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Preface
The epidemic of hypertension affects about 1 billion people worldwide. 
In the United States alone, some 90 million people have this disease. It is 
a major risk factor for cardiovascular disease, stroke, and kidney disease. 
Although it is mostly a disease of the elderly, with current trends toward 
obesity, sedentary lifestyles, and poor diets, it is increasingly becoming a 
disease of the young too. An ever-increasing portion of medical budgets 
is allocated to its treatment, often making many drug companies quite 
profitable. Clever advertising and prudent public relations are the driv-
ing factors in the popularity of many drugs, despite the fact that most 
other drugs of the same class have near indistinguishable efficacy and 
side effects. Yet, despite the apparent popularity of many drugs, no patient 
really wants to take them. In fact, most patients, especially the younger 
ones, bargain and plead for more time or alternative treatments. Initially, 
medication is resisted by everyone, and for good reason, as it usually leads 
to many others along with dreaded side effects.

Unfortunately, most Western physicians are not trained in alterna-
tive treatments of disease. Although medical educators are beginning 
to address this shortcoming in their curriculum, pharmaceutical-based 
treatments are still the mainstay of therapy. This is the result of the major 
and most publicized studies being of this nature, which often are financed 
by the industry itself. And yet, natural remedies have been used for much 
longer, often having time-honored success and fewer to no side effects. 
Their cost is a fraction of the contemporary and competing drugs, but 
more important, patients gravitate to their use. People often describe nat-
ural remedies as healthier alternatives with no side effects. People seem 
to be empowered by their use, with a sense of taking back control of their 
health. It is no wonder that an increasing number of public media outlets 
are promoting these natural treatments. The demand is clearly there. All 
physicians, especially primary care doctors, are constantly challenged by 
their patients to provide alternative methods of treatment. Unfortunately, 
most do not and cannot acquiesce—not out of lack of willingness, but due 
to a lack of knowledge and reliable information.
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Integrative Treatment of Hypertension: A Clinical and Mechanistic Approach 
is a book that offers an alternative approach to treating hypertension. The 
author is a board certified internist and nephrologist with a busy com-
munity practice as well as a Harvard trained doctor of chemistry, and 
therefore is in a position to integrate mainstream pharmacological med-
icine with alternative treatments. The author understands the needs of 
the medical community, both in terms of medical standards and patients’ 
needs. Alternative treatment methods are meticulously analyzed based 
on data from respected medical journals to determine their efficacy. This 
book brings these methods into the realm of acceptance by the standards 
of the medical community, and provides sound mechanisms of action 
and practical implementation advice. Its evolution began at the behest 
of individual patients for alternative ways of treating hypertension and 
ultimately coalesced into a comprehensive book. Integrative Treatment of 
Hypertension is a unique work that fills a needed niche within the medical 
community and will no doubt be a welcomed companion to any health 
care provider.

This book has nine chapters but can be broadly divided into three sec-
tions. The first section has four chapters, which include a short introduc-
tion to hypertension, a detailed yet simple explanation of the mechanisms 
of blood pressure and hypertension, concise descriptions of several com-
mon causes of hypertension, and a review of standard medications used 
in treating hypertension and their side effects. The second section has four 
chapters and describes in detail alternative methods of treating hyperten-
sion. Emphasis is placed on mechanisms of action, similarities to stan-
dard medications, and practical advice on implementing these methods. 
This section describes dietary factors in treating hypertension, a review 
of several alternative yet common diets, the efficacy of nonconsumptive 
methods in treating hypertension, and descriptions of natural supple-
ments in treating hypertension. The last section contains one chapter that 
outlines the guidelines for blood pressure goals, categorizes each method 
of hypertension treatment (medicines and alternative methods) into two 
broad groups (either anti-renin–angiotensin system or anti-salt/volume 
system), and suggests ways of implementing an integrative approach to 
hypertension treatment.

The book is directed toward the medical community, although the 
intelligent and interested reader will also appreciate it. Physicians, phy-
sician assistants, nurse practitioners, nurses, and medical residents will 
benefit from its content. Although its content is derived from mainstream 
and accepted medical journals, the proposed alternative treatments are by 
no means a substitute for standard medical practice or for common sense. 
As hypertension is the precursor of most cardiovascular disease, guidance 
from a trained health care provider is essential in its proper treatment.
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chapter one

Diagnosis of hypertension
When first diagnosed with hypertension, people experience a mix of fear 
and emotion. They wonder what it means. Will they develop a stroke or 
heart disease? Will they be able to work and live a normal life? Will they 
require medication, and if so, for how long and what side effects will 
they experience? They have so many questions. Often they do not even 
understand what blood pressure is. Fortunately, there are many answers, 
although much remains unknown. It may be of some consolation that 
they are not alone. In fact, about 30% of people in the United States have 
hypertension. This rate is even higher in other developed countries, with 
over 50% of German people experiencing hypertension.1 The possibility 
of developing hypertension is particularly significant in the elderly, who 
have about a 90% lifetime risk of manifesting it, even those free of disease 
at age 55.2 So, those lucky enough to live to a ripe old age are likely to 
develop hypertension.

But exactly what is hypertension? Most guidelines define it as a blood 
pressure of ≥140/90 mm Hg. Despite this absolute definition, normal 
blood pressure is often defined as <120/80 mm Hg leaving an intermedi-
ate range of 120–139/80–89 mm Hg, which is not yet clearly defined. There 
are several well-established guidelines for the diagnosis and treatment of 
hypertension that do not uniformly agree on the level of blood pressure 
at which to initiate pharmacologic intervention. Some suggest treatment 
based on the risk of developing secondary diseases, such as heart disease 
and stroke. There are different thresholds suggested for starting medica-
tions in younger and healthier persons compared with older patients or 
those with other risk factors, such as diabetes or a history of smoking. 
Although risk stratification certainly is sensible, it can be cumbersome 
and confusing to both patients and physicians. The most recent guideline 
from the United States, published by the Joint National Committee (JNC),3 
provides the simplest scheme. Initially, healthy lifestyle changes are advo-
cated, with medications initiated if a blood pressure <140/90 mm Hg is 
not achieved. The goal lowers to <130/80 mm Hg in those at high risk for 
cardiovascular disease such as people with diabetes, kidney disease, or 
heart disease. Although the JNC guideline is simple and easy to follow, 
the risk-stratified guidelines are superior in providing a more personal-
ized treatment approach.



2 Integrative treatment of hypertension: A clinical and mechanistic approach﻿

© 2010 Taylor & Francis Group, LLC

Many people wonder about the consequences of having hyperten-
sion. Does it really matter and will they become ill if their hypertension 
is left untreated? The answer is a clear yes, as the risk of heart disease and 
stroke has been shown to increase in such instances. In fact, these effects 
may begin at a blood pressure as low as 115/75 mm Hg, and there is a 
twofold increase in mortality from cardiac disease and stroke with every 
increase of 20/10 mm Hg.4 Data from the Framingham study, which has 
followed the health of a large cohort of people over many years, clearly 
shows an association of cardiovascular events with blood pressure eleva-
tion even in the range of 130–139/85–89 mm Hg.5 The next and important 
question is whether lowering blood pressure will reduce the risk of a 
subsequent cardiovascular event. People with hypertension may be oth-
erwise predisposed to cardiovascular disease, and lowering their blood 
pressure might provide only limited benefit. Studies here, too, demon-
strate the benefit of blood pressure lowering, although the target blood 
pressure is not quite as clear-cut. For example, in people with relatively 
few cardiovascular risk factors, a target of <140/90 mm Hg would be 
appropriate,6 whereas for those at higher cardiovascular risk, reduction 
to <130/80 mm Hg is needed.7

The final question is which blood pressure medication should be pre-
scribed. There are many classes of medicines and the best choice is often 
not obvious. Several large studies suggest an absolute reduction in blood 
pressure is the key factor in reducing cardiovascular risk, and that the 
specific class of blood pressure medication itself is not as significant.8,9 
However, in high-risk people such as those with diabetes, stroke, or cardiac 
disease, there may be compelling need for a particular class of medicine. 
Physicians should individualize therapy appropriately for their patients.

Measuring blood pressure
Accurate measurement is important in management of hypertension and 
the proper technique of blood pressure measurement is well described.3 
Mercury-type sphygmomanometers were used traditionally, but environ-
mental concerns have led most physicians to use aneroid types. Although 
safer, these devices require routine maintenance and calibration, a prac-
tice that is often neglected. A care provider should have the subject sit in a 
chair with an armrest at the level of the heart and the subject’s feet planted 
firmly on the ground; the patient should relax for at least 5 minutes prior 
to inflation of the cuff. Smoking, caffeine intake, and exercise should be 
avoided for at least 30 minutes prior to the exam. The room temperature 
should be above 12°C (54°F), as a cold environment may raise the blood 
pressure. The cuff should be placed using the brachial crease approach, 
which is just above the elbow, with the bladder length about 80% of the 
upper arm circumference and the width about 40% of the upper arm 



3Chapter one:  Diagnosis of hypertension

© 2010 Taylor & Francis Group, LLC

length. A cuff that is too small may result in an artificially elevated blood 
pressure reading and a cuff too large may yield a low reading. The end of 
the cuff should be about 3 cm (1 inch) above the elbow crease and the bell 
of the stethoscope should be placed over the brachial artery just below the 
end of the cuff. The care provider should then palpate the radial artery 
pulse and inflate the cuff until the pulse disappears. The cuff should then 
be inflated by another 20 mm Hg to ensure that the true systolic blood 
pressure is not missed and then slowly deflated by 2 mm Hg each second. 
Auscultation for the appearance and then disappearance of the Korotkoff 
sounds, which correspond to the systolic and diastolic blood pressure, is 
then performed. At least two measurements should be recorded and an 
average calculated.

Ambulatory blood pressure monitoring is another accepted modality 
to both diagnose and monitor hypertension. As these devices are expen-
sive, and often not reimbursed by insurance companies, they are not rou-
tinely available in physician offices. Ambulatory monitoring is a better 
predictor of future cardiovascular events in both hypertensive10 and non-
hypertensive11 people than office blood pressure monitoring. Typically, 
the blood pressure is checked for a 24-hour period, with measurements 
taken every 15 to 20 minutes during the day and hourly at night with mul-
tiple measurements being recorded. The main advantage of this approach 
is a better assessment of the blood pressure in a person’s typical environ-
ment, compared with the stressful confines of a physician’s office, which 
may itself cause the blood pressure elevation. After all, the typical daily 
blood pressure is what really matters. An interesting study from Italy con-
firms this effect,12 reporting an initial increase in blood pressure of 22/16 
mm Hg associated with a male physician conducting the exam. After 10 
minutes of rest the blood pressure decreased to a plateau level but was 
still 12/8 mm Hg above the baseline level. When checked by a female 
nurse, the blood pressure also increased although by smaller amounts of 
12/8 mm Hg and 1/0 mm Hg, respectively. This effect is minimized with 
ambulatory blood pressure monitoring. This method also differentially 
provides valuable information about the blood pressure during both the 
daytime and nighttime, which is important in the overall assessment. A 
10% to 20% dip in blood pressure is expected during the nighttime, and 
failure to achieve this is predictive of future cardiovascular events.13 It 
also provides critical information about the early morning blood pressure, 
which is often the highest reading of the day and most associated with 
cardiovascular events. The level of blood pressure associated with hyper-
tension is lower in ambulatory monitoring, although the various major 
guidelines differ slightly in cutoff values. For example, the European 
Society of Hypertension associates hypertension with an average 24-hour 
blood pressure of ≥125–130/80 mm Hg,14 whereas the JNC defines it as 
≥135/85 mm Hg while awake or ≥120/75 while asleep.3
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Home blood pressure measurement is the final monitoring modal-
ity. Commercially available devices, usually automated, are sold in most 
pharmacies for a modest price, allowing patients to monitor themselves by 
randomly measuring their blood pressure over the course of many weeks 
to months. Similar to ambulatory blood pressure monitoring, the results 
of self-monitoring show lower blood pressure readings than office mea-
surements and also provide a better predictor of cardiovascular events 
than office blood pressure monitoring.15 Aside from its cost effectiveness, 
home blood pressure monitoring more closely involves the individual in 
their care and health, making it a favored modality in many practices.
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chapter two

Principles of hypertension
To adequately treat hypertension, an understanding of its physical and 
biological mechanisms is important. When I was in medical school we 
were encouraged to memorize long lists of clinical symptoms and labora-
tory values that describe various medical illnesses; I referred to them as 
laundry lists. This didactic mode of study was encouraged and rewarded, 
but I found it did not adequately teach the principles and mechanisms of 
medicine. Personally, I find it difficult to remember random facts unless 
they are associated with a broader understanding of a process. To assist in 
my studies, I incorporated these random facts into models to explain med-
ical pathology, a learning technique I still use. The study of blood pres-
sure and hypertension is no different, and a mechanistic understanding 
of its principles should lead to better treatment. This chapter will describe 
the fundamentals of blood pressure and hypertension through basic prin-
ciples of physics and biology. Although this description is not essential 
to using this text as a tool in treating hypertension, understanding it will 
facilitate its use and broaden the reader’s perception of blood pressure.

The circulatory system can be described as a network of tubes or 
pipes connected to a pump, similar to the plumbing in a house. The pipes 
represent the blood vessels, the water the blood supply, and the municipal 
water company that pumps the water represents the heart. The water com-
pany provides the initial force, which facilitates the flow of water through 
the pipes. If the pumping force, that is, the water pressure, is increased, 
more water flows through the pipes. Similarly, if the heart pumps harder 
it will increase its flow, sending more blood through the blood vessels 
(Figure 2.1).

In physical terms, fluid flow is described by Poiseuille’s law, which 
states that the flow of a liquid through a system is determined by the pres-
sure within the system divided by the resistance of the system:

	 Flow = Pressure/Resistance

To further expand on the plumbing analogy, imagine a garden hose 
with a spout at its end. The initial force, or pressure, that sends water 
through the hose is again provided by the water company. For simplicity, 
we will assume it is a constant force, which is similar to the near-constant 
pumping force of the heart. As the water leaves the spout, its pressure is 
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practically zero, so a drop in pressure must have occurred between the 
origin of the hose and its end. This decrease is due to the water having 
to work against frictional forces within the hose, or the resistance of the 
hose, that ultimately dissipate its force. The resistance itself is dependent 
on factors such as the inner diameter of the hose (or blood vessel) and 
the viscosity of the fluid (or blood). Of these two components, the diam-
eter is more important, as a decrease in its size will cause an exponential 
increase in the resistance. Fluid viscosity is less important and often of no 
consequence, because the difference in viscosity of water within homes 
or the difference in blood viscosity from person to person is quite small. 
Now imagine placing your thumb over the end of the garden hose, as 
done when spraying water on plants (Figure 2.2). By constricting the ori-
fice of the hose, you are decreasing the diameter of the spout, which will 
cause an increase in the resistance inside the hose. The total resistance 
is equal to the sum of the resistances of each segment. In our example, 
the garden hose can be divided into two parts: the long segment starting 
from the spigot to the thumb and the short segment of the thumb itself 
(Figure 2.2). The first portion, although long, has a relatively wide diam-
eter, and therefore a minimal contribution to the total resistance. The last 
segment, which is only the length of your thumb, contributes much more 
to the total resistance because you are reducing the diameter of the hose. 
In fact, by placing your thumb over the spout you have created a system 
in which the water pressure is nearly equal throughout most of the length 
of the hose, but then quickly drops off at the spout. It is only in this last 
small segment of high resistance that the water pressure drops to zero. 
This example helps us to understand the circulatory system of the body. 
The water company represents the heart and serves to pump the fluid 

Water
company

Figure 2.1  Comparison of the circulatory system with plumbing in a house. 
(Courtesy of Shani Strenger from Shilo, Israel.)
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throughout the system (Figure 2.2). If the pumping activity is increased, 
the pressure will increase proportionately. The resistance of the blood ves-
sels is mostly determined by the diameter of the blood vessels.

In biological terms, Poiseuille’s law can be restated as:

	 CO (i.e., flow) = Blood pressure/Vascular resistance

or in terms of the blood pressure:

	 Blood pressure = CO × Vascular resistance

The heart initially pumps the blood to the aorta and then travels 
through a network of branching vessels, which get progressively smaller 
in diameter. Close to the end of the arterial system, there is a significant 
fanning out of the arterial tree into the thin-walled arterioles, which lead 
into the capillary plexus. The arteriolar and capillary systems are the final 

Segment 2
(high resistance)

Segment 1
(low resistance)

Aorta

Garden hose

Arteries

Arterioles and
capillaries

Water
company

Figure 2.2  Comparison of the circulatory system with a garden hose. (Courtesy 
of Shani Strenger from Shilo, Israel.)
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segments of the arterial tree, which comprise a very short segment of the 
entire network and feed into the body’s organs and muscles, where nutri-
ents and oxygen are exchanged (Figure 2.2). The arterioles are very nar-
row vessels surrounded by a layer of smooth muscle cells, which help 
regulate their inner diameter (Figure 2.3). As the diameter of the arterioles 
are much smaller than the more proximal arteries, their contribution to 
the total resistance is much more significant despite their relatively short 
length. The short segment of arteriolar vessels can be compared to the 
short segment of the garden hose occluded by the thumb in the previ-
ous example. Most of the blood pressure dissipates within the arteriolar 
segment, which conveniently provides a near constant blood pressure to 
the more proximal arterial segments, such as the aorta and the small and 
large arteries of the arms and legs. It is important that this near-constant 
blood pressure (the central blood pressure) feeds the body’s vital organs, 
including the heart, liver, kidneys, and brain. If this pressure is too low, 
these organs will not be adequately perfused, resulting in ischemia, heart 
attack, stroke, and organ malfunction. The main function of the arteriolar 
segment is to regulate and maintain the central blood pressure by altering 
the diameter of the arterioles through overlying smooth muscle contrac-
tion and dilation. In summary, the heart and the arterial system—similar 
to the water company and the garden hose—regulate the blood pressure 
in the central compartment of the body.

To illustrate this principle, imagine a person who is dehydrated, and 
because of a decrease in blood flow (i.e., CO) will have low blood pressure. 
In response to this crisis, the heart rate and contractility would increase 
resulting in an increase in the CO and a decrease in the arteriolar diam-
eter causing an increase in systemic resistance and blood pressure. These 
compensatory mechanisms act together to help maintain an adequate 
blood pressure.

We now can describe several mechanisms involved in the develop-
ment of hypertension. There is considerable evidence that hypertension 
originates with a state of high CO, and at some point transitions to a state 
of low or normal CO but with high vascular resistance. A long-term study 
of young hypertensive people who were followed over 20 years illustrates 
this point.1 In youth, hypertension is driven by a state of elevated CO and 
normal vascular resistance. After 10 years, these indices reversed with 

ContractionSmooth muscle cells

Vessel lumen

Figure 2.3  Regulation of arteriole lumen diameter by smooth muscle cells. 
(Courtesy of Shani Strenger from Shilo, Israel.)
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a lower CO and higher vascular resistance. After 20 years, this pattern 
was even more exaggerated. To adequately appreciate this transition over 
time, an understanding of the role of the sympathetic nervous system in 
regulating blood pressure is essential.

Sympathetic nervous system and blood pressure
The brain has several centers that regulate the function of other organs 
such as the heart, blood vessels, kidneys, and adrenal glands. Activity in 
these centers is increased during states of emotional or physical excite-
ment. A common laboratory model of induced stress involves a person 
attempting to solve a difficult math problem. The fight-or-flight response 
is another example of a sudden frightful stimulus activating these cen-
ters with a resultant increase in heart rate and blood pressure. The nerve 
cells end in synapses at their target organs where they release norepi-
nephrine, thereby signaling for an increase in blood pressure (Figure 2.4). 
Norepinephrine stimulates the beta-receptors of the heart causing it to 
beat more quickly and forcefully, increasing the CO and, consequently, the 
blood pressure. The alpha-receptors of the blood vessels also are activated, 
causing vasoconstriction and subsequent increases in both resistance and 
blood pressure. Simultaneous activation of the kidney beta-receptors 
stimulates the renin–angiotensin–aldosterone system (RAAS), another 
important component in blood pressure regulation. This activation also 
causes the kidneys to retain salt and water, with a further increase in CO 
and blood pressure. Last, the sympathetic nervous system stimulates the 
adrenal glands to produce yet more systemic norepinephrine.

Norepinephrine
to blood

Adrenal glands

Blood vessels

Brain

Heart

Kidneys

Figure 2.4  Regulation of body organ function by the sympathetic nervous sys-
tem. (Courtesy of Shani Strenger from Shilo, Israel.)
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The regulatory centers of the brain receive signals from a variety of 
sources, including other brain areas, pressure and chemical sensors in the 
heart (left ventricle and left atrium), and the great outlet vessels of the 
heart (aortic arch and carotid sinus). The sensors help attenuate low blood 
pressure, as may occur in dehydration, by sending stimulatory signals to 
the brain. Pain and emotional stress also stimulate these centers.

There is considerable evidence that young people with hyperten-
sion have an overactive sympathetic nervous system referred to as a 
hyperkinetic state.2 This was demonstrated in a study finding elevated 
norepinephrine levels in young hypertensive people compared with 
age-matched subjects with normal blood pressure.3 Younger people also 
tend to have higher heart rates and an elevated CO compared with older 
people with hypertension. However, with age, the hypertension transi-
tions to increased vascular resistance and relatively normal CO. Although 
some suggest this is due to a shift to a state of lower sympathetic activ-
ity, it has been found that sympathetic nervous system activity actually 
increases as people age.4 Plasma norepinephrine levels in people with 
normal blood pressure have been shown to increase with age until they 
eventually reach the levels of young people with hypertension, and typi-
cal norepinephrine levels in elderly people with hypertension are similar 
to age-matched nonhypertensive people.3 Julius and Nesbitt2 present an 
interesting theory to explain this transition and potentially the root cause 
of hypertension. They suggest that the brains of people with hypertension 
reset to a higher blood pressure norm. In young people, the heart is very 
responsive to norepinephrine and is able to maintain a higher blood pres-
sure by increasing the CO. However, as people age, the cardiac receptors 
become less responsive to norepinephrine, and the ability of the heart to 
contract also diminishes precluding its ability to increase blood flow and 
pressure. This is probably due to fibrosis and thickening of the heart wall. 
However, with age and chronically elevated blood pressure, the muscular 
wall surrounding the blood vessels undergoes hypertrophy, thus increas-
ing its ability to contract when stimulated by norepinephrine. These ves-
sels constrict in response to relatively lower levels of norepinephrine 
causing an increase in vascular resistance and subsequent hypertension. 
This provides a reasonable explanation of the aging transition in hyper-
tension. Although a resetting of nervous system activity may cause hyper-
tension, it is still unclear what prompts this process as that only would be 
the true etiology of hypertension.

Arterial stiffness and endothelial dysfunction
Based on the relative diameter size of the blood vessels, the arterial sys-
tem can be divided into two parts: (1) the aorta and arteries, and (2) the 
arterioles and capillaries (Figure 2.5). As previously described, there is a 
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sudden transition to higher vessel resistance when moving from the aorta 
and arteries to the arterioles and capillaries. This is due to the significant 
decrease in the diameter of the vessel lumen, as resistance increases expo-
nentially with smaller lumen sizes. A typical artery has a lumen of about 
0.5 cm (0.2 inch), whereas an arteriole lumen is about 1/1000th this size. 
There is also a dramatic branching pattern that occurs at the interface of 
the arteries and arterioles.

The structure of the vessel walls of these two systems also is differ-
ent. The walls of the aorta and arteries are mainly composed of elastin 
and collagen, which gives them a rubbery or elastic property. In con-
trast, the arteriole walls are composed of smooth muscle cells and are 
more rigid with the ability to constrict and dilate. As the heart pumps 
blood into the aorta and arteries, the elasticity of these vessels buffers 
the forceful pulse and slows its flow. Imagine our previous image of a 
water faucet connected to a rubber hose. When the faucet is suddenly 
opened, the water rushes into the hose. If the hose is rubbery, it will 
expand as the pulse of water travels through it, thus slowing the flow 
of water and reducing the pressure. A normal and healthy aorta serves 
the same purpose by buffering the high-pressure pulse with each heart-
beat and slowing its flow. As the pulse reaches the arteriolar system, 
it abruptly contacts stiffer vessels of higher resistance and multiple 
branching points as the arteriolar system fans out. This dramatic change 
in resistance, stiffness, and branching causes a part of the pulse to be 
reflected backward toward the aorta.5 This effect is similar to an echo 
produced when calling out hello at the foot of a canyon (Figure 2.6). As 
the pressure packet of the sound wave reaches the opposing wall of the 
canyon, it is reflected back, and a few seconds later the same hello echoes 
back, although softer.

Aorta
Arteries

Arterioles and
capillaries

Figure 2.5  Schematic of the arterial tree. (Courtesy of Shani Strenger from Shilo, 
Israel.)
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Now imagine saying “hello, hello, hello” but spacing the words with 
enough time for the echoes to return between each spoken hello. You 
would hear a continuous succession of six hellos despite only uttering 
three. The three uttered hellos would be louder than the three echoed 
hellos (Figure 2.7a). Now compare this image to the pulse of blood created 
with each heartbeat. Each uttered hello is analogous to a contraction of 
the heart and its subsequent pulse of blood, which is the systolic phase 
of blood flow. The time between the three uttered hellos is analogous to 
the period that the heart muscle relaxes and fills with blood, that is, the 
diastolic phase of blood flow. As the blood pulse travels through the aorta 
and arteries it is first slowed by their elasticity. When it reaches the arteri-
olar segment, a part of the pulse is reflected back through the same vessels 
toward the heart in a manner similar to the echoed hellos in the canyon 
(Figure 2.7b).

In a healthy vascular system this reflected wave slowly returns to the 
arteries and the aorta during the quiescent (diastolic) phase of the cardiac 
cycle (Figure 2.8a). This helps to buffer the blood pressure during a time 
in the cycle that it would normally be low. Because the diastolic phase 
comprises about two-thirds of the cardiac cycle, it is important to sus-
tain an adequate pressure during this period to properly perfuse the body 
organs. The timing of this reflected pulse varies according to the elasticity 
of the aorta and the arteries, and the stiffness and degree of branching of 
the arterioles. If the larger blood vessels are stiff (i.e., nonelastic) or if the 
arteriolar resistance is large, then the reflected wave will return quickly 
and encroach on the systolic phase of the cycle. This will cause an elevated 

“Hello”

“Hello”

Figure 2.6  Schematic of reflected sound wave packet. (Courtesy of Shani Strenger 
from Shilo, Israel.)
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Figure 2.7  Comparison of reflected sound wave packet with reflected blood pres-
sure pulse/packet. (Courtesy of Shani Strenger from Shilo, Israel.)
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Figure 2.8  Description of isolated systolic hypertension. (Courtesy of Shani 
Strenger from Shilo, Israel.)
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systolic blood pressure and a lower diastolic blood pressure, a condition 
referred to as isolated systolic hypertension, which is a marker of vascular 
disease (Figure 2.8b). The condition exerts strain on the heart as it has to 
pump into a system of higher pressure, and is associated with accelerated 
atherosclerosis and cardiovascular disease. Isolated systolic hypertension 
is more common in the elderly, in people with diabetes, and in those with 
vascular disease.

An understanding of arterial stiffness will help to better appreciate 
this concept. Arterial stiffness can be explained by three structural and 
functional characteristics: remodeling of the vessels, endothelial dys-
function, and atherosclerosis. Although each of these characteristics can 
be considered distinct processes, they are actually all interrelated and 
better thought of as a continuum. Although convenient to describe the 
arterial system as a set of pipes or conduits that transport the blood from 
the heart to the organs, this is a gross oversimplification. In fact, the cir-
culatory system is a vibrant and adaptable organ. Vessel walls are com-
posed of an inner single layer of endothelial cells surrounded by a mesh 
of smooth muscle cells. The matrix that holds them together is composed 
of collagen and elastin (Figure 2.9). Although the endothelium is only one 
cell thick, it is so expansive that it covers over 1300 square meters (14000 
square feet) of surface area (a mansion by any standard) and weighs up 
to 3 kilograms (6–7 pounds).6 It is the largest organ in the body. The endo-
thelium acts as the interface between the blood and the vessel wall, and 
helps to regulate vessel tone and size. It senses changes within the cir-
culatory system, such as higher blood pressure or bloodborne chemical/
humoral agents, and transmits signals to the overlying smooth muscle 
cells and matrix. These signals regulate the vessel tone. The system is very 
complex and involves many chemical messengers, but can be character-
ized by two distinct and opposite states: either upregulated/activated or 
quiescent/inactivated. The former state occurs in disease when humoral 
signals cause the vessels to constrict; this state promotes atherosclerosis 

Smooth muscle cells

Endothelial cells

Collagen and elastin

Figure 2.9  Structure of the arteriole wall. (Courtesy of Shani Strenger from Shilo, 
Israel.)
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and scar tissue deposition and is referred to as endothelial dysfunction. 
The inactivated state occurs in health; it is quiescent when the vessels are 
appropriately dilated and there is minimal atherosclerotic deposition. In 
the healthy endothelium, there is a favorable balance toward the quies-
cent/inactivated state despite the presence of minimal stresses or acti-
vating chemical messengers. However, when the endothelium is injured 
or dysfunctional, the balance is quickly tipped toward the activated 
state. Endothelial dysfunction is strongly associated with atherosclero-
sis, hypertension, and cardiovascular disease. It is also associated with 
smoking,7 elevated cholesterol levels,8 obesity, diabetes,9 and a sedentary 
lifestyle.10 Two important chemical messengers that regulate the endo-
thelium are angiotensin II and nitric oxide, which may serve as represen-
tatives of the larger group of chemicals within each class. Angiotensin 
II is associated with vasoconstriction, atherosclerosis, and hypertension, 
whereas nitric oxide (perhaps its nemesis) is associated with vasodila-
tion, reduced atherosclerosis, and normal blood pressure. Endothelial 
function has important effects on arterial stiffness. In states of endothe-
lial dysfunction the large arterial vessels are stiffer and the resistance 
within the arterioles is higher. Consequently, the pulse wave of the blood 
is reflected backward more rapidly and forcefully, resulting in systolic 
hypertension and often isolated systolic hypertension.

Renin–angiotensin–aldosterone system
The renin–angiotensin–aldosterone system (RAAS) is an essential part 
of blood pressure regulation. It is a complex system involving several 
enzymes, substrates, chemical messengers, and organs (Figure 2.10). An 
appreciation of RAAS mechanics is essential to understanding blood 
pressure regulation and the proper choice of antihypertensive therapy. 
The first substance in this system is angiotensinogen, produced in the 
liver. It is a relatively stable molecule with a long half-life and its biological 
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Figure 2.10  The renin–angiotensin–aldosterone system. (Courtesy of Shani 
Strenger from Shilo, Israel.)
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function is rather limited as a substrate of the enzyme renin, which con-
verts it to angiotensin I. Renin is primarily produced by the kidneys and 
circulates in the bloodstream. As the conversion of angiotensinogen to 
angiotensin I is the rate-limiting step of the RAAS, the activity of renin 
importantly regulates the entire system. Angiotensin I also has limited 
biologic function but is converted to angiotensin II, which has prominent 
biological effects causing constriction of blood vessels, sodium and water 
retention by the kidneys, and atherosclerotic changes to the vessels, all of 
which promote elevated blood pressure. The conversion is catalyzed by 
angiotensin-converting enzyme, which is mostly produced in the lungs. 
Angiotensin II also stimulates the adrenal glands to produce aldosterone, 
which also has many biological functions. Aldosterone promotes salt and 
water retention by the kidneys, and elevated levels are associated with 
cardiovascular events such as stroke and heart attack.11 Because it involves 
several distinct organs, the RAAS is classically described as a systemic 
system. However, there is also an independent system that is local to all 
tissue, referred to as the local RAAS, which is particularly important to 
the heart and blood vessels.

The kidneys have a key role in the RAAS and blood pressure regula-
tion. These organs primarily filter the blood, and as much as 25% of the 
entire blood flow typically passes through them, amounting to some 180 
liters of filtered plasma each day. If not for its ability to reabsorb most of 
the filtrate (over 99%) we would quickly dehydrate. This delicate process 
enables the kidneys to maintain the body’s balance of electrolytes and 
fluid. The functional unit of the kidney is the nephron, and each kidney 
contains about one million of them. Each nephron is a distinct unit that 
manages a tiny fraction of filtrate (or urine), but collectively they man-
age the entire process. It is also important in regulating production of the 
enzyme renin. The nephron is composed of the renal corpuscle and the 
renal tubule (Figure 2.11). The renal corpuscle is a ball-like microscopic 
structure composed of a matrix of interweaving capillaries known as the 
glomerulus, and a surrounding structure called the Bowman’s capsule. 
The capillaries of glomerulus are fed by the afferent arteriole and drained 
by the efferent arteriole. Filtration occurs within the glomerulus, and the 
filtrate is collected into Bowman’s capsule, which leads into the first seg-
ment of the renal tubule. The tubule is a winding conduit where most 
of the electrolytes and water are reabsorbed back into the bloodstream 
leaving mostly toxic waste for disposal in the urine. As a part of the wind-
ing pathway, the tubule circles back and contacts the afferent arteriole 
just adjacent to the glomerulus. This area of contact (the juxtaglomerular 
apparatus) is the region where renin is produced and secreted. The appa-
ratus is strategically located so it can receive information about the blood 
pressure via the pressure within the afferent arteriole, and about the fluid 
balance of the body from the chemical composition of the tubule filtrate. 
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It also receives direct input from the central nervous system via nerve 
endings. All of these inputs importantly regulate renin production and 
subsequently the RAAS. For example, in a state of dehydration, the kid-
ney’s nephrons will sense a low blood pressure and a concentrated tubu-
lar filtrate, which will enhance renin production and the RAAS. Because it 
receives input directly from the central nervous system, it can also be acti-
vated by heightened sympathetic nervous system activity such as what 
happens in frightening or emotional situations. The RAAS is of particular 
importance in treatment of hypertension as several classes of medicines 
block different parts of its pathway.

Salt sensitivity
The influence of salt on blood pressure has been known for millennia. 
Texts of the Chinese emperor Haung Ti over 4000 years ago describe a 
relationship between salt intake and a “hardened pulse,” a reference to 
hypertension. Our genetic makeup is structured to preserve salt and water 
in order to maintain an adequate blood pressure. Imagine the struggled 
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Figure 2.11  Schematic of the nephron. (Courtesy of Shani Strenger from Shilo, 
Israel.)
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survival of prehistoric man with a meager supply of food and water. Salt 
was a rare commodity in the late Paleolithic period (some 10,000 years 
ago), with a diet consisting mostly of fruits, nuts, legumes, and some ani-
mal products and a sodium intake of about only 600 mg (26 meq) a day.12 
In comparison, a typical Western diet consists of over 3000 mg (130 meq) 
of sodium a day13 with over 75% coming from nondiscretionary sources 
such as added preservatives and flavor enhancers. There appears to be a 
set point between 1150 and 2300 mg (50–100 meq) of daily sodium intake 
at which salt-mediated hypertension manifests.14 Ironically, the recom-
mended daily intake is up to 2300 mg (100 meq or 1 teaspoon of salt).15 
Our prehistoric genome, which is probably similar to that of today, is 
geared to preserve sodium, which was essential to properly subsist in 
prehistoric times but not in modern times. However, such cultures still 
exist, as evident in the Yanomamo Indians of the Amazon rain forest, who 
have a typical sodium intake of only about 25 mg (1 meq) a day.16 Not 
surprisingly, there is no hypertension in this society, which has a typi-
cal blood pressure of only 100/65 mm Hg. Ironically, our adaptive qual-
ity of conserving sodium to preserve blood pressure is now a cause of 
hypertension and pathology. Many have studied the effects of sodium 
intake on blood pressure. Although some studies demonstrate large dif-
ferences in blood pressure between low and high sodium diets, the gen-
erally accepted value is a modest difference of only 3 to 5/2 mm Hg. In 
terms of an entire population, lowering of blood pressure by this amount 
would have a great impact on public health, although the effect would be 
minimal to the individual with hypertension. Yet, despite the clear asso-
ciation of elevated sodium intake and hypertension, it is not clear that 
excessive sodium intake increases the risk of adverse effects, specifically 
heart disease, stroke, and kidney disease in people with hypertension. 
In fact, some report fewer adverse outcomes in people with and without 
hypertension who consume higher amounts of sodium.17,18

The effects of sodium intake on health will be discussed in a later 
chapter, but a description of its effect on blood pressure will now be pre-
sented. The primary effect of salt (or sodium) intake on blood pressure is 
to increase the volume of the plasma component of blood, which results in 
an increase in CO and blood pressure. Its secondary effect is from the vas-
cular response to this increased flow, which results in constriction of the 
peripheral arteriolar blood vessels, causing increased peripheral vascular 
resistance and blood pressure. Both of these effects raise the blood pres-
sure as described by the equation from Poiseuille’s law, which equates 
blood pressure with the product of cardiac output and peripheral vascu-
lar resistance (BP = CO × PVR). The kidneys have a central role in main-
taining salt and water balance, and therefore they regulate salt sensitivity. 
The work of Guyton describes the role of the kidneys in this process.19 
From computer-generated models of hypertension he determined that 



15Chapter two:  Principles of hypertension

© 2010 Taylor & Francis Group, LLC

the kidneys are the primary and ultimate regulator of blood pressure. He 
argues that every person has a blood pressure set point that is fixed by 
the ability of the kidneys to either retain or eliminate salt and water. This 
set point is pathologically elevated in people with hypertension. Various 
humoral factors such as angiotensin II also can influence this set point 
and cause elevated blood pressure. There are several prominent theories 
posed about the cause of salt sensitivity (Figure 2.12). Brenner suggests 
that hypertension may be due to a reduced nephron/glomeruli count in 
the kidneys.20 Each kidney typically contains about 1 million nephrons, 
although this number can vary from 200,000 to 2,000,000.21 He suggests 
that people with reduced nephron counts are more susceptible to hyper-
tension because their kidneys have a limited ability to excrete sodium and 
water. Furthermore, from consequent adaptation of a reduced nephron 
count, each nephron increases its filtration capacity causing excessive 
pressure and strain on the entire network of glomeruli and tubules over 
time. The resulting scarring of the glomerus/nephron will further reduce 
the ability of the kidneys to excrete sodium and water. Evidence to sup-
port this theory comes from an association of a low birth weight (associ-
ated with lower nephron counts) with subsequent hypertension in adult 
life.22 Further evidence is presented in a postmortem study of 20 people 
of similar age and race of whom 10 had hypertension and 10 had normal 
blood pressure. The average nephron count of the hypertensive group 
was about half that of the normal blood pressure group (700,000 versus 
1,400,000 nephrons per kidney).23

Another prominent theory of salt sensitivity is proposed by Sealy and 
colleagues, and involves an aberrant group of nephrons that inappropri-
ately secrete renin-causing activation of the RAAS.24 The primary stimu-
lus of secretory activity comes from blood pressure sensors in the walls of 
the arterioles that lead into the glomerulus, that is, the afferent arterioles 
(Figure 2.11). In response to low blood pressure, the nephron will secrete 
more renin and activate the RAAS to raise the blood pressure. In normal 
health, when all the blood vessels are patent and connected in an open 
and free flowing way, the pressure in the arterioles reflects the pressure 
throughout the body. However, if a group of these arterioles is clogged 
or blocked (i.e., ischemia), they will have a reduced pressure within them 
despite a normal overall blood pressure in the rest of the body. These aber-
rant nephrons will secrete renin despite normal or even elevated blood 
pressure in the body. Because there are only a few of these nephrons, their 
contribution to the overall body renin level is diluted and usually results 
in a small increase. However, even a small amount of renin is abnormal 
in hypertension and is sufficient to cause the other normal nephrons to 
retain more salt and water, further increasing the blood pressure. This 
theory explains why renin levels are often present in people with elevated 
blood pressure when the RAAS ideally should be completely shut down.
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The last theory of salt sensitivity is more complex and as yet not fully 
developed. Its contributions span many decades and involve the works 
of several scientists.25–27 In states of volume excess, as after eating a large 
meal with salt and fluid, a “sodium excreting hormone” is produced. By 
inactivating sodium–potassium pumps found in the nephron tubules, 
this hormone facilitates purging the body of excess salt and water. 
However, this hormone also inactivates the sodium–potassium pumps of 
the smooth muscle cells of the arterioles (Figure 2.3). This causes exces-
sive calcium influx into the smooth muscle cells and leads to contraction 
of these cells and constriction of the arteriolar vessels and a consequent 
increase in peripheral vascular resistance and blood pressure. Overall, this 
theory proposes that an increase in salt intake will lead to production of 
a humoral substance that will cause constriction of the blood vessels and 
hypertension. Some feel that this humoral substance is a protein called 
ouabain,28 although this has not been conclusively proven. Although 
these three popular mechanisms of salt sensitivity are well known, many 
other theories exist. It is likely that there is no single unifying cause of salt 
sensitivity and hypertension but rather that each person has his or her 
own specific cause. Nonetheless, the treatment is the same and requires 
salt reduction and diuretic therapy.

Renin profiling
The enzyme renin regulates the activity of the entire RAAS. Although 
considered to have few direct biological effects, a limited role in caus-
ing vascular inflammation and scarring is suggested by recent studies. 
However, its main function is to convert angiotensinogen to angiotensin 
I, a process that regulates the entire RAAS through the production of 
the active agents angiotensin II and aldosterone. Laragh and colleagues 
have elegantly characterized the role of the RAAS in blood pressure con-
trol. Their contribution to the study and understanding of hypertension 
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Figure 2.12  Mechanism of salt sensitivity.
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cannot be overstated. They describe human blood pressure in terms of 
two supporting systems: the salt/volume system and the RAAS. Under 
normal conditions, blood pressure is supported by the quantity of salt 
and water in the body. Salt, particularly sodium, causes an increase in 
blood volume, thus increasing the CO component of blood pressure. It 
also causes a secondary constriction of the arteriolar vessels, increasing 
the peripheral vascular resistance and supporting blood pressure. When 
blood volume is decreased, for example, from dehydration (a lack of salt 
and water) or poor heart function (heart failure), the RAAS is activated as 
a backup system to support blood pressure. Although the primary func-
tion of this system is to constrict the peripheral vessels, it also stimulates 
the kidneys to retain salt and water. In a healthy person without hyper-
tension, these systems act together to maintain a normal blood pressure. 
When salt and water are appropriately balanced, the RAAS is turned off. 
Similarly, it is turned off in states of excess salt and water, thus allow-
ing the kidneys to rid the body of these elements and return the blood 
pressure to normal. Hypertension is a pathologic state in which the body 
either retains salt and water, or activates the RAAS; often both processes 
are activated. Laragh characterizes these two forms of hypertension as 
either V (volume/salt-mediated) type or R (renin) type. Most people have 
a combination of both contributing to their hypertension. He also classi-
fies blood pressure medications in terms of either V- or R-type, depending 
on which axis they primarily affect. After decades of clinical and scien-
tific study he formulated the Laragh method,29,30 which uses the plasma 
renin activity (PRA) to guide treatment of hypertension. For example, if 
a person with hypertension has a low PRA the cause is likely excess salt/
volume and a diuretic would be the appropriate initial medication to pre-
scribe. If hypertension persists despite an adequate diuretic dose, the PRA 
can be repeated to further guide treatment. This technique is referred to 
as renin profiling. It adds a logical and scientific rationale to the treatment 
of hypertension and should facilitate therapy with the use of fewer medi-
cations. As natural medicines and techniques have generally been poorly 
characterized clinically or experimentally, the V- and R-type classifica-
tion also can be used to define their properties allowing a scientific basis 
for their use. This book will attempt to characterize all forms of blood 
pressure lowering methods, which include traditional medicines, natural 
medicines, and various techniques, according to their ability to modify 
these two axes of blood pressure regulation. This system of classification 
allows for an integrated approach to managing hypertension, using all 
forms of antihypertensive therapeutic modalities.

Despite the simplicity and elegance of the Laragh method, there are 
skeptics. Large studies of randomly treated people with hypertension have 
found specific drug classes more potent in certain age and race groups. 
For example, calcium channel blockers are more effective in black men, 
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whereas angiotensin-converting enzyme inhibitors have been shown to 
be superior in young white men.31 This age and race profiling has been 
suggested by some to be a better predictor of medication response.32 
Nonetheless, the elegant and simple renin profiling technique is a power-
ful and effective tool.
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chapter three

Common causes of hypertension

Stress, white-coat hypertension, 
and white-coat effect
Emotional and physical stress is a common entity with associated health 
effects, specifically in causing hypertension and cardiovascular disease. 
An interesting study that illustrates this compares the health of nuns in 
a secluded order with that of women in their local community. Lower 
blood pressure and decreased incidence of cardiovascular disease in the 
secluded nuns was noted,1 likely in part due to their comparatively peace-
ful lifestyle. Another study showed blood pressure in four population 
centers in the United States to be significantly elevated in the months fol-
lowing the 9/11 terrorist attacks,2 again an effect associated with height-
ened anxiety and stress. Job strain3 and a sense of time urgency and 
hostility4 also have been associated with the development of hyperten-
sion and cardiovascular disease. The mechanism whereby stress causes 
hypertension is primarily due to enhancement of the sympathetic nervous 
system, although activation of the renin–angiotensin–aldosterone system 
(RAAS),5 salt retention,6 and endothelial dysfunction7 also occur. The 
degree of responsiveness to an acute stressor is also an important factor. 
Responsivity to stress is measured by the degree of blood pressure and 
heart rate increase, and the amount of time needed for these parameters 
to return to their respective baselines. Prolonged responsivity is strongly 
associated with future development of hypertension.8 Stress responsiv-
ity is also associated with white-coat effect and white-coat hypertension.9 
The definition of white-coat effect is an increase in blood pressure that 
occurs during an exam by a physician—hence the term “white coat”—that 
can manifest in people with or without hypertension, whereas white-coat 
hypertension is defined as an elevated office blood pressure but a nor-
mal 24-hour ambulatory or home blood pressure. The precise definition of 
white-coat hypertension differs slightly depending on the guideline. For 
example, the European Society of Hypertension requires an office blood 
pressure of 140/90 mm Hg or greater, a normal 24-hour mean ambula-
tory blood pressure of <125–130/80 mm Hg, and a normal mean daytime 
blood pressure of <130–135/85 mm Hg.10 A normal mean home blood 
pressure of <135/85 mm Hg also can be used. White-coat effect is nicely 
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illustrated in an Italian study that showed an increase in blood pressure 
of 22/16 mm Hg when initially measured by a male physician.11 After 10 
minutes, repeat blood pressure decreased to a plateau level but was still 
12/8 mmHg above baseline. White-coat hypertension is more prevalent in 
certain populations, occurring in 38% of Finnish hypertensive people,12 
whereas 20% is typical in Western society.13 As many studies suggest only 
a minimal increase in cardiovascular risk from white-coat hypertension,14 
most guidelines do not recommend treatment with drug therapy unless 
there is evidence of organ damage or other significant cardiovascular 
risk factors. Lifestyle changes such as a low-salt diet and weight loss are 
recommended first. However, there is evidence suggesting a less benign 
nature as white-coat hypertension may be associated with cardiac hyper-
trophy,15 cardiovascular disease,16 and stroke.17 There also is a significant 
risk of progressing from white-coat hypertension to overt hypertension.18 
Perhaps, it is best to view white-coat hypertension as an intermediate 
hypertensive state that needs careful monitoring.

Oral contraceptives
Oral contraceptives have been a popular means of birth control since the 
1960s. In 2007, approximately 94 million women of reproductive age used 
them.19 In 2002 in the United States alone, 11.6 million women of repro-
ductive age were taking oral contraceptives and 82% of all women had 
taken them at some time in their lives,20 representing a significant seg-
ment of the populations of both Western and developing countries. The 
active pharmacologic components of these medications are derivatives 
of the female sex hormones, estrogen, and progestin. Early formulations 
contained high doses of estrogen but more recently lower doses are used. 
Heart attack and stroke are two important and serious associations, more 
common with the older formulations of higher estrogen doses. Yet, even 
with the newer drugs that contain relatively low doses of estrogen there 
still is an increased risk, although lower, of developing heart attack21 or 
stroke.22 However, as these events are quite infrequent in young women 
of reproductive age, the total overall number of such events is very low. 
Furthermore, most complications occur in either smokers or women 
with hypertension, leaving the more typical and healthy women with 
no appreciably increased risk. The American College of Obstetricians 
and Gynecologists support oral contraceptive use by women of all ages, 
except for those over 35 years who smoke.23 It suggests caution in women 
with hypertension but still support its use with careful blood pressure 
monitoring. The estrogen component is the cause of increase in blood 
pressure, despite its known vasodilatory effect. Activation of the RAAS 
may be a contributing factor.24 In women with normal blood pressure, an 
increase of 8/6 mm Hg on 24-hour ambulatory blood pressure monitoring 
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is expected,25 and up to 5% of women with normal blood pressure may 
reach levels of hypertension.26 Malignant hypertension is also reported, 
although a rare event. Physicians should carefully monitor their patients 
who are taking these medications. Fortunately, the blood pressure returns 
to its prior level when the medication is stopped.

Obstructive sleep apnea
Obstructive sleep apnea (OSA) is a common respiratory ailment caused by 
intermittent airway collapse during sleep. Pauses in breathing cause dis-
ruption of sleep and episodes of decreased blood oxygen levels. This may 
occur in as much as 20% of people in Western society.27 People with OSA 
experience fatigue throughout the day, are prone to motor vehicle acci-
dents, and have psychosocial problems and decreased cognitive function. 
OSA is also associated with hypertension,28 cardiovascular disease, and 
stroke. Although obesity is the classic risk factor for its development, it is 
also more common in smokers, males, and the elderly. In healthy people a 
dip in blood pressure typically occurs overnight, but this is often absent in 
people with OSA, with blood pressure increases more common. There is a 
strong association with sudden cardiac death during sleep, a time that is 
otherwise protective of such events.29 Stimulation of brain centers causing 
increased sympathetic neural activity is the most important contributing 
factor to increased blood pressure,30 although increased levels of angioten-
sin II31 and aldosterone,32 and endothelial dysfunction33 also occur. Ideally, 
OSA can be treated through lifestyle changes such as weight loss, smok-
ing cessation, and exercise, but often requires continuous positive airway 
pressure (CPAP) throughout the night to keep from airway collapse. Blood 
pressure may decrease with CPAP therapy.34 Although this is a cumber-
some and noisy technique, most people tolerate it well, as it allows better 
sleep patterns and a subsequent calm demeanor and rested mood.35

Thyroid disease
Thyroid disease, hypothyroidism or hyperthyroidism, is a common ail-
ment. In the United States, the prevalence of hypothyroidism is about 
3.7% and of hyperthyroidism about 0.5%.36 Both conditions, more com-
mon in women and in the elderly, have broad and systemic effects on the 
cardiovascular system, cholesterol levels, the metabolic rate, and blood 
pressure. Approximately 4% of people with hypertension have concomi-
tant hypothyroidism, and the blood pressure in about one-third of these 
people may normalize with adequate treatment, usually in the form of 
thyroid hormone replacement.37 This suggests that about 1% of all people 
with hypertension have high blood pressure correctible simply by treat-
ing their hypothyroidism. In hypertensive people with hypothyroidism, 
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adequate treatment of hypothyroidism may reduce blood pressure by 14/9 
mm Hg.38 However, not all subgroups benefit equally from treatment, as 
there is a lack of association between hypothyroidism and hypertension 
in the elderly.39 This may be due to increased arterial stiffness in elderly 
people, which itself contributes to elevated blood pressure. An interest-
ing study of people with both hypothyroidism and hypertension supports 
this view, showing that those with less arterial stiffness had significantly 
better blood pressure reduction when their hypothyroidism was treated.40 
This suggests that younger people with hypothyroidism may benefit more 
from treatment. The mechanism of hypothyroid-induced blood pressure 
elevation is likely from increased sympathetic nervous system activity. 
Direct stimulation of the adrenal glands to produce aldosterone with sub-
sequent salt and water retention may also contribute.41

Considerably less is known about the effects of hyperthyroidism on 
blood pressure, but a modest increase in systolic blood pressure probably 
occurs, and some correction may be achieved with restoration of normal 
thyroid function.37 Overall, thyroid function should be tested in every 
person who has hypertension as its treatment alone may correct elevated 
blood pressure.

Obesity
Obesity has reached epidemic proportions in industrialized societies. 
Recent data from the National Health and Nutritional Examination 
Survey (NHANES), which follows health-related trends in the United 
States, indicate that over 30% of adults in the United States are obese.42 
The risk of hypertension, diabetes, coronary heart disease, and stroke is 
significantly increased in this population.43 Overweight and obesity are 
defined in terms of the body mass index (BMI), which is a measure of 
a person’s weight compared to their height. A BMI of 18.5 to 24.9 kg/m2 
is considered a normal body weight, whereas values from 25 to 29.9 are 
considered overweight, from 30 to 39.9 as obesity, and anything over 40 
as morbid obesity. For example, a man who weighs 80 kg (175 pounds) 
and is 178 cm (5 feet 10 inches) tall would have a BMI of just over 25 and 
would be considered overweight. If he weighed 95 kg (210 pounds), his 
BMI would be over 30 and he would be considered obese. There is a direct 
and linear progression of blood pressure with BMI.44 For every 1.7 kg/m2 

increase in men and 1.25 kg/m2 in women, blood pressure may increase 
by 1 mm Hg.45 For example, in the 80 kg (175 pound) and 178 cm (5 feet 10 
inches) man previously described, if he gains 5 kg (11 pounds) his blood 
pressure should increase by 1 mm Hg. The mechanism of obesity-medi-
ated hypertension is complex but is probably caused by activation of the 
sympathetic nervous system.46 The RAAS also is activated by sympathetic 
input to the kidneys and by local production of renin and angiotensin II 
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in adipose tissue.47 The sum of these actions causes vasoconstriction and 
retention of salt and water with subsequent blood pressure elevation.

Alcohol
Alcohol has significant cultural and societal importance. Its use is perva-
sive and its health effects are of great concern. A more complete descrip-
tion of these effects will be discussed in Chapter 8.

Smoking
Smoking is perhaps the most common remediable risk factor for cardio-
vascular disease and cancer. Over 1 billion people worldwide smoke, with 
a similar distribution in developing and Western societies. Its associa-
tion with cardiovascular disease,48 kidney disease,49 and cancer are well 
known, although its effects on blood pressure are less clear. With each 
cigarette, an immediate rise in blood pressure occurs, peaking within 5 
minutes and remaining elevated for up to 15 minutes.50 The systolic pres-
sure can increase by up to 20 mm Hg.51 Activation of the sympathetic 
nervous system by nicotine is regarded as the primary contributing fac-
tor.52 However, the overall effect of smoking on ambulatory blood pres-
sure is less clear, as some studies suggest a lowering of blood pressure,53 
whereas others suggest an increase.54 This discrepancy may have to do 
with the age of study subjects, as older smokers tend to have increased 
blood pressure and younger smokers tend to have lower blood pressure 
levels.55 Regardless, the absolute effect is minimal, with a change of only 
a few millimeters of mercury (mm Hg) in either direction. Surprisingly, 
former smokers have a higher incidence of hypertension,56 which may be 
due to subsequent weight gain following smoking cessation.57 Despite 
these seemingly contradictory findings for blood pressure, benefits of 
smoking cessation in reducing cardiovascular disease and lung cancer 
are significant.

Caffeine
Caffeine is the most commonly consumed pharmacologically active 
chemical substance. It is found in beverages such as coffee, tea, sodas, 
energy drinks, and even some sleep aides. Despite a speculated asso-
ciation with cardiovascular disease, several large studies have con-
cluded that there is no increased risk.58 In fact, many studies suggest 
decreased mortality rates in coffee drinkers.59 The effect of caffeine on 
the 24-hour ambulatory blood pressure is also debated. Most studies sug-
gest a small increase of up to 2/1 mm Hg in habitual coffee drinkers who 
drink up to 6 cups a day.60,61 However, other studies show no increased 
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risk of hypertension.62 Not disputed is a transient but significant acute 
increase in blood pressure of up to 10/8 mm Hg,63 which occurs in occa-
sional coffee or caffeine consumers and in some habitual coffee drink-
ers after abstaining from caffeine for many hours that occurs with their 
first morning cup of coffee. People with hypertension and the elderly are 
more prone to this effect.64 The mechanism by which caffeine causes such 
increases is mostly due to activation of the sympathetic nervous system, 
as mediated by the chemical substance adenosine. Adenosine receptors 
are found in the brain, the heart, and the blood vessels. When stimu-
lated, they cause deactivation of brain centers, decreased contraction of 
heart muscle, and relaxation of blood vessels, resulting in a lower blood 
pressure and a calming effect. It is the agent often given in cardiac stress 
testing, which causes a compensatory increase in heart rate needed for 
the study. Caffeine is an adenosine antagonist and blocks the receptors 
from binding with adenosine, resulting in stimulation of the sympathetic 
nervous system and constriction of the blood vessels with subsequent 
blood pressure increase and a more alert state. However, habitual coffee 
or caffeine users often are tolerant to this effect, as chronic consumption 
causes a compensatory increase in the number of adenosine receptors.65 
This is likely the reason caffeine has only a mild stimulatory effect and 
results in only a modest increase in blood pressure in habitual coffee and 
caffeine consumers.

Nonsteroidal anti-inflammatory drugs
Nonsteroidal anti-inflammatory drugs (NSAIDs) are a complex class of 
agents. Their primary functions are to treat pain and suppress inflamma-
tion. They act by blocking the cyclooxygenase COX-1 and COX-2 enzymes, 
which are distributed throughout the body in most organs, joints, and 
muscles. COX-1 mediates clot formation and hemostasis; and COX-2 
mediates pain, prevents atherosclerosis, and promotes production of 
prostaglandins, which collectively dilate blood vessels and promote renal 
excretion of salt and water resulting in lower blood pressure. NSAIDs 
inhibit both the COX-1 and COX-2 enzymes, and have different wanted 
and unwanted effects depending on which enzyme they primarily block. 
Technically aspirin is an NSAID that primarily blocks the COX-1 enzyme, 
mostly affecting platelet function and preventing clot formation. By this 
mechanism it helps prevent heart attack and stroke, although untoward 
events such as stomach bleeding, stomach ulceration, and brain hemor-
rhage may occur. Aspirin is not a good analgesic agent as it only mini-
mally blocks the COX-2 enzyme. The more traditional NSAIDs are a group 
of older drugs that nonselectively block both COX-1 and COX-2 enzymes. 
Examples include ibuprofen and naproxen, which are common over-the-
counter products. They work well in treating pain and inflammation, but 
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also are associated with bleeding and stomach ulcers. A new subgroup of 
NSAIDs, the COX-2 inhibitors, were designed to address this drawback 
and primarily (or selectively) block COX-2 enzyme activity. They have 
good analgesic and anti-inflammatory properties without the unwanted 
bleeding and stomach ulceration side effects. However, they have been 
associated with cardiovascular disease, likely due to proatherosclerotic 
properties from COX-2 inhibition without the compensatory anticlotting 
effects of COX-1 inhibition.

Although NSAIDs, as a therapeutic class, are commonly recognized 
for their association with cardiovascular events, worsening of kidney 
function, and hypertension, the supporting and inculcating data are frag-
mented and somewhat contradictory, as few clear and nonbiased studies 
have been conducted. Most clinical trials involve elderly and sick people, 
with diseases such as rheumatoid arthritis, who may be more prone to 
adverse effects. Use in younger and healthier people is likely safer. In 
my practice, I have few concerns recommending this class of medicine to 
young and healthy people.

Although all NSAIDS are generally associated with cardiovascu-
lar disease, several such as ibuprofen and naproxen are relatively safe.66 
The selective COX-2 inhibitors are more strongly associated with cardio-
vascular events, and rofecoxib (Vioxx) has even been removed from the 
market.67 Celecoxib (Celebrex), another commonly used selective COX-2 
inhibitor, also has been associated with cardiovascular disease,68 although 
other studies refute this claim.66 The relative safety of celecoxib may arise 
from it not being strictly a selective COX-2 inhibitor as it partially blocks 
the COX-1 enzyme as well. However, as this class of medicine shares a 
large portion of pharmaceutical revenues and is very profitable, many of 
the studies may be biased in their favor as they are funded by the industry 
itself. Overall, there likely is an increased risk of cardiovascular disease, 
especially in people with known cardiovascular risk factors.

NSAIDs are also associated with a decrease in kidney function.69 
Again, some studies with celecoxib report relative safety.70 In my practice, 
I discourage any use of NSAIDs in patients with kidney disease.

NSAIDs are associated with modest increases in blood pressure and 
also block the effects of several classes of blood pressure medications.71 
Again, some studies of celecoxib show no adverse effects.72 The blood 
pressure increases, which more commonly occurs in people with kidney 
disease, and is mostly due to renal salt and water retention.73 Aldosterone 
may be an important mediator, as NSAIDs may inhibit its metabolism.74

Cocaine abuse
Cocaine is a substrate extracted from the leaves of the erythoxylum coca 
plant, which is native to South America. Its use by indigenous populations 
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extends back for several centuries. In the mid-19th century, the process 
of extracting cocaine from its leaf was developed, and thereafter cocaine 
assumed a role in western society as well. Until the early part of the 20th 
century, it was added to many beverages, the most famous being coca-
cola. It still has medicinal use as an analgesic, although its popularity in 
this capacity has diminished. Unfortunately, recreational use and abuse 
has increased in recent years with about 15% of people in the United States 
having sampled cocaine at some time and about 1% being active users.75 
The health risks most commonly associated with both chronic and acute 
use of cocaine are cardiovascular. Myocardial ischemia and myocardial 
infarction are the most frequently noted events, often occurring in young 
people without prior heart disease. Any young person who suffers a heart 
attack should be questioned about illicit drug use. Other events include 
arrhythmia, stroke, dissecting aortic aneurysm, and myocarditis. Cocaine 
is also associated with kidney disease and is an underestimated cause 
of kidney failure especially in young people. A sudden and substantial 
increase in blood pressure and heart rate contributes to these ailments. 
Depending on the route of administration, its peak effects can occur within 
a few minutes when inhaled as crack cocaine or when injected intrave-
nously, to about 30 minutes when inhaled nasally. Its primary effect lasts 
up to 3 hours but its active metabolites peak at a later time and can cause a 
delayed or second round of events.76 There are several processes acting to 
increase blood pressure. In the acute setting, blood norepinephrine levels 
are increased as its uptake at nerve endings is inhibited. Endothelial dys-
function also contributes to the effect due to suppression of endothelial 
nitric oxide77 and increase of endothelin-1 levels.78 More chronic effects 
on blood pressure are due to the kidney disease and atherosclerosis that 
cocaine use can cause.
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chapter four

Blood pressure medications
Modern medicine offers several classes of blood pressure medications. As 
described in Chapter 2, Poiseuille’s law characterizes blood pressure in 
terms of the volume of blood transported in the vessels (i.e., the cardiac 
output [CO]) and the resistance (or degree of constriction) of the vessels. 
Either factor can independently affect the blood pressure. For example, a 
high salt and water intake in a salt-sensitive person raises the blood pres-
sure by increasing the blood volume. In most people, hypertension is due 
to a combination of both factors, although one often predominates. Of note, 
the epidemic of hypertension is a relatively recent occurrence, as just a few 
centuries ago only a small percentage of people suffered from it. In fact, 
humans historically had very low blood pressure requiring them to con-
sume salt and fluid to maintain an adequate blood pressure. Imagine our 
ancestors who lived in hot arid climates without free-flowing water or an 
adequate food supply. They were dehydrated most of the time. Therefore, 
our genomic structure is modeled around mechanisms that retain salt and 
raise blood pressure. It is only in recent times that salt has been consumed 
in excess and that people are living to older ages that we are suffering from 
this widespread prevalence of hypertension. The two factors of Poiseuille’s 
law can be viewed as a defense mechanism to prevent low blood pressure. 
Laragh and his colleagues have eloquently developed the mechanisms of 
hypertension and methods to approach its treatment.1 They classify each 
type of blood pressure medication into two groups depending on the com-
ponent of blood pressure they primarily affect.2,3 Medicines that decrease 
the resistance (or degree of constriction) of the blood vessel are referred 
to as R (or renin) type, as the renin–angiotensin system (RAS) primarily 
acts to sustain blood pressure by constricting the blood vessels. Blocking 
this system causes reduced vascular resistance and lowered blood pres-
sure. Examples of R-type medicine classes include angiotensin-converting 
enzyme (ACE) inhibitors, angiotensin II receptor blockers (ARBs), direct 
renin inhibitors (DRIs), and beta blockers, which all block a part of the 
renin–angiotensin pathway. V-type medicines comprise all other non-R-
type medicines and include diuretics and several classes that are primarily 
vasodilators. Laragh proposes using plasma levels of the enzyme renin as 
a guide to classifying the etiology of hypertension and in choosing appro-
priate treatment. However, as normal plasma renin levels are quite low, 
accurate measurement of its levels are difficult. Previous attempts to do 
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so have led to inaccuracies, and may have led to confusion as to its role 
in regulating blood pressure and mediating hypertension. Laragh and 
his colleagues, therefore, helped pioneer the plasma renin activity (PRA), 
which is an assay that estimates the activity of plasma renin by measuring 
the hourly conversion of angiotensinogen to angiotensin I (Figure 4.1). The 
PRA is currently considered the gold standard for estimating renin lev-
els and also can be used to characterize the etiology of hypertension. An 
elevated PRA suggests an RAS-mediated etiology and an R-type medicine 
should be initiated in treatment, whereas a low PRA suggests a non-RAS 
(i.e., salt or volume mediated) etiology, suggesting selection of a V-type 
medicine. Use of the PRA provides a methodical and scientific approach 
to treating hypertension. Unfortunately, many physicians randomly add 
medicines without a logical rationale or an adequate response. Laragh’s 
method provides a rational approach to treating hypertension and should 
lead to the use of fewer medicines.

The various classes of blood pressure medications currently used all 
have been well characterized with the rigors and expenses of scientific 
research. Their efficacy and side effects are well characterized. These ther-
apies sometimes offer unique benefit and protection for specific diseases. 
For example, several offer better protection from cardiac disease, whereas 
others help protect against stroke or kidney disease. Despite this varia-
tion, there is considerable evidence that the absolute reduction in blood 
pressure itself is more important in reducing overall cardiovascular dis-
ease than the specific class of medicine used.4 Natural or holistic medi-
cines and techniques are usually based on time-honored experience and 
response, but the rigors of science are often not available to define them. 
Therefore, they have often been relegated as nonscientific. With classifi-
cation of these modalities in terms of R or V types, they may be viewed 
in a more scientific way. This chapter will classify the types of modern 
medicines in this way and their respective mechanisms of action and side 
effect profiles will be described. The following chapters will then charac-
terize alternative medicines and techniques according to the same param-
eters, thus adding a measure of scientific validity to their use.

Diuretics
Diuretics are the most commonly used class of blood pressure medication. 
Their popularity is due to time-proven effectiveness and relatively mod-
est cost. They lower blood pressure by promoting salt and water excretion 

Renin

Angiotensinogen Angiotensin I

Figure 4.1  Renin-mediated conversion of angiotensinogen to angiotensin.
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by the kidneys and are considered V-type medicines. However, their use 
is limited by their side effects that mostly occur at higher dosages. As 
described in Chapter 2, each kidney is composed of about 1 million neph-
rons, each of which processes a small fraction of the plasma filtrate and 
collectively contributes to the daily urine pool. The nephron is made of 
the glomerulus, which filters the blood and the tubule, which then reab-
sorbs needed nutrients such as electrolytes and water, and leaves toxins 
and waste products to be eliminated (Figure 4.2).

In an average healthy man the kidneys filter about 180 liters (50 gal-
lons) of plasma and about 600 grams (1.3 pounds) of sodium per day. This 
amounts to far more fluid and sodium than is present in the entire body 
and without subsequent processing by the tubules to reclaim these ele-
ments, we would quickly dehydrate. Diuretics work by blocking this reab-
sorption process, causing increased sodium and water excretion. There 
are three basic types of diuretics, each affecting a different segment of 
the tubule—thiazides, loop diuretics, and potassium-sparing diuretics 
(Table 4.1). Thiazides are the most popular type of diuretic as they provide 
a prolonged, steady, and gentle lowering of blood pressure. They block 
reabsorption at the distal convoluted tubule segment. Loop diuretics are 
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Juxtaglomerular
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                Distal
                tubule
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       duct
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         Ascending
         loop of
         Henle
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To bladder

Figure 4.2  Schematic of the nephron. (Courtesy of Shani Strenger from Shilo, 
Israel.)
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also popular and are very potent diuretics that promote large and rapid 
excretion of electrolytes and water. They act at an earlier segment of the 
tubule called the ascending loop of Henle. Potassium-sparing diuretics 
have recently regained acceptance and popularity. They minimize potas-
sium losses by blocking the collecting ducts in the final tubule segment. 
Their action is the slowest, often taking several months to reach peak 
effect. Combinations of diuretics can be used for a more robust response.

A typical response to diuretic use in a person with hypertension is 
a lowering of systolic/diastolic blood pressure by about 15/10 mm Hg, 
although there is variability between different races.5 Diuretics have been 
proven efficacious in preventing the onset of cardiovascular disease in 
people with hypertension6 and are the preferred class of blood pressure 
medication in well-regarded studies.7 Hypokalemia, which arises from 
urinary loss of potassium, is the most common side effect for all but the 
potassium-sparing diuretics, and many caregivers prescribe a potassium 
supplement de novo when initiating diuretic therapy. This used to be more 
common when higher diuretic doses were prescribed. Arrhythmias, sud-
den cardiac death,8 and stroke9 occur more commonly in people with 
hypokalemia. Another side effect is a possible increase in blood glucose 
levels,10 although there is no overt increased risk of developing diabetes 
itself when low to moderate doses are used.11 Cholesterol levels may also 
become elevated.12 A particularly vexing problem associated with many 
blood pressure medicines is sexual dysfunction, especially in men. Of all 
types of blood pressure medication, only diuretics may have a legitimate 
association with erectile dysfunction,13 although the effect is relatively 
short in duration lasting up to 2 years. Gout is also more common with 
diuretic use.14 Other electrolytes such as sodium15 and magnesium16 may 
become depleted with diuretic use so their levels need to be monitored 
during therapy with these agents.

Calcium channel blockers
The calcium channel blockers have been used to treat hypertension since 
the 1980s. They have relatively few side effects, making them a well-tol-
erated and popular class of medicine. They work by blocking the move-
ment of calcium into the smooth muscle cells of the arterial blood vessels 

Table 4.1  Diuretics

Thiazide diuretics Loop diuretics Potassium sparing diuretics

Hydroclorothiazide Furosemide Spironolactone
Chlorothiazide Torsemide Eplerenone
Metolazone Bumetanide Amiloride
Indapamide Ethacrynic acid Triamterene
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and the myocardium through channels embedded in the cell membranes 
that regulate the flux of calcium into the cells. Intracellular calcium levels 
affect the contractility of muscle cells, with higher levels causing more 
contraction. In the smooth muscle cells of the blood vessels, calcium influx 
regulates the diameter of the vessels and consequently their resistance. 
Similarly, calcium determines the force and rate of the contraction of myo-
cardial cells and consequently alters the CO. There are two subtypes of 
calcium channel blockers, the dihydropyridines and the nondihydropyri-
dines, which differ by binding to different parts of the channel. The dihy-
dropyridines more selectively target blood vessels and therefore act as 
vasodilators, whereas the nondihydropyridines primarily affect the car-
diac muscle and therefore reduce contractility, heart rate, and CO. They 
are potent antihypertensive medicines and can lower the systolic/dia-
stolic blood pressure by 14–15/10–13 mm Hg.5 Calcium channel blockers 
are V-type medications as they lower blood pressure without blocking the 
RAS and may even have some diuretic properties (see Table 4.2).

Older studies suggest that use of these drugs may be associated with 
increased rates of myocardial infarction17 and mortality.18,19 However, 
in fairness to this therapeutic class, these studies were done using the 
older and shorter-acting formulations. Blood levels of these drugs would 
quickly increase and decrease, causing large swings in blood pressure, 
which likely contributed to the reported adverse events. These short-
acting medications are no longer commonly used. Several more recent, 
respected studies using the newer and longer-acting versions, such 
as amlodipine, show similar cardiovascular protection in people with 
hypertension when compared with other classes of medication.7 In fact, 
some studies even suggest that amlodipine provides better cardiovascu-
lar protection than ACE inhibitors.20 Calcium channel blockers also help 
in regressing cardiac hypertrophy,21 are particularly useful in preventing 
stroke in people with hypertension,22 and may protect against the onset 
of dementia.23 A common side effect is swelling, which occurs predomi-
nantly in the lower extremities.24 Some studies suggest an association with 
developing cancers25 and gastrointestinal bleeding,26 but these claims are 
widely disputed. Despite a direct cause and effect between hypertension 
and kidney disease, the calcium channel blockers, although effective in 
lowering blood pressure, do not protect from kidney disease as well as 
other classes of antihypertensive medications.27 This is probably due to 

Table 4.2  Calcium Channel Blockers

Dihydropyridines Nondihydropyridines

Amlodipine Diltiazem
Felodipine Verapamil
Nifedipine
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preferential dilation of the small arterioles that lead into the kidneys caus-
ing elevated pressure within the glomerulus. This condition, known as 
hyperfiltration, causes increased stress and kidney scarring.28

Alpha blockers
The alpha blockers are a class of blood pressure medication often used as 
a secondary option and only rarely as the primary choice (see Table 4.3). 
They act by blocking the alpha-1 receptors of the smooth muscle cells 
of the blood vessels. These receptors are activated by norepinephrine, 
systemically produced by the adrenal glands and locally by nerve cell 
endings adjacent to the vessel walls. When the body is physically or emo-
tionally stressed, norepinephrine levels increase through stimulation of 
the sympathetic nervous system. Activating the alpha-1 receptors cause 
the smooth muscle cells to contract, which in turn causes vasoconstriction 
and subsequent blood pressure elevation (Figure 4.3).

The alpha blockers disrupt this process, causing vasodilation and 
blood pressure lowering. A typical response can lower the systolic/dia-
stolic blood pressure by 15/12 mmHg.5 Alpha blockers are V-type medi-
cines. Prior to 2000, the alpha blockers were a common choice. However, 
a well-publicized preliminary report from the influential ALLHAT 
Collaborative Research Group suggested that doxazosin, an alpha blocker, 
was associated with increased risk of developing cardiovascular events, 
particularly congestive heart failure.29 Although this outcome is still 
debated, the alpha blockers have since been relegated to a secondary role 
in treating hypertension.30 However, they have been used effectively as 
adjunctive treatment for people with blood pressure inadequately con-
trolled by other standard therapy.31 Despite the bad press given to this 
class, it does have unique properties that make it attractive. Alpha block-
ers significantly lower cholesterol levels32 and have favorable effects on 

Contraction

Norepinephrine

Smooth muscle cells

Vessel lumen

Figure 4.3  Regulation of arteriole lumen diameter by smooth muscle cells, medi-
ated by norepinephrine. (Courtesy of Shani Strenger from Shilo, Israel.)

Table 4.3  Alpha Blockers

Doxazosin
Prazosin
Terazosin
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diabetes and insulin sensitivity,33 two parameters that are often wors-
ened by other blood pressure medications. They also benefit men with 
enlarged hypertrophic prostates, as they relax the prostate muscle and 
reduce symptoms of urinary frequency. In fact, several alpha blockers 
are marketed solely for the treatment of this condition. Of all the classes 
of blood pressure medication, they are least associated with sexual dys-
function and may even benefit men with erectile problems.13 Untoward 
side effects include postural hypotension34 and urinary incontinence in 
women.35 The former can be a vexing problem, especially in the elderly, 
and I try to avoid its use in this population.

Direct vasodilators
The direct vasodilators are an eclectic class of antihypertensive medica-
tion comprised of several relatively unrelated medicines that have been in 
use for decades. The most common ones are hydralazine, minoxidil, and 
the nitrates. They are V-type medicines that lower blood pressure by dilat-
ing the blood vessels, each drug with its own distinct mechanism of action. 
This effect is often brisk and large, causing a compensatory response with 
activation of the sympathetic nervous system and the RAS. The result-
ing increased heart contractility, heart rate, and fluid retention cause a 
compensatory rise in blood pressure, negating some of the intended effect 
and potentially adding strain on the heart as well. Therefore, they are not 
used as primary agents for lowering blood pressure and instead are used 
adjunctively with diuretics or other medications that suppress the sympa-
thetic nervous system, such as beta blockers.

Hydralazine and the nitrates both dilate the vessels by increasing 
nitric oxide levels within the smooth muscle cells. Hydralazine works 
indirectly by inhibiting production of substances such as reactive oxygen 
species, which themselves degrade nitric oxide. It has found a niche in 
treating pregnant women as it is relatively safe to fetal development. It 
also is commonly used in intravenous form to rapidly lower blood pres-
sure in emergent states of hypertension. An important side effect, which 
significantly restricts its use, is occurrence of lupus-like symptoms.36 This 
occurs more commonly in women and with use of high doses, only rarely 
occurring with low doses. As these symptoms infrequently occur before 6 
months, low doses of hydralazine can be safely used in most pregnancies. 
Fortunately, these symptoms fully resolve when the medicine is stopped. 
The nitrates dilate blood vessels by directly releasing nitric oxide mol-
ecules, which are embedded in their chemical structure, into the smooth 
muscle cells. They are primarily used in treating angina symptoms in 
people with heart disease, despite an ability to potently reduce blood 
pressure. Perhaps the most serious drawback to their use is the devel-
opment of tolerance when prescribed continuously throughout the day.37 
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This significantly decreases their effectiveness in lowering blood pressure 
as the body becomes inured to elevated levels of nitric oxide. Their use, 
therefore, is limited to relatively short-acting forms of drugs and is dosed 
so that their effect lasts only a part of the day. This clearly makes them 
unappealing in treating hypertension. An important study of black peo-
ple with heart failure showed a significant benefit in adding hydralazine 
to nitrate use.38 Mortality rates in these very sick people were reduced by 
nearly half. It is speculated that hydralazine, through its ability to protect 
from nitric oxide degradation, diminishes the effects of nitrate tolerance 
resulting in improved health outcomes.39 A combination pill of hydrala-
zine and isosorbide dinitrate is available, although it is far more expensive 
than the individual formulations.

Minoxidil is perhaps the most potent antihypertensive agent and its 
use is usually reserved for treating very difficult-to-control hyperten-
sion.40 Similar to other vasodilators, it causes an increased heart rate as 
well as salt and fluid retention, and therefore should be accompanied by a 
diuretic or a beta blocker. An interesting side effect is hair growth, which 
has led to topical minoxidil becoming a popular treatment for baldness. 
Unfortunately, it is associated with the development of pericardial effu-
sion, which can be a serious problem.

Renin–angiotensin system blockade
The following sections describe four related classes of blood pressure med-
icines that block the RAS, including ACE inhibitors, ARBs, DRIs, and beta 
blockers. As described in Chapter 2, the RAS is a complex system involv-
ing several enzymes, substrates, and chemical messengers (Figure 4.4). Its 
primary function in controlling blood pressure is to regulate arteriolar 
resistance, although it secondarily affects aldosterone production and con-
sequently fluid balance. All four classes are R-type medications, although 
each blocks the RAS at different points. Plasma renin levels control the 
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Figure 4.4  The renin–angiotensin(–aldosterone) system. (Courtesy of Shani 
Strenger from Shilo, Israel.)
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throughput of this system as this part of the process is the rate-limiting 
step for the entire system. As previously noted, the PRA is the current 
gold standard laboratory test that estimates the renin levels.

Angiotensin-converting enzyme (ACE) inhibitors

ACE inhibitors block the RAS by inhibiting the function of the angioten-
sin-converting enzyme, thereby preventing the conversion of angioten-
sin I to angiotensin II (Figure 4.5). Paradoxically, these agents cause an 
increase in the PRA, as decreased levels of angiotensin II blunt its usual 
negative feedback on renin production. They can lower systolic/diastolic 
blood pressure in people with hypertension by 13/10 mm Hg, although 
somewhat less in black people.5 This class of drugs has particular protec-
tive effects from kidney disease41 and reduces the rate of decline in kidney 
function in people with diabetic42 and nondiabetic43 nephropathy. ACE 
inhibitors also have unique cardiovascular protective effects and benefit 
people who have suffered from a heart attack44 or who have congestive 
heart failure.45 Overall, it is a well-tolerated class with few side effects 
and its quality-of-life measures superior to most other classes.46 Two com-
mon and serious side effects, occurring mostly in people with kidney 
disease, are elevated blood potassium levels and worsening of kidney 
function.47 Both effects are reversible but can be serious and often lead 
to discontinuation of the medicine. Perhaps the most serious side effect 
is angioedema, which is a sudden onset of generalized swelling. It can 
occlude the breathing airways and rapidly cause suffocation and death if 
not treated promptly. Fortunately, it only occurs in about 1 in 1000 people 
taking ACE inhibitors,48 although it is more common in black people.49 A 
dry cough is a more common side effect and occurs in up to 5% to 20% 
of people.50 Chinese people are most prone to this effect, which occurs in 
up to half of those taking ACE inhibitors.51 In addition, this class of drugs 
should not be used in pregnant women as they are associated with fetal 
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Figure 4.5  Angiotensin-converting enzyme inhibition. (Courtesy of Shani 
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complications.52 In my practice, I try to avoid their use in women of child-
bearing age. ACE inhibitors cause decreased red blood cell production 
and may lead to anemia.53 They are associated with low glucose levels in 
people with diabetes,54 which should be monitored carefully. Compared 
with most other classes they may be protective of developing diabetes (see 
Table 4.4).55

Angiotensin II receptor blockers (ARBs)

ARBs (Table 4.5) block the RAS by inhibiting the binding of angiotensin II 
to its receptor (Figure 4.6). This lowers blood pressure by preventing vaso-
constriction. Like the ACE inhibitors, they too paradoxically increase the 
PRA. They share many properties with the ACE inhibitors, both beneficial 
and harmful, and they lower blood pressure by a comparable amount. 
However, there are several differences that set the two classes apart. Like 
ACE inhibitors, ARBs are well tolerated and provide a superior quality-of-
life measure compared with other classes. They have the lowest attrition 
rate of all classes of blood pressure medications56 and provide significant 
protective effects from kidney disease, especially in patients with diabe-
tes with advanced kidney disease.57 Surprisingly, a few studies suggest 
poor cardiovascular protection and some even suggest an increased risk 
of adverse events. However, most studies show superior cardiovascular 
benefit and suggest preventive effects from the onset of cardiovascular 
disease.58 Due to this discrepancy many physicians, especially cardiolo-
gists, prefer to use ACE inhibitors but will consider an ARB as a second 

Table 4.4  Angiotensin-Converting Enzyme Inhibitors

Captopril
Enalapril
Benazepril
Fosinopril
Lisinopril
Ramipril
Trandolapril
Quinapril

Table 4.5  Angiotensin II Receptor Blockers

Candesartan
Irbesartan
Losartan
Olmesartan
Telmisartan
Valsartan
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choice in people with advanced cardiovascular disease.59 Most ARBs have 
a relatively short half-life, and despite being marketed for once-daily use, 
their blood levels drop rapidly and usually do not last a full 24 hours. As 
heart attacks occur most commonly in the morning hours between 6 a.m. 
and noon, it may be that inadequate levels of ARBs during this crucial 
period contribute to their diminished cardiovascular protecting ability. 
I often suggest to my patients who use the shorter-acting ARBs to divide 
the dose and take twice daily. Reversible kidney dysfunction and elevated 
blood potassium levels occur but to a lesser degree than with ACE inhibi-
tors.60 Angioedema and cough also occur,61 but much less so than with 
ACE inhibitors. Maternal exposure should be limited, as ARBs also have 
fetal toxic effects.62 Beneficial effects in patients with diabetes also exist.63

Direct renin inhibitors (DRIs)

The DRIs are a relatively new and exciting class of blood pressure medica-
tion. They block the RAS by directly inhibiting the function of the enzyme 
renin (Figure 4.7). By disrupting the system at an early stage, they limit 
production of angiotensin II altogether and also lower the PRA. Aliskiren 
(Tekturna) is an example of a DRI that has received FDA approval. Its 
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ability to lower blood pressure is comparable to ACE inhibitors and ARBs, 
with reduction in systolic/diastolic blood pressure of 15/11 mm Hg.64 As 
it is relatively new, studies are still being conducted but the anticipated 
kidney and cardiovascular protective effects are presumed comparable 
to those of the ACE inhibitors and ARBs. There is evidence of protection 
from kidney disease progression in people with diabetes65 and for car-
diovascular benefit.66 Aliskiren is well tolerated and has few side effects. 
Diarrhea, headache, and dizziness may occur but are relatively uncom-
mon.67 Similar to ACE inhibitors and ARBs, there is some risk of reversible 
kidney dysfunction and elevated potassium levels. Aliskiren has a very 
long half-life, so adequate coverage over an entire 24-hour period should 
enable once-daily dosing.

Beta blockers

Along with diuretics, beta blockers are one of the blood pressure medi-
cations in use since the 1960s. It is a complex class, comprised of many 
agents that each has unique properties. It is difficult to categorize them 
uniformly because the benefits and side-effect profiles differ within the 
class. These agents work by blocking the beta-1 receptors, which are found 
in the kidneys, heart, and brain. Circulating norepinephrine (and epi-
nephrine), produced by the nervous system and the adrenal glands, acti-
vate these receptors and cause increased renin production by the kidneys, 
more rapid and stronger contraction of the heart, and enhanced stimula-
tion of the brain centers, with a cumulative effect of increasing blood pres-
sure. By blocking these receptors, the beta blockers cause decreased renin 
production by the kidneys, a slower heart rate, and diminished heart con-
traction, which together decrease plasma renin levels and the CO. These 
effects contribute to a lowered blood pressure and decreased strain on 
the heart. Despite having a combined R- and V-type effect in lowering 
blood pressure, they are classified as R-type medicines as renin levels are 
reduced. They can lower systolic/diastolic blood pressure in people with 
hypertension by 15/12 mm Hg.5 Unfortunately, many of these agents are 
not specific in blocking the beta-1 receptors and often also block the beta-2 
receptors, which cause unwanted side effects. The newer beta blockers are 
far more specific to the beta-1 receptor and some even have other favorable 
blood-pressure-lowering properties (see Table 4.6).

Because this therapeutic class is not as homogeneous as others, there 
is confusion and debate about its role in treating hypertension. Many 
think the beta blockers should not be used in treating primary (uncom-
plicated) hypertension, as some studies show no protective effect from 
the onset of cardiovascular disease or stroke.68 However, most of these 
studies used one particular beta blocker, atenolol, which for several rea-
sons is not ideal and perhaps misrepresents the class.69 Most other beta 
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blockers, especially the newer ones, show significant benefit in protection 
against the onset of cardiovascular disease. Yet, despite this ambiguity, 
they clearly are protective in people with existing cardiovascular disease, 
regardless of whether they have normal or elevated blood pressure. They 
are the agent of choice for people who have had a heart attack70 or who 
have congestive heart failure.71 By slowing the heart rate and by reducing 
the contractile forces of the heart, they reduce the overall cardiac stress 
and workload, and decrease the occurrence of abnormal and often lethal 
arrhythmias. In people undergoing surgery who have risk factors for 
heart disease, beta blockers also decrease the likelihood of perioperative 
heart attacks.72 Unfortunately, they are associated with many untoward 
side effects and are often not well tolerated. Abrupt withdrawal of beta 
blockers can cause a rebound effect resulting in sudden blood pressure 
elevation and tachycardia, which can cause angina symptoms and even 
a heart attack.73 Historically, beta blockers are associated with respiratory 
problems, especially in people with asthma or emphysema. However, 
the newer more selective ones are much safer and usually well tolerated 
even in people with lung disease.74 Perhaps the most serious problem is 
their association with elevated glucose levels and diabetes.75 Beta blockers 
also may cause elevated cholesterol levels, particularly the triglycerides.76 
These two serious side effects may be the reason that this class poorly 
prevents the onset of cardiovascular disease, as the benefits of lower-
ing blood pressure and reducing heart strain may be compromised by 
higher glucose and cholesterol levels. Last, beta blockers are associated 
with decreased exercise endurance and a generalized feeling of fatigue.77 
Overall, it is a very complicated class of blood pressure medication, and 
although associated with many problems, beta blockers are useful if cho-
sen wisely.

Central alpha agonists
The central alpha agonists are another older class of blood pressure medi-
cation in use for many decades. They were commonly used in the 1960s 
and 1970s but mostly have been replaced by newer classes due to intoler-
able side effects. Clonidine and methyldopa are the two more common 

Table 4.6  Beta Blockers

Atenolol
Bisoprolol
Carvedilol
Labetalol
Metoprolol (Toprol)
Propanolol
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agents within this class and still are used. They lower blood pressure by 
blocking the sympathetic output of the central nervous system, and their 
efficacy is comparable to most other classes. As previously described, sev-
eral brain centers regulate the output of the sympathetic nervous system 
to various organs. When stimulated, the terminal nerve endings release 
norepinephrine and activate the alpha-1 and beta-1 receptors of the blood 
vessels, kidneys, heart, and adrenal glands causing blood pressure eleva-
tion (Figure 4.8).

The central alpha agonists block this process early in its action path-
way. The drugs pass the blood–brain barrier and activate the alpha-2 
receptors of the regulating brain centers, thereby turning off the sympa-
thetic nervous system outflow. Similar to the beta blockers, they cause 
decreased production of renin by the kidneys, a slower heart rate, and 
diminished heart contraction, which together decrease plasma renin lev-
els and the CO. Despite having a combined R- and V-type effect in lower-
ing blood pressure, they are classified as R-type medicines as renin levels 
are reduced. A common side effect of these agents is drowsiness and seda-
tion, which many find difficult to tolerate. Dry mouth, depression, and 
sexual impotence also occur relatively frequently. Therefore, central alpha 
agonists mostly have been replaced with the newer and more palatable 
classes of medicines. Other side effects include bradycardia78 and hepa-
titis, particularly with methyldopa.79 A rebound effect may occur if the 
medicines are abruptly stopped, and the blood pressure and heart rate 
may exceed levels prior to starting them.80 Consequently, it is important to 
slowly reduce the dosage when electing to stop these medicines to avoid 
these negative effects. Despite this, the central alpha blockers have many 
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Figure 4.8  Regulation of body organ function by the sympathetic nervous sys-
tem. (Courtesy of Shani Strenger from Shilo, Israel.)



49Chapter four:  Blood pressure medications

© 2010 Taylor & Francis Group, LLC

favorable properties and have found a unique niche. Clonidine rapidly 
and efficiently lowers blood pressure, and is often used as an alternative 
to intravenous blood pressure medications in treating urgent and emer-
gent hypertension.81 Given its sedating properties, clonidine also has util-
ity in treating symptoms arising from withdrawal from alcohol, tobacco, 
and opiate drugs.82 It also may reduce hot flashes in women with breast 
cancer receiving hormone therapy.83 Methyldopa has maintained a niche 
in treating pregnant women with hypertension, as it is relatively safe to 
the fetus.

A relatively new class of centrally acting medicines is the imidazo-
line receptor agonists. The imidazoline receptors also are found in brain 
centers that regulate the sympathetic nervous system. Their function is 
similar to alpha-2 receptors but activation of these receptors causes sig-
nificantly fewer side effects. Unfortunately, these drugs are not available 
in many countries, including the United States, in large part due to a study 
of people with existent heart failure in which a significant number died 
while taking the medication.84
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chapter five

Nutrition
Lifestyle modification is an important part of hypertension management 
and of overall health. There are several well-accepted comprehensive 
guidelines that meticulously describe the measures of a healthy life-
style. They include direction in eating a healthy and balanced diet, main-
taining a normal body weight, engaging in adequate physical activity, 
and minimizing harmful habits and addictions. Two examples of these 
are the Dietary Guidelines for Americans1 from the U.S. Department of 
Agriculture and U.S. Department of Health and Human Services, and the 
National Cholesterol Education Program (NCEP)2 from the National Heart, 
Lung, and Blood Institute of the National Institutes of Health. These guide-
lines promote the acquisition of adequate dietary nutrients with prefer-
ence to consumption of unprocessed foods such as fruits, vegetables, and 
whole grains, a diet similar to that of prehistoric man. The recommenda-
tions rely on advice from the Institute of Medicine, which is a nonprofit 
and nongovernmental American organization, as well as current research 
and clinical studies. Nutrients can be divided into micronutrients (such as 
vitamins and minerals) and macronutrients (the calorie-based food groups 
such as fats, carbohydrates, proteins, and fiber). The Institute of Medicine 
provides Dietary Reference Intakes (DRIs) for most nutrients, comprised 
of a set of values defining the recommended daily amounts as well as the 
safe ranges.3 This chapter will focus on several nutrients that affect blood 
pressure without prejudice to others essential to overall health.

The DRIs guide health care governing bodies, nutritionists, and 
health care providers in advising on adequate nutritional intake. The 
Recommended Dietary Allowance (RDA), the Adequate Intake (AI), and 
the Tolerable Upper Intake Level (UL) together help define the amounts of 
each essential nutrient needed to sustain health. For example, they may sug-
gest the appropriate daily intake of vitamin D, folic acid, protein, and so on. 
They apply only to healthy people and should not be used in individuals 
with acute or chronic illness or with nutritional deficiencies. It is an impres-
sive work that combines scientific research and statistical analysis to best 
estimate these needs. The DRIs are separated into various groups classified 
according to age, gender, and physiologic state—such as pregnant women, 
male or female children ages 1 to 3 years, male or female middle-aged peo-
ple—which all have different needs. The suggested intake levels are appli-
cable to practically all those within each group and each has a reference 
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height and weight, representing the median (or typical) individual. For 
example, the reference height for adult males is 178 cm (70 inches) and the 
reference weight is 70 kg (154 pounds), whereas the corresponding values in 
adult females are 163 cm (64 inches) and 57 kg (126 pounds). Despite a cen-
tering of values around reference sizes, which clearly vary within a popu-
lation, the suggested intakes still pertain to most people within a group. 
Of course, some discretion must be used for extreme outliers, such as the 
2.1 m (7 foot) tall basketball player or the 1.2 m (4 foot) tall gymnast. The 
RDA represents the average daily nutrient intake level sufficient to meet the 
nutritional requirements of nearly all (97%–98%) healthy individuals in a 
particular life stage and gender group.3 The AI is the recommended average 
daily intake level assumed to be adequate, based on observed or experi-
mentally determined estimates of nutrient intake by apparently healthy 
people.3 These estimates are used because, unlike the RDA, there is limited 
available scientific evidence to support the AI values. The UL is the highest 
average daily nutrient intake level that is unlikely to pose risk of adverse 
health effects.3 The DRIs, therefore, provide the adequate intake levels of 
essential nutrients and their upper limits of safety.

The last important term is the Acceptable Macronutrient Distribution 
Range (AMDR), which is used for calorie- (or energy-) based nutrients: 
carbohydrates, fats, and proteins. The AMDR is the range of intakes of an 
energy source associated with a reduced risk of chronic disease that can 
provide adequate amounts of essential nutrients.3 For example, the AMDR 
of carbohydrates for adults and children of both genders is 45%–65% of 
the total calorie intake. The Dietary Guidelines for Americans formu-
lates its dietary recommendations largely on the DRIs provided by the 
Institute of Medicine. Although these guidelines are quite comprehensive, 
their purpose is not to create specific diet plans but rather to present the 
framework of a healthy lifestyle by incorporating wholesome and healthy 
foods. However, they do endorse several popular eating plans such as the 
Dietary Approaches to Stop Hypertension (DASH) eating plan and the 
USDA Food Patterns. These are simple enough to allow an individual to 
design an appropriate meal plan, although assistance from a nutritionist 
is helpful. Although there are more aggressive dietary and lifestyle modi-
fication plans available that claim and often do provide quicker results in 
achieving target weight loss and lower cholesterol levels, the slower and 
more balanced approach seems safer.

Micronutrients
Sodium (salt) reduction

The influence of dietary sodium (salt) on blood pressure is well regarded 
and time honored. This relationship was recognized as far back as the era 
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of Emperor Haung Ti, over 4000 years ago. Prehistoric man existed on a diet 
mostly composed of fruits, nuts, legumes, and some animal products—the 
so called hunter-gatherer diet—which had a modest sodium intake of about 
770 mg (33 mEq) a day.4 This is substantially less than the typical Western 
diet, which contains over 3000 mg (130 mEq) of sodium a day5 with more 
than 75% coming from nondiscretionary sources such as added preserva-
tives and flavor enhancers. Observational studies of “low-salt” societies 
show practically no hypertension, compared with a rate of about 30% in 
Western societies. One such example is in the Yanomamo Indians of the 
Amazon rain forest basin, who consume about 25 mg (1 mEq) of sodium 
each day, and hypertension is nonexistent among the more than 500 tribe 
members.6 Another interesting study notes that Kenyan Luo tribe members 
who migrated to the Kenyan capital of Nairobi showed a significant rise in 
blood pressure compared with tribe members who remained in their ances-
tral rural setting.7 A change from a low- to high-sodium diet was thought 
to be a prime contributor to this effect, although other factors such as the 
stresses of city life also must be considered. There appears to be a set point 
between 1150 and 2300 mg (50 to 100 mEq) of daily sodium intake in which 
salt-mediated hypertension manifests.8 Ironically, the Dietary Reference 
Tolerable Upper Intake Level (DRI/UL) is 2300 mg (100 mEq or 1 teaspoon 
of salt),3 but this rather high value is likely due to the unfortunate reality 
of the pervasiveness of sodium in the Western diet. The Dietary Reference 
Adequate Intake (DRI/AI) level of 1500 mg for adults up to 50 years, 1300 
mg for those 51 to 70 years, and 1200 mg for those over 70 years is likely 
more appropriate, especially for people with hypertension. In most indi-
viduals, lowering sodium intake to 2300 mg (100 mEq) per day would result 
in only a modest decrease in blood pressure, whereas further reduction to 
about 1150 mg (50 mEq) would more significantly lower blood pressure. 
There is even evidence that excess sodium imparts a lasting effect on blood 
pressure that may start very early in life, and this effect may not be entirely 
reversible with subsequent intake reduction. A study of newborn Dutch 
infants compared a low-sodium to a normal-sodium diet for the first 6 
months of life and showed a systolic blood pressure lower by 2.1 mm Hg in 
the former group.9 When these children were examined 15 years later, their 
systolic blood pressure was still lower by 3.6 mm Hg, despite consuming 
equivalent diets.10 The well-publicized Intersalt study compared different 
societies worldwide and found more elevated blood pressure in people who 
chronically consume higher levels of sodium.11 It also suggests an irrevers-
ible component despite reducing sodium intake later in life.

Although the effect of excess sodium ingestion is clearly important 
in the development of hypertension, the corollary effect of a low-sodium 
diet on lowering blood pressure is not quite as expected. Many large 
studies show only a modest decrease of systolic/diastolic blood pres-
sure of 4–6/1–3 mm Hg in people with hypertension and 1–2/0–1 mm 
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Hg in people without hypertension for every 2300 mg (100 mEq) daily 
reduction.12–14 However, these studies represent the entire population and 
when focus is shifted to the elderly subgroup, who more commonly have 
hypertension, the effect appears to be greater. In this group, there may be 
a decrease in systolic/diastolic blood pressure of 10/5 mm Hg for every 
2300 mg (100 mEq) daily reduction in sodium.15 This is probably due to an 
increase in salt sensitivity with age. A low-salt diet is a V (volume)-type 
method of lowering blood pressure.

Despite the clear cause-and-effect relationship between excess sodium 
and elevated blood pressure, there is debate, often raucous, about the over-
all harmful effects of a high-sodium diet. Despite considerable evidence 
that such a diet is associated with pathology such as ventricular hypertro-
phy, kidney disease, stroke,16 and kidney stones,17 there is seemingly contra-
dictory evidence suggesting that people with hypertension who consume 
less sodium are more prone to heart attacks.18 In contrast, people across 
the entire population who consume less salt have higher mortality rates, 
particularly from cardiovascular disease.19 Furthermore, low-salt societies, 
such as the Yanomamo Indians, appear to have rather short lifespans, with 
only 5% of the tribe members living beyond 50 years, in clear contrast to 
the longevity of Western society. It may be relevant that their plasma renin 
levels also are elevated, as typically seen in reduced-salt diets,20 because 
elevated renin and angiotensin II levels are associated with atheroscle-
rosis, heart disease, and stroke.21 A possible explanation for these seem-
ingly contradictory effects of a reduced-sodium diet (i.e., reducing blood 
pressure yet increasing mortality rates) may be related to the initial blood 
pressure of the study populations. Clearly, both elevated blood pressure 
and higher renin and angiotensin II levels are mediators of cardiovascular 
disease and stroke. Many of the studies that suggest a poor health outcome 
of a low-sodium diet compare people who either do not have hypertension 
or who have treated and controlled hypertension. Because the blood pres-
sure in these groups is probably not significantly affected by the amount 
of sodium in the diet, it is logical to expect that those with higher renin 
and angiotensin II levels will be less healthy. Given all of this seemingly 
contradictory outcomes data, a modest reduction of sodium intake to less 
than 2300 mg (100 mEq) per day makes sense in the general population, 
as suggested in the Dietary Guidelines for Americans. However, intake of 
1500 mg (65 mEq) or less should be considered in people with hypertension 
or in those predisposed to hypertension such as black people, middle-aged 
and older people, and people with diabetes or kidney disease.

Potassium

Although sodium intake is often considered the primary dietary factor in 
the genesis of hypertension, many believe that potassium intake is equally 
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or perhaps even more important. As with sodium, there is a consider-
able difference in potassium intake in the typical Western diet compared 
with that of prehistoric man. However, unlike the increased patterns of 
sodium intake in the former, potassium intake is far lower than that of 
prehistoric man or of present day uncultured hunter-gatherer societies. 
It is estimated that the late Paleolithic diet contained about 10,500 mg 
(270 mEq) of potassium a day4 compared with about 2700 mg (69 mEq) 
in Western society.22 Epidemiologic studies, such as the National Health 
and Nutritional Examination Survey III (NHANES III), which follows 
health-related trends in the United States, suggest an association of high-
potassium diets with lower blood pressure.22 An interesting study in the 
1950s in the Akita prefecture of northern Japan compared the diets of two 
sociologically similar villages having different average blood pressures. 
Investigators found that villagers in both venues consumed a similar 
traditional high-salt Japanese diet, but the village with the higher blood 
pressure consumed less potassium. To test the hypothesis that potassium 
intake is associated with blood pressure, villagers from the low-potassium 
community increased their potassium intake by adding 8 to 10 apples a 
day, with resultant lowering of their blood pressure.23 Although this study 
has many uncontrolled variables to explain this effect—for example, the 
total sodium content of their diet might have decreased due to substitut-
ing typical foods with apples—the study focused attention on the con-
tribution of potassium to blood pressure, resulting in numerous other 
controlled studies. Many attribute the higher incidence of hypertension 
among black communities in the United States to a low-potassium diet.24 
A more recent study of Japanese people with hypertension showed a mod-
est reduction in blood pressure with daily supplementation with 2500 mg 
(64 mEq) of slow-release potassium.25 A typical response to a 2340 mg (60 
mEq) potassium supplement in people with hypertension is a reduction in 
systolic/diastolic blood pressure of 3–7/1–4 mm Hg.26,27

Surprisingly, there are few studies of potassium intake and its effect 
on cardiovascular disease. Observational studies, such as those involving 
the Yanomamo Indians, suggest a protective effect of a high-potassium 
diet, as there is no significant cardiovascular disease in such societies 
compared with Western society.6 Other studies suggest a high-potassium 
diet is preventative of stroke,28,29 and animal studies show protection from 
hypertensive kidney disease.30 This effect for both stroke and renal dis-
ease may be related to less atherosclerosis and improved endothelial func-
tion. The mechanisms by which potassium intake lowers blood pressure 
is largely due to a diuretic effect and a direct inhibition of renin produc-
tion by the kidneys.31,32 The diuretic effect may be so large as to cause 
a compensatory stimulation of renin production, resulting in increased 
overall renin levels in some people. As such, a high potassium intake is a 
mixed R (renin)- and V-type method of lowering blood pressure.
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The DRI/AI of potassium is 4700 mg (121 mEq) per day,3 and ingestion 
of this amount would probably help lower blood pressure. Dietary means 
to achieve this level are preferable, although potassium supplements can 
be considered. However, caution should be heeded, especially in those 
with kidney disease, as they have limited ability to regulate potassium 
balance and may become potassium toxic. Slow-release potassium tablets 
are commercially available, although there are many preferable dietary 
sources rich in potassium. Table 5.1 lists several potassium-rich foods and 
their potassium content.

Table 5.1  Common Potassium-Rich Foods

Food item Potassium content Serving size

Tuna 484 mg, 12 mEq 3 ounces, 85 grams
Dried apricots 407 mg, 10 mEq 10 pieces, 35 grams
Avocado 144 mg, 4 mEq 1 ounce, 28 grams
Banana 422 mg, 11 mEq 1 medium, 118 grams
Dates 542 mg, 14 mEq 5 pieces, 42 grams
Cantaloupe 272 mg, 7 mEq 1 cup, 160 grams
Orange 161 mg, 4 mEq 1 medium, 110 grams
Raisins 1086 mg, 27 mEq 1 cup, 145 grams
Carrot juice 689 mg, 18 mEq 1 cup, 236 grams
Orange juice 496 mg, 13 mEq 1 cup, 248 grams
Prune juice 707 mg, 18 mEq 1 cup, 256 grams
Tomato juice 556 mg, 14 mEq 1 cup, 243 grams
Low-fat yogurt 531 mg, 14 mEq 8 ounces, 227 grams
Almonds 200 mg, 5 mEq 1 ounce, 28 grams
Baked beans 569 mg, 14 mEq 1 cup, 254 grams
Kidney beans (cooked) 713 mg, 18 mEq 1 cup, 177 grams
Pinto beans (cooked) 746 mg, 19 mEq 1 cup, 171 grams
White beans 1189 mg, 30 mEq 1 cup, 262 grams
Broccoli (cooked) 457 mg, 12 mEq 1 cup, 156 grams
Brussels sprouts (cooked) 495 mg, 12 mEq 1 cup, 156 grams
Chick peas (cooked) 477 mg, 12 mEq 1 cup, 164 grams
Lentils (cooked) 731 mg, 18 mEq 1 cup, 198 grams
Soybeans (cooked) 886 mg, 23 mEq 1 cup, 172 grams
Spinach (cooked) 839 mg, 22 mEq 1 cup, 180 grams
Winter squash (cooked) 494 mg, 12 mEq 1 cup, 205 grams
Sweet potato (baked/skin) 694 mg, 17 mEq 1 cup, 146 grams
Potato (baked with skin) 1081 mg, 28 mEq 1 potato, 202 grams
Raw tomato 427 mg, 11 mEq 1 cup, 180 grams
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Calcium

Calcium intake in a modern Western diet differs from the hunter-gath-
erer diet of prehistoric times; today’s typical diet contains about 760 mg 
(19 mmol) of calcium each day22 compared with 2000 mg (50 mmol) in 
prehistoric times.4 Only 25% to 50% of ingested calcium is absorbed in 
the gastrointestinal tract, with the remainder excreted in stool. Body 
calcium levels are tightly controlled by vitamin D and parathyroid hor-
mone; vitamin D primarily regulates intestinal absorption, whereas 
parathyroid hormone helps maintain steady blood levels. Daily calcium 
supplementation of 1200 mg (30 mmol), which is above typical dietary 
intake, is associated with a small reduction in systolic/diastolic blood 
pressure of 1–2/0–1 mm Hg.33,34 This effect may be slightly higher in 
people with hypertension. There also is an association between body 
weight and calcium intake. Studies suggest body weight is reduced 
by as much as 8 kg (17 pounds) for each 1000 mg per day increase in 
daily calcium consumption.35 A lower body weight also may contrib-
ute to a lower blood pressure. The mechanism whereby a low-calcium 
diet causes blood pressure elevation and weight gain may be associated 
with alterations in parathyroid hormone and vitamin D levels, as the 
body increases production of both in response to calcium deficiency. 
Parathyroid hormone is associated with increased blood pressure,36 
an effect partially mediated by increased renin secretion and subse-
quent activation of the renin–angiotensin system (RAS).37 Parathyroid 
hormone also may slow the basal metabolic rate, which could explain 
the higher weights of people on lower-calcium diets.35 This effect may 
have been protective in prior times when famine was common, causing 
deficiency of all nutrients, including calcium. Subsequent elevated para-
thyroid hormone levels and consequent lower metabolic rates may have 
preserved body fat and muscle mass. Overall, calcium intake has only 
a modest effect on lowering blood pressure, although dietary intake 
of low-fat dairy products (commonly associated with calcium intake) 
seems to have a more prominent effect as shown in the DASH diet.38 
However, dairy products are a mix of substances, including vitamin D 
and various proteins, which may also affect the blood pressure. Because 
calcium inhibits renin production,39,40 its supplementation is an R-type 
method of lowering blood pressure.

The DRI/RDA for calcium is 1000 mg per day for adult women ≤50 
years old, 1200 mg for women >50 years old, 1000 mg for adult men ≤70 
years old, and 1200 mg for men >70 years old.3 The National Osteoporosis 
Foundation adopts these recommendations and the DASH diet provides 
for similar amounts. Table 5.2 lists several calcium-rich foods and their 
respective calcium content.
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Magnesium

Magnesium is an important nutrient with diverse effects. It is found in 
bone, helps regulate muscle and nerve activity, and is involved in many 
chemical reactions in the body. As with the aforementioned minerals, mag-
nesium intake in the modern Western diet also significantly differs from 
that of the hunter-gatherer diet of prehistoric times. A typical Western diet 
contains about 280 mg (12 mmol) of magnesium per day22 compared with 
800 mg (33 mmol) in a natural diet similar to that of prehistoric times.41 
Only 40% to 50% of ingested magnesium is absorbed in the gastrointesti-
nal tract. To maintain homeostasis, most absorbed magnesium is excreted 
in the urine with some also excreted in stool and sweat. Although vitamin 
D has a small role in regulating absorption rates, it is mostly independent 
of regulating hormones. Observational studies suggest an association 
between a low-magnesium diet and hypertension,42 although the corol-
lary effect of dietary magnesium supplementation in lowering blood pres-
sure is controversial. A meta-analysis of 20 independent studies suggests 
a modest decrease in systolic/diastolic blood pressure of 1/1 mm Hg with 
magnesium supplementation.43 However, many of the studies included 
in this analysis had large changes in blood pressure in both a positive 
and negative direction. A more pronounced effect occurs in people with 
hypertension44 and in those with deficient stores of magnesium,45 which 
is common with diuretic use. The effect is greater with high doses of sup-
plements, typically 480 to 960 mg (20–40 mmol) per day. The mechanism 
by which magnesium lowers blood pressure involves a blockade of the 
calcium channels of the arteriolar smooth muscle cells.46 As described in 
Chapter 4, calcium influx into these cells causes vasoconstriction and sub-
sequent blood pressure elevation. Magnesium blocks these channels and 

Table 5.2  Common Calcium-Rich Foods

Food item Calcium content Serving size

Sardines 325 mg, 8 mmol 3 ounces, 85 grams
Rhubarb (cooked) 348 mg, 9 mmol 1 cup, 240 grams
Collards (cooked) 266 mg, 7 mmol 1 cup, 190 grams
Soybeans (cooked) 261 mg, 7 mmol 1 cup, 180 grams
Spinach (cooked) 245 mg, 6 mmol 1 cup, 180 grams
Ricotta cheese 669 mg, 17 mmol 1 cup, 246 grams
Yogurt (low fat) 415 mg, 10 mmol 8 ounces, 227 grams
Milk (low fat) 290 mg, 7 mmol 1 cup, 244 grams
Swiss cheese 224 mg, 6 mmol 1 ounce, 28 grams
Mozzarella (cheese) 207 mg, 5 mmol 1 ounce, 28 grams
Muenster (cheese) 203 mg, 5 mmol 1 ounce, 28 grams
Tofu 133 mg, 4 mmol 1 piece, 120 grams
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prevents this process, effectively acting as a calcium channel blocker. A 
secondary effect occurs by blocking the calcium channels in nerve end-
ings, which inhibits the release of norepinephrine47 and subsequently 
limits constriction of the blood vessels. Magnesium supplementation is 
therefore a V-type method of lowering blood pressure. Magnesium also 
affects renal potassium regulation by an uncertain mechanism, and mag-
nesium deficiency is associated with urinary wasting of potassium. It is 
difficult to correct blood potassium deficits without first correcting the 
magnesium deficit, so both elements are often given together.48 Perhaps 
potassium deficiency also contributes to higher blood pressure in people 
with magnesium deficiency.

Despite the suggested Dietary Reference Intake/Recommended 
Dietary Allowance (DRI/RDA) of 420 mg (18 mmol) of magnesium per day 
for men over 30 years old and 320 (13 mmol) mg for women over 30 years 
old,3 higher levels seem reasonable in treating hypertension. However, 
caution must be exercised, especially in those with kidney disease, as these 
individuals have limited ability to regulate magnesium homeostasis and 
excretion. Dietary sources of magnesium are preferable but commercially 
available slow-release magnesium tablets can be considered too. Table 5.3 
lists several magnesium-rich foods and their magnesium content.

Vitamin D and parathyroid hormone

Although vitamin D and parathyroid hormone were once thought to only 
regulate calcium and phosphorus homeostasis, broader effects are now 
appreciated. Vitamin D and parathyroid hormone are intricately con-
nected, as they carefully regulate each other’s level and effect. Because 
their function is complicated, it is best described with the aid of a diagram 
(Figure 5.1). In humans, total vitamin D levels are comprised of two active 
forms—vitamin D3 (cholecalciferol) and vitamin D2 (ergocalciferol)—and 
typical laboratory testing includes a breakdown into these components. 
Vitamin D3 is mostly produced in animals, whereas vitamin D2 comes 
from plants and fungi. In humans, vitamin D3 is primarily synthesized 
in the skin from its precursor compound, provitamin D, although some 
is obtained from the diet and through supplements. In contrast, vitamin 
D2 is obtained from the diet and supplements only. Natural foods are 
somewhat limited in vitamin D content, so most dietary intake comes in 
either pill/liquid form or from fortified foods. Fatty fish, eggs, liver, and 
some mushrooms are examples of natural sources, and milk, breads, and 
cereals are common fortified sources. Studies from the 1930s suggested 
equivalent health benefits from both forms of vitamin D, although this 
finding has been challenged more recently with a belief that vitamin D3 is 
superior. For historical reasons, only vitamin D2 has pharmacologic status 
in the United States and is the form commonly prescribed by physicians, 
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although vitamin D3 is available as an over-the-counter product. One 
important difference is that the megadose form of 1250 μg (50,000 IU), 
which can be conveniently taken weekly or monthly instead of smaller 
daily doses, is mostly available in the vitamin D2 form, although higher 
doses of vitamin D3 are now offered on the Internet and in some pharma-
cies, too. Vitamin D itself is a relatively inactive compound but is converted 
to the active form, 1,25-dihydroxyvitamin D (calcitriol) by sequential 
hydroxylation in the liver and kidneys (Figure 5.1). This compound 

Table 5.3  Common Magnesium-Rich Foods

Food item Magnesium content Serving size

Halibut 91 mg, 3.8 mmol 3 ounces, 85 grams
Tuna 54 mg, 2.25 mmol 3 ounces, 85 grams
Artichokes 50 mg, 2.1 mmol 1 medium, 120 grams
Banana 32 mg, 1.3 mmol 1 medium, 118 grams
Dried figs 26 mg, 1.1 mmol 2 pieces, 38 grams
Prune juice 36 mg, 1.5 mmol 1 cup, 256 grams
Whole milk 24 mg, 1.0 mmol 1 cup, 244 grams
Low-fat yogurt 39 mg, 1.6 mmol 8 ounces, 227 grams
Almonds 76 mg, 3.2 mmol 1 ounce, 28 grams
Cashews 74 mg, 3.1 mmol 1 ounce, 28 grams
Pine nuts 71 mg, 3.0 mmol 1 ounce, 28 grams
Brazil nuts 107 mg, 4.5 mmol 1 ounce, 28 grams
Baked beans 69 mg, 2.9 mmol 1 cup, 254 grams
White beans 134 mg, 5.6 mmol 1 cup, 262 grams
Black beans (cooked) 120 mg, 5.0 mmol 1 cup, 172 grams
Navy beans (cooked) 96 mg, 4.0 mmol 1 cup, 182 grams
Broccoli (cooked) 33 mg, 1.4 mmol 1 cup, 156 grams
Spinach (cooked) 157 mg, 6.5 mmol 1 cup, 180 grams
Soybeans (cooked) 148 mg, 6.2 mmol 1 cup, 172 grams
Chickpeas (cooked) 79 mg, 3.3 mmol 1 cup, 164 grams
Pumpkin seeds 156 mg, 6.5 mmol 1 ounce, 28 grams
Okra (cooked) 94 mg, 3.9 mmol 1 cup, 184 grams
Lentils (cooked) 71 mg, 3.0 mmol 1 cup, 198 grams
Tomato paste 134 mg, 5.6 mmol 1 cup, 262 grams
Potatoes (with skin) 57 mg, 2.4 mmol 1 potato, 202 grams
Barley 158 mg, 6.6 mmol 1 cup, 200 grams
Buckwheat flour 301 mg, 12.5 mmol 1 cup, 120 grams
Oat bran 221 mg, 9.2 mmol 1 cup, 94 grams
Wheat flour 166 mg, 6.9 mmol 1 cup, 120 grams
Cornmeal 155 mg, 6.6 mmol 1 cup, 138 grams
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increases calcium and phosphorus levels by promoting absorption in the 
digestive tract and by minimizing kidney excretion in urine.

Parathyroid hormone is produced primarily by the parathyroid gland 
and promotes bone resorption, causing release of bone calcium and phos-
phorus into the blood. It also inhibits urinary calcium excretion while 
enhancing urinary phosphorus excretion (Figure  5.1). This hormone 
raises blood levels of calcium but lowers phosphorus levels as the uri-
nary phosphorus excretion component outweighs bone resorption. The 
two hormones are tightly regulated by a feedback mechanism, whereby 
parathyroid hormone promotes 1,25-dihydroxyvitamin D production but 
1,25-dihydroxyvitamin D feeds back to diminish parathyroid hormone 
production (Figure 5.1). Calcium also inhibits parathyroid hormone pro-
duction (Figure 5.1). Calcium and to some degree phosphorus blood levels 
are very tightly regulated by this system.

It is difficult to discuss the role of vitamin D in health independently 
of parathyroid hormone. Cross-sectional and prospective studies show 
an association of vitamin D deficiency with cardiovascular disease,49–51 
stroke,52 and all-cause mortality.53 Blood glucose regulation is also affected, 
as insulin resistance, metabolic syndrome,54 and diabetes55 positively cor-
relate with vitamin D deficiency. Similar findings occur with elevated 
parathyroid hormone levels, which also positively correlate with cardiovas-
cular disease,56,57 insulin resistance,58 and metabolic syndrome.59 Vitamin 
D deficiency also is associated with elevated blood pressure.60,61 Studies 
with black people suggest that their prevalence of hypertension may be 
due in part to low levels of vitamin D.62 Disproportionately higher rates of 
hypertension during winter months compared with summer months and 
in populations farther from the equator also may be due to varying levels 
of vitamin D as a function of sunshine and ultraviolet light exposure.63 
Vitamin D deficiency is also predictive of future development of hyper-
tension.64 Higher parathyroid hormone levels are similarly associated with 
elevated blood pressure65,66 and with future development of hypertension.67

Despite a strong relationship between low vitamin D levels and ele-
vated blood pressure, the corollary expectation that vitamin D intake, 
through either natural dietary means or supplements, can lower blood 
pressure has not been clearly established. Although some studies suggest 
a blood-pressure-lowering effect with increased vitamin D intake,68,69 oth-
ers do not.70 Of interest, low-fat dairy products, which are high in vita-
min D, are associated with lower blood pressure, although these foods 
contain other active substances such as calcium and various proteins that 
may contribute to the effect.71 No cardiovascular disease benefit is clearly 
evident with vitamin D supplementation.72 A deeper explanation of the 
function of vitamin D and parathyroid hormone may help explain these 
seemingly contradictory effects (Figure  5.2). There is a direct relation-
ship between these hormones and the RAS, as vitamin D suppresses and 
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parathyroid hormone enhances renin production in the kidneys.73 This 
occurs as vitamin D influences intracellular calcium levels of the juxta-
glomerular cells of the kidneys by regulating the calcium channels of 
the cell walls. Calcitriol opens these channels, allowing calcium influx 
and subsequent suppression of renin gene expression.74,75 As such, vita-
min D supplementation should be more useful in treating people with 
renin-mediated hypertension. However, other cell types, such as the vas-
cular smooth muscle cells, are similarly affected, and influx of calcium 
into these cells would cause constriction of the vessels and blood pressure 
elevation.76 These opposing effects of lowering renin levels and increasing 
vascular resistance may explain some of the discrepancy observed in the 
literature. Calcitriol also is produced by white blood cell macrophages, 
which, unlike production in the kidneys, occurs in an unregulated man-
ner. Macrophages are part of atherosclerotic plaque, so high levels of cal-
citriol can be produced locally in blood vessels, especially in individuals 
with vascular disease. Aside from raising blood pressure, high levels have 
the potential to promote unregulated inflammation, endothelial dysfunc-
tion, and further propagation of atherosclerosis.77,78

There appears to be a bimodal effect whereby both low and high lev-
els of vitamin D have adverse health effects. A study comparing all-cause 
mortality rates and vitamin D levels shows an optimal blood level range 
of 25-hydroxyvitamin D between 30 and 49 ng/mL.53 Mortality rates are 
increased in people with both lower and higher levels, possibly due to 
higher renin levels in those with lower levels and increased inflamma-
tion and endothelial dysfunction in those with higher levels. There is no 
absolute consensus as to normal blood levels of 25-hydroxyvitamin D, but 
most authorities consider a level of 30 ng/mL or above to be adequate.79 
Vitamin D insufficiency is usually defined at a level between 20 and 29 
ng/mL and deficiency at levels <20 ng/mL. Based on these definitions, 
there is some concern that 30% to 50% of the general population may have 
low vitamin D stores.80

In 2011, the Institute of Medicine revised its recommendations for 
vitamin D intake at the request of the United States and Canadian govern-
ments, as a swell of new data and public sentiment favored higher levels. 
The DRI/RDA of vitamin D is 15 μg (600 IU) per day in adult men and 
women between ages 18 and 70 years, and 20 μg (800 IU) in those over 
70 years.81 The DRI/UL for all adults is 100 μg (4000 IU) per day. These 
modest doses should maintain blood levels of 25-hydroxyvitamin D of at 
least 20 ng/dL, which is considered sufficient by the Institute of Medicine. 
Many feel these levels are still too low and higher levels have been sug-
gested. Daily megadoses have been advocated, although caution must be 
used as such levels may cause harmful effects such as systemic inflam-
mation, endothelial dysfunction, and potentially elevated blood pressure. 
A reasonable approach is to target the 25-hydroxyvitamin D blood level 
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to 30 to 49 ng/mL. In people with vitamin D deficiency, weekly doses of 
1250 μg (50,000 IU) of vitamin D for 6 to 8 weeks and then daily doses of 
20 to 25 μg (800–1000 IU) are suggested. In those with vitamin D insuf-
ficiency, daily intake of 20 to 25 μg (800–1000 IU) is suggested. After 3 
months, the 25-hydroxyvitamin D level should be rechecked and adjusted 
accordingly. The 25-hydroxyvitamin D blood level should be checked in 
all people with hypertension. No supplementation may be needed in indi-
viduals with adequate levels as they may be receiving sufficient amounts 
through their diet and through sun/ultraviolet exposure. If levels are 
low, it is reasonable to aggressively replete the stores to adequate levels. 
However, given the complexity of this topic as well as the potential for 
harmful side effects with elevated levels, it is difficult to suggest levels 
higher than standard doses. As vitamin D supplementation reduces renin 
production, it is considered an R-type method of lowering blood pressure. 
Table 5.4 lists several foods with high vitamin D content.

Vitamin C (ascorbic acid)

Vitamin C is an important nutrient involved in the growth and repair 
of body tissue. It regulates the synthesis of collagen, the main protein 
of connective tissue. Vitamin C deficiency causes scurvy, which is still 
present in some industrialized countries. Adequate intake is probably 
protective against cardiovascular disease and cancer82 and may prevent 
eye diseases such as cataracts and macular degeneration.83 There is spec-
ulation about its ability to boost the immune system and some think it 
can even prevent the common cold.84 It may improve diabetes as well.85 
Linus Pauling, the famous scientist and statesman, was a strong advo-
cate of high doses of vitamin C. Toward the end of his life, he reportedly 
took up to 18 g a day. (I had the opportunity to hear him speak when he 
was 92 years old and he was still witty and lucid. Who can argue with 
a two-time Nobel Prize laureate?) Typical daily intake of vitamin C in 
a modern Western diet is about 80 to 110 mg compared with about 600 

Table 5.4  Common Vitamin-D-Rich Foods

Food item Vitamin D content Serving size

Salmon, sockeye 19.8 μg, 792 IU 3 ounces, 85 grams
Milk, whole (with added 
vitamin D) 

3.2 μg, 128 IU 1 cup

Milk, 1% (with added 
vitamin D)

2.9 μg, 116 IU 1 cup

Cheese, ricotta 0.5 μg, 20 IU 1 medium, 118 grams
Egg, whole 0.7 μg, 28 IU 1 extra large
Mushrooms, shiitake 1.2 μg, 48 IU 1 cup
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mg in the prehistoric hunter-gatherer diet.4 Observational studies con-
firm an association between higher vitamin C dietary intake and lower 
blood pressure.86 Several relatively small studies have analyzed the effects 
of vitamin C supplementation on blood pressure and most have shown 
reduction. Unfortunately, there is no large and conclusive study, but an 
average response in people with hypertension is a decrease in systolic/
diastolic blood pressure of 4/2 mm Hg.87 Larger reductions are expected 
in people with endothelial dysfunction such as diabetes.88 Vitamin C acts 
by improving endothelial dysfunction primarily through its antioxidant 
effects. It scavenges for harmful free radicals, minimizing their effects on 
promoting atherosclerosis, arterial stiffness, and consequent hyperten-
sion.89–91 A secondary mechanism involves stabilization of the nutrient 
tetrahydrobiopterin (THB), which is a cofactor for the enzyme that pro-
duces nitric oxide. Increased levels of THB directly increase nitric oxide 
production and further improve endothelial function. Vitamin C supple-
mentation is therefore a V-type method of treating hypertension.

The DRI/RDA of vitamin C is only 90 mg per day in adult males and 
75 mg in adult females.3 Although these doses may prevent scurvy, they 
are likely too small to yield maximum benefit in reducing blood pressure 
and cardiovascular disease. Although Linus Pauling himself consumed 
megadoses of vitamin C, the recommendations of his institute fall shy of 
these levels, conservatively suggesting an intake of over 400 mg each day. 
Although many think that very high doses are safe, they may have untow-
ard side effects. In my field there is debate about an association with kid-
ney stones,92 and I do not recommend supplementation in people with a 
known history of kidney stones. Daily doses of at least 1000 mg are prob-
ably safe,93 and the DRI/UL is 2000 mg in both adult men and women.3 As 
it is difficult to obtain these doses by dietary means, as natural foods are 
relatively deficient in vitamin C, supplementation of 500 mg a day, which 
is likely sufficient to obtain most benefits, is suggested. This dose would 
benefit everyone, with or without hypertension, although there may be 
an added effect of lowering blood pressure in people with salt-mediated 
hypertension. Table  5.5 lists several foods with relatively high levels of 
vitamin C.

Vitamin E

Vitamin E is an important nutrient found in lipid-rich tissue and in cell 
membranes. Unlike most nutrients, vitamin E is not a single compound 
but rather a mixture of eight distinct substances. The highest dietary 
sources are in plant oils such as wheat germ oil, sunflower oil, and saf-
flower oil, which have antioxidant properties and are thought to protect 
cell membranes from lipid-based free-radical processes. Despite much 
promise for its role in protecting against heart disease, stroke, and even 
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cancer, there is little conclusive data supporting its benefit. Although 
observational studies suggest a higher intake of vitamin E is associated 
with a lower risk of heart disease,94,95 several large randomized stud-
ies do not show benefit.96,97 Its anticipated antioxidant effects on cell 
membranes would be to minimize the development of atherosclerosis, 
but evidence for this effect has not yet been realized.98 In fact, supple-
mentation with high daily doses of over 267 mg (400 IU) may even be 
associated with greater mortality.99 As per its effects on blood pressure, 
the data are also varied, with one study showing reduction with daily 
supplementation of 133 mg (200 IU),100 and another showing no effect 
with 200 mg (300 IU).101

The DRI/RDA of vitamin E is only 15 mg (22.5 IU) per day in adult 
men and women.3 Given that available data do not clearly show benefit in 
lowering blood pressure or in protecting from heart disease, it is difficult 
to suggest further supplementation beyond the daily recommended dose.

Folic acid

Folic acid, also known as vitamin B9, is an important nutrient with many 
health effects. Deficient levels can cause anemia and congenital abnormal-
ities such as the neural tube defects spina bifida and anencephaly. Efforts 
to diminish these ailments, specifically the neural tube defects, have led 
to folic acid fortification of grain products in many countries. Since 1988, 
refined cereal grains have been fortified with folic acid in the United 
States, which has directly reduced folic acid deficiency102 and, more impor-
tant, occurrences of neural tube defects.103 The relationship of folic acid 

Table 5.5  Common Vitamin-C-Rich Foods

Food item Vitamin C content Serving size

Orange 70 mg 1 orange, 131 grams
Strawberries 98 mg 1 cup, 166 grams
Kiwi fruit 71 mg 1 medium, 76 grams
Mango 57 mg 1 mango, 207 grams
Cantaloupe 59 mg 1 cup, 160 grams
Papaya 87 mg 1 cup, 140 grams
Orange juice 124 mg 1 cup, 248 grams
Grapefruit juice 94 mg 1 cup, 247 grams
Sweet red peppers 190 mg 1 cup, 149 grams
Sweet green peppers 120 mg 1 cup, 149 grams
Broccoli (cooked) 101 mg 1 cup, 156 grams
Cauliflower (cooked) 55 mg 1 cup, 124 grams
Tomato 23 mg 1 cup, 180 grams
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with the amino acid homocysteine has received considerable attention 
and is an interesting story worth telling, as it involves several well-pub-
licized studies. In the 1960s, an observation that children with homocys-
tinuria, a congenital disease of very elevated homocysteine levels due 
to inborn errors of metabolism, had premature coronary artery disease. 
This prompted the hypothesis that homocysteine is a risk factor for heart 
disease. Since then elevated homocysteine levels in the general public, in 
most cases only mildly elevated levels, have been considered associated 
with cardiovascular disease104,105 and stroke.106 The mechanism of action 
is thought to be related to endothelial dysfunction, perhaps mediated by 
free-radical effects from hydrogen peroxide production.107 However, there 
was a lack of consensus that homocysteine was a true risk factor for car-
diovascular disease and many thought it was a just a proxy of other ail-
ments, such as kidney disease or inflammation, which were the real risk 
factors.108 To answer this question, studies were planned to determine the 
effects of therapeutic lowering of homocysteine levels on cardiovascular 
disease. Because folic acid is a cofactor in the enzymatic metabolism of 
homocysteine, studies utilized its supplementation to lower homocyste-
ine levels and followed its effect on cardiovascular disease. Initial results 
confirmed the relationship between folic acid supplementation and lower 
homocysteine levels,109 although this was already evident as levels across 
the U.S. population had been reduced since initiation of cereal grain forti-
fication.110 To the surprise and disappointment of many, several large and 
credible studies of folic acid supplementation failed to show reduction 
in cardiovascular events, despite the significantly lowered homocysteine 
levels.111–114 There may be some benefit in reducing incidence of stroke.115 
These results have led many physicians to stop recommending folic acid 
supplementation to their patients. There is also considerable debate about 
its effect on cancer, both in its de novo occurrence and in propagation of 
established disease.116 There may be harmful effects from high doses.

Despite these negative findings, several studies have shown a benefit 
of folic acid supplementation in lowering blood pressure117–119 and in pre-
venting hypertension.120 Unfortunately, these studies are few and small, 
making it difficult to quantify the blood-pressure-lowering effect. In a 
study of healthy young women, supplementation with 400 μg per day (a 
relatively small amount) was associated with a decreased risk of devel-
oping hypertension.121 The mechanism of action may involve improved 
endothelial function122 due to enhanced vascular nitric oxide produc-
tion.123 This effect may be independent of folate-mediated reduction of 
homocysteine levels.124 Folic acid supplementation would therefore be a 
V-type method of lowering blood pressure.

Overall, despite a lack of clear benefit in preventing cardiovascular 
events, higher dietary folic acid intake may provide benefit in lowering 
blood pressure and preventing hypertension. A possible concern would 
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be the potential for de novo occurrence or progression of certain cancers, 
but this occurs with relatively high doses. Of interest, the bioavailability 
of supplemental folic acid is almost twice as high as that from natural 
foods, which means that twice as much must be consumed from natural 
foods to achieve an effect comparable to supplements. The units of mea-
surement for folic acid are in Dietary Reference Equivalents (DREs), which 
account for this factor. The DRI/RDA of daily folic acid is 400 μg for adult 
men and women and 600 μg for pregnant women.3 Aside from obtaining 
adequate amounts from food sources, supplementation of 400 μg, a rela-
tively low dose, seems reasonable in people with hypertension. Pregnant 
women should take prenatal vitamins that often contain higher amounts. 
Table 5.6 lists several foods with high folic acid content.

Macronutrients
Fiber

Dietary fiber is an important and often neglected part of the diet. The tra-
ditional definition of dietary fiber is the indigestible part of plant foods, but 
more recent additions include analogous synthetic products as well.125 A 
typical Western diet includes about 15 grams of fiber per day,126 compared 
with about 100 grams in the hunter-gatherer diet of prehistoric times.4 Its 
role in promoting healthy bowel movement laxation is commonly known, 
but there are other beneficial effects as well. Epidemiologic studies suggest 

Table 5.6  Common Folic-Acid-Rich Foods

Food item Folic acid Serving size

Spinach (cooked or boiled) 263 μg 1 cup, 180 grams
Artichokes (cooked or boiled) 150 μg 1 cup, 168 grams
Broccoli (cooked or boiled) 168 μg 1 cup, 156 grams
Asparagus (cooked or boiled) 89 μg 4 spears, 60 grams
Beets (cooked or boiled) 136 μg 1 cup, 170 grams
Lentils (cooked or boiled) 358 μg 1 cup, 198 grams
Chickpeas (cooked or boiled) 282 μg 1 cup, 164 grams
Split peas (cooked or boiled) 127 μg 1 cup, 196 grams
Pinto beans (cooked or boiled) 294 μg 1 cup, 171 grams
Navy beans (cooked or boiled) 255 μg 1 cup, 182 grams
Kidney beans (cooked or boiled) 230 μg 1 cup, 177 grams
Baker’s yeast 164 μg 1 package, 7 grams
Macaroni (enriched and cooked) 167 μg 1 cup, 140 grams
White rice (enriched and cooked) 153 μg 1 cup, 158 grams
Cornmeal (enriched) 476 μg 1 cup, 138 grams
Wheat flour (enriched) 364 μg 1 cup, 125 grams
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that a high-fiber diet is protective against colon and breast cancer.127 It is 
also protective of cardiovascular disease,128 stroke,129 and the onset of dia-
betes.130 These benefits may be due to the association of dietary fiber with 
improved insulin sensitivity and glucose management131 and with lower 
cholesterol levels.132 However, the story of dietary fiber is considerably 
more complex, as many subgroups of fiber exist, each with a unique func-
tion. Two broad subgroups, the soluble and insoluble fibers, are defined by 
their ability to dissolve in water and the gut milieu. Most fiber food prod-
ucts contain a mix of these two components but often one type predomi-
nates. The insoluble fiber foods are better at promoting bowel movement 
laxation, whereas the soluble fiber foods are better at protecting from car-
diovascular disease and have more benefits in diabetes. The soluble fibers 
are further divided based on their viscous properties, with higher viscos-
ity associated with added benefit. The U.S. Food and Drug Administration 
(FDA) has approved two soluble-viscous fibers, psyllium and oat β-glucan 
fiber, as agents capable of lowering the risk of heart disease.

Dietary fiber has a modest effect on blood pressure. Supplementation 
with about 11 grams is associated with a decrease in the systolic/diastolic 
blood pressure of about 1/1 mm Hg.133 The effect is more pronounced in 
elderly people and those with hypertension, and can result in as much as a 
3/3 mm Hg reduction.134 Soluble fiber supplements also are more effective 
than insoluble ones. The mechanism of blood-pressure-lowering is uncer-
tain but may be due to facilitated increases in absorption of nutrients, such 
as magnesium and potassium, across the intestinal membranes. As the 
fiber material coats the intestinal walls, it may promote better absorption, 
which, as previously discussed, is associated with lower blood pressure. 
Fiber also stimulates secretion of hormones in the intestines, which pro-
motes insulin sensitivity and probably results in better endothelial func-
tion. The effect of fiber on blood pressure is very complex and is likely 
effective in treating both R- and V-types of hypertension.

The DRI/AI for fiber in adults is 14 g for every 1000 calories consumed.3 
This corresponds to 38 g per day in adult males up to 50 years old, 30 g in 
males over 50 years old, 25 g in adult females up to 50 years old, and 21 g 
in females over 50 years old. The American Dietetic Association and the 
American Heart Association both recommend a daily dietary intake of 25 
to 30 g of fiber, which all are considerably higher than the typical intake. 
Table 5.7 lists several high fiber foods and their fiber content.

Dietary fats

The relationship of dietary fats and cholesterol with health is a very 
important and complex topic. Over the past decades, there have been 
major shifts in guideline recommendations for optimal dietary intake of 
fats. At one time, an overall reduction in dietary fat was thought to confer 
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cardiovascular protection, but later studies did not substantiate this.135 
No doubt the guidelines will undergo further change as more is under-
stood. To adequately appreciate the role of dietary fats in regulating blood 
pressure and cardiovascular disease, recognition of the individual com-
ponents and their clinical and mechanistic effects on health need to be 
understood. Dietary fats are composed of triacylglycerol molecules (i.e., 
triglycerides), which are formed by the conjugation of a glycerol molecule 
with three fatty acid molecules (Figure 5.3).

In simple terms, fat is a compound that contains three unique fatty-
acid constituents. There are five types of fatty acids of medical importance 
and their relative composition differs according to food type. They are 
the trans-fatty acids, saturated fatty acids, monounsaturated fatty acids, 
omega-6 polyunsaturated fatty acids, and omega-3 polyunsaturated fatty 
acids. Practically all foods contain a mix of these, but the relative amounts 
of each can significantly differ. Each fatty acid has a unique effect on car-
diovascular disease risk factors, some beneficial and others detrimental. 

Table 5.7  Common Fiber-Rich Foods

Food item Fiber content Serving size

Raspberries (raw) 8.4 grams 1 cup, 123 grams
Blackberries (raw) 7.6 grams 1 cup, 144 grams
Raisins (raw) 5.8 grams 1 cup, 145 grams
Papaya (raw) 5.5 grams 1 papaya, 304 grams
Pears (raw) 4.4 grams 1 pear, 122 grams
Oranges (raw) 4.3 grams 1 cup, 180 grams
Strawberries (raw) 3.8 grams 1 cup, 166 grams
Apples (raw) 3.7 grams 1 cup, 138 grams
Bananas (raw) 3.6 grams 1 cup, 150 grams
Peas (cooked) 16.3 grams 1 cup, 196 grams
Carrots (cooked) 5.1 grams 1 cup, 156 grams
Cauliflower (cooked) 4.9 grams 1 cup, 180 grams
Potatoes (baked with skin) 4.4 grams 1 potato, 202 grams
Corn (cooked) 3.9 grams 1 cup, 164 grams
Barley (raw) 31.2 grams 1 cup, 200 grams
Bulgar (dry) 25.6 grams 1 cup, 140 grams
Wheat flour (whole grain) 14.6 grams 1 cup, 120 grams
Oat bran (raw) 14.5 grams 1 cup, 94 grams
Lentils (cooked) 15.6 grams 1 cup, 198 grams
Black beans (cooked) 15.0 grams 1 cup, 172 grams
Pinto beans (cooked) 14.7 grams 1 cup, 171 grams
Lima beans (cooked) 13.2 grams 1 cup, 188 grams
Soybeans (cooked) 10.3 grams 1 cup, 172 grams
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For this reason an overall reduction in dietary fats is not beneficial because 
the good fats would be reduced along with the bad ones. Much attention is 
given to the fasting blood lipid profile and its effect on cardiovascular dis-
ease. This test measures the blood levels of triglycerides and cholesterol. 
In humans, lipids are packaged with various proteins into particles called 
lipoproteins. Of most importance are low-density lipoprotein (LDL), high-
density lipoprotein (HDL), and very low-density lipoprotein (VLDL). Each 
of these contains different proportions of triglycerides, cholesterol, and 
protein. LDL, also called “bad cholesterol,” has high cholesterol content 
and VLDL has high triglyceride content. Elevated levels of both LDL and 
total triglycerides, which closely reflect VLDL levels, confer cardiovascular 
disease risk mostly in the form of atherosclerosis. In contrast, HDL is pro-
tective. However, the utility of the fasting blood lipid profile is somewhat 
limited as the particle sizes of the LDL and HDL also alter cardiovascu-
lar risk, and this is not typically measured in the standard test. Smaller 
LDL particles are associated with increased cardiovascular disease and 
larger HDL particles (called HDL-2) are protective. The type of dietary fat 
consumed has significant impact on these lipoprotein levels. Ironically, 
the amount of cholesterol consumed is less important.136 Dietary fats also 
affect the body’s systemic inflammatory state by altering levels of anti-
inflammatory agents such as nitric oxide and pro-inflammatory agents 
such as tumor necrosis factor and certain prostaglandins. Together they 
help regulate overall endothelial function. In summary, the dietary fats 
have significant effect on lipoprotein levels, the inflammatory state, and 
endothelial function. As a result, they affect atherosclerosis, blood pres-
sure, and the cardiovascular state.

Trans-fatty acid is the most harmful of the dietary fats. Most of our 
intake of these fatty acids is from artificial sources as they are produced 
by chemical alteration of unsaturated fatty acids. Small amounts are con-
sumed from natural products too, as it is present, albeit minimally, in meats 
and dairy products. Since the introduction of Crisco vegetable shortening 
in 1902 by the chemist Wilhelm Normann and subsequent marketing of 
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the product, artificial trans fats have been a popular fat alternative. In addi-
tion to enhancing the flavor of baked and fried products, this fat has a 
long shelf life, which makes it desirable to food manufacturers and restau-
rants. Its consumption significantly increases the risk of developing heart 
disease, more so than any other fat or food type.137 It is associated with 
elevated LDL levels, reduced HDL levels, endothelial dysfunction, inflam-
mation, and atherosclerosis.138 It is amazing that despite its popularization 
over the past century, overall life expectancy has increased.

The saturated fats also have harmful cardiovascular effects.137 Animal 
products are rich in these fats, as are tropical oils such as palm and coco-
nut oil. They raise LDL levels but have little effect on HDL levels. They 
also promote endothelial dysfunction, inflammation, and atherosclerosis. 
In contrast, monounsaturated fats confer protection from cardiovascular 
disease.137 The Mediterranean diet, rich in olive oil, is a good source of 
monounsaturated fats and is very popular for this reason. Although LDL 
and HDL both are reduced, the ratio of HDL to LDL is improved. These 
fatty acids also prevent oxidation of LDL particles, an initiating event in 
atherosclerotic plaque development.

The commonly consumed polyunsaturated fats are divided into 
omega-3 and omega-6 fatty acids. Omega-3 polyunsaturated fatty acids 
are found mostly in fish oils and in select plant oils such as canola and 
flaxseed. The omega-6 polyunsaturated fatty acids are common in other 
vegetable oils such as sunflower, corn, and soybean. Despite favorably 
altering the lipoprotein levels, there is a suggestion that the omega-6 poly-
unsaturated fats are associated with cardiovascular disease. This may be 
due to its conversion to arachidonic acid, which is a pro-inflammatory 
substance. There is also increased potential in forming oxidized LDL 
particles. Both of these processes may cause atherosclerosis and endothe-
lial dysfunction. However, compared with the saturated fats and trans 
fats, omega-6 polyunsaturated fats are likely protective of cardiovascular 
disease, although not by as much as the monounsaturated fats.139–141 The 
omega-3 polyunsaturated fats have received much positive attention for 
their ability to protect from cardiovascular disease. Interest began with 
the observation that Greenland Eskimos who consume large amounts of 
this fat rarely develop heart disease.142 In the years since this discovery, 
several large studies have shown significant cardiovascular benefit from 
consumption of omega-3 polyunsaturated fats.143,144 The main dietary 
sources of these fats are fatty fish—especially salmon, herring, sardines, 
and tuna—and plant products such as canola oil, flaxseed oil, and wal-
nuts. However, the fatty acids from fish are eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA) and from plants is alpha-linolenic acid 
(ALA). EPA and DHA are more direct inhibitors of inflammation but ALA 
must first be converted into EPA and DHA to be effective. The conversion 
rate for this process is quite variable but a reasonable estimate would be 
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only about 10%.145 This means that 10 times the amount of plant-derived 
ALA needs to be consumed to equal the potency of fish-derived EPA or 
DHA. The mechanisms by which omega-3 polyunsaturated fats protect 
from cardiovascular disease are different from other fatty acids. There is 
a minimal effect on the overall LDL and HDL levels, although the particle 
size of both is increased, which has a beneficial effect. The blood triglyc-
eride level is also significantly lowered.146 Much of the cardiovascular pro-
tection comes from prevention of cardiac arrhythmias and sudden death 
events.147 Endothelial function is also improved as nitric oxide production 
is increased148 and pro-inflammatory mediators are decreased.149 Among 
all the fatty acid types, substitution and addition of omega-3 polyunsatu-
rated fats seems the best way to prevent cardiovascular disease.

Dietary fats also affect the blood pressure, and the different types of 
fats have different effects. The omega-3 polyunsaturated fats appear to be 
the most potent in reducing blood pressure. As previously described, the 
three main types of dietary omega-3 polyunsaturated fats are the fish oils 
EPA and DHA and the plant oil ALA. Because ALA must be converted 
to EPA and DHA to become active, most studies have focused on the fish 
oils. A typical response to fish oil supplementation in people with hyper-
tension is reduction in systolic/diastolic blood pressure of 3.4–5.5/2.0–3.5 
mm Hg.150–152 In people with normal blood pressure, a more modest reduc-
tion of about 1/1 mm Hg is observed. Older people also tend to have a 
better response. Although there is debate about the amount of omega-3 
polyunsaturated fat needed to fully achieve this effect, it appears that 
a modest intake of 500 to 1000 mg of fish-derived omega-3 polyunsatu-
rated fat per day or 3500 to 7000 mg per week is sufficient.153 This can 
be accomplished with one serving of fatty fish such as salmon or tuna 
several times a week. Commercially available fish oil supplements in 
either pill or oil form are also available. In the United States, Lovaza® 
is a prescribed medication and each 1 g capsule contains about 840 mg 
of omega-3 polyunsaturated fats. The over-the-counter fish oil capsules 
often contain less, with between 200 and 800 mg of omega-3 polyunsatu-
rated fats in each 1 g capsule. The side effects from such doses are mini-
mal. Plant-derived omega-3 polyunsaturated fat, specifically ALA, should 
have similar effects to the fish oils although much higher doses would 
be needed. The mechanism by which blood pressure is lowered is simi-
lar to those discussed for cardiovascular benefits. Endothelial function 
is improved by reduction of pro-inflammatory mediators and enhanced 
nitric oxide production. Endovascular and red blood cell wall membrane 
fluidity is also improved by an alteration of the cholesterol and phospho-
lipid composition of the cell wall,154,155 thus improving the fluidity of blood 
within the vascular system and to subsequent lowering of blood pres-
sure. Consumption of omega-3 polyunsaturated fat would therefore be 
a V-type method of treating hypertension. Monounsaturated fats, which 
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are abundant in the Mediterranean diet rich in olive oil, also are asso-
ciated with lowering blood pressure.156,157 Omega-6 polyunsaturated fats 
may be associated with a lower blood pressure,158 although the evidence 
is less clear. In contrast, saturated fats are associated with increased blood 
pressure.158 Table 5.8 summarizes the effects of the various dietary fats.

Table 5.8  Cardiovascular Effects of Dietary Fats

Omega-3 polyunsaturated fats
Lower blood pressure
Lower triglycerides
Minimal effect on LDL and HDL
Protective of cardiovascular disease
Reduce cardiac arrhythmias
Prevent atherosclerosis
Improve endothelial function

Monounsaturated fats
Lower blood pressure
Lower LDL and HDL
Increase HDL:LDL (ratio)
Protective of cardiovascular disease
Prevent atherosclerosis
Improve endothelial function

Omega-6 polyunsaturated fats
Likely lower blood pressure
Likely are protective of cardiovascular disease

Saturated fats
Raise blood pressure
Increase LDL
Mediate cardiovascular disease
Cause endothelial dysfunction
Cause systemic inflammation
Cause atherosclerosis

Trans fats
Raise blood pressure
Increase LDL and decrease HDL
Mediate cardiovascular disease
Cause endothelial dysfunction
Cause systemic inflammation
Cause atherosclerosis
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The Dietary Guidelines for Americans suggest a total fat intake of 20% 
to 35% of total daily calories.1 Of these, less than 10% should be from satu-
rated fats, and trans fats should be restricted entirely. Monounsaturated 
fats, plant-derived omega-6 and omega-3 polyunsaturated fats, and fish-
derived omega-3 fats should make up the remaining fat calories. Total 
daily cholesterol intake should be limited to 300 mg. In adults with risk 
factors for cardiovascular disease, less than 7% of total daily calories 
should be from saturated fats and total daily cholesterol intake should 
be limited to 200 mg. The NCEP expert panel recommends similar val-
ues.2 They suggest a total fat intake of up to 35% of daily calories, but 
break down the fat types to include less than 7% from saturated fats, up 
to 10% from polyunsaturated fats, and up to 20% from monounsaturated 
fats. Cholesterol intake should be less than 200 mg each day. No specific 
recommendations are provided for omega-3 polyunsaturated fats, but the 
DRI/AI of ALA is 1.6 g per day for adult males and 1.1 g for adult females. 
As previously discussed, plant-derived ALA is considerably less effica-
cious than the fish-derived fats. Daily consumption of 500 to 1000 mg of 
fish-derived omega-3 polyunsaturated fat is probably sufficient to obtain 
most of the cardiovascular and blood-pressure-lowering benefits. On a 
weekly basis, 3500 to 7000 mg would be needed. This can be achieved 
with a steady diet of fatty fish several times a week or with a daily supple-
ment of 1 g of Lovaza or 2 g of over-the-counter fish oil. Comparable intake 
of plant-derived omega-3 polyunsaturated fat (i.e., ALA) would be more 
difficult because at least 5 to 10 g would be needed and even this may 
not be enough for significant benefit. Table 5.9 lists several rich sources of 
omega-3 polyunsaturated fats.

Carbohydrates

Carbohydrates are made from building blocks of sugar molecules and 
comprise the majority of the calories of most diets. They are classified 
as either simple sugars (e.g., monosaccharides and disaccharides) or as 
complex carbohydrates (e.g., starches or polysaccharides). The mono-
saccharides are individual sugar molecules such as glucose or fructose 
(Figure 5.4), and disaccharides are two-sugar molecules chemically con-
jugated, such as sucrose, which contains one glucose and one fructose 
molecule (Figure  5.4). The complex carbohydrates contain many sugar 
molecules. Dietary fiber is technically a carbohydrate, but in humans it 
is not digested to individual sugar molecules and therefore should be 
excluded in the dietary carbohydrate count. However, dietary fiber is often 
included in the total carbohydrate count on the nutrient source labels of 
many food products, which may be a source of confusion. Although a 
number of popular diets recommend a relatively low carbohydrate intake, 
the major guidelines still suggest carbohydrates should comprise about 



81Chapter five:  Nutrition

© 2010 Taylor & Francis Group, LLC

50% of caloric intake. Of course, the guidelines advocate fruits and vegeta-
bles as the primary sources, which unfortunately have become unpopular 
in Western diets in favor of fast foods and refined carbohydrates. Over the 
past century, simple sugars have been replacing dietary fiber in Western 
diets.159 This is especially true in the United States, where—largely fueled 
by the farming industry—high fructose corn syrup (HFCS) has become 
popular and is now the most commonly used sweetener. Unfortunately, 
many health problems have been associated with this shift in carbohydrate 
use. Although there is continued debate over the potentially harmful 
effects of a high-carbohydrate diet, the effects of elevated blood glucose 
levels are clearly detrimental. A useful tool in estimating the glycemic 
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Figure 5.4  Simple sugars.

Table 5.9  Common Omega-3-Rich Foods

Food item Omega-3 content Serving size

Salmon (farmed) 4504 mg 6.0 ounces
Salmon (wild) 1774 mg 6.0 ounces
Herring (Atlantic) 1712 mg 3.0 ounces
Golden bass 1358 mg 5.3 ounces
Anchovy 1165 mg 2.0 ounces
Mackerel (Atlantic) 1059 mg 3.1 ounces
Swordfish 868 mg 3.7 ounces
Tuna (white albacore) 733 mg 3.0 ounces
Mussels 665 mg 3.0 ounces
Oysters 585 mg 3.0 ounces
Trout 581 mg 2.2 ounces
Sardines 556 mg 2.0 ounces
Flaxseeds 2200 mg 1.0 Tbsp
Canola oil 1300 mg 1.0 Tbsp
Flaxseed oil 8500 mg 1.0 Tbsp
Walnuts 700 mg 1.0 Tbsp

Source:	 Data for fish sources from Mozaffarian D, Rimm EB, Fish 
intake, contaminants, and human health: Evaluating the risks and 
the benefits, JAMA, 2006;296:1885–1899.
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impact of foods is the glycemic index, which measures the increases in 
blood glucose levels in response to various foods over a 2-hour period. 
The values are compared to the response of a 50 g meal of either white 
bread or pure glucose. For example, using white bread as the standard, a 
50 g meal would equate to a 100% value. A 50 g carbohydrate meal of an 
apple has a glycemic index of only 55(%) as it causes a smaller rise in the 
2-hour glucose level. This suggests that the blood glucose effect of these 
two carbohydrate sources are very different, as the white bread causes an 
immediate rise, whereas the apple has a slower and more sustained effect 
on blood glucose. Generally, low-glycemic-index foods are considered 
healthier. Although the glycemic index has become a useful marker, there 
are many factors that can significantly alter these values, and it should 
be used with caution. The degree of ripeness of a fruit, for example, can 
affect its glycemic index as well as the intake of other nutrients as in meals 
containing a mix of fats, proteins, and vitamins. These factors affect the 
body’s ability to digest and absorb this nutrient. Nonetheless, it is a rea-
sonably consistent gauge with which to compare the effect of various 
foods on blood glucose levels.160 Another useful measure, the glycemic 
load, is simply the product of the glycemic index of a food multiplied by 
a typical portion size. As an example, if a typical apple contains 21 g of 
carbohydrates, the glycemic load would be 12 g per serving (21 g × 55% 
= 12 g). Because the glycemic load deals with typical serving sizes, it is a 
more convenient measure.

Pure glucose is rapidly absorbed as it requires no further enzymatic 
breakdown, and therefore has a very high glycemic index. Fructose has a 
glycemic index of only 19 and causes just a minimal rise in blood glucose 
levels within the 2-hour period following ingestion. This is due to its slow 
conversion to glucose and some effects on glucose absorption. However, 
despite its low glycemic index, fructose has many detrimental health 
effects. HFCS typically is composed of about equal portions of glucose 
and fructose, and has a glycemic index of 55 to 60. The type of complex 
carbohydrate also has a significant impact on the glycemic index of the 
food. There are two types of complex carbohydrates: amylose and amy-
lopectin. Amylose is a large linear chain typically containing 300 to 600 
sugar molecules, whereas amylopectin is a branched structure containing 
up to 6000 sugar molecules. These structural differences are important 
as they alter the food’s potential to raise blood glucose levels. The linear 
array of the amylose starches can be viewed as a ball of string tightly 
wrapped around itself (Figure 5.5). When this ball reaches the stomach 
and small intestine, most of the sugar molecules are insulated within 
the structure protected from enzymatic breakdown. Amylopectin can be 
viewed as a cluster of grapes (Figure 5.5), which would make it easy for 
the gastrointestinal enzymes to pluck off the sugar molecules. Therefore, 
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foods with high amylose starch content have a lower glycemic index than 
those with more amylopectin. Of course, most foods contain many types 
of carbohydrate and it is the varied mix of simple sugars, amylose, and 
amylopectin that contribute to the glycemic index.

The theory behind the adverse health effects of elevated glucose levels 
is quite complex but convincing.161 Unfortunately, large conclusive studies 
are not available as it would be unethical to subject people to unhealthy 
diets for a study. Most of the clinical data comes from observational stud-
ies in humans and experimental studies in animals, which, although rea-
sonably suggestive, do not provide absolute proof. Diets containing high 
glycemic-index foods cause a rapid increase in blood glucose levels. In the 
immediate period, typically within the first 2 hours, a counterregulatory 
response occurs resulting in increased insulin and decreased glucagon 
secretion from the pancreas (Figure  5.6). Liver production of glucose is 
also diminished and muscle uptake is increased to buffer the high blood-
glucose levels. However, this response is often too robust, and within 2 
to 4 hours after the meal the intended effect is surpassed causing blood 
glucose levels to drop too far. This causes another counterregulatory 
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Figure 5.5  Complex carbohydrates. (Courtesy of Shani Strenger from Shilo, Israel.)
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Figure 5.6  Effect of high-glycemic foods on glucose metabolism.
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response with release of pro-glucose hormones and subsequent increase 
in blood glucose levels (Figure  5.6). The craving for sugars often per-
petuates the cycle as people again consume high-glycemic-index foods. 
Within 4 to 6 hours after the meal, blood glucose levels are restored or 
somewhat increased and triglyceride levels also may become elevated. 
Low-glycemic meals avoid this seesaw effect by more slowly and steadily 
increasing blood glucose levels. Such meals also provide more satiety and 
a higher resting energy expenditure (i.e., higher basal metabolic rate), both 
of which promote weight loss and are protective of cardiovascular dis-
ease.162 Animal studies comparing high- and low-glycemic diets of equal 
caloric intake show higher body fat and lower muscle mass in the high-
glycemic group.163 Other untoward effects of high-glycemic meals include 
increased insulin resistance in the muscle and liver due to higher insulin 
and triglyceride levels. Pancreatic β-cell failure may also occur, leading 
to diminished insulin output and potentially to diabetes in susceptible 
individuals. Several large observational studies have found an associa-
tion between high-glycemic and low-fiber diets with the development of 
diabetes,164,165 although others have not.166 High-glycemic diets also are 
associated with altered cholesterol levels,167 increased systemic inflamma-
tion,168 and endothelial dysfunction.169 Studies also suggest an association 
with coronary heart disease,170,171 and possible links to increased rates of 
colorectal172 and pancreatic cancer.173

Special attention must be given to the relatively recent increases in 
consumption of large amounts of fructose, mostly in the form of HFCS. 
This is particularly important in the United States, where it is commonly 
used as a sweetener. Unlike table sugar that is a solid, HFCS is a liquid 
that makes it easily transported and readily miscible in food products. 
Its caloric value and glycemic index are comparable to table sugar. As 
previously mentioned, HFCS has about equal parts of the simple unat-
tached sugars glucose and fructose. Because of biochemical nuances in 
its metabolism, fructose bypasses many of the regulatory steps of glu-
cose metabolism and, when consumed in large amounts, causes increased 
weight gain, fat storage, increased insulin resistance, elevated triglyceride 
levels, and hypertension.174 HFCS clearly is a health hazard especially as it 
has largely supplanted the intake of dietary fiber.

The effect of carbohydrates on blood pressure is not clear, as surpris-
ingly few large and conclusive studies have been performed. One tech-
nical limitation for such trials is that dietary sources of carbohydrates 
are quite varied, making it difficult to draw general conclusions about 
this class of macronutrient. For example, a high-carbohydrate diet may 
contain healthy, relatively low-glycemic load foods such as fruits and 
vegetables but also may contain refined carbohydrates and simple sug-
ars such as white-flour products and sweets. Despite having compa-
rable amounts of carbohydrate, the healthy diet is more likely to result 
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in better cardiovascular effects and lower blood pressure. Of the large 
studies that have addressed this issue, several have shown benefit of a 
low-carbohydrate diet in lowering blood pressure,175,176 whereas others 
have not.177,178 Most of these studies do not provide any details about the 
type of carbohydrate consumed nor do they focus on people with hyper-
tension. However, the OmniHeart study is unique,175 as it includes only 
people with hypertension and prehypertension, and compares diets that 
are consistent with the healthy standards of the Dietary Guidelines for 
Americans. Specifically, the study compares diets with 10% differences 
in carbohydrates, fats, and proteins, and concludes that reduced carbohy-
drate intake is associated with a modest reduction in blood pressure. In 
the hypertensive group there was a reduction of 3/2 mm Hg and a reduc-
tion in the prehypertensive group of 1/0–1 mm Hg. An understanding 
of the mechanisms by which carbohydrates regulate blood pressure may 
be helpful in explaining the discrepancies between these studies. Blood 
glucose and insulin levels importantly and uniquely affect the blood 
pressure. Blood glucose levels, especially following a sudden elevation 
(i.e., glucose excursion) cause vasoconstriction179 with a subsequent rise 
in blood pressure. This effect is mediated through endothelial dysfunc-
tion.169 Nitric oxide levels are diminished and vasoconstricting mediators 
such as endothelin-1 are increased. The effect of elevated insulin levels 
on the vasculature appears to be opposite that of glucose as it initially 
dilates the vessels and lowers the blood pressure.180 However, there is an 
immediate sympathetic response to this lowered blood pressure resulting 
in vasoconstriction and a near restoration of the blood pressure. When 
consuming a carbohydrate meal, the initial glucose excursion and sub-
sequent insulin release both contribute to changes in the blood pressure. 
In healthy people with normal endothelial function, these two effects 
roughly counterbalance each other and result in only a small effect on the 
blood pressure. However, in people with endothelial dysfunction, such 
as those with hypertension or diabetes, the sympathetic counterresponse 
to insulin causes an exaggerated constricting effect that overwhelms the 
initial blood-pressure-lowering effect. In these people, both the glucose 
excursion and the insulin response cause constriction of the vessels with 
a subsequent rise in blood pressure. This may explain the larger effect of 
carbohydrates in the hypertensive group of the OmniHeart study.

A low carbohydrate diet would be a V-type method of lowering blood 
pressure. The Dietary Guidelines for Americans suggests a total carbohy-
drate intake of 45% to 65% of total daily calories.1 The NCEP expert panel 
recommends similar values.2 Of course, these guidelines suggest carbohy-
drate intake from healthy and relatively low-glycemic-index sources such 
as fruits, vegetables, and whole grains. This type of carbohydrate also 
contains important minerals, vitamins, and antioxidants, which are rela-
tively scarce in processed carbohydrates such as cake, sweets, and white 
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bread. In treating hypertension, it may be beneficial to try to keep to the 
lower level of 45% of total calories. Table 5.10 lists common foods with low 
glycemic indexes.

Protein

Protein makes up the remainder of dietary calories, typically contribut-
ing the least. Proteins are comprised of amino acid molecules, of which 
humans and other animals utilize about 20 different types. At one time, 

Table 5.10  Common Low-Glycemic-Index Foods

Food item Glycemic index
Glycemic load 
(serving size)

Cherries 22 3 (120 grams)
Grapefruit 25 3 (120 grams)
Apple 38 6 (180 grams)
Orange 43 5 (120 grams)
Grapes 46 8 (120 grams)
Banana 52 12 (120 grams)
Tomato juice 38 4 (250 ml)
Carrot juice 43 14 (250 ml)
Apple juice 44 13 (250 ml)
Peanuts 14 1 (50 grams)
Cashews 22 3 (50 grams)
Yam 37 13 (150 grams)
Carrots 47 3 (80 grams)
Green peas 48 3 (80 grams)
Barley (pearled) 25 11 (150 grams)
Long-grain rice (white) 56 24 (150 grams)
Chickpeas (boiled) 28 8 (150 grams)
Kidney beans 28 7 (150 grams)
Lentils 29 5 (150 grams)
Lima beans 32 10 (150 grams)
Milk (whole) 27 3 (250 ml)
Milk (skim) 32 4 (250 ml)
Yogurt 36 3 (200 grams)
Bread (rye, pumpernickel) 41 5 (30 grams)
Bread (stone-ground whole wheat) 59 7 (30 grams)
Fettuccini (egg) 40 18 (180 grams)
Spaghetti (white) 38 18 (180 grams)

Source:	 Data for glycemic index compared with glucose load from: Foster-Powell 
K, Holt SH, Brand-Miller JC, International table of glycemic index and glycemic 
load values, Am J Clin Nutr, 2002;76:5–56.
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high-protein diets were considered harmful to health and proper blood 
pressure regulation, however, this notion has been mostly discredited. 
This supposition was partly based on anecdotal evidence from studies 
promoting the beneficial health effects of vegetarian diets, which are 
typically low in protein content.181,182 Because the coincidental intake of 
nutrients and antioxidants of a vegetarian diet certainly contribute to its 
healthful effects, these conclusions are now in doubt. In fact, large credible 
studies such as the Nurses’ Health Study suggest a protective cardiovas-
cular effect from a high-protein diet,183 although plant-derived proteins 
may be more beneficial than animal proteins.184 High-protein diets also 
may decrease the risk of hemorrhagic stroke.185 Despite these seemingly 
beneficial effects, high-protein diets are associated with progression of 
kidney disease, especially in individuals with impaired renal function.186

Although some epidemiologic studies suggest an association between 
dietary protein consumption and elevated blood pressure,22 most show 
the opposite trend and an overall lowering effect on blood pressure is well 
accepted. Some of these studies show a lowering effect from nonspecific 
sources of protein,176,187 whereas others note this effect only from plant-
derived protein.178,188 The various components of animal and plant pro-
tein may contribute to these findings as animal protein contains nutrients 
such as saturated fats, which themselves cause blood pressure increases; 
whereas vegetable protein has healthful minerals, vitamins, and antioxi-
dants that lower blood pressure. The OmniHeart study probably provides 
the clearest evidence of the role of proteins in regulating blood pressure as 
it compares dietary protein with other macronutrient intake in a balanced 
diet of adequate minerals and vitamins.175 The protein contribution is also 
well balanced with a mix of vegetable, lean meats, and poultry sources. 
With a 10% increase in caloric intake from carbohydrates to proteins, a 
modest lowering in blood pressure is observed. In this study, people with 
hypertension experienced a decrease of 3/2 mm Hg and those with pre-
hypertension showed a decrease of 1/1 mm Hg. There was no difference 
between the increased protein and increased fat groups. Therefore, high-
protein diets appear to reduce blood pressure, although there is probably 
an added benefit from plant-derived over animal-derived protein.

An interesting class of compounds called flavonoids may contribute 
to the favorable effect of vegetable protein. These are water-soluble plant 
pigments commonly found in foods such as onions, cocoa, tea, apples, cit-
rus fruits, berries, and soy.189 Soy protein causes a small reduction in blood 
pressure and may also improve serum lipid levels.190 Because protein is 
made of a mixture of 20 types of amino acids, the precise cause in lowering 
blood pressure is complex. Each amino acid confers unique effect, some 
with blood-pressure-lowering properties and others not. Glutamic acid, 
perhaps the most common amino acid constituent of protein—particularly 
vegetable protein—is directly associated with lower blood pressure.191 Its 
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effect arises mostly from improved endothelial function due to antioxidant 
properties and increased nitric oxide production. Proline, phenylalanine, 
and serine are also relatively common vegetable protein amino acids that 
are associated with lower blood pressure.191 Arginine, as the substrate for 
the enzyme nitric oxide synthase and a direct production of nitric oxide, 
also can lower blood pressure.192 Tyrosine193 and tryptophan194 may lower 
blood pressure by decreasing central sympathetic nervous system activ-
ity. Dietary protein is comprised of so many independent sources, thus it 
is difficult to ascribe a single mechanism to its ability to lower blood pres-
sure, although there is a strong V-type contribution.

The Dietary Guidelines for Americans suggests a total daily protein 
intake of 10% to 35% of total daily calories.1 In treating hypertension, it 
may be beneficial to target the upper side of this range and to focus on 
plant protein sources.
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chapter six

Diets
The prior chapter reviewed important nutrients that affect blood pressure 
and cardiovascular disease. Although each has a unique contribution, the 
various blends found in foods are also important. Consuming wholesome 
foods is the best way to obtain sufficient nutrition, although there may 
be a role for supplementation too. There are many commercially avail-
able diet plans, some fads and others based on sound scientific data, yet 
they all seem to claim either weight loss, protection from cardiovascular 
disease, promotion of overall health, or a combination thereof. It is recom-
mended that individuals choose a sound diet that makes common sense 
and also provides safe, adequate nutrition. The Dietary Guidelines for 
Americans is published every 5 years and its latest version was released 
in 2010. It is available for free on the Internet at www.health.gov/dietary-
guidelines/dga2010/DietaryGuidelines2010.pdf. Despite its title, the rec-
ommendations apply to Americans and non-Americans alike. Its purpose 
is to educate policy makers, nutrition educators, nutritionists, and health 
care providers about healthy dietary and lifestyle measures. It promotes 
eating nutrient-dense foods, such as vegetables, fruits, whole grains, low-
fat dairy products, lean meats, and lean poultry, and recommends avoid-
ance of added sugars, detrimental fats, and salts. It also advises on healthy 
weight maintenance and adequate exercise. Although it claims not to pro-
vide an actual diet plan, it does recommend specific consumption pat-
terns within each food group, mostly based on the Dietary Reference 
Intake (DRI) reports of the Institute of Medicine. Adherence to such a 
diet is associated with lower mortality rates.1 Two popular diet plans, the 
U.S. Department of Agriculture (USDA) Food Patterns and the Dietary 
Approaches to Stop Hypertension (DASH) Eating Plan, also are endorsed.

U.S. Department of Agriculture 
(USDA) food patterns
The USDA Food Patterns is an eating plan that closely follows the recom-
mendations of the Dietary Guidelines for Americans. It promotes a diet 
of grains, vegetables, fruits, low-fat milk products, lean meats, and beans. 
There is allowance for a small amount of discretionary calories, which can 
be used for added sugars and fats. When properly implemented, adequate 
nutrition can be achieved. The plan is somewhat complex, as it separates 
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vegetables into subgroups by color, such as orange or dark green, and rec-
ommends different amounts of each. The grains also are divided into cate-
gories—whole and refined. Fortunately, an interactive planner is available 
on the Internet at www.ChooseMyPlate.gov (formally www.mypyramid.
gov), which is easy to use and even entertaining. It is tailored to the indi-
vidual based on age, gender, height, and weight, accounting for differing 
caloric and nutritional needs. With a little effort, a sound meal plan can 
be created that includes most-favored foods and can be printed for easy 
access. Suggestions for weight management and exercise also are pro-
vided. Although a motivated person can design an adequate eating plan, 
it is still advisable to obtain assistance from a knowledgeable nutritionist.

Dietary Approaches to Stop 
Hypertension (DASH) eating plan
The Dietary Approaches to Stop Hypertension (DASH) clinical trial2 is 
an important study worth describing in detail. It was based on observa-
tions that vegetarian diets and higher intakes of certain nutrients—such 
as potassium, magnesium, and calcium—are associated with lower blood 
pressure. The effects of a wholesome diet consisting of specific portions of 
vegetables, fruits, low-fat dairy products, lean meats/poultry/fish, nuts, and 
fats/oils on blood pressure were compared with a typical American diet. 
The DASH diet is designed to provide nutritional intake at the 75th percen-
tile for potassium, magnesium, and calcium. The control diet, similar to a 
typical American diet, provided these nutrients at only the 25th percentile. 
The initial study did not focus on sodium intake, including levels similar 
to the characteristically high amounts found in a typical American diet. 
Four large U.S.-city-based medical centers participated in enrolling study 
subjects. About 60% of subjects were black and gender was about equally 
proportioned. All subjects had either prehypertension or stage I hyperten-
sion. Inclusion criteria for blood pressure was a systolic blood pressure 
<160 mm Hg and a diastolic blood pressure of 80 to 95 mm Hg. People 
with diabetes, elevated cholesterol levels, recent cardiovascular events, obe-
sity, kidney insufficiency, excessive alcohol use, or those taking prescribed 
blood pressure medications were excluded. From 1994 to 1996, 459 adults 
were enrolled. All subjects were fed the control diet during a 3-week run-in 
period. Thereafter, they were randomly assigned to groups for an 8-week 
trial of one of three diets: the control diet, a diet rich in fruits and vegeta-
bles, or a diet rich in fruits and vegetables plus low-fat dairy products (i.e., 
the DASH diet). Subjects on the DASH diet had significant and superior 
lowering of their blood pressure compared with those on either of the other 
diets—a decrease of 5.5/3.0 mm Hg versus the control-diet group. A sig-
nificantly better response of 11.4/5.5 mm Hg was observed for those with 
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hypertension (i.e., a blood pressure of ≥140/90 mm Hg) and the response 
was even better for black subjects. These effects occurred within the first 2 
weeks and persisted through the 8-week study period.

A second study published in 2001 compared the DASH diet at three 
levels of daily sodium intake: high (150 mmol or 3450 mg), intermediate 
(100 mmol or 2300 mg), and low (50 mmol or 1150 mg).3 Sodium levels were 
based on a 2100 calorie per day diet and actual intake varied in proportion 
to the calorie needs of each subject. For example, a large male requiring 
a diet of 2600 calories per day would receive 124 mmol (2850 mg) rather 
than 100 mmol (2300 mg). An additional reduction of 3.0/1.6 mm Hg was 
observed between the high- and low-sodium intake groups. Larger effects 
were seen in subjects with hypertension, in black people, and in women. 
Overall, adherence to the DASH diet with sodium restriction had a better 
effect on hypertension than most blood pressure medications and could 
obviate the need for medication in many people. Adherence to the DASH 
diet also is associated with a lowered risk of future cardiovascular events 
and stroke.4

Details of the DASH Eating Plan are described in a publication called 
“Your Guide To Lowering Your Blood Pressure with DASH,” which is 
available on the Internet at www.nhlbi.nih.gov/health/public/heart/
hbp/dash/new_dash.pdf. The DASH diet is simpler than the USDA food 
guide and can be implemented by filling out the guidance tables provided 
in the publication. Sample menus are also available. Nonetheless, some 
direction from a knowledgeable nutritionist is recommended.

Mediterranean diet
The Mediterranean diet has been practiced in its native locale for thou-
sands of years and more recently has been adopted worldwide. Although 
all countries along the Mediterranean Sea technically consume a 
Mediterranean diet, the term refers to the diets of Greece and southern 
Italy, circa 1960. An astute American physician, Ancel Keys, recognized 
an association between local diets of various countries and the preva-
lence of heart disease. He led a pioneering epidemiology study, The Seven 
Countries Study, which followed overall mortality rates, the mortality 
rates from heart disease, and the incidence of heart disease in men in 
seven countries starting in 1958. In 1970, detailed results were presented 
in a series of publications in the journal Circulation.5 A clear relationship 
between diet—specifically saturated fat intake—and cholesterol levels, 
mortality rates, and the incidence of heart disease was observed. This con-
nection was particularly evident in the Greek islands of Crete and Corfu 
where longevity and a lack of heart disease were apparent despite inferior 
medical care. It was speculated that their diet—the Mediterranean diet, 
rich in fruits, vegetables, unrefined cereals, dairy products, wine, and olive 
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oil—contributed to these outcomes. Unfortunately, they also succumbed 
to the tribulations of modernity and presently consume a more Western-
style diet. A subsequent study called the Lyon Diet Heart Study randomly 
assigned people with known heart disease to either a Mediterranean-type 
diet or to a “prudent” cardiovascular diet. The protective effects of the 
Mediterranean diet were so robust that the study was terminated early 
on ethical grounds, as it would have been unfair to continue the other 
diet.6,7 Although many books have been published on its benefits, ideals, 
and practical implementation, the Mediterranean diet pyramid is perhaps 
the best known and highly regarded. It is sponsored by a joint effort from 
a nonprofit organization called Oldways, the Harvard School of Public 
Health, and the European Office of the World Health Organization. They 
present a variation of the Mediterranean diet from the 1960s and have 
updated this food guide at several dedicated conferences since 1995. The 
guideline is available on the Internet at www.oldwayspt.org/mediterra-
nean-diet-pyramid. The initial plan and the subsequent modifications are 
based mostly on data from respected medical journals. In summary, it 
suggests a wholesome diet with abundant fruits, vegetables, tubers, whole 
grains, fish, dairy products, nuts, legumes, and seeds. Olive oil is central 
to the diet, conferring both rich flavor and beneficial fat. Wine is also an 
essential part of the plan. Eggs can be consumed but meats only in small 
portions, preferably poultry or lean red meat. Sweets also can be con-
sumed in small amounts. There is an emphasis on enjoyment from food, 
both in its preparation and social interaction, which will further augment 
adherence to the diet. Adequate weight control and physical activity are 
also encouraged.

Recent studies have confirmed that adherence to a Mediterranean-
type diet is associated with lower overall mortality rates from cardio-
vascular and cancer causes.8,9 Improved blood lipid levels also have been 
noted.10 The risk of developing diabetes,11 several types of cancer,12,13 and 
even Alzheimer disease14 is also minimized. Blood pressure and hyper-
tension rates are also lower in adherents of this food plan.15 A systolic/
diastolic blood pressure reduction of 3/2 mm Hg may occur in the gen-
eral population,16 with a larger effect in people with hypertension.10 
Consumption of olive oil is a major contributing factor to the blood pres-
sure lowering effect.17 Overall, this diet has many merits as well as being 
palatable and enjoyable.

Paleolithic diet
The Paleolithic diet, also called the hunter-gatherer diet, is a plan based 
on the presumed diet of human ancestry from the late Paleolithic period 
(about 10,000 years ago). The rationale is that during this era the human 
genome optimally adapted to this diet and that our genome today has 
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not significantly changed. The diet consists of foods typically eaten by 
a hunter-gatherer society including meats, seafood, fruits, vegetables, 
nuts, and eggs. Foods such as dairy products, grains, legumes, salt, added 
sugars, and processed oils are excluded, because they mostly have been 
introduced in the subsequent Neolithic era and the more recent Industrial 
Revolution, when agrarian and livestock farming began and then became 
mechanized. Many variations of the Paleolithic diet exist with some even 
including dairy products; several texts are available, each describing its 
own version. Although there is sound scientific support for this diet, it 
is often considered a fad diet even by respected institutions such as the 
American Dietetic Association. Observational studies of modern hunter-
gatherer societies such as the inhabitants of Kitava, New Guinea, suggest 
low rates of cardiovascular disease and stroke.18 Insulin resistance also 
may be improved with this diet.19 Results of a small study of 9 healthy 
people who consumed a Paleolithic diet for 10 days suggest benefit in 
lowering blood pressure and cholesterol levels.20 An estimated nutritional 
breakdown of the ancestral-Paleolithic diet consists of roughly equal 
caloric intake of fats, proteins, and carbohydrates,21 in contrast to the rela-
tively high-carbohydrate diet of modern Western society. It also contains 
relatively high amounts of fiber, vitamins, and potassium, and low lev-
els of sodium. These factors likely contribute to its presumed beneficial 
effects. Despite its Bohemian appeal it seems a difficult diet to adhere to 
and more clinical research is needed.

Atkins diet (very low-carbohydrate diet)
Low-carbohydrate diets have been practiced for well over a hundred 
years. Every few decades a new variation becomes popular, the most 
recent being the Atkins diet. Dr. Robert Atkins wrote several books for the 
general public. He explains its scientific basis as a very low-carbohydrate 
diet that causes the body to utilize fat stores instead of glucose, resulting 
in an increased basal metabolic rate, lower insulin blood levels, and pro-
duction of ketones from fat metabolism. Some refer to this diet as a low-
carbohydrate ketogenic diet.

Basically, the diet promotes fat metabolism while preserving muscle 
mass. It permits nondiscretional consumption of fats and proteins, while 
claiming significant weight loss and improved cardiovascular health. 
Blood lipid levels also are improved with increased HDL (high-density 
lipoprotein) and decreased triglyceride levels. Compared with a standard 
low-fat and calorie-restricted diet, several short-term studies confirm 
these claims,22,23 although the effects may disappear within 12 months.24 
Improved control of diabetes25 and of endothelial function26 also have 
been demonstrated. Yet, despite the popularity and seeming success of the 
Atkins diet, it has been a source of much controversy, often vociferous. Dr. 
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Dean Ornish claims that comparison of the Atkins diet to conventional 
low-fat diets, which contain about 30% of calories from fat, is not a fair test.27 
Instead, he advocates a very low-fat diet comprised of <10% of vegetable-
based fats along with other healthy lifestyle measures such as exercise and 
meditation. Direct comparison between the Ornish and Atkins diets is 
equivocal, with variable study results.28,29 A significant problem with most 
of these studies is poor adherence, with up to 50% of participants dropping 
out. Furthermore, confirmation of dietary adherence is uncertain because 
study subjects are generally only questioned about it, as direct observation 
would be impossible in long-term studies. Therefore, these studies may not 
accurately reflect the true benefits and detriments of the diets. A serious 
concern with the Atkins diet had been reports of sudden cardiac death, 
likely due to electrolyte deficiencies as potassium and magnesium stores 
may become depleted. In one notable case report, a healthy teenager died 
shortly after starting the diet.30 Another report described a healthy middle-
aged man who developed impaired blood lipid levels, erectile dysfunction, 
and coronary atherosclerosis within a few years of starting the diet. Other 
studies suggest possible harmful effects from ketone production; these 
compounds may serve as precursors to substances such as methylglyoxal, 
which cause blood vessel and tissue damage.31 Some feel the success of 
the diet is simply due to a decreased total calorie intake, since appetite is 
suppressed and many foods are restricted.32 Other untoward side effects 
include halitosis, muscle cramps, and diarrhea. Despite all the criticism 
directed at Dr. Atkins, both in life and posthumously, one must admire 
his pioneering spirit and enthusiasm as well as the fact that many millions 
have benefited from his work.

The effects of a low-carbohydrate diet on blood pressure are less clear 
as few studies have addressed this topic. Of course, any weight loss would 
be associated with a lowering of blood pressure. A common comparison 
is between low-carbohydrate and low-fat diets with several studies show-
ing a minimal lowering of systolic/diastolic blood pressure of up to 2 mm 
Hg with both types of diets.22,28 However, other studies show a signifi-
cantly better effect with the low-carbohydrate diet achieving reductions 
of 6–7/4–5 mm Hg.29,33 It appears that there is a greater effect when weight 
loss is achieved through a low-carbohydrate diet. Possible mechanisms 
may involve lower blood insulin levels, which have a diuretic effect, and 
reduced sympathetic nervous system activity.34

South Beach diet (low-carbohydrate diet)
The South Beach diet was designed by Dr. Arthur Agatston, a cardiologist 
in the South Beach section of Miami Beach, Florida. Although originally 
designed as a diet to improve cardiovascular risk factors such as blood 
lipid levels, it quickly became a popular weight-loss diet. Although Dr. 
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Agatston firmly asserts that it is not a low-carbohydrate diet, despite few 
limitations on carbohydrate intake, it actually is one. It is not as extreme 
as the Atkins diet and the level of carbohydrate consumption is sufficient 
to avoid ketosis, although case reports of ketosis nonetheless exist,35 espe-
cially during the initial phase. Although the initial phase is quite restric-
tive of carbohydrates and is similar to the Atkins diet, it only lasts for 2 
weeks and thereafter becomes more liberal. The diet has no restrictions 
on total calorie intake but provides guidelines and examples of recom-
mended dishes. Similar to the Atkins diet, it suggests low-glycemic-index 
foods, although unlike the Atkins diet it specifically recommends con-
sumption of healthy fats such as monounsaturated and omega-3 fats 
and limited intake of saturated and trans fats. There are no limitations 
on the amounts of food consumed, based on the assumption that eating 
wholesome foods would lead to better satiety and consequent limits on 
total food intake. It is a sensible diet that promotes healthy eating habits 
through enjoyment of food and even anticipates the inevitable cheating, 
which is likely the beginning of the end of most diets. People seem to be 
able to successfully maintain this diet for lengthy periods, which is per-
haps its most important quality.

Compared with the abundance of studies of very low-carbohydrate 
diets, relatively few exist for the South Beach diet. A short, 12-week study 
comparing the South Beach diet with a standard low-fat diet showed supe-
rior weight loss and favorable blood lipid levels with the former.36 Debate 
over the cardiovascular benefits of a low-carbohydrate versus a low-fat diet 
seems perpetual. The most important factor in any diet is probably the 
amount of weight lost, which has a favorable effect on blood lipid levels. 
Nonetheless, a low-carbohydrate diet seems to more efficiently lower tri-
glyceride levels, raise HDL cholesterol levels, and increase cholesterol par-
ticle size, all of which presumably improve cardiovascular health. However, 
in fairness, lower triglyceride levels may be due to lower overall insulin lev-
els, and higher HDL cholesterol levels may simply be the body’s response 
to increased fat intake and the need to process these products. Neither of 
these effects may confer improved cardiovascular health and may simply 
be byproducts of the diet itself. In fact, no comparative long-term study on 
the effects of a low-carbohydrate diet on cardiovascular health is yet avail-
able, and despite seemingly improved blood lipid levels, there is no conclu-
sive proof that it results in truly important cardiovascular benefit. There 
also is experimental evidence that a low-carbohydrate diet may actually 
promote atherosclerosis and heart disease by mechanisms independent of 
blood lipids.37 Furthermore, the Ornish diet, which is a very low-fat vegetar-
ian diet containing <10% of daily calories from fat, is associated with sig-
nificant reductions in LDL (low-density lipoprotein) cholesterol, improved 
coronary vessel patency, and cardiac viability.38,39 Unfortunately, many find 
this diet too restrictive and adherence rates are poor.
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In summary, the choice of diet type is rather complicated in the face 
of numerous commercially available options. The diet market is a multi-
billion dollar a year business leading to the possible skewing of clarity in 
presentation of data and in recommendations. Perhaps the wisest choice is 
to adhere to the national guidelines but to aim for the lower end of carbo-
hydrate intake of 45% of total calories. Of course, consumption of whole-
some carbohydrates with low-glycemic indices, lean meats, and healthy 
fats is recommended.
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chapter seven

Physical activity, relaxation 
techniques, and acupuncture

Physical activity
The health benefits of physical activity far outweigh possible harmful 
effects. Muscular and skeletal injuries are the most common complica-
tions, which fortunately can be avoided with proper safety and warm-
up techniques. Less common, although more serious, are cardiac events, 
including sudden cardiac death and myocardial infarction, both more 
commonly associated with vigorous physical activity. However, the over-
all risk of sudden cardiac death is quite low, occurring in less than one per 
million episodes of vigorous exertion and even less frequently in those 
who are physically fit and who engage in regular vigorous physical activ-
ity.1 Myocardial infarction, although a more common event, also occurs 
less frequently in physically fit people and in those who regularly engage 
in vigorous physical activity. Unfortunately, society has progressively 
become more sedentary, a problem of particular concern in adolescents.2 
This lifestyle may be responsible for as many as one-third of deaths due 
to coronary heart disease.3

The field of physical activity has become quite scientific and exact-
ing. Although commonly viewed as any type of exercise, the definition of 
physical activity is far more complex. The U.S. Department of Health and 
Human Services (HHS) published the 2008 Physical Activity Guidelines 
for Americans,4 which is available on the Internet at www.health.gov/
paguidelines. Although intended for health care professionals, it is writ-
ten for anyone to understand and can be applied to everyone. In promot-
ing health benefits, HHS recommends specific prescriptions of physical 
activity based on age and physical conditioning. The recommendations 
are similar to those of the American College of Sports Medicine and the 
American Heart Association.5 Physical activity is defined as any bodily 
movement due to muscular contraction that raises the energy expendi-
ture of the body above that of its baseline and resting level (i.e., when 
quietly sitting). Exercise is a subcategory of physical activity performed 
to improve or maintain physical fitness, performance, or health. Examples 
of exercise include sports such as basketball or activities such as leisure 
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walking. A construction worker’s activity would not be considered exer-
cise, although it is a form of physical activity.

Three types of physical activity are commonly referred to in the 
medical literature: aerobic, muscle strengthening, and bone strengthen-
ing. Examples of aerobic activity include walking, running, bicycling, and 
swimming. Muscle-strengthening activity, which primarily promotes 
muscle strength and mass, includes weight lifting, training with resis-
tance bands, and calisthenics. Bone-strengthening activity, which pro-
motes bone strength through impact forces, includes walking, running, 
and weight lifting. Physical activity can be classified within a single type 
or a combination thereof. For example, walking is a form of both aero-
bic and bone-strengthening activity. Although all three types of activity 
contribute to health maintenance, aerobic physical activity is the most 
important. The intensity of aerobic activity is graded in terms of meta-
bolic equivalents (METs), which describe the energy expenditure of that 
particular activity. One MET equals the energy expenditure at rest (i.e., 
while sitting). Activities such as walking at a rate of 5 kilometers (3 miles) 
per hour requires 3 METs of energy, whereas running 10 kilometers (6 
miles) per hour requires 6 METs. Aerobic activity is divided into sub-
groups: light intensity (1.0–2.9 METs), moderate intensity (3.0–5.9 METs), 
and vigorous intensity (6.0 and above METs). Tables for various aerobic 
physical activities and their corresponding METs are available.5 Although 
this division of intensity is scientifically accurate, it is not practical, as 
people cannot easily convert their physical exertion into METs and then 
into its corresponding intensity subgroup. Therefore, the 2008 Physical 
Activity Guidelines for Americans adopted a relative intensity scale for 
physical activity based on a person’s ability to perform. Using a scale of 0 
to 10, where 0 is the level of effort at rest and 10 is the maximum effort, the 
subgroups are divided as follows: 1–4 = light-intensity physical activity; 
5–6 = moderate intensity; and 7–10 = vigorous intensity. For most people, 
the relative scale roughly corresponds to the absolute scale using METs. 
However, for those who are very physically fit, the relative scale underes-
timates the absolute intensity of the activity. Similarly, it overestimates the 
absolute intensity for those with poor physical fitness, such as the elderly 
or chronically ill. Nonetheless, the guidelines apply the relative intensity 
scale to all people.

Most studies of the health effects of physical activity focus on the aero-
bic subtype. Habitual engagement in physical activity is associated with a 
lower risk of mortality6,7 and with an adequate amount may prolong life by 
as much as 4 years in those over 50 years of age.8 Vigorously intense activ-
ity may confer added longevity benefit.9 The risk of cardiovascular disease 
is reduced10,11 and there is also additional cardiovascular benefit to vigor-
ous physical activity.12 Blood lipid profiles are improved, with decreases 
in low-density lipoprotein (LDL) cholesterol and triglyceride levels and 
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increases in high-density lipoprotein (HDL) cholesterol.13,14 In addition, the 
particle sizes of the LDL and HDL cholesterol molecules are larger, which 
confers added benefit. Endothelial function is also improved.15,16 Physical 
activity enhances the immune system, although acute bouts of vigorous 
exercise such as marathon running may temporarily reduce resistance.17 
Various malignancy rates such as for colon, liver, pancreas, stomach, and 
breast cancer are attenuated.18–20 Insulin sensitivity is improved21 and the 
risk of developing diabetes is reduced.22 Cognitive decline and progres-
sion to dementia in the elderly is slowed23,24 and the status of those with 
already impaired cognition can even be improved with physical activity.25

The role of physical activity in altering blood pressure has particu-
lar significance. Habitual aerobic physical activity may lower the resting 
(i.e., nonexercised) systolic/diastolic blood pressure by 5–7/4–6 mm Hg 
in people with hypertension and 3–4/2 mm Hg in those without hyper-
tension.26,27 Although the typical land-based types of aerobic activities 
such as walking, running, and bicycling are more popular, swimming 
has comparable benefits28 and is especially appealing to those unable 
to adequately engage in higher-impact activities. Muscle-strengthening 
physical activity such as weightlifting also lowers resting blood pres-
sure.29 Although there is an immediate response within the first few days 
of training, most of the antihypertensive effect is not fully realized until 
about the 10th week.30 Higher-intensity activity does not seem to have an 
added effect,31 although this is debated.32 Habitual physical activity can 
even prevent the onset of hypertension.33,34

The mechanisms by which physical activity lowers blood pressure 
are quite complex and not entirely clear, but several of its components 
are worth describing. Figure 7.1 is a schematic that describes some of the 
involved processes and humoral substances. Overall, blood pressure is 
lowered by both reduction in sympathetic nervous system activity and in 
blood plasma volume. Suppression of the sympathetic nervous system is 
evident by lower levels of norepinephrine. Several substances have been 
shown to suppress norepinephrine production and release. Prostaglandin 
E levels are elevated in people who regularly exercise and these hormones 
block release of norepinephrine mediated by the sympathetic nervous 
system.35 Levels of the amino acid taurine also are elevated and have been 
shown to block norepinephrine release.36 Through improved insulin sen-
sitivity and reduced blood insulin levels, norepinephrine levels may also 
be suppressed.37 Blood plasma volume, causing a reduced cardiac out-
put and blood pressure, is also reduced with physical activity. The neu-
rotransmitter dopamine is elevated in the early stages of exercise training 
and, through a diuretic effect, likely contributes to reducing blood plasma 
volume.38 Another interesting humoral substance called ouabain may be 
involved. Ouabain has similar properties to the medicine digoxin and was 
traditionally used by African tribesmen in hunting wild game as injection 
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of the substance into prey (via an arrow tip) causes respiratory and car-
diac paralysis. In therapeutic doses, it has several cardiac benefits and is 
also believed to be importantly involved in blood pressure regulation. It 
acts as a diuretic by blocking the sodium pumps in the kidney tubules, 
causing loss of sodium and water.39 However, it also nonselectively blocks 
the sodium pumps of other cells, such as the vascular smooth muscle, 
resulting in increased or trapped intracellular sodium levels. Efforts to rid 
sodium from these cells utilize a sodium–calcium channel within the cell 
wall, causing exchange of sodium for calcium and consequent elevation 
of intracellular calcium. As previously described, elevated intracellular 
calcium levels cause constriction of the vascular smooth muscle cells and 
result in blood pressure elevation. In hypertension, especially salt-medi-
ated hypertension, levels of ouabain are increased despite its vasoconstric-
tive and prohypertensive effects, probably in an effort to eliminate excess 
sodium and water. However, ouabain levels are suppressed with diure-
sis, achieved either through medicines or exercise-induced dopamine 
release,40 leading to dilation of the arterioles and reduced blood pressure. 
Plasma renin levels are mostly unchanged with physical activity despite a 
reduced blood pressure. An interesting finding is an attenuated exercise-
mediated antihypertensive response in people with hypertension who 
have higher levels of renin (i.e., renin-mediated hypertension).35,41 This 
is probably due to physical activity’s primary volume-mediated effect in 

  

  

  

Physical activity/exercise

Dopamine Prostaglandin E
Taurine
Insulin

Diuresis Ouabain

Plasma volume Calcium influx Norepinephrine

Cardiac output Vascular resistance

Blood pressure

Figure 7.1  Mechanism of physical activity mediating reduction in blood pressure.
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lowering blood pressure. Physical activity is a V (volume)-type method of 
treating hypertension.

The 2008 Physical Activity Guidelines for Americans recommends 
appropriate prescription of physical activity based on age and physical 
and medical status.4 These guidelines are similar to those of the American 
College of Sports Medicine and the American Heart Association.5 They 
are intended for all people 6 years of age and older. The minimum recom-
mended amount of physical activity is 500 MET minutes each week, which 
is enough to achieve significant benefit in most of the health-related areas 
discussed earlier. Aerobic-type activity is the primary focus, although 
muscle- and bone-strengthening activities also are recommended. The 
intensity of physical activity can be determined with either the absolute 
scale using METs or with the relative scale measured from 0 to 10. The rec-
ommended minimum dose for adults between the ages of 18 and 64 years 
is 150 minutes (2 hours, 30 minutes) of moderate-intensity aerobic physical 
activity each week. Because vigorous-intensity aerobic physical activity 
is equivalent to twice that of moderate intensity, 75 minutes (1 hour, 15 
minutes) of this activity each week would be sufficient. A combination of 
moderate- and vigorous-intensity physical activity also is acceptable as 
long as it adds up to the minimum required amount. For example, 1 hour 
of moderate-intensity physical activity and 45 minutes of vigorous-inten-
sity physical activity would suffice. Of course, additional activity is pre-
ferred as health benefits continue to accrue. It should be spread through at 
least 3 days of the week and each interval should last for at least 10 min-
utes. Routine office physical activity, such as walking up a few flights of 
stairs or intermittently carrying objects, does not count toward this total. 
Moderate- or high-intensity muscle-strengthening activities, which work 
most muscle groups of the body, should also be done at least twice a week. 
The guidelines for adults aged 65 and older are the same as for younger 
adults, although care should be taken in those with physical or medical 
limitations so as not to exceed their level of fitness. Balance-improving 
exercises should be done in individuals at risk of falling. Pregnant women 
also should perform at least 150 minutes of aerobic physical activity each 
week, but should avoid exercises requiring lying on the back. Children 
and adolescents require significantly higher doses of physical activity, 
which is probably the reason they were made with so much innate energy. 
A minimum of 60 minutes (1 hour) of either moderate- or vigorous-inten-
sity aerobic physical activity each day is suggested, with the latter being 
included on at least 3 of these days. Playground activities such as run-
ning, hopping, and jumping rope are acceptable forms of aerobic exercise. 
Muscle-strengthening activities, such as climbing trees or playing tug-
of-war, should be performed on at least 3 days of the week as part of the 
60-minute total. Bone-strengthening activities such as playing basketball 
or running also should be included at least 3 times a week. Of course, 
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these recommendations are the minimum prescribed dose and adding 
time will garner further health benefits.

Relaxation therapy
Psychosocial stress significantly affects our emotional and physical state 
of well-being. It can arise from acute events such as job loss, family distur-
bances, or bereavement, or from chronic causes such as depression, anxi-
ety disorders, phobias, or anger disorders. Psychosocial stress has medical 
consequences due to its strong correlation with cardiovascular disease and 
hypertension. Stress has significance even in early life because adverse 
childhood experiences such as abuse and neglect predict future risk of car-
diovascular disease.42 INTERHEART, a global study involving thousands 
of adults, showed a significant association between psychosocial stress and 
myocardial infarction.43 Another example of a reported increase in cardiac 
events is occurring within a 50-mile radius of the World Trade Center 
during the months following the September 11, 2001, terrorist attack.44 
Increased risk of stroke also is associated with psychosocial stress,45 and 
anxiety disorders such as phobic anxiety correlate with increased risk of 
developing cardiovascular disease.46,47 Chronic depression is not only more 
common in people with cardiovascular disease but is also an independent 
risk factor for its development.48 Propensity to anger also independently 
predicts cardiovascular disease.49 Although acute stress events such as job 
loss may transiently elevate the blood pressure, they are not likely to cause 
chronic hypertension in the same way chronic stress does.50

It is assumed that promoting relaxation therapy would improve car-
diovascular health and blood pressure would be lower. There are a vari-
ety of techniques that help to reduce stress and promote relaxation. They 
work primarily by maintaining a mental or physical focus on either an 
endogenous or exogenous object. Many techniques carefully regulate 
breathing patterns, which has an unusually potent effect. Some meth-
ods such as transcendental meditation, Zen yoga, and Hatha yoga have 
origins in ancient religious philosophy. Newer approaches, such as auto-
genic training and progressive relaxation, focus on body awareness and 
relaxation. Biofeedback is a unique method that combines relaxation 
techniques with various physical body inputs. An example is the use of a 
thermal finger sensor to feed information back to a person to induce relax-
ation. Fingertip temperature is a good marker of the degree of relaxation, 
as relaxation causes blood vessels to dilate with subsequent increase in 
blood flow to the fingertips and temperature elevation. As blood pressure 
also is reduced with vessel dilation, fingertip temperature is a good gauge 
of blood pressure as well. An individual can be trained to use these meth-
ods in conjunction with relaxation techniques in order to lower blood 
pressure. It usually requires significant work with a skilled biofeedback 



115Chapter seven:  Physical activity, relaxation techniques, and acupuncture

© 2010 Taylor & Francis Group, LLC

therapist and can take many sessions to master, although once learned 
can be done at home without the need for biofeedback input.

Despite the clear association of stress with cardiovascular disease 
and hypertension, evidence that relaxation therapy ameliorates these 
conditions is less convincing, although it probably is effective. Much of 
the ambiguity arises from lack of scientifically rigorous and long-term 
studies. A particular issue with blood pressure studies is the use of clinic 
or office blood pressure as the target measurement, as these studies are 
particularly prone to bias from a white-coat effect. Because this effect is 
a stress-mediated process, it is difficult to sort the true effects of relax-
ation therapy, as it may just be correcting a white-coat effect. Many stud-
ies provide clever sham therapies in the control group, but it is difficult 
to completely eliminate the effect. The use of ambulatory or home blood 
pressure monitoring would avoid this problem, but unfortunately few 
studies choose this as their end point. Despite the difficulties, the evi-
dence is still convincing that relaxation therapy is protective of cardio-
vascular disease.51–53 There is also evidence that it lowers blood pressure 
with a reduction of 5/3 mm Hg being shown in people with hypertension, 
although the true value would likely be smaller if adequate placebo and 
sham effects were taken into account.54

There is a unique device called the Resperate, which lowers blood 
pressure through breathing guided biofeedback. It does not require train-
ing with a professional as do other relaxation and biofeedback techniques 
and, unlike most other techniques, it has been studied with adequate 
controls. It is approved by the U.S. Food and Drug Administration (FDA) 
for treatment of hypertension. Respiration patterns and rates seem to be 
closely associated with psychosocial relaxation and consequently blood 
pressure. For this reason, many meditative techniques focus on breath-
ing patterns. Respiration affects regional blood flow and blood pres-
sure throughout the body, which varies during the different parts of the 
breathing cycle.55 As mentioned in Chapter 2, blood pressure is regulated 
partly by input from various baroreceptors, which sense blood pressure 
changes, and from chemoreceptors, which sense changes in the levels of 
blood chemicals such as oxygen and carbon dioxide. These receptors are 
stimulated differently during the parts of the breathing cycle and they 
regulate the sympathetic nervous system, subsequently altering blood 
vessel tone and blood pressure. Slower respiration rates with a prolonged 
expiration phase cause reduction in sympathetic nervous system output 
and lower blood pressure. The Resperate device trains individuals to 
reduce their respiratory rates to less than 10 breaths per minute. A rate 
of 6 breaths per minute is of special significance as it may synchronize 
with the spontaneous fluctuation pattern of the baroreceptors and che-
moreceptors, called Mayer waves. The components of the device include 
a belt with a respiration sensor that fits around the chest, a computer that 
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senses the respiration rate, and a headphone that sends peaceful tones 
to the user to guide breathing rates and patterns. The computer gener-
ates varied pitched tones for inspiration and expiration and slowly trains 
users to prolong their expiration phase and slow their breathing rate. 
Suggested treatment comprises 15-minute sessions on most days of the 
week. Most of the effect on blood pressure occurs by the fourth week of 
use. The manufacturer claims a reduction in systolic/diastolic office blood 
pressure of 14/8 mm Hg in people with hypertension compared with 9/4 
mm Hg in control groups. Home blood pressure is reduced by 5/3 mm 
Hg compared with no response in control groups.56 The device can be 
purchased through the Internet and although somewhat expensive, it is 
cheaper than the multiple sessions of relaxation therapy needed to master 
other techniques and certainly cheaper than lifelong use of medication.

The mechanism by which relaxation therapy lowers blood pressure 
involves reduction in sympathetic nervous system output.57 This causes 
dilation of the blood vessels and lowers levels of renin and aldosterone 
through decreased nervous system input to the kidneys and adrenal 
glands.58 Therefore, it is a mixed V- and R (renin)-type method of lowering 
blood pressure. A major drawback of relaxation therapies is that many of 
the techniques are time consuming, requiring multiple and lengthy prac-
tice each day. Given the questionable benefit in lowering blood pressure 
along with the typical time constraints in modern society, it is difficult 
to recommend most of these techniques, especially if an individual uses 
them to replace efforts to achieve other goals such as healthy eating and 
adequate physical activity. The Resperate device is an exception as its ben-
efit is more clearly proven and it only requires one short session several 
times a week, although more use would provide additional benefit.

Acupuncture
Acupuncture is a part of traditional Chinese medicine with origins as far 
back as 4000 years. It was codified in the medical text Haungdi Neijing, 
translated as “The Yellow Emperor’s Inner Canon,” written approximately 
in the 2nd century BCE. Although the form of acupuncture used today 
originated in China, there may have been coincidental use in both Europe 
and Egypt, as evidenced by specific skin markings found in well-pre-
served remains of people living in these regions as far back as 5000 years 
ago. The term “acupuncture” is derived from the Latin word acu, defined 
as “with a needle,” and the English word puncture. Fine needles, usually 
made of stainless steel, are inserted under the skin at various locations 
in the body. Earlier forms of acupuncture used sharpened stone, bone, or 
bamboo. Variants of acupuncture include acupressure, electroacupunc-
ture, moxibustion, and cupping. In moxibustion, dried moxa leaves are 
attached to the end of an acupuncture needle and then burned sending 
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heat to the needle tip and adding efficacy. The theory behind acupunc-
ture is quite detailed and of comparable complexity to Western medicine, 
requiring many years of study to understand and adequately master. 
According to traditional Chinese medicine, a ubiquitous life force known 
as chi, which is present throughout the world, is channeled through the 
body along linear tracks beneath the skin surface known as meridians. 
For example, the lung meridian starts at the shoulder and tracks down to 
the distal part of the thumb. The purpose of acupuncture is to restore the 
proper flow of chi in the meridians and the body, which is achieved by 
stimulating various acupuncture points along the meridians. There are 
12 symmetric pairs of meridians and 2 additional unpaired ones. Each 
meridian is usually associated with a major organ, such as the lungs, the 
heart, and the kidneys. Chi is transferred to and from the organs via the 
meridians, somewhat analogous to the circulatory system that circulates 
blood. The meridians also have interconnecting points that allow chi to 
pass between them. There are different types of chi such as protective chi, 
harmful chi, nourishing chi, clean chi, and waste chi. Traditional Chinese 
medicine also assigns a yin or yang quality to chi, the meridians, and the 
body organs. A yin quality is often more docile, relating to elements such 
as cold and quiet, whereas a yang quality is hot and active. The health 
of a person is maintained by having proper balance of chi throughout 
the meridians and the body. When an imbalance occurs, such as from 
a disruption or deficiency of chi in a meridian, it can in itself cause ill-
ness or make the body more susceptible to harmful external chi and ill-
ness. Diagnosis of disease is important in traditional Chinese medicine 
and requires careful inspection of physical signs such as the character 
of the pulse and tongue, complexion, skin texture, voice, and odor. A 
detailed history of habits such as eating, sleeping, and body excretions is 
also sought. This is akin to the physical exam taught in Western medical 
schools, an underpracticed art. It is a truly holistic approach.

From the perspective of a Western-trained physician, the principles 
of traditional Chinese medicine may seem unreal. I admit these were my 
sentiments when first reading about acupuncture. However, it reminded 
me of an experience I had as a graduate student while studying toward 
my doctoral thesis. My research was in the field of laser spectroscopy and 
I studied the energy states of small radical molecules. As part of my dis-
sertation, I built a machine called a photoelectron spectrometer, which 
measured the flow of electrons released from these molecules after being 
bombarded with a high-energy laser pulse. The test molecule was nitric 
oxide, as it had properties favorable for the calibration of the machine. 
I remember being struck by a sense of awe on the first day of success-
fully measuring these electron flows. After all, electrons are subatomic 
particles, which have never actually been seen or trapped. They are only 
part of a theoretical model, yet there they were appearing as a signal on 
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my oscilloscope. In a similar way, the supernatural forces of traditional 
Chinese medicine are also part of a constructed theory and as acupunc-
ture has helped billions of people spanning many generations and cul-
tures, it too deserves credit and respect.

Although traditional Chinese medicine and acupuncture were first 
introduced into Western society in the 17th century, they did not become 
popular until the later part of the 20th century, in part due to the change 
in policy toward China initiated during the Nixon administration. The 
World Health Organization sponsored a multicultural seminar on acu-
puncture in 1979, which endorsed potential treatments of many illnesses 
including neurological, respiratory, gastrointestinal, and oral disorders, 
although these claims were based primarily on anecdotal experience rather 
than controlled clinical trials. In 1997, the National Institutes of Health 
sponsored a conference on the medical uses of acupuncture, which more 
carefully examined the medical literature.59 They recognized an overall 
lack of adequate studies in support of efficacy for most illnesses treated 
by acupuncture, although there was sufficient evidence for treatment of 
nausea and dental pain. These findings led to recognition of the need for 
more scientific research into the efficacy of acupuncture. Although there 
are many Western medical studies supporting the role of acupuncture in 
treating pain disorders, there is a paucity of studies in support of treat-
ing cardiovascular disease. A few studies suggest improved symptoms 
in people with angina pectoris60,61 and animal studies show improvement 
of myocardial ischemia.62 The treatment of hypertension is better stud-
ied, as several large and credible studies are reported. Unfortunately, the 
findings are not consistent; some support the use of acupuncture to treat 
hypertension with a modest reduction in systolic/diastolic blood pres-
sure of 6/4 mm Hg,63 whereas others do not.64,65 The effect also is not long 
lasting and the blood pressure tends to revert back to its original level 
without continued acupuncture treatments. Clearly, more clinical trials 
are still needed to determine a genuine effect.66

The mechanisms by which acupuncture regulates the cardiovascular 
system and treats pain probably involves enhanced production of brain 
opioids.67 Two such opioid classes, the endorphins and the enkephalins, 
act on specific regions of the brain and reduce overall sympathetic ner-
vous system output.68 Studies show both increased nitric oxide levels69 
and reduced renin levels,70 most likely due to direct reduction in sympa-
thetic nervous system output. Consequent vasodilation of the vessels and 
reduced blood pressure then may occur. Acupuncture would therefore be 
a mixed V- and R-type method of lowering blood pressure. However, as 
the substantiating data of its efficacy in lowering blood pressure has not 
been clearly established in accord with Western scientific standards and 
its implementation is both costly and time consuming, it is difficult at this 
time to recommend its use in treating hypertension. Perhaps the main 
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problem is in trying to characterize acupuncture in terms of Western 
medicine, which is like comparing apples with oranges. Still, it is a safe 
technique and billions of people seemed to have benefited from it.
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chapter eight

Dietary (nonpharmaceutical) 
supplements
The role of dietary supplements in health maintenance has become promi-
nent and regarded. They significantly add to the available methods of treat-
ing disease and in maintaining health. Its expanding scope is appreciated 
by the ever-increasing promotion in media outlets such as television, radio, 
and the Internet, and by anyone visiting their local pharmacy or vitamin 
superstore. The available products far outnumber the standard drugs used 
by clinicians. They are commonly promoted as natural and healthy alter-
natives to standard drugs. However, for several reasons, they should be 
regarded with caution. As opposed to standard drugs, they do not have 
the classification of pharmaceutical agents, and therefore in most countries 
are not regulated by governmental medical agencies. In the United States, 
they are not regulated by the Food and Drug Administration, which has 
rather strict guidelines for standard pharmaceutical products. As such, the 
quality of these products varies depending on the manufacturer, and often 
the labeled dose of the active ingredient is inaccurate. More concerning is 
contamination with toxic substances such as heavy metals. Lead, mercury, 
and arsenic are commonly found in Ayurvedic medicines1 and various 
other toxins are well described.2 Unfortunately, dietary supplements do 
not need to list these toxic components on their labels. Data from NHANES 
shows elevated levels of lead in those using herbal supplements.3 Dietary 
supplements are often marketed as natural and therefore safe and healthy 
products, yet the doses of many extracts are equivalent to several folds, 
sometimes several thousand folds, the concentration of the product in its 
raw form. This clearly is not natural. Finally, for many products, the sup-
porting scientific data is limited and often anecdotal. Fortunately, agen-
cies such as the U.S. Pharmacopeial (USP) Verification Program verify the 
doses and safety of these products and it is advisable to use products under 
their supervision. They are clearly marked as “USP verified.” Last, dietary 
supplements should be regarded, as suggested by its name, as supplements 
only. They are not a replacement to pharmaceutical agents or to healthy 
lifestyle and dietary measures.

This chapter will describe several well regarded dietary supplements, 
which have a reasonable breadth of supporting scientific evidence and 
time-honored use.
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L-arginine
L-arginine is an amino acid found in human protein. It is considered a 
nonessential amino acid, as the body can synthesize adequate amounts, 
but a substantial amount is obtained from the diet as well. Although it is 
a constituent of protein, it is also a component of the urea cycle and serves 
as a precursor molecule in creatine synthesis. L-arginine is important to 
endothelial function as the sole precursor of nitric oxide (NO). Since the 
1980s, NO has received much attention for its importance in human physi-
ology. The Nobel Prize in medicine was awarded in 1998 to the research-
ers who first described its function.

Figure 8.1 describes the conversion of L-arginine to NO, which is cata-
lyzed by the enzyme nitric oxide synthase (NOS). This process occurs in 
all cells, although is of particular importance in endothelial cells and the 
juxtaglomelular apparatus cells of the kidney. In human physiology, there 
are two types of endothelial NO synthases, eNOS and iNOS. The former 
is a constitutive enzyme that continuously produces low levels of NO 
independent of physiologic need, whereas iNOS is a high-flux enzyme 
that generates large amounts of NO and is present during states of stress 
and inflammation such as in atherosclerotic plaque or infection. NO also 
mediates vasodilation of the blood vessels and therefore has the potential 
to lower blood pressure.

Many have hypothesized that L-arginine supplementation will 
improve endothelial function, cardiovascular health, and lower blood 
pressure, largely through its ability to produce NO. Much research has 
been conducted, although the findings have been inconclusive and incon-
sistent. A possible explanation for these inconsistencies may be due to the 
types of people included in the studies, as some included healthy sub-
jects and others included subjects with various cardiovascular risk factors 
and illness. A more consistent response to L-arginine supplementation 
is observed if studies are classified according to the level of endothelial 
dysfunction of its subjects. Division into three broad groups is sufficient: 
(1) healthy people with normal endothelial function; (2) people with mild-
to-moderate endothelial dysfunction, such as those with hypertension, 
hypercholesterolemia, diabetes, mild coronary artery disease, and the 
elderly; and (3) people with severe endothelial dysfunction such as those 
with significant atherosclerosis or severe heart disease. Studies of healthy 

L-arginine NO + citrulline

Nitric oxide

Synthase (NOS)

Figure 8.1  Nitric-oxide-synthase-mediated synthesis of nitric oxide.
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individuals (group 1)4,5 and of those with severe endothelial dysfunction 
(group 3)6,7 often do not show benefit from L-arginine supplementation. 
However, individuals with mild-to-moderate endothelial dysfunction 
(group 2) have shown improved function and amelioration of their under-
lying disease states in response to supplementation. Examples of group 
2 populations that benefited are individuals with hypercholesterolemia,8 
relatively young people with stable coronary artery disease,9 people with 
congestive heart failure but no signs of atherosclerosis or other cardiovas-
cular risk factors,10 and the elderly.11 A description of the kinetic models 
of NO synthesis and the chemistry involved in endothelial dysfunction 
is needed to help appreciate these observations. Figure  8.2 describes 
the mechanisms involved. Surprisingly, there is an apparent excess of 
L-arginine within tissue, as its physiologic cellular concentration is about 
25 to 30 times higher than the capacity of the enzyme eNOS to convert 
it to NO. Therefore, the limiting factor in NO production is from levels 
of the enzyme rather than the substrate. This may explain why healthy 
people with normal endothelial function do not benefit from L-arginine 
supplementation: they are already maximally producing NO. However, 
it does not explain why supplementation improves NO production and 
endothelial function in those with underlying endothelial dysfunction. 
This dilemma is known as the L-arginine paradox, because these indi-
viduals also should be maximally producing NO. A possible explanation 
may come from involvement of a similar molecule called asymmetric 
dimethylarginine (ADMA). Because elevated levels of ADMA are found 
in disease states such as hypercholesterolemia, hypertension, kidney dis-
ease, and cardiovascular disease, it is considered a marker of endothelial 

Healthy endothelial
function

Mild–moderate
endothelial dysfunction

Severe endothelial
dysfunction

L-arginine L-arginine L-arginine iNOS

No change in nitric
oxide levels

Inhibits ADMA High levels of nitric oxide
and superoxide anions

Improved eNOS activity

Peroxynitrite production

Increased nitric oxide
production

No improvement in
endothelial function

Improved endothelial
function

No change or worsened
endothelial function

Figure 8.2  Effect of L-arginine on endothelial function.
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dysfunction.12,13 It is a competitive inhibitor of the enzyme eNOS and 
therefore interferes with the conversion of L-arginine to NO. In disease 
states, where ADMA levels are elevated, the conversion rate of L-arginine 
to NO is slowed, causing further endothelial dysfunction. L-arginine is 
an antagonist of ADMA, suppressing its inhibitory effect on eNOS and 
consequently increasing NO production.14 Therefore, in states of endo-
thelial dysfunction that are worsened by ADMA, L-arginine may reverse 
the process. Although this may explain why L-arginine supplementation 
improves endothelial function in those with mild-to-moderate endothe-
lial dysfunction, it does not explain the lack of improvement in those with 
more severe dysfunction. In fact, it even may be harmful, as reported in 
a study of people with recent myocardial infarction who had higher mor-
tality rates after receiving L-arginine supplements.7 A possible explana-
tion may be that levels of iNOS, the other NO synthase, are increased 
in the endothelium of people with severe atherosclerosis and severe sys-
temic inflammation.15 Similar to eNOS, it converts L-arginine to NO and 
citrulline, but it achieves this conversion more rapidly and efficiently. 
This creates a milieu of high levels of NO and other toxic radicals, such as 
superoxide anion, in atherosclerotic plaque. This mix of radical molecules 
will form toxic peroxynitrites that promote local tissue damage and ath-
erosclerosis and may even inactivate eNOS. Therefore, supplementation 
of L-arginine may cause too much NO production and cause untoward 
effects in states of severe endothelial dysfunction. An additional factor 
may be the synthesis of creatine, which also uses L-arginine as its precur-
sor molecule and produces homocysteine as a byproduct; homocysteine 
itself may be an independent cardiovascular risk factor. In summary, this 
may explain why supplementation of L-arginine in states of severe endo-
thelial dysfunction may not be beneficial and may even be harmful.

Based on this model, most people with hypertension who have mild-
to-moderate endothelial dysfunction would benefit from L-arginine 
supplementation. There are only a few studies that measure the effects 
of such supplementation on blood pressure. Although some show blood 
pressure reduction in healthy people with normal blood pressure,16 the 
effect is more pronounced in those with hypertension.17,18 The primary 
mechanism of lowering blood pressure is vasodilation due to increased 
NO levels.19 Additional contributions may arise from the effects of NO on 
the kidneys, specifically on the juxtaglomerular apparatus that regulates 
the tubuloglomerular feedback system and controls filtration rates20 and 
the amount of tubular retention of salt and water,21 which cause diuresis. 
A third, but less significant cause is inhibition of the angiotensin-convert-
ing enzyme (ACE).22 NO also may have a minimal direct role in stimulat-
ing renin secretion.23 Overall, L-arginine supplementation has minimal 
effect on renin levels24,25 and is therefore a V (volume)-type method of 
treating hypertension.
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Although L-arginine supplementation appears promising in treat-
ing hypertension, especially salt-mediated hypertension, a major draw-
back to its use is the need for daily intake of many pills to be effective. 
Studied doses vary from 9 to 21 grams a day, usually divided into three 
doses, and considering that each tablet is typically 500 mg this would 
require a patient to take 18 to 42 pills a day. Such high doses are needed 
because L-arginine has a short half-life (about 1 hour), and most of the 
drug is metabolized within a few hours. A sustained-released formula-
tion is available, typically in a 350 mg tablet form, and the use of three 
tablets (1050 mg) twice daily has been shown to reduce systolic/diastolic 
blood pressure by 11/5 mm Hg in people with hypertension.17 This would 
require taking six pills each day, which is still difficult to recommend as 
primary treatment. Increased dietary intake of L-arginine also has shown 
benefit.16 Fish such as tuna and salmon have high levels as do nuts such as 
peanuts, almonds, sunflower seeds, and walnuts. Incorporation of these 
foods into the diet is good practice.

Coenzyme Q10

Coenzyme Q10 (CoQ10) is an endogenously produced substance. It is also 
called ubiquinone because of its ubiquitous presence in all human cells, 
mostly within the mitochondrial organelles. Its primary function is to 
facilitate electron transfer within the mitochondrial electron transport 
chain, making it an integral part of aerobic respiration and production of 
adenosine triphosphate (ATP). It is also an antioxidant and is protective 
of lipid peroxidation and from radical-induced degradation of cellular 
membranes, which cause atherosclerosis and endothelial dysfunction. 
It is produced in sufficient quantity in healthy people, and therefore is 
technically not a vitamin but rather a vitamin-like substance. Its synthe-
sis shares precursor molecules and chemical pathways with cholesterol 
synthesis as these two substances are biologically linked. Therefore, 
CoQ10 deficiency may occur with use of statin drugs, which block both 
cholesterol and CoQ10 production,26,27 although this finding is debated.28 
Levels also decrease with age29 and with exposure to ultraviolet light 
and sunlight.30

The role of CoQ10 in health is mostly studied vis-à-vis its effects on 
cardiovascular disease. This is not surprising given its prominent role in 
aerobic respiration and its antioxidant properties. CoQ10 levels in heart 
tissue are reduced in people with heart disease, especially in those with 
advanced stages of heart failure.31 Studies have shown benefit from its use 
as adjunctive therapy to conventional heart failure treatment. Improved 
clinical signs and symptoms such as reduced peripheral edema, pulmo-
nary edema, insomnia, and palpitations,32,33 as well as improved objec-
tive findings such as increases in cardiac output and cardiac ejection 
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fraction34 have been reported. However, other and perhaps more recent 
studies do not support these beneficial effects.35,36 CoQ10 supplementation 
is likely to benefit people with heart failure, although more convincing tri-
als are still needed. Several small studies suggest a protective effect from 
angina symptoms.37 Daily supplements following a myocardial infarction 
also may minimize the risk of subsequent cardiac events.38 Tissue levels 
of CoQ10 also may be reduced in people with hypertension.39 Studies on 
the effect of CoQ10 supplementation in hypertension appear to be more 
conclusive than the cardiovascular studies. Doses of about 100 mg per 
day may lower systolic/diastolic blood pressure by 11–17/7–10 mm Hg in 
people with hypertension.40,41 CoQ10 may also improve glycemic control 
in people with diabetes,42 slow progression of symptoms in Parkinson’s 
disease,43 ameliorate the frequency and severity of migraine headaches,44 
and facilitate treatment of some cancers.45

The mechanisms in which CoQ10 affects disease are multifactorial. As 
previously discussed, its primary function of enhancing aerobic respira-
tion and ATP production helps in treating cardiac diseases. It also has anti-
radical properties that minimize lipid peroxidation and radical-induced 
degradation of cellular membranes that cause both atherosclerosis and 
endothelial dysfunction. Improved endothelial function contributes to its 
blood-pressure-lowering effect by causing vasodilation.41 Plasma renin 
levels are not affected.46 CoQ10 supplementation is therefore a V-type 
method of treating hypertension.

The side effects of CoQ10 supplementation are minimal, with mild 
gastrointestinal discomfort occurring in less than 1% of individuals.47 
Because reduced anticoagulant efficacy has been reported, it may be prob-
lematic in people taking warfarin (Coumadin),48 and insufficient data is 
available to recommend its use in pregnant women or in children. A dose 
of 100 mg per day has been shown to be adequate in providing most car-
diovascular and blood-pressure-lowering benefits, although higher doses 
may be needed to treat other diseases. It has a relatively long half-life, 
enabling once-daily dosing. CoQ10 is poorly absorbed through the gas-
trointestinal tract because it has unfavorable water- and lipid-solubility 
properties. Several clever drug vehicle formulations are available, but per-
haps the most efficient one is a type called Q-gel.49 Although CoQ10 can 
be obtained naturally from foods, specifically from meat, fish, and some 
oils, it would require excessive consumption to adequately replete tissue 
stores, as a typical dietary intake is only 3 to 6 mg per day.50 Although 
blood serum levels can be measured in commercial laboratories, these 
values are of limited use because the true effect of CoQ10 more accurately 
depends on tissue levels. For those with hypertension or heart disease, a 
reasonable daily supplementation is 100 mg. It takes from 4 to 12 weeks 
for its full effect to be realized. Despite being more effective in nonrenin-
mediated hypertension, it can be recommended for everyone, given its 
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relatively benign character and the fact that most hypertension is of a 
mixed renin and nonrenin type.

Garlic (Allium sativum)
Garlic has had rich societal, culinary, religious, and medicinal roles in 
many cultures over the centuries. Its use is noted in Sanskrit records from 
some 5000 years ago, and it plays an important role in traditional Chinese 
medicine as well as those of the ancient Egyptian, Greek, and Roman cul-
tures. In the 19th century, Louis Pasteur observed an antibacterial effect of 
garlic and it was used as an antiseptic during World Wars I and II.51 Since 
the 1960s, garlic has gained popularity in scientific research and a multi-
tude of studies have been performed. Although it is highly touted for its 
cardiovascular benefits, relatively few studies directly examine its role in 
prevention and treatment of heart disease. Instead, most focus on cardio-
vascular risk factors such as cholesterol levels, fibrinolytic activity, plate-
let aggregation activity, atherosclerosis, diabetes, and hypertension. The 
majority of studies focus on lipid levels, and although results are mixed 
and often contradictory, garlic probably does lower total cholesterol, low-
density lipoprotein (LDL) cholesterol, and triglyceride levels.52,53 Increased 
fibrinolytic activity and decreased platelet aggregation also have been 
demonstrated,52,53 which theoretically reduce atherosclerosis and acute 
cardiovascular events. Prevention and even regression of atherosclero-
sis has been shown as well.54,55 Reduced risks of developing colorectal 
and stomach cancer56,57 and even prevention of the common cold58 have 
been suggested. Studies on the effect of garlic supplementation on blood 
pressure have mixed results, but there is a probable lowering effect in 
people with hypertension.59,60 A reduction in systolic/diastolic pressure 
of 8–16/7–9 mm Hg has been reported,59,60 which is comparable to most 
commercial medications, although the robustness of this claim is ques-
tionable. Much of the problem stems from a lack of studies of adequate 
scientific rigor and quality.61 Equally important is a lack of uniformity in 
the type of garlic supplement used, as there are many formulations. It 
can be consumed raw or as commercial supplements such as garlic pow-
der tablets, aged garlic extract (AGE), or various oil-based extract formu-
lations. Garlic contains several putative biologically active agents, which 
differ in quantity depending on the supplement. Different types of garlic, 
such as wild versus cultivated garlic, also contain different ratios of these 
compounds. The most well-regarded active compound is a sulfur-based 
thiosulfinate called allicin, which is rapidly produced from the conver-
sion of alliin by the enzyme alliinase (see Figure 8.3). Although many feel 
it is the most important active agent in garlic, this is questionable due to 
its very low bioavailability and the extensive degradation it undergoes in 
the liver prior to absorption into the circulation.62 Other compounds such 
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as S-allylcysteine found in AGE also may contribute effect and may be 
more efficacious in lowering blood pressure and cholesterol levels.52 For 
all these reasons, it is difficult to accurately determine the effect of garlic 
supplementation.

The mechanism by which garlic supplementation lowers blood pres-
sure is multifaceted. It has been shown to inhibit ACE,63 as well as to cause 
vasodilation via NO-dependent64,65 and independent mechanisms.66 It 
therefore has mixed R (renin)- and V-type properties in lowering blood 
pressure. Typical daily doses would be either 4 g (roughly two cloves) of 
raw garlic, which must be crushed or chewed; dried garlic tablets (typi-
cally 300 mg/1.3% alliin) taken three times daily; or 7.2 grams of AGE.51 
However, in light of all the misgivings it is difficult to recommend it as a 
primary treatment of hypertension.

Polyphenols
Polyphenols are a group of organic-chemical compounds found in plants. 
Several hundred have been identified in edible plants, although many 
more exist within the plant kingdom.67 They have many biological and 
medicinal effects, in part due to their antioxidant properties and involve-
ment in enzymatic processes. Historically, they have not received the 
regard given to vitamins and minerals, although they are slowly gaining 
acceptance as an important part of the diet. Four groups of polyphenols, 
based on chemical structure, are of importance: the flavonoids, the stil-
benes, the phenolic acids, and the lignans. Within each group there are 
many subgroups of individual molecules. Lists of polyphenol contents 
for individual foods are available, although their accuracy is uncertain 
because the amounts may vary depending on factors such as location of 
harvest, type of cultivation, and degree of ripeness. Furthermore, differ-
ences in digestive ability and types of food preparations (e.g., cooking and 
processing) also alter its bioavailability. It is difficult, therefore, to char-
acterize the contribution of polyphenol to health. Among the polyphenol 
groups, the flavonoids have received the most attention and often serve as 
a representative of all polyphenols with regard to medical benefit. Several 
well-regarded studies have suggested their consumption provides protec-
tion from cardiovascular disease68–70 and stroke.71 Despite further classi-
fication into individual molecules, most medical studies focus on specific 
foods, which are often rich in various types of polyphenols. Soy protein, 
cocoa, tea, and red wine are a few of the more often-cited foods, each 
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Figure 8.3  Alliinase-mediated synthesis of allicin.
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representing a unique blend of polyphenol compounds, and a review of 
them is worthwhile.

Soy protein
Soy protein is a good source of a flavonoid subgroup called the isoflavones. 
It contains three important isoflavone compounds—genistein, daidzein, 
and glycitein—although a fourth compound called equol is produced 
from daidzein by the microflora (bacteria) in the intestines (Figure 8.4). 
Soy protein and the isoflavones have received much attention relating to 
their ability to modify cardiovascular risk factors. Observational stud-
ies in Japan and other Asian countries, where large amounts of soy are 
consumed, show reduced rates of cardiovascular disease. The isoflavones 
are structurally similar to estrogen and can bind to estrogen receptors 
at physiologic doses. A prevalent theory is that pro-estrogen effects are 
in part responsible for these results, similar to the beneficial effects of 
hormone replacement therapy. Modification of cholesterol levels is the 
most commonly studied parameter and an important meta-analysis 
from 1995 suggested ingestion of soy protein results in large reductions 
in LDL, triglycerides, and total cholesterol levels.72 Based on these pre-
liminary observations the FDA, in 1999, approved the labeling of foods 
with soy protein as being protective of coronary heart disease. In 2000, the 
American Heart Association (AHA) also recommended its consumption. 
However, several studies since then have reported more modest reduc-
tion in cholesterol levels,73,74 and some even suggest that the isoflavones 
are not even the active ingredients in soy protein.75 Other theories suggest 
that the unique mix of amino acids or the specific amino acid sequences 
within soy protein are the causative factors.76 This led the AHA to modify 
its statement about the benefits of soy protein in 2006.77 Aside from effects 
on cholesterol levels, soy protein and isoflavones also have been associ-
ated with prevention of LDL oxidation,78 reduced platelet aggregation,79 
and diminished rates of atherosclerosis in animal studies.80 Protection 
from breast cancer81 and amelioration of hot flushes in postmenopausal 
women82 also have been reported.

Studies of soy intake on blood pressure show varied results ranging 
from robust effects83,84 to none at all.85 There is likely a small lowering 
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of systolic/diastolic blood pressure of about 3/2 mm Hg, from either soy 
protein isolate or isoflavone extract.86 A larger reduction may be expected 
in people with hypertension. Mechanisms by which soy reduces blood 
pressure include inhibition of ACE,87 diuresis,88 and vasodilation via pro-
duction of NO.89 No clearly dominant pathway is yet characterized and 
therefore soy protein consumption is considered a mixed R- and V-type 
method of lowering blood pressure. A significant drawback observed in 
most studies is that large quantities of soy protein, typically 50 g a day, 
were consumed in order to confer benefit. For many people this equates 
to more than half of their daily protein intake, and especially in Western 
society where soy consumption is less common, this is not a reasonable 
expectation. As such, and given its modest medical effects, it is difficult to 
recommend soy protein as a primary treatment for hypertension.

Chocolate (cocoa, cacao)
Chocolate has important cultural and medicinal functions spanning 
many centuries and countries. Its origins are in the Mesoamerica region 
(roughly defined as Central America) with evidence of use some 3000 years 
ago by the Olmec civilization and subsequently by the Mayans and the 
Aztecs.90 With the Spanish conquest of the New World in the 16th century, 
it was introduced to Spain, and thereafter gained popularity throughout 
Europe. Although often used interchangeably, cacao, cocoa, and chocolate 
are actually distinct foods. Cacao is the partially processed seed of the 
theobroma cacao tree, consisting of both cocoa butter and cocoa solids. 
Cocoa is usually referred to as the solid or powder component of cacao, 
and chocolate itself is a mix of various proportions of cocoa butter and 
cocoa solids. The ancient Mesoamerican cultures consumed the beverage 
cacao, which in its natural form is quite bitter, unlike the often-sweetened 
forms adopted by Western society. The processing of cacao to modern-
day chocolate involves many steps that alter its nutrient content, making 
today’s product quite different from the traditional cacao beverage.

Chocolate is a good source of a flavonoid subgroup called the flava-
nols. Two flavanols, epicatechin and catechin, and their oligomers (i.e., 
larger molecules composed of several of these units linked together) are 
particularly abundant, and these compounds are considered to be the 
active medicinal components of chocolate (Figure  8.5). As the process-
ing of chocolate alters the flavanol content, it is instructive to understand 
these steps. Each cacao pod has many beans (or seeds) with surrounding 
pulp. The beans are separated and allowed to ferment—an important step 
in enhancing flavor. The beans are then dried, the pulp removed, and the 
beans roasted and cracked open to allow the inner part, called nibs, to be 
removed. Nibs are often sold in health food stores and contain roughly 
equal portions of cocoa solids and cocoa butter. The nibs are ground into 
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a liquid form (known as chocolate liquor), which can be separated into 
cocoa solids (or powder) and cocoa butter. Chocolate is made by mixing 
different amounts of cocoa solids and cocoa butter with other ingredients 
such as sugar, milk, and flavoring. Although each of these steps degrades 
the flavanol content, an optional step called the Dutch process, in which 
cacao is treated with alkali to mellow its flavor, has a particular impact.91 
As a result, the cocoa or chocolate that we know of today is different from 
the cacao beverage consumed by traditional Mesoamerican cultures and 
has far less nutritional value.

Much of the fanfare associated with the medicinal benefits of chocolate 
originates from a few epidemiologic studies. The famous Seven Countries 
Study included an elderly population in the Dutch city Zutphen in which 
cocoa intake was found to be associated with lower blood pressure and 
a lower mortality rate from cardiovascular disease.92 In another study of 
the indigenous Kuna Indians, who live in secluded islands off the coast of 
Panama, they were found to have a remarkably low rate of hypertension 
and cardiovascular disease despite consuming a relatively high-sodium 
diet. Tribesmen who migrated to the mainland did not share these health 
attributes. One of the differences between these two genetically similar 
groups is that the indigenous Kuna population consumed some 10-fold 
higher amounts of cocoa beverages compared with the migrated tribes-
men.93 More recent studies of chocolate consumption in both the United 
States and Sweden suggest protective effects from cardiovascular dis-
ease.94,95 Despite these suggestive associations between chocolate and 
cardiovascular health, no controlled studies have confirmed this effect 
directly; most have focused on cardiovascular disease risk factors such 
as lipid levels, endothelial function, inflammatory markers, platelet adhe-
sion properties, and blood pressure. Most studies show reduction in levels 
of total cholesterol and LDL cholesterol, and an increase in high-density 
lipoprotein (HDL) cholesterol.96,97 Studies also show improved endothe-
lial function with chocolate intake.98,99 Favorable changes in inflamma-
tory markers, such as reduced levels of oxidized LDL100,101 and alteration 
of cytokine levels, such as increases in plasma prostacyclin and reduc-
tion in plasma leukotrienes,102 also have been observed. Platelet adhesion, 
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an important component of plaque development and atherosclerosis, is 
also attenuated.103,104 Many studies measure the effect of chocolate on 
blood pressure, and although not uniformly agreed, a lowering effect 
has been observed in most. Typical reductions of 5/3 mm Hg105,106 were 
seen in the general population, although a bigger effect may be seen in 
people with hypertension.107 As suggested in several review articles, the 
main mechanism of blood pressure reduction is enhanced NO production 
with subsequent vasodilation.108–110 However, inhibition of ACE also may 
contribute.111 Chocolate consumption would therefore be predominantly 
a V-type method of lowering blood pressure, although an R- type compo-
nent also may exist.

Although the benefits of chocolate are real, it is difficult to quantify 
the effects. This is partly due to a lack of standardized quantity and type 
of chocolate used in the studies. For example, quantities range from as 
little as 6 g a day to as much as 100 g. The type of chocolate—dark, milk, 
or cocoa powder—and the manufacturers of the products also differ 
between studies. As previously stated, processing has a large impact on 
the nutrient value, and the flavanol content may vary from as little as 200 
mg to over 1000 mg. Unexpectedly, a dose effect was not observed as sev-
eral of the lower-dose studies had better outcomes. These problems have 
a broader implication because of the lack of standardization in chocolate 
manufacturing. Many of the purported higher-end products advertise 
their cacao percentage, which is the percent by weight of cacao bean prod-
ucts within the chocolate. However, they are not obliged to further frac-
tionate into the cocoa solid and cocoa butter components, which is most 
important from a medical viewpoint. For example, a 70% cacao chocolate 
bar may contain anywhere from 70% cocoa solids by weight and 0% cocoa 
butter to 0% cocoa solids and 70% cocoa butter. Because the cocoa sol-
ids contain the vital nutrients, it is impossible to compare the nutritional 
values of these products. To complicate matters further, other nutrients 
such as theobromine are found in cocoa and may also confer effect.112 

Furthermore, the frequency of chocolate consumption varies within the 
studies from only once daily intake to ingestion distributed throughout 
the day. This has relevance, as the plasma flavanol levels peak some 2 
hours after consumption but are mostly gone after 6 hours.113 Last, due to 
the cocoa butter component of chocolate, it is a high-caloric and fatty food 
that can be problematic for many people who suffer from cardiovascular 
disease and hypertension. The fat breakdown is about 60% from saturated 
fats (mostly stearic acid) and 40% from oleic acid, the monounsaturated fat 
found in olive oil. In its favor, stearic acid, despite being a saturated fat, 
has a relatively neutral effect on blood cholesterol levels,114,115 although it 
still is highly caloric. Cocoa powder is a healthier alternative as it is mostly 
devoid of fat, is low in calories, and is rich in flavanol nutrients. Of impor-
tance is finding products that are relatively unprocessed, and although 
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more expensive, higher-end cocoa powder from health food sites are a 
preferred choice. One such example is a product called CocoaVia pro-
duced by Mars Botanical, a division of Mars Incorporated (the maker of 
candy bars). They claim 350 mg of flavanols per serving of cocoa powder. 
They suggest adding it to other beverages such as coffee or milk probably 
as it has a bitter taste, although it certainly can be consumed as hot choco-
late. Twice-daily servings at separate times should suffice and would offer 
comparable amounts of flavanols to most studies.

Tea
Tea is a commonly consumed beverage, second only to water in popu-
larity. It originates from southeast Asia, and Chinese folklore claims its 
inception by the ancient emperor Shennong, who is also the father of tra-
ditional Chinese medicine. Legend tells of the emperor liking to drink 
boiled water when one day a leaf inadvertently landed in his pot to his 
surprised liking. Tea has a prominent role in traditional Chinese medicine 
and has gained a place in Western medicine as well. Most teas are made 
from the dried leaves of the plant camellia sinensis. They are notable for 
having high flavonoid content, specifically the catechins, a flavanol sub-
group. Although somewhat confusing, catechins are a distinct group of 
compounds despite being structurally similar to the flavanol catechin 
found in cacao. In tea leaves, the important catechins are epigallocatechin 
gallate, epicatechin gallate, epicatechin, and epigallocatechin (Figure 8.6). 
Three variants of tea are commercially available—green, black, and oolong 
tea—which differ in processing. Green tea maintains the closest flavonoid 
composition to the natural leaf as it is first steamed or fired, inactivating 
a set of enzymes called polyphenol oxidases. These oxidases catalyze the 
oxidation of catechins into other flavanols called theaflavins and thearu-
bigins. Green tea is then dried and crushed. Black tea is fermented prior to 
deactivation of the enzymes allowing oxidation to occur with concurrently 
lower amounts of catechins but higher amounts of theaflavins and thearu-
bigins. Oolong tea is a hybrid, which is only partially fermented and con-
tains intermediate levels of catechins, theaflavins, and thearubigins. Black 
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tea is mostly popular in Europe and the United States, whereas green tea 
is more popular in Eastern Asia. This is important as studies from differ-
ent parts of the world use different types of tea. The cardiovascular ben-
efits of tea have been determined mostly from epidemiological studies. 
Large studies in Asia,116,117 Europe,118–120 and the United States121,122 show 
an association of tea drinking with lower rates of cardiovascular disease. 
There are studies that suggest no association, particularly from the United 
Kingdom, but confounding socioeconomic factors and the habitual addi-
tion of milk to tea may explain these negative results.123,124 A meta-analysis 
of people in Continental Europe (i.e., excluding the United Kingdom) con-
firms a positive association of tea consumption with protection from car-
diovascular disease.125 Incidence of stroke is also reduced.126–128 Despite 
all of this supportive data, no definitive randomized controlled studies 
have been conducted to date. Similar to chocolate, most of the controlled 
studies involving tea have focused on cardiovascular disease risk factors 
rather than cardiovascular disease itself. However, these secondary attri-
butes are not as clearly defined as those in chocolate, especially as most 
are from either animal studies or in vitro experiments.

The antioxidant ability of tea is perhaps its most important property 
and several studies confirm this effect by demonstrating improved anti-
oxidant capacity129,130 or reduced levels of oxidative markers such as lower 
levels of oxidized LDL131–133 and lower C-reactive protein levels.134 Studies 
also show improved lipid profiles,135,136 although this has not been uni-
formly found.137,138 Endothelial function is improved,139–141 but this effect 
may not be a lasting one.142 Platelet adhesion and platelet activity have 
been reduced in some studies134,143 but not in others.144 Protective effects 
against various malignancies such as breast,145 prostate,146,147 colorectal,148 
and lung cancer149 also have been noted, probably due to its antioxidant 
properties. The effect of tea drinking on blood pressure is inconclusive. 
Although some studies show a blood-pressure-lowering effect, most do 
not.106,150 In fact, tea may even cause an increase in blood pressure within 30 
minutes of consumption.151 There are, however, a few studies that suggest 
an antihypertensive effect in people with hypertension and in the elderly. 
One study using daily tea extract containing the equivalent of three to four 
cups of green tea suggests a reduction of systolic/diastolic blood pressure 
of 6/2 mm Hg.152 Another study suggests a decrease of 2/1 mm Hg for 
every cup of green or black tea consumed daily.153 However, overall the evi-
dence for tea in lowering blood pressure is not clearly defined. Despite all 
these ambiguities, the ability of tea to attenuate cardiovascular disease and 
its risk factors is likely a real effect. The mechanisms involved are mostly 
attributable to antioxidant effects and the promotion of NO synthesis.154,155 
A small effect may arise from inhibition of ACE and the renin–angioten-
sin system (RAS).156 Tea consumption would therefore be predominantly a 
V-type method of lowering blood pressure although an R-type component 
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also may exist. Some of the difficulty in interpreting the data is, again, 
due to a lack of standardization in the studies making it difficult to com-
pare one study with another. In addition, the flavonoid content of green tea 
differs from that of black tea. There is also variation in flavonoid content 
depending on the harvesting location, type of processing, and the form 
consumed (i.e., brewed or extract form).157,158 Cup size, which can be as little 
as 90 mL or as much as 200 mL, and the number of cups consumed each 
day also vary within studies. Last, the bioavailability of the catechins (and 
presumably the theaflavins and thearubigins) is very low due to signifi-
cant metabolism within the body159 and the half-lives of these chemicals 
are only 2 to 5 hours.160 Therefore, frequent and large amounts must be 
consumed to maintain a steady blood level. Given all these vagaries, it is 
difficult to recommend tea consumption at this time. Those who already 
drink tea regularly may continue, although the specific amount needed 
to confer benefit is not clear. Although green tea is often promoted as the 
healthier variant, this finding is not reflected in the scientific data. Green 
and black tea extracts are also commercially available in capsule form with 
each containing the flavonoid equivalent of several cups of tea. Some of 
these products specify the amount of catechins within.

Red wine (alcohol, resveratrol, and quercetin)
Wine consumption has societal importance and ancient origins. Although 
historically considered a luxury item—or perhaps even a vice—alco-
hol, and red wine in particular, has been associated more recently with 
improved health. The “French paradox” describes the finding of relatively 
low rates of cardiovascular disease in France despite unhealthy practices 
such as smoking and including saturated fats in the diet.161 Regular con-
sumption of red wine has been suggested as a contributing factor. To 
adequately explain the health effects of red wine, a description of its com-
ponents, which include alcohol and various polyphenols, is needed. The 
following will first describe the effects of alcohol on health and hyperten-
sion and thereafter focus on red wine and its polyphenols.

There is considerable evidence that light to moderate alcohol con-
sumption—up to 2 drinks per day in men and 1 in women—has beneficial 
health effects. An important source of confusion is the country-by-coun-
try variation in the quantity of alcohol within a standard drink, compli-
cating the comparison of studies. In the United States, a standard drink 
contains 14 g of ethanol (pure alcohol), which is equivalent to either 1.5 
fluid ounces (45 mL) of liquor (80 proof/40%), 5 fluid ounces (148 mL) of 
wine (12%), or 12 fluid ounces (355 mL) of beer (5%). As no conclusive pro-
spective, randomized, controlled study of the health effects of alcohol has 
been done—nor is it likely ever to be performed—most of the data comes 
from epidemiological studies involving large populations and showing 
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convincing effect. Many show a U- or J-shaped curve when comparing 
alcohol consumption with either overall mortality rate,162,163 cardiovascu-
lar disease-associated mortality rate,164–166 or cardiovascular disease inci-
dence.167 Such a curve describes results where the lowest rates of adverse 
events occur with light to moderate alcohol consumption compared with 
either total abstinence or heavy drinking. Several meta-analyses con-
firm these findings.168,169 Protection from specific cardiovascular events 
such as sudden cardiac death170 and myocardial infarction171,172 impor-
tantly contribute to its effect. Attenuation of cardiovascular risk factors, 
as evidenced by increased HDL cholesterol levels,166,169 improved endo-
thelial function,173 and improved markers of inflammation such as lower 
C-reactive protein levels174 also have been shown. Surprisingly, the effect 
of alcohol consumption on stroke is unclear; there are conflicting data on 
protection from ischemic stroke, although heavy drinking has been asso-
ciated with hemorrhagic stroke.175 Despite its beneficial cardiovascular 
effects, alcohol is associated with increased blood pressure, and chronic 
drinking may contribute to as much as 10% of hypertension incidence.176 
Most studies show a progressive increase in blood pressure with alcohol 
intake,177,178 although a few suggest possible lowering with one to three 
drinks each day.179 The overall consensus is that alcohol directly causes 
blood pressure elevation,180 although the effect resolves within weeks of 
cessation. Possible mechanisms include stimulation of the sympathetic 
nervous system181 and the RAS.182

Wine can be broadly classified into two types, red and white, although 
there are many subtypes. Whether red wine provides more health benefit 
than white wine or other alcohol products is debated. The high polyphe-
nol content of red wine is thought to confer an added benefit. Red wine 
differs from white wine in its processing, as the skins, seeds, and some-
times stems—which are a source of polyphenols—are allowed to ferment 
with the wine and impart color and nutrients. Unfortunately, no clear 
(randomized and controlled) studies have shown a superior effect of red 
wine, although many studies of lesser quality suggest this. An attempt to 
validate this claim can be approached by a three step process: (1) by first 
showing all wine types to have superior benefit to alcohol; (2) by showing 
that red wine is better than white wine; and (3) by evaluating the effects 
of dealcoholized red wine, purple grape juice, and red wine extract, which 
contain the nonalcohol components of red wine. Epidemiological studies 
and meta-analyses suggest that light to moderate wine consumption has 
superior benefit on all-cause mortality, cardiovascular disease mortal-
ity, and cardiovascular disease incidence, in comparison to other alcohol 
sources.168,183,184 These studies combined include several hundred thousand 
participants, which is impressive and seemingly convincing. However, 
some think this is not conclusive evidence because socioeconomic factors 
such as diet, physical activity, obesity, and smoking habits differ between 
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wine and other alcohol drinkers and may impart a confounding effect.185–187 
Some studies even suggest that wine has no benefit over other alcohol 
products,188,189 although overall the data indicates a superior health benefit. 
That red wine is superior to white wine is suggested by studies showing 
attenuation of cardiovascular disease risk factors such as improved cho-
lesterol levels, antioxidant effects,190 and enhanced endothelial function,191 
although other studies fail to show a difference.192 In summary, the initial 
argument that wine, and particularly red wine, is superior to alcohol is 
likely true, although it is not strongly supported. Because dealcoholized 
red wine, purple grape juice, and red wine extract also confer health ben-
efits, there is a stronger argument that red wine polyphenols provide an 
extra effect in addition to that of alcohol alone. Unfortunately, most sup-
porting data are from small studies on cardiovascular risk factors and 
not on cardiovascular disease itself. Evidence for improved endothelial 
function,193,194 favorable antioxidant properties (particularly reduced LDL 
oxidation),195–197 and inhibition of platelet aggregation198,199 and of vascular 
smooth muscle cell proliferation200 have been demonstrated. Correction of 
these risk factors is presumed to be protective of atherosclerosis and the 
development of cardiovascular disease, but they are still indirect mark-
ers. Several animal studies have shown an antihypertensive effect, mostly 
mediated by increased NO levels and presumed vasodilation.201–203 A few 
small studies of people with hypertension also show a blood-pressure-low-
ering effect.204–206 One study in men with hypertension reported a reduc-
tion of systolic/diastolic blood pressure of 4/3 mg Hg with consumption 
of about one cup of concord grape juice each day.206 However, a study of 
healthy people without hypertension failed to show reduction in blood 
pressure with either dealcoholized red wine or red wine itself.207 This nil 
effect is commonly observed in healthy individuals subjected to any type 
of antioxidant or endothelial-function-improving agent and is likely due to 
a lack of pathology in need of correction. Other studies in healthy people 
also have failed to show improvement in endothelial function208 or other 
markers of inflammation209 with red wine polyphenols. These compounds 
predominantly work by promoting NO production,210,211 although they 
may also block the RAS by inhibiting ACE.156,212

Although there are several red wine polyphenols, only a few have 
received attention, as they likely confer most of the effect. Resveratrol, a 
nonflavonoid polyphenol belonging to the stilbene class, is likely the most 
efficacious although the flavonoids quercitin, catechin, and epicatechin are 
also important (Figure 8.7). Resveratrol is produced in the skin of grapes 
in response to noxious environmental stimuli, such as fungal infections, 
UV light exposure, and lack of water. Resveratrol is a natural antioxidant 
that protects the grapes from these elements. Not surprisingly, it also has 
anticarcinogenic effects.213 As the focus on resveratrol is relatively new, 
few studies in animals or humans have been performed and most of the 
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data is from in vitro/laboratory studies. Therefore, its claimed beneficial 
health effects are mostly derived from a presumed response rather than 
from direct measurement. Studies have suggested antioxidant effects,214,215 
anti-inflammatory effects,216,217 inhibition of platelet aggregation,218 and 
inhibition of vascular smooth muscle proliferation,219 which all should 
minimize atherosclerosis and cardiovascular disease. Also reported is 
enhanced NO production,220,221 which presumably improves endothelial 
function, and blockade of angiotensin II-mediated pathways.222 Only a few 
studies in humans are available. One study in healthy individuals who 
took daily supplements of a plant extract containing 40 mg of resveratrol 
showed significantly improved parameters of systemic inflammation com-
pared with a placebo group.223 Another study involved obese women with 
hypertension who took daily doses of 30 to 270 mg and showed improved 
endothelial function.224 The effect of resveratrol on blood pressure is not 
yet defined. A key point in assuming that these in vitro and in vivo studies 
of resveratrol can be extrapolated to human benefit with red wine con-
sumption is whether a reasonable intake of red wine will allow the blood 
plasma level of resveratrol to reach a level comparable to those in the stud-
ies. Complicating these calculations, the polyphenol content of red wine 
varies by the type of wine, location of harvesting, and processing. For 
example, pinot noir from Australia has a significantly higher concentration 
of resveratrol than cabernet sauvignon from California.225 Furthermore, 
the levels of free blood plasma resveratrol are relatively low, as most of the 
absorbed compound is in metabolized forms with undetermined effects.226 
One study showed that with inclusion of all forms of resveratrol, free non-
metabolized and metabolized, it is feasible that blood plasma levels can 
achieve an efficacious range with consumption of one half bottle of red 
wine a day,225 although this is clearly speculative. Resveratrol extract is 
commercially available in moderate doses such as 20 and 40 mg tablets, 
which are equivalent to several liters of red wine, and in megadoses of 
500 mg, which will likely yield significantly higher blood plasma levels. 
Although few reported side effects occur even with megadoses, there is 
not yet sufficient evidence to support the benefit of resveratrol supple-
mentation on cardiovascular disease or hypertension. Last, and perhaps 
of most importance and of great excitement and potential, is a possible 
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effect of resveratrol on activating a gene called Sirt1, which may help in life 
prolongation. Resveratrol is considered by some to be a fountain-of-youth 
elixir and this notion has attracted considerable attention, including that of 
major pharmaceutical companies. The Sirt1 gene regulates production of 
an enzyme called sirtuin 1, which controls cell cycle activity and glucose 
metabolism. Studies in various organisms, from yeasts to mammals, show 
that calorie deprivation and starvation is associated with a prolonged lifes-
pan and improved insulin sensitivity. Activation of the Sirt1 gene is likely 
the causative factor.227 Resveratrol has also been shown to prolong life and 
improve insulin sensitivity in mouse studies, likely via induction of this 
same gene.228 However, the study doses used are quite high, although they 
can be provided with the megadose supplements, and no human studies 
are yet available. Needless to say, this would be a significant advancement 
in pharmacotherapy, if true. Some suggest 5 mg per kg of body weight is 
a reasonable dose comparable to the mouse study, whereas others suggest 
taking 500 mg daily. However, no clear data is currently available deter-
mining the proper dose or even whether its effect occurs in humans.

Far fewer studies have been performed on the effects of quercetin, 
a flavonoid, although these studies focus more directly on animal and 
human health as opposed to in vitro laboratory testing. Although there 
are no claims to life-extending properties, many studies suggest improve-
ment in cardiovascular disease risk factors. Quercetin has been shown 
to improve endothelial function,229,230 reduce systemic inflammation, 
improve insulin sensitivity, and improve lipid profiles.231 In vitro labora-
tory studies show beneficial antioxidant properties with inhibition of LDL 
cholesterol oxidation232 and vascular smooth muscle cell proliferation.233 
In vivo studies show antihypertensive effects.234 A human study reports 
a reduction in systolic/diastolic blood pressure of 7/5 mm Hg in people 
with hypertension given 730 mg daily supplementation for 4 weeks, 
although there is no effect in prehypertensive people.235 A study involving 
overweight individuals shows a reduction in systolic blood pressure of 3 
mm Hg with daily supplementation of quercetin 150 mg for 5 weeks.236 
Possible mechanisms include increased NO production229 and ACE inhi-
bition.237 Although promising in protecting from cardiovascular disease 
and lowering blood pressure, there is insufficient evidence to strongly rec-
ommend quercetin supplementation at this time.

Catechin and epicatechin are the final red wine polyphenols with 
purported effect. These flavonoids were discussed in the previous section 
on chocolate.

In summary, red wine appears to have protective properties against 
cardiovascular disease beyond those of alcohol alone. Its polyphenol con-
tent probably provides this added effect. Although red wine extract and 
its individual polyphenols are commercially available, there is not yet suf-
ficient data to recommend their use. Despite its beneficial cardiovascular 
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effects, it is also difficult to recommend red wine in those who are not 
already drinking regularly, as it may lead to addiction, overuse, and liver 
disease. For those already imbibing, the recommended amounts are up 
to 2 glasses a day for men and 1 glass for women.175 However, there is no 
benefit of red wine in treating elevated blood pressure.

Taurine (2-aminoethanesulfonic acid)
Taurine is an important constituent of the diet with many health effects. 
Although often referred to as an amino acid, it is technically not, as it is 
a sulfonic acid rather than a carboxylic acid. Also, taurine is not a typical 
constituent of complex protein because it mostly exists in a free state within 
cellular cytoplasm or blood plasma. In humans, who have limited ability to 
synthesize it, it is mostly obtained through the diet. It was first discovered 
in 1827 as a component of ox bile, hence its name, but its importance was 
realized in the 1970s when formula-fed infants were found to be taurine-
deficient and subsequently manifested developmental abnormalities.238 
Since then, it has been shown to be a vital component of cardiovascular 
health and blood pressure control in humans and other species. Several 
commercial energy drinks contain large amounts of taurine, claiming its 
importance in sustaining vitality and strength. Taurine supplementation, 
and conversely its deficiency, has been shown to have cardiovascular pro-
tective effects. This has been noted in a range of publications including 
randomized controlled human and animal studies, epidemiologic studies, 
and in vitro/laboratory studies. The WHO-CARDIAC study, undertaken to 
evaluate the role of nutrition in cardiovascular health, was a large, epide-
miological, multicultural study including many populations from various 
countries. In its results, a relationship between taurine consumption and 
reduced cardiovascular disease mortality and stroke was shown.239,240 Of 
particular distinction, the Japanese cohort, which had significantly lower 
rates of cardiovascular events, have very high taurine intake associated 
with their seafood-based diet.241 Protection from aftereffects of cardiac 
ischemic events—known as ischemic reperfusion injury—that occur with 
coronary bypass surgery,242 and improvement of cardiac contractility in 
states of heart failure243–245 are also shown. Regulation of cellular calcium 
levels via modulation of cell-wall calcium and sodium channels is believed 
to be the mechanism conferring protection.246–248 Cardiovascular disease 
risk factors are also positively affected by taurine consumption. Blood 
lipid profiles are improved, with reduced LDL cholesterol and triglyceride 
levels.249–251 This is due to increased bile acid production in the liver via 
enhanced activity of the enzyme cholesterol-7-alpha-hydroxylase, which 
catalyzes the conversion of cholesterol to bile acid. Bile acid and choles-
terol are subsequently eliminated from the body in the stool.252 Taurine 
also upregulates hepatic cell LDL receptors causing reduced blood LDL 
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cholesterol levels.252 It also has an anti-inflammatory and antioxidant effect 
in part due to conjugation with hypochlorous acid (HOCl) forming taurine 
chloramine (Tau-Cl). Hypochlorous acid is produced by macrophages dur-
ing inflammation such as during infection or with ischemic events such as 
myocardial infarction. Although its primary role is to oxidize infectious 
agents, it secondarily and inadvertently interacts with other tissue causing 
cell damage and necrosis.253 When bound to taurine, hypochlorus acid is 
rendered less harmful.254 Other risk factors are affected by taurine supple-
mentation, for example, atherosclerosis is reduced or prevented,255 endo-
thelial dysfunction reversed,256,257 platelet aggregation minimized,258 and 
insulin sensitivity improved.259 Blood pressure regulation is also closely 
related to taurine levels. An association exists between low levels in blood 
plasma and in urine and with essential hypertension.260,261 Epidemiological 
studies also support a relationship between higher taurine intake and 
lower blood pressure.262,263 A small study of young people with borderline 
hypertension, presumably essential hypertension, shows a reduction of 
systolic/diastolic blood pressure of 9/4 mm Hg with daily supplementa-
tion of 6 g of taurine.264 However, most supporting data comes from ani-
mal models of hypertension, including salt-mediated hypertension,265,266 
renin-mediated hypertension,267 and essential hypertension.268,269 The 
mechanism by which taurine lowers blood pressure is likely multifacto-
rial, including reduction in central nervous system sympathetic activity, 
blockade of the RAS, and increase in NO levels.270 Catecholamine levels are 
significantly reduced,268,271 as taurine has a probable central nervous sys-
tem suppressant effect. This may be associated with increased endogenous 
opiate levels, and animal studies show a reduced sense of anxiety with 
taurine supplementation.272,273 Blockade of the RAS may be from direct 
inhibition of angiotensin II274 or from inhibition of ACE.275 Kinin levels are 
increased, which may occur with ACE inhibition.275 Taurine would there-
fore be a mixed V- and R-type method of lowering blood pressure.

The exact amount needed to confer effect is uncertain, as few human 
studies in hypertension or other diseases have been done. The range of 
supplementation in these studies varies from as little as 400 mg to 6 g 
daily.246 The choice of taurine supplementation should ideally come from 
the diet and seafood is a good source. Table  8.1 provides a list of food 
sources of taurine. However, to approach the amounts used in these stud-
ies oral supplementation must also be considered, although this may be 
cumbersome, as a typical taurine tablet contains only 500 mg, which 
would require many tablets each day. Although supplementation of large 
amounts is considered relatively safe, side effects may occur with more 
than 3 g a day.276 Yet, this also requires taking six pills a day, which is not 
reasonable. Despite the lack of strong scientific evidence, a recommenda-
tion of 1 g taken as 500 mg dose twice daily can be suggested. This dosage 
is based on epidemiological studies in which taurine was attained from 
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food sources, and despite consumption of less than 1 g each day blood 
pressure was reduced and cardiovascular disease prevented.

Alpha-lipoic acid (1,2-dithiolane-3-pentanoic acid)
Alpha-lipoic acid (ALA) is a sulfur-based substance with many medici-
nal purposes. Its traditional and better-known function is as a cofactor to 
mitochondrial enzymes involved in aerobic respiration. However, when 
in its nonbound or free form, other functions have more recently been 
described. Naturally occurring ALA is bound to protein molecules and is 
obtained mostly through endogenous production as well as through diet. 
Foods such as muscle meats, spinach, broccoli, tomatoes, peas, and rice 
bran are good natural sources.277 However, most commercial ALA supple-
ments are synthetic products that are not protein bound (i.e., free form) 
and have different biologic effects. As most in vivo and in vitro studies use 
the synthetic formulation, it is difficult to extrapolate its effect when con-
sumed in the natural form. Furthermore, the doses of synthetic ALA sup-
plementation used in the studies are much higher than can be achieved 
by dietary intake. Therefore, ALA supplementation, although a holistic 
approach, may be considered more like a drug than a natural substance 
when taken in pill form. Further complicating matters, synthetic ALA is 

Table 8.1  Common Taurine-Rich Foods

Food item Taurine content (mg/100 g)

Scallop, raw 823 mg
Mussels, raw 655 mg
Octopus, raw 388 mg
Squid, raw 357 mg
Clams, raw  240 mg
White fish, cooked 172 mg
Oysters, fresh 70 mg
Tuna, albacore, canned 42 mg
Cod, frozen 31 mg
Turkey dark meat, roasted 300 mg
Chicken dark meat, broiled 199 mg
Bologna turkey, cured 123 mg
Salami, cured 59 mg
Pork loin, roasted 57 mg
Veal, broiled 47 mg
Beef, broiled 38 mg

Source:	 Wójcik OP, Koenig KL, Zeleniuch-Jacquotte A, Costa M, 
Chen Y, The potential protective effects of taurine on coronary 
heart disease, Atherosclerosis, 2010;208:19–25.
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composed of two enantiomers, the R and L forms, which are stereoiso-
mers or mirror images of each other, whereas naturally produced ALA 
is exclusively in the R form. From a chemical perspective, the two enan-
tiomers have equal properties, but in biological terms they have different 
functions, as enzymes are very sensitive to chemical structure. Perhaps it 
is better to consider ALA a pharmaceutical agent.

ALA supplementation is regarded for its antioxidant effect and its abil-
ity to ameliorate diabetes control and diabetes-related illness. In human and 
animal cells, it is chemically reduced to dihydrolipoic acid (DHLA) by mito-
chondrial enzymes (Figure 8.8) and the pair have a redox potential of 0.32 
eV, which is even greater than that of glutathione and its oxidized product. 
This makes it a very potent antioxidant with the ability to restore other anti-
oxidants, such as glutathione, vitamin C, and indirectly vitamin E, to their 
active and reduced forms, as well as to quench reactive oxygen species.278

ALA also has unique hydrophilic and hydrophobic properties allow-
ing it to exist and function in many biological compartments such as the 
cytoplasm, the cell wall, and the plasma. Supplementation has been shown 
to reduce systemic inflammation, reverse endothelial dysfunction,279 
improve cholesterol profiles, and reduce atherosclerosis.280 Research into 
its effect on diabetes is promising as well. Several studies show improved 
insulin sensitivity,281–283 likely mediated by redistribution of the glucose 
transporters, GLUT1 and GLUT4, from the cytoplasm to the cell wall, which 
facilitates glucose influx into cells.284 Studies also show its effectiveness in 
treating diabetic peripheral neuropathy285–288 and cardiac autonomic neu-
ropathy.289 There are a few studies, mostly in animal models, of the effect 
of ALA on blood pressure. Dietary supplementation in hypertensive rat 
models attenuates the onset of hypertension290–293 and lowers blood pres-
sure.294 A small double-blind human study of ALA and carnitine supple-
mentation in individuals with coronary artery disease showed a reduction 
in systolic blood pressure of 9 mm Hg in the hypertensive subgroup and 7 
mm Hg in a metabolic syndrome subgroup after 4 weeks of treatment.295 
Possible mechanisms include reduced cytosolic calcium influx, reduced 
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Figure 8.8  Mechanism of antioxidant effects of alpha-lipoic acid.
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endothelin-1 production,296 and enhanced NO synthesis. This would sug-
gest a V-type method of lowering blood pressure, but the paucity of studies 
make it difficult to recommend its use in managing blood pressure. A suf-
ficient dosage to achieve most cardiovascular, diabetic, and potential blood 
pressure goals would be 600 mg once daily. This dosage is based on several 
of the large studies, mostly in individuals with diabetes, which show sig-
nificant beneficial effects without adverse side effects.297

A summary of the various supplements, suggested dosages, and com-
mon side effects are presented in Table 8.2.

Table 8.2  List of Dietary Supplements, Doses, and Side Effects

Dietary 
supplement Dosages Common side effects

L-arginine 3 tablets (350 mg each) 
sustained release twice daily

Increased mortality risk with 
recent myocardial infarct, 
airway inflammation, 
abdominal pain, bloating, 
diarrhea, gout

Coenzyme Q10 100 mg daily Elevated liver enzymes, 
wheezing, diarrhea, nausea

Garlic Fresh raw garlic 4 g (1–2 
cloves) daily

Dried powder (1.3 percent alliin)
300 mg three times daily
Aged garlic (7.2 g) daily

Increased bleeding risk, 
halitosis, facial swelling, 
eczema, diarrhea, nausea

Cocoa powder One serving twice daily (use 
high-end unprocessed brand)

Anxiety, elevated blood 
glucose, irregular heart rate, 
headache, gastroesophageal 
reflux, diarrhea, constipation

Resveratrol 40 to 500 mg daily Increased bleeding risk, 
insomnia, flu-like symptoms, 
diarrhea

Quercitin 250 to 750 mg daily (can be in 
divided dose twice daily)

Gastroesophageal reflux, 
wheezing, diarrhea, nausea, 
sweating

Taurine 500 mg twice daily Increased bleeding, low blood 
glucose, mania, 
gastroesophageal reflux

Alpha-lipoic 
acid

600 mg once daily Thyroid disease, low blood 
glucose, diarrhea, nausea, 
muscle cramps, fatigue

Red wine Does not lower blood pressure
Soy protein Not practical in lowering blood 

pressure
Tea and tea 
extract

Not recommended
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chapter nine

Treating hypertension

Blood pressure goals
The first step in treating hypertension is to assign a target or goal 
blood pressure to the patient. This is a complex task because the vari-
ous guidelines suggest different values. Furthermore, blood pressure 
norms change within each guideline depending on the published ver-
sion and on comorbid conditions (i.e., diabetes or kidney disease). Two 
well-accepted guidelines are from the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure 
from the United States (JNC 7)1; and the Task Force for the Management 
of Arterial Hypertension of the European Society of Hypertension (ESH) 
and of the European Society of Cardiology (ESC).2 The JNC 7 is more 
simple and direct, although the ESH/ESC, which more meticulously 
defines cardiovascular risk, is better tailored to the individual despite 
being more complex. Both recent guidelines suggest lowering office 
blood pressure to <140/90 mm Hg in otherwise healthy adults, but to 
<130/80 mm Hg in those with diabetes, renal disease, or cardiovascular 
disease. However, as white-coat hypertension and white-coat effect are 
quite common, affecting up to 20% of people with elevated blood pres-
sure,3 the use of out-of-office measurements with ambulatory or home 
blood pressure devices is also suggested. Out-of-office blood pressure 
monitoring is shown to more accurately predict cardiovascular risk2 and 
these techniques are gaining popularity. Home blood pressure monitor-
ing is the preferred method in my practice, because it further engages my 
patients in their care. However, it is used with caution by suggesting only 
proper and validated devices and avoiding use in people with arrhyth-
mias, as these devices may then be inaccurate. Although not absolutely 
necessary, it is good practice to check the home blood pressure monitor 
against an in-office measurement prior to use and periodically thereafter. 
The 24-hour ambulatory device is also useful because it records values 
during sleep, which is an important component in ascertaining the car-
diovascular risk. However, it is expensive, often not covered by medi-
cal insurance, and only represents one day of a person’s life. Most blood 
pressure guidelines suggest comparative values for out-of-office devices 
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with in-office values. Table 9.1 outlines the various blood pressure goals 
for the JNC 7 and the more recent ESH/ESC guidelines.

Out-of-office blood pressure goals for special populations, such as 
individuals with diabetes and chronic kidney disease, are not as clearly 
defined. This is unfortunate because these people are at increased risk 
of cardiovascular and renal disease development and progression. Many 
studies also suggest a better correlation between cardiovascular disease 
and out-of-office measurements than with office measurements.4–8 A few 
independent studies suggest comparable blood pressure goals to other-
wise healthy people, although there is no clear consensus on these values. 
In those with diabetes, a daytime ambulatory blood pressure of <130/80 
mm Hg or a 5–10 mm Hg decrease from the standard nondiabetic values 
has been suggested.9,10 In chronic kidney disease, ambulatory blood pres-
sures of <125/75 mm Hg over 24 hours, <130/85 mm Hg during daytime, 
and <110/70 mm Hg during nighttime have been proposed11; others sug-
gest <140/80 mm Hg.12 Although each study bases its conclusions on valid 
observations, it is not reasonable to ascribe less stringent blood pressure 
goals for these special populations compared with standard office goals, 
which is typically <130/80 mm Hg. A reasonable approach is outlined in 
Table 9.2, which includes blood pressure goals for most populations with 
use of all measurement modalities. These values will undoubtedly change 
over time.

Most guidelines define the inclusion criteria for these special popula-
tions. These factors can be easily obtained with a careful history and phys-
ical exam, an EKG, and appropriate blood and urine testing. The ESH/
ESC guideline provides reasonable definitions as outlined in Table  9.3. 

Table 9.1  Guideline Blood Pressure Goals

Source
Office blood 

pressure (mm Hg)
Ambulatory blood 
pressure (mm Hg)

Home blood 
pressure 
(mm Hg)

Joint National 
Committee (JNC 7) 
(2003)

<140/90;
But for diabetes, 
chronic kidney 
disease, or 
cardiovascular 
disease <130/80

< 135/85 while 
awake;

Less than 120/75 
during sleep

<130/80

European Society 
Hypertension/
European Society 
Cardiology (2007)

<140/90;
But for diabetes, 
chronic kidney 
disease, or 
cardiovascular 
disease <130/80 

<125–130/80 over 
24 hours

<130–135/85 
during daytime

<120/70 during 
nighttime

<130–135/85
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The tables for blood pressure goals and definitions of special populations 
can also be found in Appendix C.

Approach to treating hypertension
Prior to studying medicine and becoming a physician, I had the oppor-
tunity to do research at an elite academic institution. Although I still 
consider myself a scientist, I truly brandished this title at that time. Two 
principles, perhaps even axioms, became apparent during my studies. The 
first is that the truth is always simple. My research was mostly in the field 
of physics, as I studied the energy levels of small hydrocarbon radicals 
in ultrahigh vacuum chambers. In fact, the astrophysics community was 
most interested in my work. This research was quite repetitive and com-
plex, requiring years of allocated effort. However, when proper energy 

Table 9.2  Reasonable Blood Pressure Goals

Office blood pressure 
(mm Hg)

Ambulatory blood 
pressure (mm Hg)

Home blood pressure 
(mm Hg)

<140/90;
For diabetes, chronic 
kidney disease, or 
cardiovascular disease 
<130/80

<130/80 over 24 hours
<135/85 during 
daytime

<120/70 during 
nighttime

For diabetes, chronic 
kidney disease, or 
cardiovascular disease 
<125/75 over 24 hours, 
<130/80 during 
daytime, <110/70 
during nighttime

<135/85;
For diabetes, chronic 
kidney disease, or 
cardiovascular disease 
<130/80

Table 9.3  Special Populations

Diabetes Chronic kidney disease Cardiovascular disease

Fasting plasma glucose 
≥126 mg/dL

Diabetic nephropathy Myocardial infarction, 
angina, heart failure, 
coronary 
revascularization

Postload plasma glucose 
≥198 mg/dL

Serum creatinine (M 
>1.5; F >1.4 mg/dL)

Ischemic stroke, cerebral 
hemorrhage, TIA

Proteinuria (>300 
mg/24 hr)

Peripheral artery disease

Retinopathy
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spectra were obtained, the corresponding analysis was always a simple 
fit. Despite often tedious pursuit in incorrectly explaining the data, the 
final true analysis was always simple and mostly corroborated my initial 
expectations. The second principle is that synergy—combining two or 
more forces to yield a product larger than the sum of its individual parts—
is a powerful tool. With synergy, one plus one does not always equal two 
but can be three or more. Although my research was clearly in the field of 
physics, my doctorate was in chemistry. By combining knowledge from 
both disciplines, I was able to generate elusive radical molecules that were 
once thought impossible to study. Through synergy, I was able to achieve 
impressive results. I have applied these two principles to my study and 
practice of medicine as well. For example, if a diagnosis is too complex I 
often reconsider because it is often wrong. Treatment of illness is also best 
approached in a simple and direct way and hypertension is no exception. 
The field of medicine and hypertension, in particular, is greatly indebted 
to the work of Dr. John Laragh and his colleagues. Through many decades 
of research, they defined the mechanics of blood pressure support and 
hypertension, and designed simple schemes or algorithms to treat the 
disease. Their method—called the Laragh method—allows a simple char-
acterization of the etiology of hypertension, and then proposes the most 
direct treatment course using the fewest medicines possible. The approach 
is intelligent, as opposed to the random stab at treatment with a physi-
cian’s most-favored medicine, and should guide adequate therapy with a 
quicker response and fewer drugs. Its efficacy is shown compared with 
standard treatment by clinical hypertension specialists.13 It is outlined in 
a series of review articles in the American Journal of Hypertension in 200114 
and more recently modified.15 Laragh describes blood pressure in terms 
of two supporting systems. The primary system is the volume or salt/
water mediated system which supports a normal and sometimes abnor-
mal blood pressure. However, if an individual is salt/water depleted as 
may occur with dehydration, either from natural or medicinal causes, the 
renin–angiotensin–aldosterone system (RAAS) is activated as a backup 
support to the blood pressure. In this way, these two systems act in con-
cert, where if adequate salt/water/volume is present and if the blood pres-
sure is normal, the RAAS is turned off. As hypertension is a disease state, 
these two systems often act independently, and states of either elevated 
volume, abnormal renin–angiotensin–aldosterone activity, or a combina-
tion can occur. The Laragh method, with the assistance of an algorithm, 
helps characterize the type of hypertension and then its simplest course of 
treatment. It carefully defines each class of antihypertensive medication 
into either an anti-renin–angiotensin system agent (R-type) or an antivol-
ume agent (V-type). Through measurement of the plasma renin activity 
(PRA), which is a proxy for the entire RAAS, the cause of hypertension 
can be determined. For example if the PRA is ≥0.65 ng/mL/hr, which is 
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considered the cutoff for significant participation of the RAAS in hyper-
tension, a person would benefit from an R-type medication. If the PRA 
is <0.65 ng/mL/hr, a V-type medicine should be initiated. Repeat PRA 
testing is subsequently used to guide further management. The PRA is 
also useful in screening for renovascular disease as a value >1.6 ng/mL/
hr makes this diagnosis more likely, and if the PRA is low and the serum 
aldosterone level is inappropriately elevated, an adrenal/aldosterone (i.e. 
hyperadrenal) mediated cause must be considered. The Endocrine Society 
of the United States provides rather vague guidelines, but suggests fur-
ther evaluation for primary aldosteronism in people with hypertension 
and the following: a low PRA, a high plasma aldosterone concentration 
(PAC) (>15 ng/dL), and a PAC/PRA ratio of 20 and above.16 As both of 
these causes are potentially treated and cured with surgical intervention, 
a nonmedicinal treatment must be considered and referral to a hyper-
tension specialist is advised. The Laragh method can be applied to indi-
viduals not yet taking medication as well as to those already undergoing 
treatment. Overall, this classification and approach to treating hyperten-
sion is simple and easily applied, which likely portends to its truth.

An interesting deviation of the Laragh method, from most standard 
approaches and algorithms in treating hypertension, is its ability and 
emphasis on subtracting nonessential medications. Certainly, fewer medi-
cines will reduce the cost of treatment and improve patient compliance. 
Imagine the delighted smile on a patient’s face when told that in treat-
ing their hypertension a medicine should be stopped. However, reduction 
of nonessential medications may have far more important implications, 
not only in better managing hypertension but in reducing risk of cardio-
vascular events. Paradoxical increases in blood pressure with initiation 
of medicines is well described.17,18 Even standard lifestyle modifications, 
such as reduction in salt intake, may cause an increase in blood pressure 
in some people.19 With use of V-type medicines, the explanation for this 
effect may be from further induction of the RAAS, especially in those who 
already have elevated PRA. High-renin hypertension will only minimally 
respond to contraction of the blood plasma compartment, but a signifi-
cantly greater pressor effect from angiotensin II may occur, causing fur-
ther increase in blood pressure. For R-type medicines, this effect occurs 
in those with low PRA levels, possibly due to unopposed α-adrenergic 
activity without a compensatory decrease in blood pressure, as the medi-
cine has only limited ability to act. Furthermore, elevated PRA levels are 
associated with cardiovascular disease,20 presumably as they are a proxy 
for the entire RAAS. Guidance of hypertension management with PRA 
levels, as suggested by the Laragh method, should obviate these pitfalls.

The British Hypertension Society also considers the activity of the 
RAAS in its approach to hypertension treatment.21 Although it doesn’t 
suggest initial measurement of the PRA, it does use renin profiling. For 
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example, if a person with hypertension is young (i.e., <55 years) and 
not black, then an R-type medication is started because renin-mediated 
hypertension is more common in this population. For older or black 
people with hypertension, who more commonly have volume-mediated 
hypertension, a V-type medication is first prescribed. If a second medicine 
is needed, a complementary type is added. Their scheme is often referred 
to as the “AB/CD” method, where A represents angiotensin-converting 
enzyme inhibitors and angiotensin receptor blockers, B the beta blockers, 
C the calcium channel blockers, and D the diuretics. If a third medicine 
is needed, the society suggests adding a V-type medicine (i.e., C or D), as 
the RAAS has already been blocked. A later amendment discourages use 
of beta blockers in the primary treatment of hypertension, because they 
may be associated with insulin insensitivity and diabetes, although the 
society recognizes their importance in treating heart disease.22 As such, 
the scheme may be more appropriately called the “A/CD” method. This 
approach is also intelligent and minimizes use of medication.

Throughout this book, various natural or holistic techniques of 
lowering blood pressure have been described, each of which has been 
characterized in terms of its R-type and V-type properties. For example, 
physical activity is a V-type method, whereas vitamin D supplementation 
is an R-type method. As less scientific data is available in both biologi-
cal and clinical characterization of these techniques, it is more difficult to 
clearly define these properties. Sometimes a combination of both types 
is ascribed, as it is difficult to determine if one component outweighs the 
other. Yet, it is a reasonably accurate characterization of these natural and 
holistic approaches. Appendix A lists these methods and also includes 
standard medications such as diuretics and beta blockers. Appendix B 
provides more detail about specific dosing and the efficacy of the various 
techniques. Incorporation of these techniques into established methods, 
such as those just described, affords a unique way of treating hyperten-
sion. It allows a truly holistic approach in that it involves all aspects of a 
person’s life from medicine, to diet, to physical activity. My experience 
with such an approach has been positive, as my patients have become 
more engaged in their overall health. Of course, everyone has limita-
tions in the extent of their adherence, whether dietary or medicinal, but 
it is easier for them to meet their goals when offered a broader variety of 
options. The synergy of these two approaches, that is, the pharmaceuti-
cal and the natural, allows for a truly holistic and more powerful way of 
treating hypertension.
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Appendix B: 
Antihypertensive dosing

Antihypertensive dose (adults)

Medications
Diuretics: Hydrochlorothiazide, chlorothiazide, furosemide, torsemide, 
spironolactone, eplerenone

Calcium channel blockers: Amlodipine, felodipine, nifedipine, diltiazem, verapamil
Alpha blockers: Doxazosin, prazosin, terazosin
Direct vasodilators: Hydralazine, minoxidil, nitrates
Angiotensin converting enzyme inhibitors: Captopril, enalapril, benazepril, 
fosinopril, lisinopril, ramipril, trandolapril, quinapril

Angiotensin II receptor blockers: Candesartan, irbesartan, losartan, olmesartan, 
telmisartan, valsartan

Direct renin inhibitors: Aliskiren
Beta blockers: Atenolol, bisoprolol, carvedilol, labetalol, metoprolol, propanolol
Central alpha agonists: Clonidine, methyldopa

Diet
Low sodium diet: Up to 1500 mg/day
High potassium diet: 4700 mg/day or higher
High calcium diet

•	Women: 1000 mg/day or higher (up to 50 years), 1200 mg/day or higher 
(over 50 years)
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Antihypertensive dose (adults)

•	Men: 1000 mg/day or higher (up to 70 years), 1200 mg/day or higher (over 
70 years)

High magnesium diet
•	Women: 320 mg/day or higher
•	Men: 420 mg/day or higher

Vitamin D: Maintain blood level of 30-49 ng/ml
Vitamin C: Daily supplement of 500 mg/day
Folic acid: Daily supplement of 400 mcg/day
High fiber diet (typical consumption)

•	Women: 25 g/day or higher (up to 50 years), 21 g/day or higher (over 50 
years)

•	Men: 38 g/day or higher (up to 50 years), 30 g/day or higher (over 50 
years)

Dietary fats: 20%–35% of total calorie intake
•	Minimize trans and saturated fats, increase monounsaturated (and 

polyunsaturated fats)
•	2 g of OTC fish oil or 1 g of lovaza or 2 to 3 fatty fish meals each week

Carbohydrates: 45%–65% of total calorie intake, should target 45%; favor low 
glycemic index foods; favor healthy/natural foods (i.e., fruits, vegetables, 
whole grains)

Proteins: 10%–35% of total calorie intake, should target 35%; favor vegetable 
protein sources

Nonpharmacologic Techniques
Physical activity: At least 150 minutes of moderate-intensity aerobic activity each 
week or 75 minutes of vigorous-intensity aerobic activity each week (counts as 
twice moderate-activity) or combination of both

Relaxation therapy: The Resperate device on most days of the week

Natural Medications
L-arginine: 3 tablets of sustained release (350 mg each tablet) twice daily
Coenzyme Q10: 1 tablet of 100 mg daily (preferably Q-gel preparation)
Garlic: Raw garlic 4 grams (1 to 2 cloves) daily or dried powder (1.3 percent 
alliin) 300 mg 3 times daily or aged garlic 7.2 grams daily

Cocoa powder: One serving twice daily (high-end, unprocessed brand)
Red wine: Red wine itself does not lower blood pressure; red wine polyphenols 
(extracts) such as resveratrol and quercitin may lower blood pressure but the 
supporting evidence is limited; resveratrol 40 mg to 500 mg daily; quercitin 
250 mg to 750 mg daily (can be in divided dose twice daily)

Taurine: 1 tablet of 500 mg twice daily
Alpha-lipoic acid: 600 mg once daily (but very limited evidence)
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Appendix C: Blood pressure 
goals and special populations

  Blood Pressure Goals

Office blood pressure 
(mm Hg)

Ambulatory blood 
pressure (mm Hg)

Home blood pressure 
(mm Hg)

Less than 140/90

For diabetes, chronic 
kidney disease, or 
cardiovascular disease 
less than 130/80

Less than 130/80 over 
24 hours, less than 
135/85 during 
daytime, less than 
120/70 during 
nighttime

For diabetes, chronic 
kidney disease or 
cardiovascular disease 
less than 125/75 over 
24 hours, less than 
130/80 during 
daytime, less than 
110/70 during 
nighttime

Less than 135/85

For diabetes, chronic 
kidney disease, or 
cardiovascular disease 
less than 130/80
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  Special Population Criteria

Diabetes Chronic kidney disease Cardiovascular disease

Fasting plasma glucose 
≥126 mg/dL

Diabetic nephropathy Myocardial infarction, 
angina, heart failure, 
coronary 
revascularization

Postload plasma glucose 
≥ 198 mg/dL

Serum creatinine (M 
>1.5; F >1.4 mg/dL)

Ischemic stroke, cerebral 
hemorrhage, transient 
ischemic attack (TIA)

Proteinuria (>300 
mg/24hr)

Peripheral artery disease

Retinopathy
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