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IN MEMORIAM

In memory of Dr. Ray W. Gifford, 1923–2004

Dr. Gifford was the former chairman of the Department of Hyperten-
sion and Renal Disease at The Cleveland Clinic and a renowned clini-
cian, pioneering researcher, leader of medical professional societies,
and internationally recognized expert on the nature and treatment of
hypertension, nephrology, and cardiovascular disease.  As a researcher,
Dr. Gifford investigated the causes and treatments of hypertension.  As
chairman and a member of the Joint National Committee on Detection,
Evaluation and Treatment of Hypertension, he coordinated and pro-
duced standards for medical professionals across America in the diagno-
sis and treatment of hypertension and related disorders.

While Dr. Gifford was chairman of Hypertension and Renal Disease,
he linked the Clinic’s strong research programs in the humoral, hemo-
dynamic, and neurologic aspects of hypertension, with clinical programs
that focused on treatment options and their benefits, as well as patient
and physician education.  The author of more than 460 scientific papers,
and the textbook Pheochromocytoma (with William M. Manger, MD),
Dr. Gifford performed long-term studies of patients with hypertension,
evaluated medications and surgical treatments for hypertension, con-
tributed to knowledge of arteriosclerosis and aneurysms, Raynaud’s dis-

vii



ease, renal artery disease, renal transplantation, the effect of hyperten-
sion on the extremities, and the effects of dietary sodium, among many
other subjects.

Dr. Gifford enjoyed great rapport with his patients and was beloved
by a large and loyal practice.  Although he attempted to retire from the
Clinic in 1993, strong demand from his patients brought him back to
active practice until 1999.  His influence on the discipline of hyperten-
sion will be felt for many years.  He will missed by his family and
colleagues.

viii In Memoriam
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SERIES EDITOR’S INTRODUCTION

The importance of treating hypertension in the elderly has been greatly
appreciated by physicians and scientists since the results of the Medical
Research Council studies of the 1970s and the isolated systolic hyperten-
sion trials SHEP and Syst-Eur that followed in the 1980s and 1990s.
Despite this appreciation of the severity of the complications of this
common disorder during advancing age, treatment rates to control blood
pressure in elderly patients with hypertension have been quite low. Dr.
Prisant’s volume on Hypertension in the Elderly is therefore a most
clinically relevant contribution in the area of management of hyperten-
sion in older people. This book brings together the basic pathophysi-
ological, epidemiological, diagnostic, and therapeutic advances in the
evaluation of high blood pressure in this population.

The editor, Dr. Prisant, has astutely organized this volume into sec-
tions that cover age-related changes in the cardiovascular system includ-
ing the development of reductions in arterial compliance, overviews of
the epidemiology of hypertension in the older patient, clinical evaluation
that covers a variety of topics such as blood pressure measurement and
hypertensive complications characteristic of the older patient, and
nonpharmacological and pharmacological approaches to the treatment
of hypertension in the elderly.

Substantial coverage has been appropriately given to the impact of
pharmacological treatments based on clinical trials in the elderly in
Chapters 15 through 20. There are also a few chapters devoted to special
patient populations that highlight problems of particular concern in older
patients, including cerebrovascular disease, diabetes mellitus, heart fail-
ure, and chronic arthritis. These sections contribute to the novelty of this
book because they are grounded in clinical investigations that have led
to enhanced understanding of the management of hypertension during
advancing age. The complications of hypertension in older patients are
complex, clinically challenging, and have led to much improved thera-
pies targeted towards disease regression or prevention, as outlined in
Chapters 12–14, and 22.

The chapters in Hypertension in the Elderly have been written by a
number of well-known, expert authors who have provided comprehen-
sive, scientifically sound, and clinically appropriate information. As
series editor of Clinical Hypertension and Vascular Diseases, I am
pleased by the publication of this timely, well-organized book and know



x Series Editor’s Introduction

that Hypertension in the Elderly will become a highly utilized textbook
for all specialists in cardiovascular and geriatric medicine as well as all
physicians who take care of older adults.

William B. White, MD

Professor of Medicine and Chief
Division of Hypertension and Clinical Pharmacology

Pat and Jim Calhoun Cardiology Center
University of Connecticut School of Medicine

Farmington, CT



PREFACE

Hypertension in the Elderly attempts to focus attention on the group
of hypertensive patients with the largest body of outcomes trial data, but
the poorest blood pressure control. Research data continue to recognize
the importance of hypertension for contributing to both the morbidity
and mortality of older patients. The outcomes trials document the
benefits of blood pressure treatment in reducing the rate of myocardial
infarction, heart failure, and stroke.

The organization of Hypertension in the Elderly is separated into
basic concepts, epidemiology and trials, evaluation and management,
pharmacologic treatment, special populations, and adherence. The
contributors have provided detailed current information that is useful for
the management of patients. Several chapters are state-of-the-art
reviews that integrate a large body of information.

The four chapters in Part I impart to the reader an important overview.
The late Dr. Gifford and I underscore the importance and the challenge of
treating elderly hypertensive patients. As emphasized, most elderly
hypertensives in the United States and in the world are not getting the
maximum benefit from antihypertensive medications. Drs. Webb and
Inscho describe the physiology of the age-related changes of the cardio-
renal system, and Dr. Izzo applies that information to give insight into
the mechanisms of hypertension in the elderly. Age-related changes in
vascular stiffness are a central factor of hypertension and target organ
damage. Finally, Dr. Sica describes the pharmacological and pharmaco-
dynamic changes in older patients that influence how drugs are handled.
There is merit in the clinical maxim of drug therapy in the elderly “to start
low and go slow.”

Part II covers the epidemiology and trials of older patients. It is
appropriate that Drs. Kannel and Wilson should remind us of the
Framingham Heart Study experience. The Framingham Heart Study
has always maintained the importance of systolic blood pressure as a
risk factor for cardiovascular disease, a finding that has been rediscov-
ered over the last 10 yr. Dr. Harrell and I methodically review the
lifestyle trials in older patients. Except for TONE, most of these trials
are small; thus, more work needs to be done. These data document that
nonpharmacologic therapy can decrease the need for drug therapy.
Finally, I review the hypertension outcomes trials that were conducted

xi
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in older persons. Except for ALLHAT, I have included only trials that
were conducted on elderly hypertensive patients. It is my opinion that
the double-blind trials provide the best data for decision making.

Part III is an ambitious section covering blood pressure measurement,
clinical evaluation, secondary hypertension, and target organ damage.
Drs. Arias-Vera and White correctly point out that blood pressure deter-
mination is one of the most important parts of the clinical evaluation of
an older patient. Therefore, the physician must make every effort to
measure blood pressure accurately. Dr. Jackson and I provide a practical
approach for evaluating the elderly hypertensive patient. Dr. Isales re-
ports that most endocrine causes of secondary hypertension in elderly
are rare, except for thyroid disease; however, he provides a useful clini-
cal approach for evaluation. Drs. Vongpatanasin and Victor provide a
thoughtful approach to both renovascular hypertension and hyperten-
sive renal disease. Drs. Landolfo, Thornton, Robinson, and I
reviewed the heart failure trials in elderly patients and have concluded
that our knowledge base is limited. Indeed, about 50% of elderly patients
with heart failure have a preserved ejection fraction, for which there are
scanty outcomes trials. Dr. Houghton emphasizes a comprehensive
approach to risk factors in hypertensive patients with and without
ischemic heart disease. Finally, Dr. Nichols examines the relationship of
hypertension and various cerebrovascular events. His discussion of
dementia and hypertension highlights the complexity of the relationship.

Part IV covers pharmacological therapy. The role of individual drug
classes, including diuretics and β-blockers (Dr. Cushman), angiotensin-
converting enzyme inhibitors (Dr. Sica), angiotensin receptor blockers
(my assignment), calcium antagonists (Drs. White and Thavarajah), and
α1-blockers (Dr. Pool) are described, as is how they should be used to
treat the elderly hypertensive. Dr. Mulloy and I reviewed the sparse
individual trials of combination drug therapy in the elderly hypertensive
patients and concluded that combination drug therapy achieves a higher
control rate.

Part V focuses on special populations, including African-Americans,
patients with diabetes, and patients with arthritis. Drs. Johnson and
Saunders support a more culturally sensitive approach to treating older
African-Americans. Various drug classes are evaluated. The use of the
treatment algorithm of the International Society for Hypertension on
Blacks is highlighted. Dr. Sowers and I cover the elderly diabetic hyper-
tensive. This group will enlarge and require multiple drugs to achieve
blood pressure, glucose, lipid, and antiplatelet control. Drs. Thavarajah
and White address a topic that plagues thoughtful physicians and
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hypertensionologists—arthritis pain control vs blood pressure control.
Clearly, we need antiarthritics that do not impair blood pressure control
when acetaminophen and salicylate fail. Chronic requirements for these
anti-inflammatory agents may necessitate a change in the class of anti-
hypertensive agent or an up titration of current antihypertensive agents
to prevent clinically significant untoward effects.

Part VI addresses adherence. Drs. Egan and Okonofua speak to the
clinician’s role in improving therapeutic adherence and blood pressure
control in older hypertensive patients. The behavioral science of this
topic is a neglected area in the training of most health care providers.

I am grateful to the individual authors who have contributed their
expertise and time to Hypertension in the Elderly with their outstanding
manuscripts. I would also like to acknowledge others who have influ-
enced the content of this book in various ways: Drs. George Bakris,
Henry Black, Bill Elliott, Bill Frishman, Tom Giles, Marvin Moser,
Suzanne Oparil, Donald Vidt, Michael Weber, and many others.
However, without my mentor Dr. Albert A. Carr, there would be no
book. Humana Press was kind enough to provide the opportunity to work
on this book as one of series in the field of hypertension.

I offer my first book, Hypertension in the Elderly, to the reader with
some trepidation. As with any new undertaking, the feedback of the
readers will improve further editions. Thus, I ask readers to forward to
me your comments for any additions, omissions, or errors.

L. Michael Prisant, MD
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1 The Importance
of Hypertension
in the Geriatric Population

Ray W. Gifford, Jr., MD

and L. Michael Prisant, MD, FACC, FACP

CONTENTS

THE PROBLEM

THE TRIALS

THE GOAL

REFERENCES

THE PROBLEM

A 50% increase in the 1995 US population size by the year 2050 has
been projected (1). Although 12.5% of the population was 65 years or
older in 1990, it is estimated the percentage will increase to 20% by 2050
(Fig. 1). The number of elderly will increase from 39 million in 2010 to
69 million by 2030 (1). The projected population growth of older patients
will certainly increase the prevalence of hypertension in the elderly, which
accounts for two-thirds of the elderly population (2). The prevalence of
hypertension has increased since 1988 (Fig. 2) (3).

It is unfortunate, but true, that elderly people have a disproportion-
ate share of hypertension in this country (Fig. 3) and in the other indus-
trialized countries of the world (4). The increase in systolic blood
pressure (SBP) with aging is so conspicuous and consistent that it is
sometimes mistaken as a normal phenomenon and is not treated (Fig. 4).

In medical school, we were taught that isolated systolic hypertension
should not be treated. A normal SBP was 100 mmHg plus the person’s
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Fig. 1. Population projections in the United States. (Data derived from ref. 1.)

Fig. 2. Prevalence of hypertension for persons 60 years or older in the United
States, 1988–2000. The change of 7.5% from 1988 to 2000 was highly signifi-
cant (p = 0.002). (Data derived from ref. 3.)

age. Prevailing opinion at that time held that diastolic blood pressure
(DBP) was the culprit causing the organ damage frequently associated
with high blood pressure. Now, it is widely recognized that SBP is more
important than DBP in determining cardiovascular and renal complica-
tions of hypertension. In contrast to young patients, 80% of elderly
patients have isolated systolic hypertension (5).

After analyzing data from the National Health and Nutrition Examina-
tion Survey, Hyman and Pavlik (6) concluded that most cases of uncon-
trolled hypertension in the United States consisted of mild isolated systolic
hypertension in older adults, most of whom have access to health care
and relatively frequent contact with physicians (Fig. 5). In an accompa-
nying editorial, Chobanian stated that “despite very effective antihyper-
tensive therapies and data from clinical trials demonstrating that lowering



Chapter 1 / Hypertension and the Geriatric Population 5

Fig. 3. Prevalence of hypertension in the United States by age, gender, and race.
(Data from ref. 4.)

blood pressure reduces cardiovascular and renal complications, more
than one-fourth of the estimated 42 million people with hypertension in
the United States remain unaware that they have the disorder, and approxi-
mately three-fourths of those with known hypertension have blood pres-
sure that exceeds recommended levels” (7).

THE TRIALS

It has been more than 12 years since Applegate (8) advised physicians
that drug treatment of isolated systolic hypertension or predominant
systolic hypertension reduced cardiovascular morbidity; this advice was
based on the results of the Systolic Hypertension in the Elderly Program
trial (9) and the Medical Research Council’s Trial on Hypertension in the
Elderly (10). Because many physicians apparently have been reluctant
to treat isolated systolic hypertension in elderly patients (Fig. 5), the
Coordinating Committee of the National High Blood Pressure Educa-
tion Program issued a clinical advisory statement, “Importance of Sys-
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Fig. 4. Mean systolic and diastolic blood pressure by age, race, and gender in
the United States. (Data from ref. 4.)

Fig. 5. Prevalence of uncontrolled isolated systolic hypertension according to
age. Isolated systolic hypertension is defined as diastolic blood pressure less
than 90 mmHg and systolic blood pressure 140 mmHg or greater. (Data derived
from ref. 6.)
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tolic Blood Pressure in Older Americans” (11). This report emphasized
the importance of controlling systolic as well as diastolic hypertension,
especially in elderly patients.

Evidence from controlled clinical trials showed reduced cardiovascu-
lar and renal events in elderly patients treated to recommended goal SBP
and DBP (9,10,12–15). The recently published results of the Antihy-
pertensive Lipid-Lowering Heart Attack Trial may change physicians’
attitudes about treating hypertension in the elderly (15). There were 42,448
participants, of which 80.9% were 60 years or older and 35.3% were 70
years or older (16). The study was conducted by physicians in their own
offices with their own hypertensive patients. After an average of 4.9
years, blood pressure was reduced from an average of 146/84 to 134/75
mmHg, and more than 60% achieved goal blood pressure of less than
140/90 mmHg (Fig. 6) (17), which is decidedly better than 27.4% reported
recently (Fig. 7) (3).

THE GOALS

If these community physicians can get blood pressure to goal in more
than 60% of elderly hypertensive patients, why can’t the rest of us? The
answer is that it often requires two or more medications to control hyper-
tension in elderly patients (18), one of the important messages of the
most recent Joint National Committee’s report (19).

Unfortunately, hypertension tends to beget hypertension. High nor-
mal SBP (i.e., 130–140 mmHg) pounding at the aorta with each heart-
beat, year after year, damages elastic tissue in the aorta and its large

Fig. 6. Blood pressure control in the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT). Systolic and diastolic
blood pressure were controlled, respectively, in 67 and 92% of participants.
(Data derived from ref. 17.)
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branches, reducing aortic and arterial compliance. Hence, SBP tends to
rise with age in the United States and other acculturated societies. Regret-
tably, most elderly hypertensives in this country and in the world are not
getting the maximum benefit from antihypertensive medications.
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INTRODUCTION

According to the US Census Bureau, the proportion of people in the
United States over the age of 65 years is increasing. Current estimates
indicate that approximately 30 to 35 million people are 65 years of age
or older. In the year 2030, it is estimated that there will be approximately
55 to 60 million people in this age category. This aspect of our population
has an important impact on the understanding of cardiovascular disease
(CVD) because it is known that advancing age confers the major risk.
The incidence and prevalence of CVD increases dramatically with ad-
vancing age in both men and women.

Aging is a complicated event, and most individuals consider the pro-
cess a loss in general function that impairs ability. Epidemiological stud-
ies have demonstrated that the process of aging is the major risk factor
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for cardiovascular impairment (Fig. 1). The reason for this dominance is
that aging occurs while an individual is responding to various stressors
by changing patterns of gene expression (genetic traits) on a background
of environmental factors and disease states.

The effects of aging are diverse and can be identified at the molecular,
cellular, tissue, organ, and system levels as contributing to the altered
function of the intact organism. With respect to the cardiovascular sys-
tem (Fig. 1), it is known that the changes that occur with age are modu-
lated by other systems in the body. For example, functional changes in
the autonomic nervous system during aging affect the overall function
of the cardiovascular system owing to the fact that the latter is controlled
in large part by the former. Another example is that changes in the
endocrine system can have an important impact on cardiovascular func-
tion. Testosterone levels decrease with age, and it is known that this
hormone alters the distribution of contractile proteins in the heart. It
should also be recognized that age-related changes in the cardiovascular
system differ in male and female subjects.

This brief review summarizes several aspects of cardiovascular aging.
The goal is to separate those changes in the heart and vasculature associ-
ated with aging in healthy individuals from those associated with disease

Fig. 1. Mechanisms of cardiovascular changes in aging. Aging is an indepen-
dent risk factor for cardiovascular disease. The effects of aging are diverse and
can be identified at the molecular, cellular, tissue, organ, and system levels as
contributing to the altered function of the intact organism. The effects of aging
act with other variables (initiating factors), such as gene expression, environ-
ment, and disease, to alter various organ systems. With respect to cardiovascular
remodeling and impaired function in older individuals (final common path-
way), it is known that the changes are modulated by other systems in the body
(sequence of events).
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processes. Clearly, it is nearly impossible to dissociate all the compo-
nents of aging from those that are characteristic of disease processes.
Aging of the cardiovascular system is the platform from which CVDs are
launched. Thus, the reader is directed to other reviews of these topics for
a more complete treatment of the subject (see refs. 1–16). Other chapters
within this volume also address adaptive and pathological changes in the
cardiovascular system brought on by disease.

AGE-RELATED CHANGES IN VASCULAR FUNCTION

Increased Wall Thickening and Arterial Stiffening
Extensive evidence has demonstrated that wall thickening and dila-

tion are the major structural changes that occur in the large elastic arter-
ies during aging (Fig. 2; see refs. 1, 4, 7, and 14 for review). The wall
thickening involves both the tunica intima and the tunica media. As a
consequence of this remodeling, there is a reduction in arterial compli-
ance with an increase in vessel stiffness. Increased pulse wave velocity
reflects this vascular stiffening because it is determined by the intrinsic
stress/strain relationship of the vascular wall and by the mean arterial
pressure.

Factors that contribute to the increased wall thickening and stiffening
in aging include increased collagen, reduced elastin, and calcification.
The amount of extracellular matrix increases and becomes particularly
rich in glucosaminoglycans. These changes should not be considered
“atherosclerotic” even though the factors are associated with this disease
process (17). Age-dependent thickening of the arteries occurs in the
absence of atherosclerosis and with aging in nonhuman primates and
rodents. Thus, aging of the arteries is likely an adaptive mechanism to
maintain conditions of blood flow and wall tension.

When the large arteries become stiffer, there is an increase in systolic
arterial pressure, a decrease in diastolic pressure, and a widening of the
pulse pressure (see ref. 1 for review). This pattern of changes in the
vasculature with respect to indices of blood pressure is much different
from that seen in hypertension, for which there is an increase in total
peripheral resistance. An increase in total peripheral resistance tends to
increase both systolic and arterial pressure to a similar degree.

Endothelial Dysfunction
A portion of the stiffening of large arteries during the aging process

can be attributed to a reduction in endothelial function, which normally
opposes contraction of the underlying vascular smooth muscle (5,18–
23). The principle finding is that with aging there is a reduction in the
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amount of nitric oxide (NO) produced by the endothelial cells. NO is
produced from L-arginine by endothelial nitric oxide synthase (eNOS).
This enzyme is constitutively active and regulated by the intracellular
concentration of calcium (Ca2+). eNOS is inhibited competitively by
analogs of L-arginine such as Nω-nitro-L-arginine. Asymmetric dimeth-
ylarginine, an endogenous inhibitor of eNOS, is increased in older indi-
viduals and may therefore serve as an additional mechanism to lower NO
production by the endothelium (19).

In addition to a reduction in the production of NO by the endothelial
cells, it has been demonstrated that the bioavailability of NO is reduced
with aging (5). This reduction is thought to be mainly the result of an
increase in oxidative stress during aging. Presumably, superoxide anion
quenches endothelium-derived NO through a chemical reaction to form
peroxynitrite (5,15,22). Thus, vasoconstriction is promoted because the
dilator activity of NO is removed. However, this is not the only mecha-
nism by which superoxide acts because it is known to cause contraction
of vascular smooth muscle in the absence of the endothelium or in the
presence of inhibitors of nitric oxide synthase.

Fig. 2. Age-related changes in the cardiovascular system. The major age-related
changes in the cardiovascular system are (a) arterial stiffening; (b) endothelial
dysfunction, which promotes vasoconstriction; (c) elevated systolic blood pres-
sure and increased pulse pressure; (d) increased left ventricular wall thickness;
(e) reduced early diastolic filling of the ventricles; (f) impaired cardiac reserve;
(g) alterations in heart rate rhythm; (h) prolonged cardiac action potential; and
(i) a decline in renal function that contributes to improper maintenance of
extracellular fluid volume and composition. These age-associated changes in
cardiovascular function contribute to morbidity and mortality brought about by
various disease states (i.e., hypertension, atherosclerosis, heart failure, etc.).
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Once produced, endothelium-derived NO diffuses to the smooth
muscle cells. NO binds to smooth muscle cell-soluble guanylate cyclase,
leading to an increase in cyclic guanosine 3’5' monophosphate (cGMP)
and the subsequent activation of cGMP-dependent protein kinase. NO/
cGMP/cGMP-dependent protein kinase signaling has been proposed to
decrease intracellular Ca2+ concentration via the inhibition of L-type
Ca2+ channels and the activation of sarcoplasmic reticulum Ca2+G adeno-
sine triphosphatases (ATPases), as well as induce cellular hyperpolariza-
tion through the activation of membrane K+ channels. NO has other
actions, such as activation of ribosyl transferases and nitration of pro-
teins, which could also contribute to inhibitory effects and vasodilation.
Reductions in many of the components of these NO-dependent cell-
signaling pathways have been observed in the vasculature of aging ani-
mals and humans.

The barrier function of the endothelium also changes during the aging
process (5). Compared to vessels of young animals, the permeability of
the endothelium is increased in older animals.

AGE-RELATED CHANGES IN CARDIAC FUNCTION

Heart Rate and Cardiac Output
Resting heart rate does not change dramatically with age (see ref. 2 for

review). In the supine position at rest, heart rate in older men does not
differ from that in younger men. In changing from the supine to the
sitting position, heart rate increases; the magnitude of this change is
somewhat less in older men.

During exercise, the maximal heart rate attainable is lower in older
individuals than in younger individuals. This inability to raise the heart
rate to high levels during exercise is reflected in lower cardiac output
reserve in older subjects and contributes to declining aerobic capacity in
advancing age. Other factors that contribute to the reduction in aerobic
capacity in older individuals include the following: (a) an increase in body
fat, (b) a reduction in muscle mass, and (c) impaired oxygen extraction.

It should also be noted that a considerable portion of the diminished
hemodynamic response during vigorous exercise is related to the inabil-
ity of the sympathetic nervous system to provide adequate modulation
of cardiac output. As noted by Lakatta and Sollott (4), the reduced β-
adrenergic modulation of cardiac function is one of the best-character-
ized changes that occur in the cardiovascular system during aging, and
it has been characterized at the molecular, cellular, organ, and system
levels with integration into the intact organism.



16 Hypertension in the Elderly

The variability in heart rate (beat-to-beat fluctuation) declines during
aging (see refs. 2 and 14 for review). This alteration in heart rhythm is
a reflection of dysregulation of the autonomic nervous system com-
monly found in older individuals. Based on the accumulated evidence,
it is widely believed that the dramatic change in cardiac function attrib-
utable to altered heart rhythm places the aging population at increased
risk of morbidity and mortality.

Left Ventricular Wall Function
The stiffening of arteries during aging affects cardiac structure and

function (see refs. 2 and 14 for review). As noted in the section “Increased
Wall Thickening and Arterial Stiffening,” systolic blood pressure increases
with age. This increase in afterload contributes to a moderate increase in
left ventricular mass observed in many individuals between the third and
ninth decades of life. A large portion of this hypertrophy is caused by an
enlargement of cardiac myocytes because of the addition of sarcomeres.
There is a decrease in myocyte number in the aging myocardium, but the
mechanism for this myocyte loss is unclear (24).

Left ventricular filling during the early phase of diastole slows after
the age of 20 years, and by the 80 years of age, the rate is approximately
50% of its peak value observed in early life (see refs. 2 and 14 for
review). Accumulation of fibrous material in the left ventricle and slow-
ing in Ca2+ activation from the preceding systole are possible mecha-
nisms contributing to this reduced early diastolic filling rate.
Regardless, adequate filling of the left ventricle occurs in late diastole
because of an increase in atrial contraction. Thus, the atria are often
hypertrophied in older individuals because of this augmented atrial con-
traction. Left ventricular systolic function is preserved during aging.

Myocardial Contraction
Contraction of the cardiac myocyte is initiated by an action potential

that causes an increase in intracellular Ca2+ concentration to activate
interaction between contractile proteins. The activator Ca2+ comes from
several sources, including a transmembrane flux of the cation and a
release from storage sites inside the cell (sarcoplasmic reticulum). Dur-
ing relaxation of the cardiac myocyte, the intracellular concentration of
Ca2+ is reduced by pumping it back into the sarcoplasmic reticulum and
by extrusion from the cell (sodium–calcium exchange, plasma mem-
brane Ca2+ ATPase).

Excitation–contraction coupling in the cardiac myocyte changes dur-
ing aging (2,25–28). The action potential becomes prolonged, and the
cytosolic Ca2+ transient after excitation is increased, leading to pro-
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longed contraction. The prolonged action potential is caused by slower
inactivation of L-type Ca2+ current and reduction in outwardly directed
potassium currents (26,27). The prolonged Ca2+ transient is caused partly
by a reduction in uptake of the cation by the sarcoplasmic reticulum (2).
There is also an increase in the transcripts for the sodium–calcium
exchanger, which serves to extrude calcium from the cell. These age-
associated changes in Ca2+ movements impair myocardial relaxation
and contribute to the aforementioned reduction in early diastolic filling
rate characterizing the aging heart.

KIDNEY FUNCTION AND THE CONTROL
OF EXTRACELLULAR FLUID VOLUME IN AGING

Normal aging is accompanied by alterations in many aspects of renal
morphology and function in both humans and animals (29–32). Whereas
the prevalence of declining renal function in aging is recognized, the
mechanisms responsible for the decline remain obscure and highly con-
troversial. Renal mass decreases by 20 to 25% between the ages of 30
and 80 years (30). Glomerular filtration rate declines by approximately
10% each decade after 30 years of age and is accompanied by an increase
in renal vascular resistance and a decrease in glomerular number. The
decline in glomerular filtration rate and glomerular number stimulates a
compensatory increase in the size of the remaining glomeruli (30,31,
33,34). Age-related sclerosis of the remaining glomeruli, thickening of
basement membrane, accumulation of extracellular matrix, expansion
of the glomerular mesangium, and alteration of tubular epithelial trans-
porters are also commonly reported (35). These factors contribute to an
overall decline in glomerular filtration rate and impairment of tubular
reabsorptive function that compromises the ability of the kidneys to
maintain proper extracellular fluid volume and composition. This pro-
gressive loss of renal functional reserve develops over decades and may
be unnoticed until the subject is faced with significant cardiovascular or
extracellular fluid challenge (31). The addition of other cardiovascular
risk factors, such as salt sensitivity, hypertension, and diabetes, acceler-
ates the loss of functioning nephrons and increases the susceptibility of
elderly individuals to end-stage renal injury (36).

Regulation of glomerular perfusion, glomerular capillary pressure,
medullary blood flow, and renal hemodynamics all occur through adjust-
ments in renal microvascular resistance (37). Resistance changes are
controlled by intrinsic mechanisms such as autoregulation and locally
released autocrine and paracrine factors as well as through extrinsic
mechanisms, which include sympathetic nerves or circulating vasoac-
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tive agents (37). In normal kidneys, locally produced NO, adenosine,
prostaglandins, endothelin, angiotensin II, and myriad tubular and endot-
helial factors combine to modulate intrarenal vascular function. Studies
have shown that the influence of these regulatory systems on renal vas-
cular function is reduced in aged subjects, possibly exposing glomeruli
to inappropriately high blood pressures and promoting glomerular and
vascular inflammation and sclerosis (38,39). Thus, age-related impair-
ment of renal vascular control can account for some of the reduction in
glomerular number and glomerular filtration rate known to define the
senescent kidney.

Kidney-related volume and electrolyte disturbances also represent a
significant clinical challenge in elderly individuals (30,31,40). The gen-
esis of such disturbances remains poorly understood, but includes both
renal tubular and neurological mechanisms. Renal tubular function is
reduced in elderly subjects, leading to a reduced ability to excrete a
sodium or an acid load and a compromised ability to maintain potassium
balance. As the excretory capacity of the kidney declines, the ability of
the kidney to eliminate drug metabolites also declines. Accordingly,
therapeutic regimens need to be adjusted to account for reduced renal
clearance to prevent drug toxicity or overdose (35).

Paradoxically, the aged kidney also exhibits reduced urinary-concen-
trating ability, leading to polyuria and reduced ability to conserve fil-
tered sodium (30,31,40). This is coupled with a reduced thirst sensation,
leading to overall volume contraction and susceptibility to hyponatre-
mia, hyperkalemia, and acidosis. Thus, cardiovascular management of
elderly individuals can be complicated by conditions of volume and
electrolyte overload or volume and electrolyte deficit. Diagnosis and
treatment of such conditions certainly require consideration of both
renal and cardiovascular issues to correct clinical and physiological
abnormalities safely in elderly patients.

ETIOLOGY OF AGING
IN THE CARDIOVASCULAR SYSTEM

The mechanistic explanation for aging of the cardiovascular system
is an area of intense study. Most investigators believe that aging is the
result of cumulative damage brought on by a variety of insults. Oxidative
stress, nonenzymatic glycation, and changes in gene expression influ-
ence aging of the cardiovascular system (2,5,41,42). Thus, it is often
stated that aging of the cardiovascular system resembles the morpho-
logical and biochemical changes seen in inflammation. This is reason-
able because the two processes share many common features, such as
alterations in reactive oxygen species and cytokine expression.
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Many of the changes in the aging cardiovascular system are not fixed.
Indeed, endurance training has a beneficial effect on maximum oxygen
consumption, diastolic filling, myocardial relaxation, and vascular stiff-
ening (43–45).

SUMMARY

This brief review provides an overview of the major age-related changes
in the cardiovascular system. These changes include the following:

• arterial stiffening
• endothelial dysfunction promoting vasoconstriction
• elevated systolic blood pressure and increased pulse pressure
• increased left ventricular wall thickness
• reduced early diastolic filling
• impaired cardiac reserve
• alterations in heart rate rhythm
• prolonged cardiac action potential
• a decline in renal function that contributes to improper maintenance of

extracellular fluid volume and composition.

These age-associated changes in cardiovascular function precede
clinical disease (hypertension, stroke, atherosclerosis, etc.).
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INTRODUCTION

Within the past few years, the paradigm in hypertension has shifted
from an emphasis on diastolic blood pressure (DBP) to one that empha-
sizes the importance of systolic blood pressure (SBP), especially in indi-
viduals over age 50 years (1–4). The rationale for this shift is based on a
large body of observational and clinical trial data demonstrating that
SBP is a better risk predictor, and that SBP control markedly reduces
cardiovascular morbidity and mortality. At the same time, there has been
relatively little information available to practitioners about the many
new concepts that underlie this new approach to cardiovascular patho-
physiology. Most important is the notion that age-related changes in
vascular stiffness are at the center of future efforts to provide important
new diagnostic and therapeutic advances in hypertension care.
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POPULATION STUDIES

Age, Blood Pressure, and Cardiovascular Risk
Cross-sectional population studies showed that SBP increases

throughout life, whereas DBP increases until about age 50 years and then
declines in men and women and in all racial groups (5) (Fig. 1). Of
interest, the relationship of age and SBP is only found in complex indus-
trialized societies; primitive peoples and cloistered groups such as nuns
or institutionalized people do not experience this effect. By age 60 years,
about two-thirds of those with hypertension have isolated systolic hyper-
tension (ISH); by age 75 years, almost all hypertensives have systolic
hypertension, and about three-fourths of hypertensives have ISH (3).

It is now widely recognized that the risk of cardiovascular diseases
(CVDs) in individuals beyond 50 years of age is best predicted by SBP
(1-4,6). In fact, some studies in individuals 50 to 79 years of age sug-
gested that the risk of coronary artery disease is inversely related to DBP
at any given level of SBP. Wide pulse pressure (PP; PP = SBP – DBP)
has been found to be an independent predictor of CVD risk in people over
60 years of age, even after adjusting for previous clinical CVD, age,
gender, and other cardinal risk factors (7). PP is a stronger predictor of
CVD risk in those with dyslipidemia, left ventricular hypertrophy (LVH),
albuminuria, chronic kidney disease, or prior cardiovascular events
(myocardial infarction, ventricular dysfunction, or heart failure) (8–10).

Fig. 1. Mean systolic and diastolic blood pressures (BPs) by age and race/
ethnicity for men and women, US population �18 years old. (From ref. 5.)
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Yet, there are important limitations to using PP as a reliable risk
indicator. In middle-aged, healthy populations or older individuals with
both systolic and diastolic hypertension, any blood pressure (BP) com-
ponent (systolic, diastolic, or mean arterial pressure [MAP]) may be
equal or superior to PP as a risk predictor (6).

Impact on Classification of Hypertension
There are important implications of aging effects on the value of SBP

and DBP as diagnostic indices in hypertension. After age 50 years, SBP
becomes more reliable in the classification of hypertension and in risk
stratification, as was shown in the Framingham Heart Study (11). By
convention, when both SBP and DBP are considered, the higher value
determines the correct stage of hypertension. For example, using the
current classification system, a person with a BP of 162/90 mmHg would
be classified as having stage 2 hypertension because the 162 mmHg
exceeds the threshold for stage 2 hypertension (>160 mmHg) and thus
“upstages” the diastolic value (which would by itself be considered stage
1). When used as the sole classifier of the stage of hypertension, SBP is
accurate more than 90% of the time, whereas the diastolic value accu-
rately predicts the stage of hypertension only about 60% (11).

Benefits of SBP Control
The best study conducted in systolic hypertension is the Systolic

Hypertension in the Elderly Program, a 4-year intervention that included
4694 individuals over age 60 with pretreatment SBP over 160 and DBP
under 90 mmHg. Compared to placebo, individuals treated with
chlorthalidone (with or without β-blocker) achieved favorable benefits
in the primary end point of stroke (–36%), as well as reductions in heart
failure events (–54%), myocardial infarctions (–27%), and overall CVD
events (–32%) (12). Using a similar design and sample size, the Systolic
Hypertension in Europe trial compared a regimen based on nitrendipine
(a dihydropyridine calcium antagonist) to a placebo-based regimen and
found a significant benefit on stroke (–41%) as well as overall CVD
events (–31%) (13). A meta-analysis of eight placebo-controlled trials in
15,693 elderly patients followed for 4 years found that active antihyper-
tensive treatment reduced coronary events (23%), strokes (30%), car-
diovascular deaths (18%), and total deaths (13%), with the benefit
particularly high in those older than 70 years of age (14). Most experts
now feel that the choice of initial agent is less important than the level
of BP reduction achieved (4,15).
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PATHOPHYSIOLOGY

Why is there such a great benefit of treating systolic hypertension?
The answer becomes clearer after a review of basic cardiovascular patho-
physiology. Although it is currently fashionable to describe hyperten-
sion as a complex metabolic syndrome that involves insulin resistance
and other derangements; in the main, hypertension remains a hemody-
namic syndrome with properties that change with age.

Steady-State Hemodynamics
Basic teaching of the hemodynamics of hypertension has historically

ignored the intrinsic pulsatility of the circulation. Typically, a steady-
state flow model has been used to approximate circulatory hemodynam-
ics, and MAP has been used as a surrogate for systemic vascular
resistance (SVR) and the integrated pressure burden on the vasculature.
MAP is analogous to voltage in the electrical steady-state model (Ohm’s
law), where Voltage = Current × Resistance. Thus, MAP = Total flow
(Cardiac output) × SVR. In this simplified model, MAP is more closely
related to DBP than SBP. Parallel increases in SBP and DBP up to age
50 years are primarily the result of age-related increases in SVR, but it
is common to find systolic hypertension associated with increased car-
diac stroke volume in younger hypertensives (16).

Pulsatility and Blood Flow
To understand the pathophysiological relevance of systolic hyperten-

sion, it is necessary to review the physiology of circulatory pulsatility.
In conjunction with cardiac contraction, the arterial system serves two
basic interrelated functions: conveyance of a sufficient quantity of blood
to various tissues (the conduit function) and damping of pulsatile flow
to provide a smoother flow profile in the microcirculation. The pulsa-
tile or dynamic component of blood pressure is the summation of three
major factors: cardiac contractility (stroke volume), aortic impedance
(central arterial stiffness), and late systolic pressure augmentation caused
by pulse wave reflection from the distal circulation (Fig. 2).

Central Arterial Stiffness
Large central arteries, predominantly the thoracic aorta and its proxi-

mal branches, fulfill the damping function by expanding during systole,
storing some but not all of each stroke volume, and utilizing elastic recoil
to propel the residual of each stroke volume to the periphery during
diastole. The resulting damping of pulsatility in normal young arteries
creates a relatively narrow PP (Fig. 3). When central arteries are stiffer,
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Fig. 2. Components of blood pressure (BP) and cardiac load. Various param-
eters are needed to describe pulsatile phenomena. DN, dicrotic notch, the divi-
sion between systole and diastole. Left-hand panel demonstrates a typical aortic
pulse contour in an individual with hypertension. Pulse pressure (PP) represents
the maximal difference between systolic BP (SBP) and diastolic BP (DBP);
mean arterial pressure (MAP) = DBP + 1/3 PP. Major components of PP include
(a) cardiac stroke volume, (b) aortic impedance to early systolic outflow, and (c)
late systolic augmentation pressure (AP) caused by arterial stiffening and pre-
mature return of reflected waves. Total cardiac load, the integral of the systolic
pulse contour, depends mainly on the interactions of three factors proportionally
represented by the bar graph at the right: DBP, coupled effects of ventricular
contraction and aortic impedance, and AP.

two related events occur: (a) SBP increases because more blood is deliv-
ered to the periphery during systole, and (b) DBP decreases because
there is less residual stroke volume to be delivered to the periphery
during diastole. Thus, central arterial stiffness causes PP to increase, a
phenomenon that is independent of any change in MAP.

The cellular basis of age-related arterial stiffening is only partly under-
stood. The elastic behavior of arteries depends primarily on the composi-
tion and arrangement of collagen, elastin, and vascular smooth muscle
cells in the tunica media of the arterial wall. An elastin matrix attached
to vascular smooth muscle cells acts to damp changes in intraluminal
pressure and tension. There is a functional dependency of arterial wall
tension and stiffness on the distending pressure; increased BP stretches
the load-bearing elastic lamellae, making the arteries functionally stiffer.
Over a lifetime, other structural changes occur, including loss of elastin
and increased collagen deposition. This degenerative process is some-
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Fig. 3. Effect of central arterial stiffness on pulse pressure (PP). Age-related
increases in central arterial stiffness convert a smooth peripheral pressure wave
with a narrow PP to a more pulsatile peripheral pressure wave with increased PP.
Changes in PP are independent of changes in stroke volume or systemic vascular
resistance. The central problem is the loss of aortic elasticity; systolic pressure
is increased and diastolic blood pressure (BP) is decreased because of the loss
of elastic recoil of the aorta. (Adapted from ref. 26.)

times called arteriosclerosis to differentiate it from atherosclerosis, the
occlusive result of endovascular inflammatory disease caused by lipid
oxidation and plaque formation. Hypertension, diabetes, and chronic
renal failure accelerate the aging of central elastic arteries and cause
premature arterial stiffening.

Reflection, Augmentation, and Amplification
A fundamental property of stiff arteries is that they conduct pulse

waves faster than more elastic vessels. Arterial stiffness thus can be
approximated by measuring pulse wave velocity (PWV). Another fun-
damental property of pulse wave transmission is that pulse waves can be
reflected within arterial walls, leading to both forward and backward
transmission of pulse waves (17) (Fig. 4). Reflected waves have their
origins at points of “impedance mismatch,” where the flow and pressure
waves are not perfectly matched, especially from branch points, con-
strictions, or areas of turbulence.
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Wave reflection can have important effects on cardiac function and
structure. In young people with elastic arteries, the primary reflected
wave returns to the aortic root during early diastole, where it serves to
augment coronary artery filling. In older people with stiffer arteries, the
high PWV causes the primary reflected wave to return to the aortic root
before the end of systole, where it summates with the forward-traveling
pulse wave and augments late SBP (Fig. 4).

Another interesting and poorly understood property of the arterial tree
is PP amplification (18) (Fig. 5). In normal young individuals with highly
elastic arterial walls, PP at distal arterial sites is greater than that mea-
sured centrally. This contrasts with MAP, which is relatively constant
throughout the arterial tree. PP amplification is the result of the progres-
sive increase in impedance that occurs in the distal circulation and the
corresponding differences in the summation of incident and reflected
waves along the arterial tree. In normal young people, it is not uncom-

Fig. 4. Components of arterial pulse waves in older and younger subjects.
Because of the property of wave reflection, any pulse wave can be decom-
posed into a forward-traveling and backward-traveling wave. The velocity of
travel of these pulse waves (PWV) is directly proportional to the stiffness of the
arterial wall. In older people, increased PWV causes early return of the principal
reflected wave, which summates with the incident wave to augment late systolic
pressure. Vertical line is the dicrotic notch that separates systole from diastole.
(Modified from ref. 17.)
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mon to observe a brachial PP that is 20 to 30 mmHg higher than that at
the aortic root. With aging, however, the greater magnitude of the reflected
waves and the increased PWV contribute to a progressive diminution of
the apparent central–peripheral PP differential (Fig. 5). The importance
of this effect is that brachial SBP (or PP) is not always a reliable surrogate
for central SBP (19).

The Integrated Hemodynamic Model
Age-related increases in SBP and widening of PP usually signify that

arterial stiffness has become the dominant hemodynamic lesion. There
remains a role for excessive vasoconstriction in the syndrome of hyper-
tension, however, because systemic vasoconstriction and increased SVR
contribute to both systolic and diastolic hypertension (Fig. 6). Overall,
increased SBP can be the result of increases in stroke volume, arterial
stiffness, or SVR, whereas DBP is decreased when central arterial stiff-
ness increases. DBP thus varies directly with SVR and inversely with
central arterial stiffness.

The ability of increased SVR to cause increases in either SBP or DBP
(depending on the degree of central arterial stiffness) causes otherwise
unexpected differences in the therapeutic responses of SBP and DBP to

Fig. 5. Pulse pressure (PP) amplification and wave reflection. In normal young
individuals, PP is amplified as the wave travels downstream because of a pro-
gressive increase in impedance, and mean arterial pressure remains constant.
With age and increased central pressure augmentation, the difference between
central and peripheral PP decreases. Thus, peripheral PP is not always equiva-
lent to central PP. (From ref. 27.)
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vasodilators (20). In ISH, a vasodilator causes a disproportionate drop
in SBP; the same vasodilator in a person with diastolic hypertension
decreases DBP. If both SBP and DBP are elevated, both will be decreased
by the vasodilator therapy (Fig. 7).

Fig. 6. Integrated hemodynamic model of hypertension. Factors promoting
increased systolic blood pressure (BP) are increased cardiac contractility (stroke
volume), increased central arterial stiffness, and increased arteriolar constric-
tion (systemic vascular resistance). Peripheral arteriolar constriction directly
increases diastolic BP and mean arterial pressure, whereas central artery stiff-
ness lowers diastolic BP.

Fig. 7. Effect of arterial stiffness on BP responses to vasodilation. The net effect
of an arteriolar dilator drug on systolic and diastolic BP can be very different
depending on the stiffness of an individual’s central arteries. For the same
degree of vasodilation, an individual with stiff arteries and isolated systolic
hypertension (ISH) will respond with a marked reduction in systolic BP (-20/
-5 mmHg = -10 mmHg MAP), whereas an individual with isolated diastolic
hypertension will experience a predominant effect on diastolic BP (–6/–12
mmHg = –10 mmHg MAP). (Modified from ref. 20.)
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Pathological Implications
Systolic hypertension and increased PP are strong surrogate markers

for CVD morbidity and mortality. Increased pulsatile load is the major
factor in increased left ventricular systolic wall stress and LVH, both of
which impair left ventricular relaxation and contribute to diastolic
dysfunction. Increased ventricular mass increases coronary blood flow
requirements and decreases coronary flow reserve. Late systolic pres-
sure augmentation further increases ventricular load; in elderly persons
with ISH, late systolic pressure can be increased by as much as 20 to 40
mmHg as a result of wave reflection. In general, central systolic augmen-
tation is age dependent and contributes to “wasted cardiac output” and
LVH (Fig. 8). Simultaneously, as PP widens, decreases in DBP further
compromise coronary filling. At the same time, greater shear stress on
the central arteries accentuates aortic, carotid, and coronary atheroscle-
rosis and probably contributes to rupture of unstable atherosclerotic
plaques. The distal vasculature is also affected because increased pulsa-
tile stress promotes endothelial dysfunction, thus affecting the balance
in the forces controlling arteriolar constriction and dilation and favoring
arteriolar smooth muscle hypertrophy and arteriolar remodeling.

Fig. 8. Effect of age and central pressure augmentation on cardiac load. Increased
arterial stiffness causes increased pulse wave velocity and promotes late systolic
pressure augmentation. Augmentation index increases with age, but this effect
is accelerated by the presence of hypertension. Increased late systolic pressure
contributes to the overall cardiac load and can be considered “wasted” cardiac
work. Increased cardiac load contributes directly to left ventricular hypertrophy.
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NONINVASIVE MEASUREMENT OF ARTERIAL
STIFFNESS

As discussed in this review, information related to the assessment of
SBP, PP, and central arterial stiffness is fundamentally different from
that related to DBP or MAP. Thus, the elastic properties of the arteries
and the impact of arterial stiffness on pulse wave transmission and reflec-
tion are of increasing interest to researchers and clinicians. Because bra-
chial PP is only loosely related to central PP and wide PP in general is
a late indicator of CVD risk, many investigators are searching for more
sensitive measures of earlier changes in arterial wall properties.

Changes in central artery stiffness can be quantitated using research
methods that measure PWV, aortic impedance, and analysis of arterial
waveform morphology. Increased PWV has been correlated with increased
CVD mortality (21), and aortic impedance can be affected differently by
different antihypertensive agents (22). In the future, it may be possible
to use these indicators of central artery stiffness to allow targeted pri-
mary prevention of CVD or improved therapeutic monitoring of antihy-
pertensive drugs or new compounds that directly reduce arterial stiffness.
At present, all techniques that assess arterial stiffness should be consid-
ered primarily research tools not ready for immediate clinical applica-
tion (23–25).

REFERENCES
1. Kannel WB, Gordon T, Schwartz MJ. Systolic vs diastolic blood pressure and risk

of coronary heart disease. Am J Cardiol 1971;27:335–345.
2. Izzo JL Jr, Levy D, Black HR. Clinical advisory statement: importance of systolic

blood pressure in older Americans. Hypertension 2000;35:1021–1024.
3. Franklin SS, Jacobs MJ, Wong ND, L’Italien GJ, Lapuerta P. Predominance of

isolated systolic hypertension among middle-aged and elderly US hypertensives:
analysis based on National Health and Nutrition Examination Survey (NHANES)
III. Hypertension 2001;37:869–874.

4. Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the Joint National
Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure—JNC VII Express. JAMA 2003;289:2560–2572.

5. Burt VL, Whelton P, Roccella EJ, et al. Prevalence of hypertension in the US adult
population: results from the Third National Health and Nutrition Examination Sur-
vey, 1988–1991. Hypertension 1995;25:305–313.

6. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of
usual blood pressure to vascular mortality: a meta-analysis of individual data for one
million adults in 61 prospective studies. Lancet 2002;360:1903–1913.

7. Franklin SS, Khan SA, Wong ND, Larson MG, Levy D. Is pulse pressure more
important than systolic blood pressure in predicting coronary heart disease events.
Circulation 1999;100:354–360.

8. Mitchell GF, Moye LA, Braunwald E, et al. Sphygmomanometrically determined
pulse pressure is a powerful independent predictor of recurrent events after myocar-



34 Hypertension in the Elderly

dial infarction in patients with impaired left ventricular function. Circulation
1997;96:4254–4260.

9. Blacher J, London GM, Safar ME, Mourad JJ. Influence of age and end-stage renal
disease on the stiffness of carotid wall material in hypertension. J Hypertens
1999;17:237–244.

10. Asmar R, Rudnichi A, Blacher J, London GM, Safar ME. Pulse pressure and aortic
pulse wave are markers of cardiovascular risk in hypertensive populations. Am J
Hypertension 2001;14:91–97.

11. Lloyd-Jones DM. Impact of systolic vs diastolic blood pressure level of JNC-VI
blood pressure stage classification. Hypertension 1999;34:381–385.

12. SHEP Cooperative Research Group. Prevention of stroke by antihypertensive drug
treatment in older patients with isolated systolic hypertension. JAMA 1991;265:
3255–3264.

13. Staessen JA, Fagard R, Thijs L, et al. Randomised double-blind comparison of
placebo and active treatment for older patients with isolated systolic hypertension.
The Systolic Hypertension in Europe (Syst-Eur) Trial Investigators. Lancet
1997;350:757–764.

14. Staessen JA, Wang JG, Thijs L, Fagard R. Overview of the outcome trials in older
patients with isolated systolic hypertension. J Hum Hypertens 1999;13:859–863.

15. Fagard RH, Staessen JA, Thijs L, et al. Response to antihypertensive therapy in older
patients with sustained and nonsustained systolic hypertension. Systolic Hyperten-
sion in Europe (Syst-Eur) Trial Investigators. Circulation 2000;102:1139–1144.

16. Julius S, Krause L, Schork NJ, et al. Hyperkinetic borderline hypertension in
Tecumseh, Michigan. J Hypertens 1991;9:77–84.

17. Asmar R. Arterial pulse waves. In: Asmar R, ed. Arterial stiffness and pulse wave
velocity: clinical applications. Amsterdam: Elsevier; 1999:17–23.

18. Nichols WW, O’Rourke MF. McDonald’s blood flow in arteries: theoretical, ex-
perimental and clinical principles. 4th ed. London: Arnold; 1998:220–222.

19. Wilkinson IB, Franklin SS, Hall IR, Tyrrell S, Cockcroft JR. Pressure amplification
explains why pulse pressure is unrelated to risk in young subjects. Hypertension
2001;38:1461–1466.

20. Koch-Weser J. Correlation of pathophysiology and pharmacology in primary hy-
pertension. Am J Cardiol 1973;32:499–499.

21. Blacher J, Asmar R, Djane S, London GM, Safar ME. Aortic pulse wave velocity
as a marker of cardiovascular risk in hypertensive patients. Hypertension
1999;33:1111–1117.

22. Mitchell GF, Izzo JL Jr, Lacourciere Y, et al. Omapatrilat reduces pulse pressure
and proximal aortic stiffness in patients with systolic hypertension: results of the
conduit hemodynamics of omapatrilat international research study. Circulation
2002;105: 2955–2961.

23. Izzo JL Jr, Shykoff BE. Arterial stiffness: clinical relevance, measurement, and
treatment. Rev Cardiovasc Med 2001;2:29–34, 37–40.

24. Izzo JL Jr, Manning TS, Shykoff BE. Office blood pressures, arterial compliance
characteristics, and estimated cardiac load. Hypertension 2001;38:1467–1470.

25. Manning TS, Shykoff BE, Izzo JL Jr. Validity and reliability of diastolic pulse
contour analysis (windkessel model) in humans. Hypertension 2002;39:963–968.

26. Williams TF, Foerster JE, Proctor JK, Hahn A, Izzo AJ, Elliott GA. A new double-
layered launderable bed sheet for patients with urinary incontinence. J Am Geriatr
Soc 1981;29:520–527.

27. Nichols WW, et al. Arterial vasodilation. Philadelphia; 1993:32.
28. Fleg/Kelly. Hypertension primer.



Chapter 4 / Cardiovascular Medications 35

35

From: Clinical Hypertension and Vascular Diseases: Hypertension in the Elderly
Edited by: L. M. Prisant  © Humana Press Inc., Totowa, NJ

4 Pharmacological and
Pharmacodynamic Alterations
in the Elderly
Application to Cardiovascular Therapies

Domenic A. Sica, MD

CONTENTS

INTRODUCTION

EPIDEMIOLOGY

PHARMACOKINETICS IN THE ELDERLY

PHARMACODYNAMICS IN THE ELDERLY

CONCLUSION

REFERENCES

INTRODUCTION

Except for drugs eliminated predominantly by renal excretion, it is
not possible to generalize on the type, magnitude, or importance of age-
related differences in pharmacokinetics. Conflicting data in the litera-
ture for various drugs may be attributed to small numbers of subjects
studied, differences in selection criteria for subjects, and variation in
protocol design. Apparent age-related differences in drug disposition
are multifactorial and influenced by environmental, genetic, physiologi-
cal, and pathological factors.

This chapter addresses relevant pharmacokinetic and, if available,
pharmacodynamic considerations in the elderly, with an emphasis on the
interplay of cardiovascular medications in these processes. In this chapter,
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the term cardiovascular medications encompasses all antihypertensives.
Cardiovascular compounds other than antihypertensives are described
in an agent- or class-specific manner.

Aging, characterized by periods of growth, development, and senes-
cence, is a source of interindividual variability in drug response and is
one of several factors that influence the optimization of therapy. This is
more so in the very aged, a patient group often in most critical need of
safe and effective medication administration. However, any agewise
stratification into elderly or very elderly categories is quite arbitrary.
Life is a continuous process, with the distinction between one time
period and the next often quite arbitrary.

It is also clear that chronological age does not necessarily dictate
functional age; thus, population-based pharmacokinetic suppositions do
not always reflect how an individual patient will change with age. In this
regard, the process of aging may begin as early as the fourth decade and
can proceed at different rates from person to person. In addition, with age
many individuals can develop any of several systemic illnesses that can
compound age-related changes in physiology and lead to serious thera-
peutic challenges.

EPIDEMIOLOGY

Demographic trends at least partly dictate the relevance of age-related
pharmacological changes. In this regard, the world’s population is aging
at an unprecedented rate. Since 1900, there has been an 11-fold increase
in the number of Americans above the age of 65 years (12.6% of the
population), whereas the number of those younger than 65 years has only
tripled. By 2030, one in five of all Americans will be older than 65
years (1).

The elderly are more susceptible to drug effects; adverse drug reac-
tions are at least two to three times more frequent in geriatric patients
than in adults younger than 30 years (2). Unwanted adverse drug effects
are responsible for many hospital admissions in elderly patients. In one
series, one in six elderly patients admitted to a general ward experienced
adverse drug reactions; severe reactions occurred in 24%, with orthos-
tatic hypotension a common cause of admission (3).

PHARMACOKINETICS IN THE ELDERLY

Drug Absorption
Drug absorption is not dramatically altered with age despite the age-

related change in several variables that influence drug absorption. With
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aging, gastric pH tends to increase, although the change can be quite
variable from patient to patient. In this regard, calcium channel blockers
(CCBs) have been suggested to increase the frequency of gastroesoph-
ageal reflux but do not per se increase acid production (4). When present,
an increase in gastric pH can alter the lipid solubility or dissolution
characteristics of some drugs, thereby reducing absorption. This is sel-
dom clinically relevant. Gastric emptying also slows with aging. The
age-related change in gastric emptying has a poorly quantified effect on
the pharmacokinetics and/or pharmacodynamics of cardiovascular medi-
cations; however, when age-related changes are combined with those
attributable to disease states, such as diabetes, drug delivery to more
distal intestinal absorptive sites may be delayed to a sufficient degree to
influence the onset of drug effect. In this regard, prior observations have
suggested that clonidine has a prokinetic effect; however, when formally
studied, clonidine did not increase the rate of gastric emptying (5).

Intestinal motility/gut blood flow is reduced in the elderly, which can
further impact drug absorption. Certain therapies, such as verapamil, can
substantially reduce intestinal motility and exaggerate this de novo pro-
cess in the elderly (6). However, this motility effect with verapamil
predominates in the colon, where little drug absorption typically occurs
and therefore is unlikely to influence overall drug absorption. The con-
verse, increased intestinal motility, does not commonly occur with car-
diovascular medications.

Cardiovascular medications can also have an impact on drug absorp-
tion by reducing blood pressure (BP) in the setting of already-compro-
mised gut blood flow. Several cardiovascular medications have been
considered regarding their ability to increase regional intestinal blood
flow, with inconclusive findings. These studies have generally been
carried out under acute conditions and cannot be generalized to the usual
circumstances of cardiovascular medication administration in the eld-
erly (7,8).

Transdermal Absorption
The barrier function characteristics of human skin change dramati-

cally with increasing age (9). Any pharmacological penetrant has three
potential pathways to the underlying viable tissue: through hair follicles
with associated sebaceous glands, via sweat ducts, or across continuous
stratum corneum between these appendages. The intact stratum cor-
neum provides the main barrier; its “brick-and-mortar” structure is analo-
gous to a wall. Most molecules penetrate through skin via this
intercellular microroute (10).
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Two cardiovascular medications can be given via the transdermal
route: nitroglycerin and clonidine. The transdermal absorption of each
of these compounds has not been specifically studied in the elderly.
However, despite the absence of such information, no reports exist to
suggest altered clinical outcomes when these drugs are given by the
transdermal route in the elderly.

Body Weight
Body weight compartmentalization changes with aging, with a vari-

able overall effect on total body weight. Body fat increases at the
expense of a loss in lean body mass (muscle) (11). A weight adjustment
in dosing is only considered if the weight of an individual differs by more
than 30% from the average 70-kg adult weight. This is most pertinent to
the emaciated or petite individual, for whom standard medication doses
may lead to high plasma concentrations and potential excess pharmaco-
logical effect.

Drug Distribution
The aging process is accompanied by changes in body composition

that can influence drug volume of distribution. With aging, lean body
mass diminishes, and adipose tissue increases. In addition, total body
water, both in absolute terms and as a percentage of body weight,
declines by 10 to 15% coincident to aging; thus, drugs restricted to a
space approximating total body water, such as ethanol, have a smaller
volume in which to distribute and will reach a higher blood level relative
to dose in elderly patients (12). Conversely, highly lipid-soluble drugs
such as diazepam have relatively more adipose tissue in which to distrib-
ute and therefore have larger volumes of distribution in elderly patients
(13). However, in very elderly individuals, who lose body weight and
become frail, the proportion of fat can decrease. In such individuals, the
result can be an increase in the plasma concentration of lipophilic drugs
(14). In the elderly, drug volume of distribution has been poorly studied
as it may apply to the pattern of response to antihypertensives (15). If a
relationship exists between volume of distribution and the BP-reducing
effect of an antihypertensive medication, it is more likely a function of
drug half-life because drug half-life varies directly with the volume of
distribution.

Protein Binding
Although protein binding is a major determinant of drug action, it is

only one of several such factors. Highly protein-bound drugs are impacted
most by alterations in binding. The extent of protein binding is a function
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of drug and protein concentrations, the affinity constant for the drug–
protein interaction, and the number of protein-binding sites per class of
binding site (16). Age-related changes in protein binding appear not to
influence antihypertensive drug effect (17–19). Albumin levels are
often decreased in the elderly, whereas α1-acid glycoprotein levels are
not altered by age per se. Alterations in plasma protein binding found in
the elderly are generally not attributed to age, but rather to physiological
and pathophysiological changes/disease states and drug–drug interac-
tions (20) that occur more frequently in the elderly. Age-related physi-
ological changes, such as decreased renal, hepatic, and cardiac function,
generally produce more clinically significant alterations in drug dispo-
sition than plasma protein binding.

Drug Metabolism
PHYSIOLOGICAL CHANGES INFLUENCING HEPATIC METABOLISM

Aging is accompanied by marked changes in the physiology of many
organs, as well as in the functions of their constituent cells. These
nonpathological alterations in structure or function may affect normal
physiological processes in the elderly as relates to drug disposition. On
the basis of a variety of clinical evaluation tools, most liver function tests
in humans appear to be well preserved in the absence of underlying
disease. However, liver parenchymal volume declines in an absolute
(and relative to body weight) fashion; in addition, regional blood flow
to the liver via the portal system falls off with age in humans and no doubt
contributes to the diminished clearance of drugs that exhibit significant
first-pass pharmacokinetic profiles (21). In this regard, age is associated
with a reduction in the presystemic metabolism of propranolol and
labetalol, drugs that both have high extraction ratios. Accordingly, the
bioavailability of these drugs increases with age (22,23).

As mentioned, the liver plays a major role in drug clearance, and aging
has been reported to diminish intrinsic metabolic function. The absolute
cytochrome P450 (CYP) content of the human liver has been variably
reported to be either unchanged (24) or diminished (25). In vivo drug
metabolism per se is variably modified in the course of aging. Phase I
reactions that involve oxidation by the microsomal CYP-dependent
mono-oxygenase systems more times than not are slowed (26,27). Alter-
natively, there is little to no change in phase II conjugative processes
with aging (25). The most consistent characteristic of hepatic metabolic
function in the elderly is the large interindividual variability, a feature
that easily obscures age-related differences. In addition, a range of fac-
tors, including diet, concurrent illness, smoking, and alcohol, can con-
found interpretation of age-related changes in CYP activity on an age
basis alone.
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Among the antihypertensive drug classes in common use, CCBs most
often exhibit age-related slowing of metabolism. CCB pharmacokinet-
ics have a wide interindividual variability, particularly in the elderly,
which clouds the possible detection of pure age-related metabolic differ-
ences. Observed pharmacokinetic changes for CCBs with aging include
increased maximum plasma concentrations Cmax, area under the curve,
and absolute bioavailability (28–33). These alterations are of a sufficient
magnitude to influence both the starting and maximum dose of several
CCBs in the elderly (34). In addition, this age relationship with CCB
metabolism is the more probable explanation for many of the altered
pharmacokinetic patterns for CCBs in renal failure because most patients
with renal failure are older than the general population (35).

RENAL EXCRETION

With age, renal cortical mass, renal blood flow, and glomerular filtra-
tion rate (GFR) decline significantly, particularly if hypertension has
been present for any period of time (36). With aging, renal plasma flow
typically declines to a greater degree than GFR, resulting in a rise in the
filtration fraction (37). After age 30, creatinine clearance decreases an
average of 8 mL per minute per 1.73 m2 per decade in about 65% of
persons, but remains unchanged in the remainder. This last observation
is clinically important in that it suggests that loss of renal function with
aging is not an immutable process (37).

Importantly, with aging serum creatinine levels can often remain
within so-called normal limits because the elderly match declining renal
function with a consistent and parallel loss of muscle mass (the source
of serum creatinine). This lends itself to the perception of “normal” renal
function when in fact significant renal disease may exist. A decrease in
tubular processing and endocrinological functions tracks with changes
in glomerular function in the elderly. The most important of these tubu-
lar changes involves sodium and water handling: urinary-concentrating
ability declines, and the capacity to attain sodium balance in the face of
a reduction in dietary sodium intake is timewise very sluggish.

These pathophysiological changes decrease the capacity for renal
elimination of drugs. This is particularly important for compounds
cleared by filtration and tubular secretion, as is the case for many of the
angiotensin-converting enzyme (ACE) inhibitors (38). The clinical
implications of decreased renal clearance of any compound depends on
the contribution that renal elimination makes to total body clearance of
a drug and thereafter on the drug’s therapeutic index (ratio of the maxi-
mum tolerated dose to the minimum effective dose). The latter is some-
what difficult to predict reliably in the hypertensive patient because the
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relationship between drug levels and response can be unstructured.
Accumulation of active metabolites (e.g., N-acetylprocainamide, mor-
phine-6-glucuronide) increases the risk of toxicity in the elderly because
of age-related decreases in renal clearance. There are few active metabo-
lites of antihypertensive medications other than ACE inhibitors that are
renally cleared, so this consideration has limited application.

Because renal function is dynamic, maintenance doses of drugs should
be adjusted if a patient becomes acutely ill or dehydrated or has recently
recovered from dehydration. Also, because renal function may continue
to decline with age, the dose of drugs given long term should be reviewed
periodically. Concomitant medications can be a problem for many eld-
erly patients. In particular, the more frequent need for long-term nonste-
roidal anti-inflammatory drug therapy in many elderly patients presents
a particular challenge (39). These compounds attenuate the antihyper-
tensive effects of many compounds, diminish the renal capacity to
excrete sodium and potassium loads effectively, and reversibly (for the
most part) diminish renal function if even the slightest degree of volume
contraction occurs (40). The ready availability as over-the-counter com-
pounds increases use and thereby risk with this drug class.

MEASUREMENT OF RENAL FUNCTION

The timewise measurement of GFR provides a quantitative assess-
ment of filtration capacity and has become a popular way to track stabil-
ity or rate of decline in renal function with age. Measurement of true
GFR is complicated; therefore, as a substitute for direct in situ measure-
ment, GFR is indirectly estimated with serum creatinine values. Normal
serum creatinine concentrations for a typical population range from 0.5–
1.3 mg/dL (40–110 μmol/L) in males to 0.5–1.1 mg/dL (40–100 μmol/L)
in females. Elevated serum creatinine measurements, when indexed for
muscle mass, are indicative of renal insufficiency and are easier to inter-
pret. However, interpretation of a normal serum creatinine value requires
some skill because renal failure can still be present with normal values.

Creatinine is a product of creatine metabolism in muscle, and its daily
production correlates closely with muscle mass. Thus, the greater the
muscle mass, the more creatinine generated and the higher the “normal
serum creatinine.” For example, in a well-muscled older male, a serum
creatinine value of 1.2 mg/dL can be considered normal, although such
a value may be viewed as grossly abnormal in an individual with less
muscle mass. An individual with a small muscle mass, such as an elderly
female, with normal renal function should have a serum creatinine value
close to 0.6 mg/dL or less. If a serum creatinine value of 1.2 mg/dL is
present, although this value falls in the normal “population” range, it
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represents a significant deviation from this individual’s expected normal
value. Because creatinine clearance is reciprocally related to serum crea-
tinine concentrations, in this patient the doubling of serum creatinine
would correspond to an approximate halving of renal function.

Because of the inherent limitations to serum creatinine values and the
problems with obtaining accurate timed creatinine clearance determina-
tions, estimated creatinine clearance values using the Cockcroft-Gault
or similar formulas are used to guide drug dosing (41). The Cockcroft-
Gault formula uses the serum creatinine concentration, age, and weight
to calculate creatinine clearance:

For women, the calculated values are multiplied by 0.85, although
this arbitrarily presumes all women have less muscle mass (or source of
creatinine) than do males (41). This is an incorrect presumption and is
often the source of a systematic error in estimating renal function with
this formula. Also, use of urine-free formulas (such as the Cockcroft-
Gault formula) for estimation of renal function fails to detect early renal
function change, particularly in the elderly.

PHARMACODYNAMICS IN THE ELDERLY

The basis for altered drug response in the elderly can be pharmacoki-
netic as discussed in a previous section, or pharmacodynamic. In many
instances, the elderly experience a highly individualized combination of
both, which makes the treatment of hypertension in the elderly as much
an art as a science. There is a series of age-related changes in physiology
that in combination with age-related pharmacokinetic alterations creates
very specific pharmacodynamic tendencies in the elderly.

First, there are alterations in body composition such that total body
water decreases; therein resides an important consideration for diuretic
therapy in the elderly, particularly in light of poorly responsive thirst-
sensing mechanisms in the elderly. Second, there are noteworthy changes
in a variety of neurohumoral systems, the most important of which
include a decline in activity of the renin–angiotensin–aldosterone sys-
tem and an age-associated rise in circulating catecholamines, which
suggests a reduction in responsiveness to sympathetic stimulation. Third,
structural alterations are accompanied by baseline and adaptive change
in hemodynamic responses. Left ventricular hypertrophy, diastolic dys-
function, and a loss of elasticity in the central and peripheral circulation
occur. Resting heart rate remains unchanged or declines slightly in old
age. In addition, baroreceptor reflex sensitivity and responsiveness

C1 (mL/min) =
(140-age [yr]) (body wei

creat

× gght [kg])

(72) (serum creatinine [mg/dL])×
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decreases with age, which makes elderly patients more prone to exagger-
ated orthostatic drops in BP. Finally, receptor function changes with a
decrease in β-receptor-mediated systemic and vascular responses (42).

The following discussion does not specifically address the efficacy of
various drug classes in the treatment of the elderly hypertensive; rather,
it offers selective comments on each drug class as relates to pharmaco-
dynamics, efficacy, and safety.

Diuretics
Diuretic use in the elderly generally occurs for two reasons. First,

thiazide-type diuretics are administered for their ability to reduce BP;
second, loop diuretics are given for volume control in disease states,
such as congestive heart failure. The BP-lowering response to thiazide-
type diuretics seems not to be modified by the aging process (43), and
if diuretics are dose adjusted, this is prompted by the onset of a negative
fluid balance state. Adaptation to loss of volume is poor in the elderly,
enough so that volume contraction can occur without careful thought
about the dose amount and frequency of diuretic administration (44).
Moreover, with aging there is a decline in the thirst-sensing mechanism,
which can further increase the risk of sustaining a volume-contracted
state (45). In a positive sense, this abnormality in thirst drive can be
viewed as a counterbalancing factor preventing diuretic-related hyponatre-
mia, a not-uncommon finding in elderly females (46).

Regarding diuretics used for volume control, loop diuretic action
derives from the amount of diuretic delivered to its thick ascending limb
site of action. Such tubular delivery first requires entry into the luminal
compartment, which can be characteristically altered because of the
underlying loss of tubular secretion capacity with aging, with the elderly
delivering on average one-half the amount of diuretic into the urine as
do younger patients (47). However, when the response to furosemide is
indexed as a function of the amount of furosemide in the urine, it is clear
that the elderly follow the same relationship as do young patients with
normal renal function. Thus, for the elderly to achieve the same diuretic
response as a younger individual, twice the diuretic dose generally needs
to be given. This is contrary to the usual recommendation for drug dosing
in the elderly. The usual admonition is to reduce doses in the elderly.
Diuretics represent a special and unique exception simply because their
mechanism of action depends on a urinary site of effect.

ACE Inhibitors
ACE inhibitors exhibit predictable pharmacokinetic alterations in the

elderly, particularly because their total body clearance is so heavily
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dependent on renal function and renal function declines in parallel with
the aging process (48). There is some class heterogeneity in this regard
because the ACE inhibitors fosinopril and trandolapril are both moder-
ately hepatically cleared and do not accumulate in patients with renal
dysfunction whatever the etiology (49).

The BP-lowering effect of ACE inhibitors is not mechanistically
influenced by age per se (50). However, this statement needs some
qualification. Plasma renin activity and blood/urine aldosterone level
decline with age, both at baseline and in response to position or volume
changes (51). This neurohumoral quiescence has fueled speculation that
low renin forms of hypertension, such as observed in the elderly, may be
less responsive to drugs like ACE inhibitors, which primarily reduce
activity in the renin–angiotensin–aldosterone axis.

Although this may be the case, two separate processes will influence
the final BP response to an ACE inhibitor in the elderly. First, age slows
the renal clearance of these compounds and therefore significantly
increases systemic exposure (at the same dose given to a younger sub-
ject) (51). Second, the systolic BP value in the older hypertensive is
typically higher than that found in young hypertensives, a characteristic
that guides BP lower once treatment is initiated. Hemodynamic side
effects observed with ACE inhibitors, such as first-dose hypotension
and functional renal insufficiency, can be expected to occur more com-
monly in the elderly (52). A lengthier discussion of ACE inhibitor-
related hemodynamic side effects is available in Chapter 16.

Angiotensin-Receptor Blockers
There are currently seven angiotensin-receptor blockers available in

the United States. The systemic handling of these compounds is such that
there is typically a more balanced renal and hepatic mode of elimination
than is the case with ACE inhibitors (53); accordingly, dosage adjust-
ment of these compounds is not warranted on the basis of the potential
for systemic accumulation in the renally compromised elderly patient.
Rather, dosage adjustment in the elderly should occur on the basis of
achieving and maintaining the desired hemodynamic response. This
approach is similar to the one employed for ACE inhibitor administra-
tion in the elderly.

α-Blockers
The peripheral α-blockers, prazosin, terazosin, and doxazosin, undergo

extensive hepatic metabolism, and their pharmacokinetics are not altered
by the presence of renal insufficiency. Peripheral α-blocker use will
occasionally be accompanied by orthostatic hypotension, and these drugs
should be given cautiously in patients so prone, such as the elderly (54).
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Use of α-adrenergic antagonists in the treatment of hypertension has
been limited by their tendency to increase plasma volume; this
pseudoresistance may be more evident at higher doses (55). The periph-
eral α-blocker doxazosin has been associated with an excess of new-
onset congestive heart failure, which may relate partly to its tendency to
induce salt and water retention (56).

β-Blockers
The BP-lowering effect of β-blockers is somewhat unpredictable in

the elderly patient unless combined with a diuretic (57), unlike the
effects in the postmyocardial infarction circumstance, for which mor-
tality and recurrent events are clearly favorably impacted (58). The
irregular response to β-blockers in the elderly likely relates to the
hemodynamic mismatch caused by β-blockade. Many elderly patients
exhibit a hemodynamic profile characterized by a low normal cardiac
output and increased peripheral vascular resistance. Most β-blockers
lower BP by additional reduction in cardiac output in association with an
increase (or no change) in peripheral vascular resistance (59).

The β-blockers differ pharmacologically on the basis of lipid solubil-
ity, cardioselectivity, and intrinsic sympathomimetic activity. In clinical
practice, these differences may not affect antihypertensive efficacy or
the side effect profile in a major away. The β-blocker pharmacodynam-
ics do not substantially differ on the basis of age (60).

The selection of a β-blocker for an elderly patient should also occur
with some knowledge of the elimination characteristics of the drug as
well as whether the compound has active metabolites (61). β-Blockers
such as acebutolol, atenolol, betaxolol, nadolol, and sotalol undergo
significant degrees of renal clearance and are liable to accumulation in
the elderly with compromised renal function (51,60).

β-Blocker accumulation in a patient with chronic renal failure does
not generally improve BP control because β-blockers have a flat dose–
response curve; alternatively, β-blocker accumulation can be associated
with more frequent side effects, such as fatigue and central nervous
system effects. If such side effects occur, two options exist: to continue
the offending β-blocker with empiric dose reduction or to convert to a
hepatically cleared β-blocker and reassess both the response and side
effects. The latter is generally the preferable approach.

Calcium Channel Blockers
CCBs are commonly used drugs in the elderly patient; this relates to

the predictability of their BP-lowering response and their utility as
antianginal agents. Dihydropyridine CCBs are not remarkably different
in their ability to reduce BP in the elderly patient in comparison to
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nondihydropyridine CCBs, such as verapamil and diltiazem. Although
it has been suggested that elderly hypertensives are more responsive to
CCBs, this may not be an independent age-related effect. Responsiveness
to CCBs during long-term treatment appears to be correlated directly with
the starting BP and response to the initial dosage (62). Conduction sys-
tem effects with verapamil do not have an obvious age difference (63).

The volume of distribution, protein binding, and plasma half-life of
CCBs are fairly variable subject to subject among the elderly. However,
these drugs do have a tendency to reach higher blood concentrations in
the elderly compared to young individuals (64–66). Although CCB
pharmacokinetics have a wide interindividual variability in the elderly,
they typically have a delayed clearance and reach higher plasma concen-
trations. Consideration should be given to initiating therapy in the elderly
at low doses with these compounds, particularly with dihydropyridine
CCBs (63). The heart rate response to potent vasodilators, such as
dihydropyridine CCBs, may be lacking; as a result, the drop in BP with
these compounds can be significant, particularly with short-acting forms
of these drugs. Nifedipine immediate-release dosage form use in elderly
hypertensives has been associated with a nearly fourfold increased risk
for all-cause mortality when compared to β-blockers, ACE inhibitors, or
other classes of CCBs (67). The basis for this mortality difference is
likely related to the manner in which BP was reduced.

CCB-related side effects have to be considered when these drugs are
used in the elderly patient. Many elderly patients tend to be constipated,
and this can be aggravated by verapamil. Also, CCBs can produce periph-
eral edema on a vasodilatory basis. This form of edema is more common
in the elderly. Age is a determinant of edema in that interstitial tissue
typically serves a barrier role to hydrostatically driven edema formation,
and the counterbalancing nature (to prevent edema) of such tissue dimin-
ishes with age (68).

CONCLUSION

The aging process is characterized by numerous pathophysiological
changes, with many of these alterations having the potential to modify
drug handling or effect. In the individual patient, such changes are not
easily determined other than for the measurement of renal function. The
status of renal function can be fairly accurately approximated by an
understanding of the relationship among muscle mass, serum creatinine,
and level of renal function. To the extent that renal failure in the elderly
decreases excretion of renally cleared compounds and such drug accu-
mulation exaggerates the desired hemodynamic effect, then dose adjust-
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ment should occur; otherwise, dosing of cardiovascular medications for
the elderly is fairly empiric and is driven by the need to reach specific
goal BP values while minimizing concentration-dependent side effects.
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INTRODUCTION

Disease, disability, and death from cardiovascular disease (CVD)
represent major problems in the elderly. As the elderly population con-
tinues to grow and constitute a larger proportion of the general popula-
tion, the magnitude of the problem is expected to increase and to place
a heavy burden on existing medical care resources. Heart disease and
stroke continue to be the first and third leading causes of death in the
United States, respectively. CVD becomes the leading cause of death by
age 40 years, whereas in women this is delayed until age 70 years,
accounting for the predominance of women in the elderly population (1).
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The incidence of atherosclerotic CVD triples from age 35–64 to age
65–94 years (Table 1). The increments are greatest for heart failure and
stroke, but coronary disease is the most common and lethal hazard,
equaling in incidence all the other atherosclerotic CVD outcomes
combined. The absolute risk for CVD is lower in women than men,
but the risk ratio imposed by age is just as great for women as for men,
and there is a steep increase in CVD incidence with advancing age. This
increase is largely attributable to a greater burden of the major risk
factors, longer exposure to them, and a diminished ability to cope with
them in advanced age. The proportion of coronary events manifesting as
myocardial infarction (MI) increases with age, and one in three of these
heart attacks goes unrecognized (2).

Framingham Study data indicated that most elderly persons do not die
at the time of their first CVD event, but live on, often with debilitating
illness and poor quality of life. Over the age of 65 years, three-fourths
who have a heart attack survive with disability (3). Most risk factors
increase with age and more so in women than men. The risk factors that
predispose to CVD in the elderly are the same as those that operate in the
middle aged (4). These need to be measured and treated to protect the
elderly from their high rate of CVD. However, there is unjustified pes-
simism about the efficacy of preventive measures for the elderly. Some
doubt that it is possible to mitigate the effect of prolonged exposure to
CVD risk factors beginning late in life or to do so without inducing
intolerable side effects.

Table 1
Increment in Incidence of Atherosclerotic Cardiovascular Disease Events

by Age and Gender, 44-Year Follow-Up Framingham Studya

Age-adjusted average annual incidence per 1000

All CVD CHD Stroke CHF PAD

Age, years Men Women Men Women Men Women Men Women Men Women

35–64 17 9 12 5 2 2 2 1 3 2
65–94 44 30 27 16 13 11 12 9 8 5
Risk ratio
>65/<65 2.6 3.3 2.3 3.2 6.5 5.5 6.0 9.0 2.7 2.5

aIncludes 20-year follow-up of Framingham Offspring cohort.
CHD, coronary heart disease; CHF, congestive heart failure; CVD, cardiovascular disease;

PAD, peripheral artery disease.
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HYPERTENSION PREVALENCE AND INCIDENCE

The blood pressure (BP) of adults in Western society increases with
age. Systolic pressure continues to rise after the diastolic peaks and then
declines, resulting in a widening pulse pressure (PP) and isolated sys-
tolic hypertension in older persons. This variety of hypertension, result-
ing from the disproportionate rise in systolic blood pressure (SBP)
induced by diminished arterial compliance, comprises 60% of the hyper-
tension in the elderly.

National data in the United States indicates a rise in the prevalence of
hypertension (140/90 mmHg) from 4% under age 30 years to 65% over
age 80 years (5). Each year, about 2 million people add to the pool of
hypertensive people needing treatment. In the Framingham Study cohort,
25 to 50% of normotensive persons developed stage 2 or greater hyperten-
sion during 26 years of surveillance (6). Those with normal pressures
developed hypertension at only half the rate of those with high-normal
pressure (7). Persons with a high-normal diastolic pressure are three
times more likely to progress to hypertension than those with optimum
diastolic blood pressure (DBP).

Recent Framingham Study data indicated a stepwise increase in hy-
pertension incidence going from optimum (�120/80) to normal (120/
80–129/84) to high normal (130/85–139/89). Of the elderly with a high-
normal BP, 50% developed hypertension, a rate 5.5 times that of persons
with optimum BP (Table 2). Older persons were more likely to progress
to hypertension within 4 years than younger ones, with similar rates in
men and women (8).

Multivariable analysis indicates that baseline body mass index and
weight gain are important determinants of future hypertension, and that
systolic rather than diastolic baseline BP is the major determinant of
progression. The Framingham Study suggested that persons with normal
or high-normal BP return for follow-up BP checkups at 5-year intervals
(9). In the Framingham Study, 87% of elderly men and women with
untreated high BP had mild-to-moderate hypertension. The effects of
high-normal BP and mild-to-moderate BP elevations both on the devel-
opment of more severe forms of hypertension and on damage to target
organs are not fully appreciated.

CARDIOVASCULAR IMPACT

Because of its high prevalence and sustained impact in advanced age,
hypertension is a dominant contributor to CVD in the elderly. Data from
the Framingham Study indicated that in men about 30% of atheroscle-
rotic CVD in the population, including those on treatment, is attributable
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to all grades of “hypertension” (Table 3). As much as 15%, or half this
contribution, is attributable to BPs of 140–179/90–109 mmHg. In
women, almost one-fifth of the 26% contribution comes from this level
of elevated BP. It is noteworthy that about one-third of the CVD in men
and 65% of that in women is arising from persons in the population on
treatment, reflecting inadequate BP control. For an individual, the abso-
lute risk and odds ratio of developing CVD increase sharply with the
degree of hypertension. On a population basis, most CVD occurs in
persons with moderate hypertension.

Hypertension is a powerful predisposing condition for the develop-
ment of all the major clinical manifestations of atherosclerotic CVD that
commonly afflicts the elderly, including coronary disease, stroke, periph-
eral artery disease (PAD), and heart failure (Table 4). The hypertensive
CVD risk ratios are greatest for stroke and heart failure, but coronary
disease is the most common and lethal hazard. The decrease in CVD risk
ratio for hypertension that occurs with advancing age is offset by the
doubled CVD incidence in the elderly compared to the middle aged. The
CVD mortality rate of elderly hypertensive persons is triple that of nor-
motensive persons of the same age. Hypertension ranks high among the
major established correctable risk factors for CVD in the elderly, out-
ranking cholesterol and cigarette smoking and rivaling diabetes in abso-
lute and relative risk. Unrecognized MIs, which are particularly common
in the elderly, occur more frequently in those who are hypertensive.
About 35% of all MIs in hypertensive men and 49% in hypertensive
women go unrecognized (10).

Left ventricular hypertrophy (LVH) is most often a consequence of
long-standing or severe hypertension in the elderly. It is no longer
accepted that LVH is an incidental compensatory feature of hyperten-
sion that helps the heart cope with an increased pressure load. LVH

Table 2
4-Year Hypertension Incidence Rate by Baseline Blood Pressure Category,

Subjects Aged 65–94 Years, Framingham Study

Baseline
Blood pressure category 4-year rate, % Odds ratio

Optimum (<120/80 mmHg) 16.0 (12.0–20.9) Referent
Normal (120–129/80–84 mmHg) 25.5 (20.4–31.4) 2.0 (1.4–2.7)
High normal (130–139/85–89 mmHg) 49.5 (42.6–56.4) 5.5 (4.0–7.4)

Adjusted for gender, age, body mass index, and baseline systolic and diastolic blood pressure.
(From ref. 8.)
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discerned by chest film, echocardiogram, or electrocardiogram (ECG) is
an ominous harbinger of CVD morbidity and mortality in the elderly.
The risk of CVD events such as heart failure, MI, and stroke increase an
additional two- to threefold after hypertension induces LVH (Table 5).

A population-based study of persons with essential hypertension
added to the data quantifying the influence of LVH as a powerful inde-
pendent predictor of CVD morbidity (11). For each 39-g increase in left
ventricular mass per square meter of body surface area, there is a 40%

Table 3
Hypertensive Population Attributable Cardiovascular Disease Risk

by JNC V Blood Pressure Status, Framingham Study Subjects Aged 65–94 Years

Attributable
Hypertensive Exposed, % Odds ratio risk, %

Status (mmHg) Men Women Men Women Men Women

Normal (130/85) 23 19 Referent Referent — —
High normal (130–139/85–89) 17 13 1.2 1.1 2.1 0.6
Stage 1 (140–159/90–99) 24 21 1.5 1.3 7.9 4.8
Stage 2 (160–179/100–109) 9 10 2.1 1.2 7.1 1.3
Stage 3 (180–210/110–120) 3 4 2.6 1.9 3.1 2.8
Stage 4 (<210/120) 2 1 4.3 — 1.0 0.02
On high blood pressure treatment 22 32 1.7 1.7 10.4 17.0

Adapted from ref. 36.

Table 4
Relation of Hypertension to Specified Cardiovascular Disease Outcomes

in the Elderly, Framingham Study Subjects Aged 65–94 Years,
36-Year Follow-up

Biennial Age Adjusted

Rate per 1000 Risk ratioa

Cardiovascular disease outcome Men Women Men Women

Coronary disease 72.6 44.2 1.6 1.9
Stroke 36.0 38.8 1.9 2.3
Peripheral artery disease 16.5 9.6 1.6 2.0
Heart failure 33.0 23.5 1.9 1.9

aCompared to normal blood pressure.
Note. All estimates statistically significant, p < 0.0001, except for peripheral artery disease,

p < 0.03.
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increase in CVD events. LVH is a prominent feature of hypertensive
heart failure in the elderly. About 20% of heart failure cases have ECG
LVH, and 60 to 70% exhibit it on the more sensitive echocardiogram.
Adjusted for age and other risk factors, it increases hypertensive heart
failure risk an additional two- to threefold (12).

Altered diastolic filling and detrimental structural remodeling occur
in isolated systolic hypertension. The increased pulsatile load imposed
by isolated systolic hypertension plays a major role in LVH and, even-
tually, heart failure. Cardiac hypertrophy is predictable from high PP
and elevated SBP accompanied by low DBP (13,14). There is also evi-
dence that LVH is associated with the development of hypertension,
suggesting common factors promote both outcomes. Altered regulation
of renin–angiotensin and catecholamines has been proposed as such an
antecedent (15–17).

BP, not categorically defined hypertension, promotes CVD. CVD
risk increases incrementally with the BP at all ages, including the eld-
erly. No clear boundary delineates normal from pathological BP. The
continuous and graded relationship between CVD and BP extends into
what is regarded as high-normal and even normal BP.

CVD risk predictions are traditionally based on current BP. The
Framingham Study assessed the incremental impact of long-term ante-
cedent BP on the risk for ischemic stroke (18). Antecedent BP contrib-
uted significantly to the future risk of such strokes even after adjusting
for current BP level at age 70 years. This investigation indicated that
midlife BP continues to affect future stroke risk over long periods.

Table 5
Risk of Cardiovascular Events in Hypertensive Subjects

(Blood Pressure >160/95 mmHg) by Electrocardiographic Left Ventricular
Hypertrophy Status, 32-Year Follow-Up Framingham Study

Age-adjusted biennial rate per 1000

Age 35–64 years Age 65–94 years

ECG LVH Men Women Men Women

None 58 31 128 67
Voltage only 52 41 162 114
Voltage plus S-T & T 198* 125* 335* 205*

*p < 0.01.Cardiovascular events: coronary heart disease, stroke, and peripheral artery
disease.

ECG, electrocardiographic; LVH, left ventricular hypertrophy.
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COMPONENTS OF BLOOD PRESSURE

For most of the 20th century, medical research and clinical practice
were preoccupied with the diastolic component of BP as the chief hazard
of hypertension (19). The focus has finally shifted to the systolic and PP
as of paramount importance. DBP rises with peripheral arterial resis-
tance and falls as the central arterial circulation stiffens and the relative
contributions of these opposing forces determine the PP.

When assessed in the Framingham Study, increments in PP at most
systolic pressures were associated with greater risk of coronary disease
than increments in systolic pressure at given PPs (20). Despite the high
correlation of PP with SBP, the PP appears to predominate as a predictor
of coronary disease, especially in the elderly. Increased pulsatile load
plays a major role in large artery atherosclerosis, vascular remodeling of
small resistance arteries, LVH, and eventually heart failure.

PP and systolic pressure have great relevance in the elderly because
the importance of diastolic pressure wanes and that of SBP increases as
a predictor of coronary disease. A Framingham Study investigation of
the impact of components of BP indicated that with increasing age there
is a shift from diastolic to systolic and then to PP as the dominant pre-
dictor of coronary disease (21). Most, but not all, investigations of the
influence components of BP on CVD agree with the Framingham Study
findings on the importance of PP in the elderly (22–24). Nevertheless, it
is clear that CVD morbidity and mortality increase with the PP (Table 6).

The classification of geriatric hypertension overemphasizes periph-
eral vascular resistance and underestimates the influence of large artery
stiffness. It is a mistake to rely on the DBP to evaluate the need for
treatment in persons with elevated SBP. Recent analysis of Framingham
Study data was undertaken to determine the relative roles of SBP and
DBP in determining Sixth Report of the Joint National Committee on the
Prevention, Detection, Evaluation, and Treatment of High Blood Pres-
sure (JNC 6) BP stage and eligibility for treatment. Examination of the
effect of disparate SBP and DBP on staging and eligibility for treatment
showed that SBP is more accurate in classifying persons as hypertensive,
high-normal, or normal (25). SBP alone correctly classified 95% of
persons aged 60 years or older.

RISK STRATIFICATION

Hypertension per se may induce encephalopathy, renal insufficiency,
and acute heart failure; its promotion of accelerated atherogenesis is
more complex, involving lipid atherogenesis, thrombogenesis, insulin
resistance, and endothelial dysfunction. Evaluation of the hypertensive
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hazard for development of atherosclerotic CVD requires consideration
of other metabolically linked risk factors. Despite the 1.5- to 2.0-fold
increased risk associated with moderate (stages 1 and 2) hypertension,
the absolute hazard is modest, making it necessary to treat many such
persons to prevent one case of CVD.

Efficient selection for aggressive treatment with medication requires
multivariable global risk assessment of the urgency for treatment. Also,
the goal of therapy should be to improve the global risk profile as well
as the BP. Targeted therapy based on a composite risk profile improves
the cost–benefit ratio of antihypertensive therapy.

Hypertension occurs in isolation in only 20% of patients. Clusters of
three or more additional risk factors occur at four times the rate expected
by chance (26). Insulin resistance, induced by visceral adiposity and
weight gain, promotes this cluster of associated risk factors. Hyperten-
sion in the elderly is often a consequence of loss of arterial compliance
and an insulin-resistance syndrome characterized by abdominal obesity,
hypertension, glucose intolerance, and dyslipidemia (27).

Risk of CVD in older persons with hypertension varies widely, depend-
ing on the associated burden of other risk factors. Substantial risk in hy-
pertensive elderly with mild-to-moderate hypertension is concentrated
in those with coexistent dyslipidemia, diabetes, and left ventricular
hypertrophy. For stroke, the most feared hazard of hypertension in the
elderly, risk varies over a wide range and reaches substantial proportions
when accompanied by diabetes, LVH, atrial fibrillation, and coronary
disease or heart failure (Fig. 1).

Hypertensive elderly commonly have target organ damage such as
LVH, impaired renal function, silent MI, strokes, transient ischemic
attacks, retinopathy, or PAD. At least 60% of older men and 50% of
elderly women with hypertension in the Framingham Study had one or
more of these conditions.

Table 6
Cardiovascular Morbidity and Mortality by Pulse Pressure (PP),

Rate per 1000 Person-Years, Tertile of PP

PP 1 PP 2 PP 3 Risk ratio:
Event (n – 735) (n = 726) (n = 746) PP3/PP1

Myocardial infarction 3.5 2.9 7.5 2.8 (1.1–4.2)
Stroke 1.2 2.3 2.9 2.5 (0.8–7.7)
Cardiovascular disease 5.2 6.6 13.6 2.6 (1.6–4.4)
Cardiovascular disease deaths 1.7 4.3 7.5 4.3 (1.9–9.6)

PP 1 < 46 mmHg; PP 2 = 47–62 mmHg; PP 3 > 63 mmHg. (From ref. 37.)
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Instruments for the global assessment of multivariable risk of coro-
nary disease, stroke, PAD, and heart failure have been produced using
Framingham Study data (28). This makes it convenient to estimate the
global risk of hypertensive elderly patients using ordinary office proce-
dures and standard laboratory tests.

SPECIAL SUBGROUPS

Diabetics
Type 2 diabetes is one of the most common chronic diseases in the

United States that increased in older persons from 8.9% in 1976–1980
(Second National Health and Nutrition Examination Survey [NHANES
II]) to 12.3% in (NHANES III) in 1988–1994. Hypertension is twice as
common in diabetics as it is in persons the same age without diabetes,
and both are associated with an increased risk of atherosclerotic CVD
and chronic renal failure. In patients with diabetes, as much as 75% of
CVD, including renal impairment, is attributable to accompanying hy-
pertension. The presence of diabetes further enhances the hypertensive
propensity to develop LVH.

End-Stage Renal Disease
Hypertension directly promotes development of end-stage renal dis-

ease, and it accelerates decline in renal function from other kidney dis-
ease (29). Early subclinical renal dysfunction in hypertensive persons is
readily detected by testing for microalbuminuria, an abnormality that is
reported in 10 to 25% of hypertensive persons (30). Proteinuria is also
an indicator of increased CVD risk in persons with hypertension. Elderly
hypertensive persons with diabetes or renal dysfunction are at excep-
tionally high risk for CVD, warranting aggressive antihypertensive
therapy.

PREVENTIVE IMPLICATIONS

Although the onset and progression of atherosclerotic CVD and renal
disease are related to chronic hypertension, the pathophysiology is com-
plex and requires assessment of coexisting atherogenic risk factors.
Global risk assessment to estimate the multivariable risk is required to
target candidates efficiently for aggressive antihypertensive therapy.
The most recent update of the JNC guidelines (JNC 7) emphasizes that
elevated BP is only one of many risk factors predisposing hypertensive
persons to CVD. They argue that the goal of therapy is not only to reduce
the BP, but also to primarily lower the risk of cardiovascular events (31).
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The JNC 7 guidelines in concert with epidemiological data emphasize
the need to be aware of the hazards of even high-normal elevations of BP
(designated prehyper-tensive) and the dangers of isolated systolic hyper-
tension in the elderly.

The report also recommends focusing more attention on the absolute
risk. It further specifies that some patients need their BPs reduced to
below 140/90 mmHg, particularly if they have heart failure, diabetes, or
renal insufficiency. It recommends that thiazide should be used either
alone or in combination with drugs from other classes for most patients
with uncomplicated hypertension. The report signifies certain high-risk
conditions as compelling indications for the use of other antihyperten-
sive drugs, such as angiotensin-converting enzyme inhibitors, angio-
tensin-receptor blockers, β-blockers, and calcium channel blockers.
These considerations are particularly relevant for elderly hypertensive
patients. They point out that most patients will require two or more
medications to achieve the recommended goal of 140/90 mmHg or less
than 130/80 mmHg for those with diabetes or renal disease.

Fear of reducing the BP in the elderly was shown to be ill founded by
major trials investigating the efficacy of antihypertensive therapy for
isolated systolic hypertension (32,33). Hypertension therapy is safe,
well tolerated, and efficacious for CVD without any penalty of overall
mortality. Worldwide statistics indicate the need for more aggressive BP
control because studies found that, in clinical practice, not enough effort
is made to reach recommended target BP goals. Despite the epidemio-
logical and trial evidence indicating the importance of systolic hyperten-
sion, surveys showed that DBP and not SBP guides most treatment
decisions, particularly in older patients (34,35). The elderly deserve
greater effort because clinical data indicate that equivalent BP reduction
provides greater benefit in the elderly. Vigorous BP control is merited,
particularly for diabetic and proteinuric hypertensive patients, for whom
tight control of BP has been particularly efficacious.

Data suggested that more attention needs to be given to SBP, and PP
may have to be controlled in the older hypertensive person. Information
now available makes choices of therapy and indications for treatment
more complex. The variety of antihypertensive agents for monotherapy
and combination therapy has increased, and there is controversy about
first-choice agents and whether treatment should be tailored to each
patient’s CVD risk profile. Pharmacotherapy now includes recommen-
dations for low-dose combination therapy, and there is concern about the
cost of lifelong therapy, with the more expensive agents shown to be
particularly beneficial.
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SUMMARY AND CONCLUSIONS

In the elderly, the predominant variety of hypertension, resulting from
a disproportionate rise in systolic compared to diastolic pressure with
advancing age, is isolated systolic hypertension. This is too often regarded
as an incidental feature of advancing age. There is no justification for the
emphasis on the diastolic component of the BP in evaluation and treat-
ment of hypertension in the elderly. The rise in BP with advancing age
is no longer considered inevitable, necessary, or normal. The focus on
DBP was based on unfounded concepts reinforced by clinical trials that
arbitrarily based selection for inclusion and treatment goals on the dias-
tolic pressure. Population-based epidemiological data and even data from
clinical trials using diastolic pressure entry criteria and goals for therapy
consistently show a greater impact of systolic than diastolic pressure in
the elderly.

Of particular importance in older persons is the recognition and treat-
ment of isolated systolic hypertension and widened PP. Reliance on the
DBP to determine the urgency for treatment in older persons with elevated
BP is imprudent. Elevated SBP exerts a continuous graded influence on
CVD occurrence, so that the concept of normal BP in the elderly has
changed from that which is usual to that which confers the greatest
freedom from CVD. Most CVD events in elderly hypertensive persons
occur in those with only modest elevations of BP, making it important
to select high-risk candidates for aggressive treatment by global risk
assessment.

Hypertension in the elderly seldom occurs in isolation from other risk
factors or associated target organ damage. Hypertension is best regarded
as one component of a CVD multivariable risk profile comprised of
metabolically linked risk factors because the hazard varies widely, con-
tingent on the associated burden of risk factors. Epidemiological and
trial data indicate that more aggressive therapy is needed for high-risk
elderly hypertensive persons who have diabetes, left ventricular hyper-
trophy, or evidence of renal involvement.

Despite the demonstration of the efficacy of treating systolic hyper-
tension in the elderly, poor BP control is overwhelmingly caused by lack
of reduction of the SBP. The benefit of treating isolated systolic hyper-
tension, and by inference PP, is established, but it is not clear whether the
benefit derives more from the reduction of the SBP or narrowing of the
widened PP.



Chapter 5 / Epidemiology of Hypertension 65

ACKNOWLEDGMENT

Framingham Study research is supported by the National Institutes of
Health/National Heart, Lung, and Blood Institute (N01-HC-25195) and
the Visiting Scientist Program, which is supported by Servier Amerique.

REFERENCES

1. National Institutes of Health and National Heart, Lung, and Blood Institute.
Chartbook on Cardiovascular, Lung and Blood Disease. Washington, DC: US Dept
of Health and Human Services, Public Health Services.

2. Kannel WB, Abbott RD. Incidence and prognosis of unrecognized myocardial
infarctions: An update from the Framingham Study. N Engl J Med 1984;34:1144–
1147.

3. Kannel WB, Wolf PA, Garrison RJ. The Framingham Study, Section 34: Some Risk
Factors Related to the Incidence of Cardiovascular Disease and Death Using Pooled
Repeated Biennial Measurements; Framingham Heart Study, 30-year Follow-up.
Bethesda, MD: National Heart, Lung, and Blood Institute; 1987. NIH Publication
87-2703.

4. Kannel WB, D’Agostino RB. The importance of cardiovascular risk factors in the
elderly. Am J Geriatr Cardiol 1995;2:10–23.

5. Centers for Disease Control and Prevention. National Center for Health Statistics
Third National Health and Nutrition Examination Survey. 1988–1991.

6. Dannenberg AL, Garrison RJ, Kannel WB. Incidence of hypertension in the
Framingham Study. Am J Public Health 1988;78:676–679.

7. Leitschuh M, Cupples LA, Kannel WB, et al. High-normal blood pressure progres-
sion to hypertension in the Framingham Heart Study. Hypertension 1991;17:22–27.

8. Vasan RS, Larson MG, Leip EC, Kannel WB, Levy D. Assessment of frequency of
progression to hypertension in non-hypertensive participants in the Framingham
Heart Study: a cohort study. Lancet 2001;358:1682–1686.

9. Wood D, DeBacker G, Faergeman O, Graham I, Mancia G, Pyorala K. Prevention
of coronary heart disease in clinical practice: summary of recommendations of the
second joint task force of European and other societies on coronary prevention.
J Hypertens 1998;16:1407–1414.

10. Kannel WB, Dannenberg AL, Abbott RD. Unrecognized myocardial infarction and
hypertension: the Framingham Study. Am Heart J 1985;109:581–585.

11. Verdecchia P, Carini G, Circo A, et al. Left ventricular mass and cardiovascular
morbidity in essential hypertension. The MAVI Study. J Am Coll Cardiol
2001;38:1829–1835.

12. Kannel WB. Vital epidemiologic clues in heart failure. J Clin Epidemiol 2000;53:
229–235.

13. Pannier B, Brunel P, Aroussey WE, et al. Pulse pressure and echocardiographic
findings in essential hypertension. J Hypertens 1989;7:127–132.

14. Garden JM, Gottdiener JS, Wong ND, et al. Left ventricular mass in the elderly. The
Cardiovascular Health Study. Hypertension 1997;29:1095–1103.

15. Post W, Larson MG, Levy D. Impact of left ventricular structure on the incidence
of hypertension. The Framingham Heart Study. Circulation 1994;90:179–185.



66 Hypertension in the Elderly

16. Davidman M, Opsahl J. Mechanisms of elevated blood pressure in human essential
hypertension. Med Clin North Am 1984;68:301–320.

17. Hachamovich R, Sonnenblick EH, Strom JA, Frishman WH. Left ventricular hyper-
trophy in hypertension, and the effects of antihypertensive drug therapy. Curr Probl
Cardiol 1988;13:375–421.

18. Seshardri S, Wolf PA, Beiser A, et al. Elevated mid-life blood pressure increases
stroke risk in elderly persons. The Framingham Study. Arch Intern Med 2001;161:
2343–2350.

19. Rutan G, McDonald RH, Kuller LH. A historical perspective of systolic vs diastolic
blood pressure from an epidemiological and clinical trial viewpoint. J Clin Epidemiol
1989;42:663–673.

20. Franklin SS, Kahn SA, Wong ND, Larson MG, Levy D. Is pulse pressure useful for
predicting coronary disease? The Framingham Heart Study. Circulation 1999;100:
253–360.

21. Franklin SS, Larson MG, Kahn SA, et al.. Does the relation of blood pressure to
coronary heart disease change with aging? Circulation 2001;103:1245–1249.

22. Madhaven S, Ooi WL, Cohen H, Alderman MH. Relation of pulse pressure and
blood pressure reduction to the incidence of myocardial infarction. Hypertension
1994;23:395–401.

23. Chae CU, Pfeffer MA, Glynn RJ, Mitchell GF, Taylor JO, Hennekens CH. Increased
pulse pressure and risk of heart failure in the elderly. JAMA 1999;281:634–639.

24. Psaty BM, Furberg CD, Kuller LH, et al. Association between blood pressure level
and the risk of myocardial infarction, stroke and total mortality. The Cardiovascular
Health Study. Arch Intern Med 2001;161:1183–1192.

25. Lloyd-Jones DM, Evans JC, Larson MG, O’Donnel CJ, Levy D. Differential impact
of systolic and diastolic blood pressure on JNC-VI staging. Hypertension
1999;34:381–385.

26. Kannel WB, Wilson PWF, Silbershatz H. D’Agostino RB. Epidemiology of risk
factor clustering in elevated blood pressure. In: Gotto AM, Lenfant C, Paoletti R,
Eds. Multiple Risk Factors in Cardiovascular Disease. Dordrecht, The Netherlands:
Kluwer Academic Publishers and Fondazione Giovanni Lorenzini; 1998:325–333.

27. Reaven GM. Insulin resistance, hyperinsulinemia, and hypertriglyceridemia in the
etiology clinical course of hypertension. Am J Med 1991;90:7S–12S.

28. Anderson KM, Odell PM, Wilson PWF, Kannel WB. Cardiovascular disease risk
profiles. Am Heart J 1990;121:293–298.

29. Moore MA, Epstein M, Agoda L, Dwarkin LD. Current strategies for management
of hypertensive renal disease. Arch Intern Med 1999;159:23–28.

30. Mimran A. Microalbuminuria in essential hypertension. Clin Exp Hypertens
1997;19:23–28.

31. The Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure JNC 7. JAMA 2003;289:2560–
2572.

32. SHEP Cooperative Research Group. Prevention of stroke by antihypertensive drug
treatment in older persons with isolated systolic hypertension. JAMA 1991;265:
3255–3264.

33. Staessen JA, Fagard R, Thijs L, et al. Randomized double blind comparison of
placebo and active treatment for older patients with isolated systolic hypertension.
Lancet 1997;350:757–764.

34. Berlowitz DR, Ash AS, Hickey EC, et al. Inadequate management of blood pressure
in a hypertensive population. N Engl J Med 1998;339:1957–1963.



Chapter 5 / Epidemiology of Hypertension 67

35. Coppola WG, Whincup PH, Walker M, Ebrahim S. Identification and management
of stroke risk in older people: a national survey of current practice in primary care.
J Hum Hypertens 1997;11:185–191.

36. Kannel WB. Prospects for prevention of cardiovascular disease in the elderly. Prev
Cardiol 1998;1;32–39.

37. Madhavan S, Ooi WL, Cohen H, Alderman MH. Relation of pulse pressure and
blood pressure reduction to the incidence of myocardial infarction. Hypertension
1994;23:395–401.

38. Wolf PA, D’Agostino RB, Belanger AJ, Kannel WB. Probability of stroke: a risk
profile from the Framingham study. Stroke 1991;22:312–318.



Chapter 6 / Nonpharmacological Trials 69

69

From: Clinical Hypertension and Vascular Diseases: Hypertension in the Elderly
Edited by: L. M. Prisant  © Humana Press Inc., Totowa, NJ

6 Nonpharmacological Trials
in the Older Hypertensive
Patient

L. Michael Prisant, MD, FACC, FACP

and Dean U. Harrell, MD

CONTENTS

INTRODUCTION

EARLY STUDIES

SODIUM RESTRICTION

POTASSIUM SUPPLEMENTATION

CALCIUM SUPPLEMENTATION

VITAMIN C
EXERCISE

MISCELLANEOUS INTERVENTIONS

TRIAL OF NONPHARMACOLOGICAL INTERVENTION

IN ELDERLY

SUMMARY

REFERENCES

INTRODUCTION

Lifestyle modification (Table 1) is recommended for adults with
prehypertension (120–139/80–89 mmHg) for the primary prevention of
hypertension (1). However, lifestyle changes are also adjunctive to anti-
hypertensive drug therapy (2,3). The National High Blood Pressure Edu-
cation Program Working Group included reduced alcohol intake, tobacco
abstinence, reduction of saturated fat, and adequate dietary intake of
potassium, calcium, and magnesium as nonpharmacological modalities
in the elderly (4).
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These guidelines are often repeated, but are there data for managing
older patients with nondrug therapy? Will older patients implement this
approach to treatment, and will nonpharmacological therapy be effec-
tive? Surprisingly, there are not many nonpharmacological trials that
have been conducted in the elderly (5–7).

EARLY STUDIES

Recognizing the lack of data, Applegate and colleagues conducted a
randomized, controlled trial (RCTs) to reduce blood pressure (BP) in
older patients with mild hypertension (8). Men and women aged 60 to 85
years were screened. The requirements for enrollment included a dias-
tolic blood pressure (DBP) from 85 to 100 mmHg, a weight 115% or
more of ideal body weight, a Folstein (Mini-Mental Status Exam) score
of 22 or more, suitable vision, and ample physical health. Antihyperten-
sive medications were discontinued. The 47 subjects received nondrug
therapy (n = 21) or no treatment (n = 26). Treatment assignment was
blinded to the personnel measuring BP. The intervention group, through
individual and group counseling, was instructed to restrict daily sodium
intake to 1400 mg, reduce weight 4.5 kg, reduce caloric intake (1200
calories per day for women and 1500 calories per day for men), and
increase physical activity by walking 30 minutes 4 days a week.

Subjects were evaluated monthly for 6 months after randomization.
BP and weight were measured at each visit. Urine sodium was collected
over 24 hours at baseline and at 2, 3, and 6 months. As shown in Fig. 1,

Table 1
Lifestyle Modification for the Prevention and Treatment of Hypertension

Systolic blood
Intervention Goal pressure change

Aerobic activity 30 minutes per day 4 to 9 mmHg
Alcohol consumption 30 mL (men)a 2 to 4 mmHg

15 mL (women)a

Dietary Approaches to Increase fruits, low-fat dairy 8 to 14 mmHg
Stop Hypertension diet foods, and vegetables;

reduce total and saturated fats
Sodium restriction <100 mmol per dayb 2 to 8 mmHg
Weight reduction 18.5–24.9 kg/m2 5 to 20 mmHg

per10 kg

a30 mL (1 oz) ethanol is 24 oz beer, 10 oz wine, and 2 oz 100-proof whiskey.
b100 mmol sodium = 2.4 g sodium or 6 g NaCl.
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weight increased in the control group and decreased in the experimental
group by 2.1 kg (p = 0.0009). There was no significant difference in the
change in sodium excretion between treatment groups, although each
group declined. There was a significant reduction in systolic blood pres-
sure (SBP; p = 0.02) and DBP (p = 0.003) in the lifestyle intervention
group (Fig. 2). Participation in the counseling sessions ranged from 71
to 86%. This study supported the potential for a large trial.

SODIUM RESTRICTION

The Rotterdam Study, a population-based study to assess diseases of
aging, assessed 1006 men and women older than 55 years without hyper-
tension or treatment with antihypertensive drugs (9). An overnight urine
collection was performed and analyzed for sodium and potassium. An
independent inverse relationship was observed between urine potassium
and SBP and DBP. After adjustment for urinary potassium excretion,
urine sodium was positively correlated with SBP. The Intersalt trial and
a meta-analysis suggested that sodium restriction might reduce BP in the
elderly (10,11).

In a randomized, placebo-controlled, double-blind study, seven eld-
erly men in an independent-living health care facility received either 43
or 175 mmol sodium per day for 4 weeks and then received the alterna-
tive intervention (12). Their average age was 85 years, and the entry BP
was 140–180/80–95 mmHg. Single-blind, low-sodium periods of 4
weeks preceded and followed the 8-week double-blind crossover phase

Fig. 1. Randomized trial of older hypertensives: weight outcomes. The experi-
mental group lost 2.1 kg more than the control group (p = 0.0009). (Data from
ref. 8.)
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of the study. There was a decrease in BP on the low-sodium diet (–11.0/
–8.9 mmHg). Only the change in DBP was significant (p < 0.01).

A double-blind, randomized, placebo-controlled, crossover trial was
conducted in 17 white hypertensive subjects (13). Antihypertensive
medications were discontinued for 4 weeks. All subjects met with a
dietitian to achieve a daily sodium intake of 80 to 100 mmol over the 14
weeks of investigation. After a 4-week placebo run-in period, subjects
received 80 mmol sodium chloride or placebo for 5 weeks and subse-
quently were crossed over to the alternative strategy. After each of the
treatment periods, 24-hour ambulatory BP was performed. Supine clinic
SBP was 8 mmHg higher in the high-sodium group (p < 0.05). However,
there was no difference in the mean 24-hour ambulatory (n = 16) SBP or
DBP for low- vs high-sodium treatment groups despite increased urinary
sodium excretion and lower peripheral renin activity and plasma aldos-
terone in the high-sodium group.

Fig. 2. Randomized trial of older hypertensives: change in blood pressure. The
experimental group had a greater reduction in blood pressure of –4.2/–4.9 mmHg
more than the control group (p = 0.02 for systolic and p = 0.003 for diastolic).
(Data from ref. 8.)
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An additional analysis separated subjects into salt-sensitive (n = 6)
and salt-resistant groups (n = 16) based on a mean 24-hour ambulatory
SBP decline of 5 mmHg or greater while on the low-sodium diet (14).
During the sodium-restricted period, renin was lower among the salt-
sensitive group compared to the salt-resistant group (0.8 vs 1.9 ng/mL
per hour, p = 0.05). However, there was no difference in lipid parameters
and calcium, phosphorus, parathyroid hormone, glucose, creatinine, and
urine albumin levels. Also, orthostatic changes were not more common
among salt-sensitive subjects.

Using a double-blind, randomized, crossover design, 47 untreated
older persons were given 120 mmol sodium or placebo for 4 weeks after
a lead-in period on their usual diet for 4 weeks and a low-sodium diet for
2 weeks (15). The average decline in supine BP on placebo was –8.2/
–3.9 mmHg for 18 normotensive patients and –6.6/–2.7 mmHg for 29
hypertensive patients. Although the change in supine BP was significant
for both groups, this was not the case for standing BP.

The limited data from these studies and others suggest a benefit of
sodium restriction and a hazard of an increase in BP with excess sodium
chloride intake (16).

POTASSIUM SUPPLEMENTATION

Potassium supplementation reduces cerebral hemorrhage in stroke-
prone rats (17). Thus, there has been an interest in potassium supplemen-
tation in humans. Twenty-one elderly subjects were taken off their
routine antihypertensive medications for 2 weeks and then admitted to
a clinical research unit for 8 days (18). Subjects received an isocaloric
diet with 22 mmol sodium, 70 mmol potassium, and 500 mg calcium.
Treatment consisted of 40 mmol of microencapsulated potassium chlo-
ride dosed three times daily for 4 days or placebo. Then, each patient
received the alternative for an additional 4 days. The mean change in BP
in the placebo group was +0.7/–0.1 mmHg vs –8.6/–4.0 mmHg in the
potassium supplementation group (p < 0.02 for both SBP and DBP).
Both urinary potassium and sodium excretion increased during treat-
ment with potassium; however, glomerular filtration rate, atrial natri-
uretic peptide, renin, urine thromboxane B2, and urine 6-keto-
prostaglandin were unchanged.

In another double-blind, randomized, placebo-controlled, crossover
trial, 18 hypertensive elderly patients were studied after a 4-week pla-
cebo run-in period following withdrawal of all medications (19). Fla-
vored potassium chloride (20 mmol three times daily) or flavored placebo
for 4 weeks was given, and then subjects were crossed over to the alterna-
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tive treatment. Ambulatory BP was performed at the end of each treat-
ment period. Compared to the placebo period, the clinic BP during potas-
sium supplementation was significantly decreased (–10/–6 mmHg).
However, only SBP was significantly decreased by 24-hour ambulatory
BP during potassium treatment (–6/–2 mmHg). Urinary potassium but
not urinary sodium excretion increased. In an unblinded extension of the
study, eight subjects were given 48 mmol potassium chloride for 4
months (20). The reduction in 24-hour ambulatory SBP was maintained.

In a randomized, double-blind trial, 100 untreated hypertensive men
and women between the ages of 55 and 75 years received mineral salt or
common salt for 24 weeks (21). The mineral salt consisted of 17%
magnesium salt, 41% KCl, 41% NaCl, and 1% trace minerals. Both salts
were given for cooking and incorporated into provided foods. The mean
decline in BP was –8.7/–3.6 mmHg, favoring the mineral salt group.
Also, urinary sodium excretion decreased, and urinary potassium
increased. The mineral salt was well tolerated.

Twenty elderly hypertensive patients in a nursing home had ambula-
tory BP performed before and after the introduction of low-sodium,
high-potassium salt, consisting of 57% NaCl, 28% KCl, 12% MgSO4,
and 2% L-lysine HCl (22). This special mineral salt was substituted for
table and cooking salt for 6 months. Of the 20 subjects, 45% had a reduc-
tion in their daytime and nighttime BPs.

Although these trials showed a modest benefit, there may be other
reasons to maintain a normal potassium level in elderly patients. Among
diuretic users, a potassium level less than 4.1 mEq/L was associated with
an increased risk of atherothrombotic and embolic strokes in the Cardio-
vascular Health Study, a prospective, multicenter study of 5888 men and
women 65 years of age or older (23). This supports the post hoc obser-
vation from the Systolic Hypertension in the Elderly Population study
that a potassium level less than 3.5 mEq/L among participants receiving
active treatment was associated with a higher rate of coronary heart
disease and stroke events (24).

CALCIUM SUPPLEMENTATION

Utilizing data from the first National Health and Nutrition Examina-
tion Survey (1971–1975), several variables were associated with high
BP in older adults (25). These included body mass index (BMI), alcohol
consumption, and dietary calcium and phosphorus. There have been
several trials to assess the role of supplemental calcium in elderly
patients (26–29).
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An early uncontrolled study stopped all antihypertensive medications
for eight elderly subjects for 1 month (26). Then, the subjects were
hospitalized for 10 weeks. The daily dietary intake consisted of 120 mEq
sodium and 40 mEq potassium. The first 2 weeks, a placebo was given;
for the last 8 weeks, 22.4 g per day of calcium gluconate was given,
divided among three daily meals. The mean change in BP was a signifi-
cant reduction (–24/–15 mmHg) as measured by an automatic sphygmo-
manometer.

Another study was conducted of nine hospitalized elderly patients
(27). Subjects were given a diet for 4 weeks that included 500 mg cal-
cium, 2 g sodium, and 3 g potassium. Using a crossover design, subjects
were treated with 1 g elemental calcium in the form of oyster shell
electrolyte for 8 weeks with a washout period of 4 weeks. Ambulatory
BP measurements for 24 hours were performed every 4 weeks. The mean
change in blood was –13.6/–5 mmHg in the calcium period and –1.5/
+1.0 mmHg in the control period (p < 0.005 for SBP and p < 0.05 for
DBP). Ionized calcium increased, and parathyroid hormone levels
declined. Both urinary sodium and calcium excretion increased.

A single-blind study enrolled 125 hypertensive subjects between 50
and 80 years of age (mean age 62.4 years) after a baseline observation
period of 4 weeks. Then, subjects received placebo for 4 weeks followed
by 12 weeks of 1 g calcium carbonate (28). Compared to placebo, cal-
cium supplementation did not lower supine or standing BP. Of the 103
subjects who completed the 12-week period of calcium treatment, 42
(41%) had 5 mmHg or greater decrease in either SBP or DBP. These
subjects were treated for an additional 36 weeks with calcium. After the
48th week of treatment, their BP measurements were similar to those of
the placebo period.

In an ambulatory setting, 148 women 70 years or older with serum 25-
OHD3 below 50 nmol/L were recruited for an 8-week, double-blind trial
of 600 mg of elemental calcium with or without 400 IU vitamin D3 (29).
Approximately 50% of subjects were hypertensive. The mean change in
BP was –5.7/–6.9 mmHg in the calcium-only group compared to –13.1/
–7.2 mmHg in the vitamin D3-calcium group (p = 0.02 for SBP and p =
0.10 for DBP).

VITAMIN C

There has also been interest in using vitamin C for vascular protection
of the elderly. A 20-year follow-up study of 730 British men and women
found that mortality from stroke occurred more commonly with the
lowest vitamin C intake or plasma ascorbic acid concentration (30). In
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a study of 541 British elderly subjects not taking antihypertensive medi-
cations, there was an inverse relationship between plasma ascorbate
levels and heart rate, SBP, and DBP (31).

In a randomized, double-blind trial, 27 treated but uncontrolled hyper-
tensive patients received 200 mg vitamin C dosed twice daily or matching
placebo for 4 weeks and then received the alternative treatment for an
additional 4 weeks (32). The average fall in BP was –3/–0.4 mmHg. The
change in DBP was not significant, and the change in SBP was not
interpretable because of a treatment period interaction.

After a 2-week run-in period, 48 untreated hypertensive subjects
received 250 mg vitamin C (n = 22) dosed twice daily or placebo (n =
26) for 6 weeks (33). The change in BP in the vitamin C group was –10.3/
–5.9 vs –7.7/–4.7 mmHg. The change from baseline was not significant
between the groups.

Another study examined the effect of 250 mg vitamin C twice daily
or placebo in a double-blind, crossover study (34). Each treatment phase
lasted 3 months. Ambulatory and clinic BPs were measured at baseline
and at the end of each treatment period. Although plasma ascorbate
levels increased from 49 mmol/L to 85 mmol/L, vitamin C did not lower
clinic BP. However, daytime ambulatory SBP was lowered by 3.7 mmHg
among the 17 hypertensive subjects, but not among the 23 normotensive
subjects. There was no decline in DBP.

One randomized, double-blind trial followed 31 treated hypertensive
patients (mean age 62 years and 80% elderly) for 8 months (35). After
a 4-week placebo period, they received 500 mg, 1000 mg, or 2000 mg
vitamin C taken every 12 hours as two capsules. The mean decline in BP
from the placebo period was –4.5/–2.8 mmHg (p < 0.05 for both systolic
and diastolic). However, the maximal BP decrease was seen at 1 month
(–6.1/–3.8 mmHg), which declined to –1.0/–1.7 mmHg by 6 months.
There was no dose-dependent change in BP.

These trials in aggregate suggest a small benefit on SBP.

EXERCISE

Exercise is generally recommended by national guidelines to reduce
weight and lower BP (1,2,4). A meta-analysis of RCTs that assessed the
effect of aerobic exercise on BP reported a change in BP of –4.9/–3.7
mmHg in 15 studies of hypertensive subjects and –4.0/–2.3 mmHg in 27
studies of normotensive subjects (36).

There are numerous benefits of exercise for older patients in absence
of hypertension (37–40). One study conducted an RCTof 4 months
among subjects 60 years or older (41). This study assigned 247 subjects
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to 40 minutes of supervised exercise three times a week or a control
group for 16 weeks. The target heart rate was about 70% of the peak heart
rate. The mean reduction in BP was –5.6/–2.7 mmHg.

Another RCT study of 62 elderly subjects (50% with SBP 140 or
greater) compared moderate aerobic exercise and T’ai Chi (Yang style)
over 12 weeks (42). There was no difference in the change in BP from
baseline comparing the moderate aerobic exercise (–8.4/–3.2 mmHg)
and the T’ai Chi (–7.0/–2.4 mmHg, p = 0.54) groups. A study random-
ized 39 older Japanese persons to exercise 2 to 3 days per week or
lectures for 25 weeks (43). Using home BP measurements, the exercise
group had a significantly lower BP (–7.7/–4.2 mmHg) than the control
group.

Finally, among 24 elderly hypertensives undergoing 45 minutes of
low-intensity exercise, BP decreased and persisted 22 hours postexercise
as assessed by ambulatory BP monitoring (44). More studies are needed
to evaluate this intervention.

MISCELLANEOUS INTERVENTIONS

The recommendation to reduce alcohol intake is based on the increase
in BP observed in epidemiological studies (45). Heavy alcohol use has
been viewed as a risk factor for hemorrhagic and nonhemorrhagic strokes
(46), but this has not been observed in all studies (47). Although the
estimated benefit of alcohol reduction on BP reduction is –3.3/–2.0
mmHg, there are no RCTs among elderly subjects (48).

It is hypothesized that ω-3 fatty acids stimulate vasodilating prostag-
landins and lower BP. Two meta-analyses of RCTs observed a signifi-
cant decline of BP in hypertensive subjects (–3.4/–2.0 mmHg and –5.5/
–3.5 mmHg) (49,50). One 4-week, double-blind study in 106 normoten-
sive elderly subjects reported that fish oil (–8.1/–2.8 mmHg) and sun-
flower oil (–6.4/–2.4 mmHg) lowered BP significantly on a 70 mmol/
day sodium-restricted diet, but not during normal sodium intake (51).

Coffee consumption was found in one meta-analysis to increase BP
+2.4/+1.2 mmHg compared with control (52). One study randomized 22
normotensive and 26 hypertensive subjects to a caffeine-free diet or 300
mg per day of caffeine for 2 weeks after a 2-week caffeine-free diet (53).
The mean age of the study population was 72 years (range 54 to 89
years), and all were nonsmokers. A 24-hour ambulatory BP measure-
ment was performed at the end of each 2-week period. BP was increased
significantly in the hypertensive subjects receiving caffeine (+4.8/+3.0
mmHg) but not in the normotensive group.
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A meta-analysis of randomized clinical trials of magnesium supple-
mentation observed only a nonsignificant decline in BP (–0.6/–0.8
mmHg) (54). However, higher doses reduced SBP (–4.3 mmHg, p <
0.001). These 20 studies did not provide information on the effects of
magnesium supplementation in elderly hypertensives.

TRIAL OF NONPHARMACOLOGICAL
INTERVENTION IN ELDERLY

The Trial of Nonpharmacologic Intervention in Elderly (TONE) was
designed to determine whether sodium restriction, weight loss, or both
could maintain BP goals after withdrawal of antihypertensive drug
therapy (55). The four-center trial assessed each treatment variable in
hypertensive subjects between the ages of 60 and 80 years. Treated
patients taking one antihypertensive drug (or a combination drug with a
diuretic) with a mean BP less than 145/85 mmHg after three visits were
eligible. If the subject was on two drugs and one drug could be stopped
and the BP criteria met, the subject was also eligible. Patients with
angina, insulin-requiring diabetes mellitus, heart failure, and recent
myocardial infarction or stroke were excluded from participation.

Obesity was defined as a BMI of 27.8 kg/m2 or more for men and 27.3
kg/m2 or more for women. The control groups included overweight
subjects not assigned to weight reduction or sodium restriction and
nonobese subjects not assigned to the sodium-restriction group. The
interventions were designed to achieve a 24-hour urine sodium of 80 mEq
(1800 mg) or less and/or a weight loss of 4.5 kg (10 lb) or more after
randomization. Individual (4 sessions) and group counseling (12 sessions)
were used to attain the goals of treatment during an initial 4-month inten-
sive phase followed by a 4-month extended (biweekly group and indi-
vidual sessions) and maintenance phases (monthly group or individual
sessions). Usual care participants met for monthly sessions for issues
unrelated to the interventions. The staff responsible for data collection
wase blinded to the treatment assignment, BP, and drug withdrawal
status.

The trial end points included an average BP of at least 150/90 mmHg
on three visits, 170/100 mmHg or above on two visits, or at least 190/110
mmHg on one visit. Additional trial end points included (a) symptoms
requiring resumption of antihypertensive drugs; (b) personal physician
resumption of drug therapy; and (c) cardiovascular complications
(angina, myocardial infarction, congestive heart failure, hyperten-
sive encephalopathy, or stroke) or coronary revascularization after ran-
domization.
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Initially, 8787 potential subjects were contacted for screening (56).
There were 975 participants randomized to one of six treatments deter-
mined by BMI (57). The trial assignments are displayed in Fig. 3. Anti-
hypertensive medication was stopped on average 90 ± 14 days after the
assigned intervention. Patients were seen weekly during drug withdrawal
and biweekly for 6 weeks after medication cessation. Six months after
randomization, follow-up visits occurred every 3 months. During fol-
low-up visits, the following were assessed: BP, weight, girth, 24-hour
urine, interval history including current medications, psychological and
physical activity questionnaires, and 24-hour diet recall. BP was mea-
sured three times at each visit (58,59). Mean follow-up was 27.6 months
(range 15.6 to 35.9 months).

The average age of the study population was 66.5 years, with 78% of
subjects between 60 and 69 years. Of the cohort, 48% were female. There
were 24% black participants. The duration of antihypertensive therapy
was about 12 years. Fewer than 7% smoked, and 32% or more had one
or more alcoholic drinks daily. Entry medications are displayed in Fig. 4.
As seen, diuretics and calcium channel blockers were the most commonly
prescribed antihypertensive drugs. Attendance rate at follow-up visits
was outstanding.

Figure 5 shows the mean reduction in sodium at 9, 18, and 30 months
for participants salt restricted or not salt restricted. The net achieved
sodium reduction was significant (p < 0.001) at each collection period.

Fig. 3. Trial of Nonpharmacologic Interventions in Elderly (TONE): treatment
group allocation. (Derived from ref. 57.)
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Fig. 4. Medications of TONE Participants at baseline. (Derived from ref. 57.)

Fig. 5. Trial of Nonpharmacologic Interventions in Elderly (TONE): sodium
restriction—change in urinary sodium. The net achieved sodium reduction was
significant (p < 0.001) at each collection period. (Derived from ref. 57.)
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The mean reduction in sodium excretion was 28.7 mmol lower in obese
subjects in the sodium-restriction group than in the combined interven-
tion group. Figure 6 shows the prevalence of urine sodium reduction of
no more than 80 mmol per day.

The average weight change over time is shown in Fig. 7. The net
reduction in weight varied from 3.6 to 3.9 kg. Figure 8 shows the preva-
lence of weight reduction of no less than 4.5 kg. However, there were
differences in the extent of weight reduction among the 421 white and
164 black study participants (60). Comparing the net change in weight
from the weight loss-only group minus the usual care group, blacks lost
an average of 2.7 kg compared to 5.9 kg among white subjects at 6
months (p = 0.0002). Additional weight loss occurred later for black
participants compared with weight gain for white participants. The net
change at the end of the study was –2.0 kg for blacks and –4.9 kg for
whites (p = 0.007). Comparing the net change in weight from combined
weight and sodium group minus the sodium-only group, there was no
significant difference in blacks (–2.1 kg) and whites (–2.8 kg, p = 0.51)
at 6 months. Approximately 41% of blacks and 66% of whites achieved
the 4.5 kg weight loss goal.

One of the four centers examined the effect of weight reduction on
bone mineral density (BMD) of the total body, lumbar spine, and femo-
ral neck using dual-energy X-ray absorptiometry (61). Sixty-seven
women underwent an examination at baseline, 6 months, and 12 months.

Fig. 6. Trial of Nonpharmacologic Interventions in Elderly (TONE): prevalence
of urinary sodium of 80 mmol/day or less according to treatment assignment.
(Derived from ref. 57.)
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Fig. 7. Trial of Nonpharmacologic Interventions in Elderly (TONE): mean
change in body weight. The net reduction of weight among the weight loss
participants was 3.6 kg or greater (p < 0.001). (Derived from ref. 57.)

Fig. 8. Trial of Nonpharmacologic Interventions in Elderly (TONE): prevalence
of achieved weight loss of 4.5 kg or more. (Derived from ref. 57.)

Weight loss was associated with modest decrease in BMD of the total
body, but not the lumbar spine or the femoral neck. The change in BMD
was associated with an increase in osteocalcin.

Most trial end points (74%) resulted from elevated BP measurements;
5.6% were cardiac or other clinical events (62). The non-BP-related end
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points occurred most frequently in women, those subjects with a cardiac
disease history, and the subjects who did not reduce their sodium intake.
The rate of cardiovascular events was 5.5, 5.5, and 6.8 per 100 person-
years in nonoverweight subjects (p = 0.84) and 7.2, 5.2, and 5.6 per 100
person-years in obese subjects (p = 0.08) for the time periods of random-
ization to the onset of drug withdrawal, during or after drug withdrawal,
and after resumption of antihypertensive drugs, respectively (63). The
remaining 20.5% were the result of either patient or their physician not
tapering medication or resuming antihypertensive drugs. After 30
months, 38% of the sodium-restriction group (n = 487) compared with
24% of the group with no salt restriction (n = 488) were free of trial end
points (p < 0.001) (57). For the weight-loss (n = 291) and no weight-loss
(n = 294) groups, 39 and 26% were free of trial end points (p = 0.001).
Among obese participants, the combined intervention (44%) was less
likely to achieve trial end points compared to the no-intervention group
(16%) at 30 months (p < 0.001). Combined treatment modalities were
not more effective than either sodium restriction (34%, p < 0.001) or
weight loss (37%, p = 0.002) alone. The change in BP from baseline to
the last visit is shown in Fig. 9. There were no adverse cardiovascular
events associated with the treatment interventions vs usual care.

The sodium excretion rate was more reduced in men than in women
(53 vs 27%, respectively, p < 0.001); however, there was no difference
between overweight vs nonobese subjects, 60- to 69-year age group vs
the 70- to 80-year age group, and black vs non-black subjects (64). All

Fig. 9. Trial of Nonpharmacologic Interventions in Elderly (TONE): change in
blood pressure by treatment. The change in systolic and diastolic blood pressure
from baseline was significant (p < 0.001) for each intervention compared to no
intervention. (Derived from ref. 57.)
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subgroups (Fig. 10) experienced a significant placebo-corrected decline
in SBP, except the 70- to 80-year age group. For women, overweight
subjects, and the 70- to 80-year age group, there was no significant drop
in DBP. After 30 months, 43% of the cohort in the reduced-sodium group
compared to 27% in the usual care group (p < 0.001) had their BP con-
trolled without medication. The greater the reduction in urinary sodium
excretion, the lower the risk of reaching a trial end point (p = 0.002).

Predictors of long-term withdrawal from antihypertensive drugs in-
cluded assignment to an active intervention (62). Having a lower baseline
SBP, treatment with one antihypertensive drug, and treatment for a
shorter duration of time were also significant predictors of successful
drug withdrawal.

The long-term effect of individual and group counseling after discon-
tinuation of the study was assessed by one of the four participating
centers (Fig. 11) (65,66). There were 108 study participants available for
the urinary sodium excretion and weight measurements 6 to 13 months
after the completion of TONE for extended follow-up. Although there
was 1.1 kg weight gain in the weight-loss group (n = 53) during follow-
up, the net loss compared to baseline in the weight-loss group was –3.9
kg compared to the –2.2 kg in no weight-loss group (n = 55; p = 0.07)
(65). Alternatively, sodium excretion was reduced from baseline to 52

Fig. 10. Trial of Nonpharmacologic Interventions in Elderly (TONE): subset
analysis of restricted sodium group. The change in blood pressure in sodium-
restricted group is corrected from the usual care group. The change in systolic
blood pressure was significant (p < 0.05) for each group except for subjects 70
to 80 years old. The change in diastolic blood pressure was significant (p < 0.05)
for each group except women, obese individuals, and subjects 70 to 80 years old.
(Data from ref. 64.)
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mmol per day in the sodium-restriction group (n = 44) compared to 13
mmol/day in the no sodium-restriction group (n = 55; p = 0.008). Thus,
sodium restriction persists in effectiveness, unlike weight reduction. On
completion of TONE, 43% of the combined sodium-restriction and
weight-loss group was off medication compared to 25% of the usual care
group (p = 0.011 by χ2) (66). Follow-up was obtained for 222 of the 244
randomized subjects an average of 48.4 months after study termination.
The combined intervention group was associated with superior BP con-
trol compared to usual care (p = 0.012).

SUMMARY

In aggregate, these data document that nonpharmacological therapy
can decrease the need for drug therapy. Many of the trials were not
blinded, well-controlled, or adequately powered. TONE proved that
sodium restriction and weight loss are effective in elderly patients. So-
dium restriction is more likely to be continued over longer periods of
time than weight reduction. More data are needed for other nonpharm-
acological interventions in the elderly. However, it is likely that an
approach to comprehensive lifestyle modification would be beneficial
(67,68).
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INTRODUCTION

Outcomes trials have established the benefit of treating hypertension in
the older patient but not the very elderly (1,2). These trials are reviewed
because they represent the cornerstone of care of these patients. Subset
analyses of early studies suggested a potential benefit for reducing blood
pressure (BP) in older patients (3–8).

In this chapter, only prospective trials are considered (Table 1). The
strongest proof is derived from prospective, randomized, double-
blind trials. Single-blind trials (e.g., Medical Research Council in
Old Patients) provide weaker data for assessing optimal patient therapy.
The prospective, randomized, open-label, blinded end point (PROBE)
design offers some improvement over prospective, single-blind trials
(e.g., Second Australian National Blood Pressure Trial) (9). Although
PROBE trials are less expensive to implement, the design has a major
disadvantage of investigator bias.
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THE TRIALS

European Working Party on High Blood Pressure
in the Elderly

The European Working Party on High Blood Pressure in the Elderly
(EWPHE) was the first randomized, double-blind, placebo-controlled
trial to study patients older than 60 years (10,11). This trial was con-
ducted when there was uncertainty about lowering BP in elderly patients
(3–5,12–14). It was designed to detect a reduction in fatal and nonfatal
strokes. The entry BP was a sitting diastolic blood pressure (DBP) of 90–
119 mmHg and a systolic blood pressure (SBP) of 160–239 mmHg.
Patients were allocated to active drugs or matching placebo. Initial treat-
ment was a once-daily dose capsule of 25 mg hydrochlorothiazide and
50 mg of triamterene, which could be doubled after 2 weeks to achieve
a BP goal of less than 160/90 mmHg. If the BP target was not achieved,
methyldopa could be titrated from 250 to 2000 mg daily after 4 weeks.

The mean age of the 840 patients was 72 years. Average follow-up
exceeded 4.6 years. BP was reduced from 183/101 to 148/85 mmHg in
the active treatment group and 182/101 to 167/90 mmHg in the placebo
group. More than 35% of subjects stopped treatment prematurely. There
was no significant reduction of stroke mortality (–43%, p = 0.15) or overall
mortality (–26%, p = 0.08), but there was a significant reduction of fatal
MI (MI; –60%, p = 0.043) and nonfatal heart failure (–63%, p = 0.01).

Hypertension in the Elderly in Primary Care Trial
In the Hypertension in the Elderly in Primary Care (HEP) trial, Coope

and Warrender conducted a prospective, random allocation study in 884
general practice patients aged 60–79 years (15). The entry BP was an
SBP of 170–280 mmHg and a DBP of 105–120 mmHg. Active treatment
started with 100 mg of atenolol once daily and progressively added 5 mg
of bendrofluazide once daily, 500 mg of methyldopa at bedtime, and 20
mg of nifedipine sustained release twice daily to achieve the treatment
goal of less than 170/105 mmHg. The control group did not receive a
placebo. The mean reduction of BP in the treatment group was –18/–11
mmHg. After a follow-up period of 4.4 years, the rate of fatal strokes in
the treatment group was reduced by 70% (2.2 vs 7.3 per 1000 patient-
years, p < 0.025), but cardiovascular and total mortality did not decrease.

Systolic Hypertension in the Elderly Program
The Systolic Hypertension in the Elderly Program (SHEP) was

designed as a randomized, double-blind, placebo-controlled study
to assess the benefit of reducing BP in 4736 patients 60 years or older



Chapter 7 / Clinical Trials 95

with isolated systolic hypertension (16). Isolated systolic hypertension
was defined as an SBP greater than 160 mmHg and a DBP less than 90
mmHg based on four measurements at two visits. The primary objective
was a reduction in fatal and nonfatal strokes. Patients with a SBP
between 160 and 219 mmHg were enrolled. Active drugs or matching
placebos were titrated (a) to reduce SBP greater than 180 mmHg to
below 160 mmHg and (b) to reduce SBP by 20 mmHg for those patients
with SBP below 180 mmHg. Active treatment was initiated with 12.5–
25 mg of chlorthalidone dosed once daily. Supplemental therapy in-
cluded 25–50 mg of atenolol dosed once daily or 0.05–0.1 mg of reserpine
dosed once daily if atenolol was contraindicated.

The mean age of subjects was 71.6 years, and the baseline BP was
170/77 mmHg. In the active treatment group, 46% of subjects received
diuretic monotherapy, and 9% received no medication. Overall BP was
lowered by –26/–9 mmHg. In the placebo group, 44% of subjects received
antihypertensive drugs by year 5. Drug therapy was well tolerated (17).
After a mean follow-up of 4.5 years, active treatment reduced fatal and
nonfatal strokes (Fig. 1) by 36% (5.5 vs 9.2 per 100 persons, p = 0.0003).
Nonfatal MI and fatal and nonfatal heart failure were significantly low-
ered by 33 and 49%, respectively (18). There were 81 cases of dementia,
yielding a rate of 1.6% in the active treatment group and 1.9% in the
placebo group (p > 0.05). The 13% total mortality reduction was not
significant.

There were 583 patients (12.3%) with non-insulin-dependent diabe-
tes in SHEP (19). After adjustment in baseline differences, the diabetic
subjects had a significant reduction in the composite of nonfatal MI and
fatal coronary heart disease events (54%) and major coronary heart dis-
ease events (56%). There was no reduction in all-cause mortality and
total strokes. In contrast, the nondiabetic persons had a significant reduc-
tion in nonfatal and fatal strokes (38%).

Swedish Trial in Old Patients With Hypertension
Previous outcomes trials established the benefit of reducing BP in

patients less than 70 years. Thus, the Swedish Trial in Old Patients With
Hypertension (STOP-Hypertension) study enrolled 1627 patients aged
70–84 years with (a) an SBP between 180 and 230 mmHg and a DBP of
90 mmHg or higher or (b) a DBP of 105–120 mmHg (20). The trial
excluded older patients with an SBP greater than 230 mmHg and/or DBP
greater than 120 mmHg. Isolated systolic hypertension, defined as 180
or higher systolic and below 90 mmHg diastolic pressure, was also an
exclusion.
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STOP-Hypertension was conducted as a double-blind, multicenter,
randomized study to compare antihypertensive treatment to placebo.
Initial drug therapy consisted of a once-daily diuretic (25 mg of hydro-
chlorothiazide and 2.5 mg of amiloride), a β-blocker (50 mg of atenolol,
100 mg of controlled-release metoprolol, or 5 mg of pindolol), or a
matching placebo after a 1- to 6-month washout period. Both active
treatment drugs could be combined if BP exceeded 160/95 mmHg after
2 months. For the placebo group, open-label antihypertensive therapy
could be added if the BP exceeded 230/120 mmHg. The primary out-
come was MI, stroke, and other cardiovascular death.

Baseline BP was 195/102 mmHg. The average follow-up period
was 25 months. Fewer than one-third of the active treatment patients
received monotherapy. The β-blocker monotherapy was less effective
than diuretic monotherapy for lowering SBP but not DBP (21). At 12
months, the placebo-corrected changes in BP were greatest when the
β-blocker was combined with a diuretic. BP was reduced to 186/96 in
the placebo group and 167/87 mmHg in the active treatment group. The
composite of the primary end points was reduced by 40% (p = 0.0031).
As shown in Fig. 2, treatment reduced total mortality 43% (p = 0.0079)
and strokes 47% (p = 0.0081). The rate of all MIs was not reduced over
the short duration of follow-up. There are no data in this trial to suggest
either a benefit or risk of β-blocker treatment in terms of mortality (22).

Fig. 1. Systolic Hypertension in the Elderly Program: cumulative stroke rate
by year. After a mean follow-up of 4.5 years, active treatment reduced fatal
and nonfatal strokes by 36% (5.5 vs 9.2 per 100 persons, p = 0.0003). (Data
from ref. 16.)
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Medical Research Council Trial in Older Adults
The Medical Research Council (MRC) trial was a randomized, pla-

cebo-controlled, single-blind trial (n = 4396) designed to compare a
diuretic, β-blocker, and placebo for reducing strokes, coronary artery
disease, and total mortality (23). Patients aged 65–74 years were ran-
domized if their DBP was less than 115 mmHg and the SBP was 160–
209 mmHg after an 8-week period off antihypertensive drugs. They
received 50–100 mg of atenolol, 25 mg of hydrochlorothiazide with 2.5
mg of amiloride, or matching placebo dosed once daily. If the target SBP
of less than 150–160 mmHg was not achieved, the alternative active drug
could be added and further supplemented by 20 mg nifedipine dosed
once daily. Subjects were followed 5.8 years.

The benefits of treatment in the MRC trial were confined to diuretic-
assigned patients. There was no difference in the total stroke rate between
active treatments (p = 0.33); however, the rate of fatal strokes was the same
for the β-blocker and placebo groups (Fig. 3). The rate of coronary
events was lower in the diuretic group than in the β-blocker group (p =
0.006). The cardiovascular death rate was higher in the β-blocker group
than in the diuretic group (p = 0.03). Active treatment did not lower all-
cause mortality.

For multiple reasons, the MRC trial is difficult to interpret (24–27).
The single-blind study design may have influenced the results (22). At
5 years, 52% of patients receiving β-blockers and 38% receiving diuret-
ics required additional drugs. There was a higher rate of patients treated

Fig. 2. Swedish Trial of Older Patients With Hypertension. Active treatment
reduced total mortality 43% (p = 0.0079) and strokes 47% (p = 0.0081). (Data
from ref. 55.)
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with atenolol (63%) that stopped medication or were lost to follow-up
compared to those treated with a diuretic (48%) or placebo (53%).
Among smokers, BP control was poorer in patients assigned to β-blocker
treatment, and overall cardiovascular events were worse (Fig. 4). These
differences are explained by the acceleration of the metabolism of β-
blockers by smoking. Overall, 25% of subjects were lost to follow-up.
The choice of a hydrophilic β-blocker may have also influenced out-
come (24).

Cardiovascular Study in the Elderly
The Cardiovascular Study in the Elderly (CASTEL) was a prospec-

tive, single-blind study conducted in northern Italy to evaluate the preva-
lence of hypertension, the cardiovascular risk, and the effectiveness of
drug therapy to reduce mortality in subjects 65 years or older (28,29).
The study population consisted of 1404 normotensives and 655
hypertensives. The hypertensives received no intervention (n = 304) or
drug therapy (n = 351), which included 0.15 mg of clonidine per day
(n = 61), 20 mg of nifedipine per day (n = 146), or the fixed combina-

Fig. 3. Medical Research Trial in Older Adults: outcomes according to treat-
ment. The rate of coronary events was lower in the diuretic group than the β-
blocker group (p = 0.006). The rate of fatal strokes was the same for the β-blocker
and placebo groups. The cardiovascular death rate was higher in the β-blocker
group than in the diuretic group (p = 0.03). (Data from ref. 23.)
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tion of 100 mg of atenolol and 25 mg of chlorthalidone (n = 144). After
7 years, the overall mortality was 36.9% in the no intervention group,
22.5% in the drug-therapy group, and 24.2% in the normotensive group
(p = 0.0001). The cardiovascular mortality was 23.7% in the no interven-
tion group, 12.2% in the drug-therapy group, and 11.9% in the normo-
tensive group (p = 0.0001). The fixed-dose combination reduced
mortality the most.

The Shanghai Trial of Nifedipine in the Elderly
The Shanghai Trial of Nifedipine in the Elderly (STONE) was a single-

blind trial that used alternate treatment allocation (30). After a 4-week
placebo period, 1632 Chinese patients aged 60–79 years received 10–30 mg
of nifedipine twice daily or matching placebo. Captopril, dihydro-
chlorothiazide, or both could be added to either treatment arm if the BP
exceeded 160/90 mmHg. Average follow-up was 30 months. The aver-
age decline in BP was –22/–12 mmHg for nifedipine and –12/–8 mmHg
for placebo (p ≤ 0.0001 for both SBP and DBP). There were more strokes,
arrhythmias, and noncardiovascular events in the placebo group, but
there was no difference in cardiovascular or overall mortality.

Systolic Hypertension in Europe Trial
The Systolic Hypertension in Europe (Syst-Eur) was planned as a ran-

domized, double-blind, placebo-controlled study to test whether reducing
SBP in patients 60 years or older with isolated systolic hypertension
would reduce fatal and nonfatal strokes (31). Patients were eligible for
randomization if their sitting SBP was 160–219 mmHg, standing SBP
was 140 mmHg or higher, and sitting DBP was less than 95 mmHg after

Fig. 4. Medical Research Trial in Older Adults: all cardiovascular events in
smokers and nonsmokers. Among smokers, blood pressure control was poorer
in patients assigned to β-blocker treatment, and overall cardiovascular events
were worse. (Data from ref. 23.)
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a 3-month run-in period. The 4695 patients received active drug or
matching placebo to reduce sitting SBP by 20 mmHg to less than 150
mmHg. Active treatment for titration consisted of 10–40 mg of
nitrendipine, 5–20 mg of enalapril, and 12.5–25 mg of hydrochlorothi-
azide.

The mean age was 70 years, and baseline BP was 174/85 mmHg.
Median follow-up was 24 months. The average reduction in BP in the
placebo group was –13/–2 mmHg, and in the active treatment group was
–23/–7 mmHg. Many patients in the placebo group were treated with
antihypertensive therapy. The target BP was achieved in 43.5% of sub-
jects assigned to drug therapy compared to 21.4% assigned to placebo.
As shown in Fig. 5, active therapy reduced all strokes by 42% (p =
0.003). There was no significant reduction in total mortality. MI, heart
failure, and sudden death were not significantly reduced individually;
however, when combined as a composite cardiac end point, the reduc-
tion was 26% (p = 0.03).

There were 492 diabetic (10.5%) patients in the Syst-Eur trial (32).
Although the placebo-corrected decline of BP in diabetic and nondia-
betic persons was similar (8.6/3.9 vs 10.3/4.5 mmHg, p = 0.4), there were
significant differences in outcomes. The diabetic patients had a signifi-
cant reduction in overall mortality (55%), cardiovascular mortality
(76%), stroke (73%), and cardiac events (63%) after adjustment in
baseline variables. Nondiabetic subjects had only a significant reduction
in strokes (38%).

The relationship of cognitive impairment, dementia, and hyperten-
sion is controversial (34). This was based on 32 cases, 21 in the placebo

Fig. 5. Systolic Hypertension in Europe Trial. Active therapy reduced all strokes
by 42%. *p = 0.003. (Data from ref. 31.)
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group and 11 in the active treatment group (7.7 vs 3.8 cases per 1000
patient-years). In an open-label, active treatment extension involving
2902 patients, the rate of dementia, based on 64 cases, was reduced by
55%, from 7.4 to 3.3 cases per 1000 patient-years (p < 0.001) (35).

Systolic Hypertension in China
The Systolic Hypertension in China (Syst-China) study used alternate

allocation rather than randomization to assess 2394 Chinese hyperten-
sive patients aged 60 years or older with isolated systolic hypertension
(36). After a single-blind, placebo run-in phase, patients were enrolled
if their SBP was 160–219 mmHg and the DBP was less than 95 mmHg.
Nitrendipine (10–40 mg alone or in combination with 12.5–50 mg of
captopril), 12.5–50 mg of hydrochlorothiazide, or a combination of both
was given to reduce sitting SBP by 20 mmHg or greater and to less than
150 mmHg. The control group received a matching placebo. The aver-
age entry BP was 171/86 mmHg. The median follow-up was 3 years.
With treatment, the BP declined –11/–2 mmHg in the placebo group and
–20/–5 mmHg in the nitrendipine group. Total mortality (17.4 vs 28.4
events per 1000 patient-years, p = 0.003) and stroke mortality (2.9 vs 6.9
events per 1000 patient-years, p = 0.03) were significantly lower in the
active treatment group. Fatal and nonfatal strokes were reduced by 38%
(p = 0.01). There was no reduction in MI, heart failure, or sudden death.

Swedish Trial in Old Patients With Hypertension-2
The purpose of the STOP-Hypertension-2 study was to examine con-

ventional antihypertensive treatment with newer drugs (angiotensin-
converting enzyme [ACE] inhibitors or calcium channel blockers) on
cardiovascular events in older patients (37). Using a PROBE design,
6614 patients 70–84 years old were randomly assigned to active treat-
ment if their SBP was 180 mmHg or higher, DBP was 105 mmHg or
higher, or both. Unlike the STOP-Hypertension study, patients with
isolated systolic hypertension were included in the STOP-Hyperten-
sion-2 study. Conventional treatment consisted of once-daily 50 mg of
atenolol, 100 mg of controlled-release metoprolol, 5 mg of pindolol, or
the combination of 25 mg of hydrochlorothiazide and 2.5 mg of
amiloride, which could be combined with the β-blocker monotherapy if
the target BP of 160/95 mmHg was not achieved. The ACE inhibitors 10
mg of enalapril or 10 mg of lisinopril dosed once daily were supple-
mented with 12.5–25 mg of hydrochlorothiazide to achieve treatment
goals. The calcium antagonists 2.5 mg of felodipine or 2.5 mg of
isradipine dosed once daily were augmented with any of the above β-
blockers to achieve the target BP.
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Baseline BP was 194/98 mmHg. After 24 months, there was no dif-
ference in the reduction of BP among the three treatment groups. Com-
bination therapy was used in 46% of subjects. There was no difference
among the three groups for the primary end point of cardiovascular death
after 60.3 months (Fig. 6). However, compared to the ACE inhibitor
group, there were more fatal and nonfatal MIs and a higher frequency of
heart failure among patients treated with calcium antagonists (Fig. 6).
The primary end point did not differ significantly among the 719 diabetic
elderly patients (38).

National Intervention Cooperative
Study in Elderly Hypertensives

The National Intervention Cooperative Study in Elderly Hypertensives
(NICS-EH) compared trichlormethiazide dosed once daily and sustained-
release nicardipine hydrochloride dosed twice daily in preventing car-
diovascular events in hypertensive patients 60 years or older in
Japan(39,40). NICS-EH was a randomized, double-blind, comparison
trial (39). After a 4-week placebo period, either 20–40 mg of sustained-
release nicardipine or 2–4 mg of trichlormethiazide daily were given to
414 patients with a SBP 160–220 mmHg and a DBP less than 115 mmHg.
Medication was administered using the double-dummy technique.
Median follow-up differed between treatments, 4.6 years in the
nicardipine group and 3.9 years in the diuretic group. However, BP

Fig. 6. Outcomes in the Swedish Trial of Older Patients With Hypertension-2.
Compared to the angiotensin-converting enzyme (ACE)inhibitor group, there
were more fatal and nonfatal myocardial infarctions and a higher frequency of
heart failure among patients treated with calcium antagonists. *p = 0.018 vs
ACE inhibitor. †p = 0.025 vs ACE inhibitor. (Data from ref. 37.)
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control was similar. There was no difference in the rate of cardiovascular
end points in the calcium antagonist and diuretic groups.

Second Australian National Blood Pressure Study
The Second Australian National Blood Pressure Study (ANBP2) trial

was designed to compare a diuretic-based and an ACE inhibitor-based
regimen in the reduction of all cardiovascular events or total mortal-
ity(41). Utilizing a PROBE design, 6083 subjects 65–84 years of age
were enrolled and followed for a median of 4.1 years. Entry BP was an
SBP of 160 mmHg or higher and/or a DBP of 90 mmHg or higher after
the individual was off all antihypertensive medication for at least 1 week.
The therapeutic goal was to reduce (a) SBP by 20 mmHg to less than 160
mmHg and below 140 mmHg, if tolerated, and (b) DBP by 10 mmHg to
less than 90 mmHg and below 80 mmHg, if tolerated. The treatment
protocol required that an ACE inhibitor or diuretic be used as initial
therapy (Table 2) (42). Interestingly, the protocol allowed a diuretic to
be added to the ACE inhibitor group.

The mean age at randomization was 72 years, and the average BP was
168/91 mmHg. At the end of the study, 58% of subjects in the ACE
inhibitor group and 62% in the diuretic group were still receiving their
assigned therapy; 65% of the ACE inhibitor-treated and 67% of the
diuretic-treated participants took monotherapy. The average reduction
in BP was 26/12 mmHg at year 5. There was no difference in total
mortality between treatments (Fig. 7). There were fewer first cardiovas-
cular events in the ACE inhibitor group compared with the diuretic
group (33.7 vs 37.1 per 1000 patient-years, p = 0.07), which was because
of a lower MI rate (4.7 vs 6.7 per 1000 patient-years, p = 0.04). However,

Table 2
Second Australian National Blood Pressure Study Treatment Algorithm

ACE inhibitor group

Step 1 ACE inhibitor (enalapril recommended)
Step 2 β-blocker, α1-blocker, or calcium antagonist
Step 3 Drug from class not used in step 2 or diuretic
Step 4 Drug from class not used in step 2 or 3

Diuretic Group

Step 1 Thiazide-type diuretic (low dose)
Step 2 β-blocker, α1-blocker, or calcium antagonist
Step 3 Drug from class not used in step 2
Step 4 Drug from class not used in step 2 or 3
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there were more first fatal strokes (Fig. 7) in the ACE inhibitor group
compared with the diuretic group (2.3 vs 1.2 per 1000 patient-years, p =
0.04).

The Study on Cognition and Prognosis in the Elderly
The purpose of the Study on Cognition and Prognosis in the Elderly

(SCOPE) was to assess whether the angiotensin-receptor blocker (ARB)
candesartan would reduce the first major cardiovascular event (nonfatal
stroke, nonfatal MI, and cardiovascular death), cognitive decline, and
dementia in 4964 patients aged 70–89 years (43). This double-blind,
randomized, parallel group study enrolled patients with a SBP of 160–
179 mmHg and/or a DBP of 90–99 mmHg. SCOPE originally was de-
signed to compare candesartan vs placebo, but the protocol was changed
to allow open-label active drugs in both groups based on a change in the
World Health Organization-International Society of Hypertension
guidelines for therapy.

After an open run-in period of 1–3 months, 8–16 mg of candesartan
dosed once daily or placebo was given. The initial treatment goal was to
lower the SBP below 160 mmHg, decrease the SBP by 10 mmHg from
the baseline, and decrease the DBP 85 mmHg or less. If the BP was 160/
90 mmHg or higher, then 12.5 mg of hydrochlorothiazide once daily
could be added. Except for ACE inhibitors or ARBs, other drug classes
could be supplemented to achieve the target BP.

The baseline BP was 166/90 mmHg. After 44.6 months, the adjusted
mean difference in BP was –3.2/–1.6 mmHg lower in the candesartan
group (p < 0.001 for both SBP and DBP). Only 25% of the candesartan-

Fig. 7. The Second Australian National Blood Pressure Study: fatal first events
and total mortality. There were more first fatal strokes in the angiotensin-con-
verting enzyme inhibitor group compared with the diuretic group. *p = 0.04.
(Data from ref. 41.)
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treated patients and 16% of the placebo group received their assigned
treatment. Add-on antihypertensive drugs were received by 49% of the
candesartan group and 66% of the placebo group.

There was no significant reduction in the composite of major cardio-
vascular events or total mortality with candesartan (Fig. 8). There was
a lower rate of nonfatal strokes in the candesartan group (7.4 vs 10.3
events/1000 patient-years, p = 0.04) but not fatal stroke. There was no
difference in cognitive function as assessed by the Mini Mental State
Examination or the rate of dementia.

Systolic Hypertension in the Elderly:
Lacidipine Long-Term Study

The Systolic Hypertension in the Elderly: Lacidipine Long-Term
(SHELL) study was planned to compare lacidipine and chlorthalidone
on cardiovascular outcome in patients 60 years or older with isolated
systolic hypertension, defined as a SBP 160 mmHg or higher and a DBP
95 mmHg or less (44,45). The primary outcome was a composite of
cardiovascular and cerebrovascular events. SHELL used a PROBE
design; however, 12 sites followed a double-blind design for the first
year. Patients (n = 1882) were randomly assigned to the administration
of 12.5 mg of chlorthalidone or 4 mg of lacidipine dosed once daily after
a 2-week washout period. If there was not a 20-mg or greater reduction
in SBP and SBP exceeded 160 mmHg after 4 weeks, chlorthalidone was
increased to 25 mg or lacidipine to 6 mg daily. If BP control was not
achieved after 1 month, then the dose of the assigned drug was reduced
to the starting dose, and 10 mg fosinopril once daily was added. The
planned sample size of 4800 patients was not achieved.

Fig. 8. Study on Cognition and Prognosis in the Elderly. There was no signifi-
cant reduction in the composite of major cardiovascular events or total mortality
with candesartan. (Data from ref. 43.)
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Baseline BP was 178/87 mmHg. After 32 months, BP was reduced to
142/79 mmHg in chlorthalidone-treated patients and 143/79 mmHg in
the lacidipine-treated patients. Low-dose monotherapy was taken by
72% of lacidipine-treated and 47% of diuretic-treated patients. The
overall incidence of the primary end points was 9.3%, with no difference
according to treatment. As shown in Fig. 9, there was no significant
difference for individual cardiovascular events. Total mortality, a sec-
ondary end point, was comparable.

Hypertension in the Very Elderly Trial Pilot
The Hypertension in the Very Elderly Trial (HYVET) Pilot trial was

a multicenter, PROBE design study in which hypertensive patients over
the age of 80 years were randomly assigned to determine if treatment
would reduce fatal and nonfatal strokes (46–49). After 2 months of
observation, subjects were enrolled with a sitting SBP of 160–219 mmHg
and DBP of 95–109 mmHg, based on four readings, and a standing BP
greater than 140 mmHg, based on two readings. Patients received no
treatment (n = 426) or treatment with 2.5–5 mg of a bendrofluazide
dosed once daily (n = 426) or 2.5–5 mg of lisinopril dosed once daily
(n = 431). Titration of drug doses and the addition of 120–240 mg of
slow-release diltiazem dosed once daily were allowed to achieve a seated

Fig. 9. Systolic Hypertension in the Elderly: Lacidipine Long-Term (SHELL)
study. There was no significant difference for individual cardiovascular events.
(Data from ref. 44.)
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BP of less than 150/80 mmHg. Patients were followed for a mean dura-
tion of 13 months. The average change in the sitting and standing BP,
respectively, was –30/–16 and –26/–15 mmHg for the diuretic group,
–30/–16 and –27/–16 mmHg for the ACE inhibitor group, and –7/–5
and –3/–4 mmHg for the placebo group.

Antihypertensive treatment (Fig. 10) with a diuretic significantly
reduced the risk of fatal and nonfatal strokes by 69% (p = 0.01). The
number of events was too small to compare treatments. There was an
insignificant increase in total mortality with hypertensive treatment: 7.0,
6.3, and 5.2% for the diuretic, ACE inhibitor, and placebo groups,

Fig. 10. Hypertension in the Very Elderly Trial (HYVET) pilot. Treatment with
a diuretic significantly reduced the risk of fatal and nonfatal strokes by 69%
( p = 0.01). This benefit was not seen with the angiotensin-converting enzyme
inhibitor. (Data from ref. 49.)
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respectively. The results were consistent with the previously published
meta-analysis (2). The main double-blind HYVET trial is actively enroll-
ing subjects.

Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial

The Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT) has not been mentioned because it was
not entirely a trial of the elderly. Enrollment included hypertensive
patients 55 years or older with one other cardiovascular risk factor.
There were 42,448 participants, of whom 80.9% were 60 years or older
and 35.3% were 70 years and older (50). Mean age was 67 years. Thus,
ALLHAT should not be ignored compared with the 43,104 patients
listed in Table 1, which included only 17,281 patients in double-blind
trials.

The purpose of ALLHAT was to determine whether new anti-
hypertensives, calcium antagonists, ACE inhibitors, and α1-blockers
reduced fatal and nonfatal heart attacks compared with a diuretic (51–
53). The trial was conducted as a randomized, double-blind trial. The
goal was to titrate the BP to less than 140/90 mmHg. Initial drug therapy
(Table 3) was blinded, but the drug choice for step 2 was left to the
physician. The effectiveness of the treatment protocol is displayed in
Fig. 11 (54). Among the elderly patients 70 years and older, 26.2% were
controlled to less than 140/90 mmHg on enrollment. After 5 years, the
control rate increased to 64.4%, which required three or more drugs
among 27% of the patients.

After a mean follow-up of 3.2 years, the α1-blocker (doxazosin) arm
was terminated because of more cardiovascular events compared to the
diuretic arm (51,53). There were 12,382 patients 60 years and older
assigned to chlorthalidone and 7341 assigned to doxazosin. BP control
was better in the diuretic than α1-blocker arm after 4 years. Although
there was no difference in total mortality or the primary end point of fatal
and nonfatal MI, there was a significantly higher rate of stroke events,
heart failure, angina, and coronary revascularization in the doxazosin
group. Among participants 65 years or older, the rate of heart failure was
89% higher, and combined cardiovascular disease was 23% higher
among doxazosin-treated patients (53).

After a mean follow-up of 4.9 years, the results of the comparison of
the ACE inhibitor and calcium antagonist arms were compared to the
diuretic arm (52). There were 8784, 5204, and 5185 subjects 65 years
and older in the chlorthalidone, amlodipine, and lisinopril groups, re-
spectively. Chlorthalidone was more effective for SBP control than ei-
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Table 3
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial

(ALLHAT) Initial Treatment and Titration Protocol

Step 1 drug Initial dose, mg Dose 1, mg Dose 2, mg Dose 3, mg

Chlorthalidone 12.5 12.5 12.5 25
Amlodipine 2.5 2.5 5 10
Lisinopril 10 10 20 40
Doxazosin 1 2 4 8

Step 2 drug choice Dose 1, mg Dose 2, mg Dose 3, mg

Reserpine 0.05 qd or 0.1 qod 0.1 qd 0.2 qd
Oral clonidine 0.1 bid 0.2 bid 0.3 bid
Atenolol 25 qd 50 qd 100 qd

Step 3 drug

Hydralazine 25 bid 50 bid 100 bid

qd, every day; qod, every other day; bid, twice a day.

Fig. 11. Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT) : rate of blood pressure control (<140/90 mmHg) among
patients 70 years and older. The bars show the percentage of subjects controlled.
The line shows the percentage of subjects requiring two or more drugs after
enrollment. (Data from ref. 49.)

ther amlodipine or lisinopril over the 5 years of the study. As shown in
Figs. 12 and 13, there was no difference in the primary end point or all-
cause mortality, but there was a higher risk of heart failure: 33% for
amlodipine-treated patients and 20% for lisinopril-treated patients.
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Fig. 12. Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT): outcomes comparing amlodipine and chlorthalidone
in patients 65 years and older. There was no difference in the primary end point
or all-cause mortality, but there was a 33% higher risk of heart failure for
amlodipine-treated patients compared to those treated with chlorthalidone. (Data
from ref. 52.)

Fig. 13. Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT): outcomes comparing lisinopril and chlorthalidone in
patients 65 years and older. There was no difference in the primary end point or
all-cause mortality, but there was a 20% higher risk of heart failure for
amlodipine-treated patients compared to those treated with chlorthalidone. (Data
from ref. 52.)

ANALYSIS

The completed trials in the elderly have been summarized. There are
difficulties in interpreting the data from single-blind and PROBE design
trials, especially in the presence of solid, well-designed, double-blind
trials to guide decisions. Thus, the information from EWPHE, NICS-
EH, SCOPE, SHEP, STOP-Hypertension, Syst-Eur, and ALLHAT
should guide thinking depending on the outcome that is examined. The
double-blind, placebo-controlled trials are shown in Table 4. The inclu-
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sion of SCOPE in this table is controversial because the protocol changed
during the trial. As displayed, only one trial reported a reduction in total
mortality as a secondary end point. All trials except SCOPE reduced
total fatal and nonfatal cardiovascular events. Only EWPHE and SCOPE
did not observe a reduction in fatal and nonfatal strokes. Heart failure
was not decreased with the calcium antagonist nitrendipine but was
decreased with the diuretic-based therapy used in EWPHE, SHEP, and
STOP-Hypertension.

ALLHAT provided the strongest data for the comparison of initial
antihypertensive therapy. The results of the PROBE trials ANBP2 and
STOP-Hypertension-2 were not inconsistent with ALLHAT. It should
be recalled that none of these studies was a monotherapy trial. Multiple
drugs will be required to achieve BP goals necessary to avoid premature
disability and death.
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INTRODUCTION

Accurate measurement of blood pressure (BP) in older patients is
vitally important for prognosis and intervention; however, obtaining
reliable measurement data in this population is not always an easy task.
The office BP in older patients is often difficult to measure for a variety
of reasons. For example, in older patients accurate BP measurement is
challenging because alterations in cardiovascular physiology with the
aging process produce an increase in BP variability. Furthermore, cer-
tain structural changes in the blood vessel can add to the imprecision of
many types of BP determination.

The objective of this chapter is to detail some of the specific age-
related factors that play an important role in BP measurement and to
review the benefits and pitfalls of self-BP (home) and ambulatory BP
monitoring (ABPM) in the elderly.
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OFFICE BLOOD PRESSURE

Most large outcome trials in hypertension utilized data obtained with
the BP measured under standardized conditions at office visits and using
the auscultatory method and a mercury column sphygmomanometer.
Thus, many physicians feel strongly that to apply these studies of prog-
nosis and interventions, similar standard conditions and methods of BP
determination should be used in clinical practice. However, there are
inherent inaccuracies of office BP measurements that cause misdiag-
noses and lead toward treatment that may not always be appropriate.
Defective equipment, poor measurement technique, and observer bias
all may contribute as sources of error in measurement.

In an effort to minimize the potential error for BP measurement in
practice, a number of guidelines have been published over the years that
have focused on standardizing the technique. One of the most widely
accepted of the guidelines has been by the American Heart Association
(AHA) in 1993 (1). However, many studies showed that the majority of
physicians and ancillary medical personnel in fact do not measure BP
correctly as recommended by these guidelines. The potential medical,
economic, and even legal implications of incorrect BP measurement are
substantial. The AHA guidelines in the elderly are not different from
those for other age groups. Thus, next we focus on certain age-specific
conditions that need special attention when measuring BP in the elderly
at the office. These include the issues of the auscultatory gap, orthostatic
hypotension, pseudohypertension, and white-coat hypertension (WCH).

The Auscultatory Gap
A lengthy disappearance of the Korotkoff sounds between the sys-

tolic blood pressure (SBP) and diastolic blood pressure (DBP) is referred
to as the auscultatory gap. The auscultatory gap has a diagnostic signifi-
cance because, if it is not recognized, it becomes a source of error in BP
measurement; in addition, some data suggest it may be a marker of
cardiovascular morbidity (2).

When the auscultatory gap is analyzed by wideband external pulse
recording added to clinical auscultation, three types of gaps are identified
(3): G1, G2, and G3. G1 and G2 are related to the intermittent variation in
BP produced by the respiratory cycle. G1 is the intermittent disappearance
of the Korotkoff sounds when the cuff pressure is just below the SBP and
is produced by the phasic decrease in SBP during inspiration. G2 is the
intermittent disappearance of the Korotkoff sounds when the cuff pres-
sure is just above DBP produced by the phasic increase in BP during
expiration.
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G3 is the classically described auscultatory gap for which the disap-
pearance of audible sounds between SBP and DBP is independent of
respiratory variations. Missing the auscultatory gap will produce an
underestimation of SBP and occasionally an overestimation of the DBP.
To avoid the incorrect assessment of the SBP level, estimation of SBP by
palpation must be performed before auscultation. To avoid the overesti-
mation of the DBP, auscultation should be continued for at least 10 mmHg
after the first disappearance of the Korotkoff sounds.

The physiological etiology of the auscultatory gap is not fully under-
stood, but it appears to be related to the physical properties of the arterial
wall (3). There is a study that suggested that the G3 auscultatory gap may
be associated with increased arterial stiffness and carotid atherosclerosis
independent of age or BP level (2). Although this study did not find age
to be an independent predictor of the gap, increased arterial stiffness is
more common in the elderly. Increased arterial stiffness and atheroscle-
rosis are independent risk factors for cardiovascular morbidity; thus, the
presence of a G3 gap might be a surrogate marker for these conditions
and may have an indirect correlation with increased cardiovascular
morbidity.

Orthostatic Blood Pressure Changes

The maintenance of BP on standing is the result of complex physi-
ological mechanisms that require intact function of the autonomic and
cardiovascular systems. The BP response to postural changes in healthy
individuals is characterized by a transient initial decrease in pressure
during the first 15 seconds after standing followed by progressive
increases in BP over 30 seconds that ultimately reach a value that is
higher than the initial supine pressure (4). Orthostatic hypotension is
typically defined as a fall of 20 mmHg or more in SBP or 10 mmHg or
more in DBP after 3 minutes of standing (5). However, this definition has
limited clinical significance because many patients can experience symp-
toms of cerebral hypoperfusion with smaller decreases in the SBP, when
they might be at risk for falls and syncope. Furthermore, there may be
fairly marked intraindividual variability in the absolute change in ortho-
static pressure at different times of the day (6,7) and on different days of
the week (8).

Orthostatic hypotension becomes more common with increasing age
(9–11). With aging, there are decreases in baroreflex responsiveness and
reductions in the cardiovascular response to sympathetic stimuli as well.
However, these alterations in physiology do not fully explain the level
and frequency of orthostatic hypotension that occurs in older people.
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Many pathological conditions common in the elderly affect the auto-
nomic system and produce more severe orthostatic hypotension, such as
Parkinson’s disease, multiple system atrophy, or peripheral neuropa-
thies. In fact, the orthostasis may occur before overt neurological symp-
toms develop.

Therefore, evaluation of postural BP changes should form a part of the
initial evaluation of elderly patients, and a significant drop in BP after 1
or more minutes of standing should be considered abnormal. Even if the
orthostatic reduction in BP is initially asymptomatic, it is important to
identify those individuals with varying degrees of postural hypotension
because they are susceptible to significant BP falls induced by changes
in clinical status or in response to vasoactive medications (12–14).

A particularly challenging group of patients are those who develop
both hypotension on standing and supine hypertension. In fact, there is
a direct correlation between the level of the supine BP and the degree of
BP decrease on standing (8,15). Thus, in these hypertensive patients,
carefully lowering the supine or seated BP may decrease the degree of
orthostatic hypotension (7). The group of patients who have significant
autonomic failure caused by conditions such as Parkinson’s disease and
multiple system atrophy not only has supine hypertension and standing
hypotension, but also can manifest severe abnormalities in BP regula-
tion and may have a highly variable circadian BP (16,17). Beyond the
more obvious clinical consequences of the hypotensive episodes, there
are even data suggesting that orthostatic hypotension in the elderly may
be a predictor of all-cause mortality (18,19).

Pseudohypertension
A significant overestimation of BP when measured noninvasively by

the cuff as compared to directly measured (intra-arterial) BP has been
termed pseudohypertension. Pseudohypertension is generally thought
to be secondary to increased arterial wall stiffness; thus, the external
pressure needed to occlude the artery is increased independent of inter-
nal arterial pressure. In extreme cases, when the artery is highly calci-
fied, the vessel may become noncompressible by an external cuff. Most
investigators have defined pseudohypertension using an absolute cuff
pressure of no less than 10 mmHg systolic and/or diastolic pressure
above the directly measured pressure. However, given the lack of evi-
dence of the clinical significance of directly measured BP, any value
used to define pseudohypertension is relatively arbitrary.

The prevalence of pseudohypertension in the elderly is highly vari-
able among different studies, ranging between as low as 1.7% and as
high as 70% (20). Despite the methodological differences among these
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studies, the major factor accounting for the different results has been the
selection of individuals studied. Thus, in the group of elderly subjects in
whom pseudohypertension was suspected, the incidence of confirmed
pseudohypertension was the highest. On the other hand, on groups of
randomly selected older individuals, pseudohypertension was relatively
rare. Pseudohypertension is also more common in patients with acceler-
ated atherosclerosis, such as those with end-stage renal failure (21).

It is often quite difficult to identify those patients with pseudo-hyper-
tension. The condition should be suspected clinically in older hyperten-
sive patients who lack a correlation between hypertension-related end
target organ damage and the level of BP or when a patient with elevated
arm BP experiences signs and symptoms of hypotension induced by
antihypertensive medications.

The Osler’s sign has been recommended as a means to screen poten-
tial patients for pseudohypertension (1). This sign is basically a finding
associated with large arterial sclerosis and is positive when either the
brachial or radial artery is still palpable after the BP cuff has been
inflated above systolic pressure. Although an initial study conducted
in selected patients with suspected pseudohypertension found signifi-
cant correlation between a positive Osler’s sign and pseudohypertension
(22), other studies in randomly selected individuals showed that this
correlation is usually not significant (23,24). Thus, for general screen-
ing, the Osler’s sign lacks reliability and has poor predictive value for
pseudohypertension.

White-Coat Effect and White-Coat Hypertension
With the increased use of out-of-office BP measurements in the eld-

erly, it has become evident that a large proportion of patients have an
office BP that is higher than the measured BP value outside the medical
environment. The prevalence of WCH is approximately 15–30% (25,26).
This condition should be suspected clinically when the office BP is high
and when there is a lack of hypertension-related end target organ damage
or when patients develop side effects from antihypertensive therapy
typically associated with excessive reduction in BP.

WHITE-COAT EFFECT

The phenomenon of transient BP elevations when the individual is in
a medical environment is called the white-coat effect. The exact preva-
lence of individuals who develop the white-coat effect is not known, but
it seems to increase with increasing age (27). The white-coat effect is a
qualitative definition independent of absolute values, and it may be
present as assessed by office readings in both normotensive and hy-
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pertensive individuals. Use of home self-measured BP (SMBP) is an
acceptable means to start the evaluation for a white-coat effect but as
described below should be confirmed with 24-hour ambulatory BP
recordings.

REVERSE WHITE-COAT EFFECT

The phenomenon in which the office BP is lower than the ambulatory
BP is called reverse white-coat effect or, more recently, masked hyper-
tension (28). Although far less studied than WCH, Wing et al. (29)
reported that 21% of older patients studied had lower office than ambu-
latory systolic pressures.

WHITE-COAT HYPERTENSION

WCH is defined when an untreated patient has a persistent office BP
greater than 140/90 mmHg with an average daytime ambulatory BP
below 135/85 mmHg (30). Most recent studies suggest that WCH is
more common in the elderly individual than in middle-aged patients.
ABPM in conjunction with carefully measured office BPs is the only
means to accurately diagnose a patient as having WCH. Self- or home
BP measurements might suggest this condition but are not considered
definitive.

OUT-OF-OFFICE BLOOD PRESSURE MEASUREMENTS

Monitoring of BP outside the medical care environment has become
an important part of clinical hypertension assessment and management.
There are two main forms of out-of-office BP monitoring: (a) self- or
home monitoring, usually performed by the patient with a portable
automatic or semiautomatic device or aneroid manometer plus stetho-
scope and (b) ABPM, which uses automatic devices for repeated deter-
minations during an extended time period, typically 24 hours. Both
techniques have been shown to substantially enhance the clinician’s
understanding of BP behavior and aid in diagnosis and therapeutic
decision making.

Self-Measured Blood Pressure
The self-measurement of BP at home is a useful tool and adds to office

BP in the evaluation and management of the hypertensive patient. How-
ever, knowledge in this area is yet evolving. At this time, there is no
absolute consensus about distribution of values of home BP in the gen-
eral population, comparison of SMBP and office BP, standardization of
devices and technique for SMBP, and the diagnostic or prognostic value
of out-of-office BPs. Therefore, decisions for management of the hyper-
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tensive patient should not be done based solely on out-of-office BP
determinations. In this section, we describe this method and the current
evidence about its value and indications focused in the elderly.

DEVICES FOR SELF-MEASURED BLOOD PRESSURE

Several types of BP monitors are available for use at home, including
aneroid manometers, semiautomatic electronic sphygmomanometers,
and mercury column sphygmomanometers. Aneroid manometers with a
stethoscope are relatively simple to use and generally are the most eco-
nomical type of self-monitoring units available. However, all the con-
cerns about technique and biased readings with auscultatory BP
measurement are even greater when patients perform the readings. For
these reasons, they are usually not recommended. They are even less
suitable in older patients lacking manual dexterity or when hearing loss
is an issue.

Automatic electronic devices are the most convenient and during the
past few years have clearly become the devices of choice for home or
SMBP. Most electronic devices are of the oscillometric type and can be
applied to the brachial or radial artery. Finger devices use the plethysmo-
graphic technique and are the least accurate, so are not recommended for
self-measurements. A number of the oscillometric brachial or radial
devices have demonstrated accuracy under standard measuring condi-
tions. However, wrist devices become inaccurate when the wrist is not
maintained at heart level or is in extreme flexion or extension. Given this
potential error in measuring technique, they are better used only when a
brachial device is not a suitable option, such as in very obese patients.
Therefore, automatic brachial oscillometric devices are the first choice
for self-measured BP.

A number of these devices are commercially available; however, only
a few have been independently validated. The responsibility in certifying
that the device used is accurate currently falls on the physician in charge.
The Association for the Advancement of Medical Instrumentation and
the British Hypertension Society have rigorous protocols for validation
(31,32). One special consideration in older patients is the fact that many
oscillometric devices are less accurate in the elderly, probably because of
increased arterial stiffness. Therefore, devices for use in the elderly need
to have demonstrated accuracy in this age group. Added to this initial
validation, a clinical comparison against a mercury column sphygmoma-
nometer should be performed on a regular basis by the physician. It is also
important to certify that the patient uses a cuff size correct for his or her
arm circumference. The recommended bladder width should be 40% of
the arm circumference, as recommended by the AHA (Table 1).
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TECHNIQUE AND MEASUREMENTS

There is no consensus about the number and time of self-BP measure-
ments. Some experts recommend that, for the initial evaluation of a
patient, BP should be taken three consecutive times in the morning and
three in the evening for 3 days a week for 2 weeks (33) and to have
measurements performed both during the work period and during off-
work days. Patients are usually fairly accurate when transcribing their
own pressures, but underreporting or missed reporting of the readings is
not that uncommon. Devices with memory capability that store multiple
readings for future evaluation overcome this problem. Some devices are
also able to transmit data telephonically to a receiving central unit, but
they are not commonly used because of cost issues.

NORMAL VALUES FOR SELF-BLOOD PRESSURE

What represents normality for home BP is still a matter of debate.
There is consensus, however, about the fact that home BP should be
lower than office BP in normotensive and hypertensive subjects. The
American Hypertension Society recommends the value of 135/85 mmHg
as the upper limit of normal for home BP (34). This is in agreement with
studies showing that this value is roughly equivalent to an office BP of
140/90 mmHg (35).

INDICATIONS FOR SELF-MONITORING OF THE BLOOD PRESSURE

Although the theoretical advantages of self-monitoring are obvious,
there is not yet sufficient prospective data to make a definitive conclu-
sion about SMBP and end target organ damage, prediction of cardiovas-
cular risk, or association with clinical outcomes. The available data
suggest, however, that self-monitored BP does correlate better with
echocardiographically determined left ventricular mass than clinic pres-
sures in patients with mild hypertension (36,37), and that it is a better
predictor of cardiovascular risk than office BP in older patients (38).

Table 1
Acceptable Bladder Dimensions (cm) for Arms of Different Size in Adults

Arm circumference
Cuff Bladder width Bladder length range at midpoint

Small adult 10 24 22–26
Adult 13 30 27–34
Large adult 16 38 35–44
Adult thigh 20 42 45–52

Adapted from the American Heart Association (1).
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The self-monitored BP has the potential for reducing the bias and
error in assessing the “true” pressure in a patient (which may be quite
large if a small number of readings in the doctor’s office are used)
(Table 2). In some studies, the self-monitored pressure has been shown
to be similar to the attenuated BP seen with repeated measurements over
time (i.e., weeks and months) in the clinic (39,40). Moreover, SMBP
seems to correlate with mean daytime pressures as measured by ABPM
better than office BP. Once antihypertensive therapy has been initiated,
self-monitoring of the BP is an excellent way to evaluate the effective-
ness of the therapy and avoid multiple doctor or nurse visits. Further-
more, the relationship between time of dosing of antihypertensive
therapy and BP levels may be easier to assess with self-monitoring
patients. As a final attribute, adherence to therapy and BP control have
been shown to improve when patients (even previously noncompliant
ones) self-monitor their BP.

One important limitation of SMBP is that readings are usually taken
under rested and relaxed conditions, so they might not accurately reflect
BP in other situations. This is apparent when home readings are normal,
yet ABPM demonstrates high values. Another limitation is that BP can-
not be measured during sleep and, as discussed regarding relationship
with disease, nocturnal BP alterations seem to be independently related
to cardiovascular and cerebrovascular outcomes.

Ambulatory Blood Pressure Monitoring
The use of ABPM with devices able to record readings for 24 hours

has had significant value in the evaluation of the hypertensive patient. It
is an accurate and unbiased method of measuring BP while the subject
is engaged in his or her regular daily activities. It also gives information
about BP while the subject is sleeping, a factor of significant importance
in cardiovascular morbidity that can only be measured by ABPM.

Before discussing the clinical utility of ambulatory BP recordings,
one must develop a frame of reference for the values derived from the
ambulatory BP recordings. Usually, physicians set the recorders to

Table 2
Usefulness of Self- or Home Blood Pressure Monitoring

• Distinguishes sustained hypertension from white-coat effect suggesting
white-coat hypertension

• Assesses response to antihypertensive therapy
• Improves patient adherence to treatment
• Potentially reduces management costs
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measure 50–100 BPs in 24 hours. There is a reproducible diurnal/noc-
turnal pattern to BP during a 24-hour period of measurement in about
80% of patients. Typically, the pressure is highest while awake (espe-
cially during work) and lowest during sleep. The data are expressed as
24-hour mean BP and often as the values during wakefulness and sleep.
BP during sleep is quite low compared to the office or clinic pressure,
and BP during wakefulness is similar to the values obtained in the office.
These differences must be kept in mind when trying to interpret ambu-
latory BP recordings. Most consensus groups have used a 24-hour BP
greater than 135/85 mmHg as clearly abnormal based on several new
outcome studies comparing ambulatory vs clinic BP in patients with
hypertension.

RELATIONSHIP BETWEEN THE AMBULATORY BLOOD PRESSURE

AND HYPERTENSIVE DISEASE

One of the most important findings regarding the ambulatory BP has
been its relationship to hypertension-related target organ disease. The
majority of cross-sectional studies published to date have shown the
ambulatory BP is superior to office BP in predicting target organ involve-
ment. The most striking evidence has come from assessment of the relations
among office BP, ambulatory BP, and indexes of left ventricular hyper-
trophy (41–44). Large studies have demonstrated that ABPM is a better
predictor of cardiovascular morbidity than conventional office BP
(45,46). More recent data have also demonstrated that ambulatory BP is
superior to office pressure in predicting hypertensive cerebrovascular
disease (47). Most of these studies demonstrated that a loss of nocturnal
decline in BP (so-called nondippers) conveys excessive risk for stroke
and myocardial infarction.

Vascular dementia is also of major importance in the elderly. Although
less clear, nocturnal hypertension or hypotension seem to play a role in the
development of lacunar infarcts and deep white matter lesions. Most
studies have shown that a nondipping status correlates with lacunar
infarcts and white matter lesions (48–53), whereas others suggested that
extreme dipping (>20% decline in nocturnal BP) might also be impli-
cated in the development of lacunar infarcts (54). A nondipping pattern
was an independent predictor for lacunar infarcts, diffuse white matter
lesions, and vascular dementia (55).

One other area of interest in ABPM is the analysis of BP variability
by conventional intermittent or by beat-to-beat BP measurements. Stud-
ies suggested that increased BP variability is an independent risk factor
for cardiovascular morbidity (56,57). Older patients and those with severe
hypertension might be among those with excessive BP variability.
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CLINICAL USEFULNESS OF AMBULATORY BLOOD PRESSURE

Several subsets of hypertensive diagnoses have been elucidated as a
result of ABPM (Table 3). Clinical problems seen more often by prac-
ticing physicians that are appropriate for ABPM include the assessment
of possible WCH, which can be only diagnosed with ABPM; borderline
hypertension (with and without evidence for target organ damage); and
refractory hypertension in patients on complex antihypertensive regi-
mens. ABPM is the only available method for diagnosis of nocturnal
hypertension. Less often, ABPM can be used in the evaluation of patients
with hypotensive symptoms while on antihypertensive drugs or caused by
autonomic dysfunction and in those with suspected episodic hyperten-
sion. Patients might benefit clinically when the ambulatory BP is known
in addition to the measurements made in the medical care environment.

WCH and Borderline Hypertension. As described in this chapter,
WCH can only be diagnosed by ABPM when the office BP is persis-
tently over 140/90 and the average daytime BP is less than 135/85 mmHg.
This condition is suspected when office readings are high (usually, but
not necessarily, in the high-normal range) and there is lack of evidence
of hypertension-related end target organ damage. In these patients, home
self-measured BP readings should be tried first. If SMBP is normal,
ABPM is needed to confirm WCH; however, if it is high, WCH is ruled
out. As discussed here, the subgroup of patients with WCH seems to
have a lower cardiovascular risk than those with persistent hypertension.
However, given that their risk compared to normotensives is less clear,
these patients should be closely followed. Furthermore, any patient with
WCH can later develop persistent hypertension.

Reverse White-Coat Effect. Patients in any range of BP by the office
readings can be found to have higher values by ABPM. This condition
is also known as reverse white-coat effect. A recent study in older indi-

Table 3
Clinical Diagnoses or Problems for Which Noninvasive
Ambulatory Blood Pressure Monitoring May Be Useful

• Office or white-coat hypertension
• Borderline hypertension with or without target organ involvement
• Evaluation of patients refractory to antihypertensive therapy
• Episodic hypertension
• Hypotensive symptoms associated with antihypertensive medications
• Autonomic dysfunction/nocturnal hypertension

Adapted from ref. 58.
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viduals with hypertension reported an incidence of 21% of reverse white-
coat effect. Thus, it is likely that many patients with normal or high-
normal readings at the office could be found to have hypertension by
ABPM or what could be called white coat normotension. This phenom-
enon highlights the importance of the clinical evaluation for assessing
hypertension-related end target organ damage and, if present, consider-
ing use of ABPM to diagnose hypertension when other methods show
normality.

Refractory Hypertension. There is evidence that, in both middle-
aged and older patients with hypertension, changes in ambulatory BP are
better correlated than office BP to regression of left ventricular hyper-
trophy. Therefore, ABPM is a good method to evaluate the patient with
refractory hypertension and to assess therapy. ABPM might also iden-
tify those with pseudorefractory hypertension caused by the white-coat
effect vs those with real refractory hypertension. Moreover, in those
patients with genuine refractory hypertension, ABPM can help to tailor
therapy by identifying the specific time or times during the 24-hour
period in which BP is not controlled.

Hypotension. As described in a separate section, orthostatic hypoten-
sion is more common in the elderly. Typically, evaluation of positional
BP changes in the office is sufficient to make this diagnosis. However,
it has also been shown that orthostatic hypotension is poorly reproduc-
ible when checked at different office visits or times of the day. Moreover,
symptomatic hypotension may be induced by medications during their
peak effect and not necessarily be discovered during an office visit.
Patients with autonomic dysfunction of any etiology might have severe
orthostatic hypotension associated with significant supine hypertension.
Therefore, ABPM is useful for further evaluation of all these scenarios.

Nocturnal Hypertension. As discussed in the section on the relation-
ship of ambulatory blood pressure and hypertensive disease, nocturnal
hypertension and extreme nocturnal hypotension seem to be related to
lacunar infarcts, ischemia of the periventricular white matter and dementia
(48–55). Nocturnal hypertension is also an independent risk factor for
cardiovascular morbidity. ABPM is the only method that has the capa-
bility to evaluate BP during sleep.

CONCLUSION

Blood pressure determination is one of the most important parts in the
clinical evaluation of an older patient. Therefore, the physician must
make every effort to measure the BP accurately. Given that clinic or
office BP is a highly variable parameter in the elderly, clinicians are
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slowly but progressively moving away from decision making based
solely on isolated readings at the office. The combined evaluation of office
and self-measurements as well as use of 24-hour readings in selected cases
often prove invaluable in the management of older patients with hyper-
tension. As more information is accumulated about the diagnostic util-
ity, prognostic significance, and added benefits in disease modification
and management with the use of out-of-office BP measurements, the
indications for SMBP and ABPM will be better defined. The elderly, for
whom hypertension is so common and hypertension-related complica-
tions are so frequently manifested, will be the population that will ben-
efit the most from better assessment and management of BP-related
pathology.
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MEASUREMENT OF BLOOD PRESSURE
AND CONFIRMATION

When confronted with an elevation in blood pressure (BP) in an eld-
erly patient, additional measurements are necessary because of increased
variability in older persons possibly caused by impaired baroreceptor
sensitivity (Fig. 1) (1). In addition to lability of BP, there should be
consideration given to the presence of an auscultatory gap (2), orthos-
tatic hypotension (3), and pseudohypertension (4).

Orthostatic hypertension increases with aging and hypertension and
is associated with impairment of baroceptor sensitivity (5). Among eld-
erly persons with isolated systolic hypertension, a systolic decline of 20
mmHg or greater was observed in 17.3% of subjects at 1 or 3 minutes
after standing (Fig. 2) (3). After a high-carbohydrate meal, supine BP



136 Hypertension in the Elderly

declines, and heart rate increases without an increase in plasma nore-
pinephrine levels (6). Standing postmeal ingestion magnifies the BP
decline (7). In addition to the risk of falls and fractures, the risk of
vascular death is increased (8).

The quality of BP measurement is of prime importance for the initial
diagnosis and the adjustment of medication (9). For the diagnosis of
systemic hypertension, the initial set of sitting BP measurements should
occur after 5 minutes of rest and the abstinence of both caffeine and
tobacco for 30 minutes. BP should be measured in nontalking patients
seated with their back supported and their legs uncrossed. Also, the arm
should be bared and supported at heart level. The use of a mercury
sphygmomanometer remains the gold standard for routine determina-
tion of BP (10).

Fig. 1. Variability of blood pressure. Both the upper panel (women) and lower
panel (men) show the increasing blood pressure with increasing standard devia-
tion with aging. (Data from ref. 1.)
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Palpation of the radial artery for the initial cuff inflation will help
determine the level of systolic BP. This will avoid unnecessary cuff
pressure that might cause pain and the potential underestimation of sys-
tolic blood pressure (SBP) that could occur in the presence of an auscul-
tatory gap. Not recognizing an auscultatory gap can result in an
underestimation of SBP or an overestimation of diastolic blood pressure
(DBP). An auscultatory gap is associated with older age, female gender,
increased arterial stiffness, and carotid atherosclerotic plaque (11).

If the pulseless radial or brachial artery is palpable after ipsilateral
occlusion by the cuff, then the patient is described as “Osler positive,”
which was a sign of pseudohypertension caused by atherosclerosis
(12,13). Pseudohypertension is an elevation in cuff measurement with a
normal intra-arterial measurement; thus, the implication of an Osler-
positive patient is that the patient is receiving inappropriate treatment
(13). However, despite a higher cuff pressure of +15.8/+16.4 mmHg in
Osler-positive vs –3.0/+5.3 mmHg in Osler-negative patients, most
subjects in this study had SBP measurements greater than 140 mmHg.

Another study of geriatric patients identified a prevalence of 11% of
Osler-positive patients of 205 screened (14). When Osler-positive and -
negative patients were compared with intra-arterial measurements, there
was no significant difference in BP. Furthermore, Osler’s maneuver
did not predict the presence or absence of pseudohypertension (14).

The failure to use a large cuff in an obese patient is another cause of
pseudohypertension.

Auscultation should be performed with the bell of the stethoscope
lightly applied over the brachial artery because Korotkoff sounds are

Fig. 2. Prevalence of standing systolic blood pressure decline of 20 mmHg or
greater. The prevalence of a decline in systolic blood pressure at 1 and 3 minutes
increase with higher levels of systolic blood pressure. (Data from ref. 3.)
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low pitched (9). BP measurements are recorded to the nearest 2 mmHg.
A good procedure is to perform three measurements and take the average
of the last two measurements as the value for that visit. Three visits with
a total of six measurements are required to diagnose systemic hyperten-
sion (15).

Before the initiation of drug therapy, there should be a determination
whether postural changes are present. Patients with symptoms of
lightheadedness or dizziness; patients taking certain medications, includ-
ing antipsychotic medications, antiparkinsonian drugs, α1-blockers,
diuretics, and nitrates; and patients with Parkinson’s disease and dia-
betes mellitus with autonomic insufficiency need their BP and heart rate
measured in the supine position and standing after 1 and 3 minutes.
Measurement of BP in the contralateral arm, which is lower, suggests
subclavian stenosis.

EVALUATION CONSIDERATIONS

The assessment of older patients is more complex than for younger
patients. A lifetime history is likely to require more time. The reported
details may not be as accurate, even if dementia is not present. In addi-
tion, altered vision and hearing can present difficulties for the examiner.
Believing a symptom is caused by aging, the patient if asked directly
may not acknowledge the symptom. Also, the manifestations of a dis-
ease may differ in older patients. An assessment of mental status to
screen for dementia on initial examination can provide a baseline and
provide important information regarding the ability of a patient to follow
a medical regimen. The history of older patients should be verified with
a family member. Discrepancies in the history often point to dementia.
Failure to verify the history can impede the accuracy of diagnosis.

HISTORY

The purpose of the history is to determine potential symptoms asso-
ciated with or suggesting causes of hypertension, evaluate the presence
of target organ damage, determine other cardiovascular risk factors,
assess concomitant diseases that might interfere with the treatment of
hypertension, seek clues suggestive of secondary hypertension, cata-
logue all medications used (including over-the-counter medications and
herbal remedies), assess resources, assess mental status, and determine
general ability to implement the activities of daily living (4,15–17).

Specific questions may provide important diagnostic clues (16). The
duration and ease of hypertension control are important. For instance, a
long history of hypertension that has been well controlled and is now
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uncontrolled suggests superimposed secondary hypertension, an inter-
fering substance (e.g., nonsteroidal anti-inflammatory drugs [NSAIDs],
ethanol), or noncompliance (possibly because of finances or dementia).
Essential hypertension accounts for most cases of hypertension in the
elderly (18). The three most common secondary causes of hypertension
are chronic renal insufficiency, hypothyroidism, and renovascular hyper-
tension (Fig. 3). The abrupt onset of severe hypertension associated with
declining renal function and recurrent pulmonary edema suggests reno-
vascular hypertension (19–21).

Generally, hypertension is asymptomatic. Symptoms caused by sec-
ondary hypertension include (a) headaches, pallor, and diaphoresis
(pheochromocytoma); (b) weight loss, tremor, anxiety, tachycardia,
fatigue, weakness (hyperthyroidism); (c) confusion, anorexia, weak-
ness, myalgias, constipation, depression (hypothyroidism); (d) urinary
frequency, nocturia, hematuria, fatigue (renal parenchymal disease);
and (e) muscle cramps, muscle weakness, nocturia, hypokalemia (pri-
mary aldosteronism).

Symptoms secondary to diabetes and hypertensive target organ dam-
age, ischemic heart disease, heart failure, cerebrovascular disease, aortic
and peripheral vascular disease, renal failure, and retinal disease must be
determined to choose the most appropriate initial antihypertensive drug.

Fig. 3. Prevalence of different secondary causes of hypertension in patients 18
years or older. There was an increased prevalence of renovascular hypertension,
renal insufficiency, and hypothyroidism with increasing age. (Data from ref. 18.)
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Vascular symptoms of exertional fatigue, dyspnea, orthopnea, edema,
angina, palpitations, claudication, transient ischemic attacks, and syn-
cope need to be evaluated in terms of daily activities. Heart failure, either
systolic or diastolic, and atrial fibrillation are common in the elderly (see
Chapter 12). Some patients experience postprandial hypotension asso-
ciated with either dizziness or fatigue.

Patients should be asked about side effects of medications previously
taken as well as allergies. It is wise to have the patient bring all medica-
tions to the clinic, including over-the-counter medications and herbal
remedies. NSAIDs precipitate heart failure and interfere with the treat-
ment of hypertension. Venlafaxine raises BP also. Quantitation of alco-
hol ingestion is important because excessive consumption increases BP.
Long-standing tobacco use, vascular events (including myocardial inf-
arction, strokes, and claudication), and renal insufficiency increase the
likelihood of renovascular hypertension.

PHYSICAL EXAMINATION

The physical examination is conducted in a methodical fashion (16).
Routine vital signs of BP, heart rate, and weight are recorded at each
visit. A funduscopic examination is performed as a part of the initial
examination or at visits associated with very high BP measurements.
The presence of retinal flame-shaped hemorrhages, retinal infarcts (“cot-
ton wool” spots), and papilledema provides important information regard-
ing the urgency of therapy and a clue to secondary hypertension. The neck
is examined for jugular venous distention, the rate of rise of the carotid
upstroke, the presence of carotid bruits, and thyromegaly. Auscultation
of the lungs is targeted for the presence of wheezes and rales.

Inspection of the chest may localize the point of maximum impulse of
the heart. Cardiac enlargement is suggested by its displacement past the
midclavicular line. An enlarged and sustained apical impulse suggests
left ventricular hypertrophy (LVH). A palpable S4 is occasionally
present. An irregularly irregular rhythm suggests atrial fibrillation or
frequent atrial or ventricular ectopy. A tambour S2 suggests aortic root
dilatation. Systolic ejection murmurs are not uncommon with hyperten-
sion; however, an increased SBP, a wide pulse pressure, and a diastolic
decrescendo murmur over the aortic area in the seated position support
the diagnosis of aortic insufficiency. An S3 gallop associated with dys-
pnea, rales, and tachycardia supports the diagnosis of heart failure.

The abdominal examination should include liver size, assessment for
enlarged kidneys (polycystic kidney disease), enlarged aorta, ascites,
and the presence of bruits to suggest the presence of atherosclerosis. In
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asymptomatic patients, the sensitivity of physical examination as assessed
by ultrasonography is a function of the diameter of the aneurysm: 29% for
3.0–3.9 cm, 50% for 4.0–4.9 cm, and 76% for 5 cm or greater (22). The
positive predictive value is only 43%. However, if the waist circumfer-
ence exceeds 40 inches, then the sensitivity is significantly reduced.
Interobserver agreement between two examinations is 77% (23). A high
pitch epigastric systolic–diastolic bruit of long duration that lateralizes
suggest renal artery stenosis (24). However, 4.9% of normal individuals
above age 55 years will have a bruit. The absence of a bruit does not
exclude a diagnosis of renovascular hypertension. Periumbilical bruits
are frequently associated with abdominal aortic aneurysms (24).

Femoral pulsations and bruits and pedal pulses should be determined.
The presence of peripheral edema may be caused by medications
(NSAIDs, dihydropyridine calcium antagonist, or minoxidil), heart fail-
ure, decreased albumin, chronic renal insufficiency, or venous insuffi-
ciency. A careful neurological examination should define preexistent
neurological deficits, including previous strokes, Parkinson’s disease,
and dementia.

LABORATORY ASSESSMENT

A fasting complex metabolic profile, lipid profile, complete blood
count, urinalysis with microscopic examination, and electrocardiogram
are reasonable for an initial evaluation. Unprovoked hypokalemia sug-
gests primary aldosteronism, but hypokalemia is also observed with
Cushing’s syndrome and diuretic use. Hyperkalemia is associated with
renal failure, potassium-sparing diuretics, angiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor blockers (ARBs), type IV renal
tubular acidosis, salt substitutes, and oral potassium supplements. A
confirmed fasting glucose greater than 125 mg/dL is consistent with
diabetes mellitus (25), but hyperglycemia is also seen with Cushing’s
syndrome, acromegaly, and pheochromocytoma. Hypercalcemia may
be caused by thiazide diuretics or hyperparathyroidism. Hyperuricemia
is an early sign of renal disease, but is also associated with gout, diuretic
use, chronic renal failure, polycythemia, hyperparathyroidism, hypothy-
roidism, and polycystic kidney disease. Elevated cholesterol may be
caused by a secondary lipid disorder, such as hypothyroidism, nephrotic
syndrome, or hypercortisolism. A creatinine greater than 1.3 mg/dL
should be viewed as abnormal because older patients have less muscle
mass. In addition to primary renal disease, renovascular disease, ac-
romegaly, ACE inhibitors, ARBs, NSAIDs, and over-diuresis may also
elevate the serum creatinine.
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The electrocardiogram is an economical adjunct to assess target organ
damage in hypertensive patients (26,27). The rate, rhythm, PR and QT
intervals, diagnostic Q waves, and voltage criteria of LVH provide
information that can influence treatment. Although sick sinus syn-
drome may be present, sinus bradycardia should also suggest hypothy-
roidism and would preclude the use of α2-stimulants, β-blockers, and
nondihydropyridine calcium channel blockers. Alternatively, sinus tachy-
cardia could be caused by heart failure, hyperthyroidism, pheochromocy-
toma, or overdiuresis. Atrial fibrillation may be caused by underlying
ischemic heart disease, hypertension, or thyroid disease. A prolonged
PR interval raises concern about prescribing either verapamil or
diltiazem. A short QT interval may be caused by the hypercalcemia
associated with hyperparathyroidism.

The gender-specific Cornell voltage criteria (for men, RaVL + SV3 > 35
mm; for women, RaVL + SV3 > 25 mm) have the best overall accuracy
(28). One of the earliest electrocardiographic findings of hypertensive
heart disease is the duration of the negative phase of the P wave in chest
lead V1 > 0.04 seconds, a manifestation of left atrial enlargement or
abnormality. There is no other classic cardiovascular risk factor more
potent and dismal than LVH with “strain pattern” (29). The strain pattern
is characterized by ST depression �1 mm in lead I, aVL, and V4–V6. The
direction of the T wave is in the opposite direction of the upright QRS
complex.

INTEGRATION OF INFORMATION

Integrating information from the history, physical examination, and
laboratory exam suggests additional evaluations to be performed (15).
These include measurement of creatinine clearance, 24-hour urinary
protein excretion, plasma renin activity, thyroid-stimulating hormone,
glycosylated hemoglobin, and ambulatory BP and an echocardiogram
(15). However, these tests do not need to be ordered routinely.
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INTRODUCTION

According to the Third National Health and Nutrition Examination
Survey (1988–1994), 20.4% of the US population had an elevated blood
pressure (BP >140/90 mmHg), and 14.2% of the US population had a
frankly elevated BP (≥ 160/95 mmHg) (1). Hypertension prevalence was
higher in African Americans than in Caucasians and in males than in
females, and the prevalence increased with increasing age. Interestingly,
the rate of rise of the BP correlated with the initial BP, with faster rates
of rise seen in those patients with an elevated initial BP (2).

Although essential hypertension remains by far the most common
form of hypertension, those with secondary hypertension can represent
between 10% and 20% of the hypertensive population. Renovascular
causes are the most commonly identifiable in this group.
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Comparison between studies is hampered by differences in grouping
according to age (by decade or arbitrary groups) and definition of hyper-
tension (particularly in the older studies). Danielson and Dammstrom
(3) examined 1000 consecutive patients between 20 and 70 years of age
in the Hypertension Unit of their hospital in Sweden. They defined
hypertension as greater than 160/95 mmHg (for patients under 40 years
of age), 170/105 mmHg (for patients between 40 and 60 years of age),
and 180/110 mmHg. Of these individuals, they identified 47 patients
with secondary causes (34 patients with renal and 13 patients with endo-
crine causes of hypertension). Interestingly, of the 13 patients identified
as having an endocrine cause of hypertension, 8 were felt to be hyperten-
sive secondary to use of oral contraceptives, there was 1 patient with
acromegaly, 1 with primary hyperaldosteronism, 1 with Cushing’s syn-
drome, and 2 with pheochromocytoma.

In a study by Anderson et al. (4), 4429 patients were evaluated at the
State University of New York Syracuse for secondary causes of hyper-
tension and how the prevalence of these diseases varied with age. The
evaluation included a basal metabolic panel, thyroid function tests,
stimulated plasma renin activity (PRA), BP response to an angiotensin
II (Ang II) receptor antagonist (saralasin), plasma catecholamines and
cortisol, and measurement of aldosterone after saline infusion. If any of
these screening tests were abnormal, more comprehensive testing was
done. Interestingly, these investigators found that the incidence of sec-
ondary hypertension increased with age (see Fig. 1), bringing into ques-
tion the old maxim of only evaluating younger patients for secondary
causes of hypertension. Overall, 10.2% of patients had an identifiable
cause for their hypertension (see Fig. 2A,B) of which the most common
causes were renal, including renovascular hypertension (3.1%) and an
elevated serum creatinine (>2 mg/dL in 1.8% of patients), and endocrine
causes, including primary hypothyroidism (3%), primary aldosteronism
(1.4%), Cushing’s syndrome (0.5%), and pheochromocytoma (0.3%) (4).

Multiple endocrine conditions can result in an elevation in BP. The
prevalence of many endocrine problems, such as type 2 diabetes mellitus
and primary hyperparathyroidism, increases with age, as does hyperten-
sion. So, sometimes causality is not clear-cut. In other cases, even when
there is clear causality between an endocrine condition and hyperten-
sion, the mechanism responsible for development of the elevation in BP
is not known. In addition, the prevalence of some conditions varies
depending on how elderly is defined (Fig. 1). This review is limited to
the more common endocrine conditions and does not discuss all endo-
crine conditions that result in hypertension. For example, elevations in
growth hormone (acromegaly) result in hypertension, but the incidence
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Fig. 1. There were 4429 patients evaluated; of these, 451 were determined to have
secondary causes of hypertension. As seen, the prevalence of secondary hyperten-
sion increased from 5.6% of the study population between 18 and 29 years of age
to 17.4% of the study population 70 years or older. (Modified from ref. 4.)

of acromegaly does not increase with age. As seen in Fig. 1, the most
common endocrine causes of secondary hypertension are abnormal thy-
roid hormone levels, primary aldosteronism, Cushing’s syndrome, and
pheochromocytoma. Appropriate treatment of these four conditions can
lead to complete or partial reversal of the elevated BP. These four con-
ditions are discussed in more detail.

ABNORMAL THYROID HORMONE LEVELS

Thyroid hormone has widespread effects in the body, affecting mul-
tiple organ systems. Thyroid hormone influences calorigenesis, modu-
lates cellular growth, modulates carbohydrate and lipid metabolism, and
has cardiovascular effects (5). Thyroid hormone (thyroxine, T4) action
requires conversion to a more active form, tri-iodothyronine (T3), and
binding to nuclear receptors in the cells. Nuclear binding of thyroid
hormone leads to ribonucleic acid (RNA) transcription and protein syn-
thesis. Thyroid hormone also activates cellular sodium-potassium ad-
enosine triphosphatase (ATPase).
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Fig. 2. If patients from this study are arbitrarily divided into two groups: less
than 50 years of age and greater than 50, hypothyroidism is the major endocrine
cause of secondary hypertension in both groups (27% of those under 50 and 31%
of those over 50 years of age. Primary hyperaldosteronism has a similar preva-
lence between those under 50 (15%) and those over 50 years of age (12%),
however, there are relatively fewer patients with bilateral hyperplasia as the
cause of hyperaldosteronism in those patients over 60 years of age. The preva-
lence of Cushing’s is 9% in those under 50 and 2% of those over 50 years of age.
The prevalence of pheochromocytoma is similar in both groups, 3%. If the
cutoff age is extended to those below vs those older than 60 years of age then
hypothyroidism is the only endocrine condition that increases with increasing
age (27% vs 35%). (Modified from refs. 4 and 25.)
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Pathogenesis of the Hypertension
The cardiovascular effects of thyroid hormone are multiple. It is clear

that either an increase or a decrease in thyroid hormone has an impact on
BP, although the mechanisms are different. Patients with hypothyroid-
ism have, predominantly, an elevation in diastolic BP related to an in-
crease in total peripheral resistance (TPR) and a decrease in cardiac
output (6). The increase in TPR in hypothyroidism is multifactorial. The
increase in TPR in hypothyroidism appears to be at least partly related
to an increase in sympathetic nervous tone and a relative increase in α-
adrenergic tone (6).

Coloumbe et al. (7,8) reported that patients with hypothyroidism have
higher plasma norepinephrine levels than control patients, consistent
with the proposed increase in sympathetic tone. In addition, as men-
tioned here thyroid hormone influences calorigenesis. Thus, a decrease
in calorigenesis, as would be seen in hypothyroidism, leads to an increase
in TPR as a mechanism for heat conservation, and the increase in
calorigenesis observed in hyperthyroidism leads to a decrease in TPR as
a means of dissipating some of the increased heat production. T3 may
also have direct nongenomic effects on vascular smooth muscle, which
result in smooth muscle contraction (9) and increase TPR.

Potential indirect effects of thyroid hormone on BP, mediated by
thyroid hormone-induced increases in vasoactive hormone synthesis
and/or secretion, have also been studied. Thyroid hormone does not
seem to exert its cardiovascular actions either through endothelin-1 (a
potent vasoconstrictor released from endothelial cells) or adrenomedul-
lin (a natriuretic and vasodilator peptide released from endothelial cells)
(9). However, numerous studies have shown an effect of thyroid hor-
mone on natriuretic peptides. Atrial natriuretic peptide (ANP) is synthe-
sized in the cardiac atria, but brain natriuretic peptide (BNP) is
synthesized in the cardiac ventricles. Both ANP and BNP are potent
natriuretic and vasorelaxant peptides, and their use as potential diagnos-
tic or therapeutic agents in congestive heart failure is an area of active
investigation (10–12). They are normally released from the heart in
response to atrial or ventricular stretch (10).

In a study by Gardner et al. (13) in thyroidectomized rats, administra-
tion of thyroid hormone increased ANP levels about twofold. In addition,
cardiac ANP messenger RNA (mRNA) was also increased, demonstrat-
ing that thyroid hormone affected both ANP synthesis and release.

The serum levels of ANP of hypothyroid patients increases when they
are treated with thyroid hormone (9,14). A study by Bernstein et al.
(15) addressed whether the increase in ANP levels seen in patients with
hypothyroidism on treatment with thyroid hormone was a direct effect
of thyroid hormone on the cardiac myocyte or whether this was an indi-
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rect effect of thyroid hormone through an increase in heart rate and
cardiac function. These investigators examined 11 hypothyroid patients
with normal cardiac function at baseline and started them on thyroid
hormone replacement. After 10 days of treatment, no change in ANP
levels was observed. However, after 2 months of treatment with thyroid
hormone, they observed an increase in the levels of proatrial natriuretic
factor (1-98 amino acids), suggesting that the thyroid hormone effect
was a direct one on the cardiac myocytes rather than an indirect effect
through changes in vascular hemodynamics. Thus, a decrease in ANP
levels in hypothyroid patients may play an important role in the fluid
retention and diastolic hypertension seen in these patients (16).

A study by Kohno et al. (17) examined BNP levels in hyperthyroid
patients and BNP levels in hypo- and hyperthyroid rats. These investiga-
tors found that BNP levels were higher in both the hyperthyroid patient and
animal, and the hypothyroid rat had lower BNP levels.

Patients with hyperthyroidism have predominantly systolic hyperten-
sion related to a decrease in the TPR and increase in cardiac output; they
have a widened pulse pressure (2). The increased cardiac output is sec-
ondary to an increase in both heart rate and stroke volume and probably
contributes to the pathogenesis of systolic hypertension in the patients
with hyperthyroidism (6). The increased heart rates seen in patients with
hyperthyroidism has been felt to be mediated by thyroid hormone effects
on β1-receptors in the heart because administration of β-blockers to
patients with hyperthyroidism is clinically beneficial. Thus, the effects
of thyroid hormone on β-adrenergic receptors have been studied exten-
sively. Multiple studies have found an increase in β-adrenergic receptor
expression in response to an increase in thyroid hormone levels (5).

However, a study by Ojamaa et al. (18) examined the effects of thy-
roid hormone on adenylate cyclase isoform expression in cardiac rat
ventricles. These investigators found that mRNA levels of adenylate
cyclase isoforms V and VI were increased in hypothyroid animals com-
pared to control euthyroid animals. In contrast, although the levels of
these adenylate cyclase isoforms in hyperthyroid animals were the same
as controls, the activation of these isoforms in the hyperthyroid animals
was significantly reduced (35%) compared to control animals, demon-
strating that, although hyperthyroidism leads to an increase in the num-
ber of β-adrenergic receptors, there is a compensatory decrease in the
ability of these receptors to activate cyclic adenosine 5'-monophosphate
in response to catecholamines. Thus, despite extensive investigations
into thyroid hormone effects on heart rate, the mechanism is still poorly
understood.
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A study by Everett et al. (19) using cardiac ventricles of hypo- and
hyperthyroid rabbits found that hypothyroid animals only expressed the
heavy chain of β-myosin. Thyroid hormone increased mRNA expres-
sion of the heavy chain of α-myosin and decreased expression of the
heavy chain of β-myosin. This change in myosin isoform expression
leads to an increase in the activity of the calcium-ATPase activity and
more forceful cardiac contraction, which contributes to the increased
cardiac output seen in patients with hyperthyroidism.

Prevalence
Up to 7% of the adult population in the United States may have sub-

clinical hypothyroidism (defined as an elevated thyroid-stimulating
hormone [TSH] value with a normal T4 value) (20). It is estimated that
it currently affects 10 million people in the United States (21). The
prevalence of subclinical hypothyroidism is highest in women over the
age of 60 years (approximately 20%) but gradually increases in men with
increasing age, reaching a prevalence of 16% in men over the age of 74
years. Most of these patients (75%) have only mild hypothyroidism,
with TSH values between 5 and 10 µU/mL (22). The Anderson et al.
study (4) found that 6.5% of the hypertensive patients between 60 and
69 years of age (and 38% of the secondary hypertension subgroup) and
3.6% of the patients older than 70 years (and 22% of the secondary hyper-
tension subgroup) were hypothyroid (defined as a TSH value greater than
7 µU/mL).

This makes hypothyroidism the most common endocrine condition
associated with arterial hypertension. It is also the only endocrine diagno-
sis in hypertensive patients with a prevalence that increases with increas-
ing age (27% of patients under 60 years of age vs 35% of patients over
60 years of age). A small study by Streeten et al. (23) found that there was
a high prevalence of Hashimoto’s in the hypothyroid patients. In fact, a
large number of patients (50%–80%) with subclinical hypothyroidism
have positive antibodies against thyroid peroxidase (TPO) (22), the
hormone involved in iodide organification and thus thyroid hormone
synthesis. However, there are multiple other causes of subclinical hy-
pothyroidism; patients affected include those with treated hyperthyroid-
ism and patients on medications that modulate thyroid function (lithium,
amiodarone, and α-interferon) and other autoimmune forms of thyroidi-
tis (22).

Hyperthyroidism is more common in women, affecting 2% of women
vs 0.2% of men. The prevalence of hypertension in patients with hy-
perthyroidism is not really known but is estimated at about 25%. A
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study by Saito and Saruta (6) examined retrospectively 446 patients
with untreated hyperthyroidism and hypertension and compared them to
549 control patients who were euthyroid, although with a goiter. They
found a significantly higher prevalence of hypertension (>160/95
mmHg) in hyperthyroid patients younger than 49 years. Thus, hyperthy-
roidism, in contrast to hypothyroidism, tends to affect younger patients
(24), so is not discussed here in as much detail as hypothyroidism. The
three most common causes of hyperthyroidism are Graves’ disease, toxic
multinodular goiter, and nodular goiter.

Patients with advanced clinical hyper- or hypothyroidism have char-
acteristic features, which suggest the diagnosis. Patients with hypothy-
roidism may present with nonpitting edema (myxedema), dry skin, and
psychomotor retardation. Patients with Grave’s hyperthyroidism have a
diffusely enlarged thyroid gland and can present with weight loss, can
have protuberance of their eyes (exophthalmos) related to autoimmune
involvement of the retro-orbital muscles and lid lag (Fig. 3).

Management
Approximately one-third of those patients with concurrent high BP

and hypothyroidism become normotensive when they become euthyroid
after treatment with thyroid hormone. Most of the patients who do not
have an improvement in BP tend to be older (23,25). Thus, the older
patients may have other causes of hypertension besides hypothyroidism.
However, these studies did not stratify responders vs nonresponders by
the degree of severity of the hypothyroidism.

Similarly, when hyperthyroid patients were treated, systolic blood
pressure (SBP) dropped as thyroid hormone levels dropped, although
the improvement in BP was more common in patients younger than 49
years (26).

Issues in Treatment
The effect of treatment of subclinical hypothyroidism on cholesterol

values has been more carefully studied than the effects of treatment of
thyroid hormone on BP. Thus, some insight may be gained by examining
how thyroid hormone affects cholesterol metabolism because of appli-
cability to thyroid hormone effects on BP. The effects of treatment of
subclinical hypothyroidism with thyroid hormone on cholesterol values
is controversial, with some studies showing no benefit in those patients
with total cholesterol values below 240 mg/dL and others showing a
small benefit if the total cholesterol value was above 240 mg/dL (22).
However, the key might be what the TSH value is, with probably no
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benefit of thyroid hormone on cholesterol lowering if the TSH value is
less than 10 mU/L (20,22). Similarly, there might be no benefit of thy-
roid hormone replacement for normalization of BP if the TSH is only
slightly increased. In addition, the benefit of thyroid hormone replace-
ment needs to be balanced by the known potential complications of
thyroid hormone overreplacement, such as osteoporosis and cardiac
arrhythmias.

To address the natural history of subclinical hypothyroidism, Huber
et al. (21) followed for an average of 10 years 82 women with subclinical
hypothyroidism. Patients were divided into three groups according to
the initial TSH value between 4 and 6 mU/L, between 6 and 12 mU/L,
and greater than 12 mU/L. Anti-TPO antibodies and thyroid hormone
levels in response to stimulation with thyrotropin-releasing hormone
(TRH) were also measured. After 10 years, 68% of the patients remained
subclinically hypothyroid, 28% of the patients became frankly hypothy-
roid (TSH >20 mU/L), and 4% of the patients had normalization of their
TSH. No patient with mildly elevated TSH (4–6 mU/L) progressed to
frank hypothyroidism. In fact, the 4% of patients who had normalization
of their TSH value all had a low value (between 4 and 6 mU/L) at the
beginning. Factors that were predictive of development of frank hypothy-
roidism were the presence of antibodies against TPO (anti-TPO or anti-
microsomal antibodies; thyroid peroxidase is the enzyme involved in
iodide organification in the thyroid follicle), a greater degree of TSH
elevation (greater than 6 mU/L), and a suboptimal thyroid response to
TRH stimulation.

Thus, it is possible that thyroid hormone replacement therapy may not be
indicated in the hypertensive patient with TSH values less than 6 mU/L,
negative anti-TPO antibodies, and no symptoms, although a patient with
TSH values greater than 10 mU/L should probably be placed and main-
tained on thyroid hormone replacement irrespective of BP response
because of other potential cardiovascular benefits.

A separate issue is the age at which patients should be screened for
subclinical hypothyroidism. Because of the ease of testing for thyroid
abnormalities, Cooper (22) suggested that all women older than 35 years
should have TSH measured as an initial screening, and if normal, then
the TSH should be rechecked every 5 years. Because of the lower preva-
lence of hypothyroidism in younger men, he recommended that screen-
ing not be done in men until age 65 years or older.

PRIMARY HYPERALDOSTERONISM

Aldosterone is the principal mineralocorticoid hormone produced by
the outer glomerulosa layer of the adrenal cortex. Aldosterone is respon-
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sible for maintaining intravascular volume, along with antidiuretic hor-
mone, by regulating sodium excretion in the kidneys and sweat glands.
Aldosterone also affects serum potassium levels by having an impact on
urinary potassium excretion. In vivo, the main regulators of aldosterone
secretion appear to be Ang II and serum potassium levels (27,28). Aldos-
terone overproduction is primary when caused by adrenal overproduc-
tion of aldosterone and secondary when other extra-adrenal factors are
involved (e.g., renin overproduction, volume depletion, etc.).

Pathogenesis of the Hypertension

Because aldosterone, a mineralocorticoid hormone, leads to fluid
retention, patients with primary hyperaldosteronism would be expected
to have increased intravascular fluid volume. However, this does not
seem always the case. A study by Bravo et al. (29) compared plasma
volume in 80 patients with primary hyperaldosteronism to those of 70
patients with essential hypertension. Although 30% of patients did have
an increase in their plasma volume, 25% of the patients with primary
hyperaldosteronism had a low plasma volume, and there was consider-
able overlap with those patients with essential hypertension. However,
patients with primary hyperaldosteronism and high BP respond to treat-
ment with diuretics (30), suggesting that an increase in plasma volume
is at least partially involved in the pathogenesis of the hypertension.

The potential contribution of aldosterone-mediated changes in TPR
as a mechanism for BP elevation has also been studied. Wenting et al.
(31) studied 10 patients with primary hyperaldosteronism (all with an
adrenal adenoma) treated with spironolactone. When this medication
was stopped, an increase in BP and blood volume could be observed after
2 weeks. However, at the end of 6 weeks blood volume and cardiac
output remained increased in 5 of the 10 patients, but in the other 5
patients, blood volume and cardiac output returned to normal, and TPR
remained elevated (36 ± 13% over control).

A subsequent study by Yamakado et al. (32) evaluated the acute
effects of infusion of an aldosterone antagonist (canrenoate potas-
sium) in BP response in patients with essential hypertension, renovas-
cular hypertension, or primary aldosteronism. The study found that the
drug had a significantly greater effect in reducing BP in patients with
primary hyperaldosteronism than in the other study groups. This was
related to a significant reduction in the TPR index, suggesting that aldos-
terone has a direct vasoconstrictive effect on the vasculature. Part of the
mechanism involved in the development of high BP may be an effect of
aldosterone on the sodium-potassium and sodium-hydrogen exchangers
and on calcium transport (33).
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Marked fluid retention is not usually observed in patients with primary
hyperaldosteronism because they undergo what is called the “escape
phenomenon”: as aldosterone levels rise, there is marked initial fluid
retention; after several days (1–2 weeks), there is a natriuresis, resulting
in a drop in blood volume (34). It is now thought that ANP is at least
partially involved in the development of this escape phenomenon.

Nakamura et al. (35) stopped spironolactone treatment in five patients
with primary aldosteronism related to an adrenal adenoma. Plasma vol-
ume, body weight, and BP increased gradually; however, by day 13 these
patients developed a natriuresis that correlated with an increase of ANP
levels (from 26 ± 4 to 195 ± 47 pg/mL, baseline vs day 3).

Patients with primary hyperaldosteronism in fact have significantly
elevated levels of ANP. Although ANP is known to inhibit aldosterone
secretion (36,37), patients with primary hyperaldosteronism have elevated
aldosterone values despite having elevated ANP levels. This has generally
been attributed to a downregulation of ANP receptors in target tissues of
patients with primary hyperaldosteronism (38). Interestingly, if ANP is
infused into patients with primary hyperaldosteronism to double circu-
lating ANP levels, a natriuresis ensues; however, there is no drop in
aldosterone levels, suggesting that ANP had lost its ability to inhibit
aldosterone secretion from adrenal glomerulosa cells (39).

In most studies of ANP’s mechanism of action in muscle and kidney,
ANP-mediated increases in cyclic guanosine monophosphate (cGMP)
seem to account for all of ANP’s effects. However, studies from our
laboratory have found that, although ANP does increase cGMP in adre-
nal glomerulosa cells, changes in cyclic nucleotides do not solely account
for ANP’s inhibitory action on aldosterone secretion (36,40,41), suggest-
ing that ANP action in the adrenal is intrinsically different from ANP
action in other tissues.

We have demonstrated that ANP modulates calcium channel activity
in the adrenal glomerulosa cells, but the quantitative contribution of this
effect to inhibition of aldosterone secretion is unclear (42–46). Finally,
although ANP receptor expression on the adrenal gland in primary hyper-
aldosteronism is altered, whether the signaling pathways involved in ANP
action in the adrenal glomerulosa cell are also altered remains to be
determined.

Prevalence
Primary hyperaldosteronism was first described by Conn in 1955 in

a patient with an aldosterone-producing adenoma (47) whose hyperten-
sion improved after surgical removal of the adrenal adenoma. At that



Chapter 10 / Endocrine Hypertension 157

time, Conn felt that the prevalence of this condition could be as high as
20% in the hypertensive population, spurring extensive research into
this potentially curable form of hypertension. Since then, it has become
clear that the prevalence of this condition is far less than the predicted
20%. Although adrenal adenomas are still the most common form of pri-
mary hyperaldosteronism (65%–75%), between 25% and 35% of patients
have aldosterone secretion related to adrenal hyperplasia (idiopathic hyper-
aldosteronism); between 5 and 10% of patients have multiple benign
tumors (bilateral cortical nodular hyperplasia), and other causes such
as adrenal carcinoma and dexamethasone-suppressible hyperaldoster-
onism are uncommon (24,48).

Primary hyperaldosteronism related to an adrenal adenoma occurs
between two and three times more commonly in women, and the peak
incidence is between the third and fifth decades. There are no specific
physical findings. Patients with severe hypokalemia may develop fatigue,
muscle weakness, cramping, headaches, and palpitations (24). Aldoster-
one-producing tumors tend to be small (Fig. 4).

Estimates of the prevalence of primary hyperaldosteronism range
between 0.03 and 2% of the hypertensive population. In the study by
Anderson et al. (4), the screening test for primary hyperaldosteronism in
their hypertensive population consisted of measurements of serum potas-
sium, measurement of PRA and aldosterone after standing and ambulation
for 1 hour, changes in BP in response to a 20-minute infusion of an Ang
II antagonist (saralasin), or to enalaprilat. This was followed by infusion
of 2 L of normal saline over a 3- to 4-hour period, at the end of which
blood was drawn for aldosterone.

Using this protocol, the investigators (4) determined that 12% of
patients with secondary hypertension (or 1.8% of the total hypertensive
population) over the age of 50 years had primary hyperaldosteronism.
This compared to 15% of the patients with secondary hypertension (or
1.2% of the total hypertensive population) between 18 and 49 years of
age. What is interesting, however, is that in hypertensive patients between
18 and 49 years with primary aldosteronism the percentage of patients
with adenomas vs hyperplasia did not change with age. In hypertensive
patients with primary hyperaldosteronism who were older than 50 years,
the number of patients with an adrenal adenoma as a percentage of the
hypertensive population did not change with age (between 50 and 59
years of age, 0.6%; between 60 and 69 years of age, 0.5%; in patients
older than 70 years, 0.7%). However, in those patients with adrenal
hyperplasia as a cause of their primary hyperaldosteronism, their num-
ber as a percentage of the total hypertensive population decreased with
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age (between 50 and 59 years of age, 1.4%; between 60 and 69 years of
age, 0.9%; in patients older than 70 years, 0.0%). Thus, an older patient
presenting with primary hyperaldosteronism is more likely to have an
adrenal adenoma than hyperplasia. In addition, if only patients with
secondary hypertension with a diastolic blood pressure (DBP) of greater
than 100 mmHg are screened, then the prevalence increases from 1.5%
overall to 2.7% in those more severely hypertensive patients (4).

It is possible that the prevalence of primary hyperaldosteronism is
underestimated because of inadequate screening tests. Hiramatsu et al.
(49) evaluated the use of simultaneously measuring both aldosterone
and PRA and then expressing the results as the ratio of aldosterone to
PRA (Aldo/PRA) as a screening tool for hyperaldosteronism in a hyper-
tensive population. These investigators screened 348 patients and found
9 patients with elevated Aldo/PRA ratios subsequently confirmed to be
true primary hyperaldosteronism, for a prevalence of 2.6% among this
hypertensive population. In this study, patients with an aldosterone-
producing adenoma had an Aldo/PRA ratio greater than 400, and patients
with essential hypertension had ratio values less than 200, thus providing
good discrimination between these hypertensive groups.

Fig. 4. Conn’s syndrome. Adrenal aldosterone-producing tumors tend to be
small (<1 cm) and have a high lipid content, which gives them the characteristic
“canary yellow” appearance on sectioning.
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Gordon et al. (50,51) used the Aldo/PRA ratio to screen for primary
hyperaldosteronism among patients recruited for antihypertensive drug
trials and found a prevalence of close to 12%. They also used the Aldo/
PRA ratio to screen patients referred to their hypertension clinic and
among these patients found a prevalence of around 6.5%.

The utility of the Aldo/PRA ratio has been questioned by Montori et
al. (52). These investigators evaluated 221 African-American and 276
Caucasian patients with a diagnosis of essential hypertension between
1996 and 2000. They found that the Aldo/PRA ratio correlated with
suppressed renin and did not add any value to the evaluation for primary
hyperaldosteronism. They suggested, in fact, that further workup for
primary hyperaldosteronism be done only in patients with both sup-
pressed renin and elevated aldosterone and recommended that the Aldo/
PRA ratio not be used in the evaluation of hypertensive patients.

Management
The presence of spontaneous hypokalemia in a hypertensive patient

should always raise the possibility of primary hyperaldosteronism. As
discussed, simultaneous aldosterone and PRA should be measured, and
those patients with suppressed renin and elevated aldosterone should be
evaluated further. An elevated Aldo/PRA ratio should be interpreted
with caution and in the context of the patient under evaluation. The
patient should be off angiotensin-converting enzyme inhibitors, β-
blockers, calcium channel blockers, and diuretics for at least 2 weeks
prior to the test. If they are on spironolactone, they should be off the
medication for at least 6 weeks. The α-blockers do not interfere with this
measurement. A positive screening test should be confirmed by a 24-
hour urine aldosterone collection after 3 days of salt loading. A 24-hour
aldosterone secretion rate above 14 μg with a urine sodium above 200
mEq/L is diagnostic. An elevated 18-hydroxycorticosterone value
(>100 ng/dL) has also been suggested as helpful in distinguishing adrenal
adenomas from hyperplasia.

Imaging studies are helpful to document the presence of an adrenal
tumor, and a computed tomographic (CT) scanning or magnetic reso-
nance imaging (MRI) is equally sensitive. If these studies are still equivo-
cal, a bilateral adrenal vein catheterization with sampling of aldosterone
and cortisol after a Cortrosyn (synthetic adrenocorticotropic hormone
[ACTH]) stimulation test is the diagnostic procedure of choice.

In cases of adrenal adenoma, surgery is the preferred treatment if the
patient has difficult-to-control hypertension or severe and persistent
hypokalemia. Removal of the adrenal adenoma improves hypokalemia
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in all patients and eliminates the need for antihypertensive medication
in 60 to 70% of patients. A worse outcome, inasmuch as persistent hyper-
tension after surgery, is more common in older patients (53). All patients,
however, have improvement in their BP control. The BP response to
spironolactone preoperatively is a good predictor of BP response to
unilateral adrenalectomy. If the patient has adrenal hyperplasia, surgery
is of no benefit, and medical treatment includes 100 mg per day of
spironolactone initially, which can be increased to 400 mg per day as
needed for BP control, or 5 mg per day of amiloride initially (54–57).

Issues in Treatment
The major issue in the evaluation of a patient with hypertension for the

possible diagnosis of primary hyperaldosteronism is patient selection,
which patients should be screened and worked up. Part of the problem
is that up to 40% of patients with essential hypertension have suppressed
renin (particularly in older patients), which may remain relatively sup-
pressed (<2 ng/mL per hour) even with stimulation in 15% to 20% of
patients. In addition, up to 67% of patients with primary hyperaldoster-
onism may be normokalemic at presentation (51). Thus, distinguishing
patients with essential hypertension from those with primary hyperal-
dosteronism may be difficult, especially if they are otherwise asymp-
tomatic. As outlined by Kaplan in an editorial in the (58), if a patient is
normokalemic and has a BP that is easily controlled by antihypertensive
medications, then it may not be appropriate to perform an extensive
workup for hyperaldosteronism or subject the patient to surgery. How-
ever, patients with persistent hypokalemia or difficult-to-control hyper-
tension would benefit from an evaluation for primary hyperaldosteronism
and possible surgery.

CUSHING’S SYNDROME

Cushing’s (or hypercortisolism) is an unusual disease with a calculated
incidence of 1 case per 100,000–500,000 population. The two main causes
of hypercortisolism are either ACTH dependent or ACTH independent.
Hypercortisolism secondary to an ACTH-secreting pituitary tumor (60%–
70% of patients) is termed Cushing’s disease. Cushing’s syndrome is
ACTH independent and refers to any condition resulting in exposure to
high levels of glucocorticoids, such as adrenal adenomas (about 15% of
patients), carcinomas, or exogenous administration (24,59,60).

Interestingly, even though frank Cushing’s syndrome is rare, the
advent and widespread use of abdominal imaging techniques such as CT
scan or MRI have resulted in detection of more incidental adrenal masses.
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Workup of these patients frequently reveals that they have autonomous
cortisol production, as assessed by the failure to suppress cortisol pro-
duction after dexamethasone administration. Nonsuppressible cortisol
is the most frequent endocrine abnormality found in these incidentally
discovered adrenal masses. This condition has been termed subclinical
Cushing’s syndrome (60). The prevalence of subclinical Cushing’s in
these incidental adrenal masses varies between 5% and 20%, depending
on the study, with a calculated prevalence of about 78 cases per 100,000
population (60). Thus, this condition is much more common than
Cushing’s disease. These patients with subclinical Cushing’s have a
higher incidence of high BP, obesity, and diabetes mellitus than the
control population, although they do not have the classical clinical fea-
tures of Cushing’s (60). There are no prospective studies to evaluate the
best way to manage these patients, but these data suggest that cortisol
hypersecretion, as a cause of hypertension, is probably more common
than previously thought.

Full-blown clinical Cushing’s has very characteristic clinical features
(Fig. 5), including weight gain, fat accumulation in the face (moon fa-
cies) and back (buffalo hump), excessive hair growth (hirsutism), acne,
and increased pigmentation (in Cushing’s disease).

Pathogenesis of the Hypertension
The pathogenesis of an elevated BP in patients with Cushing’s is

poorly understood and multifactorial. In a study by Pirpiris et al. (61),
administration of 10 or 50 mg of cortisol orally for 5 days to six normal
volunteers resulted in a 19% increase in cardiac output. In addition,
steroids increase the hepatic production of angiotensinogen to almost
two times higher, although renin levels are not elevated (62,63).

A study by Heaney et al. (64) infused increasing concentrations of
noradrenaline into eight patients with Cushing’s disease and normal sub-
jects. These investigators found that the change in mean arterial pressure
compared to baseline was much greater in patients with Cushing’s than
in normal subjects (22 ± 4 vs 13 ± 2.4 mmHg, respectively), suggesting
that patients with Cushing’s have increased catecholamine sensitivity.

A number of investigators have also found that, in patients with
Cushing’s, there is a decrease in the production or activity of a number
of hormones that oppose the hypertensive effect of cortisol. In patients
with Cushing’s, there is a decrease in the urinary excretion of prostag-
landin E2 and of kallikrein, two known vasodilators (62,65). In addition,
cortisol inhibits the inducible nitric oxide synthase in endothelial cells,
suggesting that part of cortisol’s hypertensive mechanism may be to
promote unopposed vasoconstriction (66).
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Fig. 5. Hypercortisolism. Patients with increased production of cortisol have
characteristic “moon facies,” dorsal fat pads, and buffalo hump (A and B).
Patients with cortisol hypersecretion from a pituitary tumor (Cushing’s dis-
ease) may also have increased pigmentation, male pattern baldness, and hir-
sutism (C and D).

Prevalence
The prevalence of Cushing’s in a hypertensive population is quite

low. In the Anderson et al. (4) study, the prevalence of Cushing’s in the
hypertensive population decreased with increasing age. There was a
prevalence of 9% of the patients younger than 50 years of age with
secondary hypertension; in patients older than 50 years, there was a
prevalence of 2%. However, the converse is not true; in patients with
Cushing’s, the prevalence of hypertension is high, between 70% and 80%



Chapter 10 / Endocrine Hypertension 163

(24). In fact, the presence of hypertension is a finding that helps discrimi-
nate patients with obesity and Cushingoid features (for whom there is a
20% prevalence of hypertension) vs patients with true Cushing’s (67).

Although the prevalence of hypertension is generally high in all patients
with Cushing’s irrespective of the etiology, in the case of Cushing’s asso-
ciated with exogenous steroid use, the prevalence of hypertension is only
about 20% (65). The severity of the hypertension in Cushing’s tends to
be mild; in fact, in one series a DBP greater than 100 mmHg tended to
decrease the likelihood of Cushing’s as the cause of the elevated BP
(odds ratio of 0.7) (4).

Management
For patients with Cushingoid features, a 24-hour collection for uri-

nary free cortisol is the best screening test. For patients with an incidental
adrenal mass, the best screening test to assess for autonomy of cortisol
production is an overnight dexamethasone suppression test in which 1–
3 mg of dexamethasone is administered at 11 PM and a serum cortisol is
measured the next morning at 8 AM (37,60). Reincke (60) has advocated
the use of the higher dexamethasone dose (3 mg) because a potential
adrenal source is already recognized; thus, this higher dose decreases the
number of false-positive results. A postsuppression cortisol value of less
than 3 μg/dL is normal and disproves cortisol hypersecretion. If the
cortisol value is higher then 3 μg/dL, a high-dose (8 mg) dexamethasone
suppression test is performed next.

The major issue is what to do with those patients with nonsuppressible
cortisol production and an incidental adrenal mass. One author (60)
proposed that patients with nonsuppressible cortisol production who are
truly asymptomatic (no hypertension or stigmata of Cushing’s) can be
followed with serial 6-month or yearly testing of cortisol. There are no
data on what to do if the patient has subclinical Cushing’s and is not
completely asymptomatic. The benefits of unilateral adrenalectomy in
these patients need to be determined on a case-by-case basis by the
patient’s clinician.

PHEOCHROMOCYTOMA

Pheochromocytomas are tumors that arise from the chromaffin cells
and produce an excess of catecholamines, usually norepinephrine. About
half the patients have sustained hypertension, and half have paroxysmal
hypertension. In patients with paroxysmal hypertension, symptomatol-
ogy varied from once every month to multiple times per day and the
“attacks” lasted anywhere from between 30 seconds and 1 week (68).
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Patients with pheochromocytoma usually are evaluated because of
marked symptomatology. The combined presence of symptoms of head-
aches, diaphoresis, and palpitations had a sensitivity of 89% and a speci-
ficity of 67% in distinguishing patients with pheochromocytoma from
patients with essential hypertension. Some of the characteristic features
of pheochromocytoma are highlighted by the mnemonic device of “rules
of 10,” which rounds the true incidence of some of the features to 10%:
10% of pheochromocytomas are malignant, 10% are bilateral, 10% are
extraadrenal, 10% are familial, and 10% occur in children. In the case of
malignant pheochromocytoma, 30%–40% may be extra-adrenal (37).

Pathogenesis of the Hypertension

Patients with pheochromocytomas have an increase in their TPR and
increased heart rate, but cardiac output is unchanged (68,69). Pheo-
chromocytomas secrete norepinephrine predominantly. Norepinephrine
activates α1-receptors on vascular smooth muscle to produce vasocon-
striction with an increase in both DBP and SBP. Tumors that produce
epinephrine predominantly can only be present in the adrenal gland or
the organ of Zuckerkandl because these are the only tissues with the
necessary enzymes for conversion of norepinephrine to epinephrine.
Because epinephrine is relatively selective for β-receptors, which increase
heart rate (β1) or induce smooth muscle relaxation (β2), a patient with a
pheochromocytoma that secretes epinephrine predominantly can present
with episodes of hypotension or alternating episodes of hypotension and
hypertension.

Prevalence

Of all the endocrine causes of secondary hypertension, pheochro-
mocytoma appears to be the one with the lowest prevalence. In the
Anderson et al. (4) series, it only accounted for 0.3% of the cases of
hypertension. The prevalence seems to be equally distributed among the
age groups, accounting for 3% of the cases of secondary hypertension in
both patients between 18 and 49 years of age and those 50 years and older
and equally distributed between men and women. An autopsy series also
demonstrated a 0.3% prevalence of patients with pheochromocytoma
(70). The diagnosis of pheochromocytoma is usually considered in
patients with episodic or paroxysmal hypertension with the clinical
triad of headaches (present in 35% of patients), diaphoresis (present in
34% of patients), and palpitations (present in 22% of patients), but this
diagnosis is frequently missed.
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Management
In an autopsy series from the Mayo clinic, 54 patients were identified

as having a pheochromocytoma at autopsy between 1928 and 1977 (70).
In 41 of the 54 patients, the diagnosis of pheochromocytoma had not
been entertained prior to their death. Of the 41 patients, 22 (54%) had an
elevated BP. Of concern was that 11 of these 41 patients (27%) with
“silent” pheochromocytoma died from a hypertensive or hypotensive
crisis during or after surgery for unrelated conditions.

In a more recent autopsy series involving 32 cases of pheochromocy-
toma at the Henry Ford Hospital (71) and with the advent of widespread
use of imaging techniques such as abdominal MRI or CT scans, the
number of clinically unsuspected pheochromocytomas had dropped to
18%. Nevertheless, these authors still had 7 patients present with symp-
toms only at the time of an unrelated surgery. Thus, it is important to keep
a high index of suspicion for pheochromocytoma in patients with essen-
tial hypertension who are under evaluation for surgery.

Issues in Treatment
Screening tests for pheochromocytoma should be ordered even if

there is a low clinical suspicion; however, not all patients with hyperten-
sion need to be screened. Because pheochromocytomas are rare, screen-
ing of all hypertensive patients would result in a number of false-positive
results. Typical screening tests include a 24-hour urine collection for two
of three tests: urinary free catecholamines, vanillylmandelic acid
(VMA), or metanephrines. Mildly elevated catecholamines are usually
secondary to other causes besides pheochromocytomas. The finding of
1.5- to 2-fold higher than the upper limit of normal urinary catechola-
mines or metanephrines is highly suggestive of pheochromocytomas
(72). Plasma catecholamines and plasma metanephrines have also been
proposed to be more sensitive for detection of pheochromocytomas.
Plasma-free metanephrines have a sensitivity of 99% and a specificity of
90% in the diagnosis of pheochromocytoma, but their use remains lim-
ited (33). Pheochromocytomas tend to be large (about 5-cm) tumors, in
which the catecholamines are metabolized and could result in low uri-
nary-free catecholamines but elevated VMA and metanephrines; small
tumors could result in elevated levels of urinary-free catecholamines
with normal levels of VMA or metanephrines.

Once the biochemical diagnosis of pheochromocytoma is made,
imaging techniques (abdominal MRI or CT scan) can be used. How-
ever, because of the high prevalence of incidentally discovered adrenal
masses (in which Cushing’s is a more common endocrine abnormality,
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as discussed in the section on Cushing’s syndrome), one should not
proceed directly to imaging techniques. Nuclear imaging is also helpful,
particularly use of meta-iodobenzylguanidine, which is taken up by the
tumor. Most recently, 6-[18F]-fluorodopamine (a dopamine analog) with
positron emission tomography scanning has been found to be very
sensitive for detection of pheochromocytomas (33). The treatment of
pheochromocytomas is surgical removal, which can be performed
laparoscopically (73,74).

CONCLUSION

Four endocrine conditions, hyper- and hypothyroidism, primary hy-
peraldosteronism, Cushing’s, and pheochromocytomas, can result in a
reversible form of arterial hypertension. These conditions taken together
account for 5.2% of the hypertensive population and 52% of the patients
with secondary hypertension. Thus, every clinician should keep these
four conditions in mind when evaluating hypertensive patients. All four
of these conditions can present in a subclinical form and carry a diagno-
sis of essential hypertension, and a high index of suspicion by the clini-
cian is required for appropriate treatment of these patients.

In two of these conditions (hypothyroidism and primary aldoster-
onism), screening and treatment are controversial. In subclinical
Cushing’s, the most appropriate treatment is still not well defined; in
pheochromocytoma, the treatment is well defined, but it is frequently
missed and presents catastrophically with a death during surgery for an
unrelated condition. Screening for these conditions is easy and generally
cheap. Further workup would depend on the results of the initial screen-
ing tests. Missing these endocrine diagnoses could be unfortunate for
some of these conditions and disastrous in others. Above all, it is clear
that the incidence of secondary hypertension increases with age, so the
clinician’s index of suspicion needs to be the highest with the older
hypertensive population.
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INTRODUCTION

The prevalence of both renal parenchymal and renovascular hyper-
tension (RVH) increases sharply with age, making these the two most
common causes of secondary hypertension in the elderly (1). The main
causes of renal parenchymal disease in the elderly are diabetes mellitus
and hypertension (2); the main contributor to RVH is atherosclerosis.

Because the prognosis of patients with end-stage renal disease (ESRD)
over the age of 60 years is extremely poor, tight control of blood pressure
(BP) is essential in preventing renal disease progression. Antihyperten-
sive medications that block the renin–angiotensin–aldosterone system
(RAAS) appear to have renoprotective effects beyond BP lowering and
should be first-line therapy. The target goal BP for elderly patients with
renal parenchymal disease from diabetes mellitus (DM) or primary
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glomerulopathy with proteinuria greater than 1 g per day is now set at
below 130/80 mmHg.

The diagnosis of RVH should be considered in patients with general-
ized atherosclerosis, resistant hypertension, abdominal systolic/diastolic
bruit, azotemia that is unexplained or induced by treatment with an
angiotensin-converting enzyme (ACE) inhibitor or angiotensin-recep-
tor blocker (ARB), recurrent flash pulmonary edema, or discrepancy in
kidney sizes. Because clinical responses to both percutaneous interven-
tion and vascular surgery for RVH are highly variable, revascularization
should be considered only in patients with (a) bilateral renal artery steno-
sis or stenosis of the unilateral functioning kidney, (b) rapid decline in
renal function, (c) resistant hypertension despite three or more antihy-
pertensive medications, or (d) recurrent pulmonary edema.

RENAL PARENCHYMAL DISEASE

Epidemiology
Renal insufficiency constitutes a common cause of secondary hyper-

tension, second only to RVH. In the United States, at least 30% of non-
diabetic persons over the age of 60 years have some degree of renal
impairment (3). Elderly hypertensives are more susceptible to develop
renal insufficiency and ESRD than younger individuals (4,5). Of hyper-
tensive patients older than 60 years with normal renal function, 10%
develop elevated serum creatinine within 1 year, whereas only 5% of
hypertensive patients aged 50 to 59 and 2% of those aged 30 ot 49
develop hypertension-related renal insufficiency (5).

It is clear that ESRD has now become a geriatric disease. The mean
age of patients who enter a dialysis program increased from 58 in 1990
to 61 in 1999 (6). During the d 1990s, the rate of increase in incidence
of dialysis slowed in all other age groups except in the elderly (age 65
years or older), for whom the rate of rise has been exponential (Fig. 1).
DM and hypertension are two major causes of ESRD in the elderly;
glomerulonephritis and cystic disease of the kidney are less frequent
(Fig. 2). Elderly patients who develop ESRD have a poor prognosis, with
average life expectancy of only 3 years and an annual mortality rate of
34% (6). Cardiovascular disease is the most common cause of death,
accounting for 40 to 60% of the mortality rate (6,7).

Pathogenesis
Aging is inevitably associated with loss of nephron mass. In normo-

tensive individuals, the number of normally functioning glomeruli de-
creases with age (8), and the glomerular filtration rate (GFR) declines at
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Fig. 1. Temporal trend in incidence of dialysis (per million population) in dif-
ferent age group. (From ref. 6.)

Fig. 2. Primary causes (%) of end-stage renal disease among different age
populations in the United States. DM, diabetes mellitus; GN, glomerulonephri-
tis; HTN, hypertension; PCKD, polycystic kidney disease. (From ref. 6.)
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the average rate of 1 mL/minute/1.73 m2 per year (9). In untreated
hypertensives, this rate is accelerated 10-fold (10).

Renal parenchymal hypertension traditionally has been viewed as
largely volume-dependent because of the failing kidney’s inability to
excrete salt and water. However, in the overwhelming majority of patients,
the main hemodynamic fault is increased systemic vascular resistance
with an inappropriately “normal” cardiac output. This suggests either
impaired vasodilator mechanisms or augmented vasoconstrictor mecha-
nisms. Among these is activation of the RAAS.

Plasma renin activity is inappropriately normal or mildly elevated
despite an expanded plasma volume and a reduced nephron mass (11).
The interaction of angiotensin II (Ang II) with angiotensin subtype I
(AT1)receptor accelerates numerous cellular processes that contribute to
hypertension. These include aldosterone release, peripheral vasocon-
striction, and production of superoxide anion and reactive oxygen spe-
cies that inactivate nitric oxide (NO) and impair endothelial function.

Other potential pathogenetic mechanisms include overactivity of the
sympathetic nervous system, caused by either activation of central AT1I
receptors and/or uremic metabolites acting on excitatory renal afferents
in the failing kidneys (12). Asymmetric dimethylarginine, a putative
endogenous inhibitor of nitric oxide synthase normally cleared by the
kidney, accumulates excessively in the plasma of patients with ESRD.
The resultant NO inhibitor may contribute to both hypertension and
mortality in patients with ESRD (7).

Diagnosis
Evaluation of elderly patients with renal parenchymal disease should

include urinalysis to detect proteinuria or hematuria. Renal sonography
should be performed to exclude urinary tract obstruction, to exclude
adult polycystic kidney disease, and to determine kidney size. Renal
insufficiency should be considered when there is proteinuria by dipstick
or when the serum creatinine level is 1.4 mg/dL or higher for hyperten-
sive men and 1.2 mg/dL or higher for hypertensive women. However,
renal function at a given serum creatinine level is usually much lower in
the elderly than in younger individuals because of decreased muscle
mass that accompanies aging. Thus, the diagnosis of renal insufficiency
should be confirmed by demonstration of creatinine clearance below 60
mL/minute or urinary protein excretion above 200 mg/24 hours. A 24-
hour urine creatinine collection is less reliable than calculated creatinine
clearance, using Cockcroft-Gault equations, in estimating GFR because
of day-to-day variation in creatinine excretion and collection errors fre-
quently found in this population (13). The urinary clearance of 125I-
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iodothalamate is considered to be a gold standard in measurement of
GFR but is not readily available in most clinical facilities.

Treatment
In patients with mild or moderate renal insufficiency, stringent BP

control is imperative to slow the progression to ESRD because untreated
hypertensives have a rate of loss in GFR that is 10 times faster than for
normotensive individuals (10). ACE inhibitors have been shown to reduce
the rate of decline in GFR in diabetic or nondiabetic chronic nephropathy
with mild-to-moderate severity (14,15). Among African Americans with
hypertensive nephrosclerosis, the ACE inhibitor ramipril was found in
the African American Study of Kidney Disease (AASK) trial to be supe-
rior to both the dihydropyridine-calcium channel blocker amlodipine and
the β-blocker metoprolol in preventing the decline in GFR, ESRD, and
death (16). Of note, excellent and comparable control of hypertension
was achieved in all three arms of the study. In hypertensive patients with
type 2 diabetic nephropathy, ARBs or ACE inhibitors are now first-line
therapy because of the results of three large trials (17–19). ACE inhibi-
tors remain first-line therapy for type 1 DM (14) because there are no
data on renoprotective effects of ARB-based therapy in this population.
Elderly patients with systolic hypertension and mild renal insufficiency
(serum creatinine 1.4–2.4 mg/dL) should be treated with thiazide diuret-
ics because they derive even more benefit in terms of cardiovascular
prevention than those with normal renal function (20). The target BP in
elderly hypertensives with renal insufficiency is still controversial. The
Seventh Report of the Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood Pressure (21) recom-
mended a BP goal of 130/80 mmHg for patients with chronic kidney
diseases. The recommendation was largely based on results from post
hoc analysis of the Modification of Diet in Renal Disease (MDRD)
Study (22). The MDRD study demonstrated that treatment of hyperten-
sion to achieve a lower target BP goal (≤125/75 mmHg for patients 60
years of age or younger and ≤130/80 for patients 61 years or older) is
associated with slower decline in GFR only in patients with proteinuria
of 1 g per day or above. More recently, however, the AASK failed to
demonstrate that, for patients with hypertensive renal disease, a lower
BP goal (mean arterial pressure [MAP] of 92 or less or BP of 125/75
mmHg or less) was any better than the higher BP goal (MAP of 102–107
or BP of 130/85 to 140/90) in terms of renoprotection (16). The differ-
ence in the results of the two studies may be related to patients’ charac-
teristics. Although the MDRD study patients were mainly Caucasians
with primary glomerular disease and polycystic kidney disease, the
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AASK study participants all were African Americans with hypertensive
nephrosclerosis. For diabetic patients with hypertension, the Hyperten-
sion Optimal Treatment study demonstrated a dramatic cardiovascular
benefit of achieving a target diastolic blood pressure goal of less than 80
mmHg (23). Taken together, the existing data support the goal BP of less
than 130/80 mmHg for elderly patients with DM or primary glomerular
disease with proteinuria above 1 g per day and the BP goal of less than
140/90 mmHg for those with hypertensive nephrosclerosis with
nonnephrotic range proteinuria. In patients with far-advanced renal in-
sufficiency, hypertension often becomes difficult to treat and may re-
quire either intensive medical regimen including loop diuretics, potent
vasodilators, and central sympatholytics or initiation of chronic hemo-
dialysis as the only effective way to reduce plasma volume. The target
BP for chronic dialysis patients is even more controversial. Although
some prospective (24) and retrospective studies (25) showed the positive
correlation between BP and mortality, others showed no association (26)
or even the inverse correlation (27). The largest prospective study in
hemodialysis patients (28) suggested a U-shaped curve correlation be-
tween systolic blood pressure (SBP) and mortality. The cardiovascular
mortality was increased when SBP was less than 110 or above 180
mmHg. The precise mechanism by which patients with BP above or
below this range experience increased mortality is not known. Patients
with very low SBP may have occult left ventricular dysfunction; those
with high systolic pressure may have increased arterial stiffness, which
predisposes to left ventricular hypertrophy and increased cardiovascular
mortality (29,30). Randomized prospective studies are needed to deter-
mine if therapy that aims to improve arterial stiffness and maintain SBP
in a specific range will translate into improved long-term outcome.

RENOVASCULAR HYPERTENSION

Definition and Epidemiology
RVH is the most common cause of secondary hypertension in the

elderly, accounting for 5 to 7% of hypertension in patients over the age
of 60 years (Fig. 3) (1). Atherosclerosis is the major form of renal artery
pathology in the elderly because fibromuscular dysplasia is seen pre-
dominantly in young adults. The incidence of atherosclerotic RVH is
increasing in the United States, reflecting the increased life expectancy
and the aging of our population. According to the US Renal Data System
database, the incidence of ESRD related to renovascular diseases has
doubled over the past decade (from 2.9 to 6.1 per million per year), rising
at a faster rate than ESRD related to such other causes as DM (31) (Fig. 4).
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Fig. 3. Effects of age on prevalence of renovascular hypertension (%) among
patients referred to hypertension clinic. (Data adapted from ref. 1.)

Fig. 4. Adjusted incidence rate of end-stage renal disease caused by renovascu-
lar disease. (Reprinted with permission from ref. 31.)

It is estimated that 15 to 20% of elderly patients who enter a dialysis
program have atherosclerotic renal artery stenosis as a contributing fac-
tor (32,33). The prevalence of RVH is thought to be lower in African
Americans than Caucasians (34,35). However, this is an incorrect notion
based on the captopril renogram. Angiographic studies have not con-
firmed such an ethnic difference (36,37).

Atherosclerotic renovascular disease may lead to deterioration in renal
function, ischemic nephropathy. Chronic underperfusion is thought to
be the main mechanism leading to renal atrophy. Because renal dysfunc-
tion and atrophy are less common with fibromuscular dysplasia than
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atherosclerotic renal artery stenosis, additional mechanisms such as
atheroembolism or damage in contralateral kidney from long-standing
hypertension (38,39) may contribute to renal dysfunction in the elderly
with renovascular disease.

It is important to emphasize that all patients with renal artery stenosis
do not develop hypertension or renal dysfunction. Between 15 and 30%
of patients undergoing abdominal aortogram or coronary angiogram
were reported to have incidental renovascular disease. Only half of these
patients have hypertension or renal dysfunction (40,41). One-third of
elderly patients with congestive heart failure were found to have stenotic
renal artery disease, but only one-third of these had hypertension (42).
Thus, renal artery stenosis should not be used synonymously with RVH
or ischemic nephropathy.

Natural History and Prognosis
In the, elderly atherosclerotic renal artery stenosis tends to progress

over time. The 3-year incidence of renal atrophy is 10 to 20% (43),
doubling of serum creatinine is 15% (44), and progression to ESRD is
7–10% (44–46). Patients with more severe disease are more susceptible
to have ipsilateral renal atrophy, but those with high SBP are also at
increased risk of renal atrophy in both ipsilateral and contralateral kid-
neys independent of severity of stenosis (43). Thus, the presence of renal
artery stenosis does not necessarily protect the kidney against harmful
effects of systemic hypertension. Because renal function is influenced
by many factors other than renal perfusion, it is usually difficult to show
a correlation between the severity of the renal artery lesion with either
baseline renal function or the subsequent decline in renal function
(46,47).

Once renal dysfunction develops, the prognosis of elderly patients
with renovascular disease is poor. Death rates increase from 5% per year
in those with preserved renal function to 15–20% per year in those with
severe renal failure (46). Elderly patients who develop ESRD have a
very poor prognosis, with a 2-year survival rate of 50% (45) and a 10-
year survival rate of only 5% (33). The major causes of death in these
patients are myocardial infarction, stroke, and congestive heart failure
(44,46), reflecting generalized atherosclerosis in the coronary, carotid,
and peripheral vascular beds (48), respectively.

Pathogenesis
Analogous to human unilateral RVH, animals with the two-kidney,

one-clip model of Goldblatt hypertension have early high levels of
plasma renin. Increased production of renin from the ischemic kidney
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leads to increased production of Ang II and aldosterone, causing in-
creased BP. Exposure of the contralateral kidney to high BP over time
leads to glomerular hypertrophy, hyperfiltration, and pressure natriure-
sis (49). Thus, the animals maintain a high-renin state with normal extra-
cellular volume. Other factors that contribute to the development of this
hypertension include Ang II-stimulated release of vasoconstrictor pros-
taglandins (50) and reactive oxygen species (51), resulting in impair-
ment in endothelium-dependent vasodilation, and stimulated central
sympathetic outflow by an action of Ang II in the central nervous
system (52).

In the late phase of Goldblatt hypertension, the contralateral kidneys
develop glomerular fibrosis and irreversible renal injury. Reduction in
GFR in both ipsilateral and contralateral kidneys leads to an expanded
plasma volume, which suppresses plasma renin activity. Removal of the
clip leads to resolution of hypertension early on. In the late stages, how-
ever, hypertension persists despite removal of the clip and resolves only
after removal of the contralateral kidney, indicating that contralateral
kidney damage from long-standing hypertension is important in main-
tenance of hypertension (53).

Analogous to the clinical condition of unilateral stenosis of a solitary
functioning kidney or bilateral RVH, animals with a one-kidney, one-
clip model of Goldblatt hypertension have an expanded plasma volume
with normal or low plasma renin levels. ACE inhibitors and ARB have
minimal effect on BP in this low-renin condition (54,55).

Diagnosis
Angiography is considered the gold standard for diagnosing renal

artery stenosis. The minimal degree of stenosis that reduces renal perfu-
sion in humans is not known, but in dogs a diameter stenosis above 70%
is needed to decrease renal blood flow and increase the systemic arterial
pressure (56). Because there are currently no clinical tests that can pre-
cisely assess the functional significance of a given stenosis, the diagno-
sis of RVH still relies heavily on clinical presentation expo facto and the
BP response to revascularization. However, such reliance may still lead
to inaccurate interpretation because lack of BP responses to revascu-
larization may occur in some patients with RVH who develop irrevers-
ible contralateral or ipsilateral renal parenchymal injury.

CAPTOPRIL RENAL SCINTIGRAPHY

Renal perfusion can be assessed by radionuclide imaging study before
and 1 to 2 hours after administration of oral captopril or intravenous
enalaprilat. The radiopharmaceuticals commonly used in this test are
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technetium-99m (99mTc) diethylenediaminepentaacetic acid (DTPA)
and 99mTc mercaptoacetyltriglycine (MAG3). DTPA is purely filtered by
the glomerulus; therefore, renal uptake of DTPA is proportional to the
GFR. MAG3 is cleared mostly by the proximal tubules, and its renal
uptake provides an estimate of renal plasma flow. In the presence of
RVH, the uptake and clearance of radiopharmaceuticals are normal at
baseline but become significantly reduced after captopril, which antago-
nizes the action of Ang II at the efferent arterioles, causing an acute fall
in renal perfusion distal to stenosis.

Meta-analysis (57) and a large-scale, single-center experience (58)
indicated that the test has a low-to-moderate sensitivity of 65 to 75%
with a high specificity of 90% in detecting renal artery stenosis. The test
is less accurate in patients with renal insufficiency and bilateral renal
artery stenosis. It is reportedly less reliable in low-renin hypertension
(37), which is common in the elderly (38). In many observational stud-
ies, positive captopril renal scintigraphy is reported to be highly predic-
tive of successful control of hypertension after revascularization with a
positive predictive value of 90 to 100% (59–62).

However, data from prospective randomized studies challenge this
concept. One study of patients with ostial atherosclerotic renal artery
stenosis and positive captopril renography showed that the hypertension
control was improved in only one-half of patients undergoing renal
angioplasty or stenting (63). The Dutch Renal Artery Stenosis Inter-
ventional Cooperative (DRASTIC) study (64) demonstrated that, in the
group of patients who were randomized to receive angioplasty, the pres-
ence of an abnormal captopril renogram did not predict BP response over
the 12 months of follow-up. There were no differences in either BP or
doses of antihypertensive medication between patients with normal scin-
tigraphy vs those with abnormal scintigraphy at entry (Fig. 5).

DUPLEX DOPPLER ULTRASONOGRAPHY

Detection of renal blood flow velocity by Doppler sonography is
another technique often employed to detect renal artery stenosis. The
abdominal aorta is usually imaged first, and the peak systolic velocities
(PSVs) are measured from the origin, proximal, middle, and distal seg-
ments of each renal artery. Acceleration of velocity normally occurs at
the stenotic site, and the Doppler signal distal to high-grade stenosis
appears dampened with low velocity, so-called tardus and parvus. The
presence of a renal artery PSV of 180 cm/second or above and the ratio
of the PSV of the renal artery to the suprarenal abdominal aorta of 3.5 or
higher indicates severe stenosis of 60% or greater (65). The procedure
is time consuming and highly dependent on the skill of the sonographer.
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Bowel gas and abdominal obesity are the major limiting factors for a
successful study. It also has limited usefulness in diagnosis of the acces-
sory vessel or branch vessel disease (38). Overall sensitivity and speci-
ficity of the test are approximately 80 to 90%.

Duplex Doppler sonography may have both prognostic and diagnos-
tic value. One recent study indicated that a high renal resistance index
(1 – End diastolic velocity/Peak systolic velocity) × 100 � 80 is a
reliable predictor of unsuccessful outcome after revascularization (Fig. 6)
(66). A resistance index of 80 or above is indicative of irreversible renal
parenchymal disease (67). The resistance index of the contralateral kid-
ney is often even higher than that of the kidney with renal artery stenosis
(39) and may also be predictive of the clinical response to revascularization.

RENAL VEIN RENIN

The renal vein renin test is based on the premise that ischemic kidneys
produce excessive renin, and renin production from the contralateral

Fig. 5. Failure of captopril renography in predicting blood pressure (BP) re-
sponse to percutaneous renal angioplasty in the DRASTIC study (64). The
systolic BP, diastolic BP, and number of antihypertensive medications were
identical among the group of patients with or without abnormal scan prior to
intervention.  (Reprinted with permission from ref. 64.)
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kidney is suppressed. The test is considered positive when the renal vein
renin ratio from ischemic to nonischemic kidney is more than 1.5:1 or
2:1. However, the test is almost never used any more for the following
reasons. It is invasive and cumbersome with low sensitivity (60–80%)
and specificity (55–65%). Furthermore, there can be lateralization in
patients with primary hypertension (68).

MAGNETIC RESONANCE ANGIOGRAPHY

The noninvasive procedure of magnetic resonance angiography
(MRA) allows visualization of renal arteries without exposure to iodi-
nated contrast and thus can be performed safely in patients with renal
insufficiency or those with contrast dye allergy. MRA is suitable for
detection of stenosis in the ostium and proximal portion of renal arteries,
which are found in the majority of patients with atherosclerotic renal
artery stenosis. It has limitation in detecting subtler stenoses in the distal
main renal arteries or intrarenal branches (69). Overall sensitivity
and specificity of the gadolinium-enhanced three-dimensional MRA
is between 90 and 100% (57).

SPIRAL COMPUTED TOMOGRAPHIC ANGIOGRAPHY

The spiral computed tomographic (CT) angiography test also pro-
vides direct visualization of renal vessels with high spatial resolution.
However, administration of nephrotoxic contrast agents during the test
limits its safety in patients with chronic renal insufficiency. Accessory
and main renal arteries can be imaged with high accuracy (70). Sensitiv-
ity and specificity of spiral CT angiography are comparable to that of
gadolinium-enhanced MRA but are superior to non-gadolinium-enhanced
MRA, captopril renal scintigraphy, and Duplex Doppler ultrasonography
in diagnosing renal artery stenosis (Fig. 7). In our institution, CT angiog-
raphy has become the procedure of choice because of the local expertise
of our radiologists.

Management
MEDICAL THERAPY

Unilateral Renovascular Hypertension. In experimented animals
with high-renin Goldblatt hypertension, treatment with ACE inhibitors
or ARBs consistently reduces systemic arterial pressure and intra-glom-
erular pressure while increasing GFR, urine flow, and sodium excretion
in the unclipped kidney (71,72). Thus, antagonism of effects of Ang II
by these medications can attenuate glomerular sclerosis and tubulo-
interstitial injury in the unclipped kidney and prevent the serum creati-
nine rise in the chronic phase of hypertension (49). The effect of ACE
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inhibitors or ARBs on the clipped kidney, however, is much more vari-
able, depending on the dose and magnitude of BP reduction. At low
doses, GFR of the clipped kidney is well maintained (73,74), but at high
doses, excessive reduction in BP is accompanied by a deleterious reduc-
tion in GFR and urine flow (72).

Although these experimental findings initially raised concern about
the safety of long-term ACE inhibitor use in patients with renal artery
stenosis, ACE inhibitors did not increase incidence of renal atrophy in
a prospective study by Caps and colleagues (43). In addition, one retro-
spective study by Chabova et al. (44) demonstrated the safety of ACE
inhibitor use in elderly hypertensive patients with atherosclerotic renal
artery stenosis who were managed without revascularization. After an
average follow-up of 39 months, renal function was stable in 85% of
patients and worsened in 15% with no change in BP. However, the need
for antihypertensive medications increased from 1.6 to 1.9 drugs.

ACE inhibitors not only exert beneficial effects on renal structure and
function, but also cause regression of left ventricular and aortic hyper-
trophy (75,76) and improve survival in the rat model better than other
antihypertensive drugs compared with diuretics or hydralazine. Improved
survival of patients with renovascular disease treated with ACE inhibitors
has also been reported in a prospective study by Losito and colleagues (77).

Fig. 7. Summary receiver-operating characteristic curves comparing captopril
renal scintigraphy, ultrasonography, non-gadolinium-enhanced magnetic reso-
nance angiography (MRA), and computed tomographic angiography (CTA) and
gadolinium-enhanced MRA in the diagnosis of renal artery stenosis. (Reprinted
with permission from ref. 57.)
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Bilateral Renovascular Hypertension. Medical therapy has a lim-
ited role in this clinical condition, and most patients require revas-
cularization. Reduction of BP even into normal but not below normal
range causes a significant reduction in renal plasma flow (78). Nearly all
patients with bilateral disease or unilateral disease involving a solitary
functioning kidney developed a significant increase in serum creatinine
with an ACE inhibitor (63) and between 6 and 30% of these patients
developed acute renal failure (79–81).

PERCUTANEOUS INTERVENTION

Percutaneous intervention is the revascularization procedure devel-
oped to improve BP control while preserving renal function with less
morbidity and mortality than surgical revascularization. In most
nonrandomized studies, the procedural success of percutaneous
transluminal renal angioplasty (PTRA) is more favorable in young
patients with fibromuscular dysplasia (FMD) than in older patients
with atherosclerotic renal artery stenosis (90–100% vs 60–70%, respec-
tively) (82). The hypertension cure rates are also much higher in patients
with FMD than in those with atherosclerotic renal artery stenosis (30–
60% vs 0–29%). In addition, a significant proportion of the latter patients
experienced no improvement or even deterioration of global renal func-
tion as assessed by creatinine clearance or individual kidney function as
assessed by nuclear imaging study, despite successful revascularization
(83,84). This was probably related to frequent atheroembolism and as-
sociated hypertensive nephrosclerosis in elderly patients with athero-
sclerosis.

Therefore, although PTRA is the treatment of choice in patients with
FMD, the role of percutaneous intervention in those with atherosclerotic
RVH is still evolving. Most of the published studies of PTRA in the
elderly were retrospective with incomplete follow-up and an inadequate
control group. Outcomes of studies are less well defined and relied on
single measurement of office BP or serum creatinine and thus were
subjected to observational bias and regression to the mean (85).

Randomized Studies of PTRA vs Medical Therapy. Three ran-
domized prospective studies compared effects of PTRA vs medical
therapy in hypertensive patients with atherosclerotic renal artery steno-
sis. The results of these studies are summarized in Table 1.

The Scottish and Newcastle Renal Artery Stenosis Collaborative
Group (86) randomly assigned 55 hypertensive patients with renal artery
stenosis (for whom BP cannot be controlled despite two antihyperten-
sive medications) to PTRA vs continued medical therapy. Patients over
the age of 75 years and those with serum creatinine above 5 mg/dL were
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excluded from the study. There was no crossover between the two groups.
A benefit of angioplasty on BP control was seen mainly in the group with
bilateral renal artery stenosis. There was no benefit on BP control in the
unilateral artery stenosis patients treated with PTRA compared with
those treated with medical therapy. There was no difference in renal
function in either unilateral or bilateral renal artery stenosis patients
treated with PTRA compared with those treated medically.

The Essai Multicentrique Medicaments vs Angioplastie Study Group
randomly assigned 49 patients with unilateral renal artery stenosis, mild-
to-moderate hypertension, and positive captopril renography or elevated
renal vein renin ratio to PTRA vs medical therapy (87). All patients had
a creatinine clearance above 50 mL/minute. During the study, 28% of
patients treated with medical therapy were crossed over to the PTRA
because of refractory hypertension. Periprocedural complications,
mainly related to groin hematoma, occurred in 26% of patients undergo-
ing PTRA. At 6-month follow-up, there was no difference in 24-hour
ambulatory BP or renal function between the two treatment groups, but
the patients treated with medical therapy alone required more antihyper-
tensive medications than those treated with angioplasty.

The DRASTIC study (88) is the most recent randomized study of 106
difficult-to-treat hypertensive patients with atherosclerotic renal artery
stenosis and positive renal captopril renography. The study excluded
patients older than 75 years, those with a serum creatinine above 2.3 mg/
dL, and those with kidney size below 8 cm. During the study, 44% of
patients randomly assigned to medical therapy were crossed over to
PTRA because of uncontrolled hypertension or progressive azotemia.
Restenosis occurred in 48% of the patients randomly assigned to PTRA.
Based on intention-to-treat analysis, there was no difference in office BP
or creatinine clearance between the two groups at 12-month follow-up,
but the angioplasty group required less antihypertensive medication than
the drug-therapy group.

Taken together, the data from these three trials indicate that PTRA
rarely cures hypertension. Most patients continue to require antihyper-
tensive medications. However, BP is easier to control than with medical
therapy alone with no difference in renal function. High restenosis rates
after angioplasty may be responsible for these modest results and thus
should be avoidable by stent placement. It is therefore disappointing
that, to date, both nonrandomized and randomized studies have not sug-
gested greater clinical benefit of stenting over PTRA.

Studies of Renal Artery Stenting. Stenting now has replaced
angioplasty for percutaneous revascularization of atherosclerotic renal
artery stenosis because of its ability to prevent elastic recoil seen com-
monly in the ostial or proximal location of the artery. Meta-analysis of 14
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renal arterial stent studies indicated that renal stenting can cure hyperten-
sion in 20% of the patients and improve BP control in 49% (89). How-
ever, 4 of 14 studies defined cure as SBP below 150–160 mmHg. Renal
function was improved in 30% of patients, unchanged in 38%, and
worsened in 32% (89).

When stenting was directly compared with PTRA in a randomized
prospective study (63), stenting was associated with higher technical
success (88 vs 57%) and less restenosis (14 vs 48%). No difference in BP
control or renal outcome was demonstrated at follow-up. Failure to dem-
onstrate improvement in renal function despite the higher patency rates
in the stent group may be related to contrast nephropathy, hypertensive
nephrosclerosis, or distal embolization during procedure. However, the
presence of rapid decline in renal function before stenting (90,91) or
angioplasty (92) is associated with a favorable response on renal failure
progression after procedure. This is possibly related to the amount of
viable nephron mass at risk, which may be salvaged by percutaneous
intervention.

SURGICAL REVASCULARIZATION

Surgical revascularization of renal arteries can be achieved using
three techniques: endarterectomy, aortorenal bypass, or extra-anatomic
bypass. Endarterectomy is suitable for patients with focal disease or
those who also require aortic replacement (93). Aortorenal bypass can
be performed with autologous or prosthetic conduits and was shown to
have excellent long-term results. Extra-anatomic bypass such as
hepatorenal or splenorenal bypass grafting avoids aortic clamping and
direct operation on diseased aorta.

Long-term results of all these surgical techniques are comparable,
with 5-year patency of 80 to 90% (93–95). However, operative mortality
is 20% in patients over the age of 65 years (93,95,96). Surgical
revascularization offers comparable clinical results to percutaneous
revascularization in terms of BP responses (93,97), but the cost of surgery
is much higher (98). Renal function was improved in 30 to 60% of pa-
tients, unchanged in 30 to 50%, and worsened in 10 to 30% (96,99,100).

The presence of atheroembolism (101) or elevated renal resistance
index by duplex Doppler ultrasonography (102) predicts poor long-term
outcome after surgery. In one study, patients with a rapid decline in renal
function (GFR decreased more than 5 mL per minute each week) derived
more benefit from surgical revascularization in terms of preventing fur-
ther decline in GFR than those with slower decline in renal function (99).

For these reasons, surgery should be considered in elderly patients
only when the renal function deteriorates on medical therapy and for
whom the lesions are not suitable for percutaneous intervention.
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Recommendations
Treatment of elderly patients with RVH needs to be highly individu-

alized, with a careful assessment of comorbid diseases and benefit vs
risk from revascularization. Our algorithm, based on the current knowl-
edge base, is shown in Fig. 8.

The approach to the patients with suspected RVH begins with an
accurate assessment of kidney size (by plain abdominal radiography,
ultrasonography, MRI, or CT angiography). A unilateral atrophic kid-

Fig. 8. Algorithm in management of patients with hypertension and atheroscle-
rotic renovascular disease. ACE, angiotensin-converting enzyme; BP, blood
pressure; HTN, hypertension.
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ney (<8 cm) suggests irreversible renal parenchymal disease that is not
amendable to revascularization. In the absence of atrophic kidneys, a
Doppler study showing a resistance index of 80 units or more also is
indicative of irreversible renal disease. Such patients should be
treated medically. In contrast, revascularization should be consid-
ered for patients with (a) bilateral stenoses or stenoses of solitary func-
tioning kidney, (b) rapid deterioration in renal function, or (c) recurrent
flash pulmonary edema. In the absence of these clinical features, medi-
cal therapy of hypertension should be initiated with an ACE inhibitor
and additional classes of antihypertensives as needed. Revascularization
should be considered if hypertension cannot be adequately controlled
with three or more medications of different classes, including ACE
inhibitors and diuretics.

In the future, the ability to predict the likelihood of success may be
improved with novel imaging modalities developed to assess viability of
renal tissue and the pattern of intrarenal perfusion, which may elucidate
mechanism of renal injury (103). To minimize the risk of revas-
cularization, a distal protection device is under development to reduce
the risk of atheroembolism during stent placement (104). It remains to
be seen if better selection criteria, more rigorous control of BP with a
combined antihypertensive regimen, and the new interventional tech-
nique to prevent distal embolization will improve long-term outcome in
these patients.
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EPIDEMIOLOGY

Overview
The prevalence of heart failure is 4,900,000 and is rising (1). The

prevalence of heart failure progressively increases with aging (Fig. 1).
The incidence is 550,000 and approaches 10 per 1000 people after age 65
years. The annual rate for new and recurrent heart events is displayed in
Fig. 2. Data from the Framingham Heart Study suggest that the incidence
of heart failure has declined in women, but not men (2). At age 40 years,
the lifetime risk of developing heart failure is about 20%. Mortality from
heart failure is grim, with 20% of patients dying within 1 year (Fig. 3).
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Fig. 1. Prevalence of heart failure by age and gender. The prevalence of heart
failure progressively increases with aging in both men and women. (Data from
ref. 1.)

Fig. 2. Annual rates of new and recurrent heart failure events. The rate of heart
failure events progressively increases with each decade. (Data from ref. 1.)

Hypertension is antecedent in 75% of heart failure cases (1,3). Among
patients who developed heart failure in the Framingham Study, hyper-
tension with or without coronary disease preceded the development in
70% of men and 77% of women. Although less common, electrocardio-
graphic left ventricular hypertrophy (LVH) is the most potent predictor
of heart failure in both younger and older men and women. It is a more
potent predictor than diabetes or hypertension. Thus, the population-
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attributable risk of hypertension for heart failure is 39% for men and 59%
for women (4,5). This compares to the population-attributable risk of
myocardial infarction (MI) for heart failure, which is 34% for men and
13% for women.

The direct and indirect cost of managing patients with heart failure is
$24.3 billion each year. There are 999,000 hospital discharges with heart
failure each year. Figure 4 shows that the hospitalization rate for the
elderly has tripled since 1971 (6). Over the last 20 years, better treatment
of hypertension has been associated with considerable reduction in the
hospital case fatality rate for heart failure (Fig. 5) (6). Overall survival
appears to be improving in men and women (2).

Observations of the Cardiovascular Health Study
The Cardiovascular Health Study is a prospective population-based

study of 5888 men and women 65 years or older that has provided impor-
tant information on heart failure in the elderly (7,8). The prevalence of
confirmed heart failure was 8.8% of the 4842 subjects who underwent
a protocol evaluation (8). The clinical features most often present in
patients with heart failure are displayed in Fig. 6. With increasing age
and serum creatinine, the prevalence increased. Echocardiographic fea-
tures associated with heart failure included increased left atrial size and
left ventricular diastolic dimensions. Normal systolic function was
present in 55% of patients with heart failure and was more common in
women (67%) than men (42%, p < 0.001).

Fig. 3. Death rates for heart failure by age, race, and sex, 1999. Mortality from
heart failure sharply increases at 65 years and older. Mortality is higher for
males than females and blacks than whites. (Data from ref. 6.)
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Fig. 4. Hospitalization rates for heart failure. Hospitalization rate for the elderly
has tripled since 1971. (Data from ref. 6.)

Fig. 5. Heart failure hospital case-fatality rates. The heart failure hospital deaths
have declined since 1981. (Data from ref. 6.)

From the cohort of 2671 subjects who did not have atrial fibrillation,
heart disease, or heart failure at baseline, 170 persons (6.2%) developed
heart failure after 5.2 years (7). Patients who developed heart failure
were more likely to be older, male, diabetic, and hypertensive and weigh
more. MI was a precipitating factor in 18% of cases of heart failure. At
the time of hospitalization, 57% of subjects had an echocardiographic
ejection fraction (EF) 45% or greater. Depressed echocardiographic
systolic function and abnormalities of Doppler diastolic filling were
predictive of heart failure.
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Outcomes on heart failure (Fig. 7) have been reported for the Cardio-
vascular Health Study (9). Patients without heart failure but with an
impaired or borderline EF had a higher mortality rate (p < 0.001) than
normal persons. Patients with heart failure and a normal EF had a higher
mortality than patients without heart failure and a normal EF (p < 0.001).
The highest mortality rate was seen with heart failure and an abnormal
EF. The all-cause mortality rate was 16 and 45% in patients without and
with heart failure, respectively, after a median follow-up of 6.4 years (p
< 0.001). Because 63% of patients with heart failure had a normal EF,
the potential impact for a mortality intervention would be greatest for
this group.

CARDIOVASCULAR SYSTEM IN THE OLDER PATIENT

There are a number of age-related changes that occur in the cardiovas-
cular system in older patients that increase the likelihood of the devel-
opment of heart failure (10). In varying amounts, morphological
modifications of the myocardium include myocyte enlargement; tubular
dilatation; lipofuscin deposition (brown atrophy); loss of myocytes and
sinus node cells; increased fibrous tissue, fat, and amyloid deposition;
and calcification of mitral annulus and aortic valve. The vasculature can
be altered by both atherosclerosis and arteriosclerosis.

These changes result in alterations in cardiovascular function (10).
Because there is less distensibility of the aorta, cardiac workload in-
creases, and exercise duration and peak oxygen consumption diminish
(11). Because the ventricle is less distensible owing to hypertrophy and

Fig. 6. Associations of heart failure in the elderly. In the Cardiovascular Health
Study (n = 4842), heart failure (n = 425) was more likely to occur with the
variables displayed. COPD, chronic obstructive pulmonary disease. (Data from
ref. 8.)
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fibrosis, early relaxation of the muscle declines, resulting in diastolic
filling abnormalities and the critical need for normal atrial contractility.
The β-receptor density and peripheral vasodilator capacity fall with
aging. Exercise-induced augmentation of heart rate diminishes. Thus,
cardiac output at rest and during physical activity in older patients is
lower than in younger persons.

CLINICAL OVERVIEW AND DIAGNOSIS

Clinical Assessment
There are difficulties with the clinical diagnosis of the heart failure

syndrome in the elderly (12). Because of a sedentary lifestyle, no symp-
toms or nonspecific symptoms, including cough, fatigue, weakness,
anorexia, or confusion, may be reported rather than the classic symp-
toms of exertional dyspnea, orthopnea, and paroxysmal nocturnal dys-
pnea. An S3 gallop and elevated jugular venous pressure have prognostic
significance in heart failure (13) but may not be present.

Once a diagnosis is made, then the etiology and precipitating causes
must be determined. Correctable causes of heart failure, such as ischemic
heart disease, uncontrolled hypertension, aortic stenosis, hypothyroid-
ism, hyperthyroidism, anemia, alcoholism, and rhythm disturbances,
must be determined because the etiology will drive overall management
and treatment. Acute precipitating causes include cardiac ischemia;
severe hypertension; rhythm disturbances; excess sodium intake; use
of nonsteroidal anti-inflammatory drugs (NSAIDs), calcium antago-

Fig. 7. All-cause mortality event rate in elderly based on heart failure and
ejection fraction. In the Cardiovascular Health Study, patients without heart
failure but with an impaired or borderline ejection fraction had a higher mortal-
ity rate (p < 0.001). Patients with heart failure and a normal ejection fraction had
a higher mortality than patients without heart failure and a normal ejection
fraction (p < 0.001). The highest mortality rate was seen with heart failure and
an abnormal ejection fraction. (Data from ref. 9.)
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nists, and anti-arrhythmic drugs; pulmonary infections; and poor adher-
ence to therapy (14,15). NSAIDs, including cyclooxygenase 2 inhibi-
tors, represent a potent factor for exacerbation of heart failure in the
elderly and may be responsible for 19% of heart failure admissions
(Fig. 8) (15). In addition, these drugs attenuate the blood pressure
(BP)-lowering effect of most antihypertensive drugs.

Differences Between Depressed
and Normal Ejection Heart Failure

A study of 147 older subjects compared 60 patients with systolic heart
failure (EF 35% or less), 59 patients with diastolic heart failure (EF 50%
or greater), and 28 controls using a combination of echocardiography,
exercise testing for anaerobic ventilatory threshold, neurohormones, and
quality of life (16). For most measures in this study, the age-matched
control group fared better. The left ventricular diastolic and systolic
chamber sizes were smaller, septal and posterior walls were thicker, and
early deceleration time was greater for those with diastolic heart fail-
ure compared to the subjects with diastolic heart failure. The peak
exercise systolic and diastolic blood pressures (DBPs) and duration of
exercise were less for systolic than diastolic heart failure; however, there
was no difference in ventilatory anaerobic threshold and peak lactate
level. The 6-minute walk distance was similar for diastolic and systolic
heart failure, but both were significantly less than for the control patients.
Plasma norepinephrine levels, brain natriuretic peptide (BNP), and C-
terminal peptide levels were significantly lower in the control group than
in either heart failure group (Fig. 9). The natriuretic peptide levels were
higher for systolic heart failure than for diastolic heart failure. Quality

Fig. 8. Nonsteroidal anti-inflammatory drugs (NSAIDs) and risk of heart
failure admissions. The use of nonaspirin NSAIDs in elderly patients with
heart disease was strongly associated with the first admission for heart failure.
(Data from ref. 15.)
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of life was more diminished with both systolic and diastolic heart failure,
but was worse with systolic failure.

Diagnosis
The distinction between systolic and diastolic heart failure is difficult

on clinical grounds (17). M-mode, two-dimensional, and Doppler
echocardiography have been advocated for all elderly patients with heart
failure (18). Most clinicians use a modification of the criteria for definite
diastolic heart failure proposed by Vasan and Levy: (a) clinical evidence
of heart failure, as evidenced by symptoms, signs, chest X-ray, and a
response to diuretics; (b) left ventricular EF 50% or greater within 72
hours of the heart failure event; and (c) abnormal left ventricular relax-
ation, filling, or distensibility indices on cardiac catheterization (19).
The third criterion is difficult to implement; therefore, the diagnosis is
usually probable diastolic heart failure. It is important to understand that
diastolic heart failure is a heterogeneous syndrome, but hypertension
and ischemic heart disease are common causes.

Role of Echocardiography
The prevalence and severity of diastolic dysfunction increase with

aging (Fig. 10) (20). Two-dimensional and Doppler echocardiographic
techniques are likely to assist in the diagnosis and clinical management
of elderly patients presenting with heart failure. Assessment of ventricu-
lar chamber sizes, wall thickness, and EF is useful in distinguishing
systolic vs primary diastolic heart failure. Detection of abnormal regional
wall motion may indicate an ischemic etiology of heart failure. The use of

Fig. 9. Neuroendocrine activation in heart failure and controls. Systolic and
diastolic heart failure have higher levels of plasma norepinephrine and brain and
C-terminal atrial natriuretic peptide levels than controls (*p ≤ 0.02). Brain and
C-terminal atrial natriuretic peptide levels are higher in systolic heart failure
than diastolic heart failure (†p < 0.05). (Data from ref. 16.)
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a Doppler mitral inflow pattern alone is inadequate for the assessment
of diastolic function (21).

Comprehensive evaluation of diastolic function (Table 1) using Dop-
pler assessment of mitral valve inflow and pulmonary venous patterns
and Doppler tissue imaging is an essential part of the examination of
patients presenting with heart failure, particularly in the elderly popula-
tion (20). Recognition of the classification of Doppler-derived mitral
inflow patterns has important implications for determining the severity
of diastolic dysfunction and for assessing prognosis (Table 1). Although
the majority of “normal” elderly subjects will have an abnormal Doppler
filling pattern (i.e., impaired relaxation) that occurs as part of the aging
process and may not lead to clinical heart failure, mitral inflow patterns
reported as “pseudonormal” or “restrictive” in this population are indica-
tive of abnormalities in compliance and typically reflect higher left atrial
pressures. Patients with restrictive diastolic filling have a significantly
worse prognosis, particularly in the setting of concomitant systolic
dysfunction. With complete assessment of diastolic parameters, most
patients with systolic heart failure will have diastolic dysfunction.
Echocardiographic examination of the valvular structures is also a req-
uisite component of the evaluation of the elderly patient with heart fail-
ure, specifically looking for aortic stenosis and mitral regurgitation.

Fig. 10. Prevalence of diastolic dysfunction by severity and age. The prevalence
of diastolic dysfunction increases with increasing age. (Data from ref. 20.)



206 Hypertension in the Elderly

T
ab

le
 1

D
op

pl
er

 C
ri

te
ri

a 
fo

r 
D

ia
st

ol
ic

 D
ys

fu
nc

ti
on

M
il

d:
M

od
er

at
e:

Se
ve

re
:

Se
ve

re
:

N
or

m
al

im
pa

ir
ed

 r
el

ax
at

io
n

 p
se

ud
on

or
m

al
re

ve
rs

ib
le

 r
es

tr
ic

ti
ve

fi
xe

d 
re

st
ri

ct
iv

e

M
it

ra
l i

nf
lo

w
0.

75
 <

 E
/A

 <
 1

.5
,

E
/A

�
 0

.7
5

0.
75

 <
 E

/A
 <

 1
.5

,
E

/A
 >

 1
.5

,
E

/A
 >

 1
.5

,
D

T
 >

 1
40

 m
s

D
T

 >
 1

40
 m

s
D

T
 <

 1
40

 m
s

D
T

 <
 1

40
 m

s
P

ea
k 

va
ls

al
va

 m
it

ra
l

Δ 
E

/A
 <

 0
.0

5
Δ 

E
/A

 <
 0

.0
5

Δ 
E

/A
 �

 0
.0

5
Δ 

E
/A

 �
 0

.0
5

Δ 
E

/A
 �

 0
.0

5
in

fl
ow

D
op

pl
er

 ti
ss

ue
 m

it
ra

l
E

/e
’ 

<
 1

0
E

/e
’ 

<
 1

0
E

/e
’

�
10

E
/e

’
�

 1
0

E
/e

’ 
�

 1
0

an
nu

la
r 

m
ot

io
n

P
ul

m
on

ar
y 

ve
no

us
 f

lo
w

S
�

 D
,

S
 >

 D
,

S
 <

 D
 o

r
S

 <
 D

 o
r

S
 <

 D
 o

r
A

R
du

r 
<

 A
du

r
A

R
du

r 
<

 A
du

r
A

R
du

r 
>

 A
du

r
A

R
du

r 
>

 A
du

r
A

R
du

r 
>

 A
du

r
+

 3
0 

m
s

+
 3

0 
m

s
+

 3
0m

s
L

V
 r

el
ax

at
io

n
N

or
m

al
Im

pa
ir

ed
Im

pa
ir

ed
Im

pa
ir

ed
Im

pa
ir

ed
L

V
 c

om
pl

ia
nc

e
N

or
m

al
N

or
m

al
 to

 ↓
↓↓

↓↓
↓

↓↓
↓↓

A
tr

ia
l p

re
ss

ur
e

N
or

m
al

N
or

m
al

↑↑
↑↑

↑↑
↑↑

M
it

ra
l i

nf
lo

w
 m

ea
su

re
m

en
ts

: E
, p

ea
k 

ea
rl

y 
fi

ll
in

g 
ve

lo
ci

ty
; A

, a
tr

ia
l c

on
tr

ac
ti

on
 v

el
oc

it
y;

 A
du

r,
 d

ur
at

io
n 

of
 A

; D
T

, m
it

ra
l d

ec
el

er
at

io
n 

ti
m

e.
M

it
ra

l a
nn

ul
ar

 m
ea

su
re

m
en

ts
: e

’,
 e

ar
ly

 d
ia

st
ol

ic
 m

ot
io

n 
ve

lo
ci

ty
.

P
ul

m
on

ar
y 

ve
no

us
 fl

ow
 m

ea
su

re
m

en
ts

: S
, s

ys
to

li
c 

fl
ow

 v
el

oc
it

y;
 D

, d
ia

st
ol

ic
 fl

ow
 v

el
oc

it
y;

 A
R

du
r,

 d
ur

at
io

n 
of

 p
ul

m
on

ar
y 

ve
no

us
 a

tr
ia

l r
ev

er
sa

l
fl

ow
. (

M
od

if
ie

d 
fr

om
 r

ef
. 2

0.
)



Chapter 12 / Heart Failure in Older Patients 207

Brain Natriuretic Peptide
The use of BNP levels requires specific knowledge of assay-, age-,

and gender-specific bounds (22). As shown in Fig. 9, the average level
of BNP is lower with diastolic heart failure than with systolic heart
failure, but there is considerable overlap for individual patients (16).
BNP levels may be useful for monitoring the effectiveness of treatment
and determining prognosis (23–27).

TREATMENT

Overview of Trials of Systolic Dysfunction
The treatment of heart failure has evolved from the old view of

augmenting myocardial contractility to blocking the renin–angio-
tensin–aldosterone system (RAAS). If the prospective heart failure
trials (Table 2) are examined and postinfarction left ventricular dysfunc-
tion trials are excluded, then the following can be concluded:

1. Enalapril reduces mortality and decreases hospitalization rates (28–30).
2. Higher doses (32.5–35.0 mg daily) of lisinopril compared to lower

doses (2.5–5.0 mg daily) of lisinopril reduce hospitalization rates (31).
3. Bisoprolol (32), carvedilol (33), and metoprolol succinate (34) (but not

metoprolol tartrate) (35) reduce total mortality in combination with
angiotensin-converting (ACE) inhibitors.

4. Spironolactone reduces mortality in combination with ACE inhibi-
tors (36).

5. Candesartan reduces total and cardiovascular mortality and reduces
heart failure hospitalizations alone or in combination with ACE inhibi-
tors and β-blockers (37).

The applicability of the randomized, controlled trials (RCTs) of heart
failure in older patients is uncertain. Few trials (38,39) were designed as
heart failure trials of older persons, but the average age of study partici-
pants was generally 60 years or older (Table 1). Elderly patients in these
heart failure trials are poorly documented (40). Few RCTs showed an
exact breakdown of results for patients aged 60 years or older. In fact,
some RCTs did not include older patients.

Limitations of Current Trials
Whether current guidelines for heart failure are applicable to older

patients is questionable (41). Most RCTs enrolled patients on the basis
of systolic dysfunction rather than diastolic dysfunction (42). Thus, the
report that concluded that most hospitalized older patients could not
have been enrolled in the published trials of heart failure is not surprising
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(43). Of older patients 65 years or older who were hospitalized for heart
failure, only 17% could have been enrolled in the Study of Left Ventricu-
lar Dysfunction (29), 13% in Metoprolol CR/XL Randomized Interven-
tion Trial in Heart Failure (34), and 25% in Randomized Aldactone
Evaluation Study (36).

Despite these limitations, specific outcome trials are reviewed. Data
that are relevant to older patients are highlighted when available.

ACE Inhibitors
Angiotensin (Ang) II is a potent direct vasoconstrictor that augments

cardiac output by amplifying sympathetic activity, increases thirst and
antidiuretic hormone secretion, stimulates the adrenal cortex to release
aldosterone, and acts on the kidney to increase sodium reabsorption (44).
Ang II directly reduces renin release. Ang II possesses potent cellular
growth properties, resulting in vascular and cardiac hypertrophy. Many
tissues and organs can produce Ang II independent of the classic circu-
lating system.

ACE inhibitors work by inhibiting ACE or kininase II (45). In heart
failure, ACE inhibitors decrease systemic vascular resistance, pulmo-
nary wedge pressure, and both end-systolic and end-diastolic left ven-
tricular volume. Thus, stroke volume and cardiac output improve. In
addition, there are favorable neurohormonal changes.

ACE inhibitors are proven therapy for the treatment of heart failure
and are recommended for all asymptomatic and symptomatic patients
with heart failure unless contraindicated (46). The ACE inhibitor
captopril improved mean exercise time by 28 seconds compared to
digoxin and by 47 seconds compared to placebo in a multicenter, double-
blind trial of 300 patients with mild-to-moderate heart failure (47). The
Cooperative North Scandinavian Enalapril Survival Study (CONSEN-
SUS) proved that enalapril dosed up to 20 mg twice daily reduced all-
cause mortality 31% after 1 year compared to placebo in 253 patients
with class IV heart failure treated in a double-blind fashion (28). Heart
failure was less likely to progress among enalapril-treated participants.

The Studies of Left Ventricular Dysfunction in symptomatic and
asymptomatic patients extended the results of CONSENSUS by exam-
ining classes I through III heart failure patients (29,30). In both studies,
patients with an EF 35% or less received placebo or enalapril dosed 2.5–
20 mg daily. After 41.4 months, the symptomatic patients (n = 2569)
treated with enalapril had a 4.5% lower mortality than those receiving
placebo (p < 0.0036) (29). The asymptomatic patients (n = 4228) were
followed for 37.4 months, but treatment with enalapril did not reduced
all-cause mortality (30). However, there was a 37% reduction in the
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development of heart failure and a 36% reduction in first hospitalization
for heart failure with enalapril.

The Assessment of Treatment With Lisinopril and Survival study
assigned patients with an EF of 30% or lower to low-dose or high-dose
lisinopril to examine safety, mortality, and hospitalization in heart fail-
ure (31). Although this trial did not observe any reduction in all-cause
mortality with the higher dose of treatment, there was a 24% reduction
in heart failure hospitalizations (p = 0.002). The rate for stopping medi-
cation was similar with each group.

Each of the ACE inhibitor trials provided essentially no data on eld-
erly patients. A meta-analysis of 27 heart failure trials examined total
mortality by various subgroups treated with ACE inhibitors or placebo
(48). This analysis observed a significant reduction in total mortality of
19% for 3510 patients older than 60 years and a 28% reduction for the
3021 patients 60 years or younger. The composite end point of total
mortality or hospitalization was reduced by 29% in younger patients and
21% in older patients. In a cohort of 554 elderly patients with heart
failure and systolic dysfunction, patients who received the recommended
dose of an ACE inhibitor, according to current guidelines, had a signifi-
cant decline in mortality compared to the patients receiving low doses of
an ACE inhibitor (49). High doses did not reduce readmissions for heart
failure. In an analysis of a hospital registry of 2906 older patients with
heart failure, treatment with an ACE inhibitor was associated with
improved survival and quality of life if the EF was 40 to 49% (50).
Among patients with an EF 50% or higher, functional heart failure class
improved, but mortality and heart failure re-admissions were not reduced.

Thus, there appears to be a benefit in using high-dose ACE inhibitors
in older patients with systolic heart failure. For diastolic heart failure,
symptoms and exercise duration are improved (51).

β-Blockers
Progression of heart failure is caused by sympathetic activation. β-

Blockers are standard therapy for heart failure. β-Blockers were believed
to improve heart failure symptoms more than 20 years ago (52).To test
this hypothesis, the Metoprolol in Dilated Cardiomyopathy study exam-
ined 383 subjects with idiopathic dilated cardiomyopathy and an EF less
than 40% (53).The majority of patients in this trial had class II to III heart
failure. Most of the subjects were treated with ACE inhibitors.
Metoprolol tartrate was gradually increased from 10 mg daily to as high
as 150 mg daily, as tolerated. Although there was no reduction in mor-
tality in metoprolol-treated patients, fewer patients receiving metoprolol
tartrate underwent heart transplantation. Left ventricular EF increased



212 Hypertension in the Elderly

by 12% in metoprolol-treated patients compared to 6% in placebo-treated
patients. Also, an improvement in exercise time and heart failure class
was documented. Thus, the results of this trial initiated the large outcome
trials of β-blockers for systolic heart failure (54).

Bisoprolol is an ultraselective β1-blocker without α1-blocking
characteristics.The Cardiac Insufficiency Bisoprolol Study II randomly
assigned, using a randomized, double–blind design, 2647 patients with
symptomatic heart failure with an EF 35% or less (32). Bisoprolol was
initiated at 1.25 mg once daily and titrated to 10 mg once daily. Most
patients received concomitant therapy with an ACE inhibitor. After an
average follow-up of 1.3 years, the study was prematurely terminated
because of a significant reduction in all-cause mortality (17.3% in pla-
cebo-treated patients vs 11.8% in bisoprolol-treated patients, p < 0.0001).
Other benefits included fewer cardiovascular deaths (p = 0.0049), fewer
hospitalizations for heart failure (p = 0.0006), fewer sudden deaths (p =
0.0011), and fewer episodes of ventricular tachycardia and fibrillation
(p = 0.006). Approximately 20% of the subjects were 71 years or older
(55). This group had a 32% relative reduction in total mortality and a
50% reduction in progression of heart failure. Bisoprolol did not reduce
sudden death in this group.

In the Metoprolol CR/XL Randomized Intervention Trial in Conges-
tive Heart Failure, controlled release/extended release metoprolol suc-
cinate was tested in 3991 patients with an EF 40% or less with class II
to IV heart failure (34). Conducted as a double-blind, RCT, metoprolol
succinate controlled release/extended release was titrated from 12.5 to
200 mg once daily over 8 weeks. The average follow-up period was 1 year,
and the trial was stopped early because of mortality benefit. The overall
mortality was 11.0% in the placebo group and 7.2% in the metoprolol
succinate group (p = 0.0062). In addition, there was a 38% reduction in
cardiovascular mortality (p = 0.00003) and 41% reduction in sudden
death (p = 0.0002). Also, there were fewer hospitalizations owing to
heart failure or cardiovascular causes. Among the 153 study participants
who were 69.4 years or older, total mortality was significantly reduced.

Carvedilol is a nonselective β-blocker with α-blocking and antioxi-
dant properties. The US Carvedilol Heart Failure Study, a composite of
four separate protocols, enrolled 1094 patients with class II to III heart
failure with an EF of 35% or less (56). Of the subjects, 95% received
concomitant ACE inhibitors. The patients who could tolerate 6.25 mg of
carvedilol twice daily for 2 weeks ultimately were enrolled in the double-
blind portion of this trial. Although the trial was not designed as a mor-
tality study, the overall mortality was 7.8% in the placebo group and
3.2% in the carvedilol group, for an absolute reduction in mortality of
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4.6% (p < 0.001). There was also a 5.5% absolute reduction in the risk
of hospitalization. The most common side effect experienced by
carvedilol-assigned patients was dizziness in 33% of patients compared
to 20% of placebo-assigned patients.

Using a double-blind trial design, the Carvedilol Prospective Ran-
domized Cumulative Survival Study randomly assigned 2289 patients
with severe heart failure (33). Placebo or carvedilol 6.25 mg twice daily
titrated to 25 mg twice daily was given. The trial was stopped after 10.4
months because of a beneficial reduction in total mortality with active
treatment (18.5% placebo vs 11.4% carvedilol, p = 0.0014). A signifi-
cant reduction in mortality was seen in the subgroup of patients 65 years
or older.

In the Carvedilol or Metoprolol European Trial, 3029 patients with
class II to IV heart failure were titrated to a target of 25 mg carvedilol
twice daily or 50 mg metoprolol tartrate twice daily using a randomized,
double-blind design (35). After 58 months, the all-cause mortality was
6% lower in the carvedilol group (p = 0.0017). Heart rate was signifi-
cantly lower with carvedilol during the first 16 months of the study, and
systolic blood pressure was lower with carvedilol. Among patients 65
years or older, the relative reduction in mortality was 16%. This trial
emphasized that metoprolol tartrate should not be used for heart failure.

Bucindolol is a nonselective β-blocker with mild vasodilating
characteristics.The Beta Blocker Evaluation Survival Trial (BEST) stud-
ied class III to IV heart failure patients with an ejection fraction 35% of
less (57). Bucindolol dosed 3–100 mg twice daily or placebo was given
to 2708 patients for an average follow-up of  2 years. Approximately 56%
of the study population were 60 years or older. For the entire cohort,
mortality was reduced 12.5% but not statistically decreased with
bucindolol. For subjects 65 years or older, there was no survival advan-
tage with bucindolol (p = 0.31) (58).

Current guidelines recommend β-blockers for asymptomatic or symp-
tomatic heart failure for stable patients with or without a previous MI
(46). In a long-term care facility, 477 men and women older than age 60
years with a prior MI and an EF 40% or less received β-blockers, ACE
inhibitors, both, or neither (59). The combination of β-blockers and ACE
inhibitors was the most effective strategy for reducing coronary events
and heart failure in this nonrandomized study. An observational study of
11,942 elderly patients from Alberta, Canada, with heart failure reported
36 and 45% reduction in all-cause mortality with high-dose β-blocker
and ACE inhibitor use, respectively (60). Heart failure hospitalizations
decreased 29% over 21 months with β-blockers and 11% with ACE
inhibitors.
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Thus, β-blockers should be used in patients with systolic heart failure.
Care must be taken to titrate the medication every 2 weeks while care-
fully assessing heart rate, fluid retention, and BP. The results of these
trials argue against a “class effect” of β-blockers for heart failure. Thus,
only bisoprolol, metoprolol succinate, and carvedilol should be pre-
scribed instead of metoprolol tartrate or atenolol.

Angiotensin Receptor Blockers
Ang II receptors are distributed in the brain, heart, kidney, adrenal

gland, and blood vessels (61). Although the role of Ang II is to defend
the body acutely against hemorrhage or dehydration, the chronic effects
of stimulation are ventricular and vascular hypertrophy. Angiotensin-
receptor blockers (ARBs) block the type I angiotensin II (AT1) receptor.
Once the AT1 receptor is blocked, plasma renin, Ang I, and Ang II
increase. There are other Ang II receptor subtypes, but the AT2 receptor
is present during fetal development (62). The AT2 receptor may mediate
apoptosis and tissue remodeling. Stimulation of AT2 receptors from
blockade of the AT1 receptor increases nitric oxide production and affer-
ent arteriolar dilatation. CONSENSUS documented a significant posi-
tive correlation between mortality and levels of Ang II (p < 0.05) in
patients treated with placebo (63). Because of the powerful predictive
implications of angiotensin II on heart failure mortality, it was antici-
pated that the targeted blockade of Ang II would be even more effective
in reducing overall mortality than the ACE inhibitors. The Evaluation of
Losartan in the Elderly (ELITE) randomly assigned 722 patients 65
years or older to losartan or captopril (39). Using a randomized, double-
blind design, patients with class II to IV heart failure with an EF of 40%
or less received losartan titrated to 50 mg once daily or captopril titrated
to 50 mg three times a day for 48 weeks. This was a tolerability rather
than a mortality trial: the primary end point was an increase in serum
creatinine 0.3 mg/dL or greater. There was no difference between
losartan and captopril for increases in serum creatinine. The secondary
composite end point was death and/or hospital admission for heart fail-
ure. The result was 9.4% for losartan-treated patients and 13.2% for
captopril-treated patients (p = 0.075). Although there was no reduction
in hospital admissions for heart failure, total mortality was lower with
losartan than captopril (4.8 vs 8.7%, p = 0.035) because of a reduction
in sudden cardiac death. There were fewer adverse events among
losartan-treated patients (12.2%) vs captopril-treated patients (20.8%,
p � 0.002).
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ELITE-II was designed as a double-blind, randomized trial to assess
all-cause mortality (38). This study enrolled 3152 patients 60 years or
older with symptomatic heart failure (class II to IV) with an EF 40% or
less. Captopril and losartan were dosed the same as in the ELITE study.
After a mean follow-up of 555 days, there was no difference in mortality
between the captopril (15.9%) and losartan (17.7%, p = 0.16) arms.
There was no difference in the rate of sudden death or heart failure
hospitalizations. Captopril was superior to losartan among patients receiv-
ing β-blockers. Losartan was better tolerated than captopril (9.4 vs 14.5%,
p < 0.001). ELITE-II has been criticized for failing to use higher doses
of losartan because other outcome trials using 100 mg of losartan were
successful in achieving the primary end points (64–66).

The Valsartan Heart Failure Trial (Val-HeFT) was designed to com-
pare the long-term effect of 160 mg valsartan or placebo dosed twice
daily on morbidity, mortality, and quality of life (67). This multicenter,
double-blind, placebo-controlled trial enrolled 5010 patients with class
II to IV heart failure (68). The primary end point of all-cause mortality
was 19.7% in the valsartan group and 19.4% in the placebo group (p =
0.80). Among the 366 patients not receiving an ACE inhibitor, mortality
was reduced significantly by 9.8% (p = 0.017) (69). The combined end
point of mortality and heart failure morbidity was significantly decreased
because of the reduction of heart failure hospitalizations in the valsartan
group compared to placebo (13.8 vs 18.2%, p < 0.001). The combined
end point for the 2350 elderly patients 65 years or older was reduced but
not significantly.

The Candesartan in Heart Failure Assessment of Reduction in Mor-
tality and Morbidity (CHARM) program definitively answered the ques-
tion regarding whether an ARB is effective for patients with heart failure
(37). This randomized, double-blind trial had three components investi-
gated in patients with heart failure. The study examined patients with an
EF 40% or less (a) receiving ACE inhibitors (CHARM-Added, n = 2548)
or (b) not receiving ACE inhibitors (CHARM-Alternative, n = 2028),
and (c) patients with an EF greater than 40% (CHARM-Preserved, n = 3023)
(42,70,71). The median follow-up for the overall trial was 37.7 months. For
the entire study, total (p = 0.032) and cardiovascular (p = 0.006) mortal-
ity were significantly reduced (37). Hospital admissions for heart failure
were reduced by 4.3%. The composite end point of cardiovascular death
or first admission for heart failure significantly favored candesartan-
assigned participants who were 65 years or older, which comprised 57%
of the entire cohort.
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In the CHARM-Added population, cardiovascular death was reduced
by 3.6% (p = 0.021) and heart failure hospitalizations by 3.8% (p = 0.018)
(70). Candesartan reduced the composite end point in the presence of
concomitant β-blocker therapy. Candesartan-treated patients were more
likely to experience an increase in creatinine (7.8 vs 4.1%, p = 0.0001)
and hyperkalemia (3.4% vs 0.7%, p < 0.0001). In the CHARM-Alterna-
tive cohort, cardiovascular death was reduced by 3.2% (p = 0.02) and
heart failure hospitalizations by 7.8% (p < 0.0001) (71). The 17% rela-
tive reduction in total mortality was significant (p = 0.033) after covariate
adjustment. The greatest percentage (26.7%) of study participants 75
years or older was in the CHARM-Preserved cohort (42). Heart failure
hospitalizations were reduced by 2.4% (p = 0.041).

Current heart failure guidelines view ARBs as appropriate therapy for
patients who cannot be given an ACE inhibitor because of cough or
angioneurotic edema (46). The addition of an ARB to an ACE inhibitor
was considered controversial. The results of CHARM should alter those
recommendations.

Aldosterone Antagonists
Like Ang II, aldosterone is a potent predictor of mortality in patients

with heart failure.The Randomized Aldactone Evaluation Study enrolled
1663 patients with predominantly class III to IV heart failure (36). There
were 822 patients randomly assigned to receive 25 mg spironolactone
daily and 841 to placebo. Concomitant therapy with ACE inhibitors was
used in 95% of patients, but only 10 to 11% received β-blockers. All-
cause mortality was the primary end point. After an average follow-up
period of 24 months, the study was discontinued prematurely. The death
rate in the placebo group was 45.9% compared to 34.5% in the spirono-
lactone group (p < 0.001). The benefit was similar for patients younger
than 67 years and those 67 years or older.

Spironolactone-assigned patients were less likely to have progression
of heart failure (15.4 vs 22.5%, p < 0.001) and sudden death (10.0 vs
13.1%, p = 0.02). Furthermore, these subjects were less likely to be
hospitalized for worsening heart failure (p < 0.001). Surprisingly, seri-
ous hyperkalemia did not occur commonly in the spironolactone patients.
However, there was a greater rate of gynecomastia and breast pain in men,
but they were not more likely to discontinue the study drug because of
adverse events.

Eplerenone, a selective aldosterone-receptor antagonist should be
associated with fewer side effects because it has a lower affinity for the
androgen and progestin receptors compared with spironolactone. In a
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double-blind, placebo-controlled study evaluating the effect of eplerenone
among 3313 patients with acute MI complicated by left ventricular dys-
function and heart failure, 25–50 mg eplerenone per day reduced mor-
tality by 15% (p = 0.008) (72).

Current guidelines favor the limited use of spironolactone for class IV
systolic heart failure with preserved renal function and normal potas-
sium concentrations (73,74). However, multiple reports have alerted
physicians that serious hyperkalemia may occur in older patients with
heart failure treated with ACE inhibitors and spironolactone (75,76).
Common features that promote hyperkalemia in older patients include
concomitant NSAIDs, renal insufficiency, diabetes with type IV renal
tubular acidosis, and volume depletion.

Vasodilators
Two trials have been published regarding the combination of hydrala-

zine and isosorbide dinitrate (77,78). The first Veterans Administration
Cooperative Vasodilator-Heart Failure Trial (V-HeFT I) compared pla-
cebo, 2.5–5 mg prazosin dosed four times daily, or 20–40 mg dosed
isosorbide dinitrate four times daily with 37.5–75 mg hydralazine dosed
four times daily (77). The 642 men with chronic heart failure in this
study received background therapy with digoxin and diuretics before
they were assigned, using a randomized, double-blind trial design, to
study medications. After 2.3 years, mortality was reduced with a com-
bination of hydralazine and isosorbide dinitrate but not prazosin. Of 623
study participants, 13% had a radionuclide ventricular EF of 45% or
greater (79). In this preserved systolic function group, the annual mor-
tality of the patients receiving combined vasodilators was lower than for
the placebo group (5.3 vs 9.0%, not significant).

V-HeFT II compared the hydralazine and isosorbide dinitrate combi-
nation with 5 to 10 mg enalapril dosed twice daily (78). This trial en-
rolled 804 men and followed them for an average of 2.5 years. After 2
years, the mortality was lower in the enalapril group (18 vs 25%, p =
0.016). Overall mortality was 32.8% among patients assigned to enalapril
and 38.2% for the combination of hydralazine and isosorbide dinitrate-
hydralazine (p = 0.08). There were fewer sudden deaths for the enalapril
group. However, EF and exercise tolerance improved more with the
combined vasodilators.

In a separate analysis of the V-HeFT I and II trials, there were 105
(16.3%) patients older than 65 years in V-HeFT I and 225 (28.0%) in
V-HeFT II (80). For the older patients in V-HeFT I, neither prazosin
(p = 0.60) nor the combined vasodilators (p = 0.98) was superior to
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placebo for survival. In fact, prazosin was associated with a 67% higher
mortality for ages 61 to 65 years and a 28% higher mortality above age
65 years compared with placebo. In V-HeFT II, there was no difference
in mortality for older patients treated with enalapril or hydralazine-
isosorbide dinitrate (p = 0.69). In these studies, age was not an indepen-
dent determinant of survival.

The combination of hydralazine and isosorbide dinitrate is only rec-
ommended for patients who cannot take ACE inhibitors because of renal
insufficiency or hypotension (46). There are no recommendations for
their use as alternatives to ACE inhibitors or in combination with ARBs
or ACE inhibitors. However, based on a post hoc analysis, there appears
to be an advantage for using hydralazine and isosorbide for the reduction
of heart failure mortality for African Americans, and this hypothesis is
now under testing in the African American Heart Failure Trial (81,82).

Digitalis
The Digitalis Investigators Group (DIG) trial studied whether digoxin

added to diuretics and ACE inhibitors would reduce mortality in patients
with heart failure (83). There were 7788 persons with heart failure
enrolled in this randomized, double-blind, placebo-controlled study:
69.3% of the study population were 60 years or older, and 12.7% of study
patients had an EF greater than 45% (84). There was no reduction in total
mortality. Mortality caused by worsening heart failure was reduced 12%
(p = 0.06), and heart failure hospitalizations were reduced 28% (p < 0.001)
(83). Two post hoc analyses of the DIG trial have raised issues of concern:
(a) digoxin therapy is associated with an increased risk of all-cause
mortality among women, but not men, with heart failure and depressed
left ventricular systolic function, and (b) the optimum serum digoxin
concentrations for men are in the range 0.5–0.8 ng/mL because levels
greater than 0.8 ng/mL are associated with increased mortality (85,86).

Increasing age was associated with increasing mortality and heart
failure hospitalizations (Fig. 11). There was no interaction between age
and digoxin treatment for either mortality or heart failure hospitaliza-
tion. The older DIG study participants did not experience a significant
increase in digoxin toxicity compared to placebo. Although digoxin is
considered detrimental to patients with preserved systolic function, this
was not apparent in terms of all-cause mortality (Fig. 11).

Digoxin is recommended for the treatment of symptomatic left ven-
tricular systolic dysfunction (46). The role of digoxin for preserved sys-
tolic function to minimize heart failure symptoms remains controversial,
but does not appear hazardous when tested prospectively.
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New Trials in the Elderly
There are several trials in progress that focus on heart failure in the

elderly (87,88). The Perindopril for Elderly People With Chronic Heart
Failure trial enrolled patients 70 years or older with an EF 40% or greater
to placebo or perindopril for a minimum of 1 year (88). The primary
outcome is total mortality and heart failure hospitalization. Enrollment
was closed with just over 800 patients recruited in June 2003 and should
continue for a further 18 months.

The Study of the Effects of Nebivolol Intervention on Outcomes and
Rehospitalization in Seniors With Heart Failure is a randomized, double-
blind, parallel-group trial that will enroll 2000 patients 70 years or older
with heart failure and with or without systolic dysfunction (87). Placebo
or nebivolol 1.25 mg titrated to 10 mg will be given for up to 29 months.
The primary outcome of this trial is death or cardiovascular hospital
admission.

Fig. 11. Effect of digoxin on mortality and heart failure hospitalizations by age
and ejection fraction. There was no benefit or hazard of digoxin use in reducing
mortality in patients with systolic dysfunction or preserved ejection fraction
(upper panel). Digoxin reduced heart failure hospitalizations in patients with
systolic dysfunction or preserved ejection fraction (lower panel). (Data from
ref. 84.)
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The Irbesartan in Heart Failure With Preserved Systolic Function
study will randomly assign 3600 patients who are 60 years or older with
class II to IV heart failure and an EF of 45% or greater. Hospitalization
for heart failure within the previous 6 months or current heart failure
symptoms and corroborative evidence by electrocardiography, chest
X-ray, or echocardiography are required for enrollment. The trial will
be conducted as a randomized, double-blind, placebo-controlled, paral-
lel-group design. The primary composite outcome will be all-cause
mortality and cardiovascular hospitalization. Patients will be followed
for 48 months. Secondary outcome measures include (a) all-cause
mortality; (b) cardiovascular death, which will be analyzed as the time
to the first event; (c) combined cardiovascular death and nonfatal myo-
cardial infarction and stroke; (d) combined heart failure mortality and
heart failure hospitalization; (e) quality of life; (f) improvement in heart
failure class; and (g) improvement in BNP levels.

Issues for Diastolic Heart Failure Management
Predictors of 1-year mortality in 683 patients 70 years or older with

heart failure was similar for normal and abnormal heart failure: systolic
blood pressure, blood urea nitrogen, and the Activities of Daily Living
(ADL) Scale (89). Heart failure class was an additional factor for pre-
served systolic function, and serum albumin and male gender were fac-
tors for systolic dysfunction.

There are four recommendations in the management of preserved EF
heart failure: (a) manage BP, (b) control tachycardia, (c) reduce pulmo-
nary congestion, and (d) improve myocardial ischemia (46). There are
scanty data on outcomes. The CHARM-Preserved trial provided the best
data available. The Irbesartan in Heart Failure With Preserved Systolic
Function, Perindopril for Elderly People With Chronic Heart Failure,
and Study of the Effects of Nebivolol Intervention on Outcomes and
Rehospitalization in Seniors With Heart Failure trials will support and
extend knowledge of treatment.

β-Blockers and the nondihydropyridine calcium channel blockers
potentially slow the heart and treat ischemia. A prospective study of 158
elderly patients with preserved systolic function heart failure and a prior
MI was conducted to assess outcome of adding propranolol adjunctive
therapy or placebo to treatment with ACE inhibitors and diuretics (90).
Propranolol was associated with a reduction in total mortality and non-
fatal MI rate. In a blinded crossover study, verapamil was shown to
improve the peak filling rate and exercise duration in elderly patients
with heart failure and preserved systolic function (91). Verapamil
improves exercise duration decreased pulse wave velocity in elderly



Chapter 12 / Heart Failure in Older Patients 221

patients (92). Losartan increased exercise duration in subjects with dias-
tolic dysfunction (93). ACE inhibitors are usually recommended also, but
not all trials show an improvement in exercise duration (94).

ADHERENCE

There are many reasons that contribute to nonadherence to treatment
of heart failure. However, among elderly patients with heart failure, the
rate appears to be especially high (95). Among 7247 New Jersey Med-
icaid recipients 65 years or older who received a new prescription for
digoxin, 19% of the cohort did not refill their initial prescription. Also,
medication was not taken on average for 111 days over the period of a
year. However, among patients receiving multiple medications for heart
failure, the average number of missed days of medication was 56 days.
In addition, a prior hospitalization or an age of 85 years or older was
associated with more adherence to therapy (95).

A nurse-directed, multidisciplinary approach appears to be more
effective (96). In a randomized prospective trial, 282 subjects 70 years
or older who were hospitalized for heart failure were assigned to con-
ventional therapy or a comprehensive individualized education, which
included information on disease, diet, medications, discharge planning,
and follow-up. The intervention group had fewer heart failure admis-
sions within 90 days after discharge compared to the control group (24
vs 54%, p = 0.04). In addition, there was more improvement in quality
of life and cost savings in the special intervention group.

PREVENTION

Systolic and pulse pressures confer the greatest risk for the develop-
ment of heart failure (97). The treatment of heart failure is expensive.
Prevention offers a rational long-term approach to avoid the impairment
in lifestyle and increased mortality and morbidity of heart failure. Cur-
rent heart failure guidelines highlight the identification of patients at
high risk for heart failure (46). This includes systemic hypertension,
diabetes mellitus, coronary artery disease, and alcohol abuse. The rec-
ommended approach includes the treatment of hypertension and lipids,
smoking cessation, exercise, avoidance of alcohol and illicit drugs, and
use of ACE inhibitors in high-risk patients. Weight reduction should be
included because there is a graded risk of heart failure with increasing
body mass index (98).

The clinical trials of hypertension have provided the best-documented
evidence in the reduction of heart failure (99–103). Diuretics alone or in
combination with β-blockers prevented heart failure (101,103). ACE
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inhibitors were more effective than calcium channel blockers (104).
Diuretics were associated with lower rates of heart failure than
amlodipine or the α1-blocker doxazosin (102,103,105). The increasing
use of antihypertensive medications and the decline in left ventricular
hypertrophy (106) are likely to be associated with lower rates of heart
failure if the benefits are not offset by the increasing incidence of obesity
and diabetes mellitus.

SUMMARY

Diastolic heart failure occurs in about 50% of older persons and is
most often associated with female gender, systemic hypertension, and
left ventricular hypertrophy. Nonpharmacological therapy with sodium
restriction, exercise, and weight reduction are required. Strict control of
blood pressure, diabetes, and lipids is likely to benefit the patient. Main-
taining a sinus rhythm is vital. Candesartan benefits both systolic and
diastolic heart failure. β-Blockers reduce mortality from ischemic heart
disease and systolic heart failure, control the ventricular response in
atrial fibrillation, reduce mortality in combination with diuretics in hyper-
tensive patients, and increase the diastolic filling time. The assessment
and treatment of heart failure in the elderly is a challenge with insuffi-
cient tools for diagnosis and trials that may not be totally relevant.
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INTRODUCTION

Ischemic heart disease (IHD) is characterized by an imbalance between
myocardial blood flow supply and metabolic demand. In Westernized
society, this is found principally in the setting of atherosclerotic coro-
nary artery disease (CAD), also known as coronary heart disease (CHD),
but is also present in other disease states commonly found in the hyper-
tensive elderly patient, including valvular heart disease, dilated cardi-
omyopathy, atrial fibrillation (AF), metabolic disorders such as
hypothyroidism, left ventricular hypertrophy (LVH), and diastolic dys-
function. In patients with CAD, supply is limited by the degree of lumi-
nal narrowing in epicardial coronary vessels. In those with hypertension
with or without LVH, excess demand is present owing to increases in
wall stress and in metabolic demands of the hypertrophied myocardium.
In both of these disorders, there is associated endothelial dysfunction in
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the coronary microvasculature, which can also limit supply to the myo-
cardium (1). When CAD and hypertension with or without LVH coexist,
both supply and demand are adversely affected, thus worsening the
degree of expected ischemia.

In our society, about 50% of men and women ultimately die of cardio-
vascular disease (CVD) (2). CHD is the leading cause of morbidity and
mortality among the elderly. Of all CHD deaths on a yearly basis, 85%
occur in those aged 65 years and older (3). In the Framingham cohort,
among hypertensive subjects aged 65 to 89 years, approximately 50% of
both men and women had a history of CVD, including angina pectoris
and myocardial infarction (MI) (4). This review of IHD in the elderly
hypertensive patient discusses current recommendations for evaluation
and management of coronary risk factors, subclinical CHD, chronic
stable angina, and the spectrum of acute coronary syndromes (ACS),
which includes unstable angina (UA), non-ST-segment elevation MI
(NSTEMI), and ST-segment elevation MI (STEMI). In the spirit of evi-
dence-based medicine, whenever possible, studies in elderly patients
have been utilized for recommendations.

However, elderly people and women have been underrepresented in
randomized clinical trials. Between 1966 and 1990, published trial
enrollment of patients aged 75 years and older averaged 2% (5). This
increased to 9% during 1991 through 2000. Similarly, among women,
enrollment rose slightly from 20% to 25%. Both represent significant
underenrollment when compared with prevalence of disease. For this
reason, recommendations are extrapolated from randomized clinical trial
data observed in younger patients when necessary. In addition, registry
and observational databases, which often contain a wealth of informa-
tion regarding patients of all ages, are used to support certain recommen-
dations. Finally, although geriatric is a term generally used to define
those 65 years and older, further age partitioning is frequently seen in the
literature; for example, the youngest-old are defined as those between 65
and 74 years. If clinically important, any differences across “old age” are
addressed.

RISK FACTORS IN THE ELDERLY

The elderly continue to comprise a larger and larger segment of the
American population as people live longer and the birth rate drops. In the
2000 US Census, nearly 35 million Americans aged 65 years and older
(12.4%) were counted (6). By the middle of the 21st century, it is pro-
jected this group will number 80 million or 20% of the total population.
As the geriatric population grows, an important and controversial issue
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is the need for treatment of coronary risk factors in the elderly. Consen-
sus statements have been issued for prevention of cardiac morbidity and
mortality in patients with and without known CHD (7,8). Table 1 details
recommendations issued for primary prevention of CVD and stroke in
adults (7). These are based on investigations performed primarily in
nonelderly patients but are presumed suitable for all adults.

Current life expectancy in the United States at the time of birth is 79.8
years in women and 74.4 years in men (9). Once a person achieves the
age of 80 years, it is estimated that the individual is likely to survive an
additional 8 years. However, living longer is not equivalent to aging
better. Women, as a group, live on average 5 years longer than men, but
they spend twice as much time disabled before death (10). Thus, the
focus in the elderly must be not only treatment, but also prevention as a
way to enhance quality of life.

Table 1
Guide to Primary Prevention of Cardiovascular Disease and Stroke in Adults

Risk intervention Goal

Smoking Complete cessation; no exposure to second-hand smoke.
Hypertension Blood pressure <140/90 mmHg; <135/85 if CRI or CHF

present; <130/80 if diabetes present
Hypercholesterolemia Primary goal: LDL-C <160 mg/dL, if one or less risk factor;

<130 mg/dL if two or more risk factors and 10-year CHD
risk <20%; and <100 mg/dL if two or more risk factors and
10-year CHD risk �20% or presence of DM or PVD

Secondary goal: Non-HDL-C
Other targets: TG >150 mg/dL, HDL-C <40 mg/dL in men

and <50 in women
Diabetes Near-normal fasting plasma glucose (<110 mg/dL)

and HbA1c < 7%
Physical activity At least 30 minutes of moderately intense physical activity

on most days; may need physician clearance to initiate
exercise program (exercise stress test?)

Weight management Achieve and maintain desirable weight (BMI 18.5–24.9 kg/
m2); when BMI �25, waist circumference at the iliac
crest �40 inches in men and �35 inches in women.

Diet Match energy intake with energy needs; saturated fat <10%
of calories, cholesterol <300 mg/day, salt <6 g/day

BMI, body mass index; CHD, coronary heart disease; CHF, congestive heart failure; CRI,
chronic renal insufficiency; HbA1c, indicator of glycosylated hemoglobin; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, total
cholesterol minus HDL-C; TG, triglycerides. (Adapted from ref. 7.)
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Recent research suggests that coronary artery plaque rupture is cor-
related with a low-grade inflammatory state related to the presence of
one or more uncontrolled risk factors (11). Vascular inflammation and
increased risk of a coronary event are predicted by an elevated high-
sensitivity C-reactive protein (hs-CRP) level. As demonstrated in a fol-
low-up to the Air Force/Texas Coronary Atherosclerosis Prevention
Study, a randomized primary prevention clinical trial performed in 5742
patients (aged 45–73 years), lovastatin was effective in reducing the risk
of acute coronary events not only in subjects with elevated low-density
lipoprotein cholesterol (LDL-C) level regardless of hs-CRP level but
also in those with low LDL-C and high hs-CRP (12).

One argument against treating risk factors in the elderly is that the
cumulative effect of decades of exposure cannot be significantly coun-
tered at such a late stage. This line of thinking concludes that the risk–
benefit ratio does not support the use of potentially toxic drugs in the
elderly. However, if treatment of risk factors were also likely to stabilize
atherosclerotic coronary artery plaques in the elderly, then such treat-
ment would shift the balance away from the vulnerable plaque, lessening
the likelihood of rupture and ACS. Because ACS is more lethal among
the elderly and particularly so among those 80 years and older (13),
substantial benefit from efforts aimed at plaque stabilization are to be
expected. Coronary mortality has been declining in the general popula-
tion, including the elderly, since 1970 (14). This generalized benefit
suggests that advances in medical interventions or therapies are poten-
tially responsible for the observed improved prognosis among all sub-
sets of the population.

The coronary risk factor profile overall worsens with age, although
tobacco use and obesity decline in the elderly (15). Definite hyperten-
sion is present in nearly 50% of men and in 60% of women aged 75 years
and older from the Framingham cohort. Among those 65 to 74 years, the
corresponding numbers are 38% and 48%, respectively. Isolated sys-
tolic hypertension (ISH) is the predominant form of hypertension among
the elderly. The risk of MI associated with ISH is increased two- to
threefold among the elderly. CHD is the most common cardiovascular
outcome of hypertension in Framingham study subjects aged 65–94
years, outnumbering stroke, peripheral vascular disease (PVD), and
congestive heart failure (CHF) (4). Hypertension may be, but generally
is not, an isolated risk factor among the elderly, found in less than 20%.

Other major risk factors tend to cluster with hypertension in increas-
ing proportion based on presence and degree of central obesity, confer-
ring greater risk of an adverse cardiovascular event. Two or more
additional risk factors occur in 50% of people with hypertension. This
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association of risk factors is called the metabolic or insulin resistance
syndrome, which is characterized by hypertension, central obesity, type
2 diabetes mellitus (DM), and dyslipidemia (16). The last is character-
ized by elevated triglyceride fraction, depressed high-density lipopro-
tein cholesterol (HDL-C) fraction, and accumulation of atherogenic,
small, dense LDL-C particles. This syndrome is promoted by visceral
adiposity and, as such, has been increasingly seen in all segments of the
general population, including children, in association with doubling of
obesity prevalence over the past decade.

A recently popularized concept is risk equivalence (17). The most
powerful predictor of future major cardiovascular events over the suc-
ceeding 10 years is current clinical presence of atherosclerosis in coro-
nary and noncoronary beds. Thus, PVD, symptomatic carotid artery
disease, and abdominal aortic aneurysm (AAA) are considered risk
equivalent to known CHD. This was shown to hold true for subjects 65
years or older in the Cardiovascular Health Study, a longitudinal study
that included more than 6000 elderly men and women (18). Interest-
ingly, this relationship held even for subclinical CHD. Type 2 DM is now
classified as a potent risk equivalent for CHD.

Using the preceding line of thinking, the National Cholesterol Educa-
tion Program Adult Treatment Panel III (ATP-III) guidelines for treat-
ment of lipids recommended lowering LDL-C below 100 mg/dL in
patients (a) with known CHD; (b) in risk-equivalent disease processes,
including PVD, symptomatic carotid artery disease, AAA, and DM; and
(c) in patients with multiple coronary risk factors that confer a 10-year
CHD risk greater than 20% (17). These guidelines went on to recom-
mend calculation of 10-year risk using gender-specific multivariable
scoring instruments derived from prospective Framingham Study data
in all subjects with two or more risk factors (Fig. 1). Using age (20–79
years), systolic blood pressure (treated or untreated), total cholesterol,
HDL-C, and smoking status, the 10-year predicted CHD risk (%) is
derived. A 10-year risk less than 10% is considered low risk, 10–20%
confers intermediate or moderate risk, and greater than 20% is high risk,
mandating aggressive primary prevention. A priori, those with a history
of CHD, PVD, symptomatic carotid artery disease, AAA, or DM are
considered to have risk equivalence for CAD and require aggressive
primary/secondary prevention.

Another concept promoted by the ATP-III guidelines is assessment of
the total burden of disease. Global risk assessment recognizes the impor-
tance of nontraditional risk factors, which include life habit risk factors
(obesity, physical inactivity, atherogenic diet) and emerging risk factors
(hs-CRP, homocysteine, lipoprotein[a], fibrinogen, and subclinical
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Fig. 1. Multivariable Framingham scoring tool developed for estimation of 10-
year risk of coronary heart disease. BP, blood pressure; HDL, high-density
lipoprotein. (Adapted from ref. 17.)
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CVD) (19). Although the nontraditional risk factors do not modify the
LDL-C goal, they can be used in concert with traditional risk factors to
guide the intensity of risk-reduction therapy.

SUBCLINICAL CARDIOVASCULAR DISEASE

Because subclinical CVD was found to be an important predictor of
future cardiac events among the elderly in the Cardiovascular Health
Study, it is appropriate to consider whether detection of subclinical CHD
and of the related risk equivalents PVD, symptomatic carotid artery
disease, AAA, and DM is indicated. This would allow targeted therapy
of those most at risk for future cardiovascular events. More than 40% of
men and women in the Cardiovascular Health Study were demonstrated
to have subclinical CVD (18). In the elderly, more than 30% of all MIs
are unrecognized. This is especially common in men with DM and in
both men and women with hypertension (15). Among the latter, an
astounding one of two MIs is clinically silent or unrecognized. Elderly
patients, especially women, are more likely to describe symptoms atypi-
cal for the diagnosis of coronary ischemia when presenting with angina
or an ACS. The most common anginal equivalent symptom in elderly
women is exertional or rest dyspnea.

Thus, diagnosis of subclinical CVD requires more than historical
information offered by the patient. One suggested approach is to perform
noninvasive screening tests, which are specific for different vascular
beds. In many cases, the physical exam may suggest the suspected diag-
nosis and the indicated screening test. For example, after auscultation of
a femoral artery bruit, measurement of the ankle–brachial blood pres-
sure ratio, if 0.9 or less, is highly suggestive of significant PVD and is
associated with a threefold higher rate of CHD death, MI, and vascular
death (20).

In elderly patients with dyspnea, performance of an electrocardio-
gram (ECG) may yield findings diagnostic for previous MI. Likewise,
performance of a two-dimensional echocardiogram allows visualization
of myocardial wall motion abnormalities secondary to previous non-Q-
wave as well as Q-wave MI. The only clue suggesting left ventricular
dysfunction may be a soft systolic murmur secondary to mitral regurgita-
tion, a frequent finding after inferior or posterior MI. Significant carotid
artery stenosis is usually diagnosed after auscultation of a classic bruit or
after a patient presents with symptoms consistent with transient ischemic
attack. Carotid ultrasonography can be used to quantitate internal carotid
artery luminal stenosis and intima-media thickness, both indicators of
atherosclerotic burden.
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Treatment of subclinical CVD in healthy elderly people is supported
by observational databases. Both the ankle–brachial blood pressure ratio
and carotid artery intima-media thickness have been shown to predict
CVD in the elderly independently of traditional cardiac risk factors (20).
Although many feel screening for subclinical disease may be an appro-
priate use of resources in a healthy elderly population, recommendation
of this approach by a consensus panel awaits results of randomized
clinical trials.

CHRONIC ANGINA

Patients with chronic stable angina represent the majority of cardiol-
ogy outpatient and inpatient visits. It is estimated that for every patient
with an acute MI who survives to hospital admission, 30 people have a
history of chronic stable angina (21). In 1999, there were 550,000
patients in the United States (60% were 65 years and older) hospital-
ized for acute MI, but more than 16 million people, the majority geriat-
ric, required treatment for chronic angina.

In 1995, using a Medicare diagnosis and payment database, chronic
IHD was the diagnosis in 95% of elderly patients hospitalized with the
diagnosis of CAD and undergoing cardiac catheterization during the
same admission (21). In that same year, the prevalence of chronic IHD in
people 65 years and older was 83 per 1000 men and 90 per 1000 women
(22). This increased to 217 per 1000 men and 129 per 1000 women among
those 75 years and older. At autopsy, nearly 50% of women and 80% of
men demonstrate significant obstructive CAD (23).

An important challenge is diagnosis of CHD in the elderly, for whom
atypical symptoms predominate, most commonly dyspnea and CHF. It
is hypothesized that these presentations are related to an exaggerated rise
in left ventricular mean and end-diastolic pressures during ischemia,
mediated through reduction in left ventricular compliance in association
with LVH (24). The increased frequency of angina equivalent symptoms
in addition to predominance of NSTEMI infarcts may in large part
explain the underdiagnosis of CAD in the elderly, especially among
women, for whom acute MI eludes diagnosis in 50% of cases. After
diagnosis of IHD or MI, studies have shown decreased use of proven
beneficial therapies in the elderly, such as aspirin, β-blocking drugs, and
angiotensin-converting enzyme (ACE) inhibitors (25).

Just as in younger patients, a key goal in geriatric patients with chronic
angina is secondary prevention measures. Table 2 details recommenda-
tions for secondary prevention of CVD and events in patients with estab-
lished coronary and other vascular disease. Three of the classical
Framingham risk factors deserve special attention. Those considered
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essential to secondary prevention in the geriatric age group are hyperten-
sion, tobacco, and lipid management. The Systolic Hypertension in the
Elderly Program was the first trial to investigate the treatment of systolic
hypertension in those 60 years and older (mean age 71 years) (26). After
5 years, the active treatment group had reduced incidence of cardiovas-
cular events, stroke, and CHF.

The Systolic Hypertension in Europe trial found that active treatment
in older adults led to a 42% reduction in stroke and 26% reduction in
cardiac events after 2 years (27). A parallel study, the Systolic Hyperten-
sion in China trial, found that treatment of systolic hypertension reduced
stroke by 38%, cardiovascular mortality by 58%, and all cardiovascular
events by 37% (28). A meta-analysis of eight trials contributing nearly

Table 2
Guide to Secondary Prevention of Cardiovascular Disease and Stroke

in Adults With Coronary and Other Vascular Disease

Risk intervention Goal

Smoking Complete cessation; no exposure to second-hand smoke
Hypertension Blood pressure <140/90 mmHg; <135/85 if CRI or CHF

present; <130/80 if diabetes present
Hypercholesterolemia Primary goal: LDL-C <100 mg/dL

Secondary goal: If TG �200 mg/dL, then non-HDL-C
should be <130 mg/dL; if TG 200–499 mg/dL, consider
fibrate or niacin after LDL-C lowering; if TG �500,
consider fibrate or niacin before LDL-C lowering

Other targets: TG >150 mg/dL, HDL-C <40 in men and
<50 in women

Diabetes Near-normal fasting plasma glucose (<110 mg/dL) and
HbA1c <7%.

Physical activity At least 30 minutes of exercise daily using exercise stress
testing to guide recommended intensity; medically
supervised programs are indicated in higher risk
patients

Weight management Achieve and maintain desirable weight (BMI 18.5–24.9
kg/m2); when BMI �25, waist circumference at the
iliac crest �40 inches in men and �35 inches in
women

Diet Match energy intake with energy needs; saturated fats <7%
of total calories, total fat 25–35%; carbohydrates 50–
60%; protein 15%; dietary fiber 20–30 g/day;
cholesterol <200 mg/day; salt <4g/day

See Table 1 for definitions of abbreviations. (Adapted from ref. 8.)



238 Hypertension in the Elderly

16,000 patients over the age of 60 years with ISH found a treatment
advantage resulting in 30% reduction in stroke and 26% reduction in
cardiovascular events (29).

Results of the International Verapamil-Trandolapril Study, a random-
ized controlled trial (RCT) in hypertensive patients with stable CAD,
were reported (30). This trial included a significant percentage of eld-
erly, female, and diabetic patients. The purpose was to compare death,
nonfatal MI, and nonfatal stroke, as well as other measures of clinical
efficacy, in those randomly assigned to treatment with verapamil sus-
tained release or atenolol. Trandolapril and/or hydrochlorothiazide were
added to achieve blood pressure goals recommended by the Sixth Report
of the Joint National Committee on the Prevention, Detection, Evalua-
tion, and Treatment of High Blood Pressure (30a). After a follow-up
period of 2 to 5 years, the study found that a calcium antagonist strategy
with an ACE inhibitor was as effective clinically as a β-blocker with
diuretic strategy. All major outcome trials of hypertension in the elderly
are reviewed in Chapter 7 (see Table 4).

Patients with IHD who cease tobacco use accrue significant cardio-
vascular benefits within 1 year, including up to 25% reduction in mor-
tality after MI. Even greater risk reduction is seen after 1 year with
continuing tobacco abstinence (31). The benefit in risk reduction extends
to all age groups, including the geriatric population.

Most secondary prevention trials testing lipid lowering had upper age
limits and enrolled predominantly younger patients. However, signifi-
cant numbers of elderly patients were included in some studies and are
available for subgroup analysis, testing the effect of age. Furthermore,
trials typically lasted 5 to 6 years, extending the experience of statin use
well into the eighth decade. The Scandinavian Simvastatin Survival
Study enrolled patients with CAD and hypercholesterolemia and with an
upper age limit of 70 years (32). Of the 4444 men and women randomly
assigned to placebo or simvastatin, 1021 between 65 and 70 years of age
were enrolled. Cholesterol lowering with simvastatin produced similar
relative risk reduction (34%) for major coronary events in patients 65
years and older when compared with those younger than 65 years. The
absolute risk reduction for all-cause and for CHD mortality was signifi-
cantly greater among simvastatin-treated older patients.

In the Cholesterol and Recurrent Events (CARE) trial, 4159 men and
women with a history of MI and mild to moderate hypercholesterolemia
were enrolled, providing age was below 75 years (33). Pravastatin and
placebo were randomly administered, and follow-up was performed at
a median of 5 years. Of 1283 patients aged 65–75 years, major coronary
events were reduced by 32% compared with 19% in those younger than
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65 years. CHD mortality was decreased by 45% in the elderly group and
by 11% in those younger than 65 years old.

The Long Term Intervention With Pravastatin in Ischemic Disease
study enrolled 9014 patients with a previous history of ACS and a wide
range of total cholesterol levels (155–271 mg/dL) for randomization to
pravastatin or placebo (34). There were 3514 patients enrolled between
the ages of 65 and 75 years, the oldest age allowed. Among those on
pravastatin, death from CHD was reduced by 22% in those younger than
65 years and by 23% in those older than 65 years after a follow-up period
of 6 years. The combined end point of cardiac death and nonfatal MI was
reduced by 22% in those younger than 65 years and by 21% in those older
than 65 years.

The Prospective Pravastatin Pooling Project was devised in 1992 to
pool data from three large pravastatin trials with similar designs but with
enrollment of patients with differing degrees of risk for coronary events
(35). These trials included the West of Scotland Coronary Prevention
Study, CARE study, and Long Term Intervention With Pravastatin in
Ischemic Disease study. Using this large database, which includes 19,768
patients, and after stratifying by age (<55, 55–64, 65–75 years), there is
a consistent reduction in risk of CHD death and MI, ranging between
21% and 32%. For those in the oldest decade, the percentage reduction
in risk was 26%.

Because of the paucity of randomized clinical trial data in patients
older than 75 years, several recently completed trials were designed to
redress this deficiency. The Heart Protection Study enrolled 9515 patients
older than 65 years of age at baseline (46% of the study population) (36).
After the 5-year treatment period, simvastatin reduced coronary and
vascular events similarly in older and younger patients with a history of
CVD, diabetes, or treated hypertension (37). Risk of heart attack and
stroke was reduced by more than 20% in both high-risk and lower risk
patients on active treatment. The benefit of treatment was shared by
women, patients with diabetes, and the elderly (over 70 years).

The Prospective Study of Pravastatin in the Elderly at Risk was
designed to study pravastatin vs placebo in an older cohort (recruit-
ment ages 70–82 years) with proven vascular disease of any kind or risk
factors for vascular disease (38). The primary end point of the study was
combination of CHD death, MI, and stroke. Pravastatin reduced the
primary end point by 15% after an average follow-up of 3.2 years. This
reduction was driven by a nearly 20% reduction in coronary events (39).

The National Cholesterol Education Program ATP-III evidence-based
clinical guidelines for treatment of hypercholesterolemia specify that
age is no barrier to treatment (17). Data acquired since the last treatment
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guide was published in 1993 show that elderly at-risk patients up to age
78 years demonstrated similar benefit in risk reduction after LDL-C
lowering, as did those younger than 65 years in both primary and second-
ary prevention trials.

A secondary goal after treatment of LDL-C lowering recommended
by ATP-III is treatment of the metabolic syndrome in both primary and
secondary prevention. As in younger patients, medical management of
this syndrome in geriatric patients is inextricably connected to weight
loss, exercise, and treatment of hypertriglyceridemia, low HDL-C, and
insulin resistance. Exercise as a secondary prevention tool is compli-
cated in the geriatric population by greater prevalence of osteoporosis,
arthritis, pulmonary disease, PVD, poor vision, lack of social support,
lack of a safe convenient environment conducive to ambulation, and
dementia. Furthermore, devising an exercise prescription for an elderly
patient with chronic IHD is often complicated by the atypical nature of
anginal symptoms in the elderly. However, some studies have suggested
an inverse relationship between physical activity and mortality among
healthy older people with the diagnosis of CHD. In the British Regional
Heart Study, light-to-moderate activity was associated with reduced
mortality during 5-year follow-up in 5934 men (mean age 63 years) with
CHD (23).

To date, the most promising approach in older patients appears to be
recommendation of frequent low-impact exercise, especially walking,
combined with nutritional counseling. An optimal setting is found in
formal cardiac rehabilitation programs, in which there is the potential
also for socialization in a supportive environment. Unfortunately, insur-
ance coverage for such programs in the elderly is limited, and the logis-
tics of participation may deter a significant number.

The goals of pharmacological therapy and revascularization proce-
dures in patients with chronic angina are twofold: first to prevent MI and
death, and thus prolong life, and second to alleviate symptoms and
reduce ischemia, thereby improving quality of life. Among the elderly,
the emphasis is frequently shifted to quality of life. Of necessity, many
of these recommendations are extrapolated from trials performed in a
general population of patients with CAD. Aspirin and β-blocking drugs
are indicated as first-line therapy, if tolerated.

Two studies in patients with stable angina showed a greater than 30%
reduction in risk of adverse cardiovascular events attributable to aspirin
usage (40). Aspirin has been shown to protect against future vascular
events in all subgroups of patients, including the elderly. Low-to-medium
dosed (75–325 mg per day) aspirin is as effective as high-dose antiplatelet
therapy and with fewer complications.
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For those patients intolerant of aspirin, clopidogrel (75 mg per day)
is a proven alternative (41). β-Blockers have been shown to improve
prognosis in ACS. In chronic angina, β-blockers effectively delay
ischemia, leading to improvement in exercise duration (21). In patients
with conduction system disease, β-blockers may not be tolerated
because of bradycardia or heart block.

Additional proven medical therapies in chronic angina are lipid-low-
ering agents, nitrates, and calcium antagonist drugs. As discussed, both
the Scandinavian Simvastatin Survival Study and CARE studies demon-
strated reduction in mortality and coronary event rates in patients with
CAD treated with cholesterol-lowering medications. Nitrates improve
both demand and supply ischemia and exert antiplatelet effects in patients
with stable angina (21). As anti-ischemic therapy, the combination of
β-blockers and nitrates is more effective than either alone (42).
Randomized trials have shown that calcium antagonists are as effective
as β-blockers in chronic angina (21). Nitrates or β-blockers in combina-
tion with calcium antagonists produce greater anti-anginal efficacy than
the individual components in stable angina. Heart rate-modulating cal-
cium antagonists are relatively contraindicated in the setting of conduc-
tion disease and decompensated heart failure (21). Randomized clinical
trials have shown that hormone replacement therapy is not indicated for
primary or secondary prevention of CHD in postmenopausal women
(43–45).

At clinical presentation, the elderly are more likely to have multivessel
CAD, left main artery disease, moderate-to-severe target lesion calcifi-
cation, and smaller reference diameter. In addition to beneficial medical
therapies, percutaneous coronary interventions (PCIs) are offered less
frequently to elderly patients (46). When performed, studies suggest that
initial angiographic success is comparable to that observed in younger
patients after PCI when stents are employed. In addition, clinical
restenosis rates are similar. However, there is an excess of periprocedural
MI, hospital death, and bleeding complications among the elderly, par-
ticularly among women and octogenarians.

A pooled analysis of six multicenter stent trials, which included 301
(4.9%) patients 80 years and older, found an angiographic success rate
equal to 97%, in-hospital mortality equal to 1.3%, and 1-year mortality
equal to 5.7% (47). Bleeding complications were present in 5%. Although
angiographic success rate was similar among the remaining patients
younger than 80 years old, mortality and bleeding complication rates
were significantly better. Periprocedural MI was similar but higher than
expected among the aged and nonaged groups, 9.6% vs 7.6%. This was
attributed to greater use of rotational atherectomy prior to stenting, a
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procedure more commonly used during the study time period (1995–
1999), and to complete ascertainment of cardiac enzyme data.

Other studies reported periprocedural MI rates between 0.4 and 2.2%
among older patients (48). Restenosis rates were similar among the aged
and nonaged groups, 11.2% vs 11.9%. A single-center observational
study examined stent procedure outcomes in 1238 patients undergoing
procedures between January 1995 and October 1996 (49). This cohort
included 564 patients younger than 65 years old, 221 between 65 and 75
years, and 122 older than 75 years. At 6 months, event-free survival was
94.5%, 90.5%, and 89.3%, respectively (not significant). Death occurred,
respectively, in 0.4, 0.5, and 1.6%; MI in 1.2, 2.3, and 1.6%; and target
vessel revascularization in 4.3, 8.6, and 7.4% (not significant).

When employed in the elderly, especially in those older than 75 years
or in those with significant comorbidities, PCI is often used as a pallia-
tive measure. Thus, culprit lesion intervention is performed in conjunc-
tion with ancillary antianginal medication as an alternative to coronary
artery bypass grafting (CABG) surgery. Although this type of
revascularization is considered incomplete, it is often an acceptable
alternative with lower short-term morbidity and mortality.

CABG surgery is performed in the elderly for significant left main
disease and/or severe three-vessel disease. Other accepted indications
are multivessel (two or more vessels) disease with depressed left ven-
tricular ejection fraction (40% or lower) or in the setting of the
comorbidity diabetes (21). However, with the recent introduction of
sirolimus- and paclitaxel-coated stents, restenosis rates are now less than
5%, even among diabetics. Thus, PCI is assuming an increasing role in
multivessel coronary revascularization.

In 1998, of all CABG procedures 21% were performed in patients 75
years or older. Despite this, there are few data from randomized clinical
trials regarding this age group. Perioperative morbidity and mortality
rise with age and are currently estimated to be less than 5% among
patients 70 years or older. From the database of the Society of Thoracic
Surgeons (1995–1996), a 4.7% mortality rate was described for octoge-
narians (50). However, there was an excess of postoperative AF, stroke,
and protracted hospitalization.

One recent review of clinical registry data, which included more than
161,000 CABG procedures performed between 1993 and 1998, found
mortality rates of 5% to 8% in those 80 years and older when compared
with 2% to 3% in those 60 years and younger (51). In patients 75 years
or older, there was a 3% to 6% risk of permanently disabling stroke or
coma. In addition, less-overt but significant cognitive impairment was
reported in up to 50% of elderly post-CABG patients (52).
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Despite the higher acute risk of CABG, one observational study found
a 3-year survival rate of 77% in those 80 years and older treated with
elective CABG vs 54% in those treated medically (53). However, this
may reflect a selection bias, with healthier patients selected for surgery.
There appears to be no argument that elderly patients who survive CABG
in the absence of major stroke report an improved quality of life with
relief of symptoms and enhanced functional status.

ACUTE CORONARY SYNDROMES

Acute MI is underdiagnosed in the elderly. It is estimated that one-
third of all MIs in those over 65 years are unrecognized as such (54). This
is particularly true in elderly hypertensive women, for whom up to 50%
of MIs are unappreciated. Approximately 60% of all acute MIs occur in
those 65 years and older, and 30% are in those 75 years or older (55). One
manifestation of acute MI, sudden cardiac death, increases with age (56).
Without treatment after acute MI, the mortality rate is 25% in those 75
years or older.

The term ACS has replaced many of the older terms used in the setting
of suspected acute MI (57,58). Included under this umbrella are UA, the
closely related NSTEMI, and STEMI. Between 1991 and 2000, only 9%
of patients enrolled in randomized clinical trials investigating ACS were
75 years and older (6). Thus, many recommendations of necessity are
supported by study results from younger patients. The diagnosis of ACS
is often assigned at the time of emergency department triage so that the
patient with anginal chest pain or with an anginal equivalent can be
moved rapidly through a clinical pathway, which emphasizes immediate
monitoring of the heart rhythm and performance and interpretation of a
12-lead ECG within 10 minutes (Figs. 2 and 3). Based on the ECG,
patients with evidence of STEMI can be identified rapidly and urgent
reperfusion measures undertaken, if appropriate. Those without ST eleva-
tion are classified as having UA/NSTEMI and treated accordingly.

UA/NSTEMI occurs after coronary plaque disruption leads to
intracoronary formation of thrombus and platelet aggregation. It is
believed that this process results in partial but not total occlusion of the
vessel, although there are circumstances for which excellent collateral
formation may forestall transmural infarction even in the setting of total
occlusion of the vessel. UA and NSTEMI are closely related conditions
but differ in severity. The distinction is made based on detection of
myocardial damage using biomarkers such as troponin I, troponin T, and
creatine kinase-MB (57). In UA, there is no biomarker evidence of
myocardial necrosis and transient or no ST segment and T-wave changes.



244 Hypertension in the Elderly

Fig. 2. Treatment guidelines for management of unstable angina and non-ST
segment elevation myocardial infarction. ACS, acute coronary syndromes;
CAD, coronary artery disease; CHF, congestive heart failure; ECG, electrocar-
diogram; Hx, history; PCI, percutaneous coronary intervention. (Adapted from
ref. 57.)

In NSTEMI, biomarker evidence of myocardial necrosis is present, and
ST segment depressions with evolutionary T-wave changes usually
occur. The two conditions are grouped together because the initial evalu-
ation and treatment are similar.
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When presenting with ACS, the elderly are likely to exhibit atypical
symptoms, including dyspnea, worsening heart failure, weakness, and
confusion. Silent ischemia is more common among the elderly. They are
more likely to have had a previous MI and harbor a greater atheroscle-
rotic burden together with increased prevalence of comorbid diseases. In
the Thrombolysis in Myocardial Infarction (TIMI) III registry, 25% of
more than 3300 patients with UA or NSTEMI were 75 years or older

Fig. 3. Treatment guidelines for management of ST segment elevation myocar-
dial infarction. CAD, coronary artery disease; ECG, electrocardiogram; Hx,
history; PCI, percutaneous coronary intervention. (Adapted from ref. 58.)
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(59). Elderly patients in this registry were less likely to receive β-blockers
and heparin and markedly less likely to undergo coronary angiography
and revascularization, although angiography documented more exten-
sive disease. The approximate relative risks of mortality and recurrent
MI at 6 weeks were four times and two times that of younger patients,
respectively.

Data from large clinical trials in ACS have shown that the highest risk
of cardiac death is at the time of presentation (60). For survivors, the risk
declines thereafter, so that by 2 months, mortality rates equal the level
present in patients with chronic stable angina. For this reason, a strategy
for initial evaluation and management is essential.

Patients triaged with ACS but with normal or unchanged ECG and
initially normal cardiac biomarkers can be observed in a chest pain or
telemetry unit. Repeat ECG and cardiac biomarkers are obtained 6 to 12
hours after presentation. If negative, fast-track stress testing is performed.

Patients with enzyme or ECG abnormalities are admitted for aggres-
sive antithrombotic and antiplatelet therapies (Fig. 2). In the absence of
a contraindication, all such patients are treated with aspirin, clopidogrel,
a β-blocker, antithrombin therapy, and a glycoprotein IIb/IIIa inhibitor
(57). Enoxaparin is preferable to unfractionated heparin as antithrombin
therapy (61). On this regimen, coronary angiography and PCI are fre-
quently performed early, although there is a camp favoring a period of
medical stabilization for 12 to 24 hours prior to angiography. This
approach is described as the early invasive strategy. An alternative
approach to routine angiography is the early conservative strategy, for
which angiography is performed in those with recurrent ischemia or with
a markedly positive stress test despite medical therapy (62). In the TIMI
IIIB study, there was a benefit in those patients 65 years and older who
were treated with an early invasive strategy employing coronary angiog-
raphy and PCI (63). These patients had a lower incidence of death and
reinfarction at 42 days. However, in the Veterans Affairs Non-Q-Wave
Infarction Strategies in Hospital Trial, a more contemporary study, there
was no benefit among the elderly of an early invasive strategy (62).

Following angiography, a revascularization decision (PCI or CABG)
can be made. It has been shown that an initial diagnosis of UA, when
compared with chronic angina, does not influence survival 5 years after
PCI or CABG (64). Thus, the goals of revascularization in the elderly
with UA/NSTEMI are similar to those with chronic angina. Indications
were addressed in the preceding section. Implicit in the revascularization
decision equation is the higher adverse event rate among the elderly.
However, revascularization can be performed safely in many and should
be considered despite chronological age.
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Untreated STEMI is a lethal disease. Mortality increases with the
number of ECG leads exhibiting ST segment elevation (65). Approxi-
mately one-half of patients with acute MI die within the first hour, not
surviving to hospitalization. Many presenting with STEMI delay seek-
ing care for at least 2 hours, and some wait 12 hours or longer. After 12
hours, acute reperfusion therapy is generally of little benefit (66). Because
of time acuity, diagnosis and treatment of STEMI requires a structured
approach (Fig. 3).

Following the ACS pathways, ECG is obtained within 10 minutes of
emergency department entry for the complaint of ischemic chest pain. In
the elderly, there should be a greater level of suspicion in those with
atypical complaints such as dyspnea. After confirmation of ST segment
elevation (>0.1 mV in two contiguous leads) or the diagnostic equiva-
lent, new left bundle branch block, urgent revascularization is immedi-
ately performed, unless contraindicated, providing elapsed time from
onset is less than 12 hours (58).

Revascularization options currently include thrombolytic therapy and
primary PCI. CABG is no longer performed routinely for acute treat-
ment of MI. The temporal goal when using thrombolytic therapy follows
the philosophy of “door-to-needle time” as 30 minutes or less. Similarly,
for primary PCI, the temporal goal is a “door-to-ballooning time” win-
dow of 60 minutes. Rescue PCI refers to those who clinically fail throm-
bolytic therapy and then undergo PCI. Pooled data from nine trials of
thrombolytic therapy vs control for acute MI showed a highly significant
reduction in 35-day mortality (9.6% vs 11.5%), which in follow-up trans-
lated to improved long-term survival (67).

Thrombolytic therapy is recommended (class I indication) for the
treatment of acute STEMI in those younger than 75 years (58). For those
75 years or older, thrombolytic therapy receives a class IIa indication.
There may be decreased benefit with the use of thrombolytic therapy in
those 75 years or older, but the consensus currently is that the absolute
reduction in mortality supports its use unless contraindicated. It is pref-
erable, however, that the patient be transferred expeditiously to a center
with a primary angioplasty program if possible.

One dreaded complication of thrombolytic therapy is intracranial
hemorrhage, which occurs more frequently among the elderly (age >65
years) (68). Other clinical variables predictive of increased risk of stroke
are weight less than 70 kg, hypertension, and use of alteplase. Risk of
stroke increases with the number of predictive clinical variables present.
Contraindications to thrombolytic therapy include active or potential
bleeding sources, recent trauma or major surgery, known intracranial
pathology, aortic dissection, severe hypertension (�180/110 mmHg),
and bleeding diathesis (58).
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Thrombolytic therapy or PCI is performed for acute STEMI based on
availability of 24-hour catheterization and/or PCI availability. It is esti-
mated that 20% of US hospitals have cardiac catheterization laboratories
to perform percutaneous revascularization or angioplasty for acute
STEMI (58). Not all laboratories have engaged in full-time primary PCI
programs because of the resources and staff commitment required. A
meta-analysis of 10 randomized trials (2606 patients) comparing pri-
mary PCI vs intravenous thrombolysis for acute STEMI found 30-day
mortality rates of 4.4% and 6.5% (p = 0.02), respectively (69). Primary
PCI is a class I recommendation as an alternative to thrombolytic therapy
in patients with acute STEMI (58). It is a class IIa recommendation in
those who have a contraindication to thrombolytic therapy.

It is generally acknowledged that primary PCI is innately superior to
thrombolytic therapy based on prevalence of TIMI III grade flow in the
infarct-related artery after the alternative therapies (>90% vs <60%). In
the Global Utilization of Streptokinase and t-PA for Occluded Coronary
Arteries study, a trial comparing four regimens of thrombolytic therapy,
the overall mortality rate was 7%, but 30-day mortality rates were 9.5%,
19.6%, and 30.3% in those 65–74 years, 74–85 years, and over 85 years
(70). By way of comparison, primary PCI trials have shown a mortality
rate of approximately 10% in patients older than 75 years (71). Both
Global Utilization of Streptokinase and t-PA for Occluded Coronary
Arteries IIb and the Primary Angioplasty in Myocardial Infarction I
trials showed improved outcomes in older patients receiving primary
PCI vs thrombolytic therapy (72,73).

The American College of Cardiology/National Cardiovascular Data
Registry reported the results of 8828 PCI procedures performed from
1998 to 2000 in octogenarians (74). Among this group, in-hospital
mortality was 1.35% in those without recent MI within 1 week. How-
ever, when performed within 6 hours of MI, there was a 10-fold increase
in mortality to 13.8%. In the SHOCK (Should We Emergently
Revascularize Occluded Coronary Arteries for Cardiogenic Shock)
trial, patients older than 75 years undergoing emergency PCI for cardio-
genic shock had a 41% higher mortality than those receiving aggressive
medical therapy, including the use of intra-aortic balloon pump (75).
Definitive recommendations for treatment of acute MI await random-
ized clinical trials in the elderly.

CONCLUSIONS

Hypertension is a major contributor to LVH, IHD, AF, and heart
failure in older patients. Poorly controlled hypertension worsens symp-
toms of chronic angina and alters prognosis in ACS. Elderly patients of



Chapter 13 /Ischemic Heart Disease 249

all ages benefit from medical therapies routinely accorded to younger
patients for treatment of ischemia and for primary and secondary pre-
vention of CHD. Implementation of some therapies may be impractical
in elderly patients with comorbid diseases such as advanced cognitive
disorders. When performed in suitable elderly patients, elective
revascularization procedures such as CABG and PCI are effective with
acceptable, although higher, complication rates.

There is insufficient RCT data in elderly patients with ACS to strongly
recommend a single approach. However, available information from
registries, observational studies, and subset analyses from RCTs sug-
gests the following. Elderly patients younger than 75 years with ACS can
be effectively managed in the same way as recommended by existing
consensus statements with minimal increase in mortality and complica-
tion rates. Many patients older than 75 years with UA/NSTEMI can be
managed using an early conservative strategy, allowing a period of
medical therapy and stabilization prior to further risk assessment and
invasive procedures. Some, with high-risk presentations, may benefit
from an early invasive strategy.

Patients aged 80 years and older presenting with STEMI exhibit
markedly increased mortality after thrombolytic therapy or primary PCI
performed within 6 hours when compared with younger patients. Those
older than 75 years with cardiogenic shock have a particularly high
mortality when treated with primary PCI, which exceeds that demon-
strated in similar patients treated with aggressive medical therapy and an
intra-aortic balloon pump. Thus, many patients over age 80 and those
over age 75 years presenting with cardiogenic shock will benefit from a
period of medical stabilization prior to revascularization procedures.
However, the risk–benefit ratio should be addressed prior to implement-
ing a treatment plan in each patient over age 80 years presenting with
STEMI and in those over age 75 years with cardiogenic shock.
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INTRODUCTION

The term cerebrovascular disease encompasses a variety of specific
disease states that affect the cerebral blood vessels and cause focal dys-
function of the central nervous system (CNS) (i.e., stroke) (1). In 1997,
approximately 160,000 people in the United States died from a stroke,
making it the third leading cause of death, ranking behind heart disease
and cancer (2). Although there are many different risk factors for cere-
brovascular disease, hypertension is the single biggest risk factor for all
mechanisms of stroke. According to data from the American Heart
Association (2), more than half the population over the age of 65 years
is hypertensive. Over the age of 75 years, nearly 60% of white men, 71%
of black men, 76% of white women, and 78% of black women have
hypertension. Hypertension increases the risk of intracerebral hemor-
rhage, subarachnoid hemorrhage (SAH), large artery infarction, cardiac-
source embolic stroke, small artery disease, and cognitive decline. In
patients with other causes of cognitive impairment, stroke can cause
further cognitive decline. Treatment of hypertension, particularly
early, may decrease the risk of stroke and cognitive impairment.
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This chapter first briefly reviews the overall mechanisms of
nontraumatic hemorrhagic and ischemic strokes plus the major risk
factors for cerebrovascular disease, with particular emphasis on the role
of hypertension and cardiac disease. Then, each type of stroke within the
two major categories is discussed in more detail, focusing on pertinent
current research reports of epidemiological data, underlying pathology
and related risk factors, clinical presentations and complications, plus
diagnostic and treatment guidelines. The complicated interrelationship
between hypertension and the various stroke subtypes is also addressed.
Finally, a special section is devoted to dementia and hypertension, espe-
cially the numerous recent studies of the effects of midlife hypertension
on the development of late-life dementia.

OVERVIEW

A disease of the elderly, 72% of those who suffer a stroke are over the
age of 65 years. The estimated annual stroke rates for ages 65 to 74, 75
to 84, and older than 85 years are displayed in Table 1. Table 2 displays
the estimated prevalence of stroke for these age categories. Of the cur-
rently estimated 720,000 strokes that occur every year, about 500,000
are first-time events, and about 200,000 are recurrent. It is estimated that
in the year 2000 there were about 4.7 million stroke survivors.

The stroke death rate varies depending on the mechanism and size of
stroke. The lowest 30-day mortality rate (about 5–15%) is seen with
lacunar infarction and the highest (30–50%) with intracerebral hemor-
rhages. Between 1970 and 1995, the stroke death rate fell almost 70%.
Since 1995, the death rate from stroke has remained essentially unchanged.
Part of this decline has been presumed to be secondary to treatment of
hypertension, resulting in a reduced incidence of intracerebral hemor-
rhage. Another factor may be better medical management of stroke
patients who require hospitalization. The advent of computed axial
tomographic (CT) scanning and magnetic resonance imaging (MRI) has
significantly improved the ability to correctly identify strokes, espe-
cially smaller nonfatal ones, and reduced the number of deaths previ-
ously incorrectly attributed to stroke. This combination may also have
contributed to the decline in stroke mortality.

Overall, 20% to 30% of those who suffer a stroke will die within the
following year. More than half will die within 8 years. About 25% of
patients who have a stroke will have a second one within the next 5 years.
Of the survivors, 15% to 30% will remain permanently disabled, and
20% will require long-term institutional care. Older patients are less
likely to have good functional outcomes than younger patients.
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Table 1
Estimated Annual Stroke Rate Per 1000 Population

by Race, Gender, and Age

Age in years

65–74 75–84 >85

White men 14.4 24.6 27.9
Black men 11.9 17.5 40.8
White women 6.2 22.7 30.6
Black women 16.1 22.4 0.0

From ref. 2.

Table 2
The Prevalence of Stroke by Age and Gender

(Percentage of Population)

Age, years

65–74 75–84 >85

Men 4.0 5.9 12.5
Women 2.7 5.8 10.7

From ref. 2.

Stroke Mechanisms
Stroke is a clinical phenomenon characterized by the relatively abrupt

onset of focal neurological dysfunction attributable to vascular disease
of the CNS. The two major categories of stroke are hemorrhagic (account-
ing for 15–20%) and ischemic (accounting for 80–85%). This chapter
does not cover traumatic hemorrhage. The following discussion refers
only to nontraumatic hemorrhagic stroke, which may be differentiated
into intraparenchymal and subarachnoid. Intraparenchymal hemorrhage
(IPH) frequently results from the rupture of small penetrating arteries,
which leads to local tissue injury, distortion of adjacent brain tissue, and
increased intracranial pressure. SAH, usually the result of rupture of
Berry aneurysms around the base of the brain, may cause sudden death
or delayed vasospasm and subsequent cerebral ischemia. Ischemic stroke
results from obstruction of arterial flow by local atherothrombosis,
embolization, small vessel occlusion, or a more global process such as
hypotension from myocardial infarction (MI), arrhythmia, or other sys-
temic process.
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As with all illnesses, treatment of stroke should primarily be aimed at
prevention. Once the stroke has developed, there are two objectives of
treatment. One is evaluation for appropriate hyperacute intervention,
and the other is evaluation and institution of long-term management to
prevent recurrent stroke. For ischemic stroke, when treatment can be
delivered within 3 hours of onset, tissue plasminogen activator used
under appropriate circumstances can improve the likelihood of func-
tional recovery at 3 months (3). Once patients are beyond this 3-hour
time window, they need to be evaluated for the cause of the stroke so that
appropriate secondary prevention can be directed at the underlying
mechanism.

Risk Factors
To decrease the risk of development of stroke, patients and physicians

need to recognize and manage its risk factors (4). It is also important to
understand that the more risk factors a patient has, the greater is the risk
of stroke (5). Age, hypertension, cardiac disease of any type, cigarette
smoking, diabetes mellitus (DM), lipid abnormalities, transient ischemic
attacks (TIAs), and prior strokes are considered the major risk factors for
stroke.

Stroke risk increases with age. Over the age of 55 years, the risk of
stroke almost doubles for every 10-year increase in age (6,7). Although
generally regarded as a nonmodifiable factor, it is likely that much of the
risk from increasing age is actually caused by the summation of injury
from other risk factors over time.

Cardiac disease of any type increases stroke risk, partly because of
shared risk factors (hypertension, lipid abnormalities, smoking) as well
as the increased risk of cardiac source embolism (MI, atrial fibrillation
[AF], valvular heart disease, congestive heart failure [CHF]).

Cigarette smoking increases the risk of stroke in a dose-dependent
fashion: smoking two packs of cigarettes a day doubles the risk of stroke
(8). Within 2 to 5 years of smoking cessation, stroke risk returns to the
level of someone who never smoked (9,10).

Patients with DM have a three- to sixfold increase in stroke risk,
mostly attributable to hypertension, which occurs in 40% to 70% of this
population. Tight blood pressure (BP) control significantly reduces
stroke risk for these individuals (11). Although tight control of blood
glucose appears to decrease the risk of diabetic microvascular complica-
tions (retinopathy, peripheral neuropathy), it does not appear to decrease
stroke risk.

When lipid abnormalities are evaluated in relationship to all causes of
stroke, there is no increased risk of stroke (12). However, patients with
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low high-density lipoprotein cholesterol (HDL-C) and high low-density
lipoprotein cholesterol (LDL-C) are at increased risk of large artery
atherosclerosis and the development of carotid artery disease (CAD), as
well as CAD with resultant cardiac source embolism. Statins have been
shown to decrease future stroke risk in patients with CAD and elevated
cholesterol (13).

TIAs and prior stroke increase the risk of subsequent stroke. Overall,
approximately 25% of patients who have suffered a stroke will have
another one within the following 4 to 5 years. Patients who experience
a TIA have a 15% risk of stroke within the following month and a 30%
to 50% risk of stroke in the following 5 years (14). The actual risk of
stroke following a TIA is probably best predicted by the cause of the
TIA. A high-grade carotid stenosis has an associated 20% to 35% risk of
stroke in the following 2 years. The combination of AF, CHF, and hyper-
tension carries about a 34% risk of developing a stroke over the following
2 years.

Other potential risk factors for stroke include race, family history,
obesity, sedentary lifestyle, alcohol abuse, and homocystinemia.

Hypertension is a major risk factor for all types of stroke and is the
single most modifiable variable for stroke prevention. Treatment of
hypertension is effective for both primary and secondary stroke preven-
tion (15–22). There is a linear correlation between elevated BP and
stroke risk. The Framingham Study data indicated that patients with
hypertension had about a fourfold increase in risk of atherothrombotic
cerebral infarction compared to normotensive patients. Their data indi-
cated that, even in younger patients, systolic blood pressure (SBP) was
as strong a predictor of stroke risk as diastolic blood pressure (DBP) or
pulse pressure (23,24). Higher stroke risk begins within the normal range
of BP and progressively rises with increasing BP (12,16). In some series,
elevation of DBP appears to be a more important determinant of stroke
risk for patients under the age of 65; over age 65 years, SBP elevation
assumes increasing importance in determining stroke risk.

Although stroke incidence markedly increases in patients with SBPs
greater than 160 mmHg, it should be noted that the majority of strokes
occur in those with SBPs below this level. Although BP reduction only
decreases stroke risk a small amount in a given year, the cumulative
benefit appears much greater, with not only a decreased stroke risk but
also a preservation of cognitive function (which is discussed later in this
chapter). Treatment of elevated BP significantly reduces stroke risk. For
a 6 mmHg reduction in DBP, there is a 42% risk reduction for the devel-
opment of stroke (16,17).
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Isolated systolic hypertension becomes increasingly frequent with
increasing age, occurring in approximately 20% of men and 30% of
women over 80 years of age. Borderline systolic hypertension, defined
as isolated SBP between 140 and 160 mmHg, has been shown to sig-
nificantly increase stroke risk. One study found that borderline hyper-
tension was associated with a 42% increase in stroke risk even after
controlling for other identifiable risk factors (25). Treatment of isolated
systolic hypertension has been clearly demonstrated to reduce stroke
risk. Both the Systolic Hypertension in the Elderly Program (SHEP) (26)
and the Systolic Hypertension in Europe (Syst-Eur) study (27) have
demonstrated a significant decrease in stroke risk when isolated systolic
hypertension is treated. There was a 36% relative risk reduction of stroke
in the SHEP treatment arm and a 42% relative risk reduction in that of
Syst-Eur.

Left ventricular hypertrophy (LVH) is also a risk factor for stroke.
LVH increases in prevalence with increasing age as well as with increas-
ing BP. Many authors have thought that the increased stroke risk with
LVH best correlated with the presence of hypertension (with LVH sug-
gesting suboptimal BP control); others have thought that other variables
such as minority race, obesity, or genetics might contribute to the asso-
ciation of LVH with stroke risk (28,29).

STROKE SUBTYPES

Hemorrhagic Stroke
SUBARACHNOID HEMORRHAGE

The term stroke is used for the clinical phenomenon of abrupt onset
focal neurological dysfunction secondary to either ischemia or hemor-
rhage involving vessels of the CNS (Fig. 1). About 10% of all strokes
result from nontraumatic SAH. The age-specific incidence of SAH
increases with increasing age (6,30). Although there are a number of
possible causes of blood leakage into the subarachnoid space (e.g., Berry
aneurysms, mycotic aneurysms, arteriovenous malformations, coagulo-
pathies, amyloid angiopathy), some patients have no identifiable etiol-
ogy.

Most SAHs, however, arise from rupture of Berry aneurysms around
the base of the brain (31). The majority of Berry aneurysms occur at
branch points in the internal carotid artery (ICA) distribution, particu-
larly at the takeoff of the posterior communicating artery, the anterior
communicating artery, and the middle cerebral artery (MCA) bifurca-
tion. These aneurysms are most likely the result of congenital and
acquired degenerative changes in the artery. Local hemodynamics also
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plays a role. It has been noted that patients with anatomic variants of the
circle of Willis who have increased volume flow through the anterior or
posterior communicators have a higher incidence of aneurysms than
those with a normal circle of Willis. Risk factors for SAH include cigarette
smoking, hypertension, alcohol abuse, and family history of SAH (32).

The usual clinical presentation of SAH is the abrupt onset of head-
ache, usually described as the worst headache of the patient’s life. There

Fig. 1. Computed tomographic scan of brain showing a subarachnoid hemor-
rhage. There is high density (blood) in the subarachnoid space around the upper
brain stem and in the Sylvian fissures. The arrow points to blood in the left
Sylvian fissure. Patient had a posterior communicating artery aneurysm that
ruptured.
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may be sudden loss of consciousness at the time of onset. Of these
patients, 15% to 30% die at the onset of hemorrhage. Another 30% die
in the first 30 days after the presenting hemorrhage. A number of com-
plications from SAH contribute to its high mortality, including early
rebleeding, hydrocephalus, vasospasm, hyponatremia, seizures, and
cardiac arrhythmias.

In general, for patients in reasonable clinical condition, early surgical
clipping or possibly coiling of the aneurysm is appropriate to minimize
the risk of rebleeding. Most patients with SAH receive nimodipine to
decrease the risk of symptomatic vasospasm. The greater the volume of
subarachnoid blood, the greater is the risk of developing symptomatic
vasospasm. Vasospasm tends to begin about day 3, peak around days 7
to 10, and begin to resolve about day 14. In those patients who do develop
symptomatic vasospasm, treatment is usually hypervolemic hemodilu-
tion with induced hypertension (triple H therapy); balloon angioplasty
of the vasospastic vessels has been used for those who fail triple H
therapy.

INTRAPARENCHYMAL HEMORRHAGE

IPH accounts for approximately 10% of strokes. Hypertension is the
most common cause of IPH, accounting for 60 to 80% of nontraumatic
IPHs (32). Hypertension damages small penetrating end arteries that
arise from the MCA stem (the lenticulostriates), the posterior cerebral
(thalamoperforates), and the basilar (pontine penetrators). Hypertensive
injury to these small arterioles, which has been variously referred to as
segmental disorganization, fibrinoid necrosis, or hyaline arterionecrosis
(33), usually develops over a number of years; however, acute increases
in BP may occasionally cause rupture of these same vessels. Hyperten-
sive IPHs tend to occur in the putamen (~50%), the thalamus (about
10%), pons (about 10%), and cerebellum (about 10%). The best treat-
ment is primary prevention by treatment of the hypertension.

Surgical treatment for the putamenal, thalamic, and pontine IPHs
improves survival but generally does not improve functional outcome.
However, hemorrhage into the cerebellum is a potentially life-threaten-
ing emergency, and neurosurgical intervention may be lifesaving. One
series found that 26% of IPHs enlarged within the first few hours, and
that by 24 hours after onset, 38% had increased in size (34). Although the
cause of this size increase has not been clearly determined, it does not
appear to be related to the degree of hypertension. However, most stroke
physicians recommend reducing the BP by at least 20% in patients who
have elevated BP with a clinical picture consistent with hypertensive
hemorrhages.
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Hypertensive IPHs occur when very small vessels bleed, so they are
low-pressure hemorrhages with relatively slow expansion, unlike the high-
pressure hemorrhage of SAH. The clinical presentation tends to be a
relatively rapid onset (over seconds to minutes) focal neurological defi-
cit. In hypertensive hemorrhage, if the bleeding extends beyond the
original site, it tends to track along the white matter and may rupture into
the ventricular system. Hypertensive IPH almost never extends through
the cortex, so the presence of hemorrhage crossing the cortex suggests
a nonhypertensive etiology, such as coagulopathy, amyloid angiopathy,
local vascular abnormality, or trauma. IPH causes CNS dysfunction by
local tissue destruction and by distortion of adjacent tissue initially by
the hematoma and later by hemorrhage-associated edema. To date, no
controlled randomized trials have demonstrated that any therapy, includ-
ing BP control, decreases the risk of hypertensive IPH enlargement.

Occasionally, IPH occurs in association with anticoagulation, par-
ticularly in patients on warfarin. In these cases, the hemorrhage may
have a slowly progressive expansion, taking place over many hours to
days. Treatment requires reversal of the anticoagulation (by either vita-
min K or fresh frozen plasma), with surgical intervention occasionally
necessary after reversal of the anticoagulation.

Cerebral amyloid angiopathy (CAA) is a disease of the aging popula-
tion. It generally begins to appear after the age of 60 years and increases
in frequency with increasing age. This amyloid is not that seen with sys-
temic amyloidosis, but it is similar to that seen in the senile plaques of
Alzheimer’s disease (AD). There is no significant correlation between
the severity of AD and the presence of CAA; it has been noted that some
patients with severe pathological changes of AD do not have amyloid
angiopathy; others with minimal AD pathology have significant amy-
loid deposition in the cerebral vessels.

In amyloid angiopathy, there is deposition of amyloid material in the
walls of cerebral cortical arterioles, in the meninges, in the cortical
arterioles, and in the medullary penetrating arterioles. This deposition
is thought to make these arterioles stiff and noncompliant. In addition,
some pathological series have reported an inflammatory component in
the media that could predispose to vessel weakening and increased risk
of rupture.

Patients with CAA may have IPH (Fig. 2) that occurs in the absence
of recognized head trauma or other precipitating events. CAA-associ-
ated hemorrhages also frequently recur. Unlike hypertensive IPHs, these
hemorrhages are frequently large and lobar in location, and they usually
extend through the cortex into the subadjacent white matter. They may
also extend into the subarachnoid space, and some may even extend deep



264 Hypertension in the Elderly

into the ventricular system. In typical cases, the age of the patient, the
lobar location of the hemorrhages, as well as the extension into the cortex
and subarachnoid space distinguish CAA hemorrhages from hyperten-
sive hemorrhages (35). However, in a number of cases the neuroimaging
is not specific, and it is only after a repeated lobar hemorrhage that the
diagnosis becomes more apparent. There is no specific treatment other
than symptomatic management. CAA hemorrhage does not appear to be

Fig. 2. Computed tomographic scan of brain showing a hemorrhage from amy-
loid angiopathy. Arrow indicates large area of high density in left posterior
temporal, parietal, and occipital lobes, with smaller area in left frontal lobe.
Significant mass effect with shift of the midline from left to right.
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related to hypertension; however, there does appear to be an association
between CAA with small deep infarctions and lowered BP. This is dis-
cussed later in this chapter.

Other causes for IPH include arteriovenous malformation, mycotic
aneurysm, venous infarction, hemorrhagic conversion of an ischemic
infarction, coagulopathy, bleeding into tumors, and unrecognized
trauma.

Ischemic Stroke
Ischemic injury results from inadequate delivery of blood to the paren-

chyma, usually caused by atherosclerotic narrowing, superimposed throm-
bus on atherosclerotic narrowing, embolism, hypercoagulable states,
vasculitis, or hypotension. Most series attempt to classify ischemic strokes
into several categories: lacunar, large artery atherothrombotic, cardiac
source embolism, other defined cause, and cryptogenic (or infarction of
undefined cause).

LARGE ARTERY ATHEROSCLEROTIC DISEASE

Extracranial cerebral artery atherosclerosis accounts for about 10%
of all strokes. It most commonly occurs in the origin of the ICA, at the
level of the common carotid artery bifurcation. The bifurcation is located
near the angle of the jaw, at about the level of the third and fourth cervical
vertebrae. Bruits are frequently heard at this level when there is local
stenosis.

The major risk factors for carotid bifurcation atherosclerosis are the
same as those for coronary artery disease: hypertension, low HDL-C,
elevated LDL-C, cigarette smoking, and DM. White males are more
likely to develop stenosis at this site than white females. Approximately
90% to 95% of symptomatic large cerebral artery atherosclerosis in
whites is located at the common carotid bifurcation, with the remainder
located in the intracranial arteries, primarily the distal internal carotid
and proximal MCA. An estimated 20% of patients with peripheral arte-
rial disease (PAD) will have a stroke caused by carotid artery disease.
About 25% of patients with symptomatic ICA stenosis will have symp-
tomatic CAD, with another 25% having asymptomatic CAD (36).

Atherosclerosis may cause cerebral ischemia by two mechanisms:
(a) the stenosis may become severe enough, either by increasing plaque
size or superimposed clot, to restrict flow and produce distal hypoperfusion,
and (b) atherosclerotic-related material may embolize and lodge distally,
obstructing flow. The embolic material can originate from plaque rup-
ture, resulting in a cholesterol embolism. Also, the irregular surface of
the plaque, particularly under the high-shear stress associated with sig-
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nificant stenosis, may promote either platelet fibrin aggregation or red
clot formation; this material may then embolize distally. Clot formation
and embolization are more likely to occur with more severe stenosis.

Patients with severe ICA stenosis or occlusion do not always develop
a stroke. Collateral flow may provide adequate perfusion to the ICA
territory to prevent the occurrence of symptomatic ischemia. The major
collateral pathways are across the circle of Willis via the anterior and
posterior communicating arteries. Other potential sources of collateral
flow are from branches of the external carotid through the ophthalmic
artery to the distal ICA and via end-to-end connections between the distal
branches of the major intracranial arteries (middle cerebral, anterior ce-
rebral, and posterior cerebral), referred to as leptomeningeal collaterals.

At least 50% of patients with stroke secondary to large artery
atherostenosis report a TIA prior to the development of infarction. The
territory supplied by the affected artery determines TIA symptoms.
Because the ophthalmic artery arises from the ICA, ocular TIAs caused
by ICA stenosis are ipsilateral to the stenotic artery and usually consist
of amaurosis fugax (also referred to as transient monocular blindness).
Patients with amaurosis fugax usually describe the sensation of “a shade
descending over one eye.” There is no associated pain or other symptom.
The visual loss usually lasts 3 to 5 minutes and then resolves, much like
fog disappearing in the morning. Rarely, small embolic-appearing mate-
rial may be seen on funduscopic exam during or after the symptoms (37).
The cerebral symptoms of ICA territory TIAs most typically consist of
contralateral weakness and/or numbness of the lower face and distal
arm, with associated dysarthria. More severe episodes of ischemia may
result in weakness and/or numbness of the contralateral face, arm, and
leg, with accompanying language disturbance (dominant hemisphere)
or nondominant behavioral syndrome, depending on which hemisphere
is affected (38,39).

Based on the results of the North American Symptomatic Carotid
Endarterectomy Trial, the currently recommended treatment for symp-
tomatic patients with greater than 70% stenosis of the ICA origin is
carotid endarterectomy (40,41). In this trial, patients with greater than
70% stenosis who had experienced a TIA or minor stroke were randomly
assigned to best medical therapy vs carotid endarterectomy plus best
medical therapy. After a 2-year follow-up, the stroke rate in the best
medical treatment arm was 26%, whereas it was only 9% in the surgical
arm. Carotid endarterectomy can be safely performed in appropriately
selected very elderly patients (42). Several trials are under way to evaluate
the potential role of carotid angioplasty and/or stenting in the manage-
ment of ICA origin stenosis.
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A racial difference exists in the location of symptomatic cerebral
arterial stenosis (43). Although whites have the majority of their symp-
tomatic stenosis in the origin of the ICA, African-Americans and Asians
have 30% to 50% of their symptomatic large artery disease located intra-
cranially. Intracranial arterial stenosis is also seen more frequently in
Asians and African-Americans, patients with poorly controlled hyper-
tension, and patients with DM. The distal ICA is the most frequent site
of intracranial arterial stenosis, followed by the proximal middle cere-
bral, the distal vertebrals, and the basilar. Atherosclerosis only rarely
affects the anterior and posterior cerebral arteries (44). The best treat-
ment for intracranial arterial stenosis is not yet known. Aggressive
management of associated risk factors coupled with antiplatelet therapy
or anticoagulation is the usual first line of therapy.

EMBOLIC STROKES

Embolic infarcts account for 15% to 30% of all strokes. This wide
range of estimates partly reflects the variations among various research
studies’ definitions of embolic stroke. Studies that have used radio-
graphic criteria for embolism have found a higher frequency of embolic
strokes; those that required proof of a definite embolic source have re-
ported a lower incidence. The heart is the most frequently identified
source of embolic stroke, with AF accounting for approximately 50% of
cardiac source embolism. CAD, which accounts for another 25%, may
produce embolism in several ways: acute MI can cause embolism by
either the formation of thrombus on necrotic endomyocardium or trig-
gering atrial arrhythmias; later, ventricular aneurysms (a late effect of
MI) may also be a source for embolic particles. Prosthetic valves con-
tribute up to 10% of cardiac source emboli. Other cardiac causes of
embolism include dilated cardiomyopathy, mitral annulus calcification,
aortic valve calcification, endocarditis, atrial myxoma, and paradoxical
embolism through a right-to-left cardiac shunt.

AF is the most studied of these cardiac stroke risk factors. The preva-
lence of AF increases with increasing age. Present in approximately
0.5% of the population under the age of 60 years, it increases to more
than 9% over 80 years of age. Hypertension, because of its high preva-
lence in the elderly, appears to be the single most important risk factor
for the development of AF (45,46). Diabetes also increases the risk of
AF. AF’s attributable risk for stroke increases with increasing age. Be-
tween 50 and 59 years, there is a 1.5% attributable risk to AF; however,
this increases to a 23.5% attributable risk in the population over 80
years. Among patients with AF, there is a 3–5% per year cumulative risk
of embolic stroke. AF, when combined with CHF, hypertension, and
prior embolic event, increases the risk of embolic stroke to 17% per year.



268 Hypertension in the Elderly

Warfarin therapy, with an international normalized ratio of 2 to 3,
decreases stroke risk by 70 to 80% (47,48).

Another potential cause for cerebral embolism is aortic arch atheroma
with superimposed clot. Autopsy studies, as well as transesophageal
echocardiogram studies, have documented the frequent finding of aortic
arch atheroma. There appears to be an increased risk of stroke associated
with the presence of large thick plaques, especially those with a mobile
component (thrombus) that may embolize and result in stroke. The
actual incidence of embolism from aortic arch plaque is not clear, but
those patients who have strong clinical and imaging evidence of embolic
stroke should be considered for transesophageal echocardiogram to
evaluate the aortic arch (49,50).

LACUNAR INFARCTIONS

Lacunar infarctions (51) account for about 20% of all strokes (Fig. 3).
They are usually the result of hypertensive injury to the penetrating
arteries of the brain, particularly in the basal ganglia, internal capsule,
thalamus, pons, and corona radiata. Many of these areas are the same
sites where hypertensive hemorrhage may occur. The major risk factor
for lacunar strokes is hypertension. In the presence of hypertension,
diabetes and cigarette smoking appear to increase the risk of developing
lacunes as well.

Fisher (51) defined lacunes as small deep infarctions, less than 1.5 cc
in volume, attributable to occlusion of a penetrating artery that arises
from a large cerebral artery. In general, these arterioles are 100 to 400 μm
in diameter and arise from much larger conduit arteries, namely, the
middle cerebral, posterior cerebral, and basilar. Lacunes have only rarely
been described in the white matter above the ventricles. The medullary
penetrators that arise from the cortical arteries supply this area of white
matter, referred to as the centrum semiovale. Other unusual causes of
small deep infarctions include embolism, with the embolic material
obstructing the origin of a single penetrator and resulting in a lacunar-
size infarction. More frequently, emboli will block the larger artery that
gives rise to the penetrator, resulting in infarction in the territory of a
number of penetrators; these infarctions are much larger than the typical
lacune and strongly suggest occlusion of the parent vessel. Lacunar-size
infarctions have also been described in cases of vasculitis, chronic men-
ingitis with secondary vasculitis, hypercoagulable states, and poly-
cythemia.

Prior to high-resolution neuroimaging, lacunes were diagnosed clini-
cally. Several well-described clinical syndromes have been defined,
including pure motor hemiparesis, pure sensory stroke, and ataxic hemi-
paresis. These strokes may have a variable onset, with some beginning
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relatively suddenly, and up to 30% have a stuttering onset over a maxi-
mum 36-hour period (52,53). Because these strokes are small and located
deep within the brain, they are unlikely to be associated with aphasia,
higher cortical dysfunction, visual field cuts, altered levels of conscious-
ness, or headache; the presence of any of these suggests a larger volume
of brain injury than that seen with lacunes.

Patients who suffer multiple lacunar strokes may develop the “lacu-
nar state” or état lacunaire. In this situation, there are usually several
lacunes, with bilateral brain involvement. The patient may have a nasal
dysarthric voice, difficulty swallowing, short-stepped shuffling gait,
emotional lability, and occasionally urinary incontinence. This phenom-
enon occurred much more frequently prior to the advent of antihyperten-
sive therapy.

Fig. 3. Computed tomographic scan of brain with the large block arrow pointing
to a large area of old infarction in the left parietal lobe with evidence of volume
loss with dilation of the adjacent sulci and the ipsilateral ventricle. The smaller
pointed arrow is indicates a lacune in the white matter adjacent to the right lateral
ventricle.
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SILENT CEREBRAL INFARCTION

Silent cerebral infarction is a term used to describe the MRI finding
of asymptomatic hyperintensities consistent with prior stroke with no
clinical correlate. Most of these are small, deep infarctions. However,
some are larger cortically based infarctions that did not involve the motor
strip and had initial symptoms that were primarily behavioral (e.g.,
Wernicke aphasia, nondominant behavioral syndrome) and were not
identified as a stroke. The definition of silent infarction is not entirely
consistent from study to study, making exact comparisons between stud-
ies difficult. One group has reported that patients with silent infarcts and
white matter lesions had a five times greater risk of developing a stroke
over 4.2 years of follow-up than did those without silent infarcts. Although
the relative risk was increased, it should be noted that the absolute risk was
only 6% over the entire 4.2 years of follow-up (54).

The Cardiovascular Health Study, which assessed 5888 people older
than 65 years, reported on a subset of 1433 patients who underwent two
MRI scans separated by 5 years. Between the scans, 254 developed new
MRI lesions (81% lacunes); only 11% of these lesions had clinical symp-
toms. Although participants were cognitively similar at the time of their
initial exams, those who developed silent infarctions had a more rapid
cognitive decline. Those patients who had greater white matter abnormali-
ties on the initial scan were more likely to develop silent infarcts (55).

Treatment of Blood Pressure to Prevent Stroke
It has been well documented that treatment of hypertension decreases

the risk of stroke. It appears that any class of medication that lowers BP
will decrease stroke risk. Previous reviews (56) have demonstrated an
approximately 40% risk reduction for a 6-mm decrease in DBP. This
applied across all ranges of BP and occurred with all antihypertensive
agents (57,58). Two large studies, SHEP and Syst-Eur, have shown that
treatment of isolated systolic hypertension can decrease stroke risk by
approximately 40% (26,59).

There is a great deal of interest in the possibility that specific antihy-
pertensive agents or classes of antihypertensives might have greater
benefit than others. The Antihypertensive and Lipid Lowering Treat-
ment to Prevent Heart Attack Trial (18) has demonstrated that hydro-
chlorothiazide was as or more effective in lowering BP and reducing
stroke risk than a calcium channel blocker (amlodipine) or an angio-
tensin-converting enzyme inhibitor (lisinopril). The Losartan Interven-
tion for Endpoint reduction in hypertension trial compared losartan with
atenolol in hypertensives with LVH and demonstrated a similar BP
reduction for the two agents but a lower stroke event rate for losartan
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(60). Studies such as the Losartan Intervention for Endpoint raise the
hope of identifying an agent or class of agents that will offer benefits
beyond simple BP reduction. This remains a very exciting research topic
with promising, but inconclusive, data about the effects of different
antihypertensives on stroke risk reduction.

A large overview (16) demonstrating that BP levels are directly and
continuously associated with stroke risk and that lowering BP reduces
stroke risk not only suggested that those at highest risk of stroke (particu-
larly those with prior stroke) might benefit the most from lowering BP
but also suggested that BP reduction in patients with what was previ-
ously labeled as “normal” BP might result in stroke risk reduction. Sev-
eral studies evaluating patients with prior strokes have reported that
lowering BP, even in patients with no documented hypertension, decreases
stroke risk.

The Heart Outcomes Prevention Evaluation trial evaluated the treat-
ment of patients older than 55 years who were at high risk for future
cardiovascular events because of a history of prior CAD, cerebrovascu-
lar disease, or PAD or who had diabetes plus one additional risk factor.
At baseline, the average age was 66 years, mean BP was 139/79 mmHg,
and 46% of the subjects had hypertension. Patients were treated with
ramipril (titrated to 10 mg) or placebo and followed for an average of 4.5
years. BP decreased 3.8/2.8 mmHg. There were 156 (3.4%) on ramipril
who had a stroke vs 226 (4.9%) on placebo, a 30% relative risk reduction
(61,62).

Several authors attributed the benefit of ramipril to a nonhypertensive
effect, such as improvement in endothelial function or anti-atheroscle-
rotic effects. However, one group reported on 24-hour BPs in 38 patients
with PAD who participated in the Heart Outcomes Prevention Evalua-
tion trial. They found that the 24-hour ambulatory BP was reduced by 10/
4 mmHg in patients on ramipril; this reduction occurred primarily at
nighttime. It was these authors’ suggestion that the reduction in stroke
risk could be explained solely by the degree of BP reduction over the 24-
hour period (63).

The Perindopril Protection Against Recurrent Stroke Study
(PROGRESS) (19) was another trial that looked at BP reduction with
the angiotensin-converting enzyme inhibitor perindopril alone or in
combination with indapamide, if needed, in 6105 hypertensive and
nonhypertensive patients (entry BP 136/79 mmHg) who had suffered a
stroke or TIA. Patients were enrolled an average of 8 months after their
event, with a range of 2 to 22 months. Patients received standard care for
secondary stroke prevention, including antiplatelet therapy. Patients
already receiving antihypertensive medications continued them. About
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14% of patients dropped out during the “run-in period” (before random-
ization) because of medication side effects. Over 4 years of follow-up,
active treatment reduced BP by 9/4 mmHg. There were 307 strokes
(10%) in the treated group and 420 strokes (14%) in the placebo group.
Those patients treated with perindopril alone had their BP reduced by 5/
3 mmHg and had no discernible reduction in stroke. Those patients
treated with the combination of perindopril and indapamide, received by
58% of patients, had a reduction in their BP of 12/5 mmHg and had a 43%
relative risk reduction for stroke. For the combination therapy, there was
a 42% risk reduction for hypertensives (93/948 vs 159/955) and a 44%
risk reduction for nonhypertensive (57/822 vs 96/819). These reductions
are what would be predicted based on the intensity of the BP lowering
(16) and do not necessarily indicate a specific drug or class benefit.

These two studies strongly indicate that patients who have had a
stroke should have their BP lowered, even if they are normotensive. At
this time, it is not clear if the reduction in future stroke risk is drug/class
specific or simply a reflection of the degree of lowered BP. It is also
unclear to what extent BP should be lowered in the normotensive group.

HYPERTENSION AND DEMENTIA

With the reports that midlife hypertension is a risk factor for late-life
dementia (64–66) and the demonstration that treatment of hypertension
may lessen the risk of dementia (62,67,68), there has been a great deal
of interest in the concept of vascular dementia and the identification of
those patients who might benefit from treatment (69). A large number of
studies investigating various aspects of the relationship of stroke, cog-
nitive impairment, dementia, and hypertension are reported. There are a
number of issues involved in dementia and vascular disease research that
need to be understood to interpret the results of these studies. Any discus-
sion of cognitive impairment and dementia proves challenging because
nearly all aspects of dementia are subject to debate, including criteria for
clinical, as well as pathological, diagnosis and subtyping of the demen-
tia. This section provides the background information, summary of
recent research findings, and discussion of current controversial issues
necessary to interpret these findings.

Background
Dementia is defined as a decline in previously acquired cognitive

abilities or skills. This means that the individual had at some point
acquired a certain level of higher cognitive function and subsequently
had a decline in or loss of that ability. Normal higher cognitive function
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is based on a complex neural network of interconnections for which
subsets of various functions may be located in different parts of the brain.
Some networks have overlapping functions, so that a specific area of the
brain may participate in a number of different functions. As a result,
isolated lesions may result in dysfunction of several different higher
cortical systems; conversely, because of the overlapping networks, sig-
nificant impairment of a single complex function usually requires rela-
tively widespread disturbance of neural function (70). The number and
site of interconnections are the result of genetic as well as developmen-
tal/environmental factors. Some individuals are born with brains that
have limited ability to develop complex interconnections, whereas oth-
ers have the potential to develop and maintain generous synaptic con-
nections. With normal aging, there is a gradual loss of neurons and of
some specific cognitive abilities. Brains that had fewer connections ini-
tially will be less able to compensate for this normal neuronal and syn-
aptic loss. Increased educational attainment has been found to reduce the
risk of incident dementia, suggesting it may impart a neuronal reserve
that delays the onset of clinical manifestations (71).

Beyond normal aging, any process that causes additional loss of neu-
rons and/or their connections in the brain may result in further loss of
higher cognitive function. The effects of different insults to the CNS
may be additive, so that processes as varied as head trauma, alcohol
abuse, prior stroke, and neurodegenerative diseases may all contribute
to the development of dementia. For this reason, many cases of dementia
may actually be multifactorial, with greater or lesser contributions from
different causes.

Dementia is primarily a disease of the elderly. As the population ages,
the prevalence of dementia is increasing rapidly. In one frequently cited
study (72), it was estimated that 29.8% of patients over the age of 85
years were diagnosed as demented. Based on the Framingham data, the
incidence of dementia is estimated to double every 5 years over the age
of 65 years, increasing from 7.0/1000 for ages 65 to 69 to 118/1000 for
ages 85 to 89 years (73).

Dementia does not strike suddenly. In most cases, there is a gradual
loss of function over time, usually many months to years. The loss may
be so gradual that the family does not notice it until a stressful situation
arises (such as a medical illness, spousal loss, or change in living
environment), and the patient is unable to respond appropriately. With
dementia, social skills tend to be preserved until very late in the course,
so that patients may act socially appropriate even when they are mildly
to moderately demented. Although families frequently report the patient
has had a sudden change in cognitive ability at the time of some crisis,
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in retrospect, it is usually clear that the patient had been gradually losing
the ability to handle tasks that were previously a part of his or her normal
daily activities (e.g., such as handling the checkbook, driving, shopping,
going to social functions).

Dementia that develops in patients with more educational attainment
may be more difficult to identify. Even though by clinical history they
are clearly no longer functioning at their previous level, they initially
tend to score within the normal range on neuropsychological testing. It
is this initial subtle loss of function that is difficult to identify and makes
early recognition of cognitive impairment challenging.

As noted, the diagnosis of dementia is based primarily on clinical
history and examination. There are a number of potentially treatable
processes (such as, but not limited to, hypothyroidism, vitamin B12
deficiency, thiamine deficiency, renal failure, liver failure, hypoxia,
neurosyphilis, medication effects) that may cause dementia or may
worsen a coexisting dementia. Occasionally, multifocal brain dysfunc-
tion can present with the clinical appearance of slow cognitive decline.
Multiple brain lesions, particularly those that disrupt frontal pathways
but spare the motor pathways, may present as cognitive decline without
other associated findings. On rare occasions, multiple sclerosis or pri-
mary and metastatic brain tumors may present in this fashion. As part of
the routine evaluation of patients with dementia, a workup with labora-
tory investigation (including comprehensive metabolic profile, com-
plete blood count, B12 level, thyroid functions, and rapid plasma reagin),
chest X-ray, and brain imaging is usually performed to identify any
potential treatable causes or contributors to the dementing illness.

Unfortunately, the most common dementing illnesses, such as AD,
frontotemporal dementias, and vascular dementias, do not have a spe-
cific blood test or neuroimaging procedure that makes the specific diag-
nosis of dementia and identifies its etiology. The diagnosis of these
“primary dementias” is based on the clinical history and exam, with
laboratory tests and neuroimaging usually “ruling out” other possible
etiologies of cognitive impairment. Although specific neuropsychologi-
cal test results, neuroimaging characteristics, and neuropathological
findings can be helpful in differentiating the dementia subtypes, they
must be used cautiously, with an understanding of their strengths and
weaknesses.

As noted, there is some expected gradual loss of higher cognitive
functioning with age. Researchers are attempting to define the limits of
normal age-related changes and differentiate them from the cognitive
decline of early dementia. A number of different terms, such as mild
cognitive impairment (74,75), aging-associated cognitive decline (76),
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and cognitive impairment with no dementia (77), have been developed
to address those patients who show very mild cognitive deterioration but
do not yet meet standard criteria for dementia. Numerous studies are
under way in an attempt to define the exact relationship of these states
of mild cognitive impairment to the future development of dementia.

When reading about cognitive impairment and dementia, it must be
recognized that estimates of the incidence and prevalence of dementia
are determined by the criteria used to make the diagnosis of dementia
(78). There are a number of different criteria that may be used to make
this diagnosis.

The Canadian Study of Health and Aging studied a randomly selected
population of 1879 men and women over the age of 65 years (mean age
80 years) and used an extensive neurological and neuropsychological
evaluation (79). Based on the data from this testing, patients were clas-
sified as having “no cognitive loss,” “cognitive loss but no dementia,”
and “dementia.” The authors classified the patients using six commonly
accepted sets of criteria: those from the DSM-III (Diagnostic and Statis-
tical Manual of Mental Disorders, Third Edition), the DSM-III-Revised,
the DSM-IV, ICD-9 (International Classification of Diseases, Ninth
Revision), ICD-10, and the Cambridge Examination for Mental Disor-
ders of the Elderly (CAMDEX). The frequency of the diagnosis of demen-
tia was as follows: DSM-III, 29.1%; DSM-III-R, 17.3%; DSM-IV, 13.7%;
ICD-9, 5.0%; CAMDEX, 4.9%; and ICD-10, 3.1%, an almost 10-fold
difference between the lowest and the highest estimated prevalences.
Only 20 patients from the entire sample met dementia criteria for all six
classifications, indicating that the classification schema tended to iden-
tify different patients as having dementia (79). This finding has caused
some concern about the validity of comparisons between studies using
different criteria for the diagnosis of dementia.

Not only the identification of dementia is somewhat problematic, but
also the issue of separating dementing illnesses into various subtypes
(AD, vascular, mixed, other defined, other ill defined) is challenging.
Few subtypes of dementia can be accurately classified during life. Most
classifications identify AD as the most common form of dementia, fol-
lowed by either vascular dementia or mixed dementia. Most series state
that about 80% of dementias are AD, 10% multi-infarct, and 10% “other.”
When patients clinically diagnosed as having AD in life undergo autopsy,
the diagnosis is typically confirmed in 60 to 80% of cases (80). As with the
general diagnosis of dementia, the clinical criteria used to classify
patients into subtypes of dementia for research purposes vary widely
among studies.
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Vascular Dementia
Although AD has received the most attention and been the target of

most research, vascular dementia is beginning to be recognized as a
potentially preventable cause of dementia and is becoming a topic of
great interest. There has been a gradual evolution in the thinking about
cerebrovascular disease causing dementia. Although the concept of
arteriosclerotic dementia, which suggested that chronic ongoing
hypoperfusion caused cognitive impairment, was popular early, it sub-
sequently fell into disfavor. Stroke was not generally regarded as a com-
mon cause of dementia. Single strokes cause isolated dysfunction (such
as aphasia, hemiparesis, nondominant behavioral syndromes), but do
not usually cause global cognitive impairment (i.e., dementia). Multiple
strokes, affecting different regions of the brain, can cumulatively cause
a decline in higher cortical function, resulting in dementia.

Tomlinson et al. (81) observed that dementia was typically manifest
from stroke only when the total volume of brain injured exceeded 100 cc,
suggesting a threshold effect. However, it was recognized by others that
cognitive impairment could result from small, well-placed strokes, indi-
cating patients could have clinical dementia from single small lesions (82).
Hachinski and co-workers proposed the term multi-infarct dementia (MID)
to identify those with repeated strokes who developed cognitive impair-
ment. This was the basis for the Hachinski score, which has been used in
a number of studies to identify those with vascular dementia (83,84).

In a study of poststroke cognitive impairment, Tatemichi et al. (85)
compared 227 patients (older than 60 years) at 3 months after their stroke
with 240 stroke-free controls. Testing consisted of 17 scored items. They
found that 35.2% of the poststroke patients and 3.8% of the controls had
evidence of cognitive impairment, which most frequently affected
memory, language, orientation, and attention. They noted that func-
tional impairment was greater in those with cognitive impairment, with
55% of those having cognitive impairment requiring assistance com-
pared to 32% of those with stroke but no cognitive impairment. They
also reported that the risk of subsequent development of new-onset
dementia was higher in patients who had had a stroke. They found that,
at 52 months of follow-up, 34% of the stroke patients (older than 60
years) had developed dementia (DSM-III-R criteria) vs 10% of the stroke-
free age-matched cohort (86). Tatemichi et al. also demonstrated that the
mortality rate was significantly greater (19.8 deaths per 100 years of
follow-up) for those with dementia (diagnosed by DSM-III-R criteria)
following stroke than for those without dementia (6.9 deaths per 100
years of follow up). This finding persisted even after adjusting the model
for cardiac disease, severity of stroke (Barthel index), stroke type, and
recurrent stroke (87).
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In an effort to focus more attention on the possible contribution of
hypertensive injury to cognitive impairment through mechanisms other
than clinically recognized stroke, Hachinski developed the term vascu-
lar cognitive impairment as a concept that includes all different degrees
of intellectual decline associated with ischemic cerebrovascular disease
(88). A number of questions have been raised by vascular cognitive
impairment research, particularly regarding identification and treatment,
which are addressed here.

In an effort to differentiate multifocal discrete brain lesions (usually
stroke) from diffuse degenerative brain disease (AD), most of the older
criteria for vascular dementia required the identification of discrete focal
neurological events (strokes or TIAs) and focal abnormalities on the
neurological exam. Some required abnormalities on neuroimaging con-
sistent with stroke. As with dementia in general, a number of different
criteria have been proposed for the diagnosis of vascular dementia.

The five most commonly used criteria developed to make the diagno-
sis of vascular dementia are the National Institute of Neurological Dis-
orders and Stroke–Association Internationale pour la Recherche et
l’Enseignement en Neurosciences (NINDS-AIREN; 89), ICD-10 (90),
the Alzheimer’s Disease Diagnostic and Treatment Centers (ADDTC;
91), DSM-IV (92), and the Hachinski score (93). One study directly
compared these criteria in a classification of 167 elderly patients with
probable dementia and found that the number of cases classified as vas-
cular dementia differed significantly among the different guidelines. In
this study, 45 were classified as vascular dementia by DSM-IV criteria,
23 by ADDTC, 21 by ICD-10, and 12 by NINDS-AIREN; only 5 cases
met criteria for vascular dementia by all of the guidelines (94). This
pattern of variable criteria and classification schemes is similar to that
seen with the diagnosis of dementia in general (95).

There are efforts to develop newer classification schemes designed to
identify those cases with isolated “subcortical” vascular dementia. Sub-
cortical vascular dementia is thought to be primarily a small vessel dis-
ease, presumably from hypertensive injury. The hope is that the
development of these criteria will allow clear identification of a group
of patients, presumably with a common etiology, who might be entered
into targeted therapeutic trials (96).

Neuropsychological Testing
There are numerous neuropsychological tests that may be used in

clinical practice to identify patients with dementia. Some of these instru-
ments are more sensitive for memory disorders, some for executive
function; some are heavily education dependent. Although an overlap in
clinical deficits occurs, patients with AD tend to have more prominent
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memory deficits, whereas patients with subcortical dementia, the type that
is more frequently seen with vascular dementia, tend to have more prob-
lems with mood and executive function. Tests that fail to evaluate execu-
tive function may fail to identify the cognitive impairment seen with
subcortical dementias (97).

Many studies have chosen to use a simple screening instrument, the
Folstein Mini-Mental Status Exam (MMSE), to both identify and follow
patients with dementia. This test is heavily education dependent, so that
those normal individuals with higher education will score 30, and those
who are normal but functionally illiterate will score about 21, a score that
is classified as moderately demented in many studies (98). In addition,
the MMSE is heavily weighted toward assessment of memory and is
much less sensitive to executive function deficits that are usually seen
with subcortical white matter disease. As a result, the MMSE may fail
to identify those patients with moderate cognitive impairment from
multiple small deep infarctions.

Executive functions, including conceptual reasoning, inhibition of
overlearned patterns of behavior, inhibition of responses to stimuli,
mental flexibility, organizational ability, planning, regulation of work-
ing memory, and fluency of thought, may be better assessed by other
instruments, such as the Stroop test (99), card sorting (100), and go-no
go tests. The brief screening exams, such as the MMSE, have been used
in a large number of trials because they offer easy and rapid testing;
however, their sensitivity and specificity are less than ideal. Some
researchers have chosen to use more detailed neuropsychological test-
ing to identify and follow patients to minimize the risk of falsely clas-
sifying patients as normal or abnormal.

Neuroimaging
Many reports discuss the CT and/or MRI abnormalities used to make

or corroborate the diagnosis of vascular dementia; however, because there
are no well-defined universal criteria to describe lesions in the white matter,
interpreting the similarities and differences in these neuroimaging data
from different reports may be challenging (101). With the advent of
improved neuroimaging, initially with high-resolution CT scanners and
later with MRI, previously unrecognized white matter abnormalities
began to be identified. It rapidly became apparent that the relationship
between high-signal white matter abnormalities and dementia is a com-
plex one.

The MRI white matter high signals are not specific; they simply iden-
tify increased water content. A number of processes other than ischemia
can produce these high-signal abnormalities, including infectious pro-
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cesses (such as abscess, acquired immunodeficiency syndrome encepha-
lopathy, progressive multifocal encephalopathy), inflammation (such as
multiple sclerosis), edema, metastatic disease, primary brain tumors,
trauma, leukodystrophies (such as adrenoleukodystrophy, metachro-
matic leukodystrophy), sequelae of radiation or chemotherapy, Pick’s
disease, Wallerian degeneration, and vasculitis (from systemic vasculi-
tis, chronic meningitis, or isolated CNS vasculitis). Simple identifica-
tion of deep white matter changes does not make a diagnosis of vascular
dementia or identify a specific pathology. The imaging findings need to
be interpreted in light of the clinical picture. The variability in cause and
location of these lesions may partly explain why different studies have
drawn very different conclusions about the significance of these white
matter lesions (101).

There are several frequently seen MRI patterns of high-signal white
matter abnormalities (Figs. 4–6): very small punctate lesions, slightly
larger well-defined lesions, and larger more diffuse areas of hyperintensity
frequently seen around the ventricular poles and along the ventricular
walls (Figs. 5 and 6). The very small punctate lesions, 1 to 2 mm in
diameter, are usually the dilation of the Virchow-Robin spaces and are
thought to represent tissue rarefaction around penetrating arterioles that
have become thickened and ectatic. Some reactive astrocytosis is usu-
ally seen in the perivascular region, and there may be accompanying
serum protein leakage into the perivascular space. These changes have
been referred to as état crible.

The larger, on the order of 3 to 10 mm, cavitary lesions usually rep-
resent lacunar infarctions. Rarely, these larger lesions can represent small
hemorrhage residua (easily differentiated on MRI by the presence of
hemosiderin rings), marked dilation of the Virchow-Robin space (usu-
ally seen in the inferior basal ganglia), or ventricular diverticula (102).

There are several less-well-defined areas of high signal that may not
represent ischemic injury. The high signal seen anterior to the frontal
horns is normal, a result of tissue rarefaction in this area. The rims that
may be seen along the lateral walls of the ventricles may simply repre-
sent breakdown of the ventricular lining with periventricular gliosis
(102). Other areas of white matter high-signal abnormality have been
noted and variously described in different reports as periventricular,
deep white matter hyperintensities, or subcortical hyperintensities; oth-
ers have simply referred to them as white matter lesions. These abnor-
malities range from small discrete lesions to vaguely defined confluent
areas. Hachinski et al. introduced the term leukoaraiosis to emphasize
the heterogeneity of these high-signal lesions and to avoid any presump-
tion about their etiology or pathological correlate (103).
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Fig. 4. Extensive leukoaraiosis in a computed tomographic scan of brain. Ar-
rows point to areas of hypodensity of the white matter anterior and posterior to
ventricles as well as in the white matter adjacent to the lateral aspects of the
ventricles.

The presence of subcortical high-signal white matter lesions is most
strongly associated with age. Many apparently normal elderly have white
matter lesions (104–107). Some reports have demonstrated a signifi-
cant relationship between subcortical white matter hyperintensities
and hypertension; others have not (108,109). One report found a strong
relationship between white matter lesions and the presence of uncon-
trolled hypertension, suggesting that the level of BP, particularly SBP,
was related to the presence of these lesions (110). The presence of white
matter lesions does not strongly correlate with the presence of dementia
or cognitive impairment.
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A number of studies have reported on the presence of these
hyperintensities in relationship to hypertension, age, and cognitive
function. Pathological examination of the more diffuse white matter
hyperintensities has variously revealed myelin loss, myelin and axonal
loss (111–113), ischemic infarction (114), diffuse decreased density of
glial cells with accompanying vacuolation (115), or “incomplete infarc-
tion” (116-118). Brun and Englund (116) used the term incomplete
infarction to describe areas of myelin and axon loss, with loss of oli-
godendroglia, associated with increased numbers of reactive astrocytes,
but without cavitation or significant necrosis. This is thought to repre-
sent areas of repeated hypoperfusion presumably secondary to bouts of
hypotension. Brun and Englund first described this phenomenon in the
brains of patients with AD and noted that all of these patients had had low

Fig. 6. Extensive leukoaraiosis shown in magnetic resonance imaging of brain
with fluid attenuated inversion recovery sequence. Arrows point to areas of
extensive confluent high signal in the white matter adjacent to lateral ventricles.
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BP, not high BP, suggesting that there was hypoperfusion in the territory
of the medullary arteries. Other authors have noted a relationship between
the occurrence of hypotension and the presence of dementia. Several stud-
ies have documented the decline in BP in elderly demented patients. It
is not clear if the decline in BP is the cause of the cognitive decline or the
result of the dementia (119–121).

The subcortical white matter could be vulnerable to several different
types of vascular processes. Medullary penetrating arteries that arise
from the cortical arterioles supply the white matter above the ventricles.
With hypertensive injury, lipohyalinosis or thickening of the arterial
wall of the penetrating arteries may develop. These arteries may then
become less able to autoregulate blood flow and thus be unable to com-
pensate for changes in BP. If the arterial walls of a single vessel became
stenotic enough, there could be distal perfusion failure with resultant
infarction. If the arteriole had impaired vasoreactivity, it would be
unable to dilate in response to BP decreases, resulting in distal
hypoperfusion with resultant neuronal and/or glial injury.

Amyloid angiopathy has also been associated with cerebral infarc-
tion. Amyloid angiopathy is caused by amyloid deposits in the small and
medium-size vessels on the surface of the brain. Several authors have
noted the presence of ischemic lesions in patients with amyloid angiopa-
thy, and it has been proposed that the amyloid may cause occlusion or
stiffening of these arterioles with loss of vasoreactivity, making the deep
white matter susceptible to ischemia in the face of hypotension (122–125).

Moody and co-workers have suggested another possible mechanism
for perfusion failure in the medullary artery territory(126,127). They
demonstrated that, with increasing age, the medullary arteries lengthen
and become more tortuous. Using a computer model, they suggested that
the increase in length may raise the minimum BP necessary to perfuse
the distal portions of these vessels (i.e., the periventricular white matter),
raising another possible mechanism by which relative hypotension could
result in ischemia in the deep white matter (126,127).

Okeda proposed an additional possible injury (128). In the event
that the arterioles have lost the ability to autoregulate, there will be
hypoperfusion in the case of hypotension, but there will be hyperperfusion
with hypertension, and the delivery of high pressure blood flow into the
distal medullary arteriole bed could result in fluid extravasation with
local tissue injury (128).

Some MRI investigations of dementia, instead of focusing on white
matter abnormalities, have focused more on cerebral volume loss, dem-
onstrated by increased ventricular volume and decreased cortical gray
matter volume. They have suggested that cortical atrophy is an index of
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disease severity for both AD and for subcortical vascular disease and is
more strongly predictive of future decline than the presence of white
matter changes, either focal (lacunar) or diffuse (129).

Neuropathology
The pathological criteria used for dementia subtype classification

may also significantly alter the percentages classified to each category.
In some series using pathological data for dementia classification, the
presence of a single stroke has been enough to classify the case as MID,
but in others, multiple strokes in different areas of the brain were
required for the classification of MID. This difference in classification
schemas is reflected in the wide spread of percentage of cases of demen-
tia, ranging from 10% to 60%, classified as vascular dementias in differ-
ent series (115).

Some pathologists routinely ignore small amounts of white matter
ischemic injury, requiring large volumes of infarcted tissue to make the
diagnosis; others require the presence of multiple cortical infarctions,
and some focus on the presence of white matter abnormalities. There are
authors who will only diagnosis vascular dementia in the absence of
changes typical of AD; others may base their assessment on the prepon-
derance of the pathological changes (130–135). Some even suggest that
AD is primarily a vascular disorder, and AD is simply part of the spec-
trum of vascular dementia (136). Just as there are various etiologies for
ischemic stroke, so there may be a spectrum of vascular diseases causing
dementia, ranging from well-defined multiple cortical strokes to mul-
tiple lacunes to leukoaraiosis (103), or a combination of these lesions.
Vascular dementia may also cause an additive insult to the cognitive
function of a patient already suffering from AD, a phenomenon that Munoz
et al.’s study suggested could be a very frequent occurrence (115).

Treatment of Hypertension to Prevent Cognitive Decline
Several trials have looked specifically at cognitive impairment

(PROGRESS in a stroke population and Syst-Eur in a hypertensive
population) to determine whether BP lowering could reduce the risk of
dementia and/or cognitive decline. In the PROGRESS trial (67), although
there appeared to be some benefit to active treatment, most of the benefit
appeared to be secondary to stroke reduction in the treated group. The
“dementia with recurrent stroke” was reduced by about one-third, and
the risk of cognitive decline with recurrent stroke was reduced by 34%.
When the decline in MMSE scores was evaluated, there was a small
difference between the active treatment arm (–0.05 ± 0.05 mean ± stan-
dard error) vs the placebo arm (0.19 ± 0.07) group.
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The Syst-Eur study performed an extended follow-up of patients who
had participated in the trial (68). They used the MMSE to score patients
and classified them by the DSM-III-R criteria. In follow-up of 2902
patients, they reported 64 incident cases of all-cause dementia (41 AD,
19 mixed or vascular), with 43 in the control group, 21 in the active
treatment group, for a rate of 7.4 per 1000 patient-years for all-cause
dementia in the control group and 3.3 in the active treatment group. It
was not clear if this reduction simply represented a benefit from decreased
BP or potentially a specific benefit of the calcium antagonist nitrendipine.
They did not comment on the relationship between stroke and cognitive
decline; therefore, no direct comparison to the PROGRESS observa-
tions can be made.

Data on risk factors for the development of dementia are frequently
difficult to sort. In particular, information on hypertension may not be
well defined. The definition of hypertension varies between many of the
older studies and may not be specified in some. Readers of this text will
be well aware of the issues surrounding identification of hypertension.
There have been changes in the definition of hypertension over time, so
that older studies used different criteria than newer ones.

The issue of how BP was measured is also important. A single BP
measure at one point in time may not accurately represent the BP over
time, with white-coat hypertension one example. Monitoring for 24 hours
would provide better data than a single office BP measurement, and 24-
hour mean BP was found in one study to be a strong predictor of risk for
stroke (137). To date, 24-hour BP monitoring has not been reported in
any large studies on vascular dementia.

There are conflicting reports about the relationship of hypertension,
its treatment, and its effect on cognition. Some reports demonstrated that
reducing BP reduced the risk of dementia; others have failed to show
such a relationship (138). Other longitudinal studies have reported that
there is a decline in BP that may precede or accompany the development
of dementia, raising questions regarding what is cause and what is effect
(139). It is possible that initially hypertensive injury to small arteries
triggers structural changes in the arterial walls that may result in ischemic
injury to the brain. These structural changes in small arteries and arterioles
may cause an impairment or loss of autoregulation; with a loss of auto-
regulation, hypotension may result in cerebral ischemia in the deep white
matter. Amyloid angiopathy is another process that is frequently seen in
the elderly that could impair the arterioles’ ability to autoregulate.

As it becomes clear that hypertension may play a role in the develop-
ment of dementia and that treatment of hypertension may decrease the
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risk of subsequent development of dementia, interest has focused on
identification of those patients who would be most likely to benefit from
early treatment.

CONCLUSIONS

Stroke is the third leading cause of death in the United States and is a
leading cause of long-term disability. Hypertension is the most potent
risk factor for future stroke development. Well-designed trials have dem-
onstrated that reduction of BP dramatically decreases the risk of stroke.
There is good data showing that almost all medications that reduce BP
reduce stroke risk. There is also some data suggesting that different
antihypertensive agents or classes may have greater benefits than others,
but to date this has not been conclusively demonstrated. It appears that,
in high-risk patients (i.e., those who have already suffered a stroke),
lowering BP, even for nonhypertensives, reduces the risk of future stroke.
Currently, it is not known to what extent pressure should be lowered or
if specific antihypertensives may be more beneficial than others.

A strong association exists between hypertension and the develop-
ment of cognitive impairment and dementia. The relationship between
BP and dementia is complex, spanning the accumulated brain injury
from multiple strokes to small blood vessel injuries with secondary
effects on brain perfusion. It is apparent that antihypertensives can
decrease stroke risk and its relative contribution to cognitive decline.
There is exciting data that BP lowering can potentially decrease cogni-
tive decline in other ways as well. It may be that early, aggressive man-
agement of BP will have a long-term benefit of lessening the risk of
dementia.
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INTRODUCTION

In the mid-20th century, it was becoming clear from epidemiological
studies that elevated blood pressure (BP) was associated with increased
risk of cardiovascular events. However, it was not feasible to conduct
long-term morbidity trials to test whether lowering BP with medications
would lower cardiovascular events until a class of medications was avail-
able that was safe and effective in long-term use in lowering BP, either
alone or with other medications, and that was well tolerated. Thiazide-
type diuretics, which became available in 1960, were that breakthrough
class. Therefore, a series of clinical trials, beginning with the Veterans
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Administration (VA) Cooperative Study on treatment of hypertension in
the 1960s (1–3), was conducted with therapy based on thiazide-type
diuretics and demonstrated that such antihypertensive therapy reduced
strokes by 35–40%, myocardial infarction (MI) by 20–25%, and heart
failure by more than 50% (4,5).

There were fewer randomized controlled trials (RCTs) with β-adren-
ergic blockers than with thiazide-type diuretics (5), the benefits were
less consistent (6), and none were conducted in the United States. How-
ever, until the late 1990s these were the only two classes of antihyper-
tensive drugs tested as initial therapy in hypertension morbidity trials.
Therefore, β-adrenergic blockers were added to diuretics as the other
option for preferred initial therapy of hypertension in the 1984 US Joint
National Committee (JNC) hypertension guidelines (7,8). They were
included with diuretics as preferred initial therapy in every JNC report
since 1984 until 2003 (JNC 7), when diuretics were again given prefer-
ence. In JNC 7, β-blockers, angiotensin-converting enzyme (ACE) in-
hibitors, calcium channel blockers (CCBs), and angiotensin-receptor
blockers (ARBs) were all included as possible alternatives to the pre-
ferred diuretics for initial therapy because these classes had all also
reduced cardiovascular events in large hypertension morbidity trials (9).

Since diuretics and β-blockers were the only two classes recom-
mended as initial therapy for many years and because some hypertension
morbidity trials have permitted investigator choice of diuretic or β-
blocker as initial therapy in one randomized treatment arm, these two
classes are often considered together in discussions of antihypertensive
treatment or in meta-analyses (10). However, their mechanisms of anti-
hypertensive action and pharmacodynamic effects appear as different as
any two classes of antihypertensive agents. Nevertheless, because of the
historical role of these two classes in demonstrating the benefits of treat-
ing hypertension, both are considered in their role in the management of
hypertension in the elderly in this chapter. Table 1, adapted from JNC 7,
provides a list of thiozide-type diuretics and β-blockers used in the United
States with their recommended dosing ranges.

REDUCTION IN CARDIOVASCULAR EVENTS IN TRIALS

Placebo-Controlled Trials
The most important reason in choosing an antihypertensive agent as

initial therapy in a patient is the experience of the drug in reducing
cardiovascular events and/or mortality in large clinical trials. A number
of placebo-controlled trials, and one with “usual care” as the comparison
group, were completed with diuretics from the 1960s through the early
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Table 1
Thiazide-Type Diuretics and β-Blockers

Usual dose Usual daily
Class Drug (trade name) range, mg/day frequency

Thiazide-type diuretics
• Chlorothiazide (Diuril) 125–500 1–2
• Chlorthalidone (generic) 12.5–25 1
• Hydrochlorothiazide

(Microzide, HydroDIURIL*) 12.5–50 1
• Polythiazide (Renese) 2–4 1
• Indapamide (Lozol*) 1.25–2.5 1
• Metolazone (Mykrox) 0.5–1.0 1
• Metolazone (Zaroxolyn) 2.5–5 1

β-Blockers
• Atenolol (Tenormin*) 25–100 1
• Betaxolol (Kerlone*) 5–20 1
• Bisoprolol (Zebeta*) 2.5–10 1
• Metoprolol (Lopressor*) 50–200 2
• Metoprolol extended release

(Toprol XL) 50–200 1
• Nadolol (Corgard*) 40–120 1
• Propranolol (Inderal*) 40–240 2
• Propranolol long acting

(Inderal LA*) 60–240 1
• Timolol (Blocadren*) 20–40 2

β-Blockers with intrinsic
sympathomimetic activity

• Acebutolol (Sectral*) 200–800 2
• Penbutolol (Levatol) 10–40 1
• Pindolol (generic) 10–40 2

Combined β-blockers and α-blockers
• Carvedilol (Coreg) 12.5–50 2
• Labetalol (Normodyne, Trandate*) 200–800 2

*Available now or soon to become available in generic preparations. (Adapted from ref. 8,
with modifications.)

1990s. Several placebo-controlled trials were conducted with β-blockers,
although none of these were conducted in the United States.

Psaty et al. (5) summarized the results of 15 RCTs of thiazide-type
diuretic-based therapy and four trials of β-blocker-based therapy com-
pared with placebo (or usual care) in a meta-analysis of 48,220 partici-
pants. The thiazide-type diuretic trial analyses were divided into high-
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or low-dose diuretic: low-dose trials used the equivalent of 12.5–25 mg
of chlorthalidone or 25–50 mg of hydrochlorothiazide (HCTZ) and high-
dose trials included doses higher than these. None of these trials used
lower doses than those low doses for the usual titration steps. The earlier
trials generally used “high”-dose diuretics and were conducted in mostly
young and middle-aged populations, and the later trials used “low”-dose
diuretics and were mostly in older hypertensive patients. Different dose
ranges of diuretics were not compared by randomized assignment within
the same trial.

High-dose thiazide-type diuretics significantly reduced strokes by
51%, heart failure by 83%, and cardiovascular mortality by 22%, although
coronary heart disease (CHD) was not reduced (Fig. 1). Low-dose thiaz-
ide-type diuretics in older patients significantly reduced strokes by 34%,
heart failure by 42%, cardiovascular mortality by 24%, all-cause mortal-
ity by 10%, and CHD by 28%. The absolute risk reduction was generally
larger in elderly populations because of a higher cardiovascular event
rate. In four trials, Psaty et al. reported that β-blockers significantly
reduced strokes by 29% and heart failure by 42%, but neither CHD (–7%)
nor mortality (–5%) were reduced significantly (5).

Another meta-analysis limited to hypertension trials in the elderly
reported that diuretics significantly reduced CHD (–21%), stroke (–36%),
heart failure (–49%), and death (–12%) and β-blockers significantly
reduced stroke (–31%) and heart failure (–43%), but not CHD or death

Fig. 1. Event reduction with low-dose or high-dose diuretic or β-blockers in
placebo-controlled trials and in the Hypertension Detection and Follow-up
Program (HDFP) (5). Low-dose diuretic is the equivalent of 25 to 50 mg hydro-
chlorothiazide or 12.5 to 25 mg chlorthalidone. CHD, coronary heart disease;
CHF, congestive heart failure; CV, cardiovascular.
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(Fig. 2) (11). A subsequent systematic review by Messerli et al. of diuret-
ics and β-blockers in elderly hypertensives concluded that diuretics sig-
nificantly reduced strokes, CHD, mortality, and cardiovascular disease
(CVD) mortality (including stroke and CHD mortality separately), but
that β-blockers only reduced strokes (12).

Comparison Between Thiazide-Type Diuretics and β-Blockers
In the British Medical Research Council (MRC) trial in mild hyper-

tension in a younger hypertensive population (aged 35–64 years), active
treatment with either the thiazide diuretic bendrofluazide or the β-blocker
propranolol reduced strokes and overall CVD events compared with
placebo, but the reduction in stroke rate on bendrofluazide was signifi-
cantly greater than that on propranolol (p = 0.002) (13). In the MRC trial
of treatment of hypertension in older adults, both the β-blocker atenolol
(50 mg) and HCTZ (25–50 mg) plus amiloride treatments reduced BP
below the level in the placebo group (6). Compared with the placebo
group, actively treated subjects (diuretic and β-blocker groups com-
bined) had a 25% reduction in stroke (p = 0.04), 19% reduction in coro-
nary events (p = 0.08), and 17% reduction in all cardiovascular events
(p = 0.03). After adjusting for baseline characteristics, the diuretic group
had significantly reduced risks of stroke (–31%, p = 0.04), coronary
events (–44%, p < 0.001), and all cardiovascular events (–35%, p < 0.001)
compared with the placebo group. The β-blocker group showed no signifi-
cant reductions in CVD events. As pointed out by Prisant (14), there

Fig. 2. Cardiovascular risk reduction with diuretics or β-blockers as first-line
antihypertensive therapy in eight randomized controlled trials in older persons
(11). All reductions were significant (p < 0.05) except coronary heart disease
(CHD) and death with β-blockers. CHF, congestive heart failure.
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were limitations to this trial, such as the unblinded assignment of ran-
domized therapy, the very low proportion of participants remaining on
β-blocker (63% withdrawal or lost to follow-up), and an early difference
in systolic BP reduction between the two active treatment arms. In addi-
tion, the dose of diuretic was consistent with prior trials, but the atenolol
dose may have been too restricted. However, BP was reduced signifi-
cantly more than placebo in the β-blocker arm, and regardless of the
reasons, including poor persistence on assigned therapy, there were no
CVD benefits demonstrated for the β-blocker.

In 2003, Psaty et al. (15) conducted a “network” meta-analysis com-
paring cardiovascular outcomes of various antihypertensive agents by
combining direct and indirect comparisons from the evidence from 42
hypertension morbidity trials. Although the trials included were not
restricted to the elderly, the majority of participants were elderly, and
certainly the majority of events were in older patients. They confirmed
a highly significant (p ≤ 0.002 for each) reduction in CHD (–21%), strokes
(–29%), heart failure (–49%), CVD (–24%), CVD mortality (–19%), and
total mortality (–10%) for low-dose diuretics compared with placebo.
Diuretics reduced CVD events significantly more (–11%) than β-blockers,
and CHD (–13%), heart failure (–17%), and stroke (–10%) approached
being significantly lower with diuretics.

Although β-blockers have been successful in reducing events in some
clinical trials in the elderly, the evidence is not as consistent or as broad
as with diuretics. In particular, perhaps surprisingly, β-blockers have
appeared less effective in hypertension trials of the elderly in reducing
CHD or mortality than thiazide-type diuretics have.

Comparison With Other Antihypertensive Drug Classes
Since 1998, the results of a number of trials comparing thiazide-type

diuretics and/or β-blockers with other newer classes of antihypertensive
agents have been published. These trials have been conducted predomi-
nantly in the elderly because they have more CVD events—otherwise,
these relatively large long-term trials would have needed to be even
larger and longer to have adequate power to detect potentially clinically
meaningful differences. The primary results of these comparison trials
are shown in Table 2. Most of these trials were designed as superiority
trials: the hypothesis was that the newer antihypertensive agents were better
at reducing the primary CVD outcome than diuretics and/or β-blockers.

The Captopril Prevention Program (CAPPP) demonstrated no supe-
riority of captopril over diuretics and β-blockers, except in participants
with diabetes mellitus (16). In the Nordic Diltiazem (NORDIL) Study,
the CCB diltiazem was not superior to diuretics and β-blockers for the
primary outcome, combined fatal and nonfatal stroke, MI, and other
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CVD death (relative risk = 1.0) (17). Stroke was less frequent with
diltiazem ( p = 0.04), although this was not the primary outcome and was
only one of many outcome comparisons.

The Controlled Onset Verapamil Investigation of Cardiovascular End
Points (CONVINCE) trial compared the nondihydropyridine CCB
verapamil with diuretic or β-blocker (investigator choice prior to
double-blind randomization) (18). It was designed to be a noninferiority
study, but was stopped early by the sponsoring pharmaceutical company
for business reasons (the company was reportedly blinded to the ongoing
results); the lack of difference between the regimens nevertheless nearly
achieved the criterion to say the CCB was not inferior to the diuretic/
β-blocker. However, the dose of the diuretic HCTZ (12.5–25 mg),
although common in clinical practice in recent years, was lower than any
of the placebo-controlled morbidity trials of diuretics.

Table 2
Large Hypertension Trials Comparing Cerebrovascular Disease (CVD)

or CVD Mortality Between Diuretics and/or β-Blockers and Other
Antihypertensive Agents

Trial Number BPD Outcomes

CAPPP 10,985 +3/+1 Captopril not superior to D/BB
NORDIL 10,881 +3/0 Diltiazem not superior to D/BB
CONVINCE 16,602 0/+1 Verapamil not superior to D/BB
STOP-2 6628 0/–1 Isradipine/felodipine not superior to D/BB

0/0 ACEIs not superior to D/BB
INSIGHT 6592 0/0 Nifedipine GITS not superior to diuretic
LIFE 9193 +1/0 Losartan superior to atenolol
ANBP2 6083 +1/0 ACEIs not superior to diuretics
ALLHAT 42,418 –3/–1 Chlorthalidone superior to doxazosin

–1/+1 Chlorthalidone superior to amlodipine (HF)
–2/0 Chlorthalidone superior to lisinopril

INVEST 22,576 0/0 Verapamil (± trandolapril) equivalent
to atenolol (± hydrochlorothiazide)

ACEIs, angiotensin-converting enzyme inhibitors; ALLHAT, Antihypertensive and Lipid
Lowering Treatment to Prevent Heart Attack Trial (24–26); ANBP2, Second Australian
National Blood Pressure Study (28); BPD, difference in blood pressure between regimens;
CAPPP, Captopril Prevention Program (16); CONVINCE, Controlled Onset Verapamil
Investigation of Cardiovascular End Points trial (18); D/BB, diuretics and/or β-blockers; GITS,
gastrointestinal therapeutic system; HF, heart failure; INSIGHT, International Nifedipine GITS
Study: Intervention as a Goal in Hypertension Treatment (20); INVEST, International
Verapamil-Trandolapril Study (21); LIFE, Losartan Intervention for Endpoint Reduction in
Hypertension study (22); NORDIL, Nordic Diltiazem study (17); STOP-2, Swedish Trial in
Older Persons With Hypertension (19).
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In the Second Swedish Trial in Old Patients With Hypertension (STOP
Hypertension-2), neither CCBs nor ACE inhibitors were superior to
standard therapy with diuretics and/or β-blockers for the primary out-
come, cardiovascular mortality, but MIs and heart failure were lower
with ACE inhibitors than with CCBs (19). These were only two of sev-
eral secondary outcomes, so the investigators wrote this should not be
taken as definitive evidence of a difference. However, the decreased
benefit on heart failure with CCBs has been a recurrent observation.

In the International Nifedipine Gastrointestinal Therapeutic System
Study: Intervention as a Goal in Hypertension Treatment (INSIGHT),
nifedipine gastrointestinal therapeutic system (GITS) was not superior
to the diuretic co-amilozide (25 mg HCTZ and 2.5 mg amiloride, one to
two per day) for the primary combined cardiovascular outcome, although
heart failure was twice as common (p < 0.03) and fatal MI was more than
three times as frequent (p < 0.02) with nifedipine compared with the
diuretic (20). Although these were “primary outcomes” of the trial, they
were not the primary outcome and are subject to multiple comparison
limitations.

The International Verapamil-Trandolapril Study (INVEST) showed
no difference in CVD events between the CCB verapamil and the β-
blocker atenolol in hypertensive patients aged 50 years and older (mean
66 years) with coronary artery disease (21). In the Losartan Intervention
for Endpoint reduction in hypertension study (LIFE), the ARB losartan
reduced the primary CVD outcome (mainly through effects on strokes)
more than the β-blocker atenolol (22). This was the first large hyperten-
sion trial to compare an ARB with another agent.

ANTIHYPERTENSIVE AND LIPID-LOWERING TREATMENT TO PREVENT

HEART ATTACK TRIAL

The Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT) compared clinical outcomes in 42,418
hypertensive participants 55 years or older (mean age 67 years) ran-
domly assigned to receive initial double-blind treatment with a thiazide-
type diuretic (chlorthalidone), an α1-blocker (doxazosin), a CCB
(amlodipine), or an ACE inhibitor (lisinopril) (23). Except the drug
classes tested or ARBs, other drugs were added as needed to control BP
to less than140/90 mmHg. The β-blocker atenolol was the most common
drug added for BP control.

In 2000, the doxazosin arm was stopped early because it was associ-
ated with 25% more cardiovascular events and twice as much heart
failure compared with the thiazide-type diuretic chlorthalidone and
because the CHD primary outcome was so similar that it was very
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unlikely that any clinically meaningful or statistically significant differ-
ence in CHD would occur, even if the doxazosin arm was continued for
several more years (24,25). A subsequent report updated the results
based on a more complete accounting of events that occurred prior to
stopping the arm, which were an additional 9232 participant-years and
939 CVD events (Fig. 3) (25). The doxazosin arm still had a higher risk
of stroke (26%, p = 0.03), combined CVD (20%, p < 0.001), and heart
failure (80%, p < 0.001) than the chlorthalidone arm; CHD and mortality
were not different.

During a mean follow-up of 4.9 years, the incidence of the primary
outcome (CHD death or nonfatal MI) and all-cause mortality was no
different in the chlorthalidone, amlodipine, and lisinopril arms (Fig. 4)
(26). However, the rates of heart failure with amlodipine and lisinopril
were significantly higher (by 38% and 19%, respectively) than with
chlorthalidone in all participants and across all major groups, including
age younger than 65 years and in the elderly (≥65 years), men and women,
black and non-black participants, presence or absence of diabetes, and
presence or absence of CHD. Participants in the lisinopril arm also had
a significantly higher incidence of stroke and combined CVD events
than participants receiving chlorthalidone. This is consistent with greater
CVD benefits with the diuretic, although based on previous results

Fig. 3. Relative risks (RRs) and 95% confidence intervals (CIs) of final cardio-
vascular outcome results comparing doxazosin with chlorthalidone in the An-
tihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT) (25). CHD, coronary heart disease; CVD, cardiovascular disease.
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with diuretics in placebo-controlled trials, the degree of difference
suggests there would still be a net benefit for the ACE inhibitor and CCB
if they were compared with no treatment. However, no cardiovascular
outcome was reduced more with lisinopril or amlodipine than with
chlorthalidone, either overall or in any major subgroup. Among blacks,
the lisinopril group had significantly higher rates of stroke (40%), heart
failure (32%), and combined CVD (19%) than the chlorthalidone group.

These observations support the initial use of diuretics over CCBs and
ACE inhibitors as initial therapy in most older patients with hyperten-
sion, including those with diabetes mellitus or prior CHD. The data
especially support the choice of diuretics over ACE inhibitors as initial
therapy in black patients. However, the results of ALLHAT also suggest
ACE inhibitors (in whites) or CCBs (in blacks) may be acceptable alter-
natives if a diuretic is contraindicated (rare) or not tolerated and pre-
ferred agents to add to a diuretic.

In ALLHAT, the chlorthalidone arm had fewer drug withdrawals and
was more effective in controlling BP than the other three arms. After 5
years, BP was less than 140/90 mmHg in 68%, 66%, and 61% of the
chlorthalidone, amlodipine, and lisinopril groups, respectively; partici-
pants were treated with an average of two drugs (26,27). However, only
26% of participants had BP controlled on one drug, and only 49% were
controlled on either one or two drugs after 5 years—at least 39% of

Fig. 4. Relative risks (RRs) and 95% confidence intervals (CIs) of cardiovas-
cular outcomes results comparing amlodipine and lisinopril with chlorthalidone
in the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT) (26). CHD, coronary heart disease; CVD, cardiovascular dis-
ease; HF, heart failure.
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participants received or would have required three or more drugs to
control BP (27). Therefore, most hypertensive patients will need at least
two to three antihypertensive drugs to achieve adequate BP control.
These data contributed to the JNC 7 recommendation to consider initi-
ating antihypertensive therapy with two drugs if the systolic BP is 20
mmHg or greater above goal or the diastolic BP is 10 mmHg or greater
above goal (8,9).

SECOND AUSTRALIAN NATIONAL BLOOD PRESSURE STUDY

Several months after the primary results of ALLHAT were published,
the effect of diuretics and ACE inhibitors on cardiovascular outcomes
was also reported from the Second Australian National Blood Pressure
Study (ANBP2) (28). This open-label study randomly assigned 6083
elderly (aged 65–84 years) patients with hypertension to receive either
a diuretic or an ACE inhibitor, with a median follow-up of 4.1 years. The
rate of the primary composite end point (all cardiovascular events or
death from any cause) was 11% lower in the ACE inhibitor arm, with a
borderline statistical significance (p = 0.05). However, the reduction in
events with an ACE inhibitor was noted only in men (relative risk reduc-
tion 17%), whereas no differences were observed among women (risk
ratio 1.00). This is unusual because there are no important gender differ-
ences between drugs in most hypertension morbidity trials (10). Further-
more, in the overall study population, there were no significant
differences between the two groups in the incidence of any other out-
comes, such as the first cardiovascular event (p = 0.07), CHD (p = 0.16),
heart failure (p = 0.33), cerebrovascular events (p = 0.35), or stroke
(p = 0.91). Failure to show a difference in time to first cardiovascular
event is particularly important because this is the accepted analysis in
almost all other cardiovascular or hypertension morbidity/mortality trials.

COMPARISON OF ALLHAT AND ANBP2
Several important factors may contribute to the apparent differences

in the results of ALLHAT and ANBP2. There were four times as many
participants in the diuretic and ACE inhibitor arms of ALLHAT (n =
24,316) as in ANBP2 (n = 6083), and the absolute number of cardiovas-
cular events in ALLHAT was 5–10 times higher than in ANBP2, indi-
cating greater statistical power and reliability for the ALLHAT results.
By design, ALLHAT enrolled a substantial proportion of African-Ameri-
can and Hispanic patients. However, the largest racial/ethnic group in
ALLHAT was still non-Hispanic whites (11,414 of the participants in
the chlorthalidone and lisinopril arms), a subgroup nearly twice as large
as the entire ANBP2 trial population, who were almost entirely (95%)
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white non-Hispanics (29,30). Some differences between ALLHAT and
ANBP2 clearly do not appear to be related to racial and ethnic factors
because the significantly higher incidence of heart failure with the ACE
inhibitor compared with the diuretic seen in the overall population of
ALLHAT was also evident in the white non-Hispanic cohort (15%
higher, p = 0.04) (29).

An important difference is the administration of randomly assigned
drugs: ALLHAT was double blind, but ANBP was open label. This may
have contributed to the higher proportion of patients who were receiving
assigned therapy or drug from the same class at study end in ALLHAT
than in ANBP2, both in the ACE inhibitor arm (73% vs 58%, respec-
tively) and in the diuretic arm (81% vs 62%, respectively). In addition,
investigators knowing which drug participants were assigned raises the
potential for bias in the reporting of events (e.g., the rates of some out-
comes might have been “expected” to be lower with the ACE inhibitor)
(29). BP control was also better at 5 years in ALLHAT (mean BP 135/
75 vs 142/79 mmHg in ANBP2). Finally, whereas the higher heart fail-
ure incidence with the ACE inhibitor in ALLHAT was consistent across
all major subgroups, including men and women, the apparent cardiovas-
cular benefit of ACE inhibitors in ANBP2 was restricted to men.

Nevertheless, the results of the much smaller ANBP2 are consistent
with those of ALLHAT if one compares the upper confidence limit for
the relative risks in ANBP2 with the estimates of relative risk in
ALLHAT (29). In ALLHAT, the ACE inhibitor provided no advantage
for any outcomes in white men or women, and the rates of heart failure
in the ACE inhibitor group were higher than those in the diuretic group.
Taken together, these considerations suggest that the results of ALLHAT
can be translated into modern clinical practice with greater confidence
and the totality of clinical trial evidence favors the diuretic.

META-ANALYSES OF CLASS COMPARISONS

A report by the Blood Pressure Lowering Treatment Trialists’ Col-
laboration included meta-analyses to estimate the effects of strategies
based on ACE inhibitors and calcium antagonists compared with diuret-
ics and/or β-blockers as the comparator “drug” (10). Unfortunately,
a limitation in the meta-analysis is that they failed to use diuretics and
β-blockers separately as the comparator groups. Although they reported
that, in the comparisons of diuretic- or β-blocker-based regimens with
other regimens, there was no evidence of heterogeneity for any outcome
between trials that used diuretic alone, those that used β-blockers alone,
or those that allowed the use of either as initial treatment, diuretic alone
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as a comparator may have led to somewhat different results, as was seen
in ALLHAT and another meta-analysis (15,26).

Nevertheless, the Blood Pressure Lowering Treatment Trialists’
Collaboration reported that there were no differences in CHD, CVD,
cardiovascular death, or total mortality among the three drug groups,
ACE inhibitors, CCBs, or diuretics/β-blockers (10). For stroke, there
was a trend toward a greater risk reduction with regimens based on
diuretics/β-blockers compared with regimens based on ACE inhibitors
(9% [0–18], relative risk difference [confidence interval]) and trends
toward greater reductions with regimens based on CCBs compared with
those based on diuretics/β-blockers (7% [–1 to 14]) or with those based
on ACE inhibitors (12% [1–25]). For heart failure, there was a nonsig-
nificant trend toward a greater risk reduction with regimens based on
diuretics/β-blockers compared with regimens based on ACE inhibitors
(7% [–4 to 19]), but compared with regimens based on CCBs, diuretics/
β-blockers (33% [21–47]) and ACE inhibitors (18% [8–27]) produced
significantly greater reductions in heart failure.

In the Psaty et al. (15) “network” meta-analysis, which compared
low-dose thiazide-type diuretic as the standard comparator group, “none
of the other first-line treatment strategies—β-blockers, ACE inhibitors,
CCBs, α1-blockers, and ARBs—was significantly better than low-dose
diuretics for any major CVD outcome. In 8 of the 30 between-drug
comparisons, however, low-dose diuretics were significantly better than
other treatments for the prevention of CVD health outcomes.” Low-dose
thiazide-type diuretics reduced CVD (6%, p < 0.05) and heart failure
(26%, p < 0.001) more than CCBs and heart failure (12%, p = 0.01) and
CVD (6%, p = 0.04) more than ACE inhibitors. They concluded, “This
network meta-analysis provides compelling evidence that low-dose
diuretics are the most effective first-line treatment for preventing the
occurrence of CVD morbidity and mortality.”

CLASS EFFECTS AND DOSAGE

A frequent practical question that arises is whether the benefits seen
with a particular antihypertensive drug in a clinical trial can be general-
ized to other or all drugs in the same class. There is no clear consensus
on when an observed benefit can be considered a class effect. In fact,
unless a specific agent in the class has shown benefits on major clinical
outcomes and long-term safety in large trials, one can never be sure if it
will have the same effects and safety as those that have been tested. An
often-overlooked issue is that, unless the same dose(s) of a medication
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is prescribed as used in one or more successful clinical trials, the same
benefits (and safety) cannot be assumed to be achieved in practice.

For thiazide-type diuretics, a variety of different agents have been
used in successful placebo-controlled trials. A meta-analysis of placebo-
controlled trials using low-dose thiazide-type diuretics (31), all of which
were conducted in older hypertensive participants, has shown that the
reduction in cardiovacsular events with regimens beginning with
chlorthalidone (32–34) is similar to that of trials using nonchlorthalidone-
based therapy, which included HCTZ/triamterine (35), HCTZ/amiloride
(36), and indapamide (37).

However, Carter et al. (38) reviewed the evidence that there are sig-
nificant pharmacokinetic and pharmacodynamic differences between
chlorthalidone and HCTZ: chlorthalidone is about 1.5 to 2 times as
potent as HCTZ, and it has a much longer duration of action. Therefore,
it is quite important to pay attention to the doses of each used in success-
ful placebo-controlled trials. The dose range of chlorthalidone in low-
dose trials, including the Systolic Hypertension in the Elderly Program
(SHEP) (32–34) and ALLHAT (23–26) was 12.5–25 mg daily; the dose
range for HCTZ in low-dose trials was 25–50 mg (35,36). In previous
trials, higher doses than these had reduced strokes and heart failure (but
not CHD) at least as well as low doses, but lower doses than 25–50 mg
HCTZ (or the equivalent) have never been adequately tested in a pla-
cebo-controlled morbidity trial. Unfortunately, some recent and ongo-
ing morbidity trials have used 12.5–25 mg HCTZ as initial therapy in a
randomized arm (18,28) or as add-on therapy (22,39) without any assur-
ance that similar benefits were or will be seen as in previously successful
thiazide-type diuretic trials.

For β-blockers, a variety of agents has been used repeatedly in mor-
bidity trials, including propranolol, atenolol, and metoprolol, but the
necessary doses are less clear. In the MRC trial in older adults, 50 mg
atenolol was given, although that arm was not associated with significant
benefit (6). In STOP and STOP-2, 50 mg atenolol, 100 mg metoprolol,
or 5 mg pindolol were given (9,40). However, in more recent trials
comparing β-blockers with other active treatments, atenolol was the
usual β-blocker, and the usual dose was 50–100 mg (18,21,22). There is
very little information on the effects of β-blockers with intrinsic sym-
pathomimetic activity, even though pindolol was one of several β-blockers
used in the two STOP trials; however, the failure of such β-blockers to
reduce CVD in patients post-MI also causes some concern about using
them routinely in hypertension in the absence of definitive morbidity
trial evidence (41–43).
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ANCILLARY ANTIHYPERTENSIVE THERAPY

In a number of clinical morbidity trials, either diuretics or β-blockers
or both were used by investigator choice in one randomized arm as
standard therapy or could be added to other initial drugs for BP control.
Certainly, there are many diuretic and β-blocker combination products
on the market that have proven antihypertensive efficacy (8,9). In SHEP,
25 to 50 mg of atenolol or 0.05 to 0.1 mg of reserpine could be added for
BP control in the actively treated group, 32% of whom were on atenolol
and 8% on reserpine after an average of 4.5 years of follow-up; the
addition of either did not substantially alter the risk ratios for chlorthalidone
alone, although there was a trend for reserpine to reduce events more than
atenolol with considerably larger risk reductions but large confidence
intervals that included 1.0 (44). The authors concluded that the CVD
benefits in SHEP were based on lowering BP with a chlorthalidone-
based regimen with no clear additional BP-independent effects attribut-
able to atenolol or reserpine. In ALLHAT, 25–100 mg atenolol was the
most common drug added to blinded therapy, although analyses of
whether this affected outcomes have not been published (45).

In ALLHAT, which had an older hypertensive population (age �55
years on entry, average 67 years), 66% of participants achieved BP
control (<140/90 mmHg) at 5 years of follow-up with an average of two
medications (27). However, only 26% of participants were controlled on
one drug, indicating that most older hypertensive patients will need two
or more antihypertensive medications to control BP to less than 140/90
mmHg (27,46). Furthermore, in ALLHAT only 49% of participants
were controlled on one or two drugs, so a large proportion of hyperten-
sive patients will require three or more antihypertensive medications to
control BP (27,46). Lower goals, such as are recommended for patients
with diabetes or chronic kidney disease (8,9), will require even more
medications.

Although many combinations of antihypertensive medications are
effective in lowering BP, regimens that include a diuretic are more
effective in controlling BP than regimens not including a diuretic (47).
In ALLHAT, although the protocol called for additional medications
to be added until BP was less than 140/90 mmHg, the chlorthalidone
group reduced BP, especially systolic BP, more and achieved BP con-
trol more quickly than the other three arms and maintained superior BP
control throughout the duration of the trial despite efforts to minimize
BP differences: there were 68, 66, and 61% control rates at 5 years in
the chlorthalidone, amlodipine, and lisinopril groups, respectively
(24,26,27,46).



312 Hypertension in the Elderly

Early control of BP has been hypothesized as a possible explanation
for differences in outcomes in some clinical trials and has led to an
increased emphasis on more rapid control of BP (39,48). These kinds of
data contributed to the JNC 7 recommendation to begin stage 2 hyper-
tensive patients on two drugs as initial therapy (8,9).

OTHER INDICATIONS FOR DIURETICS
AND β-BLOCKERS

In addition to their benefits in improved BP control and reduction of
CVD events in older patients with hypertension, both diuretics and β-
blockers should also be included in regimens for any additional compel-
ling indications, such as β-blockers post-MI or in certain forms of heart
failure (8,9). There are other indications or benefits that may also be
considered for each, such as prevention or treatment of osteoporosis,
renal lithiasis, or edema with diuretics and treatment of migraine or other
headaches, arrhythmias, angina, and essential tremor with β-blockers. In
the elderly, prevention of osteoporosis with thiazide-type diuretics has
broad public health implications. For example, in a prospective popula-
tion-based cohort study of 7891 elderly individuals, thiazide diuretic use
for at least a year was associated with a statistically significant 54%
lower risk of hip fracture (49). This added value of preventing osteoporo-
sis and hip fractures should be a further reason to increase the use of
thiazide-type diuretics in addition to their unsurpassed cardiovascular
benefits as antihypertensive agents.

SYMPTOMATIC ADVERSE EFFECTS

Both thiazide-type diuretics and β-blockers are generally well toler-
ated by the majority of elderly patients, and in double-blind studies are
as well or better tolerated as other classes of antihypertensive agents
(50–53). In the VA Single-Drug Therapy Study, which compared HCTZ,
atenolol, captopril, diltiazem, clonidine, and prazosin as monotherapy,
HCTZ had the lowest withdrawal rate from adverse effects both short
term (3%) and long term (1%), and atenolol was next-best tolerated
(5% and 2% withdrawal rates, respectively) (53). In ALLHAT, there
were fewer withdrawals for drug intolerance from blinded therapy with
chlorthalidone than with lisinopril, amlodipine, or doxazosin (24,26).

Some reports have described a higher incidence of sexual dysfunction
when thiazide-type diuretics, particularly at high doses, are used. In the
Treatment of Mild Hypertension Study, participants randomly assigned
to chlorthalidone reported a significantly higher incidence of erection
problems through 24 months of the study; however, the incidence rate at
48 months was similar to placebo (54). The VA Single-Drug Therapy
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Study, which randomly assigned more patients, all of whom were men,
to a thiazide diuretic did not find an increase in sexual dysfunction with
the thiazide diuretic compared with other antihypertensive medications
or placebo (53). An even larger diuretic-treated (HCTZ 25–50 mg once
or twice daily) cohort of elderly men (n = 690), the VA Treatment of
Hypertension in the Elderly study, found no increase in sexual dysfunc-
tion on the thiazide diuretic, even with extensive “quality-of-life” test-
ing. Although uncommon, thiazide diuretics may cause constipation,
muscle cramps, urinary frequency, and sun sensitivity.

Although usually well tolerated, β-blockers are contraindicated in
most patients with asthma, chronic obstructive lung disease, decompen-
sated systolic dysfunction heart failure, greater than first-degree heart
block, and sick sinus syndrome. They are reported to prolong hypogly-
cemia and mask the symptoms of hypoglycemia, but this has not been
documented from clinical trials: in the United Kingdom Prospective
Diabetes Study, there was no difference in episodes of hypoglycemia
between participants randomized to atenolol or to captopril (55).

METABOLIC EFFECTS

Both diuretics and β-blockers have been reported to worsen insulin
resistance and have been associated with increased glucose levels and
diabetes incidence in some clinical trials and observational studies (56–
58). However, thiazide-type diuretics reduce CVD events in patients
with diabetes as well or better than other agents and reduce CVD events
even in trials reporting a small absolute increase in diabetic levels of
glucose. In ALLHAT, which had by far the largest group of patients with
hypertension and diabetes studied in a clinical trial, chlorthalidone was
unsurpassed in reducing CVD events and reduced heart failure signifi-
cantly more than lisinopril or amlodipine in the diabetic subgroup (26).
The small differences in glucose levels in ALLHAT for the overall popu-
lation, as well as in the diabetic subgroup, did not translate to higher
CVD event rates for the chlorthalidone group over a 4- to 8-year period.
In the United Kingdom Prospective Diabetes Study, the β-blocker
atenolol reduced CVD and microvascular events as well as captopril
(55). Because ACE inhibitors and ARBs appear to have a beneficial
effect on glucose, either could be added, if appropriate, for BP control
or another compelling indication if glucose appears to increase on a
thiazide diuretic or β-blocker.

There is evidence suggesting that the effect of thiazide diuretics on
fasting glucose is linked to the potassium level (59). Patients who main-
tain normal plasma and body levels of potassium rarely develop diabetes.
In addition, restoration of low potassium levels through supplementation
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or withdrawal of the diuretic often leads to normalization of the glucose
level. Thus, drug-induced diabetes appears to be more reversible than
“naturally occurring” diabetes. Sustained weight loss and/or exercise will
probably reverse any early tendency toward diabetes. However, one may
consider withholding a diuretic or β-blocker for a short time in someone
with elevated glucose while optimizing glycemic control with lifestyle or
hypoglycemic medications if indicated, but the long-term cardiovascular
benefits of a thiazide diuretic, and β-blocker if there is a compelling indi-
cation, should lead to reinstitution of one or both relatively soon.

There do not appear to be significant long-term effects on lipids or
lipoproteins with either thiazide-type diuretics or at least cardioselective
β-blockers (60). In ALLHAT, although serum cholesterol did not increase
from baseline in any group, it was slightly lower in the CCB (1.6 mg/dL)
and ACE inhibitor (2.2 mg/dL) groups than the diuretic group at 4 years
(26). Thiazide-induced hypokalemia has been hypothesized to contrib-
ute to increased ventricular ectopy and possible sudden death, particu-
larly with high doses of thiazides (61). In the SHEP trial, the positive
benefits of diuretic therapy were not apparent in a retrospective analysis
when serum potassium levels were below 3.5 mmol/L after 1 year of
treatment (62). However, other studies have not demonstrated increased
ventricular ectopy with diuretic-induced hypokalemia (63). Although
rare, thiazide-type diuretics can cause or worsen hyponatremia, espe-
cially in frail elderly women or in combination with other drugs that can
cause hyponatremia. Uric acid increases in many patients receiving a
diuretic, but the increased incidence of gout is uncommon with current
dosages of thiazides.

As with ACE inhibitors and ARBs, it is prudent to obtain creatinine,
potassium, and sodium levels prior to (with other appropriate baseline
laboratory tests) and within a month after initiating therapy with a thi-
azide-type diuretic. If levels are acceptable, then frequent monitoring is
not necessary, and laboratory parameters may be monitored annually
thereafter. Hypokalemia, which only occurs from thiazide diuretics in a
minority of elderly patients, may be treated or offset with reduced salt
intake, ACE inhibitor or ARB administration, potassium-sparing diuretic
or aldosterone antagonist, or potassium supplementation or by reducing
the dose of the thiazide diuretic if an appropriate dose level can be
maintained.

ECONOMIC CONSIDERATIONS

Especially thiazide-type diuretics, but also many β-blockers, are less
costly for the patient and/or the health care payer. Fischer and Avorn
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reported concerning an analysis showing that “adherence to evidence-
based prescribing guidelines for hypertension could result in substantial
savings in prescription costs for elderly patients with hypertension that
would amount to savings of about $1.2 billion nationally” (64). ALLHAT
is conducting a cost-effectiveness analysis of the various treatment regi-
mens, but it is likely the thiazide diuretic will be found to save consid-
erably because events and hospitalizations were prevented more than
with the other drugs, and the diuretic is certainly less costly. Another
way to save patients drug costs and copayments and to improve the
likelihood of controlling BP is to use one of the many combination
products that include a thiazide-type diuretic or a β-blocker if it is less
expensive than the drugs prescribed separately, which is often the case.

CONCLUSIONS

Reducing high BP reduces cardiovascular risk, but it does matter how
it is lowered. Antihypertensive drugs vary in BP-lowering efficacy and
can have BP-independent effects, as seen particularly with diuretics in
the prevention of heart failure. Thiazide-type diuretics should be used as
initial therapy for most patients with hypertension, especially the eld-
erly, either alone or in combination with one of the other classes that have
also been shown to reduce hypertensive complications in randomized
outcome trials: β-blockers, ACE inhibitors, ARBs, and CCBs. Selection
of one of these other agents as initial therapy is appropriate in the rare
circumstance when a diuretic cannot be used or when a compelling
indication is present that requires the use of another specific drug; how-
ever, in most cases when a compelling indication is present for another
agent, a diuretic should also be used for optimal CVD benefit and BP
control. Thiazide-type diuretics are particularly effective in reducing
elevated systolic BP, the primary BP abnormality in the elderly. Both
diuretics and β-blockers are underutilized in the treatment of hyperten-
sion: increased use of both is likely to save patients and payers of health
care millions, if not billions, of dollars; improve BP control rates in the
community; and most important, lead to further reductions in cardiovas-
cular morbidity and mortality.
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INTRODUCTION

In the treatment of hypertension and cardiovascular disease (CVD),
multiple treatment strategies have come and gone over the last several
decades. The stepped care approach was popular for some time. How-
ever, adopting a stepped care approach to the treatment of hypertension
per se neglected the diverse individualized pathophysiology of hyper-
tension. Its advocates appreciated the purity of a standardization of
hypertension treatment; others were disenchanted with its rigid nature.
Yet, the stepped care approach to hypertension therapy, with diuretics
and/or β-blockers, was supported by strong outcomes data from numer-
ous randomized controlled trials (RCTs) (1).
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However, for the elderly hypertensive such debate was always less
relevant, in part because of the overwhelming comorbid disease state
burden and the ever-present need to individualize treatment regimens
(2). Into this arena entered angiotensin-converting enzyme (ACE) inhibi-
tors. This drug class at first was viewed as an acceptable alternative to the
treatment of hypertension in the elderly but soon was recognized as
having unique end-organ protective effects. Now, in many instances the
selection of an agent to treat hypertension in the elderly is predicated first
on the end-organ protection aspect of their use, and the accompanying
blood pressure (BP) reduction is viewed as a secondary benefit (3).
However, although there exists a growing advocacy for ACE inhibitor
use in the elderly, in practice many elderly patients with appropriate
indications for ACE inhibitor therapy may not routinely receive one of
these compounds (4).

This chapter discusses the pharmacology, mechanism of action, and
response data for ACE inhibitors, particularly as relates to their use in the
elderly. If necessary, the reader will be directed to sources that provide
more comprehensive discussion on particular themes.

PHARMACOLOGY

The first orally active ACE inhibitor was the sulfhydryl-containing
compound captopril, which was introduced in 1981. Subsequently, the
more long-acting compound enalapril maleate became available.
Enalapril, a prodrug requiring in vivo hepatic and intestinal wall
esterolysis to yield the active diacid inhibitor enalaprilat, and lisinopril
became available shortly thereafter. All orally administered ACE inhibi-
tors are prodrugs with the exception of lisinopril and captopril (5).
Although it was originally thought that formation of the active diacid
metabolite of an ACE inhibitor, such as enalapril, could be inhibited in
the presence of hepatic impairment, as may develop in advanced conges-
tive heart failure (CHF), this appears not to occur in a clinically relevant
manner (6).

ACE inhibitors are structurally heterogeneous, with the chemical
structure of their binding ligand serving as a criterion for dividing ACE
inhibitors into three groups: sulfhydryl, carboxyl, and phosphinyl
containing. The purported advantages with sulfhydryl-containing ACE
inhibitors, such as captopril, are to date clinically unsubstantiated.
Likewise is the belief that the phosphinyl group, found on fosinopril,
might favorably alter its myocardial penetration and thereby improve
myocardial energetics (7). However, the sulfhydryl group found on
captopril is believed the cause of the more frequent skin rashes—usually
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maculopapular—and the dysgeusia seen with this compound (8). The
latter can prove particularly troubling in the elderly.

ACE inhibitors can be distinguished by differences in rate and extent
of absorption, plasma protein binding, systemic half-life, and mode of
disposition; however, they behave quite similarly in the way they lower
BP (Table 1) (5,9,10). Beyond the issue of frequency of dosing, seldom
are any of these pharmacological differences sufficiently important to
govern selection of an agent (3,10). Two pharmacological consider-
ations for the ACE inhibitors, route of systemic elimination and tissue
binding, have generated considerable recent debate and deserve some
comment in the context of the elderly (11,12).

Route of Elimination
Ramipril, enalapril, fosinopril, trandolapril, and benazepril do not

accumulate in the presence of chronic kidney disease (CKD), suggesting
that these prodrugs either undergo intact biliary clearance or their con-
version to an active diacid form is not influenced by CKD (13–15).
These ACE inhibitor prodrugs are marginally active, making their accu-
mulation (or not) in CKD less pertinent. The absence of ACE inhibitor
prodrug accumulation in CKD should not be viewed as the existence of
a clinically relevant dual route of elimination for these drugs. The active
diacid forms fosinoprilat and trandolaprilat are the only two ACE inhibi-
tors that undergo combined renal and hepatic elimination (14,15). For all
other ACE inhibitors, systemic elimination is almost exclusively renal,
with varying degrees of filtration and tubular secretion occurring (11).
ACE inhibitor accumulation generally begins early in the course of CKD;
thus, elderly patients can be expected to experience ACE inhibitor accu-
mulation either in relationship to their age-related decline in renal func-
tion or as the result of comorbid conditions that have a negative impact
on renal function.

In the elderly patient with CKD, adverse effects from ACE inhibitor
accumulation have yet to be identified. However, the longer drug con-
centrations remain elevated (once a response occurs), the more likely it
is that BP will remain reduced. Thus, the major adverse effect of ACE
inhibitor accumulation may be that of protracted hypotension and its
organ-directed sequelae (16).

Tissue Binding
The second unsettled pharmacological feature of ACE inhibitors is

that of tissue binding (12,17). The physicochemical differences among
ACE inhibitors, including binding affinity, potency, lipophilicity, and
depot effect, permit the arbitrary classification of ACE inhibitors accord-
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ing to affinity for tissue ACE (12,18). The level of tissue ACE inhibition
produced by an ACE inhibitor parallels both the inhibitor’s binding
affinity and the free inhibitor concentration contained within that tissue.
The free inhibitor concentration represents a state of dynamic equilib-
rium between ACE inhibitor conveyed to tissues and residual ACE
inhibitor released from tissues and returned to the bloodstream.

The quantity of ACE inhibitor shuttled to tissues is dictated by tradi-
tional pharmacological variables, including dose frequency/amount,
absolute bioavailability, plasma half-life, and tissue penetration. When
blood levels of an ACE inhibitor are high (typically in the first third to
half of the dosing interval), tissue retention per se of an ACE inhibitor
is not needed for functional ACE inhibition. However, toward the end of
the dosing interval, as ACE inhibitor blood levels fall, two factors—
inhibitor binding affinity and tissue retention—assume added impor-
tance in prolonging functional ACE inhibition.

The question arises whether the degree of tissue ACE inhibition may
extend to differences in the efficacy of various ACE inhibitors. First,
there appears to be little—beyond differences that may arise based on
half-life considerations—to distinguish one ACE inhibitor from another
as far as BP reduction is concerned. Moreover, in the elderly, even with
early stages of CKD the accumulation and thereby prolonged half-life of
most ACE inhibitors further reduces the chances of any intraclass differ-
ences in BP reduction.

Second, an alternative question is whether these drugs differ in their
ability to provide end-organ protection in a BP-independent fashion, as
was speculated in the Heart Outcomes Prevention Evaluation (HOPE)
study (19). In this regard, it should be noted that consistent improvement
in endothelial function is reported with those ACE inhibitors with higher
tissue ACE affinity, such as quinapril and ramipril. If improvement in
endothelial dysfunction can be used as a surrogate for protection from
end events, then it is possible that relevant intraclass differences exist
among ACE inhibitors. Yet, there have been few direct head-to-head
trials between ACE inhibitors, which have varying tissue affinity. When
such comparisons have occurred, the results have not convincingly sup-
ported the claim of overall superiority for lipophilic ACE inhibitors
(20,21). Moreover, in the elderly relevant differences for BP-indepen-
dent effects of the various ACE inhibitors are even less likely in the face
of CKD-related ACE inhibitor accumulation.

Application of Pharmacological Differences
Because there is very little that truly separates one ACE inhibitor from

another in the treatment of hypertension, the cost of an ACE inhibitor has
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assumed added importance (22). For pricing to be a major selection
factor is not unreasonable if ACE inhibitors were only used for the
control of BP. ACE inhibitors, however, are also extensively used for
their cardiorenal benefits, and therein only a limited number of ACE
inhibitors have been studied for their ability to modify specific end-
organ disease states. The term class effect has entered into the discussion
of both of these facets of ACE inhibitor use, relevant to one and not the
other.

Class effect is a phrase often invoked to legitimatize use of a less-
costly ACE inhibitor when a higher priced agent in the class has been the
one specifically studied in a disease state, such as CHF or diabetic neph-
ropathy (19,23–25). The concept of class effect may be best suited for
application to the BP effects of ACE inhibitors, for which scant differ-
ence exists among the various ACE inhibitors.

Alternatively, the concept of class effect, already vague in its defini-
tion, becomes even more ambiguous when “true” dose equivalence for
a non-BP end point, such as rate of progression to end-stage renal disease
or survival in the setting of CHF, is being established between the vari-
ous ACE inhibitors. Determining ACE inhibitor dose equivalence for
disease state end points other than BP is further confused by differing
dose frequency, titration attempts, and level of renal function (26–31).
The last is particular relevant to the elderly because senescence-related
changes in renal function extend ACE inhibitor functional half-life and
make it virtually impossible to determine equivalence for various ACE
inhibitors.

A prudent action regarding the concept of ACE inhibitor class effect
is to assume that the benefits of a particular ACE inhibitor apply prima-
rily to the investigated indication, dose amount, dose frequency, and
outcomes.

MECHANISM OF ACTION
AND HEMODYNAMIC EFFECTS

The locus of activity of ACE inhibitors within the renin–angiotensin–
aldosterone (RAA) axis is at the pluripotent ACE, which catalyzes the
conversion of angiotensin (Ang) I to Ang II and facilitates bradykinin
degradation to various vasoactive peptides (32). However potent an ACE
inhibitor is in this regard, it still only manages to suppress the Ang-II
generated by ACE (19). Other pathways for Ang-II production (e.g.,
chymase and other tissue-based proteases) remain functional despite
administration of an ACE inhibitor (33). These alternative pathways
represent the principal mode of Ang-II generation in myocardial and
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vascular tissue (34,35). Interestingly, the long-term administration of an
ACE inhibitor is marked by a gradual return of Ang-II to pretherapy
levels. This phenomenon is termed angiotensin escape and is presum-
ably caused by an upregulation in the capacity of these alternative path-
ways. Substrate for these alternative pathways at least partly comes from
the increase in Ang-I levels when ACE inhibition disinhibits renin secre-
tion from the juxtaglomerular apparatus (35,36).

Because ACE inhibitors reduce Ang-II levels only on the order of
weeks (36,37), alternative mechanisms for their persistent BP-lowering
effect need to be considered; these include an increase in the concentra-
tion of the vasodilator bradykinin (38,39), which in turn stimulates the
production of endothelium-derived relaxing factor and the release of
prostacyclin. However, the exact contribution of prostaglandins to the
antihypertensive effect of ACE inhibitors, particularly in the elderly, is
still debated (40).

Alternatively, it has been recognized for some time that nonsteroidal
anti-inflammatory drugs blunt the BP-lowering effect of ACE inhibitors
(41). This phenomenon is more common in salt-sensitive hypertensives,
as is the case with the elderly (42). Low-dose aspirin (100 mg/day or less)
has minimal effect on the BP reduction seen with ACE inhibition (43).
For example, in the Hypertension Optimal Treatment study, long-term,
low-dose aspirin did not interfere with the BP-lowering effect of antihy-
pertensive agents, including combinations with ACE inhibitors, in eld-
erly subjects 65 years or older (44). However, higher doses, generally
above 236 mg/day, can blunt the antihypertensive response to an ACE
inhibitor (45).

A variable portion of ACE inhibitor effect is caused by a reduction in
both central and peripheral sympathetic nervous system activity (Table 2)
(46,47). ACE inhibitors also preserve circulatory reflexes and barorecep-
tor function; thus, they do not reflexly increase heart rate when BP is
lowered (48). This last property explains why this drug class is seldom
associated with postural hypotension and provides an important safety
advantage in elderly subjects, who as a group are typically prone to
orthostatic hypotension (49). ACE inhibitors also improve endothelial
function, facilitate vascular remodeling, and favorably alter the vis-
coelastic properties of blood vessels (50,51). These vascular properties
of ACE inhibitors are the likely explanation for the incremental reduc-
tion in BP with the long-term use of these drugs.

BLOOD PRESSURE-LOWERING EFFECT

Diuretics are still commonly employed as first-step therapy for hyper-
tension, although increasingly ACE inhibitors are viewed as a suitable
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Table 2
Predominant Hemodynamic Effects of Angiotensin-Converting Enzyme Inhibitors

Hemodynamic parameter Effect Clinical significance

Cardiovascular
• Total peripheral resistance Decreased
• Mean arterial pressure Decreased
• Cardiac output Increased These parameters contri-

or no change bute to a general decrease
• Stroke volume Increased in systemic blood  pressure
• Preload and afterload Decreased
• Pulmonary artery pressure Decreased
• Right atrial pressure Decreased
• Diastolic dysfunction Improved

Renal
• Renal blood flow Usually increased Contributes to the

renoprotective effect of
these agents

• Glomerular filtration rate Variable, usually
unchanged but
may decrease in
renal failure

• Efferent arteriolar resistance Decreased
• Filtration fraction Decreased

Peripheral nervous system
• Biosynthesis of noradrenaline Decreased Enhances blood pressure-

lowering effect and resets
baroreceptor function

• Reuptake of adrenaline Inhibited
• Circulating catecholamines Decreased

first-step alternative, particularly in light of the positive outcomes asso-
ciated with their use in high-risk elderly patients (52,53). The enthusi-
asm for the use of ACE inhibitors is not purely a matter of efficacy
because they have a pattern of efficacy comparable to (and no better
than) most other drug classes, with response rates from 40 to 70% in
stage I or II hypertension (54). Physician preference for these drugs in
the elderly also derives from their favorable side-effect profile and their
highly touted end-organ protection features in at-risk cardiac and renal
patients. The latter is not based on the BP-lowering ability of these
drugs but rather on proposed tissue-based anti-inflammatory and
antiproliferative effects, which are probably class and not agent specific.

There are very few predictors of the BP response to ACE inhibitors,
whether it be in the elderly or not. When hypertension is accompanied
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by significant activation of the RAA axis, such as in renal artery stenosis,
the response to an ACE inhibitor can be immediate and profound (55).
In most other instances, there is a limited relationship between the pre-
and the posttreatment plasma renin activity value—used as a marker of
RAA axis activity—and the vasodepressor response to an ACE inhibi-
tor. Certain patient types are presumed to be less responsive to ACE
inhibitor monotherapy, including low-renin, salt-sensitive individuals
such as the diabetic and African-American or elderly hypertensive (56).
The low-renin state characteristic of the elderly hypertensive differs
from other low-renin forms of hypertension in that it develops not as a
response to volume expansion but rather because of senescence-related
changes in the activity of the axis (57). The elderly generally respond
well to ACE inhibitors at conventional doses (58), although senescence-
related renal failure that slows the elimination of these drugs compli-
cates interpretation of dose-specific treatment successes.

All 10 ACE inhibitors marketed in the United States are currently
approved by the Food and Drug Administration for the treatment of
hypertension with several others available on a global basis (Table 3).
The Seventh Report of the Joint National Committee on the Detection,
Evaluation, and Treatment of High Blood Pressure (JNC 7), the World
Health Organization/International Society of Hypertension, and the
European Society of Hypertension/European Society of Cardiology now
recognize ACE inhibitors as an option for first-line therapy in patients
with essential hypertension, especially in those with a high coronary
disease risk profile, diabetes with renal disease/proteinuria, or CHF or
who are postmyocardial infarction (MI) (59,60). Results from a number
of head-to-head trials support the comparable antihypertensive efficacy
and tolerability of the various ACE inhibitors if similar doses of the
individual ACE inhibitors are given (Table 1). However, there are dif-
ferences among the ACE inhibitors regarding the time to onset of effect
or the time to maximum BP reduction, which may relate to the absorp-
tion characteristics of a compound.

Considerable dosing flexibility exists with the orally available ACE
inhibitors, whereas enalaprilat is the lone ACE inhibitor available in an
intravenous form (3). ACE inhibitors labeled as “once-daily” vary in
their ability to reduce BP for a full 24 hours, as defined by a trough:peak
ratio greater than 50% (61). Consequently, the dosing frequency for
ACE inhibitors is arbitrary and should consider the fact that these drugs
often lose their effect at the end of the dosing interval, thereby requiring
a second dose. However, in the elderly, senescence-related changes in
renal function (and reduced ACE inhibitor renal clearance) and/or giv-
ing a high dose may obviate a second ACE inhibitor dose during the 24-
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Table 3
Food and Drug Administration-Approved Indications for Angiotensin-

Converting Enzyme Inhibitors

High-risk
patients without

Diabetic left ventricular
Drug HTN CHF nephropathy dysfunction

Captopril • • (post-MI) a •
Benazepril •
Enalapril • • b

Fosinopril • •
Lisinopril • • (post-MI) a

Moexipril •
Perindopril •
Quinapril • •
Ramipril • • (post-MI) •
Trandolapril • • (post-MI)

aCaptopril and lisinopril are indicated for CHF treatment both post-MI and as
adjunctive therapy in general heart failure therapy.

bEnalapril is indicated for asymptomatic left ventricular dysfunction.
CHF, congestive heart failure; HTN, hypertension; MI, myocardial infarction.

hour treatment period (62). Likewise, in the treatment of CHF, ACE
inhibitors indicated for once-daily dosing can be split dosed if BP drops
excessively with a single dose.

An often asked question is what to do if an ACE inhibitor fails to
normalize BP. One approach is simply to raise the dose; however, the
dose–response curve for ACE inhibitors, like many antihypertensive
agents, is fairly steep at the beginning doses and thereafter becomes
shallow to flat (63,64). Responders to ACE inhibition typically do so at
doses well below those necessary for complete 24-hour suppression of
ACE.

If a partial response has occurred with an ACE inhibitor, then therapy
can be continued because an additional drop in BP usually follows over
the next several weeks. This late-stage response may involve factors (e.g.,
vascular remodeling and improvement in endothelial function) above and
beyond inhibition of ACE (51). Thus, only with complete failure to
respond to an ACE inhibitor does an alternative drug class need to be
considered. Alternatively, an additional compound, such as a diuretic,
calcium channel blocker (CCB), or peripheral α-blocker can be combined
with an ACE inhibitor to effect BP control (see the next section).
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ACE INHIBITORS IN COMBINATION
WITH OTHER AGENTS

The BP-lowering effect of an ACE inhibitor is enhanced with the
concurrent administration of a diuretic, particularly in the salt-sensitive
form of hypertension characteristic of the elderly, African-American, or
diabetic hypertensive (65). This pattern of response has encouraged the
development of several fixed-dose combination products comprised of
an ACE inhibitor and varying doses (as low as 12.5 mg) of a thiazide-
type diuretic (65). The rationale for combining these two drug classes
arises from the observation that diuretic-related sodium depletion acti-
vates the RAA axis; therein, BP shifts to an Ang-II-dependent mode,
which is the most favorable circumstance for an ACE inhibitor to
reduce BP.

β-Blockers have been administered in conjunction with ACE inhibi-
tors, an approach that was commonly used per protocol in the Antihy-
pertensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (53). The physiological basis for this combination is that of β-block-
ade blunting the rise in plasma renin activity, which is a feature of ACE
inhibitor therapy; however, in the elderly the reactive hyperreninemic
response to ACE inhibitors is nominal (66). Thus, in principle this com-
bination (if intended for BP control) would seem to offer little chance of
additivity in elderly hypertensives.

When a meaningful drop in BP follows from the addition of a β-
blocker to an ACE inhibitor, it often occurs in tandem with a reduction
in pulse rate. Alternatively, adding a peripheral α-antagonist, such as
doxazosin, to an ACE inhibitor can further reduce BP, albeit without a
clear mechanistic basis (67).

Finally, the BP-lowering effect of an ACE inhibitor is reinforced with
the addition of a CCB, whether a dihydropyridine or a nondihydropyridine,
and this additivity has been the basis for several products combining
both drug classes (68–70). Adding an ACE inhibitor to a CCB is also
helpful in attenuating the peripheral edema commonly seen with CCB
therapy. This is germane to the elderly because CCB-related edema is
more frequent in the elderly (71). In addition, preliminary evidence
exists in support of CCB therapy attenuating the drop in glomerular
filtration rate (GFR) that can accompany ACE inhibitor therapy (72).
This is of potential importance to the elderly because one reason for
underuse of ACE inhibitors in older subjects is fear of a further decline
in renal function when baseline function is already reduced. This CCB
and ACE inhibitor hemodynamic interaction at a renal level may also
occasionally result in false-positive captopril renography studies (73).
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The efficacy of both ACE inhibitors and angiotensin-receptor blockers
(ARBs) as antihypertensive agents is well established. This has fueled
the belief that in combination these two drug classes may provide an
incremental benefit in both BP reduction and end-organ protection.
However, there is insufficient evidence to support a general recommen-
dation for the combination of these two drug classes (74,75).

Finally, studies have established the utility of ACE inhibitors in the
management of hypertensive patients otherwise unresponsive to mul-
tiple drug combinations, such as a diuretic together with minoxidil, a
CCB and a peripheral α-blocker (76). In addition, if an acute reduction
in BP is needed, oral or sublingual captopril—with an onset of action as
soon as 15 minutes after administration—can be given. An additional
option for the management of hypertensive emergencies is that of intra-
venous enalaprilat (77). ACE inhibitors should be administered cau-
tiously in patients suspected of a marked activation of the RAA axis (e.g.,
prior treatment with diuretics). In such subjects, sudden and extreme drops
in BP—so-called first-dose hypotension—have been observed (78).

ACE INHIBITORS IN HYPERTENSION ASSOCIATED
WITH OTHER DISORDERS

ACE inhibitors effectively regress left ventricular hypertrophy (79).
This is an important characteristic of ACE inhibitors in that the presence
of left ventricular hypertrophy portends a significant future risk of sud-
den death or MI (80). ACE inhibitors can be safely utilized in patients
with coronary artery disease and are indicated for secondary prevention
in coronary heart disease after acute MI. Also, the ACE inhibitor
perindopril has been shown to reduce cardiovascular risk in a low-risk
population with stable coronary artery disease and no apparent heart fail-
ure (81). Although they are not coronary vasodilators, they do improve
hemodynamic factors that influence myocardial oxygen consumption
and thereby have a favorable impact on ischemia development (Table 2).
For example, ACE inhibitors do not reflexly increase myocardial sym-
pathetic tone in hypertensive patients with angina, as can take place with
other antihypertensives (82). These issues are only as relevant as the use
of ACE inhibitors and to that end a prescribing inertia often surrounds
the use of ACE inhibitors after MI, particularly in the elderly (83).

ACE inhibitors are also useful in the treatment of either isolated sys-
tolic hypertension or systolic-predominant forms of hypertension, which
partly relates to their ability to improve artery compliance (51,84). In
addition, ACE inhibitors are of value in the treatment of patients with
cerebrovascular disease because they preserve cerebral autoregulatory
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ability despite their reducing BP (85). This is particularly noteworthy in
the treatment of the elderly hypertensive (85). ACE inhibitors dilate both
small and large arteries and can be used safely in patients with peripheral
arterial disease (PAD) disease and on occasion favorably modify the
pattern and/or the course of intermittent claudication (86). For example,
4051 of the 9297 patients in the HOPE study had PAD—defined by a
history of PAD, claudication, or an ankle–brachial index less than 0.90.
These patients had a similar reduction in the primary end point when
compared with those without PAD, thus demonstrating that an ACE
inhibitor, in this case ramipril, lowered the risk of fatal and nonfatal
ischemic events in patients with PAD (19).

ACE inhibitors are also viewed as preferred agents—but not exclu-
sively so—in the hypertensive diabetic patient (87,88). ACE inhibitors
are used in the hypertensive diabetic patient for two purposes: (a) organ
protection, an occurrence presumably independent of BP; and (b) for BP
reduction. In the instance of the latter, diuretic coadministration is often
required because the BP-lowering effects of an ACE inhibitor are mod-
est in the typically low-renin, volume-expanded hypertensive diabetic.
A final consideration with ACE inhibitors in the hypertensive diabetic
relates to their effect on hyperlipidemia and insulin resistance. In this
regard, ACE inhibitors have yet to demonstrate an unambiguous effect
on serum lipids or insulin resistance (89). However, in both the CAPtopril
Prevention Project (CAPPP) and the HOPE studies, the ACE inhibitors
captopril and ramipril, respectively, decreased the incidence of new-
onset type 2 diabetes mellitus (90,91).

END-ORGAN EFFECTS

Renal
JNC 7 advises the use of ACE inhibitors in patients with hypertension

and chronic renal disease both to control hypertension and to slow the
rate of progression of CKD (59). Irrespective of the renoprotective
effects of ACE inhibitors, the most important element in the manage-
ment of the patient with hypertension and CKD remains tight BP control.
JNC 7 recommendations advise a goal BP of 130/80 mmHg in albuminu-
ric patients (>300 mg/day) with or without CKD (59). In CKD, ACE
inhibitor monotherapy is seldom able to achieve goal BP, partly because
of the volume dependency of this form of hypertension. For example, in
the African-American Study of Kidney Disease, the ACE inhibitor
ramipril was used, and the average number of medications required to
achieve BP control was approximately three (92).
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Proteinuria has emerged as a strong marker for the rate of CKD progres-
sion as well as an independent risk factor for CVD (93). Microalbuminuria
typically foreshadows the progression of diabetic nephropathy and is now
routinely measured in all diabetics (94). Screening for microalbuminuria
is recommended in diabetes and increasingly in others perceived to be
at high risk for renal or CVD (95). Most guidelines now advise efforts
be undertaken to reduce proteinuria in both diabetic and nondiabetic
renal disease (96). In this regard, ACE inhibitors and more recently
ARBs have been shown to reduce protein excretion and are important
treatment components in the patient (with or without hypertension) with
micro- or macroalbuminuria.

ACE inhibitors have proved useful in the setting of established type 1
insulin-dependent diabetic nephropathy (24), type 2 non-insulin-depen-
dent diabetic nephropathy (97), normotensive type 1 patients with
microalbuminuria (98), and a variety of nondiabetic renal diseases (99–
101). However, renal outcomes with ACE inhibitors have occasionally
been negative. The Ramipril Efficacy in Nephropathy study did not
identify a renoprotective effect with ramipril in type 2 diabetic nephr-
opathy patients. Of note, in the Ramipril Efficacy in Nephropathy study
ramipril-treated patients lost renal function at a significantly faster rate
than did patients treated with a conventional non-ACE inhibitor antihy-
pertensive regimen (102). Conversely, ramipril prevented or delayed the
progression of albuminuria in the HOPE trial (103). ACE inhibitor regi-
mens shown to slow the rate of CKD progression include 25 mg of
captopril three times a day, 5 to10 mg per day of enalapril, 10 mg per day
of benazepril, and 2.5 to 5 mg of ramipril per day (3). These compounds
are all renally cleared; thus, it can be presumed that reduced renal clear-
ance under these circumstances enhances the pharmacological effect of
each of these compounds (104). The beneficial effect of ACE inhibitors
is typically greatest when preexisting high rates of urinary protein excre-
tion (>3 g/24 hours) can be substantially reduced because, if left untreated,
these patients generally progress quite rapidly (105).

Therapies directed at reducing the production or effects of Ang II
provide a mixture of potentially beneficial renal, hemodynamic, cellu-
lar, and possibly lipid-related effects. For example, in chronic nephro-
pathies, ACE inhibitor uptitration to maximum tolerated doses improves
hypertriglyceridemia by a direct, dose-dependent effect and hypercho-
lesterolemia through amelioration of the nephrotic syndrome (106). ACE
inhibitors also transiently reduce GFR in parallel with reduction of glom-
erular capillary pressures (107). Such decrements are typically modest
and on the order of a 10 to 15% drop in GFR; moreover, these changes
are reversible and actually predictive of long-term renal protection (108).
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The elderly are prone to greater reductions in GFR with ACE inhibitors
at least partly because of their frequent micro- and macrovascular renal
disease (see Side Effects of Angiotensin-Converting Enzyme Inhibi-
tors). A question commonly posed with ACE inhibitors, particularly in
the elderly, is whether there is a specific level of renal function at which
an ACE inhibitor cannot be started. Current practice considerations
suggest that there is not a specific level of renal function that precludes
starting an ACE inhibitor unless significant hyperkalemia is expected to
develop.

Three factors can be considered as potential modifiers of the renal
response to ACE inhibition. First, a low sodium intake enhances the
antiproteinuric and antihypertensive effects of ACE inhibition (109).
Second, short-term studies suggested that dietary protein restriction
complements the ACE inhibitor effect on protein excretion in nephrotic
patients. This would seem to imply that the combination of ACE inhibi-
tion and protein restriction could prove more effective than an ACE
inhibition alone in slowing the progression of renal failure (110). How-
ever, this approach may be ill advised in the elderly, for whom nutritional
intake may already be suboptimal.

A third factor is that of inherited variation in the activity of ACE. Two
common forms of the ACE gene I (insertion) and D (deletion) give rise
to three potential genotypes: II, ID, and DD. The DD phenotype is asso-
ciated with higher levels of circulating ACE and a heightened pressor
response to infused Ang-I as compared to the Ang-II phenotype, with the
ID phenotype exhibiting intermediate characteristics (111). The finding
that DD patients are at increased risk for MI and ischemic cardiomyopa-
thy first established the clinical significance of inherited variation in
ACE activity (112). Studies suggested that the GFR declines more rap-
idly in DD than II nephropathic patients, and that such patients do not
show significant reductions in proteinuria or slowing in the rate of CKD
progression when given ACE inhibitors (113). Although a promising
concept, pharmacogenetic studies performed to date have not provided
a definitive answer regarding whether the antiproteinuric effect of ACE
inhibition is influenced by the ACE genotype (114).

Cardiac
Data from both placebo-controlled and open-label trials suggested

that ACE inhibitors substantially reduce the risk of death and hospital-
ization for CHF while improving its symptomatology, making ACE
inhibitors first-line therapy for the treatment of CHF (115). ACE inhibi-
tors reduce Ang-II generation (at least in the short term) and thereby alter
the pathophysiological consequences of neurohumoral change in CHF
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(116,117). Even at low doses, ACE inhibitors improve exercise toler-
ance and symptomatology in CHF; however, successfully altering the
status of these surrogates does not imply that similar success will be
obtained relating to the mortality of CHF. Improvement in CHF mortal-
ity at least partly requires high-dose ACE inhibitor therapy. One aspect
of ACE inhibitor dosing relative to the elderly relates to CHF-related
weight loss or the cachexia of CHF. Weight loss is a common finding in
the elderly CHF patient, and its presence often prompts a diagnostic
workup to seek other causes of weight loss. In this regard, effective ACE
inhibitor therapy will arrest the weight loss otherwise seen with progres-
sive CHF (118).

Several ACE inhibitors—including captopril, fosinopril, lisinopril,
quinapril, ramipril, and trandolapril—now have favorable outcome data
in various forms of CHF (115,119). Although ACE inhibitors are almost
universally recommended as a cost-effective strategy for the treatment of
CHF, physician prescribing practice is such that only a modest number
(50–70%) of those patients eligible for treatment with ACE inhibitors
actually receive them (120). Moreover, the dosages used in “real-world
practice” are substantially lower than those proven effective in RCTs. For
example, in a retrospective review of 554 elderly hospital-discharged
CHF patients older than 65 years, target (dosage recommended in prac-
tice guidelines), subtarget (dosages used in clinical trials but lower than
guideline recommendations), and low-dose ACE inhibitor doses were
given in 19, 63, and 18% of the patients, respectively. Few demographic
or clinical criteria were related to the use of lower dosages (121).

On average, overall mean doses of ACE inhibitors are less than one-
half the targeted dose. Factors forecasting either the use or optimal dose
administration of ACE inhibitors include variables relating to the treat-
ment setting (prior hospitalization and/or specialty clinic follow-up), the
prescribing physician (cardiology specialty vs family practitioner/gen-
eral internist), the patient status (increased severity of symptoms, male,
younger), and the drug (lower frequency of administration) (120).

Enalapril, captopril, lisinopril, and trandolapril have also been shown
to significantly reduce morbidity and mortality rates in the post-MI
patient with a wide range of ventricular function. In a hemodynamically
stable patient after an MI, an oral ACE inhibitor should be initiated,
generally within 24-hours of the event, particularly if the MI is anterior
and accompanied by depressed left ventricular function. The hemody-
namic effects and overall benefit of ACE inhibition are seen early with
40% of the increase in 30-day survival seen in the first day, 45% in days
2 through 7, and approximately 15% after day 7 (122). Currently, only
captopril, lisinopril, ramipril, and trandolapril are specifically approved
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in post-MI left ventricular dysfunction, although enalapril is approved
in asymptomatic left ventricular dysfunction. Trends show an increase
in ACE inhibitor prescriptions in patients discharged followed an acute
MI (123).

There are presently insufficient data to determine if clinically signifi-
cant differences exist among the ACE inhibitors in the post-MI setting
given the paucity of head-to-head trials among these agents and the fact
that study-specific conditions for particular ACE inhibitors have been
quite variable (124,125). However, as in patients with CHF, numerous
ACE inhibitors have established benefits in the post-MI patient, suggest-
ing a class effect for this phenomenon (125).

Several dosing strategies have been demonstrated as effective in reduc-
ing morbidity and mortality in patients with left ventricular systolic dys-
function. In this regard, a systematic effort must be made to reach target
ACE inhibitor doses shown effective in the randomized therapeutic CHF
trials. Emerging data would seem to suggest that the doses of ACE
inhibitors used in clinical practice (range of 50 and 10 mg/day for
captopril and enalapril, respectively) are less effective than the relatively
high doses (captopril and enalapril doses approaching 150 and 40 mg,
respectively) used in the RCTs (28,31).

Until incontrovertible evidence otherwise becomes available, the
treatment of CHF should include sequential dose titration to those ACE
inhibitor doses shown successful in RCTs. The ability to reach these
doses in the CHF patient can sometimes prove challenging because a
major deterrent is the development of systemic hypotension and/or a
decline in GFR (126,127). Thus, reaching goal ACE inhibitor doses
necessitates a keen understanding of the critical relationship among
volume status, BP, and the final desired ACE inhibitor dose. Probably
the single most important variable that allows effective dose titration is
the understanding of the relationship between volume status and BP
(126–128).

Stroke
Given the significant public health impact of stroke and the identifi-

cation of both nonmodifiable (age, gender, race/ethnicity) and modifi-
able (BP, diabetes, lipid profile, and lifestyle) risk factors, early
prevention strategies are increasingly implemented. When an elderly or
diabetic patient suffers a stroke, the focus of care becomes the preven-
tion of secondary events. This can be accomplished with antiplatelet and
lipid-lowering as well as BP reduction strategies.

Despite the clear risk reduction with effective implementation of these
preventative strategies, new approaches are needed. In particular, it is
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unclear whether the stroke benefit gained from BP reduction is unique
to the agent employed (e.g., an ACE inhibitor or an ARB) or a simple
consequence of upgrading the hemodynamic profile (129–131).

The Perindopril Protection Against Recurrent Stroke Study (PROG-
RESS) reported for the first time that antihypertensive therapy with a
combination of the ACE inhibitor perindopril and the thiazide diuretic
indapamide reduced the stroke recurrence rate even in patients with
normal BP (129). In this study, 6105 hypertensive and nonhypertensive
patients who had sustained a stroke without a major disability within the
past 5 years were randomly assigned to a 4-mg dose of perindopril with
or without a 2.5-mg dose of indapamide (diuretic therapy was at the
discretion of the treating physician). After 4 years of follow-up (40%
received perindopril alone and 60% combination therapy) in the sub-
group of patients receiving perindopril and indapamide, BP was reduced
by 12/5 mmHg, and the risk of stroke fell by 43%, and those receiving
perindopril monotherapy (BP reduced by 5/3 mmHg) had no significant
reduction in the risk of stroke (129). Based on the degree of BP reduction
in the perindopril-only group, a 20% reduction in stroke risk would have
been anticipated; thus, the absence of a positive stroke effect is puzzling.
Of note, in the PROGRESS trial, treatment with perindopril and
indapamide was associated with reduced risks of dementia and cognitive
decline associated with recurrent stroke (132).

A similar observation to that of the PROGRESS study was made in
the CAPPP trial, for which—despite its design problems—fatal or non-
fatal stroke was 1.25 times more common in patients randomly assigned
to captopril than in those assigned to conventional therapy with diuretics
and/or β-blockers (133). Nevertheless, the beneficial effect of combina-
tion therapy with perindopril and indapamide is consistent with prior
studies showing a positive effect of diuretics on recurrent stroke rate.

In contradistinction to the PROGRESS and CAPPP studies, the HOPE
study provided compelling evidence that treatment with the ACE inhibi-
tor ramipril can further reduce the risk of stroke in high-risk patients
without left ventricular dysfunction by mechanisms presumably above
and beyond simple BP reduction (19). Ramipril at a dose of 10 mg/day
achieved a highly significant 32% reduction in total stroke rate, and
recurrent strokes were reduced by 33%. In a subanalysis of this trial,
nonfatal stroke was reduced by 24% and fatal stroke by 61%. Interest-
ingly, in the HOPE study ramipril was given at night, and therefore its
peak effect, whether hemodynamic or otherwise, occurred in the morn-
ing hours, a time when strokes occur more frequently (134).

Based on the HOPE study, the American Heart Association guide-
lines for the primary prevention of stroke recommend ramipril to prevent
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stroke in high-risk patients and in patients with diabetes and hyperten-
sion (135). Thus, it would appear that ACE inhibitor therapy is war-
ranted if primary prevention is contemplated in a high-risk patient or
secondary prevention is under consideration in a patient already having
sustained a cerebrovascular event.

SIDE EFFECTS OF ACE INHIBITORS

Soon after their release, a syndrome of functional renal insufficiency
was observed as a class effect with ACE inhibitors (136). This phenom-
enon was initially reported in patients with renal artery stenosis and a
solitary kidney or in the presence of bilateral renal artery stenosis. Pre-
disposing conditions to this process include dehydration, CHF, and ei-
ther macro- or microvascular renal disease. All of these conditions are
common occurrences in the elderly.

The mechanistic prompt in these conditions is a fall in afferent arte-
riolar flow. When this occurs, glomerular filtration temporarily declines.
In response to this reduction in glomerular filtration, local production of
Ang-II rises. In concert with this increase in Ang-II, the efferent or
postglomerular arteriole constricts, restoring upstream hydrostatic pres-
sures within the glomerular capillary bed.

The abrupt removal of Ang-II, as occurs with an ACE inhibitor (or an
ARB), will suddenly dilate the efferent arteriole in tandem with a reduc-
tion in systemic BP. In combination, these hemodynamic changes drop
glomerular hydrostatic pressure to do away with glomerular filtration.
This type of functional renal insufficiency is best treated by discontinu-
ation of the offending agent, careful volume expansion if intravascular
volume contraction exists, and if suspected on clinical grounds, evalu-
ation for the presence of renal artery stenosis (126).

An additional ACE inhibitor-associated side effect relevant to the
elderly is hyperkalemia (137). ACE inhibitor-related hyperkalemia is
uncommon unless a specific predisposition to hyperkalemia is present,
such as in a diabetic or CHF patient with renal failure receiving potas-
sium-sparing diuretics or potassium supplements (138). Alternatively,
ACE inhibitors will minimize the potassium loss accompanying diuretic
therapy.

A dry, irritating, nonproductive cough is a common complication
with ACE inhibitors, with its incidence estimated at between 0% and
44% (139). Cough is a class phenomenon with ACE inhibitors and has
ostensibly been attributed to an increase in bradykinin or other vasoac-
tive peptides, such as substance P, which may play a second messenger
role in triggering the cough reflex (343). Although numerous therapies
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have been tried, few have had any lasting success in eliminating ACE
inhibitor-induced cough. The onset of cough with an ACE inhibitor is
problematic in an elderly patient, particularly one with a past history of
smoking, because it may instigate an unnecessary search for malig-
nancy. The more prudent maneuver in such a case is to reassess the cough
several weeks after discontinuing ACE inhibitor therapy.

ACE inhibitor-related nonspecific side effects are generally uncom-
mon, with the exception of taste disturbances, leucopenia, skin rash, and
dysgeusia, which are almost exclusively seen in captopril-treated patients
(140). The taste disturbance observed with captopril can be particularly
troubling in the elderly, for whom taste abnormalities are already quite
common (141). Angioneurotic edema is a potentially life-threatening
complication of ACE inhibitors that is more common in blacks (142).
ACE inhibitor-related angioedema is not more common in the elderly
(defined as �65 years of age) (143). ACE inhibitor-induced angioedema
of the intestine can also occur. This typically presents with acute ab-
dominal symptoms with or without facial or oropharyngeal swelling.
Angioedema of the intestine is more common in females, and its occur-
rence is independent of age.

A final consideration with ACE inhibitors is that of anemia. ACE
inhibitors suppress the production of erythropoietin in a dose-dependent
manner, which is a particular problem when ACE inhibitors are admin-
istered in the presence of renal failure (144).

CONCLUSIONS

ACE inhibitors are commonly used drugs in the elderly patient. These
compounds are employed in their capacity either to reduce BP or to take
advantage of their cardio- and/or renoprotective effects. ACE inhibitors
can be expected to provide the greatest end-organ protection in the eld-
erly with CHF or proteinuric renal disease or in the post-MI setting.
Dosing guidelines exist for each of these scenarios, although such guide-
lines may not be followed as closely in clinical practice as is advised.
ACE inhibitor-related side effects are for the most part easily recognized
and, other than functional renal insufficiency, which is occasionally
seen with their use, do not occur more commonly in the elderly.
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INTRODUCTION

No class of drugs has been more popular than the angiotensin-recep-
tor blockers (ARBs). Their side-effect profile has resulted in increasing
prescriptions because they are better tolerated than any other class of
antihypertensive drugs. The outcome trials (Table 1) with these drugs
are now being reported and are showing benefits for target organ protec-
tion (1–15). ARBs are proven to be effective in reducing the rate of renal
insufficiency among diabetic hypertensives (3,5), reducing strokes for
elderly patients (10) and hypertensive patients with left ventricular hyper-
trophy (7), and reducing cardiovascular mortality and total mortality com-
pared to atenolol in diabetic hypertensive patients (9). Valsartan is as
effective as captopril in patients sustaining a myocardial infarction com-
plicated by heart failure, left ventricular dysfunction, or both (15).
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A large amount of data is available concerning heart failure. Valsartan
and candesartan reduced cardiovascular morbidity and mortality in heart
failure patients intolerant to converting enzyme inhibitors (4,13). Also,
candesartan reduced total mortality and cardiovascular mortality and
heart failure hospitalizations in patients with chronic heart failure (11).
Furthermore, cardiovascular mortality and hospitalizations for heart
failure were significantly reduced in patients receiving candesartan and
a β-blocker or an angiotensin-converting enzyme (ACE) inhibitor (12).
Heart failure hospitalizations were reduced in patients treated with
candesartan who had a preserved ejection fraction (14).

There are pharmacological differences among the seven ARBs cur-
rently marketed (Table 2). Losartan and its active metabolite E3174
reduce blood pressure (BP). Candesartan cilexetil and olmesartan
medoxomil are prodrugs that form an active metabolite. Losartan has a
uricosuric effect. Telmisartan has the longest terminal half-life. In addi-
tion, there are differences in type I angiotensin II (AT1) receptor binding
affinity. Olmesartan, valsartan, candesartan, irbesartan, and telmisartan
are insurmountable antagonists of angiotensin (Ang)-II. Eprosartan acts
at vascular AT1 receptors postsynaptically and at presynaptic AT1 recep-
tors, where it inhibits sympathetically stimulated noradrenaline release.

The ARBs do not cause a cough like ACE inhibitors do. In addition,
these drugs are less likely to cause angioneurotic edema (16). Care is
required in dosing these drugs in patients with renal insufficiency. Close
monitoring of potassium is required when used with potassium-sparing
diuretics and exogenous potassium intake. Losartan and irbesartan have
a greater affinity for cytochrome P450 isoenzymes, but this theoretical
possibility has not been a problem to date. Candesartan, valsartan and
eprosartan have modest affinity and telmisartan has no affinity for any
of the cytochrome P450 isoenzymes.

It might be predicted that the response rate of ARBs for elderly patients
might be less than for younger patients because there is reduced activity
of the renin–angiotensin system in older persons. However, age does not
seem to be a factor in reducing the overall response rate of ARBs. This
is supported in the analysis of the studies with individual ARBs.

CANDESARTAN CILEXETIL

Pharmacokinetics parameters were measured in 33 elderly and 51
younger subjects after a single dose and after 7 days of once-daily admin-
istration of candesartan dosed between 2 and 16 mg (17). The maximum
concentration and the area under the curve (AUC) were 50% higher in
the elderly subjects compared to the younger subjects. Also, the half-life
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was slightly longer among elderly participants. There was no accumu-
lation of candesartan or its metabolite. No alteration in dosing is required
for elderly patients.

The efficacy and tolerability of candesartan were evaluated in a pro-
spective, randomized, double-blind, multicenter, parallel design trial
(18). After a 4- to 8-week placebo run-in period, 193 hypertensive sub-
jects between 65 and 87 years were treated with 8–16 mg candesartan or
placebo for 12 weeks. The mean reduction in supine BP was –13.6/–7.5
mmHg with candesartan compared with placebo therapy (p < 0.001 for
systolic and diastolic). The proportion of patients achieving a supine
diastolic blood pressure (DBP) of 90 mmHg or less was 41.7% with
candesartan vs 16.8% with placebo (p < 0.001). There was no evidence
of orthostatic hypotension, and active therapy with candesartan was well
tolerated.

A multicenter, randomized, double-blind, parallel-group design trial
studied 185 patients 75 years or older with a mean sitting DBP 95–
114 mmHg after a placebo run-in period of 4–8 weeks (19). Once-
daily candesartan (8–16 mg) or hydrochlorothiazide (12.5–25 mg) was
given for 24 weeks. The mean reduction in BP was not significantly
different between treatments (Fig. 1). Similar numbers of adverse events
were reported with each drug, although hypokalemia and hyperuricemia
were more common with the diuretic.

A double-blind, randomized, crossover, placebo-controlled study using
a factorial design compared once-daily placebo, 16 mg candesartan, 5 mg
of felodipine, or the combination of each drug (20). There were 31 sub-
jects older than 65 years with a systolic blood pressure (SBP) 160 mmHg
or higher treated for 1 month for four periods after an initial washout run-
in phase. Ambulatory BP reading was performed after each treatment
period. The average declines in 24-hour SBP were –12.2, –11.9, and –21.0
mmHg for candesartan, felodipine, and the combination, respectively.
Thus, the combination of an ARB and dihydropyridine calcium antago-
nist improves overall response rate and is additive.

The Study on Cognition and Prognosis in the Elderly trial of
candesartan in 4964 patients aged 70 to 89 years with SBP 160–179
mmHg and/or DBP 90–99 mmHg observed a reduction in nonfatal
strokes (10). This study is discussed in more detail in Chapter 7. Also,
the Acute Candesartan Cilexetil Therapy in Stroke Survivors study
evaluated the effect of BP reduction in the early treatment of stroke in a
prospective, double-blind, placebo-controlled study of 342 patients (21).
After 12 months, there were fewer vascular events with candesartan
compared with placebo (9.8% vs 18.7%, p = 0.026). There may be a
special benefit of candesartan for modifying cerebrovascular events.
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EPROSARTAN

In comparing eight young and eight elderly males after a single 200-
mg dose of oral eprosartan, the AUC and the maximum concentration
were twice as high among elderly subjects (22). The time to maximal
concentration was delayed by 3.4 hours. These differences may be related
to increased bioavailability as a result of prolonged absorption. The elimi-
nation half-life was greater, possibly owing to decreased elimination
rate in the elderly.

A 12-week, double-blind trial was conducted comparing eprosartan
(n = 264) dosed 200–300 mg twice daily with enalapril (n = 264) dosed
5–20 mg once daily in 528 patients with a sitting DBP between 95 and
114 mmHg (23). After 12 weeks, 12.5 to 25 mg hydrochlorothiazide
dosed once daily could be added if the DBP was 90 mmHg or higher.
Approximately 24% of the study participants were 65 years or older. The
change in BP from baseline is displayed in Fig. 2. There was no differ-
ence between elderly and younger patients. Elderly patients did not
require more or less medication than younger patients. Cough was
more common with enalapril treatment; however, there was no differ-
ence by age group.

Another study enrolled 334 elderly patients with a sitting SBP 160
mmHg or higher in a 12-week multicenter, double-blind study with a
single-blind placebo lead-in phase of 3 to 4 weeks (24). Patients were

Fig. 1. Outcome of 12-week trial comparing candesartan and hydrochlorothiaz-
ide in older hypertensive patients. Each drug was equally effective in reducing
systolic and diastolic blood pressure. (Data from ref. 19.)
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randomly assigned to 600 mg of eprosartan once daily or 5 mg of enalapril
once daily. To achieve an SBP less than 140 mmHg during follow-up
every 3 weeks, the dose of eprosartan could be titrated to 800 mg and
enalapril to 20 mg once daily. After 12 weeks, the average reduction in
BP was not significantly different: –18.0/–9.4 mmHg for eprosartan and
–17.4/–9.6 mmHg for enalapril. Normalization of sitting SBP occurred
in less than 25% for both drugs. More adverse events were observed with
enalapril (50.9%) than with eprosartan (35.7%).

IRBESARTAN

In an open-label, single-dose, parallel group design that dosed 50 mg
of irbesartan after a 10-hour overnight fast, the geometric mean AUC
was 43% higher in elderly subjects than in younger subjects (25). The
maximum concentration was increased by 49%, and the time to peak
concentration was shorter. Renal clearance was reduced by 56% in
elderly females but not males. These differences in pharmacokinetics
were thought unimportant because less than 3% of irbesartan is excreted
in the urine (26). In a 12-month open-label study of 32 elderly hyperten-
sive subjects with creatinine clearance less than 45 mL/minute per 1.73
m2, 150 mg of irbesartan alone or in combination with other drugs reduced
BP and decreased proteinuria without worsening renal function (27).

Fig. 2. Outcome of 12-week trial comparing eprosartan and enalapril in older
and younger hypertensive patients. There was no difference in the response of
either drug or the effectiveness based on age. (Data from ref. 23.)
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There does not appear to be any difference in the response rate of
irbesartan on the basis of age (28). Irbesartan in doses of 37.5–300 mg
alone or in combination with 6.25–25 mg hydrochlorothiazide dosed
once daily reduced trough seated SBP and DBP similarly in younger
(n = 520) and older (n = 110) patients (29). One randomized double-blind
study of patients 65 years or older compared 150–300 mg irbesartan with
10–20 mg enalapril over an 8-week period (30). There was no difference
in the change in BP (Fig. 3). The diastolic control rate was similar for
irbesartan (52.9%) and enalapril (54.9%, p = 0.81). Cough was less
frequent with irbesartan than enalapril (15.5% vs 4.3%, p = 0.046).

LOSARTAN POTASSIUM

No significant difference in the plasma concentration of losartan or
EXP3174 was observed between elderly or younger patients (31).

The Evaluation of Losartan in the Elderly (ELITE) Studies I (n = 722)
and II (n = 3152) were conducted in patients with heart failure (1,2). Each
double-blind trial compared 50 mg of losartan dosed once daily with 50
mg of captopril dosed three times daily in subjects with class II–IV heart
failure and an ejection fraction of 40% or less. There was an unexpected
reduction in total mortality in ELITE I, a safety-and-efficacy trial (1).
There was no superiority of losartan in reduction in mortality in ELITE
II, an outcomes trial (2). The results were attributed to the dosing of

Fig. 3. Outcome of 8-week study comparing irbesartan and enalapril in older
hypertensive volunteers. There was no difference in the change in blood pres-
sure. (Data from ref. 28.)
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losartan. However, both trials consistently documented enhanced toler-
ability of losartan.

Several studies with isolated systolic hypertension have been com-
pleted. In a double-blind, randomized trial, 273 subjects (mean age 66.3
years) received 50 mg of losartan or atenolol once daily for 16 weeks of
treatment after a 4-week single-blind placebo run-in period (32). For
subjects not controlled on monotherapy, 12.5 mg of hydrochlorothiazide
dosed once daily could be added at week 8 to achieve a sitting SBP less
than 160 mmHg. The average change from baseline of seated SBP for
subjects not receiving a diuretic was –25.0 mmHg for losartan (n = 89)
and –25.4 mmHg for atenolol (n = 88). At week 16, the average change
from baseline was –24.7/–3.3 for losartan and –25.3/–4.3 for atenolol.
More clinical adverse events necessitating withdrawal occurred with
atenolol than with losartan (7.2% vs 1.5%, p = 0.035).

In a 16-week prospective study of 504 Spanish hypertensive patients
60 years or older, 50 mg losartan was given (33). If BP exceeded 159/89
mmHg after 6 weeks, then 50 mg losartan with 12.5 mg hydrochloro-
thiazide was given. If BP was still elevated after 6 weeks, then 100 mg
losartan with 25 mg hydrochlorothiazide was given. After 16 weeks,
77.8% of subjects had BPs less than 160/90 mmHg.

After a 4-week placebo run-in period, 50–100 mg losartan (n = 89) or
5–10 mg felodipine extended release (n = 43) was titrated to a sitting
DBP less than 90 mmHg over 12 weeks in a double-blind study of older
patients (34). The trough BP reduction at week 12 was similar with
losartan (–17.2/–13.2 mmHg) and felodipine extended release (–19.0/
–14.0 mmHg). Although each drug was effective in reducing BP, there
were more treatment withdrawals as the result of edema with the calcium
antagonist.

There were 140 hypertensive patients 65 years or older randomly
assigned in a double-blind study to losartan or nifedipine GITS (gas-
trointestinal therapeutic system) after a 4-week placebo lead-in period
(35). Every 4 weeks, treatment could be titrated to achieve a DBP less
than 90 mmHg. Nifedipine GITS could be titrated from 30 to 90 mg
daily. Losartan was dosed initially at 50 mg daily, but 12.5–25 mg of
hydrochlorothiazide could be added. All medications were administered
with a matching placebo. The change from baseline after 12 weeks was
not significantly different between the drugs (Fig. 4). More patients
achieved a DBP less than 90 mmHg with nifedipine (82%) than with
losartan (68%).

A multicenter, double-blind, randomized study enrolled younger and
older hypertensive subjects with mild-to-moderate hypertension (36).
After a 4-week placebo lead-in period, participants received a fixed dose
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of 50 mg of losartan with 12.5 mg of hydrochlorothiazide (n = 216) or
50 mg of captopril with 25 mg of hydrochlorothiazide (n = 109) once
daily for 12 weeks. The change in trough BP is shown in Fig. 5. There
was no difference in efficacy by age group or treatment. Cough and
headache occurred more commonly in elderly patients receiving
captopril than in those receiving losartan. Serum creatinine and uric acid
increased, and serum potassium decreased from baseline more with
captopril than with losartan.

OLMESARTAN MEDOXOMIL

Olmesartan medoxomil is absorbed and converted to olmesartan rap-
idly in elderly hypertensive patients (37). After olmesartan dosed at 80 mg
once daily, elderly patients had a higher steady-state maximum concen-
tration and AUC and a longer elimination half-life compared with
younger patients. Dosing adjustment in the elderly is not considered
necessary except with severe renal impairment.

An integrated analysis of seven randomized, double-blind, placebo-
controlled studies with an entry DBP between 100 and 115 mmHg was
performed (38). Of 2693 patients, approximately 20% were 65 years or

Fig. 4. Outcome of 12-week trial comparing losartan with or without a diuretic
vs nifedipine gastrointestinal therapeutic system (GITS) in elderly hypertensive
patients. There was no difference between the treatment groups. ±HCTZ, with
or without hydrochlorothiazide. (Data from ref. 35.)
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older. The duration of treatment was 6 to 12 weeks. Placebo and
olmesartan at 2.5, 5, 10, 20, 40, and 80 mg were compared. The average
decline in trough BP was –14.7/–11.3 mmHg in younger patients and –
12.5/–11.8 mmHg in older patients.

TELMISARTAN

The pharmacokinetics of telmisartan in 12 elderly normotensive vol-
unteers was studied (39). Telmisartan (20 and 120 mg) was given orally
in an open-label crossover study with a 14-day washout between doses.
At steady state, the time to maximum concentration was 30 to 60 min-
utes, and the geometric mean half-life was 36 to 37 hours. There was no
appreciable accumulation of telmisartan in elderly patients. However,
the maximum concentration of telmisartan and AUC were higher in
women than in men.

Telmisartan is effective in reducing BP in both younger and older
patients (Fig. 6) (40). The addition of hydrochlorothiazide enhances the
BP response (40). A 26-week, double-blind parallel study compared
telmisartan and enalapril in 278 hypertensive patients 65 years and older
after a 3- to 5-week placebo run-in phase (41). Titration of 20 to 80 mg
of telmisartan or 5 to 20 mg of enalapril was done to achieve a DBP less
than 90 mmHg. If BP was controlled, then 12.5 to 25 mg of hydrochlo-
rothiazide could be added after 12 weeks of monotherapy. Then, the
titrated medications were maintained for the final 10 weeks of the study.

Fig. 5. Outcome of 12-week study in older and younger hypertensive patients
of fixed-dose combination of hydrochlorothiazide (HCTZ) with either captopril
or losartan. There was no difference in the response of either drug or the effec-
tiveness based on age. (Data from ref. 36.)
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There was no significant difference in the reduction in trough BP between
the treatment groups (Fig. 7). DBP was reduced to less than 90 mmHg in
63% of telmisartan-treated subjects and 62% of enalapril-treated sub-
jects. SBP was reduced 10 mmHg or more in 70% of the telmisartan
group and 67% of the enalapril group. There were fewer treatment-
related adverse events with telmisartan (25.2%) compared with enalapril
(37.4%) because of the higher rate of coughing with enalapril.

VALSARTAN

The pharmacokinetics of a single dose of 80 mg of valsartan was
studied in 12 young and 12 elderly volunteers after a 12-hour fast (42).
The maximum concentration was 24% higher, and the AUC was 52%
higher in elderly subjects compared to younger subjects. Also, the median
terminal elimination half-life was 7.4 hours in elderly participants com-
pared to 5.1 hours in younger participants. These differences may be
caused by decreased renal elimination in the older subjects.

The efficacy of valsartan was studied in 146 older patients with SBP
160 mmHg or greater (43). After a placebo run-in period, patients
received 80 mg of valsartan dosed once daily or placebo in a randomized,
double-blind, placebo-controlled trial. After 4 weeks, the placebo or
valsartan dose was doubled for an additional 4 weeks. The placebo-
correct decline in BP with valsartan was –10.4/–4.0 mmHg (Fig. 8).
There was no symptomatic orthostatic hypotension, and treatment-re-
lated adverse events were similar between valsartan and placebo.

Fig. 6. Comparison of the change in baseline blood pressure in older and younger
hypertensive patients with placebo, telmisartan, and telmisartan with hydro-
chlorothiazide (HCTZ). The combination of a diuretic with telmisartan signifi-
cantly improved overall blood pressure reduction. (Data from ref. 40.)



362 Hypertension in the Elderly

Fig. 7. Results of a trial in older hypertensive patients comparing blood pressure
reduction with telmisartan or enalapril alone or with hydrochlorothiazide
(HCTZ). There was no difference between the drugs. (Data from ref. 41.)

Fig. 8. Results of a study of systolic hypertension in older subjects with valsartan
or placebo after 8 weeks. Blood pressure was significantly reduced with
valsartan. (Data from ref. 43.)

An analysis of nine randomized, placebo-controlled trials of valsartan
or placebo was performed (44). There were 4067 patients, including 998
patients who were 65 years or older. Figure 9 displays the results of this
analysis, showing significant reductions in both SBP and DBP. The
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results indicate an increasing antihypertensive response with escalating
doses of valsartan. The SBP response was greater in elderly patients
compared with younger patients.

A multicenter, double-blind, parallel group trial was conducted in 501
elderly hypertensive patients (45,46). The volunteers were randomly
assigned to receive 40 mg of valsartan (n = 334) or 2.5 mg of lisinopril
(n = 167) daily with subsequent titration up to 80 mg ofvalsartan or 20 mg
of lisinopril over 4 weeks if the DBP was 90 mmHg or greater. At weeks
8 and 12, the addition of 12.5 to 25 mg of hydrochlorothiazide could be
made to achieve BP control. A DBP response, a sitting DBP less than 90
mmHg or 10 mmHg or greater decline from baseline, was 80% in both
valsartan and lisinopril groups at 12 weeks. At 12 weeks, the mean BP
was decreased by –19.7/–14.6 mmHg in the valsartan group and -21.0/
–15.1 mmHg in the lisinopril group. This benefit continued to be observed
at 52 weeks. At 52 weeks, there was a similar nonsignificant decrease of
–20.3/–14.4 mmHg in the valsartan group and –20.2/–15.4 mmHg in the
lisinopril group. The overall incidence of drug-related adverse events
was slightly higher in lisinopril-treated patients (35.3%) compared to
valsartan-treated patients (29.3%). This difference was caused by the
higher frequency (17.4%) of cough for the lisinopril-treated patients

Fig. 9. Results of an integrated analysis of nine randomized, placebo-controlled
trials comparing various doses of valsartan on blood pressure reduction in younger
and older hypertensive subjects. There was a dose-dependent antihypertensive
response for both older and younger patients. Systolic blood pressure reductions
were greater in older than in younger patients. (Data from ref. 44.)
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compared to patients treated with valsartan (7.5%). An extension of the
trial with 69 patients continued to observe a similar BP response with
each drug (45). However, valsartan was better tolerated.

A 24-week, randomized, double-blind trial compared valsartan and
amlodipine in older Italian patients with isolated systolic hypertension
(47). After a 2-week placebo lead-in period, patients with an SBP of
160–220 mmHg and a DBP less than 90 mmHg were given 5 mg of
amlodipine or 80 mg of valsartan once daily. The dose of each drug was
doubled after 8 weeks if the SBP was 140 mmHg or higher. After an
additional 8 weeks, if the SBP goal was not achieved, then 12.5 mg of
hydrochlorothiazide daily could be added. Baseline BP was 170/84
mmHg among 410 patients. The mean decline in BP at the end of the
study was –30.7/–5.6 mmHg for valsartan and –32.2/–6.6 mmHg for
amlodipine. The target SBP was achieved in 74.7% of patients treated
with valsartan and 73% of patients treated with amlodipine. However,
there was more peripheral edema with amlodipine compared to valsartan
(26.8% vs 4.8%, p < 0.001).

SUMMARY

BP reduction is effectively achieved with ARBs. Some studies sug-
gested a dose-dependent reduction in BP. Equivalent reduction in BP
was observed when directly comparing ARBs with ACE inhibitors, β-
blockers, or calcium antagonists. ARBs, when combined with a diuretic
or a calcium antagonist, resulted in greater declines in BP than
monotherapy. Combinations of drugs increased the likelihood of reach-
ing SBP goals. These drugs are well tolerated compared with older
antihypertensive agents.
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INTRODUCTION

Although certain classes of medications provide additional benefits
beyond blood pressure (BP) reduction in older patients with comorbid
conditions, the greatest factor in reduction of cardiovascular and cere-
brovascular events and preservation of renal function is BP reduction.
The Hypertension Detection and Follow-up Program demonstrated that
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a reduction in systolic blood pressure (SBP) of 1 mmHg correlated with
a 1% decline in mortality (1). However, to achieve newly targeted BP
levels based on the Seventh Report of the Joint National Committee on
the Prevention, Detection, Evaluation, and Treatment of High Blood Pres-
sure, the majority of individuals will require two to four agents (2,3).

Calcium antagonists have long been utilized for the treatment of
hypertension in older patients. Although guidelines support the use of
calcium antagonists primarily in elderly individuals with isolated sys-
tolic hypertension, angina, or contraindications to use of β-blockers and
diuretics (4,5), these drugs have clearly been used far more widely in
clinical practice. Marred by controversy during the course of the 1990s,
there have been mixed reviews on the benefits and risks of this important
class of antihypertensive therapy. The purpose of this chapter is to review
the clinical trials that in fact do support the use of the calcium antagonists
in elderly patients with hypertension and certain related complications.

THE CALCIUM ANTAGONIST CONTROVERSY
IN THE TREATMENT OF HYPERTENSION

In the mid-1990s, clinicians avoided the use of the calcium antago-
nists in response to a series of retrospective analyses and reports of
increased cancer incidence rates (6), gastrointestinal bleeding episodes,
and cardiovascular events (7). These observational studies and pooled
analyses along with widely publicized concerns of these adverse events
in the lay press nearly immediately led to alterations in prescribing pat-
terns for the calcium antagonists. For example, in British Columbia,
Canada, calcium antagonist use fell from a 22% share of the antihyper-
tensive prescriptions in 1994 to 15% of all the antihypertensive agents
prescribed in 1996 (8). A review of the prescription database in Ontario,
Canada, demonstrated a similar decline in calcium antagonist use, fall-
ing from 22% to 14 % between 1993 and 1998 (9). Although a number
of placebo-controlled randomized trials with long-term follow-up have
been published (3,10–13) to challenge earlier reports of adverse cardio-
vascular events, it is useful to review the studies that led to controversy
and concern regarding calcium antagonist safety.

The observational studies, case reports, and meta-analyses increased
concerns that cancer and cardiovascular events were higher on calcium
antagonists compared to diuretics, β-blockers, and other commonly used
antihypertensive therapies. For example, Pahor et al. reported a twofold
greater incidence of cancer in elderly patients taking short-acting cal-
cium antagonists in comparison to those prescribed β-adrenergic
blockers (6). However, there was no account of duration of exposure in
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relation to discovery of malignancy. Subsequent studies with calcium
antagonists have failed to demonstrate an increased cancer incidence (3).

Another meta-analysis (7) and a cohort study (14) reported an increased
number of coronary events and gastrointestinal bleeds with the use of the
immediate-release formulations of verapamil, diltiazem, and nifedipine.
In a retrospective case–control study from the physician staff model
Group Health Cooperative in Seattle, Washington, a dose-related 60%
increase in acute myocardial infarction (MI) incidence was reported
with the use of nifedipine compared to patients treated with diuretic
therapy (7). A meta-analysis by Stason and colleagues noted an increased
incidence of angina with use of short-acting nifedipine in patients with
coronary artery disease (15).

It is important to note that subsequent placebo-controlled studies with
long-acting calcium antagonists contradicted the majority of these retro-
spective studies that suggested greater cardiovascular risk for the cal-
cium antagonists. For example, one of the first studies to demonstrate a
reduction of cardiovascular events relative to placebo was the Shanghai
Trial of Nifedipine in the Elderly (16). This nonrandomized placebo-
controlled trial involved 1632 subjects between the ages of 60 and 79
years with elevated BP (>160/90 mmHg). There was 40% risk reduction
in stroke and arrhythmia incidence but an equivalent risk of myocardial
events in the group treated with nifedipine. Shortly thereafter, the Sys-
tolic Hypertension in Europe (Syst-Eur) trial showed that, in isolated
systolic hypertension in the elderly, the dihydropyridine calcium an-
tagonist nitrendipine induced a significant reduction in cardiovascular
morbidity and mortality compared to the placebo group (12,17).

OVERVIEW OF THE CALCIUM ANTAGONIST
CLINICAL TRIALS (1997–2003)

During the last decade, a number of controlled clinical trials with
intermediate and long-term follow-up have shown the benefit of BP
reduction and prevention of cardiovascular and cerebrovascular events
using calcium antagonists (Fig. 1). It is clear from these trials that the
reduction in morbidity and mortality is related to the amount of BP
reduction, especially in the higher risk patient subgroups (18,19).

For example, in the Hypertension Optimal Treatment study, which
used the dihydropyridine calcium antagonist felodipine, there was a 2.5-
fold increase for stroke incidence in the diabetic hypertensive group
compared to the nondiabetic group (20). Aggressive treatment of BP is
the main means of slowing the progression of renal disease and prevent-
ing vascular events in both diabetic and nondiabetic individuals. The
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cohort of subjects in the Hypertension Optimal Treatment trial randomly
assigned to a target diastolic blood pressure (DBP) of less than 80 mmHg
had a 51% reduction in vascular events in comparison to the group with
a target DBP below 90 mmHg (20). The tight control (average BP 144/
82 mmHg) group in the United Kingdom Prospective Diabetes Study
had a 44% risk reduction in stroke incidence compared to the less tightly
controlled group using a variety of drugs, including calcium antagonists
(average BP 154/87mmHg) (21). As described in the next sections, there
have been several trials that have demonstrated the value of calcium
channel blockers in cardiovascular risk modification, including the
Nordic Diltiazem (NORDIL) trial (11), Syst-Eur trial (12), Systolic
Hypertension in China (Syst-China) (22), Antihypertensive, Lipid-
Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) (3), and
the Controlled-Onset Verapamil Investigation for Cardiovascular End-
points (CONVINCE) (13).

PLACEBO-CONTROLLED TRIALS:
SYST-EUR AND SYST-CHINA

The Syst-Eur trial followed 4695 elderly (>60 years old) individuals
with systolic hypertension (defined as an SBP > 160 mmHg and DBP
< 90 mmHg) for at least 2 years after randomization to nitrendipine or
placebo dosed once or twice daily (12). The investigators were given the

Fig. 1. The relative risk of cardiovascular (CV) events on calcium antagonists
vs placebo in pooled clinical trials. (Modified with permission from ref. 27.)
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option of adding an angiotensin-converting enzyme (ACE) inhibitor
(enalapril) or a diuretic (hydrochlorothiazide) to achieve target BP.
Compared to placebo, treatment with nitrendipine was associated with
a 42% reduction in stroke incidence (Fig. 2) (p = 0.003), 27% reduction
in cardiovascular mortality (p = 0.007), 56% reduction in fatal MI (p =
0.08), 26% reduction in nonfatal MI (p = 0.03), and 31% reduction in
combined cardiovascular morbidity and mortality (p < 0.001). In those
subjects who remained on nitrendipine monotherapy, a 45% reduction
in cardiovascular mortality was noted (23,24). The reduction in car-
diovascular end points in the diabetic subgroup (n = 492) was much
higher (–69%) than in the nondiabetic (n = 4203) patients in Syst-Eur
(–26%) (24).

The Syst-China trial was similar to Syst-Eur in that it compared the
same calcium antagonist, nitrendipine, to placebo in a cohort of 2394
patients with isolated systolic hypertension. There was also the potential
to add captopril or hydrochlorothiazide to achieve targeted BP goals
below 160 mmHg systolic. A similar reduction in stroke incidence (38%
in Syst-China vs 42% in Syst-Eur) was achieved (12,22). There were no
differences in cardiovascular morbidity and mortality with nitrendipine
monotherapy vs combination therapy if similar BP levels were achieved.
These studies were among the very first to demonstrate the ability of a
dihydropyridine calcium antagonist to significantly reduce cardiovas-
cular morbidity and mortality in older patients with hypertension.

Fig. 2. Primary end point in the Syst-Eur Trial: nitrendipine, a dihydropyridine
calcium antagonist, reduces the relative risk of stroke by 36%. (Modified with
permission from ref. 12.)



374 Hypertension in the Elderly

Based on data from these placebo-controlled studies, the relative
benefits of the calcium antagonists compared to other antihypertensive
therapeutic strategies can be derived from the analysis of two trials from
the late 1990s: the Systolic Hypertension in the Elderly Program (SHEP)
and the Swedish Trial in Old Patients With Hypertension 2 (STOP-
Hypertension 2) (25,26). The SHEP trial followed 4736 elderly (>60
years old) subjects over 5 years treated with the diuretic chlorthalidone
for SBP control. Among the nondiabetic individuals, there were similar
reductions in mortality (15% in SHEP vs 18% in Syst-Eur), stroke inci-
dence (38% in SHEP vs 39% in Syst-Eur), and cardiovascular end points
(34% in SHEP vs 30% in Syst-Eur) (12,25). Within the diabetic sub-
group of the Syst-Eur trial, a reduction of 73% in stroke incidence and
69% in all cardiovascular end points was achieved. The results empha-
size the importance of BP reduction regardless of the agent used and the
fact that BP reduction plays a greater role than blood glucose control in
reduction of macrovascular events. The STOP-Hypertension 2 trial was
a PROBE (prospective, randomized, open-label, blinded end point de-
sign) study of 6000 elderly patients (aged 70–84 years) randomly as-
signed to treatment with β-adrenergic blockers, thiazide diuretics, or
calcium antagonists (26). Across the different treatment arms, there were
similar numbers of cardiovascular end points.

ACTIVE CONTROL COMPARATOR TRIALS:
NORDIL AND INSIGHT

Following the placebo-controlled studies of the dihydropyridines in
the older patient population with systolic hypertension, it became obvi-
ous that it would be unethical to use a placebo in patients whose SBP was
above 160 mmHg regardless of age. The next focus was on establishing
equivalency of calcium antagonists with other classes of antihyperten-
sive agents in prospective, randomized, double-blind trials.

The NORDIL trial and International Nifedipine GITS Study: Inter-
vention as a Goal in Hypertension Treatment (INSIGHT) were the first
two randomized clinical trials that compared the effects of calcium
antagonists with diuretics and β-blockers on major cardiovascular end
points, including fatal and nonfatal MI, fatal and nonfatal stroke, and
other cardiovascular deaths (10,11). NORDIL followed for a mean of
4.5 years 10,881 patients, aged 50–74 years, with DBPs above 100 mmHg
(11). Compared to the control regimen of diuretics and β-blockers, the
diltiazem patient group achieved smaller SBP reduction and equivalent
reduction in DBP (20/19 mmHg in diltiazem group vs 23/19 mmHg in
diuretic/β-blocker group, p < 0.001 for SBP). The treatment groups did
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not differ in combined primary end points (p = 0.97), cardiovascular
death (p = 0.41), all-cause mortality (p = 0.99), all cardiac events, and the
development of diabetes mellitus. There was a numerical increase in MIs
(7.4 in the diltiazem group vs 6.3 events per 1000 patient-years in the
diuretic/β-blocker group), but this failed to reach clinical significance.
In addition, a nonsignificant trend toward fewer strokes was noted in the
diltiazem group compared to the control regimen (6.4 vs 7.9 events per
1000 patient-years).

INSIGHT involved 6321 subjects aged 55 to 88 years old with SBP
above 160 mmHg or BP of more than 150/95 mmHg and one additional
cardiovascular risk factor (10). The inclusion criteria of an additional
cardiovascular risk factor was designed to look at the equivalence of the
effect of calcium antagonists on individuals at high risk for cardiovas-
cular events. Subjects were randomly assigned to treatment with
nifedipine and co-amilozide (hydrochlorothiazide plus amiloride) and
were followed for at least 3 years for the end points of cardiovascular
death, MI, heart failure, and stroke. There was no difference between
treatments in BP reduction, the composite end point, all-cause or cause-
specific mortality, sudden death, stroke, nonfatal cardiovascular events,
and fatal heart failure (Fig. 3). The incidence of withdrawal because of
adverse effects (p < 0.001), fatal MI (p < 0.017), and nonfatal heart
failure (p = 0.028) was more common in the nifedipine group. The prin-
cipal findings of NORDIL and INSIGHT demonstrated that calcium
antagonists were similar to diuretics and β-adrenergic blocking agents
in preventing cardiovascular and cerebrovascular events in older patients
with hypertension.

ALLHAT

ALLHAT was designed to examine the effects of a calcium antago-
nist (amlodipine), ACE inhibitor (lisinopril), and α1-adrenergic blocker
(doxazosin) on the incidence of fatal and nonfatal coronary heart disease
(CHD) events in comparison to treatment with a long-acting thiazidelike
diuretic (chlorthalidone) (3). In 2000, the doxazosin arm was discontin-
ued because of a large excess in the number of treatment-emergent cases
of congestive heart failure. Thus, the study was completed by examining
the 33,357 patients, aged 55 years and older, with stage I–II hypertension
and an additional CHD risk factor randomly assigned to chlorthalidone,
amlodipine, and lisinopril.

The primary outcome end point of ALLHAT was combined fatal
CHD or nonfatal MI. Secondary outcome measures included all-cause
mortality, combined cardiovascular disease (stroke, heart failure, periph-
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eral arterial disease, and CHD), stroke, combined CHD (angina,
revascularization, and all MIs), cancer, and end-stage renal disease.

Compared to the control group, the amlodipine treatment group
showed no differences in the primary outcome of combined CHD inci-
dence or in the secondary outcomes of cancer, end-stage renal disease,
stroke, composite CHD, and composite cardiovascular disease. Although
not specified as a discrete end point, there was a higher risk of developing
edema and congestive heart failure in the calcium antagonist treatment
group compared to the chlorthalidone group. In addition, chlorthalidone
was found to be superior to lisinopril in the prevention of stroke in the
African-American patient subgroup, a finding that most likely is asso-
ciated with discrepancies in BP control for the two treatment groups as
the SBP reductions in the lisinopril treated group were on average 4
mmHg lower than the chlorthalidone group.

CONVINCE

In 2003, the results of the CONVINCE trial were published despite an
early termination of the trial by the study sponsor Pharmacia prior to
achieving the required number of cardiovascular end points (13). CON-
VINCE enrolled nearly 17,000 patients at least 55 years of age with
hypertension and another established cardiovascular risk factor, such as
smoking or diabetes, obesity, or prior vascular events. Patients were
randomly assigned to treatment with the calcium antagonist, controlled-
onset extended-release (COER) verapamil dosed at bedtime, or a stan-
dard-of-care (SOC) arm, which could have included the β-adrenergic
blocker atenolol or the thiazide diuretic hydrochlorothiazide. The diuretic
could also be added to COER verapamil as a second agent for BP control,
and ACE inhibitors were recommended as the third level of treatment.

The COER verapamil group had similar reductions in BP as in the
SOC group, 13.6/7.8 and 13.5/7.1 mmHg, respectively. The trial was
terminated by the sponsor after only 3 of the 5 anticipated years of
follow-up, so only about one-third of the number of events required in
the original statistical power calculations had occurred. Despite this,
there was reasonable confidence that the two regimens were similar in
their ability to prevent cardiovascular end points. For example, there was
a hazard ratio of 1.02 (p = 0.77) in the COER verapamil group for the
primary composite end point of MI, stroke, and cardiovascular disease-
related death compared to the SOC group.

Examining each component of the composite end points, there were
nonsignificant increased hazard ratios for stroke of 1.15 (p = 0.26) and
cardiovascular death of 1.09 (p = 0.47) in the calcium antagonist treat-
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ment group. In contrast, there was a decreased hazard ratio of 0.82 (p =
0.09) for the incidence of fatal/nonfatal MI in the COER verapamil
group. Secondary outcomes within this trial included an expanded
cardiovascular end point encompassing hospitalizations for angina,
accelerated hypertension, transient ischemic attacks, heart failure,
revascularization, all-cause mortality, cancer, hospitalization for
bleeding, and morning (6 AM to noon) incidence of primary end points.
Among the secondary end points, hospitalizations for heart failure (p =
0.051) and bleeding unrelated to stroke (p = 0.003) had significantly
higher hazard ratios in the COER verapamil treatment arm. For the other
end points, the hazard ratios were close to 1, and the differences between
the treatment groups were not clinically significant.

The increased risk of bleeding and stroke and lower incidence of MI
were postulated as secondary to platelet inhibition on verapamil relative
to the control drugs. The increased risk of heart failure in the COER
verapamil group was attributed to the fact that both diuretics and β-blockers
are agents that improve congestive symptoms and signs of heart failure.
In any event, conclusions from CONVINCE are limited because of the
shortened follow-up period and the smaller-than-expected number of
clinical events.

CONCLUSIONS

The use of calcium antagonists as initial therapy or as part of combi-
nation therapy for the control of hypertension in older patients has been
a subject of debate over the years. As a result of observational data, case-
controlled studies, and meta-analyses, increased incidence of cancer,
bleeding, and cardiovascular events were attributed to the entire class of
calcium antagonists, leading to a documented decline in usage of these
agents by clinicians. However, there have been several well-conducted
randomized clinical trials that have demonstrated the reduction of car-
diovascular events with calcium antagonists in the elderly hypertensive
population.

Similar levels of benefit for preventing cardiovascular end points for
calcium antagonists with β-blockers and diuretics have been demon-
strated in older patients in the INSIGHT and NORDIL trials. The large
randomized trials of ALLHAT, CONVINCE, and INSIGHT established
that both dihydropyridine and nondihydropyridine calcium antagonists
are similar to other antihypertensive agents for reductions in cardiovas-
cular events in high-risk hypertensive patients. One exception is that, in
some comparisons, patients treated with calcium antagonists did have
significantly higher incidences of heart failure because of the known
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benefits of downregulation of the sympathetic nervous system by β-
blockers and removal of volume and improvement in pulmonary vascu-
lar congestion with diuretics, agents that are both recommended for the
treatment of heart failure.

Earlier reports of increased cancer incidence and bleeding risks for
the calcium antagonists have not proven to be significant in most of these
trials. Thus, the effectiveness and safety of the calcium antagonist class
of antihypertensives in older patients has been proven in comparison to
placebo and several other types of antihypertensive agents. The findings
from the large clinical trials of the 1990s that studied calcium antagonists
stress the fact that to achieve reduction in cardiovascular events in older
patients, reduction in SBP is paramount regardless of the pharmacologi-
cal properties of any particular agent.
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INTRODUCTION TO THE SYMPATHETIC
NERVOUS SYSTEM IN HYPERTENSION

The arterial pressure is regulated by changes in cardiac output and/or
systemic vascular resistance. Effective perfusion of body organs requires
appropriate resistance to blood flow to maintain arterial pressure. In the
systemic vasculature, the major factor of vascular resistance is smooth
muscle tone, which helps regulate the most important determinant of
resistance to flow, the cross-sectional area of a vessel. There are two
major neurohormonal systems that regulate cardiovascular function,
including smooth muscle tone: the autonomic nervous system and the
renin–angiotensin system. The peripheral autonomic nervous system
has three main components: (a) the sympathetic nervous system (SNS),
which comprises the autonomic outflow from the thoracic and high lum-
bar segments of the spinal cord; (b) the parasympathetic nervous system,
which includes the outflow from the cranial nerves and the low lumbar
and sacral spinal cord; and (c) the enteric nervous system, which is
intrinsic neurons in the wall of the gut. In addition to the blood vessels,
the urinary bladder, penis, and prostate also have smooth muscle cells
(SMCs) innervated by SNS and parasympathetic nervous system neu-
rons to help regulate micturition, erection, and ejaculation (1).

In the elderly with elevated systemic arterial blood pressure (BP),
increased sympathetic activity has been reflected in a marked increase
in arterial norepinephrine (NE), SNS predominance in regulating car-
diac rate, and increased microneurographic signal in peripheral sympa-
thetic neurons (2,3). In general, blood vessels are innervated by the SNS,
which plays an important role in the regulation of BP. A number of
sympathetic abnormalities have been identified in high BP, most notably
increased SNS activity, which contributes to an increase in vasoconstric-
tion and total peripheral vascular resistance. Studies have demonstrated
an increased cardiac β-adrenergic drive and an increased vascular α-
adrenergic drive in both borderline and mild hypertension (4). Almost all
vasomotor nerves are adrenergic, with the transmitter NE producing
vasoconstriction by acting on a specific type of transmembrane struc-
ture of the vascular smooth muscle, the α-adrenergic receptor (α-
adrenoceptor). This knowledge contributed to the development of drugs
that inhibit α- and β-adrenoceptors.

α-ADRENOCEPTORS IN THE VASCULATURE

In the human vasculature, there are two types of adrenoceptors (α and
β), which are transmembrane receptors that initiate biological signals
via these cell membrane receptors (5). Within these two types of α- and
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β-adrenoceptors, there are now identified nine subtypes (designated α1A,
α1B, α1D, α2A, α2B, α2C, β1, β2, and β3) and two other candidates (α1L and
β4), which may be conformational states of α1A and β1 adrenoceptors,
respectively (6,7). Table 1 lists further details about the six α-
adrenoceptor subtypes.

Furthermore, the vascular endothelium is now known to be more than
a passive anatomic barrier that contacts the blood. Instead, the endothe-
lium is an important organ possessing at least five different adrenoceptor
subtypes (α2A, α2C, β1, β2, and β3), which either directly or through the
release of nitric oxide actively participate in the regulation of the vascu-
lar tone. The precise roles for each of these multiple subtypes of
adrenoceptors in the regulation of BP are not completely defined.

STRUCTURE AND ACTIVATION
OF α1-ADRENOCEPTORS

The innervation of smooth muscle by sympathetic nerve terminals
involves a tight junction or “synapse” so there is proximity of neural
membranes to SMCs (8). The synaptic gap (or “cleft”) between the
neural endings and the SMCs is visible only with an electron micro-
scope. The neural components of these synapses are described as presyn-
aptic; the smooth muscle components, including the α1-adrenoceptors,
are postsynaptic. Sympathetic nerve impulses travel down the nerve,
depolarize the nerve terminal, and stimulate the release of NE into the
synaptic cleft by exocytosis. Exocytosis occurs when NE-containing
vesicles in the nerve terminals bind to presynaptic neural membranes;
the fused vesicles then open and empty their neurotransmitter NE into
the synaptic cleft, where it is available to bind to postsynaptic
adrenoceptors.

The postsynaptic α1-adrenoceptor is a complex structure that spans
the width of the SMC membrane, with specific topographical features on

Table 1
α1-Adrenoceptor Subtypes

1995 Classification

Native Cloned Cloned receptors Human chromosome
receptors receptors (historical) location

α1A α1a α1a C8
α1B α1b α1b C5
α1D α1d α1a/d , α1a C20
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its outer surface that “recognize” and bind the newly released NE (Fig. 1).
This α1-adrenoceptor complex includes (a) the α1-adrenoceptor; (b) a
transducer subunit, the guanine nucleotide-releasing protein; (c) a cata-
lytic subunit, phospholipase C (PLC); and (d) the dual second messen-
gers inositol 1,4,5-trisphosphate (IP3) and diacylglyerol (DAG). When
circulating NE binds to the transmembrane α1-adrenoceptor, this “acti-
vates” the receptor and initiates a cascade of events that modulates ion-
ized calcium (Ca2+) channels through a distinct, dual-action transduction
pathway that acts via the second messengers IP3 and DAG to initiate a
sharp, transient rise in cytoplasmic calcium. This in turn initiates the
vascular smooth muscle contraction that is the ultimate result of the
physiological binding of NE to the adrenoceptors.

Stimulation of the α-adrenergic receptor complex begins when circu-
lating NE binds to the postsynaptic α1-adrenoceptor, thus activating the
receptor. The activated α1-adrenoceptor couples with a guanine nucle-
otide-releasing protein to activate PLC, which hydrolyses phospha-
tidylinositol 4,5-bisphosphate to generate IP3 and DAG. Release of the
newly synthesized IP3 initiates a sharp rise in the cytoplasmic Ca2+ by
releasing intracellular stored Ca2+. The large and transient increase in
Ca2+ activates chloride channels, leading to a membrane depolarization,
which opens voltage-gated Ca2+ channels, releasing Ca2+ into the cyto-
plasm, resulting in contraction of the SMC. In addition, the other second
messenger, DAG, transiently activates protein kinase C, which increases
the opening probability of Ca2+ channels through a phosphorylation-
dependent process, thus increasing cytoplasmic Ca2+.

Many signals from the extracellular milieu, from adjacent cells, or
from a distant part of the cell itself can cause a sharp rise in the cytoplas-
mic Ca2+ concentration (the so-called calcium transient). Calcium tran-
sients can occur via Ca2+ release through channels in the plasma
membrane or those in the endoplasmic reticulum (ER), which functions
as an intracellular Ca2+ store. In the case of Ca2+ release from the ER, IP3,
generated through the hydrolysis of phosphatidylinositol 4,5-bisphosphate
by PLC, is critical because it opens a specific calcium channel in the ER
called the IP3 receptor. The IP3 receptor is also regulated by other mol-
ecules, including calmodulin and Ca2+ itself.

In general, it is the α1-subtype that is located postsynaptically in
smooth muscle and that, when stimulated, produces vasoconstriction of
the blood vessel. Sympathetic overactivity in hypertension results in
excess stimulation of postsynaptic α1-adrenoceptors.

Consequently, there has been a sound physiological rationale for the
use of selective α1-adrenoceptor inhibitors in the treatment of hyperten-
sion. By selectively inhibiting the vascular α1-adrenoceptors and thereby
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inhibiting the receptor-mediated response to NE, these agents reduce BP
via a decrease in peripheral vascular resistance. The reduction in BP is
achieved with little or no change in central hemodynamic parameters,
such as heart rate or cardiac output. The favorable hemodynamic effects
of selective α1-inhibitors are evident during exercise, when cardiac
performance is better preserved with α1-blockers than β-blockers.

α-ADRENOCEPTORS IN THE URINARY BLADDER
AND LUMBOSACRAL SPINAL CORD

The exact role of the SNS in the regulation of micturition remains
uncertain (9,10). Early findings suggested that two types of spinal α1-
adrenoceptor mechanisms are involved in reflex bladder activity. There
are facilitatory α1-adrenoceptors in bulbospinal pathways from the brain
stem to the lumbosacral spinal cord, and these contribute to neural con-
trol of the lower urinary tract. In the urinary outflow tract, α1-
adrenoceptors are located in SMCs of the neck of the urinary bladder,
capsule of the prostate, and fibromuscular stroma of the prostate. Stimu-
lation of α1-adrenoceptors in the bladder outflow tract increases resis-
tance to urine flow. The frequency of the reflex to urinate is inhibited by
afferent α1-adrenoceptors in the spinal cord. The descending limb of the
micturition reflex pathway may be facilitated by α1-adrenoceptors.

For control of the micturition reflex, selective α1-adrenoceptor an-
tagonists may be used, and it is thought that these have dual sites of
action: the central nervous system and the smooth muscle of the lower
urinary tract. During the development of benign prostatic hyperplasia
(BPH) and lower urinary tract symptoms (LUTS) in males, obstruction
to urine flow is primarily attributed to a static or anatomic component
(enlarged prostate gland) and a dynamic or functional component
(smooth muscle tone in bladder neck and the surgical capsule and fibro-
muscular stroma of the prostate gland) (11,12).

Up to 40% of total urethral pressure is caused by α-adrenergic tone,
and the rest is caused by static pressure from the enlarged prostate.
Relaxation of this muscle tone by α1-adrenoceptor blockade increases
urinary flow and improves LUTS in patients with BPH. Consequently,
α-adrenoceptor blockers emerged as treatment for symptomatic BPH (13).

AN OVERVIEW OF α-ADRENOCEPTOR ANTAGONISTS

α-Adrenoceptor antagonists (or blockers) are categorized by the type
(or subtype) of adrenoceptor(s) each drug inhibits (Table 2). Several
types of α-adrenoceptor blockers have been introduced, including non-
selective (α1 and α2), presynaptic α2, and postsynaptic α1-adrenoceptor
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antagonists (14). Selective α1-adrenoceptor blockers lower BP prima-
rily by blocking postsynaptic α1-adrenoceptors. In this respect, selective
α1-receptor antagonists differ from nonselective α-blockers like the
competitive inhibitor phentolamine and the noncompetitive inhibitor
phenoxybenzamine. Importantly, the presynaptic α2-adrenoceptors
inhibit NE release.

Nonspecific α-blockade causes these α2-receptors to increase NE
release with β-adrenoceptor-mediated tachycardia, enhanced renin secre-
tion, and attenuation of postsynaptic α1-inhibition. Selective blockade of
these presynaptic α2-adrenoceptors with a drug such as yohimbine can
lead to a rise in BP. In contrast, the selective α1-antagonists may reduce
vascular tone in capacitance vessels as well as resistance vessels to pro-
vide a balance of preload and afterload reduction, thus avoiding vasodi-
lation (afterload reduction) without venodilation (preload reduction),
which would promote an increase in cardiac output and heart rate.

Table 2
α-Adrenoceptor Antagonists

Selective α1
Nonselective and nonselective

Antagonist compound Selective α1 α1 and α2 β1 + β2

Alfuzosina �

BMY-7378 �

Bunazosin �

Carvedilola �

Chloroethylclonidine �

Cyclazosin �

Doxazosina �

Labetolola �

Phenoxybenzaminea �

Phentolaminea �

Prazosina �

RS 17053 �

SK&F 105854 �

SNAP 5150 �

(+)Niguldipine �

Tamsulosina �

Terazosina �

5-Methyl-urapidil �

WB-4101 �

aApproved by US Food and Drug Administration.
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As a result of these pharmacological differences between nonselec-
tive and selective agents, nonselective α-blockers were unsuccessful in
attempts to treat essential hypertension and symptomatic BPH. Phento-
lamine, a parenteral drug, is used almost exclusively for emergent and
urgent severe hypertension with excess catecholamine release. The oral,
nonselective, and noncompetitive α-inhibitor phenoxybenzamine remains
an important agent in the preoperative management of pheochromocyto-
mas and cases of inoperable, metastatic pheochromocytoma.

Another unique feature of two of the selective α1-adrenoceptor
blockers is blockade of β1- and β2-adrenoceptors. The combination α
plus β agent, labetalol, is predominately a selective α1-adrenoceptor
antagonist during acute intravenous or chronic oral administration.
Labetolol is a nonselective β-blocker and a selective α1-blocker that is
equal to about 10% of α-blockade with phentolamine. In contrast,
carvedilol is predominantly a nonselective β-blocker with less-selective
α1-blockade, which is indicated for the treatment of heart failure or
hypertension.

SELECTIVE α1-ADRENOCEPTOR ANTAGONISTS
FOR TREATMENT OF HYPERTENSION AND BENIGN

PROSTATIC HYPERPLASIA

In 1976, prazosin was the first of three (prazosin, terazosin, and
doxazosin) quinazoline compounds (Table 3), which are selective
postsynaptic α1-adrenoceptor antagonists, to be approved in the United
States for the treatment of hypertension (15). These drugs are highly
selective for α1-adrenoceptor subtypes (α1A, α1B, α1D). When given in
large doses, they do not inhibit the α2-adrenoceptors (α2A, α2B, α2C), the
β-adrenoceptors (β1, β2, β3), or other receptors, such as acetylcholine
(muscarinic), dopamine, and 5-hydroxytryptamine receptors.

These selective α1-blockers are used mainly in the management of
hypertension and relief of urinary obstruction in BPH. Because of lim-
ited treatment options in mild BPH, selective α1-blockers have been
widely used to treat LUTS, and 50% of men have histological evidence
of BPH by 60 years of age (16). BPH frequently causes prostatic obstruc-
tion and LUTS, which are predominantly caused by bladder outlet
obstruction. In the Sixth Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pres-
sure, selective α1-blockers are recommended not only as second-line
antihypertensive therapy after low-dose diuretics and β-blockers, but
also for specific indications such as therapy in men with hypertension
and LUTS (17). The National Ambulatory Medical Care Survey reported
that the number of people on any type of selective α1-blockers in 1995 was
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approximately 6 to 7% of those with hypertension (18). About 80% of
surveyed physicians would choose these drugs as a first-line BP agent
for patients with hypertension and symptoms of BPH.

SELECTIVE α1-ANTAGONISTS
IN HYPERTENSION TREATMENT

Selective α1-blockers (prazosin, terazosin, and doxazosin) have
been shown to be effective antihypertensive agents whether used as
monotherapy or as part of a regimen of multiple antihypertensive drugs.
The longer acting drugs (doxazosin and terazosin), which can be pre-
scribed once per day, have generally replaced prazosin, which requires
multiple doses (i.e., two to three times per day) for control of high BP.
In large, placebo-controlled studies of mild-to-moderate essential hyper-
tension, doxazosin or terazosin given once daily lowered BP at 24 hours
by about 9/5 mmHg in the supine position compared to placebo and
about 10/8 mmHg in the standing position. Their effects are additive to
those of angiotensin-converting enzyme (ACE) inhibitors, angiotensin
receptor antagonists, β-blockers, calcium channel blockers, diuretics,
and direct-acting vasodilators (19).

About 50% of mild-to-moderate essential hypertensives treated with
α1-blocker monotherapy achieve diastolic BPs below 90 mmHg, but
only 30% achieve combined reductions of systolic and diastolic BPs
below 140/90 mmHg. Age, race, and gender do not influence BP response
with selective α1-blocker treatment.

Although less pronounced than with potent vasodilators, monotherapy
with α1-blockers promotes sodium and water retention. Use of a diuretic
prevents fluid retention and can markedly enhance the antihypertensive
effect of the drugs. In clinical practice, α1-blockers have their widest
application as one component of multiple drug regimens for the treat-
ment of mild-to-severe hypertension.

SIDE EFFECTS OF SELECTIVE α1-ANTAGONISTS

Selective α1-antagonists are generally well tolerated with a short list
of potential adverse effects. In controlled trials, the symptoms that most
commonly caused discontinuation of α1-antagonist therapy were asthe-
nia (2%), nasal congestion (2%), and dizziness (1%). Generally, there is
no drug dose relationship for clinical adverse effects. The dizziness with
α1-blockers is not entirely understood because many patients experience
this sensation without postural hypotension. In males, priapism is rare.
But, individuals with alterations of urinary bladder function can develop
incontinence with α1-blocker-mediated relaxation of the bladder outlet.
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Syncope
The first-dose phenomenon, with severe hypotension after the first

dose of α1-antagonist, is well known, but syncope is uncommon, occur-
ring in less than 1% of patients when an initial, small dose (1 mg or less)
was taken at bedtime as monotherapy. If the patient had prior treatment
with one or more agents (especially a diuretic, β-blocker, sildenafil, or
verapamil), additional caution with the first dose is advisable. In one
study of unblinded, long-term treatment, 364 patients who received
terazosin monotherapy or combination therapy with diuretic and/or β-
blocker for up to 4.7 years, 262 patients were treated for at least 1 year
and 139 for 2 years or more (20). Only 1 patient discontinued the study
because of syncope.

Laboratory Test Changes
There are no clinically important adverse effects on laboratory tests.

Serum electrolytes, serum urea nitrogen, creatinine, glucose, and uric
acid are not altered. There are no significant effects on renal function in
hypertensive patients with normal, moderate, or severe renal impair-
ment. In placebo-controlled trials, a greater percentage of α1-blocker
patients have small decreases in hematocrit, hemoglobin, white blood
cell count, total protein, and albumin levels from baseline values. Except
for the white blood cell count, these changes have been attributed to
hemodilution secondary to hemodynamic changes and/or mild fluid
retention. The reduction of white blood cell counts remains unexplained,
but individual reductions have been small, and prolonged drug treat-
ment has not been associated with progressive white blood cell count
reductions.

Fluid Retention and Weight
The Veterans Administration Cooperative Study on Antihyperten-

sive agents was a double-blind, randomized controlled trial comparing
atenolol, captopril, clonidine, diltiazem, hydrochlorothiazide, prazosin,
and placebo for differences in antihypertensive efficacy in 1105 men
who had mild diastolic hypertension (21). At 8 weeks, a highly signifi-
cant weight gain of 1 kg was observed with prazosin compared to baseline
(p < 0.001). In all other treatment groups, there was either weight loss or
no mean weight change. However, the average weight gain of 0.5 kg
from baseline was no longer statistically significant at 1 year of therapy
when compared to the original baseline weight or the other therapies.

In 1984, Bauer et al. showed increases in plasma volume, interstitial
fluid volume, and extracellular fluid volume following both short- and
long-term prazosin therapy (22). Within 3 to 6 weeks of initiation of this
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study of 14 hypertensive men, there was a significant 1.4 L average
increase in extracellular fluid volume and a 200 mL average increase in
plasma volume without weight gain that lasted during 5 to 6 months of
chronic therapy. In these subjects, the authors postulated a net increase
in total body sodium from an acute renal effect of prazosin, followed by
chronic sodium homeostasis and maintenance of the increased total body
sodium. Other studies demonstrated both an increase in weight and labo-
ratory changes consistent with volume expansion with prazosin.

BENEFICIAL METABOLIC EFFECTS
OF SELECTIVE α1-ANTAGONISTS

Selective α1-adrenoceptor antagonists have proven beneficial effects
on the serum lipid profile of hypertensive patients (23,24). A large num-
ber of controlled studies have demonstrated that they lower the levels of
total cholesterol, low-density lipoprotein cholesterol (LDL-C), and trig-
lycerides and increase the levels of high-density lipoprotein (HDL) cho-
lesterol and the ratio of HDL cholesterol to total cholesterol. In
predominantly normocholesterolemic patients, doxazosin produced
small reductions in total serum cholesterol (2–3%) and LDL cholesterol
(4%) and a similarly small increase in HDL/total cholesterol ratio (4%).

These modifications of the serum lipid profile are the result of several
different mechanisms. These include an increase in LDL-C receptor
number, a decrease in LDL-C synthesis, stimulation of lipoprotein lipase
activity, reduction of very-low-density lipoprotein cholesterol synthesis
and secretion, and reduction in the absorption of dietary cholesterol. In
addition, one of the unique features of doxazosin, or rather the 6-hydroxy
and 7-hydroxy metabolites of doxazosin, is the ability to inhibit the
oxidation of LDL-C (25). Oxidized LDL plays an important role in the
initiation and progression of atherosclerosis.

Treatment with selective α1-inhibitors in hypertensive patients with
and without non-insulin-dependent diabetes mellitus has shown not only
reductions in BP and improvement in the lipid profile, but also improve-
ments in insulin sensitivity, reductions in elevated serum insulin levels,
and trends toward reducing fasting glucose (26,27).

SELECTIVE α1-ANTAGONISTS
DO NOT IMPROVE HEART FAILURE

Sympathetic stimulation of the cardiac α1-adrenoceptor has marked
trophic effects. As expected, regression of left ventricular hypertrophy can
be achieved with selective α1-adrenoceptor inhibitors. But, α-blockers
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have not shown sustained benefits in chronic congestive heart failure.
Mortality from this left ventricular dysfunction is not improved by selec-
tive α1-adrenoceptor inhibitors. In the 1986 Veterans Administration
Cooperative Study of the effect of vasodilator therapy in chronic conges-
tive heart failure, mortality in the prazosin treatment group was similar
to that in the placebo group (21). Furthermore, chronic therapy with α1-
blocker (doxazosin) plus β-blocker (metoprolol) in heart failure pro-
duces identical effects as those seen in patients receiving β-blocker
alone (28).

MAJOR CLINICAL TRIALS
WITH SELECTIVE α1-ANTAGONISTS

The prevention of coronary heart disease (CHD) remains one of the
greatest challenges for antihypertensive therapy. Previous trials have
identified a shortfall in the protection of hypertensive patients against
CHD compared with that predicted from observational studies. The
question has been whether newer classes of drugs can rectify the short-
fall compared with older agents (i.e., diuretics).

The Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT) is the largest double-blind, antihyperten-
sive trial designed to determine whether three newer agents—amlodipine
(calcium channel blocker), doxazosin (α1-blocker), or lisinopril (ACE
inhibitor)—are superior to standard diuretic therapy (chlorthalidone) in
reducing coronary events (29). Because of the favorable effects of α1-
blockers on several surrogate end points (e.g., cholesterol and glucose),
doxazosin was selected as one of the three agents for comparison with
chlorthalidone. The total of 42,418 participants were men and women
aged 55 years and older with hypertension plus an additional risk factor
for CHD.

In February 2000, the doxazosin component of the study was termi-
nated because of a 25% greater incidence of combined cardiovascular
disease (CVD) events compared with the chlorthalidone arm. About half
of the 25% was accounted for by the increased risk of heart failure, but
there was no significant difference between the chlorthalidone and
doxazosin groups for the primary CHD end point of combined nonfatal
myocardial infarction and CHD death, all-cause mortality, or combined
CHD. Premature termination of the doxazosin arm for a secondary end
point was justified also because doxazosin was highly unlikely to achieve
superiority if this arm was continued. Since publication of these prelimi-
nary ALLHAT results, the role of α1-blocker in the treatment of hyper-
tension has become controversial.
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As shown in Table 4, significant (p < 0.001) increases in combined
CVD, heart failure, and stroke events were experienced by participants
randomly assigned to doxazosin compared with the chlorthalidone
group. Specifically, participants randomly assigned to doxazosin expe-
rienced a 26% higher risk of stroke, a 66% to 80% higher risk of heart
failure, a 12% higher risk of coronary revascularization, and a 13%
higher risk of hospitalized or treated angina. Thus, the combined CVD
risk was 20% higher among participants randomly assigned to doxazosin
compared with chlorthalidone. About half of the 20% was accounted for
by the increased risk of heart failure. When the outcome measure for
heart failure was restricted to only hospitalized or fatal cases, the heart
failure risk was 66% higher for doxazosin compared with chlorthalidone.
The observed clinical events for these significant outcomes included 1
to 3.5 more events per 100 patients over 4 years in participants random-
ized to doxazosin.

In the final analysis, there were noteworthy differences in treatment
effects between the doxazosin and chlorthalidone groups. Mean BP at
randomization was 146/84 mmHg for both groups, and after the first

Table 4
ALLHAT Final Outcomes of Chlorthalidone vs Doxazosin

Relative Δ 4-Year rate
Outcomes risk  per 100 patientsa pb

Primary end point
• CHD (Fatal CHD + Nonfatal MI) 1.02 0.2 NS

Secondary end points
• All-cause mortality 1.03 0.5 NS
• Combined CHD 1.07 1.1 NS
• Hospitalized or treated angina 1.13 1.0 0.01
• Stroke 1.26 1.4 0.001
• Combined CVD 1.20 3.5 <0.001
• HF (fatal, hospitalized) 1.66 2.2 <0.001
• HF (fatal, hospitalized, treated) 1.80 3.5 <0.001

aDifference between doxazosin minus chlorthalidone 4-year event rates per 100 patients.
bTo adjust for multiple comparisons, compare p value to 0.018 rather than 0.05; NS, not

significant.
CHD, coronary heart disease; CVD, cardiovascular disease; HF, heart failure; MI,

myocardial infarction. Combined CHD = CHD death, nonfatal MI, coronary revascularization
procedures and hospitalized angina. Combined CVD = CHD death, nonfatal MI, stroke,
coronary revascularization procedures, hospitalized or treated angina, treated or hospitalized
heart failure, and peripheral vascular disease (hospitalized or outpatient revascularization).
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year, it was 137/79 mmHg for the chlorthalidone group and 140/80
mmHg for the doxazosin group, which were 3 and 1 mmHg higher
systolic and diastolic BPs, respectively, than the control group. Starting
at 24 months, the systolic difference narrowed to 2.3 mmHg and dias-
tolic to 0.1 mmHg, but the systolic difference remained 2.1 mmHg
throughout the final 24 months of the trial. At their 4-year follow-up
visit, more chlorthalidone than doxazosin subjects (63 vs 58%) were at
goal pressure below 140/90 mmHg.

Of the 24,316 participants in the doxazosin and chlorthalidone com-
parison, nearly 90% of the study participants had received antihyperten-
sive therapy before randomization. At the end of 4 years of follow-up,
there were differences in treatment. There were 481 (3.2%) lost to fol-
low-up in the chlorthalidone group and 447 (4.9%) in the doxazosin
group, but person-years of observation were 95% of those expected and
were similar in both arms of the trial. At 4 years of follow-up, 78% of the
chlorthalidone group and 71% of the doxazosin group had remained on
their assigned treatment, which occurred mostly by the end of the first
year. Exclusive use of assigned medication was 34% for chlorthalidone
and 23% for doxazosin. Conversely, 23% of the doxazosin participants
were prescribed a diuretic, and 4% of chlorthalidone participants were
prescribed an α-blocker. Two-medication use was 35% for chlorthalidone
and 37% for doxazosin (~18% of the chlorthalidone group and 18% of
the doxazosin group were on atenolol). About 19% of those in the
chlorthalidone group were prescribed three or more medications to lower
their BP, compared with 27% of participants in the doxazosin group.

As anticipated from earlier clinical trials, favorable metabolic effects
were demonstrated with doxazosin compared to chlorthalidone. Serum
cholesterol, initially 216 mg/dL for the chlorthalidone group and 215
mg/dL for the doxazosin group, fell to 197 and 187 mg/dL, respectively,
at 4 years (p < 0.001). About 25% of each group had participated in the
lipid-lowering arm of the ALLHAT trial. Fasting serum glucose, ini-
tially 123 mg/dL in the chlorthalidone group and 122 mg/dL in the
doxazosin group, was 125 and 117 mg/dL, respectively, at the 4-year
visit (p < 0.001).

From the final data for the chlorthalidone vs doxazosin arm of
ALLHAT, the Steering Committee concluded that chlorthalidone com-
pared with doxazosin provided superior BP control, enhanced tolerabil-
ity, and reduced cardiovascular morbidity. Furthermore, because the
α1-blocker class lacks clinical trial evidence for cardioprotection supe-
rior to placebo, they recommended the α1-blockers no longer be consid-
ered appropriate initial therapy for hypertension.
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SUMMARY

Recent clinical trials combined with four decades of additional α1-
blocker research have clarified their role in treatment of hypertension,
especially in the elderly, who often fit the ALLHAT cardiovascular risk
profile. Thiazide-type diuretics have emerged as preferred initial therapy
for moderate-to-high-risk hypertensives. In this new treatment para-
digm for the elderly, the α1-blockers are added to the treatment regimen
along with ACE inhibitors, angiotensin-receptor blockers, and calcium
channel blockers to achieve goal BPs. In the elderly male, treatment for
BPH with LUTS will often require α1-blocker to reduce symptoms and
the risk of acute urinary retention. But, the majority of males with BPH
will also develop hypertension and need management of their high BP,
which will require adherence to low-dose thiazide diuretic treatment.
Because hypertension and BPH occur commonly together in elderly
males, this drug combination will continue to exploit these dual thera-
peutic roles of α1-blockers.
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INTRODUCTION

Awareness, treatment, and control of hypertension in the United States
have been improving for geriatric patients (1). However, awareness,
treatment, and control remain the lowest among the oldest age group (2).
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This is ironic given the fact that the largest body of outcomes trials
documents the reduction of morbidity and mortality in the elderly popu-
lation. These trials are reviewed in detail in Chapter 7.

After the diagnosis of systemic hypertension is confirmed, nonpharm-
acological treatment with weight reduction, sodium restriction, alcohol
intake reduction, and aerobic exercise is recommended initially (3,4).The
studies of nonpharmacological therapy in the elderly are reviewed in
Chapter 6. If there is an inadequate blood pressure (BP) response to
nutritional and hygienic therapy, then pharmacological therapy is initi-
ated (see Fig. 1). Although diuretics, β-blockers, angiotensin converting
enzyme (ACE) inhibitors, calcium channel blockers (CCBs), and angio-
tensin II receptor blockers (ARBs) are possible choices for the initial
treatment of hypertension, diuretics are endorsed as initial therapy be-
cause of trials supporting a reduction in both morbidity and mortality (3).

THERAPEUTIC APPROACHES
TO BLOOD PRESSURE CONTROL

There are three options for the treatment of hypertension if the initial
drug choice fails to achieve the target of BP control: (a) drug titration,
(b) drug substitution, and (c) drug combination (5). Drug titration is
potentially beneficial because monotherapy is maintained for the treat-
ment of hypertension, drug therapy costs are contained, and compliance
is increased compared to the use of multiple drugs. However, there are
disadvantages of progressive drug titrations: (a) diminishing increments
of BP reduction and (b) increasing side effects (Fig. 2) (6). Most impor-
tant, monotherapy achieves BP control in fewer than 50% of patients
(Fig. 3) (7–9).

Sequential monotherapy or substitution therapy attempts to select an
agent that is synchronized with the underlying pathophysiology of the
patient’s hypertension (10). Thus, if a patient fails a diuretic or a CCB
as initial therapy because of lack of BP control, then a β-blocker, ACE
inhibitors, or an ARB would be tried next. The disadvantage of such a
lengthy testing of each drug and switching to another agent is the patient’s
loss of confidence in the physician and decreased adherence (11). Sub-
stitution of an alternative drug is sensible if adverse effects limit the use
of the chosen initial therapy.

RATIONALE FOR COMBINATION DRUG THERAPY

Combination drug therapy achieves a higher control rate, especially
when an algorithm approach is used (12–16). The diastolic and systolic
BP control rates that can be achieved are respectively about 90 and 70%
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in patients without chronic kidney disease and diabetes mellitus (DM).
However, combinations of multiple drugs increase the exposure of dose-
independent side effects, drug–drug interactions, higher drug costs, and
nonadherence, especially when the dosing intervals are not synchronized.

Fixed-dose combinations (Table 1) are usually less expensive than
the purchase of each drug separately (17). The fixed-dose combination
products include a thiazide diuretic with a potassium-sparing diuretic, a
β-blocker, an ACE inhibitor, or an ARB. The combination of a CCB and
an ACE inhibitor is also obtainable. The combination of a dihydropyridine
CCB and β-blocker is accessible outside the United States. There have
been six fixed-dose combinations that are approved for the initial treat-
ment of hypertension: Capozide, Ziac, Moduretic, Dyazide, Maxzide,
and Aldactazide (20). The major disadvantages of fixed-dose combina-
tion therapy are potential loss of dosing flexibility and difficulty in deter-
mining which agent in the combination is causing the side effect.

The Seventh Report from the Joint National Committee on the Pre-
vention, Detection, Evaluation, and Treatment of High Blood Pressure
emphasizes the use of combination drug therapy to achieve BP control
(Fig. 1) (4). Two drugs or more are usually required to reach a target BP
below 140/90 mmHg (3). The percentage of patients requiring two or
more drugs to achieve the BP goals was 63% in the Antihypertensive and

Fig. 2. Relationship of drug dose–response rate and side effects. As the dose of
a drug is increased, there is a diminishing increment in blood pressure reduction
(C < B < A) and an increase in adverse events.
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Table 1
Currently Marketed Fixed-Dose Combination Drugs in the United States

Angiotensin-converting enzyme inhibitors and calcium antagonists

• Lexxel: Enalapril-felodipine (5/5)
• Lotrel: Amlodipine-benazepril hydrochloride (2.5/10, 5/10, 5/20, 10/20)
• Tarka: Trandolapril-verapamil (2/180, 1/240, 2/240, 4/240)

Angiotensin-converting enzyme inhibitors and diuretics

• Accuretic: Quinapril-hydrochlorothiazide (10/12.5, 20/12.5, 20/25)
• Capozide: Captopril-hydrochlorothiazide (25/15, 25/25, 50/15, 50/25)
• Lotensin HCT: Benazepril-hydrochlorothiazide (5/6.25, 10/12.5, 20/12.5,

20/25)
• Monopril/HCT: Fosinopril-hydrochlorothiazide (10/12.5, 20/12.5)
• Prinzide: Lisinopril-hydrochlorothiazide (10/12.5, 20/12.5, 20/25)
• Uniretic: Moexipril-hydrochlorothiazide (7.5/12.5, 15/25)
• Vaseretic: Enalapril-hydrochlorothiazide (5/12.5, 10/25)
• Zestoretic: Lisinopril-hydrochlorothiazide (10/12.5, 20/12.5, 20/25)

Angiotensin receptor blockers and diuretics

• Atacand HCT: Candesartan-hydrochlorothiazide (16/12.5, 32/12.5)
• Avalide: Irbesartan-hydrochlorothiazide (150/12.5, 300/12.5)
• Benicar HCT: Olmesartan medoxomil-hydrochlorothiazide (20/12.5,

40/12.5, 40/25)
• Diovan-HCT: Valsartan-hydrochlorothiazide (80/12.5, 160/12.5, 160/25)
• Hyzaar: Losartan-hydrochlorothiazide (50/12.5, 100/25)
• Micardis-HCT: Telmisartan-hydrochlorothiazide (40/12.5, 80/12.5)
• Teveten-HCT: Eprosartan-hydrochlorothiazide (600/12.5, 600/25)

β-Blockers and diuretics

• Corzide: Nadolol-bendroflumethiazide (40/5, 80/5)
• Inderide LA: Propranolol LA-hydrochlorothiazide (40/25, 80/25)
• Lopressor HCT: Metoprolol-hydrochlorothiazide (50/25, 100/25)
• Tenoretic: Atenolol-chlorthalidone (50/25, 100/25)
• Timolide: Timolol-hydrochlorothiazide (10/25)
• Ziac: Bisoprolol-hydrochlorothiazide (2.5/6.25, 5/6.25, 10/6.25)

Centrally acting drug and diuretics

• Aldoril methyldopa-hydrochlorothiazide (250/15, 250/25, 500/30, 500/50)
• Demi-Regroton, Regroton: Reserpine-chlorthalidone (0.125/25, 0.25/50)
• Diupres reserpine-chlorothiazide (0.125/250, 0.25/500)
• Hydropres reserpine-hydrochlorothiazide (0.125/25, 0.125/50)

Diuretic and potassium-sparing diuretic

• Aldactazide: Spironolactone-hydrochlorothiazide (25/25, 50/50)
• Dyazide: Triamterene-hydrochlorothiazide (37.5/25, 75/50)
• Maxzide: Triamterene-hydrochlorothiazide (37.5/25, 75/50)
• Moduretic: Amiloride-hydrochlorothiazide (5/50)
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Lipid-Lowering Treatment to Prevent Heart Attack Trial, 73% in the
Controlled Onset Verapamil Investigation of Cardiovascular End Points
trial, and 49% in the International Verapamil-Trandolapril Study
(12,14,16). To achieve a target diastolic blood pressure (DBP) less than
90 mmHg, 63% of participants in the Hypertension Optimal Treatment
Study required two or more drugs (21). The percentage was 74% if the
target was less than 80 mmHg.

The target BP for DM and chronic kidney disease is less than 130/80
mmHg. Thus, the presence of DM and chronic kidney disease as well as
systolic hypertension and African-American ethnicity increases the
probability of the requirement of two or more drugs. The benefits of
lower BP treatment goals translated into a reduction of cardiovascular
events among the diabetic subjects in Hypertension Optimal Treatment
Study (21) and the United Kingdom Prospective Diabetes Study 38 (22).
Among patients with a previous stroke in the Perindopril Protection
Against Recurrent Stroke Study, the combination of perindopril and
indapamide decreased recurrent strokes by 43% (23).

The rationale for using combination drug therapy (Fig. 4) obviously
is to maximize BP control (24). The efficacy is achieved by combining
drugs, which act by dissimilar mechanisms and thereby produce additive
or perhaps synergistic effects on BP reduction (Fig. 4) (25,26). Because
diuretics activate renin release by volume contraction and β-blockers
reduce renin, their mechanisms are complementary by blocking oppos-
ing homeostatic mechanisms. This reduces the potassium wasting of the
diuretic. If small doses of two drugs with different modes of action are
used, dose-dependent adverse events are diminished (30).

There are other benefits of combining antihypertensive medications.
The combination of a dihydropyridine CCB and an ACE inhibitor reduces
the peripheral edema associated with dihydropyridine CCB monotherapy
(31). The combination of sustained-release (SR) verapamil and
trandolapril is additive for lowering BP and reducing proteinuria (32).
African Americans have a diminished BP response to ACE inhibitors,
ARBs, and β-blockers compared to diuretics or CCBs (33–35). How-
ever, the addition of a diuretic to those drugs results in equal efficacy in
both blacks and whites (36,37).

If the goal of combining two antihypertensive drug is to lower BP,
then it should be noted that the combination of ACE inhibitors and β-
blockers (Fig. 4) (38,39), α2-stimulants and β-blockers, α1-blockers and
α2-stimulants, and possibly ACE inhibitors and ARBs are not fully
additive when appropriate doses of each drug are used (40,41). How-
ever, for target organ protection, the combination of ACE inhibitors and
β-blockers is protective for both ischemic heart disease (42–48) and
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heart failure (49–51). Similar observations have been made for the com-
bination of ACE inhibitors and ARBs for renal protection (52).

Care must be taken in combining α1-blockers with CCBs because
they may have a synergistic effect (26,53,54). Also, the combination of
the nondihydropyridine CCBs diltiazem and verapamil with a β-blocker
potentially could cause severe myocardial depression, extreme brady-
cardia, or advanced heart block. Alternatively, it could be cautiously
used in patients with a preserved ejection fraction and hyperkinetic heart
syndrome, hypertrophic cardiomyopathy, and diastolic heart failure.

There are several additional combinations that are controversial
(Fig. 4). Dihydropyridine and nondihydropyridine CCBs appear to be
additive (55,56). This is caused by a pharmacokinetic interaction owing
to diltiazem and verapamil increasing plasma concentrations of
nifedipine (56). The combination of CCBs and diuretics is controversial
(57–59). The sequence of which drug is added to the opposite drug may
be important. For instance, the addition of isradipine or propranolol to
hydrochlorothiazide-treated patients is equally efficacious (60). Facto-
rial design trials combining a diuretic with verapamil or diltiazem showed
an additive antihypertensive effect (61,62). However, not all studies
documented additivity (63). Currently, there are no fixed-dose combina-
tions of a diuretic and calcium antagonist marketed.

Fig. 4. Potential combinations for treating hypertension. Most drugs are addi-
tive with each other, but there appears to be a less-than-additive effect of the
combination of β-blockers and angiotensin-converting enzyme inhibitor or
angiotensin receptor blockers.
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POTASSIUM-SPARING DIURETICS
WITH HYDROCHLOROTHIAZIDE

Diuretic-induced hypokalemia and hypomagnesemia occur with
diuretic use in the elderly (64, 65). Hypokalemia associated with
diuretic use in the Systolic Hypertension in the Elderly Program was
associated with a higher stroke rate than in the placebo group (66). The
combination of hydrochlorothiazide with potassium-sparing diuretics
decreases the need to supplement potassium (24,67). In a randomized,
double-blind, placebo-controlled study of 130 elderly patients, 25 mg of
hydrochlorothiazide or 25/2.5 mg of hydrochlorothiazide/amiloride
were given after a 4-week placebo run-in period (67). Drug doses were
doubled at weeks 8 and 12 to achieve a DBP less than 90 mmHg. At week
16, the reduction from baseline was similar for each drug. Hypokalemia
occurred in 15% of the hydrochlorothiazide-treated patients and 3% of
the study participants receiving hydrochlorothiazide/amiloride (p <
0.02). The amiloride did not add to the antihypertensive effect.

Care must be taken in using potassium-sparing diuretics in the eld-
erly. A serum creatinine greater than 1.3 mg/dL should be viewed as
abnormal because older patients have less muscle mass. Serious hyper-
kalemia may occur in older patients with type IV renal tubular acidosis,
DM, renal insufficiency, or treatment with nonsteroidal anti-inflamma-
tory drugs, ACE inhibitors, ARBs, or oral potassium supplements and
potassium-sparing diuretics (68,69).

β-BLOCKER AND DIURETIC COMBINATION

β-Blockers are effective therapy in elderly patients (70). The combi-
nation of β-blockers and diuretics reduced cardiovascular morbidity and
mortality and total mortality in the Swedish Trial of Older Persons
(71).Elderly hypertensive patients may benefit from the use of β-
blockers, especially if there is concomitant ischemic heart disease, atrial
arrhythmias, or systolic heart failure. Alterations of lipids, glucose, and
potassium are not seen when low-dose diuretics (e.g., 6.25 and 12.5
mg of hydrochlorothiazide) are combined with β-blockers (30,72,73).
Figure 5 compares the antihypertensive effect of placebo, 25 mg of
hydrochlorothiazide, 5 mg of bisoprolol, and the combination of 5/6.25
mg of bisoprolol/hydrochlorothiazide each dosed once daily in a ran-
domized, double-blind trial in older patients (28). The low-dose combi-
nation was more effective than diuretic or β-blocker monotherapy. The
incidence of hypokalemia was 6.5% for the diuretic monotherapy and
0.7% for the low-dose diuretic and β-blocker combination.
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An open-labeled study randomly assigned 308 older persons (65 years
and older) with isolated systolic hypertension to no treatment or one of
four drug regimens: (a) 25/2.5 mg of hydrochlorothiazide/amiloride,
one tablet once daily; (b) 50 mg of atenolol dosed once daily; (c) 10 mg
of nifedipine slow release dosed twice daily; and (d) 25/6.25 mg of
atenolol/chlorthalidone, one tablet dosed once daily (74,75). After 90
days, the drug dose could be doubled if the systolic blood pressure (SBP)
was 160 mmHg or higher. Each group significantly attained a greater
reduction of SBP compared with the control group at 3 months. How-
ever, at 6 months, this was no longer true for the atenolol group. The
mean change in BP at 6 months was control,–8.1/–0.7 mmHg; hydro-
chlorothiazide and amiloride, –21.8/–3.7 mmHg; nifedipine, –22.7/–4.8
mmHg; atenolol, –26.4/–3.6 mmHg; and atenolol/chlorthalidone, –26.4/
–5.4 mmHg. Postural hypotension did not occur more than in the control
group.

In a randomized, double-blind trial of isolated SBP, 164 patients older
than 60 years were allocated to 2.5/6.25 mg of bisoprolol/hydrochlo-
rothiazide or 5 mg of amlodipine dosed once daily for 12 weeks (76).
Figure 6 shows that there was no difference between the combination
and amlodipine in the change from the baseline for SBP and DBPs. Heart
rate was lowered more with combination. Quality of life improved simi-
larly with each treatment.

Fig. 5. Combination of a diuretic and a β-blocker in elderly patients. The com-
bination of bisoprolol with an ultra low dose of hydrochlorothiazide (HCTZ) is
significantly more effective than hydrochlorothiazide. (Data from ref. 28.)
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β-BLOCKER AND CALCIUM
ANTAGONIST COMBINATION

Calcium antagonists combined with β-blockers are useful for patients
who have hypertension and stable angina (58). The mechanism of action
is considered complementary, reducing cardiac output and dilating
peripheral blood vessels (77). Dihydropyridines (amlodipine, felodipine,
isradipine, nicardipine, nifedipine, or nisoldipine) are preferred calcium
antagonists in these combinations. It is unfortunate that there are no such
fixed combinations available in the United States.

Twenty-one elderly study participants with isolated systolic hyper-
tension completed a double-blind, four-period, crossover design after an
initial 4-week single-blind placebo run-in period (78). Each treatment
period lasted 6 weeks. Patients were randomly assigned to placebo, 50–
200 mg of metoprolol, 5–20 mg of felodipine, or the combination of
metoprolol and felodipine. Medication during the first 3 weeks of each
period was titrated to achieve a supine SBP goal less than 140 mmHg.
The average placebo-corrected decline in supine BP at the end of treat-
ment was –17/–5 mmHg for felodipine, –6/–5 mmHg for metoprolol,
–19/–9 mmHg for the combination. The percentage of patients who
achieved a SBP less than 140 mmHg 2 hours postdose at the end of each
treatment period was 0% for placebo, 45% for felodipine, 24% for
metoprolol, and 70% for the combination. The benefits diminished when
measured 12 hours postdose.

Fig. 6. Comparison of low-dose combination and amlodipine in isolated sys-
tolic hypertension. The combination of bisoprolol with an ultra low dose of
hydrochlorothiazide (HCTZ) was as effective as amlodipine in reducing sys-
tolic blood pressure (BP). (Data from ref. 76.)
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Using 50 mg controlled-release metoprolol and 5 mg extended-release
felodipine given as a fixed combination or individual drug combination,
23 elderly (60–77 years old) subjects were studied in a randomized,
double-blind, placebo-controlled, three-way crossover design (77). Each
treatment period lasted 4 weeks. Using ambulatory BP monitoring, com-
pared to placebo treatment the average 24-hour decline in BP was –15/
–11 mmHg when dispensed individually and –18/–11 when dispensed as
a fixed combination.

ANGIOTENSIN-CONVERTING ENZYME INHIBITOR
AND DIURETIC COMBINATIONS

Diuretics potentiate ACE inhibitors by stimulating the release of re-
nin. Combining an ACE inhibitor with a diuretic results in similar effi-
cacy for blacks vs whites and younger vs elderly (39,79). The combination
should be advantageous for elderly hypertensive individuals with systolic
heart failure, DM, renal insufficiency, and a previous stroke. However,
care is necessary, especially in the elderly, to avoid an excessive, pro-
longed decline in BP (39,80). Attention to overall volume status and the
use of low doses of medications are prudent to initiate treatment to avoid
a disproportionate and extended decline in BP. Thereafter, the combina-
tion should be gradually titrated to achieve the therapeutic effect (39).

Low-dose diuretics combined with an ACE inhibitor are effective. In
an open-label study after a 2-week placebo lead-in period, 99 subjects 60
years or older with a DBP of 92–110 mmHg were treated with 25 mg of
captopril twice daily (81). After 2 weeks, if the DBP was 90 mmHg or
higher, then patients were randomly assigned to 25/15 mg of captopril/
hydrochlorothiazide or 50 mg of captopril twice daily.

A randomized, double-blind, placebo-controlled study was conducted
in patients with stage I and II hypertension (79). Figure 7 shows the
change in seated DBP after 12 weeks with active therapy in the 69 elderly
patients treated with placebo, 10 mg of lisinopril, 12.5 mg of hydro-
chlorothiazide, 25 mg of hydrochlorothiazide, 10/12.5 mg of lisinopril/
hydrochlorothiazide, and 10/25 mg of lisinopril/hydrochlorothiazide
dosed once daily (79). The overall treatment response of the older cohort
was 1 to 3 mmHg higher for each treatment category compared with the
total group of 467 subjects.

A double-blind, randomized, parallel group study enrolled 278 sub-
jects aged 65 to 80 years (82). After a 2-week, single-blind, placebo run-
in period, patients received once-daily dosed 20 mg of lisinopril, 12.5
mg of hydrochlorothiazide, or a fixed-dose combination 20/12.5 mg of
lisinopril/hydrochlorothiazide. There were 153 patients who completed
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the protocol. The average decline in sitting BP at the end of 8 weeks was
–16.2/–15.6, –16.6/–13.1, and –24.5/–17.6 mmHg for the ACE inhibi-
tor, diuretic, and combination treatment, respectively. Only the change
in DBP with lisinopril was not significantly different from the combina-
tion of lisinopril and hydrochlorothiazide.

A double-blind study randomly assigned 383 older patients to pla-
cebo or 2/0.625 mg of perindopril/indapamide dosed one to two tablets
once daily to achieve a treatment goal of a SBP less than 160 mmHg or
a DBP less than 90 mmHg (83). After 12 weeks, the average decline in
BP was –12.3/–7.3 for placebo-treated patients and –22.5/–13.2 for the
indapamide/perindopril combination (Fig. 8) (84). The response rate,
defined as a DBP decline of 10 mmHg or a DBP of 90 mmHg or less, was
81.3% for the combination vs 48.9% for placebo. Normalization of SBP
below 160 mmHg was less than DBP to 90 mmHg or less. The average
change in potassium for placebo treatment was –0.01 mmol/L and for
active therapy was –0.07 mmol/L for one tablet and 0.16 mmol/L for two
tablets (83).

ANGIOTENSIN-CONVERTING ENZYME INHIBITOR
AND CALCIUM ANTAGONIST COMBINATIONS

Why an ACE inhibitor and a CCB are additive for the treatment of
hypertension is less clear than other combinations. A modest stimulatory
effect on renin by CCBs because of increased sympathetic activity has
been suggested for the additivity with CCBs (24,39). In addition, each
drug class vasodilates and promotes salt and water excretion by different
mechanisms (9,24).

Fig. 8. Mean change in supine blood pressure from baseline at week 12 of fixed,
low-dose combination therapy. Perindopril/indapamide 2/0.625 mg was sig-
nificantly better than placebo. BP, blood pressure. (Data from ref. 83.)
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There have been several ACE inhibitor and CCB combinations that
have been approved for the treatment of hypertension: (a) amlodipine
and benazepril, Lotrel; (b) felodipine and enalapril, Lexxel; (c) verapamil
and trandolapril, Tarka; and (d) diltiazem and enalapril, Teczem, which
is no longer manufactured. These agents do not alter lipids; however,
there is the risk of renal dysfunction and hyperkalemia caused by the
ACE inhibitor in susceptible patients. In a 20-week, double-blind study
of 463 hypertensive diabetics, a comparison of the combination of
verapamil and trandolapril with atenolol and chlorthalidone found that
hemoglobin A1c increased with β-blocker–diuretic combination, but
not with the CCB–ACE inhibitor (85).

Figure 9 shows the change in systolic and DBPs in 36 elderly men and
women with a supine DBP 95–115 mmHg in a double-blind, three-way,
crossover design 18 weeks long with a 4-week, single-blind run in period
(31). The BP at the end of the placebo period was designated as the
baseline BP, which was used for the comparison of 5–10 mg extended-
release felodipine, 5–10 mg of enalapril, and 5/5 mg of felodipine/
enalapril dosed once daily. Each treatment period lasted 6 weeks. The
study showed the superiority of the combination of felodipine and
enalapril compared to the baseline BPs or monotherapy. The combina-
tion of felodipine and enalapril was tolerated better and associated with
less ankle edema than felodipine alone.

Another factorial design trial compared placebo, 5–20 mg extended-
release felodipine, 5–20 mg of enalapril, and their combination in 6-
week periods (86). Twenty older patients with a supine SBP 160 mmHg
or greater and DBP less than 95 mmHg were randomly assigned in this
double-blind, crossover study. The drugs could be titrated every 2 weeks
to achieve a SBP less than 140 mmHg. The placebo-corrected change in
BP was –13/–5, –5/–3, –18/–7 mmHg for felodipine, enalapril, and the
combination. The combination was additive.

A 3 × 2 factorial design trial studied 120 and 240 mg SR diltiazem
alone or with 10 mg lisinopril dosed once daily, 10 mg lisinopril once
daily, and placebo (87). The study population was 156 Chinese persons
65 years and older with a DBP of 95–114 mmHg after a 4-week placebo
lead-in period. The active treatment phase of this double-blind, random-
ized study lasted 12 weeks. Figure 10 displays the mean seated change
in trough SBP (Panel A) and DBP (Panel B). Active treatment reduced
BP significantly compared with placebo. The combination of diltiazem
and lisinopril at each dose lowered BP more than the same dose of
diltiazem alone. However, the effect was less than additive. Peripheral
edema occurred with the same frequency in each treated group, but
cough was the most common adverse event among the patients treated
with lisinopril monotherapy or combination therapy.
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A multicenter, double-blind, parallel-group trial randomized 308
patients after a 2- to 4-week placebo run-in period (88). Entry DBP was
required to be between 100 and 120 mmHg. Subjects were allocated to
one of four groups: (a) placebo; (b) 20 mg of benazepril; (c) 5 mg of
amlodipine; or (d) 5/20 mg of amlodipine/benazepril. Medication was
dosed once daily and continued for 8 weeks. The combination was sta-
tistically superior in each comparison. Furthermore, it was similarly
effective in younger and older patients (Fig. 11).

After a 4-week, single-blind placebo run-in period, 254 elderly hyper-
tensive patients with a DBP of 95–115 mmHg were treated with the fixed

Fig. 10. Factorial design trial in elderly Chinese subjects. The combination of
each drug lowered systolic (Panel A) and diastolic (Panel B) blood pressure
(BP) more than diltiazem monotherapy (p < 0.05 for systolic and diastolic).
However, the combination was less than additive. (Data from ref. 87.)
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combination of verapamil SR/trandolapril (89). Treatment was initiated
with 120/0.5 mg of verapamil SR/trandolapril dosed once daily and
titrated to 180/2 mg of verapamil SR/trandolapril at 4-week intervals
until the DBP was less 90 mmHg during the first 12 weeks. After 3
months of treatment, patients who did not achieve the target BP were
excluded from additional 3-month follow-up. Verapamil SR/trandolapril
was highly effective in reducing BP. The mean reduction in BP was –21.9/
–17.1 mm Hg for responders and nonresponders. The combination was
tolerated well.

ANGIOTENSIN RECEPTOR BLOCKER
AND DIURETIC COMBINATION

The mechanism of combining an ARB and a diuretic is similar to the
combination with an ACE inhibitor. This combination should be par-
ticularly useful for patients with left ventricular hypertrophy (LVH[90]),
DM with renal insufficiency (91,92) or LVH (93), heart failure (94–97),
and myocardial infarction (98).

A multicenter, double-blind, randomized study enrolled younger and
older hypertensive subjects with mild-to-moderate hypertension (99).
After a 4-week placebo lead-in period, participants received a fixed dose
of 50 mg of losartan with 12.5 mg of hydrochlorothiazide (n = 216) or
50 mg of captopril with 25 mg of hydrochlorothiazide (n = 109) once
daily for 12 weeks. There was no difference in efficacy by age group or
treatment. Cough and headache occurred more commonly in elderly
patients receiving captopril than those receiving losartan. Serum creati-
nine and uric acid increased and serum potassium decreased from
baseline more with captopril than with losartan.

A randomized, double-blind, parallel-group trial of 2002 hyperten-
sive subjects compared 160/12.5 mg of valsartan/hydrochlorothiazide,
160/25 mg of valsartan/hydrochlorothiazide, and 160 mg of valsartan
dosed once daily for 8 weeks in patients who were inadequately con-
trolled on 160 mg of valsartan after 4 weeks (100). Approximately 21%
were 65 years or older. The response rate (sitting DBP less than 90
mmHg and/or a 10 mmHg decline in DBP) was 59.1, 66.7, and 70.7%
for 160 mg of valsartan, 160/12.5 mg of valsartan/hydrochlorothiazide,
and 160/25 mg of valsartan/hydrochlorothiazide, respectively. The
response rate for younger patients was less. The mean change in BP
was –15.4/–12.5, –18.7/–13.7, and –20.4/–14.3 mmHg for 160 mg of
valsartan, 160/12.5 mg of valsartan/hydrochlorothiazide, and 160/25 mg
of valsartan/hydrochlorothiazide, respectively.
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CALCIUM ANTAGONIST AND ANGIOTENSIN
RECEPTOR BLOCKER COMBINATION

Few studies assessed the combination of an ARB with a CCB. One
study examined 31 subjects older than 65 years who had a SBP of 160
mmHg or higher after their medications were stopped 3 to 7 days prior
to randomization (101). Subjects were randomly assigned in a double-
blind, crossover design to each of the following 4-week treatments:
(a) placebo, (b) 16 mg of candesartan, (c) 5 mg of felodipine, and (d)
16/5 mg of candesartan/felodipine, each dosed once daily. Ambulatory
BP reading was performed after each treatment period. The average
decline in 24-hour SBP was –12.2, –11.9, and –21.0 mmHg for
candesartan, felodipine, and the combination, respectively (Fig. 12).
The combination of an ARB and dihydropyridine calcium antagonist
was additive.

CALCIUM ANTAGONIST
AND DIURETIC COMBINATION

Two outcomes trials documented the benefit of a diuretic chlorthalidone
or the calcium antagonist nitrendipine for reducing cardiovascular events
in older patients with isolated systolic hypertension (102,103). It is logi-
cal to ask whether the combination of these drugs might be beneficial.
A randomized, double-blind, crossover trial of 19 elderly patients with
isolated systolic hypertension compared placebo, 2 to 4 mg of lacidipine,
25 to 50 mg of hydrochlorothiazide, or their combination dosed once
daily during 4-week treatment cycles (104). Each treatment could be
titrated from a low dose to a higher dose after 2 weeks to achieve the goal

Fig. 12. A 24-hour ambulatory blood pressure comparison of placebo,
candesartan, felodipine, and combination. The combination of candesartan and
felodipine was additive. *p < 0.005 vs candesartan and felodipine. (Data from
ref. 101.)
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SBP, which was 160 mmHg or lower for a SBP greater than 180 mmHg
or a reduction of 20 mmHg or greater for a SBP between 160 and 180
mmHg. In addition to clinic BP measurements, ambulatory BP monitor-
ing was performed. Factorial analysis documented that hydrochlorothi-
azide was more effective than lacidipine, and the combination was
additive (Fig. 13).

SUMMARY

BP control remains the lowest among the oldest age group, despite the
documented reduction in morbidity and mortality in randomized con-
trolled trials. Combination drug therapy achieves a higher control rate
and is endorsed by the most recent report of the Joint National Commit-
tee on the Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure. The rational combination of drugs should be used to
treat underlying coexisting illnesses that are more common in older
patients. Fixed-dose combinations may be dispensed, when appropriate,
to achieve BP treatment goals and to treat coexisting illnesses.
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MAJOR BARRIERS TO EFFECTIVE
ANTIHYPERTENSIVE THERAPY

Before hypertension can be effectively treated in older African-
American patients, the clinician must become familiar with the attitudes
of this population regarding this disease. One of the major barriers to
effective antihypertensive therapy is having a clinician who is not aware
of potential impact that patient attitudes have on compliance with office
visits and pharmacological therapy. One group of investigators did a
survey of African Americans, Hispanic Americans, and non-Hispanic
white adults over the age of 75 years that assessed ethnic differences in
perceptions regarding the cause, prevention, and treatment of hyperten-
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sion as well as associations between perceptions and the use of preven-
tive health services (1). The survey found that African Americans felt
that hypertension resulted from poor health behaviors and stress, but that
it was both preventable and treatable. In contrast, non-Hispanic whites
felt that hypertension is a result of various mechanistic causes and hered-
ity; also, they felt hypertension was treatable but not preventable. Finally,
Hispanic Americans were more likely to state that hypertension was the
result of aging and poor health behaviors and was not susceptible to
treatment.

How do the above findings potentially affect the use of health ser-
vices? First, participants in all three ethnic groups who identified hyper-
tension as their major health problem were much more likely to have had
a physical, to have their blood pressure (BP) checked, and to have a
primary care physician than normotensives. However, African Ameri-
cans were less likely to have received a BP check or have a primary care
physician but more likely to have had a physical and to have visited an
emergency room. These differences were noted despite the fact that all
the participants in the study were eligible for Medicare and within easy
driving distance of a major medical center. In addition, these differences
persisted even when controlling for other factors such as age, gender,
education, and living arrangements (1). African Americans, who attrib-
uted hypertension to poor health behaviors and stress, were most likely
to believe that high BP could be prevented and did show a slightly lower
utilization of preventive services than non-Hispanic whites.

These findings may have an impact on the treatment of hypertension
in several ways, such as (a) patient-specific lifestyle modifications are
imperative for all African-American hypertensives because many per-
ceive hypertension as preventable; (b) BP checks should be incorporated
into the office visit of any elderly African-American patient; (c) commu-
nity health fairs are still necessary because many elderly have difficulty
getting to a physician’s office and/or do not have a regular primary care
physician; (d) mechanisms must be put into place to facilitate the process
of assigning a patient to a primary care provider; (e) emergency room
providers must be included in any hypertension education initiatives
because African Americans get a disproportionate amount of their care
in the emergency room; and (f) stress and other psychosocial factors
must be addressed by clinicians during an office visit or by specialty
referrals. Once clinicians understand the perceptions and attitudes of
older adults regarding hypertension, they can begin behavioral modifi-
cation and pharmacological therapy programs specifically tailored to the
needs of elderly African-American patients.
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PHARMACOLOGICAL THERAPY

Diuretics
The Antihypertensive Lipid-Lowering Treatment to Prevent Heart

Attack Trial (ALLHAT) and Systolic Hypertension in the Elderly Pro-
gram (SHEP) study have given strong support to the use of diuretics in
elderly African Americans (2,3). Both clinical trials used the thiazide
diuretic chlorthalidone either alone or in combination with other antihy-
pertensive therapy. ALLHAT was the largest BP study ever completed,
and the participants had a mean age of 67 years, with about 6000 people
in the trial older than 85 years. ALLHAT consisted of a population that
was approximately 35% African American; thus, it has particular rel-
evance to the treatment of elderly African-American hypertensives. The
ALLHAT study authors concluded that (a) thiazide-type diuretics are
the preferred first step in the treatment of most hypertensive patients, (b)
combination therapy that includes a diuretic will be required in most
patients, and (c) goal BPs are achievable in most hypertensive patients.

A review by Moser (4) of the ALLHAT findings in the elderly sub-
group was even more revealing. ALLHAT included 13,000 patients over
the age of 65 years who were followed over 5 years. Over that 5-year
period, mean BP was reduced from 147/81 to 135/77 mmHg with mini-
mal clinically significant differences in the achieved BP in the group
older than 65 years among the calcium antagonist and diuretic sub-
groups. Although the overall difference between the achieved BP in the
calcium antagonist (amlodipine) and diuretic (chlorthalidone) groups
was less than 1 mmHg, the large number of patients resulted in a differ-
ence that achieved statistical significance.

The morbidity/mortality data in the group 75 years and older was
analyzed and used to compare the amlodipine, chlorthalidone, and
angiotensin-converting enzyme (ACE) inhibitor (lisinopril) groups.
When comparing chlorthalidone with amlodipine, there were no statis-
tically significant differences between the two drugs in myocardial
infarctions (MIs), strokes, all-cause mortality, and coronary heart dis-
ease, but there was a statistically significant difference in the occurrence
of heart failure. The chlorthalidone-based treatment group had a 22%
lower occurrence of heart failure compared with the amlodipine-based
treatment program. In the lisinopril-based group, there were more epi-
sodes of heart failure, with a statistically significant 20% increase in the
lisinopril group vs the diuretic group. The African-American cohort
contributed disproportionately to the increased rate of cardiovascular
events noted in the lisinopril-treated group.
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However, several factors should be kept in mind before deciding on
diuretic therapy based on the ALLHAT results. First, after 5 years of
study, the African-American participants taking diuretic-based therapy
had a systolic blood pressure (SBP) that was 4 mmHg lower than that of
the lisinopril group. Second, the BP difference may explain why the
diuretic group had fewer adverse outcomes. Third, the ACE inhibitor
reduced the incidence of new-onset diabetes compared with the other
agents (lisinopril 8%, amlodipine 10%, and chlorthalidone 12%). Last,
it is important to remember that ALLHAT was a trial in which there was
no statistically significant difference in the primary outcome (fatal and
nonfatal MI) despite the superior efficacy noted in the diuretic group.

The SHEP trial included 4736 participants aged 60 years and older
with an SBP between 160 and 219 mmHg and a diastolic blood pres-
sure (DBP) less than 90 mmHg. African Americans accounted for 14%
of the subjects in this trial (3). The trial was primarily designed to deter-
mine whether treatment with chlorthalidone and atenolol or reserpine, if
needed, could reduce the risk of fatal and nonfatal stroke in elderly
patients with isolated systolic hypertension. Participants were randomly
assigned to a placebo vs stepped care regimen. All the subjects in the
active treatment were initially started on 12.5 mg chlorthalidone, which
could be titrated up to 25 mg if they were not at goal BP. Participants who
were still not at goal on chlorthalidone could have 25–50 mg atenolol
added to their regimen. Reserpine could be used if atenolol was contrain-
dicated.

The active treatment group was noted to have mean reductions in SBP
and DBP of 26 mmHg and 9 mmHg, respectively, when compared with
baseline (3). The average follow-up was 4.5 years, and the active treat-
ment group had a significant reduction in several clinical outcomes.
Active treatment was associated with a 36% reduction in fatal and non-
fatal strokes, a 27% reduction in MIs and coronary death, a 32% reduc-
tion in major cardiovascular events, and a 13% reduction in all-cause
mortality compared with placebo. Interestingly, African-American
women, white women, and white men benefited from active treatment,
but this was not evident in African-American men (5). However, the lack
of a significant benefit in African-American men may have partly been
caused by the small number of stroke events in this cohort.

The excess risk associated with hypertension in African Americans
compels clinicians to strive to reach goal BP in this group. In general,
when treating hypertensive elderly African Americans with diuretics,
clinicians can certainly expect significant efficacy in most patients.
However, the real clinical question is whether diuretics confer any spe-



Chapter 21 / Hypertension in Older African-Americans 433

cial advantage over other antihypertensives in reducing the cardiovascu-
lar outcomes that disproportionately affect African Americans. An article
by Messerli et al. suggested that thiazide diuretics confer a particular
benefit in reducing the risk of stroke and stated that this benefit may be
independent of the BP-lowering effect (6). The authors recommended
that low-dose diuretics should be used alone or in combination for all
hypertensive patients at risk for cerebrovascular disease. African Ameri-
cans with hypertension have a higher overall risk of stroke in comparison
to their hypertensive white counterparts; however, more data are needed
before making the recommendation to use diuretics in all African Ameri-
cans with hypertension.

In summary, thiazide diuretics are an attractive choice for elderly
African-American hypertensives for several reasons, including (a) good
efficacy and cardiovascular benefit were noted in both the ALLHAT and
SHEP trials; (b) the low cost of diuretics will allow many senior citizens
on fixed incomes to afford them; (c) thiazide diuretics have good syn-
ergy when combined with most other antihypertensives; and (d) thiazide
diuretics seem to have particularly significant effects in those cardiovas-
cular outcomes that disproportionately affect the elderly, such as con-
gestive heart failure (CHF) and stroke. There will probably always be a
debate regarding whether thiazide diuretics should be first-line therapy
in most hypertensives, but it can certainly be argued that they certainly
have a place in the management of elderly African-American patients
with high BP.

Non-Thiazide Diuretics
The loop diuretics can also be very useful in reducing the BP of

selected patients, but the available data are minimal compared with that
for the thiazide diuretics. At present, the main indication for loop diuret-
ics in hypertension has been in patients with abnormal kidney function
because thiazide diuretics often become ineffective as the serum creati-
nine rises above 2 mg/dL. The disadvantage of loop diuretics is that they
often must be dosed two to three times a day and therefore reduce com-
pliance. Also, the significant increase in diuretic potency compared with
thiazide diuretics can make this class of drugs an unattractive alternative
for incontinent patients and those elderly hypertensives who have poor
mobility.

The potassium-sparing diuretics, which are also called the aldoster-
one antagonists, have recently generated a lot of interest because a new
agent, eplerenone, has been approved for the treatment of hypertension.
The old standard aldosterone antagonist spironolactone has generated
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renewed interest because of its clinical efficacy in patients with CHF (7).
These drugs have two unique advantages over other diuretics: (a) a dif-
ferent mode of action (i.e., aldosterone antagonism) and (b) the potas-
sium-sparing property, making patients less prone to hypokalemia.
Hypokalemia has been found to induce arrhythmias in selected groups
of patients, and in the SHEP trial, the subset of patients with hypokale-
mia did not have the same benefit from diuretic therapy as those with
normal electrolytes. This class of drugs has also been recommended by
the Seventh Report of the Joint National Committee on the Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7)
as a therapy in post-MI and CHF patients with hypertension (7–9).

Eplerenone was evaluated in a clinical trial consisting of 348 African-
American and 203 white patients with mild-to-moderate hypertension
(10). Patients were randomly assigned to double-blind treatment with
50 mg of eplerenone, the 50 mg of angiotensin II receptor antagonist
losartan, or placebo once daily. For reduction of SBP, eplerenone was
superior to placebo and losartan in black patients. Eplerenone was as
effective as losartan in reducing SBP and DBP in the high-renin patient,
but more effective than losartan in the low-renin patient. This last finding
has particular significance for elderly African-American hypertensives,
who are often low renin and salt sensitive.

In clinical practice, this class of drugs will probably be used in the
following groups of patients: (a) those with refractory hypertension
because aldosterone-antagonists have a unique mechanism of action;
(b) post-MI and CHF patients already on conventional therapy with
β-blockers and ACE inhibitors; (c) those with aldosterone excess;
and (d) patients prone to hypokalemia secondary to pharmacological
therapy.

An important message for treating the elderly with diuretics is to do
frequent monitoring of the electrolytes because these patients are espe-
cially prone to hypokalemia, dehydration, and renal insufficiency. Unfor-
tunately, eplerenone is not recommended in diabetes because the Food
and Drug Administration was concerned about the risk of hyperkalemia
in diabetic nephropathy. It is hoped that postmarketing surveillance and
more clinical trials will result in approval for use in diabetics.

Angiotensin-Converting Enzyme Inhibitors
Treating elderly African-American hypertensives with the ACE inhibi-

tor class of drugs has particular appeal because this group of patients is
especially prone to renal insufficiency, CHF, and stroke. The African
American Study of Kidney Disease (AASK) evaluated 1094 African-
American patients with hypertension and renal disease, defined as hav-
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ing a glomerular filtration rate (GFR) between 20 and 65 mL/minute/
1.73 m2 (11). The study was designed to evaluate the impact of three
different treatment regimens (ramipril, amlodipine, and metoprolol) and
two different BP goals (low and usual) on the progression of hyperten-
sive renal disease. The patients were assigned to receive ramipril (2.5–
10 mg/day), amlodipine (5–10 mg/day), or metoprolol (50–200 mg/
day). They were further randomly assigned into a usual BP goal group
(mean arterial pressure [MAP] of 102–107 mmHg) and low BP goal
group (MAP <92 mmHg).

This trial was not specifically aimed at the elderly, but the results are
worthy of closer attention. AASK found that a ramipril-based treatment
regimen slowed the progression of renal disease to a significantly greater
extent than amlodipine and metoprolol when renal disease was looked
at as a composite of a 50% decline in GFR, deaths, and end-stage renal
disease (ESRD). Of note, a significant proportion of patients were able
to achieve target BP levels irrespective of age, sex, body mass index,
education level, insurance, or employment status. The majority of patients
needed multiple drugs to reach their target BP; however, the ACE inhibi-
tor-based therapy produced the above findings despite a similar reduc-
tion in BP when compared to the other two agents. Therefore, elderly
African-American hypertensives with renal insufficiency should be
considered for ACE inhibitor therapy in view of the AASK study and the
lack of other significant data on therapy for this population.

The Heart Outcomes Prevention Evaluation trial evaluated high-risk
patients who were treated with the ACE inhibitor ramipril (12). Although
the study did not include a significant number of African Americans, it is
worth mentioning because the results suggest that the treatment drug has
some benefit that extends beyond BP lowering. Also, the target popula-
tion was composed of older patients with multiple comorbid conditions.

Significant controversy still exists concerning whether the Heart
Outcomes Prevention Evaluation trial results are truly independent of a
BP difference between the study populations (13). A subsequent substudy
found that when 24-hour BP monitoring was performed, the BP reduction
in the ACE inhibitor group was greater than that of the placebo group (14).
This was largely because office BP taken during the day did not reveal
the large BP reductions at night that were captured by 24-hour BP moni-
toring. This nocturnal drop in BP in the ramipril group was caused by
evening dosing of the study medication.

Many clinicians rarely prescribe ACE inhibitors as monotherapy
because of the belief that they will not be effective in African-American
patients. This belief that ACE inhibitors have poor efficacy in this popu-
lation is based on the fact that ACE inhibitors have been found in some
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cases to lower BP less in African Americans vs white hypertensives
(13,15). Also, because African-American and elderly populations tend
to have low circulating levels of renin vs other groups, some clinicians
and researchers feel drugs that inhibit the renin–angiotensin system will
theoretically have less effectiveness in low-renin patients. This low-
renin hypothesis is supported by clinical trials, which have found that
both diuretics and calcium antagonists have better BP-lowering efficacy
than ACE inhibitors in African Americans (16,17).

The Hypertension in African-Americans Working Group of the Inter-
national Society on Hypertension in Blacks published a consensus state-
ment that revealed some of the limitations in the prior data, suggesting
that ACE inhibitors may be less-effective agents: (a) prior studies gen-
erally did not report SBP responses; (b) response rates are generally
reported as a reduction of 10 mmHg or more from baseline rather than
achievement of target BP; (c) individual hypertensive agents cannot be
used as a proxy for class effect; (d) conclusions cannot be drawn regard-
ing the best course of treatment in patients who did not have an effective
BP-lowering response to antihypertensive treatment; and (e) the high
doses of thiazide diuretics (50–100 mg) used in prior studies are rarely
used in current clinical practice (18). Physicians are also concerned
about literature indicating that African-Americans have a higher inci-
dence of ACE inhibitor-induced angioedema and cough than whites
(19,20).

Stroke prevention is an important issue in the elderly African-Ameri-
can population, and thus the Perindopril Protection Against Recurrent
Stroke study is worthy of review (21). This study was a double-blind,
placebo-controlled, randomized trial that evaluated 6105 individuals
(mean age 64 years; range 26–91 years) with a prior history of stroke or
transient ischemic attack from 172 centers in Europe, Asia, and
Australasia. The active treatment group received a flexible regimen of
the ACE inhibitor perindopril (4 mg daily) with the addition of the diuretic
indapamide if deemed necessary by the treating physicians. The primary
outcome was both fatal and nonfatal stroke. Combination therapy with
perindopril plus indapamide reduced BP by 12/5 mmHg and stroke risk
by 43%; perindopril alone reduced BP by 5/3 mmHg but did not result
in a statistically significant reduction in stroke. Also, both hypertensives
and nonhypertensives were included, and both groups had similar reduc-
tions in strokes. The JNC 7 subsequently recommended diuretics plus
ACE inhibitors as a treatment for recurrent stroke prevention (8). The
lack of participation by the United States and the absence of any refer-
ence to persons of African descent by the investigators will increase
concern that this trial may not be applicable to African Americans.
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Overall, we feel that the use of a diuretic with the ACE inhibitor and the
use of a higher dose of the perindopril (8 mg or more) should give the
clinician some reassurance that these findings will be applicable to their
African-American patient population.

Should ACE inhibitors be used in elderly African-American
hypertensives? Overall, the evidence suggests that this class of agents
should provide significant protection from target end-organ damage.
Therefore, these drugs seem to have a special indication in the so-called
complicated hypertensive patient, defined as a person with diabetes,
evidence of target end-organ damage, or a history of a cardiovascular
event (22). It is also important to remember that in the AASK trial the
ACE inhibitor group had a 46% reduction in ESRD or death compared
with the amlodipine group. When the AASK study findings are coupled
with the fact that African Americans are six times more likely to develop
ESRD than whites, it is difficult to exclude ACE inhibitors or other
renin–angiotensin blocking agents unless they are specifically contrain-
dicated (23).

Angiotensin II Receptor Blockers
According to the JNC 7, angiotensin II receptor blockers (ARBs) are

indicated for hypertensive patients with high coronary disease risk, dia-
betes, and heart failure (8). The elderly African-American hypertensive
population may potentially benefit from this hypertensive drug class if
these drugs can be proven to have all the clinical benefits of an ACE
inhibitor without the adverse effects. Unfortunately, the number of
African Americans in clinical trials evaluating the effectiveness of
ARBs is small.

The Losartan Intervention for Endpoint reduction in hypertension
trial is a double-blind, randomized, parallel-group study designed to test
the effectiveness of the ARB losartan vs the β-blocker atenolol in reduc-
ing cardiovascular morbidity, MI, and stroke in 9193 patients with hyper-
tension and left ventricular hypertrophy (24). In the subgroup of 533
African Americans, the atenolol-treated group had a lower risk of the
primary end point vs losartan-treated African Americans (6% atenolol
vs 11% losartan). In contrast, losartan reduced the primary end point
more than atenolol in the general study population. Overall, the take-
home message is probably to be careful when interpreting trial results,
which come from small subgroups; thus, we await larger clinical trials.

Diabetics have a special need for ARBs, as seen in clinical trials
(25,26). The Irbesartan Diabetic Nephropathy Trial was designed to
determine whether the use of an ARB or calcium channel blocker would
provide protection against the progression of nephropathy caused by
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type 2 diabetes beyond that attributable to BP lowering. The participants
(mean age 59 years) had to have type 2 diabetes, hypertension, and
proteinuria, with protein excretion of at least 900 mg per 24 hours, to be
eligible (25). There were 228 African-American participants out of a
total study population of 1715 hypertensive patients, with all enrollees
followed for a mean duration of 2.6 years. Treatment with irbesartan was
associated with a relative risk of ESRD that was 23% lower than in both
the placebo and amlodipine groups. The irbesartan group also had a 37%
lower risk of doubling the serum creatinine than the amlodipine-treated
patients. These findings were independent of BP.

The Reduction in Renal Endpoints in Type 2 Diabetes with Angio-
tensin II Antagonist Losartan trial was also performed on type 2 diabet-
ics with hypertension and proteinuria (26). There were 1513 patients
(15.2% African-American) enrolled in this randomized, double-blind
study comparing losartan (50–100mg once daily) with placebo, both
taken in addition to conventional antihypertensive treatment (calcium
antagonist, diuretics, α-blockers, β-blockers, and centrally acting agents)
for a mean follow-up of 3.4 years. The primary outcome was the com-
posite of a doubling of the baseline serum creatinine concentration,
ESRD, or death. Losartan reduced the incidence of a doubling of serum
creatinine (25% risk reduction) and ESRD (28% risk reduction) but had
no effect on the rate of death. The level of proteinuria declined by 35%
in the losartan group compared to the placebo group. The benefit was
found to exceed that purely attributable to BP, and losartan was well
tolerated. Overall, both irbesartan and losartan were found to be benefi-
cial in type 2 diabetics with nephropathy.

African Americans represent 12% of the US population but still
account for 30% of the new cases entering dialysis programs and have
the highest incidence (1996–1999) of hypertension-related ESRD (27).
Unfortunately, the proportions of African-American patients in the above
trials involving ARBs is not representative of the proportion of black
patients among those with ESRD in the United States. In addition, the
reports of the Irbesartan Diabetic Nephropathy Trial and Reduction in
Renal Endpoints in Type 2 Diabetes with Angiotensin II Antagonist
Losartan studies do not include subgroup analysis of the treatment
response according to race (28). However, the higher incidence of
ESRD in African Americans and the low adverse event rate of ARBs will
continue to make this class of agents a frequent first-line or adjunct
therapy for clinicians.

We also suggest that clinicians treating elderly African Americans
with ARBs should remember to give relatively high doses as is recom-
mended with ACE inhibitors and to do cost comparisons among the
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various agents because many senior citizens do not have adequate drug
benefits. Last, it is important to expect a rise in serum creatinine levels
during initial therapy with either ARBs or ACE-inhibitors, but the drugs
should not be discontinued unless there is at least a 30% rise in creatinine
or significant hyperkalemia. Given the very high incidence of ESRD in
blacks, it is advisable to seek specialty consultation before trying to
manage African-American patients without renin–angiotensin antago-
nists.

Calcium Antagonists
As a class, calcium antagonists appear to make good physiological

sense as a treatment modality for elderly, hypertensive African Ameri-
cans. Prior investigations have found that, compared with whites, Afri-
can Americans appear to have lower plasma renin levels, a potentially
larger plasma volume, more peripheral and renal vascular resistance,
and greater sensitivity to sodium (29–31). Also, the fact that one group
of investigators found that calcium sensitivity in African Americans
appears to contribute to more arteriolar vasoconstriction (peripheral
resistance) suggests that calcium antagonists should be considered for
therapy in this population (29,32). Furthermore, calcium antagonists appear
to have a mild diuretic effect during the initial stages of therapy (32).

African Americans, especially those residing in the southeastern
United States, are exposed to various high-sodium and high-fat foods
known as “soul food” as well as a large variety of “fast foods” that are
often similar to soul food in terms of their fat and sodium contents.
Fortunately, calcium antagonists have been found to retain their antihy-
pertensive efficacy in the setting of high dietary sodium intake (33). In
addition, elderly populations can benefit from the fact that at least one
clinical study has noted that calcium antagonists appear to maintain
good antihypertensive efficacy in patients taking concomitant nonste-
roidal anti-inflammatory drugs (34). The above findings may be related
to the natriuretic and diuretic activity of calcium antagonists, which in
itself results from augmentation of renal blood flow and GFR seen with
these agents (29,35)

A number of clinical trials have found that calcium channel antago-
nists are beneficial in African-American hypertensives. The clinical tri-
als did not specifically focus on the elderly, but older patients were
included, and it would reasonable to do some extrapolation of the data
when treating elderly African-American hypertensives. One early trial
demonstrated the superior efficacy of verapamil over atenolol and
captopril in more than 300 African-American hypertensives (16,29).
The Veterans Administration Cooperative Study found that African-
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American males responded better to diltiazem and hydrochlorothiazide
than their white counterparts (15). All calcium channel antagonists are not
created equal, and thus they are classified as dihydropyridines (nifedipine,
felodipine, isradipine, nicardipine, nisoldipine, and amlodipine) and non-
dihydropyridines (verapamil and diltiazem). The differences between
these two subgroups may have potential clinical implications, and thus
large outcome-based studies are needed to evaluate the impact these dif-
ferences have on clinical outcomes.

There are two large recent clinical trials that involved calcium antago-
nists: ALLHAT and the International Verapamil-Trandolapril Study.
ALLHAT included more than 15,000 African Americans with hyperten-
sion who were at least 55 years old and had at least one risk factor for
cardiovascular disease (2). The subjects were randomly assigned to
receive amlodipine (2.5–10 mg), chlorthalidone (12.5–25 mg), or
lisinopril (10–40 mg). The α-blocker (doxazosin) was prematurely dis-
continued from the study because of an excess incidence of heart failure.
The amlodipine arm was not different from the diuretic or ACE inhibitor
group in the rate of nonfatal myocardial infarctions and fatal coronary
disease (the primary end point) or in mortality (2,5). There also was no
statistically significant difference found between amlodipine-treated and
chlorthalidone-treated participants in terms of cerebrovascular events.
The main difference in outcome was seen in heart failure, with the
amlodipine group having a 1.47 relative risk of heart failure vs the
chlorthalidone group. Given these findings, it is important to remember
that the SBP was 1 mmHg lower in the diuretic-treated cohort vs the
amlodipine cohort as a whole, and more than 60% of the participants
needed two or more drugs to reach target BP. The difference in BP
between the chlorthalidone group and the other treated groups was even
more pronounced in the African-American ALLHAT cohort, which is
likely to account partly for the outcome advantage noted in the
chlorthalidone arm. However, the ALLHAT investigators stated that
although the differences in outcome between the diuretic group and the
lisinopril and amlodipine groups were not statistically reduced by statis-
tically adjusting for the BP difference, one cannot exclude an effect of
the BP difference on the treatment outcomes noted in this trial (5).

The International Verapamil-Trandolapril Study was a large, ran-
domized, open-label, blinded end-point trial with 22,576 hypertensive
coronary artery disease patients, including 3029 African Americans and
7523 patients over 70 years old from the entire cohort (36). Participants
were randomly assigned to either a calcium antagonist strategy (CAS) or
a non-calcium antagonist strategy (NCAS). If the participants did not
achieve their target BP on CAS (verapamil sustained release) or NCAS
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(atenolol), trandolapril and/or hydrochlorothiazide was administered to
get the BP to the goal BP as determined by the Sixth Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure (37). The primary outcome was the first
occurrence of death (all cause), nonfatal MI, or nonfatal stroke. Second-
ary outcomes included new-onset diabetes, time to most serious event,
cardiovascular death, angina, cardiovascular hospitalizations, BP con-
trol, cancer, Alzheimer’s disease, Parkinson’s disease, and gastrointes-
tinal tract bleeding at 24 months. After 2 years of follow-up, 2269 patients
had a primary outcome event with no statistically significant difference
between the verapamil-based treatment group and the atenolol-based
treatment strategies (9.93% vs 10.17%, relative risk 0.98, 95% confi-
dence interval 0.90–1.06). The BP control at 2 years was similar for both
groups, with 72% of the CAS group and 71% of the NCAS group achiev-
ing a BP less than 140/90 mmHg. Overall, the conclusion was that the
verapamil-based strategy was as clinically effective as the β-blocker-
based strategy in hypertensive coronary artery disease patients (36). As
far as secondary outcomes, the main difference was seen in the develop-
ment of new-onset diabetes. Of the 8098 CAS patients without diabetes
at entry, 569 (7%) were diagnosed as having diabetes after 2 years of
follow-up; 665 (8.2%) of the 8078 NCAS patients without diabetes at
entry developed diabetes during the follow-up. Otherwise, no statisti-
cally significant difference in the incidence of the previously named
secondary outcomes was found between the two groups.

In summary, elderly hypertensive African Americans would appear
based on the literature presented here to be good candidates for treatment
with calcium antagonists. The elderly are often low-renin hypertensives,
and many are on nonsteroidal therapy. The question of whether calcium
antagonists should be preferred initial therapy in this population will
continue to be debated; however, the continued need for combination
therapy to reach goal BP will certainly lead to fewer patients who will
be seen as candidates for monotherapy.

Because there are two types of calcium antagonists, the second unre-
solved question is whether dihydropyridines or non-dihydropyridines
should be the preferred choice from this drug class. The high incidence
of hypertension-related renal disease in African Americans coupled with
data indicating there may be differences in the degree of renal protection
achieved by the two types of calcium antagonists illustrate the need for
a carefully designed clinical trial in this area (40). In summary, calcium
antagonists should be used to achieve goal BP, especially if there are
compelling indications, with the main caveat that African Americans
with renal disease probably should not receive dihydropyridine calcium
antagonists as monotherapy (23).
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β-Blockers

The use of β-blockers in the elderly and in special populations like
African Americans has not been without considerable controversy. There
have been claims of less antihypertensive efficacy in the elderly and
African Americans, which may be partly or fully because these special
populations also tend to have lower renin levels (41). Saunders and
colleagues published data that provide strong evidence that African
Americans seem to have less BP response with β-blockers, but the litera-
ture concerning the elderly is less uniform (15,16). The higher preva-
lence of stage 2 hypertension in the African-American population vs
their white counterparts has also been a likely contributor to the reluc-
tance in using a β-blocker when significant BP reduction is often needed.
Furthermore, the response in African Americans with heart failure to β-
blockers parallels that seen in hypertension; namely, the benefit is not as
significant as that of non-black populations. The β-Blocker Evaluation
of Survival Trial found that African Americans did not respond as effec-
tively as non-blacks when using the β-blocker bucindolol to treat heart
failure (42).

The above findings have resulted in more attention focused on
carvedilol because it is unique in its antioxidant properties and ability to
inhibit both α1-adrenergic and β2-adrenergic receptors (43). As far as
heart failure, the US Carvedilol Heart Failure Trials Program found that,
in contrast to the β-Blocker Evaluation of Survival Trial, the benefit of
the β-blocker (carvedilol) was of a similar magnitude in both black and
non-black patients with heart failure (44). The antihypertensive response
to this subclass of β-blockers is also very promising because the resis-
tance to β-blockers in African Americans can be overcome by the use of
a β-blocker with α-blocking properties (45).

The elderly African-American population may also benefit from the
finding that combined α- and β-blockade may diminish the adverse
effects of β-blockade alone on blood lipids and insulin sensitivity (46,47).
Also, prior studies have found that African Americans have greater
responses to cardiac β2-adrenergic stimuli and peripheral α1-stimuli
than whites, particularly during states of potassium depletion (48). Hyper-
tensive African Americans often have potassium-deficient diets and fre-
quently require diuretic therapy to reach goal blood pressure; thus. an
agent that is able to maintain its efficacy during potassium depletion
would be especially appealing.

In summary, elderly African Americans with hypertension can derive
significant benefit from β-blockers beyond their ability to lower BP
especially because the elderly have a greater prevalence of heart failure
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and MIs than younger populations. In sharp contrast to prior conven-
tional wisdom, the JNC 7 now lists diabetes as a compelling indication
for β-blocker therapy based largely on the results in the UK Prospective
Diabetes Study (39,49). Therefore, clinicians should always consider
use of β-blockers in patients with hypertension plus heart failure, post-
MI status, high coronary disease risk, or diabetes unless contraindicated.
β-Blockers also have additive BP-lowering effects in hypertensive
patients with baseline pulse rates greater than 84 beats per minute (38).
Patients who are taking first-generation β-blockers, like propanolol or
atenolol, but need both aggressive BP reduction and β-blockade, may
benefit from agents with combined α- and β-blocking properties like
labetalol and carvedilol. However, more head-to-head comparisons will
be needed before investigators can make strong conclusions about the
superiority or inferiority of one β-blocker vs another in elderly African-
American hypertensives.

Combination Therapy
The consensus statements of the Hypertension in African-Americans

Working (HAAW) Group and the JNC 7 have both endorsed the use of
combination therapy in many, if not the majority, of hypertensive patients
(18,39). In addition to the clinical data, there is reason to believe that
combination therapy may also be cost-effective and improve compli-
ance in African Americans (50). An analysis was done to assess the
potential financial impact of substituting a combination ACE inhibitor
and calcium channel blocker (CCB) therapy (benazepril-amlodipine)
for the two-drug treatment using benazepril and amlodipine as two sepa-
rate prescriptions. In this cost analysis, they found that using a fixed-
dose combination resulted in a savings of $1080 per patient per year vs
the treatment plan using two separate drugs. This has particular signifi-
cance for senior citizens, who are usually on a fixed income and often do
not have pharmacy benefits.

Combination therapy in African Americans is often required if you
are going to use β-blockers, ACE inhibitors, or ARBs. Also, not all
combinations make good physiological sense or are equally efficacious
in treating hypertension. A review of the available clinical data from
randomized controlled clinical trials revealed that the following two-
drug combinations may be considered effective: ACE inhibitor/diuretic,
ARB /diuretic, β-blocker/diuretic, and ACE inhibitor/CCB (18). Although
some clinical trials have not had large numbers of African Americans, race
should not be used as a rationale for avoiding certain classes of
antihypertensives. In fact, some of the racial differences with monotherapy
can be overcome by combining two drugs, a diuretic with a renin-angio-
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tensin system-blocking agent (51). The additional reduction in BP
achieved by combining low doses of two antihypertensive drugs can be
substantial, with an additional 4 to 6 mmHg reduction in diastolic pres-
sure and 8–11 mmHg additional reduction in systolic pressure compared
to monotherapy (51).

Are there some combinations of antihypertensive drugs that will pro-
vide better efficacy and a larger reduction in cardiovascular outcomes?
Unfortunately, there is scarce clinical trial outcome evidence to support
the recommendation of an optimal combination therapy for African
Americans or any other subpopulation. At present, we would agree with
the recommendations by the HAWW Group, which is not to assume that
individual African-American patients will not respond to available
therapy. Combining two drugs may also reduce the potential adverse
effects of one of the drugs, for example, the reduced incidence of periph-
eral edema in patients on both an ACE inhibitor and CCB vs CCB
monotherapy. A new clinical trial, Avoiding Cardiovascular Events
Through Combination therapy in Patients Living With Systolic Hyper-
tension (ACCOMPLISH), will directly compare cardiovascular mortal-
ity and morbidity rates for two fixed-dose combination therapies (53,54).
While clinicians await the completion of this trial, elderly African-
American hypertensives should be treated with combination therapy
according to the HAAW Group guidelines (Fig. 1). Also, because cost
and compliance are often correlated, clinicians should get pharmacy
prices for fixed-dose combinations whenever two-drug therapy is used
to see if the fixed-dose preparations are more cost-effective.

ADDITIONAL CONSIDERATIONS IN TREATING
ELDERLY AFRICAN AMERICANS

There are two well-known guidelines on hypertension treatment that
have been discussed: those of the JNC 7 and of the HAAW Group (8,18).
The guidelines have very similar recommendations; however, the differ-
ences should be understood to avoid confusion when treating patients.
The main differences are the recommendation by the HAAW Group that
combination therapy be instituted for a BP 155/100 mmHg or greater;
the JNC 7 recommends the same therapy if the BP is 160/100 mmHg or
greater in uncomplicated hypertensives with a goal BP less than 140/90
mmHg. Patients with diabetes and/or chronic kidney disease are recom-
mended for combination therapy if the BP is 15/10 mmHg or greater
above goal BP of 130/80 mmHg in the HAAW Group guidelines, and the
JNC 7 consensus panel recommended the same treatment if the BP is 20/
10 mmHg or greater above goal BP (Fig. 1).
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The other difference is that the JNC 7 panel gives a stronger endorse-
ment than the HAAW group for the use of thiazide diuretics as initial
therapy in both diabetic and nondiabetic patients who are eligible for
monotherapy. Fortunately, it is not difficult to decide how to treat most
African-American patients because the majority will usually benefit
from combination therapy. Because so many patients require combina-
tion therapy, issues related to initial monotherapy will not have as much
importance in the treatment of elderly African Americans.

As far as the difference in the levels of BP recommended to initiate
treatment, namely, 160/100 mmHg or greater in the JNC 7 vs 155/100
mmHg or greater in the HAAW guidelines, the difference is small enough
such that clinicians can use their own judgment to treat hypertensive
patients as long as goal BP is reached. In summary, both guidelines
recommend diuretics, ACE inhibitors, ARBs, calcium antagonists, β-
blockers, or a combination of these to treat most patients (8,18).

Last, the role of religion in the health care of elderly hypertensive
African Americans should not be ignored. The belief in the power of
religion has been a guiding force in African-American health care since
slavery (55). Research has shown that individuals who believe in the
therapeutic power of faith find that regular church attendance, Bible study,
and prayer lower BP, prevent depression, and promote healthy lifestyles
and a longer life. Furthermore, patients who find comfort in prayer and
their religious faith are three times more likely to survive than their
nonreligious counterparts (56).

In all, over 350 studies have examined the effects of religious involve-
ment on health (57). Results of these studies essentially showed that
people who were considered religious had healthy lifestyles and required
fewer health services. As clinicians struggle to increase compliance with
a healthy lifestyle, understanding the role of religion in the African-
American community will certainly have a positive impact on the health
of their patients.

How should clinicians improve their understanding of the African-
American church? First, we would encourage visiting churches in com-
munities during worship services as opposed to just coming for health
fairs. Second, consider setting up a special time to meet with some
members of clergy; this will allow you to find out different health con-
cerns in the community. Last, do not forget to inquire about whether a
patient attends church; this is important because some elderly patients
may have few living relatives, and thus church members may be your
only source of information in an emergency situation.



Chapter 21 / Hypertension in Older African-Americans 447

REFERENCES
1. Ontiveras JA, Black SA, Jakobi PL, Goodwin JS. Ethnic variation in attitudes

toward hypertension in adults ages 75 and older. Prev Med 1999;29:443–449.
2. The ALLHAT Collaborative Research Group. Major outcomes in high-risk hyper-

tensive patients randomized to angiotensin-converting enzyme inhibitor or calcium
channel blocker vs diuretic: the Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT). JAMA 2002;288:2981–2997.

3. SHEP Cooperative Research Group. Prevention of stroke by antihypertensive drug
treatment in older persons with isolated systolic hypertension. JAMA 1991;265:
3255–3264.

4. Moser M. Treatment of hypertension in the very elderly: a clinician’s point of view.
J Clin Hypertens (Greenwich) 2003;5:310–312.

5. Wright JT, Douglas J. Optimal treatment of hypertension and cardiovascular risk
reduction in African-Americans: treatment approaches for outpatients. J Clin
Hypertens (Greenwich) 2003;5(1 suppl 1):18–25.

6. Messerli FH, Grossman E, Lever AF. Do thiazide diuretics confer specific protec-
tion against strokes? Arch Intern Med 2003;163:2557–2560.

7. Pitt B, Zannad F, Remme WJ, et al. for Randomized Aldactone Evaluation Study
Investigators. The effect of spironolactone on morbidity and mortality in patients
with severe heart failure. N Engl J Med 1999;341:709–717.

8. Chobanian AV, Bakris GL, Black HR, et al. The seventh report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure: the JNC 7 report. JAMA 2003;289:2560–2571.

9. Pitt B, Remme W, Zannad F, et al. Eplerenone, a selective aldosterone blocker, in
patients with left ventricular dysfunction after myocardial infarction. N Engl J Med
2003;348:1309–1321.

10. Flack JM, Oparil S, Pratt JH, Roniker B, et al. Efficacy and tolerability of eplerenone
and losartan in hypertensive black and white patients. J Am Coll Cardiol
2003;41:1148–1155.

11. Agodoa LY, Appel L, Bakris GL, et al. Effect of ramipril vs amlodipine on renal
outcomes in hypertensive nephrosclerosis. A randomized controlled trial. JAMA
2001;285:2719–2728.

12. The Heart Outcomes Prevention Evaluation Study Investigators. Effects of an an-
giotensin-converting enzyme inhibitor, ramipril, on cardiovascular events in high-
risk patients. N Engl J Med 2000;342:145–153.

13. Saunders E, Gavin JR 3rd. Blockade of the renin-angiotensin System in African-
Americans with hypertension and cardiovascular disease. J Clin Hypertens (Green-
wich) 2003;5:12–17.

14. Svensson P, de Faire U, Sleight P, et al. Comparative effects of ramipril on ambulatory
and office blood pressures. A HOPE substudy. Hypertension 2001;38:e28–e32.

15. Materson BJ, Reda DJ, Cushman WC, et al. Single-drug therapy for hypertension
in men. A comparison of six antihypertensive agents with placebo. N Engl J Med
1993:328:914–921.

16. Saunders E, Weir M, Kong BW, et al. A comparison of the efficacy and safety of
a β-blocker, a calcium channel blocker, and a converting enzyme inhibitor in hyper-
tensive blacks. Arch Intern Med 1990;150:1707–1713.

17. Materson BJ, Reda DJ, Williams D, for the Department of Veterans Affairs Coop-
erative Study Group on Antihypertensive Agents. Lessons from combination therapy
in Veterans Affairs Studies. Am J Hypertens 1996;9:187S–191S.



448 Hypertension in the Elderly

18. Douglas JG, Bakris GL, Epstein M, et al. Management of high blood pressure in
African-Americans. Consensus statement of the Hypertension in African-Ameri-
cans Working Group of the International Society on Hypertension in Blacks. Arch
Intern Med 2003;163:525–541.

19. Brown NJ, Ray WA, Snowden M, Griffin MR. Black Americans have an increased
rate of angiotensin converting enzyme inhibitor-associated angioedema. Clin
Pharmacol Ther 1996;60:8–13.

20. Elliott WJ. Higher incidence of discontinuation of angiotensin enzyme inhibitors
due to cough in black subjects. Clin Pharmacol Ther 1996;60:582–588.

21. PROGRESS Collaborative Group. Randomized trial of a perindopril-based blood-
pressure-lowering regimen among 6105 individuals with previous stroke or tran-
sient ischemic attack. Lancet 2001;358:1033–1041.

22. Johnson WR, Saunders E, Jones-Burton C: Hypertension in African-Americans. In
Egan BM, Basile JN, Lackland DT, eds. Hot Topics in Hypertension. Philadelphia:
Hanley and Belfus; 2004: 406–407.

23. Wright JT Jr, Bakris G, Greene T, et al. Effect of blood pressure lowering and
antihypertensive drug class on progression of hypertensive kidney disease: results
from the AASK trial. JAMA 2002;288:2421–2431.

24. Dahlof B, Devereux RB, Kjeldsen SE, et al. Cardiovascular morbidity and mortality
in the Losartan Intervention For Endpoint reduction in hypertension study (LIFE):
a randomized trial against atenolol. Lancet 2002;359:995–1003.

25. Lewis EJ, Hunsicker LG, Clarke WR, et al. Renoprotective effect of the angio-
tensin-receptor antagonist irbesartan in patients with nephropathy due to type 2
diabetes. N Engl J Med 2001;345:851–860.

26. Brenner BM, Cooper ME, De Zeeuw D, et al. Effects of losartan on renal and
cardiovascular outcomes in patients with type 2 diabetes and nephropathy. N Engl
J Med 2001;345:861–869.

27. Kaperonis N, Bakris G. Blood pressure, antihypertensive therapy and risk for renal
injury in African-Americans. Curr Opin Nephrol Hypertens 2003;12:79–84.

28. Hostetter TH. Editorial. N Engl J Med 2001;345:910–912.
29. Saunders E. Benefits of calcium channel antagonists in controlling hypertension in

African-American patients: factors in drug selection. ABC Digest Urban Cardiol
1999;6:11–15.

30. Weir MR. Population characteristics and the modulation of the renin-angiotensin
system in the treatment of hypertension. J Hum Hypertens 1997;11:17–21.

31. Krieger N, et al. Discrimination in African-Americans: the effect on the incidence
of hypertension. Am J Pub Health 1996;86:1370–1378.

32. Leonetti G. The effects of calcium antagonists on electrolytes and water balance in
hypertensive patients. J Cardiovasc Pharmacol 1994;24(suppl A):S25–S29.

33. Redon J, Lozano JV, de la Figuera M, et al. Do changes in dietary influence blood
pressure of hypertensive patients pharmacologically controlled with verapamil?
The Salt-Switching-Study (SSS). J Hum Hypertens 1995;9:143–147.

34. Houston MC, Weir MR, Gray J, et al. The effects of nonsteroidal anti-inflammatory
drugs on blood pressures of patients with hypertension controlled by verapamil.
Arch Intern Med 1995;155:1049–1054.

35. Krishna GC, Riley LJ, Deuter G, et al. Natriuretic effect of calcium-channel blockers
in hypertensives. Am J Kidney Dis 1991;18:566–572.

36. Pepine CJ, Handberg EM, Cooper-Dehoff RM, et al. A calcium antagonist vs a non-
calcium antagonist hypertension treatment strategy for patients with coronary artery
disease. The International Verapamil-Trandolapril Study (INVEST): a randomized
controlled trial. JAMA 2003;290:2805–2816.



Chapter 21 / Hypertension in Older African-Americans 449

37. The Sixth Report of the Joint National Committee on Prevention, Detection, Evalu-
ation, and Treatment of High Blood pressure. National Institutes of Health; National
Heart, Lung, and Blood Institute; National High Blood Pressure Education Pro-
gram. November 1997. NIH Publication No. 98-4080.

38. Bakris GL, Dworkin WH, Elliott WJ, et al. Preserving renal function in adults with
hypertension and diabetes; a consensus approach. National Kidney Foundation
Hypertension and Diabetes Executive Committee Working Group. Am J Kidney Dis
2000;36:646–661.

39. Chobanian AV, Bakris GL, Black HR, et al. Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of high Blood Pressure. Seventh report
of the Joint National Committee on Prevention, Detection, Evaluation, and treat-
ment of High Blood Pressure. Hypertension 2003;42:1206–1252.

40. Bakris GL, Williams M, Dworkin L, et al. Preserving renal function in adults with
hypertension and diabetes: a consensus approach. Am J Kidney Dis 2000;36:646–661.

41. Kaplan NM. Clinical Hypertension. 7th ed. Baltimore, MD: Williams and Wilkins;
1998:210–211.

42. A trial of the β-blocker bucindolol in patients with advanced chronic heart failure.
N Engl J Med 2001;344:1659–1667.

43. Feuerstein G, Yue TL, Ma X, Ruffolo RR. Novel mechanisms in the treatment of
heart failure: inhibition of oxygen radicals and apoptosis by carvedilol. Prog
Cardiovasc Dis 1998;41(1 suppl 1):17–24.

44. Yancy CW, Fowler MB, Colucci WS, et al. Race and the response to adrenergic
blockade with carvedilol in patients with chronic heart failure. N Engl J Med
2001;344:1358–1365.

45. Flamenbaum W, Weber MA, McMahon FG, et al. Monotherapy with labetalol com-
pared with propanolol: differential effects by race. J Clin Hypertens 1985;1:56–69.

46. Jacob S, Rett K, Wicklmayr M, et al. Differential effect of chronic treatment with
two beta-blocking agents on insulin sensitivity: the carvedilol-metoprolol study.
J Hypertens 1996;14:489–494.

47. Giugliano MD, Acampora R, Marfella R, et al. Metabolic and cardiovascular effects
of carvedilol and atenolol in non-insulin-dependent diabetes mellitus and hyperten-
sion: a randomized, controlled trial. Ann Intern Med 1997;126:955–959.

48. Sudhir K, Forman A, Yi SL, et al. Reduced dietary potassium reversibly enhances
vasopressor response to stress in African-Americans. Hypertension 1997;29:

1083–1090.
49. UK Prospective Diabetes Study Group. Efficacy of atenolol and captopril in reduc-

ing risk of macrovascular and microvascular complications in type 2 diabetes:
UKPDS 39. BMJ 1998;317:713–720.

50. Kountz DS. Cost containment for treating hypertension in African-Americans:
impact of a combined ACE-inhibitor-calcium channel blocker. J Natl Med Assoc
1997;89:457–460.

51. Ferdinand KC. Recommendations for the management of special populations: racial
and ethnic populations. Am J Hypertens 2003;16(11 pt 2):50S–54S.

52. Messerili FH, Oparil S, Feng Z. Comparison of efficacy and side effects of combi-
nation therapy of angiotensin-converting enzyme inhibitor (benazepril) with cal-
cium antagonist (either nifedipine or amlodipine) vs high-dose calcium antagonist
monotherapy for systemic hypertension. Am J Cardiol 2000;86:1182–1187.

53. Jamerson KA, Bakris GL, Douglas JG, et al. Design of the ACCOMPLISH (Avoid-
ing Cardiovascular Events Through Combination Therapy in Patients Living With
Systolic Hypertension) trial [abstract P-431]. Am J Hypertens 2003;16:193A.



450 Hypertension in the Elderly

54. Jamerson KA. The first hypertension trial comparing the effects of two fixed-dose
combination therapy regimens on cardiovascular events: Avoiding Cardiovascular
Events Through Combination Therapy in Patients Living With Systolic Hyperten-
sion (ACCOMPLISH). J Clin Hypertens 2003;5(4 suppl 3):29–35.

55. Lincoln C. Race, religion, and the Continuing American Dilemma. New York: Hill
and Wang; 1984.

56. Koenig H. The Healing Power of Faith. New York: Simon and Schuster; 1999.
57. Walker CC, Kong BW, Benjamin TG, Ofili EO. The Healing Power of Faith. ABC

Digest Urban Cardiol 2002;9:8–16.



Chapter 22 / Elderly Hypertensive Diabetics 451

451

From: Clinical Hypertension and Vascular Diseases: Hypertension in the Elderly
Edited by: L. M. Prisant  © Humana Press Inc., Totowa, NJ

22 Treatment of Hypertension
in the Elderly Patient
With Diabetes

James R. Sowers, MD, FACE, FACP, FAHA

and L. Michael Prisant, MD, FACC, FACP

CONTENTS

OVERVIEW

DIABETES AND CARDIOVASCULAR DISEASE

HYPERTENSION IN THE AGING PATIENT WITH TYPE 2
DIABETES

HYPERTENSION AND CARDIOVASCULAR DISEASE

IN AGING PATIENTS WITH TYPE 2 DIABETES

STROKE IN THE AGING PATIENT WITH TYPE 2
DIABETES AND HYPERTENSION

TREATMENT OF HYPERTENSION IN CASES OF DIABETIC

NEPHROPATHY

SUMMARY

REFERENCES

OVERVIEW

More than 16 million people in the United States have diabetes mel-
litus (DM), and another 40 million have hypertension. These chronic
diseases often coexist in our aging population. Both diseases are impor-
tant predisposing factors for the development of cardiovascular and renal
disease, and the coexistence of these risk factors is a very powerful pro-
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moter of both cardiovascular and renal disease. There is accumulating
evidence that the rigorous treatment of hypertension and other risk fac-
tors such as dyslipidemia and hyperglycemia lessen the burden of cardio-
vascular disease (CVD), stroke, and renal disease in patients with DM.

Optimal therapy in these patients includes treatment with an aspirin,
statins, aggressive control of hyperglycemia, and lowering of blood
pressure (BP) to less than 130/80 mmHg (1). There is also considerable
data to suggest that the treatment strategies that interrupt the renin–
angiotensin system have special benefits in diabetic patients and may
prevent the development of clinical diabetes in hypertensive patients
with impaired glucose tolerance. Reports indicated that angiotensin recep-
tor blockers (ARBs) decrease the rate of development of proteinuria and
diabetic renal disease. These observations will likely have a significant
impact on new guidelines for treatment of hypertension in patients with
type 2 DM.

DIABETES AND CARDIOVASCULAR DISEASE

Because the populations of many societies are getting older, more
obese, and sedentary, the prevalence of diabetes, especially type 2 dia-
betes, is rapidly increasing throughout the world (2–4). The disease will
soon involve more than 20 million people in the United States and 300
million persons worldwide. Diabetes is now the leading cause in the
United States of new blindness, end-stage renal disease (ESRD), and
nontraumatic amputations (2,3,5). Because diabetes is currently the lead-
ing cause of end-stage renal disease in the United States (6), this increase
in ESRD, necessitating dialysis and transplantation, is a tremendous
burden on our health care resources as well as on families and individuals
affected by this medical problem. CVD is the major cause of mortality
in aging patients with type 2 diabetes (7–11) (Fig. 1), and hypertension
is a major contributor to development of both CVD and renal disease in
this population (12). Accordingly, the pathophysiology of and therapeu-
tic approaches to hypertension in the aging diabetic patient are discussed
in this chapter.

HYPERTENSION IN THE AGING PATIENT
WITH TYPE 2 DIABETES

The prevalence of hypertension in patients with type 2 diabetes is up
to three times greater than in age- and gender-matched non-diabetic
patients (6,12,13). Increasing age, obesity, and the onset of renal disease
are all factors that increase the prevalence of hypertension in the diabetic
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patient (6,12,13). Obesity, especially central/visceral obesity, is increas-
ingly an important factor predisposing to the development of both dia-
betes and hypertension (6,12,14). An increased prevalence of obesity in
minority populations contributes to the greater incidence of both diabe-
tes and hypertension in these populations (6,14,15). As our population
ages, an increasingly sedentary lifestyle also contributes to a high preva-
lence of diabetes and hypertension.

Persons with hypertension have a high prevalence of insulin resis-
tance (15) and have a substantially increased risk of developing type 2
DM (16,17). Further, as patients age they are more likely to have changes
in skeletal muscle tissue that predispose to diabetes (8). These changes
include altered composition of skeletal muscle tissue (less slow-twitch
insulin-sensitive muscle fibers and increased fat interspersed between
skeletal muscle fibers) (Table 1). A sedentary lifestyle accentuates these
changes with aging.

HYPERTENSION AND CARDIOVASCULAR DISEASE
IN AGING PATIENTS WITH TYPE 2 DIABETES

Hypertension increases the risk for CVD (12) and stroke (18–21) in
patients with type 2 diabetes. Within the Multiple Risk Factor Interven-
tion Trial (10), more than 5000 diabetic patients were followed for 12
years and compared to more than 350,000 persons without diabetes. The
Multiple Risk Factor Intervention Trial confirmed that hypertension,
elevated cholesterol, and cigarette use were independent CVD risk fac-

Fig. 1. Seven-year incidence of cardiovascular risk in type 2 diabetes mellitus.
CVA, cerebrovascular accident; MI, myocardial infarction. (From ref. 7.)
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tors in men with diabetes, and their presence had a greater impact on
CVD risk in men with diabetes compared to those without diabetes (10).
In the United Kingdom Prospective Diabetes Study (UKPDS), a major
risk factor for CVD in type 2 diabetes included systolic blood pressure
(SBP) (22). BP was also observed to be a strong CVD risk factor in type
2 diabetic patients in the Prospective Cardiovascular Münster study (23).

There is considerable evidence from controlled clinical trials indicat-
ing that rigorous control of BP to levels below the conventional control
levels of 140/90 mmHg markedly reduces CVD and stroke morbidity/
mortality as well as development of ESRD in persons with type 2 DM
(23–27). For example, in the UKPDS in patients assigned to “tight” BP
control (144/82 mmHg), there was a 24% reduction in diabetes-related
end points, 32% reduction in death-related end points caused by diabe-
tes, 44% reduction in strokes, and 37% reduction in microvascular end
points, especially diabetic retinopathy (Fig. 2) (27). The relative benefit
on CVD risk reduction was more powerful for intensive BP reduction
than tight glucose control.

The Hypertension Optimal Treatment study reported that, in a dia-
betic subgroup (n = 1501), major CVD events were reduced by 51% in
those randomly assigned to a diastolic blood pressure (DBP) goal below
80 mmHg compared to a goal of below 90 mmHg (Fig. 3) (26). In a
placebo-controlled trial of treatment of isolated SBP, the Systolic Hyper-
tension in Europe (Syst-Eur) trial, the 492 older patients with diabetes
were reported in a post hoc analysis to have significant reductions in
CVD mortality, all CVD events, and stroke, with a reduction in mean
SBPs from 175 to 153 mmHg (28). These data from the Syst-Eur trial are
similar to those of the Systolic Hypertension in the Elderly Program

Table 1
Mechanism of Insulin Resistance in Hypertension

Decreased nonoxidative glucose metabolism by skeletal muscle

Postreceptor defect

• Decreased insulin-mediated glucose transport
• Decreased glycogen synthase activity

Altered skeletal muscle fiber type

• Decreased insulin-sensitive slow-twitch fibers

Decreased delivery of insulin and glucose to skeletal muscle

• Vascular rarefaction
• Vascular hypertrophy
• Increased vasoconstriction
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Fig. 2. United Kingdom Prospective Diabetes Study 38: tight vs less-tight blood
pressure control. (Data from ref. 27.)

Fig. 3. Events in patients with diabetes mellitus at baseline in relation lower blood
pressure levels (Hypertension Optimal Treatment trial). (Data from ref. 26.)
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study, for which elderly persons with type 2 diabetes derived more CVD
reduction than those without diabetes (29). In general, diabetic patients
in these clinical trials required more antihypertensive agents (two or
more drugs) to achieve these more aggressive goals (6,30). The diffi-
culty in achieving the goal BPs primarily relates to achieving an SBP of
130 mmHg (31). Both aging and diabetes result in disproportionate eleva-
tions in SBPs (12).

The Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial enrolled 15,297 diabetic hypertensive participants 55
years or older (32). Thus, 36% of the entire cohort reported a history of
diabetes (33). To compare treatment with chlorthalidone, doxazosin,
lisinopril, and amlodipine, the rates of fatal coronary heart disease and
nonfatal myocardial infarction (MI) were measured as the primary end
point (33). Figure 4 shows what can be achieved by titrating therapy and
combining additional drugs (β-blocker or reserpine and hydralazine).
Many diabetic hypertensive patients will require three or more drugs to
achieve a lower target BP (34). For the primary end point or all-cause
mortality among hypertensive diabetics, there were no differences
among chlorthalidone, lisinopril, amlodipine, and doxazosin (35,36).
Only doxazosin was inferior to chlorthalidone for strokes (p = 0.04) (35).
All drugs were inferior to chlorthalidone for heart failure (35–37).

STROKE IN THE AGING PATIENT WITH TYPE 2
DIABETES AND HYPERTENSION

Stroke is the third leading cause of death in the United States (18–21).
Age is one of the stronger predictors for an increase. There are more than
700,000 strokes annually, and currently there are over 4.5 million stroke
survivors (38,39). Diabetes and aging are well-documented independent
modifiable stroke risk factors of increasing importance as the prevalence
of diabetes and the numbers of elderly citizens increase (2,18–21). Indeed,
the incidence of stroke among diabetic patients is up to three times that in
the general population (18–21) with an especially high-risk rates in the
southeastern United States (20,21). There is an increase in both short-
and long-term mortality in diabetic patients following stroke (18–21).
High admission glucoses are one predictor of poor outcomes in these
patients (18–21), especially in the older patient with diabetes.

As the incidence of strokes is higher and the clinical outcome poorer
in diabetic patients, prevention of stroke is very important (18). Hyper-
tension, heart failure, and cigarette and alcohol use are modifiable risk
factors for stroke in patients with and without diabetes (5,18,21). In the
8 years of observation in the UKPDS group, an increased risk of stroke



Chapter 22 / Elderly Hypertensive Diabetics 457

was strongly associated with systolic hypertension as well as atrial fibril-
lation (38). Both of these risk factors are more common in the elderly
patient with diabetes (39).

Intervention trials have provided support for rigorous BP control in
prevention of stroke in patients with diabetes. In the UKPDS trial for
combined fatal and nonfatal stroke, tight BP control (mean BP achieved
144/82 mmHg) resulted in a striking 44% relative risk reduction com-
pared with less-aggressive control (mean BP of 154/87 mmHg) (38).
This 44% risk reduction in stroke was even greater than the 22% reduc-
tion with antihypertensive treatment found in the diabetic cohort in the
Systolic Hypertension Elderly Program (29). Data from Syst-Eur for
those treated with nitrendipine-based antihypertensive therapy showed
that the excess risk of stroke associated with diabetes was abolished by
antihypertensive treatment of older patients with type 2 diabetes and
isolated systolic hypertension (28).

In the Microalbuminuria, Cardiovascular, and Renal Outcomes-HOPE
subset analysis of the Heart Outcomes Prevention Evaluation (HOPE)
study, 3577 diabetic patients treated with ramipril showed a reduction of
primary combined end points of MI, stroke, and CVD death by 25% and
stroke reduction by 33% (30). Studies have shown the beneficial effects
of an ARB (25,40) and an angiotensin-converting enzyme (ACE)/di-
uretic combination (41) in reduction of primary and secondary strokes in
high-risk patients, including diabetics.

These data support the guidelines of a BP of less than 130/80 mmHg
that is recommended in patients with diabetes and hypertension (Fig. 5)

Fig. 4. Blood pressure control (<140/90 mmHg) and number of antihypertensive
drugs in North American Diabetic ALLHAT Participants. (Data from ref. 34.)
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Fig. 5. Management of hypertension in diabetic patients. *In patients with more
than 1 g proteinuria and renal insufficiency, the treatment goal is blood pressure
less than 125/75 mmHg. **ARBs, angiotensin receptor blockers.

(6,42). Although this goal is more difficult to accomplish in the elderly,
it can be achieved using combinations of antihypertensive medications
that include a low-dose diuretic as part of the regimen (39).

TREATMENT OF HYPERTENSION IN CASES
OF DIABETIC NEPHROPATHY

Diabetic nephropathy has become the leading etiological cause of
ESRD in the United States (6,43,44). Approximately 35% of persons
with diabetes will develop diabetic nephropathy characterized by pro-
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teinuria, decreased glomerular filtration rate, and increased BP (6,43,44).
In type 2 diabetic patients, the incidence of diabetic nephropathy is
approximately 20% (6,43–45). Because 95% of diabetic patients are
type 2, more than half of ESRD in diabetes occurs in type 2 patients
(6,44).

Both the prevalence and incidence of ESRD are approximately twice
what they were 10 years ago (43). If the trends of the past two decades
persist, approximately 175,000 new cases of ESRD will be diagnosed in
2010 (44). This is partly because type 2 diabetes is expected to double
within the next 10 to 15 years, and diabetic patients are living longer and
thus are more likely to develop chronic problems, including ESRD. The
cost associated with the management of ESRD is expected to exceed $28
billion by 2010 (43). Elderly patients with ESRD will constitute an
increasingly large proportion of this population.

A routine urinalysis should be performed in all newly diagnosed type
2 diabetes. If the urinalysis is negative for protein, the albumin to crea-
tinine ratio (ACR) in a spot urine collection should be performed (44).
Microalbuminuria is present if urine albumin excretion is 30 mg/24
hours or greater (equivalent to 20 μg/minute on a timed specimen or 20
mg/g creatinine on a random collection) (44). A number of factors can
artificially increase urinary albumin excretion, including urinary tract
infections, exercise, fever, poor glycemic control, and congestive heart
failure (44). The current recommendation by the American Diabetes
Association (44), as well as the National Kidney Foundation (6), is to have
at least two elevated ACRs to affirm microalbuminuria. An adequate
collection of urine, either spot or 24 hour, may be especially problematic
in elderly patients, who are more prone to have urinary tract infections
and heart failure (39).

Microalbuminuria has been observed to predict the development of
CVD and stroke as well as progression of diabetic nephropathy
(6,12,15,44–52). Microalbuminuria has also been associated with insu-
lin resistance or hyperinsulinemia (49), atherogenic dyslipidemia
(12,52), and the absence of a nocturnal drop in both SBP and DBP (12)
and is a part of the cardiometabolic syndrome (Table 2) (12,15). Because
microalbuminuria is part of the cardiometabolic syndrome and is related
to endothelial dysfunction and increased oxidative stress (6,12,53), it is
not suprising that diabetic glomerulosclerosis parallels the process of
diabetic atherosclerosis (12) and is a powerful risk factor for CVD and
stroke (12,54). Thus, even after adjustment for renal function, micro-
albuminuria remained a strong risk factor for CVD in the subset analysis
of HOPE (54).

In the HOPE trial, the presence of albuminuria doubled the risk for the
composite end point of MI, stroke, or CVD death and all-cause mortality.
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The risk of heart failure was 3.7 times greater in type 2 diabetic patients
with microalbuminuria compared to those without albuminuria (50).
The risks of the composite end points, all-cause mortality, and heart
failure hospitalizations in diabetic patients with microalbuminuria were
significantly reduced with treatment with the ACE inhibitor ramipril
(50). These data suggest that interruption of the renin–angiotensin–
aldosterone system (RAAS) is important in preventing CVD, even in
elderly patients with diabetes and hypertension (12).

Several studies have provided evidence for unique benefits of anti-
hypertensive agents that interrupt the RAAS in diabetic patients with
hypertension (30,40,55,56). In addition to their impact on CVD (12,30,
40,55), ACE inhibitors in six small trials involving 352 type 2 diabetic
patients with diabetic nephropathy were more effective in reducing pro-
teinuria than other antihypertensive agents (ARBs were not included)
(57,58).

Studies have addressed renal protection from ARBs in type 2 DM.
The Irbesartan Diabetic Nephropathy Trial (IDNT) evaluated the effects
of irbesartan in 1715 patients with hypertension, type 2 diabetes, and
proteinuria equal to or greater than 900 mg per day (59). These patients
were randomly assigned to the ARB irbesartan, a placebo-control group,

Table 2
 Cardiovascular Disease Risk Factors Associated

With Cardiometabolic Syndrome

1. Systolic hypertension
2. Central obesity
3. Hyperinsulinemia/insulin resistance
4. Endothelial dysfunction
5. Microalbuminuria
6. Low high-density lipoprotein cholesterol levels
7. High triglyceride levels
8. Small, dense low-density lipoprotein cholesterol particles
9. Increased apolipoprotein B levels

10. Increased fibrinogen levels
11. Increased plasminogen activator inhibitor-1 and decreased plasminogen

activator levels
12. Increased C-reactive protein and other inflammatory markers
13. Absent nocturnal dipping of blood pressure and heart rate
14. Salt sensitivity
15. Left ventricular hypertrophy
16. Premature/excess coronary artery disease, stroke, and peripheral vascular

disease
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or amlodipine and had an average follow-up of 2.6 years. The time to the
event for the composite end point of doubled serum creatinine, ESRD,
or death was 28% in the control group vs 19.8% in the irbesartan group.
Amlodipine treatment was associated with a 25.2% reduction in com-
posite end points, which was not different from the control group but less
than the irbesartan group. In that study, the amlodipine treatment group
had a higher rate of heart failure than in the placebo or irbesartan
groups. This is of potential importance, particularly in elderly patients
with type 2 DM.

In another trial, the Reduction of Endpoints in NIDDM With Angio-
tensin II Antagonist Losartan (RENAAL) study, the ARB losartan at 50
to 100 mg plus conventional hypertensive therapy was compared to
placebo plus conventional hypertensive therapy in 1513 patients (60).
Creatinine was required to be between 1.3 and 3 mg/dL, and urine ACR
had to be greater than 300 mg/g or 25 mg/mmol. The goal BP was less
than 140/90 mmHg, and the patients were followed for 3.4 years.
Losartan therapy was associated with a 28% reduction in the risk of
ESRD and a 25% reduction in doubling of serum creatinine. Further-
more, there was a 32% reduction in the first hospitalization for conges-
tive heart failure. There was a nonsignificant trend for a reduction in MI
in the losartan group. Again, these observations are of relevance to an
older population of type 2 diabetic patients.

The Irbesartan in Patients With Type 2 Diabetes and Microalbuminuria
(IRMA2) study examined the possibility that the ARB irbesartan could
delay or prevent the development of clinical proteinuria in patients with
type 2 diabetes, microalbuminuria, and a normal serum creatinine level
(1.3 mg/dL for men and 1.1 mg/dL for women) (61). Type 2 diabetic
patients whose overnight albumin excretion rates (UAER) were 20 to 200
μg/minute on two of three consecutive samples were randomly assigned
to receive placebo or 150–300 mg irbesartan once daily. Goal BP was
less than 135/85 mmHg 3 months after randomization; additional anti-
hypertensive agents, except ACE inhibitors and dihydropyridine cal-
cium channel blockers, were added to achieve that goal. The primary end
point of the trial was defined as the occurrence of UAER of greater than
200 μg/minute and/or a UAER at least 30% higher than baseline on at
least two consecutive measurements.

In the IRMA2 study, average BP values were slightly lower in the two
groups treated with irbesartan than in the placebo group during the first
6 months of the study, but this small difference disappeared during the
last 12 months of the study. Patients were followed for an average of 2
years. In the 150 mg irbesartan vs placebo group, there was a 39%
reduction in the development rate of clinical proteinuria; however, in the
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300 mg irbesartan treatment group, there was a 70% reduction in the
primary end point. Return to a normal UAER, defined as a UAER of less
than 20 μg/minute, was 34% more frequent among patients treated with
300 mg irbesartan than among patients in the placebo group. The results
of this study demonstrate that the ARB irbesartan at a dose of 300 mg
daily can delay progression of microalbuminuria to clinical proteinuria
in patients with type 2 diabetes.

In all three of these trials using ARBs, there was a little problem with
hyperkalemia, which is a key issue in elderly type 2 diabetic patients (39).

There have also been trials examining the impact of combination of
an ACE inhibitor and an ARB on diabetic nephropathy (62–64). For
instance the Candesartan and Lisinopril Microalbuminuria trial was a
randomized study of the effect of combining the ARB candesartan and
the ACE inhibitor lisinopril on microalbuminuria in 199 type 2 diabetic
patients (63). This was a 12-week combination therapy trial, with 12
weeks of prior monotherapy with either candesartan or lisinopril. In this
study, the reduction in the urinary ACR in those receiving candesartan
(16 mg/day) and lisinopril (20 mg/day) was significantly greater (50%
reduction) than that observed with either agent alone (24% for candesartan
and 39% for lisinopril). As is often the case with combination therapy, BP
values were lower than with the individual agent, which makes interpre-
tation of the findings difficult. After 24 weeks of therapy, DBP was
reduced to a greater degree with combination therapy (–16.3 mmHg)
than with either candesartan (–10.4 mmHg) or lisinopril (–10.7 mmHg)
alone.

Thus, in conclusion, diabetic nephropathy is an increasingly common
problem in our aging diabetic population (39). To date, there is no estab-
lished means to predictably reduce the primary rate of development of
diabetic nephropathy. Instead, current practice typically addresses dia-
betic nephropathy when it is already present, either in the form of
microalbuminuria or as the more advanced disease state characterized
by macroproteinuria and declining renal function. Important elements of
the treatment plan for diabetic nephropathy include meticulous BP con-
trol and reduction in urine protein excretion to below 1 g/day. In this
regard, ACE inhibitors and/or ARBs are of considerable importance. In
type 2 diabetic nephropathy, the available evidence supports the prefer-
ential use of ARBs or ACE inhibitors.

SUMMARY

There are limited data evaluating various interventions in the elderly
diabetic with hypertension (65). Most guidelines (6,42,66), but not all
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guidelines (65,67), favor a target BP of 130/80 mmHg. Thus, elderly
patients with diabetes often require three or more medications to control
their BP (6,12,31). BP should be reduced gradually to avoid complica-
tions (65). As noted in the treatment algorithm (Fig. 5), pharmacological
therapy should be initialized in conjunction with hygienic measures
(Table 3) (6,12,31). Based on the results of the Dietary Approaches to
Stop Hypertension intervention, the reduction of sodium intake to levels
below 100 mmol per day along with a diet that is enriched in potassium
and other minerals (i.e., magnesium, calcium) is beneficial (68,69).
Because many elderly persons are on a limited fixed income, this is
often difficult to achieve (39). In the absence of anginal symptoms and
lower extremity problems (i.e., foot abnormalities, claudication), the
elderly diabetic patient should be encouraged to participate in aerobic
exercise, even if that means only walking on a safe surface (i.e., in
shopping malls) (39).

As stated, the consensus BP goal in diabetic patients is less than 130/
80 mmHg (6,42,66). Initial therapy is an ACE inhibitor or an ARB.
Renal function and potassium levels should be checked within 1 or 2
weeks of initiation, with each titration, and yearly (65). Current recom-
mendations include the use of β-blockers, calcium antagonists, or low-
dose diuretics in conjunction with an ACE inhibitor or an ARB (6,12,31).
Because of the results of the UKPDS (27) and other studies (70), β-
blockers are now considered important antihypertensive agents in eld-
erly patients with diabetes, especially those who have angina. Low-dose
diuretics and dihydropyridine calcium antagonists are often required to
accomplish adequate BP control, especially systolic control in elderly
patients with type 2 diabetes (6,12).

In addition to BP control, these patients should receive aspirin in a
dose of 81 mg to an adult aspirin dose (12). A large study has demon-

Table 3
Dietary and Lifestyle Modifications Recommended

for Management of Hypertension

1. Weight loss
2. Exercise (aerobic physical activity) 30–45 minutes at least three times

a week
3. Reduced sodium intake to 100 mmol (2.4 g) per day
4. Smoking cessation
5. Adequate intake of dietary potassium, calcium, and magnesium
6. Reduced alcohol intake to less than 1oz of ethanol (24 oz of beer ) per day
7. Diet rich in fruits and vegetables but low in fat
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Fig. 6. Effectiveness of intense multifactorial intervention in type 2 diabetes: the
Steno-2 Study. CI, confidence interval. (Data modified from ref. 72.)

strated the benefits of statin therapy in elderly patients as well as those
with diabetes (71). Therefore, it is recommended that all elderly diabetic
patients have their low-density lipoprotein cholesterol lowered to less
than 100 mg/dL with statin therapy. The elderly diabetic patient also
should have blood glucoses well controlled (12), with glycated hemo-
globins less than 7%. An intense, multiple risk-factor intervention in
type 2 diabetes reduces the risk of CVD, nephropathy, retinopathy, and
autonomic neuropathy (Fig. 6) compared to conventional treatment (72).
However, data indicated that hormone replacement therapy is gener-
ally not indicated in the elderly diabetic female (73,74). Despite these
data, little progress is being made in risk-factor control in diabetes
(Fig. 7) (75).
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INTRODUCTION

Musculoskeletal disorders such as osteoarthritis, rheumatoid arthri-
tis, and gouty arthritis are common problems among the elderly (over 65
years old) population and have an impact on functional status and dis-
ability. The National Health and Nutrition Examination Survey reported
a greater than 80% incidence of osteoarthritis in people over the age of
55 years (1–3). Far less common is rheumatoid arthritis, with an inci-
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dence of 30 per 100,000 persons; this disease has a peak onset between
ages 30 and 55 years, with symptoms progressing later into life (4).

The prevalence of arthritis among the elderly population has created
a need for the use of nonsteroidal anti-inflammatory drugs (NSAIDs)
and cyclooxygenase-2 (COX-2) inhibitors to provide analgesia and anti-
inflammatory benefits (5). Alternative agents such as acetaminophen or
narcotic agents provide analgesia without relief from the inflammatory
changes. Narcotic agents pose the risk of development of addiction and
can be sedating. Therefore, NSAIDs have become the most commonly
prescribed class of drugs, with estimates of 70 million prescriptions a
year (6,7). This is probably an underestimation of the utility of these
agents, however, because the over-the-counter availability and usage is
often not reported to the health care provider.

The heaviest users of NSAIDs are the elderly, with up to 10 to 15%
of older adults using this class of medications on a regular basis (8–11).
NSAID and COX-2 inhibitor use may result in cardiovascular and renal
complications in the elderly not only as a function of age but also owing
to common comorbidities such as hypertension, congestive heart failure
(CHF), concomitant drugs, and renal impairment (12,13). The predispo-
sition to a variety of clinical complications in individuals with hyperten-
sion has important implications for the use of NSAIDs and COX-2
inhibitors in elderly patients with arthritis.

IMPORTANCE OF PROSTAGLANDINS
IN HYPERTENSION AND RENAL INSUFFICIENCY

Prostanoids, including prostaglandins, prostacyclin, and thrombox-
ane, are the products of arachidonic acid metabolism, playing a key role
in homeostasis (see Table 1).

Actions of the prostaglandins include maintenance of mucus secre-
tion and mucosal circulation in the stomach, stimulation of platelet aggre-
gation and vessel wall adhesion, modulation of renal blood flow, and
activation of inflammatory mechanisms (14). The key enzyme in the
conversion of arachidonic acid is COX present in two isoforms, COX-
1 and COX-2 (see Fig. 1).

COX-1 is expressed throughout the body and plays a key role in
several constitutive functions. COX-2 is an inducible isoenzyme and
plays a key role in inflammation. NSAIDs inhibit both isoforms of the
COX enzyme, blocking inflammation and causing adverse effects by
disruption of gastric protection and renal autoregulation. The COX-2
inhibitors were initially perceived to provide anti-inflammatory benefits
in arthritis patients without untoward effects in the rest of the body.
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Table 1
Homeostatic Role of Prostaglandins

Site of action Physiological effects

Stomach Mucous/bicarbonate secretion
Mucosal circulation

Hemostasis Platelet aggregation
Vessel wall adhesion

Kidney Modulate renin production
Modulate renal plasma flow
Sodium and water reabsorption

Inflammation Vasodilation
Generation of fever
Vascular permeability

Fig. 1. Prostaglandin synthesis. NSAIDs, nonsteroidal anti-inflammatory drugs;
COXIBS, COX-2 selective inhibitors.

Studies, including the Vioxx Gastrointestinal Outcomes Research
(VIGOR) trial, have demonstrated that rofecoxib has a better gastrointes-
tinal side-effect profile than nonselective NSAIDs, but they have similar
or greater potential for blood pressure (BP) elevation, fluid retention,
and nephrotoxicity (14–16). Thus, the use of NSAIDs or COX-2 inhibi-
tors can potentially disrupt renal and vascular mechanisms, resulting in
BP elevation, fluid and electrolyte changes, and renal injury. Recogniz-
ing the development and the time course of the development of these
adverse events along with patient risk factors will help in decision mak-
ing for the appropriate use of these medications.
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BLOOD PRESSURE EFFECTS OF NSAIDS
AND COX-2 INHIBITORS

Hypertension is a very common disease among the elderly, with a
prevalence of 60 to 80% (17). Given the widespread use of NSAIDs and
COX-2 inhibitors, it is not surprising that a reported 12 to 15% or 12 to
20 million elderly patients use both antihypertensive agents and drugs
for pain and arthritis (18–20). The concomitant use of these agents makes
it important to recognize the potential BP effects of these agents. Pooled
analyses of numerous studies have shown an average increase in mean
arterial pressure (MAP) of approx 5 mmHg associated with NSAID use
in the elderly (Tables 2 and 3) (11,21). In a meta-analysis by Johnson et
al. of 50 studies (38 randomized, placebo-controlled, 12 randomized
non-placebo-controlled), pooled data on multiple NSAIDs in 771 patients
revealed an increase in supine MAP of 5 mmHg (1.2–8.7 mmHg) (10).
Another large meta-analysis by Pope et al. that included 1324 patients
found an elevation of 1.1 mmHg in normotensive individuals and 3.3
mmHg in hypertensive individuals following NSAID administration (22).

Studies have also evaluated the effect of the COX-2 inhibitors, includ-
ing celecoxib and rofecoxib on BP in older patients with hypertension. A
double-blind, randomized trial involving 1082 patients that evaluated
celecoxib, rofecoxib, or placebo demonstrated an incidence of hyperten-
sion of 9.5% with active treatment vs 3.3% incidence in the placebo arm
(23). Another study involving 67 elderly (aged 60–80 years) subjects
randomly assigned to celecoxib, rofecoxib, or placebo demonstrated
similar increases of 3–4 mmHg in systolic BP in each treatment arm (24).

Mechanisms of Blood Pressure Elevation
The elevation in BP associated with NSAIDs results from a combina-

tion of increased sodium and water reabsorption, expansion of intravas-
cular volume, loss of vasodilatory signals, and increased peripheral
vascular resistance. The administration of NSAIDs inhibits COX
(isoforms 1 and 2), leading to diminished production of prostaglandin E2
(PGE2) and prostacyclin (PGI2), both of which have direct action in the
kidney. PGE2 inhibits the response of the thick ascending loop of Henle
to antidiuretic hormone (vasopressin, antidiuretic hormone) and
upregulates sodium reabsorption. The increased sodium and water reten-
tion manifests as a reported 2 to 5% incidence rate of edema (25,26).
Studies by Rossat et al. and Catella-Lawson et al. documented that, even
with short-term use (7–14 days) of NSAIDs or COX-2 inhibitors, there
was a decline in urinary sodium excretion in comparison to a placebo-
treated group (27,28). Even in the absence of intravascular volume expan-
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sion, BP elevation can occur as a result of increases in vascular resis-
tance (29).

There are three components that result in increased peripheral vascu-
lar resistance: inhibition of vasodilatory effect on arteriolar smooth
muscle cells because of interference with PGI2, alternative metabolism
of arachidonic acid, and increased production of endothelin-1 (ET-1)
(25,29). NSAIDs and COX-2 inhibitors block production of prostacyclin,
an endothelial cell-derived vasodilator resulting in increased peripheral
vascular resistance (7,30). Inhibition of prostaglandin synthesis shunts
arachidonic acid metabolism into an alternative pathway involving cyto-
chrome P450 enzymes. Epoxyeicosatrienoic acids and 20-hydro-
xyeicosatrienoic acids, metabolites of this alternative pathway, have
vasoconstrictive effects that increase BP (31). The last component of
increasing peripheral vascular resistance is through the production of
ET-1. ET-1, a vasoactive peptide produced in the kidney, acts on periph-
eral arterial tone (32). Usually inhibited by prostaglandins, ET-1 pro-
duction may be upregulated by NSAID or COX-2 inhibitor use.

Johnson and others demonstrated the role of ET-1 in BP elevation in
a group of 41 elderly subjects treated with indomethacin. Increases in
systolic blood pressure (SBP) of 4.1 mmHg and in diastolic blood pres-
sure (DBP) of 2.7 mmHg with indomethacin administration occurred
with unchanged cardiac output and an 83% increase in urinary ET-1
levels (20,29,33). Because COX-2, expressed in the vascular wall, plays
a role in the peripheral production of vasodilator prostaglandins (34) and
modulates sodium/water reabsorption in the kidneys, COX-2 inhibitors
have the potential to have similar BP effects as NSAIDs.

Table 3
Blood Pressure Effects of Cyclooxygenase-2 Inhibitors

Duration of
Author (reference) Number Agent BP change treatment

Catella-Lawson (28) 36 Rofecoxib No change 2 weeks
Indomethacin No change

Whelton (52) 810 Rofecoxib ↑ SBP 2.6 mmHg 6 weeks
Celecoxib No change

Whelton (60) 29 Celecoxib No change 7 days
Naproxen No change

Bombardier (15) 8000 Rofecoxib ↑ SBP 4.6 mmHg 9 months
Naproxen No change

BP, blood pressure; SBP, systolic blood pressure.
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Blood Pressure Dysregulation
Another mechanism by which NSAIDs or COX-2 inhibitors may

affect BP is through attenuation of antihypertensive agents (see Table 4).
The attenuation may occur via the enhancement of sodium and water
reabsorption, which counteracts the action of diuretics. In a study of 25
elderly subjects (mean age 73 ± 7 years) treated with hydrochlorothiaz-
ide, patients receiving ibuprofen had higher supine SBPs (143.8 ± 21.0
vs 139.6 ± 15.9 mmHg for placebo, p = 0.004) (35).

There has been a blunting of antihypertensive effects of those agents
that act on the renin–angiotensin system. β-Blockers lower BP by decreas-
ing renin synthesis and stimulate production of vasodilator prostaglan-
dins (10). Because NSAIDs decrease renin synthesis, the degree of
reduction in BP achieved by β-blockers is attenuated. Similar blunting
of effects is seen when NSAIDs are used with angiotensin-converting
enzyme (ACE) inhibitors. In the case of ACE inhibitors, there is also a
blunted production of bradykinin, thus removing some of its vasodilatory
actions (36). In the meta-analysis by Pope et al., there was a mean increase
of 5.4 mmHg in those taking ACE inhibitors and β-blockers (22). Minimal
interactions have been noted with calcium channel blockers, presumably
because their antihypertensive mechanism of action is not dependent on
renal prostaglandin production (19,37).

Angiotensin II receptor blockers (ARBs) have not been well studied
in terms of interaction with NSAIDs. Although there is the theory that
ARBs are not dependent on bradykinin production or blockade of renin
production to lower BP, the interaction with NSAIDs is not necessarily
less than that of ACE inhibitors.

The small increases in BP seen in clinical trials of pain and arthritis
typically will not play a significant role in a normotensive individual. In
contrast, within hypertensive subjects these small incremental differ-
ences seen in a population have implications toward cardiovascular and
cerebrovascular event risk. For example, a difference of 3 to 4 mmHg
between treatment arms in the Antihypertensive Lipid-Lowering Treat-
ment to Prevent Heart Attack Trial was associated with a 15 to 19%
reduction in stroke (38). Other studies have demonstrated that a 5-mmHg
reduction in MAP is associated with a decrease in stroke risk by 45%
(37,39).

In assessment of the development of hypertension in arthritis patients,
both elevation in BP or uptitration of current antihypertensive therapy
have been reported as a “diagnosis of hypertension.” In a case–control
study of 9411 elderly individuals, Gurwitz et al. found that recent NSAID
users had an odds ratio of 2.10 (1.95–2.26) in comparison to non-NSAID



478 Hypertension in the Elderly

T
ab

le
 4

In
te

ra
ct

io
n 

B
et

w
ee

n 
D

if
fe

re
nt

 N
on

st
er

oi
da

l A
nt

i-
In

fl
am

m
at

or
y 

D
ru

gs
 (

N
SA

ID
s)

 a
nd

 A
nt

ih
yp

er
te

ns
iv

e 
D

ru
gs

A
ut

ho
r 

(r
ef

er
en

ce
)

D
ur

at
io

n
N

SA
ID

B
P

 a
ge

nt
B

P
 c

ha
ng

e 
by

 N
SA

ID

Jo
hn

so
n

(1
0)

V
ar

ia
bl

e
M

ix
ed

β-
B

lo
ck

er
s

↑ 
S

B
P

 6
.2

 m
m

H
g

K
la

ss
en

(6
1)

4 
w

ee
ks

N
ap

ro
xe

n
N

ic
ar

di
pi

ne
<

1 
m

m
H

g 
ch

an
ge

K
la

ss
en

(6
2)

)
4 

w
ee

ks
N

ap
ro

xe
n

H
yd

ro
ch

lo
ro

th
ia

zi
de

↑ 
D

B
P

 1
.8

–2
.1

 m
m

H
g

Ib
up

ro
fe

n
G

ur
w

it
z

(3
5)

4 
w

ee
ks

Ib
up

ro
fe

n
H

yd
ro

ch
lo

ro
th

ia
zi

de
↑ 

S
B

P
 4

.2
 m

m
H

g
M

or
ga

n
(3

6)
3 

w
ee

ks
In

do
m

et
ha

ci
n

E
na

la
pr

il
↑ 

S
B

P
 1

0.
1 

m
m

H
g

A
m

lo
di

pi
ne

N
o 

ch
an

ge

B
P

, b
lo

od
 p

re
ss

ur
e;

 D
B

P
, d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e;

 S
B

P
, s

ys
to

li
c 

bl
oo

d 
pr

es
su

re
.

478



Chapter 23 / Hypertension and Arthritis 479

users for requiring initiation of a new antihypertensive agent (7). Using
an insurance claims database, Zhao et al. examined the incidence of BP
destabilization and the associated cost of this problem in patients starting
NSAIDs or COX-2 inhibitors (40). The incidence of BP destabilization
was 2.22 per 1000 days of celecoxib use compared to 2.66 per 1000 days
of rofecoxib or 2.65 per 1000 days of nonspecific NSAID use (p <
0.001). The average cost of a BP destabilization event for the first 90
days of the anti-inflammatory agent use was calculated at $459 (cost of
office visit, lab work, new prescription).

Not all NSAIDs or COX-2 inhibitors result in the same degree of BP
changes. The amount of BP elevation seems to be a function of the agent
used, concomitant antihypertensive therapy, and duration of use of the
anti-inflammatory medication. Piroxicam, indomethacin, and naproxen
have been reported to interfere with BP control more than other agents,
such as sulindac or diclofenac (7,10,15,19,26,41). Based on a meta-
analysis, piroxicam use was associated with the greatest BP elevation,
6.2 mmHg (10,19). Certain COX-2 inhibitors may have smaller increases
in BP than nonselective NSAIDs, depending on the dose. Among the
COX-2 inhibitors, rofecoxib has a greater tendency to cause BP elevation,
as seen in comparison to celecoxib and lower doses of valdecoxib (40).

Other predictors of the degree of BP destabilization are the duration
and extent of exposure. In Gurwitz’s study of hypertension, after NSAID
use there were higher rates of initiation of antihypertensive therapy in
those receiving higher doses of NSAIDs (odds ratio = 1.83 in low-dose
NSAID group vs 2.39 in high-dose NSAID group) (7). In addition, it was
demonstrated that the need for antihypertensive therapy started between
30 and 90 days after NSAID use (7). In short-term studies of NSAIDs
and COX-2 inhibitors, BP often changes very little compared to placebo
(27), and the clinical relevance of such studies should be questioned. In
longer-term studies of 4 weeks or more, BP destabilization is predicted
in part by the concomitant antihypertensive therapy. In analyses of both
NSAIDs and COX-2 inhibitors (22), patients treated with ACE inhibitors
or β-blockers are more susceptible to BP destabilization than patients on
nonspecific vasodilators or calcium channel blockers.

THE ROLE OF FLUID AND ELECTROLYTE BALANCE
IN NSAID-INDUCED HYPERTENSION

Prostaglandin (especially renal PGE2) inhibition leads to alterations
in sodium and water balance, electrolyte levels, and renal blood flow
(42). These alterations can result in fluid retention and lead to weight
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gain, peripheral edema, hypertension, and rarely, pulmonary edema (43–
45). In the euvolemic state, nonsteroidals and COX-2 inhibitors have
little effect. Under conditions of renal insufficiency or reduced renal
blood flow, maintaining renal function becomes more dependent on
prostaglandin production. In the setting of hypertension and diminished
circulating volume such as cirrhosis, CHF, volume depletion, or chronic
diuretic use, there is more pronounced fluid retention with NSAID or
COX-2 inhibitor administration.

Prostaglandins regulate renal sodium reabsorption by inhibiting active
transport in the thick ascending limb of the loop of Henle and the collect-
ing duct (35,46). Inhibition of COX-2 activity reduces renal medullary
blood flow and downregulates sodium and water excretion. Because the
COX-2 inhibition is the key component, similar fluid retention is seen
with COX-2 inhibitors and NSAIDs. Mitigation of the diuretic and natri-
uretic effects of the prostaglandins leads to augmented renal sodium
absorption and may manifest clinically as peripheral edema, hyperten-
sion, and in rare circumstances, pulmonary vascular congestion (47).

In a series of healthy older patients (ranging from 59 to 80 years of age)
randomly assigned to receive 50 mg of rofecoxib once a day or 50 mg of
indomethacin three times a day, a 20% decline in urinary sodium excre-
tion occurred. There was no evidence of an increased incidence of edema
or BP elevation in this setting (28,48). In a salt-restricted/depleted state,
these same individuals developed a decline in renal function at lower
doses of rofecoxib (28). Ferri et al. studied 35 salt-sensitive hospitalized
patients with hypertension and demonstrated a significant decline in
urinary sodium excretion with an associated 10 mmHg increase in DBP
in 15 of those treated with a 5-day course of indomethacin (49). It was
postulated that the variable BP effect was a reflection of the degree of
renin dependence.

Two long-term studies, VIGOR (15) and the Celecoxib Long-Term
Arthritis Safety Study (41), have helped us to understand the general
effects of high-dose COX-2 inhibitor therapy on the incidence of hyper-
tension. In the VIGOR trial, which compared 50 mg/day of rofecoxib to
1000 mg/dayof naproxen, the incidence rate of lower extremity edema
was reported at 5.4% and 3.6%, respectively (15). The Celecoxib Long-
Term Arthritis Safety Study reported data on the incidence of clinically
significant upper and lower extremity edema as 3.7% with celecoxib,
3.5% with diclofenac, and 5.2% with ibuprofen (41). The degree and
frequency of edema are a function of the total dose, length of exposure,
and half-life of a particular NSAID or COX-2 inhibitor (50). The longer
half-life and duration of action of rofecoxib may explain the higher
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incidence of edema and hypertension in comparison to celecoxib as
shown in older subjects with osteoarthritis treated with either agent for
6 weeks (51,52).

Although rare, salt and water retention can manifest as significant
weight gain (>2 kg) or even CHF. In a retrospective analysis by Heerdink
et al. of 10,519 patients chronically on diuretics, the incidence of hospi-
talizations for CHF was studied in relation to NSAID use (53). Among
the group using the combination of diuretics and NSAIDs, there were
228 hospitalizations, for a rate of 23.3 per 1000 person-years, in com-
parison to 161 hospitalizations or 9.3 per 1000 person-years in the group
receiving diuretics alone (relative risk 2.5 [95% confidence interval 2.1–
2.9]) (53). Most (57%) of the hospitalizations occurred within the first
month of NSAID initiation, with the greatest increase within the first 20
days (three times the incidence of heart failure within the diuretic-alone
group).

In another analysis of 5000 participants of preregistration osteoarthri-
tis trials, the incidence of cardiorenal adverse events in patients treated
with rofecoxib, diclofenac, and nabumetone were not common—occur-
rences of significant weight gain or episodes of CHF in the general
population were in fact rare (54). This observation stresses the fact that
the incidence of renal and cardiac events is greatest in the most suscep-
tible, high-risk population, such as patients with underlying renal dis-
ease, CHF, or cirrhosis or on chronic diuretic therapy.

Another electrolyte derangement associated with NSAID or COX-2
inhibitor use is hyperkalemia (55). Normal renal potassium excretion
depends on the level of sodium delivery to the collecting duct and the
presence of aldosterone. With NSAID and COX-2 inhibitor use, there is
increased sodium reabsorption and decreased sodium delivery to the
distal tubule, resulting in decreased renin levels (46,56). In studies of
both celecoxib and rofecoxib, those patients on a sodium-restricted diet
had diminished urinary potassium excretion. Particularly susceptible to
hyperkalemia are those individuals on potassium supplementation, ACE
inhibitors or ARBs, or potassium-sparing diuretics and those with renal
insufficiency (44).

These changes in salt and water balance and electrolyte levels asso-
ciated with NSAID or COX-2 inhibitor administration occur through
disruption of renal function and are more prevalent in patients who have
renal insufficiency and are more dependent on prostaglandins to main-
tain renal blood flow. Beyond fluid and electrolyte homeostasis, pros-
taglandin inhibition has more direct effects on the kidney, with the
potential of irreversible, nephrotoxic effects.
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RENAL EFFECTS OF THE NSAIDS
AND COX-2 INHIBITORS

As suggested, most of the adverse effects noted with NSAIDs and
COX-2 inhibitors occur through disruption of renal hemodynamics and
subsequent impairment of natriuresis and filtration. Although those indi-
viduals with preserved function in a euvolemic state typically can tolerate
prostaglandin inhibition, in the setting of low-volume states and renal
impairment, the impact of loss of prostaglandin stimulation is amplified.
The development of edema, hypertension, and fluid/electrolyte changes
are the result of alterations in sodium and water reabsorption, dimin-
ished renin/aldosterone release, and unopposed vasoconstriction sig-
nals. Beyond these adverse effects, NSAID and COX-2 inhibitor use can
lead to the development of acute renal failure, nephrotic syndrome, inter-
stitial nephritis, and papillary necrosis (55,57). Unlike the fluid and elec-
trolyte changes, if these adverse events are not recognized and
interventions provided quickly, there is a potential for permanent paren-
chymal changes.

Prostaglandins act on several different pathways to maintain renal
plasma flow. PGI2 and PGE2 cause arteriolar vasodilation to increase
blood flow to the medulla and cortex. PGI2, PGE2, and thromboxane A2
act on glomeruli to maintain autoregulation of the glomerular filtration
rate (GFR). In the juxtaglomerular apparatus, there is an upregulation of
renin release. Inhibition of these prostaglandins enhances renal vaso-
constriction and exposure to the unopposed effects of catecholamines
and angiotensin II (44). The resultant reduction of renal plasma flow can
proceed to oliguria or anuria and possibly acute renal failure. When
unrecognized, there is potential for the development of acute tubular
necrosis and irreversible parenchymal damage (28,56,58,59). In a cohort
of elderly (mean age 79 years) individuals followed over 6 years, it was
demonstrated that NSAID users had an odds ratio of 1.9 for being in
the highest quartile of serum urea nitrogen (BUN >23 mg/dL), 1.3 for the
highest quartile of serum creatinine (Cr >1.4mg/dL), and 1.7 for the
highest quartile of BUN/Cr ratio (>19.4) (8). Gurwitz et al. studied renal
function in 114 elderly subjects treated with either 600 mg/day of
ibuprofen, 70 mg/day of indomethacin, 300 mg/day of sulindac, or 1000
mg/day of naproxen on a short-term basis and found significant increases
in BUN levels without changes in the serum creatinine (7).

Risk factors for deteriorations in renal function with NSAIDs or COX-
2 inhibitors include prior renal insufficiency, cirrhosis, nephrotic syn-
drome, CHF, and diuretic use (57). Renal function is known to decline
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with age independent of comorbid conditions, with an estimated 10%
fall in creatinine clearance per decade after the age of 30 years. Despite
this change, aging alone is not a risk factor for NSAID-induced renal
failure.

The risk of acute renal failure is more dependent on the choice of
medication, the dosage, the duration of therapy, and the baseline renal
function. Those NSAIDs with short half-lives reach steady state in a
shorter time frame and manifest nephrotoxic effects earlier. For example,
ibuprofen can cause a decline in function within a few days of initiation,
whereas sulindac (long half-life) takes about 11 days or more after ini-
tiation to induce renal dysfunction (45,56,57). In patients with underly-
ing renal insufficiency, treatment with short-acting agents such as
ibuprofen may be less likely to significantly alter the GFR. Use of a
longer acting agent such as piroxicam may result in significant reduc-
tions in GFR in those with renal insufficiency, especially when used long
term (50).

Direct Parenchymal Damage
There are three additional manifestations of NSAIDs on the kidneys

that result in parenchymal damage and permanent reductions in renal
function if prolonged exposure occurs. Administration of NSAIDs can
lead to nephrotic syndrome with interstitial nephritis, acute papillary
necrosis, or chronic papillary necrosis.

NSAID-induced interstitial nephritis differs from the classic presen-
tation by the lack of fever, rash, eosinophilia, or eosinophiluria. Mani-
festations of the syndrome include edema, oliguria, foamy urine,
nephrotic range proteinuria, and microscopic hematuria. The onset is
typically about 5.5 months after initiation of therapy, but it can occur as
early as within 2 weeks. The proposed mechanism for the development
of the proteinuria and nephritis is through alternate metabolism of arachi-
donic acid via the lipo-oxygenase pathway (56). This leads to increased
leukotriene production, which potentially alters vascular permeability in
the glomerular and peritubular capillaries. No risk factors have been
identified for the development of this interstitial nephritis, although an
increased association has been noted with autoimmune diseases. Treat-
ment is somewhat controversial beyond discontinuation of the NSAID.

Two other nephrotoxic manifestations of NSAID use are acute and
chronic papillary necrosis (57). These syndromes can result in perma-
nent parenchymal damage; the extent of renal failure is dependent on the
degree of structural damage. The acute form of papillary necrosis is
often the result of massive doses of NSAIDs in a volume-depleted indi-
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vidual. Because of the subtle presentation with flank pain and hematuria,
it is often misdiagnosed as either nephrolithiasis or ureterolithiasis. The
vascular supply within the renal papilla is highly prostaglandin depen-
dent, and in the setting of volume depletion and vasoconstriction, ischemia
and necrosis readily occur. The renal papillary lesion is a sharply demar-
cated lesion with a histological picture consistent with coagulative ne-
crosis. As the papilla of the kidney is responsible for concentration of
urine, the long-term consequences of papillary necrosis could include
the inability to concentrate urine.

Chronic papillary necrosis tends to be a manifestation of long-stand-
ing NSAID use, usually about 5 to 20 years. There has been recognition
of increased risk among those individuals on combination agents with
NSAIDs, acetaminophen, and caffeine and those who take these agents
on a daily basis. In fact, approx 2% of the dialysis population have end-
stage renal disease as a result of analgesic abuse nephropathy (43).

CONCLUSIONS

Arthritis is prevalent in the elderly population and has implications
for functional status and disability. Especially with an expanding aging
population, understanding how to best manage arthritis in patients with
hypertension becomes more important. NSAIDs and COX-2 inhibitors
still remain the optimal choice because of their analgesic and anti-inflam-
matory effects. As there is increased prevalence of renal impairment,
diuretic use, hypertension, and CHF in older individuals, there is increased
susceptibility to side effects from NSAID or COX-2 inhibitor use.

While inhibiting the prostaglandin synthesis associated with the in-
flammatory response, there is a disruption of fluid and electrolyte bal-
ance, BP control, and renal function, with the potential for permanent
renal damage. The risk of these side effects does not prevent the use of
these agents in an elderly patient but necessitates close monitoring for
weight gain, fluid retention, BP changes, or renal dysfunction. NSAIDs
and COX-2 inhibitors should be prescribed at the lowest dose possible
and on a short-term basis if appropriate. Agents with shorter half-lives
may minimize effects. Chronic requirements for these anti-inflamma-
tory agents may necessitate a change in the class of antihypertensive
agent or an uptitration of current antihypertensive agents to prevent
clinically significant untoward effects.

ADDENDUM

Shortly, after this chapter went to press, several new findings that
have created concerns were reported in the literature and media sur-
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rounding the COX-2 inhibitors and NSAIDs. We have listed these events
and findings to be as comprehensive as possible regarding the use of
these agents in older patients with hypertension and cardiovascular dis-
eases.

Rofecoxib, a selective inhibitor of COX-2, was withdrawn voluntar-
ily from the market in September 2004 amid growing data pointing to an
increased risk of cardiovascular complications associated with its use.
During the 9-month VIGOR trial (15), serious thrombotic cardiovascu-
lar events occurred in 45 of 4047 patients (1.11%) taking 50 mg of
rofecoxib one daily, compared to 19 of 4029 patients (0.47%) who were
given 500 mg of naproxen, twice daily. A subsequent retrospective case–
control study of 941 rofecoxib users concluded that the use of rofecoxib
was associated with an elevated relative risk of acute myocardial
infarciton (AMI) when compared to celecoxib use (odds ratio [OR] 1.24,
p = 0.11) and a trend to an increased risk when compared to nonusers of
NSAIDs (OR 1.14, p = 0.054) (61). An unpublished study that led to the
removal of rofecoxib from the market used 25-mg doses to study the
prevention of adenomatous polyps of the colon—in this study there was
a small but significant increased incidence of cardiovascular events on
rofecoxib vs placebo (cumulative incidence of 3.5% vs 2.0%) after 18
months of taking the drug (APPROVe Trial).

Data on Celecoxib and Valdecoxib
In the Celecoxib Long-term Arthritis Safety Study (CLASS), no statis-

tically significant increase in cardiovascular events was detected between
high-dose celecoxib (400 mg twice daily) and comparator NSAIDs
ibuprofen and diclofenac (41,62). In a pooled analysis of nearly 32,000
patients in controlled clinical trials of celecoxib for arthritis, White et al.
(63) showed no increase in AMI, stroke, or cardiovascular death on
celecoxib relative to placebo or conventional NSAIDs. The maximal
exposure to celecoxib in that study was 2 years. In the retrospective
analysis by Solomon (61) comparing rofecoxib and celecoxib, celecoxib
use in 1814 patients was also found not to increase the risk of MI and
showed that the odds of having an MI was 1.7 fold higher on high doses
of rofecoxib.

In one meta-analysis of almost 9000 patients in 10 randomized clini-
cal trials (up to 1-year follow-up period), valdecoxib use was not found
to increase the risk of thrombotic cardiovascular events when compared
to traditional NSAIDs and placebo (64). This was so across all dosages
of valdecoxib, even those greater than recommended and included a
subanalysis of approximately 1200 patients on low-dose aspirin who
participated in the trials. However, this study has a relatively low number
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of cardiovascular events and the median exposure to valdecoxib was less
than 6 months. Thus, longer term and large studies are still needed to
evaluate the cardiovascular safety of valdecoxib.

Conclusions
In large database studies, rofecoxib does seem to increase the risk of

AMI and stroke, but the effect was much more apparent at supra-thera-
peutic doses. Further study is needed to determine whether cardiovascu-
lar thrombotic disease is a class effect of all selective inhibitors of COX-2
or whether the development of hypertension on all NSAIDs could con-
tribute to the development of myocardial infarction and stroke.
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BACKGROUND

The prevalence of high blood pressure (BP), particularly isolated
systolic hypertension, rises sharply with age along with the incidence of
heart failure, stroke, and coronary heart disease (CHD) (1–3). Antihy-
pertensive treatment reduces these adverse outcomes, especially in older
hypertensive patients. Unfortunately, hypertension control to less than
140/90 mmHg declines as a function of age and largely reflects inad-



494 Hypertension in the Elderly

equate control of systolic blood pressure (SBP) and largely represents
the challenges in controlling systolic hypertension (4,5). Systolic hyper-
tension dominates diastolic as a cardiovascular risk factor in older patients
(1,6). The progressive rise of SBP with aging coupled with the poorer
control of systolic hypertension is a major contributor to preventable
cardiovascular morbidity and mortality. More than 57% of uncontrolled
hypertension in the United States is accounted for by hypertensive pa-
tients 65 years of age and older, who are seen an average of four times
annually for health care (7). Thus, providers have multiple opportunities
to improve BP control rates through prescribing affordable and effective
medication regimens and by promoting adherence.

One important national health objective defined in the Healthy People
2010 Report was improving the percentage of all hypertensive patients
with BP less than 140/90 mmHg to 50% from 31% in 1999–2000 (8).
The goal is all the more challenging given the tremendous projected
growth in Americans 60 years of age and older with hypertension control
rates of only 27% in 1999–2000. There is also the projected addition of
more than 30 million Americans 60 years and older in the next 20 years,
more than 40% of whom will likely have the metabolic syndrome, which
is associated with two- to fourfold higher rates of CHD and stroke (9,10).

Advanced calculus is not required to conclude that the health and
economic toll from CHD, heart failure, and stroke will increase dramati-
cally going forward unless effective strategies for controlling hyperten-
sion and related risk factors are implemented soon. This will require a
concerted effort involving patients, payers, providers, and the public
health sector. In this chapter, we focus on issues that can be efficiently
implemented in the clinical setting to enhance hypertension awareness,
treatment, and control in older hypertensive patients.

CLINICAL EPIDEMIOLOGY

The prevalence of hypertension among Americans 60 years and older
has risen in the National Health and Nutrition Examination Surveys
(NHANES), from approximately 58% in 1988–1991 to about 65% in
1999–2000 (Table 1) (4,5). Awareness of hypertension during this time
period did not change significantly and remained in the 70% range. On
a positive note, the proportion of older hypertensives on treatment in-
creased from about 55% to 63%. Although the proportion of controlled-
to-treated older hypertensive patients remained in the low 40% range,
the proportion of older hypertensives with BP controlled to less than
140/90 mmHg rose from 22.5% in 1988–2001 to 27.4% in 1999–2000
or roughly one in four.
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More than half of patients with uncontrolled hypertension are 65
years and older (7). Most uncontrolled hypertensive patients have SBPs
in the range of 140–159 mmHg. Unlike many younger hypertensive
patients who are seen infrequently, these older Americans see their health
care providers an average of four times annually. The clinician has
multiple opportunities to diagnose hypertension and implement educa-
tional and therapeutic plans. As just one example of the potential ben-
efits, heart failure is the most common diagnosis-related group in older
Americans. heart failure accounts for approximately $60 billion in an-
nual health care expenditures, and hospitalization makes up more than
50% of heart failure costs (11). Treatment of hypertension, including
isolated systolic hypertension, reduces heart failure by approximately
50% (12).

TRANSLATING RESEARCH INTO PRACTICE:
CLOSING THE GAP

Clinical trials demonstrated that BP can be controlled to less than 140/
90 mmHg in approximately 62 to 70% of older hypertensive patients
(13,14). The 1999–2000 NHANES found that hypertension was con-
trolled to less than 140/90 mmHg in only 27.4% of hypertensive patients
aged 60 years and 41.6% of hypertensives 40–59 years old (5). The
NHANES 1999–2000 data indicated that constructive approaches to
addressing the age-related disparity in BP control require attention to
hypertension awareness, treatment, and control.

Table 1
Changes in Hypertension Prevalence, Awareness, Treatment,
and Control in Americans 60 Years and Older, 1988–2000

1988–1991 1991–1994 1999–2000

Prevalence 58 ± 2 60 ± 1 65 ± 2*
Awareness 68 ± 1 69 ± 2 70 ± 2
Treatment 55 ± 1 57 ± 2 63 ± 2*
Control (Rx) 41 ± 3 35 ± 2 44 ± 3
Control (all) 23 ± 2 20 ± 2 27 ± 2*

*p < 0.05 for change over time.
Rx, medicated. (From ref. 5.)
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Awareness
For every 100 hypertensive patients 60 years or older, about 30 are

unaware of the diagnosis, although most are receiving health care ser-
vices. The majority of older Americans are focused on diastolic blood
pressure (DBP). Of older Americans, 94% reported that their BP was
measured in the past year, with more than 80% recalling a measurement
in the past 4 months (15). However, 30% of those who recalled that their
SBP was more than 140 mmHg reported they had normal BP. Moreover,
only one in seven older Americans reporting a normal BP believed they
would develop high BP in their lifetime. Approximately 90% of normo-
tensive 55- to 65-year-olds will develop hypertension, predominantly
systolic, during their remaining lifetime (16). Despite the current lack of
knowledge, older Americans are interested in receiving information on
the causes, consequences, prevention, and treatment of high BP.

Treatment
For every 100 hypertensives 60 years or older, about 37% or roughly

3 in 8 are not on treatment (5). The good news is the majority (90%) of
aware older hypertensives are treated.

Control
Control rates for all hypertensives 60 years and older compared to

those 40 to 59 years old were noted. For every 100 older hypertensives
in 1999–2000 on treatment, 43.7% had BP below 140/90 mmHg com-
pared to 66.4% among patients 40 to 59 years old.

ATTAINABLE HYPERTENSION CONTROL RATES

Awareness
Because the majority of older Americans are receiving health care,

BPs measured during outpatient visits are a major detection tool. Older
individuals particularly require education that an SBP 140 mmHg or
higher is elevated and associated with greater cardiovascular risk (15).
Older Americans should also receive more information from providers
on the causes, consequences, prevention, and treatment of high BP.
Information from providers should be reinforced by public health edu-
cation. An increase of hypertension awareness from 70% to 85% of older
Americans, which represents a 50% decrease in the unaware group, is a
critical and realistic objective in achieving the Healthy People 2010 BP
control goal (17).
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Treatment
Inertia on the part of providers and patients represents a barrier to BP

control. Many patients, including the elderly, do not want to begin medi-
cation and, if on treatment, are reluctant to increase the number of medi-
cations. Of providers, 40% indicate they will not initiate or increase
antihypertensive treatment when SBP values are 140–159 mmHg (18).
In actual practice, providers increase therapy on only about one in seven
visits when the SBP is in the stage 1 range and about one in four visits
when the SBP is stage 2 (>160 mmHg) (19,20).

In defense of both patients and providers, there is not one randomized,
double-blind, placebo-controlled trial that studied older patients with
isolated, stage 1 systolic hypertension. Other evidence indirectly sug-
gests benefits of treating BPs in this range. In the Systolic Hypertension
in the Elderly Program, BP in the placebo group averaged 155/72 vs 143/
68 mmHg in the group receiving chlorthalidone either with or without
atenolol. Treatment was associated with a decrease of 27% in CHD, 36%
in stroke, and 49% in heart failure (12,21). And, in a cohort study of
treated hypertensive men in France, those with SBP less than 140 mmHg
had significantly fewer coronary and total cardiovascular events than
men with readings of 140 mmHg to 159 mmHg after controlling for age
and cigarette smoking (22). To improve control rates, changes in both
patient knowledge and provider behavior will be required.

Control
As noted, control rates of approximately 62 to 70% are attainable in

clinical trials of older hypertensive patients (13,14). Although clinical
trials have some advantages with free medications and visits, structured
return visit schedules, and medication titration schemes, the protocols
often limit the classes of medications that can be used given the research
question addressed. For example, in the Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial (ALLHAT), most
patients in the angiotensin-converting enzyme arm did not receive di-
uretics or calcium channel blockers and vice versa (23). Thus, many
patients in a research project may not receive medication that could
optimize their BP. That is a long way of saying that control rates in the
range of about 62% to 70% of all older hypertensives on treatment are
realistic in clinical practice.

Hypertension control rates could rise by about 12% of treated patients
and approximately 6% overall if measurement artifacts, mainly office
hypertension, are properly detected and documented (24–26). The accu-
racy of some ambulatory BP monitors is sufficiently well established that
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these units could be used to verify the presence of office hypertension.
Although the preponderance of outcome data are based on measure-
ments in a clinical setting, a growing body of literature indicates that the
ambulatory BP readings are more closely related to target organ damage
and clinical outcomes, which includes elderly patients with systolic hy-
pertension (27–29).

Given the assumptions that the proportion of older hypertensives who
are aware increases from 70% to 85% and treatment is maintained at the
present level of 90% for aware patients, then approximately 77% of all
older hypertensives will be treated. If BP control rates to less than 140/
90 mmHg of in clinical trials of about 62% to 70% (approximately 66%)
are attained, then about 51% of all older hypertensives would have a BP
reading less than 140/90 mmHg. The 27% control rates among Ameri-
cans 60 years and older in 1999–2000 will nearly double, and the Healthy
People 2010 control goal will be achieved (Table 2). If office hyperten-
sion is documented, the goal will be more readily attained.

FACTORS CONTRIBUTING TO UNCONTROLLED
SYSTOLIC HYPERTENSION

Factors contributing to low BP control rates, most often uncontrolled
systolic hypertension, can be divided into four categories and include
patient factors, physician or provider factors, treatment factors, and
system factors. Examples of each include the following:

1. Patient factors. Some individuals do not obtain health insurance, even
when they can afford it (30). Even among individuals with insurance,
preventive services are often not requested or received (31). A high
proportion of hypertensive patients does not take medications reliably
or change their lifestyle when instructed to do so (32).

2. Provider factors. Providers are often unaware of consensus guidelines
(18), fail to initiate and titrate medications when BP is not controlled
(19,20), and appear unaware of BP control rates in their patients (33).

3. Treatment factors. Even when the patient and provider are motivated,
access to care is ensured, and medication cost is not an issue, BPs are
uncontrolled in approximately one-third or more (13,14,34). These obser-
vations suggest that current medications, as utilized clinically, are not
effective in controlling BP, especially the systolic value.

4. Systems factors. Limited access to regular primary care and medica-
tions (35), inadequate public health information, lack of appointment
reminders, and deficiencies in producing and disseminating guidelines
(36) comprise some of the systems limitations to BP control.
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Patient Factors
FOCUS ON THE PATIENT

In a survey, the majority (94%) of older individuals had their BP
measured within the past year, and 81% had a measurement in the past
4 months. However, almost half did not know their BP value. Among
older Americans reporting a systolic reading of 140 mmHg or higher,
30% stated that they did not currently have high BP. Thus, systolic
hypertension is often not recognized by older Americans (15).

Although the majority (approximately 80%) of older Americans
acknowledging a diagnosis of hypertension report taking medications
precisely as prescribed, 60% do not think that medications alone will
control their BP. This attitude may partially reflect the fact that approxi-
mately 40% of providers would not initiate or increase treatment for an
SBP of 140–159 mmHg (18,36). Thus, a significant proportion of older
Americans with systolic hypertension may not be receiving the medica-
tions required to attain BP control, although most have insurance and are
seen in a medical care setting an average of four times annually (7).
Because many older Americans look to their physicians for information
and guidance, the knowledge, attitudes, and practice patterns of provid-
ers about systolic hypertension probably contribute to the relatively low
levels of patient awareness, treatment, and control (7,18).

KNOWLEDGE

Many patients seem unaware of the importance of regular primary
care in preventing disease (35). Although this is a general problem, men,
ethnic minorities, and individuals in the Southeast appear to make fewer
primary health care visits each year than the US average (35,37). The
level of primary care utilization by men, especially from ethnic minori-

Table 2
Attaining the Healthy People 2010 Blood Pressure Goal of 50% Control

in Patients 60 Years and Older, %

Aware Treated Cont/Rx Control

NHANES 1999–2000 70 63 44 27
NHANES 2010? 85 77 66 51

Cont, control; NHANES, National Health and Nutrition Examination Survey;
Rx, on treatment. (Adapted from ref. 17.)
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ties, is very low and probably plays a major role in rates of uncontrolled
hypertension, which tend to coincide with visit frequency (4,5,38).

The vast majority of older Americans correctly identified stroke and
heart disease as complications of hypertension (15). Treatment of sys-
tolic hypertension in older Americans may be further enhanced by
patient awareness that large absolute and relative reductions in risk for
stroke, heart attack, and congestive heart failure are realized (12,21–23).
Renal disease is not as clearly linked with hypertension by older Ameri-
cans. Awareness that hypertension contributes to cognitive decline with
aging and that treatment is beneficial could enhance interest in BP treat-
ment and control (39). Similarly, osteoporosis is a concern for many
older Americans, and several thiazide-type diuretics improve bone den-
sity and reduce fracture risk (40). Of importance, older hypertensive
patients tolerate treatment as well as younger individuals, and quality of
life appears unchanged (41) or improved (42).

Older Americans are seeking information on lifestyle change alterna-
tive approaches for treating and preventing hypertension (15). Older
Americans indicate that several lifestyle changes are effective in lower-
ing BP. Consonant with the health belief model, 75% reported making
a lifestyle change, with more than 60% of them indicating that change
lowered their pressure. Thus, therapeutic strategies that encourage lifestyle
change and incorporate effective alternative therapeutic approaches (43)
as an adjunct to antihypertensive medications are likely to engender the
most effective and enduring therapeutic alliance between the older
patient and his or her health care provider.

HEALTH LITERACY

A rapidly growing body of literature indicates that low levels of health
literacy are pervasive and affect nearly half of American adults (44).
Low levels of health literacy are associated with poorer outcomes for a
variety of health conditions and may explain or contribute to a large
portion of health disparities (45). Risk factors for low levels of health
literacy include older age, male sex, ethnic minority status, limited for-
mal education, and low income. Low health literacy is rarely disclosed
voluntarily by the patient and often goes undetected in the typical clini-
cal setting (46). Providers and support staff can address this limitation
by asking patients in lay terms before they leave the office or clinic if
they would like any additional explanation about diagnostic, therapeu-
tic, or follow-up plans. Group visits, which include semiformal educa-
tion sessions about chronic diseases, including hypertension, may
improve health literacy and risk-factor control rates (47).
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HEALTH DISCOUNT RATES

Most of us discount the future. Resources (money and health) are
worth more today than in the future. Knowledge of the risk factor and its
consequences is not sufficient motivation to seek care, take medications,
and change lifestyle if the perceived complications are estimated to be
at a future time point that does not have sufficient value relative to other
priorities today. The rates at which the future is discounted vary from
person to person (48–50). Individuals who discount future health at
higher rates may be less likely to seek preventive services and obtain
risk-factor control. Providers with higher discount rates for future health
may be less likely to emphasize preventive services. Health discount
rates of patients and providers may be a critical factor in treating and
controlling risk factors such as hypertension.

LACK OF SELF-EFFICACY

Low levels of self-efficacy, defined as the capacity and/or confidence
of an individual to effect change that benefits him or her, predict poorer
outcomes. Self-efficacy has an impact on the likelihood that an indi-
vidual will begin and maintain positive health change, such as physical
activity and dietary patterns (51). The link between self-efficacy and
health behavior is present in both majority and minority populations
(52). Self-efficacy is associated with adherence patterns (32,52).

SOCIAL SUPPORT AND ADHERENCE

A study of 50 African-American men hospitalized for severe hyper-
tension, owing mainly to nonadherence, suggested that lack of social and
community support were much more important barriers than either cost
or side effects (53). Appropriate feedback to patients from physicians,
pharmacists, and other health professionals can convey a level of concern,
potentially compensate for limited social support, and foster adherence.

LIMITED ACCESS TO CONTINUOUS PRIMARY CARE

Continuity of primary care is powerfully related to patient compli-
ance and BP control. Patients with a regular source of primary care were
eight times more likely to control their hypertension than patients who
did not have a regular source of primary care (54). Conversely, individu-
als receiving services for hypertension through the emergency room
were one-eighth as likely as patients receiving care in a primary care
setting to take antihypertensive mediations regularly (55). Thus, efforts
to ensure a regular source of primary care are a vital policy issue in the
battle to achieve the Healthy People 2010 BP control rates. Improving
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access to primary health care will also contribute to the goals in reducing
ethnic health disparities (35,37).

LACK OF RESOURCES

Low income is associated with poorer health. Poverty is accompa-
nied by barriers to medical care that include limited access to diagnos-
tic and therapeutic health care services. However, differences in
income and insurance do not appear to account for the majority of the
health disparities associated with poverty and ethnicity (35). The larger
portion of the health disparity appears related to personal health habits
and under-utilization of available preventive services. Evidence sug-
gests a widening disparity in health knowledge for minorities and
people living in poverty (56).

Socioeconomic, educational, and ethnic factors have an impact on
health knowledge, attitudes, and behaviors regarding dietary patterns
(57). African-Americans tend to consume more high-fat foods and fewer
fresh fruits and vegetables, which in turn has an impact on the prevalence
of heart disease, stroke, and cancer (58,59). These dietary differences
probably play an important role in racial variations in hypertension and
cardiovascular outcomes such as stroke (60,61). Moreover, the BP-low-
ering effects of a healthy diet are greater among African-Americans than
Caucasians and are related in part to genetic polymorphisms involved in
BP regulation (8,62,63).

COMORBID DEPRESSION OR ALCOHOLISM

The management of long-term risk factors, including hypertension and
diabetes, is poorer among patients with depression or alcohol use (64,65).

PATIENT ADHERENCE

Approximately 70% of hypertensive patients are aware of the diagno-
sis, and the majority are receiving primary health care (5,7). Most have
received a prescription for antihypertensive medications. However,
approximately 50% of individuals who begin antihypertensive therapy
discontinue treatment within the first year (66,67). Although some of
them reenter therapy, even among those who remain in treatment ap-
proximately 50% take less than 80% of the medication prescribed (68).
Parenthetically, these data from previous studies on patient compliance
are relatively consistent with more recent information on adherence
patterns in a representative sample of hypertensive patients (32). In this
report, approximately 55% of hypertensive patients were identified as
reliable in taking medications, and about 39% of all hypertensive pa-
tients were found to comply with both medication and lifestyle advice.
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Approximately 45% of hypertensive patients had evidence of signifi-
cant limitations to adherence with both medication and lifestyle mea-
sures required to control hypertension (32). The “low” adherers were
composed of two subgroups. One of the subgroups included more women
than men, tended to be the most overweight, and was the most likely to
forget medications. They also had lower levels of self-efficacy, which
has an impact on adherence and outcomes (51,52), and were not confi-
dent in their ability to sustain healthy lifestyle change. The other group
was composed of more men than women and was generally disinterested
in preventive care, unconvinced about the efficacy of pharmacotherapy,
and disinclined to change lifestyle.

The self-reported rates of perfect medication adherence by 80% of
hypertensive older Americans in a survey are remarkable (15). Previous
studies indicated that approximately 40% of hypertensive patients who
report taking 100% of their antihypertensive medications are taking less
than 75% by pill count (68). Although the proportion of the sample
overreporting medication adherence is unknown, noncompliance with
medications probably exceeds the level reported.

COST OF MEDICATIONS

Adherence at 75% to 80% or greater with prescribed medication is
regarded as the minimum level required to derive the desired pharmaco-
logical benefit. In a variety of medical settings with different cost struc-
tures, control rates of about 25% in hypertensive patients have been
reported (19,33,69,70). For the roughly 20% of older hypertensive
Americans who reported not taking medications at all or as prescribed
in a recent, cost was a significant issue for about 20% of them or approxi-
mately 4% of the entire sample (15). Cost of medications lagged forget-
fulness, BP under control, do not like taking medications, and side effects
as a contributor to self-reported nonadherence. Although cost is clearly
a critical issue that limits adherence for some patients, cost appears to
trail efficacy and tolerability in importance among older patients (15,71).

Focus on the Provider and Patient–Provider Interface

Providers encounter multiple barriers to controlling BP. One review
identified almost 300 barriers in physician adherence to the treatment
guidelines alone (36). Another review classified barriers to reaching
therapeutic goals into six categories: qualities of the guidelines, charac-
teristics of the provider, characteristics of the practice setting, incen-
tives, regulation, and patient factors (72).
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SUCCESS OF AUDIT AND FEEDBACK FOR IMPROVING BLOOD PRESSURE

CONTROL

Hypertension control at the primary care level improved dramatically
over 1 year with an intervention that included feedback on control rates
to primary care providers (33). The University of Pennsylvania con-
ducted a chart review of 20,000 patients in their managed care program.
Blood pressure was controlled to less than 140 mmHg systolic and less
than 90 mmHg diastolic in only 19% of hypertensive patients at baseline.
Charts were reviewed quarterly, and providers received feedback on
hypertension control rates in their patients compared to their peers.
Within 1 year, hypertension control rates nearly tripled from 19 to 53%.
Chart audit and effective feedback to providers emerged as a major
factor in the dramatic improvement in BP control. Of interest, the BP
control rates among treated hypertensive patients in this managed care
setting are identical to the 53% of treated hypertensive patients under
control in the report from the NHANES 1999 – 2000 survey (5). The fact
that hypertension control rates, which have languished at 19% to 27% for
many years (9,33,69,70), can be dramatically improved with chart audit
and feedback to providers raises the possibility that feedback enhances
physicians’ prescribing patterns and improves communication with
patients, thus leading to greater therapeutic adherence.

IS INDIVIDUALIZED THERAPY PART OF THE PROBLEM?
Control of hypertension invariably improves when groups of patients

are taken from their usual care settings with individualized therapy and
placed in studies with relatively rigid treatment protocols (13,14,34).
ALLHAT is just one of many examples (Fig. 1) in which control rates
improved dramatically, in this case from 27% at entry to 54% at 1 year
and 66% at 5 years (13).

Practical management algorithms “tailored” according to comorbidities
with compelling treatment indications (e.g., systolic heart failure and prior
myocardial infarction) together with monitoring and feedback might
prove an especially useful tool for clinicians in the effort to improve BP
control and related clinical outcomes. With current treatment algorithms,
control rates among treated patients are unlikely to exceed 70%. Thus,
newer approaches to selecting therapy are attractive (73,74). While the
validity of new approaches are being verified, it is critical for providers
to employ established best practice approaches to the control of hyper-
tension in older Americans (75).

The provider has a major impact on compliance with medication and
lifestyle advice (76–79). Changes in provider behavior as a result of
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medical education and feedback on performance have significant poten-
tial for enhancing patient adherence and improving outcomes (79).

ASSESSING ADHERENCE

Clinicians have difficulty assessing patient adherence in the usual
clinical setting, which has led to a variety of studies and tools to detect
nonadherence. If a patient admits to anything less than complete adher-
ence, the vast majority of the time (>85%) they are in fact taking less than
75% of the prescribed medication (70). However, approximately 40% of
patients reporting perfect, that is, 100%, adherence were also taking less
than 75% of their medication. There are some specific clinical clues to
nonadherence and factors the provider can use to assess adherence
(Table 3) (80,81).

ASSESSING READINESS TO CHANGE

The transtheoretical model recognizes that patients are at varying
degrees of readiness to change (Table 4) (82). The patient who has not

Fig. 1. A new model for patient–physician communication. The traditional
approach to medicine utilizes lineal and strategic questions to “find it” (i.e.,
diagnose the problem) to “fix it.” In other words, the focus of communication
is finding and fixing problems. The traditional approach appears to work well
for approximately half the patients (32). An alternative approach focuses on
communication that engages and empathizes with the patient to find it and then
educates and enlists the patient to fix it. The alternative model may work better
for the other half of patients who are not adhering well with the traditional
approach. (From ref. 94.)
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Table 3
Clues to Nonadherence and Assessment of Adherence in Clinical Practice

Clues to nonadherence Assessing adherence

• Young, very elderly • Treatment result
• Lack social support, low socio- • Patient self-report

economic status • Family report
• Multiple health problems • Provider opinion
• Depression, anxiety • Prescription refill history
• Complex regimen, side effects • Pill counts
• Finance, drug, alcohol problems
• Lack regular primary care
• Missed appointments
• Blood pressure uncontrolled

Table 4
Application of the Transtheoretical Model of Readiness

to Change in Clinical Practice

Stage of change Stage-appropriate action

• Precontemplative (have not thought • Encouraging statements about
about it) benefits of change

• Contemplative • Assist in resolving barriers
• Planning • Assist in refining plan, including

restarting action after relapse
• Action • Encourage, reinforce, clarify
• Maintenance • Document and discuss impact of

change; encourage
• Relapse • Review plan to restart after relapse;

reassure; discuss positives and nega-
tives of change

considered beginning an exercise program requires a different approach
than one who is just getting started or another person who stopped exer-
cising 3 months earlier. With some simple questions, the physician can
rapidly assess the readiness of the patient to change and tailor the edu-
cation and advice to help move the patient toward effective maintenance
of the desired behavior (83).

If goal BP remains elusive, providers may need to take several steps
to assess adherence to therapy (Table 3) as well as the adequacy of
treatment and possible secondary causes of hypertension, including reno-
vascular disease. Providers can reinforce the goals of therapy by using
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the prescription as an educational tool. For example, “Take one tablet
every morning to get BP to less than 140/90 mmHg” can be written on
the bottle. Patients need to be instructed early in their treatment that,
although the initial drug will probably lower their BP , it may not control
BP to goal. Selected combination agents may also enhance adherence
and control (84). The Seventh Report of the Joint National Committee
on the Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure recommends beginning with a two-medication regimen for
hypertensive patients with BP 20/10 mmHg or greater from goal (85).

ASSESSING OUT-OF-OFFICE BLOOD PRESSURE

Several studies found that BP measurements outside the office increase
adherence with treatment and BP control, especially among uncontrolled
hypertensive patients who have difficulty remembering to take their
medication (86,87). The use of a home monitoring service with twice
weekly automated feedback to providers was associated with better BP
control than when providers did not receive similar feedback on home
BP monitoring (88). Programs with pharmacists monitoring out-of-office
BP appear highly effective and may be logistically more convenient for
some patients (86).

ASSESSING LIFESTYLE, COMPLICATING FACTORS, AND ALTERNATIVE

THERAPIES

The patient–provider interaction is critical in several ways. A focused
history is often essential to BP control. Habits of patients that lessen
response to antihypertensive therapy include a diet high in sodium; alco-
hol; possibly caffeine; smoking cigarettes within 15 minutes of the BP
measurement; nonsteroidal anti-inflammatory drugs, including the selec-
tive cyclooxygenase-2 inhibitors (89,90); and use of alternative therapies
(91). Patients who use home remedies are less likely to adhere to tradi-
tional therapeutic regimens.

IMPROVING ADHERENCE

Efforts to improve compliance long term is formidable, complex, and
of limited efficacy (92,93). McDonald et al. concluded that, “The full
benefits of medications cannot be realized at currently achievable levels
of adherence; therefore, more studies of innovative approaches to assist
patients to adhere with prescriptions medications are needed” (92).

PROVIDER EDUCATION CAN IMPROVE PATIENT ADHERENCE

A relatively brief 1- to 2-hour tutorial for primary care providers on
patient compliance raised adherence of their patients in taking more than
75% of medication from 32% to 61% and improved BP control from
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36% to 60%⎯changes that were not observed in the control group (79).
Compared to providers in the control group who did not receive the
tutorial, the “trained” physicians spent more time in patient education
and less time in the traditional history and physical examination.

The reallocation of time is consistent with a different model of pro-
vider–patient communication than is traditionally taught in medical
school (i.e., diagnose and treat or “find it, fix it”). The alternative model
is centered on communication in which the provider strives to engage
and empathize the patient to facilitate diagnosis and educate and enlist
the individual to enhance treatment (Fig. 1) (94). Although clinicians
generally endorse the notion that better patient communication and edu-
cation improve outcomes, they also indicate that current reimbursement
patterns make it impractical to spend less time on the history and physi-
cal evidence and more time on patient communication and education.
Changes in health care reimbursement and incentives are required to
translate this important research information into clinical practice.

INTERVIEW STYLES AND COMMUNICATION PATTERNS

Traditional education programs train physicians to diagnose and treat
medical conditions but typically do not emphasize the structure of ques-
tions and principles of communication. In general, physicians utilize
lineal and strategic questions. The literature on patient counseling sug-
gests that circular and reflexive questions such as “How have your activi-
ties changed?”, and “How would (or does) a low salt diet affect you?” tend
to generate better patient rapport and to enlist patients more actively in
their own care (95). Moreover, the capacity to diagnose a medical prob-
lem can be improved when clinicians engage and empathize with patients,
and the effectiveness of the therapeutic plan can be enhanced when
providers educate and enlist their participation in the treatment pro-
gram (94).

PROVIDER STRATEGIES FOR ENHANCING PATIENT SATISFACTION

AND ADHERENCE

A list of things providers can do to enhance patient adherence is pro-
vided in Table 5. Physicians who provide more information derive greater
patient satisfaction and adherence (96). Of interest, physicians who were
determined to be highly competent by their peers also achieved greater
patient satisfaction and better outcomes. Older patients and Caucasians
tend to ask more questions and receive more information (96). Therefore,
the physician may be more successful in fostering patient adherence by
greater efforts to engage, empathize, educate, and enlist the patient’s
cooperation, especially when the patient is less interactive.
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The list of provider suggestions for enhancing adherence is self-evi-
dent. However, time pressures on clinicians continue to escalate and can
erode the capacity to include simple yet very practical and important
patient counseling. Establishing educational procedures, using pre-
printed patient education materials, and delegating some components of
patient education to staff can help address these system barriers to better
BP control in the practice setting.

The Treatment Factor Amplified:
A Ceiling to Better Blood Pressure Control

The limitation of treatment efficacy represents a major impediment to
the Healthy People 2010 goals for BP control. Only about 43% of treated
hypertensive patients 60 years and older have a BP less than 140/90
mmHg. The uncontrolled portion includes many who are adherent with
an effective regimen. The hypertension control rates achieved in clinical
trials, in which providers and patients are motivated and all visits, diag-
nostic testing, and medications are paid by the research grant, are in the
range of about 62 to 70% (13,14,34). Thus, given the existing relatively
high proportions of unaware and/or untreated patients, novel and more
effective therapeutic tools and/or strategies are required to raise control
rates in patients under treatment to reach the goal of controlling BP in
50% of all hypertensive patients.

CONCLUSIONS

Hypertension is controlled to less than 140/90 mmHg in about one in
four hypertensive patients 60 years and older (5). The absolute benefits
of treating hypertension are greatest in those at highest risk, including
those with isolated systolic hypertension, diabetes, dyslipidemias, and

Table 5
Provider Approaches to Enhancing Patient Adherence

• Educate patient and family
- Enlist patient (and family) participation
- Self-monitoring of blood pressure, diabetes, weight as appropriate

• Visual and written instructions, contracts, incentives, engage family
• Simplify regimens; use combination tablets when possible; address cost

when it is an issue
• Monitor adherence; have patient bring prescription bottles and check refills

remaining against date of prescription
• Ask about side effects; discuss alternatives, likely outcomes
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target organ damage, who are disproportionately older patients. The
importance of hypertension control becomes even more important in the
years ahead given the rapid growth in the numbers of older Americans.
This reality provides compelling rationale for a concerted effort to
achieve the Healthy People 2010 goal of controlling BP in 50% of all
hypertensive patients. Attaining that goal will be a tremendous chal-
lenge (Table 6).

Increasing Hypertension Awareness Is Vital
Because 30% of hypertensive patients are unaware of the diagnosis

(4,5), it will be nearly impossible for health care providers alone to
achieve the Healthy People 2010 goal for hypertension control by treat-
ing more aggressively. Awareness must be increased and can be most
readily attained in older patients because they are seen more frequently
in the health care system. Reinforcement of the risks of systolic hyper-
tension and the benefits of treatment, including healthy lifestyle pat-
terns, from the public health sector is essential to reaching the Healthy
People 2010 goal.

Providers Play a Pivotal Role in Achieving
the 2010 Blood Pressure Control Goal

Clinicians are largely responsible for diagnosing hypertension, rec-
ommending lifestyle changes, prescribing an effective antihypertensive
regimen, and taking steps to optimize patient adherence. Many older
patients with untreated and/or uncontrolled hypertension have SBPs in
the range 140–159 mmHg. Greater clinician commitment to diagnosing,
treating, and controlling stage 1 systolic hypertension is critical in improv-
ing BP control rates.

Table 6
Some Steps to Attaining the Healthy People 2010 Blood Pressure Control

Goal

• Increasing awareness will require public health efforts to educate patients
about systolic hypertension and providers to inform patients with readings
above 140 mmHg that these are high

• Increasing treatment requires provider commitment to diagnose, manage,
and control stage 1 systolic hypertension

• New therapeutic tools and strategies are needed to raise control rates above
the current ceiling of 70% of treated patients

• Changes in health care reimbursement are vital to ensure continuity of care,
incentives for effective patient education, and access to essential medica-
tions
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Newer Therapeutic Tools or Strategies Are Needed
Given current approaches to managing hypertension, control rates in

excess of 70% in the usual clinical setting are unlikely (12,13,34). Cur-
rently, only fewer than 50% of older hypertensive patients on treatment
have a BP less than 140/90 mm Hg. However, another 20% to 25% have
BPs of less than 150/95 mmHg (7,97). A reduction of less than 10/5
mmHg in patients who are close to goal would raise control rates to ap-
proximately 70%. Detecting and documenting the substantial subset of
patients with office hypertension will be important in achieving these
control rates. Newer therapeutic strategies also hold significant promise
for significantly increasing control rates among treated hypertensive
patients (73,74), as do novel opportunities for extending the academic
mission of excellence in patient care, education, and research to the
community through a growing network of nationally certified clinical
hypertension specialists (97). Until newer strategies and approaches are
established, it is vital that clinicians commit to applying evidence-based,
best-practice approaches to the management of hypertension in older
patients, with attention to special considerations in minorities (75,98).

Changes in Health Care Reimbursement
Providers can play a vital role in educating patients and improving

both adherence and outcomes (76–79). However, current patterns of
health care reimbursement represent a disincentive to effective patient
education. Changes in reimbursement based in part on patient outcomes
rather than principally on written documentation would provide greater
incentive for effective patient education. Reimbursement paradigms that
enhance continuity of primary care and access to essential medications
are likewise vital in efforts to optimize hypertension control.

A More Consumer- and Wellness-Oriented
Health Care System

The health care system is not working well for 45% to 61% of hyper-
tensive patients (32). Providers, payers, and policymakers should be
more attuned to the impact of health literacy, discount rates, and alter-
native therapeutic approaches in addressing national goals for improv-
ing health and reducing health disparities.

Putting It All Together
Achieving the Healthy People 2010 goal of controlling BP to less than

140/90 mmHg in 50% of all hypertensive patients will be incredibly
challenging but particularly important in older individuals. The popula-
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tion of elderly patients is growing rapidly, and this group has the highest
rates of costly target organ complications. As outlined in this chapter,
nothing short of an aggressive, integrated, multilateral effort will be
required to attain the Healthy People 2010 BP objective.
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