be used to achieve BP control and reduce adverse
effects [33]. A recent randomised controlled trial demonstrated that optimisation of
goal-directed medical therapy in patients with heart failure could be better achieved
using central BP compared with brachial BP. The additional titration of drug dos-
ages enhanced afterload reduction and contributed to better reverse remodelling,
without increased risk of hypotension or worsening renal function [34].

Treatment targets in patients with elevated CAP have yet to be defined. In low- to
medium-risk subjects with uncomplicated hypertension, it is reasonable to lower
central BP to <130/90 mmHg. However, there is a need for outcome-based studies
to define the optimal CAP reduction in various vascular diseases.
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11.7 Isolated Central Hypertension

The reported discrepancy between central and brachial BP has been reported to
have different clinical connotations. The European Society of Hypertension/
European Society of Cardiology hypertension guidelines define cohorts of ‘isolated
central’ and ‘isolated brachial’ hypertension in adults as follows: brachial hyperten-
sion (brachial SBP >140 mmHg or brachial DBP >90 mmHg) and central hyperten-
sion (central SBP >130 mmHg or central DBP >90 mmHg) [35]. Therefore,
phenotypes of hypertension can be defined based on differences between the bra-
chial and central BP. These different phenotypes were also described in a national
representative cohort from Shanghai, China [36]. Patients with isolated central
hypertension had higher left ventricular mass index, carotid-femoral pulse wave
velocity and urinary albumin-creatinine ratio than those without central or brachial
hypertension [37].

11.8 Future Directions

There is clearly a theoretical advantage to using CAP measurements to inform deci-
sions about the diagnosis and follow-up of hypertension. However, inconsistencies
in the non-invasive measurement of central BP due to poor calibration of peripheral
waveforms and the poor corelation of these readings with invasive CAP measure-
ments are issues that need serious attention. The International Society for
Hypertension and World hypertension League, along with several other national
hypertension councils, have called for regulation of the manufacture and marketing
of BP instruments and cuffs [37]. With these joint efforts, validated automatic BP
devices are becoming readily available for more accurate non-invasive measure-
ment of brachial and central BP. This should improve the care of patients with car-
diovascular disease and contribute to better outcomes.

It should also be recognised that most outcome studies included elderly patients,
in whom brachial and central pressures are usually similar [38, 39]. No outcome
studies have been conducted in younger patients, in whom a much greater differ-
ence between brachial and central pressures is expected. Different antihypertensive
treatments can differentially reduce central and brachial BP as described in the lit-
erature [40]. However, prospective studies investigating whether the benefits of tar-
geting CAP rather than BAP in patients with hypertension will improve clinical
outcomes are lacking and need to be pursued [8].

Non-invasive CAP measurement is currently being used primarily as a research
tool, while the most widely used method in the community is office brachial BP
measurement. Even self-measured home BP [41] and ambulatory BP measurements
[42] are not being used optimally, despite their well-described advantages.
Additional clinical trial data are needed to determine whether lowering both bra-
chial and central BP to targets can improve the outcomes in patients with hyperten-
sion. This information is needed before the widespread use of CAP in routine
clinical practice can be recommended.
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11.9 Conclusion and Take-Home Message

Currently available devices for measuring CAP are based on the pulse wave ampli-
fication taken from brachial artery recordings and converted to estimated CAP val-
ues, but these methods need to be standardised before being widely accepted and
applicable. Despite this, measurement of CAP has benefits over BAP measurement
in terms of diagnosing and managing hypertension. Vascular outcomes and preven-
tion of TOD appear to be better when central pressures are targeted rather than
brachial pressures. Different pharmacological antihypertensive treatments have dif-
fering effects on CAP and BAP. However, more evidence is needed to support the
use of central BP in diagnosing and managing hypertension.
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12.1 Introduction

Diabetes mellitus, hypertension and dyslipidaemia are all risk factors for athero-
sclerotic cardiovascular disease (ASCVD), which is a major cause of mortality and
morbidity worldwide. The global prevalence of diabetes is increasing in epidemic
proportions, as outlined in an International Diabetes Federation (IDF) report. The
IDF estimated that 366 million people worldwide had diabetes mellitus in 2011 and,
if current trends continue, 552 million people (or one in ten adults) will have diabe-
tes by 2030 [1]. In contrast, over the period 1975-2015, the prevalence of hyperten-
sion decreased in high-income, and some middle-income countries and remained
unchanged elsewhere [2]. Hypertension and type 2 diabetes are common comor-
bidities based on data from studies conducted in Western countries and in Japan [3,
4]. It was estimated that 20% of patients with hypertension had type 2 diabetes and
the 50% of patients with type 2 diabetes had hypertension; having either of these
conditions increased the risk of developing the other by 1.5-2.0 times [5].
Individuals with both hypertension and diabetes have a four-fold higher risk of
developing cardiovascular disease (CVD) compared with age-matched normoten-
sive nondiabetic controls [6]. Diabetes was associated with a two- to four-fold
increase in the risk of myocardial infarction (MI), congestive heart failure, periph-
eral arterial disease, stroke and death in the Framingham Heart Study [7]. A recent
analysis of the Framingham data revealed that the population with hypertension at
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the time of a diabetes mellitus diagnosis had significantly higher rates of mortality
from all causes (32 vs 20 events per 1000 person-years) and cardiovascular events
(52 vs 31 events per 1000 person-years) compared to normotensive subjects with
diabetes mellitus, suggesting that major part of this excess risk is due to coexistent
HTN [8].

12.2 Pathophysiology: Converging Pathways

The complex mechanisms involved in the pathogenesis of essential hypertension act
on a genetic background. Development of hypertension in genetically vulnerable
people is related to increased salt intake, obesity, excess alcohol consumption, men-
tal stress, decreased physical activity and poor sleep [9]. While the majority of
patients have essential hypertension that does not have an identifiable cause, it is
important to recognise secondary causes of hypertension because they may be cur-
able. Causes of secondary hypertension include primary aldosteronism, pheochro-
mocytoma or renal artery stenosis, among others.

Several pathophysiologic mechanisms coexist in diabetes mellitus and hyper-
tension including oxidative stress due to reactive oxygen species (ROS), patho-
genic activation of the renin-angiotensin-aldosterone system (RAAS),
inflammation, blunted insulin-mediated vasodilatation, sympathetic nervous sys-
tem (SNS) activation, dysfunctional innate and adaptive immune responses, and
impaired renal handling of sodium [10]. In addition, major pathogenic factors
underlying the coexistence of both diabetes mellitus and hypertension are obesity
and increased visceral adiposity. Tissue RAAS activation is caused by chronic
low-grade inflammation and oxidative stress in adipose tissue, which leads to
increased production of angiotensinogen (AGT) and angiotensin II (Ang II) [8].
Ultimately, overexpression of AGT in adipose tissue results in elevated blood
pressure (BP) [11]. Thus, AGT and Ang II have local and systemic effects on BP
regulation. One of the many deleterious effects of Ang II is mediated via activa-
tion of the Ang II type 1 receptor (AT1R) [12]. The production of ROS, reduced
insulin metabolic signalling, and proliferative and inflammatory vascular
responses culminating in endothelial dysfunction, insulin resistance and hyper-
tension are caused by the activation of ATIR in non-adrenal tissues [12].
Figure 12.1 shows the RAAS pathway and its association with chronic low-grade
inflammation in diabetes.

12.3 Coexistence of Hypertension and Diabetes Mellitus

There is a lot of evidence for an increased prevalence of hypertension in people
with versus without diabetes mellitus [13]. In a paper published on American
Indian and Alaska Native communities to study the prevalence of clinical hyper-
tension and look at its coexistence with diabetes mellitus, 37% of individuals with
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Fig. 12.1 The RAAS pathway and its association with chronic low-grade inflammation in diabe-
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diabetes were diagnosed with hypertension [14]. In addition, the relative risk of
hypertension in those with versus without diabetes varied from 4.7 to 7.7 [11].
Individuals from ethnic minorities in the United Kingdom who were aged
40-59 years and had hypertension were more likely to have diabetes than those
without hypertension, and people with diabetes were at much higher risk of hav-
ing hypertension [15]. Data from a meta-analysis suggest that each 20-mmHg
increase in systolic BP increases the risk of new-onset type 2 diabetes mellitus by
77% [16].

The affected organs are similar in both essential hypertension and diabetes mel-
litus, and the vascular tree is the common target. As a result, coexisting diabetes
mellitus and hypertension significantly increase the risk of developing renal failure,
retinopathy, coronary heart disease [17], left ventricular hypertrophy [18], conges-
tive heart failure [19] and stroke [20] compared with either condition alone. Rates
of microvascular complications, retinopathy and nephropathy are highest in patients
with hypertension and diabetes [21, 22]. Lowering BP is therefore of critical impor-
tance in patients with diabetes [23, 24]. However, how low the BP target should be
is the subject of debate. The “rule of halves” in diabetes and hypertension states that
more than 50% of people with either of these conditions remain undiagnosed, 50%
of those in whom the disease is detected are untreated treatment, and 50% of those
receiving treatment do not achieve disease control. Thus, the overall proportion of
patients with diabetes mellitus or hypertension who are adequately controlled is
small [25, 26].
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12.4 Diagnosis of Hypertension in Diabetes Mellitus

BP should be measured routinely at each clinical visit, and should be measured in
both arms to detect any differences. For patients with elevated office BP
(>140/90 mmHg), this should be confirmed using multiple readings, including
measurements on a separate day, to diagnose hypertension. All patients with
hypertension and diabetes are advised to monitor their BP at home. Orthostatic
measurement of BP should be performed at the first visit and periodically during
follow-up [27, 28].

BP needs to be measured by a trained person [29] with the individual in the seated
position, with feet on the floor and arm supported at heart level. Cuff size should be
appropriate for the upper arm circumference [30]. To reduce within-patient variability,
BP should be measured after 5 min of rest, and 2-3 readings should ideally be taken
1-2 min apart, and BP measurements should be averaged [31].

Autonomic neuropathy can be assessed by checking for postural changes in BP
and heart rate, which would require adjustment of BP targets [32]. Home BP monitor-
ing and 24-h ambulatory BP monitoring can provide evidence of white coat hyperten-
sion, masked hypertension, or other discrepancies between office and “true” BP [33].

12.5 Blood Pressure Targetin DM

BP targets for all patients with diabetes and hypertension must be individualised,
taking into account patient preference, cardiovascular risk, and the potential benefi-
cial and adverse effects of antihypertensive medications. A BP target of
<130/80 mmHg is appropriate for individuals with diabetes and hypertension at
higher cardiovascular risk (existing or 10-year ASCVD risk >15%) [34]. BP should
be maintained at <140/90 mmHg in individuals with diabetes and hypertension who
are at lower risk for CVD (10-year ASCVD risk <15%) [34].

12.6 Glycaemic Goals

Optimal management of diabetes requires identification and optimisation of the
“ABCDEs” of diabetes: A1C (glycosylated haemoglobin; HbAlc), BP, cholesterol
(i.e., dyslipidaemia), diet and exercise. Glucose goals should be established on an
individual basis for each patient, taking both clinical characteristics and the patient’s
psycho-socioeconomic circumstances into consideration [35, 36].

The American Diabetes Association (ADA) also recommends individualising
glycaemic targets based on patient attitude and expected treatment efforts, risks
potentially associated with hypoglycaemia and other adverse events, disease dura-
tion, life expectancy, important comorbidities, established vascular complications,
resources and support system [37].

Glycaemic recommendations for many non-pregnant adults with diabetes are
summarised as follows [37]:
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1. HbAlc: <7.0%.

2. Preprandial blood glucose: 80-130 mg/dL.

3. Postprandial blood glucose: <180 mg/dL.

4. Time in range as measured by continuous glucose monitoring should be >70%.

12.7 Prevention

Treating diabetes and hypertension in developing countries such as India presents a
real challenge because prevention is a major goal before starting to treat. Effective
management is essential to lessen the mortality and morbidity related to both diabe-
tes and hypertension, and there are now better treatment tools than ever before [38—
40]. There are multiple levels at which hypertension and diabetes can be prevented
and treated.

Primordial prevention: This refers to avoidance and prevention of risk factors.
Given the overlap between major risk factors for hypertension and diabetes melli-
tus, an integrated approach to the prevention and control of both can be undertaken.
Primordial prevention focuses on health policies that create an environment that
promotes healthy behaviours and necessary education programmes. This requires
political commitment, involvement by health professionals, and efforts of commu-
nity leaders and the mass media [41].

The extremely low proportion of patients with hypertension or diabetes mellitus
who achieve adequate disease control [25, 26] represents a massive challenge and
underlines the need to urgently raise community awareness of these conditions. It is
important to detect diabetes and hypertension early, before any organ damage occurs,
and provide patients with the best possible and yet affordable treatment. A research
paper titled “Improving the prevention and management of chronic disease in low-
income and middle-income countries: a priority for primary health care” talks about
management of chronic diseases and how this is totally different from acute care, and
dependent on several factors, including opportunistic case finding for risk factor
assessment, early disease detection and high-risk status identification [42]. All these
should be followed by a combination of social, psychological and pharmacological
interventions, often in a stepped-care manner, and finally long-term follow-up with
frequent monitoring and promotion of adherence to treatment [42].

Primary prevention: The concept of primary prevention refers to a stage where
risk factors have already emerged and efforts are needed to prevent the condition in
individuals with pre-diabetes or prehypertension. The co-ordination and collabora-
tion of public primary care and private health systems will be required to make
many of these recommendations a reality. Primary prevention is very important as a
complementary and integrated strategy for several reasons [43]:

1. The immense public health burden associated with diabetes and hypertension
justifies action at the population level.

2. Many of the presently available treatments, while valuable, come with the risk of
undesirable side effects (e.g. hypoglycaemia, electrolyte imbalance), may have
limited efficacy, and may not be accessible over the long term, especially for
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individuals who have problems accessing medical care or adhering to self-care
regimens [44].

3. Lifestyle modifications designed to facilitate the prevention of hypertension and
diabetes are likely to have other beneficial effects (e.g. decreased lipid levels,
and prevention of heart disease and certain cancers).

4. Many important determinants, such as a balanced diet, weight management and
physical activity, are not amenable to implementation or influence by medical
care practitioners alone, and are likely to be better addressed by public health
efforts and educators in the society.

5. The integration of primary care and public health interventions is needed to
address racial/ethnic and socioeconomic disparities because these are multifac-
torial in origin [45].

6. In addition to lifestyle modification, pharmacotherapy as part of primary preven-
tion strategies in high-risk individuals has been shown to be effective in ran-
domised controlled trials (RCTs) [46].

RCTs of structured lifestyle modification have found that reducing calorie intake
plus physical activity leading to modest weight loss reduces the incidence of type 2
diabetes in high-risk adults by 50-70% [47]. The Diabetes Prevention Program
(DPP) research trial led by the US National Institutes of Health (NIH) was per-
formed in a US population, but is generalisable to other countries [48]. Participants
were randomly assigned to one of three groups:

1. Lifestyle intervention to encourage reduction in calorie intake and increased
physical activity.

2. Metformin, the most prescribed oral antidiabetic medication, which is known to
improve insulin sensitivity.

3. A placebo control group.

The DPP lifestyle intervention group had an initial body weight reduction of
~6% after 12 months, decreasing to ~4% after 3 years. This group had showed an
increase in self-reported physical activity (equivalent to brisk walking) from 100 to
190 min per week. This intervention had an impressive effect on the incidence of
diabetes, which was decreased by 58% over 4 years compared with the placebo
control group. These benefits were seen in men and women across race and ethnic
groups and were even greater at older ages [48].

Major trials have also documented the efficacy of lifestyle modification to reduce
BP and prevent hypertension in high-risk adults [49]. A prospective study on the
contribution of physical activity and body mass index to the risk of hypertension
conducted in drug-naive adults from Finland showed that subjects with higher levels
of physical activity had a lower prevalence of hypertension [50]. In combination
with increased community detection programmes and compelling epidemiologic
data, these trials of primary and secondary prevention led to a series of strong
national recommendations for the prevention, detection and treatment of high
BP [28].
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In the Trials of Hypertension Prevention-phase I (TOHP-I), which enrolled 2182
participants with prehypertension, of the three lifestyle changes proposed (weight
reduction, sodium reduction and stress management), weight reduction was the
most powerful strategy, producing a net weight loss of 3.9 kg and a BP change of
—2.3/-2.9 mmHg [51].

Secondary prevention: Secondary prevention in people with diabetes and hyper-
tension is essential because of the significant financial burden associated with the
complications of these conditions. Unless proper treatment is provided to patients
with hypertension and/or diabetes, these individuals face a significant burden of
complications in the future. Three landmark studies on glycaemic control in diabe-
tes mellitus—the Diabetes Complications and Control Trial (DCCT) [52], the
United Kingdom Prospective Diabetes Study (UKPDS) [53] and the Kumamoto
Study [54]—have documented the beneficial effects of glycaemic control in pre-
venting microvascular complications. In the UKPDS study there was a 16% reduc-
tion in the occurrence of MI but this did not reach statistical significance, indicating
that blood sugar control alone is not sufficient to prevent MI. Thus, a multifaceted
approach, including controlling glucose, BP, and serum lipid levels, is needed to
prevent CVD in patients with diabetes, as shown by the STENO-2 Study [55].

Unfortunately, replicating the international consensus on the treatment and care
of patients with diabetes mellitus and hypertension is a huge task in developing
nations such as India, especially in rural areas. One major challenge is the avail-
ability of trained physicians to screen, identify and treat the conditions in these
regions. Screening can be successfully performed by non-physicians, as shown in
the Chunampet Rural Diabetes Prevention Project (CRDPP) [56]. The CRDPP is a
successful model of diabetes healthcare and prevention to underserved rural areas in
developing countries such as India, which provides an example for others on how to
deliver quality screening and treatment tools. Large-scale screening for diabetes
mellitus and hypertension is possible, but the challenge then becomes long-term
follow-up and delivery of pharmacological therapy in a cost-effective manner
because the diseases are lifelong.

12.8 Conclusion

The prevalence of diabetes and hypertension is rising in epidemic proportions, and
these conditions represent some of the biggest challenges facing healthcare systems
in developing countries like India. Diabetes increases the risk of CVD, and this risk
is multiplied by coexisting hypertension. All major molecular mechanisms that con-
tribute to the microvascular and macrovascular complications of diabetes, including
oxidative stress, inflammation and fibrosis, also cause vascular remodelling and
dysfunction in hypertension. Targeting diabetes at all levels of prevention including
primordial prevention, primary prevention, secondary prevention and tertiary pre-
vention along with controlling comorbidities, especially hypertension, and good
strategies to promote vascular health will be important for reducing the microvascu-
lar and macrovascular complications of diabetes. There is an urgent need to improve
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monitoring and management of risk factors through primary care-linked pro-
grammes. Public health policies and large-scale public education have a huge role
in reducing the risk of both diabetes and hypertension, and thus of CVD, in the
community.
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13.1 Introduction

Cardiovascular diseases (CVDs) are the leading cause of mortality and morbidity all
over the world. The transition from communicable to non-communicable diseases
as the main contributor to overall mortality occurred in the developing countries in
the mid-1990s. Heart failure (HF) is emerging as one of the main contributors to
CVD burden in both the developed and the developing world [1, 2].

HF is a clinical syndrome where symptoms and signs are due to structural and/or
functional cardiac abnormalities that result in elevated intracardiac pressures and/or
inadequate cardiac output at rest and/or during exercise [1]. The overall prevalence
of HF is 1-2%, but prevalence increases sharply with advancing age [2]. HF is cat-
egorised based on the left ventricular ejection fraction (LVEF) into HF with reduced
ejection fraction (HFrEF; LVEF <40%), HF with mildly reduced ejection fraction
(HFmrEF; LVEF 40-49%) and HF with preserved ejection fraction (HFpEF; LVEF
>50%) [3].

HF is a disease with high morbidity and mortality. Management of HF is resource
intensive and the vast majority of patients with HF require lifelong therapy. HF is
also an important contributor to disability-adjusted life years (DALYs) [4].
Outcomes for patients with HF are often poor, with 1- and 5-year mortality rates of
30% and 50-60% respectively, which is worse than some common malignancies
such as breast and colon cancer [5].
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Although there is a substantial body of data on HF in Western populations, there
is comparatively less data from the developing world, especially Asian countries.
Given that the Asian region is home to 60% of the world’s population, it is likely to
have a huge burden of HF. In addition, the Asian region is unique because of differ-
ences in ethnicity and the size and distribution of the population.

13.2 Hypertensive Heart Failure

Patients with persistent and uncontrolled hypertension initially develop left ven-
tricular (LV) hypertrophy which progresses to HF. Significant LV hypertrophy
results in diastolic dysfunction and patients initially develop HFpEF. Later, the LV
starts dilating and systolic dysfunction is predominant. Degrees of heart involve-
ment in patients with hypertension are defined in Fig. 13.1, while the different forms
of cardiac involvement and progression from hypertension to HF and death are sum-
marised in Fig. 13.2.

13.3 HF Registries from Asia

Even though there is less data on the incidence and prevalence of HF from the Asian
region, data from various registries in the region is starting to emerge. This provides
the scientific community with reasonably good data about HF-related morbidity and
mortality, and HF management practices in the region (Table 13.1).

The Trivandrum Heart Failure Registry (THFR) was setup in 2013 and
enrolled 1205 patients [8]. The most common forms of heart disease were coronary
artery disease and rheumatic heart disease. Major comorbidities included hyperten-
sion (58%), diabetes mellitus (55%), chronic kidney disease (CKD; 18%) and
chronic obstructive pulmonary disease (COPD; 15.4%). HFpEF was found in 19.6%
of patients, HFmrEF in 18% and HFrEF in 62.4%. Patients with HFpEF were more
likely to be female, have a lower prevalence of CAD, tobacco use and diabetes, a
higher prevalence of atrial tachyarrhythmia, and were less likely to be receiving
treatment with beta-blockers and renin-angiotensin-aldosterone system (RAAS)
inhibitors.

Only 25% of patients with LV systolic dysfunction were being treated with
guideline-directed medical treatment (GDMT; a combination of beta-blockers and
RAAS inhibitors). The rate of hospital readmissions at 1 year was 30%, with no
gender bias. Major predictors of hospital readmission were GDMT and New York
Heart Association (NYHA) class IV symptoms. The median duration of hospital
stay was 6 days, and rates of in-hospital and 90-day mortality were 8.5% and 18%,
respectively. Mortality rates at 1, 3 and 5 years were 30.8%, 44.8% and 58.8%,
respectively. Important predictors of mortality were lack of GDMT, increasing age,
increasing serum creatinine, and NYHA functional class IV HF at presentation [9].

The Medanta Heart Failure Registry (MHFR) is a single centre registry from
Delhi. Over the period 2014-2017 it enrolled 5590 patients with HFrEF (mean age
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Fig. 13.1 Stages of Heart disease resulting from hypertension can
hypertensive heart disease. be divided into four degrees of severity
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Fig. 13.2 Evolution of hypertensive heart disease in patients with hypertension and other risk
factors. HF heart failure, LV left ventricular, M myocardial infarction

59.1 £ 11.8 years, M:F ratio, 4.9:1). CAD was the most common aetiology for HF
(in 78% of patients), while 7.8% of patients had underlying RHD. Diabetes and
hypertension were present in 49% of patients. The mean estimated glomerular filtra-
tion rate (éGFR) was 76.1 = 27.7 ml/min/m’. Treatments included beta-blockers,
RAAS inhibitors and diuretics in 81.8%, 65.8% and 79.4% of patients, respectively.
Rates of implantable cardioverter defibrillator (ICD) and cardiac resynchronisation
therapy (CRT) device implantation were 4.3% each. The 1-year mortality rate was
17.6%, and major predictors of mortality were age >50 years, higher NYHA class,
LVEF <30%, renal dysfunction, anaemia and lack of GDMT [10].
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The Kerala Acute Heart Failure Registry (KAHFR) enrolled 7512 patients
with acute HF from 2016 to 2018. Mean age was 64.3 = 12.9 years with a M:F ratio
of 1.7:1. More than two-thirds of patients (67.5%) had HFrEF, while 17.8% had
HFmrEF and 14.9% had HFmrEF and HFpEF. The aetiology of HF was CAD
accounted in 65% of patients. Rates of GDMT were low, being 27.9% in patients
with HFrEF and 20.2% in those with HFmrEF. In-hospital mortality was 6.1%, and
90-day mortality was 10.3%. Mortality rates per 100 person-days were 14.1, 10.7
and 10.9 in patients with HFrEF, HFmrEF or HFpEF, respectively. Key predictors
of mortality were lack of GDMT, older age, CKD, stroke, CAD, atrial fibrillation
(AF) and anaemia [6].

The National Heart Failure Registry was established in 2019 and has enrolled
more than 10,500 patients from 51 centres all over India. Interim data from 7500
patients are available (Table 13.1). Mean age at enrolment was 60.3 + 13.5 years,
with a M:F ratio of 2.2:1. HFrEF was the most common type of HF (61% of
patients), followed by HFmrEF (23%) and HFpEF (13%). The underlying HF aeti-
ology was CAD in 73% and RHD in 6.3%. Major comorbidities included hyperten-
sion (49%), diabetes mellitus (43%), CKD (9%) and atrial arrhythmia (10%). Only
43% of patients were receiving GDMT. The in-hospital mortality rate was 6.1%.
Patients with HFrEF had a higher prevalence of CAD and diabetes, with lower
blood pressure and higher mortality. Patients with HFpEF had a higher prevalence
of atrial arrhythmias and COPD. Use of GDMT was higher in patients with
HFrEF [7].

The ASTAN HF registry recruited 6480 patients from three Asian regions from
2012 to 2015 [11]. South-East Asia included Thailand, Malaysia, Philippines,
Indonesia and Singapore, North-East Asia included South Korea, Japan, Taiwan,
Hong Kong and China, while South Asia included India. Mean age was
61.6 = 13.3 years, and M:F ratio was 2.7:1. Ischaemic aetiology accounted for
43.8% of cases. HFTEF was common (81% of patients). Major comorbidities
included hypertension (55%), diabetes mellitus (41%), CKD (35.6%) and atrial
arrhythmias (12.8%). ICD use was seen in 4.3% of patients, and biventricular pac-
ing in 1.4%. Drug therapy included diuretics in 76.5% of patients, beta-blockers in
72.2%, RAAS inhibitors in 70.4% and mineralocorticoid receptor antagonists
(MRAS) in 49.7%. The 1-year mortality rate was 9.6% (10.6% in HFrEF and 5.4%
in HFpEF), with major predictors being LV systolic dysfunction, advanced age, HF
re-hospitalisation in the previous 6 months, obesity, NYHA class III/IV symptoms,
lower systolic blood pressure (SBP) at admission, AF, and renal dysfunction.
Patients from South-East Asia were younger, had a higher prevalence of comorbidi-
ties, and a higher 1-year mortality rate compared with patients from other Asian
regions.

The CHART 1 registry from Japan included 1278 patients from 2000 to 2005
(mean age 68.3 + 13.4 years, M:F ratio 2.1:1, 55% with HFrEF) [12]. One quarter
had an ischaemic HF aetiology and 26.4% had valvular pathology. Prevalence rates
of hypertension, diabetes mellitus and atrial arrhythmia were 47%, 19% and 41%,
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respectively. Mortality at 1, 2 and 3 years was 7%, 16% and 22%, respectively. The
main predictors of mortality were older age, diabetes mellitus, ventricular tachycar-
dia, higher levels of B-type natriuretic peptide, LVEF <30% and higher NYHA
functional class.

The CHART 2 registry included 10,219 patients from 2006 to 2010, with a
mean age of 68.2 = 12.3 years, M:F ratio of 2.3:1, 80% HFpEF [13]. HF has an
ischaemic aetiology in 53% of patients and a valvular pathology in 19%. Major
comorbidities included hypertension (76%), diabetes mellitus (23%), CKD (39%)
and AF (23%). RAAS inhibitors were used by 63% of patients, beta-blockers by
40%, MRAs by 15%, and loop diuretics by 30%. At a median follow-up of 3.1 years,
the mortality rate was about 50 per 1000 patient years.

The INTER CHF study enrolled 5813 patients worldwide from 2012 to 2014,
of which 2661 (46%) were from Asia (M:F ratio 1.4:1) [21]. The Asian cohort had
a mean age of 60.0 = 0.3 years, older than the African population and younger than
those from South America. HF aetiology was CAD in 48% of patients and RHD in
10%. Major comorbidities included hypertension (59%), diabetes mellitus (27.9%)
and CKD (7.1%). HF therapy included diuretics in 62.1% of patients, RAAS inhibi-
tors in 67.9%, beta-blockers in 60.8%, MRAs in 44% and digoxin in 27.6%. One-
year mortality rates were highest in India (23%), followed by South-East Asia
(15%), the Middle East (9%) and China (7%). Predictors of mortality included older
age, lower body mass index, valvular heart disease, HF hospitalisation, lower SBP,
LV dysfunction, COPD, illiteracy, and lack of treatment with beta-blockers and
RAAS inhibitors [22].

The Gulf CARE Registry enrolled 5005 patients from 47 hospitals in seven
Middle East countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, United Arab
Emirates and Yemen) between February and November 2012 [17]. Mean age of the
population was 59 + 15 years, with M:F ratio of 2.3:1. HFrEF was seen in 69%, and
median LVEF was 35%. HF aetiology was CAD in 53% and valvular heart disease
in 13%. Major comorbidities included hypertension (61%), diabetes mellitus (50%),
atrial arrhythmia (14%) and CKD (15%). Diuretics were being used by 94% of
patients, beta-blockers by 71%, RAAS inhibitors by 78% and MRAs by 43%; 2.1%
had an implanted ICD and 1.1% had undergone CRT device implantation. In-hospital
mortality was 6.3%, and re-hospitalisation rates at 3 and 12 months were 18% and
40%. Cumulative mortality rates at 3 and 12 months were 13% and 20.1%.

The HEARTS registry enrolled 1090 patients from Saudi Arabia from 2009 to
2011 (mean age 60.6 + 15.3 years, M:F ratio 1.45:1) [23]. HFrEF was seen in
63.3% of patients, and 70.6% had severe LV dysfunction. Major comorbidities
included hypertension (70.9%), diabetes mellitus (57.9%), CKD (29.8%) and atrial
arrhythmias (15.7%). The most commonly used HF therapies were beta-blockers
(95% of patients), diuretics (94%), RAAS inhibitors (86%) and MRAs (53%). ICD
and CRD devices were implanted in 29.1% and 8.8% of patients, respectively.
In-hospital, 30-day and 1-year mortality rates were 5.3%, 7.5% and 9%,
respectively.
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The Korean Acute Heart Failure registry (KorAHF) included 5625 patients
from 2011 to 2014 (mean age 68.5 + 14.5 years, M:F ratio 1.1:1) [16]. The most
common form of HF was HFrEF (60.5% of patients). Aetiology was CAD in 42.9%
of patients and valvular heart disease in 14.3%. RAAS inhibitors were used by
68.8% of patients, beta-blockers by 43% and MRAs by 37.1%. Comorbidities
included hypertension (59.1%), diabetes mellitus (35.3%), CKD (14.3%) and AF
(34.9%). In-hospital mortality was 7.6% and 1-year mortality was 8.4%. Predictors
of mortality were older age, renal dysfunction, SBP <100 mmHg and lack of GDMT.

The China-HF registry enrolled 13,687 patients from 132 centres from 2012 to
2015 [14]. The mean age of the study population was 65 + 15 years and the M:F
ratio was 1.44. CAD was the underlying HF aetiology in 49.6% of cases, and 39.6%
had HFrEF. Common comorbidities included hypertension (50.9%), CKD (46.7%),
diabetes (21%) and AF (24.4%). The proportion of patients taking diuretics,
angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, and
beta-blockers was 30.1%, 27.0%, and 25.6%, respectively. The median length of
hospital stay was 10 (range 7-15) days, and in-hospital mortality was 4.1 + 0.3%.
Predictors of mortality included low SBP, acute MI, infection, right bundle branch
block, and elevated total bilirubin and blood urea nitrogen levels.

13.4 Special Features in Asian Population

The data above indicate that, compared with Western populations, the Asian popula-
tion of HF patients is a decade younger in terms of mean age, with male predomi-
nance. The proportion of patients with HFrEF is significantly higher and the
proportion with HFpEF much lower. RHD aetiology was only specifically men-
tioned in studies from India. The prevalence of CAD was highest in the Indian
cohorts, but similar to Western data in other groups [18-20]. Asian cohorts also
showed a high in-hospital mortality rate. Some registries reported long-term mortal-
ity. One of these was the THFR, which reported 1-year, 3-year and 5-year mortality
rates of 30%, 45% and nearly 60%, respectively [24].

Rates of optimal GDMT usage and cardiac device implantation of devices were
much lower in Asian cohorts compared with Western data. This could be due to
issues relating to availability, accessibility and affordability. Late referral in
patients with acute coronary syndromes and not getting evidence-based therapy
(e.g., timely revascularisation) may be another reason underlying the high mortal-
ity rates.

As a comparison, the THESEUS registry reported data from Africa (2007-2010;
n = 1006; mean age 52.3 + 18.3 years; M:F ratio 0.97:1) [25]. The cause of HF was
most commonly hypertension (45.4% of patients), followed by RHD (14.3%) and
CAD (7.7%). Renal dysfunction, diabetes mellitus and AF were present in 7.7%,
11.4% and 18.3% of patients, respectively. The prevalence of HIV was quite high
(13%), while the median duration of hospitalisation was 7 days. In-hospital and
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6-months mortality rates were 4.2% and 17.8%, respectively. The patients in this
cohort were a decade younger than the Asian patients, with a similar proportion of
males and females. Surprisingly, the prevalence of CAD was significantly lower,
with similar in-hospital mortality but higher 6-month mortality.

13.5 Intra-continental Variation

Comparing data between Asian regions, age distribution was similar but the propor-
tion of male patients was slightly higher in India and Gulf nations compared with
South-East Asia. The prevalence of CAD was highest in patients from India, while
CKD was most prevalent in those from China, despite this group having the lowest
prevalence of diabetes mellitus. Rates of GDMT prescription were lowest in patients
with HF from China, while this country also had the lowest in-hospital mortality
rate. Data on the contribution of RHD to HF is lacking from China and the Middle
East, while this aetiology was present in one-fifth of patients from India, Korea and
Saudi Arabia. Despite the high prevalence of HFTEF in these countries, the use of
MRAs was low. Implantation of devices (CRT and ICD) was very low in all Asian
countries, but higher in patients from Saudi Arabia. HF patients from Japan tended
to be older, with a higher prevalence of HFpEF, renal dysfunction and hypertension,
although medication usage was similar to that in the rest of the Asian cohort.

13.6 What Lies in the Future?

These HF registries are useful to describe the real-world clinical situation in differ-
ent countries and regions. With an increasing proportion of elderly in many popula-
tions, lack of physical activity, low intake of fruits and vegetables, rising prevalence
of diabetes mellitus, hypertension and CAD, the prevalence of HF in Asia is likely
to rise over coming decades [26].

Treatment of HF is resource intensive and is not affordable for the majority of
patients in Asia. Therefore, there needs to be a focus on the prevention of HF. These
preventive measures can be primordial (e.g., cultivating healthy habits in the popu-
lation at a young age), or primary (early identification and control of risk factors
such as diabetes and hypertension). Secondary prevention is also important in HF
by providing continued follow-up, risk factor control and evidence-based care. For
HFrEF, this includes treatment with low-cost agents such as beta-blockers and
RAAS inhibitors. With the advent of newer drug classes such as the angiotensin
receptor-neprilysin inhibitors and sodium-glucose cotransport 2 inhibitors, there is
even more scope for improving the quality of life and outcomes in patients with HF.

Lack of adequate manpower and overcrowded public health facilities are other
important issues in Asian countries. HF nurse-based follow-up is a very well
accepted practice in the West, which can be adopted as a cost-effective solution.
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In conclusion, the prevalence of HF in most Asian countries is high, and will
likely increase due to factors such as greater longevity, a sedentary lifestyle and
increasing prevalence of CAD. It is important to recognise differences in HF risk
factors and outcomes in Asian populations, and design preventive and therapeutic
protocols accordingly. Hypertension is a major risk factor for HF in the Asian popu-
lation, meaning that good control of blood pressure will help to reduce the preva-
lence of HF.
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Disease in Asians
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14.1 Introduction

Chronic kidney disease (CKD) and hypertension can cause, and are known for their
associations with one another. In adults with hypertension and CKD, the KDIGO
2021 Clinical Practice Guideline for the Management of Blood Pressure in Chronic
Kidney Disease made several new recommendations including method of blood
pressure (BP) measurement, lifestyle interventions, BP targets (SBP <120 mmHg
when tolerated), and choice of antihypertensive drugs [1]. As such, blood pressure
control is imperative to retard CKD progression and to avoid complications associ-
ated with hypertension. For this chapter, focusing on countries in Asia, we review
the following: (1) epidemiology of hypertension and CKD; (2) relationship of
hypertension, and CKD, with clinical outcomes; (3) genetics associated with hyper-
tension and CKD; (4) impact of sodium and dietary patterns; and (5) antihyperten-
sives prescription patterns.
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14.2 Epidemiology

The prevalence of CKD in hypertensive patients, hypertension among CKD patients,
and end-stage kidney disease (ESKD) caused by hypertension of various Asian
countries are presented in Tables 14.1 and 14.2 [2]. The types and proportions of
ethnic groups differ among countries, which in turn may contribute to differences in
dietary habits, cultural beliefs and practices as well as socioeconomic status. These
will be discussed in the later part of the chapter. As the sampling methodologies
differ with each country or study, it is difficult and therefore, not recommended to
perform direct comparisons with one another.

Knowledge on various international clinical practices in BP control remains lim-
ited. Alencar de Pinho et al. analyzed data from independent CKD cohort studies
(internal Network of Chronic Kidney Disease, iNET-CKD) to compare the preva-
lence of uncontrolled BP in adults with CKD, as well as to illustrate prescription
patterns of antihypertensives. The study observed lower prevalence ratios of uncon-
trolled BP in cohorts from North America and high-income Asian countries like
Japan and Korea, while higher prevalence ratios in cohorts from European coun-
tries, India, and Uruguay [22].

Table 14.1 Prevalence of hypertension and CKD [2]
Hypertension ~ CKD in hypertensive ~ Hypertension in CKD

Area Population (%) patients (%) patients (%)
China General 35.4 3] 61.2 [3] 79.8 [4]
Hong General 27.7 [5] - -
Kong
India Opportunistic ~ 43.1 [6] - 64.5 [7]
Japan General 60.0 (Male) [8] — -
41.0 (Female)
Malaysia CKD 30.3 [9] - 38.4 [10]
(subgroup)

Singapore General 23.5[9] 7.6 [11] -
South General 29.1 [12] 19.6 [13] -
Korea
Taiwan General 24.5 [14] - -
Table 14.2 Prevalence Area ESKD due to hypertension (%)
of ESKD caused by China 10.5 [15]
hypertension [2] Hong Kong 9.6 [16]

India 12.8 [17]

Japan 9.9 [18]

Singapore 5[19]

South Korea 20 [20]

Taiwan 8.3 [21]
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The prevalence of hypertension and CKD can differ among ethnic groups in
countries with multi-ethnic populations, like Singapore [23]. In a cross-sectional
study, varying patterns of association between individual BP components and CKD
were found among Chinese, Malay, and Indians in Singapore [24]. Among Malays,
higher prevalence of hypertension and CKD, and higher levels of SBP and DBP
were observed [24]. Similar findings of association between Malays for hyperten-
sion and CKD were identified in another two cross-sectional studies conducted in
Singapore [25, 26].

14.3 Relationship Between Hypertension and CKD

Association between hypertension and increased risk of developing CKD and car-
diovascular disease have been established by several studies [27, 28]. A post-hoc
analysis of the China Stroke Primary Prevention Trial (CSPPT) by Jiang et al.
observed a U-shaped association between serum albumin levels and the risk of
developing CKD among hypertensive patients with normal renal function [29]. In a
Japanese prospective cohort study, incident hypertension was also associated with a
higher risk of new-onset proteinuria [30].

Associations between hypertension and CKD have been demonstrated in studies
performed in South Korea, Malaysia, Singapore, and Thailand [25, 31-34]. In the
C-STRIDE study of hypertensive CKD Chinese patients, uncontrolled hypertension
was associated with decreased estimated GFR, albuminuria, and higher cardiovas-
cular risk [35, 36]. Several studies in India have also demonstrated hypertension to
be a risk factor of CKD including the Screening and Early Evaluation of Kidney
Disease (SEEK) [7, 37]. There are also studies evaluating the relationship of hyper-
tension with progression of CKD. Inaguma et al. showed that elevated SBP and
increased albuminuria were risk factors of CKD progression in Japan [38].

Visit-to-visit BP variability has been evaluated against various clinical outcomes.
The post-hoc analysis of CSPPT study by Li et al. demonstrated SBP variability was
associated with development of CKD in hypertensive patients with normal renal
function [39]. Li et al. also showed significant association between visit-to-visit BP
variability with the risk of subsequent first stroke in hypertensive patients with mild-
to-moderate CKD [40]. In Japan, SBP variability was demonstrated to be associated
with eGFR decline, particularly in those with proteinuria [41]. Among Malaysian
hypertensive patients, visit-to-visit variability was shown to be a determinant of
renal function decline [42].

In addition to BP variability, associations of non-dipping, reverse-dipping BP
patterns were observed in hypertensive Korean patients with CKD [43]. Within-visit
BP variability has also been evaluated. Azushima et al. demonstrated among
Japanese CKD patients with hypertension, within-BP visit variability to be a risk
factor of cardiovascular disease and use of RAAS inhibitors or alpha-blockers
improved variability [44].
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14.4 Genetics Associated with Hypertension and CKD

Studies have identified several genetic loci associated with blood pressure and kid-
ney diseases through genome-wide association studies based on various types of
ancestries [45, 46]. Within Asia, limited studies have been conducted but several
gene polymorphisms have been identified to be associated with hypertension in
patients with CKD.

Non-muscle myosin heavy chain 9 (MYH9) is a major susceptibility gene for
end-stage renal disease, of which its single nucleotide polymorphisms (SNPs) are
associated with hypertension and end-stage renal disease [47]. In a China case-
control study by Liu et al., rs3752462 TT genotype of MYH9 was associated with
higher risk of concurrent high SBP >140 mmHg in patients with CKD [47].

Angiotensin converting enzyme-1 (ACE) is a key player in the renin-angiotensin
system that maintains BP and fluid homeostasis. The insertion (I) or absence (D, or
deletion) polymorphism of ACE gene is associated with hypertensive renal damage
[48]. Another case-control study evaluating ACE gene polymorphism in north
Indians, demonstrated strong association of ACE DD genotype with hypertensive
state and end-stage renal disease [49].

Apart from ACE, genes of other components of the renin-angiotensin system
have been explored. ACE, AGT, and AGTRI1 gene polymorphisms were examined
by Su et al. on their associations with CKD susceptibility among Chinese in Taiwan
[50]. ACE-A2350G AA genotype and AGTRI-C573T CT genotype were found to
be risk factors for CKD [50].

Blood pressure increase after sodium loading is known as salt sensitivity and has
been regarded as a potential blood pressure control target. The impact of sodium on
hypertension and CKD will be discussed in the next section. Many SNPs have been
identified to be associated with salt sensitivity in Asian populations including
Chinese, Koreans, and Japanese, that are known to have high-sodium dietary habits
[51-57]. As such, sodium restricted diets is a strategy to alleviate hypertension in
patients with these polymorphisms.

14.5 Impact of Sodium and Dietary Patterns

In adults with pre-dialysis CKD, a recommended limit of sodium intake of
<100 mmol/day or <2.3 g/day (by KDOQI Clinical Practice Guideline for Nutrition
in CKD 2020 Update), and <90 mmol/day (<2 g/day) or <5 g of sodium chloride/
day (by KDIGO 2021 Clinical Practice Guideline for Management of Blood
Pressure in Chronic Kidney Disease) can improve volume control, and reduce blood
pressure control or proteinuria [58, 59]. The renin-angiotensin-aldosterone system
achieves fluid homeostasis through balancing of sodium excretion, extracellular
fluid volume, and arterial BP [60]. In CKD, insufficient sodium excretion affects
fluid and BP balance [61]. Through various mechanisms such as oxidative stress,
inflammation, and endothelial dysfunction, excessive sodium intake has adverse
effects on blood vessels, heart, kidneys and sympathetic nervous systems [62].
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Table 14.3 Sodium intake Sodium intake, g/day (95%
by country and region Country uncertainty intervals)* [69, 70]
China 4.83 (4.62-5.05)
India 3.72 (3.63-3.82)
Indonesia 3.36 (3.02-3.76)
Japan 4.89 (4.71-5.08)
Korea 5.21 (4.98-5.48)
Malaysia 3.57 (3.25-3.93)
Philippines 4.29 (3.65-5.10)
Singapore 5.14 (4.36-6.02)
Taiwan 3.92 (3.66-4.17)
Thailand 5.31 (4.88-5.75)

* Age-standardized estimated sodium intakes (g/day) in 2010

There are several major studies including Intersalt, DASH, ONTARGET, LowSALT
CKD and HEMO, evaluating dietary sodium intake and its effects on various out-
comes such as BP, proteinuria, cardiovascular events, and mortality [63].

A summary of sodium intake in several Asian countries is shown in Table 14.3.
Quantity of salt intake can vary according to countries, regions, and ethnicity, as a
result of different socio-economic-cultural factors. The INTERMAP study by China
used 24-h urinary sodium excretion method and demonstrated an average sodium
intake of 3990 mg/day, while the 2002 Chinese Nutrition and Health Condition
Survey used 3-day dietary record and showed that the nationwide salt intake was
10.7 g/day [64—66]. A more recent 2010 China Health and Nutrition Survey revealed
a decline in sodium consumption from 6.8 g/day in 1991 to 4.3 g/day in 2011 [66,
67]. In a Singapore National Nutrition Survey, the mean urinary sodium excretion
was 142.2 mmol/24 h and estimated mean salt intake was 8.3 g/day [68]. Powles
et al. analyzed sodium intake in adults, revealing a global mean of sodium intake of
3.95 g/day. Countries within Asia had the highest mean sodium intakes, with 4.8 g/
day in East Asia countries, 5 g/day in Asia Pacific High-Income countries (Japan
and South Korea), and 5.51 g/day in Central Asia [69].

He et al. showed salt reduction to 100 mmol/day led to SBP (5.8 mmHg) and
DBP (2.82 mmHg) reduction in the general population [71]. For CKD, the evidence
of sodium intake reductions is derived from short-term randomized controlled trials
or crossover studies, and observational studies for clinical endpoints such as CKD
progression, mortality, and cardiovascular events [58]. The evidence demonstrating
benefits of sodium reduction on BP reduction in CKD were derived from short-term
randomized trials that were mostly conducted in the United Kingdom, Netherlands,
Australia, Japan, and USA [72-78].

Within Asia, the effects of lowering blood pressure and proteinuria via sodium
restriction in Japanese patients with IgA nephropathy were demonstrated by Konishi
et al. [73]. In China, Xu et al. demonstrated association of elevated BP and risk of
hypertension with higher sodium intakes in adults in Shandong and Jiangsu [66,
79]. Another cluster-randomized trial conducted in China demonstrated a sodium
reduction program involving health education and access to potassium-based salt
substitute resulted in lower urinary albumin-creatinine ratio and lower odds of
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albuminuria [80]. A case-control study on rural population in southern India showed
high serum sodium-potassium ratio excretion. Hypertension was associated with
lower serum potassium levels and a lower intake of vegetables was reported by
participants with hypertension [81]. Loh et al. evaluated Malaysian patients with
CKD to undergo 1-month salt restricting diet prospectively. Salt intake was esti-
mated using 24-h urinary sodium and potassium levels. With salt reduction,
improvement in BP and proteinuria were observed [82].

Differences in socio-cultural beliefs and practices contribute to different dietary
habits too. A cross-sectional study on adults of Sado city in Japan demonstrated asso-
ciations between the intake of miso soup and Japanese pickles, with daily salt intake
of 9.4 g/day based on estimated 24-h urine sodium excretion [83]. Cultural differences
within Indonesia with high-fat and high-salt dietary habits in several Indonesian prov-
inces were shown to contribute to the difference in prevalence of hypertension among
the provinces [84]. Teo et al. evaluated 24-h urinary sodium excretion in Singaporean
patients with CKD and found dietary sodium intake was high among those in earlier
stages of CKD, of which many had declined dietician counselling [85].

Twenty-four-hour urinary excretion has been established as a method to estimate
daily sodium intake. Amano et al. measured daily sodium excretion using 24-h urine
collection and compared with estimated sodium excretion from a spot urine sample
in Japanese patients with chronic kidney disease, using a formula by Tanaka et al.
[86, 87]. The study showed a significant difference in readings when compared. In
a multi-ethnic Singaporean cohort, a 5-variable equation, which included spot urine
sodium, age, gender, ethnicity, and weight, was formed to predict 24-h urine sodium
excretion [11].

Apart from sodium, emphasis has been placed on dietary potassium and Dietary
Approaches to Stop Hypertension (DASH) diet in patients with hypertension and
CKD. Mun et al. studied dietary potassium patterns in adults with stage 2 CKD in
Korean rural populations and observed high dietary potassium was associated with
slower CKD progression in those with hypertension [88]. Furthermore, the HEXA
study found association between low potassium intake with increased odds of
advanced stage CKD in hypertensive participants in South Korea [89]. The DASH
diet comprises of vegetables, fruits, low-fat dairy products, whole grain, fish, poul-
try and nuts, with low proportions of red meat, and sugary food. Two studies
revealed DASH diet when combined with low sodium intake, effectively lowered
BP [90, 91]. Only one study by Lee et al. had observed low odds of developing CKD
in elderly adults with greater adherence to DASH-style diet [92]. The risk of inci-
dent CKD and components of DASH diet have been evaluated in several Asian
studies. Firstly, fruits and vegetable-rich diets with lower dietary acid load, were
associated with lower risk of incident CKD and proteinuria in a South Korean pro-
spective study [93]. Secondly, red meat consumption was also associated with end-
stage kidney disease in a prospective study in Singapore Chinese population, and
not consumption of fish, eggs, or poultry [94]. While there has been no other studies
evaluating DASH diet with progression or complications of CKD, studies on effects
of components of DASH diets in Asian patients with CKD have been conducted but
these are beyond the scope of this chapter [95].
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14.6 Prescribing Patterns of Antihypertensives in CKD

The prevalence of uncontrolled hypertension differed by regions and countries;
hence, approaches to managing hypertension were likely to be heterogeneous too
[22]. The study conducted by Alencar de Pinho et al. analyzed prescribing pat-
terns of antihypertensives. The highest number of antihypertensive drug classes (3
or more) was observed in cohorts from North America while lowest number was
observed in the Chinese cohort study (only 1) [22]. Across the cohorts, renin-
angiotensin-aldosterone system (RAAS) inhibitors was mostly prescribed and the
preferred agent for monotherapy too. In comparison to cohorts from Brazil,
Europe, and North America, diuretics were less frequently prescribed in Asian
cohorts, in which calcium channel blockers (CCB) were most frequently pre-
scribed [22].

The C-STRIDE cohort study in China observed that more than half of hyper-
tensive CKD patients were on 2 or more antihypertensives. Among them, RAAS
inhibitors and CCB were prescribed the most [35]. Similar findings were demon-
strated by another study in China by Zhang et al. [96]. A prospective study on
patients with CKD was conducted in Singapore by Teo et al. The study described
the prescribing pattern of antihypertensives within a tertiary hospital. RAAS
inhibitors were observed to be commonest antihypertensive prescribed, particu-
larly in patients with diabetes mellitus [97]. Higher frequency of diuretics, beta-
blockers, or dihydropyridine CCB were prescribed at higher stages of CKD and
in patients aged >65 years [97]. On the other hand, a cross-sectional study evalu-
ating CKD patients in Pakistan, among which 74.4% had hypertension, revealed
that only 48.7% of them were on antihypertensives [98]. Only 17% of patients
were on RAAS inhibitors as monotherapy or in combination with other antihy-
pertensives. Among those on monotherapy, beta-blockers were mostly commonly
prescribed [98]. In the CKD-JAC study, 91.9% of Japanese CKD patients had
hypertension among which RAAS inhibitors were most frequently used, fol-
lowed by CCB. Between two RAAS inhibitors, angiotensin receptor blockers
were commonly prescribed than ACE-inhibitors [99].

14.7 Conclusion

Among different Asian populations, this chapter has (1) illustrated the epidemiol-
ogy of hypertension and CKD, (2) explored the relationship of hypertension and
CKD against renal outcomes, and (3) discussed how factors including genetics,
dietary choices, and varying pharmacological treatments can play powerful roles
in management of blood pressure and curbing CKD progression. Taken together,
it remains important to review prevalence of uncontrolled hypertension and BP
management practices, to identify gaps in knowledge and implement tailored
national strategies to optimize BP control. And it would add to the overall arma-
mentarium in the prevention of chronic kidney diseases in Asia and world-
wide [100].
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Meifen Zhang, Hang Siang Wong, Roy Debajyoti Malakar,
and Troy H Puar

15.1 Introduction

While most patients with hypertension have essential (idiopathic) hypertension, a
significant proportion of patients may have an underlying treatable condition or
secondary hypertension. Asia has a high prevalence of hypertension, also known as
the silent killer, which is a major contributor of cardiovascular death and healthcare
burden. Cardiovascular Disease (CVD), the leading cause of deaths worldwide,
contributes to about 30% of all deaths, with half of the cases of CVD is estimated to
be in Asia; and hypertension, a major modifiable risk factor for CVD, results in
more deaths than any other CV risk factors in the Asian regions [1]. Hypertension is
also the most prevalent risk factor for stroke in Asia [2].

In a study of the prevalence of hypertension in Singapore, among 10, 215
participants (47.2% Chinese, 26.0% Malay, and 26.8% Indian), hypertension
prevalence was estimated to be 31.1% [3]. In a study from China, among Chinese
adults aged 35-75 years, nearly 50% have hypertension, fewer than a third are
being treated, and fewer than 1 in 12 have controlled blood pressure [4].
Secondary hypertension is estimated to affect 10-20% of patients with
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hypertension in a US study [5]. However, the prevalence of secondary hyperten-
sion across Asia is not known. One study from Japan estimated a prevalence of
secondary hypertension of 9.1% among 1020 hypertensive patients [6]. Screening
for secondary hypertension is recommended by major guidelines from Europe
[7], America [8], and China [9]. The European Societies of Cardiology and
Hypertension (ESC/ESH) guidelines suggest that the screening for secondary
hypertension should be restricted to patients with features, such as younger age
(<40 years old), acute worsening of hypertension in patients with previously
stable normotension, severe (grade 3) hypertension, or drug resistance, or pres-
ence of extensive hypertension-mediated organ damage [7]. The Chinese guide-
line also mentions the need to consider screening. Hence, it is important that
clinicians managing patients with hypertension consider the possibility of sec-
ondary hypertension.

The causes of secondary hypertension include renal parenchymal and renovascu-
lar hypertension, aortic coarctation, obstructive sleep apnea, primary aldosteronism
and other adrenal hypertension, drug-induced hypertension, and various forms of
monogenic hypertension [9].

One of the clinical features that may point the clinician to consider secondary
causes of hypertension is resistant hypertension. Resistant hypertension was ini-
tially defined as failure to keep blood pressure below 140/90 mmHg despite three
antihypertensive agents at maximal tolerated doses including a diuretic [10], with
recent updates by both the ESC/ESH (included the use of 24 h ambulatory blood
pressure monitoring to exclude white coat hypertension) and AHA guideline (low-
ering of cut-off to less than 130/80 mmHg). Prevalence of resistant hypertension is
estimated at 10% amongst patients with hypertension [11], and these patients are
also at higher risk of cardiovascular complications. In a study by Kvapil and col-
leagues [12], secondary hypertension was much more frequent (31%) amongst
patients with resistant hypertension than in non-selected hypertensive population
(5-15%). Additionally, patients with secondary hypertension also had more
advanced target organ damage [12].

Another clinical feature to suspect secondary hypertension is the presence of
hypertension and hypokalemia (both spontaneous or diuretic-induced) which is
suggestive of primary aldosteronism (PA). It must be highlighted that the majority
of patients with PA have normokalemia. The prevalence of PA among all patients
with hypertension is about 5-10% and increases to 28.1% in patients with hypoka-
lemia. The prevalence of PA increased with decreasing serum potassium concentra-
tions, going up to 88.5% amongst patients with spontaneous hypokalemia and
serum potassium concentrations below 2.5 mmol/L [13]. Other symptoms and signs
that may raise suspicion for the clinician to screen for secondary hypertension are
summarized in Table 15.1 [14, 15].
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15.2 Renal Causes of Secondary Hypertension

Renal causes can be categorized into renal parenchymal diseases and renovascular
diseases. Renal parenchymal diseases include polycystic kidney disease which is
usually inherited in an autosomal dominant pattern. Other causes are glomerulone-
phritis, chronic tubulointerstitial disease, diabetic nephropathy, and obstructive
uropathy. As chronic hypertension can lead to chronic kidney disease (CKD), these
two conditions commonly co-exist. CKD as a cause for secondary hypertension can
be difficult to establish. Some clinical clues may be helpful to the thoughtful clini-
cian. For example, if abnormal findings are seen on urinalysis, or renal dysfunction
has appeared before onset of hypertension, or if the presence of hypertension, pro-
teinuria, or renal dysfunction from an early phase of pregnancy (superimposed pre-
eclampsia) is confirmed, hypertension is likely to be caused by CKD, if hypertension
is mild relative to abnormal urinary findings or kidney damage or lack of concurrent
cardiovascular complications [16]. Baseline investigations for the hypertension
patient should include urinalysis and serum creatinine concentration measurement
and imaging of the kidneys. If there are significant abnormalities, then referral to a
nephrologist is warranted.

However, not all patients may have full assessment of secondary causes of hyper-
tension at diagnosis. If during the initiation of angiotensin-converting enzyme
(ACE) inhibitors or angiotensin II receptor blockers (ARB), there is a significant
worsening of creatinine to more than 30% of baseline, recurrent flash pulmonary
edema in a patient with normal left ventricular ejection fraction, or if baseline imag-
ing sizes in the kidneys differ more than 1.5 cm, then a search for renal artery ste-
nosis is warranted. For renovascular diseases, fibromuscular dysplasia tends to
occur in the young while atherosclerotic renal artery stenosis tends to occur in older
patients. Renal artery stenosis-related hyperactivity of the renin—angiotensin (RA)
system contributes to an increase in blood pressure. The initial imaging modality
recommended is duplex Doppler ultrasonography of the renal arteries [17]. However,
this test is not as accurate in patients who are obese, and its accuracy is operator-
dependent. Magnetic resonance imaging or computed tomographic angiography
can also be considered depending on kidney function. Should non-invasive imaging
be non-diagnostic and clinical suspicion remains high, the gold standard for diagno-
sis is renal artery angiography [18].

The mainstay of treatment of renal artery stenosis is controlling blood pressure.
ACE-T and ARBs can be used to achieve blood pressure targets in patients with both
unilateral stenosis and bilateral stenosis. Generally for atherosclerotic renal artery
stenosis, there is less evidence for angioplasty and medical therapy to achieve blood
pressure targets and percutaneous angioplasty revascularization only considered
should medical therapy fail [19]. Renin—angiotensin blockade is well tolerated even
in patient with severe bilateral renal artery stenosis, and reduces mortality in a large
group of atherosclerotic renal artery stenosis patients; and should be considered
unless absolute contraindications exist [20]. In the CORAL study comparing stent-
ing and medical therapy for atherosclerotic renal artery stenosis, the authors con-
cluded that stenting renal artery stenosis did not confer a significant benefit with
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regard to the prevention of clinical events when added to comprehensive, multifac-
torial medical therapy [19]. In fibromuscular dysplasia which typically occurs in the
younger patients and tends to affect the mid and distal part of the renal artery, per-
cutaneous angioplasty is associated with better outcomes and should be considered.
Other factors for percutaneous intervention include short duration of blood pressure
elevation prior to diagnosis of RAS, recurrent flash pulmonary edema, rapid wors-
ening of blood pressure, resistant hypertension, and progression of severe hyperten-
sion [14].

15.3 Endocrine Causes of Secondary Hypertension
15.3.1 Primary Aldosteronism (PA)

PA was initially thought to be uncommon when first described in 1950 by Jerome
Conn. However, the diagnosis of PA prevalence has increased worldwide due to
various factors such as more sensitive laboratory assays, use of aldosterone-to-renin
ratio (ARR) for screening, increased use of advanced imaging and resultant detec-
tion of adrenal incidentalomas. It is now well recognized that hypokalemia is only
present in the minority of patients [21] and most patients with PA are normokale-
mic. PA is associated with increased cardiovascular morbidity and mortality than
age-, sex-, and BP-matched patients with essential hypertension [22]. It is important
to diagnose this condition early, as treatment can reverse end organ damage [23]. PA
can be caused by unilateral adenoma (coined Conn’s Syndrome), bilateral hyperpla-
sia, or unilateral hyperplasia. Patients with unilateral disease who wish for surgical
treatment are generally recommended to undergo unilateral laparoscopic adrenalec-
tomy. Surgery improves blood pressure control in all patients and hypertension is
reported to be cured in about 50% of patients [21]. Patients with bilateral hyperpla-
sia are treated with mineralocorticoid receptor antagonists such as spironolactone or
eplerenone.

Patients with PA have an age of onset of hypertension of about 40-70 years old,
are mostly asymptomatic [24], and a minority (~30%) have hypokalemia. In 2016,
Endocrine Society [21] recommended for screening of PA in (1) patients with blood
pressures repeatedly >150/100 mmHg; (2) resistant hypertension; (3) controlled
blood pressure (<140/90 mmHg) on >4 antihypertensive medications; (4) hyperten-
sion with hypokalemia (spontaneous or diuretics-induced). However, with the
developments in PA, expert opinions have called for screening for PA at least once
on diagnosis of hypertension.

Some important pointers to bear in mind before screening for PA include correc-
tion of hypokalemia as hypokalemia may falsely lower aldosterone and therefore
give false negative ARR results. Spironolactone/eplerenone/amiloride should be
stopped for at least 6 weeks before performing ARR. Other interfering medications
such as beta-blockers, angiotensin-converting enzyme (ACE) inhibitors, angioten-
sin receptor blockers (ARBs), and diuretics should ideally be switched to non-
interfering medications such as verapamil, hydralazine and prazosin/doxazosin as
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these have minimal effects on ARR. However, in situations where it may not be safe
or feasible to switch antihypertensives prior to testing, screening can proceed while
on these medications with results interpreted accordingly. Aldosterone, renin, and
potassium are performed at 8-10 am with patients in the seated position. Patients
with PA have an elevated aldosterone concentration (often >10 ng/dL), suppressed
plasma renin activity (<1 ng/mL/h), leading to an elevated ARR (>20), and positive
screening cases should be referred to an endocrinologist.

15.3.2 Cushing’s Syndrome (CS)

CS is a less common endocrine cause of secondary hypertension, affecting <0.1%
of the general population [25]. Important clinical signs to suggest CS include typi-
cal body habitus with central obesity, facial plethora, skin atrophy, easy bruisability,
violaceous striae, hirsutism, and buffalo hump [26]. Hypertension is common and
affects about 80% of patients with CS. Other suggestive clinical cues include sud-
den worsening of metabolic control, unexplained osteoporosis and fractures, psy-
chiatric overlay such as depression and psychosis. Exogenous CS is by far the most
common cause of CS, and it is important to exclude exogenous CS from over-the-
counter medication use or from potent steroids taken for other co-morbidities.
Screening for endogenous CS should only proceed after exogenous CS have been
excluded from the history. Screening tests include 24-h urinary cortisol, overnight
dexamethasone suppression tests, salivary cortisol, and cortisol day curve. If suspi-
cion is high, referral to an endocrinologist for further workup is warranted.

15.3.3 Hyper-/Hypothyroidism

Both hyper- and hypothyroidism can be associated with hypertension. Diastolic
hypertension is associated with hypothyroidism since low cardiac output is com-
pensated by peripheral vasoconstriction to maintain adequate tissue perfusion [14].
Hyperthyroidism is associated with increased cardiac output and hence elevated
systolic hypertension is typically described. Concomitant symptoms to assess thy-
roid functional state clinically should be assessed (Table 15.1). Biochemical assess-
ment of the thyroid state can be evaluated using free thyroid hormone (FT4) and
thyroid stimulating hormone (TSH).

15.3.4 Pheochromocytoma

This is a rare but important cause of secondary hypertension to consider with a
prevalence of about 0.2% in unselected hypertensive patients. However, it is one
common cause for patients who present with hypertensive emergencies. The clinical
course can be stormy with fluctuating blood pressures: severe hypertension
(200/100 mmHg) alternating with episodes of hypotension [27], and may lead to
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multiorgan failure. Failure to recognize this can result in a catastrophic outcome for
the patient [28]. Clinical features are due to paroxysmal increase in plasma cate-
cholamines and are characterized by the 5 “P”’s [29]: paroxysmal hypertensions,
palpitations, perspiration, pallor, and pounding headache.

Screening for pheochromocytoma is done using 24-h urinary fractionated meta-
nephrines or plasma metanephrines. Screening is considered in patients who have
symptoms; resistant hypertension; family history of pheochromocytoma (MEN 2;
von Hippel Lindau, SDH mutations, neurofibromatosis); and adrenal mass with
characteristics suggestive of pheochromocytoma. If screening is positive, further
imaging and referral to an endocrinologist are made.

15.4 Coarctation of the Aorta

In children and young adults, coarctation of the aorta is the second most common
cause of hypertension [30]. There is usually constriction of the lumen of the aorta
near the ligamentum arteriosum [14]. Frequent symptoms are headache, cold feet,
and pain in the legs during exercise. Clinical clues are hypertension in the presence
of weak femoral pulses. A systolic murmur in the front/or back of the chest may be
heard, and posterior rib notches on chest radiographs suggest collateral circulation.
Transthoracic echocardiography is the screening method of choice and other imag-
ing modalities such as CT or MRI can also be used. Early surgical repair or percu-
taneous balloon angioplasty appears equally effective [31].

15.5 Obstructive Sleep Apnea (OSA)

OSA is one of the most common causes of secondary hypertension [32]. It is
increasingly recognized to be associated with resistant hypertension [33]. One study
showed that OSA was prevalent in 65% of women and 95% of men with resistant
hypertension [34].

In a study in Singapore, the prevalence of moderate to severe OSA is estimated
to be 30.5% [35]. OSA is characterized by repeated partial or complete upper air-
way obstruction during sleep, leading to oxygen desaturation and arousals. OSA is
diagnosed when AHI (apnea-hypopnea index) is >5. AHI is defined as the number
of apnea plus hypopnea per hour of sleep. OSA can be classified into mild (AHI:
5-15), moderate (AHI: 16-30), and severe (AHI: >30) [36]. Associated risk factors
for OSA include male gender, obesity, and middle age [37]. Typical symptoms are
fatigue, daytime somnolence, snoring, morning headaches, inability to concentrate,
and irritability. On physical examination, patients are often of obese habitus, and
may have an enlarged neck circumference from significant soft tissue around the
neck or a big tongue.

Various tools are used to screen patients for OSA including: STOP, STOP-BANG
(SB), Epworth Sleepiness Scale (ESS), and the 4-Variable screening tool (4-V) [38].
These tools have different ease of administration, and sensitivity and specificity.
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The most sensitive and simple screening tool is the STOP-BANG questionnaire.
Using this screening tool would improve identification of patients at high risk for
sleep apnea [38]. The STOP-BANG questionnaire consists of eight binary (yes/no)
items related to the clinical features of sleep apnea [39]. The total score ranges from
0 to 8. Patients are classified for the risk of OSA based on their respective scores.
The sensitivity of STOP-Bang score >3 to detect moderate to severe OSA (AHI > 15)
and severe OSA (AHI > 30) is 93% and 100%, respectively [39].

Polysomnography is the standard diagnostic sleep test for OSA. In recent years,
home sleep test has also been increasingly used for diagnosis of OSA. Home sleep
test is recommended for use in uncomplicated patients with high pre-test probability
of OSA. In patients with typical symptoms, suggestive physical examination, known
risk factors or positive screening questionnaire should be referred to a sleep
specialist.

Treatment for OSA is usually continuous positive airway pressure (CPAP), pri-
marily to improve daytime sleepiness and quality of life [40]. CPAP or Mandibular
Advancement Devices (MAD) should be used in conjunction with antihypertensive
medications, and dietary and lifestyle modifications [41]. Since many patients are
undiagnosed and unaware of this condition, clinicians should maintain high index
of suspicion and screen the likely patients especially in the context of resistant
hypertension.

15.6 Conclusion

Secondary causes of hypertension are common with prevalence reported to be
10-20% of hypertensive patients and may lead to difficult to control hypertension
as well as increased end organ damages. Earlier recognition and treatment are
important as it can reduce the burden of care and can lead to better patient outcomes.
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