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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.
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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

Foreword
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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. 
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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  

Preface
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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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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.

R. G. Sy et al.
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Table 1.2  Prevalence of hypertension in Asia

Country Author N Prevalence
Central Asia
Tajikistan Demographic and Health Survey 2017 

[22]
6% in women aged 15–49 y/o

Kyrgyzstan Polupanov, 2020 [23] 1330 34.1% (36.7% in men, 30.5% 
in women)

Kazakhstan Supiyev, 2015 [24]
Aringazina, 2018 [25]

497 70% (65% in men, 75% in 
women)
24.3%

Uzbekistan Aringazina, 2018 [25] 5462 8.3%
Russia Erina, 2019 [26] 20,652 50.2%
East Asia
China Wang, 2020 [27]

Li, 2020 [28]
797
983,476

24.2%a

41.3%
Japan Ministry of Health, Labor and Welfare, 

Japan, 2017 [29]
Age 40–74: 60% in men; 41% 
in women
Age > 75: 74% in men; 77% 
in women

Mongolia Potts, 2020 [30]
Li, 2016 [31]

4515
3251

25.6% (31.9% in men, 25.5% 
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% ≥ 18y/o, 

39.2% ≥ 30y/o
Egypt Ibrahim, 1995 [37] 6733 26.3%
Middle 
East*

Yusufali, 2017 [38] 10,516 33%

Saudi 
Arabia

Saeed, 2013 [39]
Alhabib, 2020 [40]

10,735
2047

15.2%
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]

Yusufali, 2017 [38]
2107
6013

17.3% (18.9% in men, 15.5% 
in women)
28%

Iraq Saka, 2020 [45] 1480 54.7% (63.4% in men, 51.8% 
in women)b

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]

Mohan, 2001 [49]
Gupta, 1999 [50]
Anchala 2014 [51]

1673
1175
99,589
326,644

36.4% in men, 37.5% in 
women
14%
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%)b

Bangladesh Islam, 2018 [53]
Hasan, 2021 [54]

1036
4856

6.9% (4.5% in men, 8.9% in 
women)b

31% (23.6% in men, 38.1% in 
women)b

Pakistan Jafar, 2003 [55] 9442 19% (20.2% in men, 18% in 
women)

Nepal Prajapati, 2020 [56]
Karmacharya, 2017 [57]

617
1073

23% (27.6% in men, 22.4% in 
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]

Christiani 2016 [62]
29,965
15,802

33.4% (31% in men, 35.4% in 
women)
32.1%

Laos Lao Peoples 2010 [63] 4180 24.9% in men; 20% in women
Malaysia Ab Majid 2018 [64]

Abdul-Razak 2016 [65]
11,288 35.3%

47.9% (50.9% in men, 45.6% 
in women)

Myanmar Bjertness 2016 [66] 7319 29.9%
Singapore NPHS 2017 [67]

Liew SJ 2019 [68]
4100
10,215

21.5% (23.6% in men, 19.6% 
in women)
31.1%c

Thailand Tiptaradol 2012 [69] 36,877 19.1%
Vietnam Son 2012 [70]

Meiqiari 2019 [71]
9823 25.1%

21.1%
Philippines NNHES 2019 [72]

Sison 2013 [73]
3334 19%

28%
a No difference between sexes but prevalence increasing with age
b Increasing with age
c 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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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].

Table 1.3  Incidence rate of hypertension in different Asian countries

Thailand Thawornchaisit, 
2013 [79]

57,588 Thai open 
university open
4-year follow-up

4% (Men 5.2%, Women 
2.1%)

Tehran, Iran Asgari, 2020 [80] 6533 Tehran Lipid and 
Glucose study
13.1-year follow-up

All 36.1 per 1000 
person-years
Men 34.9 per 1000 
person-years
Women 38.7 per 1000 
person-years

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

22.1%

Chennai, India Mohan, 2020 [82] 1650 CURES cohort
9-year follow-up

28.7 per 1000 person-years

Chennai/
Karachi, India

Prabhakaran, 2017 
[83]

12,504 CARRS cohort
2-year follow-up

16.2%

China Luo, 2021 [84] 12,952 China Health and 
Nutrition Survey (CHNS)

40.8 per 1000 person-years 
(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 
Insurance Service-Health 
Screening
12-year follow-up

76.4%

Japan Oka, 2018 [86] 22.45 million who 
underwent med check-up 
last 2010

Wakayama prefecture
28.3% for men
20.9% for women

Philippines LIFECARE Sy, 
unpublished [87]

2089 Filipinos
4-year follow-up

15%

R. G. Sy et al.
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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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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 

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 ratea Overall BP controlb

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%

Meiqiari, 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 Easta 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%

a Number of hypertensive patients on treatment
b Defined as BP < 140/90
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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	 �Salt Intake

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/m2) 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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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-β 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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endothelins, α and β 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 

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 β-hydroxylase
Apparent mineralocorticoid excess 11 β-hydroxylase
Liddle’s syndrome ENaCβ- or γ subunit
Pseudohypoaldosteronism type 2 
(Gordon’s syndrome)

WNK kinase 1 and 4

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

2  Pathophysiology and Mechanisms of Hypertension (Asian Context)



26

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 α1, α2, β1, β2, β3, 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, α1 receptors, 
mostly found in smooth muscle, peripheral arteries and veins cause vasoconstriction 
upon stimulation and increasing systemic pressure. Stimulation of α2-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 β1-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 II 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 II, 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 III (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 II 
and Angiotensin III

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 Ca2+ 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 II-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 
II, 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 
II [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 AT2 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 III-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].

2.3	 �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.

References

	 1.	Singh M, Singh AK, Pandey S, Chandra S, Singh KA, Gambhir IS. Molecular genetics of 
essential hypertension. Clin Exp Hypertens. 2016;38(3):268–77.

	 2.	Doris PA. Hypertension genetics, single nucleotide polymorphisms, and the common dis-
ease: common variant hypothesis. Hypertension. 2002;39:323–31.

	 3.	Luft FC, Miller JZ, Grim CE, Fineberg NS, Christian JC, Daugherty SA, et al. Salt sensi-
tivity and resistance of blood pressure. Age and race as factors in physiological responses. 
Hypertension. 1991;17:1102–8.

	 4.	Higaki J, Baba S, Katsuya T, Sato N, Ishikawa K, Mannami T, et  al. Deletion allele of 
angiotensin-converting enzyme gene increases risk of essential hypertension in Japanese 
men: the Suita Study. Circulation. 2000;101:2060–5.

	 5.	Staessen JA, Wang J, Bianchi G, Birkenhager WH.  Essential hypertension. Lancet. 
2003;361:1629–41.

	 6.	Lifton RP, Gharavi AG, Geller DS.  Molecular mechanisms of human hypertension. Cell. 
2001;104:545–56.

	 7.	Geller DS, Farhi A, Pinkerton N, Fradley M, Moritz M, Spitzer A, et  al. Activating min-
eralocorticoid receptor mutation in hypertension exacerbated by pregnancy. Science. 
2000;289:119–23.

	 8.	 Inoue I, Nakajima T, Williams CS, Quackenbush J, Puryear R, Powers M, et al. A nucleotide 
substitution in the promoter of human angiotensinogen is associated with essential hyperten-
sion and affects basal transcription in vitro. J Clin Invest. 1997;99:1786–97.

	 9.	O’Donnell CJ, Lindpaintner K, Larson MG, Rao VS, Ordovas JM, Schaefer EJ, et  al. 
Evidence for association and genetic linkage of the angiotensin-converting enzyme locus 
with hypertension and blood pressure in men but not women in the Framingham Heart Study. 
Circulation. 1998;97:1766–72.

	 10.	Brand E, Chatelain N, Mulatero P, Fery I, Curnow K, Jeunemaitre X, et  al. Structural 
analysis and evaluation of the aldosterone synthase gene in hypertension. Hypertension. 
1998;32:198–204.

	 11.	Lifton RP, Dluhy RG, Powers M, Rich GM, Cook S, Ulick S, et al. A chimaeric 11 beta-
hydroxylase/aldosterone synthase gene causes glucocorticoid-remediable aldosteronism and 
human hypertension. Nature. 1992;355:262–5.

	 12.	Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P, Soubrier F. An insertion/deletion 
polymorphism in the angiotensin I-converting enzyme gene accounting for half the variance 
of serum enzyme levels. J Clin Invest. 1990;86:1343–6.

	 13.	Haximer SP, Watson N, Linder ME, Blumer KJ, Hepler JR. RGS2/G0S8 is a selective inhibi-
tor of Gqalpha function. Proc Natl Acad Sci U S A. 1997;94:14389–93.

	 14.	Heximer SP, Knutsen RH, Sun X, Kaltenbronn KM, Rheee M, Peng N, et al. Hypertension and 
prolonged vasoconstrictor signaling in RGS2-deeficient mice. J Clin Invest. 2003;111:445–52.

	 15.	Lander E, Kruglyak L. Genetic dissection of complex traits. Nat Genet. 1995;11:241–7.
	 16.	Patel RS, Masi S, Taddei S. Understanding the role of genetics in hypertension. Euro Heart 

J. 2017;38:2309–12.
	 17.	Ehret GB, Caulfield MJ. Genes for blood pressure: an opportunity to understand hyperten-

sion. Eur Heart J. 2013;34:951–61.

L. B. Mercado-Asis



33

	 18.	Dominiczak A, Delles C, Padmanabhan S. Genomics and precision medicine for clinicians 
and scientists in hypertension. Hypertension. 2017;69:e10–3.

	 19.	Wang J, Gong L, Tan Y, Hui R, Wang Y. Hypertensive epigenetics: from DNA methylation to 
microRNAs. J Hum Hypertens. 2015;29:575–82.

	 20.	Evangelou E, Warren HR, Mosen-Ansorena D, Mifsud B, Pazoki R, Gao H, et al. Genetic 
analysis of over 1 million people identifies 535 new loci associated with blood pressure traits. 
Nat Genet. 2018;50:1412–25.

	 21.	Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK Biobank: an open 
access resource for identifying the causes of a wide range of complex diseases of middle and 
old age. PLoS Med. 2015;12:e1001779.

	 22.	Wain LV, Vaez A, Jansen R, Joehanes R, van der Most PJ, Mesut Erzurumluoglu A, et al. 
Novel blood pressure locus and gene discovery using genome-wide association study and 
expression data sets from blood and the kidney. Hypertension. 2017;70:e4–e19.

	 23.	Ehret GB, Munroe PB, Rice KM, Bochud M, Johnson AD, Chasman DI, et al. Genetic vari-
ants in novel pathways influence blood pressure and cardiovascular disease risk. Nature. 
2011;478:103–9.

	 24.	Evangelou E, Warren H R, Mosen-Ansorena D, Mifsud B, Pazoki R, Gao H, et al. Genetic 
analysis of over one million people identifies 535 new loci associated with blood pressure 
traits. Nat. Genet. 2018;50:1412–25.

	 25.	Douma S, Petidis K, Doumas M, Papaefthimiou P, Triantafyllou A, Kartali N, et al. Prevalence 
of primary hyperaldosteronism in resistant hypertension: a retrospective observational study. 
Lancet. 2008;371(9628):1921–6.

	 26.	Brown JM, Siddiqui M, Calhoun DA, Carey RM, Hopkins PN, Williams GH, et  al. The 
unrecognized prevalence of primary aldosteronism: a cross-sectional study. Ann Intern Med. 
2020;173:10–20.

	 27.	Warren HR, Evangelou E, Cabrera CP, Gao H, Ren M, Mifsud B, et al. Genome-wide asso-
ciation analysis identifies novel blood pressure loci and offers biological insights into cardio-
vascular risk. Nat Genet. 2017;49:403–15.

	 28.	Oliveira-Paula GH. Polymorphisms in VEGFA gene affect the antihypertensive responses to 
enalapril. Eur J Clin Pharmacol. 2015;71:949–57.

	 29.	Ciolac EG, Bocchi EA, Bortolotto LA, Carvalho VO, Greve JMD, Guimaraes 
GV.  Haemodynamic, metabolic and neuro-humoral abnormalities in young normotensive 
women at high familial risk for hypertension. J Hum Hypertens. 2010;24:814–22.

	 30.	Bond V Jr, Franks BD, Tearney RJ, Wood B, Melendez MA, Johnson L, et al. Exercise blood 
pressure response and skeletal muscle vasodilator capacity in normotensives with positive 
and negative family history of hypertension. J Hypertens. 1994;12:285–90.

	 31.	Esler M. The 2009 Carl Ludwig Lecture: pathophysiology of the human sympathetic nervous 
system in cardiovascular diseases: the transition from mechanisms to medical management. 
J Appl Physiol. 2010;108(2):227–37.

	 32.	Fisher JP, Paton JFR. The sympathetic nervous system and blood pressure in humans: impli-
cations for hypertension. J Hum Hypertens. 2012;26:463–75.

	 33.	Smith PA, Graham LN, Mackintosh AF, Stoker JB, Mary DA. Relationship between central 
sympathetic activity and stages of human hypertension. Am J Hypertens. 2004;17:217–22.

	 34.	Morrissey DM, Brookes VS, Cooke WT. Sympathectomy in the treatment of hypertension: 
review of 122 cases. Lancet. 1953;1:403–8.

	 35.	Sica DA.  Centrally acting antihypertensive agents: an update. J Clin Hypertens. 
2007;9:399–405.

	 36.	Mancia G, Grassi G.  The autonomic nervous system and hypertension. Circ Res. 
2014;114:1804–14.

	 37.	Grassi G, Seravalle G, Bertinieri G, Turri C, Dell’Oro R, Stella M, et al. Sympathetic and 
reflex alterations in systo-diastolic and systolic hypertension of the elderly. J Hypertens. 
2000;18:587–93.

	 38.	Thorp AA, Schlaich MP. Relevance of sympathetic nervous system activation in obesity and 
metabolic syndrome. J Diabetes Res. 2015;2015:341583.

2  Pathophysiology and Mechanisms of Hypertension (Asian Context)



34

	 39.	Grassi G, Cattaneo BM, Lanfranchi SG, Mancia G. Baroflex control of sympathetic nerve 
activity in essential and secondary hypertension. Hypertension. 1998;31:68–72.

	 40.	Grassi G, Quarti-Trevano F, Seravalle G, Arenare F, Volpe M, Furiani S, Dell-Oro R, 
Mancia G. Early sympathetic activation in the initial clinical stages of chronic renal failure. 
Hypertension. 2011;57:846–51.

	 41.	Kaur J, Young BE, Fadel PJ.  Sympathetic overactivity in chronic kidney disease: conse-
quences and mechanisms. Int J Mol Sci. 2017;18:1682–94.

	 42.	Grassi G. Sympathetic neural activity in hypertension and related diseases. Am J Hypertens. 
2010;23:1052–60.

	 43.	Calhoun DA, Booth JN, Oparil S, Irvin MR, Shimbo D, Lackland DT, Howard G, et  al. 
Refractory hypertension: determination of prevalence, risk factors, and comorbidities in a 
large, population-based cohort. Hypertension. 2014;63:451–8.

	 44.	Prevalence and clinical characteristics of patients with true resistant hypertension in central 
and Eastern Europe: data from the BP-CARE study. J Hypertens. 2013;10:2018–24.

	 45.	Mercado-Asis LB, Castillo RR. Clinical presentation, diagnosis, and management of primary 
aldosteronism and pheochromocytoma. Hypertens J. 2019;5:5.

	 46.	Mercado-Asis LB, Siao RM, Amba NF. Evolving clinical presentation and assessment of 
pheochromocytoma: a review. J Med Univ Santo Tomas. 2017;1:5–23.

	 47.	Eisenhofer G, Lenders JW, Timmers HJLM, Mannelli M, Grebe SK, Hofbauer LC, et  al. 
Measurements of plasma methoxytyramine, normetanephrine, and metanephrine as discrimi-
nators of different hereditary forms of pheochromocytoma. Clin Chem. 2011;57:411–20.

	 48.	Pacak K. Pheochromocytoma: a catecholamine and oxidative stress disorder. Endocr Regul. 
2011;45:65–90.

	 49.	van Berkel A, Lenders J, Timmers HJLM. Biochemical diagnosis of phaeochromocytoma 
and paraganglioma. Eur J Endocrinol. 2014;170:R109–19.

	 50.	Pussard E, Chaouch A, Said T.  Radioimmunoassay of free plasma metanephrines for the 
diagnosis of catecholamine producing tumors. Clin Chem Lab Med. 2014;52:437–44.

	 51.	Osinga TE, van den Eijnden HA, Kema IP, Kerstens MN, Dullaart RPF, de Jong WHA, et al. 
Unilateral and bilateral adrenalectomy for pheochromocytoma requires adjustment of urinary 
and plasma meetanephrine reference ranges. J Clin Eendocrinol Metab. 2013;98:1976–083.

	 52.	Zhou GW, Wei Y, Chen X, Jiang XH, Li XY, Ning G, et al. Diagnosis and surgical treatment 
of multiple endocrine neoplasia. Chin Med J. 2009;122:1495–500.

	 53.	Mercado-Asis LB, Tingcungco AG, Bolong DT, Lopez RA, Caguioa EV, Yamamoto ME, 
et al. Diagnosis of small adrenal pheochromocytoma by adrenal venous sampling with gluca-
gon stimulation test. Int J Endocrinol Metab. 2011;9:323–9.

	 54.	Malong CLP, Tanchee-Ngo MJ, Torres-Salvador P, Pacak K, Mercado-Asis LB.  Removal 
of dominant adrenal lateralized by glucagon-stimulated adrenal venous sampling alleviates 
hypertension in bilateral pheochromocytoma. J Life Sci. 2013;7:586–91.

	 55.	Gomez MF, Gan FR, Mendoza E, Mercado LB. Systemic hormonal unloading in unilateral 
adrenalectomy in a patient with bilateral adrenal hyperplasia: a case report. J Med Univ Santo 
Tomas. 2019;3:303–8.

	 56.	Oparil S. The sympathetic nervous system in clinical and experimental hypertension. Kidney 
Int. 1986;30:437–52.

	 57.	Mark AL. The sympathetic nervous system in hypertension: a potential long-term regulator 
of arterial pressure. J Hypertens Suppl. 1996;14:S159–65.

	 58.	Mancia G, Grassi G, Giannattasio C, Seravalle G. Sympathetic activation in the pathogenesis 
of hypertension and progression of organ damage. Hypertension. 1999;34:724–8.

	 59.	Esler M. Sympathetic nervous system moves toward center stage in cardiovascular medicine: 
from Thomas Willis to resistant hypertension. Hypertension. 2014;63:e25–32.

	 60.	Sinski M, Lewandowski J, Przybylski J, Zalewski P, Symonides B, Abramczyk P, et  al. 
Deactivation of carotid body chemoreceptors by hyperoxia decreases blood pressure in 
hypertensive patients. Hypertens Res. 2014;37:858–62.

	 61.	Cowleey AW Jr. Long-teerm control of arterial blood pressure. Physiol Rev. 1992;72:231–300.

L. B. Mercado-Asis



35

	 62.	Sinski M, Lewandowski J, Przybylski J, Bidiuk J, Abramczyk P, Ciarka A, Gaciong Z. Tonic 
activity of carotid body chemoreceptors contributes to the increased sympathetic drive in 
essential hypertension. Hypertens Res. 2012;35:487–91.

	 63.	Grassi G. Assessment of sympathetic cardiovascular drive in human hypertension: achieve-
ments and perspectives. Hyperrtension. 2009;54:690–7.

	 64.	Bang SK, Ryu Y, Chang S, Im CK, Bae JH, Gwak YS, et al. Attenuation of hypertension by 
C-fiber stimulation of the human median nerve and the concept-based novel device. Sci Rep. 
2018;8:14967.

	 65.	de Jong MR, Adiyaman A, Gal P, Smit JJJ, Delnoy PPHM, Heeg J, van Hasselt BAAM, et al. 
Renal nerve stimulation-induced blood pressure changes predict ambulatory blood pressure 
response after renal denervation. Hypertension. 2016;68:707–14.

	 66.	Maver J, Struci M, Accetto R. Autonomic nervous system in normotensive subjects with a 
family history of hypertension. Clin Auton Res. 2004;14:369–75.

	 67.	Elayan HH, Sun P, Milic M, Liu F, Bao X, Ziegler MG. Cardiovascular responses to electrical 
stimulation of sympathetic nerves in the pithed mouse. Auton Neurosci. 2008;30:49–52.

	 68.	Li XC, Zhang J, Zhuo JL. The vasoprotective axes of the renin-angiotensin system: physi-
ological relevance and therapeutic implications in cardiovascular, hypertensive and kidney 
diseases. Pharmacol Res. 2017;125:21–38.

	 69.	Munoz-Durango N, Fuentes CA, Castillo AE, Gonzalees-Gomeez LM, Veecchiola A, 
Fardella CE, Kaleergis AM. Role of the renin-angiotensin-aldosterone system beyond blood 
pressure regulation: molecular and cellular mechanisms involved in end-organ damage dur-
ing arterial hypertension. Int J Mol. 2016;17:797–814.

	 70.	Ren L, Lu X, Danser AHJ. Revisiting the brain renin-angiotensin system—focus on novel 
therapies. Curr Hypertens Rep. 2019;21:28–35.

	 71.	Nehme A, Zouein FA, Zayeri ZD, Zibara K. An update on the tissue renin angiotensin system 
and its role in physiology and pathology. J Cardiovasc Dev Dis. 2019;6:14–31.

	 72.	Sztechman D, Czarzasta K, Cudnoch-Jedrzejewska A, Szczepanska-Sadowska E, Zera 
T. Aldosterone and mineralocorticoid receptors in regulation of the cardiovascular system 
and pathological remodelling of the heart and arteries. J Physiol Pharmacol. 2018;69.

	 73.	Santos RAS, Oudit GY, Verano-Braga T, Canta G, Steckelings UM, Bader M. The renin-
angiotensin system: going beyond the classical paradigms. Am J Physiol Heart Circ Physiol. 
2019;316:H958–70.

	 74.	Reen L, Lu X, Danser AHJ. Revisiting the brain renin-angiotensin system—focus on novel 
therapies. Curr Hypertens Rep. 2019;21:28–35.

	 75.	Hamlyn JM, Linde CI, Gao J, Huang BS, Golovina VA, Balustein MP, et al. Neuroendocrine 
humoral and vascular components in the pressor pathway for brain angiotensin II: a new axis 
in long term blood pressure control. PLoS One. 2014;9:e108916.

	 76.	Lu J, Wang H, Ahmad M, Keshtkar-Jahromi M, Blaustein MP, Hamlyn JM, Leeneen 
FHH.  Central and peripheral slow-pressor mechanisms contributing to angiotensin II-salt 
hypertension in rats. Cardiovasc Res. 2018;114:233–46.

	 77.	Leenen FH. The central role of the brain aldosterone “ouabain” pathway in salt-sensitive 
hypertension. Biochem Biophys Acta. 2010;1802:1132–9.

	 78.	Huang BS, Ahmadi M, White RA, Leenen FH.  Central neuronal activation and pressor 
responses induced by circulating ANG II: role of the brain aldosterone “ouabain” pathway. 
Am J Physiol Heart Circ Physiol. 2010;299:H422–30.

	 79.	Osborn JW, Olson DM, Guzman P, Toney GM, Fink GD. The neurogenic phase of angio-
tensin II-salt hypertension is prevented by chronic intracerebroventricular administration of 
benzamil. Physiol Rep. 2014;2:e00245.

	 80.	Wang Y, Chen L, Wier WG, Zhang J. Intravital Forster resonance energy transfer imaging 
reveals elevated [Ca2+], and enhanced sympathetic tone in femoral arteries of angiotensin 
II-infused hypertensive biosensor mice. J Physiol. 2013;591:5321–36.

	 81.	Gonzales-Villalobos RA, Billet S, Kim C, Satou R, Fuchs S, Berrnstein KE, et al. Intrarenal 
angiotensin-converting enzyme induces hypertension in response to angiotensin I infusion. J 
A Soc Nephrol. 2011;22:449–59.

2  Pathophysiology and Mechanisms of Hypertension (Asian Context)



36

	 82.	Bernstein KEE. Two ACEs and a heart. Nature. 2002;417:799–802.
	 83.	Wilson WL, Roques BP, Llorens-Cortes C, Speth RC, Harding JW, Wright JW. Roles of brain 

angiotensins II and III in thirst and sodium appetite. Brain Res. 2005;1060:108–17.
	 84.	Bodineau L, Frugiere A, Marc Y, Inguimbert N, Fassot C, Balavoine F, Roques B, Llorens-

Cortes C. Orally active aminopeptidase A inhibitors reduce blood pressure: a new strategy for 
treating hypertension. Hypertension. 2008;51:1318–25.

	 85.	Raina H, Zhang Q, Rhee AY, Pallone TL, Wier WG. Sympathetic nerves and the endothelium 
influence the vasoconstrictor effect of low concentrations of ouabain in pressurized small 
arteries. Am J Physiol Heart Circ Physiol. 2010;298:H2093–101.

	 86.	Hamlyn JM, Laredo J, Shah JR, Lu ZR, Hamilton BP. 11-hydroxylation in the biosynthesis 
of endogenous ouabain: multiple implications. Ann N Y Acad Sci. 2003;986:685–93.

	 87.	Mellon SH, Griffin LD, Compagnone NA. Biosynthesis and action of neurosteroids. Brain 
Res Rev. 2001;37:3–12.

	 88.	Asano N, Ogura T, Mimura Y, Kishida M, Kataoka H, Otsuka F, et  al. Renal AT1 recep-
tor: autographic localization and quantification in rat. Res Commun Mol Pathol Pharmacol. 
1998;100(2):161–70.

	 89.	Vinson GP. Glomerulosa function and aldosterone synthesis in the rat. Mol Cell Endocrinol. 
2004;217:59–65.

	 90.	Wysocki J, Ye M, Batlle D. Plasma and kidney angiotensin peptides: importance of the ami-
nopeptidase A/angiotensin III axis. Am J Hypertens. 2015;28:1418–28.

	 91.	Ye P, Kenyon CJ, MacKenzie SM, Seckl JR, Fraser R, et al. Regulation of aldosterone syn-
thase gene expression in the rat adrenal gland and central nervous system by sodium and 
angiotensin II. Endocrinology. 2003;144:3321–8.

	 92.	Carey RM, Vaughan ED Jr, Peach MJ, Ayers CR. Activity of (des-Aspartyl1)-angiotensin II 
and angiotensin II in man. Differences in blood pressure and adrenocortical response during 
normal and low sodium intake. J Clin Invest. 1978;61:20–31.

	 93.	Kemp BA, Bell JF, Rottkamp DM, Howell NL, Shao W, Navar LG, et al. Intrarenal angio-
tensin III is the predominant agonist for proximal tubule AT2 receptors. Hypertension. 
2012;60:387–95.

	 94.	Padia SH, Howell NL, Siragy HM, Carey RM. Renal angiotensin type 2 receptors mediate 
natriuresis via angiotensin III in the angiotensin II type 1 receptor-blocked rat. Hypertension. 
2006;47:537–44.

	 95.	Kopf PG, Park S, Herrnreiter A, Krause C, Roques BP, Campbell WB. Obligatory metabo-
lism of angiotensin II to angiotensin III for zona glomerulosa cell-mediated relaxations of 
bovine adrenal cortical arteries. Endocrinology. 2018;159:238–47.

	 96.	de Gasparo M, Catt KJ, Inagami T, Wright JW, Unger T. International union of pharmacol-
ogy, XXIII. The angiotensin II receptors. Pharmacol Rev. 2000;52:415–72.

	 97.	Forrester SJ, Booz GW, Sigmund CD, Coffman TM, Kawai T, Rizzo V, et al. Angiotensin II 
signal transduction: an update on mechanisms of physiology and pathophysiology. Physiol 
Rev. 2018;98(3):1627–738.

	 98.	Carey RM.  Update on angiotensin AT2 receptors. Curr Opin Nephrol Hypertens. 
2017;26:91–6.

	 99.	Siragy HM, Carey RM. Angiotensin type 2 receptors: potential importance in the regulation 
of blood pressure. Curr Opin Nephrol Hypertens. 2001;10:99–103.

	100.	Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Himmelfarb CD, et al. 2017 
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the pre-
vention, detection, evaluation, and management of high blood pressure in adults: a report 
of the American College of Cardiology/American Heart Association Task Force on clinical 
practice guidelines. J Am Coll Cardiol. 2018;71(19):e127–248.

	101.	Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, Burner M, Clement DL, et  al. 
2018 ESC/ESH guidelines for the management of arterial hypertension. Eur Heart 
J. 2018;39(33):3021–104.

L. B. Mercado-Asis



37

	102.	Grebla RC, Rodriguez CJ, Borrell LN, Pickering TG. Prevalence and determinants of isolated 
systolic hypertension among young adults: the 1999–2004 US National Health and Nutrition 
Examination Survey. J Hypertens. 2010;28(1):15–23.

	103.	Yano Y, Stamler J, Garside DB, Daviglus ML, Franklin SS, Carnethon MR, et al. Isolated 
systolic hypertension in young and middle-aged adults and 31-year risk for cardiovascular 
mortality: the Chicago Heart Association Detection Project in Industry Study. J Am Coll 
Cardiol. 2015;65(4):327–35.

	104.	McEniery CM, Franklin SS, Cockcroft JR, Wilkinson IB. Isolated systolic hypertension in 
young people is not spurious and should be treated: pro side of the argument. Hypertension. 
2016;68(2):269–75.

	105.	Burt VL, Whelton P, Roccella EJ, Brown C, Cutler JA, Higgins M, et al. Prevalence of hyper-
tension in the US adult population. Results from the Third National Health and Nutrition 
Examination Survey, 1988–1991. Hypertension. 1995;25(3):305–13.

	106.	Franklin SS.  Elderly hypertensives: how are they different? J Clin Hypertens. 
2012;14(11):779–86.

	107.	Palatini P, Rosei EA, Avolio A, Bilo G, Casiglia E, Ghiadoni L, et al. Isolated systolic hyper-
tension in the young: a position paper endorsed by the European Society of Hypertension. J 
Hypertens. 2018;36(6):1222–36.

	108.	Umemura S, Arima H, Arima S, Asayama K, Dohi Y, Hirooka Y, et al. The Japanese Society 
of Hypertension guidelines for the management of hypertension (JSH 2019). Hypertens Res. 
2019;42(9):1235–481.

	109.	Avolio AP, Deng FQ, Li WQ, Luo YF, Huang ZD, Xing LF, et al. Effects of aging on arte-
rial distensibility in populations with high and low prevalence of hypertension: comparison 
between urban and rural communities in China. Circulation. 1985;71(2):202–10.

	110.	Avolio A. Ageing and wave reflection. J Hypertens Suppl. 1992;10(6):S83–6.
	111.	Mitchell GF, Lacourciere Y, Ouellet JP, Izzo JL, Neutel J, Kwerwin LJ, et al. Determinants 

of elevated pulse pressure in middle-aged and older subjects with uncomplicated systolic 
hypertension: the role of proximal aortic diameter and the aortic pressure-flow relationship. 
Circulation. 2003;108(13):1592–8.

	112.	Wallace SM, Yasmin, McEniery CM, Maki-Petaja KM, Booth AD, Cockcroft JR, et  al. 
Isolated systolic hypertension is characterized by increased aortic stiffness and endothelial 
dysfunction. Hypertension. 2007;50(1):228–33.

	113.	Franklin SS, Barboza MG, Pio JR, Wong ND. Blood pressure categories, hypertensive sub-
types, and the metabolic syndrome. J Hypertens. 2006;24(10):2009–16.

	114.	Mph CB, Goel S, Messerli FH, Bavishi C, Goel S, Messerli FH. Isolated systolic hyperten-
sion: an update after SPRINT. Am J Med. 2010;129(12):1251–8.

	115.	Kocemba J, Kawecka-Jaszcz K, Gryglewska B, Grodzicki T. Isolated systolic hypertension: 
pathophysiology, consequences and therapeutic benefits. J Hum Hypertens. 1998;12:621–6.

	116.	Kario K, Chen CH, Park S, Park CG, Hoshide S, Cheng HM, et al. Consensus document on 
improving hypertension management in Asian patients, taking into account Asian character-
istics. Hypertension. 2018;71(3):375–82.

2  Pathophysiology and Mechanisms of Hypertension (Asian Context)



39© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. V. S. Ram et al. (eds.), Hypertension and Cardiovascular Disease in Asia, 
Updates in Hypertension and Cardiovascular Protection, 
https://doi.org/10.1007/978-3-030-95734-6_3

Summary of Recent Guidelines 
on Hypertension

Nihar Mehta and Sachna Shetty

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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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 

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) 325.7 512.4 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
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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

Elevated: 120–129/<80
Optimal: <120/80
Normal: 120–129/80–84
High normal: 130–139/85–89

Grading of hypertension (mmHg) Grade 1: 130–139/80–89
Grade 2: ≥140/90

Grade 1: 140–159/90–99
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

3  Summary of Recent Guidelines on Hypertension
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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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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 

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  Summary of Recent Guidelines on Hypertension
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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). 

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 
recommended

3.75 g/day 6 g/day
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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].

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

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

3  Summary of Recent Guidelines on Hypertension
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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 (ACEIs), 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].

Table 3.8  The desirable range of diastolic blood pressure in the ESC/ESH guidelines [2]

Age group

Office SBP treatment target ranges (mmHg) DBP target 
range 
(mmHg)Hypertension + Diabetes + CKD + CAD

+ Stroke/
TIA

18–
65 years

Target to 130
or lower if 
tolerated
Not <120

Target to 
130
or lower if 
tolerated
Not <120

Target to 
<140–130
if tolerated

Target to 
130
or lower if 
tolerated
Not <120

Target to 
130
or lower if 
tolerated
Not <120

<80–70

65–
79 years

Target to 
<140–130
if tolerated

Target to 
<140–130
if tolerated

Target to 
<140–130
if tolerated

Target to 
<140–130
if tolerated

Target to 
<140–130
if tolerated

<80–70

≥80 years Target to 
<140–130
if tolerated

Target to 
<140–130
if tolerated

Target to 
<140–130
if tolerated

Target to 
<140–130
if tolerated

Target to 
<140–130
if tolerated

<80–70

DBP target 
range

<80–70 <80–70 <80–70 <80–70 <80–70

CKD chronic kidney disease, TIA transient ischemic attack

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

Subjects
Threshold to start treatment 
(≥), mmHg

Target BP range, 
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
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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 

Younger Older

A

A

A

C or D

C or D+

+ +C D

Step 1

Step 2

Step 3

Step 4

Step 5

Resistant Hypertension:
Add MRA-spironolactone, if side effects then use eplerenone

Add Alpha blocker or beta blocker. In Special situations
centrally acting drugs or direct vasodilators

A : ACE Inhibitor or angiotensin receptor blocker
C : Calcium Channel Blocker

B : β-blocker
D : Diuretic (thiazide)

*Combination therapy involving B and D may induce more new onset diabetes
compared with other combination therapies. Use β blockers only in special
situations. B = Newer β 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]
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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. However, 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/m2 in Asians rather than the 25 kg/m2 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 
QRISK2 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-α, 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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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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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) ≥140  mmHg [2]. On the other hand, the 
Noncommunicable Disease Risk Factor Collaboration (NCDRiSC) estimated the 
number of individuals with hypertension (SBP ≥140 mmHg and/or diastolic blood 
pressure [DBP] ≥90 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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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 DALYs 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 
DALYs due to high SBP in the year 2019 are shown in Fig. 5.2. Globally, hyperten-
sion resulted in the loss of 3042 DALYs 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 [5]. An important observation is that the 
number of DALYs 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 DALYs 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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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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Fig. 5.3  Map of age-standardized DALYs due to high SBP. (Global Burden of Disease Study 
2019) [2]

5  Effect of Genetic Ancestry (Racial Factors) on Hypertension in Asian Countries



68

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 (DALYs and deaths) in various Asian regions (Global 
Burden of Disease Study 2019) [1]

Region
Population 
(million)

DALYs (95%  
UI) per 100,000

Deaths (95% 
UI) per 
100,000

Asia 4678.2a 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, UI uncertainty interval
Data source: http://ghdx.healthdata.org/gbd-results-tool
a 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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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 

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]
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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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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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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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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 

Table 6.1  Important monogenic hypertension syndromes

Pathogenesis Syndrome Genes Inheritance
Elevated aldosterone Glucocorticoid remediable 

aldosteronism
CYP11B2 AD

Gordon syndrome WNK1, WNK4, 
KLHL3, CUL3

AR and 
AD

Familial hyperaldosteronism III KCNJ5 AD
Low aldosterone Liddle syndrome SCNN1B, SCNN1G AD

Apparent mineralocorticoid 
excess

HSD11B2 AR

Low aldosterone and 
other features

Hypertension and brachydactyly PDE3A AD
Autosomal dominant 
hypertension of pregnancy

NR3C2 AR

Congenital adrenal hyperplasia CYP11B1, CYP17a1 AR

AD autosomal dominant, AR autosomal recessive
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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 
a number 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-MOV10, 

MDM4, AGT
SBP, DBP, HTN

2 OSR1, KCNK3, FER1L5, FIGN-GRB14, STK39, PDE1A PP, SBP, DBP, 
MAP

3 HRH1-ATG7, SLC4A7, ULK4, MAP4, CDC25A, 
MIR1263, MECOM

SBP, DBP, MAP

4 CHIC2, FGF5, ARHGAP24, SLC39A8, ENPEP, 
GUCY1A3-GUCY1B3

PP, multiphen, 
SBP, DBP

5 NPR3-C5orf23, GPR98/ARRDC3, PRDM6, ABLIM3-
SH3TC2, EBF1

SBP, DBP

6 HFE, BAT2-BAT5, TTBK1-ZNF318, ZNF318-ABCC10, 
RSPO3, PLEKHG1

SBP, DBP

7 HDAC3, HOXA-EVX1, IGFBP1-IGFBP3, IGFBP3, 
CDK6, PIK3CG, NOS3, PRKAG2

PP, SBP, DBP, 
multiphen

8 BLK-GATA4, CDH17, NOV SBP, DBP, 
multiphen

9 SMARCA2-VLDLR SBP-age-spec
10 CACNB2, C10orf107, VCL, PLCE1, CYP17A1-NT5C2, 

ADRB1
SBP, DBP, MAP

11 LSP1-TNNT3, H19, ADM, PLEKHA7, NUCB2, 
LRRC10B-SYT7, RELA, FLJ32810-TMEM133, 
ADAMTS8

SBP, DBP, MAP, 
PP

12 PDE3A, HOXC4, ATP2B1, SH2B3, RPL6-PTPN11-
ALDH2, TBX5-TBX3

SBP, DBP, HTN

15 FBN1, ITGA11, CYP1A1-ULK3, FURIN-FES PP, 
SBP-age-spec

16 UMOD, NFATS SBP-age-spec, 
DBP, PP

17 PLCD3, GOSR2, ZNF652, C17orf82-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-
CAPZA1, 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, CACNA1D, CYP21A2, MED13L, 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 CSMD1 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 (GRB14-FIGN, 
ABLIM3-SH3TC2, PIK3CG, CYP17A1, CNNM2, NT5C2, LRRC108-SYT7, 

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

Genes SNP ID
Prevalence (%)
n = 181

CASZ1 rs880315 119 (65.7)
KCNK3 rs1275988 109 (60.2)
GRB14, FIGN rs16849225 168 (92.8)
SLC4A7 rs820430 128 (70.7)
CACNA1D rs9810888 96 (53.0)
FGF5 rs1902859 46 (25.4)
ENPEP rs6825911 67 (37.0)
ABLIM3, SH3TC2 rs9687065 168 (92.8)
ZNF318 rs1563788 71 (39.2)
PIK3CG rs17477177 161 (88.9)
WBP1L rs284844 58 (32.0)
CYP17A1 rs4409766 170 (93.9)
CNNM2 rs11191548 172 (95.0)
NT5C2 rs11191580 170 (93.9)
SOX6 rs4757391 42 (23.2)
LRRC10B, SYT7 rs751984 154 (85.1)
ATP2B1 rs17249754 143 (79.0)
ATXN2 rs653178 178 (98.3)
HECTD4 rs11066280 181 (100.0)
TBX3 rs35444 112 (61.9)
MED13L rs11067763 127 (70.2)
C17orf82, 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 
VKORC1, 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].It 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 (m2). 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/m2) or obese (BMI ≥30 kg/m2) [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 (R2 = 0.028), 
waist circumference (R2 = 0.050), waist-hip ratio (R2 = 0.007) and hip circumfer-
ence (R2 = 0.035) (p < 0.001) (Fig. 6.1) [34]. Mechanisms of hypertension differ 

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/m2 and more than 27.5 kg/m2, while in South Asian cohorts 
there was a weak association between a BMI of >20.0 kg/m2 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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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 (SDG) 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].

Table 6.4  Pharmaceutical agents for obesity management

Strategy Drugs Usefulness
Metabolic drugs GLP-1 receptor agonists (e.g., semaglutide) +++

Twincretin agents (e.g., tirzepatide) +++
SGLT2 inhibitors (e.g., dapagliflozin) ++
Locaserin +

Surgery Bariatric surgery ++++
Older drugs Anorexigenic drugs, antidepressants, cannabinoids Side effects and toxicity

GLP-1 glucagon-like peptide-1, SGLT2 sodium-glucose co-transporter 2
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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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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 μm (thoracic particles [PM10]), <2.5 μm (fine 
particles [PM2.5]), <0.1  μm (ultrafine particles), and between 2.5 and 10  μm 
(coarse [PM2.5–10]). PM is quantified by the particles (mass) contained per cubic 
meter (μg/m3) 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 
pollutants

WHO 
standards US standards EU standards Indian standards

Chinese 
standards

PM2.5 15 μg/m3 (D); 
5 μg/m3 (A)

35 μg/m3 (D); 
12 μg/m3 (A)

25 μg/m3 (A) 60 μg/m3 (D); 
40 μg/m3 (A)

75 μg/m3 (D); 
35 μg/m3 (A)

PM10 45 μg/m3 (D); 
15 μg/m3 (A)

150 μg/m3 (D) 50 μg/m3 (D); 
40 μg/m3 (A)

100 μg/m3 (D); 
60 μg/m3 (A)

150 μg/m3 (D); 
70 μg/m3 (A)

SO2 20 μg/m3 (D) 75 ppb (H) 350 μg/m3 (H); 
125 μg/m3 (D)

80 μg/m3 (D); 
50 μg/m3 (A)

150 μg/m3 (D); 
60 μg/m3 (A)

NO2 25 μg/m3 (D); 
10 μg/m3 (A)

100 ppb (H)
53 ppb (A)

200 μg/m3 (H); 
40 μg/m3 (A)

80 μg/m3 (D); 
40 μg/m3 (A)

80 μg/m3 (D); 
40 μg/m3 (A)

O3 100 μg/m3 
(8h)

0.070 ppm 
(8 h)

120 μg/m3 (8h) 100 μg/m3 (8h) 160 μg/m3 (8h)

A annual, D daily, H hourly, 8 h 8-hourly, PM2.5 particles with a diameter of <2.5 μm, PM10 parti-
cles with a diameter of <10 μm, SO2 sulfur dioxide, NO2 nitric dioxide, O3 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 (PM2.5), the annual mean must be 5 μg/m3 and the 24-h mean 
must be 15 μg/m3 [9]. Global population-weighted PM2.5 increased by 11.2% 
from 1990 to 2015. Countries like Bangladesh, China, India, Nepal, and Pakistan 
have higher population-weighted mean concentrations of PM2.5 than other coun-
tries in the region as shown in Fig. 7.1 [10, 11].

	2.	 Ozone (O3)
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 (NOx) 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 μg/m3 8-h mean. Global population-weighted O3 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)
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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 (NO2)
NO2 is the indicator for gaseous oxides of nitrogen (i.e., oxidized nitrogen com-
pounds), including nitric oxide and gases produced from reactions involving 
NO2 and nitric oxide [12]. The primary sources of anthropogenic emissions of 
NO2 are combustion processes (heating, power generation, and engines in vehi-
cles and ships). NO2 is the main source of nitrate aerosols, which form an essen-
tial fraction of PM2.5 and, in the presence of ultraviolet light, ozone. The current 
WHO guideline value of 10 μg/m3 (annual mean) and 25 μg/m3 (daily average) 
was set to protect the public from the health effects of NO2 [9].

	4.	 Sulfur dioxide (SO2)
The largest source of SO2 in the atmosphere is the burning of fossil fuels by 
power plants and other industrial facilities. Smaller sources of SO2 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, SO2 concentrations should not exceed a 24-h mean of 20 μg/m3 [9].

	5.	 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 PM10 levels of 200–2000  μg/m3 are common. Peak exposures of 
>30,000  μg/m3 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 PM2.5 in households that 
use solid cooking fuel ranged from 163 μg/m3 (95% confidence interval [CI] 
143–183) in the living area to 609 μg/m3 (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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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.

Environmental exposures#

Routes of
exposure

Individual
factors*

Age
Sex

Occupation
Lifestyle
Genetics

Health status
Stress

Physical activity

(*End points/Final effects
are conditioned by
individual factors)

Inhalation Ingestion Sight & Hearing Dermal Absorption

Intitial response
• Inflammation/Lipid peroxidation
• Endothelial dysfunction
• Autonomic imbalance
• HPA axis activation
• Circadian rhythm disruotion
• Changes in heart rate

clinical CVD effects

• Increased BP
• Metabolic
 abnormalities
• Thrombosis
• Abnormalities of
 Heart rhythm

CVD 

• Hypertension
• Cardiometabolic
 disorders
• Atherosclerosis
• Arrhythmias
• LV dysfunction

CVD Endpoints 

• IHD
• CHD
• Arrhythmias/
 Sudden Death
• Cardiomyopathy
 & Heart failure

Molecular/Cellular response
• Decreased vasodilatation
• Increased vasoconstricition
• Increased proliferation
• Increased inflammation

Subclinical effects
• Endothelial activation
• Platelet activation
• Systemic inflammation
• Fibrotic & Atherosclerotic pathways

Note: # Environmental exposures such as PM2.5, PM10, NO2, O3, SO2,
Extremes of temperature, metals, green spaces night light, noise

Fig. 7.2  Mechanisms by which environmental exposures are associated with cardiovascu-
lar disease
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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 PM2.5 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 PM2.5 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 PM2.5 (<35 μg/m3) is associated with a 0.3–1.0% increase in the rela-
tive risk of cardiovascular mortality per 10 μg/m3 increase in PM2.5 [24]. At 
higher levels of daily exposure (such as in China, where daily PM2.5 levels are 
39–177 μg/m3), a meta-analysis of seven studies reported that each 10 μg/m3 
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increase in PM2.5 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 PM2.5 as the principal air pollutant that poses the greatest 
threat to global public health, especially CVDs [27].

	2.	 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].

	3.	 Oxides of nitrogen
Evidence for the effects of short-term and long-term NO2 exposure on cardiovas-
cular outcomes (e.g., arrhythmia, cerebrovascular diseases, and hypertension), is 
inconsistent. There still is uncertainty about whether NO2 exposure has products 
that are independent of other traffic-related pollutants. However, recent epide-
miologic studies indicate that short-term NO2 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 NO2 exposure to induce cardiovascular effects 
and diabetes but are not sufficient to address uncertainties in the epidemiologic 
evidence [12].

	4.	 Sulfur dioxide
Sulfur dioxide (SO2) is associated with changes in vasomotor tone [33], heart 
rate and cardiac function [34]. Such mechanisms may underlie the association 
between SO2 and CVD [35, 36]. An occupational study found that a 10% 
decrease in SO2 emission was associated with 0.28% (95% CI 0.39–0.95) and 
1.69% (95% CI 0.99–2.38) reduction in CVD risk for males and females, respec-
tively. Thus, enhancing regulations on SO2 emission control represents a target 
for national and international intervention to prevent CVD [33].

	5.	 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 
PM2.5 from 15 to 7.4–10.9 μg/m3, 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 PM2.5, 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 PM2.5 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 PM2.5 concentrations and BP, but, overall, recent data provide mixed evi-
dence for associations [7]. Acute exposure to PM2.5 at 10 μg/m3 correlated with 
an increase in SBP of 1–3 mmHg [50]. The association between PM2.5 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 PM2.5 is associated with correspondingly more 
significant increases in BP and is also associated with incident hypertension 
[52]. Importantly, associations between PM2.5 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 PM2.5 (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 μg/m3 of PM2.5, respectively). Positive, 
but less pronounced associations, were observed for DBP. Average PM2.5 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].

	2.	 Oxides of nitrogen
There is limited evidence from available epidemiologic studies and controlled 
human studies to suggest that short-term exposure to ambient NO2 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 rhythms 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 (LDN) of 55 dBA LDN 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 LDN, and 43.8 million individuals are exposed to noise levels exceeding 65 
dBA LDN [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.

S. Jaganathan and D. Prabhakaran



105

	2.	 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.

	3.	 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.

	4.	 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.

	5.	 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.

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

	7.	 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.

	8.	 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.

	9.	 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.

	6.	 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.

	7.	 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.

	8.	 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.

	9.	 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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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.

K. K. Kng and A. A. Sule
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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	 �Weight Loss

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/m2 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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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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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 

Table 9.1  Sodium content of foods per 100 g—common Indian diets

<25 mg
Low

25–50 mg
Moderate

50–100 mg
Moderately high

>100 mg
High

•  Amla
• � Bitter gourd 

(Karela)
• � Bottle gourd 

(Laukee)
•  Brinjal (Baingan)
•  Cabbage
• � Lady finger 

(Bhindi)
•  Cucumber
•  Peas, onion, potato
•  Tomato ripe
•  Milk
•  Wheat

•  Raisins
•  Carrots
• � Black gram (Urad) 

dal
• � Green gram (Moth) 

dal
• � Bengal (Chana) 

gram
•  Banana
•  Pineapple
•  Apple
•  Mutton

•  Cauliflower
•  Fenugreek (Methi)
• � Lettuce (Salad 

Patta)
• � Field beans 

Beetroot
•  Watermelon
•  Bengal gram dal
•  Tender liver
•  Prawns
•  Beef
•  Chicken

• � Amaranth 
(Rajgira)

•  Bacon
•  Egg
•  Lobster
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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 
a lower 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].

9.4	 �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 
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

HRV 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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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 

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
HRV 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
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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].

HRV 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].

HRV 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 BPV, 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 

with spectral analysis
Baroreceptor and chemoreceptor 
activity

Short term Within 24 h ABPM ↑ sympathetic activity, sleep, activity 
behavioral factors

Medium term Day to day HBPM Age, increased arterial stiffness, 
emotional factor

Long term Visit to 
visit

Repeat visit to the 
office

Behavioral change, drug choice and 
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 Monitorización Ambulatoria para Predicción 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 HRV 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: 
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

Central aortic pressure
Recording 
site

Method of 
recording (sensor) Method Calibration

Office measurement
ArteriographTensioMed 
Ltd., Hungary

Brachial Supra-systolic 
brachial cuff 
plethysmography

SBP2 + 
regression

Brachial cuff 
MAP/DBP

ARCsolver + VaSeraVS-
1500Austrian Institute of 
Technology, Austria

Brachial Brachial cuff pulse 
volume 
plethysmography

GTF Brachial cuff 
SBP/DBP

BPLab Petr Telegin, 
Russia

Brachial Brachial cuff pulse 
volume 
plethysmography

GTF Brachial cuff 
SBP/DBP

BP + Uscom Ltd., 
Australia (acquire 
Pulsecor Ltd., 
Cardioscope II)

Brachial Supra-systolic 
brachial cuff 
plethysmography

Physical model 
Brachial 
supra-systolic 
waveform

Brachial cuff 
SBP/DBP

Complior Alam Medical, 
France

Carotid Applanation 
tonometry, Single, 
fixed

Simple 
substitution

Brachial cuff 
MAP/DBP

cBP301Centron 
Diagnostics, UK (acquired 
by SunTech Medical)

Brachial Brachial cuff 
plethysmography

GTF Brachial cuff 
SBP/DBP

DynaPulse Pulse Metric 
Inc., USA

Brachial Supra-systolic 
brachial cuff 
plethysmography

Physical model Brachial cuff 
SBP/DBP

Gaon Hanbyul Meditech, 
Korea

Radial Applanation 
tonometry, Single, 
fixed

GTF Brachial cuff 
SBP/DBP

HEM-9000AI Omron 
Healthcare, Japan

Radial Applanation 
tonometry, 
Arrayed, fixed

SBP2 + 
regression

Brachial cuff 
SBP/DBP

Mobil-O-GraphI.EM 
GmbH, Germany Brachial 
Artery

Brachial Brachial cuff pulse 
volume 
plethysmography

GTF Brachial cuff 
SBP/DBP

NIHem Cardiovascular 
Engineering Inc., USA

Carotid Applanation 
tonometry, Single, 
manual

Simple 
substitution

Brachial cuff 
MAP/DBP

Oscar 2 with SphygmoCor 
SunTech Medical, USA 
Brachial Artery

Brachial Subdiastolic 
brachial cuff 
plethysmography

GTF Brachial cuff 
SBP/DBP

PulsePen DiaTecne srl., 
Italy

Carotid Applanation 
tonometry, Single, 
manual

Simple 
substitution

Brachial cuff 
MAP/DBP

SphygmoCor CVMS, 
AtCor Medical, Australia

Radial Applanation 
tonometry, Single, 
manual

GTF Brachial cuff 
SBP/DBP

SphygmoCor XCELAtCor 
Medical, Australia

Brachial Subdiastolic 
brachial cuff 
plethysmography

GTF Brachial cuff 
SBP/DBP

(continued)
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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 

Table 11.1  (continued)

Central aortic pressure
Recording 
site

Method of 
recording (sensor) Method Calibration

Vicorder Skidmore 
Medical Ltd., UK

Brachial Brachial cuff pulse 
volume 
plethysmography

GTF Brachial cuff 
MAP/DBP

WatchBP Microlife Corp, 
Taiwan

Brachial Brachial cuff pulse 
volume 
plethysmography

(SBP2, DBP, 
As, Ad) + 
regression

Brachial cuff 
SBP/DBP

Ambulatory BP measurement
Arteriograph 24 h, 
TensioMED Ltd., Hungary

Brachial Supra-systolic 
brachial cuff 
plethysmography

SBP2 + 
regression

Brachial cuff 
MAP/DBP

ABPM 7100Welch Allyn, 
Inc. (acquired by Hillrom)

Brachial Brachial cuff pulse 
volume 
plethysmography

GTF Brachial cuff 
SBP/DBP

BPro + A-Pulse, 
HealthSTATS, Singapore 
(acquired by Hillrom)

Radial Applanation 
tonometry, Single, 
fixed (watch type)

N-point moving 
average

Brachial cuff 
SBP/DBP

Mobil-O-Graph NGI.EM 
GmbH, Germany

Brachial Brachial cuff pulse 
volume 
plethysmography

GTF Brachial cuff 
SBP/DBP

Oscar 2 with 
SphygmoCor, SunTech 
Medical

Brachial Subdiastolic 
brachial cuff 
plethysmography

GTF Brachial cuff 
SBP/DBP

WatchBP O3 (2G), 
Microlife AG, Widnau, 
Switzerland

Brachial Brachial cuff pulse 
volume 
plethysmography

(SBP2, DBP, 
As, Ad) + 
regression

Brachial cuff 
SBP/DBP

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
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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 CAFÉ 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 AT1R 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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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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Fig. 12.1  The RAAS pathway and its association with chronic low-grade inflammation in diabe-
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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 Target in 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; HbA1c), 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.	 HbA1c: <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 

12  Diabetes and Hypertension: What Is the Connection?



164

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-naïve 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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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 (eGFR) was 76.1 ± 27.7 ml/min/m2. 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].

Heart disease resulting from hypertension can
be divided into four degrees of severity

• Degree I : Isolated LV diastolic dysfunction
   with no LVH

• Degree II : LV diastolic dysfunction with
   concentric LVH 

• Degree III : Clinical heart failure (dyspnea and
   pulmonary edema with preserved
   ejection fraction)

• Degree IV : Dilated cardiomyopathy with
   heart failure and reduced ejection
   fraction

Fig. 13.1  Stages of 
hypertensive heart disease. 
LV left ventricular, LVH 
left ventricular hypertrophy

Progression from HTN to HF

Obesity
Diabetes

LVH

Hypertension

Smoking
Dyslipidaemia
Diabetes

MI

Diastolic
dysfunction

Systolic
dysfunction

HF Death

Normal
LV structure
and function

LV
remodelling

Subclinical
LV

dysfunction

overt heart
failure

Time: decades Time: months

Fig. 13.2  Evolution of hypertensive heart disease in patients with hypertension and other risk 
factors. HF heart failure, LV left ventricular, MI myocardial infarction
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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 ASIAN 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. HFrEF 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 HFrEF 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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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]

Area Population
Hypertension 
(%)

CKD in hypertensive 
patients (%)

Hypertension in CKD 
patients (%)

China General 35.4 [3] 61.2 [3] 79.8 [4]
Hong 
Kong

General 27.7 [5] – –

India Opportunistic 43.1 [6] – 64.5 [7]
Japan General 60.0 (Male) [8]

41.0 (Female)
– –

Malaysia CKD 
(subgroup)

30.3 [9] – 38.4 [10]

Singapore General 23.5 [9] 7.6 [11] –
South 
Korea

General 29.1 [12] 19.6 [13] –

Taiwan General 24.5  [14] – –

Table 14.2  Prevalence 
of ESKD caused by 
hypertension [2]

Area ESKD due to hypertension (%)
China 10.5 [15]
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 AGTR1 gene polymorphisms were examined 
by Su et al. on their associations with CKD susceptibility among Chinese in Taiwan 
[50]. ACE-A2350G AA genotype and AGTR1-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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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 

Table 14.3  Sodium intake 
by country and region Country

Sodium intake, g/day (95% 
uncertainty intervals)a [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)

a Age-standardized estimated sodium intakes (g/day) in 2010
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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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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-I 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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Hypertension in Children

Subhankar Sarkar and Isaac Liu

16.1	 �Introduction

Hypertension, though relatively less common in children and adolescents than in 
adults, is an important issue due to a number of reasons. First, early onset hyperten-
sion merits searching for a secondary cause of hypertension in children. Second, 
onset in childhood of uncontrolled blood pressure results in a longer runway for the 
accruement of end-organ damage in adulthood. Third, the practitioner should be 
mindful of the unique challenges and considerations of blood pressure measure-
ments in young children.

16.2	 �Epidemiology

The prevalence of pediatric hypertension varies with ethnic group, geographic loca-
tion, blood pressure (BP) measurement technique, and definition criteria. Overall 
data shows that prevalence of hypertension has been increasing in last few decades 
mainly due to rising trends of obesity [1]. The estimated prevalence of pediatric 
hypertension ranges from 1 to 5% in developed countries but is as high as 20% in 
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developing countries. Furthermore, it is higher in boys (15–19%) than girls (7–12%) 
[2–7]. Initial data were based on a single BP measurement. After using repeated 
measurement, the prevalence of confirmed hypertension is about 3.5% [4, 8]. In a 
recent systematic review and meta-analysis, Song et al. reported that pooled global 
prevalence of childhood hypertension is 4% [9]. The prevalence of hypertension is 
much higher among children and adolescents in presence of risk factors such as 
obesity (4–14%) [3, 10], type 1 diabetes (4–16%) [11], type 2 diabetes (12–31%) 
[12], sleep apnea syndrome (3.6–14%) [13], neurofibromatosis type 1 (6.1%) [14], 
chronic renal disease (50%), and end-stage renal disease (48–70%) [15, 16].

16.3	 �Definition and Classification

In 2004, the “Fourth Report on the Diagnosis, Evaluation, and Treatment of High 
Blood Pressure in Children and Adolescents” (Fourth Report) defined “normal 
blood pressure” if the systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) values were <90th percentile [17]. “Prehypertension” was defined as SBP 
and/or DBP ≥90th percentile to <95th percentile or BP ≥120/80 mmHg to <95th 
percentile in adolescents, whichever was lower. Hypertension was defined as SBP 
and/or DBP ≥95th percentile [17]. In 2017, the American Academy of Pediatrics 
(AAP 2017) guideline updated the definitions and classification of hypertension 
(Table 16.1), which was subsequently endorsed by the American Heart Association 
(AHA) and American College of Cardiology (ACC) in 2017 [1, 16]. According to 
the AAP 2017, for the diagnosis of hypertension, the mean of two consecutive BP 
measurements taken by auscultation technique repeated at three different visits 
should be used. Important modifications of the definition from the Fourth report are: 
(1) for children and adolescent ≥13 years—BP thresholds used for defining hyper-
tension transit seamlessly into the adult hypertension guideline by AHA/ACC, (2) 
the terminology “prehypertension” has changed to “elevated blood pressure.” Both 
the “European Society of Hypertension (ESH)” and AAP 2017 guideline defined 
“normal blood pressure” as BP <90th percentile by age, sex, and hypertension is 
defined if SBP and/or DBP ≥95th percentile [1, 18]. The AHA/ACC guidelines thus 
become applicable in children and adolescents age ≥ 13 years by AAP 2017 guide-
line and ≥16 years by ESH guideline. It must be noted, however, that the normative 

Table 16.1  Definition and classification of hypertension

Criteria Age < 13 years Age ≥ 13 years
Diagnosis or 
stage

SBP or DBP (percentile) SBP/DBP 
(mmHg)

Normal <90th <120/80
Elevated BP ≥90th to <95th or 120/80 mmHg (whichever is lower) 120–129/<80
Stage 1 
hypertension

≥95th to <(95th +12 mmHg) or 130/80 to 
139/89 mmHg (whichever is lower)

130–139/80–89

Stage 2 
hypertension

≥95th + 12 mmHg or ≥140/90 mmHg (whichever is 
lower)

≥140/90

S. Sarkar and I. Liu
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BP tables in the AAP 2017 guideline have deliberately excluded children and ado-
lescents with overweight and obesity, the norms are now several mmHg lower than 
the Fourth Report.

16.4	 �Etiology

16.4.1	 �Primary or Essential Hypertension

Essential or primary or idiopathic childhood hypertension is a common cause of 
hypertension among older children and adolescents, particularly as the prevalence 
of overweight and obesity is increasing. Features of primary hypertension are a 
positive family history of hypertension, presence of overweight or obesity in chil-
dren ≥6 years, and mainly systolic hypertension. In children with these risk factors, 
the AAP 2017 recommends against an extensive over-investigation into causes for 
secondary hypertension if they do not have history or physical examination findings 
suggesting the latter.

16.4.2	 �Secondary Hypertension

Secondary hypertension is common among younger children. Renal parenchymal 
disease and renovascular abnormalities are the most common cause of secondary 
hypertension. Among children with secondary hypertension, approximately 34–79% 
patients have renal parenchymal disorders and 5–25% have renovascular abnor-
malities [19–21]. Secondary hypertension is suspected especially when children 
present at an early age with severely elevated hypertension. Secondary causes of 
hypertension are listed in Table 16.2.

16.4.2.1	 �Renal Parenchymal Disease
Renal parenchymal damage can lead to hypertension. Both acute and chronic glo-
merulonephritis (GN) are important causes of secondary hypertension in children. 
Post-infectious GN, especially post-streptococcal GN, is a major cause of GN and 
related hypertension particularly in developing countries in Asia. Volume expansion 
due to fluid and sodium retention and activation of the renin-angiotensin-aldosterone 
axis are common mechanisms of hypertension in acute GN. Chronic renal scarring 
due to reflux nephropathy, pyelonephritis or congenital anomaly of kidney with 
compensatory hypertrophy can also cause hypertension. Hypertension in chronic 
kidney disease (CKD) and kidney transplant recipients can further be exacerbated 
by volume expansion and adverse effects of medicines.

16.4.2.2	 �Renovascular Hypertension
Renovascular hypertension (RVH) is the second most common correctable hyper-
tension in children caused by abnormal hormonal response secondary to the 
impaired blood flow to a part or all, of one or both kidneys. Significant renal artery 

16  Hypertension in Children



212

Table 16.2  Secondary causes of hypertension

System Cause
Renal parenchymal 
disease

Reflux nephropathy
Obstructive uropathy
Renal dysplasia/hypoplasia
Acute and chronic glomerulonephritis
Nephrotic syndrome
Hemolytic uremic syndrome
Chronic kidney disease
End-stage renal disease
Polycystic kidney disease

Renovascular disease Takayasu aortoarteritis
Renal artery stenosis
Renal artery thrombosis

Cardiovascular Coarctation of aorta
Patent ductus arteriosus
Arteriovenous fistula
Renal vein thrombosis

Endocrine Pheochromocytoma
Cushing syndrome
Primary hyperaldosteronism
Primary hyperparathyroidism
Hypercalcemia
Congenital adrenal hyperplasia
Neuroblastoma

Neurological Mental stress
Anxiety
Guillain-Barré syndrome
Raised intracranial pressure

Respiratory Obstructive sleep apnea
Monogenic hypertension Liddle’s syndrome

Syndrome of apparent mineralocorticoid excess
Familial hyperaldosteronism type 1 or glucocorticoid remediable 
aldosteronism
Pseudohypoaldosteronism type 2 (Gordon syndrome)
Overt mineralocorticoid excess
Familial glucocorticoid resistance
Mineralocorticoid receptor activating mutation

Medications or drugs Glucocorticoids
Non-steroidal anti-inflammatory drugs
Oral contraceptives
Sympathomimetics
Erythropoietin
Calcineurin inhibitors (ciclosporin, and tacrolimus)
Cocaine
Anabolic steroids
Pseudoephedrine
Phencyclidine
Caffeine
Nicotine

Heavy metal toxicity Lead, cadmium, mercury, phthalates
Others Neurofibromatosis

Tuberous sclerosis
Collagen vascular disease
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stenosis (RAS) is usually defined as stenosis of the renal artery greater than 75% of 
the vessel lumen or at least 50% with post-stenotic dilation, and invariably results in 
severe hypertension. RVH is a heterogeneous disease process that can be secondary 
to various etiologies (Table 16.3) including intrinsic lesions of the renal arteries, 
extrinsic compression by masses, and intraluminal occlusion by thrombosis. 
Fibromuscular dysplasia is the most prevalent cause of RVH in the Western World, 
whereas in countries like India and South Africa, Takayasu’s arteritis results in a 
high proportion of RAS (73–89%) [22–25]. Activation of renin-angiotensin-
aldosterone system (RAAS) and presence of normal or abnormal contralateral kid-
ney influence the RVH. Renovascular hypertension can also be caused by renal vein 
thrombosis.

16.4.2.3	 �Endocrine Cause of Hypertension
Secondary hypertension due to endocrine causes are rare, with prevalence ranging 
from 0.5 to 6% but they respond dramatically with medical and surgical treatment, 
hence the importance of achieving a precise diagnosis [1]. Common causes of 
hypertension due to catecholamine excess are pheochromocytoma, neuroblastoma, 
and sympathomimetic drugs. Pheochromocytoma is a rare disease occurring more 
often in adults than in children, and is thought to be responsible for approximately 
1% of childhood hypertension. Traditional teaching suggested that 10% of pheo-
chromocytomas are familial but recent advances in molecular genetics however 

Table 16.3  Etiologies of renovascular hypertension

Fibrous and fibromuscular dysplasia •  Medial fibroplasia
•  Perimedial fibroplasia
•  Intimal fibroplasia
•  Medial hyperplasia

Vasculitis •  Takayasu disease
•  Kawasaki disease
•  Moyamoya disease
•  Other systemic vasculitis

Vascular malformations • � Thromboembolism (e.g., prior history of umbilical 
catheterization, post-angiography, post-trauma)

•  Arteriovenous malformation
•  Renal artery aneurysm

Inherited conditions •  Neurofibromatosis type 1
•  Tuberous sclerosis
•  Williams’ syndrome
•  Marfan syndrome
•  Feuerstein-Mimms syndrome
•  Tuberous sclerosis

Extrinsic compression •  Neuroblastoma
•  Wilms’ tumour/other tumours
•  Congenital fibrous bands
•  Post-traumatic
•  Retroperitoneal fibrosis

Miscellaneous •  Radiation
•  Congenital rubella syndrome
•  Transplant renal artery stenosis

16  Hypertension in Children
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have revealed an identifiable germline mutation in up to 59% of apparently sporadic 
pheochromocytomas presenting 18 years or younger and in 70% of those presenting 
before 10 years of age. Eighty-five percent of pheochromocytomas are located in 
the adrenal glands; the rest develop in the extra-adrenal parasympathetic and sym-
pathetic paraganglia. Most tumors are less than 5 cm in size, and 25–33% are bilat-
eral. Approximately 10% of intra-adrenal and 40% of extra-adrenal 
pheochromocytomas are malignant. Children often have sustained severe hyperten-
sion as their primary sign and are less likely than adults to present with the classic 
triad of tachycardia, headache, and diaphoresis.

Corticosteroid excess may lead to hypertension. A common cause of excess cor-
ticosteroid is exogenous administration, endogenous causes are Cushing syndrome, 
congenital adrenal hyperplasia (CAH), aldosterone secreting tumor, and 
glucocorticoid-remediable aldosteronism (GRA). Rarely, primary hyperparathy-
roidism and thyrotoxicosis can cause hypertension.

16.4.2.4	 �Sleep Apnea Syndrome
Obstructive sleep apnea (OSA) is an established risk factor for hypertension in 
adults. Although the meta-analysis failed to establish OSA as a risk of hypertension 
in children, high blood pressure along with change in diurnal variations of BP (par-
ticularly, diminished nocturnal dipping) may coexist with OSA [26, 27]. The prob-
able mechanism of hypertension in OSA is decreased sensitivity of the baroreflex 
system, which is supported by evidence of differences in diurnal variation of acute 
phase reactants and pro-inflammatory cytokines compared to healthy children [28].

16.4.2.5	 �Monogenic Hypertension
Monogenic hypertension is due to mutations of single gene function which leads to 
early onset refractory hypertension, and, in mutations which impact the renin-
angiotensin aldosterone axis, disturbances in potassium. Several genes associated 
with monogenic hypertension are listed in Table  16.4. Monogenic hypertension 
should be suspected in suppressed plasma renin activity or elevated aldosterone to 
renin ratio along with positive family of early onset hypertension [29]. The mecha-
nisms of hypertension includes volume expansion due to excess sodium reabsorp-
tion, deficiency of enzymes involved in steroid metabolism in the adrenal gland, and 
aldosterone excess [29]. Conditions associated with increased sodium transport 
may be mediated by mineralocorticoid (apparent mineralocorticoid excess (AME) 
syndromes, glucocorticoid-remediable aldosteronism, and congenital adrenal 
hyperplasia due to 11β-hydroxylase or 17α-hydroxylase deficiency) or independent 
of mineralocorticoids (Liddle and Gordon syndromes) [30]. Apparent mineralocor-
ticoid excess (AME) is a rare autosomal recessive condition due to deficiency of 
enzyme 11 beta-hydroxysteroid dehydrogenase II (HSD11B2) which converts 
active cortisol to inactive cortisone. Deficiency of HSD11B2 results in persistence 
of high cortisol level which binds to mineralocorticoid receptors resulting in sodium 
retention and urinary loss of potassium. The ultimate consequence is hypokalemia, 
metabolic alkalosis, and suppressed plasma renin and aldosterone level.
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Glucocorticoid-Remediable Aldosteronism (GRA) is a rare autosomal dominant 
disorder, also known as familial hyperaldosteronism type I, characterized by an 
increased expression of a chimeric gene. This gene is stimulated by adrenocortico-
tropic hormone (ACTH) and encodes a hybrid protein that stimulates aldosterone 
production, independent of renin. Hypokalemia is common but serum potassium 
may be normal.

Liddle syndrome (pseudo-hyperaldosteronism type I) is a rare autosomal domi-
nant disorder due to overactivity of the epithelial sodium channel (ENaC). Increased 
sodium reabsorption in the distal nephron leads to volume expansion and hyperten-
sion. There is metabolic acidosis and hypokalemia with suppressed plasma renin 
and aldosterone activity. Patients respond to triamterene and amiloride, but spirono-
lactone is ineffective.

Gordon syndrome (pseudo-hypoaldosteronism type II) is an autosomal dominant 
disorder caused by gain-of-function of the Na-K-Cl cotransporter activity in the 
distal convoluted tubules of the kidney. Overexpression of cotransporters leads to 
increased sodium reabsorption resulting in hypertension, hyperkalemia, and hyper-
chloremic metabolic acidosis. Serum aldosterone concentrations are low and plasma 
renin activity is suppressed. Electrolyte abnormalities and elevated blood pressure 
can be managed with thiazides.

16.5	 �Blood Pressure (BP) Measurement

16.5.1	 �Steps of Clinic BP Measurement [1, 31]

Standardization of clinic BP measurement is particularly important due to special 
considerations in children such as cuff size.

	(a)	 The child should have avoided stimulant drugs or foods, have been sitting qui-
etly for 3–5 min, seated with back supported, feet uncrossed on the floor and 
right arm supported, cubital fossa at heart level.

	(b)	 The right arm is preferred for consistency and comparison with standard tables 
and because of the possibility of coarctation of the aorta, which might lead to 
falsely low readings in the left arm. While measuring BP, both the patient and 
observer should not speak.

	(c)	 Appropriate cuff size—a cuff with an inflatable bladder width that is at least 
40% of the arm circumference with a point midway between the olecranon and 
the acromion, with bladder length covering 80–100% of the arm circumference 
should be used.

	(d)	 Auscultatory BP measurement using a sphygmomanometer is the gold standard 
for diagnosis of hypertension in young patients. For this technique, the bell of 
stethoscope should be placed over the brachial artery 2–3 cm above the antecu-
bital fossa. The cuff should be inflated 20–30 mmHg above the point at which 
the radial pulse disappears and cuff should be deflated at the rate of 2–3 mmHg 
per second. SBP is determined by the onset of the tapping Korotkoff sounds 
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(K1) and DBP is determined by the disappearance of the Korotkoff sounds 
(K5). If the Korotkoff sounds can be heard to zero mmHg, then BP measure-
ment should be repeated with less pressure on the head of the stethoscope and 
only if the very low K5 persists should K4 (muffling of the sounds) be recorded 
as the DBP.

	(e)	 To measure BP in the legs by the auscultatory method, the patient should be in 
the prone position. A correct sized cuff should be placed mid-thigh and the 
stethoscope placed over the popliteal artery. SBP in the legs is usually 10–20% 
higher than the brachial artery pressure.

	(f)	 In infants, the auscultatory method may be difficult, and hence BP obtained by 
oscillometric device may be used instead.

16.5.2	 �BP Measurement Frequency

According to the AAP, children aged ≥3 years should receive blood pressure mea-
surements yearly. Children with risk factors such as obesity, renal disease, diabe-
tes, aortic arch abnormalities, and medicines that may elevate BP should receive 
BP measurements at each follow-up visit. Children younger than 3 years should 
receive BP measurements at every well-child care visit if they have risk factors for 
developing hypertension such as history of prematurity, known renal or urological 
abnormalities, family history of congenital renal disease, recurrent urinary tract 
infection, hematuria, proteinuria, diabetes, aortic coarctation, congenital heart 
disease, medications that predispose to hypertension, malignancy, bone marrow 
or solid organ transplant, evidence of raised intracranial pressure and any other 
systemic illness.

16.5.3	 �Ambulatory Blood Pressure Monitoring (ABPM)

ABPM is being increasingly recognized as a valuable tool in the investigation of 
pediatric hypertension [1]. ABPM involves repetitive non-invasive blood pressure 
measurements using portable devices in outpatient settings over an entire day. A 
much better approximation of true blood pressure is achieved by multiple readings 
as compared to single measurements. The detection and monitoring of hypertension 
has significantly improved with the use of ABPM, which allows for a more accurate 
classification of hypertension, confirming the diagnosis of hypertension, and dif-
ferentiating between true and “white coat” hypertension. It also helps in detecting 
masked hypertension, and assessment of the severity and persistence of blood pres-
sure elevation. It is possible to determine other parameters such as the dipping status 
in patients at high risk for end-organ damage and also to evaluate the effectiveness 
of antihypertensive drug therapy. Where feasible, ABPM is a useful tool for assess-
ing the presence of ambulatory hypertension and for guiding therapy for retarding 
end-organ damage. ABPM also permits an assessment of the circadian blood 
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pressure profile. By more accurately and reliably measuring blood pressure, espe-
cially circadian changes, ABPM has been shown to predict cardiovascular morbid-
ity and mortality and end-organ damage.

16.5.3.1	 �Circadian Patterns of Blood Pressure Variation [1, 32]
Blood pressure typically follows a circadian pattern. In normotensive individuals, a 
peak in blood pressure usually occurs in the early morning, followed by a gradual 
decline to lower blood pressure levels during the evening and even lower levels dur-
ing the night. Blood pressure is generally lowest between 2 am and 4 am, decreasing 
by approximately 13 and 17% of daytime levels for systolic and diastolic blood 
pressure, respectively. The daytime surge in BP may trigger cardiovascular events; 
therefore, it is ideal to provide 24-h blood pressure control to cover this surge. This 
is especially critical for agents that are administered once daily in the morning, as 
the morning surge comes at the end of the previous day’s dosing interval. The use of 
ABPM enables blood pressure to be assessed throughout the circadian cycle to 
determine fluctuations in blood pressure and the efficacy of antihypertensive 
therapy.

16.5.3.2	 �Blood Pressure Load
On ABPM, blood pressure load is the percentage of readings above the ambulatory 
95th percentile for that age, gender, and height, based on smoothed data of Wuhl 
[32, 33]. Patients showing BP load in excess of 25–30% are typically considered 
elevated [32]. Load in excess of 50% was predictive of left ventricular hypertrophy 
in one study [32]. Patients with normal mean BP may have elevated BP load, these 
patients may not be picked up with office BP alone though they may be at higher 
risk for end-organ damage [32].

16.5.3.3	 �Dipping
Dipping is calculated by percentage drop from mean daytime to mean night time BP 
in ABPM [32]. This refers to the physiological decline in systolic blood pressure 
and diastolic blood pressure seen at night. Normal dipping is generally defined as a 
>10% decline in mean systolic and diastolic ambulatory BP levels from day to 
night. Non-dipper status is defined as <10% decline in mean ambulatory BP from 
day to night [32].

16.5.3.4	 �White Coat Hypertension
White coat hypertension (WCH) is generally characterized by BP more than the 
95th percentile in clinic or hospital setting, but below 90th percentile outside of the 
doctor’s office. By using ABPM WCH can be diagnosed when mean SBP and DBP 
are <95th percentile and SBP and DBP load are <25% while the clinic BP is ≥95th 
percentile [32]. The proportion of children with WCH varies between 22 and 88% 
[32]. Data in children are sparse, but young adolescents with white coat hyperten-
sion have higher left ventricular mass index, suggesting the need for close follow-
up [32].
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16.5.3.5	 �Masked Hypertension
Masked hypertension (MH) is defined as normal clinic BP but mean SBP and DBP 
are >95th percentile and SBP and DBP load are ≥25%. MH can only be diagnosed 
by ABPM. The prevalence of MH ranges from 5.7 to 9.4% [32]. Such patients might 
show sustained clinic hypertension and higher left ventricular mass [34, 35].

16.5.3.6	 �Procedure [32]
ABPM is a fully automated oscillometric BP machine which is set to measure 
multiple blood pressures at regular intervals (usually every 15–30  min) over a 
24–48-h period, providing a continuous blood pressure record during normal daily 
activities. A patient diary should be kept in order to record corresponding physical 
activity, sleep, and drug intake. The criteria for a successful ABPM recording 
include: at least 40–50 readings for a full 24-h recording, minimum of 1 reading 
every hour, and 65–75% of all possible BP readings for a partial day report. After 
a successful recording, data is analyzed by software which is based on age and 
gender specific normative data and BP is classified according to Table 16.5. BP 
index is measured in the following manner: average ABP value divided by BP 
value of 95th percentile of the normative data. BP index >1.0 indicates presence of 
hypertension.

16.5.3.7	 �Indications for ABPM
ABP should be performed for the confirmation of the diagnosis of hypertension 
in children and adolescents with elevated BP for more than 1 year, or stage 1 
hypertension over three clinic visits. Additionally, it is recommended in children 
with high risk conditions to assess severity of hypertension and if abnormal cir-
cadian BP patterns are present which may indicate increased risk of target organ 
damage [1]. Table 16.6 summarizes conditions where ABPM is useful for moni-
toring of BP.

Table 16.5  Suggested schema for staging of ABPM levels in children

Classification
Clinic blood 
pressurea

Mean ambulatory systolic 
blood pressureb

Systolic blood 
pressure load (%)

Normal blood pressure <95th percentile <95th percentile <25
White coat 
hypertension

>95th percentile <95th percentile <25

Masked hypertension <95th percentile >95th percentile >25
Elevated blood pressure >95th percentile <95th percentile 25–50
Ambulatory 
hypertension

>95th percentile >95th percentile 25–50

Severe ambulatory 
hypertension

>95th percentile >95th percentile >50

Modified from Lurbe et al.
a Based on National High Blood Pressure Education Program Task Force Standard
b Based on the ABPM values of smoothed values of Wuhl
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16.5.4	 �Normative Data for Hypertension

AAP 2017 published new normative BP table for boys and girls according to their 
age and height percentile [1]. This new BP table is derived from normal body weight 
children; overweight and obese individuals were excluded from analysis. A simpli-
fied BP table established for screening of BP which is based on BP of 95th percen-
tile and fifth percentile of height [1]. Currently there is no normative data available 
for neonates. Dionne et al. established a neonatal BP table with BP value of 95th 
and 99th percentile from 26 to 44  weeks postmenstrual age [36]. For children 
between 0 and 1 years, no updated data is available, thus the AAP 2017 guideline 
suggests using the “Report of the Second Task Force on Blood Pressure Control in 
Children” [37].

16.6	 �Evaluation of Hypertension

After diagnosis, the causes and complications of hypertension requires investiga-
tion. Detailed history and comprehensive examination are necessary. History taking 
includes perinatal history, prematurity, low birth weight status and family history of 
hypertension or kidney disease, nutritional, psychosocial, physical activity, and 
medications. Perinatal risk factors such as maternal hypertension, low birth weight, 
and prematurity are risk factors for childhood hypertension [38, 39]. Prematurity 
and low birth weight are associated with a low nephron endowment which is a risk 
factor of hypertension in children. Other important perinatal history in ex-premature 
infants is bronchopulmonary dysplasia and umbilical line catheterization. Nutritional 
history is important to assess dietary contribution for hypertension. Sodium intake 
is linked to hypertension and left ventricular hypertrophy [40]. High sodium intake 
leads to twofold increased risk of hypertension and this risk was compounded 
(threefold) in obese patients [41]. High dietary fat intake and central adiposity were 
associated with high BP [42–44]. Lack of fruits and vegetables, and decreased phys-
ical activity are also linked to obesity and hypertension. Questions regarding 

Table 16.6  Value of ABP monitoring in high risk patients

•  Apparent drug resistant hypertension
•  Determining the efficacy of drug treatment over 24 h
•  Feature of target organ damage despite normal clinic BPs
•  Hypotensive symptoms with antihypertensive drugs
•  Unusual BP variability or episodic hypertension
•  Obesity
•  Diabetes mellitus
•  Chronic kidney disease
•  Obstructive sleep apnoea
•  Solid organ transplantation
•  Genetic syndromes such as neurofibromatosis, Turner syndrome, Williams syndrome
•  Repaired coarctation of the aorta
•  History of prematurity
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physical activity include duration of screen time, and hours of exercise per week. 
Stress, anxiety, maltreatment, bullying, and body perception disorder are risk fac-
tors for the development of future hypertension [45–47]. Older children and adoles-
cents should be interrogated for history of smoking, alcohol, and other substance 
abuse. Family history includes hypertension, obesity, diabetes, dyslipidemia, and 
premature cardiovascular or cerebrovascular or renal disorders.

16.6.1	 �Physical Examination

Weight and height are measured and body mass index calculated to identify over-
weight and malnutrition children. All features of malnutrition should be looked for, 
as it could be a sole feature of chronic illness. Four-limb blood pressure measure-
ments and all peripheral pulses should be examined for inequality. A detailed physi-
cal examination focusing on secondary causes of hypertension and neurological and 
cardiovascular examinations looking for signs of end-organ damage are necessary.

16.6.2	 �Laboratory Evaluation

Children with suspected primary hypertension do not require extensive evaluation 
for secondary causes. However, diagnostic tests should be performed for etiology 
and complications in children at risk. Table 16.7 summarized basic diagnostic test 
for evaluation of hypertension. Specific tests are selected on the basis of history and 
physical examination finding.

16.6.3	 �Electrocardiography

Electrocardiography (ECG) is easily available with economy of cost. It has high 
specificity but poor sensitivity and extremely low positive predictive value [48–50]. 

Table 16.7  Basic diagnostic workup

All patients Obese patients

Based on clue from 
history and physical 
examination For end-organ damage

Blood urea nitrogen Hemoglobin 
A1c

Fasting serum glucose Retinal examination

Electrolytes Aspartate 
transaminase

Thyroid-stimulating 
hormone

Urine spot protein to 
creatinine ratio

Creatinine Alanine 
transaminase

Drug screen Chest X-ray, ECG, 
echocardiography

Lipid profile Fasting lipid 
panel

Sleep study
Urinalysis Complete blood count
Renal sonography if 
age < 6 years or abnormal 
urine or renal function
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The current AAP 2017 guideline not recommended ECG for evaluating left ven-
tricular hypertrophy, but can be conveniently used in in low-resource areas.

16.6.4	 �Echocardiography

Echocardiography was mentioned in the Fourth Report as a tool to evaluate 
hypertension-related left ventricular (LV) changes. The AAP 2017 guideline recom-
mends echocardiography for the evaluation of hypertension-related left ventricular 
injury [1]. Left ventricular hypertrophy is defined as LV mass > 51 g/m2.7 or LV 
mass > 115 g or > 95 g per body surface area for boys and girls, respectively [51]. 
Concentric hypertrophy is defined as LV relative wall thickness > 0.42 cm. LV ejec-
tion fraction <53% is considered to be decreased. Echocardiography should be per-
formed at initiation of treatment and repeated at 6- to 12-month intervals in persistent 
hypertension despite treatment, concentric hypertrophy, or reduced LV ejection 
fraction. If initially normal, echocardiography should be repeated at yearly intervals 
in secondary hypertension, stage 2 or chronic stage 1 hypertension that is incom-
pletely treated.

16.6.4.1	 �Investigation for Renovascular Hypertension (RVH)
Although non-invasive tests are initially preferred over invasive tests, the limitations 
of various non-invasive tests should be kept in mind particularly in reference to the 
challenges posed in pediatric practice. Computed tomography (CT) or magnetic 
resonance (MR) angiogram can be done in younger children but they are more reli-
able for proximal RAS and may miss distal or intrarenal RAS. Digital subtraction 
angiography (DSA) remains the reference standard particularly when one is suspi-
cious of RAS. In addition, therapy for RVH such as balloon angioplasty may be 
performed in the same sitting. Both DSA and CT angiography carry the risk of 
contrast nephropathy and appropriate precautions should be followed.

Duplex Doppler ultrasonography is non-invasive, relatively inexpensive and 
suitable for serial monitoring to determine the disease progression. Resistive index 
(RI) >80% is associated with greater degree of intrinsic kidney damage or irrevers-
ible intrarenal vascular disease and less favorable outcome after revascularization. 
Most of these data are from adult studies and pediatric literature is lacking. These 
studies, however, are operator-dependent, time consuming and challenging in young 
children as well as in obese patients. Thus, the AAP 2017 guideline suggests for 
doppler renal ultrasonography to be done in centers with appropriate expertise and 
to be restricted to normal-weight children and adolescents ≥8 years of age who are 
suspected of having RVH and who will cooperate with the procedure [1].

Computed tomographic angiography (CTA) is a useful non-invasive test with 
adult studies reporting sensitivity and specificity for detecting RAS at 94% and 
93%, respectively [1, 52]. Its usefulness in children where FMD is more common 
needs further evaluation. The yield of multi-detector CTA in diagnosing intrarenal 
stenosis particularly in children needs to be properly evaluated. The major disad-
vantage of CTA remains radiation exposure and risk of contrast nephropathy in 
CKD patients.

16  Hypertension in Children



224

Magnetic resonance angiography (MRA) is a highly sensitive test for detecting 
proximal RAS. The sensitivity and specificity for the detection of RAS is 90% and 
94% respectively for pediatric and up to 100% sensitivity has been reported in adult 
studies [1, 52]. However, MRA may miss accessory renal arteries and significant 
lesions in the intrarenal portion of renal arteries. The main concern for MRA is 
gadolinium-associated systemic fibrosis among those with reduced renal function. 
With improvements such as imaging without gadolinium-based contrast or using 
breath-holding MRA with paramagnetic contrast such as gadopentetate dimeglu-
mine, this modality may be increasingly used.

Renal scintigraphy either with 99m-technetium-dimercaptosuccinic acid 
(DMSA) or 99m-Tc-mercaptoacetyltriglycine (MAG3) along with angiotensin-
converting enzyme inhibitor (ACEI) has been evaluated as a potentially useful non-
invasive test. Among adults the sensitivities and specificities for detecting RVH 
have been reported as 68–93% and 70–93% [53]. Unfortunately, pediatric studies 
have not been promising with reports of missing potentially treatable renovascular 
lesions [54]. The AAP guideline does not recommend its use [1].

Renal vein renin sampling of renin concentrations may be useful for localizing 
the site of significant lesion particularly when RAS is bilateral, segmental, or both. 
Renin samples are taken from the infra-renal inferior vena cava and the main renal 
veins and their larger intrarenal tributaries through a femoral vein approach with the 
idea that the site with significant RAS will have higher renin activity [55, 56]. This 
technique helps in localizing the kidney with RAS and may also localize the seg-
ment of the kidney being perfused by any stenosed tributaries of the main renal 
arteries. This guides segmental renal embolization for cases refractory to pharmaco-
therapy or not amenable to angioplasty [57, 58]. The main limitation of renal vein 
renin sampling is obviously its invasiveness which has resulted in it not being a 
routine pediatric practice.

Catheter-based digital subtraction angiography (DSA) remains the most accurate 
technique for assessment of suspected renovascular disease in children. In the pres-
ence of amenable stenosis, intervention can be carried out in the same setting. 
Among carefully selected cohorts it has been reported to have a diagnostic yield of 
40% [59, 60].

16.6.4.2	 �Evaluation of Suspected Aldosterone Excess States
Features of primary hyperaldosteronism are hypokalemia, metabolic alkalosis, 
increased 24-h urinary potassium excretion, decreased 24-h urinary sodium excretion, 
and hypertension which is usually moderate-to-severe and refractory to treatment. 
Before evaluation, the patient needs to be optimized for evaluation for hyperaldoste-
ronism. Drugs that alter aldosterone or renin secretion like beta-blockers or spirono-
lactone should be avoided if possible. If the screening test is performed while on ACE 
inhibitors, angiotensin-receptor blockers, calcium channel antagonists, or alpha-
blockers, and aldosterone levels remain frankly elevated in the setting of suppressed 
renin activity, the likelihood of primary aldosteronism remains high. Hypokalemia 
should be corrected as it directly inhibits aldosterone release. The patient should not 
be dehydrated as this stimulates the renin-angiotensin-aldosterone axis.
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Saline suppression test: Acute intravascular volume expansion with isotonic 
saline normally suppresses the renin-angiotensin system. Isotonic saline is infused 
over 4–6 h. This test should not be performed in patients with compromised cardiac 
function due to the risk of pulmonary edema. In normal subjects, plasma aldosterone 
(PA) concentrations normally decrease below 166 pmol/L (6 ng/dL) at the end of the 
saline infusion. PA concentrations >277 pmol/L (10 ng/dL) are diagnostic of autono-
mous aldosterone production and values between 166 and 277 pmol/L (6–10 ng/dL) 
are considered indeterminate but are highly suspicious for this disorder.

Oral salt loading test: Oral salt loading for 3 days results in extravascular and 
intravascular volume expansion and renin-angiotensin-aldosterone axis suppression 
in normal individuals. Patients are instructed to consume a high (200 mmol) sodium 
diet for 3 days, or take four 500 mg sodium chloride tablets (1 tablet = 8.2 mmol 
sodium) with each meal (3 meals) for 3 days. On the third day of the high sodium diet, 
a 24-h urine collection for aldosterone excretion, creatinine, and sodium is collected. 
Aldosterone excretion greater than 39 nmol/day, in the presence of a urinary sodium 
excretion greater than 200 mmol per 24 h, is 96% sensitive and 93% specific for the 
diagnosis of primary hyperaldosteronism. Oral salt loading can be performed on an 
outpatient basis. However, BP and potassium levels should be monitored during the 
testing to avoid acceleration of hypertension or the precipitation of severe hypokalemia.

Posture study: Adrenal adenomas producing aldosterone are sensitive to adre-
nocorticotrophic hormone (ACTH), whereas bilateral idiopathic adrenal hyperpla-
sia is sensitive to angiotensin II. Patients have blood tests at 8 am for aldosterone, 
cortisol, renin, and 18-hydroxycorticosterone after overnight recumbency. After 4 h 
of being upright and walking around (which stimulates angiotensin II production 
due to blood pressure changes, not affecting ACTH), the blood tests are repeated. 
Patients should be well-hydrated for this test with urine sodium >20 mmol/L. Adrenal 
adenomas will show very little change in aldosterone levels, whereas the benign 
adrenal hyperplasia cases will show increased aldosterone (due to stimulation by 
increased angiotensin II.).

16.6.4.3	 �Evaluation of Suspected Glucocorticoid Excess States
Hypercortisolism: Features of Cushing syndrome are usually apparent. Screening 
tests are 24-h urine free cortisol, overnight standard (low-dose) dexamethasone sup-
pression test (1 mg of dexamethasone to be taken at 11 pm). Check serum cortisol 
level at 8 am and 8 pm for diurnal rhythm. The diagnostic test for hypercortisolism 
is overnight high-dose dexamethasone suppression test which differentiates 
Cushing’s disease (pituitary ACTH hypersecretion) from other causes of Cushing’s 
syndrome (ectopic ACTH or adrenal tumors).

Congenital adrenal hyperplasia: To evaluate this condition, investigations to be 
considered are: aldosterone, cortisol, deoxycorticosterone (DOC), 11-deoxycortisol, 
17-hydroxyprogesterone, and dehydroepiandrosterone (DHEAS).

16.6.4.4	 �Evaluation of Catecholamine Excess States
Catecholamine secreting tumors: Conditions are pheochromocytoma (80%), 
paraganglioma (20%), Von Hippel–Landau syndrome, neurofibromatosis type 1, 
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multiple endocrine neoplasia type 2A or 2B (MEN2), familial paraganglioma syn-
drome. Screenings test include: (a) 24-h urine fractionated metanephrines (meta-
nephrine and normetanephrine) and catecholamines (adrenaline, noradrenaline, 
dopamine) for 3 days (3 samples), (b) 24-h urine vanillylmandelic acid for 3 days 
(3 samples), (c) plasma fractionated metanephrines (drawn from indwelling can-
nula) following 30 min of supine rest: if high index of suspicion. Imaging tech-
niques used to localize the tumor are adrenal/abdominal CT scan or scans specific 
for adrenaline-producing tumor substances such as meta-iodo-benzylguanidine 
(MIBG) scan or In-III pentetreotide scan. Drugs which inhibit uptake of MIBG 
should be stopped before doing the scan include: propranolol, labetalol, calcium 
channel blockers, phenylephrine, pseudoephedrine, phenothiazines, tricyclic anti-
depressants, and monoamine oxidase inhibitors. Other scans which help to local-
ize the tumor and potential spread are positron emission tomography (PET)-CT 
scan, gallium (68Ga)-1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid 
(DOTA)-octreotate (DOTATATE), fluoro (18F)-3,4-dihydroxyphenylalanine 
(DOPA), and fluoro (18F)-2-deoxy-glucose (FDG).18F-FDG PET-CT has the 
greatest sensitivity for identifying paragangliomas and recurrent tumors.

16.7	 �Management

The goal of BP reduction is to prevent end-organ damage and lower the risk of car-
diovascular morbidity in adulthood. The previous recommendation was to control 
SBP and DBP below the 95th percentile in the absence of CKD or DM. Emerging 
evidence suggests that LVH develops even if BP is <95th percentile but >90th per-
centile or >120/80 mmHg [61–63]. Thus, the target of BP reduction has been set 
lower. According to AAP 2017, the target BP is <130/80  mmHg or below 90th 
percentile SBP and DBP whichever is lower.

16.7.1	 �Lifestyle Modification

Evidence supports that lifestyle changes reduce BP and are recommended in all 
children with hypertension [62].

16.7.2	 �Weight Reduction

Reduction in body weight lowers the incidence of cardiovascular risk factors such 
as dyslipidemia and insulin resistance, and maintaining ideal body weight controls 
BP.  A 10% lowering of BMI has been reported to lower SBP by as much as 
8–12 mmHg [17]. Ideal body weight can be achieved by dietary modification and 
regular exercise.
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16.7.3	 �Diet Modification

Dietary interventions which help to lower BP include low dietary sodium [62], con-
sumption of olive oil [63], and high intake of fruits, vegetables, and legumes [64]. 
The “Dietary Approach to Stop Hypertension” (DASH) diet recommends high 
intake of fruit, vegetables, low-fat milk products, whole grain products, less chicken 
or fish or lean meat, and lower salt intake.

16.7.4	 �Physical Activity

Any type of exercise is beneficial for reduction of BP [65]. Studies show that 
moderate to vigorous aerobic exercise on average 40 min for 3–5 days per week 
reduce SBP by 6.6 mmHg and lower vascular dysfunction [66]. AAP 2017 recom-
mends that after diagnosis of hypertension along with DASH diet, moderate to 
vigorous physical activity for 30–60 min per day for 3–5 days per week should be 
advised [1].

16.7.5	 �Motivational Interviewing and Stress Reduction

Motivational interviewing in combination with other behavioral techniques helps to 
deal with overweight and obesity. It also improves adherence to antihypertensive 
medications. Stress reduction techniques like breathing awareness meditation and 
yoga may also be helpful for reduction of BP.

16.7.6	 �Antihypertensive Drug Therapy

Symptomatic patients with stage 2 hypertension require immediate evaluation and 
treatment. Patients with stage 2 hypertension may need more prompt evaluation and 
pharmacologic therapy. Stage 1 hypertension allows time for evaluation before ini-
tiating treatment unless patient is symptomatic.

16.7.6.1	 �Indication of Drugs
Children who remain hypertensive despite a trial of lifestyle modifications or who 
have symptomatic hypertension, stage 2 hypertension without a clearly modifiable 
factor (such as obesity), or any stage of hypertension associated with CKD or dia-
betes mellitus therapy should be started on a single medication at the low end of the 
dosing range. Depending on repeated BP measurements, the dose of the initial med-
ication can be increased every 2–4 weeks until BP is controlled, the maximal dose 
is reached, or adverse effects occur. Although the dose can be titrated every 
2–4  weeks using home BP measurements, the patient should be seen every 
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4–6 weeks until BP has normalized. If BP is not controlled with a single agent, a 
second agent can be added and titrated. Because of the salt and water retention in 
many hypertensive conditions, a thiazide diuretic is often the preferred second agent.

16.7.6.2	 �Follow-Up Management on Basis of Clinic (Office) BP
Child with normal BP or whose BP normalized on follow-up will need to have their 
BP re-measured in the next well-child visit. Once the child has been diagnosed with 
elevated BP, lifestyle modification should be started and BP measurement repeated 
after 6 months. If the child’s BP still remains elevated after 6 months, four-limb BP 
should be measured and a repeat BP measured after 6 months. ABPM and diagnos-
tic evaluation is indicated if child remains in elevated BP category even after life-
style modification for more than 12  months. Asymptomatic child with stage 1 
hypertension requires lifestyle modification and repeat BP measurement after 
1–2 weeks. If they remain at stage 1 hypertension, the blood pressure should be re-
measured in 3 months. ABPM and diagnostic evaluation is indicated if the child is 
displaying stage 1 hypertension even after consequent three clinic visits. For symp-
tomatic child with stage 2 hypertension, four-limb BP should be measured, and 
lifestyle modification initiated. Treatment should be initiated after ABPM and diag-
nostic evaluation, if the child remains at stage 2 hypertension after 1 week of fol-
low-up. Symptomatic stage 2 hypertension or BP >30 mmHg beyond 95th percentile 
or >180/120 mmHg needs urgent emergency treatment.

16.7.6.3	 �Principles of Pharmacotherapy
Acceptable drug classes in children include angiotensin-converting enzyme (ACE) 
inhibitors, angiotensin-receptor blockers (ARBs), beta-blockers, calcium channel 
blockers, and diuretics. The choice of initial antihypertensive therapy depends on 
the preference of the physician. Thiazide diuretics and beta-blockers have a long 
history of safety and efficacy. Newer drugs like ACE inhibitors, ARBs, and calcium 
channel blockers have also been proven to be safe and efficacious in children. For 
all antihypertensive drugs, start at the lowest recommended dose, and then increase 
till desired blood pressure (BP) is reached. Once the highest recommended dose is 
reached, or child experiences side effects, then a second drug from a different class 
should be added. Drugs with a longer duration of action are preferred due to better 
compliance. It is better to avoid frequent dose adjustment. Certain combinations of 
drugs have complementary mechanisms of actions; for example, ACE inhibitors 
with diuretics, vasodilator with diuretic or beta-blocker. Routine use of combination 
therapy is not recommended, but can be considered once BP control has been 
achieved to reduce the cost and improve compliance. Specific classes of antihyper-
tensive drugs should be used in specific clinical circumstances. These are ACE 
inhibitors or ARBs in those with diabetes and microalbuminuria, or proteinuric 
renal diseases, and beta-blockers or calcium channel blockers in those with migraine. 
Pure beta-blockers should not be used alone without prior adequate alpha-adrenergic 
blockade in children with hyperadrenergic states such as pheochromocytoma and 
methamphetamine overdose. Monitor electrolytes and serum creatinine periodically 
in those treated with ACE inhibitors or diuretics. ABPM can be used to assess effec-
tive control of BP during follow-up.
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16.7.6.4	 �Step-Down of Drug Therapy
The ultimate aim is to completely stop the drug in children with uncomplicated 
hypertension, especially overweight ones who have successfully lost weight. After 
an extended course of good BP control, dose is gradually reduced to a stop. BP 
monitoring must continue after cessation of drug.

16.7.7	 �Resistant Hypertension

In adults, resistant hypertension is defined as persistently elevated BP despite treat-
ment with three or more antihypertensive agents of different classes all at maxi-
mally effective doses. Management includes dietary sodium restriction, elimination 
of substances known to elevate BP, identification of previously undiagnosed sec-
ondary causes of hypertension, optimization of current therapy; additional agent 
such as an aldosterone receptor antagonist may be considered as it helps address 
volume excess as well as untreated hyperaldosteronism [1].

16.8	 �Malignant Hypertension

The term malignant hypertension is usually restricted for extremely high blood 
pressure (beyond stage II hypertension) that has developed rapidly and has resulted 
in some type of organ damage. The current AAP guideline advocates that clinicians 
should be highly concerned about acute target organ damage for any blood pressure 
which exceeds 30 mmHg above the 95th percentile blood pressure target for the 
child’s sex, age, and height [1]. The primary reason for end-organ damage is acute 
change in mean arterial pressure well above the tolerated limits. Children with 
chronic hypertension may also have very high BP but are often asymptomatic as 
body has had time to adjust to the change in blood pressure. Common causes of 
severe acute hypertension are summarized in Table 16.8.

16.8.1	 �Definition

Severe acute hypertension can be classified as hypertensive urgency or emergency.
Hypertensive emergency: Hypertensive emergency is defined when patients 

with stage 2 hypertension present with acute potentially life-threatening symptoms 

Table 16.8  Some common cause of malignant hypertension

Age group Common causes
Neonates Renovascular disease such as renal artery thrombosis, congenital anomalies (such 

as autosomal recessive polycystic kidney disease), coarctation of aorta, renal 
parenchymal disease bronchopulmonary dysplasia, congenital adrenal hyperplasia

Children Glomerulonephritis, endocrine disease, renovascular causes
Adolescents Glomerulonephritis, chronic kidney disease, drugs intoxication
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or features of end-organ damage involving the central nervous system (encepha-
lopathy, cerebral infarction, cerebral hemorrhage, seizures), heart (pulmonary 
edema), kidneys (acute kidney injury), or eyes (papilledema, retinal hemorrhage). 
Among these the most common presentation is hypertensive encephalopathy. Acute 
rise of blood pressure leads to loss of cerebrovascular autoregulation and endothe-
lial damage causing vasogenic cerebral edema. Children with hypertensive emer-
gencies need rapid assessment and immediate initiation of hypertension management 
in a controlled setup.

Hypertensive urgency: These are patients with stage 2 hypertension but without 
any evidence of end-organ damage. Symptoms are less and mild (example, head-
ache and/or vomiting). These children if not managed urgently are at risk for pro-
gression to hypertensive emergencies.

It has to be emphasized that in defining hypertensive emergency/urgency pres-
ence or absence of life-threatening symptoms and/or end-organ damage are more 
important than the absolute blood pressure level.

16.8.2	 �Pathophysiology and Clinical Feature 
of Malignant Hypertension

Clinical features depend on etiology and age. Neonates may present with poor feed-
ing irritability, vomiting, apnea, and cyanosis [67, 68]. Older children present 
according to end-organ damage.

16.8.2.1	 �Neurological Manifestations
Cerebral blood flow is relatively constant over a wide range of systemic blood pres-
sures because of autoregulation. Beyond a certain level of perfusion pressure auto-
regulatory vasodilatation or vasoconstriction fails to work and may result in cerebral 
ischemia. This is particularly true for any acute significant change in blood pressure.

Hence due to acute rise of blood pressure, cerebral autoregulation is lost leading 
to disruption of the blood–brain barrier and endothelial dysfunction resulting in 
imbalance in oxygen delivery, cerebral edema formation, and micro-hemorrhages 
[66]. Headache is the most common presentation along with other neurological 
signs and symptoms including seizures (25%), altered mental status or encepha-
lopathy (25%), facial nerve palsy (12%), hemiplegia (8%), vomiting, and signs of 
raised intracranial pressure and/or focal neurological deficits.

Children with hypertensive encephalopathy often have features of posterior 
reversible encephalopathy syndrome (PRES) wherein brain imaging shows lesions 
predominantly in the occipitoparietal white matter with occasional spread to basal 
ganglia, cerebellum, and brainstem. Other than hypertension, post-chemotherapy, 
post-transplant, post-infectious, and autoimmune conditions may also cause 
PRES. PRES lesions as suggested by its nomenclature are usually reversible but can 
have permanent sequelae.

Cardiovascular manifestations: Cardiac involvement may vary in the form of 
left ventricular hypertrophy (LVH), left ventricular failure, or left ventricular 
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ischemia, depending on the duration and persistence of hypertension [69–71]. The 
incidence of LVH due to hypertension is up to 41% particularly in children with 
high Body Mass Index (BMI) [71]. Sudden acute increase in blood pressure may 
precipitate left ventricular failure and the child may present with increased work of 
breathing, shortness of breath, chest pain, palpitations, decreased urine output, and 
poor appetite.

Renal manifestations: Hypertension leads to loss of autoregulation of renal blood 
flow and results in kidney injury. Clinically child may present with hematuria, flank 
pain, and oliguria. Renal histopathology may demonstrate fibrinoid necrosis with 
thrombosis of intrarenal arteries [72, 73].

Ophthalmological manifestations: Severe hypertension may lead to retinal 
bleeds, papilledema, loss of visual acuity, and cortical blindness [74]. The preva-
lence of hypertensive retinopathy in children with hypertension varies from 8.9% 
(assessed by direct fundoscopy) to 50% (assessed by retinal photographs) [75, 76]. 
Moderate-to-severe grades of retinopathy are relatively rare in children.

16.8.3	 �Evaluation

While controlling blood pressure to a safe level is an emergency priority, accurate 
diagnosis and evaluation of etiology of malignant hypertension is also important. 
Proper history and a thorough physical examination are essential. This will help in 
identifying conditions which may require deviation from the usual algorithm of 
hypertensive emergency management. These include clinical conditions such as 
intracranial lesions, coarctation of aorta, pheochromocytoma, hypertension second-
ary to scorpion stings or intake of recreational drugs. An extensive workup should 
be undertaken particularly in a young child who has extremely high pressure to rule 
out secondary causes of hypertension.

16.8.4	 �Management

Severe hypertension has the potential to cause end-organ damage, hence prompt rec-
ognition and treatment is important. A child with hypertensive emergency should 
preferably be admitted to the intensive care unit for close monitoring and prompt ini-
tiation of appropriate intravenous antihypertensive therapy. Initial management 
involves stabilization as per standard emergency guidelines. Oral antihypertensive 
agents may be tried in hypertensive urgencies provided the child is not vomiting and 
is tolerating oral intake. Seizures should be controlled with lorazepam. Blood pressure 
should be monitored continuously by an intra-arterial line. Although intra-arterial 
blood pressure monitoring is desirable, treatment should not be delayed for the lack of 
intra-arterial access. Treatment should be initiated based on results of intermittent 
blood pressure measurement by non-invasive methods which need to be done fre-
quently, i.e., at least every 10–15 min. Target reduction of blood pressure to below 
95th percentile for sex, age, and height (<130/80 for adolescent) over initial 24–48 h 

16  Hypertension in Children



232

and thereafter target below 90th percentile [1]. Blood pressure should not be lowered 
to more than 25% of the planned reduction over the first 8 h with aim to achieve 95th 
percentile target within 24–48 h. In patients with malignant hypertension and hyper-
tensive encephalopathy it is vital to lower the blood pressure, but it is equally impor-
tant to do it in a controlled way, and much effort should be devoted to avoid precipitous 
fall in blood pressure in the early phase of treatment. When the blood pressure is 
lowered acutely it may drop below the lower limit of autoregulation, with a conse-
quent fall in cerebral blood flow. Focal ischemia may be provoked if a significant 
stenosis is present on a larger cerebral resistance vessel [66]. Table 16.9 summarizes 
some special scenarios and standard approach to emergency blood pressure control.

Table 16.9  Special clinical scenarios and standard approach to management

Cause of malignant 
hypertension Mechanism Management
Pheochromocytoma Excessive release of 

catecholamines
Non-competitive α2-blocker like 
phenoxybenzamine is preferred
Laparoscopic cortical-sparing 
adrenalectomy is the preferred surgery 
in children for localized tumors. 
Treatment options for invasive and 
metastatic tumors include 
embolization, systemic therapy with 
MIBG, or chemotherapy

Increased intra cranial 
pressure

Neurogenic Priority should be given to managing 
the increased intracranial pressure. 
Significant reduction of blood pressure 
before controlling intracranial pressure 
might lead to reduced cerebral 
perfusion

Advanced chronic 
kidney disease (CKD)

Volume overload Maintaining dry weight by strict fluid 
intake and perform dialysis if 
indicated
Dietary sodium restriction
Angiotensin converting enzyme 
inhibitor (ACEi) and angiotensin 
receptor blocker (ARB) are preferred 
in for its nephro-protection. In 
advanced CKD caution is advocated 
and avoid its use when glomerular 
filtration rate is <30 mL/min/1.73 m2

Calcium channel blocker and 
beta-blockers are other options

Hypertension in 
thrombotic 
microangiopathies

Volume overload and 
endothelial damage

Dialysis is often required particularly 
in oliguric kidney failure. 
Hypertension in hemolytic uremic 
syndrome and thrombotic 
thrombocytopenic purpura may 
require multiple antihypertensive 
agents
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16.9	 �Comparison Between the Guidelines

Differences between the American Academy of Pediatrics and European Society for 
Hypertension (ESH) guidelines have been discussed and summarized by Brady [1, 
18]. Firstly, normative values used by the latest AAP guidelines are more conserva-
tive, specifically excluding data from children with overweight or obesity, and hence 
result in BP norms (for 95th percentile BP) that are several mmHg lower compared 
to the corresponding ESH norms, which reference the 2004 Fourth Report, which 
include children with a BMI > 85th percentile.

In terms of measurement frequency, the AAP guidelines generally recommend a 
more frequent schedule than the ESH. In patients with elevated blood pressure at 
first encounter, a re-measurement is recommended in 6  months by the AAP as 

Table 16.9  (continued)

Cause of malignant 
hypertension Mechanism Management
Kidney transplant 
recipients

Preexisting hypertension Calcium-channel blockers decrease 
the vasoconstriction induced by the 
calcineurin inhibitors

Native kidney disease Thiazide and loop diuretics, ACEi/
ARB are also used

Medications like steroids, 
calcineurin inhibitors

Minoxidil may be considered in 
patients with tacrolimus-induced 
alopeciaGraft dysfunction

Renal artery stenosis
Thrombotic microangiopathy
Post biopsy arteriovenous 
fistula

Medications or drugs Sudden cessation of opiates, 
benzodiazepines, and 
clonidine, Cocaine toxicity

For cocaine toxicity IV alpha-blocker 
like phentolamine is treatment of 
choice and beta-blockers may be 
added later

Monoamine oxidase inhibitors 
interact with food containing 
tyramine and other 
medications like 
dextromethorphan, methylene 
blue, selective serotonin 
reuptake inhibitors, and 
linezolid

Alpha blocker or sodium nitroprusside

Amphetamine toxicity Decontamination, cooling, sedation, 
intravenous alpha-blockers, or sodium 
nitroprusside is the treatment of choice
Beta-blockers alone are absolutely 
contraindicated in all these toxidromes 
as they will worsen the hypertensive 
crisis due to unopposed action on 
alpha receptors
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opposed to 1 year by the ESH; in children with normotensive BP at initial measure-
ment, the AAP recommends re-measurement in 1  year (2  years by ESH). 
Furthermore, the AAP recommends BP measurement at each health encounter for 
children with comorbidities such as obesity. In terms of workup and investigation, 
the AAP explicitly recommends against over-investigation for secondary causes in 
children whom primary hypertension is suspected, whereas the ESH guidelines 
maintain an extensive evaluation. Finally, the ESH guidelines, different to the AAP 
guidelines, recommend home BP monitoring, practical guidance for such measure-
ment as well as advocate for the use of ambulatory BP monitoring (ABPM) when 
considering starting BP medications. In terms of treatment goals, the ESH guide-
lines recommend BP below the 75th percentile in children without proteinuria, and 
below the 50th percentile in cases of proteinuria, contrasting to the AAP guidelines 
which recommend the 50th percentile for both cases.
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17.1	 �The Aging Population in Asia

The definitions of elderly vary somewhat in Asia where some countries use age ≥ 60 
to define “elderly” while others adopt age ≥ 65 years as a cut-off point to define the 
elderly group. Notwithstanding these arbitrary age definitions of elderly, the num-
ber of people age ≥ 60 is increasing rapidly. It is estimated that between 2015 and 
2050, the proportion of the world’s population over 60  years will nearly double 
from 12 to 22% [1]. In Asia, with falling fertility rates and increased life expectancy, 
the population age 65 and older has been rising since 2000 (Fig. 17.1). The propor-
tion of the population age ≥ 65 years in Asia was 4.8% in 2019 and is predicted to 
rise to 17.8% in 2050, with an increase in absolute numbers from 400 million to 900 
million [2]. Due to this rapid rise, several countries in Asia will have between 15% 
to as high as 34% of the total their population being elderly (Figs. 17.2 and 17.3). In 
India and China with the largest populations in the world, the proportion of the 
population aged ≥65 years in India was 3.8% in 1990 and is predicted to rise to 
13.7% in 2050. In China, the proportion of the population aged ≥65 years was 5.6% 
in 1990 and is predicted to rise to 26% in 2050 [2]. Japan is a country with the lon-
gest life expectancy in the world, the proportion of the Japanese population aged 
≥65 years was 11.8% in 1990 and was predicted to rise to 37.7% in 2050. Japan 
may represent the possible future age structure in many Asian countries. As a result 
of this rapid rise in the aging population, Asia is on track in the next few decades to 
become one of the oldest in the world [3] by the middle of this century.
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17.2	 �Prevalence of Hypertension in Asia

Globally, the prevalence of hypertension is high where in 2015, 1 in 4 men and 1 in 
5 women had hypertension resulting in an estimated 1.13 billion people worldwide 
suffering from hypertension. Most of these people live in Asia which is the world’s 
most populous continent and most (two-thirds) living in low- and middle-income 
countries [4].

While it is recognized that high-income countries like the United States of 
America (USA) has a high prevalence of 47.1% of adults age 20 and older in 
2017–2018 having hypertension [5], this also occurs in high-income countries in 
Asia where 60% and 32.9% of adult men in Japan and Korea, respectively, are 
hypertensive [6]. Furthermore it is equally high in many low- and middle-income 
economies in Asia where prevalence of hypertension is 42.3% in adults age 30 years 
or older in Malaysia and 50.3% in Pakistan [6–9] and notably, hypertension is more 
prevalent in people of East and South Asian ancestry [10, 11].

The prevalence of hypertension increases with age. In the USA, among those 
aged 60 years and older, the prevalence is 74.5% compared to lower prevalence of 
54.5% among the 40–59 age group [5]. This higher prevalence in older adults is also 
observed in the low- and middle-income countries in Asia where in countries like 
Malaysia, the prevalence of hypertension in older adults is much higher than in 
younger adults, reaching a prevalence of 75.4% in those age between 74 and 
75 years [7] (Fig. 17.3). Many governments in Asia are generally poorly prepared 
for this change. There will be implications not only on the health care system but 
also social and economic consequences [12].
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Fig. 17.1  Population aged 65 and older in Asia 1950–2050. (Source: Asia Development Bank. 
https://data.adb.org/dataset/population-and-aging-asia-and-pacific (accessed 9 Aug 2021))
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17.3	 �Pathophysiology of Hypertension in the Elderly

Multiple systems like the cardiac, renal, sympathetic nervous system, and other CV 
control mechanisms interact and can affect cardiac and vascular homeostasis result-
ing in changes in blood pressure (BP).

17.3.1	 �The Renin-Angiotensin-Aldosterone System in the Elderly

The kidneys are an important regulator role of blood pressure [13, 14]. Parenchymal 
damage to the kidneys or any impairment of renal function almost invariably leads 
to the development of hypertension [15]. The kidneys control blood pressure via 
natriuresis and the renin-angiotensin-aldosterone system (RAAS) [13, 14, 16]. BP 

Fig. 17.2  The proportion of population aged 60 or over in 2015 and 2050. (Source: Global Age 
Watch https://www.helpage.org/global-agewatch/about/about-global-agewatch/(accessed 9 Aug 
2021). Map: https://www.helpage.org/global-agewatch/population-ageing-data/population-ageing- 
map/ (accessed 9 August 2021))
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and salt excretion is regulated by the RAAS system. The RAAS system is activated 
by a low salt intake stimulating renal sodium reabsorption and preserving intravas-
cular volume to maintain BP. Conversely, a high salt intake dampens the RAAS, 
facilitating natriuresis, excreting more sodium to reduce intravascular volume and 
BP. Many therapeutic agents targeting the RAAS had been developed over the past 
few decades, starting with captopril, the first angiotensin converting enzyme (ACE) 
inhibitor in 1981, followed by losartan, the first AT-ll angiotensin receptor blocker 
(ARB) in 1990 and the direct renin inhibitor, aliskiren in 2005 [17, 18]. 
Spironolactone has been available since the 1970s and used as a potassium-sparing 
diuretic initially but is now used in resistant hypertension as demonstrated in recent 
clinical trials [19–21], particularly in hyperaldosteronism.

In the elderly, plasma renin activity declines with age and this has been attributed 
to the effect of age-associated nephrosclerosis [22, 23]. A study reported a reduced 
plasma renin activity in older adults age 65 years and older compared to younger 
individuals who were matched for mean arterial pressure, race, sex, height, and 
weight [24]. Nevertheless, a randomized control study comparing the efficacy of BP 
lowering of aliskiren to ramipril in the elderly found aliskiren lowered systolic and 
diastolic BP by 14 and 5.1  mmHg respectively, relative to baseline BP, while 
ramipril lowered systolic and diastolic BP by 11.76 and 3.6 mmHg respectively 
[25], indicating that aliskiren is able to lower BP in the elderly despite renin activity 
being reduced. However, to date no specific clinical outcome trials have been done 
on the efficacy and role of direct renin inhibitors in reducing cardiovascular mortal-
ity and morbidity in the hypertensive elderly.
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Similarly, although plasma renin activity is decreased in the elderly, the fall in 
BP after ACE inhibitors is at least as great as in the younger age groups. One reason 
is due in part to a sustained ACE-inhibitor concentration as a consequence of slower 
clearance of the drug due to the poorer kidney function that is associated with aging.

Aging is also associated with a decline in renal function which may be amplified 
by intrinsic renal disease; for example, that caused by diabetes or other renovascular 
abnormalities. Hence, changes in tubular reabsorption of sodium will affect the abil-
ity and capacity of the kidney to adjust to fluctuations in normal sodium intake [26]. 
It has also been shown that compared to younger normal healthy individuals and 
normal older healthy individuals, the half-life for renal sodium excretion was pro-
longed. The elderly is less able to handle a high sodium load well, rendering them 
more salt-sensitive [27]. Herein suggests the role of diuretics for the treatment of 
hypertension in the elderly and is reflected in most guidelines for the management 
of hypertension.

17.3.2	 �Vascular Mechanism in the Elderly

Total peripheral resistance is one of the components determining BP. Structural and 
functional damage to the micro- or macrocirculation results in increased arterial 
stiffening [28] and total peripheral resistance causing a rise in BP. Microcirculatory 
damage could be a cause or a result of hypertension. Peripheral vascular resistance 
is controlled mainly at the arterioles and small arteries. Vascular tone is regulated by 
various factors including the sympathetic nervous system, humoral factors (the 
RAAS and endothelium), and auto-regulation. Endothelial damage and the result-
ing inflammation caused by low-density lipoprotein (LDL)-cholesterol, or hyper-
glycemia, stimulates the production of factors like the reactive oxygen species 
(ROS) and endothelin, leading to reduced nitric oxide and changes in the vascula-
ture, and eventually raising BP.

Aging is associated with remodeling of large arteries leading to structural 
changes such as increased collagen deposition and rupture of elastin fibers [29] 
leading to a loss of elasticity, hypertrophy and sclerosis of muscular arteries and 
arterioles, and increasing arterial stiffness [30]. The loss of this elasticity with aging 
promotes the early return of reflected waves from the peripheral arterial circulation. 
Early wave reflection amplifies the systolic pressure wave generated with each 
heartbeat, leading to an increase in systolic pressure and a fall in diastolic pressure. 
These changes are responsible for the physiological changes in BP with aging, 
which is seen as a decline in diastolic BP and a rise in systolic BP, often presenting 
as isolated systolic hypertension (ISH), seen almost always in the elderly only. 
Abundant data has already confirmed that ISH is associated with at least twice the 
hazards ratio of increased CV mortality and morbidity compared to older individu-
als without ISH [31, 32]. Randomized clinical outcome trials have also demon-
strated that treating ISH reduces CV mortality and morbidity [33, 34].

White coat hypertension (WCH) is a situation where in an untreated individual 
the BP measured in the clinic is ≥140/90 mmHg, while the day BP using ambula-
tory BP measurements or home BP measurements is <135/85  mmHg. WCH is 
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common and is reported to be more common in the elderly [35, 36]. Although the 
term WCH was originally defined for individuals not on hypertensive medications, 
it is now being used to describe discrepancies between office and out-of-office BP 
in patients already on treatment for hypertension, with the term white coat uncon-
trolled hypertension (WUCH) or as white coat effect (WCE) [37]. WCE is reserved 
more for patients already on anti-hypertensive drugs, where similar to the WCH 
situation, the office BP is high but home is low [36, 38, 39]. These two terms are 
frequently used interchangeably.

Studies have found a correlation between WCE and arterial stiffness [36, 40, 41] 
and WCH/WCE is not uncommon. In a study involving many countries in Asia, 
WCE was as high as 40% in one country [42]. WCH WCE is more common in the 
elderly and was as high as 50% in the very old [35, 37, 38]. This has clinical impli-
cations especially in the elderly, as not identifying WCH/WCE may mean unneces-
sary anti-hypertensive therapy in an elderly who is often already burdened by many 
other co-morbidities or up-titrating hypertensive drugs giving rise to hypotension 
and/or postural hypotension leading to falls.

Masked hypertension (MH) is the reverse of WCH/WCE and is also referred to 
as isolated uncontrolled home hypertension. In this category, the clinic/office BP is 
normal, that is, <140/80 mmHg but the out-of-office home BP is ≥135/85 mmHg. 
MH is associated with increased risk of CV events and has been shown to be more 
common in the elderly [43–47]. In the Japanese J-HOME study, among a group of 
treated older hypertensive adults with mean age of 66 years, 23% had uncontrolled 
home hypertension [48]. As almost one in four treated older hypertensives adults 
have MH, it is important to identify such patients and modify management to reduce 
their cardiovascular risk.

17.3.3	 �The Nervous System and Hypertension in the Elderly

Both short- and long-term control of BP are regulated by the sympathetic system. 
Studies have shown a significant decline in sympathetic and para-sympathetic 
response with aging [49, 50]. Postural hypotension occurs due to age-related impair-
ment in baroreflex-mediated vasoconstriction, cardiac chronotropic responses, and 
deterioration of the diastolic filling of the heart [51, 52]. Postural hypotension 
increases with age where, in community dwelling individuals ≥65 years of age, its 
prevalence is approximately 20%; in those ≥75 years of age it is as high as 30% and 
in frail elderly individuals living in nursing homes, the prevalence is up to 50% 
[51, 53].

Patients with apparent and true resistant hypertension (RHT) often have increased 
sympathetic activity [54, 55]. Based on these findings, technology was developed to 
treat RHT by suppressing sympathetic activity with electrical stimulation of the 
carotid baroreflex and catheter-based renal denervation (RDN). Initial studies of 
renal nerve denervation (RDN) showed good decreases in BP with minimal adverse 
effects [56–58]. However, in sham-control trials, RDN was found to be not better at 
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lowering BP compared with use of anti-hypertensive drugs alone [59]. One of the 
reasons for the failure of this study was that RDN was not standardized and many 
operators of RDN did not have any experience before the study.

17.3.4	 �Hypertension, Left Ventricular Hypertrophy, and Heart 
Failure in the Elderly

The prevalence of left ventricular hypertrophy (LVH) based on echocardiographic 
studies in hypertensive patients ranged from 36 to 41% [60]. In Asian hypertensive 
patients attending a primary care clinic with a mean age of 59.2 ± 7.7 years, 1 in 4 
had echocardiography evidence of LVH [61]. The concentric LVH seen in hyperten-
sion makes the myocardium less compliant and results in diastolic dysfunction. This 
is more common in women, the elderly, and patents with diabetes [62, 63]. Also it 
is reported that isolated systolic hypertension, almost exclusively seen in the elderly, 
is associated more with concentric LVH [64, 65]. Hypertension with LVH and dia-
stolic dysfunction when left untreated or not controlled well, leads to heart failure 
with preserved ejection fraction (HFpEF) [66].

Hypertensive heart failure (HF) is common in patients with hypertension in gen-
eral and it is more common in the elderly than younger adults [67, 68]. The inci-
dence of HF is strongly dependent on age, with an estimated incidence of 1% at age 
65 that approximately doubles with each decade of age thereafter [69]. The preva-
lence of HF was about ten times higher in those aged ≥80 years (12.8% in men and 
12% in women), compared to those aged 40–59 years (1.2% in men and 1.7% in 
women) [68]. Mortality and hospitalization rates due to HF is also higher in those 
aged ≥65 years than those aged <65 years [68, 69].

Several large HF registries showed that hypertension was the primary cause of 
HF in 11–23% of the patients [70, 71]. In an Asian HF registry, one-third of the 
patients with HF had hypertensive HF [72, 73]. A more recent study hypertensive 
HF accounted for 4% of HF, suggesting better control of hypertension [74]. The 
diagnosis and management of HF in the elderly is more challenging than for younger 
adults due to multi-comorbid diseases, polypharmacy, cognitive impairment, func-
tional ability, and frailty. Studies have shown that 60% of elderly with HF usually 
have three or more other co-morbid conditions and 17% had cognitive impairment 
[75–77].

Many clinical trials on HF did not include patients over 75 years. HFpEF in the 
elderly remains without definitive treatment as most clinical trials were performed 
in HF patients with reduced ejection fraction (HFrEF). As hypertension is often the 
pre-disposing cause of HF in the elderly, control of hypertension is critical. 
Reduction in salt consumption is also important as the elderly are more salt-sensitive 
and even more so in elderly Asians with HF as Asians have been shown to not only 
have a higher salt intake but are also more salt-sensitive than their European coun-
ter-parts (see Sec. 17.4.3 on Salt Intake and Hypertension in the Elderly) (see Chap. 
13 on HF for more details).

17  Hypertension in the Elderly: Pathophysiology and Clinical Significance



246

17.4	 �Atrial Fibrillation

The prevalence of atrial fibrillation (AF) increases with age, and is the most com-
mon arrhythmia in adults age 65 years and older [78]. The prevalence in individuals 
aged ≥75  years is 10% [79–81]. As high as 70% of individuals with AF were 
between 65 and 85 of age [78, 82]. AF often co-exists with hypertension and hyper-
tension increases the risk of AF, with 60–80% of patients with AF also having 
hypertension [83, 84].

Although the epidemiological association between hypertension and AF is well 
established, the pathogenic mechanisms explaining the higher propensity of hyper-
tensive patients to develop AF are still incompletely known. Experimental animal 
studies seem to suggest that it is due to a remodeling of the left atrium caused by 
hypertension. Although the entire mechanism is not well understood, it stands to 
reason that hypertension should be treated early and controlled well to prevent the 
progression to left atrium dilatation [84].

17.4.1	 �Genetic Factors and Hypertension in the Elderly

Hypertension develops because of an interaction between genetic and multiple 
environmental factors. Familial clustering of hypertension is well recognized and a 
family history of hypertension in an individual is a determinant of not only future 
hypertension but an earlier onset in the said individual. This implies that genetic 
factors are at play in the causation of hypertension.

Although gene analyses have identified many gene variants that predispose an 
individual to the development of hypertension, they are of modest effect. It has been 
estimated that the combination of different gene variants associated with the risk of 
hypertension contribute only around 3.5% of the trait variance [85]. Besides genetic 
predisposition to future risk of hypertension, there is the interaction between genes 
with epigenetics where environmental and life-style factors may influence the actual 
and potential onset of hypertension. This has been evaluated in a recent genome-
wide association (GWAS) and replication study of BP phenotypes in 320,251 East 
and South Asian and European ancestry that suggested an interaction of genomic 
with epigenomic in the regulation of BP [86]. One of the suggested use of these 
GWAS studies is that it could generate a genetic risk score to predict future cardio-
vascular risk [87].

17.4.2	 �Environmental and Life-Style Factors and Hypertension 
in the Elderly

The prevalence of obesity is increasing rapidly worldwide [88]. Asia is not spared 
from this “epidemic” in spite of several countries being in the low-middle income 
group, with prevalence of obesity along with the metabolic syndrome, being just as 
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high as in developed countries [89, 90]. Risk factors for CV disease like diabetes 
and even actual coronary heart disease occur at lower body mass index in Asians 
than in Europeans [11, 90, 91]. Obesity predisposes to an increased risk of diabetes 
mellitus and sleep apnea, which are both associated with higher prevalence of 
hypertension, and is independently associated with risk of CV and cerebrovascular 
events [92].

This increase in prevalence of obesity is also seen in the elderly, for example in 
the USA, to more than 30% in men and women aged 60 years and over [93, 94]. 
Similarly an Asian country also reports obesity rate of 30.2% in those aged 60 and 
above [95].

17.4.3	 �Salt Consumption and Hypertension in the Elderly

The daily average intake of salt globally is 9.8 g (equivalent to 3.95 g of sodium) 
[96]. This is much higher than the recommended daily intake of 5 g of salt by the 
World Health Organization (WHO) [97]. Asians consume more salt than popula-
tions in the USA and the United Kingdom [98] and studies have shown that higher 
salt consumption is associated with higher BP [99–103] and that different individu-
als have different salt sensitivity [100, 104–106].

Salt sensitivity is associated with reduced blood pressure dipping at night [107, 
108], insulin resistance [109, 110], and increased sympathetic nerve activity [109, 
111]. In the elderly, there is less nocturnal BP decline [112, 113] and this could be 
related to salt sensitivity and/or amount of salt intake. That salt sensitivity and/or 
high salt load in the elderly has been studied and when salt intake was reduced, 
there was a shift from non-dipping to a dipping state [114, 115]. Furthermore salt 
sensitivity is seen more commonly in hypertensives, blacks, women [116, 117], the 
elderly [116, 118], the obese [117, 119], and in Asians. Genetic studies done in Asia 
identified higher prevalence of salt sensitivity among the Chinese [120] and Japanese 
[104]. Due to the high intake of salt in Asia coupled with higher salt sensitivity in 
Asians and the elderly, and the evidence that salt reduction does indeed reduce BP, 
it would be beneficial to advise reduction in salt intake in elderly Asians.

17.4.4	 �Clinical Significance of the Pathophysiological Differences 
of Hypertension in the Elderly in Asia

The elderly is a vulnerable group with a high burden of diseases [75, 76, 121, 122] 
necessitating multiple drugs. Hence, it is not uncommon to see polypharmacy in the 
elderly. In Korea, 86.4% of elderly age 65 years and older were on multiple drugs, 
and similarly, in Japan the number of drugs ranged from 4.8 to 5.6 [123–125]. 
Because of multi-morbidity and differences in the pathophysiology of hypertension 
in the elderly, management of hypertension has to be adjusted accordingly when 
compared to younger individuals.
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The differences between younger and older hypertensive patients can be 
summarized:

•	 Isolated systolic hypertension is more common in the elderly and in the very old 
adults aged 75 years and older [31, 32].

•	 The elderly is more salt-sensitive [104, 107, 110, 119].
•	 Heart failure, HFpEF, is more common in the elderly [66, 69, 72, 73].
•	 Elderly patients have more atrial fibrillation [79–81, 83, 84].
•	 Renin concentrations are lower in the elderly [24].
•	 White coat effect (isolated office hypertension) is more common in the elderly 

[35–38].
•	 Masked hypertension is more common in the elderly [43, 47, 48].
•	 Postural hypotension is more common in the elderly [45, 51–53].
•	 Nocturnal dipping is commonly absent in elderly patients [112, 113].
•	 Multi-comorbidities, more functional and cognitive impairments occur in the 

elderly [75, 76, 121, 122].
•	 Polypharmacy is high in the elderly [123–125].

The clinical diagnosis of hypertension in the elderly is universally the same as 
for younger adults, ie a BP ≥140/90 mmHg [126–128] except for the recommenda-
tions by the USA where in 2017, their cut-off point for diagnosis was lowered by 
10 mmHg to 130/80 irrespective of age [129]. Similarly, the diagnosis of isolated 
systolic hypertension is based on a systolic BP of ≥140 and diastolic BP of 
<90 mmHg while the USA uses systolic BP ≥130 and diastolic BP <80 mmHg.

Hypertension guidelines recommend assessing total CV risk rather than relying 
on the BP alone to decide on treatment. This is useful as often several mildly raised 
CV risk factors in someone with BP in the range of SBP of 140–150 mmHg may 
appear to be at low risk and hence dismissed as not needing treatment when in fact 
a formal calculation shows the patient actually to be at medium to high risk, thus 
necessitating treatment [130]. Most assessments in older patients for total/global 
CV risk invariably will be of medium or high risk, and a formal calculation is usu-
ally not needed. However, it is useful to do a global CV risk as it helps to decide how 
far to treat and the target BP. It is also helpful when there is uncertainty as to whether 
one really need to put a patient on anti-hypertensive therapy especially if patient is 
frail, has many other co-morbid conditions and a limited life span.

The elderly with hypertension of various forms will benefit from treatment [33, 
34], and even the very elderly aged 80 and older also benefit [131, 132]. Several of 
the Asian guidelines do not differentiate between the “old” (≥65–74 years) and the 
“very old” (≥75 years) elderly. Most of the Asian guidelines for the management of 
hypertension in the elderly recommend a target that is similar to younger adults, 
<140/90 mmHg but not going below systolic BP of 130 mmHg for the old, and a 
target of <150/90 mmHg for the very old [127] (Table 17.1).

The recommended drug of choice for treatment of hypertension in the elderly is 
based on the mechanistic and pathophysiologic differences between younger and 
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older adults and on clinical outcome trials. In Asia, all the guidelines recommend 
diuretics and calcium blockers for the elderly while a few countries included the 
RAS blockers [127, 133–138].

Many commonly used classes of anti-hypertensive drugs are generic, and more 
affordable to treat hypertension, even in the low middle-income countries in Asia. 
Despite this, BP control rates in Asia are all <50%, except for countries like Korea, 
Taiwan, and Singapore [6, 9].

In summary, hypertension in the elderly should be treated. However, the manage-
ment of hypertension in the elderly needs to be individualized, where in healthier, 
ambulant elderly who are community dwelling, greater efforts could be made to 
achieve target BP. Rather than base treatment on chronological age, we should be 
using biological age as our guide on the management of hypertension in the elderly.
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18.1	 �Introduction

Hypertensive disorders of pregnancy constitute one of the major causes of maternal 
and perinatal morbidity and mortality worldwide. It has been estimated that pre-
eclampsia complicates 2–8% of all pregnancies globally [1]. In the Philippines, 
HDP account for 36.7% of all maternal deaths [2] and remains as the second leading 
cause of maternal mortality from 1991 to 2006 according to the data culled from the 
Department of Health [2] which is much higher than the worldwide rate of 18% 
according to the WHO [3].

Hypertensive disorders of pregnancy can be sub-classified into four groups: 
chronic hypertension, gestational hypertension, preeclampsia, and superimposed 
preeclampsia in the setting of chronic hypertension as presented in the American 
College of Obstetricians and Gynecologists (ACOG) Guideline in 2013 [4]. The 
International Society for the Study of Hypertension in Pregnancy (ISSHP) has pub-
lished guidelines on diagnosis to establish global unity of definition in referring to 
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the various hypertensive disorders seen in pregnancy, with the most recent guide-
lines released in 2018 which include the category of “white coat hypertension” and 
“masked hypertension” [5].

Although each condition increases the risk of maternal and neonatal morbidity, 
the greatest risks are associated with a diagnosis of preeclampsia, either de novo or 
in the setting of chronic hypertension [6, 7]. Women with a history of preeclampsia 
have an elevated risk of cardiovascular disease in subsequent years. Preeclampsia 
has been linked by several systematic reviews and meta-analyses to the develop-
ment of cardiovascular disease (hypertension, myocardial infarction, congestive 
heart failure), cerebrovascular events (stroke), peripheral vascular disease and car-
diovascular mortality later in life [8, 9]. It is postulated that endothelial dysfunction, 
which has been linked to atherosclerosis, persists in women with a history of pre-
eclampsia, years after an affected pregnancy [8].

The diagnostic criteria for these disorders vary somewhat among published inter-
national guidelines, the terms and definitions used in the Classification of 
Hypertensive Disorders of Pregnancy in the CPG on Hypertension in Pregnancy by 
the Philippine Obstetrical and Gynecological Society (POGS) in 2015 will be pre-
sented here. The classification system adapted by the POGS was based on the Task 
Force Report on Hypertension in Pregnancy by the ACOG published in November 
2013. HDP has four categories as follows:

	1.	 Preeclampsia-Eclampsia.
	2.	 Chronic hypertension (of whatever cause).
	3.	 Chronic hypertension with superimposed preeclampsia.
	4.	 Gestational hypertension.

This classification system is very basic, precise, and practical and probably the 
most appropriate classification scheme for HDP that the obstetrician and general 
practitioner can use (Table 18.1).

Hypertension is diagnosed empirically when appropriately taken blood pressure 
(BP) exceeds 140 mmHg systolic or 90 mmHg diastolic. Korotkoff phase V is used 
to define diastolic BP.

Previously, incremental increases of 30 mmHg systolic or 15 mmHg diastolic 
above BP values taken mid-pregnancy were used as diagnostic criteria, even when 
absolute values were <140/90  mmHg. These incremental changes are no longer 
used to define hypertension, but it is recommended that such women be observed 
more closely [10].

Abnormal protein excretion during pregnancy is empirically defined as 300 mg/
dL of protein or more in a 24-h urine collection [11, 12] or a protein-to-creatinine 
ratio of 0.30 or more [13]. When quantitative methods are not available or rapid 
decisions are required, a urine protein dipstick reading can be used. If urinalysis is 
the only available means of assessing proteinuria, overall accuracy is better when 
using 2+ as the discriminant value [14, 15].
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18.2	 �Pathogenesis of Preeclampsia

Any hypertensive disorder of pregnancy can result in preeclampsia. It occurs in 35% 
of women with gestational hypertension and in 25% of women with chronic hyper-
tension [16].

The underlying pathophysiology that results in the transition to or superimposi-
tion of preeclampsia is not well understood and is probably related to a mechanism 
of reduced placental perfusion inducing systemic vascular endothelial dysfunction. 

Table 18.1  Classification of hypertension of pregnancy

Hypertensive disorder 
of pregnancy (HDP) Criteria
Preeclampsia Blood pressure

 �� • �Systolic BP of 140 mmHg or more or diastolic BP of 90 mmHg 
or more on two occasions at least 4 h apart after 20 weeks of 
gestation in a woman with a previously normal blood pressure

 �� • �Systolic BP of 160 mmHg or more diastolic BP of 110 mmHg or 
more (severe hypertension can be confirmed within a short 
interval (minutes) to facilitate timely antihypertensive therapy)

And proteinuria
 �� • �300 mg or more per 24 h urine collection (or this amount 

extrapolated from a timed collection)
Or
 �� • Protein/creatinine ratio of 0.3 mg/dL or more or
 �� • �Dipstick reading of 2+ (used only if other quantitative methods 

not available)
OR in the absence of proteinuria, new-onset hypertension with the 
new-onset of any of the following:
 �� • Thrombocytopenia: Platelet count less than 100,000 × 109/L
 �� • �Renal insufficiency: Serum creatinine concentrations greater than 

1.1 mg/dL or a doubling of the serum creatinine concentration in 
the absence of other renal disease

 �� • �Impaired liver function: Elevated blood concentrations of liver 
transaminases to twice normal concentration

 �� • Pulmonary edema
 �� • �New-onset headache unresponsive to medication and not 

accounted for by alternative diagnoses or visual symptoms
Eclampsia • �New-onset tonic-clonic, focal, or multifocal seizures in the absence 

of other causative conditions such as epilepsy, cerebral arterial 
ischemia and infarction, intracranial hemorrhage, or drug use

Chronic hypertension • �Hypertension of any cause that predates pregnancy. 
BP ≥ 140/90 mmHg before pregnancy or before 20 weeks gestation 
or both

Superimposed 
preeclampsia

• �Chronic hypertension in association with preeclampsia. Others 
define it as worsening baseline hypertension accompanied by 
new-onset proteinuria or other findings supportive of preeclampsia

Gestational 
hypertension

• �Systolic BP 140 mmHg or more or a diastolic BP of 90 mmHg or 
more, or both, on two occasions at least 4 h apart after 20 weeks of 
gestation, in a woman with a previously normal BP

• �Hypertension without proteinuria or severe features develops after 
20 weeks of gestation and BP levels return to normal in the 
postpartum period (12 weeks postpartum)
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There are thought to be two stages to cytotrophoblast invasion: the first involves 
invasion of the decidual segments of the spiral arteries, at around 10–12 weeks ges-
tation; the second involves invasion of the myometrial segments at 15–16 weeks 
[17]. In preeclampsia, cytotrophoblast invasion of the myometrial segments is 
impaired: the effect is the spiral arteries remain narrow which restricts the blood 
supply to the fetus. The effect on the fetus becomes more significant as pregnancy 
progresses. Placental ischemia is thought to develop as a result of the abnormal 
cytotrophoblast invasion which leads to the release of placental factors and an 
imbalance of angiogenic factors thereby causing widespread endothelial dysfunc-
tion which characterizes preeclampsia [17].

18.3	 �Prevention Strategies

Women with any of the high-risk factors for preeclampsia (previous pregnancy 
with preeclampsia, multifetal gestation, renal disease, autoimmune disease, type 
1 or type 2 diabetes mellitus and chronic hypertension) and those with more than 
one of the moderate-risk factors (first pregnancy, maternal age of 35  years or 
older, a body mass index >30, family history of preeclampsia, sociodemographic 
characteristics, and personal history factors) should receive 150 mg/day aspirin 
best given at bedtime, for preeclampsia prophylaxis initiated between 12 and 
28 weeks of gestation (optimally before 16 weeks of gestation) and continuing 
until delivery (Table 18.2) [18].

Table 18.2  Clinical risk factors and aspirin use [18]

Level of 
risk Risk factors Recommendation
High • �History of preeclampsia, especially when 

accompanied by an adverse outcome
Recommend low-dose aspirin if 
the patient has one or more of 
these high-risk factors• Multifetal gestation

• Chronic hypertension
• Type 1 or 2 diabetes
• �Autoimmune disease (i.e., systemic lupus 

erythematosus, antiphospholipid syndrome)
Moderate • Nulliparity Consider low-dose aspirin if the 

patient has more than one of 
these moderate-risk factors

• Obesity (BMI > 30)
• �Family history of preeclampsia (mother or 

sister)
• �Sociodemographic characteristics (African 

American race, low socioeconomic status)
• Age 35 years or old
• �Personal history factors (e.g., low birth 

weight or small for gestational age, previous 
adverse pregnancy outcome, more than 
10-year pregnancy interval)

Low • Previous uncomplicated full term delivery Do not recommend low-dose 
aspirin
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The use of high dose calcium supplementation of 1500–2000 mg/day is recom-
mended for patients with adequate and inadequate calcium intake based on the 
meta-analysis by Hofmeyr et al. in 2014, there was a statistically significant reduc-
tion in hypertension with or without proteinuria in pregnancy and the risk for severe 
preeclampsia in calcium deficient patients was likewise decreased with high dose 
calcium intake [19].

18.4	 �Approach to Management

The goal of management of hypertension in pregnancy is to prevent significant cere-
brovascular and cardiovascular events in the mother without compromising fetal 
well-being. After initial evaluation of the mother and the fetus, the BP measurement 
will dictate the need for urgent care or conservative management. Figure 18.1 shows 
the BP values with the corresponding management.

18.5	 �Severe Hypertension

Acute-onset severe hypertension (systolic BP of 160 mmHg or more or diastolic BP 
of 110 mmHg or more, or both) can occur in the prenatal, intrapartum, and postpar-
tum period. It is accurately measured using standard techniques and is persistent for 
15  min or more. The objectives of treating severe hypertension are to prevent 

Severe hypertension in
pregnancy

Obstetrical emergency
Initiate pharmacotherapy

Yes

Yes

Yes

No

No

No

Increase antihypertensive dose or start
second antihypertensive drug

Continue maternal, placental and fetal
assessments

Normal blood pressure
Reassess at next visit

Non-severe hypertension in
pregnancy

1. Start single antihypertensive drug
therapy (target DBP of 85 mm Hg)
2. Maternal, placental and fetal
assessments
3. Regular re-assessments of BP

BP ≥ 140/110 mm Hg

BP ≥ 160/110 mm Hg

DBP ≥ 85 mm Hg

Fig. 18.1  Management of hypertension in pregnancy. (From Butalia, S et  al. Hypertension 
Canada’s 2018 Guidelines for the Management of Hypertension in Pregnancy. Canadian Journal of 
Cardiology 34 (2018) 526–531)
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congestive heart failure, myocardial ischemia, renal injury or failure, and ischemic 
or hemorrhagic stroke [20]. The available literature suggests that antihypertensive 
agents should be administered within 30–60 min. However, it is recommended to 
administer antihypertensive therapy as soon as reasonably possible after the criteria 
for acute-onset severe hypertension are met.

The goal of treatment is not to normalize BP, but to achieve a range of 140–15-
/90–100 mmHg in order to prevent repeated, prolonged exposure to severe systolic 
hypertension, with subsequent loss of cerebral vasculature autoregulation. Maternal 
stabilization should be done before delivery. When acute-onset, severe hypertension 
is diagnosed in the office setting, the patient should be expeditiously sent to the 
hospital for treatment.

The first line of treatment is intravenous (IV) hydralazine and labetalol. If labet-
alol alone is ineffective, switching to hydralazine is recommended. Extended-
release oral nifedipine also may be considered as a first-line therapy, particularly 
when IV access is not available. Use of these drugs does not require cardiac moni-
toring (Table 18.3) [20].

A recent Cochrane systematic review that involved 3573 women found no sig-
nificant differences regarding either efficacy or safety between hydralazine and 
labetalol or between hydralazine and calcium channel blockers. Thus, any of these 
agents can be used to treat acute severe hypertension in pregnancy [21]. Although 
parenteral antihypertensive therapy may be needed initially for acute control of BP, 
oral medications can be used as expectant management is continued. One approach 
is to begin an initial regimen of labetalol at 200 mg orally every 12 h and increase 
the dose up to 800 mg orally every 8–12 h as needed (maximum total 2400 mg/day). 
If the maximum dose is inadequate to achieve the desired BP goal, or the dosage is 
limited by adverse effect, then short-acting oral nifedipine can be added gradually. 
The extended-release nifedipine 30 mg oral tablet is an effective antihypertensive 
agent that is less likely to result in a rapid and severe fall in BP than the immediate-
release capsule and provides antihypertensive effects over several hours [21].

Options for second-line therapy includes nicardipine by infusion pump. A review 
of studies of intravenous nicardipine for treatment of severe hypertension in preg-
nancy found that target BP was reached within 23 min in 70% of pregnant patients 
with severe hypertension and 91% reached target BP within 130 min, with no severe 
maternal or fetal side effects [22].

Treatment of severe hypertension (BP of ≥160/100 mmHg) is always recom-
mended as it prevents serious maternal and fetal complications to set in. Initiating 
therapy in non-severe disease, however, is a subject of controversy. The NICE, 
ISSHP, and SOGC recommend therapy when the BP remains above 140/90 mmHg 
but SOGC suggests a lower threshold in patients with other comorbidities [21, 23–
25]. The ACOG recommends conservative management of non-severe disease but 
stressed on the importance of control in the severe type [20].
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Table 18.3  Antihypertensive agents used for urgent blood pressure control in pregnancy

Drug Initial dose Follow-up dose
Labetalol 20 mg IV gradually over 2 min Repeat BP measurement at 10-min 

intervals:
 �� If BP remains above target level at 

10 min, give 40 mg IV over 2 min
 �� If BP remains above target level at 

20 min, give 80 mg IV over 2 min
 �� If BP remains above target level at 

30 min, give 80 mg IV over 2 min
 �� If BP remains above target level at 

40 min, give 80 mg IV over 2 min
Cumulative maximum dose is 300 mg. If 
target BP is not achieved, switch to another 
class of agent.

A continuous IV infusion of 
1–2 mg/min can be used instead 
of intermittent therapy or started 
after 20 mg IV dose

Adjust dose within this range to achieve 
target BP

Requires use of programmable 
infusion pump and continuous 
noninvasive monitoring of BP 
and heart rate

Cumulative maximum dose is 300 mg. If 
target BP is not achieved, switch to another 
class of agent

Hydralazine 5 mg IV gradually over 1–2 min Repeat BP measurement at 20-min 
intervals:

Adequate reduction of BP is less 
predictable than with IV 
labetalol

 �� If BP remains above target level at 
20 min, give 5 or 10 mg IV over 2 min, 
depending on the initial response

 �� If BP remains above target level at 
40 min, give 10 mg IV over 2 min, 
depending on the previous response

 �� Cumulative maximum dose is 30 mg. If 
target BP is not achieved, switch to 
another class of agent

Nicardipine 
(parenteral)

The initial dose is 5 mg/h IV by 
infusion pump and can be 
increased to a maximum of 
15 mg/h

Adjust dose within this range to achieve 
target BP

Onset of action is delayed by 
5–15 min; in general, rapid 
titration is avoided to minimize 
risk of overshooting dose
Requires use of a programmable 
infusion pump and continuous 
noninvasive monitoring of blood 
pressure and heart rate

Nifedipine 
extended 
release

30 mg orally If target BP is not achieved in 1–2 h, 
another dose can be administered
If target BP is not achieved, switch to 
another class of agent
Maximum daily dose is 180 mg

(continued)
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18.6	 �Mild to Moderate Hypertension

A judicious approach to the treatment of mild (BP of 140–150 mmHg/90–100 mmHg) 
to moderate (BP of 150–159 mmHg/100–109 mmHg) hypertension is made with 
consideration on the patient’s comorbidities and symptoms (e.g., headaches, visual 
disturbances).

The goal of antihypertensive therapy is not to normalize the BP, but to achieve a 
value that would prevent repeated prolonged exposure to severe systolic hyperten-
sion, with subsequent loss of cerebral vasculature autoregulation. It is important to 
avoid hypotension because the degree by which placental blood flow is auto-
regulated is not established, and aggressive lowering may cause fetal distress [9]. 
The Canadian guidelines recommend 130–150/90–105  mmHg in the absence of 
comorbid conditions. The NICE guidelines recommend aiming for 135/85 mmHg 
or less [25]. The ISSHP endorses an approach that seeks to control BP levels to 
110–140/85 mmHg [24].

Table 18.3  (continued)

Drug Initial dose Follow-up dose
Nifedipine 
immediate 
releasea

10 mg orally Repeat BP measurement at 20-min 
intervals:

May be associated with 
precipitous drops in BP in some 
women, with associated FHR 
decelerations for which 
emergency cesarean delivery 
may be indicated. As such, this 
regimen is not typically used as a 
first-line option and is usually 
reserved only for women without 
IV access. If used, FHR should 
be monitored while 
administering short-acting 
nifedipine

 �� If BP remains above target at 20 min, 
give 10 or 20 mg orally, depending on 
the initial response

 �� If BP remains above target at 40 min, 
give 10 or 20 mg orally, depending on 
the previous response

 �� If target BP is not achieved, switch to 
another class of agent

Maximum daily dose is 180 mg

Adapted from: American College of Obstetricians and Gynecologists Committee on Obstetric 
Practice. Committee Opinion No. 767: Emergent therapy for acute-onset, severe hypertension dur-
ing pregnancy and the postpartum period. Obstet Gynecol 2019
Bernstein PS, Martin JN Jr, Barton JR, et al. National Partnership for Maternal Safety: Consensus 
Bundle on Severe Hypertension During Pregnancy and the Postpartum Period. Obstet Gynecol 
2017; 130:347
aWe caution against use of immediate-release oral nifedipine, although some obstetric guidelines 
have endorsed its use as a first-line option for emergency treatment of acute, severe hypertension 
in pregnancy or postpartum (other options were labetalol and hydralazine), particularly when IV 
access is not in place. In most cases, use of immediate-release oral nifedipine will be safe and well 
tolerated; however, there is a risk of an acute, precipitous fall in BP, which may result in a reduction 
in uteroplacental perfusion. The immediate-release preparations are also associated with a higher 
incidence of headache and tachycardia. In non-pregnant adults, the package insert states that “nife-
dipine capsules should not be used for the acute reduction of BP”
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18.7	 �Pharmacologic Management

The choice of antihypertensive drug for initial therapy should be based on the char-
acteristics of the patient, contraindications to a particular drug, and physician and 
patient preferences. The first-line drugs are methyldopa, calcium channel blockers, 
or beta blockers. Antihypertensives may be used to keep systolic BP at 
130–155 mmHg and diastolic BP at 80–105 mmHg.

In a 2014 Cochrane Collaboration systematic review, antihypertensive medica-
tion use for non-severe hypertension in pregnancy (49 randomized trials; n 1/44,723) 
was associated with a halving in the risk of progression to severe hypertension (rela-
tive risk, 0.49; 95% CI, 0.40–0.60). The number needed to treat was 10 (95% CI, 
8–13). This finding was consistent across all HDP ranges of conditions [26].

Initial antihypertensive therapy should be monotherapy from the following first-
line drugs: oral labetalol, oral methyldopa, long-acting oral nifedipine, or other oral 
beta blockers (acebutolol, metoprolol, pindolol, and propranolol) [27]. A diastolic 
BP of 85 mmHg should be targeted for pregnant women receiving antihypertensive 
therapy with chronic hypertension or gestational hypertension [27]. A similar target 
could be considered for pregnant women with preeclampsia [27] (Fig. 18.1).

Additional antihypertensive drugs should be used if target BP levels are not 
achieved with standard-dose monotherapy. Add-on drugs should be from a different 
drug class chosen from first-line or second-line options (Table 18.4) [27].

For patients with chronic hypertension, it can be difficult to differentiate worsen-
ing of the hypertension from superimposed preeclampsia. Conditions that may indi-
cate superimposed preeclampsia, that warrants a referral to a maternal fetal medicine 
specialist/perinatologist, include the following:

	1.	 Acute, severe, and persistent elevations in blood pressure.
	2.	 Sudden increase in baseline hypertension.
	3.	 New-onset proteinuria or sudden increase in proteinuria (above the threshold for 

normal or a clear change from baseline).

Angiotensin converting enzyme (ACE) inhibitors and angiotensin receptor 
blockers (ARBs) should NOT be given before conception and during the first 

Table 18.4  Antihypertensive medications commonly used in pregnancy

First-line oral drugs (Grade C)
Second-line oral 
drugs (Grade D) Medications to avoid

Labetalol Clonidine Angiotensin converting enzyme 
inhibitorsa (Grade C)

Methyldopa Thiazide diuretics Angiotensin receptor blockersa 
(Grade D)Long-acting oral nifedipine

Other beta blockers (acebutolol, 
metoprolol, pindolol, and propranolol)

From Butalia, S et al. Hypertension Canada’s 2018 Guidelines for the Management of Hypertension 
in Pregnancy. Canadian Journal of Cardiology 34 (2018) 526–531
a Fetotoxicity of renal system
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trimester of pregnancy because of evidence of teratogenicity (ACE inhibitor expo-
sure increased the risk for cardiovascular and central nervous system anomalies). 
Likewise, they should NOT be used during the second and third trimesters of preg-
nancy because of evidence of fetopathy (fetal and neonatal death, renal failure, oli-
gohydramnios, arterial hypertension, intrauterine growth restriction, respiratory 
distress syndrome, pulmonary hypoplasia, hypocalvaria, and limb defects).

18.8	 �Non-pharmacologic Management

Non-pharmacological management of women with the hypertensive disorders of 
pregnancy involves consideration of dietary interventions, lifestyle, and place of 
care [28]. Data on the role of dietary interventions and lifestyle changes have mainly 
focused on their role in prevention and not on women with established hypertension 
in pregnancy.

18.9	 �Dietary Interventions

Dietary interventions have been studied to curb weight gain in pregnancy, primarily 
among overweight and obese women [29, 30]. However, the objective was for pre-
vention rather than treatment in hypertensive pregnant women. Actual weight loss 
is not recommended during pregnancy because of the potential adverse effects of 
catabolism and ketosis on fetal brain development.

A reduction in salt intake and the DASH diet were independently effective in 
lowering BP, and the effects of both were greater than the effects of either interven-
tion alone. In a trial of sodium reduction and the DASH diet (i.e., Dietary Approaches 
to Stop Hypertension), both were shown to decrease BP [31]. Among non-pregnant 
subjects of whom 59% were women, the DASH diet lowered BP in all subjects, 
particularly those who were already hypertensive, and the BP reduction occurred 
regardless of pre-trial salt intake (that was high, intermediate, or low). Reducing the 
sodium intake from the high to the intermediate level reduced the SBP by 2.1 mmHg 
(p < 0.001) during the control diet and by 1.3 mmHg (p = 0.03) during the DASH 
diet. Reducing the sodium intake from the intermediate to the low level caused 
additional reductions of 4.6 mmHg during the control diet (p < 0.001) and 1.7 mmHg 
during the DASH diet (p < 0.01) [31].

18.10	 �Lifestyle Changes

It is common practice to recommend workload reduction or cessation, or stress 
management (e.g., meditation) when non-severe elevations in BP are found in asso-
ciation with chronic or gestational hypertension, or preeclampsia and outpatient 
care is continued. However, there is currently no evidence that these lifestyle 
changes improve pregnancy outcomes [28].
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18.11	 �Place of Care

Outpatient care for women with hypertension in pregnancy should be reserved for 
women without severe disease. A full assessment of maternal and fetal well-being 
must be done to exclude women with severe hypertension or severe preeclampsia 
using Hypertension Canada’s 2018 Guidelines for the Management of Hypertension 
in Pregnancy (Fig. 18.1).

Options for outpatient care include obstetric day units and antepartum home care 
that is delivered through structured antepartum home care program [28]. A woman’s 
eligibility is dependent on the proximity of the hospital to her residence, a home 
environment that allows the home care team to provide the necessary maternal and 
fetal surveillance, a woman’s likelihood of compliance, the lability of a woman’s 
blood pressure, the absence of comorbid conditions, and no evidence of active pro-
gression of preeclampsia [28].

18.12	 �Management of Hypertension in Special Cases: 
Immediate Postpartum and Breastfeeding Periods

Blood pressure should be recorded shortly after birth and if normal again within 6 h. 
All women should have BP recorded and defer discharge for at least 24 h or until vital 
signs are normal and/or treated or referred. Any woman with an obstetric complication 
and/or newborn with complications should stay in the hospital until both are stable.

WHO [21] recommendations include:

	1.	 In hospital stay for at least 24 h.
	2.	 Checkup within 48–72  h of the birth and again 7–14  days and at 6 weeks 

postpartum.
	3.	 All women should be reminded of the danger signs of preeclampsia following 

birth including headaches, visual disturbances, nausea, vomiting, epigastric or 
hypochondrial pain, feeling faint or convulsions.

Advise women with hypertension who wish to breastfeed that their treatment can 
be adapted to accommodate breastfeeding, and that the need to take antihyperten-
sive medication does not prevent them from breastfeeding. Although no antihyper-
tensive drugs are licensed for use in breastfeeding, since most evidence is based on 
observational studies and expert opinion, most antihypertensive medicines taken 
while breastfeeding only lead to very low levels in breast milk, so the amounts taken 
in by babies are very small and would be unlikely to have any clinical effect [22].

Most medicines are not tested in pregnant or breastfeeding women, so disclaim-
ers in the manufacturer’s information are not because of any specific safety con-
cerns or evidence of harm. Hence, make decisions on treatment together with the 
woman, based on her preferences (Table 18.5).

As antihypertensive agents have the potential to transfer into breast milk, con-
sider monitoring the BP of babies, especially those born preterm, who have 
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symptoms of low BP for the first few weeks. When discharged, advise women to 
monitor their babies for drowsiness, lethargy, pallor, cold peripheries, or poor 
feeding.

For women with hypertension in the postnatal period, if BP is not controlled with 
a single medicine, consider a combination of nifedipine or amlodipine and an ACE 
inhibitor either enalapril and captopril, which has been shown to be safe and effec-
tive in breastfeeding women. If this combination is not tolerated or is ineffective, 
consider either adding atenolol or labetalol to the combination treatment or swap-
ping one of the medicines already being used for atenolol or labetalol. When treat-
ing women with antihypertensive medication during the postnatal period, use 
medicines that are taken once daily when possible. Where possible, avoid using 
diuretics or angiotensin receptor blockers to treat hypertension in women in the 
postnatal period who are breastfeeding or expressing milk.

For women with hypertension in the postnatal period who are not breastfeeding 
and who are not planning to breastfeed, treat them based on general guidelines on 
hypertension in adults.
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Cerebrovascular disease (CVD) or stroke is the second leading cause of mortality 
and leading cause of long-term disability worldwide [1, 2]. Globally, there was a 
downward trend of stroke statistics since the 1990s; however, the collective stroke 
burden in terms of absolute number of people affected still increases [3]. Stroke is 
an important health concern as about 60% of the world’s population is in Asia and 
with many countries regarded as developing economies [4]. Notably, Asia has a 
higher burden related to stroke compared to coronary artery disease (CAD), while 
the reverse is observed in Western countries [5]. Also, Asia has a higher burden of 
cerebrovascular risk factors with hypertension (HTN) being the most prevalent 
cause of both ischemic and hemorrhagic strokes [4].

In contrast to Western countries, Asia has a higher incidence of hemorrhagic 
strokes [6] and acute ischemic strokes (AIS) related to cerebral small vessel disease 
(CSVD) [7]. Cases of large vessel occlusion (LVO) and subarachnoid hemorrhages 
(SAH) are variable.
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This chapter highlights CVD in Asia by discussing the epidemiology, causative 
risk factors, pathophysiology, and outcome of these different stroke subtypes: AIS 
due to large vessel occlusion (LVO) and CSVD as well as ICH and SAH. The impact 
of HTN for each stroke subtype is explored. A section on blood pressure variability 
(BPV) is provided as it is currently one of the emerging factors contributing to the 
development of strokes including the Asian population.

19.1	 �Large Vessel Occlusion and Atherosclerosis

Large vessel occlusion (LVO), a subtype of ischemic stroke under The Trial of Org 
10172 in Acute Stroke Treatment Classification, has been variably defined in differ-
ent clinical studies. Despite this variation, LVO was generally defined as any acute-
onset occlusion of the intracranial internal carotid artery (ICA), proximal posterior, 
middle, and anterior cerebral arteries (PCA, MCA, and ACA, respectively), intra-
cranial vertebral artery (VA), and/or basilar artery (BA) [8]. Prior to the advent of 
thrombectomy, LVO studies typically defined LVO as those involving ICA and first 
segment of the MCA (M1). As endovascular interventions such as thrombectomy 
gained popularity, the definition of LVO expanded to include the occlusions in the 
other segments as defined above.

Large vessel occlusion has been widely studied through the years due to its huge 
impact in stroke outcomes in relation to infarct size, severity of neurologic deficits, 
mortality, and treatment availability.

In a systematic review by Lakomkin et al. identifying the proportion of patients 
with AIS presenting with LVO on image analysis, it was shown that the prevalence 
of LVO ranges from 7.3% to 60.6% with a mean prevalence of 31.1% across all 
included studies [9]. Rai et al., in a US population-based study, indicated that LVOs 
involving occlusions of the M1, ICA terminus, and BA had an estimated annual 
incidence of 24 per 100,000 people per year [10]. Approximately two-thirds of 
LVOs occur in the anterior circulation, mainly in the ICA and MCA, and the remain-
ing occur in the posterior circulation with equal distribution among VA, BA, and 
PCA [11].

The epidemiology of stroke subtype distribution differs across races and ethnic-
ity. Among the causes of stroke, cardioembolic stroke accounts for about 25–30% 
of cases in Western countries, while intracranial atherosclerosis accounts for up to 
25–65% in Asian countries [12]. Young AIS Asian patients aged 18–49 were inves-
tigated by Kay Sin Tan et al. and their study showed that the predominant stroke 
subtypes were large artery atherosclerosis (29.8%) and small vessel occlusion 
(20.2%) [13]. The preceding statements suggest that a large proportion of Asian 
stroke patients with AIS are classified as having large vessel disease and as will be 
discussed further in the later sections, CSVD as well.

Risk factors for all AIS include HTN, diabetes, dyslipidemia, and excessive alco-
hol consumption. Notably, cigarette smoking is associated with large vessel disease 
leading to LVO [13–15].
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Several mechanisms are associated with the development of LVOs, namely: 
occlusion at the primary site resulting from intracranial atherosclerosis; embolism 
from an atherosclerotic extracranial artery or plaque rupture resulting from intracra-
nial vessel occlusion (artery-to-artery embolism); intracranial artery occlusion due 
to cardioembolism which is usually from atrial fibrillation and cryptogenic etiology 
[8, 16]. As with the other types of IS, LVOs occur when there is inadequate blood 
supply to the brain parenchyma, causing cellular, metabolic derangements, inflam-
matory mechanisms, and activation of the ischemic cascade leading to neuronal cell 
death. However, a more important feature of LVO is the infarct size and volume 
which are determined by the degree and length of hypoperfusion and the status of 
the collateral circulation which is significant in determining stroke severity, pro-
gression, and outcome [8, 17].

Large vessel occlusions, if not treated promptly, result in worse outcomes with 
increased morbidity and mortality. Patients with AIS must be immediately assessed 
for eligibility to undergo reperfusion therapies, such as intravenous-recombinant 
tissue Plasminogen Activator (IV-rtPA) and/or mechanical thrombectomy. However, 
there have been studies demonstrating the limitation of IV-rtPA in the treatment of 
LVO with successful reperfusion seen only in 13–50% of patients with intracranial 
ICA or MCA occlusion [16, 18, 19].

In a review by Malhotra et al., LVOs were found to contribute disproportionately 
to severe functional outcomes after AIS. In their review, LVOs cause about 38.7% 
of acutely presenting acute cerebral ischemic events, but significantly contributes to 
poststroke dependence or death in about 61.6%, and poststroke mortality in 95.6% 
[20]. Endovascular interventions made significant impact in improving the progno-
sis of patients with LVOs. Using literature-based projections of AIS patients with 
LVO treatable within 8 h of onset, in the review by Malhotra et al., endovascular 
thrombectomy could potentially be applied to 21.4% of all the AIS patients and 
improve the numbers to only 34% of poststroke dependence and death, and 52.8% 
poststroke mortality. In the meta-analysis by Goyal et al. assessing the efficacy of 
endovascular thrombectomy in proximal anterior circulation occlusions performed 
up to 6 h from symptom onset, thrombectomy significantly reduced 90-day disabil-
ity with a number-needed-to-treat of 2.6 to reduce the modified Rankin Scale Score 
in one patient by at least one point [8, 21]. Though endovascular treatment revolu-
tionized management of eligible AIS patients, there is still a large gap in access to 
endovascular thrombectomy between high- and low-income countries [22].

Hypertension remains to be the most important modifiable risk factor for all 
types of AIS and is said to worsen stroke outcome. In a study by Inoue et al., atrial 
fibrillation and systolic BP of 170 mmHg or lower were found to have a significant 
correlation with LVO [23]. Other studies have shown that patients who are known 
to be hypertensive tend to have less viable or salvageable brain tissue and are prone 
to develop larger infarctions compared to patients with normal BP levels [24–26]. In 
some animal studies, chronic HTN has detrimental effects on the cerebral circula-
tion, both in the small and large arteries, as it may cause structural abnormalities 
such as hypertrophy and inward re-modeling. Decrease in the diameter of the vessel 
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lumen and vasodilatory reserve may ensue leading to hypoperfusion and hemody-
namic instability contributing to more cerebral damage [27–32]. Another factor that 
was studied in relation to large infarct size and HTN is the status of the collateral 
circulation especially in chronically hypertensive patients. Studies showed that poor 
collateral circulation, especially the pial or leptomeningeal collaterals in patients 
with HTN, may result in large infarctions due to a decrease in salvageable tissue or 
penumbra [24, 31–33].

19.2	 �Cerebral Small Vessel Disease

Cerebral small vessel disease (CSVD) is a disease affecting the smaller blood ves-
sels that impairs the perfusion to the brain parenchyma. It can affect the small pen-
etrating arteries, arterioles, venules, and capillaries. Arteriosclerosis and small 
vessel atherosclerosis are the most common pathologies seen related to HTN [34].

The epidemiology of CSVD varies depending on which parameters are taken 
into account. Lacunar infarcts account for almost 25% of all AIS [35]. Obviously, 
this does not include the clinically undetected silent ischemic changes that are dis-
covered using cranial Magnetic Resonance Imaging (MRI). There is little data in the 
literature regarding the prevalence of CSVD as it is challenging to determine its 
prevalence since most of the small vessel diseases start insidiously and are clinically 
silent. In many cases, it will take years before they become clinically evident. 
Moreover, these patients may present with cognitive impairment or vascular demen-
tia later in life.

There are few Asian prevalence studies on CSVD, including white matter hyper-
intensities (WMH), periventricular hyperintensities (PVHI), silent strokes (SS), and 
cerebral microbleeds (CMB). In a study by Akthar et al., involving participants from 
the Middle East and Southeast Asia who were admitted to their stroke service, a 
preexisting CSVD in the MRI was seen in 65% and distributed as follows: 19.6% 
with WMH, 33.2% with PVHI, 51.4% with SS, and 22% with CMB. Silent strokes 
were more common in IS, while CMBs were more common in ICH [7]. In a study 
by Hilal et al., 3-T brain MRI assessments were performed among participants from 
Singapore, Hong Kong, and Korea. The results showed that the prevalence of WMH 
was 36.6%, lacunes was 24.6%, and CMB was 26.9%. Also, the presence of the 
three small vessel disease parameters demonstrated a sharp increase with increasing 
age rising from 1.9% in the lowest to 46.2% in the highest 5-year age strata [36].

The pathogenesis of CSVD is still poorly understood although many pathophysi-
ologic mechanisms are in development. Among the most commonly recognized 
mechanisms are small vascular atherosclerosis and arteriolosclerosis. While arterio-
losclerosis increases with age, the hardening and loss of elasticity of the arterioles 
are further aggravated by HTN as well as diabetes mellitus. Both HTN and age are 
thought to be the most important risk factors in the development of small vessel 
disease due to narrowing of the arteriolar lumen and small penetrating arteries [37].

The effects of CSVD on the cerebral tissue are best visualized using MRI. Brain 
changes that are most commonly seen are WMH, enlarged perivascular spaces, 
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small subcortical infarcts, CMB, lacunar infarcts, and atrophy. In a cohort study 
conducted in chronically hypertensive patients, a significant correlation was seen 
between the progression of periventricular white matter lesions and executive func-
tion impairment [38].

Over time, chronic HTN leads to a slow and gradual development of minute 
structural changes in the microvasculature of the cerebral small blood vessels. These 
are brought about by multiple factors such as chronic inflammation, oxidative stress, 
and other HTN-related changes that occur over time [37]. The vasculopathy associ-
ated with HTN, together with concurrent inflammatory changes, significantly con-
tributes to the development of CSVD. In a paper by Rouhl et al., putative endothelial 
progenitor cells (cell types that play roles in the regeneration of the endothelial 
lining of vessels) were lower among hypertensive patients with CSVD in contrast to 
hypertensive patients without CSVD [39].

Small vessel disease plays a crucial role in various conditions such as aging, 
stroke, cognitive impairment, and other age-related disabilities including motor-gait 
issues and mood disorders. It can manifest with significant functional disabilities in 
the later stage of life. While CSVD may present abruptly such as seen in ICH and 
lacunar strokes, it may also present insidiously as progressive cognitive decline, 
among others [40]. Among the important long-term sequelae of CSVD in the Asian 
population is its effect on cognitive decline and dementia in the elderly. Hilal et al. 
demonstrated that increasing severity of small vessel disease markers showed sig-
nificant association with worse cognitive performance independent of the other con-
comitant risk factors [36].

19.3	 �Primary Intracerebral Hemorrhage

Intracerebral hemorrhage is defined as any bleeding in the brain parenchyma that 
may extend into the ventricles and subarachnoid space [41]. Spontaneous, non-
traumatic ICH may be primary or secondary. Primary ICH represents about 78–88% 
of all cases and is usually due to spontaneous rupture of small vessels as complica-
tions of chronic HTN or cerebral amyloid angiopathy (CAA) [41], while secondary 
ICH is due to other known bleeding etiologies such as arteriovenous malformations 
(AVM), tumors, or cerebral aneurysms.

Intracerebral hemorrhage may be categorized as lobar or deep depending on its 
location within the brain parenchyma. Lobar ICH refers to hemorrhages which are 
in the cortical-subcortical brain regions involving one or more lobes of the brain and 
this accounts for about one-third of all ICH cases. Conversely, deep ICH refers to 
hemorrhages which are in the deeper subcortical regions such as the basal ganglia 
and internal capsule, brainstem, and cerebellum, and accounts for the remaining 
two-thirds [42, 43].

The worldwide incidence of ICH is 10–20 cases per 100,000 individuals [41] but 
it varies substantially across different countries and race. In a systematic review by 
van Asch et al., the incidence rate of ICH per 100,000 person-years was 51.8  in 
Asians, 24.2 in Whites, 22.9 in Blacks, and 19.6 in Hispanics [44]. While it accounts 
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for approximately 10–20% of all strokes, Western countries such as the USA and 
UK have lower incidence with about 8–15% compared to Asian countries such as 
Japan, China, and Korea with about 18–24% [6, 45].

A review of various Asian studies explored epidemiological data and highlighted 
the temporal trends. Studies from Japan, China, Korea, Taiwan, Malaysia, Singapore, 
India, Bangladesh, Pakistan, Iran, and Israel were included to ensure adequate rep-
resentation from almost all regions in Asia. The frequency of ICH was higher com-
pared to Western countries. Intracerebral hemorrhage accounts for about 20–39% of 
cases in these countries except for Iran, Thailand, and Israel with 17%, 13%, and 
10%, respectively. The review showed an increase in the absolute number of stroke 
cases except for Japan where there was a significant decline in ICH incidence prob-
ably due to better HTN control [46]. Cases of ICH accounted for more than one-
third of stroke cases in Asian countries especially in East and South Asia but notably 
decreased over time [47].

In the summary of findings from the Global Burden of Disease 2010 Study by 
Krishnamurthi et al. [48], the absolute number of hemorrhagic strokes (combined 
ICH and SAH) worldwide between 1990 and 2010 showed a 47% increase. Low- 
and middle-income countries such as Sub-Saharan Africa, Central Asia, and 
Southeast Asia showed the largest proportion of ICH incidence of about 80%. 
Comparing high-income and low- and middle-income countries, the age-adjusted 
incidence rate of hemorrhagic stroke is reduced by 8% in the former while increased 
by 22% in the latter. A systematic analysis of the Global Burden of Disease Study 
2017 showed higher primary ICH rates in Oceania, East, Central, and Southeast 
Asia. There was a trend towards greater burden of primary ICH in high-income 
countries which may be associated with better evaluation by neuroimaging of acute 
strokes, increased prevalence of diabetes mellitus, and overweight. There was a 
slightly reduced burden in low- and middle-income countries which may be attrib-
uted to epidemiologic transitions in these countries [49].

Hypertension is considered as the most important risk factor for spontaneous, 
non-traumatic ICH and is seen more commonly in patients with deep ICH than 
lobar ICH [6]. The second most common risk factor is CAA which is predomi-
nantly seen in the elderly population and is regarded as a significant etiology of 
lobar ICH. Other risk factors include advancing age, anticoagulation, use of anti-
platelet agents, leukoaraiosis, prior stroke, hematologic abnormalities, chronic kid-
ney disease, excessive alcohol consumption, and use of sympathomimetic drugs 
[6, 50].

As mentioned, the primary etiologies leading to primary ICH and vasculopathy 
are HTN and CAA. Chronic HTN leads to lipohyalinoses of the small penetrating 
arteries which eventually rupture leading to deep hemorrhages frequently extending 
to the ventricles [41]. Deep hemorrhages have been attributed to the degeneration of 
media and smooth muscles of the vessel wall in association with long-standing 
HTN, advancing age, diabetes, and other vascular risk factors. Most bleeding occurs 
at or near the bifurcation of the affected arterioles [41]. The underlying mechanism 
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in CAA-associated ICH is a combination of deposition of amyloid-β peptide at 
capillaries, arterioles, and arteries in the cerebral cortex, leptomeninges, and cere-
bellum [51] and breakdown of the vessel wall. The amyloid deposits lead to vascu-
lopathic changes such as microaneurysms, concentric splitting of the vessel wall, 
fibrinoid necrosis, and chronic inflammation of the perivascular space [50]. 
Lipohyalinoses, which is more prominently associated with chronic HTN, are 
mostly seen in deep ICH, while CAA is more associated with lobar ICH [6].

The outcome of ICH is variable but comparing with IS, ICH leads to higher mor-
tality and more severe disability. The case fatality rate is approximately 40% at 
30 days and about 54% at 1  year [6]. In the acute setting, general predictors of 
30-day mortality include size of the hematoma and its expansion, age, presence of 
coma, intraventricular extension, infratentorial location, and other co-morbid car-
diovascular conditions [52]. In two Asian studies, identified independent predictors 
of poor outcome after primary ICH include fever, low initial Glasgow Coma Scale, 
large hematoma, intraventricular hemorrhage, and concomitant diabetes [53, 54]. 
Almost 50% of mortality occurs during the first 2–3 days and are usually associated 
with neurological complications such as mass effect, increased intracranial pres-
sure, and/or herniation. Deaths occurring after 7 days of hospitalization are usually 
due to medical complications including pneumonia, aspiration, respiratory distress/
failure, or sepsis [55].

The quality of life of ICH survivors are expected to be worse compared to the 
general population. Caucasians and Asians differ in their views about family values, 
cultural attitudes, and care preferences which greatly affect the stroke outcome. 
Despite Asians having worse function, they are more likely to be discharged early 
and cared for at home, while Caucasians are less likely to be discharged to home 
despite better functional status [56].

Many studies have identified HTN as a major risk factor for developing primary 
ICH. There seems to be a stronger association between BP and hemorrhagic stroke 
compared to that for IS [57] although the relationship between the patterns of 
changes in BP over time and the risks of ischemic versus hemorrhagic stroke still 
remains unclear. Elevated BP is associated with an increased risk of stroke inci-
dence and mortality. In the Asia-Pacific Cohort Studies Collaboration study [58], 
the risk of ischemic and hemorrhagic stroke incidence increased with elevations in 
BP levels in a dose-dependent manner from the systolic BP level of 115 mmHg. The 
INTERSTROKE study [59] identified that self-reported HTN of BP ≥ 140/90 mmHg 
conferred a population-attributable risk of about 56.4% for hemorrhagic stroke. The 
Hisayama study in Japan [60] showed a considerable decline in stroke incidence. 
The age-adjusted ICH incidence declined in men and women particularly with a 
significant decline of 61% from the first cohort (enrolled in 1961) to the second 
cohort (enrolled in 1974) in men and sustained in both sexes in the third cohort 
(enrolled in 1988). During this period, the prevalence of severe HTN was signifi-
cantly decreased and the use of antihypertensive medication increased. With all of 
these studies it is clear without any doubt that better control of HTN leads to better 
protection against hemorrhagic strokes.
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19.4	 �Subarachnoid Hemorrhage

Subarachnoid hemorrhage means blood between the arachnoid layer and pia mater. 
Bleeding into this space is caused by a number of factors, most commonly trauma 
(tearing of blood vessels) and ruptured intracranial aneurysms. Other causes include 
presence of an AVM, blood dyscrasia, anticoagulation, and intracranial hemorrhage. 
This section focuses on aneurysmal SAH (aSAH) since HTN is an independent risk 
factor for the development, growth, and rupture of an intracranial aneurysm.

The worldwide incidence of aSAH is 7.9 per 100,000 person-years [61]. Looking 
at temporal trends, the incidence of SAH declined from 10.2 per 100,000 person-
years in 1980 to 6.1 per 100,000 person-years in 2010. The incidence widely varies 
across geographic regions [62]. In 2010, the incidence per 100,000 person-years are 
as follows: 6.9  in North America, 5.1  in South and Central America, 5.1  in 
Switzerland, 7.4 in Australia/New Zealand, and 3.7 in Asia with the exception of 
Japan, 28 [61]. In Asia, registries from different countries showed the incidence of 
SAH as follows: 6.2 in China, 3.3 in Iran, 4.5 in India, 14.2 in Israel, 0.5 in Kuwait, 
while 13.7–27.9 in Japan [63]. There is a 2.0% decline annually in Asian countries 
except Japan, where an increase of 1.6% annually was noted [61].

Known risk factors for aneurysm formation, growth, and rupture include HTN, 
cigarette smoking, family history, and connective tissue disease. Particularly in the 
Asia-Pacific region, cigarette smoking and elevated systolic BP each doubles the 
risk of aSAH [63].

Intracranial aneurysms are pathologic protrusions from the intracranial arteries. 
Compared to the normal vessels, the walls of aneurysms are composed of a very 
thin or absent tunica media, and an absent or fragmented internal elastic lamina 
[64]. Most intracranial aneurysms are acquired and not congenital. Several factors 
contribute to aneurysm formation [65]. Turbulent and hyperdynamic blood flow 
produces changes in the vessel wall and subsequent aneurysm development. 
Hemodynamic stress produces excessive wear and tear in the vessels and eventual 
breakdown of the internal elastic lamina. Turbulence further produces vibrations 
resulting in structural fatigue of the vessel wall. The above-mentioned risk factors 
further play contributory roles in aneurysm development and growth.

However, the rupture rate of aneurysms varies and is influenced by several risk 
factors: size, growth rate, location, prior hemorrhage, family history, and race. Some 
aneurysms do not rupture at all and are only found incidentally or during autopsy 
series. Two of the largest prospective studies on unruptured intracranial aneurysms 
(ISUIA [66] and UCAS [67]) have identified that smaller aneurysms have lower 
rates of rupture than larger ones. Low risk of rupture for both studies was seen with 
aneurysms <7 mm in diameter, and for which growth rate is also slower. However, 
this rupture risk is modified by the location: with posterior circulation aneurysms 
generally having the highest rate of rupture, followed by anterior circulation, and 
lowest with cavernous carotid artery aneurysms [66, 67].

Aneurysmal SAH is associated with significant neurologic morbidity and mortal-
ity especially if left untreated. The risk of rebleeding is highest in the first few hours 
from rupture and this re-rupture is associated with an even higher mortality. Aneurysm 
treatment by surgical or endovascular means is the only way to prevent rebleeding.
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Around 18% of patients with aSAH die even before reaching the hospital [68]. 
Even among patients who get evaluated in the hospital, rates of early mortality are 
still high due to rebleeding, vasospasm and cerebral ischemia, hydrocephalus, 
increased intracranial pressure, seizures, and cardiac complications. Due to medical 
advances and more research, the case fatality rate has significantly decreased from 
50% to about 30% if treated in a timely manner [69]. Among survivors, long-term 
neurologic complications include cognitive dysfunction, epilepsy, and focal deficits.

As mentioned above, HTN is a major risk factor for aneurysm formation, growth, 
and eventual rupture, causing SAH. In a systematic review, the presence of HTN has 
a statistically significant relative risk of 2.5% (95% CI 2.0–3.1) in longitudinal stud-
ies and an odds ratio of 2.6% (95% CI 2.0–3.1) in case-control studies [3]. There is 
a corresponding decrease in the incidence of SAH per unit decrease of BP: 7.1% 
decrease per mmHg of systolic BP decrease, while 11.5% for diastolic BP [61]. A 
global decline in the incidence of aSAH is noted and this is partly due to a parallel 
decline in prevalence of HTN. In China, it was found that higher average levels of 
BP were linearly and positively associated with SAH, and elevated BP accounted 
for about 23% of all SAH cases [70].

After rupture of an intracranial aneurysm, BP control is of paramount impor-
tance to avoid further morbidity. Although optimal BP therapy in SAH is not clear, 
hypotension should definitely be avoided. While lowering the BP may decrease the 
risk of rebleeding of an unsecured aneurysm, it may also present a risk of cerebral 
infarction if too low. Some guidelines recommend to have a goal of maintaining 
SBP <160 mmHg, while others use the mean arterial pressure (MAP) of <110 mmHg. 
It may be reasonable to use the patient’s premorbid baseline BP control to define 
targets of therapy [71, 72]. Intravenous agents, such as labetalol or nicardipine, are 
preferred for BP control because they can easily be titrated.

19.5	 �Blood Pressure Variability and Its Impact in Stroke 
and Vascular Dementia

Normally, there are some short-term fluctuations in BP during the 24-h period 
which are largely influenced by the circadian modulations. In about 10–20% of the 
population, there is a physiological reduction of nocturnal BP. Blood pressure vari-
ability can be classified as very-short-term (beat-to-beat), short-term (during 24 h), 
mid-term (day-by-day), long-term (less than 5  years), and very-long-term (more 
than 5 years) [73]. This is associated with hypertension-mediated-organ-damage or 
target-organ-damage, and in some cases, it triggers significant vascular events dur-
ing transient rises in the BP.

Blood pressure variability is a novel factor in the development of cardiac events, 
stroke, and cognitive impairment. Emerging literatures are showing consequences of 
increased BPV among certain populations including people with morning surge HTN, 
night sleep HTN, non-dippers, reverse dippers, and dippers with morning surges of 
BP. The wide fluctuations of BP in these instances are thought to increase the cerebral 
microcirculatory changes and cumulative lesions in the brain—be it ischemic (as seen 
in ischemic white matter changes) or hemorrhagic (as observed in CMBs).
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Increasing BPV seems to negatively impact stroke outcome in the acute phase 
and probably, even in the subacute phase. This is seen in both the acute ischemic 
and hemorrhagic stroke types. Why this is so is not yet fully understood. One 
mechanism that possibly explains the negative effect of BPV is the impaired cere-
bral autoregulation in the region affected with stroke. For instance, in AIS, a drop 
in the cerebral perfusion secondary to BPV can worsen the condition of the isch-
emic core and convert the ischemic penumbra into an enlarging infarct core [74]. 
Chung et al. considered BPV as an independent factor that is associated with early 
neurological deterioration [75]. Increased BPV can also negatively impact hemor-
rhagic strokes. Very high BP can increase hematoma size and brain edema. A 
significant drop in systolic BP can also be detrimental as it potentially can increase 
perihematomal ischemia and cause acute renal hypoperfusion leading to acute 
kidney injury [76].

Aside from ischemic and hemorrhagic strokes, large BPV is also associated with 
cognitive impairment and dementia. There is mounting data linking marked BPV to 
higher risk of heart diseases, strokes, and dementia, even beyond the effect of the BP 
per se [77]. In a Japanese elderly population study by Oishi et al. on the relationship 
of BPV and incident dementia, the results suggested that increased day-to-day BPV is 
independent of average home BP and is a significant risk factor for the development 
of all-cause dementia, vascular dementia, and Alzheimer’s disease [78].

In a systematic review and meta-analysis of prospective cohort studies that 
looked into the association of BPV with the presence or progression of CSVD 
markers such as WMH, lacunes, and CMBs in MRI, the analysis showed that the 
association of systolic BPV with the presence of lacunes and CMBs were not statis-
tically significant. However, increased BPV was associated with increased odds of 
presence or progression of WMHs [79].

A study by Liu et al. conducted in China among the geriatric community dwell-
ing areas looked at the effect of systolic BP variability through self-measured BP at 
home for 7 consecutive days. Mini Mental State Examination (MMSE) scores as 
well as brain MRI WMH at baseline and at final follow-up visits were taken. After 
an average of 2.3 years, a decline in MMSE score and an increase in brain MRI 
WMHs were noted. The results of the study suggested that excessive variability in 
self-measured systolic BP exacerbates the progression of cognitive impairment and 
brain white matter lesions in the oldest-old geriatric population [80].
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20.1	 �β-Adrenergic Receptor Blockers (β-Blockers)

The precise mechanisms of the antihypertensive effects of β-blockers remain incom-
pletely understood. β-blockers differ in absorption and metabolism depending on 
the type and are usually metabolized in the liver, with a relatively short plasma half-
life. β-blockers attenuate sympathetic stimulation by competing with catechol-
amines in β-adrenergic receptors [1]. Many tissues have both β1 and β2 receptors, 
and the concept of cardiac selective drugs is only relative, but β1-adrenergic recep-
tors are found primarily in the heart, brain, and adipose tissue, and β2 receptors are 
widely distributed in the lungs, liver, and muscle. Cardioselective β-blockers such 
as metoprolol, bisoprolol, and nebivolol selectively block β1-receptors when used at 
the approved dose. Inhibition of β1-adrenergic receptors in the kidney can inhibit 
renin release. β2-blockade may blunt the antihypertensive effects of β1-blockade 
[2]. Certain β-blockers have antihypertensive effects that are mediated through 
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α1-adrenergic antagonist activity and nitric oxide-dependent vasodilator action, in 
addition to β-adrenergic receptor antagonism. Carvedilol and labetalol, mixed α−/β--
blockers, block both β1/β2-receptors and peripheral α1-receptors. Recent guide-
lines do not recommend β-blockers as first-line therapy in patients with simple 
hypertension without complications, as β-blockers have limited effects on cardio-
vascular disease (CVD) prevention in several random trials, but have caused many 
metabolic disorders. Abrupt discontinuation of a large amount of β-blockers can 
cause rebound hypertension.

The side effects of β-blockers including erectile dysfunction, hyperglycemia, and 
dyslipidemia can be minimized by use of low to moderate doses of traditional 
β-blockers, vasodilating β-blockers (nebivolol), and mixed α−/β-blockers 
(carvedilol) than with high doses of traditional β-blockers [3]. β-blockers have a 
compelling indication for post-myocardial infarction and left ventricular dysfunc-
tion [4]. β-blockers could be helpful for patients with essential tremor, tachycardia, 
or arrhythmias.

20.2	 �Diuretics

Diuretics are a heterogenous and popular class of antihypertensives. Diuretics can 
increase renin and improve the effectiveness of angiotensin conversion enzyme 
inhibitors and aldosterone receptor blockers. Diuretics are effective in salt-sensitive 
hypertension, which is prevalent in elderly, obese, and black patients. Diuretics are 
also very important for the management of resistant hypertension. Excessive salt 
consumption or administration of nonsteroidal anti-inflammatory drugs hinders the 
antihypertensive effect of diuretics by preventing volume reduction and cardiac out-
put reduction.

20.2.1	 �Thiazides

Diuretics such as thiazide and thiazide-like diuretics have been shown to reduce 
hypertension-related diseases and mortality in many controlled clinical trials [5, 6]. 
Diuretics combine well with most other antihypertensive drug classes [7] and are 
especially effective in lowering blood pressure (BP) in African-Americans and 
older adults. The effects of thiazide or thiazide-like diuretics on BP can be divided 
into three sequential phases: short-term, long-term, and chronic reduction of BP [7]. 
During the short-term phase, which corresponds to the first few weeks, reduction in 
BP is related to reduction in cardiac output and plasma volume. In contrast, the 
long-term and chronic antihypertensive effects of diuretics are more closely related 
to continuous reduction of total vascular resistance rather than to volume reduction 
[7]. Although chlorthalidone is a diuretic used in many groundbreaking clinical tri-
als [5, 6] hydrochlorothiazide (HCTZ) is most commonly used. The pharmacody-
namic and pharmacokinetic profiles of chlorthalidone differ markedly from those of 
HCTZ. Chlorthalidone is 1.5 to 2 times more potent than HCTZ and has a longer 
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half-life (9–10 h) [7]. Also, using the recommended dose, chlorthalidone is more 
effective in lowering systolic BP [8]. The thiazide diuretics can cause a number of 
metabolic disorders, including glucose intolerance, hypokalemia, hypomagnese-
mia, hyperuricemia, and hypercholesterolemia. In the early stages of use, thiazide 
was used in high doses (100 to 200 mg/day) and many side effects were observed, 
but these side effects can be minimized at the doses currently used. Patients treated 
with chlorthalidone in clinical trials had a higher incidence of type 2 diabetes than 
control groups [9]. However, elevated blood glucose levels and diabetes caused by 
chlorthalidone treatment did not increase risk of CVD events [10].

20.2.2	 �Loop Diuretics

A recent Cochrane analysis report shows that loop diuretics are less effective in 
lowering BP than thiazide and thiazide-like diuretics, especially in non-edematous 
patients [11]. Loop diuretics would be reserved for patients who require treatment 
for volume overload or edema in addition to lowering BP, and loop diuretics are 
more appropriate and effective than thiazide in patients with severe chronic kidney 
disease (estimated glomerular filtration rate (eGFR) <30 mL/min/1.73 m2) [7].

20.2.3	 �Spironolactone and Eplerenone

Spironolactone belongs to the mineralocorticoid receptor antagonist drug family, 
and non-selectively antagonize androgen and progesterone receptors but competi-
tively block aldosterone receptor-mediated action. Spironolactone inhibits sodium–
potassium exchange at the mineralocorticoid receptor in the kidney and antagonizes 
aldosterone-induced vasoconstriction. The most common adverse effects are breast 
complaints and hyperkalemia. Specifically, men may experience gynecomastia, 
general feminization, and loss of libido and spironolactone is considered pregnancy 
category C [12]. Eplerenone, an aldosterone receptor antagonist similar to spirono-
lactone, is weaker but more tolerable, more selective mineralocorticoid receptor 
antagonist. For patients with side effects of spironolactone, eplerenone could be the 
preferred choice.

20.3	 �Angiotensin Converting Enzyme (ACE) Inhibitors

As for blocking agents for renin–angiotensin–aldosterone system (RAS), there are 
direct renin inhibitor, ACE inhibitors, angiotensin II receptor blockers, and aldoste-
rone receptor blocker. Among them, ACE inhibitor was firstly introduced as the 
clinically available antihypertensive drug. According to the ligand type for zinc ion 
in ACE, ACE inhibitor can be categorized as sulfhydryl ligand drug (captopril), 
carboxyl ligand drug (enalapril, lisinopril, perindopril, quinapril, cilazapril, moexi-
pril, ramipril, trandolapril, benazepril), and phosphoryl ligand drug (fosinopril).
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The first mechanism of action of ACE inhibitors is to block the formation of 
angiotensin II resulting in the alleviation of increased angiotensin II actions such as 
vasoconstriction, stimulation of aldosterone synthesis, activation of sympathetic ner-
vous system, and tissue damage or proliferation. The second mechanism is to block 
kallikrein II which inactivates bradykinin resulting in the accumulation of bradyki-
nin. Bradykinin can increase prostaglandin I2 and E2, which induce vasodilation. 
And increased bradykinin is suggested as one of the mechanisms of angioedema.

Clinical indications of ACE inhibitors could include regression of left ventricular 
hypertrophy, improvement of left ventricular function, improve congestive heart 
failure, renoprotection, and reduction of proteinuria, slowing the atherosclerosis, 
and neutral or positive effect on glucose and lipid metabolism. In classical dogma 
of high versus low renin hypertensions, ACE inhibitor is preferred for high renin 
hypertension as well as hypertension in the young, hypertension due to renal paren-
chymal diseases, or renovascular hypertension. For normal or low renin hyperten-
sion, ACE inhibitor is preferred in combination with diuretics. ACE inhibitor is first 
choice drug for heart failure, coronary artery disease, acute myocardial infarction, 
chronic kidney disease with or without proteinuria, and stroke. Regarding the supe-
riority of the combinations of ACE inhibitor and calcium-channel blocker (CCB) 
versus ACE inhibitor and diuretics, there are controversies and different study 
results. Bottom line will be the combination of the long-acting drugs to cover 24-h 
period such as long-acting CCB or long-acting thiazide-like diuretics.

Regarding side effects of ACE inhibitors, first-dose phenomenon of hypotension 
can be anticipated in the elderly patient with volume depletion. Adverse reactions 
such as hyperkalemia, hypoglycemia, taste change, skin eruption, leukopenia were 
reported. Angioedema is the most serious adverse effect and it will usually be mani-
fested within several hours after oral intake but sometimes it occurs after several 
days. It involves face, lips, oropharynx, and larynx and it will last up to 2–3 days. It 
was reported that angioedema can increase when ACE inhibitor is combined with 
dipeptidyl peptidase-4 inhibitor. From Asian perspectives, the most important side 
effect of ACE inhibitor is a dry cough which was reported up to 40–50%. It usually 
observed after a week but sometimes it can be observed after several months follow-
ing ACE inhibitor administration. Whether there are differences among many ACE 
inhibitors is not clear because there are few comparative studies available. In 
patients with bilateral renal artery stenosis or renal artery stenosis in single kidney, 
ACE inhibitor can precipitate severe hypotension or shock and acute kidney injury, 
which requires rapid volume replacement. ACE inhibitor can elevate creatinine 
level especially in the patient with chronic kidney disease. Creatinine elevation up 
to 30% should be tolerated because of the renoprotective benefit but for higher 
increase, dosage reduction can be considered and it is usually stopped when eGFR 
decreased more than 50%. It is important to follow up the patient with potassium 
and creatinine level after 1 or 2 weeks when ACE inhibitor started. Additional regu-
lar monitoring is also recommended. Low dialyzability ACE inhibitors (ramipril, 
fosinopril) could result in hypotension and bone marrow suppression unless the 
dosage is adjusted. ACE inhibitor is absolutely contraindicated during second and 
third trimester in pregnancy but captopril and enalapril are safely used for breast 
feeding women because of the low secretion rate to apocrine gland.
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Antihypertensive efficacy of ACE inhibitor could be influenced by the volume or 
salt retention status as exemplified by low renin hypertension. Poor initial response 
could suggest the salt overload so that diuretics could be a very effective combina-
tion drug. In general, ACE inhibitor and angiotensin II receptor blockers combina-
tion is not recommended [13].

20.4	 �Angiotensin II Receptor Blockers

Angiotensin II receptor blocker (ARB) blocks selectively the type I angiotensin II 
receptor (AT1R) and there are the compounds such as losartan, valsartan, irbesartan, 
telmisartan, candesartan, eprosartan, olmesartan, azilsartan, and fimasartan. Instead 
of ACE inhibitor, ARB is much more frequently prescribed in Asian patients because 
of almost no dry cough.

Action mechanism of ARB is to block selectively AT1R which mediates patho-
physiologic effect of angiotensin II but type II angiotensin II receptor (AT2R) gener-
ally mediates opposite effect to AT1R. ARBs can block the activities of angiotensin 
II regardless of its origin from ACE or chymase system. Blocking of AT1R results in 
the increase in angiotensin II concentration, which in turn competes the binding of 
ARBs to AT1R or even surmount or overcome the binding of ARB to 
AT1R. Surmountability means weakened action of ARBs by increased angiotensin II 
concentration. In contrast, when higher concentrations of angiotensin II cannot over-
come the effect of an ARB, it means that the ARB is insurmountable. But AT1R bind-
ing affinity is not directly correlated with the antihypertensive efficacy. Moreover, 
the impact of surmountability of ARBs on clinical outcomes has not been established.

In general, the indication or benefit as well as contraindication of ARBs is almost 
the same with ACE inhibitors. But ARBs are not recommended for breast feeding 
women. The more important aspect of the clinical application of ARBs could be 
related to their pharmacokinetic aspects. All ARBs increase renal resorption of lith-
ium so that the relevant history should be checked and ARBs should be avoided. 
Losartan undergoes first pass metabolism via cytochrome P450 system so that the 
dosage should be decreased by half in severe hepatic dysfunction. Fluconazole and 
rifampin could reduce Cmax or AUC of losartan significantly. And other CYP2C9 
enzyme inhibitor could reduce the efficacy of losartan. Candesartan, olmesartan, and 
azilsartan are prodrugs to be activated in gastrointestinal tract to be active metabolites. 
Telmisartan will increase the plasma digoxin level and induce toxicity. Most of ARBs 
are not dialyzable but, at least, biliary or fecal route of elimination is more than 50% 
so that ARBs can be used in chronic kidney diseases and hemodialysis patients [14] .

20.5	 �Calcium-Channel Blockers

Calcium-channel blockers (CCBs) lower BP by blocking the opening of voltage-
gated (L-type) calcium channels in cardiac myocytes and vascular smooth muscle 
cells. This group of drugs includes three classes of drugs: phenylalkylamines (vera-
pamil), benzothiazepines (diltiazem), and 1,4-dihydropyridines (nifedipine-like). 
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They lower BP by causing peripheral arterial dilation and potency of BP lowering is 
dihydropyridines, benzothiazepines, phenylalkylamines in order. CCBs are gener-
ally well tolerated, do not require monitoring with blood tests, and have proved safe 
and effective in many large randomized clinical trials (RCTs). CCBs also have anti-
anginal and antiarrhythmic effects and more protective against cerebrovascular 
accident than other antihypertensive agents. ALLHAT (Antihypertensive Lowering 
to Prevent Heart Attack Trial) showed that CCBs (represented by amlodipine) pre-
vent coronary events as effectively as diuretics and RAS blockers [15].

Amlodipine, by far the best studied of the dihydropyridine CCBs, has been 
investigated in multiple RCTs. Advantages of amlodipine include predictable dose-
dependent potency, once-daily dosing because of its long half-life, tolerability, and 
cost. These drugs have some diuretic action because of dilation of the afferent renal 
arteriole, which may reduce the efficacy of diuretics in combination therapy. ASCOT 
(Anglo-Scandinavian Cardiovascular Outcomes Trial) [16] and the ACCOMPLISH 
(Avoiding Cardiovascular Events Through Combination Therapy in Patients Living 
with Systolic Hypertension) [17] trial indicated that amlodipine plus ACE inhibitor 
is one of the most effective drug combinations for preventing cardiovascular com-
plications of hypertension [17]. Multiple fixed-dose single-pill combinations of 
amlodipine with ACE inhibitors or ARBs are available; some have added a thiazide 
for triple combination therapy.

Dihydropyridine CCBs such as amlodipine are less renoprotective than ACE 
inhibitors or ARBs in patients with proteinuric chronic kidney disease, but may be 
useful as adjunctive therapy after initiation of ACE inhibitors or ARBs. Verapamil is 
weakly antihypertensive and has limited usefulness because of dose-dependent con-
stipation. Diltiazem is intermediate in potency between verapamil and the dihydro-
pyridines and is usually well tolerated.

The principal side effect of the dihydropyridines is dose-dependent ankle edema. 
The edema can be improved by concomitant therapy with ACE inhibitors or ARBs 
that causes balanced arterial and venous dilation. Long-acting dihydropyridine 
CCBs are rarely associated with flushing and headache. All CCBs can cause gingi-
val hyperplasia, that is reversible if detected early. Verapamil and diltiazem can 
impair cardiac conduction especially in elderly patients who take other agents such 
as β-blockers.

20.6	 �Other Pharmacological Classes

20.6.1	 �Renin Inhibitors

Direct renin inhibitor inhibits plasma renin activity (PRA) by up to 80% in con-
trast with the other antihypertensive drugs such as diuretics, ACE inhibitors, and 
ARBs, which increase PRA. The characteristic role of renin inhibitors on PRA to 
prevent cardiovascular event has not been suggested or proven. The efficacy of 
direct renin inhibitor was reported in Asian hypertensive patients, in which 
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aliskiren was significantly superior to ramipril in systolic BP lowering efficacy 
and comparable in diastolic BP reduction [18]. Dry cough was significantly lower 
than ramipril. Until a large, formal, and prospective randomized study with major 
endpoints with aliskiren has not been completed, renin inhibitor now is reserved 
for use as an alternative to ACE inhibitors or ARBs, when these are ineffective or 
not tolerated.

20.6.2	 �α-Adrenergic Receptor Blockers

α-adrenergic receptor antagonists (α-blockers), at therapeutic doses, block periph-
eral α-adrenergic receptors and result in arterial vasodilation. α-blockers attenuate 
the stimulation of peripheral α-receptors so orthostatic hypotension can occur. 
α-blockers may also induce compensatory renal sodium retention and volume 
expansion. Dizziness and headaches are other common side effects of α-blockers. 
To minimize the risk of first-dose phenomenon such as hypotension or syncope, 
an initial low dose prescription followed by dose escalation is necessary. First-
dose phenomenon is less common in longer half-life agents (terazosin or doxazo-
sin) but it occurs with all α-blockers, especially in volume contracted status. 
α-blockers are not recommended as a first-line antihypertensive treatment, but for 
patients with benign prostatic hyperplasia, α-blockers may provide symptom-
atic relief.

20.6.3	 �Centrally Acting Agents

The classic centrally acting antihypertensives such as clonidine, guanfacine, and 
α-methyldopa (via its active metabolite α-methyl-noradrenaline) induce peripheral 
sympathoinhibition and a fall in BP as a result of α2-adrenoceptor stimulation in the 
brain stem.

Central sympatholytics stimulate postsynaptic α2-adrenergic receptors and imid-
azoline receptors in the central nervous system that lowers central sympathetic out-
flow. Whereas stimulation of presynaptic α2-receptors causes feedback inhibition of 
norepinephrine release from peripheral sympathetic nerve terminals. These com-
bined actions reduce adrenergic drive to the heart and peripheral circulation and 
decrease peripheral resistance.

This class of drugs is used for short-term oral treatment of hypertensive urgency 
when β-blockers are contraindicated and add-on therapy for very difficult hyperten-
sion. To avoid rebound hypertension between doses, short-acting clonidine must be 
given every 6 to 8 h or, whenever possible, discontinued through gradual tapering 
[19]. Rebound hypertension is less of a problem with guanfacine, a longer-acting 
oral central sympatholytic that is dosed at bedtime. The transdermal clonidine 
causes frequent dermatitis. α-methyldopa is poorly tolerated and no longer a first-
line therapy for hypertension in pregnancy.
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20.6.4	 �Direct-Acting Vasodilators

20.6.4.1	 �Minoxidil
Minoxidil is a potent vasodilator and its antihypertensive activity of minoxidil is 
mediated by its sulfate metabolite, minoxidil sulfate. About 90% of the adminis-
tered drug is metabolized by hepatic conjugation with glucuronic acid. The mecha-
nism of antihypertensive action is opening of adenosine triphosphate-sensitive 
potassium channels in vascular smooth muscle cells resulting in vasodilation. 
Minoxidil is thought to promote survival by increasing the ratio of Bcl-2/Bax, i.e., 
by anti-apoptotic effects on dermal papilla cells. This mechanism explains frequent 
side effects of hypertrichosis which is reversible within a few weeks after it is 
stopped.

In general, minoxidil as a direct vasodilator, it is reserved until other antihyper-
tensive drugs cannot achieve target goal. Because half-life of minoxidil is about 4 h, 
BP variability may be increased. Because the duration and efficacy of BP reduction 
are highly variable among patients. Starting dose could be as low as 2.5 mg/day 
with a maintenance dose of 10–40 mg/day. And it can be given from one to three 
times daily according to the individual responses. Twice-daily or thrice-daily dosing 
regimen is preferred in patients receiving high doses of minoxidil to avoid an exces-
sive peak hypotensive effect. BP rebound following sudden withdrawal should be 
cautioned.

Due to strong vasodilatory action, reflex tachycardia or sympathetic activation 
and salt retention are usually expected. Combination with β-blockers and/or diuret-
ics will be helpful to avoid side effect. Minoxidil associated ST-T wave changes in 
electrocardiogram can be observed and it will often resolve during long-term treat-
ment. But it will be associated with left ventricular hypertrophy or myocardial isch-
emia. For the prevention of left ventricular hypertrophy, combined ACE inhibitor or 
ARB could be useful.

20.6.4.2	 �Hydralazine
The potent hyperpolarizing arterial vasodilators hydralazine act by opening vascu-
lar ATP-sensitive potassium channels. Selective and rapid arterial dilation would 
induce profound reflex sympathetic activation and tachycardia, RAS activation, and 
sodium retention.

Hydralazine is useful for the treatment of preeclampsia and as rescue therapy for 
very difficult hypertension. A combination of hydralazine plus nitrates is useful for 
the treatment of heart failure.

Usually, most effective when added to a combination that includes a diuretic and 
β-blocker. Hydralazine is a potent direct vasodilator that has antioxidant and nitric 
oxide-enhancing actions. Hydralazine may induce a lupus-like syndrome. 
Intravenous nitroprusside can be used to treat malignant hypertension and life-
threatening left ventricular heart failure associated with elevated arterial pressure.
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20.7	 �New Class of Antihypertensive Drugs

20.7.1	 �Aminopeptidase A (APA) Inhibitor

20.7.1.1	 �Brain RAS
The brain RAS plays an important role in the control of cardiovascular function and 
BP regulation [20, 21]. All members of the systemic RAS, including the precursor 
angiotensinogen, enzymes (renin, ACE, ACE2, APA, aminopeptidase N), peptides 
(angiotensin I, II, III, IV, and angiotensin 1–7), and angiotensin receptors (AT1R, 
AT2R, Mas receptor) are present in the brain (Fig. 20.1) [22, 23].

Hyperactivity of the brain RAS plays an important role in pathophysiology of 
hypertension, and its interruption is associated with a beneficial outcome in hyper-
tension [20, 21] and its components could thus constitute interesting targets for 
treatment of hypertension.

20.7.1.2	 �APA and Aminopeptidase N (APN) Inhibitors
Hydrolysis of Ang II and Ang III includes 2 membrane-bound zinc-metallopeptidases, 
APA and APN [24, 25]. Brain angiotensin III plays a role by a tonic stimulatory 
control over BP in hypertensive rats. Targeting angiotensin III by inhibiting brain 
APA is an important target in the management of hypertension. Because APA 

Angiotensin IV

Angiotensinogen

Angiotensin I

Angiotensin II

Angiotensin-(1-7) Angiotensin III

Mas Receptor

AT1 IRAP

ACE 2

APN

APA

Renin

ACE

Receptor

Fig. 20.1  Schematic diagram of the brain renin-angiotensin system. ACE angiotensin I-converting 
enzyme, ACE2 angiotensin-converting enzyme type 2, APA aminopeptidase A, APN aminopepti-
dase N, AT1 angiotensin type 1 receptor, IRAP insulin-regulated aminopeptidase. (Adapted from 
Hypertension 2020;75:6–15)
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inhibitor EC33 does not cross the blood–brain barrier after systemic administration 
it has limitation in clinical use. RB150, a prodrug of EC33, was developed to be an 
effective oral agent [26, 27]. Orally administered RB150 crosses the gastrointestinal 
and blood–brain barriers and generates 2 active molecules of EC33 that block brain 
APA activity. This results in decreased brain angiotensin III formation and reduced 
BP. The mechanism of RB150-induced BP lowering effect is from a reduced vaso-
pressin release, increases in diuresis, and reducing extracellular volume. Also, a 
decrease in sympathetic tone leads to a reduction of vascular resistances and the 
improvement of the baroreflex function. RB150 renamed as firibastat, and phase Ia/
Ib clinical trials showed that firibastat is clinically well tolerated in healthy volun-
teers. Clinical efficacy of firibastat in hypertensive patients was demonstrated in two 
phase II studies. Therefore, firibastat could represent the first drug of a novel class 
of antihypertensive drugs targeting the brain RAS and has the potential to be 
groundbreaking in the management of resistant hypertension (Table 20.1).

Table 20.1  Clinical pharmacology of antihypertensive drugs

Class Mechanism Drug

Usual 
dose 
range in 
mg/day

Usual 
daily 
frequency

β-Adrenergic receptor blockers (β-blockers)
Cardioselective
(β1 selective)

β-Blockers reduce cardiac 
output and heart rate. 
They also block renin 
release, decrease 
adrenergic central 
nervous system effects, 
and reduce catecholamine 
release/response

Atenolol 25–100 1 or 2
Betaxolol 5–20 1
Bisoprolol 2.5–20 1
Metoprolol tartrate 100–450 2
Metoprolol succinate 
extended release

25–400 1

Nebivolol 5–40 1
Cardio-nonselective Nadolol 20–320 1

Propranolol 40–640 2
Propranolol, 
long-acting

60–640 1

Timolol 20–60 2
Intrinsic 
sympathomimetic 
activity

Acebutolol 400–1200 2
Penbutolol 20–80 1
Pindolol 10–60 2

Mixed α/β blockers Carvedilol 12.5–50 2
Carvedilol phosphate 20–80 1
Labetalol 200–2400 2

Diuretics
Thiazide diuretics Initially they cause 

natriuresis resulting in 
decreased blood volume 
and cardiac output. 
Long-term persistent 
effects result in decreased 
peripheral vascular 
resistance

Chlorthalidone 12.5–50 1
Hydrochlorothiazide 12.5–50 1
Indapamide 1.25–5 1

Loop diuretics Furosemide 20–600 2
Torsemide 5–10 1

Potassium-sparing 
diuretics

Amiloride 5–20 1
Triamterene 37.5–75 1
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Table 20.1  (continued)

Class Mechanism Drug

Usual 
dose 
range in 
mg/day

Usual 
daily 
frequency

Aldosterone receptor 
blockers

Blockade of aldosterone 
receptor results in 
decreased 
vasoconstriction and 
decreased sodium/water 
retention

Eplerenone 50–100 1 or 2
Spironolactone 25–50 1 or 2

Angiotensin 
converting enzyme 
(ACE) inhibitors

ACE inhibition results in 
decreased angiotensin II 
production which causes 
decreased 
vasoconstriction, 
decreased aldosterone 
secretion, and sodium and 
water retention. ACE 
inhibitors also result in 
decreased breakdown of 
bradykinin and other 
vasoactive peptides which 
cause vasodilation and 
allergic responses

Captopril 75–450 2 or 3
Enalapril 5–40 1 or 2
Lisinopril 10–80 1
Perindopril 4–16 1 or 2
Quinapril 10–80 1 or 2
Cilazapril 0.25–5 1 or 2
Moexipril 7.5–30 1
Ramipril 2.5–20 1 or 2
Trandolapril 1–8 1 or 2
Benazepril 10–80 1 or 2
Fosinopril 10–80 1 or 2

Angiotensin II 
receptor blockers 
(ARBs)

Angiotensin II type I 
receptor blockade results 
in decreased angiotensin 
II effects which causes 
decreased 
vasoconstriction, 
decreased aldosterone 
secretion, and sodium/
water retention

Losartan 50–100 1 or 2
Valsartan 80–320 1
Irbesartan 150–300 1
Telmisartan 40–80 1
Candesartan 16–32 1
Eprosartan 600–800 1 or 2
Olmesartan 20–40 1
Azilsartan 80 1
Fimasartan 30–120 1

Dihydropyridine 
calcium-channel 
blockers (CCBs)

Blocking the opening of 
voltage-gated (L-type) 
calcium channels in cardiac 
myocytes and vascular 
smooth muscle cells results 
in reduced total peripheral 
resistance through arterial 
vasodilation

Amlodipine 2.5–10 1
Felodipine 2.5–10 1
Isradipine SR 5–20 1
Nicardipine, 
sustained-release

60–120 2

Nifedipine, 
long-acting

30–120 1

Nilsoldipine 17–34 1
Nondihydropyridine 
calcium-channel 
blockers (CCBs)

Nondihydropyridine 
CCBs reduce the cellular 
calcium entry through the 
L-type channel which 
results in reduced total 
peripheral resistance 
through arterial 
vasodilation. They 
decrease myocardial 
contractility and heart rate

Diltiazem, sustained-
release and extended 
release

120–540 1

Verapamil, 
sustained-release

120–480 1 or 2

Verapamil, 
controlled-onset, 
extended-release

180–480 1

Verapamil, 
sustained-release, 
slow-onset

100–400 1

(continued)
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Table 20.1  (continued)

Class Mechanism Drug

Usual 
dose 
range in 
mg/day

Usual 
daily 
frequency

Renin inhibitors Renin is an enzyme that 
converts angiotensinogen 
to angiotensin I, which is 
then converted to 
angiotensin II by 
ACE. Renin inhibitors 
block the activity of renin 
and cause vasodilatation

Aliskiren 150–300 1

α-Adrenergic 
receptor blockers 
(α-blockers)

Blockade of the 
peripheral α-adrenergic 
receptors results in 
arterial vasodilation. 
α-blockers attenuate the 
stimulation of peripheral 
α-receptors which may 
develop orthostatic 
hypotension. They also 
induce compensatory 
renal sodium retention 
and volume expansion

Doxazosin 1–16 1
Prazosin 2–20 2 or 3
Terazosin 1–20 1 or 2

Centrally acting 
agents

α2-adrenoceptor 
stimulation in the brain 
stem results in inhibition 
of peripheral sympathetic 
nerve system and causes a 
fall in BP
Central sympatholytics 
stimulate postsynaptic 
α2-adrenergic receptors 
and imidazoline receptors 
in the central nervous 
system that lowers central 
sympathetic outflow. 
Whereas stimulation of 
presynaptic α2-receptors 
causes feedback 
inhibition of 
norepinephrine release 
from peripheral 
sympathetic nerve 
terminals. These 
combined actions reduce 
adrenergic drive to the 
heart and peripheral 
circulation and decrease 
peripheral resistance

Clonidine 0.2–2.4 2
Clonidine patch 0.1–0.6 Once 

weekly
Methyldopa 500–3000 2–4
Guanfacine 0.5–2 1
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Diuretics for Hypertension in Asians
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21.1	 �Introduction

The number of deaths due to cardiovascular or cerebrovascular disease is decreasing 
in high-income countries [1]. However, this trend is not evident in the lower middle-
income countries of Asia [2], one of the most densely populated regions in the 
world. Of the 17.5 million deaths annually due to cardiovascular disease (CVD), 
more than 75% occur in lower middle-income countries. South Asians have been 
shown to experience their first myocardial infarction (MI) almost 10 years earlier 
than individuals from Western countries. In 1990, ischaemic heart disease was the 
sixth leading cause of death in India, but it is now the leading cause of mortality [3].

In India, the prevalence of hypertension is 33.8% in urban areas and 27.6% in 
rural areas and is much higher (64%) in individuals aged >60 years [3]. Although 
these figures may be overestimates, there is no doubt that the prevalence of hyper-
tension is increasing. It is difficult to estimate what proportion of patients with 
hypertension are receiving antihypertensive drug therapy, and what proportion of 
those being treated achieve target BP values.

Almost half the world’s population lives in India or China. Looking at data from 
China, the prevalence of hypertension was 18.8% in 2002 and only about 25% of 
patients with hypertension were receiving antihypertensive treatment. By 2015, the 
prevalence of hypertension was 30% in men and 25% in women [4]. In addition, the 
population of elderly patients (age > 60 years) with hypertension increased by more 
than ten million each year between 2010 and 2015, meaning that the number of 
individuals with hypertension in China in 2015 was more than 200 million [4]. This 
number is expected to double to 400 million by 2035 [5]. At present, more than 50% 
of people in China aged >60 years have hypertension. The low rates of hypertension 
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treatment and target blood pressure (BP) achievement in China mean that hyperten-
sion is a serious health issue.

Data from Korea indicate a stable hypertension prevalence in individuals aged 
≥30  years of 29–30% [6]. According to Korea National Health and Nutrition 
Examination Survey (KNHANES data), hypertension awareness, treatment and 
control rates are generally improving [7]. In 2001, the number of treated patients 
with hypertension was 22% for men and 37% for women; by 2011, this had increased 
to 51.7% in men and 71% in women. In 2001, the number of patients achieving 
target BP was quite low (10% in men and 18% in women), and this had increased 
by 2011 (to 36.9% in men and 49.4% in women) [6]. Over this period there was a 
steady decrease in the mean BP in patients with hypertension. Similar prevalence 
data and evidence of poor BP control are available from Japan [8] and Saudi 
Arabia [9].

Hypertension is therefore a major source of chronic morbidity and mortality in 
Asian countries and regions. The prevalence of hypertension is increasing at an 
alarming rate because of population growth and various other factors. Good man-
agement of hypertension in individual patients using lifestyle modifications and 
drug therapy has been very successful in reducing the morbidity and mortality of 
this disease [3, 10]. Nevertheless, fewer than one-quarter of patients with hyperten-
sion from countries delivering the best healthcare to these individuals are at 
target BP.

This chapter provides information on diuretic agents for the treatment of hyper-
tension and discusses the use of these agents in Asian countries.

21.2	 �Diuretic Agents: Use in Hypertension

Loop diuretics: These agents are mostly used for the treatment of heart failure and 
chronic kidney disease (CKD). Their use in the management of hypertension is 
limited to patients who also have CKD stage III, IV and V in association with con-
comitant fluid volume overload [11, 12].

Thiazide-type diuretics: These act at the distal convoluted tubular level and 
prevent sodium reabsorption, producing natriuresis and diuresis [13]. In India, the 
most popular agent in this group is hydrochlorothiazide (HCTZ). This is used at 
doses of 12.5, 25 and 50 mg. HCTZ is cost effective and is therefore used in most 
antihypertensive combinations, such as with angiotensin receptor blockers (ARBs) 
and other agents.

Both HCTZ and similar thiazide-like diuretics have a short duration of action 
(≈6 h). When using thiazide-like diuretics, the initial fall in BP associated with a 
reduction in intravascular volume wears off in 6 h and is followed by rebound fluid 
retention. When taken alone in the morning, HCTZ may result in a masked noctur-
nal rise of BP (masked uncontrolled hypertension; MUCH). This phenomenon 
would only be detected by ambulatory blood pressure monitoring (ABPM). Using 
thiazide-like diuretics can overcome this problem because these agents have a lon-
ger duration of action (24  h). However, statistics obtained from the Indian 
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pharmaceutical industry reveal that HCTZ continues to be the most prescribed 
diuretic for hypertension in that country.

Thiazide-like diuretics: This group of agents includes chlorthalidone, indap-
amide and metolazone. Chlorthalidone was introduced in India in the third quarter 
of the twentieth century and the dosage recommended was 50 to 100  mg/day. 
However, it was so potent that many patients became severely hypovolaemic and 
had hypotension when treated with these dosages. Thereafter, it disappeared from 
the market and reappeared at the start of the new millennium, with recommended 
dosages of 6.25, 12.5 and 25 mg/day, based on data from the Western literature. 
Recommendations based on research conducted in Western populations are mostly 
adopted in Asia, meaning that chlorthalidone has been gaining popularity in Asia. In 
India, usage of chlorthalidone has increased over the last decade, but it remains in 
second place behind HCTZ in terms of popularity. Nevertheless, chlorthalidone has 
a 24-h duration of action and is twice as potent as HCTZ.

In Asia, as in other countries, both thiazide-type and thiazide-like diuretics have 
an important role to play in antihypertensive therapy when given in combination 
with RAS inhibitors. RAS inhibitors have a dual action (BP lowering and anti-
proteinuric) due to their pleotropic properties. However, the BP-lowering effect is 
often blunted in patients with a high salt intake [14, 15]. Both thiazide-type and 
thiazide-like diuretics have additive BP-lowering effects when given with RAS 
inhibitors in CKD stages 1 to 4. Their mechanism of action is volume depletion, and 
they are also useful because they counteract the hyperkalaemic effects of RAS 
inhibitors. In India, most nephrologists give diuretics and RAS inhibitors as indi-
vidual pills because this allows one component of the treatment regimen to be easily 
withdrawn or modified. However, these treatments are of little use once the glo-
merular filtration rate (GFR) falls below 30 mL/min (i.e., CKD stage IV and V). In 
contrast, physicians and diabetologist tend to use single pill combinations which 
contain both agents in a single formulation.

Metolazone was developed by an Indian scientist, Dr. Bola Vithal Shetty, in the 
USA in the 1970s, but reached India only about 20 years ago. Its action is very simi-
lar to other thiazide-like diuretics, and metolazone is most useful in CKD stage IV 
and V. Unlike other agents in these classes, metolazone remains effective even when 
GFR decreases. Hence it does not require dosage adjustment in low GFR states. 
Thiazide-type and thiazide-like diuretics at the apical membrane of the distal con-
voluted tubule (DCT) cells must first be filtered into the tubules via the glomerulus 
by glomerular filtration. Metolazone apparently acts directly on the DCT via the 
basolateral membrane of DCT cells. When metolazone is given 30 min prior to a 
loop diuretic (e.g., furosemide or torsemide) it blocks reabsorption of sodium in the 
DCT in advance. The increased amount of sodium leaving the loop of Henle due to 
the loop diuretic and arriving at the DCT therefore fails to get reabsorbed. Thus, in 
CKD, metolazone helps to enhance natriuresis and diuresis, decreasing intravascu-
lar volume and reducing BP. Metolazone is gaining popularity amongst nephrolo-
gists and cardiologists in India.

Mineralocorticoid receptor antagonists (MRAs): These are primarily used as 
the fourth drug for add-on therapy in patients with resistant hypertension [16]. It is 
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important to monitor serum potassium levels in patients taking MRAs, especially 
when these agents are used in combination with RAS inhibitors.

Most guidelines define resistant hypertension as a failure to reach target BP dur-
ing treatment with three antihypertensive agents, but only if one of these three drugs 
is a diuretic used at an appropriate dosage [10, 17]. In India, most patients labelled 
as having resistant hypertension do not actually meet the definition because a 
diuretic was either not used or used at an inappropriate dosage [18].

The PATHWAY-2 study compared spironolactone with doxazosin (an alpha-
blocker) to try and determine the optimal treatment for drug-resistant hypertension 
[16]. The results showed that the alpha-blocker was less effective than spironolactone. 
As a result, worldwide usage of MRAs for the management of resistant hypertension 
has increased significantly [19]. However, in India, the most commonly used add-on 
therapy for resistant hypertension is either an alpha-blocker (prazosin) or a centrally 
acting agent such as clonidine or moxonidine [20]. There is reluctance to use spirono-
lactone and a preference for alpha-blockers or other agents in this setting due to con-
cerns that spironolactone may cause hyperkalaemia. In addition, alpha-blockers have 
the advantage of relieving urinary outlet dysfunction, particularly in males.

Using spironolactone or other MRAs as add-on therapy in patients with resistant 
hypertension required regular monitoring of serum potassium levels. The risk of 
hyperkalaemia during MRA therapy is higher in older patients, patients with diabe-
tes, patients receiving RAS inhibitors, and those with borderline serum creatinine 
values indicative of early CKD stage III particularly in old age [21].

Difficulties in diagnosing and counteracting hyperkalaemia during MRA therapy 
are also a deterrent to their usage. Acute life-threatening hyperkalaemia would 
require expensive hospital, and potentially intensive care unit, admission. Most 
patients in India pay for their own medical care and medical insurance is only avail-
able to a small proportion of individuals. The only treatment available for chronic 
hyperkalaemia in most of Asia is Calcium Resonium, which cannot be used for 
more than a few days at a time due to unacceptable side effects.

Other potassium-sparing diuretics: Amiloride and triamterene were initially 
popular, mostly in combination with loop diuretics to protect against hypokalaemia, 
which was dangerous for patients with heart failure being treated with digitalis; 
however, usage of these diuretics largely stopped when digitalis treatment of heart 
failure became less popular.

Other agents with diuretic effects: Drugs that reduce BP by diuresis also 
include the recently developed sodium-glucose cotransporter 2 (SGLT2) inhibitors 
and tolvaptan. SGLT2 inhibitors produce diuresis and natriuresis, and trials have 
shown a 3- to 5-mm reduction in SBP during treatment with these agents [22]. 
Tolvaptan is an aquaretic that does not have a marked effect on BP [23].

21.3	 �Special Features in Asians

There are a number of important differences between patients with hypertension 
from Asia and those from Western populations [24].
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Genetic factors: Some Asian populations have a higher prevalence of metabolic 
syndrome and diabetes [3], meaning that they are at greater risk of developing ath-
erosclerotic cardiovascular disease (ASCVD). Individuals from South Asia have a 
thrifty gene, which is related to central obesity and insulin resistance [3]. The 
genetic risk of hypertension and target organ damage is variable in different parts of 
Asia [3, 25, 26].

Salt sensitivity: Salt sensitivity increases with age and is present in many Asian 
populations [27]. Salt sensitivity can be present in patients with normal BP as well 
as those with hypertension. The “Gensalt” study [28] from China estimates that 
about 40% of Chinese adults are salt sensitive. In a north Indian community, a salt-
sensitive phenotype was found in 40.8% of normotensive individuals and 47.6% of 
those with hypertension, and consumption of extra salt in the diet was indepen-
dently associated with enhanced salt sensitivity [29]. Acquired salt sensitivity is 
also seen in CKD, obesity and diabetes. When the human body is deprived of salt in 
the diet, it responds by activating the renin–angiotensin–aldosterone system (RAAS) 
to prevent a significant reduction in BP [27]. In contrast, salt-sensitive individuals 
exhibit a blunted response of the RAAS meaning that BP reduces to a greater extent 
than in non-salt sensitive individuals. BP reductions in salt-sensitive patients with 
hypertension have a smaller reduction in BP during treatment with RAS inhibitors 
compared with that during treatment with diuretics and CCBs. It has been suggested 
that salt-sensitive patients with hypertension who have a low renin level would be 
best managed with a diuretic [30].

Salt intake: Diets in most Asian countries contain a higher intake of salt com-
pared with Western diets [31]. Dietary salt intake comes from three main sources: as 
part of the food consumed (e.g., processed meat and other foods, seafood, etc.); salt 
added during the cooking process; and table salt sprinkled on food after serving. 
The World Health Organization (WHO) recommends a salt intake of 5 g/day as 
ideal. However, recent data show that the average Indian consumes 11–15 g/day of 
salt, [32] while average salt intake in China is 13 g/day [33]. Within each of these 
two large nations, there are major regional differences in the dietary sources of salt 
and in the magnitude of salt intake. Mean salt consumption in the Japanese popula-
tion varies between 8.3 and 23.3 g/day [34]. In this group, those with salt intake in 
the lowest quartile (mean 8.3 g/day) had a mean BP that was 4.5 mmHg lower than 
that in individuals with salt intake in the highest quartile (23 g/day) [34]. The high 
proportion of salt-sensitive individuals and the higher salt intake in Asian popula-
tions means that diuretics would be very effective in the management of hyperten-
sion in Asia.

Environmental factors: The climate in Asian countries has a much greater 
influence on health outcomes and the effects of antihypertensive therapy than in the 
Western world [35]. Western populations are mostly protected from extremes by 
artificial environments created by air conditioning, home heating, etc. For example, 
in the city of Chandigarh, Punjab India, the temperature may exceed 40–45 °C in 
summer, but be in single digits during winter. Under these circumstances, average 
rural workers in fields and mines are required to consume much more water than 
office workers in the city [36]. If these individuals are taking diuretics, they are at 
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much higher risk of sodium and water imbalance, resulting in hypo- or hypernatre-
mia and prerenal azotaemia. In extreme circumstances, these may progress to acute 
kidney injury, heatstroke and heat stress renal failure. Therefore, patients using 
diuretics are very vulnerable and need extra care and supervision.

Socioeconomic factors: Phillip et al. [37] compared treatment initiation (step 1) 
and modification (steps 2 and 3) for hypertension between clinical practice guide-
lines in high-income countries (HIC), upper middle-income countries (UMIC), 
lower middle-income countries (LMIC) and low-income countries (LIC). In LICs, 
57% of guidelines recommended starting with diuretic monotherapy [37]. In the 
latter half of the twentieth century, many countries like India, which is now classi-
fied as a LMIC, followed a similar pattern. In 30% of LMICs, current recommenda-
tions now suggest starting antihypertensive therapy with a combination of a CCB 
and a diuretic. Most Asian guidelines now recommend starting treatment with a 
RAS inhibitor, CCB or diuretic for patients with Grade I hypertension (SBP 
140–159 mmHg) and a combination of any two of these agents in patients with 
Grade II hypertension (SBP >160 mmHg) [3, 5, 25].

Physician knowledge and choices: The choice of antihypertensive drug(s) also 
depends on physician preference and drug availability and cost. In India, pharma-
ceutical industry sales data suggest that the current antihypertensive usage pattern is 
as follows: beta-blockers in 28% of patients, ARBs in 28%, CCBs in 25%, diuretics 
in 15% and angiotensin-converting enzyme inhibitors (ACEIs) in 5%. Thus, surpris-
ingly, beta-blockers remain one of the most commonly used drug classes in India, 
despite guideline recommendations that state otherwise. However, it is difficult to 
determine the proportion of beta-blocker and RAS inhibitor usage that relates solely 
to the treatment of hypertension because these agents can be used for other cardiac 
conditions. In addition, diuretic data reflects the usage of these agents in cardiac and 
renal disease as well as hypertension. Of available diuretics, only thiazide-type and 
thiazide-like agents are almost exclusively used for hypertension.

In India, 70% of the total diuretic usage is as part of combination therapy and 
only 30% relates to diuretic monotherapy. With respect to combination therapy con-
taining diuretics, the most popular is HCTZ + ARB, followed by (in decreasing 
usage) chlorthalidone + ARB, HCTZ + ACEI, HCTZ + CCB, HCTZ + beta-blocker, 
chlorthalidone + beta-blocker, chlorthalidone + CCB, indapamide + CCB, indap-
amide + beta-blocker and indapamide + ARB.

Drug trials in China suggest that best antihypertensive results are obtained when 
using dihydropyridine CCBs [5]. Therefore, these are the most used antihyperten-
sive drugs. The guidelines suggest that the poor control of high BP is due to inade-
quate drug dosing and insufficient use of RASIs and diuretics.

21.4	 �Antihypertensive Agents Used in Asia

Physicians in Asia have a number of antihypertensive therapy options to choose 
from: RAS inhibitors (ACEIs and ARBs), CCBs, diuretics, beta-blockers, alpha-
blockers, drugs acting on the central sympathetic nervous system, and (in some 
settings) MRAs. Many of these agents are not only used for hypertension but also 
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for other indications. For example, ACEIs and ARBs are also used in cardiac dis-
eases and CKD. CCBs are currently used primarily for hypertension because they 
are not a treatment of choice in patients of ischaemic heart disease (IHD). Diuretics 
are also used in heart failure, cirrhosis of liver and some other fluid-retaining states. 
In addition to hypertension, beta-blockers are used in IHD, heart failure, anxiety 
states, portal hypertension, liver cirrhosis and migraine, and alpha-blockers are also 
used in bladder outlet disease.

21.5	 �Use of Diuretics in Asian Countries

Diuretics have shown to reduce the incidence of stroke and CVD [38]. The effec-
tiveness of antihypertensive therapy diuretics is likely to be higher in Asians com-
pared with other populations for a number of reasons. These include the fact that 
Asians are genetically prone to higher salt sensitivity, Asians have a higher dietary 
salt intake making them even more salt sensitive and diuretic sensitive, a large pro-
portion of Asians have diabetes mellitus and/or metabolic syndrome (both of which 
contribute to salt sensitivity), and people become more salt sensitive as they age 
[39]. In addition, the lower cost of diuretic therapy compared with other antihyper-
tensive drugs is economically beneficial in many settings.

Data from China and Japan suggest that most antihypertensive prescriptions in 
these countries are at dosages much lower than those recommended by guidelines 
and the product prescribing information [5, 26]. This is also the case in India.

Diuretics are most often used in combination with other antihypertensives, and 
usually in single pill combinations with other agents. For example, in Japan, diuretic 
monotherapy only made up 5% of prescriptions, while 95% of diuretics were pre-
scribed with other agents. There has been a recent increase in single pill diuretic use 
for high BP from 4.3% to 9.3%. The J-HOME study [40] showed that CCBs were 
the most commonly prescribed antihypertensive agents in Japan, while diuretic 
monotherapy was uncommon. The most frequently prescribed combinations in 
Japan are CCB + diuretics (60%) or RAS inhibitor + diuretics [40]. In China, there 
appears to be a preference for initiating antihypertensive therapy at low dosages, 
using long-acting drugs, using combination preparations rather than single-agent 
preparations, and individualised prescription.

Why still diuretics are underutilised in Asia: Overall, diuretics are underuti-
lised as first-line antihypertensive therapy in Asia. There are a number of potential 
reasons for this: Firstly, there may be concern about the metabolic adverse effects of 
diuretics, including glucose intolerance, hypokalaemia, hyperlipidaemia/hypertri-
glyceridaemia, hyperuricaemia and gout, hypomagnesaemia and hyponatraemia, 
especially in the elderly. Although these adverse events do occur, their incidence 
and severity are not enough to justify non-use of diuretics, which can be prescribed 
and used safely with good supervision and monitoring. Secondly, changes in socio-
economic status, the adaptation of Western guidelines, and increasing affordability 
of RAS inhibitors and CCBs might contribute to lower diuretic usage. Finally, lack 
of specialised hypertension clinics staffed by qualified doctors may also contribute 
to diuretic underutilisation.
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21.6	 �Conclusion

Diuretics are one of the three drug classes currently recommended for the first-line 
treatment of hypertension (along with RAS inhibitors and CCBs). However, diuret-
ics remain underutilised in many Asian countries. In addition, there remains room 
for improvement in the use of thiazide-type diuretics rather than thiazide-like diuret-
ics. Appropriate usage of diuretics as part of guideline-driven antihypertensive ther-
apy has the potential to contribute to improvements in cardiovascular morbidity and 
mortality. All stakeholders in hypertension care in Asia, including government 
health authorities, the pharmaceutical industry, scientific associations of treating 
physicians and individual practitioners writing prescriptions for patients with hyper-
tension should take note and facilitate better diuretic utilisation.
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Beta-Blockers for Hypertension in Asian 
Population

Marie Barrientos-Regala and Joan Dymphna P. Reaño

22.1	 �Introduction

Worldwide, approximately a quarter of the adult population has hypertension [1]. 
The trend is increasing among Asian countries, particularly among low-income and 
middle-income countries. More than half of this rise is attributable to population 
aging, as well as the adoption of unhealthy lifestyles [2–4]. In 1962, Sir James 
Black made an important contribution in the field of medicine with the development 
of the first beta-blocker [5]. However, since the early 1990s, the use of beta-blockers 
as initial therapy in hypertension management has become somewhat controversial 
with most of the studies reporting its unfavorable effects in hypertension therapy 
using mostly the second-generation drug, atenolol [6].

In 2005, a meta-analysis by Lindholm et al. found a 16% increase in relative risk 
of stroke with beta-blockers compared with other drugs while in 2007, an increase 
of new-onset diabetes in beta-blocker-treated patients was reported [7, 8]. The large 
hypertension trials, Losartan Intervention for End Point Reduction in Hypertension 
(LIFE) and the Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure 
Lowering Arm (ASCOT-BPLA) studies meanwhile also demonstrated a clear supe-
riority of newer antihypertensives, losartan, and amlodipine, respectively, compared 
to atenolol and the combination with diuretics [9].

Taken together, recommendations in certain hypertension management guide-
lines have been based on negative clinical data with some beta-blockers particularly 
atenolol [6]. The hesitancy from using beta-blockers is largely attributed to unfavor-
able outcome results of specific beta-blockers in clinical trials, mostly those in the 
first and second generation [10]. In contrast to these, those of the third-generation 
beta-blockers were found to exert considerably better metabolic and hemodynamic 
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profiles. An example of this is nebivolol, which has been shown to have similar or 
even better treatment response when compared with other available blood pressure 
(BP) lowering medications, with significantly better tolerability [11].

22.2	 �Recommendations on the Use of Beta-Blockers Based 
on Current Guidelines

Although the use of beta-blockers as first-line agents for hypertension is still a sub-
ject of discourse, they are consistently part of the armamentarium for controlling 
hypertension. The role of beta-blockers in the management of hypertension appears 
certain but the strength of recommendation varies across different populations.

In the 2018 European Society of Hypertension/European Society of Cardiology 
(ESH/ESC) guidelines on hypertension, beta-blockers are included as one of the 
five major drug classes recommended for the initial treatment of hypertension 
(angiotensin converting enzyme inhibitors, angiotensin receptor blockers, beta-
blockers, calcium channel blockers, and diuretics). The benefit from their use is 
mainly obtained from BP lowering, thereby reducing overall major cardiovascular 
outcomes and mortality [12]. However, it is recognized that between drugs there are 
certain differences in outcomes such as less benefit in heart failure prevention with 
calcium channel blockers (CCBs) and less stroke prevention with beta-blockers. 
Beta-blockers in general appear to be relatively less effective in controlling central 
aortic BP, to which cerebrovascular events are sensitive [13]. However, nebivolol 
has shown relatively favorable effects on central BP, aortic stiffness, and endothelial 
dysfunction, as well as a more favorable side effect profile than classical beta-
blockers [14, 15]. The ESH/ESC guidelines state that beta-blockers have shown 
specific usefulness for the treatment of hypertension in particular situations such as 
symptomatic angina, post-myocardial infarction (MI), heart failure with reduced 
ejection fraction (HFrEF), and as an alternative to angiotensin converting enzyme 
inhibitors (ACEI) or angiotensin receptor blockers (ARBs) in young hypertensive 
women who are planning pregnancy or of child-bearing potential.

There is relatively not much mention about the position of beta-blockers as first-
line hypertensive agents in other major guidelines. In the ACC/AHA hypertension 
guidelines they are recommended as first-line antihypertensive agents only if the 
patient has ischemic heart disease or heart failure (HF) [16]. Similarly, the 
International Society of Hypertension (ISH) considered beta-blockers at any antihy-
pertensive treatment step when there is a specific indication for their use (HF, 
angina, post-MI, AF, or younger women with or planning pregnancy) [17]. The 
2014 Evidence-Based Guideline for the Management of High Blood Pressure in 
Adults Report From the Panel Members Appointed to the Eighth Joint National 
Committee (JNC 8) recommended beta-blockers as one of the options for add-on 
treatment if goal BP is not achieved with first-line antihypertensives [18]. In the 
NICE 2020 hypertension guidelines, beta-blockers should be considered as add-on 
treatment to ACEI/ARB, CCB, and thiazide-like diuretic for adults with resistant 
hypertension [19].

M. Barrientos-Regala and J. D. P. Reaño



311

In Asia, hypertension guidelines have been developed and updated by countries 
such as Korea, Japan, Taiwan, and China, hopefully creating the foundation for the 
concrete establishment of Asian hypertension guidelines [20]. China, Korea, and 
Taiwan include beta-blockers in the five classes of first-line drugs, while only the 
Japanese guidelines relegate them to second line [21].

The Korean Society of Hypertension recommend beta-blockers as first-line treat-
ment for hypertension but emphasized that the choice of antihypertensive drug 
should be according to the patient’s combined risk factors and comorbidities. It 
mentioned the absolute indications for beta-blockers such as IHD and MI and the 
relative indications such as tachyarrhythmia [22]. Furthermore, the guidelines 
stressed the special precautions for the use of beta-blockers such as in the elderly 
and in those at risk of developing diabetes, in which concomitant use of beta-
blockers with diuretics should be avoided.

The Taiwan Society of Cardiology and the Taiwan Hypertension Society suggest 
that beta-blockers, except atenolol, can be used as the first-line therapy for hyper-
tension. They are especially recommended in patients with coronary heart disease 
(CHD), history of MI, and in patients with higher heart rates, particularly 80 beats 
per minute [23].

In the Chinese hypertension guidelines, beta-blockers are included in the first-
line agents for hypertension but were mentioned as especially suitable for patients 
with tachyarrhythmia, CHD, chronic HF, increased sympathetic activation, and 
high-dynamic hypertension [24].

22.3	 �Role and Efficacy of Beta-Blockers in the Treatment 
of Hypertension

22.3.1	 �Clinical Profile of Beta-Blockers in Hypertension

First-generation beta-blockers (e.g., propranolol, pindolol) are non-selective and 
show no vasodilation effect. Second-generation beta-blockers (e.g., atenolol, biso-
prolol) are considered β1-selective, while third-generation beta-blockers (e.g., 
carvedilol, nebivolol, labetalol) show additional vasodilatory properties [2]. Non-
vasodilating beta-blockers are said to have suboptimal effect in lowering BP, a 
reduced effect on left ventricular hypertrophy, and unfavorable hemodynamics and 
metabolic effects. In contrast, third-generation beta-blockers do not just have vaso-
dilatory properties but are also said to demonstrate a more favorable effect on meta-
bolic and hemodynamic parameters, with fewer side effects [22, 25, 26].

22.3.2	 �Specific Groups to Highly Benefit 
from Beta-Blocker Treatment

Various groups of hypertensive patients have been found to benefit from beta-
blocker treatment. Among these are hypertensive patients with HF, hypertensive 
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patients with CAD, hypertensive patients with increased sympathetic activity 
(including obese patients), diabetic patients with hypertension, hypertensive patients 
with atrial fibrillation with rapid ventricular rate and among pregnant hypertensive 
patients [27].

22.4	 �Present Hypertension Burden

Noticeably in the last 10 years, the prevalence of hypertension in most Asian coun-
tries has increased and this has been attributed to acculturation to Western lifestyle, 
modernization, and urbanization [21]. The prevalence of hypertension among Asian 
populations has been observed to be variable, ranging between 13.6 and 47.9%, 
with a number of countries having BP ranges that are above the global average [28].

Western hypertension guidelines are relatively more established than Asian 
guidelines but before adopting them into clinical practice among Asian countries, 
the profile of Asian patients should be considered. There is increasing awareness 
that Asian populations have distinctive characteristics in terms of antihypertensive 
medication response, complications, and outcomes [29]. Stroke, especially hemor-
rhagic stroke, and nonischemic HF are noted to be more common in Asian than 
Western populations. Stroke in the Asian population is more closely related to 
hypertension than CAD or renal disease [30]. Furthermore, the increased prevalence 
of hypertension and diabetes in the Asian population may elucidate the high rate of 
stroke and CAD [30–32].

Hypertension is still an area of medical concern in Asia as the control of BP is 
usually suboptimal in clinical practice [33]. Since it is not yet completely estab-
lished whether reduction in cardiovascular events may be achieved regardless of the 
antihypertensive class used, selecting appropriate BP-lowering drugs is a challenge 
in Asian populations because of the lack of existing Asia-specific data [21].

22.5	 �Hypertension and Ethnicity

22.5.1	 �Hypertension Among Different Racial Groups

Significant ethnic differences in the determinants of hypertension are observed 
among populations [33–36]. For instance, BP correlation to cardiovascular disease 
is stronger in Asians than in white subjects from Australia and New Zealand [37, 
38]. In addition, Asians tend to have higher salt sensitivity and salt intake than 
Western populations, which may be related to the salt-sensitive gene polymorphism 
of the renin–angiotensin system (RAS) [39]. Vascular aging, indicated by increased 
arterial stiffness, may have a greater significance on hypertension outcomes of 
Asian patients than Western patients [40].

Asians are predisposed to increased central aortic pulse pressure because of the 
relatively larger diameter and thinner media at the proximal aorta that modulates the 
interaction between ventricular ejection and arterial load [41]. In addition, the 
shorter stature of Asians contributes to increased augmentation of central pulse 
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pressure from peripheral arterial wave reflections, which is an independent determi-
nant of incident hypertension [42, 43]. Hence, Asians may have a greater wall stress 
and stiffness at the proximal aorta than white populations.

Similar to Asians, blacks also have unique features that contribute to develop-
ment of hypertension as follows: (1) low renin levels leading to additional sodium 
reabsorption by the kidneys; (2) a more active sodium-potassium-chloride cotrans-
porter in the thick ascending limb of the kidneys; and (3) reduced bioavailability of 
nitric oxide in blacks [44–48].

Among the racial groups, the Asian populations are currently said to be the most 
technological because studies looking into new drug targets and susceptibilities are 
emerging. As such, clinicians should continue to assess epidemiologic, genetic, and 
sociologic factors among populations to achieve maximal medical therapy [49].

22.5.2	 �Inter-Ethnic Differences in Response to Beta-Blockers

One of the genetic polymorphisms mostly studied for beta-blockers is observed in the 
beta-1-adrenergic receptor (ADRB1) gene which codes for the β1 adrenergic recep-
tors. These are important in the regulation of cardiac rate and contractility as well as 
renin release in the kidneys. The Arg389Gly genotype of the ADRB1 gene was asso-
ciated with better response to beta-blockers in lowering BP in a study among Chinese 
patients [50, 51]. Another known variant associated with responsiveness to beta-
blockers includes polymorphisms of the cytochrome P450 family 2D6 (CYP2D6) 
[18] which has considerable variability in the frequency of individual variants between 
populations. This variation is not only present when comparing inter-ethnic differ-
ences between Asians and Caucasians, but within the Asian population as well. The 
metabolism of certain beta-blockers is particularly dependent on this variability and 
their effects may vary based on ethnic differences [52–54]. A study including Chinese 
subjects demonstrated that propranolol exerted greater effects in Chinese subjects 
compared to Caucasians. As for metoprolol, they have found that Chinese extensive 
metabolizers have a reduced capacity to metabolize metoprolol when compared to 
their Korean or Japanese counterparts [55]. Meanwhile, in another study by Sy et al., 
the Klotho Variant rs36217263 was noted to be associated with poor response to car-
dioselective beta-blocker therapy among Filipino subjects [17].

Among different Asian ethnic groups, pharmacodynamic responses may also 
vary among some groups. In a study by Rasool et al. [56], healthy Malay volunteers 
had more pronounced bradycardic and hypotensive responses compared to those of 
Indian or Chinese ethnicities.

22.6	 �Concerns/Disadvantages Attributed with Use 
of Beta-Blockers

There have been several concerns over the use of beta-blockers for hypertension 
among the Asian population and this has been attributed to a variety of factors. 
Among them is the risk for upper airway sensitivity. Clinicians often refrain from 
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prescribing them with an underlying disease of concern such as asthma. This has 
created some dilemma for physicians considering treatment with beta-blockers for 
patients in this population. However in recent years, several studies have already 
shown that cardioselective beta-blockers are better beta-blocker options for patients 
with airway reactivity [57].

Another concern is the risk of developing new-onset diabetes. Several studies in 
the literature have investigated the metabolic side effects of beta-blockers. In these 
studies, they have noted that because of a deterioration in insulin resistance, vaso-
constricting beta-blockers lead to an increased risk of new-onset diabetes and a 
worsening of glycemic control [58]. Conventional beta-blockers are said to provide 
unopposed alpha-1 activity, causing vasoconstriction and decreased blood flow to 
skeletal muscles resulting in a decrease in insulin-stimulated glucose uptake in mus-
cles, thereby causing insulin resistance. Insulin secretion from pancreatic beta-cells 
is also affected by intake of nonvasodilatory beta-blockers [59]. However, several 
newer generation beta-blockers like nebivolol are said to decrease BP without 
increasing the risk of incident diabetes [60].

Other concerns over its use include severe bradycardia and inadequate control of 
central blood pressure especially among the elderly. Inadequate BP control when 
used as monotherapy is also another reason for its decreasing popularity in some 
Asian countries [21].

22.7	 �Utility of Beta-Blockers in the Management 
of Hypertension

Although most guidelines by Asian societies on hypertension include beta-blockers 
as first-line antihypertensive agents and recognize their more specific benefits in 
certain conditions, such as CHD and HF, there is still some reluctance in prescribing 
beta-blockers within Asia. Clinical experts in Asia attempt to allay this concern by 
proposing to hold group discussions and developing simplified treatment algorithms 
[27]. Beta-blockers, similar on average to all other antihypertensive agents, provide 
effective BP lowering, which made them find their role as first-line hypertensives in 
specific conditions in Asian populations. Furthermore, highly beta1-selective beta-
blockers or those with vasodilating effects may be preferred as initial antihyperten-
sive agents.
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Newer Angiotensin Receptor Blockers

S. S. Iyengar and N. Saleha

23.1	 �Introduction

The renin–angiotensin–aldosterone system (RAAS) plays a central role in blood 
pressure (BP) regulation, and fluid and electrolyte homeostasis, and regulates endo-
thelial function, vascular reactivity, tissue remodelling, oxidative stress, and inflam-
mation [1]. Thus, the RAAS represents an important target for the prevention and 
treatment of cardiovascular disease. Of the various BP-lowering drugs currently 
available, those targeting the RAAS are the cornerstone of hypertension manage-
ment. There are four classes of RAAS blockers: angiotensin-converting enzyme 
(ACE) inhibitors, angiotensin receptor blockers (ARBs), mineralocorticoid receptor 
antagonists (MRAs), and direct renin inhibitors (DRIs). Of these, ARBs are the 
most widely used to treat hypertension and heart failure due to their documented 
efficacy and favourable tolerability profile.

The first agent used to block the angiotensin II (AT2) receptor was saralasin. 
However, the peptide nature of this molecule meant that it must be administered 
intravenously, and it has some partial agonistic and AT II-like effects at higher 
doses. It also has a very short duration of action [2]. The need to selectively block 
the AT2 receptor led to the development of the first orally active agent, losartan, 
followed by a variety of others, including valsartan, irbesartan, eprosartan, candes-
artan, and telmisartan.
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23.2	 �Mechanism of Action

Angiotensin II is one of the critical components of the RAAS. It mediates various 
actions by binding to AT1 and AT2 receptors. Angiotensin II binds to AT1 receptors, 
which are highly expressed in vascular tissues and the adrenal gland, causing sig-
nificant vasoconstriction. It also promotes sodium and water retention and inhibits 
further secretion of renin [3]. The binding of angiotensin II bound to AT2 receptors 
produces the opposite effects, including natriuresis, a decrease in blood pressure 
(BP), and attenuation of vasoconstriction [3] (Table 23.1). ARBs selectively bind to 
AT1 receptors to directly prevent these actions of angiotensin II (Fig. 23.1). The 
newer ARBs azilsartan and fimasartan are highly selective for the AT1 receptor and 
do not cause blockade of AT2 receptors [4, 5].

23.3	 �Next-Generation Multifunctional ARBs

ARBs are effective in controlling BP and have shown beneficial effects on cardiac 
hypertrophy, heart failure, and diabetic nephropathy [1]. However, existing agents 
only partially reduce cardiovascular morbidity and mortality [2, 3], and there is 
still room for further reduction by targeting other pathways. Therefore, newer 
generation ARBs that are expected to provide superior control of BP and better 
modulate the associated cardiovascular and metabolic risk factors in patients with 
hypertension, diabetes, and heart failure are under development [4, 5]. The ability 
of researchers to design bifunctional molecules that not only block AT1 receptors 
but also target other pathways involved in the regulation of BP and the pathogen-
esis of cardiovascular and metabolic diseases has opened a new avenue for the 
development of next-generation ARBs (Fig.  23.2). ARB developmental mile-
stones are shown in Fig. 23.3.

Table 23.1  Actions mediated by angiotensin II type 1 (AT1) and type 2 (AT2) receptors [3]

AT1 receptor actions AT2 receptor actions
•  Vasoconstriction
•  Aldosterone production and release
•  Sodium tubular reabsorption
•  Cardiac hypertrophy
•  Proliferation of vascular smooth muscle
• � Catecholamine secretion and potentiation (central 

and periphery)
•  Vasopressin release
•  Thirst
• � Renal vasoconstriction and reduction of renal blood 

flow
•  Inhibition of renin release

• � Vasodilatation via bradykinin and 
nitric oxide

•  Antiproliferative effects
• � Embryogenic differentiation and 

development
•  Stimulation of apoptosis
•  Endothelial cell growth
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23.3.1	 �Nitric Oxide (NO) Donors

NO plays a major role in modulating vascular tone and has pronounced antithrom-
botic activity. It is cardio- and reno-protective. Dysregulation of the NO system is 
associated with cardiovascular disease, and reduced NO bioactivity is an important 
determinant of endothelial dysfunction and hypertension [6]. Several academic 
groups and biopharmaceutical companies are pursuing the discovery and develop-
ment of NO donor hybrid drugs. Ex vivo and in vitro studies with NO-releasing 

Angiotensinogen

Angiotensin I (1-10)

Angiotensin II (1-8)

AT1 Receptor AT2 Receptor

ARBs

ACE-2

ACE-2

ACE

Renin RENIN
INHIBITOR

ACE
INHIBITOR

Fig. 23.1  Scheme of the 
extended renin–
angiotensin–aldosterone 
system showing targets for 
antihypertensive drugs. 
ACE angiotensin-
converting enzyme, AT1 
angiotensin II type 1, AT2 
angiotensin II type 2

1st Generation ARBs AT1
Receptor Blockade

2nd Generation ARB
Telmisartan

3rd Generation ARBs More
than AT1 Blockade 

Fig. 23.2  Bridge to the future for next-generation angiotensin receptor blockers (ARBs). AT1 
angiotensin II type 1
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losartan and telmisartan have shown superior cardiovascular effects compared with 
other ARBs [7–9]. However, there are not yet any clinical data with these agents.

23.3.2	 �ARBs that Block Endothelin Receptors

Sparsentan is the first and only dual-acting angiotensin and endothelin receptor 
antagonist (DARA) in development. It is an orally active compound combining 
endothelin type A (ETA) receptor blockade with AT1 receptor antagonism in a single 
molecule. The US Food and Drug Administration (FDA) has granted sparsentan an 
orphan drug designation for the treatment of immunoglobulin A (IgA) nephropathy. 
Sparsentan has been used in trials of patients with focal segmental glomerulosclero-
sis (FSGS). In the DUET phase 2 randomised, double-blind, active-control, dose-
escalation study patients with FSGS showed significantly greater reductions in 
proteinuria after 8 weeks’ treatment with sparsentan versus irbesartan [10]. 
Sparsentan was safe and well tolerated in these patients. Mild-to-moderate oedema 
developed in a few patients, but they remained stable. The authors commented that 
the contribution of ET receptor inhibition to fluid retention was difficult to judge 
[10]. Based on these positive findings, the phase 3 randomised, double-blind, active-
controlled DUPLEX trial has been initiated to assess antiproteinuric efficacy, 
nephroprotection, safety, and tolerability with combined inhibition of ETA and AT1 
over a 2-year period [11].

23.3.3	 �ARBs that Inhibit Neprilysin Activity

Neprilysin is a membrane-bound zinc metalloproteinase that degrades endogenous 
natriuretic peptides involved in the regulation of sodium and water homeostasis. 

1986 1990 1991 1995 2011 2012

Losartan Telmisartan Olmesartan

Valsartan
Irbesartan

Candesartan

Azilsartan

Fimasartan

Fig. 23.3  Milestones in the development of angiotensin receptor blockers
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Therefore, neprilysin inhibition is associated with increased levels of natriuretic 
peptides that have antihypertensive effects. However, neprilysin inhibition also 
increases levels of vasoconstrictor peptides, including angiotensin II [12]. Thus, 
dual inhibition of neprilysin and ACE has complementary effects and is more effec-
tive than inhibiting either one of these enzymes alone. However, combining nepri-
lysin inhibition with an ACEI resulted in high bradykinin levels and a high incidence 
of angioedema [13]. Therefore, the combination of a neprilysin inhibitor with an 
ARB is preferable.

This new drug class is called angiotensin receptor-neprilysin inhibitor (ARNI), 
and sacubitril/valsartan is the first agent in this class to be approved. Sacubitril/
valsartan is FDA approved for the treatment of patients with chronic heart failure 
with reduced ejection fraction (HFrEF) in New York Heart Association (NYHA) 
functional class II, III, or IV [14].

23.3.4	 �ARBs that Cross Blood–Brain Barrier

Earlier work has indicated that some, but not all, antihypertensive drugs may benefit 
cognition and reduce risk for Alzheimer’s disease, independent of stroke [15]. One 
of these groups of antihypertensive agents is the ARBs.

Valsartan, telmisartan, and candesartan all cross the blood–brain barrier (BBB), 
whereas other ARBs do not (including irbesartan, olmesartan, losartan, and eprosar-
tan) [16] (Fig. 23.4). In a study enrolling 1626 adults aged 55–91 years who did not 
have dementia, ARB users showed preserved memory over 3 years of follow-up 
compared with those taking other antihypertensive drugs [17]. Patients taking ARBs 
that crossed the BBB had better list-learning memory performance over time com-
pared with other groups, including normotensives [17].

Losartan

Irbesartan

Candesartan

Valsartan

Olmesartan

Telmisartan

Eprosartan

Azilsartan
Fimasartan

Sparsentan – dual acting angiotensin 
and endothelin receptor antagonist

ARNI – neprilysin inhibitor (sacubitril) 
with valsartan 

BBB crossers
Telmisartan
Valsartan
Candesartan

BBB non-crossers
Losartan
Irbesartan
Olmesartan
Eprosartan  

Older ARBs Newer ARBs BBB properties

Fig. 23.4  Angiotensin receptor blockers (ARBs) and their ability to cross the blood–brain barrier. 
ARNI angiotensin receptor-neprilysin inhibitor
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23.4	 �Newer ARBs

23.4.1	 �Azilsartan

Azilsartan medoxomil was developed by Takeda Global Research USA and was the 
eighth ARB to be approved by FDA. It was approved in February 2011 for treatment 
in hypertension in adults in the USA and is now available worldwide either as the 
prodrug (azilsartan medoxomil) or the primary compound (azilsartan) and can be 
used alone or in combination with other antihypertensive drugs.

23.4.1.1	 �Pharmacokinetics
Azilsartan is formulated as its prodrug, azilsartan, medoxomil. It is absorbed rap-
idly in the gut and hydrolysed to the active metabolite azilsartan in the liver, primar-
ily by the enzyme CYP2C9 [4]. Bioavailability after oral administration is 60%, 
with an elimination half-life of about 11 h. The time to peak plasma concentration 
is 1.5–3 h and steady-state concentrations are reached after 5 days. Azilsartan is 
excreted primarily in the faeces (55%) and 42% gets excreted in urine; 15% of azil-
sartan excreted in urine remains unchanged. Food intake has no impact on the bio-
availability of azilsartan [18].

23.4.1.2	 �Dosage
The recommended starting dosage for azilsartan in patients with hypertension is 80 mg/
day. However, therapy can be initiated at 40 mg/day in patients taking diuretics, and 
those volume-depleted or salt deprived [19]. No dose adjustment is required in the pres-
ence of mild-to-moderate hepatic or renal dysfunction, or in elderly patients. Azilsartan 
dosages studied in clinical trials compared with ACEI or ARBs is shown in Table 23.2.

Azilsartan Versus ACEIs
A double-blind, controlled, randomised trial compared the antihypertensive efficacy 
and safety of azilsartan versus ramipril in patients with clinic BP of 150–180 mmHg 
[23]. At doses of 40 and 80 mg/day azilsartan medoxomil reduced clinic and ambu-
latory systolic and diastolic BP (SBP and DBP) to a significantly greater extent than 
ramipril 10 mg/day. Azilsartan medoxomil had a similar safety profile to ramipril, 
but with a lower frequency of adverse effects and drug discontinuation [23]. Data 
from the EARLY register study showed that azilsartan lowered BP more effectively 
than ACEI; in addition, adherence to therapy was better in the azilsartan group [22]. 
Although ARBs are more effective in controlling BP than ACEIs, there does not 

Table 23.2  Doses of azilsartan and comparator agents used in clinical studies

Study Azilsartan dosage Dosage of other ARBs
Sica et al. [20] 40 or 80 mg/day Valsartan 320 mg/day
White et al. [21] 40 or 80 mg/day Valsartan 320 mg/day

Olmesartan 40 mg/day
Gitt et al. [22] 40 mg/day Ramipril 10 mg/day

ARBs angiotensin receptor blockers

S. S. Iyengar and N. Saleha



325

appear to be any differences in the effects of the two drug classes on mortality and 
cardiovascular outcomes [24].

Azilsartan Versus Other ARBs
Azilsartan has consistently been shown to be more effective than other ARBs at 
controlling systolic, diastolic, and 24-h ambulatory BP (Table 23.3) [4].

Table 23.3  Summary of clinical trial data comparing azilsartan with other angiotensin receptor 
blockers [4]

Design

Number 
of 
patients

Inclusion 
criteria Duration Dose Results

Sica 
et al. 
[20]

RCT, 
double 
blinded, 
placebo 
controlled

984 SBP 150–180 
mmHg and 
24-h mean 
SBP 130–170 
mmHg

24 
weeks

Azilsartan 40 
or 80 mg OD 
vs. valsartan 
320 mg OD

Azilsartan 40 mg 
(−14.9) and 80 mg 
(−15.3) 
significantly 
improved 24-h 
mean SBP (−11.3) 
p < 0.0001

Bakris 
et al. 
[25]

RCT, 
double 
blinded, 
placebo 
controlled

1275 SBP 150–180 
mmHg or 24-h 
mean SBP 
130–170 
mmHg

6 weeks Azilsartan 20, 
40, 80 mmHg 
OD vs. 
olmesartan 
40 mg OD vs. 
placebo

Azilsartan 80 mg 
(−14.6) 
significantly 
improved mean 
SBP vs. 
olmesartan (−12.6) 
(p = 0.038) 40 mg 
dose was 
noninferior to 
olmesartan

White 
et al. 
[21]

RCT, 
double 
blinded, 
placebo 
controlled

1291 SBP 150–180 
mmHg and 
24-h mean 
SBP 130–170 
mmHg

6 weeks Azilsartan 40, 
80 mg OD vs. 
olmesartan 
40 mg OD vs. 
valsartan 
320 mg OD

Azilsartan 80 mg 
(−14.5) 
significantly 
improved mean 
SBP more than 
olmesartan (−11.7) 
and valsartan 
(−10.2). Azilsartan 
40 mg (−13.4) 
noninferior to 
olmesartan

Rakugi 
et al. 
[26]

RCT, 
double 
blinded, 
placebo 
controlled

622 Grade I–II 
essential 
hypertension

16 
weeks

Azilsartan 
20–40 mg OD 
vs. 
candesartan 
8–12 mg OD

Azilsartan 
significantly 
improved DBP 
(−12.4) vs. 
candesartan (−9.8) 
(p = 0.0003) and 
SBP azilsartan 
(−21.8) vs. 
candesartan 
(−17.5) (p < 
0.0001)

DBP diastolic blood pressure, OD once daily, RCT randomised clinical trial, SBP systolic blood 
pressure
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After 6 weeks’ treatment, reductions in 24-h mean SBP in patients treated with 
azilsartan 40 mg/day, azilsartan 80 mg/day, valsartan 320 mg/day, or olmesartan 40 
mg/day compared with placebo were −13.2, −14.4, −10.0, and −11.7 mmHg, 
respectively [21]. Statistical comparison showed that azilsartan 80 mg/day was 
superior to valsartan and olmesartan, while azilsartan 40 mg/day was noninferior to 
the other ARBs. In addition, azilsartan was not associated with an increase in 
adverse events [21]. In another study, reductions in 24-h mean SBP were signifi-
cantly greater with azilsartan 80 mg/day versus olmesartan 40 mg/day (−14.6 vs. 
−12.6 mmHg; p = 0.038) [25]. Azilsartan dosages of 20 and 40 mg/day were non-
inferior to olmesartan 40 mg/day, and the tolerability of profile of both ARBs was 
like that of placebo [25]. Reductions in mean 24-h BP were also greater with azil-
sartan 40 and 80 mg/day compared with valsartan [20] and candesartan [26].

A meta-analysis of data from seven prospective randomised controlled trials of 
azilsartan or azilsartan medoxomil in 6152 patients with hypertension indicated a 
significant reduction in BP in patients treated with azilsartan 40 mg/day compared 
with control therapy [27].

In India, a prospective, multicentre, randomised study investigated the effects of 
azilsartan 40 mg/day, azilsartan 80 mg/day or telmisartan 40 mg/day in 303 adult 
patients with essential hypertension [28]. Based on clinic and 24-h BP measure-
ments, it was concluded that azilsartan was an effective BP-lowering drug, was well 
tolerated, and was noninferior to telmisartan with respect to both efficacy and 
safety [28].

In comparison to other ARBs, the superior antihypertensive effects of azilsartan 
could be due to its unique binding properties and greater suppression of the sympa-
thetic nervous system [29] (Fig. 23.5). It is also effective when combined with other 
antihypertensive drugs.

Azilsartan

Tight binding and slow
dissociation from AT1

receptors

Strong suppression of
sympathetic nervous

system
Class properties

More potent and long-lasting
Action. Better 24th BP control

Well-tolerated,
effective and safe in

combinations

Fig. 23.5  Special features of antihypertensive effects of azilsartan
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23.4.1.3	 �Effects Beyond BP Control
There is a growing body of data to support the “beyond BP” effects of azilsartan. It 
has inverse agonistic action resulting in amelioration of deleterious effects of angio-
tensin II such as cardiac hypertrophy, fibrosis, and insulin resistance [4]. In a small 
trial, 6 months’ treatment with azilsartan was associated with improvements in left 
ventricular diastolic function in patients with hypertension and heart failure with 
preserved ejection fraction [30]. The mitral annular E/e′ ratio on echocardiography 
decreased in the azilsartan group but remained unchanged in the candesartan group 
despite comparable BP reductions in the two groups [30].

Preclinical studies have shown that azilsartan medoxomil is a pleiotropic drug 
with favourable cardiometabolic effects [31] (Box 23.1). Azilsartan medoxomil 
showed antiproliferative effects in vascular cells in the absence of angiotensin II and 
in cells lacking AT1 receptors, suggesting involvement of mechanisms beyond AT1 
receptor blockade [32]. In addition, azilsartan medoxomil was associated with 
favourable differentiation of adipocytes and stimulated the expression of genes for 
peroxisome proliferator-activated receptor (PPAR)-α, PPAR-δ, leptin, adipsin, and 
adiponectin to a greater extent than valsartan [32]. In addition, azilsartan modoxomil 
improved insulin sensitivity in animals by reducing the production of tumour necro-
sis factor-α and increasing expression of target genes for PPAR-γ, CCAAT/enhancer 
binding protein (C/EBP), and adiponectin (aP2) more effectively than candesartan 
[33, 34].

23.4.2	 �Fimasartan

Fimasartan is the latest selective AT1 receptor antagonist approved for clinical use. 
It was developed by a Korean company as an oral antihypertensive drug and was 
approved by regulatory authorities in that country in 2010. It is also approved in 
other countries, including China, Singapore, and Russia. Fimasartan was approved 
by the Central Drugs Standard Control Organization (CDSCO) in India in 
November 2018.

23.4.2.1	 �Chemistry
Fimasartan is a derivative of losartan in which the imidazole ring has been replaced 
(Fig.  23.6). This change results in a molecule with higher potency and a longer 
duration of action than losartan. Fimasartan provides a selective AT1 receptor 
antagonist effect with non-competitive binding.

Box 23.1 Possible Pleiotropic Effects of Azilsartan
•	 Glucose metabolism: improved insulin sensitivity
•	 Adipocyte differentiation: better lipid profile
•	 Antioxidative and anti-inflammatory effects
•	 Antiproliferative and antifibrotic effects
•	 Renoprotection and cardioprotection
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23.4.2.2	 �Pharmacokinetics
Fimasartan is a long-acting drug, allowing once daily dosing, usually at a dosage of 
60–120 mg/day. Fimasartan is rapidly absorbed after oral intake, reaches maximum 
plasma concentrations at 3 h post-dose (range 0.5–5.0 h), and has an elimination 
half-life of 5.8 ± 1.6 h. Like other ARBs, the oral bioavailability of fimasartan is 
18.6 ± 7.2% [5].

Fimasartan is relatively stable in terms of metabolism and circulates primarily in 
its parent form. It undergoes entero-hepatic circulation and is mainly eliminated in 
bile and faeces, with minimal excretion in urine. It is primarily catabolised by cyto-
chrome P450 (CYP)3A.

It is well tolerated in patients with mild-to-moderate renal dysfunction, but dose 
modification is required in the presence of severe renal dysfunction (creatinine 
clearance <30 mL/min). Administration of fimasartan is safe in patients with mild 
hepatic dysfunction but should be avoided in those with severe hepatic dysfunction, 
patients on haemodialysis, pregnant or lactating mothers, and patients with hyper-
sensitivity reaction.

23.4.2.3	 �Safety and Tolerability
Fimasartan was generally well tolerated in phase II and phase III clinical trials, with 
a similar rate of adverse events to placebo. In Safe-KanArb study of patients with 
arterial hypertension (n > 14,000), fimasartan was effective in controlling BP with 
good compliance and safety profile across all patient subgroups, including treatment-
naïve patients and when added to current antihypertensive medication [35].

Data from the K-MetS study showed that fimasartan can safely be used in elderly 
patients [36]. Of the 6399 patients enrolled in the study, 2363 were elderly. Overall, 
fimasartan reduced clinic systolic and diastolic BP (SBP and DBP) from 144.1 ± 
17.3 and 85.1 ± 10.4 mmHg at baseline to 127.7 ± 12.9 and 76.8 ± 8.4 mmHg at 1 
year, respectively (all p < 0.0001). Results were similar for the effects of fimasartan 
on home BP, and all BP changes were similar in elderly and nonelderly patients. 
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However, pulse pressure, a better predictor of cardiovascular events in the elderly, 
decreased to a greater extent in elderly than in nonelderly patients (−8.2 ± 0.3 vs 
−7.0 ± 0.2 mmHg; p < 0.0001).

23.4.2.4	 �Evidence for Use
Currently available evidence for the clinical efficacy, safety, and tolerability of fima-
sartan is presented below. The efficacy and tolerability of fimasartan were compared 
with losartan in a 12-week, phase III, multicentre, prospective, randomised, double-
blind clinical trial [37]. Patients with mild-to-moderate hypertension were randomly 
allocated to receive fimasartan 60 then 120 mg/day (n = 256) or losartan 50 then 100 
mg/day (n = 250) for 12 weeks. Mean changes from baseline in office DBP at week 
12 were −11.16 ± 7.53 mmHg in the fimasartan group and −8.56 ± 7.72  in the 
losartan group (both p < 0.001 vs baseline; between-group difference 2.70 mmHg; 
p = 0.0002). The proportion of responders (DBP <90 mmHg or change in DBP >10 
mmHg) for treatment-naïve patients was similar in the fimasartan versus losartan 
group (73% vs. 69%) but was higher with fimasartan versus losartan in previously 
treated patients (62% vs. 48%; p = 0.0143) [37].

The FAST study, conducted by a Korean group, compared the BP-lowering 
effects of fimasartan with valsartan and olmesartan in patients with hypertension (n 
= 365) [38]. After a 2-week single-blind placebo run-in period, initial drug dosages 
were fimasartan 60 mg/day, valsartan 80 mg/day, and olmesartan 10 mg/day, given 
for 2 weeks, then these dosages were doubled for another 4 weeks of treatment. 
Sitting office SBP decreased to a significantly greater extent with fimasartan versus 
valsartan (change from baseline to week 6: −16.26 vs. −12.81 mmHg; p = 0.0298), 
but there was no significant difference in change from baseline in sitting SBP with 
fimasartan versus olmesartan (−16.25 vs. −14.78; p = 0.4991). There were no sig-
nificant differences between treatment groups in the incidence of adverse events and 
adverse drug reactions [38].

Another study from Korea found that fimasartan 60 mg/day, fimasartan 120 mg/
day, and candesartan 8 mg/day had similar BP-lowering effects in adults with mild-
to-moderate hypertension [39]. Statistical analysis showed both dosages of fimasar-
tan were noninferior to candesartan with respect to effect on DBP. The tolerability 
profiles of the two ARBs were generally similar, although there was a slightly higher 
rate of hepatic enzyme elevation in the fimasartan 120 mg/day group [39].

23.4.2.5	 �Combination with Other Drugs
Lee et al. evaluated the efficacy and safety of a fimasartan/amlodipine combination 
in patients with hypertension [40]. After a 2-week placebo run-in period, eligible 
patients were randomised to receive single or combined administration of fimasar-
tan (0, 30, and 60 mg/day) and amlodipine (0, 5, and 10 mg/day) for 8 weeks. 
Fimasartan combined with amlodipine was associated with superior BP reductions 
and low levels of adverse events compared with either monotherapy, although all 
treatments reduced BP to a significantly greater extent than placebo. The greatest 
reduction was seen in the fimasartan 60 mg/amlodipine 10 mg combination group 
[40]. Fimasartan and amlodipine combination therapy has also been shown to be 
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effective in patients with hypertension whose BP was not adequately controlled by 
fimasartan monotherapy [41].

A study by Rhee et al. randomised patients with a DBP ≥90 mmHg to receive 
either fimasartan/hydrochlorothiazide (HCTZ) 60 mg/12.5 mg or fimasartan 60 mg 
once daily for 4 weeks [42]. After 4 weeks, the drug dosages were increased to 120 
mg/12.5 mg and 120 mg, respectively, if DBP was ≥90 mmHg. The combination 
therapy group showed a greater reduction in BP than the fimasartan monotherapy 
group, and the combination had a similar safety and tolerability profile to fimasartan 
monotherapy [42].

Taken together, currently available data show that fimasartan is an effective and 
safe antihypertensive agent in clinical trials, that may have anti-inflammatory and 
organ protection effects based on data from animal studies. These “beyond BP” 
effects appear to be like those of azilsartan. The effects of fimasartan in patients 
with chronic kidney disease are being investigated in the FANTASTIC trial [43], 
and the FABULOUS study is evaluating the BP-lowering effects of fimasartan in 
patients with acute stoke [44].

23.5	 �Nitrosamine Impurities in Some ARBs

Since 2018, specific ARB products have been recalled due to the presence of poten-
tially carcinogenic nitrosamine impurities in at least some batches. Relevant com-
panies have been voluntarily participating in addressing this issue, and most 
countries have acted in response. ARBs could be classified into three categories: (1) 
no impurities; (2) incompletely assessed; and (3) impurities above acceptable level 
[45–47].

It is estimated that if 8000 people took the highest daily valsartan dose (320 mg) 
of a formulation that contained NDMA for 4 years, there may be one additional case 
of cancer beyond the average cancer rate among Americans [48].

Not all ARBs are being recalled, and not all lots of valsartan, irbesartan, and 
losartan are affected. All healthcare professionals need to check the lists regularly 
and monitor updates from their regulatory agencies.

23.6	 �Conclusion

With the new generation of ARBs becoming available and new mechanisms and 
mode of action being identified for ARBs, clinicians may be able to better customise 
antihypertensive therapy for their patients. Some ARBs do more than just block AT1 
receptors and target additional mechanisms of the disease process in hypertension, 
cardiovascular disease, and diabetes. This includes blockade of endothelin recep-
tors, nitric oxide donor activity, inhibition of neprilysin activity, or stimulation of 
PPAR-γ. In addition, ARBs that cross the BBB may have beneficial effects on cog-
nitive function in patients with hypertension. It is hoped that these new ARBs will 
have a beneficial impact on cardiovascular morbidity and mortality, but this remains 
to be determined.
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Newer Calcium Channel Blockers

Mangesh Tiwaskar

24.1	 �Introduction

In the 1960s, a drug discovery programme targeted molecules that acted as coronary 
dilators to provide relief from angina pectoris. This led to the development of cal-
cium channel blockers (CCBs), which block voltage-operated calcium channels 
(VOCs). These channels facilitate the entry of calcium into cells, which results in 
contraction [1]. Conversely, blockade of these channels led to dilation and the ben-
efits observed with these drugs. Since then, CCBs have been used for the treatment 
of hypertension, angina, peripheral vascular disease and some forms of 
arrhythmia [2].

24.1.1	 �Calcium Voltage-Operated Channels

Structurally, VOCs are composed of four subunits α1, α2-δ, β and γ. The α1 subunit 
forms the core structure of the calcium ion channel. The α1 subunits occur in ten 
different forms that are distributed in specific regions of the body and vary in their 
ion conductance [3]. Depending upon the types of α1 subunit present, five different 
types of calcium channels have been identified: L-, N-, T-, P-, Q- and R-types [4]. 
Of these, only the T-type are low-voltage-operated channels, while the rest belong 
in the high-voltage category [5].

As shown in Table  24.1, neurons include several types of calcium channels 
whereas cardiac and vascular cells express only one or two types [6]. The subunits 
α1S (Cav1.1), α1C (Cav1.2), α1D (Cav1.3) or α1F (Cav1.4) expressed in L-type cal-
cium channels [3] are the primary targets of commonly used CCBs like amlodipine. 
This is because these L-type calcium channels are crucial for the coupled processes 
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of excitation and contraction in the cardiovascular system [6]. Thus, the clinical indi-
cations for different CCBs depend on the type of VOC being blocked (Table 24.1).

24.2	 �Types of Calcium Channel Blockers

Based on their chemical structure, commonly used CCBs were initially categorised 
into three distinct types (Fig. 24.1).

CCBs are thus referred to as dihydropyridines and non-dihydropyridines. All of 
the above agents block the entry of calcium into the cell by binding to the α1 subunit 
of the VOC. However, their differing chemical structures determine their binding 
site on the subunit. For example, benzothiazepines and dihydropyridines bind to a 
specific amino acid on the α1 subunit that is exposed to the cell surface, whereas 
phenylalkylamines bind to a region that is present on the inner surface of the cell 
membrane [3]. Dihydropyridines have greater affinity for calcium channels in vas-
cular smooth muscle cells (VSMCs), whereas non-dihydropyridines such as vera-
pamil act on the impulse conduction system to mediate negative inotropic, 
chronotropic and dromotropic effects. Diltiazem also acts on the impulse conduc-
tion system, particularly atrioventricular node conduction and the myocardium [9].

Dihydropyridines do not show negative chronotropic effects (due to reflex tachy-
cardia that occurs secondary to peripheral vasodilation) [3]. Depending on the spe-
cific properties of each drug, its impact on the cardiovascular system is modified by 
the vasodilatory and baroceptor-mediated autonomic reflex [10]. The diarylamino-
propylamine derivative bepridil has a negative inotropic effect [9].

Table 24.1  Location of different types of voltage-operated calcium channels (VOCs) and associ-
ated indications for calcium channel blockers (CCBs)

Type 
of 
VOC Systemic distribution Intrarenal distribution Indications for CCBsa

L Skeletal/smooth muscle, 
pancreas, adrenal gland, 
brain and retina

Afferent arterioles, 
mesangial cells

Hypertension, angina, nerve 
damage from subarachnoid 
haemorrhage (Parkinson’s 
disease, autism, schizophrenia, 
bipolar disorder)

T Heart (sinoatrial and 
atrioventricular node), 
Purkinje fibre and along the 
nerve, brain, liver, adrenal 
gland

Afferent and efferent 
arterioles, mesangial 
cells, vasa recta, distal 
tubules, cortical 
collecting duct

Sleep disorders, pain, obesity, 
absence epilepsy, cancer

N Nervous system and brain Neuron on both afferent 
and efferent arterioles

Severe chronic refractory pain

P Brain, neuron and pituitary 
gland

Migraine, ataxia, oncology
Q
R Seizure disorders, analgesia

aPossible new indications are given in brackets
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An overview of the cardiac and haemodynamic impact of representative drugs of 
dihydropyridine and non-dihydropyridine CCBs in adults with normal BP or hyper-
tension is shown in Table 24.2.

Four generations of dihydropyridine CCBs have been developed with the goal of 
improving their efficacy and safety [4, 11]. Initially, CCBs blocked only the L-type 
VOC, but more recently developed agents block more than one type of calcium 
channel, improving their activity and benefits (Fig. 24.2) [3]. Some of the key dif-
ferences between the different DHP CCBs are given in Table 24.3 [4, 12].

24.3	 �Mechanism of Action and Clinical Uses

All CCBs prevent the influx of calcium into various cells. Depending upon their 
affinity, CCBs can decrease VSMC contraction, reduce left ventricular (LV) con-
traction and heart rate or depress the excitement of the impulse conduction system 
of the heart. Their effects make them ideal candidates for the treatment of a variety 
of clinical conditions:

•	 CCBs prevent the entry of calcium into VSMC leading to dilation of peripheral 
vessels. This reduces peripheral resistance making CCBs effective antihyperten-
sive agents [13].

•	 The dilatory effect of CCBs on the peripheral vasculature and coronary artery 
and their beneficial impact on LV contraction and heart rate decreases peripheral 
resistance, improves coronary blood flow and decreases myocardial oxygen con-
sumption, which makes them useful as antianginal agents [14].

•	 CCBs have a positive influence on the impulse conduction system of the heart by 
decreasing the sinus node pacemaker rate and the conduction velocity of the 
atrioventricular node, leading to their antiarrhythmic effect [15, 16].

•	 CCBs also exhibit several pleiotropic effects, including anti-inflammatory and 
antioxidant effects, atherosclerotic plaque stabilisation, decreased VSMC migra-
tion/multiplication, inhibition of platelet aggregation and increased nitric oxide 
(NO) production [17].

Dihydrophyridinic agents :

 Peripheral vessel – vasodilatation
 Nifedipine

Phenilalchilaminic agents :

 Cardiac - Negative inotropic effect
 Verapamil

Benzothiazepinic agents :

 Intermediate profile
 Diltiazem

These are primarily L-type Ca2+ channel blockers

Fig. 24.1  Initial 
classification of traditional 
CCBs (first reported by 
Fleckerstein et al. [7, 8])
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Dihydropyridines

aFirst
Generation

bSecond
Generation

cThird
Generation

dFourth
Generation

Nifedipine

Nicardipine

Isradipine

Felodipine

Benidipine

Amlopdipine

Azelnidipine

Efonidipine

Cilnidipine

Lercanidipine

Lacidipine

a Short duration, more adverse effects
b Slow release formulations
c New formulations, more lipophilic, stable pharmacokinetics, well
 tolerated in HF
d (L/N-type) Stable activity, reduced adverse effects, broad spectrum

Fig. 24.2  Examples of different generations of dihydropyridine CCBs and their features

Table 24.3  Key differences between different generations of dihydropyridine CCBs

Parameters
Dihydropyridine CCBs
1st generation 2nd generation 3rd generation 4th generation

Calcium channel 
blocking activity

Primarily 
L-type

Primarily L-type 
or dual channel 
blockers

Primarily L-type 
or dual channel 
blockers

Dual channel 
blockers

Examples Nifedipine Nifedipine SR 
benidipine 
Efonidipine

Amlodipine, 
azelnidipine

Cilnidipine 
lercanidipine

Onset of action Swift Gradual Slow
Duration of action Short-acting 

(half-life 2 h)
Moderate 
(half-life 7 h)

Long-acting 
(half-life 10–36 h)

Long-acting 
(half-life 7.5–10 
h)

Lipophilicity Less Less Moderately 
lipophilic

Highly lipophilic

Vasodilation Equally effective
Excitation of 
sympathetic 
nervous system

+++ ++ + -

Side effects
Oedema ++ ++ + -
Tachycardia +++ ++ -
Headache +++ ++ +
Flushing +++ ++ + +
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The most common clinical indications for CCBs include hypertension, angina 
pectoris, supraventricular dysrhythmias, coronary spasm [18], hypertrophic cardio-
myopathy and pulmonary hypertension [15, 16]. In addition, CCBs are also pre-
scribed for Raynaud’s phenomenon, subarachnoid haemorrhage and migraine 
headaches [19]. Common adverse events with non-dihydropyridine CCBs include 
constipation, increased cardiac output and bradycardia, whereas the side effects of 
dihydropyridine CCBs include headaches, dizziness, flushing and peripheral 
oedema [20–22].

More details about some currently available CCBs are provided below and sum-
marised in Table 24.4.

24.4	 �Amlodipine: The Classic CCB

Amlodipine has been used as one of the first line antihypertensives for several decades 
and is known as the gold standard CCB in terms of BP reduction [2, 27, 28]. It has 
various other effects, including antianginal and antiatherosclerotic properties [14]. 
Amlodipine is a long-acting dihydropyridine CCB that potently blocks the L-type 
calcium channels present in peripheral blood vessels and has N-type calcium channel 
blocking activity [3, 29]. Due to its slow onset of action, amlodipine does not cause 
reflex neuroendocrine activity, and its long half-life ensures 24-h BP control [29].

The beneficial effects of amlodipine on cardiovascular outcomes have been doc-
umented in several long-term landmark trials, including such as the Anglo-
Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering Arm 
(ASCOT-BPLA) study [30] and the Valsartan Antihypertensive Long-term Use 
Evaluation (VALUE) trial [31]. In fact, the ASCOT study was stopped after 5.5 
years because the amlodipine-based regimen showed clear mortality benefits com-
pared with atenolol-based therapy [30]. In the VALUE trial, the BP-lowering effects 
of amlodipine-based regimen were evident early after treatment initiation, high-
lighting the rapid and sustained effect antihypertensive effects of amlodipine [31]. 
Given that combination antihypertensive therapy is often required to maintain sus-
tained BP control, it is good that data from these trials also showed that amlodipine 
was highly effective when used in combination with other antihypertensive 
agents [32].

24.5	 �L-Type Channel Blockers

24.5.1	 �Clevidipine

Clevidipine is a CCB that can be administered intravenously (IV) and is available as 
a lipid emulsion. It is approved for use in settings where oral therapy is not possible. 
Clevidipine IV is an effective treatment for acute hypertension both pre- and post-
operatively in adults undergoing cardiac surgery [23]. Clevidipine inhibits L-type 
calcium channels and in vitro studies confirm its high vascular selectivity. It has a 
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dose-dependent rapid onset and short duration of action. It reduces systemic vascu-
lar resistance without influencing preload and the effect is offset within 5–15 min of 
administration. In patients undergoing cardiac surgery, clevidipine is well-tolerated 
with a safety profile comparable to that of nicardipine, sodium nitroprusside or 
nitroglycerin. In patients with hypertension after coronary artery bypass grafting 
(CABG), clevidipine had better effects on arterial vasodilation and less effects on 
venodilatation compared with sodium nitroprusside [33].

24.6	 �L/T-Type Channel Blockers

L-type calcium channels are present in large vessels, whereas the T-type calcium 
channels are predominantly present in the microvessels. Compared to an L-type 
CCB, a dual L/T blocker can offer enhanced renal and cardiovascular benefits for a 
number of reasons [34]:

•	 T-type calcium channels are present on both the afferent and efferent arterioles 
of the glomerular apparatus, suggesting a positive impact on intraglomerular 
pressure [35].

•	 Reduced urinary protein excretion and glomerular filtration rate (GFR).
•	 Decreased aldosterone secretion, inflammation and oxidative stress [36].
•	 Improved endothelial function.
•	 Better overall antihypertensive and renoprotective effects.
•	 Lower risk of oedema because hydrostatic pressure across the capillary bed is 

equalised.

However, more studies on this type of CCBs are warranted because the promis-
ing T-type channel blocker mibefradil had to be withdrawn due to its interaction 
with the cytochrome P-450 3A4 enzyme [24].

24.6.1	 �Efonidipine

Efonidipine hydrochloride (efonidipine) is an L-/T-type DHP CCB with antihyper-
tensive and antianginal properties with little/no reflex tachycardia [34]. It differs 
chemically from most other dihydropyridine CCBs because it has a phosphonate 
moiety at position 5 of the DHP ring. It is highly lipophilic and enters the cell mem-
brane to reach its binding site. It has a slow onset and long duration of action due to 
its low dissociation constant [37].

Due to its dual blockade of calcium channels, efonidipine has antihypertensive, 
antianginal and cardio- and renoprotective properties. Efonidipine prolongs phase 4 
or pacemaker depolarisation of the sinoatrial node action potential, an effect not 
found with several other CCBs, which contributes to its potent negative chrono-
tropic effect and maintains cardiac output. In patients with hypertension and an 
elevated heart rate (>80 beats/min), efonidipine decreased BP to a similar extent as 
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other dihydropyridine CCBs but maintained a lower heart rate, a property beneficial 
in patients with angina. Treatment with efonidipine also decreased myocardial oxy-
gen demand and improved coronary blood flow, mitigating myocardial ischaemia 
and reduced the negative impact of ischaemia on myocardial adenosine triphosphate 
(ATP) level and energy charge potential [37].

Efonidipine has an equipotent dilatory impact on both afferent and efferent arte-
rioles, resulting in increased GFR without elevated intraglomerular pressure, 
thereby preventing hypertension-induced renal damage. Efodipine decreased 
plasma aldosterone levels, even in patients undergoing maintenance dialysis, which 
may help prevent aldosterone-induced renal parenchymal fibrosis and offer addi-
tional cardiovascular protection. The renoprotective effects of efonidipine were 
found to be comparable to those of agents such as angiotensin-converting enzyme 
inhibitors (ACEIs). Side effects such as pedal oedema, frequent urination and 
enhanced triglycerides occurred in <0.1% of patients treated with efonidipine [38].

24.6.2	 �Azelnidipine

Azelnidipine is a lipophilic L-/T-type dihydropyridine CCB that has 17-fold higher 
lipophilicity than amlodipine [25] and a high affinity for vascular tissue [3]. It has a 
slow onset of action with a prolonged effect and is now being studied for its impact 
on post-ischaemic stroke management [39]. Azelnidipine has similar BP-lowering 
activity to amlodipine, does not elevate the pulse rate [40] and decreases cardiac 
hypertrophy in hypertension without influencing cardiac output while enhancing 
blood flow to the heart and the brain. Due to its diuretic and natriuretic properties, 
azelnidipine reduces renal injury and protein excretion caused by hypertension [41]. 
In patients with hypertension, azelnidipine decreases heart rate and proteinuria [39], 
controlled morning hypertension and lowered the pulse rate [25]. Overall, azelni-
dipine showed antiatherosclerotic, and cardio-, nephro- and neuroprotective effects 
and prevented insulin resistance [42]. The most common adverse events in clinical 
trials were light-headedness (0.5%), facial flushes (0.5%) and headache (1.1%), 
with no presence of oedema [39].

24.6.2.1	 �Clinical Study
In the OlmeSartan and Calcium Antagonists Randomized (OSCAR) study, high-
risk elderly patients with uncontrolled hypertension (n = 1165; age >65 years) who 
had undergone prior treatment with olmesartan (20 mg/day) were treated with either 
high-dose olmesartan 40 mg/day or olmesartan 20 mg/day + amlodipine or azelni-
dipine [43, 44]. After 3 years’ treatment, mean BP was lower in the combination 
group compared with the high-dose group (132.6/72.6 vs. 135.0/74.3 mmHg). The 
primary endpoint (a composite of cardiovascular events and non-cardiovascular 
death) occurred less often in the combination therapy versus high-dose olmesartan 
group (48 vs. 58 events; p = 0.17). The between-group difference in primary out-
come events was statistically significant in the subgroup of patients who had exist-
ing cardiovascular disease at baseline.
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24.6.3	 �Benidipine

Benidipine is referred to as an L-/T-type dihydropyridine CCB, although it has also 
been shown to inhibit N-type calcium channels [36]. Benidipine binds and dissoci-
ates slowly from its binding site and other tissues, resulting in a greater vasoselec-
tivity and vasodilatory effects than other CCBs, including amlodipine, nifedipine 
and diltiazem [5]. Benidipine enters the cell membrane and then adheres to the 
dihydropyridine binding site. This unique mechanism of action is called the ‘mem-
brane approach’ and is the key reason for its long-lasting activity [26].

Benidipine therapy has antihypertensive effects without affecting heart rate and 
improves endothelial function, pulse wave velocity and the augmentation index [26]. 
Benidipine has also been shown to have antioxidant effects, stimulate NO production, 
suppress expression of adhesion molecules, cause osteoblast differentiation, decrease 
proliferation of VSMC/mesangial cells and protect the myocardium [26, 45]. In 
patients with angina, benidipine improved prognosis to a greater extent than other 
CCBs [26]. In addition, the combination of benidipine with an angiotensin receptor 
blocker (ARB) showed additive benefits in patients with hypertension [26].

The renoprotective effects of benidipine are due to equivalent dilation of the 
glomerular afferent and efferent arterioles, which attenuates the decline of renal 
function compared with other L-type CCBs. Treatment with benidipine reduces 
aldosterone production, thus decreasing oxidative stress and reducing activation of 
the aldosterone-induced mineralocorticoid receptor, which contributes to its end-
organ protective effects [46, 47]. Compared with amlodipine, benidipine also exerts 
a natriuretic effect, which could be related to enhanced renal blood flow [26].

24.6.3.1	 �Clinical Study
In the Combination Therapy of Hypertension to Prevent Cardiovascular Events 
(COPE) [48] trial, patients with uncontrolled hypertension (age 40–85 years) were 
randomised to treatment with benidipine/ARB (n = 1166, benidipine/β-blocker (n = 
1168) or benidipine/thiazide diuretic (n = 1168); median follow-up was 3.61 years. 
The rate of the composite cardiovascular endpoint was lowest in the benidipine/
thiazide diuretic group (Fig. 24.3). The proportion of patients who achieved target 
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Fig. 24.3  Effect of benidipine-containing combination therapy regimens on cardiovascular events
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BP was 64.1% with benidipine/ARB, 66.9% with benidipine/β-blocker and 66.0% 
with benidipine/thiazide diuretic. Compared with benidipine/β-blocker, there was a 
significantly lower incidence of fatal or nonfatal strokes in the benidipine/thiazide 
diuretic group (p = 0.0109), and a significantly lower rate of new-onset diabetes 
with benidipine/ARB (p = 0.0240). All trial treatments were well-tolerated. A sub-
analysis of the COPE trial showed that the benidipine/thiazide diuretic combination 
reduced cardiovascular outcomes even in patients with poor BP control [49].

24.7	 �L-/N-Type Channel Blockers

24.7.1	 �Cilnidipine

Cilnidipine has L-/N-type calcium channel blocking activity. Due to the distribution 
of N-type channels along neurons and in the brain, cilnidipine prevents sympathetic 
nervous system activation in addition to its antihypertensive activity [3]. The dual 
impact of blocking L-type channels on VSMCs and N-type channels on neurons 
results in an antihypertensive effect with minimal reflex tachycardia and decreased 
heart rate variability [5].

L-/N-type CCBs have renoprotective effects based on decreased activation of the 
sympathetic nervous system and the renin–angiotensin–aldosterone system 
(RAAS), which causes arteriolar vasodilation and reduces proteinuria and podocyte 
injury [50]. Cilnidipine also has a beneficial effect on LV dysfunction, decreases LV 
mass, has antioxidant effects and is effective for white-coat and morning hyperten-
sion [51, 52]. Pedal oedema, a common side-effect with conventional dihydropyri-
dine CCBs, to be much less frequent during treatment with cilnidipine [5, 12].

It has been suggested that the renoprotective effects of L-/N-type dihydropyri-
dine CCBs in patients with diabetes may not be as marked as those of L-/T-type 
dihydropyridine CCBs due to the presence of diabetic neuropathy [53]. However, 
another study showed that switching to from L-type dihydropyridine CCBs to cilni-
dipine decreased urinary albumin excretion in normo-/microalbuminuric patients 
with diabetes [54]. Therefore, a greater understanding of the impact of cilnidipine 
in patients with diabetes is needed.

The renoprotective effects of dual-acting dihydropyridine CCBs (L-/N-type or 
L-/T-type) have been shown to be useful. A recent renal subanalysis of the JATOS 
trial demonstrated that a 2-year treatment with efonidipine elevated eGFR in elderly 
hypertensive patients, even when patients had reduced kidney function or diabetes 
at baseline [55].

24.7.1.1	 �Clinical Study
The impact of cilnidipine on morning hypertension, BP and pulse rate in patients 
with hypertension (n = 2319) was assessed over 12 weeks in the Ambulatory Blood 
Pressure Control and Home Blood Pressure (Morning and Evening) Lowering By 
N-Channel Blocker Cilnidipine (ACHIEVE-ONE) trial [56]. Both clinic and morn-
ing systolic BP were reduced during treatment with cilnidipine, by 19.6 and 17 
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mmHg, respectively. Decreases in morning systolic BP and pulse rate was also 
observed in the subgroup of patients with higher levels of these parameters at base-
line [56]. In another analysis of data from the ACHIEVE-ONE study, patients (n = 
615) were divided into extreme dippers, dippers, nondippers or risers depending on 
their nocturnal BP. Cilnidipine significantly, but not completely, reversed abnormal 
nocturnal BP dipping status in these patients [57].

24.8	 �Conclusion

CCBs are an important part of a clinician’s armamentarium for the treatment of 
hypertension and cardiovascular disease. L-type CCBs such as amlodipine have 
been in widespread clinical usage for many years due to their antihypertensive and 
antianginal efficacy and established cardiovascular benefits. Newer long-acting 
L-type, L-/T-type and L-/N-type CCBs that have additional activities need to be 
further evaluated in well-designed trials to facilitate their successful incorporation 
into clinical practice.
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25.1	 �Introduction

Hypertension is a very common chronic disease and suboptimal blood pressure 
(BP) control is the most attributable risk for death worldwide. The net and adjusted 
prevalence ratios of hypertension in the USA continue to increase, but due to 
increased awareness, there is slight improvement in the treatment and control of 
hypertension. Several large hypertension outcome trials, however, showed failure to 
achieve BP goals despite protocol defined treatment regimens, with 20–35% of the 
participants could not achieve BP control despite receiving more than three antihy-
pertensive medications [1–4].

Resistant hypertension is defined in the 2018 American Heart Association [5], 
2017 American College of Cardiology/American Heart Association [6], and the 
2018 European Society of Hypertension/European Society of Cardiology’s [7] sci-
entific statements as blood pressure that remains above target despite the concurrent 
use of three antihypertensive agents of different classes. Ideally, one of the agents 
should be a diuretic, and all the drugs used are prescribed at maximum tolerated 
doses. Individuals whose BP is controlled but are requiring four or more antihyper-
tensive medications should also be considered resistant to treatment. This definition 
does not apply to patients who are recently diagnosed with hypertension. Although 
used arbitrarily, resistant hypertension is defined to identify patients who are at high 

R. V. Oliva (*) 
Division of Hypertension, Department of Medicine, University of the Philippines-Philippine 
General Hospital, Manila, Philippines
e-mail: rvoliva@up.edu.ph 

G. L. Bakris 
American Heart Association Comprehensive Hypertension Center, Section of Endocrinology, 
Diabetes and Metabolism, Department of Medicine, University of Chicago,  
Chicago, IL, USA
e-mail: gbakris@medicine.bsd.umedicine.edu

25

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-95734-6_25&domain=pdf
https://doi.org/10.1007/978-3-030-95734-6_25#DOI
mailto:rvoliva@up.edu.ph
mailto:gbakris@medicine.bsd.umedicine.edu


352

risk of having reversible causes of hypertension, and who may benefit from special 
diagnostic and therapeutic considerations [8]. The abovementioned definition is for 
a patient with apparent resistant hypertension, there is a need to differentiate true 
resistant hypertension versus pseudoresistance by confirming above goal BP using 
proper measurement techniques in the office, or by confirming it by using out-of-
office measurements such as ambulatory BP monitor or home BP.

25.2	 �Prevalence of Resistant Hypertension

To accurately determine the prevalence of resistant hypertension, a forced titration 
study of a large diverse hypertensive cohort should be required. However, there are 
hypertension outcome studies which offer an alternative look to the prevalence of 
this condition. The targets in the American guidelines have defined BP control as 
systolic BP (SBP) <130 mmHg and diastolic BP (DBP) <80 mmHg for all adults 
<65 years of age [5, 6]. Before this new target, when the goal was <140/90 mmHg, 
the prevalence of true resistant hypertension was 17.7% [8, 9]. With the latest defini-
tion, the prevalence of resistant hypertension in the USA is 19.7%, with ~3% of 
American adults taking a thiazide-like diuretic and 9% are taking a mineralocorti-
coid receptor blocker [9]. A major problem is that not all uncontrolled hypertension 
is resistant, the former includes patients who lack BP control secondary to poor 
adherence and/or inadequate treatment regimen [8]. In a single center in California 
with 200,000 newly diagnosed hypertensive individuals followed up for 5 years, 
approximately 21% were eventually prescribed with three or more antihypertensive 
medications, 1 in 50 was resistant to treatment with an incident rate of 1.9% [10].

In the Philippines, the Report of the Council of Hypertension of the Philippine 
Heart Association (PRESYON 3) showed that the prevalence of hypertension in the 
country is 28%, with about 73% of those treated with antihypertensive medications 
were uncontrolled [11]. Non-compliance to medications is high as almost half of 
those are not taking their medications [11]. In a retrospective cohort in a tertiary 
hospital in the country, 36.8% were identified to be on a three-drug regimen, while 
42.1% are on four or more antihypertensive medications [12]. In a Spanish registry 
of over 68,000 patients, the prevalence of resistant hypertension was 14.8%, based 
on the AHA criteria. Since they utilized 24-h ambulatory BP monitoring (ABPM), 
they found out that some patients who were diagnosed resistant using office pres-
sures were actually controlled when subjected to 24-h ABPM [13].

Clinical trials suggest that resistant hypertension may be considerably higher. 
Looking at the antihypertensive and lipid-lowering treatment to prevent heart attack 
trial (ALLHAT), after approximately 5 years of follow-up, 34% of the participants 
remained uncontrolled on an average of 2 medications. At the completion of the 
study, 27% of participants were on 3 or more medications. Overall, 49% were con-
trolled on 1 or 2 medications, while the rest needed 3 or more BP medications 
indicating resistance. The ALLHAT results were significant as it included a large 
number of ethnically diverse participants [14]. In a recent analysis of the Anglo-
Scandinavian Cardiac Outcome Trial (ASCOT) with a follow-up of 5 years, 35% of 
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the individuals enrolled have been untreated prior to the conduct of the study, and 
50% of the previously treated patients met the diagnostic criteria for resistant hyper-
tension [15]. In a post-hoc analysis of the Systolic Blood Pressure Intervention Trial 
(SPRINT), 19.2% had baseline apparent treatment-resistant hypertension [16]. In a 
recent meta-analysis involving 91 studies with 3.2 million patients between 1991 
and 2017, the prevalence of true resistant hypertension was 10.3%, apparent treat-
ment resistant was 14.7%, and pseudoresistant hypertension was 10.3% [16].

25.3	 �Prognosis of Resistant Hypertension

No clinical trials have evaluated the prognosis of patients with resistant hyperten-
sion comparing it to easily controlled hypertensives. Presumably, prognosis is 
impaired among these types of patients due to long-standing elevated BP and its 
associated cardiovascular (CV), such as diabetes mellitus, left ventricular hypertro-
phy (LVH), obstructive sleep apnea (OSA), and/or CKD [17]. As shown in the 
Veterans Administration Cooperative Studies, there is a 96% reduction in the CV 
events over 18 months use of triple antihypertensive regimen compared to placebo, 
suggesting the substantial benefit of successful treatment [18]. How much of this 
benefit is still unknown.

25.4	 �Characteristics of Patients with Resistant Hypertension

In the analysis of the Framingham study, the strongest predictor of lack of BP con-
trol was older age. The data showed that patients aged 75 years and above have less 
than one-fourth as likely to have controlled systolic BP compared to younger par-
ticipants younger than 60 years old [19]. This may be attributable to stiffening of the 
arteries causing isolated systolic hypertension in the elderly. Other strong predictors 
of lack of systolic BP control are the presence of LVH and obesity. In terms of con-
trolling diastolic BP, the strongest negative predictor was obesity. The BP was con-
trolled in one-third less as compared to lean patients [20]. In the ALLHAT study, 
older age, higher baseline systolic BP, LVH, and obesity all predicted treatment 
resistance, as was also seen in the Framingham study [14]. Overall, however, the 
strongest predictor of treatment resistance is chronic kidney disease (CKD), defined 
by serum creatinine >1.5 mg/dl [8]. Other predictors such as presence of diabetes, 
African American especially the women, and people living in Southeast US have 
also increased risk for resistant hypertension.

In a single center in the Philippines, individuals who are elderly, female, and 
with concomitant diabetes mellitus may contribute to the development of resistant 
hypertension. These patients may need a total of four to five drug combinations to 
control their blood pressure [12]. In South Asia, individuals with resistant hyperten-
sion were associated with obesity and diabetes mellitus [21].

In the Brazilian Longitudinal Study of Adult Health (ELSA-Brazil), individuals 
with resistant hypertension were older, black, less educated, and obese. They also 
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have associated subclinical markers for end organ cardiovascular damage such as 
low glomerular filtration rate, increased proteinuria, left ventricular hypertrophy, 
and early atherosclerosis and arterial stiffness [22].

The above studies indicate that with progressive older and heavier population 
who has concomitant CKD and DM, prevalence of resistant hypertension can be 
anticipated to increase.

25.5	 �The Role of Genetics

Genetic assessments of patients with resistant hypertension are limited. A study in 
Finland screened 347 patients with resistant hypertension for mutations of the β and 
ϒ subunits of the epithelial sodium channel (ENaC), which can cause Liddle’s syn-
drome. Results showed mutations in two β and ϒ ENaC gene variants were signifi-
cantly more prevalent in resistant hypertensive patients [23]. The presence of these 
gene mutations was associated with increased urinary potassium excretions related 
to plasma renin levels. In another study, a particular allele coding for 
11β-hydroxysteroid dehydrogenase type 2 (CYP3A5*1), which plays an important 
role in the metabolism of cortisol and corticosterone, has been associated with 
African Americans who have higher systolic BP levels and more resistant to treat-
ment [24].

Although both studies are based on very small number of patients, these results 
support additional attempts to identify genotypes that may relate to treatment resis-
tance. Identification of the specific genetic influence may lead to development of 
new therapeutic targets.

25.6	 �The Dilemma of Pseudoresistance

Pseudoresistance refers to poorly controlled hypertension that appears to be resis-
tant but is actually attributable to other factors. Such factors include: (1) inaccurate 
measurement technique, (2) white coat hypertension, and (3) poor adherence to 
therapy [8, 25–27]. A careful evaluation to exclude these factors before labeling a 
patient with true resistant hypertension should be performed.

Although guidelines are available to properly assess office BP readings, several 
mistakes often produce falsely elevated readings. Two most common mistakes, 
measuring the BP before letting the patient sit quietly for at least 5 min and the use 
of small arm cuffs; may result in erroneous readings [8, 27]. Other mistakes identi-
fied include recent smoking, using only one reading instead of the average of three 
BP readings, and not fully supporting the arm at heart level [28]. In the elderly 
population, the presence of highly calcified or arteriosclerotic arteries results in the 
overestimation of intra-arterial BP [29].

White coat hypertension, also called isolated clinic/office hypertension, is 
defined as an elevation of BP during a clinic visit. About 25% of patients with 
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elevated office BP readings achieve BP goal under treatment when ambulatory mea-
surements are performed [30]. Patients with white coat hypertension have less target 
organ damage and less CV risks compared with true resistant hypertensives during 
ambulatory techniques [31].

Poor adherence to antihypertensive therapy is another cause of elevated BP 
readings. Studies suggest that up to 40% of patients with newly diagnosed hyper-
tension will discontinue their medications during the first year of treatment [32, 
33]. In post-marketing surveillance of about 4000 patients, there is a 50% discon-
tinuation rate of using antihypertensives within the first year of treatment [34]. 
Factors that may improve medication adherence by patients are listed in 
Table 25.1.

A surprising contributing factor to pseudoresistance is the clinical inertia among 
physicians. Clinical inertia is defined as a conscious decision to not adequately treat 
a condition despite knowing that the disease is present [29]. It may be due to lack of 
training and the experience on the proper use of antihypertensive agents or an over-
estimation of the care already provided [35]. Unfortunately, poor adherence of 
patients to treatment is usually seen at the primary care level and is less common 
when patients are seen by hypertension specialists. In a retrospective study at a 
hypertension specialty clinic, poor adherence rate to medication is only seen in 16% 
of the evaluated patients [8] (Fig. 25.1).

In general, reversal of pseudoresistant hypertension adopts a two-step approach. 
First, there is a need to confirm true resistance, and second, identification of the 
factors that contribute to treatment resistance [36, 37]. The first step entails con-
firming the diagnosis with reliable office BP readings. Particular attention should 
be paid to the patient’s posture, environment, and the arm used should be sup-
ported at heart level. Additionally, the use of appropriate sized cuffs and devices 
is mandatory. Physicians may get the average from three BP readings, instead of 
just one BP determination. Identification of white coat hypertension is very 
important. Either a qualified non-physician personnel performs office measure-
ment or the use of an automated device with the patient alone in the room is useful 
in taking BP.  The importance of home BP determination or the use of a 24 h 
ambulatory measurements may be useful in determining pseudoresistance. If the 
BP remains elevated after this evaluation, patient adherence to therapy should be 
evaluated.

Table 25.1  Factors that may improve medication adherence of patients with resistant hypertension

Selection of agents with low side effect profiles such as RAAS blockers
Keep the regimen simple: once daily dosing with single pill combinations
Use of pill boxes
Encourage self BP monitoring
Family to help patients with memory deficits
Improve communication of doctor and patient
Implementing team approach in the management of resistant hypertension
Elevate medication adherence as a critical healthcare issue

25  Resistant Hypertension: Recognition and Treatment



356

25.7	 �Factors Contributing to Resistant Hypertension

Several factors may contribute to the development of resistant hypertension. Classes 
of pharmacologic agents produced transient or even persistent elevations of 
BP. Non-steroidal anti-inflammatory drugs (NSAIDs) are common causes of wors-
ening BP control [38]. Meta-analyses of their effects have indicated average 
increases in mean arterial pressure of approximately 5.0 mmHg [38]. This class of 
drugs can also blunt the BP lowering effects of several antihypertensive medica-
tions, with the exception of calcium channel blockers (CCBs) [39]. Similar effects 

Not pseudoresistant

Yes No

Present

Patients not on BP goal that is
taking ≥  3 optimal doses of

anti-hypertensive medications

Exclude pseudoresistance
 - Check for adherence 
 - White coat 
  hypertension

Pseudoresistant Hypertension
- Advise proper adherence and 
 timing of medications
- Use 24 hour ABPM or home 
 BP for monitoring 

Is the patient using 
medications that may 
interfere with treatment?

Discontinue 
interfering agent

Check for Contributing 
Lifestyle Factors (ie. 

Obesity, sedentary lifestyle)

Modify lifestyle changes

<2gm of sodium daily
>6 hr uninterrupted sleep
Healthy dietary patterns
Weight loss Absent
Aerobic physical activity
Decreased alcohol

Screen for secondary hypertension

True Resistant Hypertension
Treat accordingly, 
refer to a specialist

Non-pharmacologic (lifestyle changes) 
Pharmacologic

 - Maximize diuretic therapy (ideally chlorthalidone or indapamide) 
 - Combine agents with different mechanism of actions

      Substitute longer-acting and more effective RAAS blockers (ex: ARB azilsartan, telmisartan, olmesartan, 
      irbesartan) 
      Consider evidence-based beta blockers:carvedilol, metoprolol succinate 
      Add aldosterone blockade: ideally spironolactone, eplerenone and amiloride similar efficacy with fewer 
      androgenic effects, finerenone in diabetic kidney disease
      Use loop diuretics (pref torsemide) if with CKD (eGFR < 30)
      When using centrally-acting sympatholytic, consider clonidine patch or nightly guanfacine instead of
      oral clonidine
      Consider ARNI (w/ HFrEF), SGLT2-i

Emerging therapies (?), Refer to a Hypertension Specialist 

Fig. 25.1  Proposed algorithm for treatment of resistant hypertension
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have been seen with selective cyclooxygenase-2 (COX 2) inhibitors [40]. These 
effects presumably occur secondary to the inhibition of renal prostaglandin produc-
tion, particularly prostaglandin E2 (PGE2) and prostacyclin (PCI2), with subsequent 
sodium and fluid retention. Sympathomimetics, such as nasal decongestants and 
anorexic pills, oral contraceptives, glucocorticoids, erythropoietin, and cyclospo-
rine can also interfere with BP control. Black licorice found in oral tobacco prod-
ucts and herbal supplements, such as ma huang, increases BP by suppressing the 
metabolism of cortisol resulting in increased stimulation of mineralocorticoid 
receptors. Illicit drugs, such as cocaine and amphetamines, are also common causes 
of resistant hypertension [8, 29].

While modest alcohol consumption does not generally increase BP, heavy alco-
hol intake (>3 to 4 drinks/day) has a dose-related effect on BP, both on normal and 
hypertensive individuals [41]. In an analysis of Chinese adults ingesting >30 drinks 
per week, the risk of having hypertension increased from 12 to 14%. Cessation of 
heavy alcohol ingestion reduced the 24-h ambulatory BP measurements by 7.2 
mmHg and diastolic BP by 6.6 mmHg [42].

Excess dietary salt is a key factor responsible for many causes of resistant hyper-
tension by directly increasing BP through volume overload and by blunting the BP 
lowering effect of most classes of antihypertensive agents. The majority of resistant 
hypertensive patients have higher salt intake than the general population, exceeding 
more than 10 g/day [43–45]. The effects of increased dietary salt intake tend to be 
more pronounced in salt sensitive patients, including the elderly, African Americans, 
and in CKD patients [44].

Obesity is a very common feature of patients with resistant hypertension. Most 
obese patients tend to have an increased need of antihypertensive medications and 
increased likelihood of never achieving BP control. Mechanisms of obesity-induced 
hypertension are complex and not fully understood. These include insulin resis-
tance, hyperinsulinemia, impaired sodium excretion, increased sympathetic nervous 
system activity, increase in aldosterone sensitivity, and presence of obstructive sleep 
apnea (OSA) have all been implicated as potential causes [46–48].

25.8	 �Secondary Causes of Hypertension

Secondary hypertension is common in patients with resistant hypertension. In stud-
ies, it has been shown that about 5–10% of patients have hypertension attributable 
to secondary causes [49]. Renal parenchymal disease is considered the most com-
mon medical cause of secondary hypertension. Renovascular hypertension, primary 
hyperaldosteronism, and OSA are other identifiable causes. Other less common 
forms of secondary hypertension are pheochromocytoma, Cushing’s disease, coarc-
tation of aorta, and others. The possibility of having a secondary cause increases 
with age as CKD, sleep apnea, and primary hyperaldosteronism are more prevalent 
in older patients [50]. Patients identified with secondary causes of hypertension 
should be treated accordingly specific to the disease.
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25.9	 �Treatment of True Resistant Hypertension

The evaluation of hypertensive patients should be directed toward confirmation of true 
resistance. Physicians should be vigilant in identifying causes contributing to true 
resistance, exclude secondary causes, and to properly document target organ damage. 
The goal BP is <130/80 mmHg in average risk patients, according to the 2018 AHA 
guidelines [5]. There is evidence supporting a lower BP goal in patients with chronic 
kidney disease with associated proteinuria, with the latest Kidney Disease Improving 
Global Outcomes (KDIGO) recommendation [51], suggesting that BP targets be less 
than 120 mmHg systolic BP. The 2018 AHA guidelines recommend that both non-
pharmacologic and pharmacologic therapies are warranted for treatment [8, 52].

25.9.1	 �Non-pharmacologic Interventions

Resistant hypertension is almost always multifactorial in etiology. Lifestyle changes, 
including weight loss, regular exercise, ingestion of high fiber, low fat, low salt diet, 
and moderate alcohol intake should be encouraged. A recent review of weight loss 
study showed that a 10 kg weight loss is associated with an average of 6.0 mmHg 
reduction of systolic BP [53]. Overweight and obese patients may find it difficult to 
achieve weight loss and it is even more difficult to maintain the weight loss, but 
these should be advised to patients with weight problems [53, 54].

The benefit of salt reduction is well documented in general hypertensive patients. 
Salt restriction to <3 g/day is associated with modest reductions in BP [55]. Current 
guidelines suggest that dietary sodium in hypertensive patients should be <100 mmol/
day (2.0 g of sodium or 5 g sodium chloride) [55, 56]. Prolonged modest reduction in 
salt intake induces a relevant fall in both hypertensive and normotensive individuals, 
irrespective of sex and ethnic groups. Larger reduction in systolic blood pressure is 
attained with larger reduction in dietary salt [56]. Alcohol intake should be limited to 
no more than 1 ounce of ethanol/day in most men (~2 drinks) and 0.5 ounce of etha-
nol/day in women and lighter weight individuals [57]. Ingestion of a diet rich in fruits 
and vegetables, high in low fat dairy products, potassium, magnesium, calcium, and 
low in total saturated fats reduced BP by 11.4/5.5 mmHg [58–60].

In a meta-analysis, regular aerobic exercise produced an average reduction of 4 
mmHg in systolic and 3 mmHg in diastolic BP [61]. In another study, reductions in 
diastolic BP were maintained after 32 weeks of exercise even when some of the 
medications were withdrawn. Based on the benefits of exercise, patients should be 
encouraged to exercise for a minimum of 30 min for most days of the week [62].

25.9.2	 �Pharmacologic Treatment

Pharmacologic treatment involves combination of three or more antihypertensive 
medications, including a diuretic. Recommendations in modification and intensifi-
cation of treatment are based on pharmacologic principles in the context of 
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underlying pathophysiology of hypertension, clinical experience of the physician, 
and treatment guidelines. Present rationale in treatment is to ensure that all possible 
mechanisms for BP elevations are blocked [63–65]. The regimen to be followed by 
the patient should be simplified and long-acting combination agents are used as 
much as possible to reduce the number of pills and to permit once daily dosing.

In general, most patients should be on a blocker of the renin–angiotensin–aldo-
sterone system (RAAS) along with a calcium antagonist and an appropriately dosed 
diuretic. The physician must ensure that these agents are prescribed at full dosage, 
especially with obese individuals. This triple regimen of an angiotensin converting 
enzyme inhibitor (ACE-I) or angiotensin receptor blocker (ARB), a long-acting 
CCB (usually amlodipine) and a long-acting diuretic (preferably chlorthalidone), is 
often effective and well tolerated by patients. This triple regimen can be accom-
plished with two pills with the use of fixed dose combination drugs that are already 
available [29]. Combining an ACE-I with ARB was recently shown to be less effec-
tive in terms of BP reduction than adding a diuretic or a CCB and was not able to 
reduce cardiovascular or renal events [66, 67]. In a separate trial, the combination of 
the direct renin inhibitor, aliskiren, and an ARB was also associated with a small 
additional BP drop [68]. Thus, dual RAAS blockade is not recommended.

An appropriate diuretic remains the cornerstone of treatment, as persistent vol-
ume expansion contributes to resistant hypertension. This was seen in 279 patients 
taking thiazide diuretics which saw significant increase in levels of brain natriuretic 
peptide and atrial natriuretic peptide among resistant hypertensive patients, suggest-
ing volume expansion [69]. Chlorthalidone is preferred over hydrochlorothiazide 
(HCTZ) for treatment, the former appearing to be more potent than the latter drug. 
Chlorthalidone 25 mg once daily demonstrated a greater ambulatory BP reduction 
with the largest difference occurring overnight, as compared to a 50-mg daily dose 
of the HCTZ [70]. Switching HCTZ users to chlorthalidone resulted in an additional 
8-mmHg drop and increased number of patients reaching the BP goal [71].

It is recommended to start chlorthalidone at 12.5 mg once daily, with subsequent 
titration up to 25 mg daily. It is necessary to monitor serum electrolytes, with hypo-
kalemia being a major problem when taking chlorthalidone. Among patients with 
an estimated glomerular filtration rate (eGFR) of less than 30 mL/min/1.72 m2, thia-
zide diuretics may be less effective. Loop diuretics, such as furosemide or torse-
mide, may be necessary for effective volume control [8].

Adding aldosterone antagonists provides significant benefit to existing drug regi-
mens in patients with resistant hypertension, as these patients were found to have 
higher levels of plasma aldosterone. In a study of patients on an average of four 
antihypertensive medications, addition of spironolactone resulted in an average of 
25/12 mmHg reduction of BP after 6 months of treatment [72]. In the BP lowering 
arm of the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT), patients receiv-
ing spironolactone as a fourth line antihypertensive medication for uncontrolled BP 
resulted in a 21.9/9.5 mmHg drop in BP regardless of age, sex, smoking, and pres-
ence of diabetes [73, 74]. The advantage of using spironolactone is that it can lower 
BP even with normal or low aldosterone levels. In the PATHWAY-2 trial [75], a 
randomized, double-blind, cross-over study comparing spironolactone with 
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placebo, doxazosin, or bisoprolol in 285 patients, the use of spironolactone reduced 
home systolic BP by nearly 9 mmHg compared with placebo, and by 4–5 mmHg 
compared with doxazosin and bisoprolol. Hyperkalemia developed in only 2% of 
the cohort. The most common adverse effect of spironolactone is breast tenderness, 
particularly in men, especially in doses above 25 mg/day. This can be avoided by 
using a more selective mineralocorticoid receptor antagonist, eplerenone, which has 
demonstrated BP lowering efficacy and can be beneficial on slowing kidney disease 
progression [76–78].

Amiloride is another potassium sparing diuretic associated with BP reduction. In 
a blinded comparison of amiloride 10 mg once daily, spironolactone 25 mg daily or 
a combination of both used in African American patients on two-drug regimen 
(diuretic and a CCB), the mean decreases in BP were 12.2/4.8 mmHg for amiloride, 
7.3/3.3 mmHg for spironolactone and 14.1/5.1 mmHg for the combination of both 
drugs [79]. In a substudy of PATHWAY-2, amiloride was shown to be equally effec-
tive in lowering blood pressure compared to spironolactone 25 mg once daily [75]. 
Hyperkalemia may occur when prescribing these agents, especially in combination 
with an ACE-I or ARB, thus necessitating close monitoring if kidney function is not 
within the normal range. Physicians should educate patients to avoid food and sup-
plements rich in potassium and to avoid medications such as NSAIDs [80].

If the patient is still hypertensive, additional medications are added sequentially. 
Possible agents that may be used include beta-blockers, centrally acting agents and 
vasodilators. Vasodilating beta-blockers, such as labetalol, carvedilol, or nebivolol, 
may provide more antihypertensive benefits with fewer side effects compared to 
traditional beta blockers [81]. If a centrally acting agent is required, long-acting 
drugs like guanfacine or clonidine transdermal patch are added to the regimen. 
Lastly, potent vasodilators, such as minoxidil or hydralazine, can be very effective, 
particularly at higher doses. Unfortunately, the use of these drugs, particularly in 
higher doses, has subsequent adverse events [57]. In particular, high dose of minoxi-
dil can cause reflexive increases in heart rate and fluid retention.

Ultimately, the use of three or more combination drugs must be individualized 
taking into consideration prior benefit, risk of adverse events, and contributing fac-
tors including concomitant diseases such as CKD and diabetes. It must be noted that 
a referral to a hypertension specialist is warranted if therapy has progressed to add-
ing a fourth agent [82].

25.9.3	 �Device-Based Experimental Therapies 
for Resistant Hypertension

New experimental techniques are being evaluated in the treatment of resistant 
hypertension. Catheter-based radiofrequency ablation of the renal sympathetic 
nerves was conducted in a randomized trial involving 106 patients on five antihy-
pertensive medications including a diuretic and was observed for 6 months. The 
technique significantly decreased BP from 178/97 mmHg to 143/85 mmHg [82–
84]. In another cohort study, blood pressure was reduced by 23/11 mmHg at 12 
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months and 32/14 mmHg at 24 months using the technique [84]. In the SYMPLICITY-
HTN 3 study [85], 535 patients with treatment-resistant hypertension were assigned 
to either renal nerve denervation or a sham procedure. Blood pressure decreased to 
a similar degree in both groups at 6 months, with no difference of incidence in seri-
ous adverse events. In the SYMPATHY trial which randomized resistant hyperten-
sion patients to routine care versus renal nerve denervation plus routine care, 24-h 
ABPM decreased more in the routine care group (reduction of 6.6 mmHg) com-
pared to the renal denervation group (decrease of 5.6 mmHg) [86]. Several unblinded 
studies showed renal nerve denervation could substantially lower BP in patients 
with resistant hypertension. The Renal Denervation for Hypertension (DENERHTN) 
showed that a stepped-wise hypertension therapy with renal denervation has more 
BP reduction compared to just adding oral medications (15.4 vs −9.5mmHg) in 
24-h systolic BP. Complications related to radiofrequency ablation include femoral 
artery pseudoaneurysm and renal artery stenosis [87].

Another experimental therapy for resistant hypertension is the use of electrical 
stimulation of the carotid sinus baroreflex system. The surgical implantation of the 
RHEOS device was tested in 265 patients with resistant hypertension and results 
showed that there is no significant reduction in the systolic BP. In one year, the mean 
reduction of systolic BP was 25 mmHg but 35% of patients had serious procedure-
related adverse events [88]. The device was unfortunately discontinued. A second 
baroreceptor activation therapy device, which was inserted in the carotid sinus by 
endovascular deployment lowered 24 h ambulatory BP in 6 months by 21/12 mmHg 
in 30 patients [89].

25.9.4	 �Experimental Therapy for Resistant Hypertension

Angiotensinogen is the unique substrate of all angiotensin peptides in the renin–
angiotensin–aldosterone system. Therapeutic inhibition of this substrate using small 
interfering RNAs (siRNA) or antisense oligonucleotides (ASOs) has shown prom-
ise in reducing elevated BP in animal models [90]. These medications are given 
subcutaneously and at 4 weeks or longer intervals. This approach may improve 
better adherence for patients who are taking multiple oral medications [91].

25.10	 �Conclusions

The dilemma of resistant hypertension is growing and unfortunately is still under-
studied. Additional knowledge is needed to better identify, manage, and treat resis-
tant hypertensives. Effective management should be based on pathophysiologic 
principles and clinical experience. It requires a careful examination and exclusion 
of factors associated with pseudoresistance. Modification of factors related to true 
resistance is needed to achieve better BP goals. An aggressive treatment should be 
designed to compensate for all mechanisms of BP elevation in a given patient. 
Proper combination of antihypertensive medications should be instituted 
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immediately and is recommended to use triple regimen of an ACE-I or ARB, a long-
acting CCB, and a diuretic. Diuretics, particularly chlorthalidone, are the corner-
stone of treatment as these patients have volume overload. Aldosterone antagonists 
may be added as fourth line medication, and additional medication may be added if 
BP is still not at goal. Hopefully, experimental therapies may aid toward effective 
BP control in very difficult cases of resistant hypertension in the future.

Conflicts of Interest and Source of Support  None.
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Hypertensive Urgency and Emergency: 
Diagnostic and Therapeutic 
Considerations

Tiny Nair

26.1	 �Terminology and Definitions

Patients with known or undiagnosed hypertension can present with acute elevations 
of blood pressure (BP) to >220/120 mmHg. These individuals can present in outpa-
tient or emergency department settings. There is a spectrum of presentation, and the 
term ‘accelerated hypertension’ is used to describe an acute rise in BP. This rise in 
BP can accompany a spectrum of presentations, including hypertensive urgency [1, 
2] and hypertensive emergency, the latter term is used when acute organ damage is 
imminent. The challenge is to differentiate a ‘hypertensive emergency’ from ‘hyper-
tensive urgency’ because the former requires BP to be controlled within minutes to 
hours, while BP can be controlled over days and weeks in the latter and more rapid 
lowering of BP may result in a poor outcome [3].

The term ‘malignant hypertension’ was initially used when acute elevations of 
BP were accompanied by papilledema [4]. More recently, however, this term is used 
when there is evidence of damage to three different target organs [5]. However, use 
of the terms hypertensive urgency and hypertensive emergency is considered better 
and more clinically relevant because these include acute damage to other tar-
get organs.

26.1.1	 �Hypertensive Emergency

In a hypertensive emergency, BP is extremely high (often exceeding 220/120 
mmHg), accompanied by signs and symptoms of acute, progressive, hypertension-
mediated organ damage (HMOD) [6, 7]. Patients may also present with a variety of 
symptoms based on the impact of extremely high BP on different target organs [1, 

T. Nair (*) 
Department of Cardiology, PRS Hospital, Trivandrum, Kerala, India

26

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-95734-6_26&domain=pdf
https://doi.org/10.1007/978-3-030-95734-6_26#DOI


368

8]. These include cerebral symptoms (e.g., headache, altered consciousness, confu-
sion, or frank neurological deficit), cardiopulmonary symptoms (e.g., chest heavi-
ness, chest pain, or breathlessness), ophthalmic symptoms (e.g., blurred vision), 
and/or renal symptoms (e.g., reduced urine output or pedal oedema) [9, 10]. 
Symptoms may be mild in some patients, but clinical examination or investigations 
might reveal features of acute and ongoing organ damage. This is important to 
understand because HMOD could also be present as a chronic state. The presence 
of target organ damage alone does not necessarily imply a diagnosis of hypertensive 
emergency, mandate the urgent initiation of parenteral antihypertensive therapy, or 
necessitate hospital admission. Acute and ongoing organ damage need to be present 
to make a diagnosis of hypertensive emergency.

Sometimes the clinical features of hypertensive emergency might match one of 
the several clinical syndromes, such as cerebrovascular accident, acute coronary 
syndrome, acute left ventricular failure, aortic dissection, or eclampsia. Urgent and 
rapid control of BP, within minutes or hours, using parenteral antihypertensive ther-
apy is generally indicated in hypertensive emergency [8, 11].

26.1.2	 �Hypertensive Urgency

In contrast to hypertensive emergency, the course of hypertensive urgency is much 
less risky. Patients usually have a long-standing history of hypertension, often with 
irregular treatment or poor compliance [12]. BP is generally very high, usually 
>180/120 mmHg and there are no signs of acute or ongoing HMOD, although signs 
of chronic target organ damage may be present. The presence of left ventricular 
hypertrophy (LVH), grade 2 hypertensive retinopathy or urinary microalbuminuria 
may just indicate poor long-term BP control. Unlike hypertensive emergency, 
patients with hypertensive emergency do not show any acute, progressive, or ongo-
ing organ damage [1, 2, 11]. In addition there is no need for hospital admission or 
use of parenteral drugs to urgently lower BP. In fact, urgent lowering of BP in stable 
patients can cause more complications [13, 14].

Available data suggest that the risk of short-term complications in those present-
ing with high BP alone and no acute organ damage is the same when less aggressive 
BP control is implemented compared with use of parenteral agents [15, 16]. The 
rates of major adverse cardiovascular event endpoint (including death, myocardial 
infarction [MI], and stroke) have been shown to be similar in patients managed 
aggressively or non-aggressively [15]. In 2013, Levy et al. assessed outcomes in 
435 patients who presented with markedly elevated BP but no acute HMOD. Again, 
short-term prognosis did not differ between patients treated aggressively or other-
wise [14].

Aggressive BP lowering can cause postural hypotension, decrease cerebral hypo-
perfusion resulting in cerebral ischaemia, cause acute coronary syndrome, and 
reduce renal perfusion causing acute renal failure [15]. In the setting of a chronic 
hypertension, many of these target organs are constantly perfused at higher mean 
perfusion pressures, resetting their autoregulation. Acute reduction of BP in such 
cases can be harmful [15, 17].
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26.2	 �Clinical Features

26.2.1	 �Symptoms

Common signs and symptoms of hypertensive emergency based on involvement of 
the cerebrovascular and cardiovascular systems, eyes, and kidneys are summarised 
in Table 26.1 and Box 26.1. Clinical syndromes in which patients might present 
with hypertensive emergency are shown in Box 26.2. Patients presenting with severe 
hypertension in the ER, especially those with hypertensive urgency, have some 
common risk factors. These include poor socioeconomic status, medication non-
compliance, irregular follow-up, and alcohol and drug abuse (Box 26.3) [6, 17–19].

Table 26.1  Symptoms indicating hypertensive emergency in the presence of increasingly high BP

Symptoms
Neurologic Ophthalmic Cardiopulmonary Renal
Headache Blurred vision Chest heaviness, pain Reduced urine output
Confusion Breathlessness Pedal oedema
Altered consciousness Palpitation
Seizure Pink frothy sputum

Box 26.1 Clinical Signs that Indicate Hypertensive Emergency
•	 Focal neurologic deficit
•	 Tachycardia
•	 Sweating
•	 Abdominal tenderness
•	 Absent lower limb pulses
•	 Acute pulmonary oedema

Box 26.2 Clinical Syndromes in Which Patients Present with Hypertensive 
Emergency
•	 Stroke: Atherothrombotic, haemorrhagic
•	 Acute coronary syndrome: non-ST segment elevation myocardial infarc-

tion, ST-elevation myocardial infarction
•	 Acute left ventricular failure
•	 Aortic dissection
•	 Acute Renal Failure
•	 Retinal haemorrhage, papilledema
•	 Preeclampsia/eclampsia
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26.3	 �Investigations

The approach to management and initial evaluation depends on patient presentation. 
Suspicion of stroke initiates a stroke protocol involving brain imaging (computed 
tomographic or magnetic resonance imaging scan) to determine the need for throm-
bolysis or interventional therapy. Patients with acute coronary syndrome, especially 
ST-elevation MI should be referred to the catheterisation laboratory for an angio-
gram and, if indicated, angioplasty to open the occluded coronary artery [6, 18, 20]. 
A simple algorithm showing the initial approach to evaluation of patients with 
hypertensive emergency is provided in Fig. 26.1.

Investigations are both general and specific (Table 26.2). They help to determine 
the degree of target organ damage and rule out secondary causes of hypertension 
[18–20].

BP > 180/110 Pregnancy Preeclampsia

Symptomatic

Focal Deficit Chest Pain Chest Pain Breathless Confusion, Headache

Stroke ACS Ao Dissection Acute LVF Encephalopathy

CTEcho
NT Pro BNP

Echo
TEE
CT

ECG
Troponin

Imaging
CT
MRI

Sever Hypertension in ER

Fig. 26.1  Initial approach to evaluation of patients with hypertensive emergency depending on 
initial symptoms. ACS acute coronary syndrome, CT computed tomography, ECG electrocardio-
gram, Echo echocardiography, ER emergency room, MRI magnetic resonance imaging, NT-proBNP 
N-terminal pro B-type natriuretic peptide, TEE trans-oesophageal echocardiography

Box 26.3 Risk Factors for Hypertensive Emergency and Urgency
•	 Poor socioeconomic status
•	 Poor healthcare access
•	 Medication noncompliance and nonadherence
•	 Smoking, alcohol use
•	 Oral contraceptive pill use
•	 Drug abuse
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26.4	 �Pathophysiology

Overall, it is estimated that 1% of patients with hypertension develop true hyperten-
sive emergency. The pathology of ongoing organ damage presents with specific 
pathologic, haemodynamic, and rheologic patterns.

26.4.1	 �Haemodynamic Changes

As BP rises, the cerebral arteries constrict to prevent the brain from being exposed 
to higher pressures, a mechanism known as cerebral autoregulation [21]. With fur-
ther increases in BP, this autoregulation tends to fail. Finally, the vessel gives way 
to the dilating pressure, and exposure of the cerebral parenchyma to high pressure 
results in cerebral oedema [22] (Fig. 26.2).

26.4.2	 �Pathologic Changes

Damage to the small arterioles, known as fibrinoid necrosis, can occur in multiple 
organs resulting in multi-organ dysfunction. In the brain, this is seen in the penetrat-
ing and subcortical arteries. Chronic changes associated with hypertension are char-
acterised by thickening of the subintima and medial wall. Hypertensive emergency 
tends to create an ongoing degenerative pathology, especially in the small arterioles 
of brain and kidneys with deposition of fibrin-like material in the subintima [10, 
23]. The pathology is very similar to autoimmune vasculitis [24].

Table 26.2  Common investigations performed in patients with hypertensive emergencies and 
their interpretation

Investigations Findings Interpretation
Blood count Peripheral smear (schistocytes) Microangiopathic haemolytic 

anaemia
Urine examination Proteinuria, RBCs, RBC cast Acute glomerular and tubular 

injury
CT scan Cerebral oedema, infarction, 

haemorrhage
Acute stroke

ECG ST elevation, ST depression, LVH 
strain pattern

Acute coronary syndrome

Chest X-ray Bilateral central pulmonary shadows 
(bat wing appearance)

Acute pulmonary oedema

Echocardiography LVH, LV diastolic and/or systolic 
dysfunction

Long-standing uncontrolled 
hypertension

Chest CT, abdominal 
ultrasound

Flap of dissection visible Aortic dissection

CT computed tomography, ECG electrocardiography, LV left ventricular, LVH left ventricular 
hypertrophy, RBC red blood cell
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26.4.3	 �Rheologic Changes

Small arteriolar changes result in altered flow characteristics that cause damage to 
blood particles like red blood cells (RBCs). This damage may manifest as microan-
giopathic haemolytic anaemia, which can be a complication of a full-blown hyper-
tensive crisis [15, 24].

26.4.4	 �Secondary Cases of High BP in Hypertensive Crisis

The most missed causes of markedly elevated BP in patients with hypertensive 
urgency or emergency are shown in Box 26.4 [18, 25, 26].

Cerebral Vessels

BP
120/80

BP
180/110

Normal
Autoregulation

CBF
Normal

Lost
Autoregulation

CBF
Increased

Deranged
Autoregulation

Fig. 26.2  Changes in cerebral vessels under increasing blood pressure (BP). CBF cerebral blood flow

Box 26.4 Commonly Missed Secondary Causes of Hypertension in 
Hypertensive Crisis
•	 Pheochromocytoma
•	 Renal artery stenosis
•	 Alcohol, cocaine, treatment with monoamine oxidase inhibitors
•	 Clonidine withdrawal
•	 Treatment with oral contraceptives or steroids
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26.4.5	 �Frequency of Target Organ Damage

The relative frequency of organ damage in acute severe hypertension varies. The 
most common sites of target organ damage are the central nervous system (CNS) 
and the cardiovascular system (CVS) (Box 26.5) [27].

26.5	 �Management

26.5.1	 �Goal BP

26.5.1.1	 �Hypertensive Emergency
In the first hour, the general goal is to reduce mean arterial pressure (MAP) by 
25%. Over the next 2–6 h, a BP goal of 160 mmHg for systolic BP and 100–110 
mmHg for diastolic BP would be realistic. This BP level needs to be maintained 
for the first 24 h by strict titration of therapy. Over the next 48 h, the goal should 
be to reach the guideline-defined office BP goal in the absence of specific comor-
bidity [2, 6, 13].

26.5.1.2	 �Hypertensive Urgency
There is no hurry to reduce BP in these patients. If the patient is known to have 
hypertension and had not been taking prescribed medication, these treatments 
should be restarted. For patients with high BP despite good compliance with ther-
apy, additional oral medications should be added [18, 20].

26.5.2	 �Non-pharmacologic Measures

Patients whose BP falls by 20/10 mmHg after reassurance, rest, and pain relief 
may not actually have hypertensive urgency and may not need emergent drug 
therapy [29].

Box 26.5 Relative Incidence of Organ Involvement in Hypertensive Emergencies 
[16, 28]
•	 Cerebral infarction: 20–25%
•	 Pulmonary oedema: 15–30%
•	 Acute coronary syndrome: 15–25%
•	 Intracerebral or subarachnoid haemorrhage: 5–15%
•	 Hypertensive encephalopathy: 0–15%
•	 Eclampsia: 0–4%
•	 Aortic dissection: 0–2%

26  Hypertensive Urgency and Emergency: Diagnostic and Therapeutic Considerations



374

26.5.3	 �Pharmacological Therapy for Hypertensive Emergencies

There are many fast acting IV drugs available for the management of hypertensive 
emergency (Table 26.3) [8, 27].

Sodium nitroprusside reduces BP very rapidly and usually requires invasive BP 
monitoring. It has a rapid onset of action (in seconds) and short duration (1–2 min), 
making it easy to titrate, especially in labile situations. The usual dosage ranges 
from 0.25 to 8 μg/kg/min. Common side effects are nausea, vomiting, and muscle 
cramps. Cyanide toxicity is rare but can occur during prolonged therapy [30]. The 
drug degrades on exposure to light, making it challenging to infuse [8, 31]. It should 
be used in an intensive care unit setting for short periods and with close monitor-
ing only.

Nitroglycerin is a commonly used anti-ischaemic drug that is less potent than 
sodium nitroprusside. Its effect on reducing preload and relieving coronary isch-
aemia makes it a good choice in the presence of ischaemic syndromes with ongoing 
cardiac pain, and in cardiac failure. The infusion dosage ranges from 5 to 100 μg/
min depending on BP.  Headache and vomiting are known side effects [32, 33]. 
Development of methemoglobinemia and tolerance to prolonged infusion is a chal-
lenge [31].

Esmolol is an ultra-short-acting beta-blocker that can be easily titrated due to a 
1–2 min onset of action and a 10–30 min duration of action. In addition to beta-
blockade, this agent has negative ionotropic and chronotropic effects that can pro-
longed the PR interval and worsen heart failure. Bronchospasm is a relative 
contraindication. The dose is 250–500 μg/kg IV bolus followed by 50–100 μg/kg/
min IV infusion. It is the drug of choice in hypertensive emergencies associated 
with dissection of aorta because it reduces the force of myocardial contraction, 
slowing the progression of dissection [34]. It is also indicated in acute coronary 
syndrome, thyrotoxicosis and after coronary artery bypass grafting-related severe 
hypertension [31, 35].

Labetalol is a combined alpha- and beta-blocker. It is a gentle beta-blocker that 
is safe in eclampsia. Onset of clinical effect occurs in 5–10 min and lasts for 3–6 h. 
The dosage is 20–80 mg IV bolus. Common side effects are nausea, vomiting, flush-
ing, bradycardia, and orthostatic hypotension [36]. Heart block and acute heart fail-
ure are contraindications to its use [31, 35].

Table 26.3  Parenteral antihypertensive agents that can be used in hypertensive emergency

Group Agents
Vasodilators Nitroglycerin, sodium nitroprusside, 

hydralazine
Calcium channel blockers Clevidipine, nicardipine
Beta-blockers Esmolol, labetalol, metoprolol
Angiotensin-converting enzyme inhibitors Enalaprilat
Alpha-blockers Phentolamine
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Enalaprilat is the intravenous formulation of the popular angiotensin-converting 
enzyme inhibitor (ACEI), enalapril. The BP-lowering effects of this agent are dif-
ficult to reverse, and therefore acute hypotension is a major problem with IV enala-
prilat. However, it may be used in select cases of severe hypertension with heart 
failure and scleroderma-related hypertensive crisis. The dose is 1.25–5 mg every 6 
h [37]. Onset of action occurs in 15–30 min and lasts for 6–12 h [31, 35].

The IV CCB nicardipine has the advantage of reducing cerebral ischaemia and 
therefore has an advantage in cerebrovascular accident. Usual side effects are reflex 
tachycardia, headache, and a sensation of flushing. The dose is 5–15 mg/h IV. Onset 
of action occurs within 5–10 min of treatment initiation and lasts for 1–4 h [30]. 
Dosage is not based on body weight meaning that ease of administration is an added 
advantage for nicardipine [35].

Hydralazine can be administered via the intramuscular (IM) or IV route. It is 
especially useful in eclampsia. BP-lowering effects are seen within 10–20 min of 
starting an IV infusion and duration is action of 1–4 h. For IM injection, the onset 
of action is seen within 20–30 min and the duration of action is 4–6 h. Common 
vasodilatory side effects, such as flushing and reflex tachycardia, are common. 
Aortic dissection and coronary ischaemia are contraindications to use of hydrala-
zine [38].

26.5.4	 �Transition to Oral Therapy

This is planned when BP is under control. Given that most IV agents are vasodila-
tors, tachyphylaxis is common. The addition of low-dose non-loop diuretics (typi-
cally hydrochlorothiazide or chlorthalidone) tends to be associated with good 
reductions in BP. Once a patient is out of crisis, a routine work-up to rule out sec-
ondary causes (pheochromocytoma, aldosteronism, renal artery stenosis, renal 
parenchymal disease, or obstructive sleep apnoea) can help in targeting subsequent 
therapy [16].

26.6	 �Special Situations

26.6.1	 �Aortic Dissection

Progression of aortic dissection depends on the magnitude of raised systolic BP and 
associated shear stress on the damaged aorta. The goal is to rapidly reduce systolic 
BP to 120 mmHg within 20–30 min. This can be achieved using short-acting IV 
beta-blockers such as esmolol and labetalol. Monotherapy with direct-acting vaso-
dilators is contraindicated because this might increase stroke volume and worsen 
the dissection [39]. Confirmation of diagnosis and timely surgical procedure is the 
key to good outcomes [27, 40, 41].
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26.6.2	 �Acute Coronary Syndrome/ST-Elevation MI

The goal in ACS is to control BP and relieve ischaemic pain. This is usually achieved 
using a combination of nitroglycerin and beta-blockers. Ongoing ischaemia requires 
rapid reopening of the culprit artery, especially in ST-elevation MI [42]. Cases of 
ACS presenting with non-ST-elevation MI without haemodynamic derangement, 
ongoing ischaemia, major arrhythmias, or other life-threatening features can be sta-
bilised on medical management and BP controlled prior to angiography and neces-
sary intervention [31, 35].

26.6.3	 �Acute Pulmonary Oedema

Intravenous nitroglycerin is the drug of choice because most cases of acute pulmo-
nary oedema result from ischaemic syndromes. IV loop diuretics given to relieve 
congestion can also reduce BP. Careful initiation of therapy with RAAS blockers 
(including ACEIs, angiotensin receptor blockers [ARBs] and angiotensin receptor-
neprilysin inhibitors [ARNIs]) should be performed. Recent data show that ARNIs 
are preferred over ARBs and ACEIs even in acute hospital settings. These can be 
combined with a loop diuretic and a mineralocorticoid receptor antagonist (MRA). 
(Tiny 19 b) Ischaemia as the underlying cause for heart failure needs to be actively 
investigated and revascularisation therapy offered if required [35].

26.6.4	 �Ischaemic Stroke

Severely elevated BP in the setting of an acute ischaemic stroke is often a com-
pensatory mechanism to increase blood flow to the ischaemic area and reduce 
the potentially ischaemic ‘penumbra’. Reducing BP in the acute phase can result 
in progression of the area of ischaemia and worsening of neurologic status. The 
cerebral perfusion pressure (CPP) depends on the difference between MAP and 
intracranial pressure (ICP). ICP increases during the acute phase of stroke 
means that it is mandatory for the MAP to increase to maintain perfusion. It is 
important not to reduce BP abruptly [21]. The general guideline is not to lower 
BP unless this is above 220/120 mmHg. Gradual reduction in BP by 15% com-
pared with baseline is recommended in the first 24 h to avoid excessive lowering 
of MAP. The goal BP during and after thrombolysis is 185/110 mmHg, with a 
slightly lower goal of 180/105 mmHg after 24 h. Labetalol and nicardipine are 
preferred agents due to their ability to maintain cerebral perfusion [43]. IV 
sodium nitroprusside or esmolol can also be used because dosages are easily 
titrated [43, 44].
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26.6.5	 �Haemorrhagic Stroke

Reductions in BP also need to be gradual in patients with haemorrhagic stroke, but 
BP-lowering therapy is needed when systolic BP is >220 mmHg and there is also 
benefit to gradually lowering systolic BP from 150–220 mmHg. A goal BP of <160 
mmHg provides a good trade-off between maintaining perfusion and increasing 
haematoma. In a trial of aggressive BP lowering to 140 mmHg resulted in similar 
neurologic outcomes but worse renal results [45, 46]. Nimodipine is a weak dihy-
dropyridine CCB that reduces cerebral artery vasospasm in cerebral haemorrhage 
and is known to reduce the risk of re-bleeding and improve outcomes [46, 47].

26.6.6	 �Preeclampsia

Pregnant patients at >20 weeks’ gestation who present with hypertension constitute 
a special risk category, especially when this is accompanied by a specific risk factor 
such as proteinuria >300 mg/day, hepatic enzyme elevation, creatinine >1.1 mg%, 
and platelet count <100,000. Untreated preeclampsia can progress to seizures and 
eclampsia with grave maternal and foetal outcomes. A full-fledged haemolysis, 
elevated liver enzymes and low platelets (HELLP) syndrome is particularly danger-
ous. Drugs that are safe in pregnancy-induced hypertension include magnesium sul-
phate, hydralazine, labetalol, alpha methyldopa, and nifedipine. ACEIs, ARBs, and 
sodium nitroprusside are contraindicated [48].

26.6.7	 �Perioperative Hypertension

Catecholamine release during surgery, change of volume status, post-operative 
pain, and anxiety are often associated with high BP. It is generally recommended to 
continue parenteral antihypertensive medications until oral intake is permitted and 
then restart oral agents as soon as possible [20]. Intraoperative hypertensions can be 
controlled using IV agents if BP is very high (>180/110 mmHg) [6, 20].

26.7	 �Conclusion

Acute severe hypertension in the emergency room is a challenge to diagnose and 
treat. The disease spectrum ranges from a true emergency needing hospital admis-
sion, close monitoring, and IV drugs to marked BP elevation that does not need to 
be managed using such drastic measures. Early diagnosis, proper triage, and careful 
therapy titration can provide a favourable outcome in these conditions.
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Mechanical Interventional Therapies 
for Hypertension: Present Status 
and Future Prospects

Emmett Tsz Yeung Wong  and Adrian Fatt Hoe Low

27.1	 �Introduction

Hypertension affects more than 1 billion people globally and is the number one 
risk factor for cardiovascular mortality and morbidity [1]. It increases the risk of 
acute coronary events, stroke, heart failure, atrial fibrillation, and kidney failure 
[2]. The World Health Organization (WHO) estimates that between 2000 and 
2025, the number of people diagnosed with hypertension will increase by 60% to 
up to 1.56 billion, and Asia will contribute to a large proportion of this popula-
tion. In China and India, the total number of hypertensive patients is expected to 
increase to more than 500 million by 2025 [3, 4]. Hypertension is also very com-
mon among the elderly in many Asian countries, with a prevalence of more than 
60% among patients above the age of 60–65 in several countries [5–8]. With the 
rapid increase in the aging population in these Asian countries, it is expected that 
the prevalence of hypertension and related cardiovascular morbidity will 
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continue to rise, resulting in an increasing socioeconomic burden [9]. Lifestyle 
modifications and medications have been the cornerstone of therapy for the treat-
ment of hypertension. Although drug treatment strategies to lower blood pressure 
(BP) are well described, poor control rates of hypertension remain a significant 
challenge to clinicians. A major problem is non-adherence to anti-hypertensive 
medications, which is caused in part by intolerable or unfavorable side effects or 
adverse drug reactions. In addition, there is a subgroup of patients with treat-
ment-resistant hypertension, when both lifestyle and pharmacological interven-
tions fail to control blood pressure. As recent guidelines have also recommended 
more stringent BP goals, achieving these targets often requires multiple medica-
tions, which result in high dosing complexity, pill burden, and cost. Mechanical 
interventional therapies are thus an emerging and important field for the treat-
ment of hypertension.

27.2	 �Premise Behind Mechanical Intervention Therapies 
for Hypertension

Renal sympathetic nerves are important in the initiation of hypertension and main-
tenance of the hypertensive state. Increased renal sympathetic activity results in (1) 
increased renin secretion mediated by direct adrenergic innervation, (2) increased 
renal tubular sodium reabsorption and sodium retention mediated by direct contact 
between nerve endings and basolateral membranes of renal tubular epithelial cells 
throughout the nephron, and (3) renal vasoconstriction resulting in decreased glo-
merular filtration rate and renal blood flow. The impact of renal innervation can thus 
occur long before changes in renal hemodynamics are evident. It was found that 
renal sympathetic nerves are activated in patients with essential hypertension, and 
the increase in renal sympathetic activity is most apparent in hypertensive patients 
younger than 40 years of age [10–13].

Sympathetic drive is elevated in multiple types of hypertension [14]. There is an 
interplay between renal nerves and the sympathetic nervous system. Efferent sym-
pathetic signals from the central nervous system (CNS) modulate the physiology of 
the kidneys, which are a source of afferent central sympathetic activity, sending 
signals to the CNS [15]. The integral role of the sympathetic nervous system in the 
pathogenesis of hypertension has made it an attractive target for both pharmacologi-
cal and mechanical interventions for its treatment. Interventions in animal models 
to abrogate renal sympathetic signaling prevent both the development of hyperten-
sion and lower BP [11, 12, 16].

This chapter will briefly examine the history and origins of mechanical interven-
tion therapies, study its present state, and look at some of its future directions. While 
an increasing number of technologies are work in progress at various stages of 
development, the review will limit itself to therapies for which human feasibility 
studies have been published.
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27.3	 �Mechanical Intervention Therapies for Hypertension

27.3.1	 �Surgical Sympathectomies

In the 1930s–1950s, prior to the advent of effective anti-hypertensive drugs, non-
selective surgical sympathectomies, often called “splanchnicectomies,” were per-
formed in patients with uncontrolled hypertension [17, 18]. While medically 
effective, successful in reducing BP, and even improving survival in a population 
where the mortality rate was almost 100% in 5 years [19], the broad nature of these 
radical approaches led to significant morbidity, many perioperative adverse effects, 
and long-term complications, including bowel, bladder, and erectile dysfunction, as 
well as the dreaded side effects of palpitations, postural hypotension, and tachycar-
dia due to non-specific sympathetic denervation of the viscera and lower extremity 
vasculature [17, 20–22]. It is also worth noting that in addition to improving BP in 
about half of the patients, surgical sympathectomies also rendered BP more sensi-
tive to anti-hypertensive medications [19].

The use of radical surgical sympathectomies and therapeutic splanchnicectomies 
was eventually abandoned in the 1960s, not only because of the severe adverse 
effects and complications but also due to the development of effective anti-
hypertensive medications [23].

27.3.2	 �Endovascular, Catheter-Based Renal 
Sympathetic Denervation

Increased renal sympathetic outflow, demonstrated in human hypertension, sug-
gests that renal sympathetic nerves, conveniently located in a peri-arterial distribu-
tion, might be an attractive target for the treatment of hypertension [24]. The use of 
newly developed endovascular catheter technology thus takes advantage of the ben-
efit of selective renal denervation while avoiding the downfalls of non-selective 
sympathectomies [13]. The first catheter developed for this purpose was the 
Symplicity™ catheter system (Ardian Inc., Palo Alto, CA, USA; now Medtronic, 
Minneapolis, MN, USA) in 2005. The original thoughts were to utilize a catheter to 
basically do what Smithvick and Thompson had done in a slightly different approach 
without creating a stepwise function in changes in sympathetic tone. This involves 
ablation of both afferent and efferent renal sympathetic nerve fibers located in the 
adventitia of the arteries with a radiofrequency (RF)-emitting catheter inserted per-
cutaneously into the renal artery via a transfemoral approach [13, 23, 25]. The 
device consists of a 5-F blind-ending catheter that houses a flexible RF wire. The 
back-end portion of the catheter handle connects to an RF generator that supplies 
power. The procedure is performed under local anesthesia and sedation. Catheter 
control by the handle allows bringing this device into contact with the endothelial 
surface of the artery. Four to six 2-minute treatments are delivered at different 
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locations longitudinally and rotationally in order to achieve a helical pattern of abla-
tion within each renal artery. The energy delivered is 5 –8 W. Both renal arteries are 
treated on the same day. Before the procedure, the patient receives anticoagulation 
and intravenous administration of 200 ug of nitroglycerin [25, 26]. Preclinical stud-
ies performed by Ardian Inc. in juvenile swine then reported the effectiveness of this 
technique at achieving renal denervation without causing severe vascular or renal 
injury up to 6 months following the procedure [26].

27.3.2.1	 �The Symplicity-HTN Studies
In April 2007, Dr. Henry Krum and colleagues successfully performed the first per-
cutaneous renal sympathetic denervation (RDN) in a patient with severe treatment-
resistant hypertension [27]. Two years later, the Symplicity HTN-1 feasibility study 
was published, for which the Symplicity Flex™ (Medtronic, Minneapolis, MN, 
USA) catheter was used for RF ablation. Aiming primarily to assess safety and 
proof-of-principle, Krum’s study [26] had a relatively small sample size of 50 
patients, was unrandomized and not placebo-controlled, did not restrict medication 
adjustments, or maintain strict recruitment criteria, and failed to exclude secondary 
forms of hypertension. Nevertheless, it ignited the interest of the nephrology, hyper-
tension, and interventional communities in the field after demonstrating substantial 
and safe office BP reduction of 27/17 mmHg in patients with resistant hypertension 
at 12  months. The subsequent open-label, unblinded, randomized, non-sham-
controlled Symplicity HTN-2 study [28] provided additional insights into the effec-
tiveness and safety of RDN in patients with resistant hypertension. This study of 
106 patients found a 33/11 mmHg reduction in office-based BP in the renal dener-
vation group compared to the control group at six-month follow-up (p < 0.0001 for 
systolic and diastolic BP). These changes were also paralleled by similar reductions 
in home-based BP measurements, average BP measurements derived from 24 h-hour 
ambulatory BP recordings (although performed in only half the patients, and less 
impressive reduction of 11/7 mmHg), and the need for anti-hypertensive medica-
tions. Less than 5% of patients who underwent renal denervation experienced pro-
cedural adverse events, portraying it as a promising and relatively safe procedure.

Heterogeneity of response to RDN was beginning to emerge in early studies 
[29]. Frequent criticisms of these small, uncontrolled studies surround common 
themes of sub-optimal evaluation for secondary hypertension, lack of blinded BP 
endpoints, lack of sham-controlled procedures, and inadequacy of follow-up [30]. 
To address these issues, the Symplicity HTN-3 study [31] was undertaken and 
reported in 2014. It is the largest study of RDN to date, enrolled more than 500 
participants with resistant hypertension and was sham (renal-angiogram)-controlled. 
To the surprise of many clinicians, the study demonstrated no difference in both 
office and ambulatory BP reduction with renal denervation compared with sham 
control procedures, although crucially, it proved the safety of RDN.  Substantial 
limitations have been subsequently identified by the investigators and denervation 
enthusiasts and have been the subject of extensive commentary—including variable 
number of ablations, enrolment of a heterogeneous patient population with different 
baseline medication usage, unstable medications at baseline, frequent drug changes 
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and variable adherence to medications, and reliance on a large number of centers 
with little practical experience in renal denervation [32–36]. In particular, only 19 
of 364 patients (5%) treated with RDN actually received bilateral ablation in all four 
quadrants of the renal artery. Not surprisingly, those that did receive per-protocol 
ablation therapy demonstrated the greatest reductions in office, home, and ambula-
tory systolic BP [32].

Prior to Symplicity-HTN 3, several thousand patients had been treated world-
wide, mostly using the first-generation single-electrode Simplicity catheter. Most of 
these patients were treated as a standard of care rather than in a clinical trial, 
although data was captured in the Global Symplicity Registry, which reports that 
RDN is a safe and effective treatment for resistant hypertension [24, 37]. The UK 
Renal Denervation Affiliation has also reported large reductions in office and ambu-
latory BP in 253 patients with severe hypertension treated according to strict criteria 
with different RDN catheters and suggests that the real-world application of RDN 
is successful when done per-protocol [38].

27.3.2.2	 �Beyond Symplicity-HTN
Since Symplicity-HTN 3, RDN technologies have advanced. Current approaches 
increasingly make use of multi-electrode catheters for RF ablation, irrigated balloon 
catheters for ultrasound ablation, chemical ablation, or cryoablation [24, 39–42]. 
More recent trials also addressed the shortcomings and limitations of earlier studies 
by introducing standardized study design features, such as only including partici-
pants with combined systolic and diastolic hypertension, using standardized proto-
cols for anti-hypertensive medications with washout and standardized titration, 
monitoring for anti-hypertensive medication adherence, and requiring that proce-
dures be performed by a single, experienced interventionist at each center [43–47].

To date, four (often-termed second generation) randomized, multi-center, single-
blinded, sham-controlled trials have reported results using these improved 
approaches—SPYRAL HTN-OFF MED, SPYRAL HTN-ON MED, RADIANCE-
HTN SOLO, and RADIANCE-HTN TRIO, with further active studies now in the 
analysis stage, such as REQUIRE (ClinicalTrials.gov Identifier: NCT02918305). 
Both SYPRAL trials used the Symplicity Spyral™ (Medtronic, Minneapolis, MN, 
USA) device, a flexible 4-electrode catheter design used to perform four simultane-
ous ablations with a helical pattern, which can perform comprehensive RDN includ-
ing ablation in the distal main renal artery and arterial branches. The SPYRAL 
HTN-OFF MED pivotal trial enrolled 311 participants with office systolic BP 150 
to <180 mmHg off all anti-hypertensive medications and used circumferential RF 
ablation small enough to reach the distal renal artery and accessory vessels [43]. 
The SYPRAL HTN-ON MED trial enrolled 467 participants patients with office 
systolic BP 150–180 mmHg, office diastolic BP ≥90 mmHg, and 24-h ambulatory 
systolic BP 140–170 mmHg on 1–3 anti-hypertensive medications [44].

The RADIANCE trials used an alternative technology of balloon-type ultrasonic 
PARADISE™ (ReCor Medical, Palo Alto, CA, USA) RDN catheters to allow com-
plete circumferential denervation in a more reliable fashion than RF ablation by 
generating frictional heating through the interaction of high-frequency sound waves 
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that pass through the surrounding fluids. The RADIANCE-HTN SOLO proof-of-
concept trial enrolled 146 participants with daytime ambulatory BP ≥135/85 mmHg 
and <170/105 mmHg after 1 month of discontinuing up to two anti-hypertensive 
medications [45]. The RADIANCE-HTN TRIO randomized 136 patients with 
office BP ≥140/90  mmHg despite three or more anti-hypertensive medications 
including a diuretic, to ultrasound ablation or sham procedure after a 4-week stan-
dardized switch to a once-daily fixed-dose single-pill combination of calcium-
channel blocker, angiotensin-receptor blocker, and a thiazide diuretic [47]. All four 
trials reported consistent reductions in ambulatory and/or office BP in the short-
term (2–3 terms) and mid-term (6 months) post-procedure with RF (SPYRAL tri-
als) or ultrasound-based (RADIANCE trials) denervation [43–45, 47].

27.3.2.3	 �RDN: Not Ready for Prime Time Yet?
A survey of consensus statements by hypertension and cardiology societies interna-
tionally suggests that the jury is still out on the role of RDN as the standard of care 
in clinical practice. However, this may soon change and evolve as new evidence 
support the effectiveness and safety of RDN.  The 2013 International Expert 
Consensus Statement on Percutaneous Transluminal Renal Denervation for the 
Treatment of Resistant Hypertension concluded that RDN should be considered 
only in patients whose BP cannot be controlled with a combination of modification 
and pharmacologic therapy that is tailored according to current guidelines, and 
while renal nerve ablation could have beneficial effects in other conditions charac-
terized by elevated renal sympathetic nerve activity, its potential use for such indica-
tions should currently be limited to formal research studies of its safety and efficacy 
[48]. The 2018 European Society of Hypertension (ESH) position paper on renal 
denervation [49] also supports the 2018 European Society of Cardiology/ESH 
Guidelines for the management of hypertension in not recommending device-based 
therapies for routine use in the treatment of hypertension at least at the current 
moment [50]. The more recent Joint UK Societies’ 2019 Consensus Statement on 
Renal Denervation also note that subsequent to Symplicity HTN-3, clinical trial 
design and rigor of execution has been greatly improved resulting in sham-controlled 
randomized controlled trials (RCTs) that demonstrate a short-term reduction in 
ambulatory BP without any significant safety concerns in both medication-naïve 
and medication-treated hypertensive patients, but despite this, still feel that further 
evaluation of this therapy is warranted and that RDN should not be offered to 
patients outside of the context of clinical trials [51]. The main reservations arise 
from the short duration of follow-up, lack of a physiologic test to confirm achieve-
ment of successful and complete renal ablation, and substantial heterogeneity of 
BP-lowering responses to RDN as well as to the sham procedure even in the second-
generation randomized trials.

27.3.2.4	 �A View from Asia
There were case reports of successful treatment of resistant hypertension with renal 
denervation by Ong et al. [52] and Ho et al. [53] in Singapore as early as 2012 and 
Yang et al. [54] in Korea in 2013. There was also an early prospective study carried 
out in China in 2012 with the aim of evaluating the safety and short-term efficacy of 
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RDN in eight patients, with significant decreases in mean systolic and diastolic BP 
compared to baseline and no significant complications or changes in kidney func-
tion [55]. Symplicity HTN-Japan was the first RCT to evaluate RDN in an Asian 
population. Twenty-two patients were randomized to RDN and 19 to control, and 11 
patients were crossed over and received RDN at 6  months post-randomization. 
There was a significant and sustained reduction in office systolic (−32.8 ± 20.1 mmHg) 
and diastolic (−15.8  ±  12.6  mmHg) BP in the RDN group at 36  months post-
procedure (p < 0.001), and no procedural-, device- or treatment-related safety events 
throughout the 36 months. The study concluded that despite the small sample size, 
results were encouraging that RDN maintained a reduction in BP up to 36 months 
[56]. A sub-analysis of the Global Symplicity Registry evaluated the outcomes of 
RDN among patients from Korea. Compared with Caucasians with uncontrolled 
hypertension, the Korean cohort of patients was younger, had a lower body mass 
index and baseline systolic BP, and a higher prevalence of cardiovascular disease 
(CVD). After propensity score matching, the Koreans had a systolic BP change 
similar to that of Caucasians at 6  months (−19.4  ±  17.2  mmHg vs. 
−20.9 ± 21.4 mmHg; adjusted p = 0.998), whereas the change in BP reduction was 
significantly higher in Koreans than in Caucasians (−27.2  ±  18.1  mmHg vs. 
−20.1 ± 23.9 mmHg; adjusted p = 0.002) at 12 months [57].

The 2019 Consensus Statement of the Taiwan Hypertension Society and the 
Taiwan Society of Cardiology on Renal Denervation for the Management of Arterial 
Hypertension considers RDN as a legitimate alternative anti-hypertensive strategy 
and recommends that RDN be performed in the context of registry and clinical stud-
ies (Class I Recommendation, Level C evidence) and that it should not be performed 
routinely, without detailed evaluation of various causes of secondary hypertension 
and renal artery anatomy (Class III Recommendation, Level C evidence). In par-
ticular, RDN should not be viewed as an anti-hypertensive regimen strategy only for 
patients with resistant hypertension, and the presence of secondary causes of hyper-
tension should not be viewed as a contraindication for RDN [58]. The 2020 
Consensus Statement of the Asia Renal Denervation Consortium (ARDEC), in con-
sidering the ethnic differences of the hypertension profile and demographics of 
CVD demonstrated in the Symplicity HTN-Japan and Global Symplicity Registry 
data from Korea and Taiwan, notes that RDN might be an effective hypertension 
management strategy in Asia, and that based on available evidence, recommends 
that RDN not be considered a therapy of last resort, but as an initial therapy option 
that may be applied alone or as a complementary therapy to anti-hypertensive medi-
cation [59].

It is well-known that there are significant ethnic differences in the determinants 
of hypertension and the risk of hypertension-related CVD [60–62]. The association 
between BP and CVD is stronger in Asian patients than in Caucasian patients [62–
64]. Masked hypertension, which is associated with increased sympathetic activity, 
is more prevalent in Asians [65–67], and East Asian populations have at least a two-
fold higher sensitivity to β-blockade effects of propranolol, compared to white pop-
ulations. These ethnic differences suggest that Asian populations might be 
particularly sensitive to sympathetic modulation, thereby making RDN an attractive 
strategy for the treatment of hypertension for Asians [59, 68].
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27.3.3	 �Baroreflex Activation Therapy

Arterial baroreceptors located along the carotid sinus and aortic arch are stimulated 
in response to arterial BP elevation and reflexively send afferent nerve impulses into 
the nucleus tractus solitarius in the CNS. This in turn downregulates sympathetic 
efferent output and BP-lowering as well as increased parasympathetic outflow 
resulting in bradycardia [69, 70]. This can be achieved by delivering electrical field 
stimulation at the carotid sinus.

The first-generation Rheos™ (CVRx. Maple Grove, MN, USA) system uti-
lized an implantable pulse generator and bipolar electrodes which were surgically 
attached to the carotid sinus under general anesthesia. It was initially evaluated in 
the prospective, non-randomized US Rheos Feasibility Trial in which ten patients 
underwent successful implantation with a consistent reduction in systolic BP of 
41  mmHg [71], and subsequently in the DEBuT-HT trial, another prospective, 
non-randomized study which enrolled 45 patients with resistant hypertension and 
showed an average office BP reduction of 21/12  mmHg at 3  months and 
33/22 mmHg at 2 years [72]. Finally, in the randomized, sham-controlled Rheos 
Pivotal Trial, 265 patients were randomized to early (1 month post-implantation) 
or delayed (6 months post-implantation) device activation. There was no signifi-
cant difference between groups in the primary efficacy endpoint of at least 
10 mmHg reduction in systolic BP. The study also failed to meet its early safety 
endpoint with 9% of patients developing transient or permanent facial nerve 
injury [73]. A 6-year open follow-up of patients who had been included in one of 
the three above trials showed that baroreflex activation therapy (BAT) maintained 
its efficacy for persistent reduction of office BP (systolic BP fell from 
179  ±  24  mmHg to 144  ±  28  mmHg, p  <  0.0001; diastolic BP fell from 
103 ± 16 mmHg to 85 ± 18 mmHg, p < 0.001) in patients with resistant hyperten-
sion without major safety issues, and that the effect of BAT is greater than average 
in patients with signs of heart failure [74].

A second-generation device, Barostim Neo™ (CVRx, Maple Grove, MN, USA) 
has replaced Rheos™ and encompasses a single unipolar electrode and miniaturized 
generator with improved battery life [75]. The procedure can now be done under con-
scious sedation with a much-improved safety profile. A preliminary study in 30 patients 
with resistant hypertension demonstrated office BP reduction of 26.0/12.4 mmHg at 
6 months, with shorter implantation and hospitalization times, less immediate proce-
dure-related complications, and no reports of either temporary or permanent facial 
injury, compared with the Rheos™ system [76]. CVRx was previously undertaking the 
Barostim Hypertension Pivotal Trial (ClinicalTrials.gov Identifier: NCT01679132), 
which was eventually suspended as its resources only allow adequate oversight for one 
pivotal trial at a time, which was the BeAT-HF Trial. The BeAT-HF Trial was a multi-
center, prospective, RCT in which subjects who had heart failure with reduced ejection 
fraction were randomized to BAT with optimal medical management or optimal medi-
cal management alone. Following the announcement of results that BAT resulted in 
significantly improved quality of life, exercise capacity, and NT-proBNP [77] at the 
Heart Rhythm Society 2019 Scientific Sessions, Barostim Neo™ obtained US FDA 
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approval for BAT in heart failure later that year. The BAROSTIM THERAPY™ 
Registry (ClinicalTrials.gov Identifier: NCT02880631) is underway.

27.4	 �Future Prospects

27.4.1	 �Renal Denervation Therapies

With the results of the second-generation RDN trials, there is renewed interest in 
RDN as a therapy for resistant hypertension and perhaps beyond. One key unan-
swered question and future research direction revolve around physiological and bio-
chemical markers to evaluate the extent of RDN at the time of the procedure to 
provide feedback of successful and complete RDN [78, 79]. Several markers have 
been proposed, including renal blood flow parameters [80], blood levels of brain-
derived neurotrophic factor [81], and the BP response to catheter-based renal nerve 
stimulation [82, 83]. Another important question is whether there is a potential for 
functional reinnervation after RDN, or that of renal nerve fibers regaining their 
patency, with the implication of the durability of effects of RDN—this will require 
studies with a longer duration of post-procedural follow-up to ascertain clinically 
meaningful success. Finally, more studies are required to identify the characteristics 
of participants who will respond most to RDN, as well as to determine the effect of 
RDN on cardiovascular outcomes [24, 78, 79].

There are also newer and upcoming technologies for RDN, including a separate 
class of catheters that make use of microinjection of a neurotoxin (e.g. alcohol) to 
chemically ablate renal nerves to facilitate deeper nerve injury while avoiding endo-
thelial damage [84] and non-vascular catheter-based technology that deploys a 
transurethral approach to ablate the renal pelvis [85].

27.4.2	 �Other Mechanical Interventional Therapies

In addition to RDN and BAT, there are many novel device technologies in the pro-
cess of undergoing evaluation. Central iliac arteriovenous anastomosis creation 
using a nitinol stent-like device (ROX AV coupler™, ROX Medical, San Clemente, 
CA, USA) is thought to principally address mechanical aspects of the circulation by 
creating a fixed caliber conduit between the proximal arterial and low-resistance 
venous circulation, which helps to restore the Windkessel function of the central 
circulation and improve proximal vascular compliance [86, 87]. This device has 
received CE Mark approval for hypertension.

A proof-of-concept study has also been conducted for carotid body ablation 
using the Cibiem Carotid Body Modulation System™ in patients with resistant 
hypertension, demonstrating significant, durable office BP reduction of 23/12 mmHg 
at 6 months [88], with a subsequent feasibility study showing that unilateral carotid 
body resection lowered BP by 26  mmHg in 57% of patients with drug-resistant 
hypertension [89].
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Other device technologies that are under investigation include baroreceptor 
amplification therapy, deep brain stimulation, vagal nerve stimulation, and median 
nerve stimulation [24]. There is also a renewed interest in the potential of RDN. These 
render mechanical intervention therapies for hypertension an exciting field ahead 
and an important space to watch.

References

	 1.	Forouzanfar MH, Liu P, Roth GA, Ng M, Biryukov S, Marczak L, et  al. Global burden 
of hypertension and systolic blood pressure of at least 110 to 115  mm Hg, 1990–2015. 
JAMA. 2017;317(2):165–82.

	 2.	Messerli FH, Williams B, Ritz E. Essential hypertension. Lancet. 2007;370(9587):591–603.
	 3.	Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J. Global burden of hyper-

tension: analysis of worldwide data. Lancet. 2005;365(9455):217–23.
	 4.	 Jin CN, Yu CM, Sun JP, Fang F, Wen YN, Liu M, et al. The healthcare burden of hypertension 

in asia. Heart Asia. 2013;5(1):238–43.
	 5.	Malhotra R, Chan A, Malhotra C, Østbye T. Prevalence, awareness, treatment and control of 

hypertension in the elderly population of Singapore. Hypertens Res. 2010;33(12):1223–31.
	 6.	Kim KI, Chang HJ, Cho YS, Youn TJ, Chung WY, Chae IH, et al. Current status and character-

istics of hypertension control in community resident elderly Korean people: data from a Korean 
longitudinal study on health and aging (Klosha study). Hypertens Res. 2008;31(1):97–105.

	 7.	Group HS. Prevalence, awareness, treatment and control of hypertension among the elderly in 
Bangladesh and India: a multicentre study. Bull World Health Organ. 2001;79(6):490–500.

	 8.	Lu FH, Tang SJ, Wu JS, Yang YC, Chang CJ. Hypertension in elderly persons: its prevalence 
and associated cardiovascular risk factors in Tainan City, southern Taiwan. J Gerontol A Biol 
Sci Med Sci. 2000;55(8):M463–8.

	 9.	Park JB, Kario K, Wang JG. Systolic hypertension: an increasing clinical challenge in Asia. 
Hypertens Res. 2015;38(4):227–36.

	10.	Esler M, Jennings G, Korner P, Willett I, Dudley F, Hasking G, et al. Assessment of human 
sympathetic nervous system activity from measurements of norepinephrine turnover. 
Hypertension. 1988;11(1):3–20.

	11.	Gf D.  Neural control of the kidney: past, present, and future. Hypertension. 2003;41(3 Pt 
2):621–4.

	12.	Dibona GF, Esler M. Translational medicine: the antihypertensive effect of renal denervation. 
Am J Physiol Regul Integr Comp Physiol. 2010;298(2):R245–53.

	13.	Gewirtz JR, Bisognano JD. Catheter-based renal sympathetic denervation: a targeted approach 
to resistant hypertension. Cardiol J. 2011;18(1):97–102.

	14.	Smith PA, Graham LN, Mackintosh AF, Stoker JB, Mary DA. Relationship between central 
sympathetic activity and stages of human hypertension. Am J Hypertens. 2004;17(3):217–22.

	15.	Schlaich MP, Sobotka PA, Krum H, Whitbourn R, Walton A, Esler MD. Renal denervation As 
a therapeutic approach for hypertension: novel implications for an old concept. Hypertension. 
2009;54(6):1195–201.

	16.	Dibona GF, Kopp UC. Neural control of renal function. Physiol Rev. 1997;77(1):75–197.
	17.	Smithvick RH, Thompson JE. Splanchnicectomy for essential hypertension; results in 1,266 

cases. J Am Med Assoc. 1953;152(16):1501–4.
	18.	Longland CJ, Gibb WE. Sympathectomy in the treatment of benign and malignant hyperten-

sion; a review of 76 patients. Br J Surg. 1954;41(168):382–92.
	19.	Smithvick RH. Hypertensive vascular disease; results of and indications for Splanchnicectomy. 

J Chronic Dis. 1955;1(5):477–96.
	20.	Doumas M, Faselis C, Papademetriou V. Renal sympathetic denervation and systemic hyper-

tension. Am J Cardiol. 2010;105(4):570–6.

E. T. Y. Wong and A. F. H. Low



391

	21.	Morrissey DM, Brookes VS, Cooke WT. Sympathectomy in the treatment of hypertension; 
review of 122 cases. Lancet. 1953;1(6757):403–8.

	22.	Evelyn KA, Singh MM, Chapman WP, Perera GA, Thaler H. Effect of thoracolumbar sym-
pathectomy on the clinical course of primary (essential) hypertension. A ten-year study of 
100 sympathectomized patients compared with individually matched, symptomatically treated 
control subjects. Am J Med. 1960;28:188–221.

	23.	Castro Torres Y, Katholi RE.  Renal denervation for treating resistant hypertension: current 
evidence and future insights from a global perspective. Int J Hypertens. 2013;2013:513214.

	24.	Lobo MD, Sobotka PA, Pathak A. Interventional procedures and future drug therapy for hyper-
tension. Eur Heart J. 2017;38(15):1101–11.

	25.	Schlaich MP, Sobotka PA, Krum H, Lambert E, Esler MD. Renal sympathetic-nerve ablation 
for uncontrolled hypertension. N Engl J Med. 2009;361(9):932–4.

	26.	Krum H, Schlaich M, Whitbourn R, Sobotka PA, Sadowski J, Bartus K, et al. Catheter-based 
renal sympathetic denervation for resistant hypertension: a multicentre safety and proof-of-
principle cohort study. Lancet. 2009;373(9671):1275–81.

	27.	Rocha-Singh KJ.  Medtronic Ardian Symplicity™ renal denervation devices. In: Heuser R, 
Schlaich M, Sievert H, Editors. Renal Denervation. London: Springer; 2015.

	28.	Esler MD, Krum H, Sobotka PA, Schlaich MP, Schmieder RE, Böhm M, et al. Renal sym-
pathetic denervation in patients with treatment-resistant hypertension (the Symplicity Htn-2 
trial): a randomised controlled trial. Lancet. 2010;376(9756):1903–9.

	29.	Persu A, Jin Y, Azizi M, Baelen M, Völz S, Elvan A, et al. Blood pressure changes after renal 
denervation at 10 European expert centers. J Hum Hypertens. 2014;28(3):150–6.

	30.	Persu A, Renkin J, Thijs L, Staessen JA.  Renal denervation: ultima ratio or standard in 
treatment-resistant hypertension. Hypertension. 2012;60(3):596–606.

	31.	Bhatt DL, Kandzari DE, O’neill WW, D’agostino R, Flack JM, Katzen BT, et al. A controlled 
trial of renal denervation for resistant hypertension. N Engl J Med. 2014;370(15):1393–401.

	32.	Kandzari DE, Bhatt DL, Brar S, Devireddy CM, Esler M, Fahy M, et al. Predictors of blood 
pressure response in the Symplicity Htn-3 trial. Eur Heart J. 2015;36(4):219–27.

	33.	Kandzari DE, Kario K, Mahfoud F, Cohen SA, Pilcher G, Pocock S, et al. The Spyral Htn 
global clinical trial program: rationale and design for studies of renal denervation in the 
absence (Spyral Htn off-med) and presence (Spyral Htn on-med) of antihypertensive medica-
tions. Am Heart J. 2016;171(1):82–91.

	34.	Esler M. Renal denervation for hypertension: observations and predictions of a founder. Eur 
Heart J. 2014;35(18):1178–85.

	35.	Lobo MD, De Belder MA, Cleveland T, Collier D, Dasgupta I, Deanfield J, et al. Joint UK 
Societies’ 2014 consensus statement on renal denervation for resistant hypertension. Heart. 
2015;101(1):10–6.

	36.	Mahfoud F, Böhm M, Azizi M, Pathak A, Durand Zaleski I, Ewen S, et al. Proceedings from 
the European clinical consensus conference for renal denervation: considerations on future 
clinical trial design. Eur Heart J. 2015;36(33):2219–27.

	37.	Böhm M, Mahfoud F, Ukena C, Hoppe UC, Narkiewicz K, Negoita M, et al. First report of the 
global symplicity registry on the effect of renal artery denervation in patients with uncontrolled 
hypertension. Hypertension. 2015;65(4):766–74.

	38.	Sharp AS, Davies JE, Lobo MD, Bent CL, Mark PB, Burchell AE, et al. Renal artery sympathetic 
denervation: observations from the UK experience. Clin Res Cardiol. 2016;105(6):544–52.

	39.	Kapil V, Jain AK, Lobo MD. Renal sympathetic denervation - a review of applications in cur-
rent practice. Interv Cardiol. 2014;9(1):54–61.

	40.	Kiuchi MG, Maia GL, De Queiroz Carreira MA, Kiuchi T, Chen S, Andrea BR, et al. Effects 
of renal denervation with a standard irrigated cardiac ablation catheter on blood pressure and 
renal function in patients with chronic kidney disease and resistant hypertension. Eur Heart 
J. 2013;34(28):2114–21.

	41.	Worthley SG, Tsioufis CP, Worthley MI, Sinhal A, Chew DP, Meredith IT, et al. Safety and 
efficacy of a multi-electrode renal sympathetic denervation system in resistant hypertension: 
the Enlightn I trial. Eur Heart J. 2013;34(28):2132–40.

27  Mechanical Interventional Therapies for Hypertension: Present Status and Future…



392

	42.	Pathak A, Coleman L, Roth A, Stanley J, Bailey L, Markham P, et al. Renal sympathetic nerve 
denervation using intraluminal ultrasound within a cooling balloon preserves the Arterial Wall 
and reduces sympathetic nerve activity. EuroIntervention. 2015;11(4):477–84.

	43.	Böhm M, Kario K, Kandzari DE, Mahfoud F, Weber MA, Schmieder RE, et  al. Efficacy 
of catheter-based renal denervation in the absence of antihypertensive medications 
(Spyral Htn-off med pivotal): a multicentre, randomised, sham-controlled trial. Lancet. 
2020;395(10234):1444–51.

	44.	Kandzari DE, Böhm M, Mahfoud F, Townsend RR, Weber MA, Pocock S, et al. Effect of renal 
denervation on blood pressure in the presence of antihypertensive drugs: 6-month efficacy 
and safety results from the Spyral Htn-on med proof-of-concept randomised trial. Lancet. 
2018;391(10137):2346–55.

	45.	Azizi M, Schmieder RE, Mahfoud F, Weber MA, Daemen J, Lobo MD, et al. Six-month results 
of treatment-blinded medication titration for hypertension control following randomization to 
endovascular ultrasound renal denervation or a sham procedure in the Radiance-Htn solo trial. 
Circulation. 2019;139(22):2542–53.

	46.	Mauri L, Kario K, Basile J, Daemen J, Davies J, Kirtane AJ, et al. A multinational clinical 
approach to assessing the effectiveness of catheter-based ultrasound renal denervation: the 
radiance-Htn and require clinical study designs. Am Heart J. 2018;195:115–29.

	47.	Azizi M, Sanghvi K, Saxena M, Gosse P, Reilly JP, Levy T, et al. Ultrasound renal denerva-
tion for hypertension resistant to a triple medication pill (Radiance-Htn Trio): a randomised, 
multicentre, single-blind, sham-controlled trial. Lancet. 2021;397(10293):2476–86.

	48.	Schlaich MP, Schmieder RE, Bakris G, Blankestijn PJ, Böhm M, Campese VM, et  al. 
International expert consensus statement: percutaneous transluminal renal denervation for the 
treatment of resistant hypertension. J Am Coll Cardiol. 2013;62(22):2031–45.

	49.	Schmieder RE, Mahfoud F, Azizi M, Pathak A, Dimitriadis K, Kroon AA, et al. European society 
of hypertension position paper on renal denervation 2018. J Hypertens. 2018;36(10):2042–8.

	50.	Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 2018 esc/
Esh guidelines for the management of arterial hypertension: the task force for the man-
agement of arterial hypertension of the European Society of Cardiology and the European 
Society of Hypertension: the task force for the management of arterial hypertension of the 
European Society of Cardiology and the European Society of Hypertension. J Hypertens. 
2018;36(10):1953–2041.

	51.	Lobo MD, Sharp ASP, Kapil V, Davies J, De Belder MA, Cleveland T, et al. Joint Uk Societies’ 
2019 consensus statement on renal denervation. Heart. 2019;105(19):1456–63.

	52.	Ong PJ, Foo D, Ho HH. Successful treatment of resistant hypertension with percutaneous renal 
denervation therapy. Heart. 2012;98(23):1754–5.

	53.	Ho HH, Foo D, Ong PJ. Successful preoperative treatment of a patient with resistant hyperten-
sion who had percutaneous renal denervation therapy before bariatric surgery. J Clin Hypertens 
(Greenwich). 2012;14(8):569–70.

	54.	Yang JH, Choi SH, Gwon HC. Percutaneous renal sympathetic denervation for the treatment 
of resistant hypertension with heart failure: first experience in Korea. J Korean Med Sci. 
2013;28(6):951–4.

	55.	Jiang XJ, Liang T, Dong H, Peng M, Ma WJ, Guan T, et al. Safety and short-term efficacy of 
renal sympathetic denervation in the treatment of resistant hypertension. Zhonghua Yi Xue Za 
Zhi. 2012;92(46):3265–8.

	56.	Kario K, Yamamoto E, Tomita H, Okura T, Saito S, Ueno T, et al. Sufficient and persistent 
blood pressure reduction in the final long-term results from Symplicity Htn-Japan - safety and 
efficacy of renal denervation at 3 years. Circ J. 2019;83(3):622–9.

	57.	Kim BK, Böhm M, Mahfoud F, Mancia G, Park S, Hong MK, et al. Renal denervation for treat-
ment of uncontrolled hypertension in an Asian population: results from the global Symplicity 
registry in South Korea (Gsr Korea). J Hum Hypertens. 2016;30(5):315–21.

	58.	Wang TD, Lee YH, Chang SS, Tung YC, Yeh CF, Lin YH, et al. 2019 consensus statement of 
the Taiwan hypertension society and the Taiwan society of cardiology on renal denervation for 
the management of arterial hypertension. Acta Cardiol Sin. 2019;35(3):199–230.

E. T. Y. Wong and A. F. H. Low



393

	59.	Kario K, Kim BK, Aoki J, Wong AY, Lee YH, Wongpraparut N, et  al. Renal denerva-
tion in Asia: consensus statement of the Asia renal denervation consortium. Hypertension. 
2020;75(3):590–602.

	60.	Ueshima H, Sekikawa A, Miura K, Turin TC, Takashima N, Kita Y, et al. Cardiovascular dis-
ease and risk factors in Asia: a selected review. Circulation. 2008;118(25):2702–9.

	61.	Kario K, Chen CH, Park S, Park CG, Hoshide S, Cheng HM, et al. Consensus document on 
improving hypertension management in Asian patients, taking into account Asian characteris-
tics. Hypertension. 2018;71(3):375–82.

	62.	Wang TD, Goto S, Bhatt DL, Steg PG, Chan JC, Richard AJ, et al. Ethnic differences in the 
relationships of anthropometric measures to metabolic risk factors in Asian patients at risk 
of Atherothrombosis: results from the reduction of Atherothrombosis for continued health 
(reach) registry. Metabolism. 2010;59(3):400–8.

	63.	Hoshide S, Wang JG, Park S, Chen CH, Cheng HM, Huang QF, et al. Treatment consider-
ations of clinical physician on hypertension management in Asia. Curr Hypertens Rev. 
2016;12(2):164–8.

	64.	Arima H, Murakami Y, Lam TH, Kim HC, Ueshima H, Woo J, et al. Effects of prehypertension 
and hypertension subtype on cardiovascular disease in the Asia-Pacific region. Hypertension. 
2012;59(6):1118–23.

	65.	Kario K, Bhatt DL, Brar S, Bakris GL. Differences in dynamic diurnal blood pressure vari-
ability between Japanese and American treatment-resistant hypertensive populations. Circ 
J. 2017;81(9):1337–45.

	66.	Uzu T, Ishikawa K, Fujii T, Nakamura S, Inenaga T, Kimura G. Sodium restriction shifts circa-
dian rhythm of blood pressure from nondipper to dipper in essential hypertension. Circulation. 
1997;96(6):1859–62.

	67.	Omboni S, Aristizabal D, De La Sierra A, Dolan E, Head G, Kahan T, et al. Hypertension types 
defined by clinic and ambulatory blood pressure in 14 143 patients referred to hypertension 
clinics worldwide. Data from the Artemis study. J Hypertens. 2016;34(11):2187–98.

	68.	Choi K, Choi S.  Current status and future perspectives of renal denervation. Korean Circ 
J. 2021;51(9):717–32.

	69.	Victor RG. Carotid Baroreflex activation therapy for resistant hypertension. Nat Rev Cardiol. 
2015;12(8):451–63.

	70.	Mancia G, Grassi G.  The autonomic nervous system and hypertension. Circ Res. 
2014;114(11):1804–14.

	71.	 Illig KA, Levy M, Sanchez L, Trachiotis GD, Shanley C, Irwin E, et al. An implantable carotid 
sinus stimulator for drug-resistant hypertension: surgical technique and short-term outcome 
from the multicenter phase ii Rheos feasibility trial. J Vasc Surg. 2006;44(6):1213–8.

	72.	Scheffers IJ, Kroon AA, Schmidli J, Jordan J, Tordoir JJ, Mohaupt MG, et al. Novel Baroreflex 
activation therapy in resistant hypertension: results of a European multi-center feasibility 
study. J Am Coll Cardiol. 2010;56(15):1254–8.

	73.	Bisognano JD, Bakris G, Nadim MK, Sanchez L, Kroon AA, Schafer J, et  al. Baroreflex 
activation therapy lowers blood pressure in patients with resistant hypertension: results from 
the double-blind, randomized, placebo-controlled Rheos pivotal trial. J Am Coll Cardiol. 
2011;58(7):765–73.

	74.	De Leeuw PW, Bisognano JD, Bakris GL, Nadim MK, Haller H, Kroon AA, et al. Sustained 
reduction of blood pressure with baroreceptor activation therapy: results of the 6-year open 
follow-up. Hypertension. 2017;69(5):836–43.

	75.	Alnima T, De Leeuw PW, Kroon AA. Baropacing As a new option for treatment of resistant 
hypertension. Eur J Pharmacol. 2015;763(Pt A):23–7.

	76.	Hoppe UC, Brandt MC, Wachter R, Beige J, Rump LC, Kroon AA, et al. Minimally invasive 
system for Baroreflex activation therapy chronically lowers blood pressure with pacemaker-
like safety profile: results from the Barostim neo trial. J Am Soc Hypertens. 2012;6(4):270–6.

	77.	Zile MR, Lindenfeld J, Weaver FA, Zannad F, Galle E, Rogers T, et  al. Baroreflex activa-
tion therapy in patients with heart failure with reduced ejection fraction. J Am Coll Cardiol. 
2020;76(1):1–13.

27  Mechanical Interventional Therapies for Hypertension: Present Status and Future…



394

	78.	Weber MA, Mahfoud F, Schmieder RE, Kandzari DE, Tsioufis KP, Townsend RR, et al. Renal 
denervation for treating hypertension: current scientific and clinical evidence. Jacc Cardiovasc 
Interv. 2019;12(12):1095–105.

	79.	Sarathy H, Cohen J.  Renal denervation for the treatment of hypertension. Clin J Am Soc 
Nephrol. 2021;16(9):1426–8.

	80.	Tsioufis C, Papademetriou V, Dimitriadis K, Tsiachris D, Thomopoulos C, Park E, et  al. 
Catheter-based renal sympathetic denervation exerts acute and chronic effects on renal hemo-
dynamics in swine. Int J Cardiol. 2013;168(2):987–92.

	81.	Dörr O, Liebetrau C, Möllmann H, Gaede L, Troidl C, Haidner V, et al. Brain-derived neu-
rotrophic factor as a marker for immediate assessment of the success of renal sympathetic 
denervation. J Am Coll Cardiol. 2015;65(11):1151–3.

	82.	De Jong MR, Hoogerwaard AF, Adiyaman A, Smit JJJ, Heeg JE, Van Hasselt BAAM, et al. 
Renal nerve stimulation identifies Aorticorenal innervation and prevents inadvertent ablation 
of vagal nerves during renal denervation. Blood Press. 2018;27(5):271–9.

	83.	De Jong MR, Adiyaman A, Gal P, Smit JJ, Delnoy PP, Heeg JE, et al. Renal nerve stimulation-
induced blood pressure changes predict ambulatory blood pressure response after renal dener-
vation. Hypertension. 2016;68(3):707–14.

	84.	Fischell TA, Vega F, Raju N, Johnson ET, Kent DJ, Ragland RR, et al. Ethanol-mediated peri-
vascular renal sympathetic denervation: preclinical validation of safety and efficacy in a por-
cine model. EuroIntervention. 2013;9(1):140–7.

	85.	Heuser RR, Mhatre AU, Buelna TJ, Berci WL, Hubbard BS. A novel non-vascular system to 
treat resistant hypertension. EuroIntervention. 2013;9(1):135–9.

	86.	Burchell AE, Lobo MD, Sulke N, Sobotka PA, Paton JF. Arteriovenous anastomosis: is this the 
way to control hypertension? Hypertension. 2014;64(1):6–12.

	87.	Kapil V, Sobotka PA, Saxena M, Mathur A, Knight C, Dolan E, et al. Central iliac arterio-
venous anastomosis for hypertension: targeting mechanical aspects of the circulation. Curr 
Hypertens Rep. 2015;17(9):585.

	88.	Ratcliffe L, Hart E, Patel N, Szydler A, Chrostowska N, Wolf J. Unilateral carotid body resec-
tion As an anti-hypertensive strategy: a proof of principle study in resistant hypertensive 
patients. J Hum Hypertens. 2015;29(10):625.

	89.	Narkiewicz K, Ratcliffe LE, Hart EC, Briant LJ, Chrostowska M, Wolf J, et  al. Unilateral 
carotid body resection in resistant hypertension: a safety and feasibility trial. Jacc Basic Transl 
Sci. 2016;1(5):313–24.

E. T. Y. Wong and A. F. H. Low


	Foreword
	Preface
	Contents
	1: Epidemiology of Hypertension in Asia
	1.1	 Geographical Definition of Asia
	1.2	 Prevalence of CVD and Hypertension as a Risk Factor Worldwide
	1.2.1	 Definitions of Hypertension

	1.3	 Prevalence of Hypertension in Asia
	1.3.1	 Central Asia
	1.3.2	 East Asia
	1.3.3	 Middle East Asia
	1.3.4	 South Asia
	1.3.5	 Southeast Asia

	1.4	 Incidence of Hypertension in Asia
	1.5	 Awareness and Control of Hypertension in Asian Countries
	1.6	 Risk Factors of Hypertension
	1.6.1	 Salt Intake
	1.6.2	 Low Education Status and Low Socioeconomic Level
	1.6.3	 Overweight/Obesity
	1.6.4	 Alcohol Consumption
	1.6.5	 Smoking
	1.6.6	 Physical Inactivity
	1.6.7	 Dyslipidemia
	1.6.8	 Diabetes Mellitus

	1.7	 Burden of Hypertension: Hypertension Related Morbidity and Mortality
	1.8	 Summary
	References

	2: Pathophysiology and Mechanisms of Hypertension (Asian Context)
	2.1	 Genetics of Hypertension
	2.2	 Neurohumoral Regulation of Blood Pressure
	2.2.1	 The Sympathetic Nervous System
	2.2.2	 The Autonomic Nervous System
	2.2.3	 The Renin-Angiotensin-Aldosterone System
	2.2.3.1	 The Central Nervous System and Angiotensin II and Angiotensin III

	2.2.4	 Isolated Systolic Hypertension and Its Pathophysiology

	2.3	 Summary
	References

	3: Summary of Recent Guidelines on Hypertension
	3.1	 Introduction
	3.2	 Definition and Classification
	3.3	 Measurement of Blood Pressure
	3.4	 Epidemiology
	3.5	 Hypertension and CVD Risk
	3.6	 Nonpharmacological Therapy
	3.7	 Threshold and Target of Drug Therapy
	3.8	 Pharmacotherapy
	3.9	 Conclusion
	References

	4: Cardiovascular Disease and Hypertension in Migrant Asian Populations in the West
	4.1	 Introduction
	4.2	 Epidemiology
	4.3	 Risk Factors in Migrant Asians
	4.3.1	 Impaired Glucose Tolerance and Type 2 Diabetes Mellitus
	4.3.2	 Dyslipidaemia
	4.3.3	 Obesity
	4.3.4	 Hypertension
	4.3.5	 Diet, Physical Activity, and Smoking

	4.4	 Screening and Risk Reduction
	4.5	 Future Research
	References

	5: Effect of Genetic Ancestry (Racial Factors) on Hypertension in Asian Countries
	5.1	 Introduction
	5.2	 Asia: Hypertension Epidemiology
	5.3	 Race and Hypertension in Asia
	5.3.1	 Do Racial Groups Exist?

	5.4	 African Americans and Primitive Populations in Asia
	5.5	 East Asians, South Asians, South-East Asians, and West Asians
	5.5.1	 Race and Hypertension Management

	5.6	 Conclusions
	References

	6: Relation of Genetics and Obesity with Hypertension: An Asian Perspective
	6.1	 Introduction
	6.1.1	 Single Nucleotide Polymorphisms and Genome-Wide Association Studies
	6.1.2	 Polygenic Risk Scores
	6.1.3	 Pharmacogenomics

	6.2	 Obesity
	6.2.1	 Generalized Obesity, Abdominal Obesity and Hypertension
	6.2.2	 Muscle Strength, Frailty, and Hypertension
	6.2.3	 Interventions for Obesity, and Pharmaceutical Agents

	6.3	 Social Determinant Approach for Hypertension Management
	6.4	 Conclusions
	References

	7: Effect of Pollution and Environmental Factors on Hypertension and CVD
	7.1	 Introduction
	7.1.1	 Air Pollution
	7.1.1.1	 Mechanisms Associated with Air Pollution and CVD
	7.1.1.2	 Exposure Temporality
	7.1.1.3	 Pollutant Interactions and Climate Change
	7.1.1.4	 Cardiovascular Diseases and Mortality
	7.1.1.5	 Hypertension

	7.1.2	 Green Spaces and Built Environment
	7.1.2.1	 Cardiovascular Mortality and Hypertension

	7.1.3	 Night Light
	7.1.3.1	 Hypertension

	7.1.4	 Noise
	7.1.4.1	 Cardiovascular Morbidity and Mortality

	7.1.5	 Extremes of Temperature
	7.1.5.1	 Cardiovascular Mortality
	7.1.5.2	 Hypertension

	7.1.6	 Metals and Metalloids (Arsenic, Cadmium, and Lead)
	7.1.6.1	 Arsenic
	7.1.6.2	 Cadmium
	7.1.6.3	 Lead


	7.2	 What Needs to Be Done
	7.2.1	 Research and Capacity Building
	7.2.2	 Policies and Intervention

	References

	8: What Is New in the Non-pharmacological Approaches to Hypertension Control
	8.1	 Diet
	8.2	 Dietary Sodium Restriction
	8.3	 Smoking
	8.4	 Alcohol Intake
	8.5	 Weight Loss
	8.6	 Physical Activity
	References

	9: Special Diets in Various Asian Populations and Their Effect on Hypertension and Cardiovascular Disease
	9.1	 Introduction
	9.2	 Diet and Hypertension
	9.2.1	 The Relationship
	9.2.2	 Role of Diet in Treatment
	9.2.3	 Asian Perspective

	9.3	 Diet and Cardiovascular Disease (CVD)
	9.3.1	 The Relationship
	9.3.2	 Role of Diet in Treatment
	9.3.3	 Asian Perspective

	9.4	 Conclusions
	References

	10: Heart Rate Variability, Blood Pressure Variability: What Is Their Significance in Hypertension
	10.1	 Introduction
	10.2	 Heart Rate Variability
	10.2.1	 Reduced HRV: A Risk Factor
	10.2.2	 Some Evidence
	10.2.2.1	 International Studies
	10.2.2.2	 Asian Studies


	10.3	 Blood Pressure Variability
	10.3.1	 BPV and Antihypertensive Treatment
	10.3.1.1	 Circadian BPV
	10.3.1.2	 Non-circadian BPV
	10.3.1.3	 Mid-Term BPV
	10.3.1.4	 Long-Term BPV


	10.4	 Conclusion
	References

	11: Central Aortic Blood Pressure: Measurement and Clinical Significance
	11.1	 Introduction
	11.2	 The Basis: Reflected Pulse Waves
	11.3	 Devices and Methods
	11.4	 Clinical Utility
	11.5	 Cardiovascular Outcomes
	11.6	 Outcomes of Treatment
	11.7	 Isolated Central Hypertension
	11.8	 Future Directions
	11.9	 Conclusion and Take-Home Message
	References

	12: Diabetes and Hypertension: What Is the Connection?
	12.1	 Introduction
	12.2	 Pathophysiology: Converging Pathways
	12.3	 Coexistence of Hypertension and Diabetes Mellitus
	12.4	 Diagnosis of Hypertension in Diabetes Mellitus
	12.5	 Blood Pressure Target in DM
	12.6	 Glycaemic Goals
	12.7	 Prevention
	12.8	 Conclusion
	References

	13: Heart Failure in Different Asian Populations
	13.1	 Introduction
	13.2	 Hypertensive Heart Failure
	13.3	 HF Registries from Asia
	13.4	 Special Features in Asian Population
	13.5	 Intra-continental Variation
	13.6	 What Lies in the Future?
	References

	14: Hypertension and Chronic Kidney Disease in Asians
	14.1	 Introduction
	14.2	 Epidemiology
	14.3	 Relationship Between Hypertension and CKD
	14.4	 Genetics Associated with Hypertension and CKD
	14.5	 Impact of Sodium and Dietary Patterns
	14.6	 Prescribing Patterns of Antihypertensives in CKD
	14.7	 Conclusion
	References

	15: Secondary Causes of Hypertension: An Overview
	15.1	 Introduction
	15.2	 Renal Causes of Secondary Hypertension
	15.3	 Endocrine Causes of Secondary Hypertension
	15.3.1	 Primary Aldosteronism (PA)
	15.3.2	 Cushing’s Syndrome (CS)
	15.3.3	 Hyper-/Hypothyroidism
	15.3.4	 Pheochromocytoma

	15.4	 Coarctation of the Aorta
	15.5	 Obstructive Sleep Apnea (OSA)
	15.6	 Conclusion
	References

	16: Hypertension in Children
	16.1	 Introduction
	16.2	 Epidemiology
	16.3	 Definition and Classification
	16.4	 Etiology
	16.4.1	 Primary or Essential Hypertension
	16.4.2	 Secondary Hypertension
	16.4.2.1	 Renal Parenchymal Disease
	16.4.2.2	 Renovascular Hypertension
	16.4.2.3	 Endocrine Cause of Hypertension
	16.4.2.4	 Sleep Apnea Syndrome
	16.4.2.5	 Monogenic Hypertension


	16.5	 Blood Pressure (BP) Measurement
	16.5.1	 Steps of Clinic BP Measurement [1, 31]
	16.5.2	 BP Measurement Frequency
	16.5.3	 Ambulatory Blood Pressure Monitoring (ABPM)
	16.5.3.1	 Circadian Patterns of Blood Pressure Variation [1, 32]
	16.5.3.2	 Blood Pressure Load
	16.5.3.3	 Dipping
	16.5.3.4	 White Coat Hypertension
	16.5.3.5	 Masked Hypertension
	16.5.3.6	 Procedure [32]
	16.5.3.7	 Indications for ABPM

	16.5.4	 Normative Data for Hypertension

	16.6	 Evaluation of Hypertension
	16.6.1	 Physical Examination
	16.6.2	 Laboratory Evaluation
	16.6.3	 Electrocardiography
	16.6.4	 Echocardiography
	16.6.4.1	 Investigation for Renovascular Hypertension (RVH)
	16.6.4.2	 Evaluation of Suspected Aldosterone Excess States
	16.6.4.3	 Evaluation of Suspected Glucocorticoid Excess States
	16.6.4.4	 Evaluation of Catecholamine Excess States


	16.7	 Management
	16.7.1	 Lifestyle Modification
	16.7.2	 Weight Reduction
	16.7.3	 Diet Modification
	16.7.4	 Physical Activity
	16.7.5	 Motivational Interviewing and Stress Reduction
	16.7.6	 Antihypertensive Drug Therapy
	16.7.6.1	 Indication of Drugs
	16.7.6.2	 Follow-Up Management on Basis of Clinic (Office) BP
	16.7.6.3	 Principles of Pharmacotherapy
	16.7.6.4	 Step-Down of Drug Therapy

	16.7.7	 Resistant Hypertension

	16.8	 Malignant Hypertension
	16.8.1	 Definition
	16.8.2	 Pathophysiology and Clinical Feature of Malignant Hypertension
	16.8.2.1	 Neurological Manifestations

	16.8.3	 Evaluation
	16.8.4	 Management

	16.9	 Comparison Between the Guidelines
	References

	17: Hypertension in the Elderly: Pathophysiology and Clinical Significance
	17.1	 The Aging Population in Asia
	17.2	 Prevalence of Hypertension in Asia
	17.3	 Pathophysiology of Hypertension in the Elderly
	17.3.1	 The Renin-Angiotensin-Aldosterone System in the Elderly
	17.3.2	 Vascular Mechanism in the Elderly
	17.3.3	 The Nervous System and Hypertension in the Elderly
	17.3.4	 Hypertension, Left Ventricular Hypertrophy, and Heart Failure in the Elderly

	17.4	 Atrial Fibrillation
	17.4.1	 Genetic Factors and Hypertension in the Elderly
	17.4.2	 Environmental and Life-Style Factors and Hypertension in the Elderly
	17.4.3	 Salt Consumption and Hypertension in the Elderly
	17.4.4	 Clinical Significance of the Pathophysiological Differences of Hypertension in the Elderly in Asia

	References

	18: Hypertensive Disorders in Pregnancy
	18.1	 Introduction
	18.2	 Pathogenesis of Preeclampsia
	18.3	 Prevention Strategies
	18.4	 Approach to Management
	18.5	 Severe Hypertension
	18.6	 Mild to Moderate Hypertension
	18.7	 Pharmacologic Management
	18.8	 Non-pharmacologic Management
	18.9	 Dietary Interventions
	18.10	 Lifestyle Changes
	18.11	 Place of Care
	18.12	 Management of Hypertension in Special Cases: Immediate Postpartum and Breastfeeding Periods
	References

	19: Cerebrovascular Disease in Asia: Causative Factors
	19.1	 Large Vessel Occlusion and Atherosclerosis
	19.2	 Cerebral Small Vessel Disease
	19.3	 Primary Intracerebral Hemorrhage
	19.4	 Subarachnoid Hemorrhage
	19.5	 Blood Pressure Variability and Its Impact in Stroke and Vascular Dementia
	References

	20: Clinical Pharmacology of Antihypertensive Drugs
	20.1	 β-Adrenergic Receptor Blockers (β-Blockers)
	20.2	 Diuretics
	20.2.1	 Thiazides
	20.2.2	 Loop Diuretics
	20.2.3	 Spironolactone and Eplerenone

	20.3	 Angiotensin Converting Enzyme (ACE) Inhibitors
	20.4	 Angiotensin II Receptor Blockers
	20.5	 Calcium-Channel Blockers
	20.6	 Other Pharmacological Classes
	20.6.1	 Renin Inhibitors
	20.6.2	 α-Adrenergic Receptor Blockers
	20.6.3	 Centrally Acting Agents
	20.6.4	 Direct-Acting Vasodilators
	20.6.4.1	 Minoxidil
	20.6.4.2	 Hydralazine


	20.7	 New Class of Antihypertensive Drugs
	20.7.1	 Aminopeptidase A (APA) Inhibitor
	20.7.1.1	 Brain RAS
	20.7.1.2	 APA and Aminopeptidase N (APN) Inhibitors


	References

	21: Diuretics for Hypertension in Asians
	21.1	 Introduction
	21.2	 Diuretic Agents: Use in Hypertension
	21.3	 Special Features in Asians
	21.4	 Antihypertensive Agents Used in Asia
	21.5	 Use of Diuretics in Asian Countries
	21.6	 Conclusion
	References

	22: Beta-Blockers for Hypertension in Asian Population
	22.1	 Introduction
	22.2	 Recommendations on the Use of Beta-Blockers Based on Current Guidelines
	22.3	 Role and Efficacy of Beta-Blockers in the Treatment of Hypertension
	22.3.1	 Clinical Profile of Beta-Blockers in Hypertension
	22.3.2	 Specific Groups to Highly Benefit from Beta-Blocker Treatment

	22.4	 Present Hypertension Burden
	22.5	 Hypertension and Ethnicity
	22.5.1	 Hypertension Among Different Racial Groups
	22.5.2	 Inter-Ethnic Differences in Response to Beta-Blockers

	22.6	 Concerns/Disadvantages Attributed with Use of Beta-Blockers
	22.7	 Utility of Beta-Blockers in the Management of Hypertension
	References

	23: Newer Angiotensin Receptor Blockers
	23.1	 Introduction
	23.2	 Mechanism of Action
	23.3	 Next-Generation Multifunctional ARBs
	23.3.1	 Nitric Oxide (NO) Donors
	23.3.2	 ARBs that Block Endothelin Receptors
	23.3.3	 ARBs that Inhibit Neprilysin Activity
	23.3.4	 ARBs that Cross Blood–Brain Barrier

	23.4	 Newer ARBs
	23.4.1	 Azilsartan
	23.4.1.1	 Pharmacokinetics
	23.4.1.2	 Dosage
	Azilsartan Versus ACEIs
	Azilsartan Versus Other ARBs

	23.4.1.3	 Effects Beyond BP Control

	23.4.2	 Fimasartan
	23.4.2.1	 Chemistry
	23.4.2.2	 Pharmacokinetics
	23.4.2.3	 Safety and Tolerability
	23.4.2.4	 Evidence for Use
	23.4.2.5	 Combination with Other Drugs


	23.5	 Nitrosamine Impurities in Some ARBs
	23.6	 Conclusion
	References

	24: Newer Calcium Channel Blockers
	24.1	 Introduction
	24.1.1	 Calcium Voltage-Operated Channels

	24.2	 Types of Calcium Channel Blockers
	24.3	 Mechanism of Action and Clinical Uses
	24.4	 Amlodipine: The Classic CCB
	24.5	 L-Type Channel Blockers
	24.5.1	 Clevidipine

	24.6	 L/T-Type Channel Blockers
	24.6.1	 Efonidipine
	24.6.2	 Azelnidipine
	24.6.2.1	 Clinical Study

	24.6.3	 Benidipine
	24.6.3.1	 Clinical Study


	24.7	 L-/N-Type Channel Blockers
	24.7.1	 Cilnidipine
	24.7.1.1	 Clinical Study


	24.8	 Conclusion
	References

	25: Resistant Hypertension: Recognition and Treatment
	25.1	 Introduction
	25.2	 Prevalence of Resistant Hypertension
	25.3	 Prognosis of Resistant Hypertension
	25.4	 Characteristics of Patients with Resistant Hypertension
	25.5	 The Role of Genetics
	25.6	 The Dilemma of Pseudoresistance
	25.7	 Factors Contributing to Resistant Hypertension
	25.8	 Secondary Causes of Hypertension
	25.9	 Treatment of True Resistant Hypertension
	25.9.1	 Non-pharmacologic Interventions
	25.9.2	 Pharmacologic Treatment
	25.9.3	 Device-Based Experimental Therapies for Resistant Hypertension
	25.9.4	 Experimental Therapy for Resistant Hypertension

	25.10	 Conclusions
	References

	26: Hypertensive Urgency and Emergency: Diagnostic and Therapeutic Considerations
	26.1	 Terminology and Definitions
	26.1.1	 Hypertensive Emergency
	26.1.2	 Hypertensive Urgency

	26.2	 Clinical Features
	26.2.1	 Symptoms

	26.3	 Investigations
	26.4	 Pathophysiology
	26.4.1	 Haemodynamic Changes
	26.4.2	 Pathologic Changes
	26.4.3	 Rheologic Changes
	26.4.4	 Secondary Cases of High BP in Hypertensive Crisis
	26.4.5	 Frequency of Target Organ Damage

	26.5	 Management
	26.5.1	 Goal BP
	26.5.1.1	 Hypertensive Emergency
	26.5.1.2	 Hypertensive Urgency

	26.5.2	 Non-pharmacologic Measures
	26.5.3	 Pharmacological Therapy for Hypertensive Emergencies
	26.5.4	 Transition to Oral Therapy

	26.6	 Special Situations
	26.6.1	 Aortic Dissection
	26.6.2	 Acute Coronary Syndrome/ST-Elevation MI
	26.6.3	 Acute Pulmonary Oedema
	26.6.4	 Ischaemic Stroke
	26.6.5	 Haemorrhagic Stroke
	26.6.6	 Preeclampsia
	26.6.7	 Perioperative Hypertension

	26.7	 Conclusion
	References

	27: Mechanical Interventional Therapies for Hypertension: Present Status and Future Prospects
	27.1	 Introduction
	27.2	 Premise Behind Mechanical Intervention Therapies for Hypertension
	27.3	 Mechanical Intervention Therapies for Hypertension
	27.3.1	 Surgical Sympathectomies
	27.3.2	 Endovascular, Catheter-Based Renal Sympathetic Denervation
	27.3.2.1	 The Symplicity-HTN Studies
	27.3.2.2	 Beyond Symplicity-HTN
	27.3.2.3	 RDN: Not Ready for Prime Time Yet?
	27.3.2.4	 A View from Asia

	27.3.3	 Baroreflex Activation Therapy

	27.4	 Future Prospects
	27.4.1	 Renal Denervation Therapies
	27.4.2	 Other Mechanical Interventional Therapies

	References


